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Preface 

“But there were also other fevers, as will be described. Many had their mouths affected with
aphthous ulcerations. There were also many defluxions about the genital parts, and ulcerations,
boils (phymata), externally and internally, about the groins. Watery ophthalmies of a chronic
character, with pains; fungous excrescences of the eyelids, externally and internally, called fig, 
which destroyed the sight of many persons. There were fungous growths, in many other
instances, on ulcers, especially on those seated on the genital organs”.

This archetypal description of the Adamantiades-Behçet´s disease remains as valid
today as when it was detailed by Hippokrates of Kos (460-377 BC) in his Epidemion, 
book III, part 7 (Hipp. Epid. 3.3.7). 

Nevertheless, in these last 2500 years we have advanced a lot in the knowledge of 
vasculitis, a fascinating array of life-threatening and minor diseases caused by 
inflammatory conditions that affect the blood vessels. Indeed, research in immunology 
has invigorated the entire field of vasculitis, shaping a rational approach to its 
etiology, pathogenesis, diagnosis and treatment, which is the matter of the present
book. 

This is not a textbook on vasculitis, since it was never intended as a compilation of 
comprehensive reviews. Rather, it represents the view of each author on selected
topics related to vasculitis, verifying the scientific evidence with their own expertise. 
In other words, this book represents the amalgam between an evidence-based
medicine to one based on eminence. Only outstanding experts within defined scientific
fields of research in vasculitis from all over the world were invited to participate in 
this publication. This resulted in an exciting combination of original contributions, 
structured reviews, overviews, state-of the-art articles, and even the proposal of novel
etiopathogenetic models of disease.

Organizing this diversity of manuscripts has not been easy, and I am not certain how
long will take readers to cover this book from beginning to end, but all the authors 
have endeavored to draw them into this volume by keeping both the text and the
accompanying figures and tables lucid and memorable. This book has been intended
to provide a broad base upon which one can build additional knowledge acquired
from other sources.
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X Preface 
 

I invite you to read both consecutive but separable books on Vasculitis to better 
understand these fascinating but complex diseases.   

Advances in the Etiology, Pathogenesis and Pathology of Vasculitis begins with 
contributions on the etiology of vasculitis, how some pathogens may interact with the 
host’s immune system to induce autoimmune-mediated tissue injury, how different 
genes may confer risk for vasculitis and how some antibodies may become pathogenic. 
The following section deals on the pathology of vasculitis and the potential role of 
endothelial cells and cytokines in vascular damage and repair. We next find chapters 
summarizing the latest information on several primary and secondary vasculitis 
syndromes, to conclude with the coverage of selected topics such as organ-specific 
vasculitic involvement and quality of life issues in vasculitis. 

I am thankful to all the contributing authors. Their expert knowledge and experience 
has guaranteed a thoughtful and innovative approach for rheumatologists, 
nephrologists and other specialists interested in the fascinating field of vasculitis. Each 
author must be certain that their efforts will benefit to all patients suffering from these 
serious diseases.  

I am also grateful to Aleksandar Lazinica for this kind invitation to edit the present 
book; thank you for your confidence. Off note, this book could not have been edited 
without the dedicated technical assistance of the publishing process managers, Petra 
Zobic and Dragana Manestar; thank you for your patience and willingness. 

What began for Celsus as Rubor et tumor cum calore et dolore and led to Virchow’s 
Functio laesa has grown beyond the therapeutic targeting of cytokines. As editor, I 
hope that some of the enthusiasm and excitement of the contributing authors may be 
shared by each reader of this book. 

 
Dr. Luis M. Amezcua-Guerra, MD 

Department of Immunology 
The National Institute of Cardiology ʺIgnacio Chávezʺ 

Mexico City 
Mexico 
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Transcriptome Signature of Nipah  
Virus Infected Endothelial Cells 

Mathieu Cyrille1, Legras-Lachuer Catherine2 and Horvat Branka1 
1INSERM, U758; Ecole Normale Supérieure de Lyon, 

 Lyon, F-69007 France; IFR128 BioSciences Lyon-Gerland 
 Lyon-Sud, University of Lyon 1; 69365 Lyon, 

2University of Lyon 1; 69676 Lyon, France, ProfileExpert, Lyon,  
France  

1. Introduction 
The highly pathogenic Nipah virus (NiV) emerged in epidemics in Malaysia in 1998. 
Regular outbreaks occur since then in Bangladesh and India with the high mortality rate 
reaching up to 90%. During the first emergence in Malaysia, the only way to contain the 
outbreak was culling of more than one million pigs leading to major economic issues, 
estimated at over US$ 100 million (Lee, 2007). Thus, NiV is considered as a potential agent of 
bioterrorism and is designated as priority pathogens in the National Institute of Allergy and 
Infectious Diseases (NAID) Biodefense Research Agenda. Neither treatment nor vaccines are 
available against NiV infection, limiting thus experimentation with live virus to Biosafety 
level 4 (BSL4) laboratories, which require the highest level of precaution. 
Nipah virus infection is often associated to the development of the wide spread vasculitis 
but molecular basis of its pathogenicity is still largely unknown. To gain insight in the 
pathogenesis of this highly lethal virus we have performed analysis of virus-induced early 
transcriptome changes in primary endothelial cells, which are first targets of Nipah infection 
in humans. 

1.1 The virus 
Together with the closely related Hendra virus (HeV) that appeared in Australia in 1994, 
NiV has been classified in the new genus called Henipavirus, in the Paramyxoviridae 
family. Placed in the order of the Mononegavirales, this family has nonsegmented single 
stranded negative-sense RNA genome (Lamb & Parks 2007). Henipavirus encodes 6 
structural proteins: the nucleocapsid N, phosphoprotein P, the matrix protein M, fusion F, 
attachment G, and the large polymerase L. The P gene also codes for non-structural protein 
through two different strategies. First, by mRNA editing, pseudotemplated guanosine 
residues could be inserted causing a frame shift of either 1 or 2 nucleotides leading to the 
production of the proteins V and W. The C protein is produced through the initiation of 
translation of P mRNA at an alternative start codon 20 nucleotides downstream in the +1 
ORF (Wang et al., 2001). Because of its short length, the C protein can be produced through 
P, V and W mRNAs (Fontana et al., 2008). 
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1.2 Epidemiology 
Numerous studies have demonstrated that the natural hosts of NiV are flying foxes in the 
genera Pteropus and Eidolon in South-East Asia as well as in Madagascar (Iehlé et al., 2007) 
and Ghana (Drexler et al., 2009). The emergence of NiV as zoonosis could be due to the fact 
that large areas of South East Asia have recently been subject to deforestation. 
Consequently, breeding territories of giant bats have been found in close proximity to 
people habitation, which has facilitated contact with domesticated animals as well as with 
humans. Since its emergence in Malaysia in 1998, NiV was shown to be different from the 
other members of its family by its capacity to cause the most important zoonosis ever 
observed within Paramyxoviridae. Indeed, during this first outbreak, the virus infected 
humans, pigs, cats, dogs and horses (Maisner et al., 2009). Among infected people, about 
90% were working in pig farms. Serological analysis revealed that pigs were responsible for 
the transmission of Nipah virus to humans. Therefore, in order to contain this first 
occurrence, more than 1 million pigs were culled. Although it seems that Nipah outbreaks 
have been stopped in Malaysia, the virus continues to cause regular outbreaks from 2001 up 
to nowdays in India and Bangladesh. However, pigs were not involved in those outbreaks, 
and virus seemed to be transmitted directly form its natural reservoir fruit bats, to humans. 
Fruit bats from Malaysia, Cambodia, Bangladesh and Thailand were tested and the studies 
revealed the existence of new strains of NiV (Halpin & Mungall 2007). Even the virus can 
pass via an intermediate host like pigs, viral transmission occurs during last few years from 
bats to humans through palm juice (Luby et al., 2006) and has been responsible for 
reappearance of NiV in 2010 (17 deaths) and 2011 (35 deaths) increasing the total number of 
NiV outbreaks to 13 since its first appearance (Nahar et al., 2010)(Salah et al., 2011). Finally, 
human to human transmission has been documented in more than half of the outbreaks 
(Gurley et al., 2007, Luby et al., 2009). 

1.3 NiV tropism 
NiV can naturally infect a large panel of mammals suggesting the high conservation of its 
receptor among them (Eaton et al., 2006). In addition, the glycoproteins G of the 
Henipavirus show a tropism for a number of different cell types including neural, 
endothelial, muscular and epithelial cells (Bossart et al., 2002). Ephrin B2 (EFN B2) has been 
demonstrated as the receptor for both NiV and HeV. Indeed, this highly conserved protein 
is expressed at the surface of all permissive cell lines. Moreover, the transfection of cells with 
the gene coding for EFN B2 makes them permissive to the infection (Negrete et al., 2005). 
EFN B2 is essential to vasculogenesis and neuronal development. This transmembrane 
protein of 330 aa is expressed by numerous cells, but more particularly at the surface of 
epithelial, endothelial, smooth muscles and neuronal cells, that show the highest level of 
viral antigens during infection in patients (Lee, 2007). Finally, despite the high affinity of 
NiV for EFN B2, its expression at the surface of cells is not always sufficient for the virus 
entry, suggesting the existence of an additional receptor or intracellular factor necessary for 
viral replication (Yoneda et al., 2006).   
The second entry receptor for NiV and HeV has been identified: Ephrin B3 (EFN B3), with 
the affinity for NiV 10 times lower than EFN B2 (Negrete et al., 2006). EFN B3 is a 
transmembrane protein of 340 aa. At the position 121 and 122 of EFN B3 and B2, 2aa appear 
essential for the virus entry. In contrast to EFN B2, EFN B3 is more expressed at the level of 
the brainstem, which could be linked with the severity of the neuron dysfunctions during 
the NiV encephalitis (Negrete et al., 2007). 
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1.4 The pathology in humans 
After incubation period which varies from 4 to 60 days, NiV infection starts similarly to flu. 
In the large majority of the cases patients present fever, whereas 2/3 of them develop 
headache, leading frequently to severe acute encephalitis with loss of consciousness. Some 
of patients develop in addition respiratory symptoms. Death occurs in 40 to 90% within an 
average time of 10 days post fever, due to the severity of the cerebral damages (Lee, 2007). 
The pathology is characterized by a systemic vasculitis with syncytia formation of 
microvascular endothelial and epithelial cells (Fig. 1). Perivascular cuffing is generally 
observed. Despite the fact that the virus infects all organs, the microvascularization of 
central nervous system shows the most severe damages.  
 

 
Fig. 1. Photos of hematoxylin staining of cerebral cortex of patients infected with NiV during 
the first outbreak in Malaysia, showing widespread vasculitis (personal data) 

Patients show wide lymphoid necrosis associated to giant multinucleated cells that could be 
related to the presence of the NiV in this tissue. Virus may propagate initially within the 
lymphoid tissue, leading to the infection of the endothelial cells, recognized as the first 
primary targets of NiV. Those cells allow the second cycle of replication of the virus and the 
viremia. 
NiV infection is characterized by the formation of syncytia leading to the endothelial 
damages, which are thought to be the cause of thrombosis, inflammation, ischemia and 
finally necrosis. Resulting vascular infarctions and infiltrates lead to extravascular infection 
and parenchymatous invasion. The invasion of the central nervous system is generally 
followed by the lethal encephalitis. 
Patients who have survived the NiV infection showed severe weakness sometime persisting 
for several months, and often complicated by neurological and/or motor dysfunctions 
(Sejvar et al., 2007). Those symptoms appear as a direct consequence of the acute 
encephalitis. Indeed, those patients develop atrophy of the cerebellum, brainstem lesions, 
cortical nervous transmission abnormalities and are particularly affected in the white matter 
(Ng et al., 2004). In Malaysia, about 7,5% of patients who survived the encephalitis had 
relapsed during the year following their infection without any reexposure to virus. In 
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addition, NiV can cause apparently asymptomatic infection leading to the late onset 
encephalitis several months to a year after infection (Tan et al., 2002). This fact suggests that 
the virus can infect more people than those showing clinical symptoms and may stay in 
latent stage until reactivation under the influence of some still unknown factors. 

1.5 Vaccines and treatments 
Several studies have been focused on the development of anti-NiV vaccines. The first study 
has shown that hamsters, vaccinated with vaccinia virus expressing either NiV F or G, were 
completely protected against NiV. Moreover, this group demonstrated that the naïve 
animals were also protected by passive transfer of hyperimmune serum prior to challenge 
(Guillaume et al., 2004). An important advance was next the development of a recombinant 
vaccine protecting pigs against NiV challenge (Weingartl et al., 2006). The Canarypox virus 
expressing NiV glycoproteins was shown to be very efficient in pigs and may have a real 
socio-economic interest in the case of new NiV outbreaks. Recently, one group showed 
induction of neutralizing antibodies to Henipavirus using an Alphavirus based vaccine 
(Defang et al., 2010). However, the study has been performed in mice which are not 
sensitive to NiV infection (Wong et al., 2003), preventing them from testing the efficiency of 
the vaccination. 
Monoclonal antibodies against NiV glycoproteins were shown to protect 50% of infected 
hamsters even when treatments started 24 h post infection (Guillaume et al., 2006) and anti-
NiV F monoclonal antibodies protected hamsters against Hendra virus infection as well 
(Guillaume et al., 2009). In addition, neutralizing human monoclonal antibody protected 
ferrets from NiV infection, when given 10 h after oronasal administration of the virus 
(Bossart et al., 2009).  
Treatment of NiV infection was tested using some of known anti-viral chemicals: ribavirin 
(Chong et al., 2001), chloroquine (Pallister et al., 2009), gliotoxin, gentian violet and brilliant 
green (Aljofan et al., 2009). Most of those products showed an effect either in vitro or in vivo 
but with too low efficiency to consider them as a good treatment for infected patients, even 
if they were used combined (Freiberg et al., 2010). Finally, anti-fusion peptides were 
designed that specifically target the entry of Henipavirus (Porotto et al., 2010). To improve 
the efficiency of this potential treatment, this group has added a cholesterol tag, highly 
increasing the anti-viral efficiency and allowing peptides to reach brain and limit viral entry 
into cerebral cells, giving thus very promising results both in vitro and in vivo in hamsters 
(Porotto et al., 2010). This new anti-viral approach needs now to be tested in a primate 
model to consider its potential utilization in humans. 

2. Global gene expression analysis of NiV infected endothelial cells, using 
microarrays 
Profound changes are occurring in host cells during viral infections. These pathogen-
induced changes are often accompanied by marked changes in gene expression and could 
be followed through the analysis of the specific RNA fingerprint related to each virus (Glass 
et al., 2003), (Jenner et al., 2005). For this purpose, microarrays present the essential tool to 
study global changes in gene expression and better understand which cellular mechanisms 
are modulated during the viral replication cycle. The aim of this study was to obtain a global 
overview of NiV effect on endothelial cells, in order to open new perspectives In treatment 
of this lethal infection. 
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Very little is known on pathogenesis of NiV infection. To obtain the global insight in 
different host cell changes during the infection, we have performed gene expression analysis 
using microarrays. In vivo, primary targets of this virus are endothelial cells, smooth muscles 
and neurons. The infection of microvascular endothelial cells leads to a generalized 
vasculitis, which is the common symptom diagnosed among all infected animals and 
humans. This vasculitis usually induces the acute encephalitis that is observed in severe NiV 
infection. Therefore, primary human endothelial cells were chosen as the most relevant host 
cell type to analyze the effect of NiV infection on the host cell gene expression. 
 

 
Fig. 2. HUVEC infected with the NiV recombinant strain expressing EGFP (MOI=1) for 24h 
and presenting a large syncytia, observed under the fluorescent microscope. 

2.1 HUVEC culture and NiV infection 
We have, thus, analyzed the effect of NiV infection in primary human umbilical vein 
endothelial cells (HUVEC). These cells are highly permissive to NiV infection and develop 
large syncytia rapidly after infection, as shown when recombinant NiV expressing the 
fluorescent green protein EGFP (Yoneda et al., 2006) is used for infection (Fig. 2). Primary 
HUVEC cells were isolated from umbilical cords of 6 donors (Jaffe et al., 1973). Cells were 
then transferred in a 75ml flask, precoated with gelatin 0,2% in PBS for 30 min and washed. 
The following day, cells were trypsinated to eliminate any dead or residual blood cells, and 
pooled by 2 sets of 3 donors and put in new flasks in order to cover 50% of the surface. After 
one week of culture, cells were submitted to 16 hours of serum privation just before their 
infection. 
The infection was performed using wild type NiV (isolate UM-MC1, Gene accession 
N°AY029767) at MOI 1, in 2 sets of 3 different donors, in BSL4 Laboratory Jean Mérieux in 
Lyon, France.  
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2.2 Microarray experiments 
Early changes associated to initial stages of NiV infection were analyzed by microarray 
approach (Fig. 3). Total RNAs were extracted from infected cells at 8h post infection and 
from uninfected cells (mock) cultured in the same conditions. Quality of total RNA was 
checked on Agilent bioanalyzer 2100. Amplified and biotin-labeled RNAs were obtained 
from 2μg of total RNA, using the Ambion message Amp kit version II. Different quantities 
of positive RNA controls (spikes) were added during the first step of reverse transcription of 
total RNAs. Spikes correspond to 6 bacterial RNAs used to control sensitivity, quality of 
hybridization and data normalization. Hybridization was performed on Codelink human 
whole genome bioarray (http://www.codelink bioarrays.com/) that is a 3-D aqueous gel 
matrix slide surface with 30-base oligonucleotide probes. This 3-D gel matrix provides an 
aqueous environment that allows an optimal interaction between probe and target and 
results to higher probe specificity and array sensitivity.  Codelink uses a single color system 
(1 array/sample). 
 

 
Fig. 3. Representation of the different steps necessary for the microarray analysis, starting 
from NiV infection of HUVEC cultures up to the analysis of microarrays. 

Codelink human whole genome bioarray comprises approximately 55,000 30-mer probes on 
a single array based on the NCBI/Unigene database that permits the expression analysis of 
57,347 transcripts and ESTs. In addition to these 55,000 probes, Codelink human whole 
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genome bioarrays also contain one set of 100 housekeeping genes, 108 positive controls and 
384 negative controls (bacterial genes). Hybridization, wash and revelation were performed 
using Codelink Expression Assay reagent kits. Then, chips were scanned using an Axon 
Genepix 4000B Scanner. Data extraction and raw data normalization were performed using 
the CodeLink Gene Expression Analysis v4.0 software. Normalization was performed by the 
global method. The threshold was calculated using the normalized signal intensity of the 
negative controls supplemented by 3 times the standard deviation. Spots with signal 
intensity below this threshold are referred to as “absent”. Finally, data are converted to the 
excel format and data analysis is performed by using the Gene Spring v7.0 software from 
Agilent. 

2.3 Microarray data analysis 
The effect of NiV on the modulation of the genes expression was determined by 
permutation analysis and we considered as pertinent a minimal fold change (FC) of 1,3. 
Among the 55,000 targeted genes, 1076 genes were found to be differentially expressed in 
NiV-infected cells in comparison to non infected cells, including 807 up-regulated genes (1.3 
≤ FC ≤ 23) and 269 down-regulated (-46 ≤ FC ≤ -1.3) genes. These 807 up-regulated genes 
were then classified according to their Gene Ontology (GO) biological processes and their 
GO molecular functions. This system of clustering takes into account not only the number of 
genes but also the importance of the modulations in each function. Most of the cellular 
functions were modified after NiV infection (Fig. 4A). This could be explained by the 
modulation of some key genes involved in the large majority of the known functions. The 
most importantly modulated functions were those belonging to “Immune Response” with 
37 differentially regulated genes (Table 1A) and to “Organism Abnormalities and Injuries” 
(22 genes), two functions that are usually altered in case of productive viral infection. 
Surprisingly, this analysis also revealed changes in the “neurological diseases” function (15 
genes) and “nervous dysfunctions” (5 genes). This result could be correlated with the strong 
involvement of the endothelial cell-induced inflammatory reaction in the development of 
the encephalitis, as described in the introduction. 
To refine the significance of these up-regulated genes, we next investigated the biological 
functions and interactions of these genes using Ingenuity Pathway Analysis (IPA) 
software. IPA allows genes that are differentially expressed to be placed in a physiological 
and biochemical context by grouping them according to canonical pathway and biological 
network with a statistical probability of validity, based on number of genes being 
differentially expressed in the respective pathway. This IPA analysis allowed us to 
identify that the most significantly modulated canonical pathway is the “interferon 
signaling” pathway (p=0,01) (Fig. 4 B). The majority of the top 15 up-regulated genes are 
related to the Interferon pathway (Table 1B). The involvement of the Interferon pathway 
has been proposed in the development of the other types of vasculitis, including the post-
operative vasculitis (Abe et al., 2008). Four other canonical pathways were significantly 
found modified during the infection by NiV: “Antigen presentation”, “Integrin 
signaling”, “Protein Ubiquitination” and “Nicotinate and Nicotinamide Metabolism” 
pathways. Finally, IPA allowed us to demonstrate the existence of network of genes 
involved in the pathway of Gene expression, Cell Death, Connective tissue disorders (Fig. 
5). Some of these gene, like TLR3 (Shaw et al., 2005) and CXCL10 (Lo et al., 2010), have 
been already shown to be associated to NiV infection, while the role of other genes rests to 
be demonstrated. 
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Table 1. Genes differentially expressed during NiV infection in the Immune Response (A), 
Interferon pathway (B), protein ubiquitination pathway (C). 
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Fig. 4. Impact of NiV infection on biological functions (A) and canonical pathways (B), 
determined using Ingenuity Pathway Analysis. 

 
 

Score Focus Genes Top Functions 

56 35 Gene Expression, Cell Death, Connective Tissue 
Disorders 

24 21 
Organismal Injury and Abnormalities, Cellular 
Movement, Hematological System Development and 
Function 

16 16 Cellular Movement, Hematological System Development 
and Function, Immune Response 

16 16 
Immune Response, Cell-To-Cell Signaling and 
Interaction, Hematological System Development and 
Function 

16 16 Cell Death, Carbohydrate Metabolism, Cellular 
Assembly and Organization 

Table 2. Putative Networks with high score, identified by Ingenuity Pathway Analysis 

In addition, this IP analysis revealed that the 2 top putative networks with high score (> 20) 
were strongly associated with the “Connective Tissue Disorders” and the “Hematological 
System Development and Function” (Table 2). As microvascular basal lamina plays a critical 
role in brain injury (Wang & Shuaib, 2007), the loss of basal lamina components may reflect 
the degradation of proteins by proteolitic enzymes. 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

10

 
 
 
 

 

 
 
 
 
 

Table 1. Genes differentially expressed during NiV infection in the Immune Response (A), 
Interferon pathway (B), protein ubiquitination pathway (C). 

 
Transcriptome Signature of Nipah Virus Infected Endothelial Cells 

 

11 

 
 

 
 
 

Fig. 4. Impact of NiV infection on biological functions (A) and canonical pathways (B), 
determined using Ingenuity Pathway Analysis. 

 
 

Score Focus Genes Top Functions 

56 35 Gene Expression, Cell Death, Connective Tissue 
Disorders 

24 21 
Organismal Injury and Abnormalities, Cellular 
Movement, Hematological System Development and 
Function 

16 16 Cellular Movement, Hematological System Development 
and Function, Immune Response 

16 16 
Immune Response, Cell-To-Cell Signaling and 
Interaction, Hematological System Development and 
Function 

16 16 Cell Death, Carbohydrate Metabolism, Cellular 
Assembly and Organization 

Table 2. Putative Networks with high score, identified by Ingenuity Pathway Analysis 

In addition, this IP analysis revealed that the 2 top putative networks with high score (> 20) 
were strongly associated with the “Connective Tissue Disorders” and the “Hematological 
System Development and Function” (Table 2). As microvascular basal lamina plays a critical 
role in brain injury (Wang & Shuaib, 2007), the loss of basal lamina components may reflect 
the degradation of proteins by proteolitic enzymes. 
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Fig. 5. Gene network identified in NiV infected HUVEC, compared to mock infected 
controls, reveals involvement of different genes within the pathways of Gene expression, 
Cell Death and Connective tissue disorders.  

2.4 Validation of genes by quantitative real time PCR 
To validate data obtained by microarray, we compared mRNA levels of several highest 
upregulated genes involved in the Immune response, between NiV infected and uninfected 
cells. These genes included Mx1, OAS1, CXCL10, CXCL11, PSMB9 (also known as LMP2) 
and RIGB. Total RNA were extracted 8 hours post-infection. Reverse transcriptions were 
performed on 0,5 µg of total RNA using the iScript cDNA synthesis kit (Bio-Rad) and run in 
Biometra® T-GRADIENT PCR devise. Obtained cDNAs were diluted 1/10. Quantitative 
PCR was performed using Platinum® SYBR® Green qPCR SuperMix-UDG with ROX kit 
(Invitrogen™). qPCR was run on the ABI 7000 PCR system (Applied biosystems) using the 
following protocol: 95°C 5’, and 40 cycles of 95°C 15’’, 60°C 1’, followed by a melting curve 
up to 95°C at 0.8°C intervals. All samples were run in duplicate and results were analyzed 
using ABI Prism 7000 SDS software available in the genetic analysis platform (IFR128 
BioSciences Lyon-Gerland). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as housekeeping gene for viral mRNA quantification and normalization. GAPDH and 
standard references for the corresponding genes were included in each run to standardize 
results in respect to RNA integrity, loaded quantity and inter-PCR variations. Primers used 
were design using Beacon 7.0 software, and validated for their efficacy close to 100%: RiGB 
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for: ATCATCAGCAGTGAGAAC, RiGB rev: GAACTCTTCGGCATTCTT, LMP2 for: 
GGTCAGGTATATGGAACC, LMP2 rev: CATTGCCCAAGATGACTC, GAPDH for: 
CACCCACTCCTCCACCTTTGAC, GAPDH rev: GTCCACCACCCTGTTGCTGTAG. The 
relative expression represents the ratio of the number of copy of mRNA of interest versus 
mRNA of GAPDH. All calculations were done using the 2∆∆CT model of (Pfaffl, 2001) and 
experiments were performed according to the MIQE guideline (Bustin et al., 2009). 
 

 
Fig. 6. Example of genes used for the validation of the microarray data. Results obtained 
from the microarray are shown on the left, whereas RT-qPCR data for the same gene are 
shown on the right. 

2.5 Focus on some genes of interest 

Among the cellular pathways activated during the NiV infection, we have particularly 
focused our attention to the interferon related genes. We have observed that similarly to the 
other Paramyxoviruses, NiV strongly activates the immune response through the canonical 
interferon signaling pathway. An over expression of some interferon related genes is known 
to lead to the activation of several genes related to the proteasome and the ubiquitination 
pathway. Those genes are involved in loading and expression of the CMH class 1 at the cell 
surface. In fact, any imbalances in this system can lead to a strong deregulation, resulting in 
inflammation that could not be controlled by host homeostatic mecahanisms (example: 
lupus erythematous, (Baechler et al., 2004). TAP1/2 and LMP2 (PSMB9) are the major 
proteins involved in this system, and both were shown to be up-regulated during NiV 
infection of endothelial cells (Table 1). The expression of those proteins is regulated by 
Interferon related proteins called Signal Transducer and Activator of Transcription 1α 
(STAT1α) and Interferon Regulatory Factor 1 (IRF1) (Chatterjee-Kishore et al., 1998). In 
normal conditions, TAP1 and 2 are expressed at a basal level in cells, whereas LMP2 is not 
found (Wright et al., 1995). Our results show that NiV infection increases TAP1 expression 
without any changes in TAP2. Moreover, LMP2 was also induced. An imbalance in the 
expression of those proteins that are the major components of the immunoproteasome, are 
in certain cases responsible for important phenomena of autoimmunity leading to severe 
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damages on the endothelium, including systemic vasculitis in case of Lupus (Zimmer et al., 
1998) and may be therefore involved in the pathogenesis of NiV induced vasculitis.  
In addition, our results revealed NiV-induced up regulation of HERC5 (FC=5,37), which 
belongs to the E3 ubiquitin ligases family. This protein has been shown to be tightly 
controlled under inflammatory conditions in endothelial cells (Kroismayr et al., 2004). The 
critical role of Tumor necrosis factor α, Interleukin 1β and NF-KB was suggested in the 
regulation of this protein. Although we have observed an over expression of TNFSF13b in 
the NiV infected HUVEC, modulation of IL1β or NF-KB was not found, suggesting another 
cascade of NiV-induced activation of HERC5.  
Virus infection is known to induce a specific chemokine production in infected cells. This 
chemokine response is often related to the detection of viral genomes by Toll like receptor 
(TLR) system. Depending on the combination of TLRs involved in this mechanism it will 
lead to a specific signature of expression. For example, the closely related Measles virus 
induces several chemokines CCL2, CCL3, CCL4, CCL5 and CXCL10 (Glass et al., 2003). 
Only CXCL10, CXCL11 and CCL8 were induced by NiV infection in HUVEC (Table 1), 
suggesting a high capacity of NiV to provoke an imbalance of cell signaling, leading to a 
miss regulation of inflammation. These results are in accord with demonstrated changes in 
cytokine production by endothelial cells (Lo et al., 2010). The strong involvement of 
Interferon related genes in the vasculitis has been described before, but the induction of the 
monocyte chemoattractant CCL8 remains unclear in the context of a viral infection. Indeed, 
very few viruses are inducing this protein (Glass et al., 2003). Nevertheless, CCL8 has been 
shown to be involved in many inflammatory diseases including rheumatoid arthritis 
(Galligan et al., 2007), (Ockinger et al., 2010) and Graft versus host diseases (Bouazzaoui et 
al., 2009). The functional importance of CC chemokine ligand genes has been demonstrated 
in experimental autoimmune encephalomyelitis and multiple sclerosis (Mahad et al., 2004), 
(Savarin-Vuaillat & Ransohoff 2007). CCL8 is overexpressed by astrocytes and microglia 
leading to the over recruitment of monocytes and macrophages to the lesions (Vyshkina et 
al., 2008). This result suggests the importance of regulation of CCL8 either at the genomic 
level or within the chemokine network, when the virus reaches the brain. 
Furthermore, within genes involved in the cellular movement function NiV induced the 
expression of ADAM 12 (FC=2,38). This protein is a metalloprotease proposed to function as 
a regulator of fusion of several cell types, including trophoblast and myoblast (Huppertz et 
al., 2006). This protein also modulates the cell fusion in giant cell tumors of long bones 
(Meng et al., 2005), by inducing actin cytoskeleton reorganization. This reorganization could 
be associated to the remodeling of actin induced by NiV binding to its receptor and 
consequent EFNB2 signaling. In addition to the capacity of ADAM12 to reorganize the 
extracellular matrix, its over expression in endothelial cells could be related not only to the 
syncytia formation but also to microvascular basal lamina damages. This phenomenon 
causes dismantlement of the endothelial wall structure (Wang & Shuaib, 2007). Such 
microvascular permeability in the brain could compromise the microcirculation by 
increasing the risk of ischemia and the exposure of this compartment to the immune system, 
leading thus to an important vascular and perivascular inflammation. 

3. Conclusions 
NiV is a highly lethal zoonotic pathogen that can cause important socio-economical and 
health problems. This virus induces a generalized vasculitis leading to the disruption of the 
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endothelial microvascular tissue in brain and inducing severe damages in the CNS. 
Micorarray analysis of NiV infected primary endothelial cells allowed us to obtain a global 
overview of the host cell responses to NiV early during the infection. This global approach 
revealed that NiV infection has an important impact in several pathways and functions that 
are directly related to the pathogenesis observed in patients and animals. The analysis 
revealed a high induction of the immune response through the important modulation of 
genes in the Interferon signaling pathway, Antigen presentation pathway and the Protein 
ubiquitination pathway. We focused our analysis on several highly induced genes which 
could be involved in the control of the vascular inflammation and disruption of 
endothelium, allowing the passage of the virus in the organs. The early NiV infection of 
endothelial cells importantly upregulated the chemokines TNFSF13B, CXCL10, CXCL11 and 
CCL8 that are involved in many processes of autoimmune diseases as well as proteins 
belonging to the ubiquitination pathway. More precisely, TAP1 and LMP2 were 
overexpressed during the infection. NiV-induced sustained inflammatory conditions and 
modified regulation of the immunoproteasome expression could lead to an imbalance of the 
MHC class 1 exposure at the surface of cells, inducing haemostatic disturbance during NiV 
infection. This study presents the first comprehensive analysis of global host transcriptional 
response to NiV infection. Obtained results shed new light to early stage of NiV 
pathogenesis and should help in understanding the host response to this virus and open 
perspectives for design of  treatment for this emerging lethal infectious disease. 
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1. Introduction 
Takayasu’s arteritis is an idiopathic, inflammatory disease which involves large- and 
medium-sized arteries, specially the aorta, its major branches and the pulmonary arteries. In 
contrast to other vasculitides, Takayasu’s arteritis is restricted to certain geographical areas. 
Initially thought to be confined to Japan and Korea, it has now been reported with increased 
frequency in Mexico, India, China, South America, South Africa, and the Mediterranean 
basin; while, the disease continues to be exceptionally described in individuals from the 
United States, North and Central Europe and other high-income regions. 
The etiology of Takayasu’s arteritis is unclear and attempts to clarify it are still limited. 
There are clinical and laboratory features suggesting an autoimmune basis, while others 
raise a question that aortitis may be the expression of delayed-type hypersensitivity reaction 
to tuberculin or other sensitizers. Finally, the occurrence of Takayasu’s arteritis in 
homozygotic twins suggests a genetic background for predisposition. 
A possible relationship between Takayasu’s arteritis with both latent and active tuberculosis 
was suggested long time ago. Both diseases show similar chronic inflammatory lesions on 
histology, with occasional granuloma formation into the arterial walls. Delayed 
hypersensitivity to tuberculin is frequently found to be increased in patients with 
Takayasu’s arteritis from almost all ethnicities. Isolated cases of Takayasu’s arteritis 
coexisting with both latent and active tuberculosis, and improvement of arteritis after 
antituberculous treatment have been occasionally described. Finally, there are studies 
showing increased humoral and cellular immune responses directed toward mycobacterial 
65 kDa heat shock protein (HSP) and its human homolog 60 kDa HSP. All these indirect 
evidences support that Mycobacterium tuberculosis and probably other mycobacteria may 
play a role in the immunopathogenesis of Takayasu’s arteritis, possibly through molecular 
mimicry mechanisms; however, results of several recent studies are challenging this old but 
still valid etiopathogenic hypothesis of association. Analyzing this possible link is not futile 
because the potential risk of using anti-tumour necrosis factor (TNF) therapies in the 
treatment of patients with Takayasu’s arteritis and the increasing use of Bacille Calmette-
Guérin (BCG) for vaccination purposes around the world. 
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1. Introduction 
Takayasu’s arteritis is an idiopathic, inflammatory disease which involves large- and 
medium-sized arteries, specially the aorta, its major branches and the pulmonary arteries. In 
contrast to other vasculitides, Takayasu’s arteritis is restricted to certain geographical areas. 
Initially thought to be confined to Japan and Korea, it has now been reported with increased 
frequency in Mexico, India, China, South America, South Africa, and the Mediterranean 
basin; while, the disease continues to be exceptionally described in individuals from the 
United States, North and Central Europe and other high-income regions. 
The etiology of Takayasu’s arteritis is unclear and attempts to clarify it are still limited. 
There are clinical and laboratory features suggesting an autoimmune basis, while others 
raise a question that aortitis may be the expression of delayed-type hypersensitivity reaction 
to tuberculin or other sensitizers. Finally, the occurrence of Takayasu’s arteritis in 
homozygotic twins suggests a genetic background for predisposition. 
A possible relationship between Takayasu’s arteritis with both latent and active tuberculosis 
was suggested long time ago. Both diseases show similar chronic inflammatory lesions on 
histology, with occasional granuloma formation into the arterial walls. Delayed 
hypersensitivity to tuberculin is frequently found to be increased in patients with 
Takayasu’s arteritis from almost all ethnicities. Isolated cases of Takayasu’s arteritis 
coexisting with both latent and active tuberculosis, and improvement of arteritis after 
antituberculous treatment have been occasionally described. Finally, there are studies 
showing increased humoral and cellular immune responses directed toward mycobacterial 
65 kDa heat shock protein (HSP) and its human homolog 60 kDa HSP. All these indirect 
evidences support that Mycobacterium tuberculosis and probably other mycobacteria may 
play a role in the immunopathogenesis of Takayasu’s arteritis, possibly through molecular 
mimicry mechanisms; however, results of several recent studies are challenging this old but 
still valid etiopathogenic hypothesis of association. Analyzing this possible link is not futile 
because the potential risk of using anti-tumour necrosis factor (TNF) therapies in the 
treatment of patients with Takayasu’s arteritis and the increasing use of Bacille Calmette-
Guérin (BCG) for vaccination purposes around the world. 
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In this chapter we will discuss the main epidemiological, immunological and genetic 
evidence supporting and rejecting the existence of a pathogenic link between Takayasu’s 
arteritis and Mycobacterium tuberculosis, to conclude hypothesizing on a novel, unifying 
pathogenic model that may explain the intricate relationship between tuberculosis and 
Takayasu’s arteritis. 

2. Overview on the history of Takayasu’s arteritis 
In 1830, Rokushu Yamamoto described a 45-year-old man with fever, pulselessness, loss of 
weight and breathlessness, who finally died after 11 years of follow-up and probably 
represents the first patient case reported in the literature. In 1905, Mikito Takayasu 
described a 21-year-old woman with ocular changes consisting of a peculiar capillary flush 
in the ocular fundi, a wreathlike arteriovenous anastomosis around the papillae, and 
blindness due to cataracts; even though, Professor Takayasu did not indicate if other arteries 
were involved. However, in the discussion of that case, Onishi and Kagoshima pointed out 
in two additional cases with similar ocular findings along the absence of the radial pulses. In 
1948, Shimizu and Sano detailed the clinical features of the disorder, which was termed 
Takayasu’s arteritis by first time in 1954 (Tann et al., 2008; Lupi-Herrera et al., 1977). 
Nowadays, both clinical manifestations and imaging findings typical of Takayasu’s arteritis 
are adequately outlined, and different sets of classification criteria have been proposed and 
validated (Amezcua-Guerra & Pineda, 2007). 

3. What is the Takayasu’s arteritis? 
Takayasu’s arteritis is an idiopathic, chronic inflammatory disease which involves large- 
and medium-sized arteries, specially the aorta, its major branches and the pulmonary 
arteries, although virtually any arterial territory may be involved (Lupi et al., 1975; de Pablo 
et al., 2007; Pineda et al., 2003). 
On the histological study, aortic sections reveal thickening of the adventitia, leukocyte 
infiltration of the tunica media and hyperplasia of the intimae. It has been postulated that 
vasa vasorum may act as the portal of entry for infiltrating inflammatory cells, which are 
mainly constituted by activated dendritic cells, several subsets of T lymphocytes, B 
lymphocytes, macrophages and multinucleated giant cells (Weyand & Goronzy, 2003). 
Hyperplasia of the intimae results from myofibroblast proliferation driven by growth factors 
such as the platelet-derived growth factor, which ultimately leads to fibrosis and to the 
development of arterial stenosis and occlusions typical of the late-stage disease. 
Occasionally, interstitial release of matrix metalloproteases and reactive oxygen species may 
induce arterial wall damage with formation of local aneurysms (Mason, 2010). 

4. Influence of geography and ethnicity on the clinical expression of 
Takayasu’s arteritis 
In contrast to other vasculitides, Takayasu’s arteritis is restricted to certain geographical 
areas around the world. Initially it was thought to be confined to Japan and Korea, but 
Takayasu’s arteritis has been reported with increased frequency in Mexico, India, China, 
South America, South Africa, Israel, and the Mediterranean basin (specially in Iberian and 
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Italic Peninsulas); while, the disease continues to be exceptionally described in individuals 
from the United States, North and Central Europe and other high-income regions (Pantell & 
Goodman, 1981). 
In essence, Takayasu’s arteritis is a disease of childhood and early adulthood, with three 
quarters of patients initiating before the age of 20 years (Lupi-Herrera et al., 1977); 
nonetheless, there is a wide range of presenting age with anecdotal cases initiating as 
early as 2 years old (Ladhani et al., 2001). To date, Takayasu’s arteritis is the third 
commonest vasculitis during childhood worldwide, and is responsible for more than half 
of cases with renovascular hypertension in young individuals (Tann et al., 2008; Kumar et 
al., 2003). 
As regards to gender distribution, almost all available reports agree that the disease is more 
common in women, although the ratio varies by geographical affiliation of each population. 
While in Mexico it is reported that up to 84% of patients with Takayasu’s arteritis are 
women (female/male ratio, 8.5 to 1) (Lupi-Herrera et al., 1977), the disease seems to occur 
almost equally in both genders (female/male ratio, 1.58 to 1) in patients from India (Chhetri 
et al., 1974). 
Mortality rates associated with Takayasu’s arteritis are high and also vary geographically. In 
Mexico, a retrospective analysis showed that 16 of the 107 cases died (overall mortality 14%) 
from causes directly related to arteritis (heart and renal failure, myocardial infarction, 
stroke, rupture of aneurysms) over 19-year follow-up period (Lupi-Herrera et al., 1977). 
Accordingly, 10-year survival is described to be around 85% in India (Subramanyan et al., 
1989), with a similar figure reported from Korean patients (Park et al., 2005). In contrast, a 
clinical series including 75 patients from the United States showed 3% mortality by causes 
directly related with arteritis over 12-year follow-up period (Maksimowicz-McKinnon et al., 
2007). The higher mortality rates observed in Mexican and Asian cohorts compared with 
North American patients may have several explanations, including differences in the 
treatment approaches as well as in the access to medical and surgical therapy in each 
country. This notion is supported by data from a Japanese cohort, which showed that 15-
year survival rates have dramatically improved from 80% (1957 to 1975 period) to 96.5% 
(1976 to 1990 period), apparently in association with standardization of better health care 
protocols (Ishikawa & Maetani, 1994). However, these differences may also have been 
related to ethnic differences influencing both disease phenotypes and severity of disease 
expression (Maksimowicz-McKinnon et al., 2007). In this regard, there are severe 
manifestations of Takayasu’s arteritis commonly found in Latin American and Asian 
patients whose presence has been barely reported in patients from the United States and 
Europe. A recent study focused on the renal microscopic changes in Takayasu’s arteritis 
found that more than half of biopsy specimens from Mexican patients (14 of 25, 56%) 
showed high-grade inflammatory cell infiltrates in the glomerular microvasculature, diffuse 
mesangial proliferative glomerulonephritis and other associated glomerulopathies (de Pablo 
et al., 2007); similarly, it has been found that the patients with Mexican/mestizo ethnicity 
often develop uveitis and arteritis of the ophthalmic arteries (Pineda et al., 2003). 
It is noteworthy that, in addition to geographical and ethnic differences, the prognosis of 
patients with Takayasu’s arteritis is strongly affected by complications such as retinopathy, 
secondary hypertension, aortic regurgitation and arterial aneurysms. Data from an Indian 
cohort showed that, while five-year survival rate from diagnosis is 100% for patients with 
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not any complication this figure drops to 70 to 80% for those with one or more 
complications (Subramanyan et al., 1989). 

5. Insights suggesting an association between Takayasu’s arteritis and 
tuberculosis 
Cumulative data support a central role for the immune system in the pathogenesis of 
Takayasu’s arteritis, with both B and T lymphocytes as key culprits in mediation of aortitis; 
however, the primary cause of Takayasu’s arteritis remains unclear and attempts to clarify it 
are still limited. As regards to etiology, there are clinical and laboratory data suggesting an 
autoimmune basis, while others suggest that aortitis may be an expression of delayed-type 
hypersensitivity reaction to tuberculin or other sensitizers. Moreover, the association of 
Takayasu’s arteritis with specific human leukocyte antigen (HLA) haplotypes and the 
anecdotal occurrence of Takayasu’s arteritis in identical twins suggest the existence of a 
genetic background for predisposition. Additionally, it is clear that exogenous factors such 
as environment and infectious agents are crucial to the development of Takayasu’s arteritis. 
A possible relationship between Takayasu’s arteritis and both latent and active tuberculosis 
was first pointed out in 1948 by Shimizu and Sano (Shimizu & Sano, 1948). They suggested 
this hypothesis because the presence of Langhans giant-cell granulomas on arterial 
specimens from patients with Takayasu’s arteritis, which morphologically resembled those 
found in tuberculous lesions. This was further supported by the finding of occlusive lesions 
in the arterial walls from patients with advanced pulmonary tuberculosis (Cicero & Celis, 
1955). After that, several cases about the unquestionable coexistence of pulmonary and 
extra-pulmonary tuberculous foci in patients with Takayasu’s arteritis have been published 
(Duzova et al., 2000, Kontogiannis et al., 2000; Lupi-Herrera et al., 1977). Moreover, there are 
anecdotal cases of patients with tuberculosis and concomitant Takayasu’s arteritis showing 
complete symptomatic remission including return of pulses after successful antituberculous 
therapy (Baumgarten & Cantor, 1933; Owens & Bass, 1944; Pantell & Goodman, 1981). These 
inconclusive findings were pivotal for the exploration about a possibly causal, not 
coincidental association between tuberculosis and Takayasu’s arteritis. 
Epidemiological data show that past or present tuberculosis infection is over-represented in 
Takayasu’s arteritis, with prevalence rates ranging from 21.8% to 70%. In a case series from 
India, patients with Takayasu’s arteritis were 46.6 times as likely to have had active 
tuberculosis compared with general population (70% versus 1.5%) (Kinare, 1970). While, 
data from Mexico indicate that this ratio could be exceeded. From a clinical study including 
107 cases with Takayasu’s arteritis, 48% of patients were positive for a previous tuberculous 
infection such as pulmonary tuberculosis, tuberculous adenopathy, and Bazin’s erythema 
induratum; in sharply contrast, the prevalence of active tuberculosis was reported to be 
0.028% in the general population from Mexico (Lupi-Herrera et al., 1977). 

6. Bacille Calmette-Guérin (BCG) vaccination and tuberculin skin tests in 
Takayasu’s arteritis 
Mantoux screening test is the main tuberculin reaction used in the world. It consists of an 
intradermal injection of a standard dose of 5 Tuberculin (purified protein derivative –PPD-) 
units; the reaction is assessed by measuring the diameter of induration after 48 to 72 hours. 
An individual who has been exposed to Mycobacterium tuberculosis is expected to mount an 
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immune response in the skin containing the mycobacterial proteins; however, positive 
results may be caused by non-tuberculous mycobacteria as well as previous administration 
of Bacille Calmette-Guérin (BCG) vaccine. 
PPD skin test is found to be positive in 81% of Mexican patients with Takayasu’s arteritis, as 
compared with 66% in the normal controls; interestingly, intradermal reactions with specific 
antigens of Mycobacterium kansasii (84%) and Mycobacterium avium (78%) are also more 
commonly positive in patients with Takayasu’s arteritis than in average population with no 
arteritis (11 to 15% for both non-tuberculous mycobacteria) (Lupi et al., 1972). Of note, BCG 
vaccination is routinely administrated at birth in Mexico. Recently, it was showed that skin 
delayed hypersensitivity to PPD with induration over 10 mm may be as frequent (92.5% 
versus 89%) in Takayasu’s arteritis as in patients with extra-pulmonary tuberculosis (Soto et 
al., 2007). Higher frequencies of positive tuberculin tests in Takayasu’s patients than in 
general population also are described in series from Japan (85-92% versus 0.3%) and Korea 
(90% versus 4.2%) (Ueda et al., 1968 & Keun-Soo et al., 1967, as cited in Pantell & Goodman, 
1981). Notably, the age of presentation does not appear to be a factor influencing sensitivity 
to intradermal reaction against mycobacterium; it has been showed that PPD test is positive 
in 73% of children with Takayasu’s arteritis compared with 22% reported in healthy 
children (Morales et al., 1991). 
In the context that BCG vaccine is routinely administrated at birth or during the infancy in 
almost all countries with high incidence of Takayasu’s arteritis, a role for BCG vaccination 
as causative has been suggested (Kothari, 1995). However, the nearly worldwide coverage of 
BCG vaccination (including countries in which Takayasu’s arteritis is exceptional) as well as 
the intricate relationship between mycobacterial infection and the immune system of the 
host maintains this provocative thesis as a merely speculative issue.  

7. Loss of self tolerance to heat shock proteins 
Heat shock proteins (HSP) are a family of phylogenetically conserved proteins found in a 
wide range of species extending from bacteria to humans. HSP form an ancient, primary 
system for intracellular self-defense with scavenger activities that are also involved in the 
correct folding of newly synthesized proteins. These molecules are known to be synthesized 
in response to a large variety of stimuli besides heat shock itself. Environmental stresses 
leading to the expression of HSP and other stress proteins include ultra-violet radiation, 
alcohol, heavy metal ions, oxidation/reduction cell imbalance, calcium influx inside the cell, 
overload of the endoplasmic reticulum, increased blood pressure, viral and bacterial 
infections, and unspecific inflammation (Quintana & Cohen, 2011). 
Normal function of HSP is necessary for the homeostasis of the living cells, and becomes 
especially important in disease, when our cells have to cope with a stressful environment 
(Tiroli-Cepeda & Ramos, 2011). Of note, loss of self tolerance to diverse stress-induced cell 
proteins including human HSP and its consequent cross-reactivity against HSP from 
infectious agents is believed to be partially responsible for various rheumatic diseases such 
as rheumatoid arthritis and Behçet disease (Direskeneli & Saruhan-Direskeneli, 2003; Huang 
et al., 2010). 

8. Role of humoral immune responses against heat shock proteins 
Growing evidence points to a critical role of HSP in the pathogenesis of Takayasu’s arteritis. 
In this regard, it is interesting that the main immunogenic component of BCG vaccine 65 
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infectious agents is believed to be partially responsible for various rheumatic diseases such 
as rheumatoid arthritis and Behçet disease (Direskeneli & Saruhan-Direskeneli, 2003; Huang 
et al., 2010). 
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kDa HSP is also a major immunoreactive protein antigen present in Mycobacterium 
tuberculosis and other mycobateria (Shinnick et al., 1987). Hernandez-Pando and colleagues 
have reported that Mexican patients with Takayasu’s arteritis have an enhanced immune 
response against the mycobacterial antigens 65 kDa HSP and in a lesser extent, 38 kDa HSP 
(Hernandez-Pando et al., 1994). In this study, anti-65 kDa HSP IgG antibody titers were 
higher in patients with Takayasu’s arteritis than in controls, and similar to those found in 
patients with pulmonary tuberculosis. Notably, serum antibody titers were higher in 
patients with active than in those with inactive arteritis. In contrast, Aggarwal and 
colleagues were unable to find differences in the positivity of anti-65 kDa HSP IgG 
antibodies between patients and healthy controls from India; however, they found a 
heightened immune response mediated by antibodies of IgM and IgA isotypes directed 
against the 65 kDa HSP (Aggarwal et al., 1996). 
Recently, humoral immune responses against mycobacterial 65 kDa HSP and its human 
homologue 60 kDa HSP were investigated in 26 Indian patients with Takayasu’s arteritis 
(Kumar Chauhan et al., 2004). Kumar Chauhan and colleagues found a significantly higher 
prevalence of IgG isotype reactive to both mycobacterial 65 kDa HSP (92% versus 11%, 
P<0.0001) and human 60 kDa HSP (84% versus 22%, P<0.001) in patients with Takayasu’s 
arteritis compared with healthy controls. Moreover, a strongly positive correlation between 
anti-65 kDa HSP IgG and anti-60 kDa HSP IgG antibodies (r coefficient=0.814, P<0.001) was 
observed in patients with Takayasu’s arteritis. 
In support to an infection-induced autoimmunity through molecular mimicry mechanisms, 
65 kDa HSP is over-expressed in the aortic tissue from patients with Takayasu’s arteritis 
(Seko et al., 1994). However, this notion has been challenged by the finding of a similar 
increased cell expression of 65 kDa HSP in aortic tissue from patients with advanced 
atherosclerotic lesions; moreover, this expression is associated with elevated titers of 
circulating IgG antibodies against the 65 kDa HSP molecule (Xu et al., 1993).  

9. Phenotypic analyses of infiltrating T cells in the arterial tissue with 
Takayasu’s arteritis 
Chronic inflammatory cell infiltration and its resulting injury to vessel wall suggest that 
diverse cell-mediated immunological mechanisms play an important pathogenic role in 
Takayasu’s arteritis. A seminal report analyzing the phenotypes of infiltrating cells 
demonstrated a marked infiltration of T lymphocytes CD3+ CD8+, and absence of CD4+ T 
cells in aortic tissue from a single patient with Takayasu’s arteritis (Scott et al., 1986). 
Subsequently, a more exhaustive study from Japan compared the immunological 
phenotypes of infiltrating cells among aortic specimens from patients with either Takayasu’s 
arteritis or atherosclerotic aneurysms (Seko et al., 1994). In this study, it was found that 
infiltrating cells in Takayasu’s arteritis consisted of CD4+ (14% of total cells) and CD8+ 
(15%) T lymphocytes displaying T-cell receptor , CD14+ macrophages (13%), CD16+ 
natural killer cells (20%), and CD4- CD8- T lymphocytes displaying T-cell receptor  (31%). 
In contrast, aortic sections from atherosclerotic aneurysms showed infiltration by CD4+  T 
lymphocytes (6%), CD8+ T lymphocytes (12%), macrophages (31%), natural killer cells 
(29%), and just few numbers of  T cells. As can be noted, the percentage of infiltrating 
macrophages and  T lymphocytes are quite different between diseases, with  T cells 
representing the main infiltrating lymphocytic phenotype in Takayasu’s arteritis. 

Takayasu’s Arteritis and Its Potential  
Pathogenic Association with Mycobacterium tuberculosis 

 

27 

In addition to natural killer and cytotoxic CD8+ T cells, T lymphocytes bearing  T-cell 
receptor are recognized to play a critical role in cytolysis. These killer cells exert cytotoxicity 
through different two major pro-apoptotic pathways. One is the perforin-dependent colloid-
osmotic lysis of target cell membrane; the other is Fas/Fas ligand (L)-mediated apoptosis 
signal induction. In support to a pathogenic role for cytotoxicity in the vascular damage 
seen in Takayasu’s arteritis, Seko and colleagues found an increased expression of perforin 
in peripheral cytoplasmic granules of natural killer cells, CD8+ and  T lymphocytes, and 
demonstrated that numerous perforin molecules are released from these infiltrating cells 
directly onto the surface of aortic vascular cells (Seko et al., 1994). These authors also explore 
the expression of both Fas-L in infiltrating cells and Fas in aortic vascular cells from 
Takayasu’s arteritis (Seko, 2000). They found that Fas was strongly expressed in vascular 
cells of vasa vasorum, while its ligand Fas-L was expressed in most of the infiltrating cells. 
However, aortic vascular cells seemed not to have undergone apoptosis, while some of the 
infiltrating cells underwent activation-induced cell death. These data suggest that perforin-
mediated necrosis but not Fas/Fas-L apoptosis may play a major role in the mechanism of 
vascular injury in Takayasu’s arteritis. 
Perhaps the utmost demonstration for a main role for  T lymphocytes is the finding that 
infiltrating cells in Takayasu´s arteritis have restricted usage of T-cell receptor genes. In an 
elegant experiment, Seko and colleagues analyzed T-cell receptor V and V gene utilization 
by infiltrating  T lymphocytes in arterial specimens from a single patient with Takayasu’s 
arteritis, and found that almost all T-cell receptor V (V1 to V4) as well as V (V1 to V5, 
with exception of V4) genes were expressed in peripheral blood lymphocytes, whereas 
only V3, V4, and V1 were preferentially rearranged and transcribed in infiltrating cells, 
indicating a tissue-specific oligoclonal accumulation of V1+ T lymphocytes. Interestingly, 
this selective accumulation apparently is guided by over-expression of co-stimulatory 
molecules such as CD80, CD86, CD40, CD27L, and OX40L into the inflamed arterial tissue 
(Seko et al., 2000). 
Studies focused on T lymphocytes displaying T-cell receptor  also have demonstrated that 
a limited number of V as well as V genes are preferentially rearranged and transcribed in 
infiltrating cells from aortic tissue with Takayasu’s arteritis. In contrast, almost all V as 
well as V genes are expressed in peripheral blood lymphocytes from patients with 
Takayasu’s arteritis as well as in aortic infiltrating cells from individuals with atherosclerotic 
aortic aneurysms (Seko et al., 1996; Swanson et al., 1994). 
Restricted utilization of T-cell receptor V as well as V genes or V as well as V genes by 
infiltrating T lymphocytes in Takayasu’s arteritis indicate that at least one specific antigen 
located in the aortic tissue is targeted. Even when the exact nature of this antigen (or 
antigens) remains unknown, recently it was demonstrated that  T lymphocytes present in 
patients with Takayasu’s arteritis are reactive to human 60 kDa HSP, and these T cells 
possess spontaneous cytotoxicity to aortic endothelial cells. Moreover, direct stimulation of 
these  T lymphocytes with 60 kDa HSP results in further enhancement of their cytotoxic 
potential. These cellular effects were found in  T lymphocytes from Takayasu’s arteritis 
patients, while were absent in cells from patients with systemic lupus erythematosus and 
healthy controls (Chauhan et al., 2007). 
Co-localization of 60 kDa and 65 kDa HSP over-expression and activated  T lymphocytes 
reactive to self-HSP into the arterial lesions as well as the restricted T-cell receptor gene 
usage of infiltrating  and  T cells in patients with Takayasu’s arteritis suggest the 
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existence of a 60 kDa HSP driven expansion and infiltration of these cytotoxic cells in the 
arterial wall, which in turn may cause arterial damage mediated through both the perforin 
and Fas/Fas-L pathways. 

10. Role of genetic factors in the immunopathology of Takayasu’s arteritis 
Both geographical incidence and occasional familiar occurrence suggest a role for genetic 
factors in the immunopathology of the disease. This autoimmune susceptibility arises from 
allelic variants or mutants in genes encoding a variety of relevant proteins of immune 
function. Several studies have proposed an association between Takayasu’s arteritis and 
specific human leukocyte antigen (HLA) haplotypes. 
As regards to major histocompatibility complex (MHC) it is described that susceptibility 
may be related with both class I and class II molecules. Specifically, alleles HLA-B52, 
DRB1*1502, DRB5*0102, DQA1*0103, DQB1*0601 as well as the extended haplotype HLA-
Bw52-DRB1*1502-DRB5*0102-DQA1*0103-DQB1*0601 -DPA1*02-DPB1*0901 may confer 
susceptibility to Takayasu’s arteritis in Japanese patients; whereas the combination HLA-
Bw54-DRB1*0405-DRB4*0101-DQA1*0301-DQB1*0401 seems to confer resistance (Dong et 
al., 1992). While, studies based on Mexican cohorts show that Takayasu’s arteritis is 
associated with higher frequencies of alleles HLA-B39, -B52, and –B39 class I molecules, as 
well as allele HLA-DRB1*1301 class II molecule (Girona et al., 1996; Soto et al., 2007; Vargas-
Alarcón et al., 2008). In Indian patients, an association with alleles HLA-B5 and –B21 has 
been described (Rose et al., 1991). 
Interestingly, some clinical forms of tuberculosis have been related with specific alleles of 
class II and class I molecules. An association with HLA-DR2 and particularly with its 
subtype DR15 in linkage disequilibrium with DQ5 has been found in patients with smear-
positive pulmonary tuberculosis (Bellamy, 1998). This observation has been refined using 
DNA based HLA typing and it was confirmed a link with genes DRB1*1501 and DQB1*0502 
(Meyer et al., 1998). Similarly, a higher frequency distribution of class I HLA-B60 antigen is 
seen in patients with smear-positive pulmonary tuberculosis than in non-infected, exposed 
controls (Bothamley, 1999). 
Similar class I and class II MHC molecules have been described in association with 
Takayasu’s arteritis and active tuberculosis, suggesting a possible genetic relationship 
between diseases. While, it may support a biological plausibility to PPD delayed-type 
hypersensitivity intradermal reactions commonly seen in both diseases. Unfortunately, 
available results from few studies focused on HLA-B alleles do not support this attractive 
thesis (Soto et al., 2007; Vargas-Alarcón et al., 2008). 
Alternatively, there is a group of innate immune molecules whose genes are located near the 
HLA-B gene region; these molecules are termed MHC class I chain-related A (MIC-A) and 
may have a crucial role in the pathogenesis of Takayasu’s arteritis. MIC-A genes are 
polymorphic and divergent from classical MHC class I genes. After different stimuli 
inducing cellular stress, MIC-A genes are rapidly over-expressed and their resulting proteins 
are deployed in membrane; then, MIC-A molecules may be recognized by NKG2D receptors 
expressed on the  T lymphocytes and natural killer cells. On cytotoxic cells, engagement of 
NKG2D receptors results in activation of cytolytic responses directed against targeted-cells 
expressing MIC-A (Bauer et al., 1999). In this regard, Kimura and colleagues have reported 
that MIC-A-1.2 polymorphism is associated with Takayasu’s arteritis in absence of HLA-B52 
gene, suggesting that a part of the HLA-linked genetic susceptibility to Takayasu’s arteritis 
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may be mapped near the MIC-A gene region (Kimura et al., 1998). To further investigate the 
role of these cytotoxicity-mediated mechanisms, Seko and colleagues analyzed the 
expression of MIC-A and some co-stimulatory molecules in the aortic tissue as well as their 
counterpart ligands in the infiltrating cells from patients with Takayasu’s arteritis. They 
found that MIC-A molecules are strongly expressed in the aortic tissue, along with over-
expression of co-stimulatory molecules 4-1BBL and Fas; while, most of the infiltrating cells 
express NKG2D receptors as well as 4-1BB and FasL (Seko et al., 2004). These findings 
suggest that  T lymphocytes and other killer cells may recognize stressed aortic cells 
expressing MIC-A throughout NKG2D receptors. Over-expression of co-stimulatory 
molecules may facilitate further recognition and activation of cytotoxic cells, leading to an 
increase in the cellular stress of aorta and self-maintenance of chronic inflammation. 

11. Absence of Mycobacterium tuberculosis in arterial tissue from 
Takayasu’s arteritis 
Despite clinical and laboratory studies supporting that Mycobacterium tuberculosis could be 
involved in the pathogenesis of Takayasu’s arteritis, the pathogen has not been detected 
directly in the arterial tissue. Recently, Arnaud and colleagues looked for the presence of 
Mycobacterium tuberculosis by acid-fast and auramine-fluorochrome staining, mycobacterial 
cultures on Lowenstein-Jensen culture media, and nucleic acid -16S ribosomal RNA-
amplification in arterial specimens (aorta and carotid arteries) from 10 patients with 
Takayasu’s arteritis underwent surgery (Arnaud et al., 2009). Of note, no patient had 
evidence of active tuberculosis at the time of surgery and patients were Caucasians or North 
Africans; histological examination showed five active and five inactive arterial lesions. 
Mycobacterium tuberculosis was not detected in arterial specimens of either active or inactive 
Takayasu’s arteritis by any of the methods used. Although these results almost exclude a 
direct arterial infection, do not exclude a latent, extra-arterial infection with anti-
mycobacterial immune responses triggering a cross-reaction against antigens located in the 
arterial wall. 
Diagnosis of latent infection by Mycobacterium tuberculosis has dramatically improved with 
the arrival of Quantiferon-TB Gold test. Quantiferon-TB Gold test identifies latent and active 
tuberculosis infection by measuring the in vitro interferon- release from T lymphocytes in 
response to three unique antigens highly specific for Mycobacterium tuberculosis, which are 
absent in almost all non-tuberculous mycobacteria including BCG vaccine. This test has 
been particularly helpful in countries in which the interpretation of PPD intradermal 
reaction is confounded because routinely early application of BCG vaccine (Lalvani, 2007). 
Recently, Karadag and colleagues assess the possibility of latent tuberculosis infection in 
ninety-four Turkish patients with Takayasu’s arteritis using tuberculin test and 
Quantiferon-TB Gold test and compare it with healthy controls (Karadag et al., 2010). Even 
when tuberculin test positivity was higher in patients with Takayasu’s arteritis than in 
controls (62.5% versus 41.4%; P=0.008), Quantiferon-TB Gold test positivity was equal 
between groups (22.3% versus 22.4%; P>0.05), suggesting that latent tuberculosis is similar 
in patients with Takayasu’s arteritis and in healthy controls. 

12. Proposal for a novel unifying model of pathogenesis 
Previous model of pathogenesis has been supported on the premise that the arteritis results 
from delayed hypersensitivity to active or latent tuberculosis infection, through cross-
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existence of a 60 kDa HSP driven expansion and infiltration of these cytotoxic cells in the 
arterial wall, which in turn may cause arterial damage mediated through both the perforin 
and Fas/Fas-L pathways. 
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well as allele HLA-DRB1*1301 class II molecule (Girona et al., 1996; Soto et al., 2007; Vargas-
Alarcón et al., 2008). In Indian patients, an association with alleles HLA-B5 and –B21 has 
been described (Rose et al., 1991). 
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positive pulmonary tuberculosis (Bellamy, 1998). This observation has been refined using 
DNA based HLA typing and it was confirmed a link with genes DRB1*1501 and DQB1*0502 
(Meyer et al., 1998). Similarly, a higher frequency distribution of class I HLA-B60 antigen is 
seen in patients with smear-positive pulmonary tuberculosis than in non-infected, exposed 
controls (Bothamley, 1999). 
Similar class I and class II MHC molecules have been described in association with 
Takayasu’s arteritis and active tuberculosis, suggesting a possible genetic relationship 
between diseases. While, it may support a biological plausibility to PPD delayed-type 
hypersensitivity intradermal reactions commonly seen in both diseases. Unfortunately, 
available results from few studies focused on HLA-B alleles do not support this attractive 
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Alternatively, there is a group of innate immune molecules whose genes are located near the 
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polymorphic and divergent from classical MHC class I genes. After different stimuli 
inducing cellular stress, MIC-A genes are rapidly over-expressed and their resulting proteins 
are deployed in membrane; then, MIC-A molecules may be recognized by NKG2D receptors 
expressed on the  T lymphocytes and natural killer cells. On cytotoxic cells, engagement of 
NKG2D receptors results in activation of cytolytic responses directed against targeted-cells 
expressing MIC-A (Bauer et al., 1999). In this regard, Kimura and colleagues have reported 
that MIC-A-1.2 polymorphism is associated with Takayasu’s arteritis in absence of HLA-B52 
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from delayed hypersensitivity to active or latent tuberculosis infection, through cross-



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

30

reactivity mechanisms against vascular peptides mimicking antigens constituents of 
Mycobacterium tuberculosis and other mycobacteria. This model has fascinated researchers 
and clinicians for more than a half century; however, recent studies showing absence of 
mycobacteria into the arterial tissue as well as absence of latent Mycobacterium tuberculosis 
infection by highly-specific ex vivo functional assays have knocked out this attractive 
hypothesis. Nevertheless, it is irrefutable the vast evidence showing indirect associations 
between Takayasu’s arteritis and Mycobacterium tuberculosis; hence, we will hypothesize on a 
novel, unifying pathogenic model that may explain this relationship. 
We speculate that, in a first step (non self-reactive phase), unspecific injuries such as 
infections, increased blood pressure, and other non-specific inflammatory stimuli may 
induce cellular stress in endothelial vascular cells, which in turn result in the production of 
large amounts of 60 kDa HSP and other stress-induced proteins. These “warning of danger” 
molecules may be sensed by innate cytotoxic cells through pattern-recognition receptors 
(PRR’s) such as Toll-like (TLR) and Nucleotide-binding and oligomerisation domain (NOD)-
like (NLR) receptors. After recognition, cytotoxic cells become activated and may promote 
apoptosis of vascular endothelial cells through perforin and Fas/Fas-L pathways, thus 
enhancing the stressed cellular environment. 
 

 
Fig. 1. A novel pathogenic model in Takayasu’s arteritis. Non self-reactive phase. Unspecific 
damage factors induce stress in endothelial cells, which results in the expression of several 
stress-induced proteins, including 60 kDa heat shock protein (HSP). These stress-induced 
proteins are engaged by innate cytotoxic cells through pattern-recognition receptors (PPR’s) 
and become activated, promoting apoptosis of vascular endothelial cells and enhancing the 
stressed cellular environment.  

In a second step (self-reactive, innate immune phase), stressed vascular cells may rapidly 
activate MIC-A gene transcription (for instance, MIC-A-1.2 polymorphism). Then, MIC-A 
molecules on endothelium may be recognized by NKG2D receptors on infiltrating V1+  T 
lymphocytes and natural killer cells, which in turn result in cytolytic responses against 
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endothelial targeted-cells expressing MIC-A. Vascular infiltration of oligoclonally expanded 
 T cells producing interferon- may amplify the expression of HLA class II and class I 
molecules (i.e. HLA-Bw52-DRB1*1502-DRB5*0102-DQA1*0103-DQB1*0601 -DPA1*02-
DPB1*0901) and co-stimulatory molecules. Co-expression of MHC proteins and vascular 
antigens (muted or misfolded self-antigens?) may lead to massive aortic infiltration by 
oligoclonally expanded self-reactive  CD4+and CD8+ T lymphocytes. 
 

 
Fig. 2. A novel pathogenic model in Takayasu’s arteritis. Self-reactive, innate immune phase. 
MIC-A molecules are over-expressed on vascular endothelial cells and may be recognized 
by infiltrating natural killer (NK) and  T cells, which amplify the interferon (IFN)-
dependent expression of HLA class II and class I molecules and co-stimulatory molecules. 
Co-expression of MHC proteins and vascular antigens (muted or misfolded self-
antigens?) lead to aortic infiltration by oligoclonally expanded self-reactive  CD4+and 
CD8+ T cells. 

In a third phase (self-reactive, adaptive immune phase), self-reactive  CD4+ T 
lymphocytes may play central and multiple roles in the amplification and progression of the 
inflammatory response in Takayasu’s arteritis. Different T cell subsets may provide help for 
B cell production of “arteritic” auto-antibodies such as anti-endothelial cells and anti-60 kDa 
HSP antibodies as well as antigen-driven T cell-dependent IgG isotype switching. T cells 
subsets also may modulate expansion and effector functions by infiltrating macrophages, 
directing their transformation into Langhans multinucleated giant cells and granuloma 
formation. Finally, infiltrating CD4+ and CD8+T cell subsets may promote the progression 
and maintenance of granuloma as well as the recruitment of fibroblasts; late in the process 
of tissue injury, massive deposition of collagen and matrix proteins may lead to fibrosis of 
arterial walls, which characterizes the pulseless stage of chronic Takayasu’s arteritis. 
In addition to better explain arterial tissue damage, this novel pathogenic model also may 
explain the common positive reaction to PPD (and other mycobacterial antigens) observed 
in patients with Takayasu’s arteritis. Intradermal deposition of mycobacterial antigens may 
trigger both recruitment and activation of several subsets of T lymphocytes self-reactive 
against human 60 kDa HSP. These T cells may also mediate cross-reacting responses with 
the mycobacterial homologue 65 kDa HSP and, in a lesser extent, 38 kDa HSP, thus 
explaining the delayed hypersensitivity that underlies the Mantoux test as just an 
epiphenomenon. 
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Fig. 3. A novel pathogenic model in Takayasu’s arteritis. Self-reactive, adaptive immune 
phase. Self-reactive  CD4+ T lymphocytes play central roles in the inflammatory response 
seen in Takayasu’s arteritis. Helper T cell subsets provide help for B cell production of 
antibodies against vascular antigens and IgG isotype switching. Helper T cell subsets also 
may modulate effector functions by infiltrating macrophages.  

Finally, CD4+ and CD8+T cells may promote recruitment of fibroblasts and deposition of collagen and 
matrix proteins leading to fibrosis of arterial vessels (pulseless stage of Takayasu’s arteritis). 

13. Conclusion 
A relationship between Takayasu’s arteritis and both latent and active tuberculosis has been 
discussed for more than a half century. Indirect evidence had suggested that Mycobacterium 
tuberculosis and probably other mycobacteria could play a role in the immunopathogenesis 
of Takayasu’s arteritis, possibly through molecular mimicry mechanisms. However, recent 
studies showing absence of mycobacteria directly into the arterial tissue as well as absence 
of latent Mycobacterium tuberculosis infection by highly-specific ex vivo functional assays have 
knocked out this attractive hypothesis. 
Supported on currently available data, we speculate on a novel model of pathogenesis 
which may explain the intricate relationship between Takayasu’s arteritis and Mycobacterium 
tuberculosis. This model is based in the loss of self-tolerance against stress-induced cellular 
molecules, with the innate immune system as key culprit in the initiation, amplification and 
progression of inflammatory response observed in Takayasu’s arteritis. 
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1. Introduction 
Mycoplasma pneumoniae, commonly known as a major causative agent of primary atypical 
pneumonia, also causes various kinds of extrapulmonary manifestations involving almost 
all the organs of the human body. The author has classified the extrapulmonary 
manifestations due to M. pneumoniae infection into three categories: the first is a direct type 
in which locally induced cytokines play a role, the second is an indirect type in which 
immune modulation such as autoimmunity plays a role, and the third is a vascular 
occlusion type in which vasculitis and/or thrombosis with or without systemic 
hypercoagulable state plays a role [Narita, 2009, 2010]. This classification system is intended 
to facilitate the understanding of the pathogenesis of extrapulmonary manifestations due to 
M. pneumoniae infection. A diagram depicting the possible ways in which M. pneumoniae can 
induce these three types of extrapulmonary manifestations in relation to the possible 
pathomechanism of pneumonia is shown in Fig 1. Further concrete explanations of each 
mechanism, based on the accumulated in-vitro and in-vivo data, are provided in the 
following sections. Of particular interest is the fact that M. pneumoniae can cause many kinds 
of vasculitic/thrombotic disorders. Mycoplasma pneumoniae may locally affect a vascular wall 
by inducing cytokines and chemokines such as tumor necrosis factor-α and interleukin-8, 
which cause local vasculitic and/or thrombotic vascular occlusion without systemic 
hypercoagulable state. Alternatively, generalized thrombotic vascular occlusion can occur as 
a result of a systemic hypercoagulable state which is in turn a consequence of immune 
modulation leading to the activation of chemical mediators such as complements and fibrin 
D-dimer. 
Although it is already well known that M. pneumoniae can cause a few coagulation 
abnormality disorders such as disseminated intravascular coagulation and stroke, M. 
pneumoniae remains under-recognized as a causative agent for many other 
vasculitic/thrombotic disorders involving various organs of the human body. One reason 
for this must be that the ability of M. pneumoniae to cause vasculitic/thrombotic vascular 
disorders through the local operation of chemical mediators such as cytokines in the absence 
of an apparent systemic hypercoagulable state is not yet widely known. 
In this chapter, the author presents organ-specific and systemic manifestations of 
vasculitic/thrombotic disorders that may be associated with M. pneumoniae infection. 
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Comments are made principally on the etiology by which M. pneumoniae acts as a 
pathogenic agent for each disease. 
 

 
Fig. 1. Pathomechanism of vasculitic/thrombotic disorders caused by M. pneumoniae 
infection (Modified from ref. Narita, 2009. For details, see text). 

2. Mechanism of vasculitic disorders due to M. pneumoniae infection 
2.1 Respiratory infection and hematogenous dissemination 
Mycoplasma pneumoniae is one of the smallest free-living bacteria. It possesses only a minor 
ability to injure respiratory epithelial cells by producing an excess of activated oxygen 
within the infected cells [for review, see Waites & Talkington, 2004]. Recent evidence has 
shown that M. pneumoniae produces the community acquired respiratory distress syndrome 
toxin, but its pathogenic role in human illness still remains to be elucidated [Hardy et al., 
2009; Kannan & Baseman, 2006]. Nevertheless, M. pneumoniae is a major pathogen of 
primary atypical pneumonia as well as a number of extrapulmonary diseases. In this 
context, many previous works have disclosed that the cell membrane of M. pneumoniae 
contains lipoproteins which are potent inducers of cytokines equivalent to bacterial 
lipopolysaccharides [for review, see Sánchez-Vargas & Gómez-Duarte, 2008; Yang et al., 
2004]. Thus it is currently understood that M. pneumoniae pneumonia results from the 
operation of the host immune system, specifically of various kinds of cytokines, rather than 
from direct injury by the organism itself; in other words, M. pneumoniae pneumonia 
develops via immune pathogenesis. 
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Following an initial droplet infection to the lower respiratory tract below the larynx, M. 
pneumoniae begins to propagate on the respiratory surface with ciliated epithelium 
[Krunkosky et al., 2007]. This event facilitates non-specific recognition of the organism by 
the innate immunity of the host through Toll-like receptors 1, 2, and 6, among which Toll-
like receptor 2 plays a major role in initiating intracellular signal transmission [Shimizu, 
2005]. Mycoplasma pneumoniae infection then leads to pneumonia by inducing various kinds 
of cytokines. Among a number of cytokines reported to be associated with the 
pathomechanism of M. pneumoniae pneumonia, the author and coworkers have 
demonstrated that the macrophage-derived cytokines interleukin-18 and interleukin-8 play 
significant roles in the development of pneumonia and are directly related to disease 
severity [Narita et al., 2000, 2001a; Tanaka et al., 2002]. Interleukin-18 is an immune 
regulatory cytokine that functions as an activator of T cells and a subsequent cascade of T 
helper-1 and T helper-2 type cytokines [Tanaka et al., 1996]. Interleulin-8 is an inflammatory 
cytokine and functions as an activator of neutrophils. Several lines of recent in-vitro 
evidence have supported the pathogenic importance of interleukin-8 in the development of 
the clinical picture of M. pneumoniae respiratory infection [Chmura et al., 2008; Sohn et al., 
2005; Yang et al., 2002]. From this perspective, the activation of interleukin-8 by M. 
pneumoniae is one of the key steps in inducing the vasculitic disorders which are the main 
subject of this chapter. 
As regards the presence of pneumonia in relation to the development of extrapulmonary 
diseases, the author and coworkers have found, using polymerase chain reaction 
methodology [Narita et al., 1992], that the genome of M. pneumoniae can be detected more 
frequently in serum from patients without pneumonia than in serum from patients with 
pneumonia [Narita et al., 1996]. This means that pneumonia, which is a consequence of the 
local host immune response occurring on the respiratory surface, plays an important role as 
a kind of fire-wall preventing dissemination of the organism beyond the respiratory tract 
[Cartner et al., 1998; Tanaka et al., 1996]. In this regard, it is important to note that direct-
type extrapulmonary manifestations not infrequently occur in the absence of pneumonia, 
which is a hallmark of mycoplasmal infection. This must be another reason why M. 
pneumoniae is under-recognized as a vasculitic agent: in the absence of pneumonia, 
mycoplasmal infection is not suspected and the patient is not further tested for M. 
pneumoniae serology. 

2.2 Direct mechanisms of vasculitic/thrombotic vascular occlusion 
M. pneumoniae, following its passive transfer into the circulation through the gaps that result 
from direct yet modest injury to the respiratory epithelial cells, is delivered to the distant 
vessels and organs, where it activates various inflammatory substances which then elicit 
vasculitis. These inflammatory substances include interleukin-8, tumor necrosis factor-α, 
macrophage inflammatory peptide-1α [Hardy et al., 2001], intercellular adhesion molecule-1 
[Krunkosky et al., 2007], and regulated upon activation, normal T cells expression and 
secreted [Dakhama et al., 2003], among others. Tumor necrosis factor-α has been observed to 
be induced by M. pneumoniae in vitro from an early period of investigation [Arai et al., 1990; 
Kita et al., 1992]. This cytokine, along with interleukin-8, must play a pivotal role in eliciting 
vasculitic/thrombotic vascular occlusion. In this context, it is of some interest that the 
community acquired respiratory distress syndrome toxin can also induce the production of 
interleukin-8, macrophage inflammatory peptide-1α, and regulated upon activation, normal 
T cells expression and secreted [Hardy et al., 2009]. This toxin also might play some role in 
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the development of vascular disorders. As regards the vascular occlusion-type 
manifestations with direct mechanisms, only occasionally has M. pneumoniae been found by 
culture or by polymerase chain reaction at the site of disease manifestation, typically, in the 
cerebrospinal fluid from patients with central nervous system manifestations. 

2.3 Indirect mechanisms of vasculitic/thrombotic vascular occlusion 
Mycoplasma pneumoniae contains potent immunogenic substances such as glycolipids, 
glycoproteins, and phospholipids within its cytoplasm. Macrophages, following 
phagocytosis of the organism, present these various kinds of mycoplasmal antigens to 
immunocompetent cells causing immune modulation which subsequently elicits 
autoimmunity through these antigens’ molecular mimicry of various human cell 
components [for review, see Yang et al., 2004; Waites & Talkington, 2004]. From the 
perspective of vasculopathy due to M. pneumoniae, the most important aspect of this process 
must be the production of antiphospholipid (anticardiolipin) antibodies [Graw-Panzer et al., 
2009; Nagashima et al., 2010; Snowden et al., 1990; Witmer et al., 2007]. Production of these 
antibodies is well known to occur during the course of autoimmune disorders such as 
systemic lupus erythematosus and to induce hypercoagulable state resulting in 
vasculopathy. As mentioned in the following sections, this ability of M. pneumoniae to 
induce antiphospholipid (anticardiolipin) antibodies is an important key in unraveling the 
indirect pathomechanisms of the vasculitic disorders caused by M. pneumoniae. 
Mycoplasma pneumoniae can also form immune complexes [Biberfeld & Norberg, 1974; 
Mizutani & Mizutani, 1984], which activate complements and platelets, inducing 
coagulopathy, or affect the vascular epithelium, eliciting vasculitis. This ability of M. 
pneumoniae to form immune complexes is another important key to understanding the 
pathomechanisms of the vasculitic disorders caused by M. pneumoniae. To summarize, the 
immune modulations mentioned in this section can in several ways activate platelets, 
complements, and coagulation factors, leading to systemic or local hypercoagulable state. In 
vascular occlusion-type manifestations with indirect mechanisms, M. pneumoniae itself 
cannot typically be found at disease manifestation sites, though this is not the case in disease 
manifestations with direct mechanisms. 

3. Vasculitic/thrombotic disorders due to M. pneumoniae infection 
In Table 1, vascular occlusion-type extrapulmonary manifestations due to M. pneumoniae 
infection are classified according to type of pathomechanism, that is, direct or indirect, 
and according to the organ system which is mainly affected. Kawasaki disease, which 
involves multiple-organs in its manifestations, which include skin rash, lymphadenitis, 
and coronary aneurysm, is included in the cardiovascular category because of its disease 
severity. 
In the following sections, comments are made on how these disorders can be considered 
consequences of M. pneumoniae infection. Since M. pneumoniae is a ubiquitous agent in the 
general population, the possibility of accidental coinfection by M. pneumoniae during the 
course of an unassociated disease should always be taken into account. One must 
remember to distinguish clearly between what M. pneumoniae can do and what it cannot 
do on the basis of its biological abilities. This chapter preferentially includes papers 
reporting vasculitic/thrombotic disorders for which at least one possible pathomechanism 
could reasonably be considered. 
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System Direct mechanism Indirect mechanism 
Cardiovascular  Kawasaki disease, 

Cardiac thrombus, 
Temporal arteritis 

Dermatological  Anaphylactoid purpura, 
Cutaneous vasculitis 

Digestive  Pancreatitis 
Hematological/ 
Hematopoietic 

 Disseminated intravascular 
coagulation, 
Thrombocytopenia, 
Splenic infarct 

Musculoskeletal Arthritis/Arthropathy*, 
Rhabdomyolysis* 

Arthritis/Arthropathy*, 
Rhabdomyolysis* 

Nervous Stroke*, 
Striatal necrosis, 
Psychological disorders, 
Acute disseminated 
encephalomyelitis*, 
Transverse myelitis* 

Stroke*, 
Acute disseminated 
encephalomyelitis*, 
Transverse myelitis*, 
Facial nerve palsy 

Respiratory  Pulmonary embolism 
Sensory Sudden hearing loss  
Urogenital Priapism  

* Mechanisms of both types (direct and indirect) can be postulated for these disorders. 

Table 1. Vasculitic/thrombotic disorders caused by M. pneumoniae infection 

3.1 Cardiovascular system 
Although the existence of a link between acute or chronic M. pneumoniae infection and the 
development of atherosclerosis or coronary heart disease has been a matter for debate in the 
past, a connection between these conditions now seems less likely on the basis of recent 
evidence [Barski et al., 2010; Weiss et al., 2006] and is not included in this chapter. This 
question must be answered with certainty through future research. 

3.1.1 Kawasaki disease 
Kawasaki disease is a febrile illness mainly affecting infants and younger children; it is 
characterized by persistent fever (lasting longer than 5 days) that is nonresponsive to 
antibiotics; bilateral ocular conjunctivitis; redness of the lips, tongue (strawberry tongue) 
and oral cavity; changes in the peripheral extremities (indurative edema and desquamation); 
polymorphous exanthema of the body; and nonpurulent cervical lymph node swelling. It 
has been considered a systemic vasculitic disease with a predilection for the coronary 
arteries, resulting in the development of coronary aneurysm in the most severe cases [for 
review, see Pinna et al., 2008; Wood & Tulloh, 2009]. Though only a very small number of 
cases have been reported from Western countries [Leen & Ling, 1996; Vitale et al., 2010], 
reports of Kawasaki disease in association with M. pneumoniae infection are not infrequent in 
the Japanese literature. Kawasaki disease was first described from Japan [Kawasaki et al., 
1974] and must have an inclination to the Asian ethnicity. Based on this assumption, there 
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the development of vascular disorders. As regards the vascular occlusion-type 
manifestations with direct mechanisms, only occasionally has M. pneumoniae been found by 
culture or by polymerase chain reaction at the site of disease manifestation, typically, in the 
cerebrospinal fluid from patients with central nervous system manifestations. 

2.3 Indirect mechanisms of vasculitic/thrombotic vascular occlusion 
Mycoplasma pneumoniae contains potent immunogenic substances such as glycolipids, 
glycoproteins, and phospholipids within its cytoplasm. Macrophages, following 
phagocytosis of the organism, present these various kinds of mycoplasmal antigens to 
immunocompetent cells causing immune modulation which subsequently elicits 
autoimmunity through these antigens’ molecular mimicry of various human cell 
components [for review, see Yang et al., 2004; Waites & Talkington, 2004]. From the 
perspective of vasculopathy due to M. pneumoniae, the most important aspect of this process 
must be the production of antiphospholipid (anticardiolipin) antibodies [Graw-Panzer et al., 
2009; Nagashima et al., 2010; Snowden et al., 1990; Witmer et al., 2007]. Production of these 
antibodies is well known to occur during the course of autoimmune disorders such as 
systemic lupus erythematosus and to induce hypercoagulable state resulting in 
vasculopathy. As mentioned in the following sections, this ability of M. pneumoniae to 
induce antiphospholipid (anticardiolipin) antibodies is an important key in unraveling the 
indirect pathomechanisms of the vasculitic disorders caused by M. pneumoniae. 
Mycoplasma pneumoniae can also form immune complexes [Biberfeld & Norberg, 1974; 
Mizutani & Mizutani, 1984], which activate complements and platelets, inducing 
coagulopathy, or affect the vascular epithelium, eliciting vasculitis. This ability of M. 
pneumoniae to form immune complexes is another important key to understanding the 
pathomechanisms of the vasculitic disorders caused by M. pneumoniae. To summarize, the 
immune modulations mentioned in this section can in several ways activate platelets, 
complements, and coagulation factors, leading to systemic or local hypercoagulable state. In 
vascular occlusion-type manifestations with indirect mechanisms, M. pneumoniae itself 
cannot typically be found at disease manifestation sites, though this is not the case in disease 
manifestations with direct mechanisms. 

3. Vasculitic/thrombotic disorders due to M. pneumoniae infection 
In Table 1, vascular occlusion-type extrapulmonary manifestations due to M. pneumoniae 
infection are classified according to type of pathomechanism, that is, direct or indirect, 
and according to the organ system which is mainly affected. Kawasaki disease, which 
involves multiple-organs in its manifestations, which include skin rash, lymphadenitis, 
and coronary aneurysm, is included in the cardiovascular category because of its disease 
severity. 
In the following sections, comments are made on how these disorders can be considered 
consequences of M. pneumoniae infection. Since M. pneumoniae is a ubiquitous agent in the 
general population, the possibility of accidental coinfection by M. pneumoniae during the 
course of an unassociated disease should always be taken into account. One must 
remember to distinguish clearly between what M. pneumoniae can do and what it cannot 
do on the basis of its biological abilities. This chapter preferentially includes papers 
reporting vasculitic/thrombotic disorders for which at least one possible pathomechanism 
could reasonably be considered. 
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Temporal arteritis 

Dermatological  Anaphylactoid purpura, 
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Hematological/ 
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Thrombocytopenia, 
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Rhabdomyolysis* 

Arthritis/Arthropathy*, 
Rhabdomyolysis* 

Nervous Stroke*, 
Striatal necrosis, 
Psychological disorders, 
Acute disseminated 
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Stroke*, 
Acute disseminated 
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Transverse myelitis*, 
Facial nerve palsy 

Respiratory  Pulmonary embolism 
Sensory Sudden hearing loss  
Urogenital Priapism  

* Mechanisms of both types (direct and indirect) can be postulated for these disorders. 

Table 1. Vasculitic/thrombotic disorders caused by M. pneumoniae infection 

3.1 Cardiovascular system 
Although the existence of a link between acute or chronic M. pneumoniae infection and the 
development of atherosclerosis or coronary heart disease has been a matter for debate in the 
past, a connection between these conditions now seems less likely on the basis of recent 
evidence [Barski et al., 2010; Weiss et al., 2006] and is not included in this chapter. This 
question must be answered with certainty through future research. 

3.1.1 Kawasaki disease 
Kawasaki disease is a febrile illness mainly affecting infants and younger children; it is 
characterized by persistent fever (lasting longer than 5 days) that is nonresponsive to 
antibiotics; bilateral ocular conjunctivitis; redness of the lips, tongue (strawberry tongue) 
and oral cavity; changes in the peripheral extremities (indurative edema and desquamation); 
polymorphous exanthema of the body; and nonpurulent cervical lymph node swelling. It 
has been considered a systemic vasculitic disease with a predilection for the coronary 
arteries, resulting in the development of coronary aneurysm in the most severe cases [for 
review, see Pinna et al., 2008; Wood & Tulloh, 2009]. Though only a very small number of 
cases have been reported from Western countries [Leen & Ling, 1996; Vitale et al., 2010], 
reports of Kawasaki disease in association with M. pneumoniae infection are not infrequent in 
the Japanese literature. Kawasaki disease was first described from Japan [Kawasaki et al., 
1974] and must have an inclination to the Asian ethnicity. Based on this assumption, there 
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may be some inherent difference in genetic background in terms of the link between M. 
pneumoniae infection and susceptibility to Kawasaki disease. Although the pathomechanism 
of Kawasaki disease itself is not yet fully understood, the disease is generally believed to be 
immune-mediated [Pinna et al., 2008; Wood & Tulloh, 2009]. Mycoplasma pneumoniae has 
several arrays for immunomodulation, including cytokine production and T cell/B cell 
activation, and thereby could be a trigger of Kawasaki disease. 
According to the previous case reports, which are mostly from Japan, pneumonia may or 
may not be present in M. pneumoniae infection-associated Kawasaki disease. Thus, even in 
the absence of pneumonia, M. pneumoniae infection must be considered in Kawasaki disease 
particularly when it is encountered during an epidemic of M. pneumoniae infection. 
Coronary arteries are not severely affected in most cases [Leen & Ling, 1996; Narita et al., 
2001a; Sakai et al., 2007]; there has been only one exception, namely, an aneurysm in a single 
case reported from Taiwan [Wang et al., 2001]. 

3.1.2 Cardiac thrombus 
Although it is only a single case to date, a large cardiac thrombus in the right ventricle has 
recently been reported in association with M. pneumoniae infection; it was successfully 
removed through cardiac surgery [Nagashima et al., 2010]. In this case, antiphospholipid 
antibodies (anticardiolipin IgM) were detected in the acute phase of infection but 
disappeared subsequently during convalescence; this observation supports the idea of a 
causal relation between M. pneumoniae infection and the production of antiphospholipid 
antibodies. 

3.1.3 Temporal arteritis 
One epidemiological study in Denmark has shown a close link between distinct peak 
incidences of temporal arteritis and two epidemics of M. pneumoniae infection [Elling et al., 
1996]. Although neither additional case reports nor subsequent further clinical studies seem 
to exist, it is highly possible given the ability of M. pneumoniae to elicit vasculitis that M. 
pneumoniae is also a triggering agent for temporal arteritis. 

3.2 Dermatological system 
3.2.1 Anaphylactoid purpura 
Anaphylactoid purpura, also called allergic purpura or Schönlein-Henoch purpura, is an 
allergic inflammation of the systemic capillary vessels most commonly affecting children, 
which is characterized by nonthrombocytopenic purpura, most remarkably on the bilateral 
lower extremities. This systemic disorder of the capillary vessels is not restricted to the skin; 
rather it also leads to microvascular bleeding manifesting as arthropathy (pain, swelling), 
gastrointestinal symptoms (severe abdominal pain, intestinal bleeding), and renal 
involvement (hematuria, nephritis) etc. It is possible that several infections can elicit these 
allergic reactions, and M. pneumoniae-infection-associated anaphylactoid purpura has 
sporadically been reported [Ghosh & Clements, 1992; Kano et al., 2007]. Considering the 
immunomodulatory properties of M. pneumoniae, it is reasonable to assume that M. 
pneumoniae can cause anaphylactoid purpura. 

3.2.2 Cutaneous vasculitis 
A few cases of cutaneous vasculitis, which is characterized by skin manifestations 
represented by erythematous macropapular rash resembling that observed in erythema 
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multiforme, and by histological findings compatible with vasculitis such as leukocytoclastic 
vasculitis, have been reported in association with M. pneumoniae infection. Interestingly, 
cutaneous vasculitis due to M. pneumoniae was always accompanied by involvement of 
other organs; specifically, retinal vasculitis [Greco et al., 2007], polyarthritis [Perez et al., 
1997], encephalitis [Perez & Montes, 2002], and acute respiratory distress syndrome, 
erythema multiforme, and pancreatitis [Van Bever et al., 1992]. This suggests either that skin 
biopsy, which is essential for the diagnosis of cutaneous vasculitis, is not likely to be 
performed unless other systemic diseases are present, or that cutaneous vasculitis occurs 
inherently as a part of systemic inflammation. In fact, immune complex-mediated activation 
of platelets has been postulated as an etiology for it [Perez & Montes, 2002]. 

3.3 Digestive system 
3.3.1 Pancreatitis 
Pancreatitis, which is often accompanied by other diseases affecting multiple organs 
[Daxböck et al., 2002; Van Bever et al., 1992], has been included among the extrapulmonary 
manifestations of M. pneumoniae infection, but its exact etiology when associated with M. 
pneumoniae infection remains unknown. Although an autoimmune-mediated mechanism 
has been postulated, no concrete evidence supporting this has been obtained. Van Bever et 
al. have suggested that pancreatitis is a consequence of ischemia, that is, persistent shock 
[Van Bever et al., 1992], in which case it could in a broad sense be classified as a vascular 
occlusion (cessation of blood supply)-type extrapulmonary manifestation. 

3.4 Hematological/Hematopoietic system 
3.4.1 Disseminated intravascular coagulation 
Disseminated intravascular coagulation is a representative vascular occlusion-type 
extrapulmonary manifestation [Chryssanthopoulos et al., 2001; De Vos et al., 1974; Koletsky 
& Weinstein, 1980; Kountouras et al., 2003; Maisel et al., 1967; Nilsson et al; 1971]. Although 
the exact mechanism of this disorder when it occurs in association with M. pneumoniae 
infection remains unclear, it must be a consequence of some kind of immune dysregulation, 
perhaps of the release of coagulative substances (i.e. thromboplastin) from damaged lung 
tissue [Maisel et al., 1967; Nilsson et al; 1971], immune complex-mediated activation of 
complements [Chryssanthopoulos et al., 2001; De Vos et al., 1974], or stimulation of 
procoagulant activity among mononuclear cells, which can be induced by lipoglycans of M. 
pneumoniae [Fumarola, 1997]. Among those disorders that arise due to M. pneumoniae 
infection but are fundamentally benign in nature, disseminated intravascular coagulation is 
one of the most serious conditions, as it can lead to multiorgan failure with an occasional 
fatal outcome. 

3.4.2 Thrombocytopenia/Thrombocytopenic purpura 
Enough cases of thrombocytopenia with or without purpura due to M. pneumoniae infection 
have been reported that literature reviews have been published on this subject [Okoli et al., 
2009; Venkatesan et al., 1996]. In one case, isolated thrombocytopenia preceded 
disseminated intravascular coagulation [Chiou et al., 1997]. Several immune-mediated 
etiologies have been considered, including the production of cross-reactive antibodies 
between mycoplasmal antigens and the von Willebrand factor-cleaving metalloprotease [Bar 
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may be some inherent difference in genetic background in terms of the link between M. 
pneumoniae infection and susceptibility to Kawasaki disease. Although the pathomechanism 
of Kawasaki disease itself is not yet fully understood, the disease is generally believed to be 
immune-mediated [Pinna et al., 2008; Wood & Tulloh, 2009]. Mycoplasma pneumoniae has 
several arrays for immunomodulation, including cytokine production and T cell/B cell 
activation, and thereby could be a trigger of Kawasaki disease. 
According to the previous case reports, which are mostly from Japan, pneumonia may or 
may not be present in M. pneumoniae infection-associated Kawasaki disease. Thus, even in 
the absence of pneumonia, M. pneumoniae infection must be considered in Kawasaki disease 
particularly when it is encountered during an epidemic of M. pneumoniae infection. 
Coronary arteries are not severely affected in most cases [Leen & Ling, 1996; Narita et al., 
2001a; Sakai et al., 2007]; there has been only one exception, namely, an aneurysm in a single 
case reported from Taiwan [Wang et al., 2001]. 

3.1.2 Cardiac thrombus 
Although it is only a single case to date, a large cardiac thrombus in the right ventricle has 
recently been reported in association with M. pneumoniae infection; it was successfully 
removed through cardiac surgery [Nagashima et al., 2010]. In this case, antiphospholipid 
antibodies (anticardiolipin IgM) were detected in the acute phase of infection but 
disappeared subsequently during convalescence; this observation supports the idea of a 
causal relation between M. pneumoniae infection and the production of antiphospholipid 
antibodies. 

3.1.3 Temporal arteritis 
One epidemiological study in Denmark has shown a close link between distinct peak 
incidences of temporal arteritis and two epidemics of M. pneumoniae infection [Elling et al., 
1996]. Although neither additional case reports nor subsequent further clinical studies seem 
to exist, it is highly possible given the ability of M. pneumoniae to elicit vasculitis that M. 
pneumoniae is also a triggering agent for temporal arteritis. 

3.2 Dermatological system 
3.2.1 Anaphylactoid purpura 
Anaphylactoid purpura, also called allergic purpura or Schönlein-Henoch purpura, is an 
allergic inflammation of the systemic capillary vessels most commonly affecting children, 
which is characterized by nonthrombocytopenic purpura, most remarkably on the bilateral 
lower extremities. This systemic disorder of the capillary vessels is not restricted to the skin; 
rather it also leads to microvascular bleeding manifesting as arthropathy (pain, swelling), 
gastrointestinal symptoms (severe abdominal pain, intestinal bleeding), and renal 
involvement (hematuria, nephritis) etc. It is possible that several infections can elicit these 
allergic reactions, and M. pneumoniae-infection-associated anaphylactoid purpura has 
sporadically been reported [Ghosh & Clements, 1992; Kano et al., 2007]. Considering the 
immunomodulatory properties of M. pneumoniae, it is reasonable to assume that M. 
pneumoniae can cause anaphylactoid purpura. 

3.2.2 Cutaneous vasculitis 
A few cases of cutaneous vasculitis, which is characterized by skin manifestations 
represented by erythematous macropapular rash resembling that observed in erythema 
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multiforme, and by histological findings compatible with vasculitis such as leukocytoclastic 
vasculitis, have been reported in association with M. pneumoniae infection. Interestingly, 
cutaneous vasculitis due to M. pneumoniae was always accompanied by involvement of 
other organs; specifically, retinal vasculitis [Greco et al., 2007], polyarthritis [Perez et al., 
1997], encephalitis [Perez & Montes, 2002], and acute respiratory distress syndrome, 
erythema multiforme, and pancreatitis [Van Bever et al., 1992]. This suggests either that skin 
biopsy, which is essential for the diagnosis of cutaneous vasculitis, is not likely to be 
performed unless other systemic diseases are present, or that cutaneous vasculitis occurs 
inherently as a part of systemic inflammation. In fact, immune complex-mediated activation 
of platelets has been postulated as an etiology for it [Perez & Montes, 2002]. 

3.3 Digestive system 
3.3.1 Pancreatitis 
Pancreatitis, which is often accompanied by other diseases affecting multiple organs 
[Daxböck et al., 2002; Van Bever et al., 1992], has been included among the extrapulmonary 
manifestations of M. pneumoniae infection, but its exact etiology when associated with M. 
pneumoniae infection remains unknown. Although an autoimmune-mediated mechanism 
has been postulated, no concrete evidence supporting this has been obtained. Van Bever et 
al. have suggested that pancreatitis is a consequence of ischemia, that is, persistent shock 
[Van Bever et al., 1992], in which case it could in a broad sense be classified as a vascular 
occlusion (cessation of blood supply)-type extrapulmonary manifestation. 

3.4 Hematological/Hematopoietic system 
3.4.1 Disseminated intravascular coagulation 
Disseminated intravascular coagulation is a representative vascular occlusion-type 
extrapulmonary manifestation [Chryssanthopoulos et al., 2001; De Vos et al., 1974; Koletsky 
& Weinstein, 1980; Kountouras et al., 2003; Maisel et al., 1967; Nilsson et al; 1971]. Although 
the exact mechanism of this disorder when it occurs in association with M. pneumoniae 
infection remains unclear, it must be a consequence of some kind of immune dysregulation, 
perhaps of the release of coagulative substances (i.e. thromboplastin) from damaged lung 
tissue [Maisel et al., 1967; Nilsson et al; 1971], immune complex-mediated activation of 
complements [Chryssanthopoulos et al., 2001; De Vos et al., 1974], or stimulation of 
procoagulant activity among mononuclear cells, which can be induced by lipoglycans of M. 
pneumoniae [Fumarola, 1997]. Among those disorders that arise due to M. pneumoniae 
infection but are fundamentally benign in nature, disseminated intravascular coagulation is 
one of the most serious conditions, as it can lead to multiorgan failure with an occasional 
fatal outcome. 

3.4.2 Thrombocytopenia/Thrombocytopenic purpura 
Enough cases of thrombocytopenia with or without purpura due to M. pneumoniae infection 
have been reported that literature reviews have been published on this subject [Okoli et al., 
2009; Venkatesan et al., 1996]. In one case, isolated thrombocytopenia preceded 
disseminated intravascular coagulation [Chiou et al., 1997]. Several immune-mediated 
etiologies have been considered, including the production of cross-reactive antibodies 
between mycoplasmal antigens and the von Willebrand factor-cleaving metalloprotease [Bar 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

44

Meir et al., 2000], microvascular platelet thrombosis [Cameron et al., 1992], the production of 
anti-platelet antibodies of some kind [Chen et al., 2004; Venkatesan et al., 1996], and the 
production of autoantibodies to the I antigen, which is expressed not only on erythrocytes 
but also on platelet surfaces [Gursel et al., 2009]. The formation of immune complexes may 
also play a role in the pathomechanism [Veenhoven et al., 1990]. 
Hemophagocytic syndrome, which is characterized by erythrophagocytosis in the bone 
marrow and believed to be a consequence of immune dysregulation, has been reported in 
association with M. pneumoniae infection. Although hemophagocytic syndrome in itself is 
not a vasculitic disease, this disorder predisposes patients to thrombocytopenia through 
thrombophagocytosis with hyperactivation of cytokines [Mizukane et al., 2001] or through 
formation of microthrombi [Bruch et al., 2001]. 

3.4.3 Splenic infarct 
One reported case of splenic infarct occurred during the course of M. pneumoniae infection 
and was associated with the production of antiphospholipid antibodies [Witmer et al., 2007]. 
It must be emphasized that although an autoimmune etiology of this type occurring in 
association with M. pneumoniae infection has been undetectable to date, so that the 
possibility of its existence has been overlooked, such an etiology might underlie several 
thrombotic disorders involving various organs other than the spleen. 

3.5 Musculoskeletal system 
3.5.1 Arthritis/arthropathy 
Arthropathy is frequently encountered during the course of systemic diseases which affect 
the microvasculature of large joints such as anaphylactoid purpura or thrombocytopenic 
purpura, both of which have been mentioned in preceding sections. Apart from this, 
arthritis is a common manifestation of M. pneumoniae infection [Sánchez-Vargas & Gómez-
Duarte, 2008; Waites & Talkington, 2004]. Both monoarthritis and polyarthritis have been 
reported. It is possible that local inflammation elicited by M. pneumoniae through the 
function of cytokines contributes to the disease manifestation affecting the microvasculature 
of joints. 

3.5.2 Rhabdomyolysis 
Rhabdomyolysis is characterized by swollen, painful muscles, elevated serum creatine 
phosphokinase concentrations, hyperkalaemia, hypocalcaemia, and myoglobinuria 
occasionally leading to renal dysfunction. Infections have been included in the panel of 
causes, and M. pneumoniae infection-associated rhabdomyolysis has not infrequently been 
reported [Berger & Wadowksy, 2000; Daxböck et al., 2002; Decaux et al., 1980; Minami et al., 
2003, Rothstein & Kenny, 1979; Weng et al., 2009]. A central role in the development of this 
disease condition has been assigned to tumor necrosis factor-α, which can cause acute 
proteolysis [Knochel, 1993] and which can be induced by M. pneumoniae. Microthrombosis 
has also been identified as a possible contributing factor to disease progression [Knochel, 
1993]. On an interesting related note, rhabdomyolysis due to M. pneumoniae infection has 
occasionally been accompanied by neurological manifestations, in one case with acute 
disseminated encephalomyelitis [Decaux et al., 1980] and in two cases with transverse 
myelitis [Rothstein & Kenny, 1979; Weng et al., 2009]; the etiology of both of these 
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neurological manifestations are presumed to involve vasculopathy (see next section). 
Regardless of whether they have an etiological link with M. pneumoniae-associated 
rhabdomyolysis, these neurological manifestations deserve further study on the assumption 
that there are common pathogenetic factors leading to vascular damage. 

3.6 Nervous system 
Nervous system manifestations are the most frequently reported type of extrapulmonary 
manifestations due to M. pneumoniae infection. Mycoplasma pneumoniae can cause neurologic 
symptoms through vasculitis or vascular occlusion with or without systemic 
hypercoagulative state. With regard to direct mechanisms, the author and coworkers have 
demonstrated that interleukin-6 and interleukin-8 play a significant role in the development 
of neurologic manifestations [Narita et al., 2005]. Moreover, interleukin-6 and interleukin-8 
must be produced intrathecally, because elevated levels of these cytokines were observed in 
acute-phase cerebrospinal fluids without concomitant elevation in sera [Narita et al., 2005]. 
Rather unexpectedly, tumor necrosis factor-α and interferon-γ, which are the key cytokines 
in the development of neurologic diseases associated with bacterial or viral infections, were 
not elevated at all in acute-phase cerebrospinal fluids from patients with M. pneumoniae 
infection. These observations suggest that the pathomechanisms involved in mycoplasmal 
central nervous system manifestations are distinct from those involved in central nervous 
system diseases due to bacterial or viral infections. 

3.6.1 Stroke 
Stroke can occur in children [Fu et al., 1998; Lee et al., 2009; Leonardi et al., 2005; 
Ovetchkine et al., 2002; Parker et al., 1981; Tanir et al., 2006; Visudhiphan et al., 1992] as 
well as in adults [Mulder & Spierings, 1987; Padovan et al., 2001; Senda et al., 2010; 
Snowden et al., 1990; Sočan et al., 2001; Sotgiu et al., 2003]. The middle cerebral arteries 
are most often affected [Fu et al., 1998; Leonardi et al., 2005; Mulder & Spierings, 1987; 
Parker et al., 1981; Senda et al., 2010; Sotgiu et al., 2003], though the internal carotid 
arteries are affected in a few cases [Lee et al., 2009; Tanir et al., 2006; Visudhiphan et al., 
1992]. Although the presence of systemic hypercoagulable state has been reported in a few 
cases, evidenced by disseminated intravascular coagulation [Mulder & Spierings, 1987] or 
by the production of antiphospholipid (anticardiolipin) antibodies [Senda et al., 2010; 
Snowden et al., 1990; Tanir et al., 2006], most cases occur in the absence of such 
conditions. Accordingly, many authors have suggested the presence of local vasculitis 
leading to vascular occlusion as an etiology. In fact, M. pneumoniae was isolated from the 
cerebrospinal fluid of a stroke patient [Sočan et al., 2001], and its genome has been 
detected in the cerebrospinal fluid as well [Padovan et al., 2001], reinforcing the theory of 
a direct mechanism. In addition, a case of multiple stenosis in the entire right Sylvian 
territory, suggesting the presence of vasculitis, has been reported [Ovetchkine et al., 2002]. 
Hematogenously-transferred M. pneumoniae must elicit cerebral vasculitis through the 
operation of inflammatory cytokines such as interleukin-8. 

3.6.2 Striatal necrosis 
Striatal necrosis is a peculiar central nervous system disease characterized by alteration of 
consciousness, extrapyramidal symptoms, and magnetic resonance imaging abnormality of 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

44

Meir et al., 2000], microvascular platelet thrombosis [Cameron et al., 1992], the production of 
anti-platelet antibodies of some kind [Chen et al., 2004; Venkatesan et al., 1996], and the 
production of autoantibodies to the I antigen, which is expressed not only on erythrocytes 
but also on platelet surfaces [Gursel et al., 2009]. The formation of immune complexes may 
also play a role in the pathomechanism [Veenhoven et al., 1990]. 
Hemophagocytic syndrome, which is characterized by erythrophagocytosis in the bone 
marrow and believed to be a consequence of immune dysregulation, has been reported in 
association with M. pneumoniae infection. Although hemophagocytic syndrome in itself is 
not a vasculitic disease, this disorder predisposes patients to thrombocytopenia through 
thrombophagocytosis with hyperactivation of cytokines [Mizukane et al., 2001] or through 
formation of microthrombi [Bruch et al., 2001]. 

3.4.3 Splenic infarct 
One reported case of splenic infarct occurred during the course of M. pneumoniae infection 
and was associated with the production of antiphospholipid antibodies [Witmer et al., 2007]. 
It must be emphasized that although an autoimmune etiology of this type occurring in 
association with M. pneumoniae infection has been undetectable to date, so that the 
possibility of its existence has been overlooked, such an etiology might underlie several 
thrombotic disorders involving various organs other than the spleen. 

3.5 Musculoskeletal system 
3.5.1 Arthritis/arthropathy 
Arthropathy is frequently encountered during the course of systemic diseases which affect 
the microvasculature of large joints such as anaphylactoid purpura or thrombocytopenic 
purpura, both of which have been mentioned in preceding sections. Apart from this, 
arthritis is a common manifestation of M. pneumoniae infection [Sánchez-Vargas & Gómez-
Duarte, 2008; Waites & Talkington, 2004]. Both monoarthritis and polyarthritis have been 
reported. It is possible that local inflammation elicited by M. pneumoniae through the 
function of cytokines contributes to the disease manifestation affecting the microvasculature 
of joints. 

3.5.2 Rhabdomyolysis 
Rhabdomyolysis is characterized by swollen, painful muscles, elevated serum creatine 
phosphokinase concentrations, hyperkalaemia, hypocalcaemia, and myoglobinuria 
occasionally leading to renal dysfunction. Infections have been included in the panel of 
causes, and M. pneumoniae infection-associated rhabdomyolysis has not infrequently been 
reported [Berger & Wadowksy, 2000; Daxböck et al., 2002; Decaux et al., 1980; Minami et al., 
2003, Rothstein & Kenny, 1979; Weng et al., 2009]. A central role in the development of this 
disease condition has been assigned to tumor necrosis factor-α, which can cause acute 
proteolysis [Knochel, 1993] and which can be induced by M. pneumoniae. Microthrombosis 
has also been identified as a possible contributing factor to disease progression [Knochel, 
1993]. On an interesting related note, rhabdomyolysis due to M. pneumoniae infection has 
occasionally been accompanied by neurological manifestations, in one case with acute 
disseminated encephalomyelitis [Decaux et al., 1980] and in two cases with transverse 
myelitis [Rothstein & Kenny, 1979; Weng et al., 2009]; the etiology of both of these 
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neurological manifestations are presumed to involve vasculopathy (see next section). 
Regardless of whether they have an etiological link with M. pneumoniae-associated 
rhabdomyolysis, these neurological manifestations deserve further study on the assumption 
that there are common pathogenetic factors leading to vascular damage. 

3.6 Nervous system 
Nervous system manifestations are the most frequently reported type of extrapulmonary 
manifestations due to M. pneumoniae infection. Mycoplasma pneumoniae can cause neurologic 
symptoms through vasculitis or vascular occlusion with or without systemic 
hypercoagulative state. With regard to direct mechanisms, the author and coworkers have 
demonstrated that interleukin-6 and interleukin-8 play a significant role in the development 
of neurologic manifestations [Narita et al., 2005]. Moreover, interleukin-6 and interleukin-8 
must be produced intrathecally, because elevated levels of these cytokines were observed in 
acute-phase cerebrospinal fluids without concomitant elevation in sera [Narita et al., 2005]. 
Rather unexpectedly, tumor necrosis factor-α and interferon-γ, which are the key cytokines 
in the development of neurologic diseases associated with bacterial or viral infections, were 
not elevated at all in acute-phase cerebrospinal fluids from patients with M. pneumoniae 
infection. These observations suggest that the pathomechanisms involved in mycoplasmal 
central nervous system manifestations are distinct from those involved in central nervous 
system diseases due to bacterial or viral infections. 

3.6.1 Stroke 
Stroke can occur in children [Fu et al., 1998; Lee et al., 2009; Leonardi et al., 2005; 
Ovetchkine et al., 2002; Parker et al., 1981; Tanir et al., 2006; Visudhiphan et al., 1992] as 
well as in adults [Mulder & Spierings, 1987; Padovan et al., 2001; Senda et al., 2010; 
Snowden et al., 1990; Sočan et al., 2001; Sotgiu et al., 2003]. The middle cerebral arteries 
are most often affected [Fu et al., 1998; Leonardi et al., 2005; Mulder & Spierings, 1987; 
Parker et al., 1981; Senda et al., 2010; Sotgiu et al., 2003], though the internal carotid 
arteries are affected in a few cases [Lee et al., 2009; Tanir et al., 2006; Visudhiphan et al., 
1992]. Although the presence of systemic hypercoagulable state has been reported in a few 
cases, evidenced by disseminated intravascular coagulation [Mulder & Spierings, 1987] or 
by the production of antiphospholipid (anticardiolipin) antibodies [Senda et al., 2010; 
Snowden et al., 1990; Tanir et al., 2006], most cases occur in the absence of such 
conditions. Accordingly, many authors have suggested the presence of local vasculitis 
leading to vascular occlusion as an etiology. In fact, M. pneumoniae was isolated from the 
cerebrospinal fluid of a stroke patient [Sočan et al., 2001], and its genome has been 
detected in the cerebrospinal fluid as well [Padovan et al., 2001], reinforcing the theory of 
a direct mechanism. In addition, a case of multiple stenosis in the entire right Sylvian 
territory, suggesting the presence of vasculitis, has been reported [Ovetchkine et al., 2002]. 
Hematogenously-transferred M. pneumoniae must elicit cerebral vasculitis through the 
operation of inflammatory cytokines such as interleukin-8. 

3.6.2 Striatal necrosis 
Striatal necrosis is a peculiar central nervous system disease characterized by alteration of 
consciousness, extrapyramidal symptoms, and magnetic resonance imaging abnormality of 
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the bilateral striata (the caudate and putamen nuclei). It has been reported in association 
with M. pneumoniae infection [Sakoulas, 2001; Saitoh et al., 1993; van Buiren & Uhl, 2003; 
Zambrino et al., 2000]. Chorea or choreiform movements may be a neurological consequence 
of striatal damage [Al-Mateen et al., 1988; Decaux et al, 1980; Zambrino et al., 2000]. 
Concerning its etiology, it has been reported that no patients with M. pneumoniae-associated 
striatal necrosis have also exhibited systemic hypercoagulative state. A similar disease called 
acute necrotizing encephalopathy affecting the bilateral thalami is believed to stem from 
vascular injury in the absence of a thrombotic mechanism [Mizuguchi et al., 1995], and a few 
cases of bilateral thalamic necrosis strongly resembling acute necrotizing encephalopathy 
have been reported in association with M. pneumoniae infection [Ashtekar et al., 2003; Perez 
et al., 2002]. It can reasonably be postulated that the pathomechanism underlying striatal 
necrosis must be local vasculitis induced by M. pneumoniae through the operation of 
cytokines and chemokines and leading eventually to vascular occlusion. In fact, 
cerebrospinal fluid from a patient with this disease was found to contain the genome of M. 
pneumoniae [Saitoh et al., 1993], which suggested a direct mechanism. Moreover, two 
reported cases of the involuntary movement disorder Tourette syndrome have been 
accompanied by the detectable presence of the M. pneumoniae genome in cerebrospinal fluid 
[Müller et al., 2000]. This strongly suggests that Tourette syndrome associated with M. 
pneumoniae infection is a result of vasculopathy in the basal ganglia resulting from a direct 
type mechanism inducing vascular occlusion. The accumulated evidence strongly suggests a 
vasculitic vascular occlusion mechanism for extrapyramidal diseases with involuntary 
movements as common manifestations. 

3.6.3 Psychological disorders 
Kluver-Bucy syndrome is a rare neurobehavioral syndrome which has been described in 
association with several neurologic disorders that cause destruction or dysfunction of the 
temporal lobe(s). It is characterized by psychic blindness, a strong urge to examine all 
subjects by mouth, and altered sexual behavior, among others. One case has been reported 
in association with M. pneumoniae infection [Auvichayapat et al., 2006]. This disorder was 
originally reported in rhesus monkeys following temporal lobectomy. It can reasonably be 
assumed that the transient interruption of blood supply to the temporal lobe caused by M. 
pneumoniae infection elicits the clinical manifestation of Kluver-Bucy syndrome. 

3.6.4 Acute disseminated encephalomyelitis 
Acute disseminated encephalomyelitis is a life-threatening disease which involves extensive 
lesions spreading over the brain and spinal cord. Because of its diverse distribution of 
affected areas, an indirect mechanism has been postulated, namely, immune complex-
mediated vasculopathy [Behan et al., 1986; Guleria et al., 2005; Gupta et al., 2009]. On the 
other hand, recent studies on patients with acute disseminated encephalomyelitis have 
demonstrated the presence of M. pneumoniae genome in the cerebrospinal fluid 
[Matsumoto et al., 2009; Riedel et al., 2001; Yiş et al., 2008], or the presence of M. 
pneumoniae antigens inside the macrophages in the brain tissue [Stamm et al., 2008]. Thus it 
is highly possible that a direct mechanism, namely, vasculitis as a consequence of cytokine 
activation by M. pneumoniae, is responsible for some instances of acute disseminated 
encephalomyelitis. 
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3.6.5 Transverse myelitis 
As in the case of acute disseminated encephalomyelitis, indirect immunological mechanisms 
such as immune complex-mediated injury leading to vasculopathy have been postulated as 
etiologies for transverse myelitis [Behan et al., 1986; Tsiodras et al., 2006]. As in acute 
disseminated encephalomyelitis, recent studies using polymerase chain reaction have 
reported the successful detection of the genome of M. pneumoniae in cerebrospinal fluid from 
patients with transverse myelitis [Abele-Horn et al., 1998; Goebels et al., 2001]. The 
possibility that vasculitis as a consequence of local cytokine activation at the site of 
inflammation by M. pneumoniae is an etiology of transverse myelitis must not be ignored. 

3.6.6 Facial nerve palsy 
A single case of facial nerve palsy in association with M. pneumoniae infection with 
production of antiphospholipid antibodies has been reported [Snowden et al., 1990]. This 
suggests that vasculopathy of the peripheral vessels resulting from the production of these 
autoantibodies leading to neural damage can be a cause of cranial, and possibly also 
peripheral, nerve palsies. 

3.7 Respiratory system 
3.7.1 Pulmonary embolism 
A few cases of pulmonary embolism have been reported in association with M. pneumoniae 
infection [Graw-Panzer et al., 2009; Sterner and Biberfeld, 1969]. In one case with a 
documented popliteal venous thrombosis, the production of antiphospholipid 
(anticardiolipin) antibodies was demonstrated to be an underlying mechanism [Graw-
Panzer et al., 2009]. As this chapter has repeatedly mentioned, the production of such 
antibodies must play a crucial role in many aspects of M. pneumoniae infection. 

3.8 Sensory system 
3.8.1 Sudden hearing loss 
A possible link between sudden hearing loss and M. pneumoniae infection [García Berrocal et 
al., 2000] is interesting in terms of what it can tell us about pathomechanisms. Sudden 
hearing loss has two major etiologies; direct neural damage as in the case of infection with 
the mumps virus, and vascular damage leading to neural dysfunction. García Berrocal et al. 
have reported that, although the mumps virus is the most frequent of the infectious causes 
implicated in sudden hearing loss, M. pneumoniae is the second. Assuming the vascular 
etiology of sudden hearing loss, it is highly possible that vasculitis or thrombosis caused by 
M. pneumoniae infection occurring within cochlear branches of a labyrinthine artery could 
cause neural dysfunction that would lead to sudden hearing loss. Not a few cases of sudden 
hearing loss due to M. pneumoniae infection might have been overlooked. 

3.9 Urogenital system 
3.9.1 Priapism 
Priapism as a consequence of obstruction of the outflow of blood through the dorsal vein of 
the penis may be a unique, vascular occlusion-type extrapulmonary manifestation of M. 
pneumoniae infection. Although there has only been a single case report [Hirshberg et al., 
1996], it is highly possible that M. pneumoniae can cause this disease, considering the ability 
of M. pneumoniae to elicit vascular occlusion not only within arteries but also within veins. 
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[Müller et al., 2000]. This strongly suggests that Tourette syndrome associated with M. 
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movements as common manifestations. 
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Kluver-Bucy syndrome is a rare neurobehavioral syndrome which has been described in 
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temporal lobe(s). It is characterized by psychic blindness, a strong urge to examine all 
subjects by mouth, and altered sexual behavior, among others. One case has been reported 
in association with M. pneumoniae infection [Auvichayapat et al., 2006]. This disorder was 
originally reported in rhesus monkeys following temporal lobectomy. It can reasonably be 
assumed that the transient interruption of blood supply to the temporal lobe caused by M. 
pneumoniae infection elicits the clinical manifestation of Kluver-Bucy syndrome. 

3.6.4 Acute disseminated encephalomyelitis 
Acute disseminated encephalomyelitis is a life-threatening disease which involves extensive 
lesions spreading over the brain and spinal cord. Because of its diverse distribution of 
affected areas, an indirect mechanism has been postulated, namely, immune complex-
mediated vasculopathy [Behan et al., 1986; Guleria et al., 2005; Gupta et al., 2009]. On the 
other hand, recent studies on patients with acute disseminated encephalomyelitis have 
demonstrated the presence of M. pneumoniae genome in the cerebrospinal fluid 
[Matsumoto et al., 2009; Riedel et al., 2001; Yiş et al., 2008], or the presence of M. 
pneumoniae antigens inside the macrophages in the brain tissue [Stamm et al., 2008]. Thus it 
is highly possible that a direct mechanism, namely, vasculitis as a consequence of cytokine 
activation by M. pneumoniae, is responsible for some instances of acute disseminated 
encephalomyelitis. 
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3.6.5 Transverse myelitis 
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such as immune complex-mediated injury leading to vasculopathy have been postulated as 
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disseminated encephalomyelitis, recent studies using polymerase chain reaction have 
reported the successful detection of the genome of M. pneumoniae in cerebrospinal fluid from 
patients with transverse myelitis [Abele-Horn et al., 1998; Goebels et al., 2001]. The 
possibility that vasculitis as a consequence of local cytokine activation at the site of 
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A single case of facial nerve palsy in association with M. pneumoniae infection with 
production of antiphospholipid antibodies has been reported [Snowden et al., 1990]. This 
suggests that vasculopathy of the peripheral vessels resulting from the production of these 
autoantibodies leading to neural damage can be a cause of cranial, and possibly also 
peripheral, nerve palsies. 
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infection [Graw-Panzer et al., 2009; Sterner and Biberfeld, 1969]. In one case with a 
documented popliteal venous thrombosis, the production of antiphospholipid 
(anticardiolipin) antibodies was demonstrated to be an underlying mechanism [Graw-
Panzer et al., 2009]. As this chapter has repeatedly mentioned, the production of such 
antibodies must play a crucial role in many aspects of M. pneumoniae infection. 

3.8 Sensory system 
3.8.1 Sudden hearing loss 
A possible link between sudden hearing loss and M. pneumoniae infection [García Berrocal et 
al., 2000] is interesting in terms of what it can tell us about pathomechanisms. Sudden 
hearing loss has two major etiologies; direct neural damage as in the case of infection with 
the mumps virus, and vascular damage leading to neural dysfunction. García Berrocal et al. 
have reported that, although the mumps virus is the most frequent of the infectious causes 
implicated in sudden hearing loss, M. pneumoniae is the second. Assuming the vascular 
etiology of sudden hearing loss, it is highly possible that vasculitis or thrombosis caused by 
M. pneumoniae infection occurring within cochlear branches of a labyrinthine artery could 
cause neural dysfunction that would lead to sudden hearing loss. Not a few cases of sudden 
hearing loss due to M. pneumoniae infection might have been overlooked. 

3.9 Urogenital system 
3.9.1 Priapism 
Priapism as a consequence of obstruction of the outflow of blood through the dorsal vein of 
the penis may be a unique, vascular occlusion-type extrapulmonary manifestation of M. 
pneumoniae infection. Although there has only been a single case report [Hirshberg et al., 
1996], it is highly possible that M. pneumoniae can cause this disease, considering the ability 
of M. pneumoniae to elicit vascular occlusion not only within arteries but also within veins. 
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4. Diagnosis and treatment of vasculitic disorders due to M. pneumoniae 
infection 
4.1 Diagnosis of vasculitic disorders due to M. pneumoniae infection 
Diagnosis of vasculitic disorders due to M. pneumoniae infection should be made primarily 
by serologically rather than molecular detection methodologies, for two major reasons. 
Firstly, M. pneumoniae is not always present at the site of vascular damage, except in 
conditions associated with direct vascular occlusion such as striatal necrosis and stroke, 
where a tiny amount of M. pneumoniae may be detected in cerebrospinal fluid by culture 
[Sočan et al., 2001] or by polymerase chain reaction [Padovan et al., 2001; Saitoh et al., 1993]. 
Secondly, respiratory samples such as oropharyngeal swabs, which are routinely utilized for 
molecular detection of infectious organisms, are not always adequate for the diagnosis of 
extrapulmonary manifestations with very little or no respiratory symptoms such as cough 
and sputa. It must be remembered that extrapulmonary manifestations due to M. 
pneumoniae infection occur not infrequently in the absence of pneumonia or even in the 
absence of respiratory symptoms. 
In the serological diagnosis of M. pneumoniae infection, it is important to recall that 
antibodies to M. pneumoniae (that is, both the IgM- and IgG-class antibodies which are 
available for serological testing in routine clinical practice) can persist at detectable levels 
in the serum for several months or even years after the acute phase of infection [Eun et al., 
2008; Lind & Bentzon, 1991]. In addition, given that the human can be infected with M. 
pneumoniae several times during his or her lifetime with or without clinical symptoms, it 
seems likely that there are many asymptomatic antibody carriers in the general 
population [Foy, 1993], assuming the fact that antibody responses are evoked during each 
instance of infection [Eun et al., 2008; Ito et al., 2001; Kung et al., 2007]. Thus, testing 
paired acute- and convalescent- phase sera using quantitative methods such as the 
complement fixation test, the particle agglutination test, and the enzyme-linked 
immunosorbent assay to show a significant increase in antibody titers is required for the 
precise diagnosis of a current, rather than a recent past, M. pneumoniae infection [Gnarpe 
et al., 1992]. Diagnosis by a single high titer of antibodies to M. pneumoniae alone, or by a 
single positive IgM test result alone, would be misleading because either of these tests can 
respond to evidence of a recent past infection and may return positive results when there 
is no current infection. 

4.2 Treatment of vasculitic disorders due to M. pneumoniae infection 
A strategy for the treatment of M. pneumoniae infection-associated vascular disorders has 
unfortunately not yet been established. Therapy is fundamentally palliative and may or may 
not include anticoagulative or fibrinolytic treatment. Treatments specific to particular 
diseases, such as high-dose intravenous immunoglobulin infusions for Kawasaki disease, 
have been administered when indicated. The use of macrolide antibiotics, which have not 
only antibiotic effects against M. pneumoniae but also immunomodulatory effects [for 
review, see Amsden, 2005], is reasonable considering the likelihood of an immune 
pathogenesis of the extrapulmonary manifestations of M. pneumoniae infection. In this 
context, steroid therapy in combination with antibiotic therapy is also recommended, and 
appears promising as a treatment for the extrapulmonary manifestations of M. pneumoniae 
because of its immunomodulatory effects [Cimolai, 2006]; it has been shown to have 
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beneficial effects on experimental respiratory infection by M. pneumoniae [Tagliabue et al., 
2008]. 
The successful practical application of immunomodulatory agents such as steroids or 
immunoglobulins in the treatment of vascular occlusion-type extrapulmonary 
manifestations of M. pneumoniae infection has been reported in not a few instances. In these 
cases, neurological disorders such as acute disseminated encephalomyelitis or transverse 
myelitis and thrombocytopenic disorders such as disseminated intravascular coagulation or 
thrombocytopenic purpura are most often treated by immunomodulatory agents because of 
the severity of these diseases. Some authors have reported that therapy with 
immunomodulatory agents was very effective, while others have reported that the effects 
are uncertain. Although it cannot be expected that immunomodulatory agents will affect 
thrombotic disorders that are already established, it is clear that they must have some 
beneficial effects on vasculitic disorders during ongoing inflammation. Additional 
accumulation of data will be necessary to construct a therapeutic strategy for the treatment 
of vascular occlusion-type extrapulmonary manifestations of M. pneumoniae infection. 

4.3 Prognosis of vasculitic disorders due to M. pneumoniae infection 
Prognosis of vasculitic disorders due to M. pneumoniae infection is variable depending on 
the disease manifestations. While the clinical symptoms of M. pneumoniae infection are 
immune-mediated, and can therefore generally be considered self-limiting toward a 
favorable outcome, some cases with fatal outcomes have been reported. Most of these were 
cases with neurological and hematological manifestations; disseminated intravascular 
coagulation was particularly strongly associated with fatal outcome. Delay in the diagnosis 
of M. pneumoniae infection might be a devastating factor in severe cases. Therefore, it must 
always be recalled that M. pneumoniae infection cause vasculitic disorders even in the 
absence of pneumonia, particularly when these vasculitic disorders are encountered during 
an epidemic of M. pneumoniae infection. 

5. Conclusion 
This chapter has discussed the ability of M. pneumoniae to cause various kinds of vascular 
occlusion-type extrapulmonary manifestations as a consequence of immune modulations 
such as cytokine production, lymphocyte proliferation, and immune complex formation. 
Such cases probably occur far more frequently than they are recognized. These vascular 
diseases may occur in the absence of pneumonia or even in the absence of respiratory 
symptoms, with or without systemic hypercoagulable state. With this in mind, the 
possibility of M. pneumoniae infection must be considered in diagnosing 
vasculitic/thrombotic disorders, particularly when such disorders are encountered during 
an epidemic period or within an endemic region of M. pneumoniae infection. Mycoplasmal 
infections are strictly species-specific. For example, rodents are natural hosts of M. pulmonis 
but not of M. pneumoniae, and although they can serve as a model for respiratory infection 
they do not develop extrapulmonary manifestations. To date, the only versatile animal 
models that permit the study of the extrapulmonary manifestations seen in humans are 
exceptional cases such as chimpanzee models [Barile et al., 1994]. For this reason, the 
continued accumulation of human case reports is crucially important to ensure further 
progress in this field. 
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molecular detection of infectious organisms, are not always adequate for the diagnosis of 
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population [Foy, 1993], assuming the fact that antibody responses are evoked during each 
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context, steroid therapy in combination with antibiotic therapy is also recommended, and 
appears promising as a treatment for the extrapulmonary manifestations of M. pneumoniae 
because of its immunomodulatory effects [Cimolai, 2006]; it has been shown to have 
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beneficial effects on experimental respiratory infection by M. pneumoniae [Tagliabue et al., 
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The successful practical application of immunomodulatory agents such as steroids or 
immunoglobulins in the treatment of vascular occlusion-type extrapulmonary 
manifestations of M. pneumoniae infection has been reported in not a few instances. In these 
cases, neurological disorders such as acute disseminated encephalomyelitis or transverse 
myelitis and thrombocytopenic disorders such as disseminated intravascular coagulation or 
thrombocytopenic purpura are most often treated by immunomodulatory agents because of 
the severity of these diseases. Some authors have reported that therapy with 
immunomodulatory agents was very effective, while others have reported that the effects 
are uncertain. Although it cannot be expected that immunomodulatory agents will affect 
thrombotic disorders that are already established, it is clear that they must have some 
beneficial effects on vasculitic disorders during ongoing inflammation. Additional 
accumulation of data will be necessary to construct a therapeutic strategy for the treatment 
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Prognosis of vasculitic disorders due to M. pneumoniae infection is variable depending on 
the disease manifestations. While the clinical symptoms of M. pneumoniae infection are 
immune-mediated, and can therefore generally be considered self-limiting toward a 
favorable outcome, some cases with fatal outcomes have been reported. Most of these were 
cases with neurological and hematological manifestations; disseminated intravascular 
coagulation was particularly strongly associated with fatal outcome. Delay in the diagnosis 
of M. pneumoniae infection might be a devastating factor in severe cases. Therefore, it must 
always be recalled that M. pneumoniae infection cause vasculitic disorders even in the 
absence of pneumonia, particularly when these vasculitic disorders are encountered during 
an epidemic of M. pneumoniae infection. 

5. Conclusion 
This chapter has discussed the ability of M. pneumoniae to cause various kinds of vascular 
occlusion-type extrapulmonary manifestations as a consequence of immune modulations 
such as cytokine production, lymphocyte proliferation, and immune complex formation. 
Such cases probably occur far more frequently than they are recognized. These vascular 
diseases may occur in the absence of pneumonia or even in the absence of respiratory 
symptoms, with or without systemic hypercoagulable state. With this in mind, the 
possibility of M. pneumoniae infection must be considered in diagnosing 
vasculitic/thrombotic disorders, particularly when such disorders are encountered during 
an epidemic period or within an endemic region of M. pneumoniae infection. Mycoplasmal 
infections are strictly species-specific. For example, rodents are natural hosts of M. pulmonis 
but not of M. pneumoniae, and although they can serve as a model for respiratory infection 
they do not develop extrapulmonary manifestations. To date, the only versatile animal 
models that permit the study of the extrapulmonary manifestations seen in humans are 
exceptional cases such as chimpanzee models [Barile et al., 1994]. For this reason, the 
continued accumulation of human case reports is crucially important to ensure further 
progress in this field. 
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1. Introduction 
Rickettsial infections cause irreversible damage to the human host and are associated with a 
high morbidity and high mortality. The mortality rate can be as high as 20 % for Rocky 
Mountain spotted fever and 30 % for epidemic typhus, which are both diseases that are 
caused by rickettsiae. Some rickettsiae species, such as Rickettsia prowazekii and Rickettsia 
rickettsii, are currently considered bioterrorism agents. The study of rickettsiae organisms is 
fascinating due to the nature of these pathogens, which are obligate intracellular bacteria, 
and to their tropism for the endothelium. The endothelium plays a key role in numerous 
physiological processes, such as vascular homeostasis, the regulation of blood flow and 
vascular tone, coagulation, angiogenesis and inflammation. In this chapter, we give a 
general overview of rickettsial diseases, the endothelium, and how rickettsial infection 
impacts endothelial function. Specifically, we focus on the endothelial cell response to 
rickettsial infections and emphasize the role of the endothelial cells in the clinical symptoms 
and tissue injury caused by rickettsioses.  

2. Rickettsioses 
Rickettsioses are infectious diseases that are caused by heterogeneous, gram-negative, 
obligate intracellular bacteria (figure 1). The Rickettsiaceae bacterial family contains the genus 
Orientia, which has only one species (Orientia tsutsugamushi), and the genus Rickettsia. The 
Rickettsia genus contains two major groups: the spotted fever group (SFG) and the typhus 
group (TG). The SFG group includes Rickettsia conorii, which causes Mediterranean spotted 
fever, and R. rickettsii, which causes Rocky Mountain spotted fever, as well as several other 
species. The TG group (TG) includes only two species: Rickettsia typhi, which causes murine 
typhus, and R. prowazekii, which causes epidemic typhus. Rickettsioses may lead to 
irreversible damage in the host and ultimately patient death, especially with R. rickettsii and 
R. prowazekii infections. The mortality rates of R. rickettsii and R. prowazekii infection are 
estimated to be 20 and 30 %, respectively, in the absence of antibiotic treatment [Azad, 2007]. 
Rickettsiae are typically transmitted to humans and animals by infected arthropods, 
including ticks, mite, fleas and lice. However, several studies have shown that inhalation of 
contaminated aerosols or blood transfusions with contaminated samples may also transmit 
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1. Introduction 
Rickettsial infections cause irreversible damage to the human host and are associated with a 
high morbidity and high mortality. The mortality rate can be as high as 20 % for Rocky 
Mountain spotted fever and 30 % for epidemic typhus, which are both diseases that are 
caused by rickettsiae. Some rickettsiae species, such as Rickettsia prowazekii and Rickettsia 
rickettsii, are currently considered bioterrorism agents. The study of rickettsiae organisms is 
fascinating due to the nature of these pathogens, which are obligate intracellular bacteria, 
and to their tropism for the endothelium. The endothelium plays a key role in numerous 
physiological processes, such as vascular homeostasis, the regulation of blood flow and 
vascular tone, coagulation, angiogenesis and inflammation. In this chapter, we give a 
general overview of rickettsial diseases, the endothelium, and how rickettsial infection 
impacts endothelial function. Specifically, we focus on the endothelial cell response to 
rickettsial infections and emphasize the role of the endothelial cells in the clinical symptoms 
and tissue injury caused by rickettsioses.  

2. Rickettsioses 
Rickettsioses are infectious diseases that are caused by heterogeneous, gram-negative, 
obligate intracellular bacteria (figure 1). The Rickettsiaceae bacterial family contains the genus 
Orientia, which has only one species (Orientia tsutsugamushi), and the genus Rickettsia. The 
Rickettsia genus contains two major groups: the spotted fever group (SFG) and the typhus 
group (TG). The SFG group includes Rickettsia conorii, which causes Mediterranean spotted 
fever, and R. rickettsii, which causes Rocky Mountain spotted fever, as well as several other 
species. The TG group (TG) includes only two species: Rickettsia typhi, which causes murine 
typhus, and R. prowazekii, which causes epidemic typhus. Rickettsioses may lead to 
irreversible damage in the host and ultimately patient death, especially with R. rickettsii and 
R. prowazekii infections. The mortality rates of R. rickettsii and R. prowazekii infection are 
estimated to be 20 and 30 %, respectively, in the absence of antibiotic treatment [Azad, 2007]. 
Rickettsiae are typically transmitted to humans and animals by infected arthropods, 
including ticks, mite, fleas and lice. However, several studies have shown that inhalation of 
contaminated aerosols or blood transfusions with contaminated samples may also transmit 
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these diseases [Oster et al., 1977; Bechah et al., 2011; Wells et al., 1978]. Arthropods are the 
main reservoirs of rickettsiae, with the exception of R. prowazekii that kills lice some days 
after infection [Houhamdi et al., 2002].  
Currently, the risk of contracting a rickettsiosis is increasing throughout the world, and the 
risk of outbreaks is especially high in countries at war or impacted by natural disasters. In 
addition, some rickettsiae, such as R. prowazekii, can survive within infected individuals for 
the lifetime of the host. Under intense stress, these latent bacteria can become active and 
cause Brill-Zinsser disease, which is a relapsing form of epidemic typhus [Saah, 2000]. This 
form of infection may be the source of new epidemic typhus outbreaks, especially if louse 
infestation is prevalent. 
 

 
Fig. 1. Gimenez staining of R. prowazekii (red) in the cytoplasm of L929 cells (blue). 

R. prowazekii and R. rickettsii have been classified as biological weapons according to the 
Centers for Disease Control and Prevention. Rickettsiae pathogens are often stable in an 
environment outside the host, are infectious at low doses, may be transmitted to humans or 
animals through aerosols and may persist in infected individuals for the rest of their life, 
becoming re-active and infectious at any moment.  
The rickettsial genome size is small and ranges from 1.1 Mb for TG rickettsiae to 1.5 Mb for 
R. bellii [Merhej et al., 2009; Blanc et al., 2007; Andersson & Andersson S. G. E., 1999]. 
Because of their reduced genomes, rickettsiae depend on interactions with the infected host 
eukaryotic cells for survival. In humans, rickettsioses are associated with a large spectrum of 
clinical symptoms, including fever, rash, headache, myalgia and arthromyalgia. Rickettsiae 
tend to target and replicate in the vascular endothelium, especially within small vessels. 
Bacterial infection and replication in the endothelium often results in vasculitis (figure 2A), 
and the morbidity and mortality caused by rickettsioses appear to be a consequence of 
vascular injury, inflammation and thrombotic complications.  

3. Endothelium 
The endothelium is a monolayer of cells that line the interior of the blood and lymphatic 
vessels. This cellular layer is attached to the basal membrane and participates in the 
exchange of materials between the blood and tissues. The endothelium consists of about 1013 
cells [Augustin et al., 1994] and weighs approximately 1 kg in humans [Ait-Oufella et al., 
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2010; Sumpio et al., 2002]. Endothelial cells are approximately 100 x 10 µm in size and are 
tightly connected to each other, which helps to maintain the vascular integrity. Endothelial 
cells exhibit a large degree of plasticity and heterogeneity, and their morphology is 
influenced by their environment [Davies, 1995; Allaire and Clowes A. W., 1997; Steinsiepe 
and Weibel E. R., 1970; Ishii et al., 1986; Tse and Stan R. V., 2010]. For example, arterial 
endothelial cell morphology is different from venous endothelial cell morphology; 
interestingly, venous endothelial cells that are subjected to increased shear flow elongate 
and resemble endothelial cells from arteries [Allaire and Clowes A. W., 1997]. 
 

 
Fig. 2. Brain lesions induced by R. prowazekii Mice are infected with R. prowazekii for 7 days.  
Sections (5 µm) of paraffin-embedded brain are stained with hematoxylin-eosin to assess the 
presence of lesions. A. Note vasculitis composed mainly of mononuclear cell infiltrates. B. 
Note hemorrhage in the brain parenchyma. Original magnifications, X 200.  

Endothelial cells release a multitude of biological mediators, such as growth factors (e.g., 
transforming growth factor, basic fibroblast growth factor), vasoactive mediators (e.g., 
prostacyclin, nitric oxide (NO), endothelin and angiotensin), coagulation and fibrinolysis 
proteins (e.g., thrombomodulin, heparin, tissue factor, plasminogen activator inhibitor, 
platelet activating factor, von Willebrand factor) and immune factors, including cytokines, 
chemokines and adhesion molecules [Ait-Oufella et al., 2010]. Because the endothelium 
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controls the release of these molecules, endothelial cells have been implicated in numerous 
processes, including vascular homeostasis, coagulation, fibrinolysis, the regulation of blood 
flow and vasomotor tone, angiogenesis, the regulation of leukocyte adhesion/migration and 
inflammation [McGettrick et al., 2007]. In addition to their implied role in the innate 
immune response, endothelial cells express major histocompatibility complex class I and 
class II molecules and co-stimulation molecules, such as CD86 and CD58, which allow 
endothelial cells to directly interact with CD8+ and CD4+ T lymphocytes [Pober et al., 1996; 
Marelli-Berg et al., 1996; Ait-Oufella et al., 2006].  

4. Rickettsia-endothelial cell interactions 
In vertebrate hosts, rickettsiae typically target the microvascular endothelium (figure 3) and 
damage the endothelial cells. Studies have shown that rickettsiae bind to the membrane 
receptor Ku70, which is a component of the DNA-dependent protein kinase that is present 
at the surface of endothelial cells. The molecular nature of the rickettsial ligands of Ku70 has 
been determined; they include OmpB, which is expressed by both SFG and TG rickettsiae 
[Uchiyama, 2003], and OmpA, which is only expressed by SFG [Li and Walker D. H., 1998]. 
OmpB and OmpA are outer membrane proteins that belong to a large rickettsial surface cell 
antigen family (sca) [Blanc et al., 2005]. Studies have shown that monoclonal antibodies 
against OmpB and/or OmpA significantly decrease rickettsial infection of endothelial cells 
both in vitro and in vivo, and administration of these antibodies protects mice from death [Li 
and Walker D. H., 1998; Feng et al., 2004]. Additional rickettsial adhesion proteins that play 
a role in host cell entry have been recently identified, they include the proteins RC1281 and 
RP828 identified in R. conorii and R. prowazekii, respectively [Renesto et al., 2005a; Renesto et 
al., 2006]. After binding to endothelial cells, rickettsiae are actively internalized by the 
endothelial cells [Walker, 1984; Li and Walker D. H., 1992].  
To avoid destruction within the phagosome, rickettsiae have developed a strategy to rapidly 
escape from phagosomes and relocate to the cytosol prior to phagolysosomal fusion 
[Teysseire et al., 1995]. Phagosome escape appears to be mediated by the hemolysin C (Tly 
C) and phospholipase D (PLD) proteins, as demonstrated by the complementation of 
Salmonella enterica by the genes encoding Tly C and PLD [Whitworth et al., 2005; Renesto et 
al., 2003]. Moreover, a R. prowazekii Evir strain pld mutant has decreased virulence in a 
guinea pig model. Interestingly, immunization of the guinea pigs with this mutant protects 
them from infection with subsequent challenges with a virulent strain of R. prowazekii (Breinl 
strain) [Driskell et al., 2009].  
Once in the cytoplasm, rickettsiae acquire nutrients from their host cells through 
transmembrane exchange proteins that are encoded by genes present in the rickettsial 
genome in multiple copies [Andersson et al., 1998; McLeod et al., 2004; Renesto et al., 2005b]. 
The intracellular spreading mechanisms of SFG rickettsiae and TG rickettsiae are different. 
SFG rickettsiae induce actin polymerization and move within host cells, which allows them 
to invade the neighboring cells without cell damaging the initially infected cells [Heinzen et 
al., 1993; Jeng et al., 2004; Gouin et al., 2004]. In contrast, TG rickettsiae are not motile within 
the cells and can only infect adjacent cells when the bacterial load increases (5-8 times 
greater than that observed for SFG) and induces host cell lysis [Hackstadt, 1996]. 
Interestingly, the intracellular motility of Rickettsia species is not associated with virulence, 
unlike Shigella flexneri [Heindl et al., 2010] and Listeria monocytogenes [Vazquez-Boland et al., 
2001]. Avirulent rickettsiae (Rickettsia montana and avirulent strains of R. rickettsii) also 
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Fig. 3. Hypothetical Rickettsia-endothelial cell interactions After attachment to the 
endothelial cell receptors Ku70 using adhesins proteins (1), rickettsiae are ingested (2) but 
rapidly escape from phagosomes using PLD and Tly C proteins (3) and replicate in the 
cytoplasm (4). SFG rickettsiae spread directly to neighbouring cells via actin polymerization 
without cell damages. TG rickettsiae are released in the extracellular space after damages of 
infected cells; they infect adjacent cells leading to infection widespread. 

induce actin tails [Heinzen et al., 1993], which indicates that other factors mediate rickettsial 
virulence. Previous studies have suggested that actin polymerization is dependent upon 
expression of the Rick A protein, although additional data suggest that Rick A is not the sole 
protein involved in rickettsial motility. For example, R. typhi induces the formation of short 
actin tails even in the absence of Rick A [Heinzen et al., 1993]. In addition, Rickettsia raoultii, 
which belongs to the SFG, expresses Rick A but is unable to mobilize actin [Balraj et al., 
2008]. The Sca 2 (surface cell antigen 2) protein may also be involved in the actin-based 
motility of R. rickettsii [Kleba et al., 2010]; however, Rickettsia peacockii, which is a member of 
the SFG that does not exhibit actin-based motility, expresses an apparently intact Sca 2 
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ortholog and does not express Rick A [Simser et al., 2005]. Thus, the data indicate that the 
actin-based motility of rickettsiae is a complex process that involves the Rick A and Sca 2 
proteins, as well as other unidentified proteins. A large fraction of the rickettsial genome 
encodes proteins with unknown functions, and no known homologs of these proteins exist 
in the current databases. 
 

 
Fig. 4. Lung lesions induced by R. prowazekii Mice are infected with R. prowazekii for 7 days.  
Sections (5 µm) of paraffin-embedded lungs are stained with hematoxylin-eosin to assess the 
presence of lesions. They are also incubated with rabbit anti-R. prowazekii polyclonal 
antibodies, and bacteria are revealed using biotin-conjugated antibodies and peroxidase-
labeled streptavidin. A. Edema in the airways. B. massive R. prowazekii infection (red brown 
staining) is shown in the inflammatory infiltrates. A, B: original magnifications, X 250.  

5. Endothelium and pathophysiology of rickettsioses 
As endothelial infection progresses endothelial dysfunction progressively increases, which 
results in the associated disease symptoms. Endothelial cell dysfunction in vital organs such 
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as the lungs and brain may cause the high morbidity and the mortality associated with 
rickettsioses. Microscopic endothelial injury includes increased vascular permeability; 
infiltration of plasma fluid, plasma proteins and mononuclear cells into the surrounding 
tissues; the formation of hemorrhagic foci (figure 2B); edema (figure 4A); and inflammatory 
lesions (figure 4B).  
Several mechanisms may explain the increased permeability of blood vessels during 
rickettsial infections. During the early stages of infection, the endothelial cells demonstrate 
increased permeability, although they do not die. Rickettsiae binding to the endothelial cells 
may stimulate signal transduction pathways in the endothelial cells, which results in 
remodeling of the actin cytoskeleton and changes in the junction proteins. The cellular 
junctions maintain the vascular integrity and mediate anchorage to the actin microfilaments 
through the vascular endothelial cadherin and catenin proteins [Dejana et al., 1999; Bazzoni 
and Dejana E., 2004]. A previous study has shown that within 24 hours after R. rickettsii 
infection the vascular permeability is increased, and the β and p120 catenin proteins 
dissociate from the inter-endothelial cellular junctions [Woods and Olano J. P., 2008]. 
One parameter to measure endothelial damage is to quantify the number of circulating 
endothelial cells [Brevetti et al., 2008]. A previous study has shown that the number of 
circulating endothelial cells increases in individuals infected with rickettsiae because the 
infected endothelial cells detach [George et al., 1993]. Endothelial cell detachment is not 
observed at the beginning of the disease because at this stage rickettsiae, as other strictly 
intracellular organisms, are within the cells and do not induce host cell death. One major 
strategy employed by rickettsiae to survive and replicate within their host cells is to inhibit 
endothelial cell apoptosis via NF-κB activation [Sahni et al., 1998; Joshi et al., 2003; Sporn et 
al., 1997]. NF-κB is a transcription factor that triggers an inflammatory response during 
rickettsial infection of the endothelial cells. Interestingly, in an in vitro system where 
endothelial cells were infected with a virulent R. prowazekii strain, the expression of pro-
apoptotic genes, such as Bcl 2, caspase 8 and Naip was decreased; moreover, expression of 
the interferon type I (IFN-I)-inducible genes was inhibited [Bechah et al., 2010]. This 
response suggests that the survival of rickettsiae within their host cells depends on a 
combination of several mechanisms. The death and the subsequent detachment of infected 
endothelial cells in the later stages of infection may be caused by a marked increased in the 
bacterial load, especially with the TG rickettsiae; previous studies have also shown that 
apoptotic/necrotic cell death may be mediated by CD8+ cytotoxic T lymphocytes [Feng et 
al., 1997; Walker et al., 1994]. 
The increased vascular permeability during rickettsial infection may also be mediated by the 
production of cytokines and chemokines. In vivo and in vitro studies have shown that 
rickettsial infection of endothelial cells stimulates the release of proinflammatory cytokines, 
such as IL-1α, IL-6 and IL-8 [Sporn and Marder V. J., 1996; Oristrell et al., 2004; Damas et al., 
2009], as well as the secretion of chemokines, such as CCL-2, CCL-5, CXCL-9, CXCL-10 and 
CX3CL-1 [Bechah et al., 2008; Bechah et al., 2007; Valbuena et al., 2003; Valbuena and Walker 
D. H., 2005]. Additional in vitro and in vivo studies have also shown that infection increases 
the expression of adhesive molecules, such as E-selectin, intercellular adhesion molecule-1 
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) [Dignat-George et al., 1997; 
Damas et al., 2009]; these adhesive molecules regulate leukocyte movement between the 
circulation and the surrounding tissues. 
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Fig. 5. Schematic representation of the natural history of rickettsial infections This 
representation of rickettsial infections is based on both in vitro and in vivo data. Infection of 
endothelial cells is followed by endothelial dysfunction. Several phenotypic and 
physiological disorders occur: expression and release of adhesion molecules, cytokines, 
chemokines as well as procoagulant molecules. These disorders lead to increased vascular 
permeability and the passage of blood molecules and inflammatory cells from vessels to 
interstitial space. They also lead to the alteration of coagulation pathway. Consequently, 
edema, microhemorrhages and inflammatory lesions appear as well as hypovolemia, shock 
with multiple organ dysfunctions as major manifestations. 

In addition, rickettsial infection of the endothelial cells induces the secretion of 
prostaglandins, leukotrienes and nitric oxide (NO) [Walker et al., 1990; Rydkina et al., 2006; 
Woods et al., 2005], which are vasoactive mediators that increase vascular permeability. 
Prostaglandins and leukotrienes are generated from arachidonic acid by the cyclooxygenase 
(COX) enzymes, which are controlled by heme oxygenase (HO-1) [Haider et al., 2002; 
Rydkina et al., 2002]. In vitro and in vivo studies of rickettsial infection have shown that 
increased COX-2 expression in endothelial cells is related to increased prostaglandin 
secretion, which may explain some of the clinical manifestations of rickettsioses, such as 
pain, fever and inflammation. NO is synthesized from L-arginine by endothelial NO 
synthase (eNOS), and the expression level of eNOS rapidly increases after rickettsial 
infection [Walker et al., 1997]. NO increases the vascular permeability of endothelial cells 
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[Woods et al., 2005] and plays a role in inducing rickettsial death [Feng and Walker D. H., 
2000; Walker et al., 1997]. Correspondingly, the inhibition of NO generation increases the 
rickettsial burden in infected endothelial cells [Walker et al., 1997].  
In addition to stimulating the release of cytokines/chemokines and vasoactive mediators, 
rickettsial endothelial cell infection also induces the release of pro-coagulant proteins, such 
as thrombomodulin, tissue factor, plasminogen activator inhibitor, platelet activating factor 
and von Willebrand factor both in vitro and in vivo [Elghetany and Walker D. H., 1999; 
Schmaier et al., 2001; Teysseire et al., 1992; Shi et al., 1996; Bechah et al., 2008; Lorant et al., 
1995; Schmaier et al., 2001]. The release of pro-coagulant proteins may explain why 
thrombosis is associated with severe forms of rickettsioses. 
Collectively, these changes to be in the endothelium during infection induce massive 
transmigration and infiltration of blood components and immune cells into the interstitial 
space. The subsequent hypovolemia contributes to shock and decreases the supply of 
nutrients and oxygen (perfusion) to various organs; as a consequence, multiple organ 
dysfunction, such as renal and cardiac failure, may be observed. The infiltration of blood 
components and inflammatory cells into the interstitial space leads to edema, 
microhemorrhages and inflammatory lesions that are mainly composed of infiltrating 
mononuclear cells; all of these symptoms are characteristic for rickettsial infection (figure 5). 
The increased transmigration of leukocytes may further increase tissue damage because 
these cells release proteases and oxygen radicals. We have recently shown that leukocytes 
that migrate throughout R. prowazekii-infected endothelial cells secrete increased levels of 
inflammatory and procoagulant mediators and may subsequently recruit additional 
immune cells [Bechah et al., 2008]. 

6. Conclusions 
Rickettsioses are infectious diseases that target endothelial cells and cause endothelial 
dysfunction. The hallmark of rickettsial infections is widespread vascular injury that results 
in increased permeability of the endothelium and the escape of fluids and cells from the 
blood vessels into the interstitial space. This leakage ultimately results in edema, 
microhemorrhages, rashes and mononuclear cell infiltration around vessels and into 
surrounding tissues that form the characteristic lesions of rickettsioses (vasculitis). Changes 
in vital organs, such as the brain and lungs, induce hypoxemia, compression and increase 
oxidative stress, which result in a high morbidity and mortality. The leakage of blood fluids 
induces hypovolemia and ischemia in the affected organs, whereas other organs may be 
affected as a result of poor blood perfusion. Finally, cell death and an exaggerated host 
response with pro-coagulant activity in small vessels may lead to the development of 
occlusive thrombosis. We believe that understanding the endothelial cell dysfunction caused 
by rickettsioses may provide new insights to prevent the severity and the progression of 
rickettsial diseases. Finally, the treatment of vasculitis induced by rickettsiae depends on the 
bacterial control by antibiotics. However, as vasculitis may also be exacerbated in patients 
through excessive host response, the understanding of the mechanisms governing 
inflammatory responses could improve patient follow-up and avoid any squeals.  
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1. Introduction 
Kawasaki disease (KD) is an acute febrile illness of early childhood that is characterized 
by high fever, bilateral conjunctivitis, redness of the oral mucosa, polymorphous skin 
rash, indurative edema of the hands and feet, and cervical lymphadenopathy (Kawasaki, 
1967). The major pathological lesion of KD is vasculitis of small and medium-sized 
arteries (Amano et al., 1979). The coronary arteries are the most severely affected and 
coronary artery lesions (CALs) occur in 15–25% of untreated patients (Kato et al., 1975), 
making KD a leading cause of childhood acquired heart disease in developed countries. 
The fact that the peak incidence of KD is at 9–11 months of age, which coincides with the 
waning of maternal immunity, indicates that infections could contribute to the 
pathogenesis of KD. However, despite more than 40 years of intensive research, the 
causative microorganism of KD remains unknown. On the other hand, epidemiological 
studies have revealed a significant role of genetic components in host susceptibility to KD 
pathogenesis. 

2. Epidemiological features of KD suggesting a genetic predisposition 
Since the first description of KD (Kawasaki, 1967) more than four decades ago, biannual 
epidemiological surveys conducted in Japan and epidemiological studies performed in 
almost all ethnic groups during this period have highlighted the contribution of genetic 
factors in the pathogenesis of KD. 

2.1 Ethnic differences in the incidence of KD 
KD is much more prevalent in East Asia than in any other countries of the world. In 
Japan, its incidence was 218.6 per 100,000 children younger than 4 years old in 2008 and 
continues to rise (Nakamura et al., 2010). Its incidence in Korea and Taiwan, the 
neighboring countries to Japan, are the second (113.1) and third (69.0) highest, 
respectively (Huang et al., 2009; Park et al., 2011). The incidence of KD in Western 
countries is 10–20 times lower than in Japan. Recent surveillance of KD in Hawaii 
revealed that Asian children, especially those of Japanese ancestry, had the highest 
incidence (210.5), and that the incidence among Caucasian children in Hawaii (13.7) was 
similar to that of the continental United States (Holman et al., 2010). These facts indicate 
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that the high incidence of KD in East Asian countries is due to the racial/ethnic genetic 
background rather than to geographic factors.  

2.2 Individual susceptibility to KD 
In Japan, a total of 20 nationwide biannual continued surveillances of KD have been carried 
out since 1970. Epidemiological evidence collected from these surveys suggested individual 
susceptibility to KD, which was mainly composed of multiple genetic factors. For example, 
sibling cases of KD have a ≥10 times higher incidence than expected (Fujita et al., 1989). In 
addition, parents of KD patients, who were affected by KD during their childhood, were 
observed 2 times more often than expected (Uehara et al., 2003).  

3. Genetic studies of KD 
KD is considered to be a multifactorial disease that is caused by the interplay of external and 
personal factors (Fig. 1). Thus, identification of the responsible genetic factors, which 
presumably determine an individual’s susceptibility to KD, should provide clues to the 
pathogenesis of the disease. Furthermore, it could contribute to the development of  
novel clinical applications, such as a severity prediction method and new therapeutic 
measures.     
 

 
Fig. 1. Multiple factors that are linked to KD. 

3.1 Candidate gene studies  
KD is an immune-mediated vasculitis syndrome; therefore, genes encoding proteins related 
to innate and acquired immune function or to vascular remodeling could be involved in its 
pathogenesis, response to treatment, and prognosis. Variations within such “candidate 
genes” have been extensively studied. 

3.1.1 Human leukocyte antigen (HLA) genes 
Genetic studies of KD were initially conducted by focusing on the HLA class I genes, and 
several serotypes of the HLA-B locus have been associated with KD in different ethnic 
groups (Table 1).  

 
Responsible Genetic Factors for Vasculitis in Kawasaki Disease 

 

73 

Recently, significant associations of single nucleotide polymorphisms (SNPs) within the 
HLA-G and HLA-E genes were reported (J.J. Kim et al., 2008; Y.J. Lin et al., 2009). However, 
most of the previous studies, including those describing negative association results, were 
conducted by analyzing a relatively small number of cases and controls, while replication 
studies with larger cohorts have not been performed yet.  
 

Locus Haplotype
/SNP Method Ethnicity 

(cases/controls) Reference 

HLA-B Bw22J Serotyping Japanese 
(32/76) Matsuda et al., 1977 

HLA-B Bw22J2 
Serotyping Japanese 

(205/500) Kato et al., 1978 
HLA-B Bw15 

HLA-B Bw51 Serotyping Caucasian 
(23/244) Krensky et al., 1981 

HLA-B Bw51 Serotyping Jewish 
(12/90) Keren et al., 1982 

HLA-B Bw44 Serotyping Caucasian 
(23/246) Krensky et al., 1983 

HLA-B Bw44 Serotyping Caucasian 
(16/608) Kaslow et al., 1985 

HLA-B B35 
Genotyping Korean 

(74/159) Oh et al., 2008 HLA-B B75 
HLA-C Cw09 

HLA-DRB3 DRB3*0301 Genotyping Caucasian 
(21/200) Barron et al., 1992 

HLA-G 
rs12722477 
C/A 
A allele 

Genotyping Korean 
(92/90) J.J. Kim et al., 2008 

HLA-E 
rs2844724 
C/T 
C allele 

Genotyping Taiwanese 
(680/3312) Y.J. Lin et al., 2009 

Table 1. Association studies between HLA genes and KD. 

3.1.2 Non-HLA genes 
Advances from the Human Genome and Hapmap projects have dramatically reduced the 
effort and cost of conducting genetic association studies of complex diseases, leading to a 
recent increase in the number of candidate gene studies, especially since 2005 (Table 2). 
Among the genes studied, tumor necrosis factor (TNF), which is a proinflammatory 
cytokine deeply related to the pathogenesis of KD, has been most frequently analyzed. 
Although many of these studies have failed to identify a statistically significant association, 
a systematic meta-analysis revealed a trend of association between the G allele of rs180629, 
which is located 308 bases upstream of the TNF gene, and KD (Ari-Ong et al., 2010). 
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HLA-B Bw44 Serotyping Caucasian 
(16/608) Kaslow et al., 1985 

HLA-B B35 
Genotyping Korean 

(74/159) Oh et al., 2008 HLA-B B75 
HLA-C Cw09 

HLA-DRB3 DRB3*0301 Genotyping Caucasian 
(21/200) Barron et al., 1992 

HLA-G 
rs12722477 
C/A 
A allele 

Genotyping Korean 
(92/90) J.J. Kim et al., 2008 

HLA-E 
rs2844724 
C/T 
C allele 

Genotyping Taiwanese 
(680/3312) Y.J. Lin et al., 2009 

Table 1. Association studies between HLA genes and KD. 

3.1.2 Non-HLA genes 
Advances from the Human Genome and Hapmap projects have dramatically reduced the 
effort and cost of conducting genetic association studies of complex diseases, leading to a 
recent increase in the number of candidate gene studies, especially since 2005 (Table 2). 
Among the genes studied, tumor necrosis factor (TNF), which is a proinflammatory 
cytokine deeply related to the pathogenesis of KD, has been most frequently analyzed. 
Although many of these studies have failed to identify a statistically significant association, 
a systematic meta-analysis revealed a trend of association between the G allele of rs180629, 
which is located 308 bases upstream of the TNF gene, and KD (Ari-Ong et al., 2010). 
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Gene Chromosomal region Reference 
Associated Not associated 

Cytokines, chemokines, and their receptors 

IL-10 1q31-q32 Hsueh et al., 2009 Jin et al., 2007 
Weng et al., 2010a 

TGFB2 1q41 Shimizu et al., 2011  

IL-1 2q14  Weng et al., 2010b 
S.K. Kim et al., 2011 

IL-1 2q14  
S.F. Wu et al., 2005 
Weng et al., 2010b 
S.K. Kim et al., 2011 

IL-1Ra 2q14.2 S.F. Wu et al., 2005 Weng et al., 2010b 
S.K. Kim et al., 2011 

CXCR2 2q35  Breunis et al., 2007 
CXCR1 2q35  Breunis et al., 2007 
TGFBR2 3p22 Shimizu et al., 2011  
CX3CR1 3p21.3  Breunis et al., 2007 
CCR3 3p21 Breunis et al., 2007  
CCR2 3p21 Breunis et al., 2007  

CCR5 3p21 
Burns et al., 2005 
Jhang et al., 2009 
Breunis et al., 2007 

Mamtani et al., 2010 
Chaudhuri et al., 2011 

IL-8 4q13-q21  Weng et al., 2010b 

IL-4 5q31.1 Burns et al., 2005 
S.F. Wu et al., 2005 
F.Y. Huang et al., 2008a 
Weng et al., 2010b 

LTA 6p21.3 Quasney et al., 2001  

TNF- 6p21.3 Cheung et al., 2008 

Kamizono et al., 1999 
Quasney et al., 2001 
Ahn et al., 2003 
Chien et al., 2003 
Weng et al., 2010b 

IL-6 7p21  Sohn et al., 2001 
Weng et al., 2010b 

IL-18 11q22.2-q22.3 Hsueh et al., 2008a 
Chen et al., 2009  

TNFRSF1A 12p13.2 Wang et al., 2011  
MCP1 17q11.2-q12  Jibiki et al., 2001 
CCL5 17q11.2-q12  Chaundhuri et al., 2011 

CCL3L1 17q11.2 Burns et al., 2005 
Mamtani et al., 2010  

TGFB1 19q13.1  Weng et al., 2010b 
MIF 22q11.2  Simonini et al., 2009 
Vasoactive molecules or molecules related to vascular remodeling 
AGTR1 3q21-q25  Fukazawa et al., 2004 
TIMP4 3p25  Ban et al., 2009 
VEGFR2 4q12  Kariyazono et al., 2004 

VEGFA 6p12 Breunis et al., 2006 
Hsueh et al., 2008b 

Kariyazono et al., 2004 
F.Y. Huang et al., 2008b 

eNOS 7q36  Khajoee et al., 2003 
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MMP26 11p15  Ban et al., 2010 
MMP7 11q21-22  Ban et al., 2010 

MMP3 11q22.3  
J.A. Park et al., 2005 
Ikeda et al., 2008 
Hong et al., 2008 

MMP12 11q22.3  Ikeda et al., 2008 
Ban et al., 2010 

MMP13 11q22.3  Ikeda et al., 2008 
MMP2 16q13-q21  Ikeda et al., 2008 
iNOS 17q11.2-q12  Khajoee et al., 2003 

ACE 17q23 S.F. Wu et al., 2004 
Shim et al., 2006 Fukazawa et al., 2004 

TIMP2 17q25  Furuno et al., 2007 

MMP9 20q11.2-q13  J.A. Park et al., 2005 
Ikeda et al., 2008 

MMP11 22q11.2 Ban et al., 2010  
Molecules related to innate immune functions 
CRP 1q21-q23 Cheung et al., 2008  
SLC11A1 2q35 Ouchi et al., 2003  
CD14 5q31.1  Nishimura et al., 2003 
MBL 10q11.2-q21 Biezeveld et al., 2003 Cheung et al., 2004 
Molecules related to acquired immune functions 

FCGR2A 1q23  Taniuchi et al., 2005 
Biezeveld et al., 2007 

FCGR2B 1q23  Biezeveld et al., 2007 
FCGR3A 1q23 Taniuchi et al., 2005 Biezeveld et al., 2007 

FCGR3B 1q23  Taniuchi et al., 2005 
Biezeveld et al., 2007 

CTLA4 2q33  Kuo et al., 2010 
PD-1 2q37.3 Chun et al., 2010  
MICA 6p21.3 F.Y. Huang et al., 2000  
BTNL2 6p21.3 Hsueh et al., 2010  

CD40L Xq26  Y. Onouchi et al., 2004 
F.Y. Huang et al., 2008c 

Others 
MTHFR 1p36.3 Tsukahara et al., 2000  
UGT1A1 2q37  Kanai et al., 2003 
BAT2, 3, 5 6p21.3 Hsieh et al., 2010  
NOTCH4 6p21.3  Kang et al., 2011 
COL11A2 6p21.3 Shue et al., 2010  
ITPR3   Y.C. Huang et al., 2010 
PAFAH 6p21.2-p12  Minami et al., 2005 
TPH2 12q21.1  S.W. Park et al., 2010 
SMAD3 15q22.33 Shimizu et al., 2011  
MEFV 16p13  Yamaguchi et al., 2009 
HMOX1 22q12  Kanai et al., 2003 

Table 2. Association studies between polymorphisms of candidate genes and KD. 

The association of these candidate SNPs and patient response to intravenous immunoglobulin 
(IVIG) therapy and the development of CALs has also been studied (Table 3). 
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Molecules related to innate immune functions 
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MBL 10q11.2-q21 Biezeveld et al., 2003 Cheung et al., 2004 
Molecules related to acquired immune functions 

FCGR2A 1q23  Taniuchi et al., 2005 
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FCGR2B 1q23  Biezeveld et al., 2007 
FCGR3A 1q23 Taniuchi et al., 2005 Biezeveld et al., 2007 
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CTLA4 2q33  Kuo et al., 2010 
PD-1 2q37.3 Chun et al., 2010  
MICA 6p21.3 F.Y. Huang et al., 2000  
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CD40L Xq26  Y. Onouchi et al., 2004 
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Others 
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NOTCH4 6p21.3  Kang et al., 2011 
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ITPR3   Y.C. Huang et al., 2010 
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SMAD3 15q22.33 Shimizu et al., 2011  
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Table 2. Association studies between polymorphisms of candidate genes and KD. 

The association of these candidate SNPs and patient response to intravenous immunoglobulin 
(IVIG) therapy and the development of CALs has also been studied (Table 3). 
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Gene Phenotype 
Reference 
Association No association 

MTHFR CAL Tsukahara et al., 2000  

CRP 

CAL  Cheung et al., 2008 
Intima-media 
thickness Cheung et al., 2008  

Arterial stiffness Cheung et al., 2008  

IL-10 CAL Jin et al., 2007 Hseuh et al., 2009 
Serum albumin Jin et al., 2007  

FCGR2A CAL Taniuchi et al., 2005 Biezeveld et al., 2007 
FCGR2B CAL  Biezeveld et al., 2007 

FCGR3A CAL  Taniuchi et al., 2005 
Biezeveld et al., 2007 

FCGR3B CAL  Taniuchi et al., 2005 
Biezeveld et al., 2007 

TGFB2 

CAL/ 
coronary z score Shimizu et al., 2011  

Diameter of aortic 
root Shimizu et al., 2011  

Response to IVIG Shimizu et al., 2011  
IL-1 CAL  S.K. Kim et al., 2011 
IL-1 Response to IVIG Weng et al., 2010 S.K. Kim et al., 2011 
IL-1Ra CAL  S.K. Kim et al., 2011 
CTLA4 CAL Kuo et al., 2010  
PD-1 CAL  Chun et al., 2010 
TIMP4 CAL Ban et al., 2009  

TGFBR2 

CAL/ 
coronary z score Shimizu et al., 2011  

Diameter of aortic 
root Shimizu et al., 2011  

Response to IVIG Shimizu et al., 2011  

CCR5 CAL Mamtani et al., 2010 
Chaudhuri et al., 2011 Jhang et al., 2009 

AGTR1 Coronary stenosis Fukazawa et al., 2004  
VEGFR2 CAL Kariyazono et al., 2003  

IL-4 CAL  Burns et al., 2005 
F.Y.Huang et al., 2008a 

CD14 CAL Nishimura et al., 2003  

VEGFA CAL Kariyazono et al., 2003 Hsueh et al., 2008b 
F.Y.Huang et al., 2008b 

MICA CAL F.Y. Huang et al., 2000  
LTA CAL  Quasney et al., 2001 
TNF- CAL Quasney et al., 2001 Cheung et al., 2008 
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Arterial stiffness Cheung et al., 2008  
BAT2, 3, 5 CAL Hsieh et al., 2010  
NOTCH4 CAL  Kang et al., 2011 
BTNL2 CAL Hsueh et al., 2010  
COL11A2 CAL Shue et al., 2010  

ITPR3 CAL Y.C. Huang et al., 2010  
CRP Y.C. Huang et al., 2010  

PAFAH CAL  Minami et al., 2005 
PAFAH Response to IVIG Minami et al., 2005  
eNOS CAL  Khajoee et al., 2003 

MBL CAL Biezeveld et al., 2003 

Biezeveld et al., 2006 Cheung et al., 2004 

Arterial stiffness Cheung et al., 2004  
MMP26 CAL  Ban et al., 2010 
IL-18 CAL  Hsueh et al., 2008a 
MMP7 CAL  Ban et al., 2010 

MMP3 CAL J.A. Park et al., 2005 Ikeda et al., 2008 
Hong et al., 2008 

MMP12 CAL  Ikeda et al., 2008 
Ban et al., 2010 

MMP13 CAL Ikeda et al., 2008  
TPH2 CAL S.W. Park et al., 2010  

SMAD3 

CAL/ 
coronary z score Shimizu et al., 2010  

Diameter of aortic 
root Shimizu et al., 2010  

Response to IVIG Shimizu et al., 2010  
MEFV CAL  Yamaguchi et al., 2009 
MMP2 CAL  Ikeda et al., 2008 
iNOS CAL  Khajoee et al., 2003 

CCL3L1 CAL  Mamtani et al., 2010 
Response to IVIG Mamtani et al., 2010  

CCL% CAL  Chaundhuri et al., 2011 

ACE CAL Takeuchi et al., 1997 S.F. Wu et al., 2004 
Shim et al., 2006 

Coronary stenosis Fukazawa et al., 2004  
TIMP2 CAL Furuno et al., 2007  

MMP9 CAL  J.A. Park et al., 2005 
Ikeda et al., 2008 

MIF CAL Simonini et al., 2009  
MMP11 CAL  Ban et al., 2010 
CD40L CAL Y. Onouchi et al., 2004 Huang et al., 2008c 

Table 3. Association studies between candidate gene polymorphisms and KD-related 
phenotypes. 
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Table 3. Association studies between candidate gene polymorphisms and KD-related 
phenotypes. 
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3.2 Genome-wide studies 
In contrast to candidate gene studies, which are based on an assumption of the underlying 
cause of the disease, a strategy to identify disease-causing mutations or variations from the 
whole genome relies solely on positional information and was originally developed to map 
and identify the genes for Mendelian disorders. This genome-wide strategy has been 
adapted for complex diseases and has become the most reliable tool to identify disease-
related genes following the completion of the Human Genome Project.  

3.2.1 Linkage study 
The first genome-wide study for KD was conducted by our group (Y. Onouchi et al., 2007). 
In this study, 399 microsatellite marker alleles that were shared identical by descent between 
78 affected KD sib-pairs were analyzed, and 10 chromosomal regions linked with the 
disease were identified (Fig. 2). 
 

 
Fig. 2. Results from an affected sib-pair study (Y. Onouchi et al., 2007). Arrows indicate 
those chromosomal regions with a maximum LOD score (MLS) >1.0. 

3.2.1.1 Linkage disequilibrium mapping 
We narrowed down the candidate regions identified in the sib-pair study with a case–
control association study using “tagging” SNPs. Chunks of genomic regions containing the 
associated tagging SNPs were extensively analyzed by re-sequencing and a further 
association study. We identified a SNP that was associated with KD in both the Japanese 
and US populations (Y. Onouchi et al., 2008) (Table 4). The SNP, rs28493229, is located in 
intron 1 of the inositol 1,4,5-trisphosphate 3-kinase C (ITPKC) gene, which catalyzes the 
phosphorylation of inositol 1,4,5-trisphosphate (IP3).  
 

Alleles1 

Japanese 
Case-control study 

USA 
TDT 

Risk allele 
frequency OR (95% CI)2 

No. of 
families T:U3 

OR (95% CI) 

KD 
n=637 

Control 
n=1034 P value2 P value 

G/C 0.23 0.15 
1.89 (1.53 – 2.33) 

209 64:30 
2.13 (1.38 – 3.29) 

2.2x10-9 0.00045 

Table 4. Association of rs28493229 with KD. 1Risk allele is underlined. 2Dominant 
inheritance model. 3Transmitted:untransmitted ratio. TDT: transmission disequilibrium test, 
OR: odds ratio, CI: confidence interval. 
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The at-risk allele of rs28493229 (C) reduces the splicing efficiency of ITPKC (Fig. 3). 
Transcripts with an unspliced intron are not properly translated because of premature 
termination. An increase in the number of such immature transcripts might lead to reduced 
ITPKC activity. IP3 is a second messenger molecule of the Ca2+/NFAT pathway in a wide 
variety of cells and, in mammals, 3 iso-enzymes (ITPKA, ITPKB, and ITPKC) have been 
identified with the same enzyme activity. 
 

 
Fig. 3. Functional significance of rs28493229 on ITPKC mRNA. 

Knockdown and overexpression experiments of ITPKC in the Jurkat cell line result in 
increased and decreased NFAT activity, respectively, as well as the expression of interleukin 
2 mRNA. These findings highlighted the importance of the Ca2+/NFAT pathway in the 
pathogenesis of KD. The association with the at-risk SNP allele was higher in KD patients 
with CAL than in those without CAL in both the Japanese and US populations. The same 
trend was also observed in KD patients in the US who responded poorly to intravenous 
immunoglobulin (IVIG) therapy. Two replication studies for the association of this SNP to 
KD, one negative and one positive, have been reported in the Taiwanese population (Chi et 
al., 2010; M.T. Lin et al., 2011). In the positive report, the SNP was also associated with the 
reactivation of previous BCG inoculation sites (M.T. Lin et al., 2011). 

3.2.1.2 Positional candidate gene analysis 
From the candidate region of chromosome 4, we identified the susceptibility gene via a 
different approach. The caspase-3 gene, which is located at 185.8 Mb, close to the linkage 
peak at 184.9 Mb, was focused on and studied as a positional candidate gene (Y. Onouchi et 
al. 2010). Multiple SNPs around the gene in linkage disequilibrium were associated with KD 
in the Japanese and US Caucasian populations. The functional SNP (rs72689236 G/A) was 
located in the 5′-untranslated region of the gene, and the risk allele (A) reduces the enhancer 
activity around the SNP to which NFATc2 is related (Table 5, Fig. 4).  
Caspase-3 is an effector caspase with a central role in apoptosis. T cells from caspase-3-
deficient mice have a reduced susceptibility to activation-induced cell death (Woo et al, 
1998). It was also reported that caspase-3 cleaves Nfatc2 as a substrate (W. Wu et al, 2006). 
Transient anergy of peripheral T cells in the convalescent phase of KD, which has been 
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termination. An increase in the number of such immature transcripts might lead to reduced 
ITPKC activity. IP3 is a second messenger molecule of the Ca2+/NFAT pathway in a wide 
variety of cells and, in mammals, 3 iso-enzymes (ITPKA, ITPKB, and ITPKC) have been 
identified with the same enzyme activity. 
 

 
Fig. 3. Functional significance of rs28493229 on ITPKC mRNA. 
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documented in a couple of reports, is suggestive because the NFAT-driven expression of 
caspase-3 in T cells is related to T cell anergy (Macián et al., 2002). Currently, only one 
replication study has examined the association between rs72689236 and KD (Kuo et al, 
2011). Although not statistically significant, the same trend of association was observed in 
the Taiwanese population. Notably, in this report, the SNP was associated with increased 
risk for IVIG resistance and CAL formation. 
 

Alleles1 

Japanese 
case-control study 

United States 
TDT 

Risk allele 
frequency OR (95% CI)2 

No. of 
families T:U3 

OR (95% CI) 

KD 
n=920 

Control 
n=1,409 P value2 P value 

G/A 0.45 0.37 1.40 (1.24–1.57) 249 120:79 1.54 (1.16–2.05) 
4.2 × 10-9 0.0037 

Table 5. Association of rs72689236 with KD. 1Risk allele is underlined. 2Allelic model. 
3Transmitted:untransmitted ratio. TDT: transmission disequilibrium test, OR: odds ratio, CI: 
confidence interval. 
 

 
Fig. 4. Functional significance of rs72689236 on caspase-3 mRNA. 

3.2.2 Genome-wide association studies (GWAS) 
Today, GWAS using platforms by which 5.0 × 105 to 1 × 106 SNPs can be genotyped at a 
time have become commonplace for the analysis of complex disorders. GWAS for KD have 
been performed in 3 different ethnic groups: Caucasian, Korean, and Taiwanese (Burgner et 
al., 2009; J.J. Kim et al., 2011; Tsai et al., 2011). The number of subjects and SNPs analyzed in 
each study are summarized in Table 6.  
Although many candidate SNPs were identified, no locus was repeatedly associated with 
KD in these studies (Table 7). Considering that none of these associations fulfilled the 
genome-wide level significance threshold, further validation of the association at each locus 
within the same populations is essential. 
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Ethnic group 
Number of subjects 

KD/controls No. of 
SNPs Reference 

GWAS Follow-up 
Caucasian 119/135 583/13571 223,922 Burgner et al., 2009 

Korean 186/600 266/600 641,760 J.J. Kim et al., 2011 
Korean 63/600 2 86/6002 641,760 J.J. Kim et al., 2011 

Taiwanese 250/446 208/366 723,638 Tsai et al., 2011 

Table 6. Summary of GWAS for KD (I). 1583 KD patients and their unaffected siblings and 
biological parents. 2KD patients with coronary artery lesions and healthy controls.  
 

SNP Chr Position P value Gene Reference 

rs527409 1 58,757,915 1.5 × 10-6 DAB1 J.J. Kim et al., 2011 
rs952354 1 63,549,282 3.1 × 10-5 - * J.J. Kim et al., 2011 

rs7604693 2 64,349,202 2.0 × 10-6 PELI1 * J.J. Kim et al., 2011 
rs10183521 2 123,762,542 9.5 × 10-5 - Burgner et al., 2009 

rs16849083 3 139,184,279 2.2 × 10-5 
MRPS22, 
COPB2, 

RBP2 
Tsai et al., 2011 

rs9834548 3 165,139,947 9.8 × 10-6 - Burgner et al., 2009 
rs17531088 3 174,893,775 1.1 × 10-6 NAALADL2 Burgner et al., 2009 
rs3773986 3 190,278,915 6.2 × 10-5 IL1RAP * J.J. Kim et al., 2011 

rs4864471 4 54,426,184 3.4 × 10-5 LNX1, 
LOC441016 Burgner et al., 2009 

rs13128867 4 138,840,995 2.2 × 10-5 SLC7A11 Tsai et al., 2011 
rs149481 5 96,114,346 4.6 × 10-5 ERAP1 Tsai et al., 2011 

rs9392158 6 7,427,350 8.5 × 10-5 RIOK1 Burgner et al., 2009 

rs9364166 6 72,106,622 9.8 × 10-5 OGFRL1, 
C6orf155 J.J. Kim et al., 2011 

rs362794 7 103,201,263 3.0 × 10-5 RELN Tsai et al., 2011 
rs6469101 8 108,252,238 5.4 × 10-5 ANGPT1 Burgner et al., 2009 
rs328879 9 107,789,252 1.2 × 10-5 - Burgner et al., 2009 

rs10984642 9 122,450,340 2.6 × 10-5 - Burgner et al., 2009 
rs10984642 9 122,450,340 5.8 × 10-5 - Burgner et al., 2009 
rs4918458 10 111,505,407 9.8 × 10-5 - * J.J. Kim et al., 2011 
rs285032 13 98,786,532 1.7 × 10-5 FARP1 Burgner et al., 2009 

rs34246750 14 52,868,757 4.8 × 10-5 PTGER2, 
TXNDC16 J.J. Kim et al., 2011 

rs10129255 14 107,176,213 6.8 × 10-6 IGHV Tsai et al., 2011 
rs1568657 15 83,726,179 6.6 × 10-6 BTBD1 Tsai et al., 2011 
rs7199343 16 73,009,024 2.4 × 10-6 ZFHX3 Burgner et al., 2009 
rs8059315 16 74,506,447 8.5 × 10-5 GLG1 Burgner et al., 2009 
rs2270133 17 61,473,325 4.6 × 10-5 TANC2 * J.J. Kim et al., 2011 

Table 7. Summary of GWAS for KD (II). * Association was observed between KD patients 
with CAL and healthy controls. Chr: chromosome. 
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4. Clinical implementation of genetic findings 
The standard treatment for KD is a combination of oral aspirin and high-dose IVIG (Z. 
Onouchi & Kawasaki, 1999). While the majority of patients respond to this therapy, around 
15% are resistant and require additional IVIG or alternative drugs to prevent the 
development of CAL. As the etiology and pathophysiology of KD are largely unknown, the 
mechanism of action of these therapies on the disease is not fully understood. The 
identification of genetic factors that influence patient response to therapy might provide an 
insight to this problem.  
 

 
Fig. 5. Possible role of ITPKC and caspase-3 in the immune response. 

CRAC: calcium release-activated calcium channel, GPCR: G-protein-coupled receptor, FCGR: Fc gamma 
receptor, BCR: B cell receptor, TCR: T cell receptor, NFAT: nuclear factor of activated T cells, PLC: 
phospholipase, PIP2: phosphatidylinositol 4,5-bisphosphate, DAG: diacylglycerol, CALM: calmodulin, 
IP3R: IP3 receptor, ER: endoplasmic reticulum. 
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We investigated the association between the functional SNPs in the ITPKC and caspase-3 
genes with IVIG unresponsiveness and CAL formation, and found that patients with at least 
1 susceptible allele at both SNPs had 2.7–2.9 times higher risk for these unfavorable events 
(manuscript submitted). Considering that ITPKC and caspase-3 are possibly negative 
regulators of the Ca2+/NFAT pathway (Fig. 5), hyperactivation of the pathway might 
underlie a more severe clinical manifestation of the disease.  
From this point of view, Cyclosporine A, an immunosuppressant drug which potently 
suppresses the activity of T cells by targeting calcineurin, a key molecule of the Ca2+/NFAT 
pathway (Fig. 5), may be a good option for refractory cases of KD. In Japan, a study to 
investigate the tolerability, safety, and efficacy of Cyclosporine A for KD has been started. 

5. Conclusion 
Many candidate variations for susceptibility to KD have been reported from candidate gene 
and genome-wide studies; however, most of the findings from these studies are not robust 
and have yet to be confirmed by replication studies. Considering the modest odds ratios 
observed in recent GWAS for complex disorders, discovery studies should be conducted 
with much larger cohorts. Replication studies in different ethnic groups should be designed 
with careful attention to their power to detect a significant association and, most 
importantly, to the difference in the linkage disequilibrium structure. As the majority of KD 
patients are infants and children and the disease incidence is low, especially in countries 
outside East Asia, there are limitations in collecting subjects. In an attempt to overcome this 
difficulty, several consortia have been formed. Those engaged in KD research hope to 
unravel the mystery of this vasculitis and save these children from damage to their heart. 
We wish to contribute to this important mission by identifying the underlying genetic 
components of this disease. 
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1. Introduction 
Systemic vasculitides are a group of disorders characterized by vascular inflammation, 
leading to vessel occlusion and consequent necrosis or ischemia. Depending on site and 
extent of inflammation, vasculitis has a varied presentation and prognosis. The classification 
of systemic vasculitides is based on the dominant vessel involved. They are also classified as 
idiopathic, primary and secondary to connective tissue diseases (rheumatoid arthritis, 
systemic lupus erythematosis), infections (infective endocarditis) and drugs (Firestein GS, 
2008; Watts R, 1995). AASV (ANCA-Associated Systemic Vasculitis) is the most common 
primary small-vessel vasculitis that occurs in adults, and recent data indicates that the 
incidence has shown an up-swing. As per recent reports, the annual incidence of AASV 
varies from 12.4 to 19.8 per million. In two recent studies by our group, we found an 
incidence for AASV of 20.9/million, with a point prevalence of 268/million inhabitants in 
southern Sweden (Knight, 2006; Mohammad, 2007; Mohammad, 2009). 
ANCA (anti neutrophil cytoplasmic antibodies)-associated Vasculitis is a term that refers to 
a group of disorders marked by multi-organ system involvement, small vessel vasculitis and 
the presence of ANCA. These include Wegener’s granulomatosis (WG), Churg-Strauss 
syndrome (CSS) and Microscopic polyangiitis (MPA). The two most important ANCA 
antigens are PR3 and MPO. The vast majority of anti-PR3 antibodies yield a c-ANCA 
(cytoplasmic) pattern on IIF, while most anti- MPO antibodies produce a p-ANCA 
(perinuclear) pattern, with some exceptions (Segelmark, 1994). As per an international 
consensus document from 1999, anti-MPO and anti-PR3 antibodies are referred to as MPO-
ANCA and PR3-ANCA. AASV is characterized histologically by leukocytoclasis, infiltration 
and accumulation of apoptotic and necrotic neutrophils in tissues, and fibrinoid necrosis of 
the vessel walls. The histological lesions in AASV are also termed pauci-immune, as only a 
few or no immunoglobulins/ complement components are detected in the vasculitic lesions. 
AASV is associated with significant morbidity and mortality (median survival of five 
months, in the absence of treatment), with almost all patients requiring long term and 
aggressive immunosuppressive treatment (Booth, 2003). 
The etiology of AASV remains largely unknown. Genetic predisposition (PIZ allele of α1-
AT, CTLA-4, PTPN22, HLA DR1-DQw1) and environmental factors including exposure to 
silica and asbestos, drugs (anti-thyroid medications), and various infections (bacterial 
endocarditis, hepatitis C virus) have been demonstrated to either predispose to, or correlate 
with ANCA and development of vasculitis (Beaudreuil, 2005; Choi, 2000; Elzouki, 1994; 
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Hay, 1991). The pathophysiological processes underlying the development of AASV are not 
fully understood; data suggests that neutrophils and lymphocytes play key roles. 
Intriguingly, though the association between ANCA and pauci-immune small vessel 
vasculitides is well established, the exact role of ANCA in the pathogenesis of AASV 
remains an enigma. This review focuses on the role of proteinase 3 and neutrophil apoptosis 
in AASV.  

2. Proteinase 3 
Proteinase 3 (PR3), also called myeloblastin and proteinase 4, was originally identified by 
Ohlsson, and later characterized by Baggiolini et al (Baggiolini, 1978; K. Ohlsson & I. Olsson 
1973). PR3 is a neutral serine protease found in the azurophilic granules of neutrophils and 
peroxidase-positive lysosomes of monocyte. It is also present in specific granules and in 
secretory vesicles, and is expressed on the plasma membrane of normal blood neutrophils 
(Csernok, 1994; Rao, 1991; Witko-Sarsat, 1999). The PR3 gene maps to chromosome 19p13.3, 
in a cluster with HLE and azurocidin (AZU); it spans 6570 base pairs and consists of five 
exons and four introns (Sturrock, 1993). Introns I and IV include regions with repeating 
motifs, which may cause chromosomal instability and a predisposition to genetic 
rearrangements and deletions. A bi-allelic restriction fragment length polymorphism (RFLP) 
has been described in the PR3 gene. The gene is transcribed in the promyelocytic stage. 
Allelic variations in PR3 may be associated with quantitative/qualitative differences in the 
expression and/or function of PR3 (Gencik, 2000). PR3-mRNA is detected in early cells of 
the myeloid lineage and is down-regulated during myeloid differentiation. The mechanisms 
that promote high level transcription of PR3 in myeloid cells committed to granulocyte 
differentiation are not completely understood, although it is known that two transcriptional 
factors are needed for the expression of PR3, PU.1 and CG element (Sturrock, 1996).  
PR3 is synthesized as a prepro-enzyme, which is processed in four consecutive steps into a 
mature form consisting of 222 amino acids. Following removal of signal peptide, it is 
transported into the endoplasmic reticulum (ER), where it is glycosylated with high-
mannose oligosaccharides. Glycosylation of PR3 may influence its subcellular localization, 
with certain glycosylated isoforms being designated for granular cells and others for 
secretion or expression on the plasma membrane. The propeptide of PR3 is removed in the 
post-Golgi organelle, after which a seven-amino-acid carboxy-terminal extension is 
removed, possibly by a trypsin-like proteinase. During this process, small amounts of the 
pro-form of PR3 escape granular targeting and are secreted. These molecules may play a 
role in negative feedback regulation of granulopoiesis. 

2.1 Membrane expression of PR3 
PR3 is expressed on the plasma membrane (mPR3) of a subpopulation of resting 
neutrophils. Halbwachs-Mecarelli et al. noted the existence of two distinct neutrophil 
subpopulations, mPR3+ and mPR3-negative, in normal healthy individuals, termed as the 
bimodal expression of PR3 (Halbwachs-Mecarelli, 1995), Figure 1. Despite the high 
variability in the proportion of PR3-expressing cells among individuals, the proportion is 
highly stable in a given individual over long periods of time, suggesting genetic control of 
mPR3 expression (Schreiber, 2003). This is supported by twin studies demonstrating that the 
proportion of mPR3 expressing neutrophils in monozygotic twins is highly concordant. The 
intracellular levels of PR3 do not correlate with mPR3 levels. mPR3 is released from and 
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recruited to the plasma membrane on a continuous on- going basis, such that the amount of 
mPR3 on the surface of mPR3+ neutrophils remains relatively constant (Bauer, 2007). 
 

 
Fig. 1. Bimodal expression of PR3. A Fluorescent micrograph showing four neutrophils, the 
lower two cells express PR3 (represented with green colour, Alexa Fluor 488), while the 
upper two neutrophils do not express PR3 on their membrane. All neutrophils contain PR3 
intracellularly shown in red (Alexa 594). 

Expression of PR3 on the membrane of neutrophils is upregulated by multiple 
proinflammatory mediators including TNF-α, PMA, IL-18, LPS, IL-8, PAF, fMLP and GM-
CSF, and by one anti-inflammatory cytokine: TGF-β (Campbell, 2000; Csernok, 1996; 
Hellmich, 2000). Membrane PR3 is active and quite resistant to inhibition by naturally 
occurring proteinase inhibitors including α1-AT, possibly due to steric hindrance of the 
membrane-embedded protease. PR3 can be eluted from the membrane of PMN following 
cellular activation; ionic interactions are important in the binding of PR3 to the plasma 
membrane. It is a cationic protein (isoelectric point 9.1), can bind stably to anionic and 
neutral membranes, but binds more strongly to negatively-charged bilayers. It has been 
suggested that PR3 membrane binding is possibly mediated by protein partners such as 
FcγRIIIb (CD16b), or β2 itegrin (CD11b/CD18). Fridlich et al. showed that cleavage of 
neutrophil glycosylphosphatidylinositol (GPI) anchors by phosphatidyl inositol-specific 
phospholipase C (PI-PLC) reduces the level of mPR3, indicating that a GPI protein, possibly 
FcγRIIIb, (or another yet unidentified GPI-anchored protein) attaches PR3 to the membrane 
(Fridlich, 2006). PR3 is also expressed on the plasma membrane of apoptotic cells, 
independent of degranulation, and this is associated with phosphatidylserine (PS) 
externalization. Kantari et al. demonstrated that phospholipid scramblase- 1 (PLSCR1) 
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interacts with PR3 and may promote its translocation to the plasma membrane during 
apoptosis (Kantari, 2007 ).  

2.2 PR3 functions 
PR3 is an autoantigen, possesses catalytic activity, is a hematopoietic regulator and has 
apoptosis inducing capabilities. mPR3 shows enzymatic activity; it degrades fibronectin, 
elastin, laminin, collagen type IV and heparan sulfate proteoglycans in the subendothelial 
matrix (Campbell, 2000). The soluble form of PR3 cleaves and activates cytokine precursors, 
including IL-8, IL-1β, and TNFα. PR3 also induces detachment and cytolysis of endothelial 
cells in vitro (Ballieux, 1994). A secreted proform of PR3 (retaining an amino terminal 
dipeptide) can downregulate DNA synthesis in normal CD34+ hematopoietic progenitor 
cells (S phase reduction); thus, PR3 may act as a negative feedback regulator of 
granulopoiesis in the bone marrow (Skold, 1999). Interestingly, this inhibitory effect of pro-
PR3 is reversible; it can be abrogated by G-CSF or GM-CSF. PR3 actions are inhibited by α1-
AT. MPO protects the enzymatic activity of PR3 by oxidizing a histidine residue on α1-AT, 
which tilts the protease anti-protease balance at sites of inflammation. 
A recombinant cellular model has been used to demonstrate that PR3 plays a role in 
neutrophil survival. In particular, PR3 activates procaspase-3 into a specific 22-kDa 
fragment localized to the membrane compartment of neutrophils, but lacking from 
apoptotic neutrophils. This PR3-activated caspase-3 is restricted to the plasma membrane-
enriched compartment, and segregated from its target proteins that mediate apoptosis from 
downstream components of the caspase-3 cleavage cascade. Thus in this model, PR3 can 
cause activation of caspase 3, but not apoptosis. Vong et al. devised a novel assay for PR3-
protease activity using double-tagged recombinant annexin A1 (AnxA1) as substrate. This 
substrate was cleaved by recombinant PR3 or the membrane fraction of cells stably-
transfected with PR3 in vitro and in vivo, suggesting that AnxA1 may be a physiologically-
relevant substrate for PR3. AnxA1 has counter-regulatory inhibitory properties, and 
functions as an anti-inflammatory protein as well as inducer of neutrophil apoptosis. In 
activated neutrophils, AnxA1 translocates to the membrane, and becomes available for PR3. 
It is likely that cleavage of AnxA1 by PR3 decreases its innate inhibitory function, and 
promotes a pro-inflammatory response (Pederzoli, 2005; Vong, 2007). All these studies, 
together with the observation of high levels of PR3 within fibrinoid necrotic lesions in 
vasculitis, provide strong evidence that PR3 promotes a pro-inflammatory response. 

2.3 mPR3 and CD177 
CD177, also known as Polycythemia Vera protein-1 (PRV-1), is a glycoprotein that was first 
discovered in 1970 in connection with studies of Polycythemia Vera (Lalezari, 1971). It 
belongs to the Leukocyte Antigen 6 (Ly-6) supergene family and is the best characterized 
member of this family (Caruccio, 2006). As with PR3, CD177 has the unique distinction of 
being expressed on a subset/ fraction of the neutrophil population (Stroncek, 2004). In 
neutrophils that express CD177, CD177-mRNA levels are increased by exposure to G-CSF 
and by inflammatory states (sepsis, burns) associated with increased neutrophil production 
(Bux J, 2002; Gohring, 2004). CD177-mRNA is more abundant in CD177+ neutrophils than in 
CD177– PMNs (Wolff, 2003). Complete CD177-mRNA is not detected in CD177– 
neutrophils, suggesting a defect in transcription or splicing of CD177 mRNA. The functions 
of CD177 are not known, although there is evidence that it may play a role in adhesion of 
neutrophils to endothelial cells. CD177 can directly bind to PECAM-1 (CD31), expressed at 
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the junctions of the endothelial cells, on the membrane of neutrophils, monocytes and 
platelets, enhancing transendothelial migration of CD177+ neutrophils (Goldschmeding, 
1992; Sachs, 2007). Also, CD177 is thought to be a marker of increased granulopoiesis.  
We have shown that mPR3 and CD177 are co-expressed on the same subset of circulating 
neutrophils in AASV patients (Bauer, 2007), Figure 2. Also, we found that both CD177 and 
mPR3 are up-regulated in parallel, and to a similar extent, in this neutrophil subset. 
Following stimulation of cells with PMA or with CyB/fMLP, mPR3 and CD177 expression 
are co-induced approximately five-fold on the membrane of mPR3+/CD177+ cells and also 
converted the mPR3-negative/CD177-negative cells to mPR3/CD177-expressing cells, 
Figure 3.  
 

 
Fig. 2. Correlation between mPR3 and CD177 among all the groups. Shows the results of 91 
HBDs, 52 AASV patients, 17 PV patients, 20 TP, 21 SLE patients, and 17 RA patients and one 
patient with PNH. There was a strong correlation between % of mPR3-positive neutrophils 
and % of CD177-positive neutrophils among all the groups, i.e. they define the same 
population of neutrophils (mPR3- and CD177-positive population). AASV= ANCA-
associated Systemic Vasculitis. HBD= healthy blood donors. PV= Polycythemia Vera. TP= 
renal transplant recipients. SLE= Systemic Lupus Erythematosus. RA= Rheumatoid 
Arthritis. PNH= Paroxysmal Nocturnal Hemoglobinuria. 

The bimodal expression of mPR3 in neutrophils is not explained by binding of mPR3 to 
CD16 and CD18 as CD16 and CD18 are expressed on all neutrophils. It may be that certain 
adaptor/transport proteins, possibly CD177 itself, that are expressed primarily in mPR3-
positive cells, play a role in the expression of mPR3 on a subset of neutrophils. Von 
Vietinghoff et al. have provided evidence of direct binding between PR3 and CD177. 
Because the concentration of intracellular PR3 is similar in all cells, these putative adaptor 
proteins would be required to selectively facilitate PR3 localization to the plasma membrane 
in CD177-positive cells. It can also be postulated that a subset of cells, in which large 
amounts of PR3 and CD177 are stored in secondary and secretory vesicles during 
granulopoiesis, are precursors to the mPR3+/CD177+ circulating neutrophils. This would 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

96

interacts with PR3 and may promote its translocation to the plasma membrane during 
apoptosis (Kantari, 2007 ).  
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neutrophils that express CD177, CD177-mRNA levels are increased by exposure to G-CSF 
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CD177– PMNs (Wolff, 2003). Complete CD177-mRNA is not detected in CD177– 
neutrophils, suggesting a defect in transcription or splicing of CD177 mRNA. The functions 
of CD177 are not known, although there is evidence that it may play a role in adhesion of 
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argue for the existence of a genetic mechanism, whereby the genes encoding PR3 and CD177 
are co-regulated during the later stages of granulopoiesis. The fact that only 4% of cells 
express only one of the two markers favours this hypothesis, and suggests that a similar 
mechanism is involved in mobilizing PR3 and CD177 from a common intracellular storage 
site to the plasma membrane (Bauer, 2007). 
 

 
Fig. 3. U937 and exogenous PR3 binding. The left panel shows the membrane expression of 
U937-clone 8-cells (express CD177 but not PR3 on their plasma membrane), and U937-clone 
9-cells (do not express PR3 or CD177 on their plasma membrane), measured by FACS. In the 
right panel, membrane expression of PR3 and CD177 was measured again on the same cells 
after incubation with mature PR3 for two hours. Clone 8 cells expressed the PR3 on their 
plasma membrane (upper right), while clone 9 cells did not express any PR3 or CD177 on 
their membranes (lower right). 

2.4 PR3 and AASV  
An A/G single nucleotide polymorphism (SNP) at coordinate -564 in the PR3 promoter has 
been identified, and it has been suggested that it was associated with WG. However, Pieters 
et al. showed that the -564 A/G polymorphism did not increase activity of the PR3 
promoter, arguing against the possibility that the polymorphism results in an increased 
transcription/production of PR3 in WG patients (Pieters, 2004). In experiments performed 
by our group, the G allele of the -564 A/G polymorphism in the promoter of PR3 was not 
associated with WG (60% WG versus 69% HBD) or the mPR3high phenotype in AASV 
patients (Abdgawad, 2006). We did find a significant correlation between high plasma PR3 
and the A allele of the -564 A/G polymorphism in HBD and in AASV patients, indicating 
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that the -564 A/G polymorphism might influence plasma PR3 levels.The fact that 
heterozygocity for deficiency alleles of α1-AT are associated with WG suggests that defects 
in the enzymatic function of PR3 may have functional effects. It has also been reported that 
presence of the PiZ allele correlates with poor prognosis (Segelmark, 1995). 
Patients with systemic small vessel vasculitis exhibit higher plasma levels of PR3 than 
healthy persons and disease controls. This holds true also during stable remission and 
shows no relation to general inflammation, medical treatment or decreased renal function 
(Henshaw, 1994; Ohlsson, 2003). Studies by our group have shown that the levels of plasma 
PR3, mPR3 and pro-PR3 are all elevated in patients with AASV (Abdgawad, 2010). Also, it 
was observed that mPR3+ neutrophils are more abundant in AASV compared to healthy 
donors, which agrees with previous studies suggesting that a high percentage of mPR3+ 
cells may be a risk factor for vasculitis. Circulating neutrophils and monocytes from patients 
with AASV display upregulated transcription of the PR3 gene. It is likely that aberrant 
PR3/mPR3 expression may reflect, or be a marker of a specific functional defect in 
neutrophils. A possible origin of high plasma levels is shedding of membrane PR3. Witko-
Sarsat et al. reported that the mPR3high phenotype was more frequent in vasculitis patients 
than in controls, independent of the ANCA antigen specificity (Witko-Sarsat, 1999). We have 
reported a weak but significant correlation between plasma PR3 and mPR3–MFI in MPO–
ANCA-positive patients, which suggests that shedding of PR3 from the membrane may be 
at least partly responsible for increasing the plasma level of PR3. However, this correlation 
was not seen in PR3–ANCA patients. It is possible that PR3–ANCA either enhances 
clearance of plasma PR3 from the circulation, or interferes with detection of PR3 by ELISA. 
In support of this hypothesis, a significant negative correlation between plasma ANCA 
levels and plasma PR3 levels in the subgroup of PR3–ANCA patients was observed, while 
this was not seen in the MPO–ANCA patients.  
Rarok et al. found that the length of time between diagnosis and relapse was significantly 
shorter in WG patients with high mPR3 expression (total level of mPR3 expression), and 
that individuals with high total mPR3 expression were more likely to have a relapse than 
patients with low mPR3 (Rarok, 2002). Csernok et al. showed that PR3 induces maturation 
of a fraction of blood monocyte derived dendritic cells (DC) in vitro (Csernok, 2006). In this 
context, they also observed that PR3 activates PAR-2 receptor-dependent signaling, which in 
turn up-regulates HLA-DR, CD80, CD83 and CD86 and down-regulates CD14. These PR3-
activated DCs stimulate autoreactive Th1-type PR3-specific CD4+T cells. 
Our group has demonstrated that the mPR3+/CD177+ neutrophil subpopulation was larger 
in AASV patients as compared to healthy controls, which suggests a distinct 
pathophysiological basis (Abdgawad, 2010 ). mPR3 and CD177 exhibit a parallel dynamic 
membrane expression with rapid internalization and re-expression. Interestingly, higher 
CD177–mRNA, but not PR3–mRNA was found to correlate with a higher proportion of 
mPR3+/CD177+ cells, suggesting that overproduction of CD177 could lead to an increase in 
the proportion of mPR3+/CD177+ neutrophils. Consistent with this, CD177 mRNA was 
significantly higher in mPR3- positive than in mPR3-negative human neutrophils, while PR3 
mRNA was not. 

3. Neutrophils and neutrophil apoptosis 
Neutrophils represent 60 to 70% of the total circulating leukocytes and are the major 
phagocytes of the body’s defense system against infections. Mature neutrophils are non-



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

98
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that the -564 A/G polymorphism might influence plasma PR3 levels.The fact that 
heterozygocity for deficiency alleles of α1-AT are associated with WG suggests that defects 
in the enzymatic function of PR3 may have functional effects. It has also been reported that 
presence of the PiZ allele correlates with poor prognosis (Segelmark, 1995). 
Patients with systemic small vessel vasculitis exhibit higher plasma levels of PR3 than 
healthy persons and disease controls. This holds true also during stable remission and 
shows no relation to general inflammation, medical treatment or decreased renal function 
(Henshaw, 1994; Ohlsson, 2003). Studies by our group have shown that the levels of plasma 
PR3, mPR3 and pro-PR3 are all elevated in patients with AASV (Abdgawad, 2010). Also, it 
was observed that mPR3+ neutrophils are more abundant in AASV compared to healthy 
donors, which agrees with previous studies suggesting that a high percentage of mPR3+ 
cells may be a risk factor for vasculitis. Circulating neutrophils and monocytes from patients 
with AASV display upregulated transcription of the PR3 gene. It is likely that aberrant 
PR3/mPR3 expression may reflect, or be a marker of a specific functional defect in 
neutrophils. A possible origin of high plasma levels is shedding of membrane PR3. Witko-
Sarsat et al. reported that the mPR3high phenotype was more frequent in vasculitis patients 
than in controls, independent of the ANCA antigen specificity (Witko-Sarsat, 1999). We have 
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ANCA-positive patients, which suggests that shedding of PR3 from the membrane may be 
at least partly responsible for increasing the plasma level of PR3. However, this correlation 
was not seen in PR3–ANCA patients. It is possible that PR3–ANCA either enhances 
clearance of plasma PR3 from the circulation, or interferes with detection of PR3 by ELISA. 
In support of this hypothesis, a significant negative correlation between plasma ANCA 
levels and plasma PR3 levels in the subgroup of PR3–ANCA patients was observed, while 
this was not seen in the MPO–ANCA patients.  
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shorter in WG patients with high mPR3 expression (total level of mPR3 expression), and 
that individuals with high total mPR3 expression were more likely to have a relapse than 
patients with low mPR3 (Rarok, 2002). Csernok et al. showed that PR3 induces maturation 
of a fraction of blood monocyte derived dendritic cells (DC) in vitro (Csernok, 2006). In this 
context, they also observed that PR3 activates PAR-2 receptor-dependent signaling, which in 
turn up-regulates HLA-DR, CD80, CD83 and CD86 and down-regulates CD14. These PR3-
activated DCs stimulate autoreactive Th1-type PR3-specific CD4+T cells. 
Our group has demonstrated that the mPR3+/CD177+ neutrophil subpopulation was larger 
in AASV patients as compared to healthy controls, which suggests a distinct 
pathophysiological basis (Abdgawad, 2010 ). mPR3 and CD177 exhibit a parallel dynamic 
membrane expression with rapid internalization and re-expression. Interestingly, higher 
CD177–mRNA, but not PR3–mRNA was found to correlate with a higher proportion of 
mPR3+/CD177+ cells, suggesting that overproduction of CD177 could lead to an increase in 
the proportion of mPR3+/CD177+ neutrophils. Consistent with this, CD177 mRNA was 
significantly higher in mPR3- positive than in mPR3-negative human neutrophils, while PR3 
mRNA was not. 
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Neutrophils represent 60 to 70% of the total circulating leukocytes and are the major 
phagocytes of the body’s defense system against infections. Mature neutrophils are non-
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proliferating, non-dividing cells with a segmented nucleus, mixed granular populations 
(staining pink or purple-blue following treatment with a neutral dye), small Golgi regions 
and accumulation of glycogen particles. On an average, a neutrophil contains 200 to 300 
granules, one third of which are peroxidase positive (azurophilic), while the rest are 
peroxidase-negative (specific and tertiary). Azurophilic granules are spherical, appear at the 
pro-myelocytic stage and contain MPO, serine proteases and antibiotic proteins, and form 
the microbicidal compartment of neutrophils.  
C/EBPα and PU.1 are both key regulators of granulopoiesis and myelopoiesis. Neutrophil 
development requires co-expression of C/EBPα and low amounts of PU.1 (Ward, 2000; 
Lenny, 1997). While GM-CSF is important for the growth of neutrophil progenitors in early 
stages, G-CSF is necessary for their terminal differentiation into mature neutrophilic 
granulocytes. G-CSF increases the rate of production of neutrophils by reducing their 
maturation time in bone marrow, while the half-life of circulating neutrophils is mainly 
unaffected. In contrast, GM-CSF markedly increases the half-life of the neutrophils in 
circulation, while the production rate is only slightly increased (Lord, 1992).  Skold et al. 
have shown that a secreted proform of Proteinase 3 (PR3) acts as a negative feedback 
regulator of granulopoiesis, and counters the effect of G-CSF (Skold, 1999). It is interesting 
that this feedback regulation by PR3 is reversible and abrogated by GCSF and GM-CSF. 
Neutrophils contribute to immune surveillance and participate in elimination of micro-
organisms and cell debris. This major function of neutrophils can be divided into 5 step 
functions; (1) adhesion. (2) trans-endothelial migration/diapedesis, (3) Interstitial 
migration/locomotion, (4) phagocytosis of bacteria and/or degranulation, and (5) apoptosis. 
Neutrophils are activated via two steps, priming and full activation. Multiple agents 
including bacterial products, cytokines such as TNF-α, GM-CSF, IL-8 and IFN-γ can prime 
neutrophils. Neutrophils are then mobilized to the site of infection/ inflammation by the 
help of chemoattractants where they encounter a second stimulus by which they become 
fully activated and kill bacteria or ingest cell debris. Migration of neutrophils from the 
circulation to the site of infection/inflammation is controlled by interactions with the 
vascular endothelium. L-selectins expressed on neutrophils allow rolling and loose adhesion 
of neutrophils to ligands expressed on the endothelial cell membrane (like E- and P-
selectins). This loose adhesion leads to conformational changes in the leukocyte integrins of 
the β2 subfamily (CD11a, CD11b, CD11c/CD18), leading to engagement of other adhesion 
molecules on the membrane of endothelial cells such as intercellular adhesion molecule-1 
(ICAM-1), ICAM-2, vascular cell-adhesion molecule-1 (VCAM-1) and mucosal vascular cell 
adhesion molecule-1 (MDAM-1), leading to high affinity ligand binding and firm adherence 
(Ley, 2007). Then, binding of chemoattractants such as IL-8, released from the endothelial 
cells, to neutrophil receptors lead to arrest of the neutrophil rolling. At the site of infection, 
membrane receptors recognize and bind opsonized bacteria leading to the formation of 
pseudopodia, phagocytosis of the pathogen in a phagosome that fuses with protease-rich 
granules leading to the destruction of the pathogen within the intracellular phagosome. 
Neutrophil phagocytosis of bacteria and cell debris involves the Fcγ-Receptors (FcγRIIa/ 
CD32 and FcγRIIIb/ CD16) and the complement receptors (CR1/ CD35 and CR3 or 
CD11b/CD18 integrin) (Witko-Sarsat, 2000). 
Neutrophils express an array of proteases, contained in their granules, and can generate 
reactive oxygen species (ROS) in order to rapidly kill phagocytosed bacteria (Spitznagel, 
1990). Once activated, they attack the invading pathogens by a combination of three 
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mechanisms: phagocytosis, degranulation, and extracellular traps. During phagocytosis, the 
neutrophils ingest the pathogen forming a phagosome; while at the same time secrete ROS 
(reactive oxygen species) and hydrolytic enzymes to destroy it. Degranulation refers to the 
process by which various cytotoxic molecules residing in cytoplasmic granules are released. 
Examples include myeloperoxidase (MPO), an enzyme that is responsible for converting 
hydrogen peroxide to hypochlorous acid, a highly effective bactericide. Most recently, a 
novel extracellular mechanism (NETosis) of destroying pathogens has been described by 
Brinkmann et al (Brinkmann, 2004). Activation of neutrophils causes the release of 
chromatin fibers and granule proteins termed as neutrophil extracellular traps (NETs) that 
can trap and kill microbes extracellularly. NET formation is a part of active cell death; NETs 
are released when the activated neutrophils dies. 
Neutrophils can also present antigens via MHC-II, thereby stimulating T cell activation and 
proliferation (Sandilands, 2005). Primed neutrophils actively synthesize and secrete 
cytokines, chemokines, leukotrienes and prostaglandins. In particular, neutrophils 
synthesize and secrete IL-8, IL-1, IL-1RA, IL-6, IL-12, TGF-β, and TNF-α (Cassatella, 1999; 
Fujishima, 1993). These cytokines can subsequently stimulate both neutrophils and other 
cells of the immune system. Neutrophils are significant source of leukotrienes and 
prostaglandins, especially leukotriene B4 (LTB4) and prostaglandin E2 (PGE2). PGE2 is an 
anti-inflammatory molecule, and has been reported to delay neutrophil apoptosis 
(Ottonello, 1998). 

3.1 Neutrophils and AASV 
The presence of activated neutrophils has been demonstrated at sites of injury in vasculitis 
lesions, both in lung infiltrates and renal biopsies (Brouwer, 1994; Travis, 1991). The number 
of activated neutrophils in renal biopsies correlated with extent of tissue damage. In a 
mouse model of MPO–ANCA associated vasculitis, neutrophil depletion reduced the 
number of vasculitic lesions(Xiao, 2005). In another Brown-Norway rat model of systemic 
necrotizing leukocytoclastic vasculitis induced by mercuric chloride and characterized by 
development of MPO-ANCA, a monoclonal antibody that depletes neutrophils could 
ameliorate vasculitis lesions (Qasim, 1996). These observations stand testimony to the key 
role of neutrophils in the pathogenesis of AASV. 
The classical pathophysiological model of neutrophil activation can be divided into the 
following steps: an initial event (antigenic stimulus) primes neutrophils via cytokines 
(TNFα/IL-18/LPS) which subsequently induces membrane expression of PR3 and MPO. 
Priming induces the clustering of FcγRIIa and 2-integrins, formation of NADPH oxidase 
complex, increased expression of CD11b/CD18 and loose adherence of neutrophils to the 
endothelial cells. This is followed by binding of circulating ANCA to MPO and PR3 
expressed on the neutrophil membrane. In the activation process, F(ab)´2 fragments of 
ANCA bind to their autoantigens, while Fc fragments bind to neutrophil Fcγ-receptors 
(FcγRIIa and FcγRIIIb) resulting in full activation of neutrophils (Falk, 1990). 
There is substantial evidence for the activated state of neutrophils in AASV. In patients with 
active WG, neutrophils show increased expression of β1-(CD29), β2-(CD18) and α-(CD11b) 
integrin subunits (Haller, 1996). AASV neutrophils have been shown to have increased 
mPR3 expression and higher basal production of superoxide radicals. Alcorta et al have 
studied the leukocyte gene expression in ANCA positive vasculitis and showed >200 up-
regulated genes, which correlated with disease activity (Alcorta, 2007). In normal situations, 
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mechanisms: phagocytosis, degranulation, and extracellular traps. During phagocytosis, the 
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Examples include myeloperoxidase (MPO), an enzyme that is responsible for converting 
hydrogen peroxide to hypochlorous acid, a highly effective bactericide. Most recently, a 
novel extracellular mechanism (NETosis) of destroying pathogens has been described by 
Brinkmann et al (Brinkmann, 2004). Activation of neutrophils causes the release of 
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There is substantial evidence for the activated state of neutrophils in AASV. In patients with 
active WG, neutrophils show increased expression of β1-(CD29), β2-(CD18) and α-(CD11b) 
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the short-lived neutrophils die by apoptosis and are subsequently phagocytosed by 
macrophages. Circulating apoptotic neutrophils are cleared from circulation by 
macrophages located in the liver (29%), spleen (31%) and the bone marrow (32%) 
(Saverymuttu, 1985). Tissue neutrophils, which migrate to tissues during infections, are 
removed by local macrophages that secrete anti-inflammatory cytokines TGF- and IL-10 
upon phagocytosis of these neutrophils. For normal homeostasis to take place and in order 
to keep normal counts of neutrophils in the circulation (2.5-7.5 ×109/l), neutrophil turn-over 
must be tightly balanced between granulopoiesis and neutrophil apoptosis/clearance. 
Delayed neutrophil apoptosis has been associated with several acute and chronic 
inflammatory diseases (Simon, 2003). 

3.2 Neutrophil apoptosis 
Apoptosis, or “programmed” cell death, is a physiological form of cell death characterized 
by cell shrinkage, nuclear and chromatin condensation, DNA fragmentation, membrane 
blebbing, externalization of phosphatidylserine (PS), and formation of membrane-bound 
apoptotic bodies (Edwards, 2003). Many players are known to regulate apoptosis, including 
caspases, cell death receptors (of the TNF family), adaptor proteins, inhibitor of apoptosis 
(IAP) proteins and the bcl-2 family.  
Neutrophil apoptosis occurs via the intrinsic or the extrinsic pathways. The intrinsic 
pathway is regulated by various proteins and molecules, including Mcl-1 and Bcl-2-A1 
(Bfl 1) gene product and SHIP-1 (Edwards, 2003). Mitochondria play an important role in 
the intrinsic pathway of apoptosis through three key mitochondrial proteins; cytochrome 
c (cyt c), Smac/DIABLO and apoptosis inducing factor (AIF). The release of cyt c from the 
mitochondria is recognized as an initiator of apoptosis via interaction with Apaf-1 
(apoptotic protease activating factor-1), leading to activation of caspase 9, formation of the 
apoptosome, and triggering of the caspase cascade. The Bcl-2 family regulates 
mitochondrial membrane permeability and cyt c release, thus playing a central role in 
apoptosis (Fossati, 2003). Neutrophils possess very few mitochondria and express low 
amounts of cyt c and Smac/ DIABLO, which are nonetheless sufficient to induce 
apoptosis. The tendency of neutrophils towards spontaneous apoptosis is inversely 
correlated with Bcl-2 expression. 
The extrinsic pathway is initiated by an extracellular death signal. Death receptors bind to 
extrinsic factors (FasL, TNF-α, TRAIL) and activate the caspase cascade, which in turn 
generates intracellular death signals culminating in apoptosis. Death receptors such as Fas 
and the TNF receptor are integral membrane proteins. Fas and Fas ligand (FasL) interaction 
initiates apoptosis in a caspase-dependent manner. Neutrophils undergo spontaneous 
apoptosis more than other leukocytes, probably because they express both Fas and FasL on 
their plasma membrane (Edwards, 2003; Liles, 1996). Apoptosis-inducing factor (AIF) is a 
flavoprotein that is normally located in the inter-membrane space of mitochondria. When 
cells receive a signal for apoptosis, AIF is released from the mitochondria and translocates 
into the nucleus and causes nuclear fragmentation and cell death. The DNA destruction 
mediated by AIF is not blocked by caspase inhibitors and is thus considered a caspase-
independent pathway. In neutrophils, AIF does not leave the mitochondria and the caspase-
independent pathway is mediated by mitochondria-derived reactive oxygen species (ROS) 
(Edwards, 2003). 
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The mechanisms regulating spontaneous neutrophil apoptosis are not fully understood. 
Disturbance in the normal apoptotic process can enhance survival time, leading to a 
persistent inflammatory response. Blood neutrophils express fairly high levels of a range of 
pro-apoptotic proteins like Bad, Bax and Bik, but do not express the anti-apoptotic Bcl-2 and 
Bcl-xL proteins. Several pro-inflammatory agents, including IL-1β, L-2, IL-4, IL-6, IL-15, 
IFN- γ, G-CSF, GM-CSF and LPS, can delay neutrophil apoptosis (Simon, 2003). G-CSF 
induces survival of PMNs via the MEK-ERK pathway, leading to phosphorylation of Bad 
(inactivation) (Chuang, 1998). GM-CSF induces survival via the tyrosine kinase LynK-PI3K 
and JAK-2. G-CSF up-regulates the expression of Bcl-2-A1 and down-regulates the 
expression of Bax. GM-CSF up-regulates the expression of Mcl-1 and down-regulates the 
expression of Bax (Moulding, 2001). G-CSF, but not GM-CSF, selectively up-regulates the 
expression of cIAP-2, at the protein as well as mRNA levels. IAPs regulate apoptosis by 
binding to TNF-receptor associated factor-1 (TRAF-1)/ TRAF-2 heterocomplex to suppress 
activation of caspase 8. IAPs suppressing activation of caspase 9 and are capable of 
inhibiting the activation of caspases 3 and 7 directly (Edwards, 2003). TNF-α has a dual 
action on neutrophil apoptosis, leading to accelerated apoptosis in a susceptible 
subpopulation and delayed apoptosis in the surviving cells. TNF-α differential effects are 
dependant on concentration and the time of exposure. Adhesion of neutrophils to activated 
endothelial cells, IL-8, as well as transmigration of neutrophils through endothelial cell layer 
inhibits apoptosis. 
During an inflammatory response, neutrophils produce numerous cytokines and 
chemokines, via up-regulation of gene expression. Once phagocytosis is accomplished, these 
functions are down-regulated in tandem with induction of apoptosis, leading to a decrease 
in pro-inflammatory capacity. This process is tightly regulated to prevent tissue damage 
caused by lingering neutrophils. Walcheck et al. have shown that phagocytosis-induced 
neutrophil apoptosis is accompanied by increase in the surface expression of ADAM17, 
followed by ADAM17-mediated release of IL-6R from cells, which then recruits 
mononuclear phagocytes to the site of infection (Walcheck, 2006). Recruitment of 
macrophages to sites of inflammation is also promoted by resolvins and protectins including 
lipoxin A4 (LXA4).The removal of apoptotic neutrophils is a non-phlogistic process, largely 
due to release of anti-inflammatory mediators.  

3.3 Neutrophil apoptosis and AASV 
Pathological specimens from patients of WG show clear presence of apoptotic and necrotic 
neutrophils (Travis, 1991). Leucocytes, with degraded nuclear material, undergoing 
disintegration and apoptotic cells have been observed in tissue specimens from ANCA-
positive renal vasculitis (Rastaldi, 2000). Histologically, AASV is characterized by 
leukocytoclasis, with infiltration and accumulation of unscavenged apoptotic and necrotic 
neutrophils in tissues around blood vessels. E/M studies of the leukocytoclastic lesions, 
have suggested that there may be a defect in the clearance of apoptotic neutrophils. The 
minority of neutrophils in this study showed typical apoptotic changes of the condensed 
and marginated nuclei, while the majority showed intact nuclei with disintegrated 
cytoplasmic organelles and plasma membranes (Yamamoto, 2000). We have demonstrated 
significantly higher rate of survival and lower rate of apoptosis in AASV neutrophils as 
compared to neutrophils from healthy blood donors (HBDs) (Un-published data). It can be 
presumed that reduced apoptosis in AASV might be secondary to chronic inflammation. 
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and JAK-2. G-CSF up-regulates the expression of Bcl-2-A1 and down-regulates the 
expression of Bax. GM-CSF up-regulates the expression of Mcl-1 and down-regulates the 
expression of Bax (Moulding, 2001). G-CSF, but not GM-CSF, selectively up-regulates the 
expression of cIAP-2, at the protein as well as mRNA levels. IAPs regulate apoptosis by 
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During an inflammatory response, neutrophils produce numerous cytokines and 
chemokines, via up-regulation of gene expression. Once phagocytosis is accomplished, these 
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caused by lingering neutrophils. Walcheck et al. have shown that phagocytosis-induced 
neutrophil apoptosis is accompanied by increase in the surface expression of ADAM17, 
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neutrophils (Travis, 1991). Leucocytes, with degraded nuclear material, undergoing 
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minority of neutrophils in this study showed typical apoptotic changes of the condensed 
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compared to neutrophils from healthy blood donors (HBDs) (Un-published data). It can be 
presumed that reduced apoptosis in AASV might be secondary to chronic inflammation. 
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However, the rate of apoptosis did not correlate with clinical parameters such as disease 
activity, CRP concentration, BVAS score or reduced GFR.  
Interestingly, when neutrophils from AASV patients and HBDs were incubated with plasma 
from AASV patients, neutrophil survival was enhanced, suggesting that specific factors in 
the plasma influenced the apoptosis mechanism or rate. Growth factors are known to 
prolong survival by up-regulating anti-apoptotic factors and down-regulating pro-apoptotic 
factors. G-CSF, GM-CSF and LPS up-regulate expression of anti-apoptotic Bcl-2A1 and 
promote neutrophil survival, while Mcl-1 is up-regulated by GM-CSF, IL-1 and LPS. G-CSF 
up-regulates c-IAP2 (Inhibitor of Apoptosis Protein, IAP) (Santos-Beneit, 2000). IAP-2 is 
strongly up-regulated in mature neutrophils from patients with chronic neutrophilic 
leukemia, which also show prolonged in vitro survival. Christensson et al. showed that 
AASV patients in remission had higher circulating levels of soluble Fas than HBD and other 
disease controls (Christensson, 2002). No data from functional tests was available, and the 
effect of soluble Fas on Fas-mediated neutrophil apoptosis is not known. G-CSF, GM-CSF 
and IL-3 are known to enhance neutrophil survival, and delay or prevent neutrophil 
apoptosis. In our study, G-CSF and IL-3 levels were normal in plasma from AASV; GM-CSF 
level was higher than normal in four of 44 AASV patients. It is still possible that GM-CSF 
and IL-3 could be related to delayed apoptosis; neutrophils may have increased sensitivity 
to these cytokines. We tested this hypothesis and observed increased sensitivity in only 
three patients, who were more sensitive to GM-CSF/IL-3 than HBD. The proapoptotic factor 
Bax is down-regulated in response to G-CSF, GM-CSF, IL-3 and IFN-γ. Our group did not 
observe any correlation between the reduced rate of apoptosis or necrosis in AASV patients 
with higher levels of mRNA encoding these factors. A statistically insignificant increase in 
expression of Bcl-2A1 (1.45), Mcl-1 (1.78) and Bax (1.56) was noted in AASV neutrophils, 
compared to HBD neutrophils. Another possible mechanism of reduced apoptosis is 
alteration in neutrophil growth factor signaling. Our group has shown that the level of 
mRNA encoding three transcription factors, involved in steady-state and emergency 
granulopoiesis (C/EBP-, C/EBP- and PU.1), is significantly higher in AASV than in HBD 
(Un-published data). The target genes of these transcription factors include important 
neutrophil proteins including G-CSF receptor, GM-CSF receptor, myeloperoxidase, PR3, 
elastase, lysozyme and lactoferrin. It is possible that elevated expression of C/EBP-, 
C/EBP- and PU.1 in AASV neutrophils could lead to enhanced sensitivity to cytokines; a 
defect/deficiency of inhibitory factors may lead to perpetuation and exaggeration of 
survival signals and increased transcription factors.  
Gilligan et al. showed that aging neutrophils (unprimed) were capable of translocating PR3 
and MPO to the membrane during apoptosis, as assessed by increased ANCA binding 
(Gilligan, 1996). Another study showed that a small sub-fraction of TNFα-accelerated 
apoptotic neutrophils expressed higher levels of PR3 and MPO than TNFα-primed live 
neutrophils (Kettritz, 2002). Also, Kantari et al have shown that scramblase-1 translocates 
PR3 to the plasma membrane in a flip-flop manner during apoptosis (Kantari, 2007). In 
contrast, Yang et al demonstrated that the level of mPR3 is similar between apoptotic and 
non-apoptotic primed neutrophils (Yang, 2000). Our group has shown that though there is 
an increased fraction of neutrophils double-positive for membrane PR3 and CD177 in AASV 
(69% for AASV, 58% for HBD; p=0.004) expression, the percentage of double positive 
neutrophils does not correlate with the  rate of neutrophil apoptosis, suggesting that 
membrane PR3 is not a pre-apoptotic marker (un-published data). Thus, although evidence 

 
The Role of Proteinase 3 and Neutrophils in ANCA-Associated Systemic Vasculitis 

 

105 

for increased membrane expression of auto-antigen in apoptotic neutrophils is inconclusive, 
it can be concluded that MPO and PR3 remain accessible for ANCA on the membrane of 
apoptotic neutrophils. Interestingly, Patry et al showed that injection of syngenic apoptotic 
neutrophils, but not freshly isolated neutrophils, into Brown Norway rats resulted in 
development of p-ANCA, with the majority being specific for elastase, again indicating that 
apoptotic neutrophils may boost an autoimmune response (Patry, 2001). Intraperitoneal 
infusion of live or apoptotic human neutrophils (but not formaline fixed or lysed 
neutrophils) into C57BL/6J mice resulted in development of ANCA specific for lactoferrin 
or myeloperoxidase. A second intravenous infusion of apoptotic neutrophils resulted in the 
development of PR3-specific ANCA. Again no vasculitic lesions were found in those mice 
developing ANCA.  
ANCA themselves may dysregulate the process of neutrophil apoptosis. In an in vitro study 
conducted by Harper et al., ANCAs accelerated apoptosis of TNF--primed neutrophils by a 
mechanism dependent on NADPH oxidase and the generation of ROS (Harper, 2000). This 
was accompanied by uncoupling of the nuclear and cytoplasmic changes from the surface 
membrane changes. That is, while apoptosis progressed more rapidly, there was no 
corresponding change in the rate of externalization of PS (phosphatidyl serine) following 
activation of neutrophils by ANCAs. This dysregulation created a ‘reduced window of 
opportunity’ for phagocyte clearance by macrophages, leading to a more pro-inflammatory 
environment. It must be noted here that ANCAs were unable to accelerate apoptosis in 
unprimed neutrophils. Additionally, although there was increased expression of PR3 and 
MPO as apoptosis progressed, ANCAs were unable to activate these neutrophils. In fact, 
there was a time dependent decrease in ROS generation as these neutrophils aged. ANCA 
accelerates neutrophil apoptosis via generation of ROS, which act as amplifying factors for 
apoptosis. ROS are critical since neutrophils isolated from patients with chronic 
granulomatous disease (causing a defect in ROS production) do not show accelerated 
apoptosis after ANCA activation. The same authors, in a later study, as well as another 
independent group have shown that ANCA binding to apoptotic neutrophils enhanced 
phagocytosis by human monocyte-derived macrophages but also increased the secretion of 
pro-inflammatory cytokines like IL-1, IL-8 and TNF-α (Harper, 2000; Harper, 2001). IL-1 and 
IL-8 are capable of retarding apoptosis and are powerful chemoattractants. A pro-
inflammatory neutrophil clearance will result in further cell recruitment and perpetuation of 
inflammation.  
Apoptosis plays a crucial role in resolution of inflammation and maintaining self-tolerance. 
Defects in apoptotic pathways could potentially lead to the persistence of autoreactive T- or 
B-cells and contribute to development of autoimmune disease. Apoptotic neutrophils are a 
potential source of immunologically exposed neutrophil antigens that promote the 
production of ANCAs. From the available evidence, it may be inferred that there exists an 
altered neutrophil phenotype in AASV, which may be directly related to disease 
pathogenesis.  
Enough evidence has accumulated for us to reasonably conclude that the neutrophils 
constitute two, molecularly well demarcated, sub-populations; one is positive for mPR3 and 
CD177 and the other subpopulation is negative for PR3 and CD177. The proportion of 
mPR3+/CD177+ cells is remarkably stable in a given individual, while a wide inter-
individual variation can be observed. It is likely that these two subpopulations have distinct 
functions, which may have a direct bearing on pathophysiological processes. Membrane 
CD177 helps neutrophils adhere to the endothelium, while m-PR3 helps this positive 
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development of p-ANCA, with the majority being specific for elastase, again indicating that 
apoptotic neutrophils may boost an autoimmune response (Patry, 2001). Intraperitoneal 
infusion of live or apoptotic human neutrophils (but not formaline fixed or lysed 
neutrophils) into C57BL/6J mice resulted in development of ANCA specific for lactoferrin 
or myeloperoxidase. A second intravenous infusion of apoptotic neutrophils resulted in the 
development of PR3-specific ANCA. Again no vasculitic lesions were found in those mice 
developing ANCA.  
ANCA themselves may dysregulate the process of neutrophil apoptosis. In an in vitro study 
conducted by Harper et al., ANCAs accelerated apoptosis of TNF--primed neutrophils by a 
mechanism dependent on NADPH oxidase and the generation of ROS (Harper, 2000). This 
was accompanied by uncoupling of the nuclear and cytoplasmic changes from the surface 
membrane changes. That is, while apoptosis progressed more rapidly, there was no 
corresponding change in the rate of externalization of PS (phosphatidyl serine) following 
activation of neutrophils by ANCAs. This dysregulation created a ‘reduced window of 
opportunity’ for phagocyte clearance by macrophages, leading to a more pro-inflammatory 
environment. It must be noted here that ANCAs were unable to accelerate apoptosis in 
unprimed neutrophils. Additionally, although there was increased expression of PR3 and 
MPO as apoptosis progressed, ANCAs were unable to activate these neutrophils. In fact, 
there was a time dependent decrease in ROS generation as these neutrophils aged. ANCA 
accelerates neutrophil apoptosis via generation of ROS, which act as amplifying factors for 
apoptosis. ROS are critical since neutrophils isolated from patients with chronic 
granulomatous disease (causing a defect in ROS production) do not show accelerated 
apoptosis after ANCA activation. The same authors, in a later study, as well as another 
independent group have shown that ANCA binding to apoptotic neutrophils enhanced 
phagocytosis by human monocyte-derived macrophages but also increased the secretion of 
pro-inflammatory cytokines like IL-1, IL-8 and TNF-α (Harper, 2000; Harper, 2001). IL-1 and 
IL-8 are capable of retarding apoptosis and are powerful chemoattractants. A pro-
inflammatory neutrophil clearance will result in further cell recruitment and perpetuation of 
inflammation.  
Apoptosis plays a crucial role in resolution of inflammation and maintaining self-tolerance. 
Defects in apoptotic pathways could potentially lead to the persistence of autoreactive T- or 
B-cells and contribute to development of autoimmune disease. Apoptotic neutrophils are a 
potential source of immunologically exposed neutrophil antigens that promote the 
production of ANCAs. From the available evidence, it may be inferred that there exists an 
altered neutrophil phenotype in AASV, which may be directly related to disease 
pathogenesis.  
Enough evidence has accumulated for us to reasonably conclude that the neutrophils 
constitute two, molecularly well demarcated, sub-populations; one is positive for mPR3 and 
CD177 and the other subpopulation is negative for PR3 and CD177. The proportion of 
mPR3+/CD177+ cells is remarkably stable in a given individual, while a wide inter-
individual variation can be observed. It is likely that these two subpopulations have distinct 
functions, which may have a direct bearing on pathophysiological processes. Membrane 
CD177 helps neutrophils adhere to the endothelium, while m-PR3 helps this positive 
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subpopulation to migrate through the endothelium and interstitial tissues. It may be 
inferred that the mPR3+/CD177+ cells possess greater killing capabilities, including higher 
NET and ROS production, than the mPR3–/CD177– sub-population. In simplistic terms, the 
mPR3+/CD177+ neutrophils may be the designated “fighting” neutrophils, designed to 
migrate from blood into tissues and promote pro-inflammatory, microbicidal functions, 
while mPR3-negative neutrophils are destined to stay in the intra-vascular compartment, 
until they are filtered by bone marrow, liver or pancreas and undergo apoptosis. Functional 
defects that lead to change in the proportion of mPR3+/CD177+ cells would, by default, 
promote a pro-inflammatory state.  The elevated/ up-regulated transcription factors in 
patients of AASV, may potentially explain the increased PR3-mRNA expression and the 
decreased neutrophil apoptosis; decreased apoptosis rate as well as the elevated 
transcription factors provide indirect evidence for an altered neutrophil phenotype in 
AASV. Alteration in apoptosis and membrane expression of PR3/CD177 are clearly linked 
to the pathophysiology of this disease. Future studies must be aimed at elucidating the 
mechanisms underlying the altered neutrophil phenotype. Possible directions include: 
measurement of Fas in the plasma as well as membrane expression of Fas and Fas Ligand on 
neutrophils, evaluation of G-CSF receptor, GM-CSF receptor and IL-3 receptor over-
expression by neutrophils, measurement of JAK-2 inhibition by measurement of SHIP-1, 
SOCS-1 and SOCS-3 in neutrophils. It may also be worthwhile to search for, hitherto 
unknown, exogenous survival factors in the plasma or endogenous survival factors inside 
the neutrophils. The significance of an altered neutrophil phenotype in AASV is certainly 
intriguing and, will hopefully stimulate detailed and quality research into its mechanisms 
and pathophysiological role.  
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1. Introduction 
Vasculitis has historically been poorly defined and the histological and clinical 
manifestations are protean, further complicating the diagnostic process. The definitive 
diagnosis is made by evidence of histologic effacement of a vessel with associated 
transumural inflammatory infiltrate of that vessel. Vasculitis can be a primary process or 
secondary to disseminated intravascular coagulation, ulceration, arthropod assault, and/or 
suppurative infiltrates (for example pyoderma gangrenosum). Vasculitis must further be 
distinguished from vasculopathies, particularly livedoid vasculopathy and connective tissue 
diseases (namely scleroderma and systemic lupus erythematosus) in which the primary 
process is vascular fibrin thrombi of the upper dermal vessels. A necrotizing vasculitis 
resulting secondary to the thrombotic process can occur, blurring the lines between true 
vasculitis and vasculopathy. Very few vasculitic processes have pathognomonic histological 
findings. Often times the dermatopathologist and clinician must work in concert and 
combine clinical, histological, and laboratory data to determine what the primary process is. 
As previously stated, histological evidence of inflammatory infiltrate within the vessel wall 
must be seen in order to diagnose vasculitis. Associated findings include fibrinoid necrosis, 
endothelial swelling, and endothelial cell apoptosis (Carlson, et al., 2005). Other secondary 
changes including extravasation of red blood cells, necrosis, ulceration, and 
neovascularization suggest that there has been vascular damage (Carlson et al., 2005). 
Associated changes can also be seen in the sweat glands and include basal cell degeneration, 
necrosis, and basal cell hyperplasia (Akosa & Lampert, 1991). Changes in the adjacent tissue 
can aid the dermatopathologist in determining what the underlying etiology causing the 
vasculitis could be. Extravascular granulomas characterized by degenerating collagen 
bundles surrounded by eosinophils and flame figures (“red” granulomas) are seen in Churg 
Strauss Syndrome while extravascular granulomas characterized by degenerating collagen 
bundles surrounded by basophilic debris (“blue” granulomas) are seen in Wegener’s 
granulomatosis and rheumatoid vasculitis (Carlson, 2010). Dermal lamellar fibrosis can be 
seen in erythema elevatum diutinum and granulomas faciale (Carlson et al., 2005). Direct 
immunofluorescence adds another important diagnostic piece of information. Absence of 
immune complex deposition (pauci-immune vasculitis) is seen in Wegener’s 
granulomatosis, microscopic polyangiitis, and Churg Strauss syndrome (Carlson, 2010). 
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Peri-vascular deposition of IgG, IgM, and/or C3 is seen in cutaneous leukocytoclastic 
angiitis, urticarial vasculitis, and connective tissue disease vasculitis (Carlson et al., 2005). 
Vascular deposits of IgA are found in Henoch Schonlein purpura while deposition of IgM is 
seen in cryoglobulinemic vasculitis (Carlson, 2010). Basement membrane zone deposition of 
immunoglobulins can be seen in urticarial vasculitis and connective tissue disease vasculitis 
(Carlson et al., 2005). 
The most common classification system of vasculitides is based on the size of the affected 
vessel. While biopsy is required for definitive diagnosis, the size of the affected vessel 
correlates with the cutaneous lesions seen. Large vessel involvement manifests as limb 
claudication, absent pulses, aortic dilation, bruits, and/or asymmetric blood pressure (Chen & 
Carlson, 2008). Giant cell (temporal) arteritis and Takayasu’s arteritis are examples of this 
(Carlson, 2010). Vasculitis involving medium sized (muscular) vessels manifest as 
subcutaneous nodules, deep ulcers, livedo reticularis, palmar or digital scars, digital gangrene, 
mononeuritis, erythematous nodules, and aneurysms (Chen & Carlson, 2008). Examples of this 
include polyarteritis nodosa, Kawasaki disease, and nodular vasculitis (Carlson, 2010). Small 
vessel vasculitis can be further subdivided into two categories: immune complex mediated 
vasculitis arising in small post-capillary venules or non-immune complex mediated vasculitis 
arising in small muscular arteries and arterioles. Small vessel vasculitis appears as purpura, 
erythema, urticaria, vesiculobullous lesions, superficial ulcers, and splinter hemorrhages 
(Chen & Carlson, 2008). Examples of this include cutaneous leukocytoclastic vasculitis, 
Henoch Schonlein purpura, urticarial vasculitis, Churg Strauss vasculitis, Wegener’s 
granulomatosis, and microscopic polyangiitis (Carlson, 2010).  
Biopsy location, depth, and timing must be taken into consideration by the clinician to 
increase the diagnostic yield. Since small vessels reside in the upper dermis while medium 
sized, muscular vessels are found in the deep dermis and subcutis, a punch or excisional 
biopsy is required to ensure adequate sampling of all vessel sizes (Carlson et al., 2005). 
Biopsies performed within 48 hours after the onset of lesions can show a neutrophilic, 
eosinophilic, or lymphocytic infiltration, depending on the underlying process (Chen & 
Carlson, 2008). However, after 48 hours, lymphocytes replace the other inflammatory cells, 
regardless of the underlying etiology and will therefore be non-diagnostic (Chen & Carlson, 
2008). Fibrosis, luminal obliteration, and lamination of the vessel wall is seen in healed 
lesions of vasculitis (Chen et al., 2005). Biopsy from a patient with livedo racemosa must be 
taken from the center white areas rather then the peripheral red areas since this is where the 
vascular stenosis can be seen (Carlson, 2010). Biopsy of superficial ulcers should be taken 
from non-ulcerated skin or from the edge of the ulcer whereas biopsy of deep ulcers should 
be taken central to the ulcer and include subcutaneous tissue to increase the diagnostic yield 
of medium sized vessel vasculitis (Chen & Carlson, 2008). 

2. Small vessel vasculitis 
2.1 Immune complex mediated vasculitis in post capillary venules 
2.1.1 Cutaneous leukocytoclastic angiitis 
Cutaneous leukocytoclastic angiitis (CLA) is also known as cutaneous leukocytoclastic 
vasculitis, hypersensitivity vasculitis/angiitis, allergic vasculitis, and necrotizing vasculitis 
(Carlson & Chen, 2006). The Chapel Hill Consensus Conference (CHCC) defines CLA as an 
isolated cutaneous leukocytoclastic vasculitis in the absence of systemic vasculitis (Carlson 
et al., 2005). Patients are typically middle aged adults with a recent history of exercise in hot 
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weather (Chen & Carlson, 2008). Less than 10% of patients may present with renal or 
gastrointestinal involvement, however, this systemic vasculitis variant of CLA has yet to be 
formally recognized (Carlson, 2010). Etiology may be secondary to medications, viral upper 
respiratory infection, or collagen vascular diseases; however, in the majority of cases no 
etiology will be identified (Grunwald et al., 1997).  
The cutaneous manifestations include crops of palpable purpura over the lower extremities 
associated with pruritus, stinging, tenderness, or burning (Chen & Carlson, 2008). Rarely 
patients may present with erythema and hemorrhagic bullae on the lower extremities 
(Carlson, 2010). Areas of ecchymoses and hyperpigmenation are seen as the lesions resolve 
over a period of 3-4 weeks (Chen & Carlson, 2008).  
The general pathologic features of CLA on a skin biopsy include fibrin deposits, 
neutrophilic perivascular infiltration of small vessels, and nuclear debris (leukocytoclasia) 
(Carlson & Chen, 2006) (see Figures 1 and 2). Hemophagocytosis can also be seen (Draper & 
Morgan, 2007). The pathologic features of CLA change with temporal evolution. Early 
lesions are characterized by a neutrophil dominant vasculitis in the upper to mid dermis 
which then progresses to a mononuclear predominant vasculitis within 120 hours after the 
onset of the lesions (Zax et al., 1990) (see Figure 3). Epidermal involvement including vesicle 
formation and ulceration can also be identified (Grunwald et al., 1997). The healing lesions 
show regenerative endothelial cells, fibrin deposits within vessel walls, and a mild 
monocytic perivascular infiltrate (Grunwald et al., 1997) (see Figure 4). The other classic 
features of CLA including extravasation of erythrocytes, fibrinoid necrosis, and epidermal 
necrosis fade as the lesions age (Zax et al., 1990). Rarely a necrotizing venulitis can be seen 
extending through the mid and deep dermis (Carlson, 2010). 
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Peri-vascular deposition of IgG, IgM, and/or C3 is seen in cutaneous leukocytoclastic 
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weather (Chen & Carlson, 2008). Less than 10% of patients may present with renal or 
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monocytic perivascular infiltrate (Grunwald et al., 1997) (see Figure 4). The other classic 
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Fig. 2. Cutaneous Leukocytoclastic Angiitis. Neutrophilic perivascular infiltration of small 
vessels with accompanying leukocytoclasia consisting of karryorhectic nuclear debris (H&E, 
400x). 
 

 
Fig. 3. Cutaneous Leukocytoclastic Angiitis. Fibrinoid necrosis of the vessel walls is 
characteristic (H&E, 400x). 
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Fig. 4. Cutaneous Leukocytoclastic Angiitis. Intravascular fibrin thrombi are common and 
may be accompanied by epidermal infarction (H&E, 400x). 

Nuclear dust was previously considered to be pathoneumonic for CLA, however, several 
reports have shown it is also present in linear IgA bullous dermatosis, inflammatory type of 
epidermolysis bullosa acquisita, septic vasculitis, and dermatitis herpetiformis (LeBoit, 
2005). Further, not all nuclear dust is neutrophilic in origin. Lymphocytic inflammation can 
also result in nuclear dust in entities such as subcutaneous panniculitis like T-cell 
lymphoma, Kikuchi’s disease, and irritated lichenoid keratosis (LeBoit, 2005). 
Direct immunofluorescence is positive in 92% of cases and can be used during all stages of 
lesions (Grunwald et al., 1997). Detection of immunoreactants has the highest yield when 
taken from lesional rather than peri-lesional skin (Barnadas et al., 2004). Deposits of 
fibrinogen, C3 and IgM are most frequently present, but rarely IgG and C4 can also be seen 
(Grunwald et al., 1997). Deposition of IgA can also be seen in conjunction with IgM or IgG, 
distinguishing CLA from Henoch Schonlein Purpura in which IgA deposition is found in 
isolation (Sais & Vidaller, 2005). 

2.1.2 Urticarial vasculitis 
Urticarial vasculitis (UV) is a clinicopathologic entity characterized by urticarial lesions or 
faint purpura persisting longer than 24 hours which on histology show a leukocytoclastic 
vasculitis (Aboobaker & Greaves, 1986). Patients are typically female in their fourth to fifth 
decade of life (Chen & Carlson, 2008). Systemic symptoms such as fever, angioedema, 
arthralgias, and abdominal pain are usually present (Mehregan et al., 1992). Two clinical 
variants, hypocomplementemia UV (HUV) and normocomplementemia UV (NUV), exist. 
Patients with HUV are more likely to be female and present with more severe disease along 
with arthralgia, glomerulonephritis, uveitis, recurrent abdominal pain, and/or obstructive 
lung disease (Chen & Carlson, 2008). The cause of UV is mostly unknown;, however, it can 
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be a manifestation of connective tissue diseases such as systemic lupus erythematosus or 
Sjögren’s syndrome or be associated with viral infections, serum sickness, drug reactions, 
and exercise (Carlson & Chen, 2006).  
Cutaneous findings which help to distinguish UV from chronic urticaria include burning, 
painful, or pruritic hive-like plaques persisting longer than 24 hours but which fade within 
72 hours leaving residual areas of hypopigmentation (Carlson, 2010). Lesions tend to favor 
the trunk and proximal extremities (Fiorentino, 2003). 
The minimal criteria required for diagnosis of UV are leukocytoclasia or fibrin deposits with 
or without extravasated red blood cells, features which can be subtle and overlap with the 
histologic findings seen in cutaneous leukocytoclastic angiitis (Black, 1999). There is a wide 
spectrum of histologic findings in UV, ranging from sparse neutrophilic infiltrate of small 
vessels to more severe lesions with a dense neutrophilic vasculitis, leukocytoclasia, 
extravasated red blood cells, endothelial cell swelling and fibrin deposits (Jones et al., 1983). 
The superficial and mid-dermal vessels are most commonly affected, however, vascular 
destruction can extend into the deep dermal and pannicular vessels (Davis et al., 1998; 
Mehregan et al., 1992). Neutrophilic vasculitis is more common in HUV whereas 
eosinophilic vasculitis predominates in NUV (see Figure 5) (Davis et al., 1998). 
 

 
Fig. 5. Urticarial Vasculitis. A prominent eosinophilic infiltrate is present (H&E, 400x) 

Direct immunofluorescence reveals peri-vascular deposits of C3 and immunoglobulins, 
mostly IgM, however, DIF is more frequently positive in HUV as opposed to NUV (87% 
versus 29%) (Mehregan et al., 1992). Likewise, basement membrane deposition of 
immunoglobulins and/or C3 is seen on DIF, but more commonly in HUV than NUV (70% 
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versus 18%) (Mehregan et al., 1992). 70% of patients with basement membrane deposition of 
immunoreactants will also have glomerulonephritis (Chen & Carlson, 2008).  

2.1.3 Henoch schonlein purpura 
Henoch Schonlein Purpura (HSP) represents approximately 10% of all cutaneous vasculitis 
cases and is the most common vasculitis in children, comprising about 90% of all cases 
(Carlson, 2010). HSP typically occurs in children aged four to eight years old with a history 
of upper respiratory tract infection one to two weeks prior to onset of symptoms (Fiorentino, 
2003). The initial diagnosis of HSP required palpable purpura, gastrointestinal involvement, 
arthritis, and nephritis, however, it is now recognized that not all patients present with this 
tetrad of symptoms (Fiorentino, 2003). The only diagnostic criterion for HSP according to 
the Chapel Hill Consensus Conference (CHCC) guidelines is demonstration of IgA deposits 
affecting small vessels (Carlson et al., 2005). The CHCC definition is not specific for HSP, 
however, since IgA vascular deposits are also seen in erythema nodosum, venous stasis, 
cryoglobulinemia, coagulopathic vasculopathies, and livedoid vasculitis (Carlson & Chen, 
2006). The diagnosis of HSP according to the American College of Rheumatology (ACR) 
requires two of the following: palpable purpura, age less than 20 years, abdominal pain, 
and/or neutrophilic vasculitis (Carlson et al., 2005). One could confuse HSP with mixed 
cryoglobulinemia, Wegener’s granulomatosis, collagen vascular disease, 
hypocomplementemic vasculitis, and microscopic polyarteritis nodosa if only the more 
clinical ACR criteria are used for diagnosis, which does not require the demonstration of 
IgA deposits on direct immunofluorescence (DIF) (Magro & Crowson, 1999). Therefore, 
features more sensitive and specific for HSP include IgA vascular deposits and two or more 
of the following clinical features: age less than or equal to 20 years, abdominal pain or 
hematochezia, preceding upper respiratory tract infection, and/or hematuria or renal 
biopsy with mesangioproliferative glomerulonephritis with or without IgA deposits 
(Carlson, 2010). 
Long term follow up of these patients is paramount as 20% of children who present with 
renal involvement or who have an abnormal urinalysis at the time of diagnosis will progress 
to chronic renal failure within 20 years (Chen & Carlson, 2008). The presence of nephrotic 
syndrome, hypertension, or renal failure at the outset are poor prognostic factors in children 
(Carlson & Chen, 2006). Adults who present with fever, rash above the waist, and an 
elevated erythrocyte sedimentation rate are more likely to have renal involvement (Chen & 
Carlson, 2008). 
Cutaneous manifestations of HSP include symmetric macular erythema of the buttocks and 
lower extremities which progresses to palpable purpura that usually resolves within 10 to 14 
days (Fiorentino, 2003). 
The prototypic pathology of HSP shows a small vessel neutrophilic vasculitis 
indistinguishable from that seen in CLA (see Figure 6) (Carlson & Chen, 2006). At least three 
of the following features have been suggested as being specific for HSP: superficial plaques 
rather than palpable purpura, skin necrosis, retiform margins of lesions, or a livedoid 
pattern of hemorrhage (Piette & Stone, 1989). While the vasculitis is usually limited to the 
superficial and mid-dermal vessels, pandermal involvement can be seen (Magro & 
Crowson, 1999). A severe reaction which recapitulates a Sweet’s like vascular reaction, 
neutrophilic interface dermatitis, dermatitis herpetiformis like abscesses, and adnexal 
infiltration by neutrophils can also be seen (Magro & Crowson, 1999). 
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Fig. 6. Henoch Schonlein Purpura. Lesions of HSP are notable for marked red cell 
extravasation (H&E, 200x). 

DIF reveals vascular deposits of IgA, predominately the IgA1 subclass (Egan et al., 1998). 
The sensitivity of DIF increases dramatically when performed on biopsies of lesions less 
than 48 hours in duration as compared to lesions of longer duration (85% versus 27%) 
(Murali et al., 2002). 
Acute infantile hemorrhagic edema (AIHE) (also known as Finkelstein’s Disease) is 
considered by some to be a variant of HSP characterized by fever, annular or targetoid skin 
lesions, and edema, (Carlson & Chen, 2006). Other authors consider AIHE a distinct entity 
from HSP owing to the fact that patients with AIHE are younger and have shorter disease 
courses than those patients with HSP (Karremann et al., 2009). Additionally, complications 
common to HSP, such as intestinal bleeding and renal involvement, are rare in AIHE 
(Karremann et al., 2009). Sudden onset of symptoms is seen after an upper respiratory 
infection, drug ingestion, or vaccination (Millard et al., 1999). The same small vessel 
neutrophilic vasculitis seen in HSP is also seen in AIHE, however, deposition of IgA is not a 
feature in AIHE (Legrain et al., 1991). Patients typically follow a benign clinical course with 
spontaneous resolution in 12-20 days (Millard et al., 1999). 

2.1.4 Cryoglobulinemic vasculitis 
Cryoglobulins are immunoglobulins which will precipitate when serum is cooled to 
temperatures less than 37o C (Cohen et al., 1991). Cryoglobulinemia is divided into three 
types: Type I is composed of monoclonal immunoglobulins, type II has mixed monoclonal 
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and polyclonal immunoglobulins (monoclonal IgM and polyclonal IgG), and type III has 
only polyclonal immunoglobulins (polyclonal IgM and IgG) (Sansonno & Dammacco, 2005). 
Type I produces small vessel hyaline thrombi, not a true vasculitis, while types II and III 
result in cryoglobulinemic vasculitis (CV) (Carlson & Chen, 2006). Mixed 
cryoglobulinemia (types II and II) is associated with connective tissue diseases, 
lymphoproliferative disorders (although these are more frequently seen in association 
with type I), and infectious diseases (Cohen et al., 1991). Mixed cryoglobulinemia is 
frequently a manifestation of hepatitis C infection, although these patients less frequently 
present with vasculitis (Kapur et al., 2002).  
The clinical triad of CV (mixed cryoglobulinemia with vasculitis) includes purpura induced 
by exposure to cold or prolonged standing, arthralgia, and weakness (Chen & Carlson, 
2008). Non-pruritic, intermittent purpura invariably involving the lower extremities with 
facial and trunk sparring is always seen, however, petechiae, livedo reticularis, skin 
necrosis, ulcerations, and urticaria can rarely be present (Fiorentino, 2003). Other rare 
cutaneous presentations include polyarteritis nodosa like lesions, splinter hemorrhages, and 
palmar erythema (Chen & Carlson, 2008). Systemic manifestations include renal disease 
(presenting as hematuria, edema, or hypertension), liver disease (presenting from elevated 
liver enzymes and hepatomegaly to frank cirrhosis), gastrointestinal involvement 
(presenting as abdominal pain or gastrointestinal bleeding), lymphadenopathy, 
polyneuropathy, and pericarditis (Gorevic et al., 1980). 
Skin biopsy of CV will demonstrate a neutrophilic vasculitis equally affecting small 
vessels in the papillary dermis and subcutaneous tissue (Cohen et al., 1991). Other 
histologic findings include endothelial swelling, extravasation of red blood cells, hyaline 
thrombi, and fibrinoid necrosis (Cohen et al., 1991; Gorevic et al., 1980). Rarely a 
lymphocytic small vessel vasculitis can be seen (Cohen et al., 1991). Direct 
immunofluorescence frequently reveals the presence of immunoreactants in vessel walls 
(typically IgG, IgM and/or C3) (Cohen et al., 1991; Gorevic et al., 1980). Deposition of 
immunoreactants along the basement membrane zone is not commonly seen (Gorevic et 
al., 1980). Hepatitis C proteins can be detected within vessel walls, even in the absence of 
vasculitis, and also within keratinocytes in patients with Hepatitis C virus and concurrent 
acute vasculitis (Sansonno & Dammacco, 2005). 

2.1.5 Drug induced vasculitis 
Approximately 20% of all cutaneous vasculitis eruptions result from an adverse drug 
reaction (Carlson, 2010). The interval between ingestion of the drug and onset of the 
vasculitis varies from hours to years and can commence with dosage increases or re-
challenge with the agent (Carlson & Chen, 2006). The most common offenders in drug 
induced vasculitis include propylthiouracil, hydralazine, granulocyte-colony stimulating 
factor, cefaclor, minocycline, allopurinol, penicillamine, phenytoin, isotretinoin, and 
methotrexate (ten Holder et al., 2002). 
While specific cutaneous and systemic findings vary with the offending drug (see Table 1), 
patients who present with limited cutaneous vasculitis in the absence of systemic 
involvement usually present with a maculopapular or vesicular rash over the extremities 
while patients with systemic vasculitis typically present with a maculopapular, vesicular, or 
purpuric rash which is not limited to the extremities (Mullick et al., 1979).  
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palmar erythema (Chen & Carlson, 2008). Systemic manifestations include renal disease 
(presenting as hematuria, edema, or hypertension), liver disease (presenting from elevated 
liver enzymes and hepatomegaly to frank cirrhosis), gastrointestinal involvement 
(presenting as abdominal pain or gastrointestinal bleeding), lymphadenopathy, 
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2.1.5 Drug induced vasculitis 
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reaction (Carlson, 2010). The interval between ingestion of the drug and onset of the 
vasculitis varies from hours to years and can commence with dosage increases or re-
challenge with the agent (Carlson & Chen, 2006). The most common offenders in drug 
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factor, cefaclor, minocycline, allopurinol, penicillamine, phenytoin, isotretinoin, and 
methotrexate (ten Holder et al., 2002). 
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purpuric rash which is not limited to the extremities (Mullick et al., 1979).  
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 Systemic Organs Involved Cutaneous Findings Duration of 
Therapy before 
Onset of 
Symptoms 

Propylthiouracil Renal (focal segmental 
glomerulosclerosis, mesangial 
proliferation), Pulmonary 
(hemoptysis, wheezing, 
congestion, cough, dyspnea), 
Musculoskeletal (myositis, 
cramping, elevated creatine 
kinase), Ear (decreased hearing, 
bilateral deafness, tinnitus) 

Purpuric lesions progressing 
to necrotic ulcers 

3 days-7 years 

Hydralazine Renal (pauci-immune 
glomerulonephritis), Pulmonary, 
Musculoskeletal (arthralgias, 
myalgias) 

Palpable purpura, 
maculopapular eruptions on 
the lower extremities and 
hemorrhagic blisters on the 
legs, arms, trunk, nasal 
septum, and uvula 

6 months-13 years 

Granulocyte 
Colony Stimulating 
Factor 

Systemic symptoms less 
common; Renal (vasculitis), 
Musculoskeletal (arthralgias) 

Subcutaneous nodules, 
purpura, hemorrhagic bullae, 
erythematous macules 

Days to Weeks 

Allopurinol Always presents with systemic 
symptoms; Renal 
(glomerulonephritis), Hepatic 
(elevated liver enzymes, 
granulomatous infiltration), 
Musculoskeletal (myalgias), 
Other (lymphadenopathy, 
seizures)

Macular rash more 
prominent on the back and 
abdomen, non-follicular 
macular exanthem on trunk 
and proximal extremities, 
erythema multiforme 

2 hours-9 years 

Cefaclor Renal and Musculoskeletal Serum sickness like reaction 
limited to the face and 
extremities 

1-2 weeks 

Minocycline Renal (elevated creatinine), 
Hepatic (elevated liver enzymes), 
Ocular (conjunctivitis, swelling of 
the eye), Musculoskeletal 
(arthralgias, polyarthritis) 

Urticarial eruption, 
erythema nodosum, non-
palpable purpura, livedo 
reticularis, erythematous 
macular eruptions 

9 days-9 months 

Penicillamine Renal (glomerulonephritis), 
Pulmonary (coughing, 
hemoptysis, lung infiltrates) 

Cutaneous ulcers on hands 
and ears, purpuric rash 

2 months-18 years 

Phenytoin High mortality rate; vasculitis 
involving the kidney, liver, 
spleen, and lung 

Pruritic maculopapular rash 1 week-17 years 

Isotretinoin Renal (glomerulonephritis), 
Pulmonary (Wegener’s 
granulomatosis), Musculoskeletal 
(myalgias, arthralgias) 

Pruritic papules 6-16 weeks 

Methotrexate Fever Erythematous palpable 
purpura 

1-5 days 

Adapted from ten Holder et al., 2002 

Table 1. Drugs Most Frequently Associated with Vasculitis 
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Numerous cases report positive ANCA following ingestion of certain drugs. The drugs most 
commonly associated with ANCA positive vasculitis are propylthiouracil and hydralazine. 
Methimazole, phenytoin, thiazide, minocycline, allopurinol, penicillamine, sulfasalazine, 
cephotaxime, and retinoids have also been implicated (Cuellar, 2002). Cutaneous findings in 
patients with drug induced ANCA associated vasculitis include acral purpuric plaques and 
nodules, most commonly found on the extremities, face, breast, and ears (Fiorentino, 2003). 
Systemic involvement is more common in the ANCA associated drug induced vasculitides 
(Chen & Carlson, 2008). 
 Other drugs can cause a vasculitis which clinically and histologically resembles urticarial 
vasculitis (appetite suppressants, methotrexate, procainamide, fluoxetine), Churg Strauss 
syndrome (leukotriene inhibitors, macrolides), Henoch-Schonlein purpura 
(propylthiouracil, levodopa, carbidopa), and Wegener’s granulomatosis (propylthiouracil) 
(Cuellar, 2002). 
Skin biopsy usually reveals a leukocytoclastic vasculitis (LCV) similar to that seen in other 
small vessel vasculitis syndromes characterized by vascular and interstitial neutrophilic 
infiltration, leukocytoclasis, endothelial cell swelling, fibrinoid necrosis, and extravasation 
of red blood cells (Bahrami et al., 2006). Determining a drug induced versus non-drug 
induced etiology is a diagnostic dilemma for clinicians and pathologists. Tissue eosinophilia 
can be present in drug induced LCV, however, its existence does not exclude other non-
drug induced etiologies such as arthropod assault, which will also show prominent 
interstitial eosinophils (Bahrami et al., 2006). One study suggested the presence of vascular 
fibrin deposition should exclude a drug related LCV, however, later studies have failed to 
replicate this findings (Bahrami et al., 2006; Mullick et al., 1979). Intravascular fibrin thrombi 
and epidermal changes including vesicle formation can occasionally be seen (Bahrami et al., 
2006). 
Recent attention has been given to vasculitis secondary to cocaine adulterated with 
levamisole. Patients present clinically with retiform purpura and skin biopsy shows a 
leukocytoclastic vasculitis with thrombosis (Walsh et al., 2010). Mural fibrin, extravasated 
red blood cells, nuclear dust, and luminal thrombosis can also be seen (see Figure 7) (Waller 
et al., 2010). A diagnostic pit fall for clinicians and dermatopathologists is “cocaine-induced 
pseudovasculitis” in which the clinical and serologic findings are suggestive of vasculitis, 
but the histopathologic findings of vasculitis are absent (Friedman & Wolfsthal, 2005). These 
patients can also present with retiform purpura and skin biopsy shows fibrin thrombi 
occluding small superficial and deep dermal vessels without evidence of vasculitis (Waller 
et al., 2010). 
Recent attention has been given to vasculitis secondary to cocaine adulterated with 
levamisole. Patients present clinically with retiform purpura and skin biopsy shows a 
leukocytoclastic vasculitis with thrombosis (Walsh et al., 2010). Mural fibrin, extravasated 
red blood cells, nuclear dust, and luminal thrombosis can also be seen (see Figure 7) (Waller 
et al., 2010). A diagnostic pit fall for clinicians and dermatopathologists is “cocaine-induced 
pseudovasculitis” in which the clinical and serologic findings are suggestive of vasculitis, 
but the histopathologic findings of vasculitis are absent (Friedman & Wolfsthal, 2005). These 
patients can also present with retiform purpura and skin biopsy shows fibrin thrombi 
occluding small superficial and deep dermal vessels without evidence of vasculitis (Waller 
et al., 2010). 
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Pathology of the Cutaneous Vasculitides: A Comprehensive Review 

 

125 
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cephotaxime, and retinoids have also been implicated (Cuellar, 2002). Cutaneous findings in 
patients with drug induced ANCA associated vasculitis include acral purpuric plaques and 
nodules, most commonly found on the extremities, face, breast, and ears (Fiorentino, 2003). 
Systemic involvement is more common in the ANCA associated drug induced vasculitides 
(Chen & Carlson, 2008). 
 Other drugs can cause a vasculitis which clinically and histologically resembles urticarial 
vasculitis (appetite suppressants, methotrexate, procainamide, fluoxetine), Churg Strauss 
syndrome (leukotriene inhibitors, macrolides), Henoch-Schonlein purpura 
(propylthiouracil, levodopa, carbidopa), and Wegener’s granulomatosis (propylthiouracil) 
(Cuellar, 2002). 
Skin biopsy usually reveals a leukocytoclastic vasculitis (LCV) similar to that seen in other 
small vessel vasculitis syndromes characterized by vascular and interstitial neutrophilic 
infiltration, leukocytoclasis, endothelial cell swelling, fibrinoid necrosis, and extravasation 
of red blood cells (Bahrami et al., 2006). Determining a drug induced versus non-drug 
induced etiology is a diagnostic dilemma for clinicians and pathologists. Tissue eosinophilia 
can be present in drug induced LCV, however, its existence does not exclude other non-
drug induced etiologies such as arthropod assault, which will also show prominent 
interstitial eosinophils (Bahrami et al., 2006). One study suggested the presence of vascular 
fibrin deposition should exclude a drug related LCV, however, later studies have failed to 
replicate this findings (Bahrami et al., 2006; Mullick et al., 1979). Intravascular fibrin thrombi 
and epidermal changes including vesicle formation can occasionally be seen (Bahrami et al., 
2006). 
Recent attention has been given to vasculitis secondary to cocaine adulterated with 
levamisole. Patients present clinically with retiform purpura and skin biopsy shows a 
leukocytoclastic vasculitis with thrombosis (Walsh et al., 2010). Mural fibrin, extravasated 
red blood cells, nuclear dust, and luminal thrombosis can also be seen (see Figure 7) (Waller 
et al., 2010). A diagnostic pit fall for clinicians and dermatopathologists is “cocaine-induced 
pseudovasculitis” in which the clinical and serologic findings are suggestive of vasculitis, 
but the histopathologic findings of vasculitis are absent (Friedman & Wolfsthal, 2005). These 
patients can also present with retiform purpura and skin biopsy shows fibrin thrombi 
occluding small superficial and deep dermal vessels without evidence of vasculitis (Waller 
et al., 2010). 
Recent attention has been given to vasculitis secondary to cocaine adulterated with 
levamisole. Patients present clinically with retiform purpura and skin biopsy shows a 
leukocytoclastic vasculitis with thrombosis (Walsh et al., 2010). Mural fibrin, extravasated 
red blood cells, nuclear dust, and luminal thrombosis can also be seen (see Figure 7) (Waller 
et al., 2010). A diagnostic pit fall for clinicians and dermatopathologists is “cocaine-induced 
pseudovasculitis” in which the clinical and serologic findings are suggestive of vasculitis, 
but the histopathologic findings of vasculitis are absent (Friedman & Wolfsthal, 2005). These 
patients can also present with retiform purpura and skin biopsy shows fibrin thrombi 
occluding small superficial and deep dermal vessels without evidence of vasculitis (Waller 
et al., 2010). 
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Fig. 7. Levamisole-Induced Vasculitis. Complete effacement of the vessel wall with 
extensive fibrin thrombosis and neutrophilic infiltrates reminiscent of an infectious etiology 
(H&E, 200x). 

2.1.6 Connective tissue disease associated vasculitis 
Connective tissue disease (CTD) vasculitis is an uncommon complication most frequently 
seen in patients with systemic erythematosus (SLE), rheumatoid arthritis (RA), and 
Sjögren’s syndrome (SS) but can also rarely be seen in dermatomyositis, scleroderma, and 
polychondritis (Carlson & Chen, 2006). The usual presentation is arterial and capillary 
involvement represented clinically by purpura, vesiculobullous lesions, urticaria, and 
splinter hemorrhages (Carlson, 2010). Ulcers, subcutaneous nodules, gangrene, livedo 
racemosa, and pyoderma gangrenosum can also be seen and represent arterial involvement 
(Carlson, 2010). 
Skin biopsy typically reveals a vasculitis of small vessels, although medium sized vessel 
involvement can occasionally be seen (see Figure 8) (Carlson, 2010). The findings of both 
small and medium sized vessel vasculitis in the same biopsy are characteristic of CTD 
vasculitis (Chen & Carlson, 2008). Patients with CTD vasculitis can show p-ANCA or, more 
rarely, c-ANCA on indirect immunofluorescence (Carlson & Chen, 2006). Serology for anti-
proteinase 3 and anti-myeloperoxidase is typically negative in these patients, ruling out 
Wegener’s granulomatosis and Churg Strauss syndrome, respectively (Merkel et al., 1997). 
While the histologic features of CTD vasculitis are similar despite the etiology, certain 
extravascular findings may help aid in distinguishing which specific CTD is present. 
Interface dermatitis with increased dermal mucin is seen in SLE and dermatomyositis; 
dermal sclerosis is seen in scleroderma; granulomatous dermatitis is seen in RA and SLE; 
and interstitial neutrophilia is seen in SLE and SS (Chen & Carlson, 2008). Chronic 
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lymphocytic vasculitis is the suspected etiology for endarteritis obliterans, a vasculopathy 
characterized by progressive blood vessel occlusion with subsequent internal organ 
ischemia seen in patients with CTD vasculitis (Carlson & Chen, 2006). 

2.1.7 Rheumatoid vasculitis 
Rheumatoid vasculitis (RV) is an uncommon complication of rheumatoid arthritis (RA) with 
significant mortality (Chen et al., 2002). RV is associated with high rheumatoid factor titer, 
joint erosions, extra-articular symptoms, rheumatoid nodules, male gender, increasing 
number of treatment with disease modifying agents, and prior treatment with D-
penicillamine or azathioprine (Sayah & English, 2005). Onset is typically 10-14 years after 
the onset of RA (Sayah & English, 2005). Diagnosis of RV requires RA plus one or more of 
the following: mononeuritis multiplex, acute peripheral neuropathy, peripheral gangrene, 
acute necrotizing vasculitis seen on biopsy plus systemic symptoms, or deep cutaneous 
ulcers or extra-articular disease if associated with infarcts or vasculitis (Sayah & English, 
2005). Cutaneous findings are the most common extra-articular manifestation in RV and can 
be seen in 80-89% of all patients and are frequently the presenting symptom (Chen et al., 
2002). Patients with cutaneous RV generally have a good prognosis while those with RV 
involving nerves or bowel typically have a fatal outcome (Carlson & Chen, 2006).  
 

 
Fig. 8. Lymphocytic Vasculitis. Connective tissue disease may present with a predominately 
lymphocytic infiltrate (H&E, 100x). 

Palpable purpura on the lower extremities is the most common cutaneous presentation 
(Genta et al., 2006). Other manifestations include ulcers, maculopapular erythema, 
hemorrhagic blisters, erythema elevatum diutinum, livedo reticularis, subcutaneous 
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Palpable purpura on the lower extremities is the most common cutaneous presentation 
(Genta et al., 2006). Other manifestations include ulcers, maculopapular erythema, 
hemorrhagic blisters, erythema elevatum diutinum, livedo reticularis, subcutaneous 
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nodules, and atrophie blanche (Chen et al., 2002). Ulcers tend to be found on the dorsum of 
the foot or upper calf, locations which are different from ulcerations due to atherosclerosis 
and diabetes, a finding which may help clinically distinguish these entities (Genta et al., 
2006). Small, brown, painless infarcts of the nail fold or edge, also known as Bywaters 
lesions, are characteristic of RV (Sayah & English, 2005).  
Histologic diagnosis of RV is complicated by the fact that vessels ranging from 
subcutaneous muscular arteries to venules can be involved and vessels in all stages of acute 
and healing vasculitis can be identified in the same specimen (Chen et al., 2002). Three 
histologic patterns of vasculitis may be seen. A necrotizing leukocytoclastic vasculitis of 
dermal venules is seen in patients with palpable purpura, hemorrhagic bullae, 
maculopapular erythema, and erythema elevatum diutinum (Chen et al., 2002). An acute or 
healing arteritis of the dermal-subcutaneous vessels similar to that seen in polyarteritis 
nodosa is seen in patients with subcutaneous nodules, livedo reticularis, and ulcers (Carlson 
& Chen, 2006). The last pattern is a mixed venulitis and arteritis and is seen in patients with 
subcutaneous nodules, atrophie blanche, and palpable purpura (Chen et al., 2002). Other 
histologic patterns that can be seen include folliculocentric neutrophilic vasculitis, pustular 
vasculitis with epidermal microabscess formation resembling dermatitis herpetiformis, and 
granulomatous vasculitis composed namely of lymphocytes and histiocytes (Magro & 
Crowson, 2003). Small vessel occlusive arteritis is seen in Bywaters lesions (Sayah & English, 
2005). Vascular deposition of immunoglobulin, typically IgM, can frequently be seen on 
direct immunofluorescence and is associated with the presence of extra-articular 
manifestations (Rapoport et al., 1980). 

2.1.8 Lupus vasculitis 
Lupus vasculitis (LV) can be seen in 19-36% of patients with systemic lupus erythematosus 
(SLE) and 7-12% of patients with subacute cutaneous lupus erythematous (SCLE) (Carlson 
& Chen, 2006). Patients with LV are more frequently younger, male patients when 
compared to SLE patients without vasculitis (Carlson & Chen, 2006). Laboratory 
abnormalities include anemia, an elevated erythrocyte sedimentation rate and anti-La/SS-B 
antibodies, which are more common in patients with LV than those with non-vasculitis SLE 
(Chen & Carlson, 2008). Systemic LV, with or without cutaneous LV, is associated with a 
higher rate of mortality (Carlson & Chen, 2006).  
The most common cutaneous findings are small painful macules or depressed punctuate 
scars over the palmar surfaces and finger tips which represent palmar and digital infarcts 
(Carlson & Chen, 2006). Other manifestations include palpable purpura, urticaria, and 
livedo reticularis of the lower extremities (Fiorentino, 2003).  
Neutrophilic vasculitis of small vessels is the most frequent histological findings on skin 
biopsy (Drenkard et al., 1997). Neutrophilic or lymphocytic vasculitis involving medium 
sized muscular vessels can also be seen (Carlson & Chen, 2006). Biopsies of punctuate 
palmar lesions or areas of livedo reticularis show typical findings of livedoid vasculitis 
such as thickening and hyalinization of dermal and subcutaneous small and muscular 
vessels, inconspicuous lymphocytic perivascular infiltration, endothelial swelling, 
occlusion of the vessel lumen by fibrin, and endothelial necrosis can also be seen (Yasue, 
1986). Livedoid vasculitis is associated with an increased risk of developing SLE involving 
the central nervous system (Yasue, 1986). Concomitant findings of cutaneous lupus 
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erythematosus and LV can be seen within the same biopsy (Carlson & Chen, 2006). Direct 
immunofluorescence will reveal vascular deposition of IgG, IgM, or complement in 
approximately 55% of cases and co-existing basement membrane zone deposition of 
immunoglobulins (mostly IgM but rarely IgG) and complement in 60% of cases (Yasue, 
1986). 

2.1.9 Sjögren’s syndrome 
Sjögren’s syndrome (SS) is an autoimmune disease primarily affecting exocrine glands 
leading to dry mouth and dry eyes (Ramos-Casals et al., 2004). Patients with SS vasculitis 
are more likely to have systemic involvement of their disease such as arthritis, peripheral 
neuropathy, central nervous system vasculitis, Raynaud’s phenomenon, and renal disease 
(Carlson & Chen, 2006). Presence of antinuclear antibodies, anti-Ro/SS-A antibodies, 
rheumatoid factor, and cryoglobulins are frequent laboratory findings (Carlson & Chen, 
2006). 
The most common cutaneous findings are urticaria, palpable purpura, and ecchymoses 
(Fiorentino, 2003). Erythema multiforme, erythema perstans, and erythema nodosum can 
also be seen (Alexander & Provost, 1987).  
Two distinct histologic patterns are seen. A neutrophilic vasculitis with extravasation of red 
blood cells, fibrin deposition, and nuclear dust is seen in patients with antinuclear 
antibodies, high titers of anti-Ro/SS-A and anti-La/SS-B antibodies, 
hypergammaglobulinemia, hypocomplementemia, and positive rheumatoid factor 
(Alexander & Provost, 1987). A lymphocytic vasculitis with fibrinoid necrosis is associated 
with negative antinuclear antibodies, low titers of anti-RO/SS-A and anti-La/SS-B 
antibodies, normocomplementemia, and normal globulin levels (Alexander & Provost, 
1987). Necrotizing vasculitis of medium sized vessels can occasionally be seen (Ramos-
Casals et al., 2004). 

2.1.10 Erythema elevatum diutinum 
Erythema elevatum diutinum (EED) is a chronic relapsing and remitting cutaneous 
vasculitis occurring in middle aged patients (Wahl et al., 2005). While the etiology is largely 
unknown, there is an association between EED and connective tissue disease, infectious 
agents (hepatitis, syphilis, HIV, and Streptococcus), and hematological abnormalities 
(myelodysplasia, multiple myeloma, and lymphoma) (Wahl et al., 2005). ANCA can 
occasionally be detected in patients with EED (Carlson & Chen, 2006). Lesions are typically 
symmetric, tender, red or brown papules, plaques, or nodules on the extensor surfaces of 
the extremities (Yiannias et al., 1992).  
Skin biopsy of early lesions reveals a leukocytoclastic vasculitis of small vessels in which 
neutrophils are the predominant inflammatory cell (see Figure 9) (Yiannias et al., 1992). The 
dermis is relatively cellular with fibroblasts, histiocytes, and neutrophils predominating 
with relatively sparring of the epidermis and papillary dermis (Wahl et al., 2005). Older 
lesions show predominately fibrosis and granulation tissue with some lesions showing 
xanthomatization of the mid-dermis (Yiannias et al., 1992). Dense areas of laminated fibrosis 
contributes to the nodular appearance seen clinically (LeBoit & Cockerell, 1993). Direct 
immunofluorescence is generally non-diagnostic, but vascular deposition of IgG, IgM, 
complement (C3), and fibrinogen can be seen (Yiannias et al., 1992). 
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nodules, and atrophie blanche (Chen et al., 2002). Ulcers tend to be found on the dorsum of 
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erythematosus and LV can be seen within the same biopsy (Carlson & Chen, 2006). Direct 
immunofluorescence will reveal vascular deposition of IgG, IgM, or complement in 
approximately 55% of cases and co-existing basement membrane zone deposition of 
immunoglobulins (mostly IgM but rarely IgG) and complement in 60% of cases (Yasue, 
1986). 
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lesions show predominately fibrosis and granulation tissue with some lesions showing 
xanthomatization of the mid-dermis (Yiannias et al., 1992). Dense areas of laminated fibrosis 
contributes to the nodular appearance seen clinically (LeBoit & Cockerell, 1993). Direct 
immunofluorescence is generally non-diagnostic, but vascular deposition of IgG, IgM, 
complement (C3), and fibrinogen can be seen (Yiannias et al., 1992). 
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2.1.11 Granuloma faciale 
Granuloma faciale (GF) usually presents in middle aged adults as red-brown plaques, 
nodules, or papules which usually arise on the face (Ortonne et al., 2005). Clinically, these 
lesions can be mistaken for sarcoidosis, lymphoma, discoid lupus erythematosus, and basal 
cell carcinoma (Carlson & Chen, 2006). 
Skin biopsy shows a leukocytoclastic vasculitis within in the upper and reticular dermis 
and rarely involves the hypodermis (Marcoval et al., 2004). The dermis densely infiltrated 
by inflammatory cells, predominately eosinophils and plasma cells, distinguishing this 
entity from erythema elevatum diutinum, where neutrophils predominate (see Figure 10) 
(LeBoit, 2002). The cellular dermis is separated from the unremarkable epidermis by a 
grenz zone (see Figure 11) (Ortonne et al., 2005). Fibrinoid necrosis, extravasated red 
blood cells, and hemosiderin deposition can also be seen (Marcoval et al., 2004). 
Concentric perivascular fibrosis can be seen in older lesions (LeBoit, 2002). Perivascular 
and basement membrane deposition of immunoglobulins (mostly IgG but also IgA and 
IgM), complement (C3), and fibrinogen can be seen on direct immunofluorescence 
(Barnadas et al., 2005). 

 
 
 

 

 
 
 

 

Fig. 9. Erythema Elevatum Diutinum. Older lesions are characterized by dermal sclerosis 
and scarring (H&E, 100x). 
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Fig. 10. Granuloma Faciale. Numerous eosinophils are present in the mixed dermal infiltrate 
(H&E, 400x) 

 
 

 
Fig. 11. Granuloma Faciale. A dense inflammatory infiltrate fills the dermis underneath a 
prominent Grenz zone (H&E, 100x). 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

130 

2.1.11 Granuloma faciale 
Granuloma faciale (GF) usually presents in middle aged adults as red-brown plaques, 
nodules, or papules which usually arise on the face (Ortonne et al., 2005). Clinically, these 
lesions can be mistaken for sarcoidosis, lymphoma, discoid lupus erythematosus, and basal 
cell carcinoma (Carlson & Chen, 2006). 
Skin biopsy shows a leukocytoclastic vasculitis within in the upper and reticular dermis 
and rarely involves the hypodermis (Marcoval et al., 2004). The dermis densely infiltrated 
by inflammatory cells, predominately eosinophils and plasma cells, distinguishing this 
entity from erythema elevatum diutinum, where neutrophils predominate (see Figure 10) 
(LeBoit, 2002). The cellular dermis is separated from the unremarkable epidermis by a 
grenz zone (see Figure 11) (Ortonne et al., 2005). Fibrinoid necrosis, extravasated red 
blood cells, and hemosiderin deposition can also be seen (Marcoval et al., 2004). 
Concentric perivascular fibrosis can be seen in older lesions (LeBoit, 2002). Perivascular 
and basement membrane deposition of immunoglobulins (mostly IgG but also IgA and 
IgM), complement (C3), and fibrinogen can be seen on direct immunofluorescence 
(Barnadas et al., 2005). 

 
 
 

 

 
 
 

 

Fig. 9. Erythema Elevatum Diutinum. Older lesions are characterized by dermal sclerosis 
and scarring (H&E, 100x). 

 
Pathology of the Cutaneous Vasculitides: A Comprehensive Review 

 

131 

 
 

 
 

Fig. 10. Granuloma Faciale. Numerous eosinophils are present in the mixed dermal infiltrate 
(H&E, 400x) 

 
 

 
Fig. 11. Granuloma Faciale. A dense inflammatory infiltrate fills the dermis underneath a 
prominent Grenz zone (H&E, 100x). 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

132 

2.2 Non-immune complex mediated vasculitis in small muscular arteries and 
arterioles 
2.2.1 Churg strauss syndrome 
Churg Strauss Syndrome (CSS) is a clinically distinct entity characterized by asthma 
(usually adult onset), allergic symptoms (ex. allergic rhinitis), peripheral and tissue 
eosinophilia, and systemic vasculitis affecting small to medium sized vessels (Chen & 
Carlson, 2008). The classic presentation follows three phases, the prodromal phase which 
consists of atopic disease, namely asthma or allergic rhinitis followed by the second phase 
consisting of peripheral and tissue eosinophilia and finally the third phase which is 
heralded by a life threatening systemic vasculitis (Lanham et al., 1984). Cutaneous lesions 
accompanied by peripheral neuropathy are the most common clinical symptoms (Chen et 
al., 2007). Other clinical findings include pulmonary infiltrates, abdominal pain, intestinal 
obstruction leading to perforation (secondary to obstructive submucosal eosinophilic 
infiltrates), pericarditis, congestive heart failure, neuropathy, joint pain, and myalgia 
(Lanham et al., 1984). Renal involvement in the form of focal segmental glomerulonephritis 
is rarely seen (Lanham et al., 1984). The renal findings in CSS and Wegener’s granulomatosis 
are indistinguishable; however, renal involvement in CSS is extraordinarily rare and follows 
a benign course whereas renal disease is common in Wegener’s granulomatosis and 
frequently leads to renal failure (Lanham et al., 1984).  
Laboratory findings typically include eosinophilia and elevated IgE; approximately two 
thirds of patients will have a positive ANCA, usually p-ANCA (Frankel et al., 2002). Patients 
with a positive p-ANCA are more likely to have vasculitis and renal and central nervous 
system involvement (Choi et al., 2008). Vaccination, leukotriene inhibitors, and withdraw of 
corticosteroids have all been implicated as possible factors precipitating the onset of 
symptoms (Fiorentino, 2003). 
Three main types of cutaneous lesions are seen: erythematous maculopapules, 
hemorrhagic lesions (ranging from petechiae to ecchymosis) associated with necrosis and 
ulceration, and tender, deep seated nodules on the scalp and temple (Choi et al., 2008). 
Other cutaneous manifestations include livedo reticularis, wheals, vesicles, and bullae 
(Chen et al., 2007).  
Skin biopsy reveals three major histologic features: eosinophilic and neutrophilic vasculitis 
of small to medium sized vessels in the superficial and mid-dermal vessels ranging from a 
mild perivascular cuffing of inflammatory cells to a necrotizing arteritis which can 
recapitulate polyarteritis nodosa (PAN); interstitial dermal infiltration with eosinophils; or 
granulomas (see Figure 12) (Carlson & Chen, 2006; Lanham et al., 1984). All three histologic 
patterns may be seen in the same biopsy (Lanham et al., 1984). While the vasculitis typically 
involves small vessels, medium sized vasculitis can also occasionally be seen (Lanham et al., 
1984). Lesions in the healing stages will show fibrosis with calcified nodules and a sparse or 
complete absence of inflammatory cells (Carlson & Chen, 2006; Chen et al., 2007). This is in 
contrast to PAN where the acute stage is marked by neutrophils and the healing stage by 
lymphocytes and histiocytes (Chen et al., 2007). 
Two types of extravascular granulomas exist. The “blue” granulomas show palisading 
histiocytes surrounding basophilic degenerated collagen bundles (Chen et al., 2007). “Red” 
granulomas are also characterized by palisading histiocytes which surround a central zone 
of eosinophilic debris and collagen bundles (Carlson, 2010). While granulomatous arteritis 
may be found within internal organs of patients with CSS, the initial series report by Churg 
and Strauss only demonstrated perivascular or extravascular granulomas within skin 
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Fig. 12. Churg-Strauss Syndrome. Medium-sized vessel vasculitis with a prominent 
eosinophilic infiltrate (H&E. 100x). 

lesions (Churg & Strauss, 1951). Granulomatous arteritis is a relatively rare findings in CSS. 
Chen et al recently suggested five scenarios which may contribute to the infrequency of this 
finding: biopsy was not performed over areas of livedo reticularis; biopsy did not extend 
into the subcutis; serial sections on the specimen were not performed; biopsy was taken 
after the start of treatment; or biopsy was not taken during the granulomatous stage (Chen 
et al., 2007). Direct immunofluorescence is typically negative giving rise to the name “pauci-
immune” vasculitis (Carlson, 2010). 

2.2.2 Wegener’s granulomatosis 
The initial description of Wegener’s granulomatosis (WG) included three clinical findings: 
necrotizing granulomas with a predilection for the upper and lower airways, systemic small 
vessel vasculitis, and pauci-immune glomerulonephritis (Fiorentino, 2003). The most 
common initial presentation involves the upper and lower airways, with renal development 
occurring later (Frankel et al., 2002). Since all three clinical features are only concurrently 
present in 16% of patients, other criteria are used to establish the diagnosis (Carlson & Chen, 
2006). The Chapel Hill Consensus Conference (CHCC) defined WG as necrotizing vasculitis 
of the small to medium size vessels and granulomatous inflammation of the respiratory tract 
(Jennette et al., 1994). The documentation of granulomas does not necessarily require 
histology, but can rather be made using non-invasive techniques such as radiology (Jennette 
et al., 1994). The CHCC recognized, however, that the broad definition they used to classify 
WG left significant overlap between WG and microscopic polyangiitis (Jennette et al., 1994). 
The American College of Rheumatology (ACR) criteria for diagnosis requires two or more of 
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the following: nasal or oral inflammation, chest x-ray showing nodules, infiltrates, or 
cavities, microscopic hematuria, and/or granulomatous inflammation on biopsy (Carlson et 
al., 2005). The positive predictive value of the ACR criteria for diagnosing WG ranges from 
25-40% (Rae et al., 1998). Typical laboratory findings include a positive C-ANCA in 75-80% 
of patients (Fiorentino, 2003). WG is highly fatal, with a one year mortality rate of greater 
than 80% in untreated patients (Chen & Carlson, 2008). Relapse within 5 years occurs in 50% 
of patients (Carlson & Chen, 2006). 
A limited form of WG which typically involves younger patients is characterized by no or 
minimal renal dysfunction, limited pulmonary involvement, and no critical organ 
involvement (i.e., gastrointestinal, ocular, or central nervous system) exists (Carlson & Chen, 
2006). The cutaneous presentation is usually limited to purpura or ulcers (Carlson & Chen, 
2006). 
Cutaneous lesions are found in 50% of patients but may be the presenting symptoms in up 
to 10% of cases (Chen & Carlson, 2008). Cutaneous manifestations fall into three categories: 
palpable or non-palpable purpura which reflects a small vessel vasculitis; ulcers or digital 
infarcts secondary to small to medium sized vessel vasculitis; or polymorphic lesions 
including rheumatoid like nodules over the extensor surfaces, urticaria, vesiculobullous 
lesions, gingival hyperplasia, or ulcers like those seen in pyoderma gangrenosum, resulting 
from extravascular granulomas (Carlson, 2010). Other dermatological manifestations 
include petechiae, bullae, and erythema (Daoud et al., 1994). Mucosal ulcerations, 
xanthomas, and livedo reticularis can also be seen (Francès et al., 1994). A larger, 
suppurative ulceration involving the entire orbit and zygoma has been reported in a patient 
with limited WG (Bull et al., 1993). Hemorrhagic bullous plaques and erythematous 
pustules reminiscent of Sweet's syndrome have been described (Gürses et al., 2000). 
Four histological patterns can be seen on skin biopsies: (1) Leukocytoclastic vasculitis (LCV) 
characterized by necrotizing, neutrophilic vasculitis of small to medium sized dermal blood 
vessels; (2) Palisading granulomas with a central core of basophilic collagen surrounded by 
histiocytes and neutrophils reminiscent of granulomas seen in Churg-Strauss syndrome; (3) 
Granulomatous vasculitis with perivascular and periadnexal lymphohistiocytic 
granulomatous infiltrate and giant cells within the walls of muscular vessels of the subcutis; 
and (4) Perivascular and periadnexal infiltration of granulomas composed of large, atypical 
lymphocytes (see Figure 13) (Hu et al., 1977). Other non-specific histological findings 
include fibrin deposition within the lumen of and surrounding blood vessels, extravasation 
of red blood cells, endothelial cell swelling, and nuclear debris (Barksdale et al., 1995). 
Histological findings in patients with WG but without cutaneous vasculitis include foreign 
body giant cell reaction, fibrosis, hemorrhage, pseudoepitheliomatous hyperplasia, and 
interstitial eosinophilia (Carlson & Chen, 2006). Epidermal changes are rarely seen and 
include bulla formation and epidermal necrosis (Daoud et al., 1994). Biopsies of cutaneous 
lesions from patients with limited WG will often show granulomatous dermatitis but will 
seldom show vasculitis (Carlson & Chen, 2006).  
Patients presenting with necrotizing vasculitis or granulomas composed of lymphocytes 
have a higher mortality rate than those presenting with palisading granulomas or 
granulomatous vasculitis (Hu et al., 1977). The cutaneous pathology correlates with the 
presence of systemic disease, specifically with respect to articular and renal involvement 
(Francès et al., 1994). Patients presenting with LCV are more likely to have concurrent 
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musculoskeletal and renal involvement and a more rapidly progressive disease course when 
compared to patients without cutaneous manifestations and are more likely to, over time, 
develop renal, musculoskeletal, and ocular manifestations when compared to patients with 
granulomatous dermatitis (Barksdale et al., 1995).  
 

 
Fig. 13. Wegener's Granulomatosis. Granulomatous and necrotizing vasculitis can be seen in 
this section of pulmonary artery (H&E, 200x). 

While direct immunofluorescence typically fails to demonstrate immunoglobulin or 
complement deposition on renal biopsies, skin biopsies frequently show perivascular 
deposits of IgG, IgM, IgA, and C3 in subepidermal and dermal vessels (Brons et al., 2001). In 
patients who have had a relapse of WG, immunoglobulin deposits can be seen along the 
basement membrane and within the dermis (Brons et al., 2001). 

2.2.3 Microscopic polyangiitis (microscopic polyarteritis) 
Microscopic polyangiitis (MPA) is a systemic neutrophilic vasculitis of small vessels 
(Carlson, 2010). Men are slightly more affected then women and the average age of onset is 
50 years (Guillevin et al., 1999). The major systemic finding includes rapidly progressive 
focal segmental necrotizing glomerulonephritis; pulmonary hemorrhage, skin involvement, 
and antibodies to p-ANCA are also frequently present (Frankel et al., 2002). A prodromal 
phase consisting of weight loss, fatigue, fevers, arthralgias, and myalgias is often present 
months to years before the acute onset of the disease (Fiorentino, 2003). Drugs (specifically 
antibiotics), hepatitis B, streptococcal infection, and neoplasia have all been implicated as 
inciting factors in MPA (Savage et al., 1985). The overall mortality rate for MPA is 32%, 
similar to polyarteritis nodosa (PAN), Wegener’s granulomatosis (WG), and Churg-Strauss 
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musculoskeletal and renal involvement and a more rapidly progressive disease course when 
compared to patients without cutaneous manifestations and are more likely to, over time, 
develop renal, musculoskeletal, and ocular manifestations when compared to patients with 
granulomatous dermatitis (Barksdale et al., 1995).  
 

 
Fig. 13. Wegener's Granulomatosis. Granulomatous and necrotizing vasculitis can be seen in 
this section of pulmonary artery (H&E, 200x). 

While direct immunofluorescence typically fails to demonstrate immunoglobulin or 
complement deposition on renal biopsies, skin biopsies frequently show perivascular 
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and antibodies to p-ANCA are also frequently present (Frankel et al., 2002). A prodromal 
phase consisting of weight loss, fatigue, fevers, arthralgias, and myalgias is often present 
months to years before the acute onset of the disease (Fiorentino, 2003). Drugs (specifically 
antibiotics), hepatitis B, streptococcal infection, and neoplasia have all been implicated as 
inciting factors in MPA (Savage et al., 1985). The overall mortality rate for MPA is 32%, 
similar to polyarteritis nodosa (PAN), Wegener’s granulomatosis (WG), and Churg-Strauss 
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syndrome (CSS), however, relapses are more frequent in MPA than seen in the other 
vasculitis syndromes (Guillevin et al., 1999). Since the histologic features of MPA are similar 
and in some instances indistinguishable from WG and CSS, the following criteria have been 
suggested for diagnosis: 1) no evidence of granulomatous inflammation (either by histology 
or radiology), 2) neutrophilic vasculitis of small vessels and/or glomerulonephritis without 
immune complex deposition, and 3) involvement of two or more organ systems as 
documented by biopsy or other laboratory or radiological markers (i.e., proteinuria, 
hematuria) (Chen & Carlson, 2008). 
Up to 15% of patients with MPA will present with skin disease and 65% or less will develop 
skin disease throughout the course of their illness (Carlson & Chen, 2006). The most 
common cutaneous presentation is palpable purpura and petechiae (Seishima et al., 2004). 
Other manifestations include splinter hemorrhages, nodules, palmar erythema, livedo, 
urticaria, hemorrhagic bullae, infarcts, facial edema, annular purpura, ulcers, and 
telangiectases (Carlson & Chen, 2006). One case of MPA reported in a patient with palpable 
purpura, myalgias, anorexia, and synovitis but no evidence of pulmonary or renal 
involvement suggests that a cutaneous limited variant of MPA may exist (Irvine et al., 1997). 
While a wide spectrum of pathologic changes can be seen, the classic histologic features of 
MPA on skin biopsy include a neutrophilic vasculitis of small vessels in the upper to mid-
dermis and subcutis (Carlson & Chen, 2006). Rarely medium sized vessels can be involved 
(Lhote et al., 1998). Other findings on the histologic continuum of MPA include lymphocytic 
perivascular infiltration in the upper dermis, mixed lymphocytic and neutrophilic 
perivascular infiltration in the mid to deep dermis, and mixed lymphocytic and histiocytic 
perivascular infiltration in the mid dermis (Seishima et al., 2004). Other non-specific findings 
of leukocytoclastic vasculitis similar to those seen in cutaneous leukocytoclastic angiitis 
(CLA) include fibrinoid necrosis and leukocytoclasis (Homas et al., 1992). The clinical 
appearance of livedo racemosa presents histologically as a vasculitis affecting deep dermal 
and subcutaneous vessels and a deep incisional biopsy is indicated in these patients to 
ensure that the subcutis is sampled (Nagai et al., 2009). Rarely patients can present with oral 
ulcerations which will also reveal a small vessel vasculitis on histologic examination (Savage 
et al., 1985). A unique histologic finding in MPA is the presence of active vasculitis, healed 
vessels, and unaffected vessels in the same tissue biopsy (Lhote et al., 1998).  
Small vessel vasculitis is diagnostic of MPA and excludes the diagnosis of PAN, even if 
medium sized vessels are involved (Lhote et al., 1998). Further, vascular nephropathy is the 
common renal finding in PAN whereas MPA is characterized by rapidly progressive focal 
segmental necrotizing glomerulonephritis (Lhote et al., 1998). WG is another small vessel 
vasculitis similar to MPA, however, granulomatous inflammation characteristic of WG is 
absent in MPA (Lhote et al., 1998). Absence of immunoglobulin deposition on direct 
immunofluorescence distinguishes MPA from CLA (Carlson & Chen, 2006). 

2.2.4 Septic vasculitis 
Approximately 22% of all cases of cutaneous vasculitis are associated with an infectious 
etiology (viruses, bacteria, fungi, protozoa, and helminthes) (Chen & Carlson, 2008). 
Organisms that have been implicated include Neisseria meningitides, Neisseria gonnorhoeae, 
Pseudomonas, Staphylococcus aureus, Hemophilus influenzae, Streptococcus, and Rickettsia 
(Carlson & Chen, 2006).  

 
Pathology of the Cutaneous Vasculitides: A Comprehensive Review 

 

137 

Cutaneous findings include hemorrhagic petechiae, pustular purpura, vesicles, bullae, 
erythematous macules, and nodules surrounded by pustules (Carlson & Chen, 2006). 
Patients with chronic gonococcemia and chronic meningococcemia typically present with 
petechiae surrounded by a rim of erythematous vesicles and pustules with a necrotic surface 
on the extremities, particularly acral surfaces (Chen & Carlson, 2008).  
Biopsy reveals a mixed small and medium sized vessel neutrophilic vasculitis of deep 
dermal and subcutaneous vessels (see Figure 14) (Chen & Carlson, 2008). Vessel occlusion 
with thrombi composed of platelets and red blood cells is also seen (Sotto et al., 1976). As 
compared to conventional small vessel neutrophilic vasculitis, septic vasculitis has scant 
perivascular fibrin and fibrin thrombi and little to no nuclear debris (Carlson, 2010). 
Arteriolar involvement, hemorrhage, and subepidermal and intraepidermal pustules help 
distinguish septic vasculitis from cutaneous leukocytoclastic angiitis (Shapiro et al., 1973). 
Epidermal changes include edema, intra-epidermal or subcorneal pustules, and epidermal 
necrosis (Shapiro et al., 1973). Gram stain is typically negative in septic vasculitis, however, 
gram negative rods can be seen within the cytoplasm of neutrophils, within endothelial 
cells, and admixed with extravasated red blood cells in acute meningococcemia (Sotto et al., 
1976). Gram negative diplococci can be isolated in gonococcemia if there is a high bacterial 
load and if lesions are biopsied early (Ackerman et al., 1965). Deposition of IgG, IgM, IgA, 
complement, and fibrinogen can be seen on direct immunofluorescence in acute 
meningococcemia (Sotto et al., 1976).  
 
 

 
Fig. 14. Septic Vasculitis. Note the distinct neutrophilia and abundant karyorrhectic debris 
and near complete destruction of the vessel wall (H&E, 200x). 
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and subcutaneous vessels and a deep incisional biopsy is indicated in these patients to 
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Small vessel vasculitis is diagnostic of MPA and excludes the diagnosis of PAN, even if 
medium sized vessels are involved (Lhote et al., 1998). Further, vascular nephropathy is the 
common renal finding in PAN whereas MPA is characterized by rapidly progressive focal 
segmental necrotizing glomerulonephritis (Lhote et al., 1998). WG is another small vessel 
vasculitis similar to MPA, however, granulomatous inflammation characteristic of WG is 
absent in MPA (Lhote et al., 1998). Absence of immunoglobulin deposition on direct 
immunofluorescence distinguishes MPA from CLA (Carlson & Chen, 2006). 
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2.2.5 Behçet’s disease 
Behçet’s disease (BD) is a chronic inflammatory disease characterized by oral and genital 
ulcers, arthralgias, gastrointestinal symptoms, and central nervous system involvement 
(Chen et al., 1997). Cutaneous manifestations include erythema nodosum like nodules, 
follicular lesions, or papulopustular lesions or rarely can include palpable purpura, 
hemorrhagic bullae, erythema multiforme like lesions, or pyoderma gangrenosum like 
lesions (Chen et al., 1997).  
While BD is typically classified as a neutrophilic dermatosis, recent evidence has 
suggested that it should rather be categorized as a cutaneous vasculitis (Chen et al., 1997). 
BD is unique in that it involves the entire spectrum of blood vessels, ranging from 
capillaries to the aorta (Carlson & Chen, 2006). Biopsy reveals a neutrophilic, and rarely a 
lymphocytic, vasculitis of medium sized vessels in the subcutis and venules throughout 
the dermis and subcutis (Chen et al., 1997). Biopsy of erythema nodosum like lesions 
show a subcutaneous thrombophlebitis with a lymphocytic vasculitis in the overlying 
dermis (Carlson & Chen, 2006). Fibrinoid necrosis, nuclear dust, panniculitis, venulitis in 
the dermis and subcutis, and necrotizing venulitis can also be seen (Chen et al., 1997). 
Direct immunofluorescence rarely shows deposition of IgA, IgM, and/or complement (C3 
or C1q) (Chen et al., 1997). 

3. Medium sized vessel vasculitis 
3.1 Polyarteritis nodosa 
Polyarteritis nodosa (PAN) is a relatively rare vasculitis of medium sized vessels which 
presents equally in men and women between the ages of 40 to 60 years (Carlson & Chen, 
2007). While the etiology in most cases of PAN is unknown, there is a strong association 
with hepatitis B virus (Frankel et al., 2002). Patients may present with a wide range of 
constitutional symptoms including fever, weight loss, arthralgias, muscle wasting, 
abdominal pain (usually as a result of bowel infarction and perforation), mononeuritis 
multiplex, hypertension, orchitis, and congestive heart failure (Colmegna & Maldonado-
Cocco, 2005). Renal manifestations in PAN typically include a primary vascular 
nephropathy presenting as multiple aneurysms in branches of the renal artery which 
leads to hypertension and rare pulmonary involvement, in contrast to Wegener’s 
granulomatosis and microscopic polyangiitis which presents with glomerulonephritis and 
frequent pulmonary manifestations (Frankel et al., 2002; Colmegna & Maldonado-Cocco, 
2005).  
Cutaneous manifestations occur in 20-50% of patients with classic PAN and include 
palpable purpura, while this is a manifestation of small vessel vasculitis, it does not exclude 
the diagnosis of PAN (Fiorentino, 2003). Other cutaneous findings indicative of medium 
sized vessel vasculitis include livedo reticularis, ulcers, and subcutaneous nodules 
(Fiorentino, 2003). Rare findings include ecchymosis, gangrene, and urticaria (Colmegna & 
Maldonado-Cocco, 2005).  
The classic histologic description of PAN requires the presence of a necrotizing vasculitis 
in medium sized vessels (see Figure 15) (Colmegna & Maldonado-Cocco, 2005). Four 
stages of histologic findings in PAN have been identified: degenerative, acute 
inflammatory, granulation tissue, and healed end-stage (Arkin, 1930). The degenerative 
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stage shows destructive coagulative necrosis of the media, fibrinous exudates 
surroundings the internal elastic lamina, neutrophilic infiltration, and partial destruction 
of the internal and external elastic lamina (Arkin, 1930). The acute inflammatory stage is 
characterized by infiltration of neutrophils, lymphocytes, and eosinophils, complete 
destruction of the internal elastic lamina, fibrinous exudates extending from the intima to 
the adventitia with complete destruction of the media, fibroblastic proliferation and 
edematous changes of the surrounding connective tissue, and total obliteration of the 
vessel lumen with fibrin thrombi (Arkin, 1930). In the granulation tissue stage, 
neutrophils are replaced by increasing numbers of lymphocytes, marked granulation 
tissue that replaces the media and extends into the adventitia and can invade through 
defects in the internal elastic lamina into the vessel lumen, and prolific intimal thickening 
(Arkin, 1930). The final stage, healed granulation tissue stage, is characterized by acellular 
scar tissue replacing the arterial wall and perivascular fibroblastic proliferation (Arkin, 
1930). 
 
 
 

 
Fig. 15. Polyarteritis Nodosa. Necrotizing vasculitis in a medium sized vessel (H&E, 100x). 

When an ulcerated lesion is present, a biopsy including adequate subcutis central to the 
ulcer border is essential to optimize the diagnostic yield (Ricotti et al., 2007). Biopsy of 
ulcerated lesions will demonstrate a vasculitis of medium sized vessels at the dermal 
subcutaneous junction with associated neutrophilic infiltration, leukocytoclasia, and 
endothelial swelling with overlying dermal fibrosis and necrosis and epidermal ulceration 
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stage shows destructive coagulative necrosis of the media, fibrinous exudates 
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(Ricotti et al., 2007). Lesions which present as subcutaneous nodules show a neutrophilic 
vasculitis of medium sized muscular vessels with a predilection for areas where arteries 
bifurcate (Carlson & Chen, 2007). 

3.1.1 Cutaneous polyarteritis nodosa 
Cutaneous polyarteritis nodosa (CPAN) is a limited form of PAN which presents with 
cutaneous findings, fever, myalgias, arthralgias, and peripheral neuropathy, but no other 
systemic symptoms (Fiorentino, 2003). It typically affects women more then men between 
the ages of 20 to 40 years (Chen & Carlson, 2008). Classic cutaneous manifestations include 
tender subcutaneous nodules which are usually limited to the lower extremities and 
buttocks (Carlson & Chen, 2007). Ulcerations with surrounding irregular livedo reticularis in 
a “burst” pattern are common in CPAN (Morgan & Schwartz, 2010). Other cutaneous 
findings include petechiae, purpura, necrosis, and gangrene (Morgan & Schwartz, 2010). 
Ulcerated lesions are more frequently found in patients with associated neuropathy and rare 
reports exist of these patients eventually progressing to classic PAN (Chen & Carlson, 2008). 
Patients with mononeuritis multiplex may also present with atrophie blanche without 
evidence of venous insufficiency and/or thrombophilia (Carlson & Chen, 2007). While 
patients with classic PAN can present with similar cutaneous findings, the lack of systemic 
multi-organ involvement in CPAN is an essential distinction between the two diseases 
(Morgan & Schwartz, 2010). 
The clinical severity of CPAN can be graded into three classes: class I or mild disease 
presents with subcutaneous nodules, livedo reticularis, and/or mild polyneuropathy; class 
II or severe disease presents with livedo, painful ulcerations, sensory neuropathy, fever, 
malaise, and arthralgia; and class III or progressive systemic disease presents with fever, 
malaise, arthralgia, deep ulcerations, necrotizing livedo, acral gangrene, foot drop 
mononeuropathy multiplex, worsening musculoskeletal symptoms, positive autoimmune 
serology, and eventual systemic involvement (Chen & Carlson, 2008). 
Similar to classic PAN, the etiology of CPAN is usually unknown although there is an 
association between CPAN and Group A β hemolytic Streptococcus, hepatitis B (although 
this association is not as well documented in CPAN as it is in classic PAN), hepatitis C, 
parvovirus B-19, tuberculosis, and minocycline (Morgan & Schwartz, 2010). 
The traditional description of CPAN on deep skin biopsy is a neutrophilic, necrotizing 
vasculitis of small to medium sized muscular arteries at the dermal-subcutaneous junction 
(Morgan & Schwartz, 2010). Similar to classic PAN, four stages of histologic findings in 
CPAN have been described;, however, the progression of arterial destruction is different in 
CPAN than classic PAN. The acute stage is characterized by a neutrophilic vasculitis of 
small to medium sized blood vessels and the dermal subcutaneous junction, damage to 
endothelial cells, fibrin thrombi within the vascular lumen, and no disruption of the internal 
elastic lamina (Ishibashi & Chen, 2008). The subacute stage shows focal disruption of the 
internal elastic lamina with fibrinoid necrosis of the media adjacent to the disruption, a 
targetoid appearance of vessels caused by subendothelial fibrinoid necrosis lined by an 
inner layer of intact endothelial cells and surrounded by the internal elastic lamina, and 
infiltration of the vessel wall by neutrophils, lymphocytes, and histiocytes (Ishibashi & 
Chen, 2008). The reparative stage shows a shift in the inflammatory cells to mostly 
lymphocytes and histiocytes, complete occlusion of the vascular lumen by fibrin thrombi, 
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and fibroblastic proliferation (Morgan & Schwartz, 2010). The healed stage shows 
discernible thickening of the intima with a scant inflammatory infiltrate surrounding the 
artery and perivascular neovascularization (Ishibashi & Chen, 2008). Direct 
immunofluorescence frequently reveals IgM and C3 deposition in and around deep dermal 
vessels, however, interestingly, IgG and IgA are almost universally negative in all cases of 
CPAN (Diaz-Perez et al., 1980). Since the histologic features diagnostic of CPAN, including 
neutrophilic vasculitis of medium sized vessels and the dermal subcutaneous junction, are 
segmental and focal, repeated and deeper biopsies followed by serial sectioning may be 
required for diagnosis (Chen & Carlson, 2008). 
The main diagnostic challenge for clinicians and dermatopathologists is the distinction 
between CPAN and thrombophlebitis. Thrombophlebitis is a vasculitis involving veins 
and venules while CPAN affects arteries (Chen, 2010). The distinction between veins and 
arteries is an important one in differentiating these two conditions. Features that 
histologically define an artery include a round vessel with a concentric, continuous 
wreath of smooth muscle fibers and a band of wavy elastic fibers between the intimal and 
medial layers of the vessel wall known as the internal elastic lamina while features of a 
vein include oval vessels with collagen admixed with smooth muscle and elastic fibers, 
but lacks an internal elastic lamina (Carlson, 2010). The presence or absence of an internal 
elastic lamina has long been cited by pathology textbooks as the distinction between 
arteries and veins, however, this distinction is blurred by increased hydrostatic pressure 
in the lower extremities which causes hypertrophy of the muscular layer and proliferation 
of elastic fibers in veins which can resemble the muscular layer and internal elastic lamina 
of arteries (Dalton et al., 2006). In fact, up to 44% of veins demonstrate an internal elastic 
lamina-like layer (Dalton et al., 2006). Three possible solutions have been suggested to 
avoid this diagnostic pitfall. The muscular pattern in arteries demonstrates a continuous 
wreath of smooth muscle while veins show bundles of smooth muscle admixed with 
collagen (Dalton et al., 2006). Next, the internal elastic lamina of an artery has an even 
thickness while the internal elastic lamina-like layer seen in veins is thinner and uneven in 
thickness (Chen, 2010). It is important to note, however, that the internal elastic lamina 
seen in arteries can lose its regular wavy appearance and thickness during the healing 
stages of arteritis (Ishiguro & Kawashima, 2010). Perhaps the most helpful tool in the 
histological distinction of a vein and artery is the use of an elastic stain which will 
demonstrate numerous elastic fibers in the muscular layers of a vein, but only scant fibers 
in the muscular layers of an artery (Chen, 2010).  

3.2 Kawasaki disease (also known as mucocutaneous lymph node syndrome) 
Kawasaki disease typically occurs in children less than four years of age and is defined 
clinically as a fever of 1-2 weeks duration which is unresponsive to antibiotics in conjunction 
with a constellation of symptoms including non-exudative conjunctivitis, oral 
manifestations (dry lips, strawberry tongue, etc.), erythematous and edematous palms and 
soles, polymorphous rash, and cervical lymphadenopathy (Hirose & Hamashima, 1978; 
Weston & Huff, 1981). Presence of at least five of the previously mentioned symptoms or 
four of the symptoms plus evidence of coronary artery aneurysm should be identified to 
diagnose Kawasaki disease (Kimura et al., 1988). The most feared complication of Kawasaki 
disease is a coronary artery aneurysm which develops in 20-25% of untreated patients and is 
the leading cause of acquired heart disease in children (Gedalia & Cuchacovich, 2009). 
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(Ricotti et al., 2007). Lesions which present as subcutaneous nodules show a neutrophilic 
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and fibroblastic proliferation (Morgan & Schwartz, 2010). The healed stage shows 
discernible thickening of the intima with a scant inflammatory infiltrate surrounding the 
artery and perivascular neovascularization (Ishibashi & Chen, 2008). Direct 
immunofluorescence frequently reveals IgM and C3 deposition in and around deep dermal 
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neutrophilic vasculitis of medium sized vessels and the dermal subcutaneous junction, are 
segmental and focal, repeated and deeper biopsies followed by serial sectioning may be 
required for diagnosis (Chen & Carlson, 2008). 
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histologically define an artery include a round vessel with a concentric, continuous 
wreath of smooth muscle fibers and a band of wavy elastic fibers between the intimal and 
medial layers of the vessel wall known as the internal elastic lamina while features of a 
vein include oval vessels with collagen admixed with smooth muscle and elastic fibers, 
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elastic lamina has long been cited by pathology textbooks as the distinction between 
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thickness (Chen, 2010). It is important to note, however, that the internal elastic lamina 
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histological distinction of a vein and artery is the use of an elastic stain which will 
demonstrate numerous elastic fibers in the muscular layers of a vein, but only scant fibers 
in the muscular layers of an artery (Chen, 2010).  

3.2 Kawasaki disease (also known as mucocutaneous lymph node syndrome) 
Kawasaki disease typically occurs in children less than four years of age and is defined 
clinically as a fever of 1-2 weeks duration which is unresponsive to antibiotics in conjunction 
with a constellation of symptoms including non-exudative conjunctivitis, oral 
manifestations (dry lips, strawberry tongue, etc.), erythematous and edematous palms and 
soles, polymorphous rash, and cervical lymphadenopathy (Hirose & Hamashima, 1978; 
Weston & Huff, 1981). Presence of at least five of the previously mentioned symptoms or 
four of the symptoms plus evidence of coronary artery aneurysm should be identified to 
diagnose Kawasaki disease (Kimura et al., 1988). The most feared complication of Kawasaki 
disease is a coronary artery aneurysm which develops in 20-25% of untreated patients and is 
the leading cause of acquired heart disease in children (Gedalia & Cuchacovich, 2009). 
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Cutaneous changes include edema and redness of the palms and soles which evolves into 
a macular eruption beginning on the extremities and spreading to the trunk (Kawasaki et 
al., 1974). The eruption then progresses into a morbilliform, scarlatiniform, or multiform 
eruption (Kawasaki et al., 1974). The morbilliform lesions consist of generalized macular 
and papular lesions which are clinically indistinguishable from a viral exanthem (Weston 
& Huff, 1981). The scarlantiniform eruption mimics the rash seen in scarlet fever or a drug 
eruption (Weston & Huff, 1981). The multiform lesions are typically targetoid lesions 
which do not progress to form blisters and can resemble erythema multiforme (Weston & 
Huff, 1981). Rarely patients can present with pustules superimposed on erythema 
(Kimura et al., 1988). Regardless of the initial presentation of the eruption, all patients 
advance to desquamation beginning in the periungual regions and progressing centrally 
to the trunk, a finding characteristic of but not unique to Kawasaki disease (Kawasaki et 
al., 1974). 
Skin biopsies reveal a superficial perivascular dermatitis characterized by dermal edema 
and mild perivascular lymphocytic inflammation (Weston & Huff, 1981). Papillary edema 
and minimal extravasation of red blood cells can be seen if the exanthem is biopsied within 
six days of onset (Hirose & Hamashima, 1978). Deposition of fibrinoid material and focal 
endothelial cell necrosis has been reported (Hirose & Hamashima, 1978). Vessel changes are 
most prominent in the medium sized vessel of the subcutis (Carlson & Chen, 2007). The 
pustular lesions show intraepidermal neutrophilic pustules, epidermal hyperplasia, 
superficial perivascular infiltrate with lymphocytes, neutrophils, and histiocytes, and 
neutrophilic inflammation around intraepidermal eccrine ducts (Kimura et al., 1988). Other 
diseases which present histologically with intraepidermal pustules such as pustular 
psoriasis, subcorneal pustular dermatosis, staphylococcal scalded skin syndrome, and milia 
should also be considered in the differential diagnosis (Kimura et al., 1988). Rare cases of 
psoriasiform-like hyperkeratosis have been reported (Passeron et al., 2002). 

3.3 Nodular vasculitis (also known as erythema induratum or erythema induratum of 
bazin) 
Nodular vasculitis (NV) is characterized by tender, indurated plaques on the calves of 
young to middle aged women and is associated with Mycobacterium tuberculosis (Schneider 
JW, 1997). The prodromal phase of NV occurs 1-3 weeks prior to the onset of lesions and 
consists of fever, malaise, arthritis, and arthralgias (Gilchrist & Patterson, 2010). NV presents 
as reoccurring crops of lesions lasting 2 weeks which heal with residual scarring and 
hyperpigmentation (Segura et al., 2008). 
Histologically, lobular panniculitis with necrotizing vasculitis that can be neutrophilic, 
lymphocytic, or granulomatous, is seen (see Figure 16) (Carlson & Chen, 2007). Early lesions 
show neutrophilic infiltration between fat lobules while established lesions show 
granulomatous infiltration of lobules (Segura et al., 2008). Two types of lesions can be seen. 
Type I is characterized by focal panniculitis and neutrophilic vasculitis of muscular vessels 
(Schneider & Jordaan, 1997). Type II lesions are characterized by diffuse septolobular 
panniculitis with numerous foci of neutrophilic small and medium sized vessel vasculitis 
(Schneider & Jordaan, 1997). Neutrophilic septal venulitis and arteritis is also common 
(Segura et al., 2008). Caseous necrosis can also be seen extending to the epidermal surface 
(Segura et al., 2008).  
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Fig. 16. Nodular Vasculitis. Suppurative necrosis of the subcutaneous fat surrounds this 
deep, inflamed vessel (H&E, 100x).  

4. Large vessel vasculitis 
4.1 Takayasu arteritis 
Takayasu arteritis (TA) is a large vessel granulomatous arteritis which typically involves the 
aorta and its main branches (Carlson & Chen, 2007). Patients are more commonly female in 
their second to third decade of life (Gedalia & Cuchacovich, 2009). The initial symptoms are 
nonspecific and usually consist of fever, fatigue, myalgias, arthralgias, and weight loss 
(Frankel et al., 2002). The most common clinical presentation is arterial hypertension, 
however, patients can also present with cardiac failure, bruits, and pulselessness (Gedalia & 
Cuchacovich, 2009). Other symptoms resulting from vessel occlusion and ischemia include 
claudication, syncope, headache, and visual disturbances (Frankel et al., 2002). Stenosis or 
aneurysm of the aorta or its major branches seen on angiography is the gold standard for the 
diagnosis of TA (Gedalia & Cuchacovich, 2009).  
Cutaneous involvement is rare in TA, occurring in 8-28% of patients (Carlson & Chen, 2007). 
Clinical findings include erythematous nodules, pyoderma gangrenosum-like ulcer, 
erythema nodosum, erythema induratum, and purpura (Perniciaro et al., 1987).  
During the acute phase of TA, the characteristic findings of granulomatous arteritis with 
transmural inflammation can be seen in the aorta or its branches (Lie, 1990). The 
morphologic findings on skin biopsy are generally non-specific and include granulomatous 
vasculitis, necrotizing vasculitis of the deep dermal medium sized vessels, and septal and 
lobular panniculitis with or without vasculitis (Pascual-Lόpez et al., 2004).  
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4.2 Giant cell arteritis (also known as temporal arteritis) 
Giant cell arteritis (GCA) is a granulomatous vasculitis of large arteries, particularly 
affecting the branches of the external carotid artery (Tsianakas et al., 2009). The prevalence is 
higher in women, the elderly, Caucasians, and patients with polymyalgia rheumatica (Chen 
& Carlson, 2008). Clinical symptoms are usually due to ischemia secondary to endarteritis 
obliterans and include headache, jaw cladication, and visual and neurological problems 
(Carlson & Chen, 2007). Timely diagnosis is imperative since significant morbidity, 
including visual loss, and even death may occur if treatment is delayed (Goldberg et al., 
1987). 
Cutaneous findings in GCA are rare, presenting in less than 1% of cases, and include scalp 
tenderness, loss or decrease in temporal pulse, scalp necrosis, and scalp blanching (Chen & 
Carlson, 2008). Erythema, ecchymoses, purpura, ulceration, gangrene, urticaria, erythema 
nodosum, and hyperpigmentation on the lower extremities have also been reported 
(Goldberg et al., 1987). Scalp necrosis is associated with increased risk of vision loss and 
carries a higher mortality rate (Tsianakas et al., 2009).  
The diagnostic features of GCA on temporal artery biopsy are segmental inflammation of 
the artery and infiltration of the media, adventitia, and internal elastic lamina by 
lymphocytes, neutrophils, and multinucleated giant cells (see Figures 17 and 18) 
(Goldberg et al., 1987). The segmental arterial involvement makes histologic diagnosis a 
challenge.  
 

 
Fig. 17. Giant Cell (Temporal) Arteritis. A dense granulomatous infiltrate effaces the elastic 
artery. The intima and media are particularly affected and giant cells may be conspicuous 
(H&E, 40x).  
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Lack of histologic evidence of GCA on temporal artery biopsy should not delay treatment in 
a patient clinically suspected of having GCA (Lie, 1990). Elastophagocytosis is a common 
finding (Carlson & Chen, 2007). Granulomatous infiltration of medium sized muscular 
vessels in the deep dermis or subcutaneous tissue is typically seen on skin biopsy (Chen & 
Carlson, 2008). Healing lesions are characterized by segmental stenosis and loss of the elastic 
lamina as well as myxomatous stromal replacement of the vessel wall (Carlson & Chen, 
2007). The lack of inflammation seen in completely healed lesions makes the distinction 
between GCA and atherosclerosis impossible (Carlson & Chen, 2007). 
 

 
Fig. 18. Giant cell arteritis. Staining for elastin fibers demonstrates fragmentation of the 
internal elastic lamina (elastic von Giesen stain, 200x). 

5. Conclusion 
Vasculitis is a broad, poorly defined category of diseases. The clinical presentation, 
progression of disease, and treatment vary as widely as the diseases themselves. Often times 
it is the compilation of clinical, laboratory, and pathologic findings which aid in formulating 
the diagnosis. 
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1. Introduction 
The vascular endothelium is a specific organ consisting of the endothelial cell (EC) 
monolayer, weighting about 1 kg which makes a unique border between the circulating 
blood and the underlying tissues. Because of its strategic location, the endothelium interacts 
with cellular and neurohumoral mediators, thus controlling the vascular contractile state 
and cellular composition. Endothelial cells (ECs) used to be considered a layer of ”nucleated 
cellophane“, an inert lining to blood vessels, endowed with negative properties, and the 
most important of which is its ability to act as a non-thrombogenic substrate for blood. 
Further, the endothelium was thought to participate in tissue reactions as target for 
injurious agents. Now the endothelium is recognized as a semipermeable barrier that 
regulates the transfer of small and large molecules, a highly specialized, metabolically active 
organ having vital metabolic, secretory, synthetic and immunologic functions. It performs 
significant autocrine, paracrine and endocrine actions and exerts influences on smooth 
muscle cells, platelets and peripheral leucocytes. Therefore, haemostasis, inflammatory 
reactions and immunity involve close interactions between immunocompetent cells and 
vascular endothelium. 
ECs arise from hemangioblasts, blast-like bipotential cells (Choi et al., 1998). They can also 
transdifferentiate into mesenchymal cells and intimal smooth muscle cells. It is known that 
there is a marked phenotypic variation between ECs in different parts of the vascular 
system. The cells from different location in the same person not only express different 
surface antigens and receptors, but can generate different responses to the same stimulus. 
Further, cells from the same part of the vasculature can have varied responses (Galley & 
Webster, 2004).  
The vascular endothelium senses mechanical stimuli, such as pressure and shear stress, and 
hormonal stimuli, such as vasoactive substances. In respons, it releases agents that regulate 
vasomotor function, trigger inflammatory processes and affect hemostasis. Among the 
vasodilatory substances the endothelium produces are nitric oxide (NO), prostacyclin, 
different endothelium derived hyperpolarizing factors and C-type natriuretic peptide. 
Vasoconstricting molecules include endothelin-1 (ET-1), angiotensin II (Ang II), 
thromboxane A2 and reactive oxygen species (ROS) (Endemann & Schiffrin, 2004). 
Inflammatory modulators include NO, intercellular adhesion molecule-1 (ICAM-1), vascular 
adhesion molecule-1 (VCAM-1), E-selectin, and NF-κB. The endothelium realizes the 
modulation of hemostasis by releasing: plasminogen activator, tissue factor inhibitor, von 
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Willebrand factor, NO, prostacyclin, thromboxane A2, plasminogen/activator, inhibitor/1 
and fibrinogen. The endothelium also contributes to mitogenesis, angiogenesis, vascular 
permeability and fluid balance. The endothelium is indispensable for body homeostasis. An 
controlled endothelium cell response is involved in many disease processes including 
atherosclerosis, hypertension, pulmonary hypertension, sepsis and inflammatory 
syndromes including vasculitis. These diseases are related to endothelial injury, dysfunction 
and activation. 

2. Physiological functions of endothelial cell 
In order for ECs to perform their physiological functions, they should exist in the so-called 
resting or quiescent state. It seems that, under normal resting conditions, ECs constitutively 
express certain ”protective“ genes, such as that encoding Bcl-xL, the purpose of which is to 
maintain ECs in their quiescent phenotype by inhibiting nuclear factor κB (NFκB) activation 
and exerting anti-apoptotic functions (Bach et al., 1997). In this state ECs can perform their 
normal barrier and anticoagulant functions even in the presence of low levels of stimulans, 
such as shear stress, circulating endotoxins or reactive oxygen species. In the quiescent state, 
the antithrombotic, anti-inflammatory and antiproliferative properties of the endothelium 
are maintained by the dominance of nitric oxide (NO) signaling and the formation of S-NO 
modifications of proteins, shear stress signaling through the surface glycocalyx and 
signaling between pericytes and the endothelium.  

2.1 Transport functions 
ECs makes an important barrier to the free passage of molecules and cells from the blood to 
the underlying interstitium and cells. Transport functions are realized by protein 
transporters, caveolae and tight junctions. Specific transport mechanisms transport essential 
circulating macromolecules across ECs to the subendothelial space to enable the metabolic 
needs of the surrounding tissue cells. ECs express glucose transporters GLUT-1 and GLUT-
4. GLUT-1 is the most abundant endothelial isoform. The blood-brain barrier is the major 
endothelial tissue expressing GLUT transporters, although these transporters have been also 
detected in other ECs including the umbilical vein, adrenal capillaries, aorta, retina, heart, 
placenta, the eye and testis (Mann et al., 2003). 
Aminoacids are transported by multiple transport systems in ECs, but the system y+ catonic 
amino acid transporter is perhaps most relevant, since this system transports L-arginine, the 
substrate for nitric oxide. Cytokines such as TNF can stimulate L-arginine transport in ECs 
resulting in increased NO production (Bogle et al., 1995).  
Transcellular transport in ECs occurs via caveolae which represent invaginations in the cell 
membrane and which are primary important in albumin transport across the endothelium. 
Albumin binding proteins (albumin binding glycoprotein, gp60) initiate the endocytosis of 
albumin by associating with the scaffolding protein caveolin-1 and activating the kinase Src. 
The Src enzyme phosphorylates caveolin-1 and a second protein dynamin (Galley & 
Webster, 2004). This results in the fission of caveolae and internalization of albumin. In the 
endothelium, caveolin-1 regulates nitric oxide signaling by binding to and maintaining 
endothelial nitric oxide synthase (NOS) in an inactive state (Bucci et al., 2000). Caveolin-1 is 
also an important determinant of calcium signaling in ECs because calcium influx channels 
and pumps are localized in caveolae (Fujimoto, 1993). 
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Paracellular transport is realized through tight junctions. Within multicellular organisms, 
several organs are relatively independent of whole body homeostasis and are wrapped by 
EC sheets. For example, the blood brain barrier is made of highly specialized ECs whose 
tight junctions protect the central nervous system. Tight junctions can function as either a 
„gate“ (selected passage of molecules) or a „fence“ (no passage) (Sawada et al., 2003). The 
gate function regulates the passage of ions, water and various macromolecules, even of 
cancer cells, through paracellular spaces. This type of function is important in oedema, 
jaundice, diarrhoea and blood-borne metastasis. The fence function maintains cell polarity 
by preventing the mixing of molecules in the apical EC membrane with those in the lateral 
membrane. Some pathogenic bacteria and viruses target and affect the tight junction 
function, leading to diseases affecting the vascular system (oedema), the gastrointestinal 
tract (bacterial enteritides) and respiratory tract (acute respiratory distress syndrome) 
(Galley & Webster, 2004). 

2.2 Vascular tone regulation 
The endothelium produces a number of vasodilator and vasoconstrictor substances which 
regulate vasomotor tone, but the most important is NO. 

2.2.1 Nitric oxide 
Nitric oxide is the most powerful vasodilator. Resting ECs constitutively express an 
endothelial specific isoform of nitric oxide synthase (eNOS, NOS3) which synthesizes NO 
from L-arginine (Palmer et al., 1988) maintaing the vasculature in a state of vasodilatation. 
The most important stimuli are physical factors such as shear stress and pulsatil stretching 
of the vessel wall as well as circulating and locally released vasoactive substances. The 
endothelium can be taken as a biosensor reacting to a large variety of stimuli and therefore 
maintaing an adequate NO release. ECs can express both, Ca-dependent constitutive NOS 
and Ca2+-independent inducible NOS (iNOS, NOS2). In unstimulated ECs, eNOS is targeted 
to specific microdomains in the plasma membrane called caveolae, where eNOS is 
associated with a scaffold protein caveolin, resulting in the tonic inhibition of the enzyme 
activity (Garcia-Cardena et al., 1997; Michel et al., 1997). The elevation of Ca2+ induced by 
Ca2+-elevating agonists stimulates the binding of calmodulin to eNOS challenging the 
dissociation of the enzyme from caveolin and thereby its activation (Michel et al., 1997). 
Some stimuli such as shear stress and ceramide can induce the Ca2+-independent activation 
of eNOS (Igarashi et al., 1999). Shear stress and receptor agonists (such as bradykinin and 
vascular endothelial growth factor) can induce the phosphorylation of eNOS by Akt and its 
translocation to the cytosol where it interacts with calmodulin and the chaperone Hsp90. 
There is evidence that the some situations are associated  with an increased activity  and the 
amount of constitutive eNOS indicating that this isoform can also be induced. Although 
caveolae play an integral part in regulating the activity of eNOS, proinflammatory cytokines 
also increase the activity of GTP-cyclohydrolase, the rate-limiting enzyme for tetra-
hydrobiopterin production, which is a cofactor for NOS (Harrison, 1997). The y+ amino acid 
transporter channels are co-located with NOS on caveolae, and the recirculation of L-
arginine from L-citruline mediated by cytokines occurring in vascular ECs (Lee & Yu, 2002) 
makes substrate for NO production available . NO is subsequently produced by the enzyme 
only when the substrate L-arginine and the cofactor tetrahydrobiopterine are available. NO 
can then react with the cysteine motifs in proteins throughout ECs to make S-NO 
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Paracellular transport is realized through tight junctions. Within multicellular organisms, 
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modifications to these proteins (S-nitrosylation), thereby silencing multiple metabolic pro-
cesses, including apoptotic cell death regulation (Mannick, 2007) and the inhibition of 
mitochondrial oxidative phosphorylation during hypoxia or a protection against hypoxia by 
increasing the binding activity of hypoxia-inducible factor 1. S-nitrosylation of NF-κB can 
suppress inflammation (Rabelink & Luscher, 2006). L-arginine depletion occurs when it is 
diverted into alternative metabolic pathways through the redox induction of enzymes such 
as arginase and protein methyltransferases. 
Under prolonged redox signaling, eNOS itself may switch from being an enzyme that 
produces NO into the one that produces reactive oxygen species. This event is known as 
NOS “uncoupling”, and it is dependent on the lack of availability of the cofactor 
tetrahydrobiopterine, which is essential for the eNOS-dependent production of NO. The 
amount of tetrahydrobipterin can be reduced as a result of direct oxidation by ROS derived 
from another source followed by the amplification of oxidative stress or when hydrogen 
peroxide induces the inactivation of the enzymes GTP-cyclohydrolase and dihydrofolate 
reductase, which generate and regenerate tetrahydrobiopterine. When its levels are low the 
heme group in eNOS will directly yield superoxide and hydrogen peroxide (Crabtree et al., 
2009). The enzyme may reduce molecular oxygen rather than transfer electrons to L-
arginine, thereby generating superoxide. Superoxide is believed to originate from the 
oxygenase domain of the enzyme through the dissociation of a ferrous-dioxygen complex 
that is normally stabilized by tetrahydrobiopterine (Xia et al., 1998). This uncoupling 
converts eNOS into an accelerator of redox signaling followed by the production of large 
amounts of ROS inducing a proinflammatory state (Rabelink & Luscher, 2006). Several 
enzymes such as the hemoxygenase system (Ryter et al., 2006), antioxidant enzymes, 
thioredoxin reductase and glutathione reductase (Hojo et al., 2002) can scavenge ROS and 
“fine-tune” this activation cascade, to the extent that ROS exceed the antioxidative capacity 
of cellular antioxidants (Cai & Harrison, 2000). This process explains how the chronic 
activation of the endothelium or impaired activity of eNOS can lead to the endothelial 
dysfunction. 
Endothelial iNOS may be induced in both physiological and pathological conditions. 
Known physiological settings include pregnancy, treatment with oestradiol (Weiner et al 
1994), shear stress, chronic exercise or receptor agonists (such as bradykinine and vascular 
endothelial growth factor). In activated ECs iNOS can be induced producing much higher 
levels of NO then those present under physiological conditions and that is implicated in the 
pathogenesis of a wide variety of diseases involving endothelium (Djordjević et al., 2004; 
Djordjević et al., 2008). iNOS is highly regulated by cytokines, some of which promote while 
others inhibit the enzyme induction. Although there are indices suggesting that a cocktail of 
three cytokines (TNF-, IL-1 and IFN-) (Steiner et al., 1997), is neccesery for NOS inducti-
on, most data showed that NOS induction can be triggered by a mixture of two cytokines 
especially IL-1 and TNF (Mantovani et al., 1997). Transforming growth factor - (TGF-) 
reduces cytokine-induced iNOS activity by inhibiting iNOS mRNA translation and increa-
sing iNOS protein degradation, while IL-4 interferes with iNOS transcription (Bogdan et al., 
1991). The disruption of genes encoding IFN-, part of its receptor or an IFN regulatory 
factor results in a phenotypic deficiency in iNOS expression. EC produced NO may exert an 
autocrine function. It inhibits the cytokine-induced expression of adhesion molecules and 
cytokine production by ECs through inducing and stabilizing of NF-κB inhibitor (Peng et al., 
1995), thus attenuating proinflammatory responses. 
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2.2.2 NADPH oxidase 
An emerging paradigm in vascular homeostasis involves the balance between ROS-
mediated and NO-mediated signals. ROS contribute to cellular signaling, affecting almost 
all aspects of cellular function including gene expression, proliferation, migration and cell 
death. It is now clear that ROS play an important role in regulating the normal function of 
the endothelium. However, the generation of ROS both within ECs and in adjacent cells 
such as vascular smooth muscle cells, adventitial fibroblasts and inflammatory cells has a 
major role in the genesis of endothelial activation and dysfunction. The potential sources of 
superoxide in ECs include the mitochondrial electron transport chain, xanthine oxidase, 
cytochrome p450 enzymes, uncoupled NOS and NADPH oxidases. Mitochondria are both a 
source and a target for ROS. Because they are susceptible to oxidative damage it can result 
in enhanced mitochondrial ROS production (Cai & Harrison, 2000). Xanthine oxidase is 
expressed on the luminal surface of the endothelium and catalyses the conversion of 
hypoxanthine into urate in the process that generates superoxide. An increased xanthine-
oxidase-derived superoxide production is involved in endothelial dysfunction in several 
diseases.  
NADPH oxidase is considered as a rather special source of ROS generation since its  the 
primary function is the regulation of ROS production, primarily identified and characterized 
in phagocytes where it plays an essential role in host defense against microbial organisms. 
Furthermore it has become apparent that ROS production by NADPH oxidase homologues 
in non-phagocytic cells also plays an important role in the regulation of signal transduction 
via the modulation of kinase and phosphatase activities or through gene transcription 
(Finkel, 2003; Groemping & Rittinger, 2005). The phagocytic enzyme is normally quiescent, 
but becomes activated during the neutrophil oxidative burst when it generates large 
amounts of superoxide (Brandes & Kreuzer, 2005). The classical phagocytic NADPH oxidase 
is composed of two subunits, a catalytic subunit gp91phox (91 kDa glycosylated protein; 
where phox is phagocyte oxidase), and p22phox subunit forming a membrane-bound 
heterodimeric flavo-cytochrome b558. For fully enzyme activation a number of cytosolic 
regulatory subunits are required namely p67phox, p47phox, p40phox and the small GTPase Rac2 
which are translocated to and assembled with the membrane cytochrome in a highly 
regulated process (DeLeo & Quinn, 1996) that involves the post-translational modification of 
several cytosolic subunits and specific protein-protein binding through tandem SH3 (Src 
homology) domains. The tight regulation of enzymatic activity is achieved by two 
mechanisms: the separation of the oxidase subunits into different subcellular locations 
during the resting state and the modulation of reversible protein-protein and protein-lipid 
interactions. In the activated enzyme complex, the flavin-containing catalytic subunit 
functions as an electron transport system which uses NADPH as a donor of electrons that 
are transferred to molecular oxygen, resulting in the generation of superoxide.  
Initially, several homologues of the gp91phox catalytic subunit have been identified, each 
encoded by separate genes and designated Noxs. These are now seven members: Nox1, 
Nox2, Nox3, Nox4, Nox5, Duox1 and Duox2. Nox2 contains gp91phox. It seems that all the 
Nox homologues may bind to p22phox in a similar manner to the gp91phox/ p22phox complex. 
In the case of Nox1, homologues of p47phox and p67phox (NOXO1 and NOXA1) have been 
found to be important for its activation. On the other side, Nox4 activation does not require 
either p47phox and p67phox (Ray & Shah, 2005).  
ECs express all the classical NADPH oxidase subunits. However, there are a few significant 
differences between phagocytic oxidase and the enzyme in ECs. Firstly, endothelial oxidase 
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continuously generates small amounts of superoxide even in unstimulated cells, but its 
activity can be augmented by specific agonists. Secondly, a large proportion of the 
superoxide generated in ECs is intracellular, whereas neutrophil superoxide generation is 
mainly in the extracellular compartment. The Nox2 oxidase is predominantly located in a 
perinuclear distribution in association with the cytoskeleton. There are also many fully 
preassembled ROS generating oxidase complexes which can explain both the continuous 
low-level superoxide generation in unstimulated endothelium and the intracellular site of 
ROS production. The Nox4 isoform is expressed in greater amounts in ECs and seems to 
contribute to the basal constitutive superoxide generation.. Additionally, ECs express the 
Nox1 enzyme in smaller amounts than the Nox2 isoform. Endothelial NADPH oxidase may 
be stimulated by a variety of (patho)physiological stimuli: 1. Agonists of G-protein coupled 
receptors such as angiotensin II and endothelin, 2. Growth factors such as thrombin and 
vascular endothelial growth factor, 3. Cytokines such as TNF-, 4. Metabolic factors such as 
increased glucose, insulin, non-esterified fatty acids, advanced glycation end products, 5. 
Oxidized lipids, 6. Oscillatory shear stress , and 7. Hypoxia/reoxygenation and nutrient 
deprivation.  
A major mechanism involved in NADPH oxidase activation is the PKC (protein kinase C)-
dependent phosphorylation of the p47phox regulatory subunit and its translocation to the 
membrane heterodimer. TNF- induced endothelial oxidase activation downstream phos-
phorylation of extracellular signal-regulated kinase, involves not only the phosphorylation 
of p47phox, but also its binding to TRAF4 (TNF-receptor associated factor 4) (Li et al., 2005). 
The other mechanism, occurs via the action of Src, EGF receptor transactivation and the 
subsequend activation of PI3- kinase which leads to the robust activation of Rac and an 
enhanced  and prolonged oxidase dependent ROS production. The  activation of the oxidase 
by Rac 1 is therapeutically relevant because Rac 1 activation requires its post-translational 
modification by isoprenylation, a process that is inhibited by -hydroxy-3-methylglutaryl-
CoA reductase inhibitors (statins). 

3. Endothelial cell activation 
Generally, ECs are constantly a target for a wide variety of stimuli which can induce an EC 
response in three different ways: 1) stimulation – a rapid response of resting ECs initiated by 
agonists such as histamine, 2) activation – a slower protein synthesis-dependent response 
mostly initiated by inflammatory cytokines, (these two responses are normal EC functions), 
3) injury - a process occurring by strong stimuli which can induce either endothelial necrosis 
or endothelial dysfunction. 
A large number of distinct pathogens including viruses, bacteria and their products, 
protozoa, anti-EC antibodies, reactive oxygen species, rickettsiae and toxins can be directly 
or indirectly involved in EC activation (Figure 1). ECs can be also a target for angiogenic 
signals in neoplasia, and a major target for an immune reaction directed against alloantigens 
or xenoantigens. Some of them (like viruses) infect ECs, others (viruses, bacteria and their 
products, anti-EC antibodies)  interact with ECs and induce or modify cytokine production. 
EC activation triggered by inflammatory cytokines (e.g. TNF-, IFN-, IL-1) or growth fac-
tors (e.g. angiotensin II) can induce the expression of a functional program related to throm-
bosis and inflammation. Thus, under stronger insults ECs initially acquire a proinflamma-
tory and procoagulant phenotype. Since the ultimate goal of the activated EC is to survive, it 
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leads the cell to add to the constitutively- expressed protective machinery by initiating the 
upregulation of a new set of protective genes, including those for A1 and A20 (Bach et al., 
1997). 
 

 
Fig. 1. Endothelial cell activation 

During activation ECs not only develop a characteristic morphology but also synthesize a 
new surface protein and soluble mediators not present in the resting vascular endothelium. 
Many of these morphologic and functional changes can be induced in cultured ECs by 
purified immune mediators, such as monokines, lymphokines and bacterial LPS. Numerous 
inducible genes involved in endothelial activation, including cell adhesion molecule 1, E-
selectin, tissue factor, interleukin-1 (IL-1), interleukin-6 (IL-6), G-CSF, interleukin-8 (IL-8) 
and c-myc contain elements in their promoter regions that could be recognized by the NF-
κB 1/Rel family of transcription factors. ECs also express an inhibitor of NF-κB, IκB-, and 
can dramaticaly modulate the level of this inhibitor in parallel with the activation process. 
One of the earliest changes in the endothelium activation is an alteration in the glycocalyx 
composition. Glycocalyx contains anchoring proteoglycans (CD44, the syndecan protein 
family) and conecting glycosaminoglycans. The major class of negatively charged polysacc-
harides that contribute to the glycocalyx include heparan sulfate, chondroitin sulfate and the 
nonsulfated hyaluronan. The various combinations of possible sulfation modifications 
within a heparan sulfate chain can give rise to many structurally distinct binding sites for a 
wide rage of different ligands, including chemokines, growth factors, lipoproteins, lipases, 
serine protease inhibitors, thrombomodulin, extracellular SOD and complement factors 
(Weinbaum et al., 2007). The endothelial glycocalyx (Tarbell & Ebong, 2008) markedly 
changes its properties under inflammatory conditions which facilitates rolling adhesion and 
tight adhesion of leucocytes. Cytokines activate proteases either located in glycocalyx or 
secreted by activated ECs and leucocytes which partially degrade the glycocalyx layer and 
thereby provide a mechanism for leucocyte recruitment (Mulivor & Lipowsky, 2004). Also, 
the release of glycocalyx components into the circulation can be considered as a very early 
sign of endothelial activation. So, syndecan 1 and heparan sulfates have been shown to be 
released from the endothelium following stimulation by thrombin or endotoxin (Fitzgerald 
et al., 2000), and circulating glycocalyx components have been explored as a measure of 
endothelial activation in patients with type 2 diabetes and the coronary artery disease 
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(Bruegger et al., 2009; Wang et al., 2009). During sustained endothelial activation platelets 
and leucocytes bind to the endothelial surface leading to the formation of proinflammatory 
factors such as thrombin and the membrane attached complex which can cause further 
activation of the endothelium and promote the formation of membrane particules so called 
microparticles. Microparticles from ECs, platelets and leucocytes are released into the 
circulation. The interaction between ECs and pericytes is disrapted and pericytes begins to 
produce proteases that damage the endothelial basement membrane. These processes may 
lead to the apoptosis or necrosis of ECs or ECs can be detached and detected in the 
circulation (Haubitz & Woywodt, 2004). 

3.1 Nuclear factor-κB 
NF-κB is a redox sensitive transcription factor associated with rapid-response activation 
mechanisms. It consists of homo- or heterodimeric complexes of members of the Rel family 
of proteins: p50/p105 (NF-κB1, derived from its p105 precursor), p52/100 (NF-κB2 and its 
p100 precursor), p65/RelA, c-Rel and Rel-B. The best characterized form is the heterodimer 
p50/p65. These proteins share a 300 amino acid region known as the Rel homology domain, 
which mediates DNA binding and dimerization. In resting cells, NF-κB binding proteins are 
in an inactive cytosolic form and are complexed to members of a family of inhibitory pro-
teins referred to as IκB (IκB-, IκB-, IκB-, IκB-σ and IκB-ε). IκB- is the best characterized 
inhibitor, which binds to the p65 subunit of NF-κB (Baldwin, 1996). All IκB forms contain 
multiple ankyrin repeats which are involved in interactions with NF-κB. NF-κB can be 
activated by a number of divers agents such as the citokines, IL-1, and TNF-, LPS, oxi-
dative stress, oxidatively modified LDL particles, viral products, advanced glycosylation 
end products and physical forces. These stimuli may activate the NF-κB kinase complex 
through distinct signaling pathways that culminate in the activation of the IκB kinase. In this 
way they induce IκB- release from the p65 subunit after its phosphorilation. After 
phosphorilation IκB is ubiquitinated and targeted for degradation via the nonlysosomal 
ATP-dependent proteosome pathway  followed by a rapid loss of this protein. Alterations in 
IκB- at the levels Ser32 and Ser36, which prevent its phosphorilation and degradation, lead 
to  blocking IκB- ubiquitination and subsequent degradation (Brown et al., 1995). A 
removal of IκB- exposes a nuclear localisation sequence in NF-κB which is then able to 
translocate to the nucleus, bind to a specific DNA sequence (5’-GGGRNNYYCC-3’) and 
activate NF-κB dependent genes. 
IκB- is rapidly resinthesized after the loss, suggesting an autoregulatory mechanism for 
NF-κB regulation in the endothelium (Thurberg & Collins, 1998). When the IκB- pool is 
replenished, IκB- translocates to the nucleus and displaces the transactivating form of NF-
κB from promotor elements. The NF-κB/IκB- complex is then transported back to the 
cytoplasm in the inactive form. Further, the genes that code for p65, p105 and IκB- are 
highly inducible in ECs in response to the stimuli that activate NF-κB. The promoter  of the 
IκB--gene contains  κB binding sites. p65 stimulates IκB- gene expression (Baldwin, 1996)    
and p65 stabilises IκB- protein indicating that p65 and IκB- have been directly linked in 
an autoregulatory loop. The NF-κB/IκB- autoregulatory system may ensure that the 
induction of NF-κB is transient, and that the activated cell returns to a quiescent state. It 
allows a continuous maintenance of the cytoplasmatic reservoirs of NF-κB complexes for 
stimulation in an acute response, and also prepares the EC to return NF-κB to its uninduced 
condition. 
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The rapid cytokine-induced activation of NF-κB in ECs is probably similar to that seen in 
other cell types. However, the recovery kinetics of the NF-κB/IκB- response in the 
endothelium may be different. The NF-κB remains activated and IκB- levels remain below 
basal levels for long periods of time than seen in cells programmed for rapid responses, such 
as macrophages (Read et al., 1994). It is possible that cytokines released by activated ECs 
result in an autocrine activation of NF-κB and continued degradation of IκB-. Such prolon-
ged endothelial activation may play a role in recruiting circulating cells to the sites of 
ongoing inflammatory (artherosclerosis) (Ahn et al., 2006; Brand et al., 1997) or immune 
processes (autoimmune diseases). The NF-κB activation can be blocked by sodium salicylate 
and aspirin (Kopp & Ghosh, 1994). 
However, in addition to the proinflammatory genes, activated NF-κB may induce a set of 
protective genes, including antiapoptotic genes that may limit the activation process and 
thereby regulate the respons to injury. The protective genes include IκB- and hemoxyge-
nase, as well as the antiapoptotic genes A20, Bcl-2, and Bcl-XL. Besides the antiapoptotic 
activity, the antiapoptotic genes also inhibit the activation of NF-κB in ECs and thus block 
the induction of the proinflammatory genes (Bach et al., 1997). Some stimuli, such as laminar 
shear stress, upregulate genes for manganese superoxide dismutase, cyclooxygenase-2 and 
endothelial specific nitric oxide synthase. Since this set of genes has antioxidant, antithrom-
botic and antiadhesive properties, they can be also recognised as “protective”. When the 
protective effect is not adequate, ECs undergo apoptosis.  
To maintain an antiinflammatory and anticoagulant state the endothelium also requires 
environmental cues. Laminar shear stress is a key contributor to the integrity of ECs through 
the inhibition of apoptosis. Shear stress also activates specific transcription factors, such as 
kruppel-like factor 2 and nuclear factor erythroid 2-related factor 2 (Dekker et al., 2002; 
Chen et al., 2003). These transcription factors regulate about 70% of the genes responsive to 
shear stress, including those that encode typical protective endothelial factors such as eNOS, 
thrombomodulin and antioxidant enzymes, but at the same time they down regulate genes 
that encode procoagulant factors such as plasminogen activator inhibitor 1, IL-8 and the 
tissue factor (Fledderus et al., 2008). It seems that kruppel-like factor 2 can be directly regu-
lated by shear stress, while the nuclear factor erythroid 2-related factor 2 is released from its 
inhibitor, kelch-like ECH associated protein 1, through the generation of ROS, which 
suggests that it functions as a defense mechanism against antioxidants (Kraft et al., 2004). 
However, in the stabilisation of the endothelial phenotype a key role belongs to the recipro-
cal interaction of stromal or epithelial cells with the endothelium. ECs have direct physical 
contact with pericytes and vascular smooth muscle cells through myoendothelial junctions. 
Pericytes send signals to the endothelium through number of factors including hydrogen 
sulfide, all isoforms of VEGF (vascular endothelial growth factor), sphingosine-1-phosphate, 
platelet-derived growth factor, basic fibroblast growth factor and angiopoietin I (Gaengel et 
al., 2009; Diaz-Flores et al., 2009). Angiopoietin I is best known to stabilize the endothelium 
and to maintain its quiescent state. If the signaling between angiopoietin I and the ECs is 
interrupted ECs sprout and migrate; this results in neoangiogenesis (Chen & Stinnett, 2008). 

3.1.1 Regulation of NF-κB dependent gene expression 
The activation of the pleiotropic mediator NF-κB in ECs could coordinate the expression of 
numerous endothelial products which are important in endothelial activation including 
some cell surface adhesion proteins, cytokines, growth factors, NADPH oxidase, NOS, 
prostanoides, acute phase reactants and components of the coagulation system. They may 
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be multiple phosphorylation events which play a key role in NF-κB activation. Some of the 
cytosolic NF-κB/IκB- is associated with the catalitic subunit of the cAMP-dependent pro-
tein kinase, PKAc, in an inactive state. The signal-induced degradation of IκB- leads to the 
activation of PKAc which phosphorilates the p65 subunit of NF-κB on Ser276. This causes a 
conformational change which unmasks the CREB binding protein (cAMP-responsive 
binding protein) interacting domain on p65. Once CREB interacting domain on p65 is 
unmasked, NF-κB interaction with a coactivator is enhanced and NF-κB can enter the 
nucleus (Zhong et al., 1997). Lysophosphatidylcholine, one of the active molecules present 
in oxLDL, has been shown to activate NF-κB in primary cultured ECs via a PKC dependent 
pathway. ECs can also be shown to be responsive to oxLDL in vivo. When unmodified 
human LDL particles are injected into a rat model, they are localized in the arterial wall 
were they undergo oxidative modification which is accompanied by an increase in 
endothelial NF-κB activation and expression of NF-κB dependent genes (Calara et al., 1998). 
In the nucleus, the p65 subunit can be phosphoregulated by the components of the p38 and 
ERK MAP kinase signal patways (Berghe et al., 1998).  

4. Endothelial cells and inflammation 
ECs actively participate in the inflammatory process acting as both a target and a responder 
to a variety of stimuli. Whatever the initial stimuli (mechanical, chemical, infectious or 
immunological) they activate ECs. There are two stages of EC activation; the first-EC 
activation type I which does not require de novo protein synthesis or gene upregulation, 
occurs rapidly and it is followed by the retraction of ECs, expression of P selectin and 
release of von Willebrand factor. The second response, EC activation type II, requires time 
for the stimulating agent to cause an effect via gene transcription and protein synthesis. A 
stimulating agent acting on the EC surface causes the expression of many genes via the 
activation of NF-κB (Baldwin, 1996). EC activation is a graded rather than an all response. 
For example, changes in EC integrity range from simple increases in local permeability to 
major EC contraction, exposing large areas of subendothelium. Activation may proceed as 
an acute response or as a chronic EC activation such as in atherosclerosis and in vascular 
diabetic complications. Ligands of RAGE (the receptor for advanced glycation end products) 
mediate continuous NF-κB activation which results in persistent endothelial tissue factor 
induction. The activation may occur locally, as in transplant rejection, or systematically, as 
in septicaemia and the systemic inflammatory response. 
Generaly, EC activation is associated with five core changes including the loss of vascular 
integrity, expression of leucocyte adhesion molecules, change in phenotype from antithrom-
botic to prothrombotic, cytokine production and upregulation of HLA molecules. The loss of 
vascular integrity can expose subendothelium and cause the efflux of fluids from the 
intravascular space.  
The first step in EC activation, independently on the initial stimuli, involves inflammatory 
cytokines mostly TNF-, IL-1 and IFN- (Steiner et al., 1997). They stimulate ECs to produce 
monocyte chemotactic protein-1 (MCP-1). Vascular cells produce three more chemokines 
including IP-10, MIG, I-TAC, when exposed to the inflammatory mediator IFN-, a molecule 
produced by activated T cells and perheps macrophages. MCP-1 recruits and activates 
immune and inflammatory cells which produce inflammatory cytokines and induce the 
expression of adhesion molecules. The upregulation of surface glycoproteins such as 
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endothelial leucocyte adhesion molecule-1 (ELAM-1, also known as E-selectin), intercellular 
adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and MHC 
molecules allows leucocytes to adhere to the endothelium and then move into tissues. 
 

 
Fig. 2. Endothelial cells and inflammation 

Tissue infiltration by circulating leucocytes is a four-step process involving low affinity 
attachment, roling on the endothelium, high affinity attachment to the endothelium, follo-
wed by transmigration across the ECs lining blood vessel walls. These processes are medi-
ated by adhesion molecules. Four distinct families of adhesion molecules including cadhe-
rins, immunoglobulin superfamily members, selectins and integrins are involved in vascular 
cell-cell adhesion. These molecules are requred four: 1. The formation of the junctional 
complexes that enable the assembly of ECs into functional vascular networks; 2. They 
mediate the leucocyte-endothelial adhesive interactions involved in the trafficking of leuco-
cytes out of the circulation but the set of adhesion molecules expressed by ECs depends on 
the stimuli (Cook-Mills & Deem, 2005) while the specificity of the adhesion molecules 
regulates the specificity of leucocyte homing to tissues; and 3. They contribute to contacts 
between pericytes and the endothelium  that are important to the regulation of EC prolife-
ration, addressin interaction, rolling which can also be mediated by the interaction of 
leucocyte 41-integrin and VCAM-1/CD106. A transitory contact of leucocytes with the 
endothelium or their rolling are mediated by low-affinity receptors, selectins and 
addressins.  
The binding of selectins on leucocytes stimulates “outside-in” signals in leucocytes, increa-
sing the affinity of the integrin family of receptors, which then bind to EC adhesion mole-
cules such as ICAM-1/CD54 and VCAM-1. The regulation of the expression of the adhesion 
molecules occurs by negative control as well as at the level of gene transcription. For 
example, NO can reduce leucocyte adhesion to arteries and can counteract the induction of 
VCAM-1 expression by ECs stimulated by inflammatory cytokines such as IL-1 or TNF-. 
At the transcriptional level, NO inhibits VCAM-1 gene expression in ECs by interfering with 
the NF-κB signaling pathway via a non-cyclic GMP-mediated mechanism (Peng et al., 1995). 
Instead, NO inhibits NF-κB by inducing its inhibitor IκB-. Thus, NO acts as an anti-infla-
mmatory mediator. Leucocyte integrin affinity is also rapidly increased by “inside-out” 
signals from leucocyte chemokine receptors triggered by chemokines expressed on the sur-
face of ECs. When leucocyte integrin affinity is increased, leucocyte roling is arrested. 
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endothelial leucocyte adhesion molecule-1 (ELAM-1, also known as E-selectin), intercellular 
adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and MHC 
molecules allows leucocytes to adhere to the endothelium and then move into tissues. 
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Tissue infiltration by circulating leucocytes is a four-step process involving low affinity 
attachment, roling on the endothelium, high affinity attachment to the endothelium, follo-
wed by transmigration across the ECs lining blood vessel walls. These processes are medi-
ated by adhesion molecules. Four distinct families of adhesion molecules including cadhe-
rins, immunoglobulin superfamily members, selectins and integrins are involved in vascular 
cell-cell adhesion. These molecules are requred four: 1. The formation of the junctional 
complexes that enable the assembly of ECs into functional vascular networks; 2. They 
mediate the leucocyte-endothelial adhesive interactions involved in the trafficking of leuco-
cytes out of the circulation but the set of adhesion molecules expressed by ECs depends on 
the stimuli (Cook-Mills & Deem, 2005) while the specificity of the adhesion molecules 
regulates the specificity of leucocyte homing to tissues; and 3. They contribute to contacts 
between pericytes and the endothelium  that are important to the regulation of EC prolife-
ration, addressin interaction, rolling which can also be mediated by the interaction of 
leucocyte 41-integrin and VCAM-1/CD106. A transitory contact of leucocytes with the 
endothelium or their rolling are mediated by low-affinity receptors, selectins and 
addressins.  
The binding of selectins on leucocytes stimulates “outside-in” signals in leucocytes, increa-
sing the affinity of the integrin family of receptors, which then bind to EC adhesion mole-
cules such as ICAM-1/CD54 and VCAM-1. The regulation of the expression of the adhesion 
molecules occurs by negative control as well as at the level of gene transcription. For 
example, NO can reduce leucocyte adhesion to arteries and can counteract the induction of 
VCAM-1 expression by ECs stimulated by inflammatory cytokines such as IL-1 or TNF-. 
At the transcriptional level, NO inhibits VCAM-1 gene expression in ECs by interfering with 
the NF-κB signaling pathway via a non-cyclic GMP-mediated mechanism (Peng et al., 1995). 
Instead, NO inhibits NF-κB by inducing its inhibitor IκB-. Thus, NO acts as an anti-infla-
mmatory mediator. Leucocyte integrin affinity is also rapidly increased by “inside-out” 
signals from leucocyte chemokine receptors triggered by chemokines expressed on the sur-
face of ECs. When leucocyte integrin affinity is increased, leucocyte roling is arrested. 
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More sustained sticking of leucocyte to the endothelium is mediated by VCAM-1 which 
binds to the cognate ligand VLA-4 (very late adhesion molecule-4) that is expressed by the 
very types of leucocytes recruited to the intima: monocytes and lymphocytes, respectively. 
Once adherent, the  leucocytes enter the vascular wall. Leucocyte migration from the blood 
into tissues is vital for  immune surveillance and inflammation. Leucocytes can stimulate 
“outside-in” signal transduction in ECs and some of these signals can cause localized 
alterations in EC junctions. 
At the sites of inflammation, activated antigen specific lymphocytes are the first to migrate 
across activated endothelium expressing adhesiom molecules. During the leucocyte-EC 
interaction, the EC promotes the migration of leucocytes or removes leucocytes that are in 
the early stages of apoptosis. Leucocytes can be found within the vacuolar structures of ECs  
only when ECs phagocytose apoptotic leucocytes. This function of ECs may be a mechanism 
by which the endothelium is protected from the localised vascular damage which would 
occur if apoptotic leucocytes were to undergo necrosis. Thus, we can say that ECs modulate 
leucocyte migration by promoting leucocyte migration or removing leucocytes undergoing 
apoptosis. 
While lymphocytes migrate acros activated endothelium neutrophils and monocytes migra-
te between ECs (Mamdouh et al., 2003). It has been shown that neutrophils roll across the 
luminal surface of human umbilical vein ECs to bicellular and tricellular EC junctions. In 
response to peptid N-formyl-methionyl-leucyl-phenylalanine neutrophils migrate through a 
pore in nonactivated cutaneous ECs. Adhesion molecule signals result in alterations in the 
function of cell junction proteins and/or contractile forces in the EC, thereby opening an EC 
junction and permitting leucocyte migration into the tissue. During neutrophil and mono-
cyte migration, localized EC retraction of lateral junctions occurs at the site of leucocyte 
migration showing that contractile forces in ECs have an active role in leucocyte migration. 

4.1 Selectins 
Three selectins have been characterized and named according to their cell of original disco-
very: P-selectin (platelet selectin), E-selectin (EC selectin) and L-selectin (leucocyte selectin). 
These are glycosylated proteins, which share several structural features and support leuko-
cyte-EC and leukocyte-platelet adhesion. L-selectin is constitutively expressed by most 
leucocytes, but not by other cell-types. The ECs of high endothelial venules of lymph nodes 
constitutively express ligand for L-selectin (lymphocyte homing receptors) and L-selectin 
plays a central role in the normal recirculation of lymphocytes. ECs from other vascular 
beds also support L-selectin-mediated adhesion after the exposure to cytokines. P-selectin, 
which is expressed by ECs and platelets, is stored in intracellular granules and mobilized to 
the surface upon cell activation where it supports the adhesion of granulocytes, monocytes 
and some lymphocyte subsets. E-selectin is expressed by cytokine-activated ECs and 
supports adhesion of granulocytes, monocytes, some memory T-lymphocytes and natural 
killer cells (Bevilacqua & Nelson, 1993; Brady, 1994). 

4.2 Integrins 
Selectin - mediated adhesion facilitates the immobilization of phagocytes by the interaction 
of phagocyte integrins with immunoglobulin-like molecules on the endothelium. Integrins 
are heterodimeric glycoproteins composed of non-covalently associated  and  subunits. 
Integrins mediate diverse cell-cell and cell-matrix interactions. The most important integrins 
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in leukocyte-endothelial adhesion include the very late activation antigen-4 1 integrin 
(VLA-4) and the CD11/CD18 -2 integrins. VLA-4 is constitutively expressed by 
lymphocytes, monocytes, basophiles and eosinophils, but not neutrophils. This protein is a 
ligand for the inducible vascular cell adhesion molecule-1 (VCAM-1) and also mediates cell 
attachment to fibronectin and possibly other matrix components. -2 integrins include three 
well characterized members: CD11a/CD18 (LFA-1, Lymphocyte function-associated 
antigen-1), CD11b/CD18 (Mac-1) and CD11c/CD18 where CD11 and CD18 are the  and  
subunits, respectively. LFA-1 is found on all T- cells and also on B-cells, macrophages and 
neutrophils. CD11 subunits are encoded by distinct genes in a cluster on chromosome 16, 
while CD18 is encoded by a single gene on chromosome 21. CD18 contains a short 
cytoplasmic tail which has several potential phosphoregulation sites, a highly conserved 
transmembrane domain and a long extracellular region which contains a conserved cystein-
rich region that is necessary for surface expression (Brady, 1994). The major ligands for 
CD11a/CD18 are the intercellular adhesion molecules-1 and 2 (ICAM-1 and ICAM-2). 
ICAM-1 is also a ligand for CD11b/CD18 which supports phagocyte adhesion to cellular 
and acellular substrates by ICAM-1 independent mechanisms. Other ligands for 
CD11b/CD18 include fibrinogen, clotting factors and complement fragments (C3bi). 

4.3 Immunoglobulin-like molecules  
4.3.1 Platelet-EC adhesion molecule-1 (PECAM-1) 
PECAM-1 adhesion at the lateral borders of nonactivated ECs participates in the formation 
of EC junctions and my be a critical regulator of phagocyte diapedesis between ECs. 
PECAM-1 also mediates the binding with PECAM-1 on leucocytes. Although there is 
PECAM-1 independent models of lymphocyte, neutrophil and monocyte migration  anti-
PECAM-1 antibodies can block monocyte diapedesis across TNF-α or IL-1-activated ECs 
(Schenkel et al., 2002). PECAM-1 can activate signals that increase leukocyte adhesion 
(Chiba et al., 1999). Also, PECAM-1 has been shown to recycle between the cell membrane 
and a cytoplasmic compartment juxtaposed to the membrane. PECAM-1 is recruited to the 
EC surface at the sites of monocyte transmigration (Mamdouh et al., 2003). A treatment of 
nonactivated cells with an inducer of oxidative stress increases PECAM-1 phosphorylation 
followed by an increase in leukocyte migration. PECAM-1 phosphorylation is regulated by 
ser/thr phosphatases which can be blocked with anti-PECAM-1 antibodies, antioxidants or 
inhibitors of PKC, Ras and glutathione synthesis (Rattan et al., 1997). The homophilic 
adhesion of PECAM-1 stimulates its binding to several intracellular proteins involved in 
signaling including Src homology containing phosphatase, phospholipase C- and Pi-3k 
(Jackson et al., 1997; Pellegatta et al., 1998; Pumphrey et al., 1999). Phosphorylated PECAM-1 
can be linked to the cytoskeletal catenins thereby limiting their translocation to the nucleus 
thus modulating gene expression. 
PECAM-1 localization in ECs is modulated by cytokines. The simultaneous treatment with 
TNF-α and IFN- moves PECAM-1 out of lateral junctions without inhibiting the ability of 
monocytes to migrate across these ECs under laminar flow conditions suggesting that 
sufficient PECAM-1 is still available for migration (Shaw et al., 2001). 

4.3.2 Intercellular adhesion molecule-1 (ICAM-1) 
ICAM-1 is a glycoprotein which contains five tandem immunoglobulin domains. It is 
constituvely expressed on many cell types but can be increased on endothelium by 
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More sustained sticking of leucocyte to the endothelium is mediated by VCAM-1 which 
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cyte-EC and leukocyte-platelet adhesion. L-selectin is constitutively expressed by most 
leucocytes, but not by other cell-types. The ECs of high endothelial venules of lymph nodes 
constitutively express ligand for L-selectin (lymphocyte homing receptors) and L-selectin 
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neutrophils. CD11 subunits are encoded by distinct genes in a cluster on chromosome 16, 
while CD18 is encoded by a single gene on chromosome 21. CD18 contains a short 
cytoplasmic tail which has several potential phosphoregulation sites, a highly conserved 
transmembrane domain and a long extracellular region which contains a conserved cystein-
rich region that is necessary for surface expression (Brady, 1994). The major ligands for 
CD11a/CD18 are the intercellular adhesion molecules-1 and 2 (ICAM-1 and ICAM-2). 
ICAM-1 is also a ligand for CD11b/CD18 which supports phagocyte adhesion to cellular 
and acellular substrates by ICAM-1 independent mechanisms. Other ligands for 
CD11b/CD18 include fibrinogen, clotting factors and complement fragments (C3bi). 

4.3 Immunoglobulin-like molecules  
4.3.1 Platelet-EC adhesion molecule-1 (PECAM-1) 
PECAM-1 adhesion at the lateral borders of nonactivated ECs participates in the formation 
of EC junctions and my be a critical regulator of phagocyte diapedesis between ECs. 
PECAM-1 also mediates the binding with PECAM-1 on leucocytes. Although there is 
PECAM-1 independent models of lymphocyte, neutrophil and monocyte migration  anti-
PECAM-1 antibodies can block monocyte diapedesis across TNF-α or IL-1-activated ECs 
(Schenkel et al., 2002). PECAM-1 can activate signals that increase leukocyte adhesion 
(Chiba et al., 1999). Also, PECAM-1 has been shown to recycle between the cell membrane 
and a cytoplasmic compartment juxtaposed to the membrane. PECAM-1 is recruited to the 
EC surface at the sites of monocyte transmigration (Mamdouh et al., 2003). A treatment of 
nonactivated cells with an inducer of oxidative stress increases PECAM-1 phosphorylation 
followed by an increase in leukocyte migration. PECAM-1 phosphorylation is regulated by 
ser/thr phosphatases which can be blocked with anti-PECAM-1 antibodies, antioxidants or 
inhibitors of PKC, Ras and glutathione synthesis (Rattan et al., 1997). The homophilic 
adhesion of PECAM-1 stimulates its binding to several intracellular proteins involved in 
signaling including Src homology containing phosphatase, phospholipase C- and Pi-3k 
(Jackson et al., 1997; Pellegatta et al., 1998; Pumphrey et al., 1999). Phosphorylated PECAM-1 
can be linked to the cytoskeletal catenins thereby limiting their translocation to the nucleus 
thus modulating gene expression. 
PECAM-1 localization in ECs is modulated by cytokines. The simultaneous treatment with 
TNF-α and IFN- moves PECAM-1 out of lateral junctions without inhibiting the ability of 
monocytes to migrate across these ECs under laminar flow conditions suggesting that 
sufficient PECAM-1 is still available for migration (Shaw et al., 2001). 

4.3.2 Intercellular adhesion molecule-1 (ICAM-1) 
ICAM-1 is a glycoprotein which contains five tandem immunoglobulin domains. It is 
constituvely expressed on many cell types but can be increased on endothelium by 
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inflammatory mediators (Roebuck & Finnegan, 1999). The first and third immunoglobulin-
like domain of ICAM-1 bind to the counter-receptors of LFA-1 and membrane-activated 
complex-1 (CD11b/CD18) respectively, on leucocytes, but it can also bind to fibrinogen on 
lymphocytes (Dupperay et al., 1997). A chelation of intracellular calcium or the inhibition of 
PKC in IFN- treated brain EC lines blocks ICAM-1 dependent lymphocyte migration 
without affecting lymphocyte adhesion (Etienne-Manneville et al., 2000). ICAM-1 stimulates 
ECs to produce chemokines through the activation of ERK1 and ERK2 (Sano et al., 1998) 
suggesting that ICAM-1 induces EC signals that are required for lymphocyte migration. 
ICAM-1 signals can also regulate the EC actin cytoskeletion. The antibody cross-linking of 
ICAM-1 on TNF-α-activated pulmonary microvascular ECs activates xanthine oxidase and 
p38 MAPK (Wang & Doerschuk, 2001), resulting in actin rearrangement, and can also indu-
ce phosphorylation of another cytoskeleton protein ezrin. ICAM-1 associates with the cyto-
skeletal protein ezrin through phosphatidylinositol 4,5-biphosphate (Heiska et al., 1998). 
Homotypic and heterotypic lymphocyte adhesion mediated by the interaction of ICAM-1 
and CD11a/CD18 facilitates other important lymphocyte functions including antigen 
recognition, lymphocyte co-stimulation and cytotoxicity. 

4.3.3 Vascular cell adhesion molecule-1 (VCAM-1) 
VCAM-1 is a glycoprotein containing seven immunoglobulin-like domains which predomi-
nates in ECs. A second form of VCAM-1, consisting of six immunoglobulin-like domains, is 
produced in some tissues by alternate splicing. VCAM-1 is constitutively expressed at low 
levels by ECs and can be induced on these and other cell-types by cytokines. VCAM-1 
supports the adhesion of eosinophils, basophils, monocytes and lymphocytes but not 
neutrophils, through the interaction with VLA-4. The binding of lymphocytes to VCAM-1 
stimulates localized EC-shape changes and the “opening of a narrow passage way” through 
which leucocytes can migrate (Cook-Mills & Deem, 2005; Matheny et al., 2000). Lymphocyte 
binding to VCAM-1 activates ECs NADPH oxidase for the generation of ROS in ECs which 
constitutively express VCAM-1 and the MCP-1. The VCAM-1-mediated activation of 
NADPH oxidase is dependent on calcium flux and the small molecular weight G protein 
Rac1. Rac1 is involved in the assembly of the active NAPH oxidase complex in ECs such as 
in neutrophils (Dorseuil et al., 1995).  
ICAM-1 and PECAM-1 do not activate EC NADPH oxidase. The VCAM-1-stimulated EC 
NADPH oxidase activity is required for VCAM-1-dependent lymphocyte migration because 
the inhibition of EC NADPH oxidase blocks MCP-1 stimulated, VCAM-1 dependent 
lymphocyte migration without altering lymphocyte adhesion. ROS scavengers inhibit 
VCAM-1 dependent lymphocyte migration while VCAM-1 dependent lymphocyte migrati-
on is not blocked by the inhibition of ROS-generating enzymes NOS, xanthine oxidase or 
cytochrome p450 on ECs (Matheny et al., 2000). 
Lymphocyte binding to VCAM-1 induces a low concentration of hydrogen peroxide (1mol) 
production in ECs (Tudor et al., 2001) much lower than those (50-200 mol) produced  by 
neutrophils and macrophages for the destruction of pathogens (DeLeo & Quinn, 1996) or 
released in some diseases (Thannickal & Fanburg, 2000). Low levels of ROS induce rapid, 
transient and reversible signals. This is important, since once a leucocytes reach an EC 
junction, the process of transmigration occurs within a couple of minutes. Another function 
of the ROS produced during VCAM-1-dependent lymphocyte migration is the activation 
(within minutes) of matrix metalloproteinases (MMPs) associated with ECs or IL-4 activated 
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ones. The EC-derived hydrogen peroxide also activates lymphocyte-associated MMPs but 2-
5 hours later. These results show that the ECs-associated rather than the lymphocyte-
associated MMPs are required for VCAM-1-dependent lymphocyte migration across 
VCAM-1-expressing ECs (Deem & Cook-Mills, 2004). 
Hydrogen peroxide produced by VCAM-1 stimulation has a direct, rapid effect on EC-
associated MMPs. ROS activate purified MMPs by oxidizing the cysteine in the propeptide 
arm opening the arm and exposing the MMP active site (Murphy et al., 1994) which stimu-
late the autocatalytic removal of the arm, forming an active MMP (Van Wart & Birkedal-
Hansen, 1990). Contrary to EC-associated MMPs, hydrogen peroxide indirectly activates 
lymphocyte-associated MMPs through the down-regulation of the expression of the high 
levels of tissue inhibitors of MMPs (TIMPs) on lymphocytes (Deem & Cook-Mills, 2004) 
which takes several hours indicating that lymphocyte MMPs are likely involved in the 
leukocyte migration through the extravascular tissue (Cook-Mills & Deem, 2005). 
MMPs associated with ECs are more important than secreted MMPs during lymphocyte 
migration. Among MMPs the EC-associated MMP-2 and MMP-9 are likely to degrade 
matrix and EC junction molecules at the site of transmigration (Herren et al., 1998). 

5. Endothelial cells and vasculitis 
5.1 Vasculitis triggered by infectious agents 
Vasculitis can be a primary disease, that is not associated with another cause. Or, it may be a 
complication of some other diseases such as infections, malignancy, reactions to certain 
medications (Zhang et al., 2010), a complication after an organ transplant, a connective 
tissue disease or other causes. 
The participation of ECs in the pathogenesis of vascular inflammation is complex. On one 
hand, the vascular endothelium may be the target for injury. On the other hand, ECs may 
actively participate in amplifying and maintaining the inflammatory process. The role of 
ECs seems to be more prominent in small vessel vasculitis, such as hypersensitivity vascu-
litis and vasculitis associated with antineutrophil cytoplasmic antibodies (ANCA). In larger 
vessel vasculitis, ECs are the crucial protagonist of the vascular response to inflammation 
which leads to the amplification of the inflammatory response, vessel remodeling and 
repair, and eventually, vessel occlusion, which is the source of some of the most severe 
complications in patients with systemic vasculitis. 
Although most of the infection related vasculitides are immune-complex-mediated (hepati-
tis B virus-related polyarteritis nodosa, and hepatitis C virus associated cryoglobulinemia) 
some pathogens are able to directly infect the ECs. Primary vasculitis can be induced by 
several pathogenic mechanisms. The direct infection of ECs include: bacterial vasculitis 
(naisserial), spirochetal vasculitis (syphilitic), mycobacterial vasculitis (tuberculous), rickett-
sial vasculitis (Rocky Mountain spotted fever), fungal vasculitis (aspergillosis) and viral 
vasculitis (herpes virus, herpes zoster) (Heeringa et al., 2004). Rickettsiae and herpes virus 
family members, particularly cytomegalovirus are the best documented (Mandell & 
Calabrese, 1998). Serious infections by these agents frequently include vasculitis lesions. The 
proliferation of the rickettsial organism in small-vessel walls elicits an inflammatory 
response that results in focal vascular inflammation, often with necrosis and hemorrhage. 
However most forms of vasculitis do not appear to be caused by the direct infection of 
vessel walls by pathogens.  
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inflammatory mediators (Roebuck & Finnegan, 1999). The first and third immunoglobulin-
like domain of ICAM-1 bind to the counter-receptors of LFA-1 and membrane-activated 
complex-1 (CD11b/CD18) respectively, on leucocytes, but it can also bind to fibrinogen on 
lymphocytes (Dupperay et al., 1997). A chelation of intracellular calcium or the inhibition of 
PKC in IFN- treated brain EC lines blocks ICAM-1 dependent lymphocyte migration 
without affecting lymphocyte adhesion (Etienne-Manneville et al., 2000). ICAM-1 stimulates 
ECs to produce chemokines through the activation of ERK1 and ERK2 (Sano et al., 1998) 
suggesting that ICAM-1 induces EC signals that are required for lymphocyte migration. 
ICAM-1 signals can also regulate the EC actin cytoskeletion. The antibody cross-linking of 
ICAM-1 on TNF-α-activated pulmonary microvascular ECs activates xanthine oxidase and 
p38 MAPK (Wang & Doerschuk, 2001), resulting in actin rearrangement, and can also indu-
ce phosphorylation of another cytoskeleton protein ezrin. ICAM-1 associates with the cyto-
skeletal protein ezrin through phosphatidylinositol 4,5-biphosphate (Heiska et al., 1998). 
Homotypic and heterotypic lymphocyte adhesion mediated by the interaction of ICAM-1 
and CD11a/CD18 facilitates other important lymphocyte functions including antigen 
recognition, lymphocyte co-stimulation and cytotoxicity. 
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nates in ECs. A second form of VCAM-1, consisting of six immunoglobulin-like domains, is 
produced in some tissues by alternate splicing. VCAM-1 is constitutively expressed at low 
levels by ECs and can be induced on these and other cell-types by cytokines. VCAM-1 
supports the adhesion of eosinophils, basophils, monocytes and lymphocytes but not 
neutrophils, through the interaction with VLA-4. The binding of lymphocytes to VCAM-1 
stimulates localized EC-shape changes and the “opening of a narrow passage way” through 
which leucocytes can migrate (Cook-Mills & Deem, 2005; Matheny et al., 2000). Lymphocyte 
binding to VCAM-1 activates ECs NADPH oxidase for the generation of ROS in ECs which 
constitutively express VCAM-1 and the MCP-1. The VCAM-1-mediated activation of 
NADPH oxidase is dependent on calcium flux and the small molecular weight G protein 
Rac1. Rac1 is involved in the assembly of the active NAPH oxidase complex in ECs such as 
in neutrophils (Dorseuil et al., 1995).  
ICAM-1 and PECAM-1 do not activate EC NADPH oxidase. The VCAM-1-stimulated EC 
NADPH oxidase activity is required for VCAM-1-dependent lymphocyte migration because 
the inhibition of EC NADPH oxidase blocks MCP-1 stimulated, VCAM-1 dependent 
lymphocyte migration without altering lymphocyte adhesion. ROS scavengers inhibit 
VCAM-1 dependent lymphocyte migration while VCAM-1 dependent lymphocyte migrati-
on is not blocked by the inhibition of ROS-generating enzymes NOS, xanthine oxidase or 
cytochrome p450 on ECs (Matheny et al., 2000). 
Lymphocyte binding to VCAM-1 induces a low concentration of hydrogen peroxide (1mol) 
production in ECs (Tudor et al., 2001) much lower than those (50-200 mol) produced  by 
neutrophils and macrophages for the destruction of pathogens (DeLeo & Quinn, 1996) or 
released in some diseases (Thannickal & Fanburg, 2000). Low levels of ROS induce rapid, 
transient and reversible signals. This is important, since once a leucocytes reach an EC 
junction, the process of transmigration occurs within a couple of minutes. Another function 
of the ROS produced during VCAM-1-dependent lymphocyte migration is the activation 
(within minutes) of matrix metalloproteinases (MMPs) associated with ECs or IL-4 activated 
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ones. The EC-derived hydrogen peroxide also activates lymphocyte-associated MMPs but 2-
5 hours later. These results show that the ECs-associated rather than the lymphocyte-
associated MMPs are required for VCAM-1-dependent lymphocyte migration across 
VCAM-1-expressing ECs (Deem & Cook-Mills, 2004). 
Hydrogen peroxide produced by VCAM-1 stimulation has a direct, rapid effect on EC-
associated MMPs. ROS activate purified MMPs by oxidizing the cysteine in the propeptide 
arm opening the arm and exposing the MMP active site (Murphy et al., 1994) which stimu-
late the autocatalytic removal of the arm, forming an active MMP (Van Wart & Birkedal-
Hansen, 1990). Contrary to EC-associated MMPs, hydrogen peroxide indirectly activates 
lymphocyte-associated MMPs through the down-regulation of the expression of the high 
levels of tissue inhibitors of MMPs (TIMPs) on lymphocytes (Deem & Cook-Mills, 2004) 
which takes several hours indicating that lymphocyte MMPs are likely involved in the 
leukocyte migration through the extravascular tissue (Cook-Mills & Deem, 2005). 
MMPs associated with ECs are more important than secreted MMPs during lymphocyte 
migration. Among MMPs the EC-associated MMP-2 and MMP-9 are likely to degrade 
matrix and EC junction molecules at the site of transmigration (Herren et al., 1998). 

5. Endothelial cells and vasculitis 
5.1 Vasculitis triggered by infectious agents 
Vasculitis can be a primary disease, that is not associated with another cause. Or, it may be a 
complication of some other diseases such as infections, malignancy, reactions to certain 
medications (Zhang et al., 2010), a complication after an organ transplant, a connective 
tissue disease or other causes. 
The participation of ECs in the pathogenesis of vascular inflammation is complex. On one 
hand, the vascular endothelium may be the target for injury. On the other hand, ECs may 
actively participate in amplifying and maintaining the inflammatory process. The role of 
ECs seems to be more prominent in small vessel vasculitis, such as hypersensitivity vascu-
litis and vasculitis associated with antineutrophil cytoplasmic antibodies (ANCA). In larger 
vessel vasculitis, ECs are the crucial protagonist of the vascular response to inflammation 
which leads to the amplification of the inflammatory response, vessel remodeling and 
repair, and eventually, vessel occlusion, which is the source of some of the most severe 
complications in patients with systemic vasculitis. 
Although most of the infection related vasculitides are immune-complex-mediated (hepati-
tis B virus-related polyarteritis nodosa, and hepatitis C virus associated cryoglobulinemia) 
some pathogens are able to directly infect the ECs. Primary vasculitis can be induced by 
several pathogenic mechanisms. The direct infection of ECs include: bacterial vasculitis 
(naisserial), spirochetal vasculitis (syphilitic), mycobacterial vasculitis (tuberculous), rickett-
sial vasculitis (Rocky Mountain spotted fever), fungal vasculitis (aspergillosis) and viral 
vasculitis (herpes virus, herpes zoster) (Heeringa et al., 2004). Rickettsiae and herpes virus 
family members, particularly cytomegalovirus are the best documented (Mandell & 
Calabrese, 1998). Serious infections by these agents frequently include vasculitis lesions. The 
proliferation of the rickettsial organism in small-vessel walls elicits an inflammatory 
response that results in focal vascular inflammation, often with necrosis and hemorrhage. 
However most forms of vasculitis do not appear to be caused by the direct infection of 
vessel walls by pathogens.  
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5.2 Immune complex-mediated vasculitis 
Noninfection immunologic mechanisms that cause vasculitis include cell-mediated 
inflammation, immune complex-mediated inflammation and inflammation induced by 
ANCA. Immune complex-mediated vasculitis include: cryoglobulinemic vasculitis, Henoch-
Schonlein purpura, serum sickness vasculitis, lupus vasculitis, infection-induced immune 
complex vasculitis (hepatitis virus), some drug-induced vasculitis (sulfonamide-induced 
vasculitis), some paraneoplastic vasculitis, and Goodpasture’s syndrome (mediated by anti 
GMB antibodies) (Heeringa at al., 2004). 
In immune complex-mediated vasculitis, EC morphology is altered and the luminal endo-
thelium may be destroyed. Complement-mediated lysis as well as neutrophil-mediated EC 
damage are the main mechanisms of endothelium cell injury in these processes (Cid, 2002). 
The membrane attack complex C5b-9, final product of the complement activation cascade, 
has been detected in the necrotizing vasculitis of the polyarteritis nodose type (Kissel et al., 
1989). 

5.3 ANCA-mediated vasculitis 
Wegener’s granulomatosis, microscopic polyangitis, and Churg-Strauss syndrome are the 
major forms of small-vessel vasculitis that are strongly associated with ANCA (Heeringa et 
al., 2004). ANCA vasculitis may be induced by some drugs, such as thiouracil. There are two 
clinically important forms: cytoplasmatic ANCA (cANCA) and perinuclear ANCA 
(pANCA). ANCA are autoantibodies that are directed against constituents of the primary 
granules of neutrophils and the peroxidase positive lysosomes of monocytes. The primary 
antigenic targets for ANCA are proteinase-3 (PR3), a 29kD neutral serin protease, and 
myeloperoxidase (MPO), a 140kD enzyme involved in the generation of ROS (Falk & 
Jennette, 1988; Jennette et al., 1990). ANCA recognizes MPO or PR3 translocated to the 
neutrophil membrane on TNF-α or interleukin-8 (IL-8) primed neutrophils (Flint et al., 2010) 
or may bind to Fc receptors through their Fc portion. Both interactions, specific and Fc-
mediated appear to be functionally relevant (Falk et al., 1990; Porges et al., 1994). ANCA 
immunoglobulin G can activate neutrophils and monocytes. ANCA binding to neutrophils 
may stimulate or amplify many neutrophil functions including respiratory bursts which 
generate ROS, degranulation and protease release (Falk et al., 1990), NO production (Tse et 
al., 2001), and chemotactic activity. ANCA binding also stimulates integrin expression and 
integrin-mediated homotypic adhesion and adhesion to ECs (Radford et al., 2000). 
Homotypic interactions mediated by neutrophil integrins are required for enhanced TNF-α 
induced neutrophil activation by ANCA. ANCA-stimulated neutrophil function results in 
an augmentation of neutrophil-mediated EC injury by inducing EC detachment and lyse of 
ECs previously damaged by other mediators. Further, in an inflammatory microenvi-
ronment, enzymes released by activated neutrophils, including MPO and PR3, may induce 
EC apoptosis (Yang et al., 2001). 
ANCA-mediated monocyte and neutrophil activation has also been shown to induce the 
expression and secretion of proinflammatory cytokines (IL-1, IL-6, IL-8, TNF- α), chemoki-
nes (MCP-1) and prostanoids (Cid, 2002; Cid et al., 2004). Such mediators may contribute to 
the amplification and propagation of the inflammatory process. 
The detection of ANCA is an important diagnostic and prognostic marker. Testing of ANCA 
is indicated in patients with evidence for the ANCA disease such as severe pulmonary 
hemorrhage, especially if accompanied by evidence for glomerulonephritis, peripheral 
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neuropathy, purpura, hemorrhagic sinusitis or other manifestations of small-vessel 
vasculitis. 
However, the use of ANCA as a marker of the disease and its activity show a number of 
limitations such as the occurrence of high ANCA titers with no disease activity, or ANCA 
presence in non-vasculitis disorders, such as endocarditis (Choi et al., 2000) or tuberculosis 
(Flores-Suarez et al., 2003). In addition, circulating ECs have been used as markers in a 
variety of vascular disorders (Dignat-George & Sampol, 2000) and also their use is demon-
strated in ANCA-associated small-vessel vasculitis (Haubitz and Woywodt, 2004). Recently 
it has been documented that an increase risk for relapse appears to be related to the presence 
of anti-PR3 antibody seropositivity. 

5.4 Anti endothelial cell antibodies 
Circulating anti-EC antibodies have been detected in several vasculitides including 
Wegener’s granulomatosis, microscopic polyangitis, Kawasaki diseases, thromboangiitis 
obliterans, Bechet’s disease and Takayasu’s arthritis (Praprotnik et al., 2001). It seems that a 
large, highly heterogeneous group of antigens can be recognized by anti-EC antibodies. 
Some anti-endothelial antibodies, such as those detected in Kawasaki disease, recognize 
cytokine-inducible molecules, while others, such as those detected in Wagener’s 
granulomatosis and microscopic polyangitis, recognize constitutive EC antigens (Del Papa 
et al., 1996). 
Studies in vitro have shown that some anti-EC antibodies may trigger complement 
activation or anti-body-dependent cellular cytotoxicity. These mechanisms might contribute 
to EC damage in systemic vasculitis. That alloantigens can activate ECs is well recognized 
within transplantation where HLA-specific antibodies can activate EC NF-κB (Savage & 
Williams, 2007; Smith et al., 2000). EC antibodies arise most probably as a secondary event 
to endothelial injury. Initial endothelial injury may result from pathogenic processes that 
may be unleashed during the development of the vasculitis process itself (for example, by 
proteolytic enzymes released from neutrophils after their inappropriate activation by 
ANCA). It is also likely that sequestered viral infections, such as cytomegalo-virus that can 
replicate within ECs, may become relatively more activated during the development of an 
autoimmune response and particularly after the introduction of immnosuppression. That 
cytomegalovirus can induce anti-EC antibodies is recognized (Toyoda et al., 1999). The 
binding of anti-EC antibodies to EC in vitro elicits a calcium-flux, the secretion of the chemo-
kines MCP-1 and GCP-2 (but not IL-8 or GRO-), and the upregulation of the ligands MHC-
class I related antigen A (MICA) and vascular adhesion protein-1 (VAP-1). Signal trans-
duction via the SAPK/JNK pathway appears to be important in the increased expression of 
MCP-1, GCP-2 and MICA. In addition, anti-EC antibodies also activate NF-κB. However, it 
has been demonstrated that anti-EC antibodies have an ability to induce EC apoptosis via 
the recognition of Hsp60 (Jamin et al., 2005). Once present, anti EC antibodies have the 
potential to inhibit potent antiinflammatory mechanisms (Nara et al., 2006). 

5.5 The endothelial cell as an inflammation amplifier 
ECs are able to amplify the inflammatory response by three main mechanisms: adhesion 
molecule expression, cytokine production and angiogenesis. Most of the primary immuno-
pathogenic mechanisms playing a role in the pathogenesis of blood vessel inflammation in 
vasculitis include adhesion molecule expression and function (Cid et al., 2002). The studies 
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5.2 Immune complex-mediated vasculitis 
Noninfection immunologic mechanisms that cause vasculitis include cell-mediated 
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pathogenic mechanisms playing a role in the pathogenesis of blood vessel inflammation in 
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in vitro show that complement activation products induce adhesion molecule expression by 
cultured ECs. C1q induces E-selectin, ICAM-1 and VCAM-1 (Del Papa et al., 1996) and C5a 
can upregulate P-selectin expression (Foreman et al., 1994). Immune complex and comple-
ment-mediated vessel damage in vivo require adhesion molecule expression and function. 
Also, ANCA binding to EC membrane-associated PR3 or related epitopes may induce E-
selectin and VCAM-1 expression by ECs. PR3 released by neutrophils in the vicinity of ECs 
may induce EC ICAM-1 expression. Anti-EC antibody binding to ECs also induces endothe-
lial adhesion molecule expression (Cid, 2002). The main inducers of endothelial adhesion 
molecules are the cytokines IL-1, TNF- and IFN- which are produced by activated 
lymphocytes and macrophages in an vasculitis area (Raines & Ferri, 2005). 
The expression of inducible adhesion molecules E-selectin and VCAM-1 by ECs as well as 
the upregulated constitutive expression of ICAM-1 were detected in patients with cutaneous 
leucocytoclastic vasculitis, Kawasaki disease, classical polyarteritis nodosa and gian-cell 
arteritis (Cid et al., 2000). In Wegener’s granulomatosis, microscopic polyangitis and ANCA 
associated glomerulonephritis VCAM-1 and ICAM-1 expression were observed at the glo-
merular tuft as well as in tubular epithelial cells and peritubular capillaries (Rastaldi et al., 
1996).  
In small vessel vasculitis, endothelial adhesion molecule expression occurs in luminal 
endothelium (Sais et al., 1997). In medium-sized vasculitis, the luminal endothelium only 
expresses constitutive or inducible adhesion molecules at early stages. As the inflammatory 
process proceeds, the luminal endothelium is damaged and the vascular lumen is occluded. 
Then, endothelial adhesion molecules are expressed by adventitial neovessels (Coll-Vinent 
et al., 1998). In sclerotic glomeruli of kidney ANCA-associated vasculitis glomerular expre-
ssion of ICAM-1 and VCAM-1 declines (Patey et al., 1996). In large-vessel vasculitis, adhe-
sion molecule expression occurs in neovessels at the adventitia and at the intima/media 
junction. These observations suggest that infiltrating leucocytes penetrate the vessel wall 
through the adventitial vasa vasorum and neovessels in large- and medium-sized vessels. 
In an inflammatory setting ECs have the potential to produce a variety of cytokines, 
chemokines and growth factors. In vasculitides a stimulation of ECs arises by ANCA 
binding, some anti-EC antibodies and cytokines released by infiltrating cells. By IL-1 and 
IL-6 production ECs contribute to the systemic acute phase in many systemic vasculitides. 
Colony-stimulating factors produced by ECs prolong the half-life of infiltrating leucocytes, 
while chemokines (IL-8, RANTES, Gro and SLC) selectively attract leucocyte subpopu-
lations which bear specific receptors contributing to tissue targeting and amplifying vessel 
inflammation. 

6. Conclusion 
The endothelium has long been considered a passive physical barrier that only separates 
blood from tissues. Currently, it is clear that the endothelium is one of the most active 
organs which regulates many physiological functions and helps to coordinate functions of 
differentiated tissues in a way that meets the requirements of the organism as a whole. It has 
also emerged that ECs are the key immuno-reactive cells involved in host defence and 
inflammation. These cells both produce and react to a wide variety of mediators including 
cytokines, growth factors, adhesion molecules, vasoactive substances and chemokines, with 
effects on various cells. Prolonged or exaggerated endothelial activation leads to dysfuncti-
on (an early predclinical event of vascular disease) that is regulated by stromal cells and that 
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can drive the vasculitis process with leucocyte recruitment, thrombosis and platelet 
plugging. Such local vascular inflammation has distant effects on the vascular endothelium 
leading to systemic endothelial dysfunction. Besides a whole panel of inflammatory markers 
used to monitor disease activity in systemic vasculitis circulating endothelial cells seem to 
be a promising new marker of this systemic disorder.  
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1. Introduction 
Damage to endothelial cells is a crucial event during the pathogenesis of vasculitis. The 
vasculitides cause different clinical manifestations, depending on the extent and acuity of 
endothelial damage as well as their preponderance to affect some organ-specific 
endothelial cells and spare others. About 40 years ago circulating endothelial cells (CEC) 
were first observed in peripheral blood. Since then CEC have been established as a 
reliable indicator of vascular injury and damage and more sophisticated detection 
techniques, such as immunomagnetic isolation and fluorescence-activated cell sorting 
(FACS), have become available to detect and enumerate them. Based on current concepts 
of pathogenesis, detached endothelial cells, and/or their soluble and cellular debris, must 
be detectable in peripheral blood of vasculitis patients. In hindsight, it is therefore 
surprising that for many years few, if any, attempts were made to evaluate their use as 
clinically relevant markers of endothelial damage. Endothelial Microparticles (eMP) have 
been described as another potential marker of endothelial damage. eMP are markers of 
activation, cell injury or apoptosis. They are the product of exocytic budding and consist 
of cytoplasmic components and phospholipids. Fluorescence-activated cell sorting (FACS) 
is the preferred technology for isolating MP and different surface markers of the parent 
cells have been used. eMP can reflect endothelial activation and damage, although 
differences between eMP and CEC remain ill-defined. Another approach to measuring 
endothelial damage is to assay soluble markers, such as thrombomodulin or von 
Willebrand factor. However, these markers also have their limitations. It is also 
worthwhile to remember that all approaches struggle with the fact that many endothelial 
markers are also expressed on non-endothelial cells (Table 1). More recently, interest has 
focused on endothelial repair and damage and endothelial progenitor cells have been 
studied, again with different methodologies. Recent evidence has also revealed interesting 
interactions between CEC and healthy endothelium in vitro although the relevance of 
these findings for human vascular disease in vivo remains unclear. Here, we review 
markers of endothelial damage and repair in vasculitis. We discuss the implications of 
these findings for the pathogenesis, their potential clinical utility, and also review the 
limitations of each approach. Finally, we review the phenotype of CEC, mechanisms of 
detachment and interactions with other cell subsets.  
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1. Introduction 
Damage to endothelial cells is a crucial event during the pathogenesis of vasculitis. The 
vasculitides cause different clinical manifestations, depending on the extent and acuity of 
endothelial damage as well as their preponderance to affect some organ-specific 
endothelial cells and spare others. About 40 years ago circulating endothelial cells (CEC) 
were first observed in peripheral blood. Since then CEC have been established as a 
reliable indicator of vascular injury and damage and more sophisticated detection 
techniques, such as immunomagnetic isolation and fluorescence-activated cell sorting 
(FACS), have become available to detect and enumerate them. Based on current concepts 
of pathogenesis, detached endothelial cells, and/or their soluble and cellular debris, must 
be detectable in peripheral blood of vasculitis patients. In hindsight, it is therefore 
surprising that for many years few, if any, attempts were made to evaluate their use as 
clinically relevant markers of endothelial damage. Endothelial Microparticles (eMP) have 
been described as another potential marker of endothelial damage. eMP are markers of 
activation, cell injury or apoptosis. They are the product of exocytic budding and consist 
of cytoplasmic components and phospholipids. Fluorescence-activated cell sorting (FACS) 
is the preferred technology for isolating MP and different surface markers of the parent 
cells have been used. eMP can reflect endothelial activation and damage, although 
differences between eMP and CEC remain ill-defined. Another approach to measuring 
endothelial damage is to assay soluble markers, such as thrombomodulin or von 
Willebrand factor. However, these markers also have their limitations. It is also 
worthwhile to remember that all approaches struggle with the fact that many endothelial 
markers are also expressed on non-endothelial cells (Table 1). More recently, interest has 
focused on endothelial repair and damage and endothelial progenitor cells have been 
studied, again with different methodologies. Recent evidence has also revealed interesting 
interactions between CEC and healthy endothelium in vitro although the relevance of 
these findings for human vascular disease in vivo remains unclear. Here, we review 
markers of endothelial damage and repair in vasculitis. We discuss the implications of 
these findings for the pathogenesis, their potential clinical utility, and also review the 
limitations of each approach. Finally, we review the phenotype of CEC, mechanisms of 
detachment and interactions with other cell subsets.  
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2. Soluble endothelial markers  
Endothelial cells express a broad variety of proteins 1 but only few of these have been 
studied in serum or plasma in vascular disease. Currently, von Willebrand factor (vWF), 
thrombomodulin 2, soluble E-Selectin and circulating angiopoietin 3 are best described 4-7. It 
must be noted that several factors may influence the levels of these circulating proteins. For 
example, thrombomodulin undergoes renal excretion. Hence, serum levels are influenced by 
renal function. Other confounding factors, such as liver function, clotting or fibrinolysis may 
also influence these proteins. In addition, these soluble markers do not distinguish between 
endothelial activation and damage. Some investigators compared levels of these markers 
with numbers of CECs. A recent study found a correlation between CECs, von Willebrand 
factor (p=0.002) and plasma tissue factor (p=0.02) 8. It is also clear that necrotic endothelial 
cells will release, either in situ or after their detachment from the basement membrane, a 
variety of other, nonspecific, soluble factors. In this regard, Bruchfeld and colleagues 
recently reported elevated levels of High-mobility group box-1 protein (HMGB1), a nuclear 
and cytosolic protein that is released from necrotic cells 9. However HMGB1 is also actively 
secreted from monocytes and macrophages. Angiopoietin-2 (Ang-2) is another new soluble 
marker investigated in small vessel vasculitis. Ang-2 is bound to the endothelial specific 
angiopoietin Tie Ligand–receptor, which is a regulator of endothelial cell detachment. 
Circulating Ang-2 is elevated in small vessel vasculitis and closely correlates with vasculitis 
activity score 3. Ang-2 therefore reflects a potential new mediator of endothelial cell 
detachment in vasculitis although theses findings need to be validated by analyzing a larger 
cohort. 
 

CD/antigen name Other names Expression by non-endothelial cells 
CD31 PECAM-1 Platelets, monocytes, neutrophils, T cell subsets 
CD62e  E-selectin Activated endothelial cells 

CD54 ICAM-1 Endothelial cells, activated B and T 
lymphocytes, monocytes 

CD105 Endoglin Endothelial cells, activated monocytes, tissue 
macrophages, erythroid marrow precursors 

CD106 VCAM-1 Activated endothelial cells, stromal cells 

CD141 Thrombomoduli
n  

Endothelial cells, keratinocytes, platelets, 
monocytes, neutrophils 

CD146 P1H12, S-endo-1 Endothelial cells, activated T-Lymphocytes, 
melanoma cells, trophoblast 

Tissue factor  Endothelial cells, monocytes/macrophages 

Table 1. Antigens of endothelial cells, which are also present on non-endothelial cells 

3. Circulating endothelial cells in vasculitis 
Circulating endothelial cells (CEC) are detectable in peripheral blood after they have been 
detached from the damaged endothelial monolayer, probably leaving behind a denuded 
basement membrane. Those cells were first described almost 40 years ago 10 although 
methods of their identification were rather primitive. ANCA-associated small-vessel 
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vasculitis serves as a paradigm of an endothelial disorder. Therefore it is not surprising that 
high numbers of CEC are detected in ANCA vasculitis and correlate with disease activity 11. 
Phenotypic analysis, however, proved more difficult than anticipated. It is quite clear from 
the concept of small vessel vasculitis that CEC cannot be specific to ANCA vasculitis. Dang 
and colleagues reported elevated CEC numbers in aortoarteritis 12 while Nakatani et al. 
demonstrated CECs in patients with Kawasaki disease 13. CEC are also elevated in systemic 
lupus erythematosus 14 and Behcet’s 15. In a broader sense, CEC are also markedly elevated 
in other, non-vasculitic, forms of widespread acute vasculopathy, such as thrombotic 
microangiopathy 16. In addition, CEC can be useful to monitor treatment and to distinguish 
between relapse and infection in difficult cases 17. Patients with relapse of vasculitis had 
markedly elevated numbers of circulating endothelial cells and indeed similar cell numbers 
when compared to patients at their initial vasculitic presentation18. Patients with limited 
disease due to granulomatous ANCA-associated vasculitis had only slightly elevated cell 
numbers, which were similar to those seen in remission. Patients with infection had no 
elevated CEC numbers 18. These findings gave us confidence in the clinical use of CEC in 
vasculitis 17, 19 although prospective data on the clinical use of CEC are lacking.  
 
 CEC EPC 
Cell type Mature endothelium Endothelial 

progenitor cell 
Origin Vessel wall Bone marrow 
Morphology Cells, a-nuclear carcasses or sheets of multiple 

cells 10-100m 
Diameter less than 
20m 

Characteristic 
properties 

VWF 
CD 31 
Thrombomodulin 
CD 146 
UEA-1 

CD 133 
CD 34 
TIE-2 
KDR 
Uptake of acetylated 
LDL 
UEA-1 (unclear) 

Colony-forming 
potential 

None (controversial) Yes 

Laboratory methods Immunomagnetic isolation, FACS FACS, culture assays 

Table 2. Characteristic properties of CEC and EPC 

3.1 CEC and vasculitis: Immunomagnetic isolation and FACS in competition 
The mainstay of immunomagnetic isolation is the use of paramagnetic particles 
(DynabeadsTM), which have been coated with anti-endothelial antibodies as reviewed in 
great detail elsewhere 10. Briefly, whole blood is incubated with antibody-labeled magnetic 
DynabeadsTM. Next, target cells with bound anti-endothelial antibody and DynabeadsTM are 
recovered with a magnet. CEC can then be enumerated after acridine staining. 
Immunomagnetic capturing is mostly performed using the cell surface marker CD 146 20.  
A variety of factors has been considered to influence CEC counts 21. To avoid false positive 
results caused by traumatic venepuncture (resulting in dislodgement of endothelial cells 
from the vessel wall) it is recommended to discard the first tube of blood 20. Adding albumin 
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or EDTA and Fc-blocking agents is employed to reduce non-specific binding of anti-CD 146-
coupled beads to leukocytes although this remains a concern even in experienced hands 22. 
Moreover, activated T-lymphocytes and other cell subsets may under some circumstances 
also harbor CD 146 and lead to artifacts 23. We therefore developed a secondary stain with 
Ulex Europaeus lectin 1 (UEA-1). 24 Even so and despite the proposal of a consensus for 
definition of CEC the approach remains time consuming and require considerable 
experience. Automated systems have been described but these are costly 25.  
Flow cytometry is an alternative technique to isolate and enumerate CEC 26-31. The technique 
holds considerable promise, as several surface markers can be used concurrently. For 
example, CD 146 expression on activated T cells can be distinguished from CD 146 on 
endothelial cells by co-staining with CD45 or CD3 (or both). CD 133 may help to identify 
EPC because it is not present on CEC or any mature endothelial cells. The addition of 
viability stains, such as propidium iodide or 7-AAD, may also help to identify EPC. Markers 
of endothelial activation can be studied as well. Most groups define CEC using flow 
cytometry as CD146+, CD34+ and CD45- 32. Others have defined CEC as CD31bright, 
CD34+CD45-, CD133- 33 34. However, CD31 bright could also include platelets, resulting in 
falsely elevated numbers of CEC 35.  
Unlike immunomagnetic isolation, FACS does not permit visualization of the cell. 
Furthermore the cell numbers obtained with FACS differ markedly from those obtained 
with immunomagnetic isolation, whereby higher numbers are usually observed with FACS. 
In addition, there is considerable discrepancy in these numbers between different groups 
that employ FACS. It is remarkable that most if not all investigators using immunomagnetic 
isolation enumerate in the range of 10 CEC/ml blood in healthy individuals while those 
using FACS report cell numbers in the thousands per ml with a fairly broad range 10: 
Holmen and colleagues measured a mean of 50 CEC/ml in healthy controls 26, Mancuso et 
al. counted 1,200 CEC/ml of rested cells 36 and Jacques N et al. 6.5 CEC/ml 37. Two groups 
compared CEC counts measured with both methods in the same populations. Goon et al. 
measured 8 CEC/ml in healthy controls comparable to CEC detection by IB (4.5CEC/ml) 32. 
In contrast, Clarke et al. detected lower numbers of CEC by FC compared to IB 38 suggesting 
limited sensitivity for the detection of CECs. Further validation studies are required to 
determine the influence of gating, CEC phenotype, and “lysing”, which could reduce 
recovery of CEC.  
In comparison to immuno-magnetic isolation, FACS holds considerable promise and 
technical advantages. In addition, FACS is less time consuming and easily amenable to 
standardization. Cost is difficult to compare with immunomagnetic isolation, given the 
expenditure for the FACS counter and the fact that the cost of experienced staff is difficult to 
gauge. Very recently alternative approaches have combined the two techniques 39. This 
novel tool has to be validated in other clinical settings and populations. 

3.2 Phenotype and mechanisms of detachment of CEC in vasculitis 
Endothelial cells can be activated by various stimuli, such as pro-inflammatory cytokines, 
growth factors, infectious agents, lipoproteins, or oxidative stress. Loss of integrity of the 
endothelial layer eventually leads to cell detachment of cells 40. Such detachment can be 
caused by defective adhesive properties of the endothelial cells, by action of proteases 
and/or cytokines or, by mechanical injury. Endothelial adhesive molecules of the integrin 
and cadherin family, such as vitronectin and fibronectin and VE cadherin, respectively, 
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promote adhesion of endothelial cells to matrix 40-41. Loss of these survival signals triggers 
detachment and apoptosis of endothelial cells 42. Protective factors have been described as 
well: In sickle cell disease endothelial apoptosis is impaired by VEGF. This has also been 
shown in vitro, where VEGF inhibits apoptosis of unanchored culture cells 43. Release of 
proteases by granulocytes is another well-documented cause of endothelial cell detachment 
44-45 46 47. Finally, mechanical force can detach endothelial cells from the basement membrane 
as shown in patients undergoing percutaneous catheter interventions 48.  
Not much is known regarding the phenotype of CEC. This is caused mainly by the paucity 
of CEC even in active disease and in the difficulty of characterizing these cells further. 
Moreover, it is difficult to say with certainty whether or not phenotypic changes were 
induced by the isolation procedure itself. The viability of CEC remains particularly 
controversial. Our own data suggest that CEC in ANCA-associated small-vessel vasculitis 
are mainly necrotic 11 and we were unable to culture these cells. Others, however, describe 
culture of CEC that were isolated by FACS. In contrast, two-thirds of CEC in normal 
subjects are believed to be apoptotic 49. Lin et al could also demonstrate that vessel-wall 
derived CD146+ CEC can be viable, although they have limited growth capability 50. 
Another group was recently able to grow CEC for about 10 days, but no significant 
proliferative capacity was observed 26.  

3.3 Circulating endothelial cells as potential mediators of disease 
It has been speculated that CEC themselves could be pro-inflammatory 40. In general, 
damaged eukaryotic cells have been shown to release a variety of pro-inflammatory factors, 
to initiate pro-inflammatory pathways in other cell subsets, such as a Toll-like-receptor-
2/NFκB-dependent reaction in monocytes 51. In highly active vasculitis, the healthy 
endothelium must surely encounter a vast array of apoptotic and/or necrotic endothelial 
cells and their debris. Disturbed clearance of apoptotic cells may play a role in systemic 
lupus erythematosus 52. Interestingly, apoptotic and necrotic endothelial cells and their 
fragments are rapidly internalized by healthy endothelium 53. Support for these findings 
came from other studies demonstrating the phagocytic capability of endothelial cells 54. We 
could also show that endothelial cells exposed to apoptotic and necrotic cells exhibit 
enhanced adhesion properties for leukocytes and that isolated CEC from patients with 
vasculitis aggravated these effects further 53. These effects on binding properties could be 
explained in part by release of IL-8 and MCP1, which serve as chemo-attractants. 
Interestingly, apoptotic and necrotic cells induced different patterns of effects in healthy 
endothelium. Enhanced IL-8 and MCP1 levels in serum have been detected in patients with 
active vasculitis and ANCA induce the synthesis of these chemokines in various cell subsets 
55. Endothelial synthesis of these mediators triggered by ANCA 56 and circulating 
endothelial cells 53 may contribute to the pro-inflammatory state associated with vasculitis.  
We have investigated this topic further and became interested in thrombospondin (TSP-1) as 
a possible mediator. This multi-functional glycoprotein is a known endogenous inhibitor of 
angiogenesis 57 and modulates cell adhesion and proliferation 58. We were able to show that 
apoptotic cells induce expression of TSP-1 in endothelial cells 59 and that TSP-1 facilitates 
engulfment of apoptotic cells by phagocytes 59. We speculate that under pathological 
conditions with high numbers of un-cleared dying cells in the circulation endothelial-
derived elevated TSP-1 level may serve as an attraction signal for phagocytes promoting 
enhanced recognition and clearance of apoptotic cells.  
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It is probably fair to say that at present we do not understand the interactions between CEC 
and healthy endothelium and other cell subsets. Further studies, for example in animal 
models, are surely warranted. Figure 1 summarizes proven and proposed interactions of 
circulating endothelial cells with healthy endothelium.  

4. Microparticles in vasculitis: Just smaller than CEC or different, too? 
Microparticles (MP) are sub-micrometric fragments derived from plasma membranes in 
response to a variety of events, such as activation, injury, or apoptosis. Loss of phospholipid 
asymmetry and increased surface expression of phosphatidylserine are crucial events in this 
process 60-61. On their surface these particles express antigens that reflect their cellular origin, 
which permits their enumeration and characterisation by flow cytometry. In addition eMP 
have a functional role as mediators of inflammation or coagulation. In general, 
microparticles have attracted considerable interest in vascular disease although a consensus 
definition of these particles and a uniformly accepted protocol for their enumeration is still 
lacking 62. To make matters even more complicated, endothelial microparticles represent a 
small subgroup of all MP found in plasma63. Specific endothelial microparticles were first 
described in 1990 by Hamilton and colleagues 64. On balance, it is probably fair to say that 
the field of microparticles is fraught with similar technical issues as that of CEC and that 
further standardisation is eagerly awaited.  
We studied endothelial microparticles (EMP) by FACS analysis and found elevated EMP in 
active vasculitis 65. Similar results had previously been obtained in a paediatric cohort of 
vasculitis patients 60 66. Particle counts also correlated with disease activity 65. The difficult 
bit is that CECs and microparticles may not reflect the same disease process. Incidentally, 
the same holds true for soluble endothelial markers, such as soluble von Willebrand factor 
or thrombomodulin: CEC, EMP and soluble markers may represent different mechanisms of 
endothelial activation and damage. For example, soluble markers and EMP may already be 
elevated in endothelial activation whereas presence of CEC probably reflects true damage. 
Interestingly CEC and eMP also follow different kinetics in ANCA-associated vasculitis: 
CEC decline slowly during successful immunosuppressive therapy while activated eMP 
probably represent an early marker that normalises quickly 65. To make matters even more 
complicated, each of these markers may underlie different confounding factors: eMP are 
elevated in patients with renal diseases including those on hemodialysis 67 and could reflect 
vascular damage in these patients whereas CEC are not increased in renal failure 11. 
Nevertheless, ESRD patients with and without a history of cardiovascular disease causing 
possible endothelial damage had similar levels of EMP 68. This illustrates that phenotyping 
of microparticles and characterization of subgroups of microparticles for each different 
disease process will be crucial as each disease process will release different microparticles.  
Finally, EMP may also have pathogenetic importance in vasculitis. Microparticles are now 
regarded as crucial players at the interface of atherosclerosis and inflammation 69. MP are 
generally capable of inducing cytokine release 70 and leukocyte MP induce endothelial IL-6 
and MCP-1 production 71. It has been demonstrated that endothelial microparticles convert 
plasminogen into plasmin 72 and are tissue-factor positive 73 . Burkhart et al. demonstrated 
recently that microparticle tissue factor activity is increased in PR3-ANCA vasculitis 
patients with active disease 74.  
Evidence has also emerged to suggest that endothelial release of microparticles from 
adherent cells is actually protective and that inhibition of microparticle release leads to 
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endothelial detachment 75.  Moreover, pre-treatment of endothelial cells and monocytes with 
platelet derived MP modulates monocyte-endothelial cell interactions by increasing the 
expression of adhesion molecules on both cell types 76. EMP have been shown to decrease 
nitric-oxide-dependent vasodilation and to be both pro-inflammatory and pro-coagulant 61. 
MP have also been found to stimulate angiogenesis and differentiation of progenitor cells 77. 
Finally, elegant studies in flow chambers have demonstrated that MP enhance leukocyte 
rolling 78. Taken together, current data suggest that EMP may not only be a surrogate 
marker of vasculitis but that they may contribute to the pro-inflammatory and pro-
coagulant status of the endothelium. It must be remembered, however, that findings in 
generic microparticles may not be applicable to EMP and vice versa.  

5. CEC and EPC – an ongoing controversy 
The role of endothelial progenitor cells (EPC) 79 in vascular disease and their potential role 
for therapy 80 have been reviewed recently 81. Of note, the field of EPC is particularly 
hampered by lack of standardisation 82 83. Our knowledge about the kinetics of CEC 
detachment and EPC mobilisation as well as their interaction is equally limited. Very 
recently, the margins between endothelial progenitor cells and haematopoietic stem cells 
became somewhat blurred after proof that endothelial cells can be haematopoietic in mice 84.  
We have previously studied numbers of circulating CD34+ progenitor cells and EPCs in 
vasculitis and demonstrated that these cells increased significantly after the institution of 
immunosuppressive therapy and with disease remission 85. Others have previously 
described an increase in EPCs in inflammatory vascular diseases: Avouac and colleagues, 
for instance, described increased EPC numbers in scleroderma 86. In contrast to de Groot and 
co-workers 85, other studies postulate an imbalance between CECs and EPCs in patients 
with vasculitis 26 87. Another study by Zavada and colleagues reports reduced EPC numbers 
as a risk factor for relapse in vasculitis 88. Of note, the pattern of EPC in vasculitis may be 
different in children and one group reports increased numbers in active vasculitis 66. EPCs 
were also measured in other subgroups of vasculitis. In Behcet’s vasculitis EPC were 
decreased 89, in children with Kawasaki disease  EPC were increased 90.  
What make these studies so difficult to compare is, again, the lack of standardisation and the 
use of different assays and surface markers. Of note, the field of EPC is particularly 
hampered by lack of standardisation 82 83. The population of EPC may include a group of 
cells existing in a variety of stages ranging from immature hematopoietic stem cells to 
completely differentiated endothelial cells. Endothelial markers, such as CD-146 and UEA-1 
are also present on EPC. However, the severely damaged morphology of cells obtained by 
CD-146-driven immunomagnetic isolation and our inability to growth these cells in culture 
11 was regarded as indication that these cells are not EPC. Our own experience shows that 
CD 146 positive cells were CD 133 negative 91. Very recently, however, Delorme and co-
workers clearly demonstrated EPC among a population of cells isolated by CD-146-driven 
immunomagnetic isolation 92. Although their findings need corroboration, new protocols of 
immunomagnetic isolation may be needed to exclude EPC. Table 2 summarizes 
characteristic properties of CEC and EPC.  
Therefore, the studies mentioned above provide interesting food for thought but require 
independent confirmation. What stimulates EPCs in reaction to ischemia or other forms of 
insult? There is conclusive evidence that EPC are not stimulated by the non-specific acute 
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It is probably fair to say that at present we do not understand the interactions between CEC 
and healthy endothelium and other cell subsets. Further studies, for example in animal 
models, are surely warranted. Figure 1 summarizes proven and proposed interactions of 
circulating endothelial cells with healthy endothelium.  
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small subgroup of all MP found in plasma63. Specific endothelial microparticles were first 
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recently that microparticle tissue factor activity is increased in PR3-ANCA vasculitis 
patients with active disease 74.  
Evidence has also emerged to suggest that endothelial release of microparticles from 
adherent cells is actually protective and that inhibition of microparticle release leads to 
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phase response 93 but by microvascular injury 94. A variety of specific factors have been 
implicated in this mechanism: First, it is worthwhile to remember that erythropoietin (EPO) 
regulates EPCs 95. Hence EPO treatment must always be corrected for when EPCs are 
measured in renal patients. Statins also influence EPC numbers 96. Other factors that have 
been implicated as regulators of EPCs include vascular endothelial growth factor (VEGF), 
the angiopoetins, and platelet-derived growth factor CC (PDGF-CC). Haeme oxygenase 1 
(HO1) has been implicated as well 97. It is clear that EPCs are capable of homing in to sites of 
vascular damage. Mechanisms include CD18/ICAM-1 and sdf-1/CXCR4. Endothelial 
commitment requires histone deacylase (HDAC) activity and depends on the expression of 
the homoeobox transcription factor HoxA9 98. It is probably fair to say that EPCs will receive 
further scientific attention in vasculitis while a standard as to their definition and 
enumeration is eagerly awaited.  
 

 
Fig. 1. Interactions of apoptotic and necrotic circulating endothelial cells with healthy 
endothelium; from 100, with permission 

6. Conclusion 
Endothelial activation and damage is a crucial event during the pathogenesis of vasculitis. 
Not surprisingly, markers of such damage are detectable in peripheral blood. Several 
markers have been studied. Circulating endothelial cells are an established and reliable 
marker of vascular damage. Cell numbers do correlate with the activity of vascular disease 
and their use in a clinical setting is on the horizon. In comparison, endothelial microparticles 
are smaller and their presence may reflect a different stage of the inflammatory process. For 
both approaches, the lack of standardization remains a matter of particular concern and 
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further multi-centre efforts should be encouraged. Interactions of CEC with the healthy 
endothelium and other cells deserve further attention, as does the phenotype of CEC. 
Endothelial repair is another facet of the inflammatory process although, again, progress is 
hampered by lack of standardization. Taken together, all of these markers may be useful to 
assess vascular inflammation and repair in a clinical setting.  
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1. Introduction 
Although the causes of most vasculitis syndromes remain unclear, advances in molecular 
and cellular immunology have enabled the definition of many effector mechanisms that 
mediate inflammatory vascular damage. Vascular endothelial dysfunction is observed in a 
variety of immune-mediated inflammatory diseases. Therefore, endothelial cells (ECs) play 
a pivotal role in the pathogenesis of systemic vasculitis (Buckley et al. 2005; Kaneider et al. 
2006), in large part by amplifying and perpetuating the inflammatory process through the 
expression and secretion of various cytokines, chemokines, cell adhesion molecules, and 
other inflammatory molecules. In addition, specific cell-cell interactions, especially between 
ECs and invading mononuclear cells, including macrophages and lymphocytes, also 
contribute to the progression of systemic vasculitis and other autoimmune diseases, 
including rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). In addition, 
recent studies of the pathogenesis of atherosclerosis have shown that a key feature of 
atherosclerotic disease is the alternating interaction and amplification of thrombosis and 
inflammation, which is considered an unusual form of chronic inflammation of the artery 
wall that is triggered by chemical (e.g., smoking and hyperlipidemia), biological (e.g., 
Chlamydia pneumoniae) and/or mechanical (e.g., shear stress in hypertension) insults to 
ECs (Libby 2002).  
Among the various mediators secreted by activated inflammatory cells are cytokines and 
chemokines, which appear to be involved in both systemic vasculitis and atherosclerosis. 
The purpose of this review is to provide an overview of the expression and function of the 
cytokines and chemokines during the pathogenesis of vasculitic diseases, including systemic 
vasculitis and related conditions.  

2. Endothelial cells are an important cellular component of vascular 
inflammation 
The endothelium is the first obstacle to leukocyte transmigration, and both the properties of 
the chemokines expressed and the functionality of the cells support the idea that ECs serve 
as a gateway, controlling leukocyte extravasation at sites of inflammation. In this role, the 
ECs engage in significant proinflammatory activities, including amplifying and 
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perpetuating inflammatory processes. Among these processes is the proinflammatory 
facilitation of the expression and secretion of various cytokines, chemokines, cell adhesion 
molecules and other inflammatory mediators (Mantovani & Dejana 1989) that are critically 
involved in the pathogenesis of systemic vasculitis (Sneller & Fauci 1997; Cid et al. 2004; 
Bacon 2005; Buckley, Rainger et al. 2005; Kaneider, Leger et al. 2006). For example, the 
dysregulation of cytokine/chemokine expression and secretion is crucially involved in the 
pathogenesis of vasculitis (Cid & Vilardell 2001; Charo & Taubman 2004). Specific cell-cell 
interactions, especially between ECs and invading mononuclear cells, are also key 
contributors to the evolution of vascular inflammation and the progression of vasculitis and 
autoimmune diseases such as RA and SLE, as summarized briefly in Figure 1. 
 

 
Fig. 1. Cytokines/chemokines and cell adhesion molecules involved in the interaction 
between endothelial cells and inflammatory/immune cells 

The dysregulation of cytokine/chemokine expression, corresponding receptors (R) and 
adhesion molecules on inflammatory cells/endothelial cells is crucially involved in the 
pathogenesis of inflammatory vascular diseases. 

3. Cytokines involved in systemic vasculitis and anti-neutrophil cytoplasmic 
antibody-associated vasculitis 
Although little data are available regarding the participation of proinflammatory cytokines 
in the pathogenesis of systemic vasculitis, many cytokines are known to play a role in the 
pathogenesis of vasculitis syndrome (Sundy & Haynes 2000; Cid, Segarra et al. 2004; Muller-
Ladner et al. 2005). The cross-talk between ECs, leucocytes, and cytokines fulfills a 
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homeostatic function and acts as a rapid response in situations of the vascular injury seen in 
systemic vasculitis.  
Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is the most 
common cause of rapidly progressive glomerulonephritis and immune-mediated 
pulmonary renal syndrome. Small-vessel vasculitis (SVV) is associated with the 
development of ANCA, which is directed against neutrophil intracellular enzymes, 
myeloperoxidase (MPO-ANCA), and proteinase-3 (PR3-ANCA). Now that the acute 
manifestations of the disease can generally be controlled using immunosuppressive drugs, 
ANCA-associated vasculitis has become a chronic and relapsing inflammatory disorder. 
A number of cytokines are capable of cooperating with ANCA to mediate inflammatory 
events. A recent report by Nolan et al. indicates that circulating anti-MPO IgG acts 
synergistically with inflammatory stimuli to potentiate cytokine-induced leukocyte firm 
adhesion and transmigration within murine cremasteric venules and also promotes changes 
within leukocytes that drive injury at susceptible distant sites (Nolan et al. 2008). Taken 
together, these findings suggest that neutrophils primed by cytokines in the presence of 
anti-MPO IgG may exert systemic effects and target specific vascular beds.  
Cytokines play a key role in the pathogenesis of systemic inflammation, both in systemic 
inflammatory processes, such as the upregulation of acute-phase protein synthesis, and as a 
focal point for the interplay of cytokines in the vascular endothelium (Kunkel et al. 1996; 
Firestein 2003; Middleton et al. 2004; McInnes & Schett 2007). This endothelial layer is the 
primary target of circulating mediators and thus, this layer controls the trafficking of cells 
and molecules from the bloodstream into the underlying tissue. 

3.1 TNF 
TNF has a wide range of biological effects, such as the cellular activation of cells that play a 
role in host defense, including monocytes/macrophages, B and T lymphocytes and 
neutrophils, and is considered a primary cytokine in chronic inflammation. 
Recently, increasing evidence has indicated that TNF- plays important roles in vasculitis 
inflammation. Turesson et al. showed that higher levels of TNF are observed in patients 
with clinical signs of systemic vasculitis compared with those without any evidence of 
systemic involvement (Turesson et al. 2001). In addition, Lamprecht et al. showed that 
intracytoplasmic TNF- and IL-12 expression is significantly increased in Wegener’s 
granulomatosis (WG) compared with healthy controls. The elevated TNF- and IL-12 
expression in monocytes normalized after clinical remission through treatment with 
cyclophosphamide and corticosteroid (CYC + GC) (Lamprecht et al. 2002). 
In another study, serum levels of TNF- and soluble CD4 (sCD4), sCD8, IL-6, and sIL-6 
receptor (sIL-6R) were examined in RA patients to evaluate the relationship between extra-
articular manifestations (EAMs) and immunological alterations (Kuryliszyn-Moskal 1998). 
Serum concentrations of TNF-, IL-6, sIL-6R, and sCD4 are significantly increased in RA 
patients compared with those in healthy individuals. Furthermore, RA patients with clinical 
signs of systemic vasculitis show significantly higher levels of TNF- (Kuryliszyn-Moskal 
1998). 
Recent clinical findings support that TNF- plays important pathological roles. Indeed, 
TNF-target therapy such as infliximab in ANCA-associated vasculitis was recently reported 
to be beneficial in several open-label studies (Booth et al. 2004; Huugen et al. 2006). Taken 
together, the results of these studies demonstrate that TNF- exerts crucial effects on the 
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pathogenesis of vasculitis, and the results further suggest an important role for cellular 
immune activation in the pathogenesis of microvascular damage. 

3.2 IL-6 
Numerous investigations have demonstrated that IL-6 plays a central role in the regulation 
of inflammatory and immune responses and hematopoiesis, including B-cell maturation, 
immunoglobulin production, induction of acute-phase proteins in the liver, and T-cell 
maturation and activation (Akira et al. 1993). In response to diverse stimuli, IL-6 is 
expressed in a wide variety of cell types, including monocytes/macrophages, T cells, 
fibroblasts, and ECs (Akira, Taga et al. 1993; Naka et al. 2002). IL-6 potentially contributes to 
immune responses, especially B-cell maturation, stimulation and immunoglobulin 
production, and IL-6 may also play a role in the development of autoimmune disorders such 
as SLE, which is characterized by the dysregulated production of autoantibodies and 
polyclonal B-cell activation (Cross & Benton 1999).  
Both anti-PR3 and anti-MPO positive IgG fractions from patients with AAV activate ECs in 
vitro. Interestingly, IL-6 is secreted by human umbilical vein endothelial cells (HUVEC) that 
are activated by the ANCA-positive IgG fraction isolated from patients with WG and/or 
microscopic polyangiitis (MPA) (Muller Kobold et al. 1999). 
Increased serum levels of IL-6 can be detected in patients with giant cell arteritis (GCA) and 
polymyalgia rheumatica (PMR), and IL-6 concentrations are significantly correlated with the 
parameters of disease activity, such as C-reactive protein (CRP) levels and the erythrocyte 
sedimentation rate (ESR) (Roche et al. 1993; Emilie et al. 1994; Weyand et al. 2000). In 
addition, Emilie et al. showed that both IL-6 protein and mRNA are detectable in the 
biopsied temporal artery, and most of the IL-6-producing cells were macrophages and, to a 
lesser extent, fibroblasts in the intima (Emilie, Liozon et al. 1994).  
As mentioned previously, Kuryliszyn-Moskal also observed increased IL-6 levels in RA 
patients with vasculitis (rheumatoid vasculitis; RV) (Kuryliszyn-Moskal 1998). Statistical 
analyses encompassing all RA patients, with and without vasculitis, demonstrated a 
significant correlation among the levels of IL-6, sCD4 and sCD8 and ESR. In turn, although 
IL-6 and sIL-6R levels were significantly higher in RA patients than in healthy controls, 
there were no significant differences between the RA groups with and without vasculitis. 
Furthermore, there was no association between the severity of microvascular damages and 
the levels of IL-6 and sIL-6R (Kuryliszyn-Moskal 1998). The lack of correlation between IL-6 
or sIL-6R and vasculitis complications in RA patients suggests that the IL-6/IL-6R systems 
might be regulated during the development of vasculitis by different mechanisms or RV 
disease stage.  

3.3 Th1 and Th2 cytokines 
Churg-Strauss syndrome (CSS) is a type of AAV and is further characterized by severe 
eosinophilia and, often, granulomatous inflammation. Activated T cells from CSS patients 
are predominantly T-helper type 2 (Th2) cells, which exhibit an increased production of IL-4 
and IL-13. In addition, the PBMCs isolated from patients with CSS and cultured with T-cell-
specific stimuli secrete significantly increased amounts of IL-5 compared with PBMCs from 
healthy controls (Hellmich et al. 2005). The Th2-mediated immune response in CSS may 
result from an abnormal eosinophil response causing T cell activation and Th2 cytokine 
production. Similarly, in a majority of patients with CSS, there is a marked increase in Th1 
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cytokines, including IL-2 and interferon (IFN)-, in the serum (Grau et al. 1989). IL-25, 
which is produced by epithelial cells and other innate cells such as eosinophils, basophils, 
and mast cells, links innate and adaptive immunity by enhancing Th2 cytokine production 
(Angkasekwinai et al. 2007). Increased levels of IL-25, which are correlated with disease 
activity and eosinophil levels, have been observed in the serum of active patients with CSS 
(Terrier et al. 2010). Furthermore, IL-25 has been found within the vasculitic lesions of 
patients with CSS. This suggests that eosinophils, through the production of IL-25, may play 
a critical role in promoting Th2 responses in the peripheral blood and target tissues in CSS. 
WG is characterized by a predominance of the Th1 response. As described above, 
Lamprecht et al. showed that intracytoplasmic IL-12 and TNF- expression is significantly 
increased in WG patients compared with healthy controls. Monocytic cytokines, especially 
IL-12, may play a role in the early determination and skewing of the immunoregulatory 
response toward a Th1 profile. The normalization of the skewed cytokine pattern by CYC + 
GC treatment may be a prerequisite and an indicator of inducing remission of WG 
(Lamprecht, Kumanovics et al. 2002). Furthermore, Lamprecht et al. clearly indicated the 
important role of the Th1-dominant axis in the pathogenesis of WG (Lamprecht et al. 2003). 
Based on recent evidence, the Th1 phenotype expresses certain chemokine receptors, 
including CCR5 ligands for CCL3 and CCL5 (Sallusto et al. 1998; Rossi & Zlotnik 2000), 
while the Th2 phenotype expresses CCR4, ligands for CCL17 (TARC) and CCL22 (MDC). It 
now appears that chemokines not only have the ability to recruit specific subsets of 
lymphocytes but also aid in determining the type of immune response that is elicited. These 
and other aspects of chemokine function may have a significant effect on the development 
of autoimmune disorders. 
Higher expression levels of CCR5, the functional receptor of CCL3-5 (MIP-1), in CD4+CD28- 
T cells in localized WG may favor stronger CCR5-mediated recruitment of this T-cell subset 
into the granulomatous lesions in localized WG, and Th1 cells that lack CD28 expand 
independent of age and immunosuppressive therapy. The expansion of Th1-type 
CD4+CD28-CCR5+ effector memory T cells might contribute to disease progression and 
autoreactivity, either directly by maintaining the inflammatory response or as a result of 
bystander activation (Lamprecht, Bruhl et al. 2003). 

3.4 Th17 cytokines 
The recently characterized IL-17-producing T helper cell lineage (Th17), rather than the Th1 
lineage, is involved in several autoimmune diseases (Lyakh et al. 2008; Takatori et al. 2008). 
In addition, IL-23 is associated with the generation of the Th17 response and IL-17 
production (Lyakh, Trinchieri et al. 2008). However, little is known about the role of IL-23 in 
AAV (Hruskova et al. 2008). Recently, Nogueira et al. showed that serum levels of IL-17A 
and IL-23 are significantly elevated in acute AAV patients compared with those in healthy 
controls. In contrast, no significant differences in IFN- levels were detected between the 
patient group and the control group. The patients with elevated levels of IL-23 compared 
with those with low levels of IL-23 had more active disease as measured by the Birmingham 
Vasculitis Activity Score (BVAS) and had higher ANCA titers. Critically, 
immunosuppressive therapy did not always effectively suppress the IL-23 or IL-17 
production. Additionally, autoantigen-specific IL-17-producing, but not IFN-g-producing, 
cells were significantly elevated in patients during disease convalescence compared with 
healthy controls. Taken together, these findings indicate that the Th17 axis and specifically 
IL-23 may serve as important mediators in the severity of AAV (Nogueira et al. 2010). 
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pathogenesis of vasculitis, and the results further suggest an important role for cellular 
immune activation in the pathogenesis of microvascular damage. 
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cytokines, including IL-2 and interferon (IFN)-, in the serum (Grau et al. 1989). IL-25, 
which is produced by epithelial cells and other innate cells such as eosinophils, basophils, 
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important role of the Th1-dominant axis in the pathogenesis of WG (Lamprecht et al. 2003). 
Based on recent evidence, the Th1 phenotype expresses certain chemokine receptors, 
including CCR5 ligands for CCL3 and CCL5 (Sallusto et al. 1998; Rossi & Zlotnik 2000), 
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AAV (Hruskova et al. 2008). Recently, Nogueira et al. showed that serum levels of IL-17A 
and IL-23 are significantly elevated in acute AAV patients compared with those in healthy 
controls. In contrast, no significant differences in IFN- levels were detected between the 
patient group and the control group. The patients with elevated levels of IL-23 compared 
with those with low levels of IL-23 had more active disease as measured by the Birmingham 
Vasculitis Activity Score (BVAS) and had higher ANCA titers. Critically, 
immunosuppressive therapy did not always effectively suppress the IL-23 or IL-17 
production. Additionally, autoantigen-specific IL-17-producing, but not IFN-g-producing, 
cells were significantly elevated in patients during disease convalescence compared with 
healthy controls. Taken together, these findings indicate that the Th17 axis and specifically 
IL-23 may serve as important mediators in the severity of AAV (Nogueira et al. 2010). 
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The possible role of Th17 cells in WG has not yet been elucidated. Patients with WG who are 
in remission have a significantly decreased percentage of CD69+CD4+ T cells in response to 
PR3. These patients also tend to have a lower percentage of CD69+CD4+ T cells in response 
to other stimuli compared with healthy controls. WG patients who are in remission have 
significantly increased percentages of Th17 cells (IL-4-, IL-17+, IFN--) and Th2 cells (IL-4+, 
IL-17-, IFN--) within the activated CD69+CD4+ T cell population. Consistent with the results 
from Lamprecht, WG patients in remission and healthy controls have similar percentages of 
Th1 cells (IL-4-, IL-17-, IFN-+). Furthermore, in Kawasaki disease (KD), Th17 proportions 
and the expression levels of relevant cytokines (IL-17, IL-6 and IL-23) are upregulated (Sohn 
et al. 2003; Jia et al. 2010). The skewed Th17 response found in ANCA-positive WG patients 
following stimulation with the autoantigen PR3 and also in KD patients suggests that IL-17 
is involved in disease pathogenesis and may constitute a new therapeutic target (Abdulahad 
et al. 2008). 

3.5 MIF  
Macrophage migration inhibitory factor (MIF) was originally identified as a soluble factor in 
the culture medium of activated T lymphocytes that inhibited the migration of macrophages 
(Bloom & Bennett 1966; Bloom & Shevach 1975) and is recognized as a multipotential 
cytokine in the regulation of immune and inflammatory responses (Calandra & Roger 2003). 
Several cell populations, including T cells (Bacher et al. 1996), macrophages/monocytes 
(Calandra et al. 1994), synovial fibroblasts (Leech et al. 1999) and endothelial cells (Nishihira 
et al. 1998) express and secrete MIF. Furthermore, MIF is implicated in various 
inflammatory and immune-mediated diseases, including RA (Leech, Metz et al. 1999; Ayoub 
et al. 2008), SLE (Hoi et al. 2003; Foote et al. 2004), scleroderma (Selvi et al. 2003) and 
inflammatory bowel diseases (de Jong et al. 2001). Serum MIF levels are also increased in 
systemic vasculitis, including WG and AAV (Ohwatari et al. 2001; Becker et al. 2006).  
We recently showed that patients with systemic vasculitis have increased serum MIF levels 
compared with normal controls. Interestingly, patients with MPA have significantly 
increased levels of serum MIF compared with patients with medium-vessel vasculitis 
(MVV) and large-vessel vasculitis (LVV). The elevated MIF levels seen in MPA patients are 
positively correlated with BVAS, CRP levels, ESR, and serum MPO-ANCA titers. Notably, 
MPA patients in clinical remission after treatment have significantly diminished levels of 
MIF. Similarly, Becker et al. showed that AAV patients have elevated serum MIF levels 
(Becker, Maaser et al. 2006). Patients with vasculitis have increased serum levels of 
endothelial-related molecules, such as adhesion molecules and EC-derived cytokines 
(Bradley et al. 1994; Johnson et al. 1997; Sundy & Haynes 2000). Indeed, vasculitis-affected 
small vessels, such as those found in MPA, may have dysregulated EC function (Filer et al. 
2003). In patients with MPA, the increased serum MIF may originate from endothelial cells 
and/or inflammatory cells, including monocytes and neutrophils because these cells are 
capable of secreting MIF (Calandra, Bernhagen et al. 1994; Nishihira, Koyama et al. 1998; 
Riedemann et al. 2004) and secreted MIF participates in regulating the proliferation of ECs 
(Yang et al. 2000). However, there have been no data demonstrating the stimulating capacity 
of MPO-ANCA to secrete any cytokines including MIF. The lack of evidence may be related 
to the disease activity and MIF levels because there is a positive relationship between the 
MPO-ANCA titers and the disease activity of vasculitis (Sinico et al. 2005). Furthermore, 
MIF upregulates the expression of intercellular adhesion molecule-1 (ICAM-1) on 
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endothelial cells (Lin et al. 2000). In addition, MIF stimulates the expression and secretion of 
other inflammatory cytokines, including TNF- and IL-8 (Leech, Metz et al. 1999; Onodera 
et al. 2004). The recruitment of leukocytes to the sites of inflammation involves adhesion 
molecule-dependent interactions with ECs. Collectively, the dysregulated orchestration of 
MIF from ECs and/or leukocytes and adhesion molecules and the cytokines induced by MIF 
may play crucial roles in the development of SVV, including MPA. 
Taken together, these results suggest that increased MIF appears to be involved in the 
pathogenesis of systemic vasculitis, especially the small vessel vasculopathy seen in MPA, 
and may serve as a useful serologic marker of disease activity in vasculitis. 

3.6 IL-18 
IL-18, originally called an IFN-γ-inducing factor, has recently been identified as a cytokine 
synthesized by Kupffer cells and activated macrophages. In combination with IL-12, IL-18 
induces IFN-γ production by Th1 and NK cells in Th1 cells, B cells, and natural killer cells, 
promoting Th1-type immune responses (Okamura et al. 1998). 
AAV patients have an increased deposition of IL-18 in their renal biopsies, as assessed by 
immunoperoxidase staining (Hewins et al. 2006). Immunofluorescence microscopy 
demonstrated that podocytes are the predominant glomerular IL-18-positive cell type, 
whereas in the interstitium, the myofibroblasts, distal tubular epithelium, and infiltrating 
macrophages stained positive for IL-18. In vitro, IL-18 primed the superoxide production by 
ANCA-activated neutrophils at similar levels as TNF-. Hewins et al. concluded that IL-18 
is likely to be important for neutrophil recruitment and priming in AAV (Hewins, Morgan 
et al. 2006).  
The inflammatory activity of vascular lesions in GCA is mediated by adaptive immune 
responses, with CD4+ T cells undergoing clonal expansion in the vessel wall and releasing 
IFN-γ (Weyand et al. 2005). Additionally, several polymorphisms within the IL-18 promoter 
gene are associated with different inflammatory and autoimmune diseases (Sivalingam et al. 
2003). Therefore, IL-18 may be implicated in the pathogenesis of GCA. Indeed, a recent 
study showed that the IL18 -607 allele A is significantly increased in GCA patients 
compared with controls. In addition, an additive effect between the associated IL-18 and 
Toll-like receptor 4 genetic variants was observed (Palomino-Morales et al. 2010). In 
addition, serum IL-18 as well as IL-6 levels were elevated in patients with TA, especially in 
those with active disease (Park et al. 2006). Serum IL-18 levels correlated well with disease 
activity of TA. These results suggest that IL-6 and IL-18 might contribute to the pathogenesis 
of TA and that IL-18 could be a useful marker for monitoring the disease activity of TA. 

3.7 AIF 
The allograft inflammatory factor-1 (AIF-1) is an IFN--inducible Ca2+-binding cytokine 
originally cloned from activated macrophages in human and rat atherosclerotic allogenic 
heart grafts undergoing chronic transplant rejection (Utans et al. 1995). AIF-1 appears to 
play a role in the survival and proinflammatory activity of macrophages (Yang et al. 2005). 
Broglio et al. showed that the biopsied arterial walls of vasculitic neuropathies have 
increased AIF-1 compared with the nerves of chronic inflammatory demyelinating 
polyneuropathies and that vascular smooth muscle cells (VSMCs) in vasculitic nerves have 
increased expression of AIF-1 protein (Broglio et al. 2008). AIF-1 is involved in the 
proliferation and migration of VSMCs and is rapidly expressed in response to injury and 
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is likely to be important for neutrophil recruitment and priming in AAV (Hewins, Morgan 
et al. 2006).  
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increased AIF-1 compared with the nerves of chronic inflammatory demyelinating 
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increased expression of AIF-1 protein (Broglio et al. 2008). AIF-1 is involved in the 
proliferation and migration of VSMCs and is rapidly expressed in response to injury and 
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inflammatory cytokines, but AIF-1 is not expressed in unstimulated VSMCs (Autieri et al. 
2000). These studies suggest that AIF-1 plays an important role in inflammatory nerve 
disease, with either autocrine- or paracrine-induced vasculitis and VSMC proliferation in 
the damaged vascular tissues. 

4. Chemokines involved in systemic vasculitis 
Chemokines are a family of over 40 small secreted proteins that induce chemotaxis and 
other functional changes in subsets of leukocytes in vitro, and they are known to belong to 
two major superfamilies that share substantial homology via four conserved cysteine 
residues (Kunkel, Lukacs et al. 1996; Baggiolini 1998; Moser et al. 2004; Szekanecz et al. 
2006). They are produced by a wide variety of cell types of both hematopoietic and 
nonhematopoietic origin (Kasama et al. 2005), and they play a key role in the migration and 
activation of leukocytes in vivo as well as in several autoimmune diseases (Arimilli et al. 
2000; Haringman et al. 2004). The CXC chemokine family [e.g., CXCL1 (growth-related 
oncogene alpha; GRO-), CXCL5 (expression of neutrophil-activating protein-78; ENA-78), 
CXCL8 (IL-8), CXCL9 (monokine induced by interferon-gamma; MIG), CXCL10 (interferon-
inducible protein 10; IP-10), CXCL11 (interferon-inducible T cell A chemoattractant; I-TAC) 
and CXCL16 (CXC chemokine ligand 16)] induces chemotaxis mainly in neutrophils and T 
lymphocytes. The CC chemokine family [e.g., CCL2 (macrophage chemoattractant protein 1; 
MCP-1), CCL3 (macrophage inflammatory protein 1 alpha; MIP-1), CCL4 (MIP-1) and 
CCL5 (regulated on activation normal T cells expressed and secreted; RANTES)] induces 
chemotaxis in monocytes and subpopulations of T lymphocytes. There are two other minor 
groups, the C and CX3C chemokines, which include CX3CL1 (fractalkine). The members of 
these families show considerable structural homology and often possess overlapping 
chemoattractant specificities. In addition to their roles in chemoattraction, the chemokines 
have been implicated in rheumatic disorders, including RA and SLE (Kunkel, Lukacs et al. 
1996; Gerard & Rollins 2001; Bodolay et al. 2002). Few studies have documented the 
localization of various chemokines in pathological conditions such as systemic vasculitis 
(Cid & Vilardell 2001; Charo & Taubman 2004; Eardley et al. 2009). 

4.1 CC chemokines 
4.1.1 CCL2 
In contrast with CXCL8, CCL2 (MCP-1) plays an important role in chronic inflammation, 
particularly in activating the migration of macrophages and specific T cells (Daly & Rollins 
2003). CCL2 is expressed in mesangial glomerulonephritis, including the vasculitic lesions of 
the WG kidney, in association with mononuclear cell infiltration (Rovin et al. 1994). Both the 
protein and the mRNA of CCL2 are detectable in the kidney with cryoglobulinemic 
vasculitis, which correlates with the infiltration of macrophages (Gesualdo et al. 1997). 
Furthermore, CCR5, a functional receptor for CCL2, also plays an important role in the 
tissue inflammation seen in WG. A recent report by Ohlsson et al. showed that elevated 
CCL2 levels are found in the urine of patients with AAV, even those in remission, and the 
CCL2 levels are associated with poor prognosis and possibly also with risk of relapse, 
suggesting that urinary CCL2 is a promising potential prognostic marker in SVV (Ohlsson et 
al. 2009). 
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CCL2 and CCL5 appear to be involved in LVV in similar ways as in SSV, including WG, 
cryoglobulinemic vasculitis, and Takayasu’s arteritis (TA). TA is a chronic obliterative 
inflammatory disease involving the aorta and its main branches. Patients with TA have 
increased serum concentrations of both CCL2 and CCL5 compared with normal healthy 
controls; these concentrations closely correlate with disease activity (Noris et al. 1999; 
Dhawan et al. 2006). These findings suggest that CCL2 and CCL5 can be used as reliable 
markers in determining the activity of TA. In addition, patients with KD or MVV disease 
have elevated serum levels of CCL2 and CXCL10 (Shikishima et al. 2003). 

4.1.2 CCL26 and CCL17 
Recently, a chemokine family that specifically mediates the trafficking of eosinophils to 
inflammatory and allergic sites has been characterized. CCL11, CCL24 and CCL26 are 
grouped together as eotaxins (Bisset & Schmid-Grendelmeier 2005). Although these 
chemokines share only ~40% homology and their genes are located on different 
chromosomes, they all bind to a common receptor: CCR3. Interestingly, CCL26 (eotaxin-3), 
rather than the other eotaxins, has also been implicated in the pathogenesis of eosinophilic 
esophagitis (Blanchard et al. 2006). Eosinophilic infiltration into inflamed tissues is the 
histologic hallmark of CSS (Zwerina et al. 2009). Recently, studies showed that patients with 
CSS have increased CCL26, but not CCL11 or CCL24, in serum, and the elevated levels of 
CCL26 significantly diminished following successful treatment and clinical improvement. 
The serum CCL26 levels in CSS patients are significantly correlated with the levels of CRP 
and serum IgE (Polzer et al. 2008).  
Recently, studies showed that CSS patients with active disease have significantly elevated 
serum CCL17 levels compared with controls and patients with inactive disease, and the 
serum CCL17 levels are correlated with the clinical disease course of CSS and with the 
absolute eosinophil counts as well as IgE levels (Dallos et al. 2010). CCL17 is a chemokine 
that is secreted from monocyte-derived dendritic cells (DCs) and ECs and is responsible for 
the selective recruitment and migration of activated Th2 lymphocytes to affected tissues. 
Regarding the polarization of Th responses, CSS is a Th2-mediated systemic vasculitis 
characterized by eosinophilic infiltration, blood eosinophilia, and high IgE levels (Zwerina, 
Axmann et al. 2009). CCL17 may serve as a biomarker for eosinophilic tissue damage. Taken 
together, CCL26 and CCL17 seem to be crucial pathogenic mediators that facilitate the 
development of a targeted pharmacotherapy for CSS. 

4.1.3 Other CC and XC chemokines 
CCL3, CCL4 and CCL5 may contribute to the pathophysiology of immune disorders 
including RA and SLE. Zhou et al. demonstrated that the lung tissues from patients with 
WG are infiltrated by CCR5-positive mononuclear cells and have increased protein 
concentrations for the ligands of CCR5, including CCL3, CCL4 and CCL5 (Zhou et al. 2003). 
Moreover, CCR5 and CXCR3 are highly expressed by infiltrating leucocytes that are in the 
tissue sections from patients with GCA, and the adventitia has a predominant clustering of 
CCR5- and CXCR3-positive leucocytes, which are co-localized with the expression of 
CCL5/RANTES mRNA (Bruhl et al. 2005). In addition, XCL1, also known as lymphotactin, 
is the sole member of the C subgroup of chemokines, and its primary chemotactic activity is 
controlling the movement of CD4+ and CD8+ T cells. XCL1 is mainly expressed by 
CD4+CD28- T cells in WG patients (Blaschke et al. 2009). In renal biopsies, the presence of 
XCL1 is only detected within interstitial CD4+ and CD8+ T cells. Meanwhile, there are no 
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inflammatory cytokines, but AIF-1 is not expressed in unstimulated VSMCs (Autieri et al. 
2000). These studies suggest that AIF-1 plays an important role in inflammatory nerve 
disease, with either autocrine- or paracrine-induced vasculitis and VSMC proliferation in 
the damaged vascular tissues. 

4. Chemokines involved in systemic vasculitis 
Chemokines are a family of over 40 small secreted proteins that induce chemotaxis and 
other functional changes in subsets of leukocytes in vitro, and they are known to belong to 
two major superfamilies that share substantial homology via four conserved cysteine 
residues (Kunkel, Lukacs et al. 1996; Baggiolini 1998; Moser et al. 2004; Szekanecz et al. 
2006). They are produced by a wide variety of cell types of both hematopoietic and 
nonhematopoietic origin (Kasama et al. 2005), and they play a key role in the migration and 
activation of leukocytes in vivo as well as in several autoimmune diseases (Arimilli et al. 
2000; Haringman et al. 2004). The CXC chemokine family [e.g., CXCL1 (growth-related 
oncogene alpha; GRO-), CXCL5 (expression of neutrophil-activating protein-78; ENA-78), 
CXCL8 (IL-8), CXCL9 (monokine induced by interferon-gamma; MIG), CXCL10 (interferon-
inducible protein 10; IP-10), CXCL11 (interferon-inducible T cell A chemoattractant; I-TAC) 
and CXCL16 (CXC chemokine ligand 16)] induces chemotaxis mainly in neutrophils and T 
lymphocytes. The CC chemokine family [e.g., CCL2 (macrophage chemoattractant protein 1; 
MCP-1), CCL3 (macrophage inflammatory protein 1 alpha; MIP-1), CCL4 (MIP-1) and 
CCL5 (regulated on activation normal T cells expressed and secreted; RANTES)] induces 
chemotaxis in monocytes and subpopulations of T lymphocytes. There are two other minor 
groups, the C and CX3C chemokines, which include CX3CL1 (fractalkine). The members of 
these families show considerable structural homology and often possess overlapping 
chemoattractant specificities. In addition to their roles in chemoattraction, the chemokines 
have been implicated in rheumatic disorders, including RA and SLE (Kunkel, Lukacs et al. 
1996; Gerard & Rollins 2001; Bodolay et al. 2002). Few studies have documented the 
localization of various chemokines in pathological conditions such as systemic vasculitis 
(Cid & Vilardell 2001; Charo & Taubman 2004; Eardley et al. 2009). 

4.1 CC chemokines 
4.1.1 CCL2 
In contrast with CXCL8, CCL2 (MCP-1) plays an important role in chronic inflammation, 
particularly in activating the migration of macrophages and specific T cells (Daly & Rollins 
2003). CCL2 is expressed in mesangial glomerulonephritis, including the vasculitic lesions of 
the WG kidney, in association with mononuclear cell infiltration (Rovin et al. 1994). Both the 
protein and the mRNA of CCL2 are detectable in the kidney with cryoglobulinemic 
vasculitis, which correlates with the infiltration of macrophages (Gesualdo et al. 1997). 
Furthermore, CCR5, a functional receptor for CCL2, also plays an important role in the 
tissue inflammation seen in WG. A recent report by Ohlsson et al. showed that elevated 
CCL2 levels are found in the urine of patients with AAV, even those in remission, and the 
CCL2 levels are associated with poor prognosis and possibly also with risk of relapse, 
suggesting that urinary CCL2 is a promising potential prognostic marker in SVV (Ohlsson et 
al. 2009). 
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CCL2 and CCL5 appear to be involved in LVV in similar ways as in SSV, including WG, 
cryoglobulinemic vasculitis, and Takayasu’s arteritis (TA). TA is a chronic obliterative 
inflammatory disease involving the aorta and its main branches. Patients with TA have 
increased serum concentrations of both CCL2 and CCL5 compared with normal healthy 
controls; these concentrations closely correlate with disease activity (Noris et al. 1999; 
Dhawan et al. 2006). These findings suggest that CCL2 and CCL5 can be used as reliable 
markers in determining the activity of TA. In addition, patients with KD or MVV disease 
have elevated serum levels of CCL2 and CXCL10 (Shikishima et al. 2003). 

4.1.2 CCL26 and CCL17 
Recently, a chemokine family that specifically mediates the trafficking of eosinophils to 
inflammatory and allergic sites has been characterized. CCL11, CCL24 and CCL26 are 
grouped together as eotaxins (Bisset & Schmid-Grendelmeier 2005). Although these 
chemokines share only ~40% homology and their genes are located on different 
chromosomes, they all bind to a common receptor: CCR3. Interestingly, CCL26 (eotaxin-3), 
rather than the other eotaxins, has also been implicated in the pathogenesis of eosinophilic 
esophagitis (Blanchard et al. 2006). Eosinophilic infiltration into inflamed tissues is the 
histologic hallmark of CSS (Zwerina et al. 2009). Recently, studies showed that patients with 
CSS have increased CCL26, but not CCL11 or CCL24, in serum, and the elevated levels of 
CCL26 significantly diminished following successful treatment and clinical improvement. 
The serum CCL26 levels in CSS patients are significantly correlated with the levels of CRP 
and serum IgE (Polzer et al. 2008).  
Recently, studies showed that CSS patients with active disease have significantly elevated 
serum CCL17 levels compared with controls and patients with inactive disease, and the 
serum CCL17 levels are correlated with the clinical disease course of CSS and with the 
absolute eosinophil counts as well as IgE levels (Dallos et al. 2010). CCL17 is a chemokine 
that is secreted from monocyte-derived dendritic cells (DCs) and ECs and is responsible for 
the selective recruitment and migration of activated Th2 lymphocytes to affected tissues. 
Regarding the polarization of Th responses, CSS is a Th2-mediated systemic vasculitis 
characterized by eosinophilic infiltration, blood eosinophilia, and high IgE levels (Zwerina, 
Axmann et al. 2009). CCL17 may serve as a biomarker for eosinophilic tissue damage. Taken 
together, CCL26 and CCL17 seem to be crucial pathogenic mediators that facilitate the 
development of a targeted pharmacotherapy for CSS. 

4.1.3 Other CC and XC chemokines 
CCL3, CCL4 and CCL5 may contribute to the pathophysiology of immune disorders 
including RA and SLE. Zhou et al. demonstrated that the lung tissues from patients with 
WG are infiltrated by CCR5-positive mononuclear cells and have increased protein 
concentrations for the ligands of CCR5, including CCL3, CCL4 and CCL5 (Zhou et al. 2003). 
Moreover, CCR5 and CXCR3 are highly expressed by infiltrating leucocytes that are in the 
tissue sections from patients with GCA, and the adventitia has a predominant clustering of 
CCR5- and CXCR3-positive leucocytes, which are co-localized with the expression of 
CCL5/RANTES mRNA (Bruhl et al. 2005). In addition, XCL1, also known as lymphotactin, 
is the sole member of the C subgroup of chemokines, and its primary chemotactic activity is 
controlling the movement of CD4+ and CD8+ T cells. XCL1 is mainly expressed by 
CD4+CD28- T cells in WG patients (Blaschke et al. 2009). In renal biopsies, the presence of 
XCL1 is only detected within interstitial CD4+ and CD8+ T cells. Meanwhile, there are no 
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significant differences in XCL1 serum concentrations between WG patients and controls. In 
functional studies, PMN stimulated with XCL1 demonstrated a significant enhancement of 
CXCL8 production. Considering its function as a lymphocyte-specific chemoattractant, 
XCL1 might be a key modulator of T cell recruitment in WG and may support vascular 
inflammation by the induction of CXCL8 secretion by the PMN. These chemokines and 
related T cell populations may contribute to the granuloma formation and disease 
progression in WG. 

4.2 CXC chemokines 
4.2.1 CXCL8 
The main function of CXCL8 (IL-8) is its role in acute inflammation stimulating the 
migration of polymorphonuclear neutrophils. However, CXCL8 may be involved in the 
immune response that induces the migration of specific T cell populations (Moser & 
Loetscher 2001; Rot & von Andrian 2004). Indeed, CXCL8 has been implicated in lupus 
nephritis (Holcombe et al. 1994; Rovin et al. 2002).  
CXCL8 has been implicated in MVV, including Kawasaki disease (KD) (Asano & Ogawa 
2000). In the acute phase of KD, the expression of CXCL8 mRNA in mononuclear cells and 
polymorphonuclear neutrophils, the level of CXCL8 protein, and the neutrophil 
chemoattractant activity within the plasma were all increased. Patients with TA, particularly 
those with LVV, have increased serum levels of CXCL8 (Tripathy et al. 2004). 

4.2.2 CXCL10 
CXCL10 (IP-10) is expressed and secreted by monocytes, fibroblasts, and ECs after 
stimulation with IFN-γ (Neville et al. 1997; Luster 1998; Hanaoka et al. 2003) and plays 
important roles in the migration of some subsets of T cells into inflamed sites. In contrast to 
CXCL8, CXCL10 also promotes the regression of angiogenesis (Angiolillo et al. 1995; Strieter 
et al. 1995). Despite these findings, few studies have been conducted in the field of 
vasculitis. Mixed cryoglobulinemia (MC) + HCV patients have increased CXCL10 levels that 
are significantly associated with the presence of active vasculitis (Antonelli et al. 2008). 
Recently, Panzer et al. showed that the damage of endothelial cells in different renal 
compartments induced in rats by selective renal artery perfusion with an anti-endothelial 
antibody leads to different chemokine expression patterns (Panzer et al. 2006). CXCL10 is 
expressed in the tubulointerstitium by peritubular capillaries, whereas glomerular 
endothelial cells do not express CXCL10. The CXCL10 expression pattern overlaps with the 
pattern of T cell influx. Massive tubulointerstitial T cell infiltration was observed, whereas 
no T cells were found inside the glomeruli. In this regard, we previously demonstrated that 
the interaction of monocytes with HUVECs resulted in synergistic increases in CXCL10 
expression and secretion, which consequently inhibited endothelial tube formation in vitro 
(Kasama et al. 2002). This induction of CXCL10 was mediated via specific cell surface 
molecules such as CD40 molecules. This finding suggests the contribution of CXCL10 to the 
regulation of angiogenesis and the initiation of inflammatory vascular diseases. Taken 
together, the expression and regulation of CXCL10 play an important, but limited, 
functional role in microvascular damage. 

4.2.3 CXCL13 
CXCL13, also known as B cell-attracting chemokine 1 or B-lymphocyte chemoattractant, is a 
member of the CXC subtype of the chemokine superfamily. Similar to the increased levels of 

 
Clinical Relevance of Cytokines, Chemokines and Adhesion Molecules in Systemic Vasculitis 

 

205 

CXCL10, significantly increased levels of CXCL13 were observed in HCV-related MC 
patients; these levels correlated with vasculitis disease activity (Sansonno et al. 2008). In this 
report, the mRNA expression of CXCL13 was detected in the portal tract of biopsied liver 
tissues and also in the skin tissues from MC patients with active cutaneous vasculitis. 
CXCL13 is mainly associated with extracellular fibrils and, to a much lower extent, with 
cells displaying a follicular dendritic cell phenotype. Extravasated monocytes, which are 
potent inducible producers of this chemokine, in inflammatory lesions such as cutaneous 
vasculitis of patients with cryoglobulinemia may give rise to cells capable of producing 
CXCL13. In these patients, CXCL13 production may be involved in the exacerbation of 
cryoglobulinemic vasculitis, particularly through the aberrant dissemination of antigen-
priming information from the liver to extrahepatic sites. 

4.3 CX3C chemokine 
4.3.1 CX3CL1 
The chemokine CX3CL1, also known as fractalkine, is synthesized as a type I 
transmembrane protein by ECs (Bazan et al. 1997). The unique CX3C chemokine domain of 
CX3CL1 is attached to a 241-amino acid mucin stalk, a 19-amino acid transmembrane 
domain, and a 37-amino acid intracellular domain of unknown function (Bazan, Bacon et al. 
1997; Pan et al. 1997). The soluble form of CX3CL1 reportedly exerts a chemotactic effect on 
monocytes, natural killer (NK) cells, and T lymphocytes. CX3CL1 acts via its receptor 
CX3CR1 as an adhesion molecule that promotes the firm adhesion of a subset of leukocytes 
to the ECs under conditions of physiologic flow (Imai et al. 1997; Umehara et al. 2001). Thus, 
CX3CL1 appears to possess immunoregulatory properties that affect inflammatory and 
immune cell-EC interactions and the inflammatory responses at inflamed sites. Indeed, 
numerous studies have implicated CX3CL1 in a variety of inflammatory disorders, 
including glomerulonephritis, RA, systemic sclerosis, and SLE (Chen et al. 1998; Ruth et al. 
2001; Blaschke et al. 2003; Hasegawa et al. 2005; Yajima et al. 2005). 
We recently found that serum CX3CL1 levels were significantly higher in all vasculitis 
patients than in healthy controls (Matsunawa et al. 2009; Kasama et al. 2010). Among the 
vasculitis patients, CX3CL1 levels were highest in the SVV group, whereas patients with 
MPA had the strongest expression overall. The elevated CX3CL1 levels observed in MPA 
patients, as well as in all systemic vasculitis patients, were positively correlated with BVAS, 
CRP levels and ESR. Similarly, an increased expression of cell-surface CX3CR1 was 
observed on the peripheral blood CD4+ and CD8+ T cells from patients with MPA. Notably, 
MPA patients in clinical remission after treatment had significantly diminished levels of 
both CX3CL1 and CX3CR1. Recently, Bjerkeli et al. showed that serum CX3CL1 levels were 
significantly higher in patients with WG than in healthy controls (Bjerkeli et al. 2007), 
although no data were presented for the other types of SVV (MPA or CSS). The disease 
activity in patients with either WG or MPA is closely correlated with the markers of EC 
damage (Hergesell et al. 1996). Moreover, we found that higher serum CX3CL1 levels are 
observed in patients with RV than in those with RA without vasculitis or in healthy controls 
(Matsunawa et al. 2006). The elevated CX3CL1 levels in the RV patients are positively 
correlated with BVAS, VAI and serum parameters, including rheumatoid factor titers, 
immune complex (IC-C1q) levels, and ICAM-1 levels. CX3CL1 levels are negatively 
correlated with complement C4 levels. CX3CL1 levels are diminished in RV patients 
successfully treated with glucocorticoids and other immunosuppressive drugs. The 
correlation between CX3CL1 levels and ICAM-1 expression in RV patients suggests 
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significant differences in XCL1 serum concentrations between WG patients and controls. In 
functional studies, PMN stimulated with XCL1 demonstrated a significant enhancement of 
CXCL8 production. Considering its function as a lymphocyte-specific chemoattractant, 
XCL1 might be a key modulator of T cell recruitment in WG and may support vascular 
inflammation by the induction of CXCL8 secretion by the PMN. These chemokines and 
related T cell populations may contribute to the granuloma formation and disease 
progression in WG. 

4.2 CXC chemokines 
4.2.1 CXCL8 
The main function of CXCL8 (IL-8) is its role in acute inflammation stimulating the 
migration of polymorphonuclear neutrophils. However, CXCL8 may be involved in the 
immune response that induces the migration of specific T cell populations (Moser & 
Loetscher 2001; Rot & von Andrian 2004). Indeed, CXCL8 has been implicated in lupus 
nephritis (Holcombe et al. 1994; Rovin et al. 2002).  
CXCL8 has been implicated in MVV, including Kawasaki disease (KD) (Asano & Ogawa 
2000). In the acute phase of KD, the expression of CXCL8 mRNA in mononuclear cells and 
polymorphonuclear neutrophils, the level of CXCL8 protein, and the neutrophil 
chemoattractant activity within the plasma were all increased. Patients with TA, particularly 
those with LVV, have increased serum levels of CXCL8 (Tripathy et al. 2004). 

4.2.2 CXCL10 
CXCL10 (IP-10) is expressed and secreted by monocytes, fibroblasts, and ECs after 
stimulation with IFN-γ (Neville et al. 1997; Luster 1998; Hanaoka et al. 2003) and plays 
important roles in the migration of some subsets of T cells into inflamed sites. In contrast to 
CXCL8, CXCL10 also promotes the regression of angiogenesis (Angiolillo et al. 1995; Strieter 
et al. 1995). Despite these findings, few studies have been conducted in the field of 
vasculitis. Mixed cryoglobulinemia (MC) + HCV patients have increased CXCL10 levels that 
are significantly associated with the presence of active vasculitis (Antonelli et al. 2008). 
Recently, Panzer et al. showed that the damage of endothelial cells in different renal 
compartments induced in rats by selective renal artery perfusion with an anti-endothelial 
antibody leads to different chemokine expression patterns (Panzer et al. 2006). CXCL10 is 
expressed in the tubulointerstitium by peritubular capillaries, whereas glomerular 
endothelial cells do not express CXCL10. The CXCL10 expression pattern overlaps with the 
pattern of T cell influx. Massive tubulointerstitial T cell infiltration was observed, whereas 
no T cells were found inside the glomeruli. In this regard, we previously demonstrated that 
the interaction of monocytes with HUVECs resulted in synergistic increases in CXCL10 
expression and secretion, which consequently inhibited endothelial tube formation in vitro 
(Kasama et al. 2002). This induction of CXCL10 was mediated via specific cell surface 
molecules such as CD40 molecules. This finding suggests the contribution of CXCL10 to the 
regulation of angiogenesis and the initiation of inflammatory vascular diseases. Taken 
together, the expression and regulation of CXCL10 play an important, but limited, 
functional role in microvascular damage. 

4.2.3 CXCL13 
CXCL13, also known as B cell-attracting chemokine 1 or B-lymphocyte chemoattractant, is a 
member of the CXC subtype of the chemokine superfamily. Similar to the increased levels of 
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CXCL10, significantly increased levels of CXCL13 were observed in HCV-related MC 
patients; these levels correlated with vasculitis disease activity (Sansonno et al. 2008). In this 
report, the mRNA expression of CXCL13 was detected in the portal tract of biopsied liver 
tissues and also in the skin tissues from MC patients with active cutaneous vasculitis. 
CXCL13 is mainly associated with extracellular fibrils and, to a much lower extent, with 
cells displaying a follicular dendritic cell phenotype. Extravasated monocytes, which are 
potent inducible producers of this chemokine, in inflammatory lesions such as cutaneous 
vasculitis of patients with cryoglobulinemia may give rise to cells capable of producing 
CXCL13. In these patients, CXCL13 production may be involved in the exacerbation of 
cryoglobulinemic vasculitis, particularly through the aberrant dissemination of antigen-
priming information from the liver to extrahepatic sites. 

4.3 CX3C chemokine 
4.3.1 CX3CL1 
The chemokine CX3CL1, also known as fractalkine, is synthesized as a type I 
transmembrane protein by ECs (Bazan et al. 1997). The unique CX3C chemokine domain of 
CX3CL1 is attached to a 241-amino acid mucin stalk, a 19-amino acid transmembrane 
domain, and a 37-amino acid intracellular domain of unknown function (Bazan, Bacon et al. 
1997; Pan et al. 1997). The soluble form of CX3CL1 reportedly exerts a chemotactic effect on 
monocytes, natural killer (NK) cells, and T lymphocytes. CX3CL1 acts via its receptor 
CX3CR1 as an adhesion molecule that promotes the firm adhesion of a subset of leukocytes 
to the ECs under conditions of physiologic flow (Imai et al. 1997; Umehara et al. 2001). Thus, 
CX3CL1 appears to possess immunoregulatory properties that affect inflammatory and 
immune cell-EC interactions and the inflammatory responses at inflamed sites. Indeed, 
numerous studies have implicated CX3CL1 in a variety of inflammatory disorders, 
including glomerulonephritis, RA, systemic sclerosis, and SLE (Chen et al. 1998; Ruth et al. 
2001; Blaschke et al. 2003; Hasegawa et al. 2005; Yajima et al. 2005). 
We recently found that serum CX3CL1 levels were significantly higher in all vasculitis 
patients than in healthy controls (Matsunawa et al. 2009; Kasama et al. 2010). Among the 
vasculitis patients, CX3CL1 levels were highest in the SVV group, whereas patients with 
MPA had the strongest expression overall. The elevated CX3CL1 levels observed in MPA 
patients, as well as in all systemic vasculitis patients, were positively correlated with BVAS, 
CRP levels and ESR. Similarly, an increased expression of cell-surface CX3CR1 was 
observed on the peripheral blood CD4+ and CD8+ T cells from patients with MPA. Notably, 
MPA patients in clinical remission after treatment had significantly diminished levels of 
both CX3CL1 and CX3CR1. Recently, Bjerkeli et al. showed that serum CX3CL1 levels were 
significantly higher in patients with WG than in healthy controls (Bjerkeli et al. 2007), 
although no data were presented for the other types of SVV (MPA or CSS). The disease 
activity in patients with either WG or MPA is closely correlated with the markers of EC 
damage (Hergesell et al. 1996). Moreover, we found that higher serum CX3CL1 levels are 
observed in patients with RV than in those with RA without vasculitis or in healthy controls 
(Matsunawa et al. 2006). The elevated CX3CL1 levels in the RV patients are positively 
correlated with BVAS, VAI and serum parameters, including rheumatoid factor titers, 
immune complex (IC-C1q) levels, and ICAM-1 levels. CX3CL1 levels are negatively 
correlated with complement C4 levels. CX3CL1 levels are diminished in RV patients 
successfully treated with glucocorticoids and other immunosuppressive drugs. The 
correlation between CX3CL1 levels and ICAM-1 expression in RV patients suggests 
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endothelial damage and/or vascular inflammation (Blann et al. 1995; Boehme et al. 1996; 
Kuryliszyn-Moskal et al. 1996). The higher CX3CL1 levels observed in RV patients 
compared with RA or extraarticular manifestation (EAM)-RA patients may be an indicator 
of undiagnosed vasculitis in RA patients. The difference in CX3CL1 levels may also support 
the hypothesis that vasculopathy underlies EAMs in RA. The accumulation of activated cells 
and the upregulated expression of inflammatory molecules, including ICAM-1 and CX3CL1, 
reflect the pathophysiological events leading to vasculitis, suggesting the magnitude of 
activation and inflammation of ECs. In this regard, increasing evidence suggests that by 
mediating vascular endothelial activation, TNF-, which is known to be a potent inducer of 
CX3CL1 in ECs (Fong et al. 1998; Ahn et al. 2004), plays a key role in the pathophysiology of 
systemic vasculitis (Kuryliszyn-Moskal 1998; Bacon 2005; Feldmann & Pusey 2006).  
Thus, CX3CL1 and CX3CR1 appear to possess immunoregulatory properties that affect 
inflammatory and immune cell-EC interactions and inflammatory responses at inflamed 
sites. Moreover, their coordinated regulation appears to be involved in the pathogenesis of 
systemic vasculitis, especially the small vessel vasculopathy seen in MPA, WG and RV, and 
may serve as a useful serologic marker of vasculitis disease activity.  

4.4 Adhesion molecules involved in systemic vasculitis 
Intercellular adhesion is mediated through a variety of receptors that have unique physical 
and kinetic characteristics, regulatory patterns, and tissue and cell localization that is well 
suited to their diverse functions. Adhesion molecules, such as ICAM-1, vascular cell 
adhesion molecule-1 (VCAM-1), and other related molecules, are thought to mediate 
intercellular adhesion (Gearing et al. 1992). The adhesion molecules ICAM-1, VCAM-1, and 
E-selectin are regulated by proinflammatory cytokines and play an important role in the 
binding and activation of leukocytes in inflammatory diseases (Kaneider, Leger et al. 2006). 

4.4.1 ICAM-1 
ICAM-1, also known as CD54, is a cell surface glycoprotein that contributes to the 
interactions between leukocytes and several other cell types, including ECs, fibroblasts, and 
keratinocytes (Springer 1990; Mackay & Imhof 1993). Although ICAM-1 is constitutively 
expressed by numerous cell types, including monocytes/macrophages, lymphocytes, and 
ECs, the stimulation of cells with cytokines or microbial infections can induce a marked 
increase in ICAM-1 expression. ICAM-1 and endothelial selectin are expressed on the 
activated endothelium to facilitate the localization of leukocytes to the site of vascular 
injury.  
The presence of adhesion molecules, such as ICAM-1, may reflect the presence of 
inflammation and damage to the vascular endothelium (Bradley, Lockwood et al. 1994) and 
suggests that ICAM-1 plays a crucial role in autoimmune rheumatic diseases, including 
vasculitis and RA (Sfikakis & Tsokos 1997). 
Circulating ICAM-1 was detected in the serum of patients with systemic vasculitis and RA 
(Aoki et al. 1993; Blann, Herrick et al. 1995; Johnson, Alexander et al. 1997; Ara et al. 2001). 
Patients with active WG have significantly elevated serum levels of ICAM-1, which are 
correlated with disease activity. These findings suggest that ICAM-1 plays an important role 
in the pathogenesis of WG and may be used as an additional parameter of disease activity 
(Ohta et al. 2001). Di Lorenzo et al. showed that in MPO-ANCA-positive MPA patients, 
higher ICAM-1 and ELAM-1 levels during the active phase and their slower decline during 
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the treatment period could be a prognostic risk factor for chronic renal factor development 
(Di Lorenzo et al. 2004). 
The ICAM-1 protein, TNF-, and E-selectin are expressed in ECs and perivascular 
mononuclear cells in areas of microvascular damage in the salivary glands of RV patients 
(Flipo et al. 1997). Furthermore, RV patients have elevated levels of sICAM-1 (Voskuyl et al. 
1995; Kuryliszyn-Moskal, Bernacka et al. 1996; Witkowska et al. 2003). In addition, Voskuyl 
et al. (Voskuyl, Martin et al. 1995) demonstrated the involvement of ICAM-3 and ICAM-1 in 
patients with RV. This involvement suggests that ICAM-1 and ICAM-3 in serum may be 
useful markers of vascular inflammation in patients with RV, and these proteins may play a 
crucial role in vasculitis development in RA. 

4.4.2 VCAM-1 
The immunoglobulin superfamily member VCAM-1 recognizes alpha 4 beta 1 integrin and 
is expressed on all leukocytes, but not neutrophils (Gearing, Hemingway et al. 1992; 
Zimmerman et al. 1996). The blockade or inhibition of VCAM-1/alpha 4 beta 1 interaction is 
expected to have therapeutic potential in treating various inflammatory disorders and 
autoimmune diseases because the VCAM-1/alpha 4 beta adhesion pathway has a major 
influence on eosinophil, lymphocyte, and monocyte trafficking (van Dinther-Janssen et al. 
1991; Dean et al. 1993; Foster 1996; Matsuyama & Kitani 1996). Several investigators have 
shown that, in addition to the involvement with adhesion molecules such as ICAM-1, 
VCAM-1 is clinically involved in RA and systemic vasculitis. 
Recently, the significance of VCAM-1 was shown in AAV (Ara, Mirapeix et al. 2001; 
Schneeweis et al. 2010). The levels of VCAM-1 were higher in all patient groups with 
vasculitis compared with healthy controls. Enhanced levels of VCAM-1 may be a marker for 
endothelial cell activation in AAV. The observed correlation between VCAM-1 and 
creatinine levels might indicate the influence of the vasculitic process on renal function 
(Schneeweis, Rafalowicz et al. 2010). Noguchi et al. clearly showed that patients with TA 
have significantly higher levels of VCAM-1 compared with those in healthy controls in 
Japanese populations and hypothesized that the increased levels of VCAM-1 may be related 
to disease activity (Noguchi et al. 1998). 
In contrast to the role of ICAM-1, the role of VCAM-1 in RV and RA is contradictory. 
Immunohistological analysis revealed significantly greater expression of VCAM-1 and 
ICAM-1 in the muscle biopsies from RA patients with RV compared with those RA patients 
without vasculitis (Verschueren et al. 2000). In addition, Salih et al. (Salih et al. 1999) 
reported that RA patients with neuropathy had significantly higher serum levels of soluble 
VCAM-1 than patients without neuropathy and healthy controls. On the other hand, 
VCAM-1 was not immunohistochemically detected in the vasculitis lesions in the salivary 
glands of RV patients, despite the significant expression of ICAM-1 in ECs and perivascular 
cellular infiltrates (Flipo, Cardon et al. 1997). Taken together, these findings indicate that the 
role of VCAM-1 is limited in the pathogenesis of RV and RA compared with the role of 
ICAM-1. 

4.4.3 E-selectin 
The selectin family of adhesion molecules has been implicated in the initial steps of the 
interaction between lymphocytes and the endothelium during lymphocyte homing. E-
selectin, also known as endothelial-leukocyte adhesion molecule-1, mediates the early phase 
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endothelial damage and/or vascular inflammation (Blann et al. 1995; Boehme et al. 1996; 
Kuryliszyn-Moskal et al. 1996). The higher CX3CL1 levels observed in RV patients 
compared with RA or extraarticular manifestation (EAM)-RA patients may be an indicator 
of undiagnosed vasculitis in RA patients. The difference in CX3CL1 levels may also support 
the hypothesis that vasculopathy underlies EAMs in RA. The accumulation of activated cells 
and the upregulated expression of inflammatory molecules, including ICAM-1 and CX3CL1, 
reflect the pathophysiological events leading to vasculitis, suggesting the magnitude of 
activation and inflammation of ECs. In this regard, increasing evidence suggests that by 
mediating vascular endothelial activation, TNF-, which is known to be a potent inducer of 
CX3CL1 in ECs (Fong et al. 1998; Ahn et al. 2004), plays a key role in the pathophysiology of 
systemic vasculitis (Kuryliszyn-Moskal 1998; Bacon 2005; Feldmann & Pusey 2006).  
Thus, CX3CL1 and CX3CR1 appear to possess immunoregulatory properties that affect 
inflammatory and immune cell-EC interactions and inflammatory responses at inflamed 
sites. Moreover, their coordinated regulation appears to be involved in the pathogenesis of 
systemic vasculitis, especially the small vessel vasculopathy seen in MPA, WG and RV, and 
may serve as a useful serologic marker of vasculitis disease activity.  

4.4 Adhesion molecules involved in systemic vasculitis 
Intercellular adhesion is mediated through a variety of receptors that have unique physical 
and kinetic characteristics, regulatory patterns, and tissue and cell localization that is well 
suited to their diverse functions. Adhesion molecules, such as ICAM-1, vascular cell 
adhesion molecule-1 (VCAM-1), and other related molecules, are thought to mediate 
intercellular adhesion (Gearing et al. 1992). The adhesion molecules ICAM-1, VCAM-1, and 
E-selectin are regulated by proinflammatory cytokines and play an important role in the 
binding and activation of leukocytes in inflammatory diseases (Kaneider, Leger et al. 2006). 
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the treatment period could be a prognostic risk factor for chronic renal factor development 
(Di Lorenzo et al. 2004). 
The ICAM-1 protein, TNF-, and E-selectin are expressed in ECs and perivascular 
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(Flipo et al. 1997). Furthermore, RV patients have elevated levels of sICAM-1 (Voskuyl et al. 
1995; Kuryliszyn-Moskal, Bernacka et al. 1996; Witkowska et al. 2003). In addition, Voskuyl 
et al. (Voskuyl, Martin et al. 1995) demonstrated the involvement of ICAM-3 and ICAM-1 in 
patients with RV. This involvement suggests that ICAM-1 and ICAM-3 in serum may be 
useful markers of vascular inflammation in patients with RV, and these proteins may play a 
crucial role in vasculitis development in RA. 

4.4.2 VCAM-1 
The immunoglobulin superfamily member VCAM-1 recognizes alpha 4 beta 1 integrin and 
is expressed on all leukocytes, but not neutrophils (Gearing, Hemingway et al. 1992; 
Zimmerman et al. 1996). The blockade or inhibition of VCAM-1/alpha 4 beta 1 interaction is 
expected to have therapeutic potential in treating various inflammatory disorders and 
autoimmune diseases because the VCAM-1/alpha 4 beta adhesion pathway has a major 
influence on eosinophil, lymphocyte, and monocyte trafficking (van Dinther-Janssen et al. 
1991; Dean et al. 1993; Foster 1996; Matsuyama & Kitani 1996). Several investigators have 
shown that, in addition to the involvement with adhesion molecules such as ICAM-1, 
VCAM-1 is clinically involved in RA and systemic vasculitis. 
Recently, the significance of VCAM-1 was shown in AAV (Ara, Mirapeix et al. 2001; 
Schneeweis et al. 2010). The levels of VCAM-1 were higher in all patient groups with 
vasculitis compared with healthy controls. Enhanced levels of VCAM-1 may be a marker for 
endothelial cell activation in AAV. The observed correlation between VCAM-1 and 
creatinine levels might indicate the influence of the vasculitic process on renal function 
(Schneeweis, Rafalowicz et al. 2010). Noguchi et al. clearly showed that patients with TA 
have significantly higher levels of VCAM-1 compared with those in healthy controls in 
Japanese populations and hypothesized that the increased levels of VCAM-1 may be related 
to disease activity (Noguchi et al. 1998). 
In contrast to the role of ICAM-1, the role of VCAM-1 in RV and RA is contradictory. 
Immunohistological analysis revealed significantly greater expression of VCAM-1 and 
ICAM-1 in the muscle biopsies from RA patients with RV compared with those RA patients 
without vasculitis (Verschueren et al. 2000). In addition, Salih et al. (Salih et al. 1999) 
reported that RA patients with neuropathy had significantly higher serum levels of soluble 
VCAM-1 than patients without neuropathy and healthy controls. On the other hand, 
VCAM-1 was not immunohistochemically detected in the vasculitis lesions in the salivary 
glands of RV patients, despite the significant expression of ICAM-1 in ECs and perivascular 
cellular infiltrates (Flipo, Cardon et al. 1997). Taken together, these findings indicate that the 
role of VCAM-1 is limited in the pathogenesis of RV and RA compared with the role of 
ICAM-1. 

4.4.3 E-selectin 
The selectin family of adhesion molecules has been implicated in the initial steps of the 
interaction between lymphocytes and the endothelium during lymphocyte homing. E-
selectin, also known as endothelial-leukocyte adhesion molecule-1, mediates the early phase 
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of neutrophil binding, as well as the binding of eosinophils, basophils, monocytes, and 
certain subsets of T cells. E-selectin is also an inducible endothelial adhesion molecule, 
although its expression follows slower kinetics and reaches its maximum level after 4–6 
hours of stimulation with inflammatory mediators. Antibodies against E-selectin strongly 
bind to the endothelium in the RA synovium, predominantly on the venules and capillaries. 
In osteoarthritic synovial sections, anti-E-selectin stained a substantially lower percentage of 
blood vessels and fewer endothelial cells.  
Increased serum levels of E-selectin, ICAM-1 and VCAM-1 in active AAV and the 
normalization of E-selectin during the remission phase suggest that the concentration of 
soluble levels of these adhesion molecules reflects disease activity (Ara, Mirapeix et al. 
2001). Importantly, Tripathy et al. showed the significant roles of these adhesion molecules 
in LVV, including TA. Patients with inactive TA have elevated levels of E-selectin, but not 
sVCAM-1 or sICAM-1, and the elevated levels of E-selectin may indicate persistent 
vasculopathy in clinically inactive disease (Tripathy et al. 2008). Because E-selectin is 
exclusively expressed on the activated endothelium, elevated levels of E-selectin in inactive 
TA indicate a persistence of subclinical vascular inflammation during remission of the 
disease. 
Blann et al. (Blann, Herrick et al. 1995) observed a significant augmentation of soluble E-
selectin in patients with RA, vasculitis, and scleroderma. Interestingly, the strongest 
correlations in RA patients were between ICAM-1 and VCAM-1, and a significant 
correlation between E-selectin and ICAM was observed in systemic vasculitis patients. 
Similar to other adhesion molecules and TNF-, the E-selectin protein is expressed at 
significantly higher levels by ECs and perivascular cellular infiltrates according to 
immunohistochemistry in labial salivary glands of patients with RV compared with those of 
patients with inactive RV, RA, or Sjőgren’s syndrome (Flipo, Cardon et al. 1997). In contrast, 
Voskuyl et al. (Voskuyl, Martin et al. 1995.) reported no significant elevation of circulating 
E-selectin in patients with RV. Because the expression of E-selectin and other molecules in 
the salivary glands was especially high in active RV, the presence of microvascular damage 
in the salivary gland tissues of patients with RV may reflect the limited and specific 
dissemination of the vascular inflammatory process. 

4.4.4 CD40 ligand 
CD40 ligand (CD40L), a member of the tumor necrosis family of transmembrane 
glycoproteins, is expressed on the surface of recently activated CD4+ T cells. The interactions 
between CD40L and CD40 help to activate B cells, induce immunoglobulin production and 
activate monocytes and dendritic cell differentiation (Grewal & Flavell 1998). Activated T 
lymphocytes that express CD40L engage CD40 on ECs to augment the expression of 
proinflammatory cytokines and adhesion molecules (Miller et al. 1998; Thienel et al. 1999 ). 
Kim et al. (Kim et al. 2005) described an eosinophilic vasculitis with an infiltration of 
CD40L-positive eosinophils and a marked increase in serum TNF-a levels. Furthermore, 
enhanced expression of CD40L on CD4+ T cells and platelets and increased serum levels of 
sCD40L were observed in patients with Kawasaki disease, an acute febrile vasculitic 
syndrome in children (Wang et al. 2003). Although few studies have examined this, these 
findings suggest that sCD40L is a marker of pathogenic B-cell activation in RA, which often 
occurs in cases with vasculitis. CD40L and/or CD40 in B-cell-T-cell interactions or 
interactions of other cells may have important pathogenic roles in vasculitis. 
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4.4.5 CD44 
CD44 is a broadly distributed transmembrane glycoprotein that plays a critical role in a 
variety of cellular behaviors, including adhesion, migration, invasion, and survival. CD44 
mediates cell–cell and cell–matrix interactions primarily through its affinity for hyaluronan 
(HA), a glycosaminoglycan constituent of extracellular matrices, and potentially through its 

affinity for ligands, such as osteopontin, collagens, and matrix metalloproteinases (Lesley et 
al. 1993). Most primary cells express CD44 in a low-affinity state that does not confer 
sufficient binding to HA. Cellular activation can induce a CD44 transition to a high-affinity 
state, which then mediates HA binding. The transition from the "inactive" low-affinity state 
to the "active" high-affinity state of CD44 on leukocytes can be induced by the ligation of 
antigen receptors to leukocytes, ECs, and other mesenchymal cells by soluble factors, 
including cytokines (Levesque & Haynes 1997; Cichy & Pure 2000; Brown et al. 2001). In 
addition to its localization with adhesion molecules, a soluble form of CD44 has been 
detected in circulation. CD44 has been detected in the serum, lymph nodes, and arthritic 
synovial tissues (Haynes et al. 1991; Takahashi et al. 1992; Johnson et al. 1993; Katoh et al. 
1994). Malignant disease, immune activation and inflammation are often associated with 
increased plasma levels of sCD44. These findings indicate that the release of CD44 correlates 
with enhanced local proteolytic activity and matrix remodeling, and CD44 may be a 
potential biomarker for immune activation and inflammation. 
Seiter et al. (Seiter et al. 1998) observed some isoforms of CD44 (e.g., CD44v10) in the 
vasculitis of patients with either skin-associated vasculitis or autoimmune disease. 
However, as was the case with VCAM-1, CD44 protein is only weakly expressed in the 
vasculitis of the salivary glands of RV patients (Flipo, Cardon et al. 1997). These findings 
indicate that CD44 has a limited role in the development of vasculitis. 

4.4.6 Fibronectin 
Fibronectin (FN) is a large adhesive glycoprotein found in the extracellular matrix of many 
tissues. It is also present in body fluids such as synovial fluid (SF) and plasma. FN regulates 
cellular adhesion and spreading, cell motility, cell growth, differentiation and opsonization via 
heparin-binding domains (Ruoslahti 1988; Schwarzbauer 1991). Some splice variants of FN are 
expressed in the synovial endothelium in RA, and the expression of FN is upregulated by the 
proinflammatory cytokine IL-1 (Boyle et al. 2000). Circulating FN is increased in experimental 
vascular injury and in the serum of patients with active vasculitis syndromes (Peters et al. 
1986; Peters et al. 1989). These observations indicate that the presence of FN reflects the 
inflammation and injury of the blood endothelium (Jennette et al. 1991). 
FN and von Willebrand factor antigen (vWfAg) are produced by blood vessel endothelial 
cells in response to injury. Bleil et al. examined the sera of 61 patients with various types of 
systemic vasculitis, the sera of 13 patients with retinal vasculitis, and the sera of 199 patients 
with rheumatic diseases (Bleil et al. 1991) and found significantly elevated levels of FN and 
vWfAg in almost all patients with vasculitis syndromes. Therefore, we consider C-ANCA a 
marker specific for the diagnosis of WG or polyarteritis nodosa, whereas FN and vWfAg are 
nonspecific but sensitive markers of vascular damage. 
Interestingly, FN may be indicative of vascular injury and/or inflammation in RV (Voskuyl 
et al. 1998). RA patients with RV and RA patients with EAMs have a five-fold and two-fold 
increase in the serum levels of FN, respectively, compared with patients with uncomplicated 
RA. These findings suggest that increased levels of FN are more frequently observed in RA 
patients with EAMs and, in particular, in patients with RV. The mechanisms by which FN is 
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2001). Importantly, Tripathy et al. showed the significant roles of these adhesion molecules 
in LVV, including TA. Patients with inactive TA have elevated levels of E-selectin, but not 
sVCAM-1 or sICAM-1, and the elevated levels of E-selectin may indicate persistent 
vasculopathy in clinically inactive disease (Tripathy et al. 2008). Because E-selectin is 
exclusively expressed on the activated endothelium, elevated levels of E-selectin in inactive 
TA indicate a persistence of subclinical vascular inflammation during remission of the 
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Blann et al. (Blann, Herrick et al. 1995) observed a significant augmentation of soluble E-
selectin in patients with RA, vasculitis, and scleroderma. Interestingly, the strongest 
correlations in RA patients were between ICAM-1 and VCAM-1, and a significant 
correlation between E-selectin and ICAM was observed in systemic vasculitis patients. 
Similar to other adhesion molecules and TNF-, the E-selectin protein is expressed at 
significantly higher levels by ECs and perivascular cellular infiltrates according to 
immunohistochemistry in labial salivary glands of patients with RV compared with those of 
patients with inactive RV, RA, or Sjőgren’s syndrome (Flipo, Cardon et al. 1997). In contrast, 
Voskuyl et al. (Voskuyl, Martin et al. 1995.) reported no significant elevation of circulating 
E-selectin in patients with RV. Because the expression of E-selectin and other molecules in 
the salivary glands was especially high in active RV, the presence of microvascular damage 
in the salivary gland tissues of patients with RV may reflect the limited and specific 
dissemination of the vascular inflammatory process. 

4.4.4 CD40 ligand 
CD40 ligand (CD40L), a member of the tumor necrosis family of transmembrane 
glycoproteins, is expressed on the surface of recently activated CD4+ T cells. The interactions 
between CD40L and CD40 help to activate B cells, induce immunoglobulin production and 
activate monocytes and dendritic cell differentiation (Grewal & Flavell 1998). Activated T 
lymphocytes that express CD40L engage CD40 on ECs to augment the expression of 
proinflammatory cytokines and adhesion molecules (Miller et al. 1998; Thienel et al. 1999 ). 
Kim et al. (Kim et al. 2005) described an eosinophilic vasculitis with an infiltration of 
CD40L-positive eosinophils and a marked increase in serum TNF-a levels. Furthermore, 
enhanced expression of CD40L on CD4+ T cells and platelets and increased serum levels of 
sCD40L were observed in patients with Kawasaki disease, an acute febrile vasculitic 
syndrome in children (Wang et al. 2003). Although few studies have examined this, these 
findings suggest that sCD40L is a marker of pathogenic B-cell activation in RA, which often 
occurs in cases with vasculitis. CD40L and/or CD40 in B-cell-T-cell interactions or 
interactions of other cells may have important pathogenic roles in vasculitis. 
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1994). Malignant disease, immune activation and inflammation are often associated with 
increased plasma levels of sCD44. These findings indicate that the release of CD44 correlates 
with enhanced local proteolytic activity and matrix remodeling, and CD44 may be a 
potential biomarker for immune activation and inflammation. 
Seiter et al. (Seiter et al. 1998) observed some isoforms of CD44 (e.g., CD44v10) in the 
vasculitis of patients with either skin-associated vasculitis or autoimmune disease. 
However, as was the case with VCAM-1, CD44 protein is only weakly expressed in the 
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heparin-binding domains (Ruoslahti 1988; Schwarzbauer 1991). Some splice variants of FN are 
expressed in the synovial endothelium in RA, and the expression of FN is upregulated by the 
proinflammatory cytokine IL-1 (Boyle et al. 2000). Circulating FN is increased in experimental 
vascular injury and in the serum of patients with active vasculitis syndromes (Peters et al. 
1986; Peters et al. 1989). These observations indicate that the presence of FN reflects the 
inflammation and injury of the blood endothelium (Jennette et al. 1991). 
FN and von Willebrand factor antigen (vWfAg) are produced by blood vessel endothelial 
cells in response to injury. Bleil et al. examined the sera of 61 patients with various types of 
systemic vasculitis, the sera of 13 patients with retinal vasculitis, and the sera of 199 patients 
with rheumatic diseases (Bleil et al. 1991) and found significantly elevated levels of FN and 
vWfAg in almost all patients with vasculitis syndromes. Therefore, we consider C-ANCA a 
marker specific for the diagnosis of WG or polyarteritis nodosa, whereas FN and vWfAg are 
nonspecific but sensitive markers of vascular damage. 
Interestingly, FN may be indicative of vascular injury and/or inflammation in RV (Voskuyl 
et al. 1998). RA patients with RV and RA patients with EAMs have a five-fold and two-fold 
increase in the serum levels of FN, respectively, compared with patients with uncomplicated 
RA. These findings suggest that increased levels of FN are more frequently observed in RA 
patients with EAMs and, in particular, in patients with RV. The mechanisms by which FN is 
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increased in RV patients remain to be defined. The release of FN into the circulatory systems 
has been observed after experimental pulmonary injury, and inflammation is considered the 
result of local blood vessel injury. The high FN levels in RV patients compared with RA 
patients might be an indicator of undiagnosed vasculitis in RA patients or may support the 
hypothesis that vasculopathy underlies EAMs in RA. These studies reflect the various levels 
of tissue inflammation and stimulation of vascular ECs that could ultimately lead to an 
enhanced release of FN into circulation. Serum FN, in combination with other molecules, 
such as adhesion molecules and cytokines, may be of significant clinical value as serological 
markers for vasculitis, including RV. 

5. Conclusions 
Despite outstanding progress made in recent years, the pathophysiology of systemic 
vasculitis and vasculitic complications has not yet been fully elucidated. The orchestration 
of the cytokine network and cell-cell interactions may be critical for the development of 
vascular inflammation. Because subclinical EC damage and vasculitis are occasionally seen 
in inflammatory rheumatic diseases, it will be important to clinically evaluate and diagnose 
the complications of systemic and localized vasculitis. Table 1 summarizes the cytokines and 
inflammatory molecules based on systemic vasculitic diseases.  
 

Diseases Cytokines Chemokines Adhesion molecules 

ANCA-associated 
vasculitis and/or 
Microscopic 
polyangiitis 

IL-17, IL-23 
MIF, IL-18 CX3CL1 ICAM-1, VCAM-1 

ELAM-1 

Wegener’s 
granulomatosis 

TNF, IL-12, IL-17 
 

CCL2, CCL3 
CCL4, CCL5 
XCL1, CX3CL1 

ICAM-1 

Churg-Strauss 
syndrome 
 

IL-4, IL-13, IL-5 
IL-2, IFN- 
IL-25 

CCL26, CCL17  

Kawasaki disease IL-6, IL-17, IL-23 CCL2, CXCL8 
CXCL10 CD40L 

Takayasu arteritis IL-6, IL-18 CCL2, CCL5 
CXCL8 E-selectin 

Giant cell arteritis IL-6, IL-18 CCL5  

Rheumatoid 
vasculitis TNF, IL-6, sIL-6R CX3CL1 

ICAM-1, ICAM-3 
VCAM-1, E-selectin 
CD40L, CD44, FN 

Cryoglobulinemic 
vasculitis  CCL2, CXCL10 

CXCL13  

Table 1. Detectable cytokines, chemokines and adhesion molecules involved in several 
vasculitis diseases 
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Taken together, the results of multiple studies indicate that the assessment of serum 
concentrations of cytokines and inflammatory molecules will provide useful clinical 
information and a method to monitor therapeutic interventions. Further elucidation of the 
complex molecular networks will be helpful in understanding the immunopathology of 
systemic vasculitis and related conditions. 
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1. Introduction 
Wegener’s granulomatosis (WG) is a rare multisystemic autoimmune disease of unknown 
aetiology, characterized by necrotizing granulomatous inflammatory and pauci-immune 
vasculitis in small- and medium-sized blood vessels (capillaries, venules, arterioles and 
arteries) associated with antineutrophil cytoplasmic antibodies (ANCAS) directed against 
proteinase 3 (PR3), a neutrophil serine protease, presented in primary azurophil granules of 
polymorphonuclear neutrophils (PMN) and lysosomes of monocytes. It typically produces 
granulomatous inflammation of the upper and lower respiratory tracts, and a segmental 
necrotizing glomerulonephritis (classic triad of disease), although any organ can be 
involved. 

2. History and epidemiology 
In 1897, Peter McBride described the first patient with this condition. Later, in 1931, Klinger 
(1) reported a case of this disease, a 70-year-old physician with constitutional symptoms, 
inflammation of the upper respiratory tract leading to saddle nose deformity, 
glomerulonephritis and pulmonary lesions. In 1936, the German pathologist, Friedrich 
Wegener (2) published three cases with similar clinical features. Goodman and Churg, in 
1954, described a triad of pathological features of the disease: 1) systemic necrotizing 
angiitis, 2) necrotizing granulomatous inflammation of the respiratory tract, and 3) 
necrotizing glomerulonephritis. 
WG is an uncommon disease with an estimated prevalence, in the United States, of 3 per 
100,000 (3). The incidence and prevalence of WG in the United Kingdom is estimated at 10,2 
cases and 250 cases per million population, respectively. It is extremely rare in blacks 
compared with whites; the male-to-female ratio is 1:1 and, although the disease can be seen 
at any age, the mean age of diagnosis is 40 years (3, 4). 

3. Pathology and pathogenesis 
The histopathologic characteristics of WG are necrotizing vasculitis of small- and medium-
sized blood vessels with granuloma formation, with an important triad of granulomatous 
inflammation, vasculitis and necrosis.  
Lung biopsy shows the typical necrotizing granulomatous vasculitis, almost always with 
multiple and bilateral nodules (50% are cavitated) or diffuse infiltrates, composed of 
neutrophils, lymphocytes, plasma cells, histiocytes and eosinophils.  
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Upper respiratory tract tissue reveals acute and chronic inflammation, necrosis and 
granulomatous lesions, with or without vasculitis (4), being the triad of pathological features 
present in only about 15% of cases. 
Renal involvement is manifested by segmental and focal necrotizing glomerulonephritis, 
often with crescents and mononuclear tubulointerstitial infiltrates, without evidence of 
immune complex deposition (pauci-immune on immunofluorescence or electron 
microscopy). However granulomas are infrequently found in renal biopsy specimens (5).  
The immunopathogenesis of this disease is still unclear, although the knowledge has 
suffered substantial progress in recent years, with both cellular and humoral immunity 
thought to be involved. Also, genetic background and environmental factors may play an 
important role in WG.   
Autoimmune responses to PR3 (Wegener autoantigen) plays a central role in disease 
development, according to in vitro and in vivo experimental data (6). Activated PMNs 
release PR3, which interacts with dendritic cells and induces their maturation into antigen-
presenting cells, able to induce an unbalanced Th1 response, and leading to granuloma 
formation (7). Nowadays, the latter is accepted to be the place of ANCA production, essential 
to the onset of vasculitis, since PR3-ANCA activates PMNs and monocytes to develop a 
respiratory burst, adhere and migrate across the endothelium.  The activated PMN and 
monocytes release pro-inflammatory mediators, such as TNF-α, IL-1, IL-8 (8). This process is 
reinforced by activation of the alternative complement pathway (6). The presence of ANCAs 
suggests the role of humoral autoimmunity (Figure 1). 
 

 
Fig. 1. Pathogenesis of WG. PMN: polymorphonuclear DC: Dentric cell; APC: Antigen-
presenting cell 

It is common to see WG progressing from a localized stage, restricted to the respiratory tract, 
to a systemic disease (generalized), and this transition may be influenced by a number of 
genetic risk factors. There is evidence that the human leukocyte antigen (HLA) system is 
involved both in WG development (9, 10), and other ANCA-positive vasculitides. Research is 
being carried out to confirm this association, for instance, to confirm the possible relation 
between WG and a region on chromosome 6p21.3 (11), although further investigation is needed. 
Indeed, this autoimmune disease is genetically associated with the class II region of the major 
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histocompatibility complex (MHC), such as HLA-DPB1*0401 allele (12, 13). Similarly to other 
autoimmune diseases, the functional polymorphism, 620W, in the intracellular tyrosine 
phosphatase gene PTPN 22, is a predisposing factor for WG in the presence of ANCA. This is 
due to loss of function of the PTPN 22 protein, which is important in T-cell receptor (TCR) 
signaling, via inhibition of key molecules in the receptor pathway, resulting in activation and 
proliferation of T cells and, subsequently, in humoral alterations (14). Another genetic risk 
factor for WG is the CTLA-4 (cytotoxic T-lymphocyte antigen 4) polymorphism (15). 

Environmental exposure to solvents or silica, farming and living in northern latitudes has 
been associated to the development of this autoimmune disease (16).  
The relationship between WG and infectious diseases was first described by Friedrich 
Wegener in 1936 in its original descriptions, when he proposed that infectious agents are 
implicated in the disease pathogenesis (17). Chronic nasal carriage of Staphylococcus aureus 
(the frequency in a healthy population varies from 20-35%) has been associated with a 
higher relapse rate of WG, suggesting a role of these bacteria in its pathophysiology (18). 
Several toxins of this pathogen stimulate B-cell and probably T-cell activity. Also, direct 
stimulation of neutrophils in vitro has been documented (19), with Staphylococcus aureus 
producing proteinases with activity against human proteinase inhibitors, like α1-
antiprotease, which is the main inhibitor of proteinase-3, resulting in persistent 
inflammatory activity (20). Additionally, several reports have noted that antibiotic therapy 
with sulfamethoxazole-trimethoprim has been beneficial in the treatment of refractory or 
limited WG localized to the respiratory tract (21). 

4. Clinical manifestations 
WG has a spectrum of clinical presentations. While the disease is active, most patients have 
nonspecific symptoms and signs such as malaise, weakness, migratory arthralgias, anorexia, 
weight loss, night sweats and fever. It is important to exclude secondary infection when 
fever is present. These constitutional symptoms may last for weeks to months without 
evidence of specific organ involvement. 
Ear, nose and throat (ENT) manifestations are frequent in WG (22). Involvement of the upper 
airways occurs in 95% of the patients, being chronic sinusitis the most common initial 
complaint (67%). Other frequent manifestations include saddle nose deformity by collapse 
of nasal support with bone and cartilage destruction, subglottic tracheal stenosis (16%) 
causing stridor, rhinitis, epistaxis, oral and/or nasal ulcers, serous otitis media, otorrhea and 
hearing loss (conductive and neurosensorial) (23). 
Lung involvement is also common and may be manifested as asymptomatic diffuse 
pulmonary infiltrates (71%), nodules, atelectasis, consolidation and/or pleural effusion or 
may be clinically expressed as cough (34%), hemoptysis (18%) due to bronchiectasis, 
cavitated pulmonary parenchymal lesions or diffuse alveolar hemorrhage (DAH), dyspnoea 
(7%), pleuritic pain and chest discomfort (8%) (24). The development of pulmonary fibrosis 
and pulmonary arterial hypertension may also occur. Chest radiography and computerized 
tomography (CT) scan are important investigations that must be included in the workup of 
these patients. 
WG can also be recognized as tumor-like masses outside the lung, being the breast and 
kidney the most common extra-thoracic locations, although such cases are rare (25). 
Another typical complication is renal disease, which is present in 17% at initial diagnosis 
and in 77% throughout the course of the disease,  manifesting itself with acute renal failure, 
hematuria, red blood cell casts and proteinuria. 
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antiprotease, which is the main inhibitor of proteinase-3, resulting in persistent 
inflammatory activity (20). Additionally, several reports have noted that antibiotic therapy 
with sulfamethoxazole-trimethoprim has been beneficial in the treatment of refractory or 
limited WG localized to the respiratory tract (21). 
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airways occurs in 95% of the patients, being chronic sinusitis the most common initial 
complaint (67%). Other frequent manifestations include saddle nose deformity by collapse 
of nasal support with bone and cartilage destruction, subglottic tracheal stenosis (16%) 
causing stridor, rhinitis, epistaxis, oral and/or nasal ulcers, serous otitis media, otorrhea and 
hearing loss (conductive and neurosensorial) (23). 
Lung involvement is also common and may be manifested as asymptomatic diffuse 
pulmonary infiltrates (71%), nodules, atelectasis, consolidation and/or pleural effusion or 
may be clinically expressed as cough (34%), hemoptysis (18%) due to bronchiectasis, 
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WG can also be recognized as tumor-like masses outside the lung, being the breast and 
kidney the most common extra-thoracic locations, although such cases are rare (25). 
Another typical complication is renal disease, which is present in 17% at initial diagnosis 
and in 77% throughout the course of the disease,  manifesting itself with acute renal failure, 
hematuria, red blood cell casts and proteinuria. 
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Eye involvement (52%) is manifested as conjunctivitis, dacryocystitis, keratitis, uveitis, 
scleritis, optic nerve vasculitis, retinal artery occlusion, diplopia and proptosis caused by 
retroorbital mass (26). 
Cutaneous manifestations, present in 45% of patients, are nonspecific findings and usually 
affect the lower extremities. Palpable purpura, papules, subcutaneous nodules, ulcerations, 
livedo reticularis and urticaria are frequent, being leukocytoclastic angiitis (purpura, focal 
necrosis and ulceration) the most common skin lesion (27). 
Musculoskeletal system is also often involved by the vasculitic process, with myalgias, 
polyarticular and symmetric arthralgias, and non-deforming arthritis of the large joints, 
being present in 32% of patients at initial diagnosis and in 67% throughout the course of the 
disease. 
Cerebral manifestations (23%) include cranial nerve neuropathy, cerebral vasculitis, 
mononeuritis multiplex, pachymeningitis, central nervous system mass lesions, among 
other less frequent manifestations. Peripheral neuropathy is, however, more common than 
central nervous system involvement. 
In patients with WG has been documented a high incidence of venous thrombotic events 
(VTEs). According to WeCLOT study (27) the incidence of VTEs was 7/100 person-years, but 
rotine anticoagulation for all patients is not recommended. Antiplasminogen antibodies 
were higher in PR3-ANCA patients than healthy control subjects (five in nine patients with 
VTE were positive for antiplasminogen antibodies) (28). 

Less frequently, involvement of the heart (present in 6-44% of the patients with pericarditis, 
myocarditis, conduction system abnormalities and coronary vasculitis) (29); gastrointestinal 
tract (splanchnic vasculitis, abdominal pain); oral cavity (“strawberry gingival 
hyperplasia”); lower genitourinary tract (urethra, ureters, cervix, vagina, testicular and 
prostate), parotid glands, thyroid gland (hyperthyroidism), liver or breast is seen. 
 

Organ 
involvement 

Percent at initially of the 
disease 

Percent during the course of 
disease 

ENT 73 92 
Lung 45 85 
Kidney 18 77 
Ocular 15 52 
Skin lesions 13 46 

Table 1. Percent of organ involvement in WG (22) 

5. Laboratory findings 
Characteristic laboratory findings are nonspecific and include elevated sedimentation rate and 
C-reactive protein, mild normocitic, normochromic anemia (50%), leukocytosis with neutrophil 
predominance, thrombocytosis (>400,000/microL) as an acute phase reactant, elevated blood 
urea nitrogen and creatinine levels, hypoalbuminemia, hypergammaglobulinemia (essentially 
of the IgA class), antinuclear antibody may be positive and slightly elevated rheumatoid factor 
levels. Patients should have a urinalysis, including microscopic analysis of urinary sediment, to 
determine the presence of hematuria and proteinuria. 
Almost 90% of the patients with active WG have a positive anti-PR3 ANCA and only a small 
percentage of patients may have anti-myeloperoxidase (anti-MPO) ANCA. 
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ANCAs can be detected by two methods: immunofluorescence (IF) and enzyme-linked 
immunosorbent assay (ELISA). The former is a qualitative ANCA assay and there are three 
IF patterns recognized: cytoplasmic (C-ANCA), perinuclear (P-ANCA) and atypical. 
However, this technique has significant inter-reader variability unlike ELISA. The latter 
provides target antigen-specific characterization of ANCA. Only ANCA directed against 
PR3 or MPO have been associated with primary vasculitic syndromes. False positive ANCA 
titers appear in certain infectious and neoplastic diseases. Together, IF and ELISA confer 
96% of sensitivity and 98,5% of specificity for the diagnosis of WG (30).  
C-ANCA directed against PR3 is most specific for WG, especially if active 
glomerulonephritis is present. Rising C-ANCA titers may herald a relapse in some patients 
with WG, but this relationship is unreliable (31). 
The measurement of PR3 membrane expression on neutrophils by flow cytometry (an 
increase is predictive of relapse) is a promissory marker for the activation of WG, but more 
research is needed (30). 

6. Diagnosis 
In a patient with the clinical features described above, the diagnosis of WG requires the 
demonstration of necrotizing granulomatous vasculitis on tissue biopsy, often from a site of 
active disease, being lung and kidney biopsies the most specific (lung biopsy is performed 
in the absence of renal involvement).  
WG can be classified according to the nomenclature of the Chapel Hill Consensus (CHC) 
Conference for primary systemic vasculitis (table 2) (32) and according to the classification 
criteria defined by the American College of Rheumatology (ACR) (table 3) in 1990 (33). 
 
- Granulomatous inflammation involving the respiratory tract and 
- Necrotizing vasculitis affecting small- to medium-sized vessels (capillaries, venules, 

arterioles and arteries)  
- Necrotizing glomerulonephritis is common 
- Cytoplasmic pattern ANCAs (C-ANCA) with antigen specificity for proteinase 3 (PR3) 

are a very sensitive marker for WG 

Table 2. Definition of WG according to the Chapel Hill Consensus Conference 

 
1. Nasal or oral inflammation: oral ulcers or purulent or bloody nasal discharge 
2. Abnormal chest radiograph: nodules, fixed infiltrates or cavities 
3. Nephritic urinary sediment: microhematuria or red blood cells casts 
4. Granulomatous inflammation on biopsy 
5. For the diagnosis of WG the patient must have, at least, 2 or more of these 4 criteria 

(sensitivity of 88,2% and specificity of 92%) 

Table 3. American College of Rheumatology Classification Criteria 

The European Vasculitis Study Group (EUVAS) has developed a definition of the disease 
stage including localized disease (table 4) (34). WG can also be divided in limited (absence of 
disease features that pose immediate threats to either a critical individual organ or to the 
patient’s life) or severe disease. 
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The European Vasculitis Study Group (EUVAS) has developed a definition of the disease 
stage including localized disease (table 4) (34). WG can also be divided in limited (absence of 
disease features that pose immediate threats to either a critical individual organ or to the 
patient’s life) or severe disease. 
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Disease Stages Organ involvement Detection of ANCA 

Localized Upper and lower airways - / + 

Early systemic Any, but no imminent organ failure, 
creatinine < 150µmol/L + 

Generalized Any, creatinine < 500µmol/L + 
Rapid progressive GN Creatinine > 500µmol/L + 
Refractory Progress in spite of therapy + 

Table 4. Disease stages according to the European Vasculitis Study Group (EUVAS) 

7. Differential diagnosis 
The differential diagnosis includes pathologies with related clinical features, mainly lung - 
kidney syndrome, or with similar laboratory findings (ANCA positive). The following table 
lists the most relevant disorders (table 5). 
 

Churg - Strauss Syndrome NK nasal type lymphoma 
Microscopic polyangiitis Cocain induced 
Goodpasture’s syndrome Lymphomatoid granulomatosis (EBV) 
Relapsing polycondhritis Hemolytic- Uraemic syndrome 
Upper airways or lung tumors Infective endocarditis 
Glomerulonephritis Polyarteritis nodosa 
Histoplasmosis Sarcoidosis 
Rhinoscleroma Systemic Lupus Erythematosus 

Table 5. WG´s differential diagnosis 

8. Treatment 
Therapy is adapted according to disease stage and activity (35) and requires remission 
induction with initial immunosuppressive therapy, followed by maintenance 
immunosuppressive therapy to prevent relapse and control the disease. 

8.1 Remission induction 
Patients with limited disease (localized/early systemic) should be treated with oral steroids 
1mg/Kg/day in combination with oral or subcutaneous methotrexate (20-25mg/week), 
according to the NORAM study (36). Daily folic acid 1mg/day is recommended. In these 
cases cyclophosphamide should be avoided due to associated toxicity. Methotrexate is equal 
to cyclophosphamide in inducing remisson (36), although the former was associated with 
more relapses at 18 months, compared to cyclophosphamide, 69,5% vs 46,5% , respectively. 
Patients with generalized disease or severe disease (threatened vital organ function) should 
be treated with cyclophosphamide in combination with steroids (FAUCI scheme, introduced 
in 1970s). 
Cyclophosphamide can be given orally (2mg/Kg/day and the maximum dosage is 
200mg/day) or intravenously (15mg/Kg every 2 weeks for the first 3 pulses, then every 3 
weeks for the next 3-6 pulses, being the maximum dose 1500mg) and must be adjusted to 
renal function and age (table 6). The total duration of treatment should not exceed 6 months 
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(37). Pulsed cyclophosphamide has fewer side effects (lower rate of leucopenia) than oral 
doses, with equal efficacy (38) for remission induction. However, higher relapse rates in the 
maintenance phase, following the pulsed scheme, have been reported, and more studies are 
needed to assess this (35). 
 

Age (years) Creatinine 150-300µmol/l Creatinine 300-500µmol/l 
< 60 
> 60 and <70 
>70 

15mg/Kg/pulse
12,5mg/Kg/pulse 
10mg/Kg/pulse

12,5mg/Kg/pulse 
10mg/Kg/pulse 
7.5mg/Kg/pulse 

Table 6. Pulsed cyclophosphamide reductions for renal function and age 
Steroids were always considered the cornerstone of therapy. Although their use has not 
been evaluated in randomized controlled trials, every clinical trial has used this therapy in 
combination with another immunosuppressant. The ideal dose and duration of steroid 
therapy is unknown and further studies are needed. They are usually given orally 
(1mg/Kg/day of prednisolone during 1 month and then tapering slowly), but in the set of 
rapidly progressive glomerulonephritis and/or alveolar hemorrhage intravenous pulse 
methylprednisolone (0,5-1g/day for 3 consecutive days) can be used. In these two settings, 
plasma exchange can also be considered as adjuvant, although it has not been shown to 
improve overall survival. 
Patients treated with cyclophosphamide and corticosteroids should receive prophylaxis 
against Pneumocystis jiroveci pneumonia with trimethoprim/sulfamethoxazole 960mg 3 
times per week or, in cases with allergy to this antibiotic, dapsone 100mg daily.  

8.2 Remission maintenance 
In order to minimize exposure to the side effects of treatment with cyclophosphamide, 
alternative therapies have been proposed in recent years. 
In the remission maintenance three agents can be used: azathioprine (2mg/Kg/day), 
methotrexate (20-25mg/week) and leflunomide. According to the CYCAZAREM trial (40), 
the former is safer than and as effective as cyclophosphamide. In a trial published in New 
England Journal of Medicine in December 2008, methotrexate has been shown to be similar 
to azathioprine in security and efficacy in maintaining remission (41). Leflunomide was 
compared with methotrexate in a small trial and the results showed a trend to lower relapse 
rates with the first agent, but with more adverse effects (42). In this study the dose of 
leflunomide was 30mg/day. 
Mycophenolate mofetil (2g/day) can also be considered for maintenance therapy when 
there is intolerance or lack of efficacy with azathioprine or methotrexate, although more 
studies are needed. 

8.3 Alternative therapies 
Alternative therapies have increasingly been investigated, some of them with promise results. 
Several studies showed clinical improvement or remission with rituximab (375mg/m2 per 
week for four weeks). This data was confirmed by two recent trials, RAVE (43) and 
RITUXVAS (44), which showed non inferiority of rituximab compared with 
cyclophosphamide for induction of remission for the first study and remission of severe 
disease (renal involvement) for the second trial, with the former study reporting a possible 
superiority of rituximab in relapsing disease and in the RITUXVAS trial the rituximab group 
was associated with high rate of severe adverse events. 
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(37). Pulsed cyclophosphamide has fewer side effects (lower rate of leucopenia) than oral 
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maintenance phase, following the pulsed scheme, have been reported, and more studies are 
needed to assess this (35). 
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Etanercept studies, namely the Wegener´s granulomatosis etanercept (WGET) trial (45) didn´t 
find improvement in the maintenance of remission, with either severe or nonlifethreatening 
disease activity, when added to standard therapy, with a possible risk to increase infections 
and malignancies. This study didn´t evaluated this drug per se. 
Infliximab, antithymocyte globulins and alentuzumab (CAMPATH-1H study) (46) are under 
investigation and further studies are needed to define their role in therapy. 
Some studies suggest the use of intravenous immunoglobulin for refractory vasculitis, when 
conventional therapy is contra-indicated or for relapsed disease. However more studies are 
needed.  

9. Prognosis 
Patients with WG should have a closely follow-up, with regularly visits to her/his physician, 
involving multidisciplinary approach, and frequents exams to monitored the disease.  
Relapse is common (50% within 5 years), being ANCA status at diagnosis, target organ 
involvement (lung, renal, heart and chronic nasal carriage of Staphylococcus aureus) and 
treatment with <10g of cyclophosphamide in the first 6 months, maintaining prednisone 
>20mg/day for <2, 75 months and/or goal of zero dose of glucocorticoids factors associated 
to high risk of relapse (47). 
Untreated generalized or severe disease has a poorer prognosis, with a mortality rate up to 
90% within 2 years, but the introduction of immunosuppressive therapy increases the 
lifelong of these patients, being the overall 10-year survival rate 75-88% (48). Renal 
involvement is associated with a bad prognosis. 
The leading causes of death are infection, respiratory and renal failure, malignancy and 
cardiovascular disease, being the first one the major responsible for the mortality and 
morbidity in WG. 
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Etanercept studies, namely the Wegener´s granulomatosis etanercept (WGET) trial (45) didn´t 
find improvement in the maintenance of remission, with either severe or nonlifethreatening 
disease activity, when added to standard therapy, with a possible risk to increase infections 
and malignancies. This study didn´t evaluated this drug per se. 
Infliximab, antithymocyte globulins and alentuzumab (CAMPATH-1H study) (46) are under 
investigation and further studies are needed to define their role in therapy. 
Some studies suggest the use of intravenous immunoglobulin for refractory vasculitis, when 
conventional therapy is contra-indicated or for relapsed disease. However more studies are 
needed.  

9. Prognosis 
Patients with WG should have a closely follow-up, with regularly visits to her/his physician, 
involving multidisciplinary approach, and frequents exams to monitored the disease.  
Relapse is common (50% within 5 years), being ANCA status at diagnosis, target organ 
involvement (lung, renal, heart and chronic nasal carriage of Staphylococcus aureus) and 
treatment with <10g of cyclophosphamide in the first 6 months, maintaining prednisone 
>20mg/day for <2, 75 months and/or goal of zero dose of glucocorticoids factors associated 
to high risk of relapse (47). 
Untreated generalized or severe disease has a poorer prognosis, with a mortality rate up to 
90% within 2 years, but the introduction of immunosuppressive therapy increases the 
lifelong of these patients, being the overall 10-year survival rate 75-88% (48). Renal 
involvement is associated with a bad prognosis. 
The leading causes of death are infection, respiratory and renal failure, malignancy and 
cardiovascular disease, being the first one the major responsible for the mortality and 
morbidity in WG. 
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1. Introduction 
Churg–Strauss syndrome (CSS) is a rare disease characterized by allergic granulomatosis 
and necrotizing vasculitis following peripheral blood eosinophilia and eosinophilic tissue 
infiltration (Churg & Strauss, 1951). CSS is classified as a vasculitis of small and medium-
sized arteries (Jennette & Falk, 1995), although the vasculitis is not often apparent in the 
initial phases of the disease. It occurs mainly in adults, almost always in patients with a 
history of bronchial asthma, and is associated with chronic rhinosinusitis. The most 
frequently affected organs are the lungs and the ear, nose, and throat (ENT) system, 
followed by the skin. Involvement of the cardiac and gastrointestinal tract systems 
determines the prognosis. Nonspecific immunosuppressive therapy with corticosteroids 
(CSs), cyclophosphamide (CYC) and other drugs produces good responses initially in most 
patients, but relapses are frequent, especially in the early disease phase, and morbidity and 
mortality remain important problems. Our research has explored the etiology of CSS by use 
of HLA analysis and has shown that the clinical and immunological manifestations of 
asthma occur in the pre-vasculitic phase of the disease. Our work further indicates that 
treatment, especially in the form of intravenous immunoglobulin (IVIG), is beneficial.  

2. Clinical manifestations, mechanisms, and treatment 
2.1 Etiology and genetic factors 
The precise etiologies of CSS and the role played by genetic factors remain unknown. In 
some CSS patients, vasculitis is apparent within a few weeks or months of exposure to 
putative triggers, such as rapid discontinuation of oral corticosteroids, vaccination, 
desensitization, viral infection, or medication with leukotriene receptor antagonists. 
Although there are some reports of genetic factors, such as the IL10.2 haplotype (Vaglio et 
al., 2007) and HLA (human leukocyte antigen)-DPB1 (Wieczorek et al., 2008), influencing 
susceptibility to CSS, to date there is no compelling evidence supporting the involvement of 
such factors. Familial cases of systemic vasculitis associated with p-ANCA (p-antineutrophil 
cytoplasmic antibody)-positive vasculitis or Wegener’s granulomatosis (WG) have been 
reported, but there have been no reports of familial CSS, excluding cases of familial 
vasculitis with CSS and WG in two first-degree relatives. We presented the first case of 
familial CSS in two sisters with atopic-type bronchial asthma and negativity for p-ANCA 
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1. Introduction 
Churg–Strauss syndrome (CSS) is a rare disease characterized by allergic granulomatosis 
and necrotizing vasculitis following peripheral blood eosinophilia and eosinophilic tissue 
infiltration (Churg & Strauss, 1951). CSS is classified as a vasculitis of small and medium-
sized arteries (Jennette & Falk, 1995), although the vasculitis is not often apparent in the 
initial phases of the disease. It occurs mainly in adults, almost always in patients with a 
history of bronchial asthma, and is associated with chronic rhinosinusitis. The most 
frequently affected organs are the lungs and the ear, nose, and throat (ENT) system, 
followed by the skin. Involvement of the cardiac and gastrointestinal tract systems 
determines the prognosis. Nonspecific immunosuppressive therapy with corticosteroids 
(CSs), cyclophosphamide (CYC) and other drugs produces good responses initially in most 
patients, but relapses are frequent, especially in the early disease phase, and morbidity and 
mortality remain important problems. Our research has explored the etiology of CSS by use 
of HLA analysis and has shown that the clinical and immunological manifestations of 
asthma occur in the pre-vasculitic phase of the disease. Our work further indicates that 
treatment, especially in the form of intravenous immunoglobulin (IVIG), is beneficial.  

2. Clinical manifestations, mechanisms, and treatment 
2.1 Etiology and genetic factors 
The precise etiologies of CSS and the role played by genetic factors remain unknown. In 
some CSS patients, vasculitis is apparent within a few weeks or months of exposure to 
putative triggers, such as rapid discontinuation of oral corticosteroids, vaccination, 
desensitization, viral infection, or medication with leukotriene receptor antagonists. 
Although there are some reports of genetic factors, such as the IL10.2 haplotype (Vaglio et 
al., 2007) and HLA (human leukocyte antigen)-DPB1 (Wieczorek et al., 2008), influencing 
susceptibility to CSS, to date there is no compelling evidence supporting the involvement of 
such factors. Familial cases of systemic vasculitis associated with p-ANCA (p-antineutrophil 
cytoplasmic antibody)-positive vasculitis or Wegener’s granulomatosis (WG) have been 
reported, but there have been no reports of familial CSS, excluding cases of familial 
vasculitis with CSS and WG in two first-degree relatives. We presented the first case of 
familial CSS in two sisters with atopic-type bronchial asthma and negativity for p-ANCA 
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(Tsurikisawa et al., 2007). The two sisters had seven siblings, for a total of four females and 
five males. Eight were still alive, but both parents were dead. The parents had no known 
history of atopy, and of the siblings only another sister, the oldest, also had bronchial 
asthma and atopy. We analyzed human leukocyte antigen (HLA)-A, HLA-B, HLA-DRB1, 
HLA-DQA1, HLA-DQB1, and HLA-DPB1 in the two CSS sisters and their six living siblings 
(Table 1). All four sisters, including the two CSS sisters, had HLA-A02, HLA-B48, DRB1-15, 
DQA1-01, DQB1-06, and DPB1-20; all four brothers had HLA-A20, HLA-B39, DRB1-04, 
DQA1-03, DQB1-03, and DPB1-04. Testing revealed no significant differences in the 
frequencies of any of the HLAs (P = 0.102–0.67). Our results and accumulated clinical 
evidence indicate that CSS is not a heritable disease.  
 

 HLA-A HLA-B DRB1 DQA1 DQB1 DPB1 

Patient 1 02 24 48 52 15 15 01 01 06 06 20 09 
Patient 2 02 02 48 40 15 09 01 03 06 03 20 05 
Sister 1 02 24 48 52 15 15 01 01 06 06 20 09 
Sister 2 02 02 48 40 15 90 01 03 06 30 20 05 
Brother 1 20 24 39 52 15 04 01 03 06 03 05 09 
Brother 2 20 24 39 52 15 04 01 03 06 03 05 09 
Brother 3 20 02 39 40 90 04 03 03 30 03 05 05 
Brother 4 20 24 39 52 15 04 01 03 06 03 05 09 

Table 1. HLA typing of two CSS patients and their siblings. 

2.2 Clinical manifestation of vasculitis 
CSS is a rare disorder characterized by an incidence of 0.11 to 2.66 new cases per million 
population per year and an overall prevalence of 10.7 to 14 per 1,000,000 adults (Gatenby, 
2009; Mahr, 2004; Mohammad 2007). The male-to-female ratio ranges from 0.3 to 2.3 and the 
mean age at onset reported in the literature varies from 38 to 52 years (range 7–74 years) 
(Kahn 2008; Sinico & Bottero, 2009). Nonetheless, there is a generally agreed-upon clinical 
description of the disease. The frequencies of organ involvement and other clinical features 
of CSS previously reported by others and observed at our hospital are summarized in Table 
2. CSS has been traditionally induced in ANCA-associated vasculitis, WG, and microscopic 
polyangiitis (MPA). The prevalence of ANCAs in CSS is less consistent than in WG or MPA, 
being reported in approximately 40% of cases (Guillevin et al., 1999; Kahn et al., 2008; 
Pagnoux & Guillevin, 2010; Sinico & Bottero, 2009). Recently, it was shown that different 
clinical phenotypes could be observed according to the presence or absence of ANCA, 
thereby suggesting that there are varying disease mechanisms in the pathogenesis of CSS. 
Increased prevalence of central nervous system involvement (Keogh & Speck, 2003), renal 
involvement, peripheral neuropathy, and pulmonary hemorrhage (Sinco et al., 2005) has 
been reported among ANCA-positive patients. Negative ANCA status is associated with 
heart disease and lung involvement (Sinco et al., 2005). From these findings, it has been 
hypothesized that, as in WG and MPA, ANCAs may contribute directly to the endothelial 
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vasculitic damage seen in ANCA-positive patients, whereas in ANCA-negative patients 
eosinophils may be directly responsible for the release of cationic proteins and eosinophil-
derived neurotoxin (Kallenberg, 2005). These data suggest that CSS, when presenting as a 
form of necrotizing small-vessel vasculitis, is a true ANCA-associated disease, characterized 
by positivity for myeloperoxidase (MPO)-ANCAs. Alternatively, ANCA-negative patients 
may be clinically characterized by tissue infiltration by eosinophils that results in fibrotic 
organ damage; their disease may belong more to the spectrum of hypereosinophilic 
syndromes rather than to the spectrum of ANCA vasculitis. The existence of two clinical 
phenotypes may reveal different pathways of pathogenicity in CSS. 
 

 Churg Chumbley Lanham Hashimoto Guillevin Our 
cases 

 USA USA UK Japan France Japan 

 1951 1977 1984 1994 1999 2011 

Cases 13 30 138 87 96 86 

M/F 4/9 21/9 72/66 41/46 45/51 27/59 

Age mean 33 47 38 47 48 53.4 

Age range (7–62) (15–69)  (17–79) (17–74) (19–83) 

Clinical manifestations(%)      

Asthma 100 100 100 93 100 100 
Pulmonary 
infiltrates 39 27 74 33 38 80 

Nose, ear, throat 77 70 69  48 91 
Multiplex 
mononeuritis 69 63 64 65 78 99 

Gastrointestinal 92 17 62 19 33 85 

Heart 54 16 52 33 30 74 

Arthritis 31 20 46 52 41 42 

Myalgias   33 51 54 25 

Skin  66 51    

Purpura 62  46 44 31 67 

Nodules 54 27 33 27 19 6 

Renal 31 20 46 46 16 58 

Central nervous 
system 61  27  8 18 

Table 2. Clinical manifestation of vasculitis 
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(Tsurikisawa et al., 2007). The two sisters had seven siblings, for a total of four females and 
five males. Eight were still alive, but both parents were dead. The parents had no known 
history of atopy, and of the siblings only another sister, the oldest, also had bronchial 
asthma and atopy. We analyzed human leukocyte antigen (HLA)-A, HLA-B, HLA-DRB1, 
HLA-DQA1, HLA-DQB1, and HLA-DPB1 in the two CSS sisters and their six living siblings 
(Table 1). All four sisters, including the two CSS sisters, had HLA-A02, HLA-B48, DRB1-15, 
DQA1-01, DQB1-06, and DPB1-20; all four brothers had HLA-A20, HLA-B39, DRB1-04, 
DQA1-03, DQB1-03, and DPB1-04. Testing revealed no significant differences in the 
frequencies of any of the HLAs (P = 0.102–0.67). Our results and accumulated clinical 
evidence indicate that CSS is not a heritable disease.  
 

 HLA-A HLA-B DRB1 DQA1 DQB1 DPB1 

Patient 1 02 24 48 52 15 15 01 01 06 06 20 09 
Patient 2 02 02 48 40 15 09 01 03 06 03 20 05 
Sister 1 02 24 48 52 15 15 01 01 06 06 20 09 
Sister 2 02 02 48 40 15 90 01 03 06 30 20 05 
Brother 1 20 24 39 52 15 04 01 03 06 03 05 09 
Brother 2 20 24 39 52 15 04 01 03 06 03 05 09 
Brother 3 20 02 39 40 90 04 03 03 30 03 05 05 
Brother 4 20 24 39 52 15 04 01 03 06 03 05 09 

Table 1. HLA typing of two CSS patients and their siblings. 

2.2 Clinical manifestation of vasculitis 
CSS is a rare disorder characterized by an incidence of 0.11 to 2.66 new cases per million 
population per year and an overall prevalence of 10.7 to 14 per 1,000,000 adults (Gatenby, 
2009; Mahr, 2004; Mohammad 2007). The male-to-female ratio ranges from 0.3 to 2.3 and the 
mean age at onset reported in the literature varies from 38 to 52 years (range 7–74 years) 
(Kahn 2008; Sinico & Bottero, 2009). Nonetheless, there is a generally agreed-upon clinical 
description of the disease. The frequencies of organ involvement and other clinical features 
of CSS previously reported by others and observed at our hospital are summarized in Table 
2. CSS has been traditionally induced in ANCA-associated vasculitis, WG, and microscopic 
polyangiitis (MPA). The prevalence of ANCAs in CSS is less consistent than in WG or MPA, 
being reported in approximately 40% of cases (Guillevin et al., 1999; Kahn et al., 2008; 
Pagnoux & Guillevin, 2010; Sinico & Bottero, 2009). Recently, it was shown that different 
clinical phenotypes could be observed according to the presence or absence of ANCA, 
thereby suggesting that there are varying disease mechanisms in the pathogenesis of CSS. 
Increased prevalence of central nervous system involvement (Keogh & Speck, 2003), renal 
involvement, peripheral neuropathy, and pulmonary hemorrhage (Sinco et al., 2005) has 
been reported among ANCA-positive patients. Negative ANCA status is associated with 
heart disease and lung involvement (Sinco et al., 2005). From these findings, it has been 
hypothesized that, as in WG and MPA, ANCAs may contribute directly to the endothelial 
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vasculitic damage seen in ANCA-positive patients, whereas in ANCA-negative patients 
eosinophils may be directly responsible for the release of cationic proteins and eosinophil-
derived neurotoxin (Kallenberg, 2005). These data suggest that CSS, when presenting as a 
form of necrotizing small-vessel vasculitis, is a true ANCA-associated disease, characterized 
by positivity for myeloperoxidase (MPO)-ANCAs. Alternatively, ANCA-negative patients 
may be clinically characterized by tissue infiltration by eosinophils that results in fibrotic 
organ damage; their disease may belong more to the spectrum of hypereosinophilic 
syndromes rather than to the spectrum of ANCA vasculitis. The existence of two clinical 
phenotypes may reveal different pathways of pathogenicity in CSS. 
 

 Churg Chumbley Lanham Hashimoto Guillevin Our 
cases 

 USA USA UK Japan France Japan 

 1951 1977 1984 1994 1999 2011 

Cases 13 30 138 87 96 86 

M/F 4/9 21/9 72/66 41/46 45/51 27/59 

Age mean 33 47 38 47 48 53.4 

Age range (7–62) (15–69)  (17–79) (17–74) (19–83) 

Clinical manifestations(%)      

Asthma 100 100 100 93 100 100 
Pulmonary 
infiltrates 39 27 74 33 38 80 

Nose, ear, throat 77 70 69  48 91 
Multiplex 
mononeuritis 69 63 64 65 78 99 

Gastrointestinal 92 17 62 19 33 85 

Heart 54 16 52 33 30 74 

Arthritis 31 20 46 52 41 42 

Myalgias   33 51 54 25 

Skin  66 51    

Purpura 62  46 44 31 67 

Nodules 54 27 33 27 19 6 

Renal 31 20 46 46 16 58 

Central nervous 
system 61  27  8 18 

Table 2. Clinical manifestation of vasculitis 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

238 

2.3 Mechanisms and clinical manifestations of the pre-vasculitic phase of CSS as an 
asthmatic phase 
Asthma is present in 96% to 100% of CSS patients and is the cardinal feature of CSS. Asthma 
may precede systemic vasculitis by approximately 8 years and, in some cases, by more than 30 
years (Chumbley et al., 1977; Churg & Strauss, 1951; Guillevin et al., 1999; Lhote & Guillevin, 
1995). The precise etiology of CSS and the asthmatic phase that precedes it, as well as the role 
of genetic factors, remains unknown. We demonstrated in a retrospective cohort study that the 
clinical manifestations of asthma occur in the pre-vasculitic phase of the disease (Tsurikisawa 
et al., 2007). The asthma of 87.5% of 24 patients in the pre-vasculitic phase of CSS at their first 
hospital visit was severe. It was characterized in 42.9% of these patients by a need for 
treatment with systemic steroids and mechanical ventilation and by the presence of sinusitis in 
57.1% during the period from the first hospital visit to the onset of CSS (P < 0.0001) (Table 3). 
 

Characteristic Non-CSS severe 
asthma 

Severe asthma 
pre-CSS  

 N = 130 (44.2%) N = 21 (87.5%) P-value 
Systemic corticosteroid 

treatment N = 9 (6.9%) N = 9 (42.9%) <0.0001 

Corticosteroid dose (in 
mg, converted to the 

prednisolone equivalent) 
5.3±2.0 7.2±3.6 N.S 

Inhaled corticosteroid 
dose (in µg, converted to 

the beclomethasone 
equivalent) 

1194.7±575.1 1371.4±721.9 N.S 

Intubation N = 2 (1.5%) N = 3 (14.3%) 0.0018 
Sinusitis N = 40 (30.8%) N = 12 (57.1%) <0.0001 

Table 3. Differences between non-CSS (Churg-Strauss syndrome) severe asthma and severe 
asthma in the pre-vasculitic phase of CSS. 
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Fig. 1. Total numbers of white blood cells (WBC) (A)s and percentages of eosinophils (B) in 
the peripheral blood of all patients at the first hospital visit. The percentage of eosinophils in 
the peripheral blood of pre-CSS asthma patients was significantly higher than that in other 
asthma patients. † P < 0.01. NS: not significant. 

 
The Etiology, Mechanisms, and Treatment of Churg-Strauss Syndrome 

 

239 

The percentage of eosinophils in the peripheral blood of pre-CSS asthmatics at the first 
hospital visit was also significantly higher than that in non-CSS asthmatics (P < 0.01) (Fig. 
1).Receiver operating characteristic (ROC) analysis was used to evaluate the diagnostic value 
of the percentage of eosinophils in the peripheral blood for predicting future onset of CSS. The 
area under the curve was 0.8992 (95% CI = 0.825–0.973). A reasonably high specificity (99.4%) 
and a high sensitivity (66.7%), with a cut-off point of 20%, were obtained (Fig. 2).  
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Fig. 2. ROC curve for evaluating the value of the percentage of eosinophils in the peripheral 
blood as a predictor of future onset of CSS 

The percentage forced expiratory volume (%FEV1) in the severe asthmatics and the 
asthmatic patients who later developed CSS was lower than that in patients with mild or 
moderate asthma (p < 0.01). The %FEV1 in the asthmatic patients who later developed CSS 
was the same as that in patients with severe asthma (Fig. 3). However, bronchial 
hyperresponsiveness (BHR) to acetylcholine (ACh) in the pre-vasculitic patients was 
significantly less severe than that in the non-CSS patients with severe asthma (P < 0.01) and 
was as mild as that in patients with mild asthma (Fig. 4). Thus, asthma severity in the pre-
vasculitic phase of CSS is related to airflow limitation and to eosinophilic inflammation in 
the peripheral blood, but not to BHR, which may occur as a result of airway vasculitis. We 
propose that asthma patients who develop CSS differ from other asthma patients, from 
whom they can be differentiated at the first hospital visit by evaluating these factors.  
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Fig. 3. FEV1 (% predicted) at the first hospital visit in all patients.  
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2.3 Mechanisms and clinical manifestations of the pre-vasculitic phase of CSS as an 
asthmatic phase 
Asthma is present in 96% to 100% of CSS patients and is the cardinal feature of CSS. Asthma 
may precede systemic vasculitis by approximately 8 years and, in some cases, by more than 30 
years (Chumbley et al., 1977; Churg & Strauss, 1951; Guillevin et al., 1999; Lhote & Guillevin, 
1995). The precise etiology of CSS and the asthmatic phase that precedes it, as well as the role 
of genetic factors, remains unknown. We demonstrated in a retrospective cohort study that the 
clinical manifestations of asthma occur in the pre-vasculitic phase of the disease (Tsurikisawa 
et al., 2007). The asthma of 87.5% of 24 patients in the pre-vasculitic phase of CSS at their first 
hospital visit was severe. It was characterized in 42.9% of these patients by a need for 
treatment with systemic steroids and mechanical ventilation and by the presence of sinusitis in 
57.1% during the period from the first hospital visit to the onset of CSS (P < 0.0001) (Table 3). 
 

Characteristic Non-CSS severe 
asthma 

Severe asthma 
pre-CSS  

 N = 130 (44.2%) N = 21 (87.5%) P-value 
Systemic corticosteroid 

treatment N = 9 (6.9%) N = 9 (42.9%) <0.0001 

Corticosteroid dose (in 
mg, converted to the 

prednisolone equivalent) 
5.3±2.0 7.2±3.6 N.S 

Inhaled corticosteroid 
dose (in µg, converted to 

the beclomethasone 
equivalent) 

1194.7±575.1 1371.4±721.9 N.S 

Intubation N = 2 (1.5%) N = 3 (14.3%) 0.0018 
Sinusitis N = 40 (30.8%) N = 12 (57.1%) <0.0001 

Table 3. Differences between non-CSS (Churg-Strauss syndrome) severe asthma and severe 
asthma in the pre-vasculitic phase of CSS. 

W
BC

mild moderate severe pre CSS
2000
4000
6000
8000

10000
12000
14000
16000

NS

NS

NS NS

(cells)

NS NS

W
BC

mild moderate severe pre CSS
2000
4000
6000
8000

10000
12000
14000
16000

NS

NS

NS NS

(cells)

NS NS

          

Eo
si

no
ph

ils

(%)

0
10
20
30
40
50
60

mild moderate severe pre CSS

NS

NS

NS †
†

†

Eo
si

no
ph

ils

(%)

0
10
20
30
40
50
60

mild moderate severe pre CSS

NS

NS

NS †
†

†

 
                                                A                                                                                 B 

Fig. 1. Total numbers of white blood cells (WBC) (A)s and percentages of eosinophils (B) in 
the peripheral blood of all patients at the first hospital visit. The percentage of eosinophils in 
the peripheral blood of pre-CSS asthma patients was significantly higher than that in other 
asthma patients. † P < 0.01. NS: not significant. 
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The percentage of eosinophils in the peripheral blood of pre-CSS asthmatics at the first 
hospital visit was also significantly higher than that in non-CSS asthmatics (P < 0.01) (Fig. 
1).Receiver operating characteristic (ROC) analysis was used to evaluate the diagnostic value 
of the percentage of eosinophils in the peripheral blood for predicting future onset of CSS. The 
area under the curve was 0.8992 (95% CI = 0.825–0.973). A reasonably high specificity (99.4%) 
and a high sensitivity (66.7%), with a cut-off point of 20%, were obtained (Fig. 2).  
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Fig. 2. ROC curve for evaluating the value of the percentage of eosinophils in the peripheral 
blood as a predictor of future onset of CSS 

The percentage forced expiratory volume (%FEV1) in the severe asthmatics and the 
asthmatic patients who later developed CSS was lower than that in patients with mild or 
moderate asthma (p < 0.01). The %FEV1 in the asthmatic patients who later developed CSS 
was the same as that in patients with severe asthma (Fig. 3). However, bronchial 
hyperresponsiveness (BHR) to acetylcholine (ACh) in the pre-vasculitic patients was 
significantly less severe than that in the non-CSS patients with severe asthma (P < 0.01) and 
was as mild as that in patients with mild asthma (Fig. 4). Thus, asthma severity in the pre-
vasculitic phase of CSS is related to airflow limitation and to eosinophilic inflammation in 
the peripheral blood, but not to BHR, which may occur as a result of airway vasculitis. We 
propose that asthma patients who develop CSS differ from other asthma patients, from 
whom they can be differentiated at the first hospital visit by evaluating these factors.  
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Fig. 3. FEV1 (% predicted) at the first hospital visit in all patients.  
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The %FEV1 was measured at the first hospital visit in asthmatic patients (mild, moderate, 
severe) and in those who later developed CSS. The %FEV1 in the severe asthmatics and the 
asthmatic patients who later developed CSS was lower than in patients with mild asthma (P 
< 0.01). However, the %FEV1 in the asthmatic patients who later developed CSS was the 
same as that in patients with severe asthma.† P < 0.01. * P < 0.05. NS: not significant. 
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Fig. 4. Bronchial hyperresponsiveness (BHR) to inhaled Ach in all patients within 1 month of 
the first hospital visit. 

Modified box plots represent the distribution of BHR to inhaled Ach in asthmatic patients 
(mild, moderate, severe) and pre-CSS asthma patients within 1 month of the first hospital 
visit. † Mann-Whitney Test, P < 0.01. NS: not significant. 
Eosinophilic infiltrations, such as those found in chronic eosinophilic pneumonia (CEP) and 
eosinophilic gastroenteritis, precede systemic vasculitis in half of all patients with CSS 
(Lhote & Guillevin, 1995; Steinfeld et al., 1994). Some clinicians suggest that patients with 
CEP following asthma are more likely to develop CSS if the CEP is left untreated (Churg, 
2001). However, some patients in whom asthma is complicated by CEP do not develop CSS. 
There is no clear mechanism that explains why some CEP patients with asthma develop 
CSS, whereas others do not. The etiology of idiopathic CEP is not understood, although in 
some cases CEP is caused by infection with a parasite, virus, or fungus or by drugs, toxic 
agents, or radiation therapy (Cottin & Cordier, 2005; Marchand & Cordier, 2006). Asthma 
occurs before CEP in about half to two-thirds of CEP patients (Cottin & Cordier, 2005; 
Marchand & Cordier 2006). Increasing numbers of eosinophils and lymphocytes in the 
peripheral blood and bronchoalveolar lavage fluid (BALF) contribute to the development of 
CEP. There are many mediators of eosinophilia in CEP, including regulated upon activation 
normal T-cell-expressed and -secreted (RANTES), eotaxin, thymus- and activation-regulated 
chemokine (TARC/CCL17), and cytokines, including IL-2, IL-3, IL-5, IL-10, IL-13, and IL-18. 
The number of CD4+CD25+ T cells in the BALF and peripheral blood is increased in patients 
with CEP (Albera, 1995). By contrast, peripheral blood mononuclear cells in patients with 
CSS secrete not only the type 1 cytokine IFN-, but also type 2 cytokines, such as IL-4, IL-13, 
and, in particular, IL-5.  
T-regulatory (Treg) cells play essential roles in maintaining immunologic homeostasis, 
preventing autoimmunity, and providing peripheral tolerance to antigens, including 
autoantigens and allergens. Treg cells, including Tr1 (T-regulatory cells type 1), CD4+CD25+, 
Th3, and natural killer (NK) T cells, all suppress effector T cells of either the Th1 or Th2 
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phenotype, which are involved in mediating inflammation (Jonuleit et al., 2002; Sakaguchi, 
2000; Weiner, 2001). CD4+CD25+ cells are naturally occurring T-regulatory (nTreg) cells that 
are defined as CD25hi CD127low FOXP3+ (Roncarolo & Battaglia, 2007). nTreg cells mediate 
their suppressive effects through cell contact. Tr1 cells are antigen-specific populations 
derived from conventional CD4+CD25– naïve precursors following exposure to antigen 
under conditions of limiting costimulation, such as with IL-10, immature dendritic cells, or 
dexamethasone. The mechanism by which Tr1 cells exert suppression appears to be 
mediated by secretion of suppressor cytokines, such as IL-10 and TGF-. Recent studies 
have focused on the role of Treg cells in human diseases such as systemic lupus 
erythematosus, rheumatoid arthritis, cancer, Guillain–Barré syndrome, multiple sclerosis, 
infection, and asthma. However, whether Treg cell activity is involved in the mechanism and 
etiology of CSS is not known. We examined the phenotypes and functions of CD4+CD25+ T 
cells from asthma patients with CEP and from CSS patients at disease onset and after 
therapy, and we compared our findings with those in patients with general asthma. We  
found that, at disease onset, CSS patients, unlike CEP patients, had significantly fewer  
CD4+CD25+ T cells than patients with any type of asthma (steps 1–4) (Saito et al., 2008; 
 

 Normal 
controls 
 (n = 9) 

Bronchial asthma 
CSS at 
onset  

CEP at 
onset  Step 1 Step 2 Step 3 Step 4 

Blood 
eosinophils 
 (no. of cells) 

161.9± 
65.0 

209.4± 
168.3 

290.6± 
209.8 

357.3± 
215.5 

380.0± 
517.0 

8042.6± 
6559.3†&†† 

3762.6± 
2310.3† 

CD4+CD25+ (%) 31.4± 
8.2‡ 

52.2± 
12.2 

52.6± 
11.8 

46.2± 
6.6 

42.7± 
10.3* 

34.9± 
15.6†&†† 

48.1± 
11.6 

IL-5 in 
CD4+CD25+ (%) 

0.0± 
0.0 

4.4± 
6.6 

5.2± 
10.1 

6.2± 
10.8 

4.1± 
7.4 

14.6± 
11.9††† 

11.2± 
12.5†††† 

IL-10 in 
CD4+CD25+ (%) 

0.0± 
0.0 

4.7± 
7.5 

4.9± 
6.3 

1.1± 
2.2 

2.7± 
4.4 

0.3± 
1.0** 

20.9± 
17.0†&†† 

IL-10 in 
CD4+CD25– (%) 

0.5± 
1.2 

0.5± 
1.5 

0.4± 
0.6 

0.2± 
0.5 

0.3± 
0.5 

0.1± 
0.1 

6.6± 
11.4†&†† 

TGF- in 
CD4+CD25+ (%) 

0.0± 
0.0‡‡ 

6.7± 
10.0 

4.4± 
6.9 

2.8± 
5.0 

2.6± 
5.9 

1.0± 
0.9‡‡‡ 

6.7± 
10.5†† 

IL-2 in 
CD4+CD25– (%) 

26.3± 
25.8 

35.1± 
17.9 

32.4± 
22.3 

23.1± 
21.2 

17.0± 
16.5*** 

7.6± 
7.2‡‡‡ 

22.0± 
17.0†† 

Table 4. Eosinophil counts and cytokines in CD25+ or CD25- CD4+ T cells in normal controls, 
patients with asthma (as classified by the US National Institutes of Health and National 
Asthma Education and Prevention Program), patients with chronic eosinophilic pneumonia 
(CEP), and patients with Churg-Strauss syndrome (CSS)  

† CSS or CEP vs. control and Step 1 and Step 2 and Step 3 and Step 4: P < 0.01; †† CSS vs. CEP: P < 0.01; 
††† CSS vs. control and Step 1 and Step 2 and Step 4: P < 0.01, vs. Step 3: P < 0.05; †††† CEP vs. control: 
P < 0.01, vs. Step 1 and Step 2 and Step 4: P < 0.05; * Step 4 vs. Step 1 and Step 2: P < 0.01; **: CSS vs. 
Step 1 and Step 2: P < 0.05;  
*** Step 4 vs. Step 1: P < 0.01, vs. Step 2: P < 0.05; ‡ control vs. Step 1 and Step 2 and Step 3 and CEP: P < 
0.01, vs. Step 4: P < 0.05; ‡‡ control vs. Step 1 and Step 2 and Step 3 and Step 4 and CEP: P < 0.01; ‡‡‡ 
CSS vs. Step 1 and Step 2: P < 0.01 
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The %FEV1 was measured at the first hospital visit in asthmatic patients (mild, moderate, 
severe) and in those who later developed CSS. The %FEV1 in the severe asthmatics and the 
asthmatic patients who later developed CSS was lower than in patients with mild asthma (P 
< 0.01). However, the %FEV1 in the asthmatic patients who later developed CSS was the 
same as that in patients with severe asthma.† P < 0.01. * P < 0.05. NS: not significant. 
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Fig. 4. Bronchial hyperresponsiveness (BHR) to inhaled Ach in all patients within 1 month of 
the first hospital visit. 

Modified box plots represent the distribution of BHR to inhaled Ach in asthmatic patients 
(mild, moderate, severe) and pre-CSS asthma patients within 1 month of the first hospital 
visit. † Mann-Whitney Test, P < 0.01. NS: not significant. 
Eosinophilic infiltrations, such as those found in chronic eosinophilic pneumonia (CEP) and 
eosinophilic gastroenteritis, precede systemic vasculitis in half of all patients with CSS 
(Lhote & Guillevin, 1995; Steinfeld et al., 1994). Some clinicians suggest that patients with 
CEP following asthma are more likely to develop CSS if the CEP is left untreated (Churg, 
2001). However, some patients in whom asthma is complicated by CEP do not develop CSS. 
There is no clear mechanism that explains why some CEP patients with asthma develop 
CSS, whereas others do not. The etiology of idiopathic CEP is not understood, although in 
some cases CEP is caused by infection with a parasite, virus, or fungus or by drugs, toxic 
agents, or radiation therapy (Cottin & Cordier, 2005; Marchand & Cordier, 2006). Asthma 
occurs before CEP in about half to two-thirds of CEP patients (Cottin & Cordier, 2005; 
Marchand & Cordier 2006). Increasing numbers of eosinophils and lymphocytes in the 
peripheral blood and bronchoalveolar lavage fluid (BALF) contribute to the development of 
CEP. There are many mediators of eosinophilia in CEP, including regulated upon activation 
normal T-cell-expressed and -secreted (RANTES), eotaxin, thymus- and activation-regulated 
chemokine (TARC/CCL17), and cytokines, including IL-2, IL-3, IL-5, IL-10, IL-13, and IL-18. 
The number of CD4+CD25+ T cells in the BALF and peripheral blood is increased in patients 
with CEP (Albera, 1995). By contrast, peripheral blood mononuclear cells in patients with 
CSS secrete not only the type 1 cytokine IFN-, but also type 2 cytokines, such as IL-4, IL-13, 
and, in particular, IL-5.  
T-regulatory (Treg) cells play essential roles in maintaining immunologic homeostasis, 
preventing autoimmunity, and providing peripheral tolerance to antigens, including 
autoantigens and allergens. Treg cells, including Tr1 (T-regulatory cells type 1), CD4+CD25+, 
Th3, and natural killer (NK) T cells, all suppress effector T cells of either the Th1 or Th2 
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phenotype, which are involved in mediating inflammation (Jonuleit et al., 2002; Sakaguchi, 
2000; Weiner, 2001). CD4+CD25+ cells are naturally occurring T-regulatory (nTreg) cells that 
are defined as CD25hi CD127low FOXP3+ (Roncarolo & Battaglia, 2007). nTreg cells mediate 
their suppressive effects through cell contact. Tr1 cells are antigen-specific populations 
derived from conventional CD4+CD25– naïve precursors following exposure to antigen 
under conditions of limiting costimulation, such as with IL-10, immature dendritic cells, or 
dexamethasone. The mechanism by which Tr1 cells exert suppression appears to be 
mediated by secretion of suppressor cytokines, such as IL-10 and TGF-. Recent studies 
have focused on the role of Treg cells in human diseases such as systemic lupus 
erythematosus, rheumatoid arthritis, cancer, Guillain–Barré syndrome, multiple sclerosis, 
infection, and asthma. However, whether Treg cell activity is involved in the mechanism and 
etiology of CSS is not known. We examined the phenotypes and functions of CD4+CD25+ T 
cells from asthma patients with CEP and from CSS patients at disease onset and after 
therapy, and we compared our findings with those in patients with general asthma. We  
found that, at disease onset, CSS patients, unlike CEP patients, had significantly fewer  
CD4+CD25+ T cells than patients with any type of asthma (steps 1–4) (Saito et al., 2008; 
 

 Normal 
controls 
 (n = 9) 

Bronchial asthma 
CSS at 
onset  

CEP at 
onset  Step 1 Step 2 Step 3 Step 4 

Blood 
eosinophils 
 (no. of cells) 

161.9± 
65.0 

209.4± 
168.3 

290.6± 
209.8 

357.3± 
215.5 

380.0± 
517.0 

8042.6± 
6559.3†&†† 

3762.6± 
2310.3† 

CD4+CD25+ (%) 31.4± 
8.2‡ 

52.2± 
12.2 

52.6± 
11.8 

46.2± 
6.6 

42.7± 
10.3* 

34.9± 
15.6†&†† 

48.1± 
11.6 

IL-5 in 
CD4+CD25+ (%) 

0.0± 
0.0 

4.4± 
6.6 

5.2± 
10.1 

6.2± 
10.8 

4.1± 
7.4 

14.6± 
11.9††† 

11.2± 
12.5†††† 

IL-10 in 
CD4+CD25+ (%) 

0.0± 
0.0 

4.7± 
7.5 

4.9± 
6.3 

1.1± 
2.2 

2.7± 
4.4 

0.3± 
1.0** 

20.9± 
17.0†&†† 

IL-10 in 
CD4+CD25– (%) 

0.5± 
1.2 

0.5± 
1.5 

0.4± 
0.6 

0.2± 
0.5 

0.3± 
0.5 

0.1± 
0.1 

6.6± 
11.4†&†† 

TGF- in 
CD4+CD25+ (%) 

0.0± 
0.0‡‡ 

6.7± 
10.0 

4.4± 
6.9 

2.8± 
5.0 

2.6± 
5.9 

1.0± 
0.9‡‡‡ 

6.7± 
10.5†† 

IL-2 in 
CD4+CD25– (%) 

26.3± 
25.8 

35.1± 
17.9 

32.4± 
22.3 

23.1± 
21.2 

17.0± 
16.5*** 

7.6± 
7.2‡‡‡ 

22.0± 
17.0†† 

Table 4. Eosinophil counts and cytokines in CD25+ or CD25- CD4+ T cells in normal controls, 
patients with asthma (as classified by the US National Institutes of Health and National 
Asthma Education and Prevention Program), patients with chronic eosinophilic pneumonia 
(CEP), and patients with Churg-Strauss syndrome (CSS)  

† CSS or CEP vs. control and Step 1 and Step 2 and Step 3 and Step 4: P < 0.01; †† CSS vs. CEP: P < 0.01; 
††† CSS vs. control and Step 1 and Step 2 and Step 4: P < 0.01, vs. Step 3: P < 0.05; †††† CEP vs. control: 
P < 0.01, vs. Step 1 and Step 2 and Step 4: P < 0.05; * Step 4 vs. Step 1 and Step 2: P < 0.01; **: CSS vs. 
Step 1 and Step 2: P < 0.05;  
*** Step 4 vs. Step 1: P < 0.01, vs. Step 2: P < 0.05; ‡ control vs. Step 1 and Step 2 and Step 3 and CEP: P < 
0.01, vs. Step 4: P < 0.05; ‡‡ control vs. Step 1 and Step 2 and Step 3 and Step 4 and CEP: P < 0.01; ‡‡‡ 
CSS vs. Step 1 and Step 2: P < 0.01 
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Tsurikisawa et al., 2008)(Table 4). CD4+CD25+ T cells producing IL-10 were rarely detected 
in CSS patients at disease onset or relapse, whereas the numbers of IL-10–producing T cells 
in CEP patients were high at disease onset. Fewer CD4+CD25– T cells producing IL-2 were 
found in CSS patients before treatment than were found in CEP patients at disease onset (P 
< 0.01) (Table 4). The proportions of CD4+CD25+ T cells producing IL-10 and of CD4+CD25– 
T cells producing IL-2 in CSS patients significantly increased at remission after treatment (P 
< 0.01) (Fig 5). We confirmed that maintenance of the numbers of Treg cells in asthma 
patients with CEP may inhibit CSS development via the action of cytokines, such as IL-10 
and IL-2, produced by CD4+CD25+ and CD4+CD25– T cells, respectively. 
In contrast, the CD4+CD25+ T cell count in patients with CEP at onset was the same as that 
in asthmatics at every step of asthma (Table 4) and did not change even with improvement 
of the disease (Fig. 5). The CD4+CD25+ T cell count in patients with CSS significantly 
increased with either relapse or remission after treatment, and this increase was significantly 
greater in patients in remission than in those who relapsed (P < 0.01) (Fig. 5). Moreover, 
when we compared the intracellular cytokine levels of IL-10 and TGF- with the serum 
levels of IL-10 (all patients assayed: <2.0 pg/mL) and TGF- (all patients assayed: <8.0 
pg/mL) , we found that the serum IL-10 levels were extremely low in all patients with 
asthma, CSS, and CEP. There was not significant the serum IL-10 level among three groups. 
It is not clear why there were no significant differences among the serum levels of these 
cytokines yet there were significant differences among the intracellular levels. 
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Fig. 5. Percentages of CD4+ among CD25+ T cells in patients with CSS and CEP at disease 
onset and after treatment. Median values are shown by horizontal bars. Differences between 
patient groups were evaluated by using the Mann–Whitney U test. † P < 0.01. * P < 0.05. NS: 
not significant. 

The number of CD4+CD25+ T cells producing IL-5, which causes eosinophilia in peripheral 
blood cells and lung tissue, was high in CSS and CEP patients at disease onset and 
decreased significantly after treatment of CSS and improvement of CEP (Fig. 6a). 
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CD4+CD25+ T cells producing IL-10 were rarely detected in patients with CSS at onset or in 
those who relapsed. However, when patients with CSS achieved clinical remission after 
treatment, the number of CD4+CD25+ T cells producing IL-10 significantly increased 
compared with the number at onset. The number of CD4+CD25+ T cells producing IL-10 in 
patients with CEP was high at disease onset and decreased significantly after improvement 
of eosinophilic pneumonia (Fig. 6(b)). The number of CD4+CD25– T cells producing IL-2 in 
patients with CSS at onset was significantly less than that in patients with CEP at onset.  
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Fig. 6. (a) Percentages of CD4+CD25+ T cells producing IL-5; (b) CD4+CD25+ T cells 
producing IL-10; and (c) CD4+CD25– T cells producing IL-2 in patients with CSS or CEP at 
disease onset and after treatment. Median values are shown by horizontal bars. Differences 
between patient groups were evaluated by using the Mann–Whitney U test. † P < 0.01. * P < 
0.05. NS: not significant. 
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Tsurikisawa et al., 2008)(Table 4). CD4+CD25+ T cells producing IL-10 were rarely detected 
in CSS patients at disease onset or relapse, whereas the numbers of IL-10–producing T cells 
in CEP patients were high at disease onset. Fewer CD4+CD25– T cells producing IL-2 were 
found in CSS patients before treatment than were found in CEP patients at disease onset (P 
< 0.01) (Table 4). The proportions of CD4+CD25+ T cells producing IL-10 and of CD4+CD25– 
T cells producing IL-2 in CSS patients significantly increased at remission after treatment (P 
< 0.01) (Fig 5). We confirmed that maintenance of the numbers of Treg cells in asthma 
patients with CEP may inhibit CSS development via the action of cytokines, such as IL-10 
and IL-2, produced by CD4+CD25+ and CD4+CD25– T cells, respectively. 
In contrast, the CD4+CD25+ T cell count in patients with CEP at onset was the same as that 
in asthmatics at every step of asthma (Table 4) and did not change even with improvement 
of the disease (Fig. 5). The CD4+CD25+ T cell count in patients with CSS significantly 
increased with either relapse or remission after treatment, and this increase was significantly 
greater in patients in remission than in those who relapsed (P < 0.01) (Fig. 5). Moreover, 
when we compared the intracellular cytokine levels of IL-10 and TGF- with the serum 
levels of IL-10 (all patients assayed: <2.0 pg/mL) and TGF- (all patients assayed: <8.0 
pg/mL) , we found that the serum IL-10 levels were extremely low in all patients with 
asthma, CSS, and CEP. There was not significant the serum IL-10 level among three groups. 
It is not clear why there were no significant differences among the serum levels of these 
cytokines yet there were significant differences among the intracellular levels. 
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Fig. 5. Percentages of CD4+ among CD25+ T cells in patients with CSS and CEP at disease 
onset and after treatment. Median values are shown by horizontal bars. Differences between 
patient groups were evaluated by using the Mann–Whitney U test. † P < 0.01. * P < 0.05. NS: 
not significant. 

The number of CD4+CD25+ T cells producing IL-5, which causes eosinophilia in peripheral 
blood cells and lung tissue, was high in CSS and CEP patients at disease onset and 
decreased significantly after treatment of CSS and improvement of CEP (Fig. 6a). 
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CD4+CD25+ T cells producing IL-10 were rarely detected in patients with CSS at onset or in 
those who relapsed. However, when patients with CSS achieved clinical remission after 
treatment, the number of CD4+CD25+ T cells producing IL-10 significantly increased 
compared with the number at onset. The number of CD4+CD25+ T cells producing IL-10 in 
patients with CEP was high at disease onset and decreased significantly after improvement 
of eosinophilic pneumonia (Fig. 6(b)). The number of CD4+CD25– T cells producing IL-2 in 
patients with CSS at onset was significantly less than that in patients with CEP at onset.  
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Fig. 6. (a) Percentages of CD4+CD25+ T cells producing IL-5; (b) CD4+CD25+ T cells 
producing IL-10; and (c) CD4+CD25– T cells producing IL-2 in patients with CSS or CEP at 
disease onset and after treatment. Median values are shown by horizontal bars. Differences 
between patient groups were evaluated by using the Mann–Whitney U test. † P < 0.01. * P < 
0.05. NS: not significant. 
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After treatment, CSS patients who achieved remission showed a significant increase in the 
number of CD4+CD25– T cells producing IL-2, to the level seen in CEP patients at disease 
onset, but there was no change in the count of CD4+CD25– T cells producing IL-2 in patients 
with CEP between disease onset and improvement (Fig. 6c). The number of organs involved 
was significantly negatively correlated with the percentage of CD4+CD25+ T cells at onset, 
remission, and relapse in CSS patients (r = –0.51, P < 0.01, Fig. 7). The percentage of CD25+ 
CD4+ T cells was correlated with IL-10 production in all patients with stable asthma and in 
those with CSS or CEP at onset (R = 0.42, P < 0.01; data not shown). These results show that 
the CD4+CD25+ T cells producing IL-10 were Tr1 cells.  
Dysregulated production of IL-17 is associated with human autoimmune diseases, including 
multiple sclerosis, inflammatory bowel disease, and psoriasis. CD4+ T cells that produce IL-
17 represent a distinct lineage (Th17) that produces neither IL-4 nor IFN-. Recently, a 
relationship between Treg cells and Th17 in the pathogenesis of some human autoimmune 
diseases was reported (Lock C et al 2002, Fujino et al 2003,  Vaknin-Dembinsky A et al 2006, 
Zheng et al 2007). 
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Fig. 7. Correlation between percentage of CD25+ CD4+ T cells and the degree of organ 
involvement. “Organ involvement” included asthma, sinusitis, pulmonary infiltration, 
mononeuritis multiplex or polyneuropathy, arthritis, tympanitis, lymphadenitis, mastitis, or 
involvement of the myocardium, gastrointestinal tract, kidney, skin, central nervous system, 
eye, gallbladder, or liver. Open circles represent patients with CSS at onset, open triangles 
represent patients with CSS who relapsed after an initial remission, and open squares 
represent patients with CSS in remission after treatment. A significant linear relationship is 
evident (r = –0.51, P < 0.01) for all patient groups. 

We confirmed that the percentage of CD4+ T cells producing IL-17 was significantly greater 
in patients with active CSS than in healthy control patients or in patients with asthma, BA + 
CEP, or inactive CSS (Fig. 8) (Saito et al., 2009). Moreover, the percentage of CD4+ T cells 
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Fig. 8. Increased ability of CD4+ T cells from active CSS patients to produce IL-17. 

producing IL-17 in active CSS who were at onset or at relapse was significantly greater than 
those in inactive CSS and the percentage of CD4+CD25+ T cells producing IL-10 (Tr1 cells) 
in active CSS significantly decreased than those in inactive CSS who achieved remission 
after treatment (Tr 1) (Fig. 9) (Saito et al., 2009). Th17 cells were identified as CD4+ T cells 
that produced mainly IL-17 and IL-22. Eosinophilia is a characteristic of CSS, and some 
reports suggest that the IL-25 produced by eosinophils promotes innate adaptive immunity 
by enhancing Th2 cytokine production (Terrier et al., 2010). We showed that the number of 
CD4+ T cells producing IL-17 or IL-22 in the peripheral blood of CSS patients increased at  
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Fig. 9. Th17 or Tr1 cells representing CD4+CD25+ T cells that produce IL-17 or IL-10 in 
relation to disease activity in CSS patients. * * P < 0.01, * P < 0.05. 
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After treatment, CSS patients who achieved remission showed a significant increase in the 
number of CD4+CD25– T cells producing IL-2, to the level seen in CEP patients at disease 
onset, but there was no change in the count of CD4+CD25– T cells producing IL-2 in patients 
with CEP between disease onset and improvement (Fig. 6c). The number of organs involved 
was significantly negatively correlated with the percentage of CD4+CD25+ T cells at onset, 
remission, and relapse in CSS patients (r = –0.51, P < 0.01, Fig. 7). The percentage of CD25+ 
CD4+ T cells was correlated with IL-10 production in all patients with stable asthma and in 
those with CSS or CEP at onset (R = 0.42, P < 0.01; data not shown). These results show that 
the CD4+CD25+ T cells producing IL-10 were Tr1 cells.  
Dysregulated production of IL-17 is associated with human autoimmune diseases, including 
multiple sclerosis, inflammatory bowel disease, and psoriasis. CD4+ T cells that produce IL-
17 represent a distinct lineage (Th17) that produces neither IL-4 nor IFN-. Recently, a 
relationship between Treg cells and Th17 in the pathogenesis of some human autoimmune 
diseases was reported (Lock C et al 2002, Fujino et al 2003,  Vaknin-Dembinsky A et al 2006, 
Zheng et al 2007). 
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Fig. 7. Correlation between percentage of CD25+ CD4+ T cells and the degree of organ 
involvement. “Organ involvement” included asthma, sinusitis, pulmonary infiltration, 
mononeuritis multiplex or polyneuropathy, arthritis, tympanitis, lymphadenitis, mastitis, or 
involvement of the myocardium, gastrointestinal tract, kidney, skin, central nervous system, 
eye, gallbladder, or liver. Open circles represent patients with CSS at onset, open triangles 
represent patients with CSS who relapsed after an initial remission, and open squares 
represent patients with CSS in remission after treatment. A significant linear relationship is 
evident (r = –0.51, P < 0.01) for all patient groups. 

We confirmed that the percentage of CD4+ T cells producing IL-17 was significantly greater 
in patients with active CSS than in healthy control patients or in patients with asthma, BA + 
CEP, or inactive CSS (Fig. 8) (Saito et al., 2009). Moreover, the percentage of CD4+ T cells 
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Fig. 8. Increased ability of CD4+ T cells from active CSS patients to produce IL-17. 

producing IL-17 in active CSS who were at onset or at relapse was significantly greater than 
those in inactive CSS and the percentage of CD4+CD25+ T cells producing IL-10 (Tr1 cells) 
in active CSS significantly decreased than those in inactive CSS who achieved remission 
after treatment (Tr 1) (Fig. 9) (Saito et al., 2009). Th17 cells were identified as CD4+ T cells 
that produced mainly IL-17 and IL-22. Eosinophilia is a characteristic of CSS, and some 
reports suggest that the IL-25 produced by eosinophils promotes innate adaptive immunity 
by enhancing Th2 cytokine production (Terrier et al., 2010). We showed that the number of 
CD4+ T cells producing IL-17 or IL-22 in the peripheral blood of CSS patients increased at  
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Fig. 9. Th17 or Tr1 cells representing CD4+CD25+ T cells that produce IL-17 or IL-10 in 
relation to disease activity in CSS patients. * * P < 0.01, * P < 0.05. 
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relapse and that the numbers of these CD4+ T cells were correlated with the number of 
CD4+ T cells producing IL-25 (Fig.10) (Saito et al., 2011). Indoleamine 2, 3-dioxygenase 
(IDO) expression in monocytes from all CSS patients was positively correlated with the 
percentage of CD4+CD25+ Treg cells producing IL-10 and inversely correlated with the 
percentage of Th17 cells (Fig. 11) (Saito et al., 2011). Thus CSS relapse may be linked to 
elevated levels of CD4+ T cells producing IL-25, which promote Th2 inflammation and 
reduce Tr1 cell subpopulations, which also result from lower IDO expression in monocytes. 
Thus, the percentages of CD4+CD25+ Treg cells producing IL-10 and of Th17 cells reflect the 
disease activity of CSS (Fig. 11). 
Mononuclear leukocytes derived from patients from each group were stimulated with PMA 
and ionomycin in the presence of 10 g/mL of brefeldin A to generate and accumulate IL-
17. Statistical significance was tested using the Mann-Whitney U test. * * P < 0.01, * P < 0.05, 
NS: not significant. 
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(a)                                                   (b) 

Fig. 10. Correlation between IL-25 and Th17 cell generation.  
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Fig. 11. Monocyte IDO expression and CD4+CD25+ T cells that producing IL-10 and Th17 
cell detection. 
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We found a positive correlation between the percentage of CD4+ T cells producing IL-25 and 
the percentage of CD4+ T cells producing IL-17 (a) or IL-22 (Fig. 9b) in relapsed CSS patients. 
The increase in IL-25 may be linked to increased Th17 cell generation.  
IDO expression in monocytes from all CSS patients was positively correlated with the 
detection frequency of CD4+CD25+ T cells that producing IL-10and inversely correlated with 
the detection frequency of Th17 cells.  

2.4 Treatment 
The mainstay of treatment for CSS is systemic CS therapy. Additional treatments with 
immunosuppressive agents, such as CYC or azathioprine, may be used in some patients. 
Other treatment options include methotrexate, mycophenolate mofetil, rituximab, 
interferon-alpha, anti-IgE therapy, anti-IL-5 antibodies, anti-TNF-alpha (infliximab, 
etanercept, adalimumab), plasma exchange, and intravenous immunoglobulin (IVIG). 
Corticosteroids and immunosuppressants, especially CYC, have improved considerably 
most symptoms of vasculitis, particularly those involving the gastrointestinal system, skin, 
and lungs, as well as constitutional symptoms. However mononeuritis multiplex and heart 
failure in patients with CSS or ANCA-associated systemic vasculitis do not respond to 
combination therapy with CS and CYC (Abril et al., 2003; Hattori et al., 1999; Renaldini et 
al., 1993; Sehgal et al., 1995). IVIG therapy has been used to treat various diseases, including 
MPA, WG, and ANCA-associated systemic vasculitis (Jayne et al., 1991; Lockwood, 1996; 
Richter et al., 1995). Hamilos and Christensen were the first to report that eosinophilia in 
CSS is improved by treatment with IVIG (Hamilos & Christensen, 1991), and other 
investigators have since described successful treatment with IVIG of CSS itself (Armentia et 
al., 1993; Levy et al., 1999). We previously reported (Tsurikisawa et al., 2004) that IVIG 
therapy improved mononeuritis multiplex or heart failure in 14 of 15 patients with CSS who 
did not respond to combination therapy with CS and CYC. IVIG (400 mg) was given daily 
for 5 days. Neuropathy was evaluated by assessing manual muscle strength and skin 
temperature at affected sites. Cardiac function was evaluated by using ejection fraction 
assessment with echocardiography and two imaging tests of the myocardium (123I-meta-
iodobenzylguanidine (MIBG) and 201Tl). Peripheral eosinophil counts and CD69 expression 
on the surfaces of eosinophils were also examined. We found that manual muscle strength 
improved and the skin temperature of both hands and legs significantly increased on IVIG 
therapy (Fig. 12). In the five patients with heart failure, the ejection fraction of the left 
ventricle significantly increased from 35.2% to 61.0% (Fig. 13). Myocardial uptake of 
123MIBG significantly  increased, indicating improved myocardial viability (Fig. 14). 201Tl 
images showed a perfusion defect and, following IVIG therapy, improved blood perfusion. 
IVIG therapy did not, however, affect the peripheral blood eosinophil count, but it did 
downregulate the expression of CD69 (Fig. 15). This finding suggests that, in CSS, activated 
eosinophils survive even after CS or CYC treatment, and that IVIG therapy decreases the 
number of activated eosinophils that express early activation markers such as CD69. The 
progression of CSS may, therefore, be related more to the abundance of CD69-expressing 
eosinophils than to the total number of eosinophils. Thus, one mechanism by which IVIG 
therapy acts on CSS may be the inactivation of eosinophils. IVIG therapy may induce 
remission by ameliorating neuropathy and heart failure in those patients who are 
unresponsive to treatment with CSs or CYC. 
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relapse and that the numbers of these CD4+ T cells were correlated with the number of 
CD4+ T cells producing IL-25 (Fig.10) (Saito et al., 2011). Indoleamine 2, 3-dioxygenase 
(IDO) expression in monocytes from all CSS patients was positively correlated with the 
percentage of CD4+CD25+ Treg cells producing IL-10 and inversely correlated with the 
percentage of Th17 cells (Fig. 11) (Saito et al., 2011). Thus CSS relapse may be linked to 
elevated levels of CD4+ T cells producing IL-25, which promote Th2 inflammation and 
reduce Tr1 cell subpopulations, which also result from lower IDO expression in monocytes. 
Thus, the percentages of CD4+CD25+ Treg cells producing IL-10 and of Th17 cells reflect the 
disease activity of CSS (Fig. 11). 
Mononuclear leukocytes derived from patients from each group were stimulated with PMA 
and ionomycin in the presence of 10 g/mL of brefeldin A to generate and accumulate IL-
17. Statistical significance was tested using the Mann-Whitney U test. * * P < 0.01, * P < 0.05, 
NS: not significant. 
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Fig. 10. Correlation between IL-25 and Th17 cell generation.  
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Fig. 11. Monocyte IDO expression and CD4+CD25+ T cells that producing IL-10 and Th17 
cell detection. 
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We found a positive correlation between the percentage of CD4+ T cells producing IL-25 and 
the percentage of CD4+ T cells producing IL-17 (a) or IL-22 (Fig. 9b) in relapsed CSS patients. 
The increase in IL-25 may be linked to increased Th17 cell generation.  
IDO expression in monocytes from all CSS patients was positively correlated with the 
detection frequency of CD4+CD25+ T cells that producing IL-10and inversely correlated with 
the detection frequency of Th17 cells.  

2.4 Treatment 
The mainstay of treatment for CSS is systemic CS therapy. Additional treatments with 
immunosuppressive agents, such as CYC or azathioprine, may be used in some patients. 
Other treatment options include methotrexate, mycophenolate mofetil, rituximab, 
interferon-alpha, anti-IgE therapy, anti-IL-5 antibodies, anti-TNF-alpha (infliximab, 
etanercept, adalimumab), plasma exchange, and intravenous immunoglobulin (IVIG). 
Corticosteroids and immunosuppressants, especially CYC, have improved considerably 
most symptoms of vasculitis, particularly those involving the gastrointestinal system, skin, 
and lungs, as well as constitutional symptoms. However mononeuritis multiplex and heart 
failure in patients with CSS or ANCA-associated systemic vasculitis do not respond to 
combination therapy with CS and CYC (Abril et al., 2003; Hattori et al., 1999; Renaldini et 
al., 1993; Sehgal et al., 1995). IVIG therapy has been used to treat various diseases, including 
MPA, WG, and ANCA-associated systemic vasculitis (Jayne et al., 1991; Lockwood, 1996; 
Richter et al., 1995). Hamilos and Christensen were the first to report that eosinophilia in 
CSS is improved by treatment with IVIG (Hamilos & Christensen, 1991), and other 
investigators have since described successful treatment with IVIG of CSS itself (Armentia et 
al., 1993; Levy et al., 1999). We previously reported (Tsurikisawa et al., 2004) that IVIG 
therapy improved mononeuritis multiplex or heart failure in 14 of 15 patients with CSS who 
did not respond to combination therapy with CS and CYC. IVIG (400 mg) was given daily 
for 5 days. Neuropathy was evaluated by assessing manual muscle strength and skin 
temperature at affected sites. Cardiac function was evaluated by using ejection fraction 
assessment with echocardiography and two imaging tests of the myocardium (123I-meta-
iodobenzylguanidine (MIBG) and 201Tl). Peripheral eosinophil counts and CD69 expression 
on the surfaces of eosinophils were also examined. We found that manual muscle strength 
improved and the skin temperature of both hands and legs significantly increased on IVIG 
therapy (Fig. 12). In the five patients with heart failure, the ejection fraction of the left 
ventricle significantly increased from 35.2% to 61.0% (Fig. 13). Myocardial uptake of 
123MIBG significantly  increased, indicating improved myocardial viability (Fig. 14). 201Tl 
images showed a perfusion defect and, following IVIG therapy, improved blood perfusion. 
IVIG therapy did not, however, affect the peripheral blood eosinophil count, but it did 
downregulate the expression of CD69 (Fig. 15). This finding suggests that, in CSS, activated 
eosinophils survive even after CS or CYC treatment, and that IVIG therapy decreases the 
number of activated eosinophils that express early activation markers such as CD69. The 
progression of CSS may, therefore, be related more to the abundance of CD69-expressing 
eosinophils than to the total number of eosinophils. Thus, one mechanism by which IVIG 
therapy acts on CSS may be the inactivation of eosinophils. IVIG therapy may induce 
remission by ameliorating neuropathy and heart failure in those patients who are 
unresponsive to treatment with CSs or CYC. 
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Fig. 12. Manual muscle test. “Before therapy” indicates before treatment with corticosteroid 
or cyclophosphamide or both; before IVIG and after IVIG indicate before and after high-
dose intravenous immunoglobulin therapy, respectively. 
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Fig. 13. Ejection fraction as measured by using echocardiography. EF, ejection fraction 

Image analysis of MIBG was performed on the regions over the whole left ventricular 
myocardium and the upper mediastinal area. The heart to mediastinum (H/M) ratio was 
then determined from the cardiac 123I-MIBG images. The washout rate of MIBG within the 
myocardium was measured as a percent change in the left ventricular activity from early to 
delayed images within the left ventricular regions. 
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Fig. 14. The heart to mediastinum (H/M) ratio (A) and washout rate (B) of 123I-MIBG in 
patients with heart failure. 
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Fig. 15. Effect of intravenous immunoglobulin (IVIG) on CD69+ eosinophil production. 

However, administration of IVIG alone, without concomitant treatment with CSs and CYC 
as an initial treatment approach for CSS, did not improve vasculitic symptoms in various 
organs, including the digestive tract, skin and pulmonary infiltration. Furthermore, it had 
no effect on peripheral nerve damage, cardiac dysfunction, the number of eosinophils 
(including CD69+CCR3+-activated eosinophils), or the proportion of eosinophils with 
vacuole formation in white blood cells. This suggests that CS administration reduces 
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Fig. 12. Manual muscle test. “Before therapy” indicates before treatment with corticosteroid 
or cyclophosphamide or both; before IVIG and after IVIG indicate before and after high-
dose intravenous immunoglobulin therapy, respectively. 
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Image analysis of MIBG was performed on the regions over the whole left ventricular 
myocardium and the upper mediastinal area. The heart to mediastinum (H/M) ratio was 
then determined from the cardiac 123I-MIBG images. The washout rate of MIBG within the 
myocardium was measured as a percent change in the left ventricular activity from early to 
delayed images within the left ventricular regions. 
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Fig. 14. The heart to mediastinum (H/M) ratio (A) and washout rate (B) of 123I-MIBG in 
patients with heart failure. 
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Fig. 15. Effect of intravenous immunoglobulin (IVIG) on CD69+ eosinophil production. 

However, administration of IVIG alone, without concomitant treatment with CSs and CYC 
as an initial treatment approach for CSS, did not improve vasculitic symptoms in various 
organs, including the digestive tract, skin and pulmonary infiltration. Furthermore, it had 
no effect on peripheral nerve damage, cardiac dysfunction, the number of eosinophils 
(including CD69+CCR3+-activated eosinophils), or the proportion of eosinophils with 
vacuole formation in white blood cells. This suggests that CS administration reduces 
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eosinophil counts but does not reduce the percentage of activated eosinophils, and that IVIG 
administered with CSs may exhibit an adjuvant effect. IVIG should, therefore, not be used in 
place of conventional therapy with CSs or immunosuppressants such as CYC, except when 
patients are resistant to CS and CYC therapy (Guillevin & Pagnoux, 2003). 
After treatment with CSs, immunosuppressants, or IVIG therapy, paralysis—presenting as 
multiple mononeuropathy—often remains. We consider rehabilitation for multiple 
mononeuropathy just as important as the therapeutic management of these patients. We 
found that application of transdermal isosorbide dinitrate (ISDN) patches to the toes of the 
affected leg or hand produced warming and improved numbness (Fig. 16) (Tsurikisawa et 
al., 2003). Application of ISDN patches to the affected leg or hand also increased the skin 
temperature, not only on the affected side but also on the contralateral site. The mechanism 
involves an increase in blood flow, via local and systemic vasodilating effects, in the region 
where the ISDN patches are applied; this reduces hyperalgesia and blocks neurogenic 
inflammation, leading to improved nerve conduction by increasing neuronal postsynaptic 
cyclic GNP levels. 
 

32.7℃ 25.7℃ 35.1℃ 35.8℃

Without ISDN patches
With ISDN patches
on the affected side

Peripheral skin 
temperature 

 
Fig. 16. Skin temperature after application of ISDN patches to an affected leg. The skin 
temperature increased not only in the affected leg, but also on the contralateral side.  

2.5 Prognosis 
Before the use of CSs, the mortality rate of CSS was approximately 50% within 3 months of 
diagnosis (Gayraud et al., 2001; Guillevin et al., 1999). Other reports suggest a 5-year 
survival rate for CSS of 62% to 80% (Chumbley et al., 1977; Gayraud et al., 2001; Guillevin et 
al., 1996; Lane et al., 2005). Most deaths result from complications of the vasculitic phase of 
the disease and are due to cardiac failure or myocardial infarction, cerebral hemorrhage, 
renal failure, gastrointestinal bleeding, or status asthmaticus. The presence or absence of the 
features that make up the five-factor score (FFS) [cardiac involvement, gastrointestinal 
disease (bleeding, perforation, infarction or pancreatitis), renal insufficiency (creatinine 
concentration >1.6 mg/dl; proteinuria >1 g/day), and central nervous system involvement] 
has been used to predict survival in CSS (Gayraud et al., 2001; Guillevin et al., 1996). Of the 
five elements of the FFS, cardiac involvement and gastrointestinal disease appear to be the 
strongest indicators of poor prognosis (Guillevin et al., 1999). According to published 
reports, the remission rate in CSS ranges from 81% to 91% and the relapse rate ranges from 
20% to 60% (Mukhtyar et al., 2008; Pavone et al., 2006. Gastrointestinal involvement, ANCA 
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persistent positivity, and a rise in ANCA titer are also risk factors for relapse. We reported 
that cardiac sympathetic nerve function was damaged in CSS patients with cardiac 
involvement and that 123I-MIBG scintigraphy was useful for detecting cardiac involvement 
and predicting cardiac events (Horiguchi et al., 2011). 123I-MIBG scintigraphy was 
performed in 28 patients with CSS, 12 of whom had cardiac involvement, and the early and 
delayed heart to mediastinum ratio (early H/M and delayed H/M) and washout rate were 
calculated. We found that early H/M and delayed H/M were significantly lower, and the 
washout rate was significantly higher, in patients with cardiac involvement than in control 
patients and those without cardiac involvement (early H/M, P = 0.0024, P = 0.0001; delayed 
H/M, P = 0.0002, P = 0.0001; washout rate, P = 0.0012, P = 0.0052; vs. those without cardiac 
involvement and vs. control patients, respectively). Accuracy in detecting cardiac 
involvement was 86% for delayed H/M and the washout rate and 79% for early H/M and 
B-type natriuretic peptide (BNP). Kaplan-Meier analysis showed significantly lower cardiac-
event-free rates in patients with early H/M ≤2.18 and BNP >21.8 pg/mL than in patients 
with early H/M >2.18 and BNP ≤21.8 pg/mL (log rank test P = 0.006). 

3. Conclusion 
A prognosis of CSS suggests a 5-year survival rate in the range of 62% to 80%, which is far 
from ideal. CSS involves multilateral systemic vasculitis that shares many clinical 
characteristics with other ANCA-associated vasculitides, potentially causing a necrotizing 
process that can involve any organ or system. The clinical features of CSS reflect the 
pathogenic role of peripheral blood and tissue hypereosinophilia, which can directly 
contribute to damage of primary organs. These two aspects of the disease complicate 
diagnosis and the initiation of pharmacologic treatment. The mainstay of treatment for CSS 
is CSs or CYC or both; however, patients with CSS who experience mononeuritis multiplex 
or heart failure do not respond to combination therapy with CSs and CYC. We 
recommended IVIG therapy, in addition to conventional therapy, for CSS patients with 
severe neuropathy or heart failure who fail to respond to combination therapy with CSs and 
CYC. IVIG treatment not only decreases the number of activated eosinophils expressing 
CD69+CCR3+ but also could reduce the amount of CS needed for maintenance of remission 
in CSS (Danieli et al. 2004). Increased availability of novel therapies for CSS, together with a 
better understanding of the pathogenesis of the disease, should improve the long-term 
management of this condition. 
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eosinophil counts but does not reduce the percentage of activated eosinophils, and that IVIG 
administered with CSs may exhibit an adjuvant effect. IVIG should, therefore, not be used in 
place of conventional therapy with CSs or immunosuppressants such as CYC, except when 
patients are resistant to CS and CYC therapy (Guillevin & Pagnoux, 2003). 
After treatment with CSs, immunosuppressants, or IVIG therapy, paralysis—presenting as 
multiple mononeuropathy—often remains. We consider rehabilitation for multiple 
mononeuropathy just as important as the therapeutic management of these patients. We 
found that application of transdermal isosorbide dinitrate (ISDN) patches to the toes of the 
affected leg or hand produced warming and improved numbness (Fig. 16) (Tsurikisawa et 
al., 2003). Application of ISDN patches to the affected leg or hand also increased the skin 
temperature, not only on the affected side but also on the contralateral site. The mechanism 
involves an increase in blood flow, via local and systemic vasodilating effects, in the region 
where the ISDN patches are applied; this reduces hyperalgesia and blocks neurogenic 
inflammation, leading to improved nerve conduction by increasing neuronal postsynaptic 
cyclic GNP levels. 
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Fig. 16. Skin temperature after application of ISDN patches to an affected leg. The skin 
temperature increased not only in the affected leg, but also on the contralateral side.  

2.5 Prognosis 
Before the use of CSs, the mortality rate of CSS was approximately 50% within 3 months of 
diagnosis (Gayraud et al., 2001; Guillevin et al., 1999). Other reports suggest a 5-year 
survival rate for CSS of 62% to 80% (Chumbley et al., 1977; Gayraud et al., 2001; Guillevin et 
al., 1996; Lane et al., 2005). Most deaths result from complications of the vasculitic phase of 
the disease and are due to cardiac failure or myocardial infarction, cerebral hemorrhage, 
renal failure, gastrointestinal bleeding, or status asthmaticus. The presence or absence of the 
features that make up the five-factor score (FFS) [cardiac involvement, gastrointestinal 
disease (bleeding, perforation, infarction or pancreatitis), renal insufficiency (creatinine 
concentration >1.6 mg/dl; proteinuria >1 g/day), and central nervous system involvement] 
has been used to predict survival in CSS (Gayraud et al., 2001; Guillevin et al., 1996). Of the 
five elements of the FFS, cardiac involvement and gastrointestinal disease appear to be the 
strongest indicators of poor prognosis (Guillevin et al., 1999). According to published 
reports, the remission rate in CSS ranges from 81% to 91% and the relapse rate ranges from 
20% to 60% (Mukhtyar et al., 2008; Pavone et al., 2006. Gastrointestinal involvement, ANCA 
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persistent positivity, and a rise in ANCA titer are also risk factors for relapse. We reported 
that cardiac sympathetic nerve function was damaged in CSS patients with cardiac 
involvement and that 123I-MIBG scintigraphy was useful for detecting cardiac involvement 
and predicting cardiac events (Horiguchi et al., 2011). 123I-MIBG scintigraphy was 
performed in 28 patients with CSS, 12 of whom had cardiac involvement, and the early and 
delayed heart to mediastinum ratio (early H/M and delayed H/M) and washout rate were 
calculated. We found that early H/M and delayed H/M were significantly lower, and the 
washout rate was significantly higher, in patients with cardiac involvement than in control 
patients and those without cardiac involvement (early H/M, P = 0.0024, P = 0.0001; delayed 
H/M, P = 0.0002, P = 0.0001; washout rate, P = 0.0012, P = 0.0052; vs. those without cardiac 
involvement and vs. control patients, respectively). Accuracy in detecting cardiac 
involvement was 86% for delayed H/M and the washout rate and 79% for early H/M and 
B-type natriuretic peptide (BNP). Kaplan-Meier analysis showed significantly lower cardiac-
event-free rates in patients with early H/M ≤2.18 and BNP >21.8 pg/mL than in patients 
with early H/M >2.18 and BNP ≤21.8 pg/mL (log rank test P = 0.006). 

3. Conclusion 
A prognosis of CSS suggests a 5-year survival rate in the range of 62% to 80%, which is far 
from ideal. CSS involves multilateral systemic vasculitis that shares many clinical 
characteristics with other ANCA-associated vasculitides, potentially causing a necrotizing 
process that can involve any organ or system. The clinical features of CSS reflect the 
pathogenic role of peripheral blood and tissue hypereosinophilia, which can directly 
contribute to damage of primary organs. These two aspects of the disease complicate 
diagnosis and the initiation of pharmacologic treatment. The mainstay of treatment for CSS 
is CSs or CYC or both; however, patients with CSS who experience mononeuritis multiplex 
or heart failure do not respond to combination therapy with CSs and CYC. We 
recommended IVIG therapy, in addition to conventional therapy, for CSS patients with 
severe neuropathy or heart failure who fail to respond to combination therapy with CSs and 
CYC. IVIG treatment not only decreases the number of activated eosinophils expressing 
CD69+CCR3+ but also could reduce the amount of CS needed for maintenance of remission 
in CSS (Danieli et al. 2004). Increased availability of novel therapies for CSS, together with a 
better understanding of the pathogenesis of the disease, should improve the long-term 
management of this condition. 
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1. Introduction  
The vasculitides include a broad spectrum of disorders that span a clinical spectrum from 
benign, self-limited disease to fulminant conditions that are fatal in the absence of therapy. 
Whereas the large-vessel vasculitides consist of 2 principal disorders, giant cell arteritis and 
Takayasu arteritis, the medium- and small-vessel vasculitides are much more diverse, 
including multiple diseases that can affect nearly every organ system (Seo & Stone, 2007). 
This article is the second of a 2-part series that focuses on the challenges faced by clinicians 
who care for patients with vasculitis. The first article in this series discussed the large-vessel 
vasculitides. The problem of systemic autoimmune diseases such as systemic vasculitis with 
vascular lesions of medium and small vessels, including: Wegener granulomatosis, Churg-
Strauss syndrome, microscopic poliangiitis, nodose poliarteriitis, attracts every year more 
attention of doctors, due to the worldwide relentless increase of patients with these diseases 
(Lhote & Guillevin, 2009; Tsukadaira, 2009). Recently, several reports have suggested that 
vasculitis is becoming more common. 
Systemic vasculitis is a group of heterogeneous diseases (syndromes), characterized by 
inflammation and damage to blood vessels and which compromises or destroys the vessel 
wall leading to haemorrhagic and  or ischaemic events, giving impetus to the development 
of a wide spectrum of symptoms and signs. The forms of vasculitis may be varied: primary 
[idiopathic, e.g. cutaneous leukocytoclastic angiitis, Wegener’s granulomatosis, Churg–
Strauss syndrome and microscopic polyangiitis ] and secondary [a manifestation of 
connective tissue disease, infection, adverse drug eruption, or a paraneoplastic 
phenomenon], local and generalized, transient, recurrent and chronic; included group of 
diseases in which vasculitis is a primary characteristic. They are general in nature, though 
sometimes a local clinic can manifest symptoms. General damage of blood vessels may 
occasionally appear and disappear, but in most cases there are long-term. Each new 
escalation leads to the increase of clinical symptoms. Clinical implications of SV course 
depend on a number of factors, including etiology, location, size and number of blood 
vessels, the extent and severity of disease, its activity and nature of treatment. 
Systemic vasculitis as the existing disease was first described by A. Cussmaul and I. Maier, 
when they reported a case of necrotizing arteritis and called it nodose periarteriitis. There 
are over twenty different forms of Systemic vasculitis. One of the first classification was 
their classification by P. Zeek's, which included five categories of Systemic vasculitis: nodose 
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diseases in which vasculitis is a primary characteristic. They are general in nature, though 
sometimes a local clinic can manifest symptoms. General damage of blood vessels may 
occasionally appear and disappear, but in most cases there are long-term. Each new 
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Systemic vasculitis as the existing disease was first described by A. Cussmaul and I. Maier, 
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are over twenty different forms of Systemic vasculitis. One of the first classification was 
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periarteriitis, hypersensitivity angiitis, allergic granulomatous angiitis, rheumatic angiitis, 
temporal arteritis. It was based on pathological data and damage and on their sizes. On the 
basis of etiologic and pathogenetic, clinical and pathomorphological criteria has been done 
many classifications of SV. But they are all flawed, because there are several factors that may 
affect the objectivity of classification opinions. They include: location and technology 
collection of fabrics, including various vascular pools, the possibility of angiography, 
variability in cellular composition depending on the morphogram stage, previous treatment 
options etc.  
Primary systemic vasculitis has an incidence of more than 100 new cases per million. 
Currently, the most widely adopted vasculitis classification system is that of Chapel Hill 
Consensus Conference (CHCC), which is based on pathological criteria. The other widely 
used system is that of the American College of Rheumatology (ACR), which is based 
predominately on clinical findings. 
The etiology of the systemic vasculitis is largely unknown, although they are widely believed 
to be autoimmune in origin, triggered by different environmental events.  Epidemiologic 
studies have indicated factors, including silica exposure, infection, seasonal variation in 
occurrence, drugs, ultraviolet radiation and vitamin D, latitudinal gradient and etc. 
Pathogenic mechanisms remain uncertain. In the modern literature widely discusses the 
pathogenic role in the development of systemic vasculitis of neutrophils, eosinophils, 
antineutrophil cytoplasmic antibodies, circulating immune complexes, lymphocytes, 
cytokines, total IgE and etc. 
In general, systemic symptoms accompany all cutaneous vasculitic syndromes, and these 
symptoms include fever, malaise, weight loss, arthritis and  or arthralgias. In the majority of 
patients, vasculitic lesions will affect the lower extremities, mostly at dependent sites or 
underlying tight-fitting clothes. Upper extremity, trunk and head and neck involvement are 
infrequent and often signal the presence of more severe disease or coexisting systemic 
vasculitis.  The subtlety and diversity of symptoms in the initial phase of vasculitis can be a 
real diagnostic problem, and thus early recognition of a vasculitic condition relies on the 
experience of a team of dedicated professionals from several different subspecialties, 
including laboratory medicine. The initial assessment will be to make a diagnosis, categorize 
disease severity and formulate a management plan. A structured approach, based on careful 
disease staging and evaluation, is the cornerstone of good disease management. Initial 
evaluation includes a comprehensive clinical assessment, serological tests, radiology and 
histology. The first step in the patients management is clinical history and examination, the 
second one of the initial investigations include full blood count, inflammatory markers [C-
reactive protein (CRP) and erythrocyte sedimentation rate (ESR)], renal function such as 
epidermal growth factor receptor (eGFR) and serology to include antiglomerular basement 
membrane antibodies. Inflammatory markers provide a non-specific tool for assessing 
inflammatory activity and monitoring treatment. Urinalysis detects proteinuria and 
haematuria.  
Specific diadnostic is based on detection of specific markers: characteristic autoantibodies 
are formed towards enzymes and bactericidal proteins within the cytoplasmic granules of 
neutrophils and monocytes in a substantial proportion of patients with systemic vasculitis 
manifesting as Wegener’s granulomatosis, microscopic polyangiitis and Churg–Strauss 
syndrome, as well as in patients with limited forms of these conditions. Histological 
examination of biopsy material is useful in confirming a diagnosis in the context of clinical 
findings and laboratory data. Also, skin biopsy is the gold standard for the diagnosis of 
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vasculitis type. For subsequent evaluations, it is effective and practical to measure clinical 
disease status for most patients with small and medium vessel vasculitis. Therapy is based 
on the pattern of vasculitis and on careful evaluation of the extent and activity of disease. 
The treatment of vasculitis comprises induction of remission followed by maintenance. 
Remission should be induced rapidly, balancing potential target organ damage against drug 
toxicity. Maintenance with immunosuppression should limit the amount of corticosteroid 
use and prevent relapse. Concomitant medication is used to treat or prevent adverse events 
from immunosuppressive treatment.  

2. Connection between systemic vasculitis, bronchial asthma, eosinophilic 
syndrome and churg-strauss syndrome  
The unreleased question of eiosinophilic background in patients with systemic vasculitis 
and its influence on the disease activity, is very actual today. The most important 
eosinophilic-associated systemic vasculitis between all vascular processes is Churg-Strauss 
syndrome, that occur with eosinophilia asdiagnostic criterion due to ACR,1990. Since its first 
description as allergic granulomatous angiitis in 1951 (Churg and Strauss, 1951), and 
subsequently its affiliation with the small-sized vessel systemic necrotizing vasculitides and, 
more specifically, the so-called subgroup of antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitides in the early 1990s, knowledge about the pathophysiological 
mechanisms of Churg-Strauss syndrome has greatly improved. Its natural clinical history 
and progression are better understood, but the syndrome’s potential subsets are not yet 
totally elucidated. Major advances have also been made in the therapeutic management of 
affected patients, but much remains to be done because sustained off-treatment remissions 
are quite rare and patients often require a long-term low-dose corticosteroid therapy (Cohen 
et al., 2007; Ribi et al., 2008). International studies and workshops on vasculitis classification, 
immunology, genetics, and treatments are ongoing or planned. Here, we review the current 
known aspects of Churg-Strauss syndrome (Pagnoux, 2010).  Churg-Strauss syndrome is a 
rare disease, with an annual incidence ranging between 0.5 and 6.8 per million inhabitants 
and a prevalence of 10.7-14 per million inhabitants (Pagnoux et al., 2007; Watts et al., 2005), 
with a mean age at onset around 50 years and no sex preponderance. No strong evidence of 
a differential geographical distribution pattern has been reported so far, nor a blatant 
change in its frequency over the past decades. However, some studies reported a slightly 
higher prevalence in northern, as opposed to southern, Europe, and in urban, as compared 
to rural, regions. 
Several exogenous triggering factors for disease onset or flares have been identified or, more 
cautiously, suspected in some European or North American studies. They include 
vaccinations, desensitizations, and drugs, such as macrolides, carbamazepine, quinine, and 
also anti-asthma agents, like leukotriene-receptor antagonists and, more recently, 
omalizumab, a recombinant monoclonal anti-immunoglobulin E (IgE) antibody (Bibby et al., 
2010; Pagnoux et al., 2007). These latter two often provide the opportunity for substantial 
tapering or withdrawal of corticosteroids in asthmatic patients, thereby unmasking an 
underlying ‘forme fruste’ of Churg-Strauss syndrome, which had so far been controlled by 
corticosteroids, but a direct triggering role of these agents cannot be excluded (Bibby et al., 
2010). Whether or not “common” asthma represents a risk factor for Churg-Strauss 
syndrome per se has not been clearly determined, because both conditions share some 
underlying mechanisms. The earliest studies reported a higher annual incidence of Churg-
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Strauss syndrome in asthmatic patients treated with non-leukotriene-modifying asthma 
drugs (64.4 per million asthmatics) or a leukotriene-receptor antagonist (about 60 per 
million asthmatics). A more recent study reported a somewhat lower Churg-Strauss 
syndrome incidence of 34.6 per million asthmatics per year (Harrold et al., 2005), which 
remains higher than in the general population; but other reported incidences varied from 0 
to 67 according to disease definition. Whereas asthma often clusters in families, familial 
cases of Churg-Strauss syndrome are exceptional, diminishing the gene and environmental 
factor impact on the latter. However, results of several genetic studies suggested some 
predisposing hereditary factors, like the HLA-DRB1*04 and HLA-DRB1*07 alleles and the 
HLA-DRB4 gene, which are more frequent in Churg-Strauss syndrome patients than healthy 
controls, the interleukin IL10.2 haplotype, which is associated with enhanced IL-10 
expression, and possibly the CD226 Gly307Ser polymorphism (Wieczorek et al., 2010).  
Its most typical presentation consists of the appearance, in a patient with late-onset asthma, 
of vasculitic manifestations, like fever, cutaneous purpura and mononeuritis multiplex. In 
such a setting, the combination of blood eosinophilia and inflammatory syndrome is highly 
suggestive of the diagnosis, which can be further supported by the detection of 
antineutrophil cytoplasmic antibodies (ANCA), especially P-ANCA (perinuclear-ANCA) 
with anti-myeloperoxidase specificity and the presence of eosinophilic granulomas and/or 
necrotizing vasculitis in an affected-tissue biopsy. Asthma is the most common sign of 
Churg-Strauss syndrome, but Churg-Strauss syndrome can cause a variety of problems, 
ranging from hay fever, rash and gastrointestinal bleeding, to severe pain and numbness in 
your hands and feet. The wide range of symptoms — and their similarity to symptoms of 
other disorders — make Churg-Strauss syndrome challenging to diagnose. Biological 
phenotypes of interest for assessing severity of Churg-Strauss syndrome may be IgE level, 
ANCA,  cytokines (IL-2, 4, 5, 10) and eosinophilia. Phenotypes other than usual Churg-
Strauss syndrome need to be considered. Phenotypic heterogeneity may help to disentangle 
etiologic heterogeneity. Churg-Strauss syndrome, its verification and activity could be 
mediated by different pathogenetic mechanisms and realized mediators, such as ANCA, 
eosinophils, cytokines, total  IgE etc. Severity of eosinophilia in patients with Churg-Strauss 
syndrome represents a clinical subphenotype of interest, and studying severe eosinophilia 
(extreme phenotype) may increase the power to detect linkage. It would be useful to define 
Churg-Strauss syndrome phenotypes unencumbered by the activity of disease, which may 
depend heavily on nongenetic factors, and free of gene-trigger interactions. Besides the 
activity, environmental factors and inadequate treatment can modify the severity of the 
Churg-Strauss syndrome phenotype. Consideration of treatment as a marker of severity 
implies that the relevant phenotype for etiological research is masked by the treatment. 
Intermediate Phenotypes  
Intermediate phenotypes are important with respect to pleiotropy and etiological 
heterogeneity. Bronchial hyperresponsiveness, total IgE, eosinophilia, ANCA-presence and 
vacular involvement  are usually considered intermediate phenotypes for Churg-Strauss 
syndrome.   

Refinement of Phenotypes 
Considering environmental factors and potential interactions with genetic factors may 
increase our ability to detect genetic factors in multifactorial diseases such as Churg-Strauss 
syndrome.  
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There is increasing evidence that the associations of ANCAs, total IgE, and eosinophilia with 
environmental and clinical factors are different in patients with Churg-Strauss syndrome 
and different eosinophilia severity. 
The most typical clinical presentation of Churg-Strauss syndrome is the appearance of 
vasculitic manifestations in a patient with known allergic rhinitis, nasal and sinus polyposis, 
and late-onset asthma (almost constant, and usually preexisting for 5-10 years). General 
symptoms (i.e., fever or weight loss), mononeuritis multiplex, and/or necrotic cutaneous 
purpura are the most frequent manifestations at disease onset, in combination with elevated 
blood eosinophilia and inflammatory syndrome. The detection of ANCA, especially P-
ANCA (with perinuclear labeling pattern in indirect immunofluorescence) with anti-
myeloperoxidase (antiMPO) specificity (in enzyme-linked immunosorbent assay), strongly 
supports the diagnosis, but they are present in only 35-40% of the patients (Sablé-Fourtassou 
et al., 2005; Sinico &Bottero, 2009). While Lanham et al. (1984) commendably described in 
the 1980s that Churg-Strauss disease most typically emerges through 3 successive phases 
(prodromic phase, with asthma and allergic manifestations; then, eosinophil infiltration into 
tissues, especially lung and/or myocardium; and eventually, systemic and vasculitic phase), 
not all patients experience this clear-cut stepwise progression and many have overlapping 
manifestations from these different phases.  
In addition to almost constant asthma and airflow obstruction, lung manifestations include 
patchy and transient alveolar (eosinophilic) infiltrates and/or pleurisy, and, rarely, lung 
non-excavated nodules or alveolar hemorrhage. Allergic rhinitis, sinusitis, and/or nasal 
polyposis can be observed in 60-80% of the patients. Notably, Churg-Strauss syndrome 
patients must be evaluated for heart involvement, because it carries a poor prognosis, has 
therapeutic implications, and can be paucisymptomatic. In the earliest studies, heart 
involvement was reportedly occurring in up to 50-60% of the patients (Pagnoux, 2010) and 
represented the major cause of mortality, accounting for 48% of patient deaths (Pagnoux, 
2010). In more recent reports, outcomes were better. For instance, Neumann et al. (2009) 
reported that there were “only” two deaths from severe endomyocarditis among the 22 
patients with cardiac involvement, with recovery of nearly normal cardiac function in 
almost all of the survivors. 
However, the reported cardiac manifestations and their frequencies are strongly dependent 
on which cardiac investigations were done. Cardiac magnetic resonance imaging might 
reveal clinically silent and echographically undisclosed myocardial involvement, whose 
clinical significance is uncertain today (Bhagirath et al., 2009; Neumann et al., 2009). Cardiac 
screening with magnetic resonance imaging can better delineate inflammatory pericardial 
involvement and reveal microvasculitis of the epi- and myocardial vessels, endo- and/or 
myocardial inflammation, and/or less reversible fibrosis. These are supposedly attributable 
to eosinophil infiltration and/or ischemic lesions due to coronary artery vasculitis, which, 
nonetheless, is rare in Churg-Strauss syndrome (Bhagirath et al., 2009). Intraventricular 
thrombi are other, but rare, possible cardiovascular abnormalities, usually also visible on 
echocardiography. Positron-emission tomography has also been used to evaluate cardiac 
involvement, with some interesting results. 
The aim of this study was to analyze clinical, morphological and immunological features in 
patients with Churg-Strauss syndrome in comparison to the patients with bronchial asthma 
and systemic vasculitis with eosinophilia and to study eosinophils influence on vasculitis, 
especially Churg-Strauss, progression and complication. 
The recognition of eosinophils as complex immunomodulatory cells has been increasing in 
recent years. Eosinophils are derived from hematopoietic stem cells that are committed 
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initially to the myeloid and subsequently to the basophil-eosinophil granulocyte lineage 
(Tefferi, 2005). The material in these granules includes cationic proteins major basic protein, 
eosinophilic cationic protein, eosinophil-derived neurotoxin, eosinophil peroxidase), 
cytokines (interleukins [ILs], tumor necrosis factor), and lipid mediators (leukotriene C4) 
(Rothenberg, 1998). Interleukin 5 is considered the major eosinophil growth and survival 
factor, whereas chemokines (eotaxin, platelet-activating factor, RANTES [regulated on 
activation, normal T expressed and secreted]) and endothelial adhesion molecules 
(integrins, vascular cell adhesion molecules) contribute to eosinophil trafficking (Elsner & 
Kapp, 2001; Tefferi, 2005). Major basic protein, eosinophil cationic protein, and eosinophil-
derived neurotoxin are the primary mediators of eosinophil-associated toxicity to microbes 
(parasites, protozoa, bacteria, viruses) and human tissue (myocarditis, pneumonitis, 
dermatitis, neuropathy, vasculitis) (Gleich, 2009). The lung and gastrointestinal systems 
constitute the main residence for eosinophils. Blood eosinophilia (absolute eosinophil count 
[AEC] ≥600 cells/μL) is the usual initial clue for the presence of an eosinophilic disorder. 
The degree of blood eosinophilia, in the absence of active treatment, can be categorized into 
mild (AEC 600-1500 cells/μL), moderate (AEC 1500-5000 cells/μL), or severe (AEC >5000 
cells/μL) (Brito-Babapulle, 2003; Tefferi, 2005). Target organ damage is unusual with mild 
eosinophilia, but its occurrence in association with moderate to severe eosinophilia does not 
appear to depend on the specific cause of eosinophilia. The eosinophil has been perceived as 
a terminal effector cell in allergic airway diseases. However, recent work has shown that this 
multifunctional cell could be more involved in the initial stages of allergic disease 
development than was previously thought, particularly with regard to the ability of the 
eosinophil to modulate T-cell responses. In this review, we discuss recent advances that 
suggest that eosinophils can present antigen to naïve as well as to antigen experienced T 
cells, induce T helper 2 cell development, cytokine production or both, and affect T-cell 
migration to sites of inflammation. These findings are changing the way that eosinophil 
function in disease is perceived, and represent a shift in the dogma of allergic disease 
development (Walsh & August, 2010).  
The pathogenesis of eosinophilia and tissue damage in Churg-Strauss syndrome is yet unclear, 
but an unknown allergen or environmental trigger is thought to provoke fatal consequences in 
pre-sensitized asthma patients. On a cellular level, a strong shift towards a Th2-like response 
with massive T-cell activation is evident (Walsh & August, 2010). In vitro, T-cell lines from 
Churg-Strauss syndrome patients produce significant amounts of IL-4 and -13 (Rothenberg, 
1998). This is underlined by the fact that active CSS patients have usually high serum levels of 
IgE and IgE-containing immune complexes (Gleich, 2009). In tissue biopsies, granulomatous 
vasculitic lesions filled with eosinophils, macrophages and lymphocytes are observed (Elsner 
& Kapp, 2001). Local activation with degranulation of eosinophils and subsequent release of 
granule proteins such as eosinophil-derived neurotoxin (EDN) and major basic protein (MBP) 
is thought to contribute to vasculitic damage.  
However, the molecules specifically contributing to eosinophilia and subsequent 
degranulation in Churg-Strauss syndrome are enigmatic. Recently, animal and human studies 
have revealed the role of a chemokine family (‘eotaxins’) involved in tissue eosinophilia and 
eosinophil maturation in allergic asthma and eosinophilic oesophagitis (EO) (Gleich, 2009). To 
date, three members of the eotaxin family have been described: eotaxin-1 (CCL11), eotaxin-2 
(CCL24) and eotaxin-3 (CCL26). All eotaxins bind to and activate chemokine receptor 3 (CCR3) 
but have little homology and seem to possess different physiological properties. We 
hypothesized that these eotaxins might play a role in eosinophilia in Churg-Strauss syndrome 
and thus compared serum levels of eotaxin-1, -2 and -3 in active and inactive Churg-Strauss 
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syndrome patients with healthy controls (HC). Furthermore, we determined local expression 
of eotaxin-3 at sites of active disease in Churg-Strauss syndrome.  
Skin biopsy is the gold standard for the diagnosis of cutaneous vasculitis, whose 
manifestations include urticaria, infiltrative erythema, petechiae, purpura, purpuric 
papules, haemorrhagic vesicles and bullae, nodules, livedo racemosa, deep (punched out) 
ulcers and digital gangrene. Skin biopsy, extending to subcutis and taken from the earliest, 
most symptomatic, reddish or purpuric lesion is crucial for obtaining a high-yielding 
diagnostic sample. Based on histology, vasculitis can be classified on the size of vessels 
affected and the dominant immune cell mediating the inflammation (e.g. neutrophilic 
granulomatous, lymphocytic, or eosinophilic).  
Disruption of small vessels by inflammatory cells, deposition of fibrin within the lumen and 
 or vessel wall coupled with nuclear debris allows for the confident recognition of small 
vessel, mostly neutrophilic vasculitis (also known as leukocytoclastic vasculitis). 
The main histopathological features in the cutaneous lesions of Churg-Strauss syndrome are 
dermal leukocytoclastic vasculitis with a variable eosinophilic infiltrate and non-vasculitic 
tissue eosinophilia with granuloma formation. This wide histopathological spectrum may 
account for the various skin manifestations of Churg-Strauss syndrome. However, the 
unique histopathological combination of dermal eosinophilic vasculitis and subcutaneous 
granulomatous phlebitis accompanied by bulla formation has not been previously 
described. We report an unusual Churg-Strauss syndrome case showing dermal necrotizing 
eosinophilic vasculitis and granulomatous phlebitis in purpuric lesions coupled with 
subepidermal blistering. The blisters showed dermal granulomatous dermatitis and 
eosinophilia without evidence of vasculitis. Dermal necrotizing eosinophilic vasculitis was 
characterized by fibrinoid alteration of the vessel wall, a prominent perivascular 
eosinophilic infiltrate, a few infiltrating histiocytes along the affected vessel wall, and the 
absence of neutrophilic infiltration. The underlying subcutaneous granulomatous phlebitis 
was characterized by an angiocentric histiocytic infiltrate surrounded by marked 
eosinophilic infiltrate. Deposition of cytotoxic proteins and radicals derived from 
eosinophils in the vessel walls and papillary dermis followed by a secondary 
granulomatous response may account for the unique clinical and histopathological features 
in this case (Gleich, 2009; Pagnoux, 2010). 

3. Results of the research 
We identified 30 unselected consecutive patients in whom Churg-Strauss syndrome (14 men 
and 16 women) aged from 19 to 78 years (40,35 ± 2,99 years) was diagnosed clinically at 
internal medicine departments (nephrology, clinical immunology and rheumatology, 
pulmonology, neurology, and others) in Lviv oblast clinical hospital and immunologicaly – 
at the department of clinical immunology and allegrology of Lviv national medical 
university and at West-Ukrainian medical center of clinical immunology and allergology in 
Ukraine between 2000 and 2010. There were observed 30 patients with bronchial asthma (15 
men and 15 women) aged from 18 to 70 years (31,9 ± 4,4 years) and 19 patients with 
systemic vasculitis with eosinophilia (8 men and 11 women) aged from 19 to 78 years (37,6 ± 
3,8 years) and consulted at the department of clinical immunology and allegrology of Lviv 
national medical university and at West-Ukrainian medical center of clinical immunology 
and allergology in Ukraine between 2000 and 2010. We examined the medical records of all 
these patients. Churg-Strauss syndrome was defined according to the Chapel Hill 
Consensus Conference nomenclature (Rothenberg, 1998). The classification criteria for 
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initially to the myeloid and subsequently to the basophil-eosinophil granulocyte lineage 
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(Rothenberg, 1998). Interleukin 5 is considered the major eosinophil growth and survival 
factor, whereas chemokines (eotaxin, platelet-activating factor, RANTES [regulated on 
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development than was previously thought, particularly with regard to the ability of the 
eosinophil to modulate T-cell responses. In this review, we discuss recent advances that 
suggest that eosinophils can present antigen to naïve as well as to antigen experienced T 
cells, induce T helper 2 cell development, cytokine production or both, and affect T-cell 
migration to sites of inflammation. These findings are changing the way that eosinophil 
function in disease is perceived, and represent a shift in the dogma of allergic disease 
development (Walsh & August, 2010).  
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but an unknown allergen or environmental trigger is thought to provoke fatal consequences in 
pre-sensitized asthma patients. On a cellular level, a strong shift towards a Th2-like response 
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Churg-Strauss syndrome patients produce significant amounts of IL-4 and -13 (Rothenberg, 
1998). This is underlined by the fact that active CSS patients have usually high serum levels of 
IgE and IgE-containing immune complexes (Gleich, 2009). In tissue biopsies, granulomatous 
vasculitic lesions filled with eosinophils, macrophages and lymphocytes are observed (Elsner 
& Kapp, 2001). Local activation with degranulation of eosinophils and subsequent release of 
granule proteins such as eosinophil-derived neurotoxin (EDN) and major basic protein (MBP) 
is thought to contribute to vasculitic damage.  
However, the molecules specifically contributing to eosinophilia and subsequent 
degranulation in Churg-Strauss syndrome are enigmatic. Recently, animal and human studies 
have revealed the role of a chemokine family (‘eotaxins’) involved in tissue eosinophilia and 
eosinophil maturation in allergic asthma and eosinophilic oesophagitis (EO) (Gleich, 2009). To 
date, three members of the eotaxin family have been described: eotaxin-1 (CCL11), eotaxin-2 
(CCL24) and eotaxin-3 (CCL26). All eotaxins bind to and activate chemokine receptor 3 (CCR3) 
but have little homology and seem to possess different physiological properties. We 
hypothesized that these eotaxins might play a role in eosinophilia in Churg-Strauss syndrome 
and thus compared serum levels of eotaxin-1, -2 and -3 in active and inactive Churg-Strauss 

 
Churg-Strauss Syndrome: Clinical and Immunological Features 

 

261 

syndrome patients with healthy controls (HC). Furthermore, we determined local expression 
of eotaxin-3 at sites of active disease in Churg-Strauss syndrome.  
Skin biopsy is the gold standard for the diagnosis of cutaneous vasculitis, whose 
manifestations include urticaria, infiltrative erythema, petechiae, purpura, purpuric 
papules, haemorrhagic vesicles and bullae, nodules, livedo racemosa, deep (punched out) 
ulcers and digital gangrene. Skin biopsy, extending to subcutis and taken from the earliest, 
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diagnostic sample. Based on histology, vasculitis can be classified on the size of vessels 
affected and the dominant immune cell mediating the inflammation (e.g. neutrophilic 
granulomatous, lymphocytic, or eosinophilic).  
Disruption of small vessels by inflammatory cells, deposition of fibrin within the lumen and 
 or vessel wall coupled with nuclear debris allows for the confident recognition of small 
vessel, mostly neutrophilic vasculitis (also known as leukocytoclastic vasculitis). 
The main histopathological features in the cutaneous lesions of Churg-Strauss syndrome are 
dermal leukocytoclastic vasculitis with a variable eosinophilic infiltrate and non-vasculitic 
tissue eosinophilia with granuloma formation. This wide histopathological spectrum may 
account for the various skin manifestations of Churg-Strauss syndrome. However, the 
unique histopathological combination of dermal eosinophilic vasculitis and subcutaneous 
granulomatous phlebitis accompanied by bulla formation has not been previously 
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subepidermal blistering. The blisters showed dermal granulomatous dermatitis and 
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characterized by fibrinoid alteration of the vessel wall, a prominent perivascular 
eosinophilic infiltrate, a few infiltrating histiocytes along the affected vessel wall, and the 
absence of neutrophilic infiltration. The underlying subcutaneous granulomatous phlebitis 
was characterized by an angiocentric histiocytic infiltrate surrounded by marked 
eosinophilic infiltrate. Deposition of cytotoxic proteins and radicals derived from 
eosinophils in the vessel walls and papillary dermis followed by a secondary 
granulomatous response may account for the unique clinical and histopathological features 
in this case (Gleich, 2009; Pagnoux, 2010). 

3. Results of the research 
We identified 30 unselected consecutive patients in whom Churg-Strauss syndrome (14 men 
and 16 women) aged from 19 to 78 years (40,35 ± 2,99 years) was diagnosed clinically at 
internal medicine departments (nephrology, clinical immunology and rheumatology, 
pulmonology, neurology, and others) in Lviv oblast clinical hospital and immunologicaly – 
at the department of clinical immunology and allegrology of Lviv national medical 
university and at West-Ukrainian medical center of clinical immunology and allergology in 
Ukraine between 2000 and 2010. There were observed 30 patients with bronchial asthma (15 
men and 15 women) aged from 18 to 70 years (31,9 ± 4,4 years) and 19 patients with 
systemic vasculitis with eosinophilia (8 men and 11 women) aged from 19 to 78 years (37,6 ± 
3,8 years) and consulted at the department of clinical immunology and allegrology of Lviv 
national medical university and at West-Ukrainian medical center of clinical immunology 
and allergology in Ukraine between 2000 and 2010. We examined the medical records of all 
these patients. Churg-Strauss syndrome was defined according to the Chapel Hill 
Consensus Conference nomenclature (Rothenberg, 1998). The classification criteria for 
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Churg-Strauss syndrome of the American College of Rheumatology (ACR) (Masi, 1990) as 
well as Lanham's (Hammersmith) criteria (Gleich, 2009) were retrospectively applied to the 
study population. All patients had direct (histologic) or indirect (using surrogate markers) 
evidence of vasculitis (Keogh, 2003). Systemic vasculitis with eosinophilia, bronchial asthma 
(according to Global Initiative for Asthma [GINA] guidelines) and eosinophilic syndrome 
(ES) were diagnosed according to approved medical diagnostic protocols too. 
 

Sign 

Patients with 
BA and 

eosinophilia 
(n = 30) 

Patients with 
SV and 

eosinophilia
(n = 19) 

Patients with 
CSS 

(n = 30) P 1-2 P 1-3 P 2-3 

1 2 3 
Abs. % Abs. % Abs. % 

1 2 3 4 5 6 7 8 9 10 
Disease duration 9,6±2,9 8,3±2,1 7,0±2,3 NS NS NS 
Complicated genetic 
(family) allergic 
anamnesis 

19 63,3 10 52,6 23 76,7 NS 0,05 NS 

Complicated 
ontogenetic allergic 
anamnesis 

30 100 10 52,6 21 70 0,001 0,01 0,01 

Polinosis 11 36,7 - - 14 46,7 - NS - 
Food allergy 4 13,3 - - 6 20 - NS - 
Insect allergy 14 46,7 - - 2 6,7 - 0,001 - 
Drug allergy - - 10 52,6 2 6,7 - - 0,001 
Allergic rhinitis 4 13,3  - 11 36,7 - 0,01 - 
Allergic rhinitis and 
nasal poliposis 4 13,3  - 10 33,3 - 0,01 - 

Bronchial asthma 30 100 - - 26 86,7 0,001 NS 0,001 
Bronchial asthma and 
nasal poliposis - - - - 7 23,3 - 0,001 0,001 

Complicated genetic 
(family) autoimmune 
anamnesis 

- - 5 16,7 7 23,3 - - NS 

Often pulmonary 
infection diseases: 
pharyngitis, laryngitis, 
bronchitis, pneumonia 
over the time of year 

18 60,0 14 46,7 17 56,7 NS NS NS 

Table 1. Main anamnesis features in patients with bronchial asthma with eosinophilia, 
systemic vasculitis with eosinophilia and with Churg-Strauss syndrome  (M±m) 
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Clinical manifestations were usually confirmed by instrumental examinations as 
appropriate and/or tissue biopsy. One or more biopsy specimens from affected tissues were 
obtained when considered necessary by the clinicians. A biopsy specimen was considered 
consistent with a diagnosis of Churg-Strauss syndrome when eosinophilic tissue infiltration 
and/or vasculitis were found. Routine laboratory tests were performed in all cases at the 
time of diagnosis and at followup. The presence of ANCAs, IgE, CIC was determined in all 
patients at the time of diagnosis due to the necessity, using approved methods for each 
detection.  
Statistical analysis. All analyses were performed using Stata statistical software, release 8.2 
(Stata Corporation, College Station, TX). The differences between patients with Churg-
Strauss syndrome and different eosinophilia severity in continuous variables were tested by 
the Mann-Whitney U test and in categorical variables by Fisher's exact test. All reported P 
values are 2-sided. P values less than 0.05 were considered significant. 
In the result of this research it was observed some clinical features in patients with Churg-
Strauss syndrome in the comparison with patients with bronchial asthma and systemic 
vasculitis with eosinophilia. 
In patients with bronchial asthma and systemic vasculitis with eosinophilic syndrome, as 
well as Churg-Strauss syndrome have had a variety of anamnesis data(presented in the 
Table 1), severity of clinical symptoms (presented in the Table 2) and features of the course, 
activity and severity (presented in the Table 3).  
The analysis of anamnesis data in the comparable groups of patients has showed in Table 1, 
which includes the following features as duration of the disease - we examined 30 patients 
with Churg-Strauss syndrome and it was fixed an average of 7,0 ± 2,3 years, and in 30 
patients with bronchial asthma  with eosinophilia - 9,6 ± 2,9 years and in 19 patients with 
systemic vasculitis with eosinophilia - 8,3±2,1 years. 
NS- not significant 
Ontogenetic history of allergy was loaded in 21 (70%) patients with Churg-Strauss 
syndrome, in 47,4% patients with SV with eosinophilia (p0,01) and in 30% patients with 
bronchial asthma with eosinophilia (p0,05). Pollen allergy, which manifested with 
pollinosis was found in 14 (46.7%) patients with Churg-Strauss syndrome,  as compared 
with one (36,7%) patient with bronchial and eosinophilia (p 0,05). Complicated genetic 
autoimmune anamnesis was found in 7 (23,3%) patients with Churg-Strauss syndrome and 
in 5 (16,7%) patients with systemic vasculitis with eosinohilia (P0,05) and was not impeded 
in patients with bronchial asthma and eosinophilia.  
Complicated immunodeficiency anamnesis (six or more respiratory diseases during the 
year) was established in 17 (56,7%) patients with Churg-Strauss syndrome, in  18 (60%) 
patients with bronchial asthma and eosinophilia and in  14 (73.6%) patients with systemic 
vasculitis with eosinophilia. 

NS- not significant 
In the Table 2, low level of productivity cough was recorded in 17 (56,7%) patients with 
Churg-Strauss syndrome and in 16 (53,3%) patients with bronchial asthma with eosinophilia 
(p0,05). Complicated nasal breathing was found in 21 (70%) patients with Churg-Strauss 
syndrome and in 19 (63,3%) patients with bronchial asthma and eosinophilia (p0,05). 
Typical night asthma attacks were noted in 5 (16,7%) patients with bronchial asthma with 
eosinophilia, in 14 (46,7%) patients with Churg-Strauss syndrome (p0,01). Skin itching 
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Churg-Strauss syndrome of the American College of Rheumatology (ACR) (Masi, 1990) as 
well as Lanham's (Hammersmith) criteria (Gleich, 2009) were retrospectively applied to the 
study population. All patients had direct (histologic) or indirect (using surrogate markers) 
evidence of vasculitis (Keogh, 2003). Systemic vasculitis with eosinophilia, bronchial asthma 
(according to Global Initiative for Asthma [GINA] guidelines) and eosinophilic syndrome 
(ES) were diagnosed according to approved medical diagnostic protocols too. 
 

Sign 

Patients with 
BA and 

eosinophilia 
(n = 30) 

Patients with 
SV and 

eosinophilia
(n = 19) 

Patients with 
CSS 

(n = 30) P 1-2 P 1-3 P 2-3 

1 2 3 
Abs. % Abs. % Abs. % 

1 2 3 4 5 6 7 8 9 10 
Disease duration 9,6±2,9 8,3±2,1 7,0±2,3 NS NS NS 
Complicated genetic 
(family) allergic 
anamnesis 

19 63,3 10 52,6 23 76,7 NS 0,05 NS 

Complicated 
ontogenetic allergic 
anamnesis 

30 100 10 52,6 21 70 0,001 0,01 0,01 

Polinosis 11 36,7 - - 14 46,7 - NS - 
Food allergy 4 13,3 - - 6 20 - NS - 
Insect allergy 14 46,7 - - 2 6,7 - 0,001 - 
Drug allergy - - 10 52,6 2 6,7 - - 0,001 
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systemic vasculitis with eosinophilia and with Churg-Strauss syndrome  (M±m) 
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Clinical manifestations were usually confirmed by instrumental examinations as 
appropriate and/or tissue biopsy. One or more biopsy specimens from affected tissues were 
obtained when considered necessary by the clinicians. A biopsy specimen was considered 
consistent with a diagnosis of Churg-Strauss syndrome when eosinophilic tissue infiltration 
and/or vasculitis were found. Routine laboratory tests were performed in all cases at the 
time of diagnosis and at followup. The presence of ANCAs, IgE, CIC was determined in all 
patients at the time of diagnosis due to the necessity, using approved methods for each 
detection.  
Statistical analysis. All analyses were performed using Stata statistical software, release 8.2 
(Stata Corporation, College Station, TX). The differences between patients with Churg-
Strauss syndrome and different eosinophilia severity in continuous variables were tested by 
the Mann-Whitney U test and in categorical variables by Fisher's exact test. All reported P 
values are 2-sided. P values less than 0.05 were considered significant. 
In the result of this research it was observed some clinical features in patients with Churg-
Strauss syndrome in the comparison with patients with bronchial asthma and systemic 
vasculitis with eosinophilia. 
In patients with bronchial asthma and systemic vasculitis with eosinophilic syndrome, as 
well as Churg-Strauss syndrome have had a variety of anamnesis data(presented in the 
Table 1), severity of clinical symptoms (presented in the Table 2) and features of the course, 
activity and severity (presented in the Table 3).  
The analysis of anamnesis data in the comparable groups of patients has showed in Table 1, 
which includes the following features as duration of the disease - we examined 30 patients 
with Churg-Strauss syndrome and it was fixed an average of 7,0 ± 2,3 years, and in 30 
patients with bronchial asthma  with eosinophilia - 9,6 ± 2,9 years and in 19 patients with 
systemic vasculitis with eosinophilia - 8,3±2,1 years. 
NS- not significant 
Ontogenetic history of allergy was loaded in 21 (70%) patients with Churg-Strauss 
syndrome, in 47,4% patients with SV with eosinophilia (p0,01) and in 30% patients with 
bronchial asthma with eosinophilia (p0,05). Pollen allergy, which manifested with 
pollinosis was found in 14 (46.7%) patients with Churg-Strauss syndrome,  as compared 
with one (36,7%) patient with bronchial and eosinophilia (p 0,05). Complicated genetic 
autoimmune anamnesis was found in 7 (23,3%) patients with Churg-Strauss syndrome and 
in 5 (16,7%) patients with systemic vasculitis with eosinohilia (P0,05) and was not impeded 
in patients with bronchial asthma and eosinophilia.  
Complicated immunodeficiency anamnesis (six or more respiratory diseases during the 
year) was established in 17 (56,7%) patients with Churg-Strauss syndrome, in  18 (60%) 
patients with bronchial asthma and eosinophilia and in  14 (73.6%) patients with systemic 
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NS- not significant 
In the Table 2, low level of productivity cough was recorded in 17 (56,7%) patients with 
Churg-Strauss syndrome and in 16 (53,3%) patients with bronchial asthma with eosinophilia 
(p0,05). Complicated nasal breathing was found in 21 (70%) patients with Churg-Strauss 
syndrome and in 19 (63,3%) patients with bronchial asthma and eosinophilia (p0,05). 
Typical night asthma attacks were noted in 5 (16,7%) patients with bronchial asthma with 
eosinophilia, in 14 (46,7%) patients with Churg-Strauss syndrome (p0,01). Skin itching 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

264 

were found in 17 (56,7%) patients with Churg-Strauss syndrome and in 8 (26,7%) patients 
with bronchial asthma with eosinophilia (p0,05) and in patients with systemic vasculitis 
with eosinophilia (p0,05). Erythematous rash noted in 7 (23,3%) patients with Churg-
Strauss syndrome,  in 4 (21%) patients with systemic vasculitis with eosinophilia (p0,05); 
multiform erythema - in 6 (20%) patients with Churg-Strauss syndrome and in 5 (26,3%) 
patients with systemic vasculitis with eosinophilia (p0,05). These skin manifestations was 
not typical for patients with bronchial asthma. 
 

Sign 

Patients with 
BA and 

eosinophilia 
(n = 30) 

Patients with 
SV and 

eosinophilia
(n = 19) 

Patients with 
CSS 

(n = 30) P 1-2 P 1-3 P 2-3 

1 2 3 
Abs. % Abs. % Abs. % 

1 2 3 4 5 6 7 8 9 10 
Complaints and 
clinical signs          

Underproductive 
cough 16 53,3 - - 17 56,7 - NS - 

Complicated nasal 
breathing 19 63,3 - _ 21 70 - NS - 

Night attack of 
coughing 5 16,7 - - 14 46,7 - NS - 

Skin itching 8 26,6 11 31,6 17 56,7 NS 0,05 0,05 
Erythematous rash - - 4 21,1 7 23,3 - - NS 
Erythema multiforme - - 5 26,2 6 20 NS NS 0,001 
Non-palpable spot 
haemorrhagic rush  - - - 6 20,0 - - - 

Palpable spot 
haemorrhagic rush - - 2 10,5 14 46,7 - - 0,01 

Haemorrhagic rash 
with confluence ability - - 1 5,3 18 60,0 - - 0,001 

Papular    rash 3 10,0 4 21,1 14 46,7 NS 0,01 NS 
Vesicular rash - - 6 31,6 19 63,3 NS NS 0,01 
Hyperpyrexia - - 8 42,1 17 56,7 - - 0,05 
Arthralgia - - 11 57,9 20 66,7 - - 0,05 
Arthritis - - 4 21,1 17 56,7 - - 0,01 
Myalgia 22 73,3 18 94,7 23 76,7 NS NS NS 
Lymphadenopathy  - - - 8 26,7 - - - 
Diarrhea - - - - 4 13,3 - - - 
Polyneuropathy 
Weakness 

- - - - 14 46,7 - - - 
16 53,3 17 89,5 21 70,0 NS NS NS 

Table 2. Main anamnesis features in patients with bronchial asthma with eosinophilia, 
systemic vasculitis witheosinophilia and with Churg-Strauss syndrome (M±m) 
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Sign 

Patients with 
BA and 

eosinophilia 
(n = 30)

Patients with 
SV and 

eosinophilia
(n = 19)

Patients with 
CSS 

(n = 30) P 1-2 
P 1-3 

 
P 2-3 

 
1 2 3

Abs. % Abs. % Abs. %
1 2 3 4 5 6 7 1 2 3 

Course 
character 
 

exacerbation - - 5 26,3 10 33,3 - - 0,05 
subacute - - 3 15,8 8 26,7 - - NS 
chronical 22 73,4 11 57,9 12 40 0,05 0,01 0,05 

Disease 
activity 

І degree - - 4 21,1 9 30 - - NS 
ІІ degree - - 13 68,4 14 46,7 - - NS 

 ІІІ degree - - 2 10,5 7 23,3 - - 0,05 

Severity 
stage 

mild 8 26,7 4 21,1 3 10 0,05 0,05 NS 
intermittent
/ 
moderate

14 46,7 11 57,9 21 70 NS 0,05 0,05 

severe 8 26,7 4 21,1 6 20 0,05 NS NS 

Table 3. Trends of course, activity and severity of disease in patients with bronchial asthma with 
eosinophilia,, systemic vasculitis with eosinophilia and with Churg-Strauss syndrome  (M±m) 

In the same time, not-palpable hemorrhagic rash, was detected only in 6 (20%) patients with 
Churg-Strauss syndrome (p0,001); palpating hemorrhagic spot rash - in 14 (46,7%) patients 
with Churg-Strauss syndrome, in 2 ( 10,5%) patients with systemic vasculitis with 
eosinophilia (p0,01); hemorrhagic rash with a penchant of mergers - in 18 (60%) patients 
with Churg-Strauss syndrome, and only in one (5.3%) patient with systemic vasculitis with 
eosinophilia (p0,001). Hemorrhagic eruption of different nature in patients with bronchial 
asthma and eosinophilia were not detected. Papular and vesicular rash were typical for 
patients with Churg-Strauss syndrome too. The common symptoms in examinated patients 
were distributed as follows: hyperthermia was found in 17 (56,7%) patients with Churg-
Strauss syndrome and in 8 (42,1%) patients with systemic vasculitis and eosinophilia 
(p0,05), arthralgic syndrome - in 20 (66,7%) patients with Churg-Strauss syndrome and in 
11 (57,9%) patients with systemic vasculitis and eosinophoilia (p0,05), arthritic syndrome - 
in 17 (56,7%) patients with Churg-Strauss syndrome and in four ( 21,1%) patients with 
systemic vasculitis and eosnophilia (p0,01), mialgia - in 23 (76.7%) patients with Churg-
Strauss syndrome, in 18 (94,7%) patients with systemic vasculitis (p0,05) and in 22 (73,3%) 
patients with bronchial asthma and eosinophilia (p0,05). Importantly, the 
lymphadenopathy was referred only in 8 (26,7%) patients with Churg-Strauss syndrome 
(p0,001), diarrhea - in four (13.3%) patients with Churg-Strauss syndrome (p0,001), 
polyneuropathy - in 14 (46 7%) patients with Churg-Strauss syndrome (p0,001). These 
clinical signs were not identified in other groups of examined patients.  
Weakness was recorded in 21 (70%) patients with Churg-Strauss syndrome and in 17 
(89,7%) patients with systemic vasculitis with easinophilia (p0,05) and  in 16 (53,3%) 
patients with bronchial asthma and eosinophilia (p0,05). 
The most severe and active course of disease is more typical for patients with Churg-Strauss 
syndrome (p0,05), that is presented in the Table 3. 
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were found in 17 (56,7%) patients with Churg-Strauss syndrome and in 8 (26,7%) patients 
with bronchial asthma with eosinophilia (p0,05) and in patients with systemic vasculitis 
with eosinophilia (p0,05). Erythematous rash noted in 7 (23,3%) patients with Churg-
Strauss syndrome,  in 4 (21%) patients with systemic vasculitis with eosinophilia (p0,05); 
multiform erythema - in 6 (20%) patients with Churg-Strauss syndrome and in 5 (26,3%) 
patients with systemic vasculitis with eosinophilia (p0,05). These skin manifestations was 
not typical for patients with bronchial asthma. 
 

Sign 

Patients with 
BA and 

eosinophilia 
(n = 30) 

Patients with 
SV and 

eosinophilia
(n = 19) 

Patients with 
CSS 

(n = 30) P 1-2 P 1-3 P 2-3 

1 2 3 
Abs. % Abs. % Abs. % 

1 2 3 4 5 6 7 8 9 10 
Complaints and 
clinical signs          

Underproductive 
cough 16 53,3 - - 17 56,7 - NS - 

Complicated nasal 
breathing 19 63,3 - _ 21 70 - NS - 

Night attack of 
coughing 5 16,7 - - 14 46,7 - NS - 

Skin itching 8 26,6 11 31,6 17 56,7 NS 0,05 0,05 
Erythematous rash - - 4 21,1 7 23,3 - - NS 
Erythema multiforme - - 5 26,2 6 20 NS NS 0,001 
Non-palpable spot 
haemorrhagic rush  - - - 6 20,0 - - - 

Palpable spot 
haemorrhagic rush - - 2 10,5 14 46,7 - - 0,01 

Haemorrhagic rash 
with confluence ability - - 1 5,3 18 60,0 - - 0,001 

Papular    rash 3 10,0 4 21,1 14 46,7 NS 0,01 NS 
Vesicular rash - - 6 31,6 19 63,3 NS NS 0,01 
Hyperpyrexia - - 8 42,1 17 56,7 - - 0,05 
Arthralgia - - 11 57,9 20 66,7 - - 0,05 
Arthritis - - 4 21,1 17 56,7 - - 0,01 
Myalgia 22 73,3 18 94,7 23 76,7 NS NS NS 
Lymphadenopathy  - - - 8 26,7 - - - 
Diarrhea - - - - 4 13,3 - - - 
Polyneuropathy 
Weakness 

- - - - 14 46,7 - - - 
16 53,3 17 89,5 21 70,0 NS NS NS 

Table 2. Main anamnesis features in patients with bronchial asthma with eosinophilia, 
systemic vasculitis witheosinophilia and with Churg-Strauss syndrome (M±m) 
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Sign 

Patients with 
BA and 

eosinophilia 
(n = 30)

Patients with 
SV and 

eosinophilia
(n = 19)

Patients with 
CSS 

(n = 30) P 1-2 
P 1-3 

 
P 2-3 

 
1 2 3

Abs. % Abs. % Abs. %
1 2 3 4 5 6 7 1 2 3 

Course 
character 
 

exacerbation - - 5 26,3 10 33,3 - - 0,05 
subacute - - 3 15,8 8 26,7 - - NS 
chronical 22 73,4 11 57,9 12 40 0,05 0,01 0,05 

Disease 
activity 

І degree - - 4 21,1 9 30 - - NS 
ІІ degree - - 13 68,4 14 46,7 - - NS 

 ІІІ degree - - 2 10,5 7 23,3 - - 0,05 

Severity 
stage 

mild 8 26,7 4 21,1 3 10 0,05 0,05 NS 
intermittent
/ 
moderate

14 46,7 11 57,9 21 70 NS 0,05 0,05 

severe 8 26,7 4 21,1 6 20 0,05 NS NS 

Table 3. Trends of course, activity and severity of disease in patients with bronchial asthma with 
eosinophilia,, systemic vasculitis with eosinophilia and with Churg-Strauss syndrome  (M±m) 

In the same time, not-palpable hemorrhagic rash, was detected only in 6 (20%) patients with 
Churg-Strauss syndrome (p0,001); palpating hemorrhagic spot rash - in 14 (46,7%) patients 
with Churg-Strauss syndrome, in 2 ( 10,5%) patients with systemic vasculitis with 
eosinophilia (p0,01); hemorrhagic rash with a penchant of mergers - in 18 (60%) patients 
with Churg-Strauss syndrome, and only in one (5.3%) patient with systemic vasculitis with 
eosinophilia (p0,001). Hemorrhagic eruption of different nature in patients with bronchial 
asthma and eosinophilia were not detected. Papular and vesicular rash were typical for 
patients with Churg-Strauss syndrome too. The common symptoms in examinated patients 
were distributed as follows: hyperthermia was found in 17 (56,7%) patients with Churg-
Strauss syndrome and in 8 (42,1%) patients with systemic vasculitis and eosinophilia 
(p0,05), arthralgic syndrome - in 20 (66,7%) patients with Churg-Strauss syndrome and in 
11 (57,9%) patients with systemic vasculitis and eosinophoilia (p0,05), arthritic syndrome - 
in 17 (56,7%) patients with Churg-Strauss syndrome and in four ( 21,1%) patients with 
systemic vasculitis and eosnophilia (p0,01), mialgia - in 23 (76.7%) patients with Churg-
Strauss syndrome, in 18 (94,7%) patients with systemic vasculitis (p0,05) and in 22 (73,3%) 
patients with bronchial asthma and eosinophilia (p0,05). Importantly, the 
lymphadenopathy was referred only in 8 (26,7%) patients with Churg-Strauss syndrome 
(p0,001), diarrhea - in four (13.3%) patients with Churg-Strauss syndrome (p0,001), 
polyneuropathy - in 14 (46 7%) patients with Churg-Strauss syndrome (p0,001). These 
clinical signs were not identified in other groups of examined patients.  
Weakness was recorded in 21 (70%) patients with Churg-Strauss syndrome and in 17 
(89,7%) patients with systemic vasculitis with easinophilia (p0,05) and  in 16 (53,3%) 
patients with bronchial asthma and eosinophilia (p0,05). 
The most severe and active course of disease is more typical for patients with Churg-Strauss 
syndrome (p0,05), that is presented in the Table 3. 
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Sign 

Patients with 
CSS and mild 
eosinophilia 

(AEC 
600-1500 
cells/μL) 

(n=12) 

Patients with CSS 
and moderate  

eosinophilia (AEC 
1500-5000 cells/μL) 

(n = 13) 

Patients with CSS 
and severe 

eosinophilia (AEC 
>5000 cells/μL) 

(n = 5) 

1 2 3 
Abs. % Abs. % Abs. % 

1 2 3 4 5 6 7 
Polinosis 4 33,3 7 53,8 3 60,0 
Allergic rhinitis 5 41,7 12 92,3 4 80,0 
Allergic rhinitis and nasal 
poliposis 2 16,7 6 46,2 3 60,0 

Bronchial asthma 9 75,0 12 92,3 5 100 
Nasal poliposis       
Bronchial asthma and 
nasal poliposis 2 16,7 3 23,1 2 40,0 

Underproductive cough 2 16,7 10 76,9 5 100 
Complicated nasal 
breathing 4 33,3 12 92,3 5 100 

Bronchial hyperreactivity 3 25,0 11 84,6 3 60,0 
Skin itching 3 25 12 92,3 4 80,0 
Erythematous rash - - 4 30,8 3 60,0 
Erythema multiforme - - 3 23,1 3 60,0 
Non-palpable spot 
haemorrhagic rush 4 33,3 2 15,4 - - 

Palpable spot 
haemorrhagic rush 6 50,0 4 30,8 4 80,0 

haemorrhagic rash with 
confluence ability 2 16,7 11 84,6 5 100,0 

Papular    rash 8 66,7 5 38,5 1 20,0 
Vesicular rash 3 25 12 92,3 4 80,0 
Hyperpyrexia 6 50,0 7 53,8 4 80,0 
Arthralgia 6 50,0 11 84,6 3 60,0 
Arthritis 4 33,3 8 61,5 5 100,0 
Myalgia 6 50,0 12 92,3 5 100,0 
Lymphadenopathy 1 8,3 4 30,8 3 60,0 
Diarrhea 1 8,3 1 8,3 2 40,0 
Polyneuropathy 5 41,7 5 38,5 4 80,0 
Weakness 4 33,3 13 92,3 4 80,0 

Table 4. Main clinical signs in patients with Churg-Strauss syndrome depending of 
eosinophilia severity (M±m) 
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NS- not significant 
There were found some clinical features, which were more typical for patients with Churg-
Strauss syndrome and were more expressed in patients with Churg-Strauss syndrome: 
chronical disease course, ІІІ activity degree and moderate stage of severity are more typical 
for patients with Churg-Strauss syndrome compared with patients with bronchial asthma 
and systemic vasculitis with eosinophilia. 
There were found some clinical signs in patients with Churg-Strausss syndrome depending 
of eosinophilia severity too, that is presented in the Table 4. 
NS- not significant 
For patients with Churg-Strauss syndrome and severe eosinophilia are more typical in 
anamnesis such signs as polinosis, allergic rhinitis, allergic rhinitis with nasal poliposis, 
bronchial asthma with nasal poliposis.  Between clinical signs more typical for patients with 
severe eosinophilia are underproductive, complicated nasal breathing cough, erythematous 
rash, erythema multiforme, palpable spot haemorrhagic rush and  haemorrhagic rash with 
confluence ability, hyperpyrexia, arthritis, lymphadenopathy, diarrhea and polyneuropathy. 
There are many immunological peculiarities that play very important role in the 
opportunity of examined diseases development, activity, severity and complication. Some of 
such immunological peculiarities are presented in the Table 5. 
 

Indexes 

Patients with 
BA and 

eosinophilia
(n = 30)

Patients with 
SV and 

eosinophilia 
(n = 19)

Patients 
with CSS
(n = 30) Р1-2 Р1-3 Р2-3 

1 2 3
Lymphocytes cells/μL) 1,70±0,23 1,86±0,19 1,89±0,12 NS NS NS 

 
CD3+ 

% 63,7±3,18 50,8±2,55 50,8±2,89 0,05 0,05 NS 
cells/μL) 1,08±0,12 1,11±0,27 0,96±0,13 NS NS NS 

 
CD4+ 

% 40,9±1,60 29,8±1,75 42,6±2,60 0,05 NS 0,05 
cells/μL) 0,43±0,04 0,31±0,03 0,41±0,10 0,05 NS 0,05 

 
CD8+ 

% 23,3±1,72 21,0±1,67 18,3±1,49 NS NS NS 
cells/μL)

 0,24±0,03 0,24±0,09 0,18±0,04 NS NS NS 
 

CD16+/56+ 
% 14,1±1,26 16,00±2,59 16,01±1,30 NS NS NS 

cells/μL) 0,25±0,05 0,30±0,07 0,30±0,05 NS NS NS 
 

CD19+ 
% 16,9±1,94 20,8±3,60 22,40±2,24 NS 0,05 NS 

cells/μL) 0,31±0,03 0,38±0,05 0,44±0,07 NS 0,05 NS 
 

CD25+ 
% 17,9±1,12 21,3±1,62 29,4±1,19 NS 0,01 0,05 

cells/μL) 0,34±0,02 0,40±0,05 0,56±0,05 NS 0,001 0,01 

HLA DR+ % 27,3±1,22 30,0±1,48 26,30±1,83 NS NS NS 
cells/μL) 0,48±0,02 0,53±0,02 0,50±0,07 NS NS NS 

 
CD95+ 

% 17,3±0,88 18,6±2,66 24,7±1,37 NS 0,05 0,05 
cells/μL) 0,29±0,05 0,35±0,03 0,47±0,05 NS 0,01 0,05 

Table 5. Trends of lymphograme indexes and lymphocytes activity markers in patients with 
bronchial asthma, systemic vasculitis with eosinophilia and with Churg-Strauss syndrome  
(M±m) 
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Sign 

Patients with 
CSS and mild 
eosinophilia 

(AEC 
600-1500 
cells/μL) 

(n=12) 

Patients with CSS 
and moderate  

eosinophilia (AEC 
1500-5000 cells/μL) 

(n = 13) 

Patients with CSS 
and severe 

eosinophilia (AEC 
>5000 cells/μL) 

(n = 5) 

1 2 3 
Abs. % Abs. % Abs. % 

1 2 3 4 5 6 7 
Polinosis 4 33,3 7 53,8 3 60,0 
Allergic rhinitis 5 41,7 12 92,3 4 80,0 
Allergic rhinitis and nasal 
poliposis 2 16,7 6 46,2 3 60,0 

Bronchial asthma 9 75,0 12 92,3 5 100 
Nasal poliposis       
Bronchial asthma and 
nasal poliposis 2 16,7 3 23,1 2 40,0 

Underproductive cough 2 16,7 10 76,9 5 100 
Complicated nasal 
breathing 4 33,3 12 92,3 5 100 

Bronchial hyperreactivity 3 25,0 11 84,6 3 60,0 
Skin itching 3 25 12 92,3 4 80,0 
Erythematous rash - - 4 30,8 3 60,0 
Erythema multiforme - - 3 23,1 3 60,0 
Non-palpable spot 
haemorrhagic rush 4 33,3 2 15,4 - - 

Palpable spot 
haemorrhagic rush 6 50,0 4 30,8 4 80,0 

haemorrhagic rash with 
confluence ability 2 16,7 11 84,6 5 100,0 

Papular    rash 8 66,7 5 38,5 1 20,0 
Vesicular rash 3 25 12 92,3 4 80,0 
Hyperpyrexia 6 50,0 7 53,8 4 80,0 
Arthralgia 6 50,0 11 84,6 3 60,0 
Arthritis 4 33,3 8 61,5 5 100,0 
Myalgia 6 50,0 12 92,3 5 100,0 
Lymphadenopathy 1 8,3 4 30,8 3 60,0 
Diarrhea 1 8,3 1 8,3 2 40,0 
Polyneuropathy 5 41,7 5 38,5 4 80,0 
Weakness 4 33,3 13 92,3 4 80,0 

Table 4. Main clinical signs in patients with Churg-Strauss syndrome depending of 
eosinophilia severity (M±m) 
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NS- not significant 
There were found some clinical features, which were more typical for patients with Churg-
Strauss syndrome and were more expressed in patients with Churg-Strauss syndrome: 
chronical disease course, ІІІ activity degree and moderate stage of severity are more typical 
for patients with Churg-Strauss syndrome compared with patients with bronchial asthma 
and systemic vasculitis with eosinophilia. 
There were found some clinical signs in patients with Churg-Strausss syndrome depending 
of eosinophilia severity too, that is presented in the Table 4. 
NS- not significant 
For patients with Churg-Strauss syndrome and severe eosinophilia are more typical in 
anamnesis such signs as polinosis, allergic rhinitis, allergic rhinitis with nasal poliposis, 
bronchial asthma with nasal poliposis.  Between clinical signs more typical for patients with 
severe eosinophilia are underproductive, complicated nasal breathing cough, erythematous 
rash, erythema multiforme, palpable spot haemorrhagic rush and  haemorrhagic rash with 
confluence ability, hyperpyrexia, arthritis, lymphadenopathy, diarrhea and polyneuropathy. 
There are many immunological peculiarities that play very important role in the 
opportunity of examined diseases development, activity, severity and complication. Some of 
such immunological peculiarities are presented in the Table 5. 
 

Indexes 

Patients with 
BA and 

eosinophilia
(n = 30)

Patients with 
SV and 

eosinophilia 
(n = 19)

Patients 
with CSS
(n = 30) Р1-2 Р1-3 Р2-3 

1 2 3
Lymphocytes cells/μL) 1,70±0,23 1,86±0,19 1,89±0,12 NS NS NS 

 
CD3+ 

% 63,7±3,18 50,8±2,55 50,8±2,89 0,05 0,05 NS 
cells/μL) 1,08±0,12 1,11±0,27 0,96±0,13 NS NS NS 

 
CD4+ 

% 40,9±1,60 29,8±1,75 42,6±2,60 0,05 NS 0,05 
cells/μL) 0,43±0,04 0,31±0,03 0,41±0,10 0,05 NS 0,05 

 
CD8+ 

% 23,3±1,72 21,0±1,67 18,3±1,49 NS NS NS 
cells/μL)

 0,24±0,03 0,24±0,09 0,18±0,04 NS NS NS 
 

CD16+/56+ 
% 14,1±1,26 16,00±2,59 16,01±1,30 NS NS NS 

cells/μL) 0,25±0,05 0,30±0,07 0,30±0,05 NS NS NS 
 

CD19+ 
% 16,9±1,94 20,8±3,60 22,40±2,24 NS 0,05 NS 

cells/μL) 0,31±0,03 0,38±0,05 0,44±0,07 NS 0,05 NS 
 

CD25+ 
% 17,9±1,12 21,3±1,62 29,4±1,19 NS 0,01 0,05 

cells/μL) 0,34±0,02 0,40±0,05 0,56±0,05 NS 0,001 0,01 

HLA DR+ % 27,3±1,22 30,0±1,48 26,30±1,83 NS NS NS 
cells/μL) 0,48±0,02 0,53±0,02 0,50±0,07 NS NS NS 

 
CD95+ 

% 17,3±0,88 18,6±2,66 24,7±1,37 NS 0,05 0,05 
cells/μL) 0,29±0,05 0,35±0,03 0,47±0,05 NS 0,01 0,05 

Table 5. Trends of lymphograme indexes and lymphocytes activity markers in patients with 
bronchial asthma, systemic vasculitis with eosinophilia and with Churg-Strauss syndrome  
(M±m) 
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NS- not significant 
There were found some peculiarities of immunological parameters in patients with Churg-
Strauss syndrome, such as significantly lower proportional level of CD3 +lymphocytes 
(p0,05), higher proportional and absolute level of CD19 +-lymphocytes (p0,05), 
intensively expressed proportional (p0,01) and absolute (p0,001) early  count of 
lymphocyte activation marker (CD25 +)  and significantly intensively proportional (p0,05) 
and absolute (p0,01) expression of CD95+ in patients with Churg-Struss syndrome 
compared with patients with bronchial asthma and eosinophilia. Compared with patients 
with systemic vasculitis with eosinophilia, patients with Churg-Strauss syndrome had a 
significantly higher proportional (p0,05) and absolute (p0,05) mean of CD4 +lymphocytes, 
intensively expressed proportional (p0,05) and absolute (p0,01) count of early lymphocyte 
activation marker (CD25 +)  and significantly intensively proportional and absolute 
expression of CD95+ (p0,05). 
There were found some immunological signs in patients with Churg-Strausss syndrome 
depending of eosinophilia severity too, that is presented in the Table 6. 
 

Indexes 

Patients 
with CSS 
and mild 

eosinophilia 
(AEC 

600-1500 
cells/μL) 

(n=12)

Patients with 
CSS and 
moderate  

eosinophilia 
(AEC 1500-

5000 cells/μL)
(n = 13) 

Patients with 
CSS and 

severe 
eosinophilia 
(AEC >5000 

cells/μL) 
(n = 5) 

Р 1-2 Р 1-3 

Р 2-3 

 

 
 

1 2 3
1 2 3 4 5 6 7 8 

Eosinophils cells/μL) 0,59±0,05 3,58±0,82 5,81±0,92 0,001 0,001 0,05 
Lymphocytes cells/μL) 1,61±0,15 2,24±0,47 3,01±0,15 NS 0,05 NS 

 
CD3+ 

% 56,7±1,66 48,53±2,26 46,50±1,18 0,05 0,05 NS 
cells/μL) 0,91±0,09 1,08±0,05 1,39±0,06 NS 0,05 NS 

 
CD4+ 

% 36,5±2,16 41,20±3,97 50,30±4,21 NS 0,05 0,05 
cells/μL) 0,33±0,06 0,44±0,08 0,70±0,09 NS 0,01 0,01 

 
CD8+ 

% 19,65±1,72 18,50±2,68 16,67±2,33 NS NS NS 
cells/μL) 0,18±0,03 0,20±0,07 0,23±0,07 NS NS NS 

 
CD16+/56+ 

% 14,91±2,07 14,80±1,52 18,3±1,76 NS NS NS 
cells/μL) 0,24±0,03 0,33±0,05 0,55±0,08 NS NS NS 

 
CD19+ 

% 20,05±1,86 22,03±2,61 25,0±2,12 NS 0,05 NS 
cells/μL) 0,32±0,05 0,49±0,03 0,75±0,09 NS 0,05 0,001 

 
CD25+ 

% 28,33±2,73 29,82±1,89 30,4±1,58 NS NS NS 
cells/μL) 0,46±0,07 0,66±0,09 0,92±0,12 NS 0,01 0,05 

 
HLA DR+ 

% 20,05±1,68 26,50±1,46 31,9±2,48 NS 0,05 NS 
cells/μL) 0,32±0,05 0,59±0,06 0,96±0,11 NS 0,001 0,05 

 
CD95+ 

% 20,73±1,27 23,50±2,67 29,9±7,06 NS NS NS 
cells/μL) 0,33±0,03 0,52±0,05 0,89±0,1 NS 0,001 0,05 

Table 6. Trends of lymphograme indexes and lymphocytes activity markers in patients with 
Churg-Strauss syndrome depending of eosinophilia severity (M±m). 
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NS- not significant 
There were found some peculiarities of immunological markers in patients with Churg-
Strauss syndrome and different eosinophilia severity, such as the highest eosinophils level 
in patients with Churg-Strauss syndrome and severe eosinophilia in comparison to the 
patients with mild eosinophilia (p0,001) and moderate eosinophila (p0,05), significantly 
lower absolute level of lymphocytes in patients with Churg-Strauss and severe eosinophilia 
p0,05) in comparison to patients with mild eosinophilia; significantly lower proportional 
and absolute level  of CD3 +lymphocytes (p0,05), CD4 +lymphocytes (p0,05),   CD19 
+lymphocytes (p0,05),  significantly intensively expressed early lymphocyte activation 
markers such as (CD25 +) (p0,01), late lymphocyte activation markers such as (HLA DR +) 
(p0,001) and significantly intensively expression of CD95+ (p0,001) in patients with 
Churg-Struss syndrome and severe eosinophilia compared with patients with Churg-
Strauss syndrome and mild eosinophilia. There were found some significantly lower 
proportional  and absolute level  of CD4 +lymphocytes (p0,05),  absolute level  of CD19 
+lymphocytes (p0,001),  significantly intensively expressed early lymphocyte activation 
markers such as (CD25 +) (p0,05), late lymphocyte activation markers such as (HLA DR +) 
(p0,05) and significantly intensively expression of CD95+ (p0,05) in patients with Churg-
Struss syndrome and severe eosinophilia compared with patients with Churg-Strauss 
syndrome and moderate eosinophilia.  
No significant peculiarities were found in patients with Churg-Strauss syndrome and mild 
or moderate eosinophilia.  
We have also analyzed the features of serum interleukins (IL-2, IL-4, IL-5, IL-10) in patients 
with Churg-Strauss syndrome and other examined groups, that is showed in the Table 7.  
 

Interleukins 

Patients 
with BA 

and 
eosinophilia

(n = 30)

Patients 
with SV and 
eosinophilia

(n = 19) 

Patients 
with CSS 
(n = 30) Р1-2 Р1-3 Р2-3 

1 2 3
IL-2 pg/ml 3,79±0,98 6,31±0,75 8,78±0,26 0,05 0,05 0,01 
IL-4 pg/ml 8,17±0,17 5,38±0,55 6,64±0,16 0,01 0,05 NS 
IL-5 pg/ml 6,60±1,26 12,4±2,28 97,9±17,5 0,001 0,001 0,001 

IL-10 pg/ml 2,88±0,19 3,27±0,29 2,12±0,14 NS 0,05 0,05 

Table 7. Trends of pro-inflammatory (IL-2) and anti-inflammatory (IL-4, IL-5, IL-10) 
cytokines in patients with bronchial asthma, systemic vasculitis with eosinophilia and with 
Churg-Strauss syndrome  (M±m) 

NS- not significant 
Comparing realizing possibility of pro- and anti-inflammatory mechanisms of cytokines 
such as IL-2, IL-4, IL-5 and IL-10 in patients with bronchial asthma with eosinophilia, 
systemic vasculitis with eosinophilia and Churg-Strauss syndrome it was found significant 
increase of IL-4 (p0,01) and IL-5 (p0,001)  level in patients with bronchial asthma and 
eosinophilia, increase of IL-2 (p0,05), IL-4 (p0,05) and IL-5 (p0,05)  in patients with 
systemic vasculitis with eosinophilia, increase of IL-2 (p0,05) and IL-5 (p0,001) level and 
decrease of IL-10 (p0,05) level in patients with Churg-Strauss syndrome. 
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NS- not significant 
There were found some peculiarities of immunological parameters in patients with Churg-
Strauss syndrome, such as significantly lower proportional level of CD3 +lymphocytes 
(p0,05), higher proportional and absolute level of CD19 +-lymphocytes (p0,05), 
intensively expressed proportional (p0,01) and absolute (p0,001) early  count of 
lymphocyte activation marker (CD25 +)  and significantly intensively proportional (p0,05) 
and absolute (p0,01) expression of CD95+ in patients with Churg-Struss syndrome 
compared with patients with bronchial asthma and eosinophilia. Compared with patients 
with systemic vasculitis with eosinophilia, patients with Churg-Strauss syndrome had a 
significantly higher proportional (p0,05) and absolute (p0,05) mean of CD4 +lymphocytes, 
intensively expressed proportional (p0,05) and absolute (p0,01) count of early lymphocyte 
activation marker (CD25 +)  and significantly intensively proportional and absolute 
expression of CD95+ (p0,05). 
There were found some immunological signs in patients with Churg-Strausss syndrome 
depending of eosinophilia severity too, that is presented in the Table 6. 
 

Indexes 

Patients 
with CSS 
and mild 

eosinophilia 
(AEC 

600-1500 
cells/μL) 

(n=12)

Patients with 
CSS and 
moderate  

eosinophilia 
(AEC 1500-

5000 cells/μL)
(n = 13) 

Patients with 
CSS and 

severe 
eosinophilia 
(AEC >5000 

cells/μL) 
(n = 5) 

Р 1-2 Р 1-3 

Р 2-3 

 

 
 

1 2 3
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Table 6. Trends of lymphograme indexes and lymphocytes activity markers in patients with 
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NS- not significant 
There were found some peculiarities of immunological markers in patients with Churg-
Strauss syndrome and different eosinophilia severity, such as the highest eosinophils level 
in patients with Churg-Strauss syndrome and severe eosinophilia in comparison to the 
patients with mild eosinophilia (p0,001) and moderate eosinophila (p0,05), significantly 
lower absolute level of lymphocytes in patients with Churg-Strauss and severe eosinophilia 
p0,05) in comparison to patients with mild eosinophilia; significantly lower proportional 
and absolute level  of CD3 +lymphocytes (p0,05), CD4 +lymphocytes (p0,05),   CD19 
+lymphocytes (p0,05),  significantly intensively expressed early lymphocyte activation 
markers such as (CD25 +) (p0,01), late lymphocyte activation markers such as (HLA DR +) 
(p0,001) and significantly intensively expression of CD95+ (p0,001) in patients with 
Churg-Struss syndrome and severe eosinophilia compared with patients with Churg-
Strauss syndrome and mild eosinophilia. There were found some significantly lower 
proportional  and absolute level  of CD4 +lymphocytes (p0,05),  absolute level  of CD19 
+lymphocytes (p0,001),  significantly intensively expressed early lymphocyte activation 
markers such as (CD25 +) (p0,05), late lymphocyte activation markers such as (HLA DR +) 
(p0,05) and significantly intensively expression of CD95+ (p0,05) in patients with Churg-
Struss syndrome and severe eosinophilia compared with patients with Churg-Strauss 
syndrome and moderate eosinophilia.  
No significant peculiarities were found in patients with Churg-Strauss syndrome and mild 
or moderate eosinophilia.  
We have also analyzed the features of serum interleukins (IL-2, IL-4, IL-5, IL-10) in patients 
with Churg-Strauss syndrome and other examined groups, that is showed in the Table 7.  
 

Interleukins 

Patients 
with BA 

and 
eosinophilia

(n = 30)

Patients 
with SV and 
eosinophilia

(n = 19) 

Patients 
with CSS 
(n = 30) Р1-2 Р1-3 Р2-3 

1 2 3
IL-2 pg/ml 3,79±0,98 6,31±0,75 8,78±0,26 0,05 0,05 0,01 
IL-4 pg/ml 8,17±0,17 5,38±0,55 6,64±0,16 0,01 0,05 NS 
IL-5 pg/ml 6,60±1,26 12,4±2,28 97,9±17,5 0,001 0,001 0,001 

IL-10 pg/ml 2,88±0,19 3,27±0,29 2,12±0,14 NS 0,05 0,05 

Table 7. Trends of pro-inflammatory (IL-2) and anti-inflammatory (IL-4, IL-5, IL-10) 
cytokines in patients with bronchial asthma, systemic vasculitis with eosinophilia and with 
Churg-Strauss syndrome  (M±m) 

NS- not significant 
Comparing realizing possibility of pro- and anti-inflammatory mechanisms of cytokines 
such as IL-2, IL-4, IL-5 and IL-10 in patients with bronchial asthma with eosinophilia, 
systemic vasculitis with eosinophilia and Churg-Strauss syndrome it was found significant 
increase of IL-4 (p0,01) and IL-5 (p0,001)  level in patients with bronchial asthma and 
eosinophilia, increase of IL-2 (p0,05), IL-4 (p0,05) and IL-5 (p0,05)  in patients with 
systemic vasculitis with eosinophilia, increase of IL-2 (p0,05) and IL-5 (p0,001) level and 
decrease of IL-10 (p0,05) level in patients with Churg-Strauss syndrome. 
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There were found some cytokines production peculiarities in patients with Churg-Strausss 
syndrome depending of eosinophilia severity, that is presented in the Table 8. 
 

Interleukins 

Patients 
with CSS 
and mild 

eosinophilia 
(AEC 

600-1500 
cells/μL) 

(n=12) 

Patients with 
CSS and 
moderate  

eosinophilia 
(AEC 1500-

5000 cells/μL)
(n = 13) 

Patients with 
CSS and 

severe 
eosinophilia 
(AEC >5000 

cells/μL) 
(n = 5) 

Р1-2 Р1-3 Р2-3 

1 2 3 
IL-2 pg/ml 8,44±0,11 8,74±0,16 9,18±0,08 NS 0,05 NS 
IL-4 pg/ml 5,7±0,13 6,8±0,11 7,42±0,09 NS 0,05 NS 
IL-5 pg/ml 32,7±7,5 49,4±9,6 211,6±29,5 NS 0,001 0,001 

IL-10 pg/ml 2,34±0,08 2,04±0,09 1,98±0,05 NS 0,05 NS 

Table 8. Trends of pro-inflammatory (IL-2) and anti-inflammatory (IL-4, IL-5, IL-10) 
cytokines in patients with Churg-Strauss syndrome depending of eosinophilia severity 
(M±m) 

NS- not significant 
Analizing realizing possibility of pro- and anti-inflammatory cytokines such as IL-2, IL-4, IL-
5 and IL-10 in patients with Churg-Strauss syndrome and different eosinophilia severity, it 
was fixed significant increase of IL-2 (9,18±0,08 pg/ml, p0,05), IL-4 (7,42±0,09 pg/ml, 
p0,05), and IL-5 (211,6±29,5 pg/ml, p0,001) and decrease of IL-10 (1,98±0,05 pg/ml, 
p0,05) level in patients with Churg-Strauss syndrome with severe eosinopilia compared 
with patients with Churg-Strauss syndrome and mild eosinophilia. Also, it was fixed 
significant higher IL-5 level in patients with Churg-Strauss syndrome and severe 
eosinophilia compared with patients with moderate eosnophilia (p0,001) too. 
The patients with systemic vasculitis and eosinophilia and with Churg-Strauss syndrome 
were divided in some subgroups depended on ANCA –presence.  
In our series of patients, we found that ANCA positivity was correlated with renal 
involvement, especially with the histologic picture of necrotizing crescentic 
glomerulonephritis, and, to a lesser extent, with constitutional symptoms. Moreover, 
ANCA-positive patients had a significantly higher frequency of certain organ system clinical 
manifestations, such as pulmonary hemorrhage, purpura, and mononeuritis multiplex. In 
contrast, ANCA-negative patients had a higher frequency of heart and (less severe) lung 
disease. 
Limited data have been reported on the correlation between ANCA positivity and the 
clinical features in CSS, even though it should be noted that most (if not all) reported cases 
of necrotizing crescentic glomerulonephritis in CSS involved ANCA-positive (usually MPO 
pANCA) patients, as in our cohort. Moreover, the results of studies of small series of 
patients have suggested that MPO ANCAs may be associated with the onset of glomerular 
disorder in CSS. 
There were fixed some morphological peculiarities in patients with Churg-Strausss 
syndrome depending of eosinophilia severity, that is presented in pictures 1,2 and 3. 
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We have selected the three most informative results of skin-muscular samples biopsies 
patients with Churg-Strauss syndrome with different eosinophilia severity, that reflected in 
three figures. 
 

 
Fig. 1. Churg-Strauss syndrome: Tissue eosinophilia is a frequent finding in cutaneous 
lesions of Churg–Strauss syndrome. Hematoxylin, eosin × 300; clinical: light/mild 
eosinophilia 
 

 
Fig. 2. Churg-Strauss syndrome: Skin biopsy which was indicative of small vessel vasculitis, 
showing the presence of an inflammatory infiltrate predominantly constituted by 
eosinophils and plasmocytes around blood vessels.  Hematoxylin, eosin × 400; clinical: 
medium eosinophilia 

The analysis of the founded morphological features, that were identified in patients with  
Churg-Strauss syndrome with different eosinophilia severity, shoved  eosinophilc 
infiltration of the dermis in patients with Churg-Strauss syndrome and mild eosinophilia 
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(Fig.1); necrotizing changes in the center of granulomas, extensive infiltration of neutrophils, 
eosinophils of vessel wall until the formation of circular eosinophil infiltrates in the vessels 
of patients with Churg-Strauss syndrome and severe eosinophilia (Fig.3) 
 

 
Fig. 3. Churg-Strauss syndrome: Skin-muscular biopsy which showing eosinophilic circular 
infiltration of the intermuscular arteriole. Hematoxylin, eosin × 400; clinical: severe 
eosinophilia 

4. Conclusion  
Substantial advances have been made in the understanding of immune mechanisms 
(especially eosinophils, circulating immune complexes, total IgE, antineutrophicytoplasmic 
antibodies, cytokines) implicated in Churg-Strauss syndrome and its management. While it 
definitively remains a systemic necrotizing small-sized vessel vasculitis, its membership in 
the ANCA-associated vasculitis group has become more controversial. More complex and 
numerous mechanisms are involved in Churg-Strauss syndrome (Hoffman and Langford, 
2005; Pagnoux and Guillevin, 2010). Similarly, one of its earlier denominations, allergic 
granulomatous angiitis (Churg and Strauss, 1951), has become dated because not all patients 
have (eosinophilic) granulomas. Moreover, several disease subgroups have been identified, 
essentially based on clinical or biological findings (Walsh &August, 2010). There are a large 
number of works devoted to studying of the problem of rare disease – Churg-Strauss 
syndrome – especially its clinical and laboratory features, but it was firstly by us described 
clinical, immunological and morphological features of Churg-Strauss syndrome with 
different severity of eosinophilia in these patients.  
It was fixed special clinical signs in patients with Churg-Strauss syndrome and severe 
eosinophilia such as:  underproductive, complicated nasal breathing cough, erythematous 
rash, erythema multiforme, palpable spot haemorrhagic rush and  haemorrhagic rash with 
confluence ability, hyperpyrexia, arthritis, lymphadenopathy, diarrhea and polyneuropathy.  
There were found some peculiarities of immunological markers in patients with Churg-
Strauss syndrome and different eosinophilia severity, such as the highest eosinophils level 
in patients with Churg-Strauss syndrome and severe eosinophilia in comparison to the 
patients with mild eosinophilia (p0,001) and moderate eosinophila (p0,05), significantly 
lower absolute lymphocytes level  in patients with Churg-Strauss and severe eosinophilia 
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(p0,05) in comparison to patients with mild eosinophilia; significantly lower proportional  
and absolute level  of CD3 +lymphocytes (p0,05), CD4 +lymphocytes (p0,05),   CD19 
+lymphocytes (p0,05),  significantly intensively expressed early lymphocyte activation 
markers such as (CD25 +) (p0,01), late lymphocyte activation markers such as (HLA DR +) 
(p0,001) and significantly intensively expression of CD95+ (p0,001) in patients with 
Churg-Struss syndrome and severe eosinophilia compared with patients with Churg-
Strauss syndrome and mild eosinophilia. Other subgroups may be brought forth in the 
future, relying on more subtle molecular and genetic characteristics (IL-4, IL-5, ІL-5RA gene 
polymorphism). 
Therapeutic strategies also require further improvement. Treatment should be adapted as 
closely as possible to each patient’s characteristics. New treatments (monoclonal antibodies) 
are needed to lower the rate of frequent, low-dose but long-term, corticosteroid-dependence 
that represents a major issue and the lingering disappointment in current therapeutic 
strategies for Churg-Strauss syndrome. 
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1. Introduction 
This chapter aims to draw attention to the features that distinguish drug-induced vasculitis 
from those of idiopathic autoimmune syndromes, first and foremost primary vasculitides.  
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and excluding medical conditions that mimic vasculitis and other definable types of 
vasculitis. After the diagnosis of drug-induced ANCA associated vasculitis was made, the 
offending drugs should be withdrawn immediately, and appropriate immunosuppressive 
therapy should be administered only for patients with vital organ involvement. The 
duration of immunosuppressive therapy should be much shorter than that in primary 
ANCA associated vasculitis and long-term maintenance therapy might not be necessary. 
The prognosis of patients with drug-induced ANCA associated vasculitis is good as long as 
the offending drug is discontinued in time. 
This chapter summarizes the causal drugs, possible pathogenesis, clinical description, 
diagnosis, treatment and prognosis of drug-induced ANCA associated vasculitis. 

2. Drug-induced vasculitis  
Drug-induced vasculitis usually attacks the skin and sometimes the subcutaneous part of 
the skin, but sometimes also the kidneys and the lungs. Clinical symptoms include 
arthralgias and myalgias but usually do not develop into overt arthritis or myositis, 
manifested as muscle weakness. End-stage kidney disease due to glomerular vasculitis may 
occur, but early removal of the offending drug most often leads to resolution of the 
glomerular inflammation. A few cases of drug-induced vasculitis presenting with a 
hemorrhagic syndrome due to lung capillaritis have been reported. Drug-induced vasculitis 
patients typically harbor ANCA directed to one or more neutrophil cytoplasm antigens, the 
most common antigens being the granule proteins MPO, HLE, cathepsin G, and lactoferrin. 
In one study from Boston (Choi, 2000), the levels of MPO-ANCA were found to be much 
higher in 30 patients with drug-induced MPO-ANCA vasculitis than those usually found in 
idiopathic vasculitides, and there was a strong association between presence of HLE-ANCA 
and lactoferrin-ANCA and exposure to the candidate drugs. A study from Denmark 
showed a strong association between heredity and development of drug-induced vasculitis 
during treatment with propylthiouracil in monozygotic triplets with Graves’ disease. Two of 
these children that were treated with propylthiouracil got multispecific ANCA including 
HLE-ANCA, while the third triplet had no signs of drug-induced vasculitis and no ANCA 
during treatment with carbimazole. 
To date, many studies have indicated that drug-induced vasculitis may be a complication of 
therapy with prior use of certain medications in some patients, and unreported and/or 
undiagnosed cases may be beyond our imagination. As shown in Table 1, the most often 
implicated drug in the published work is propylthiouracil, which may result from more 
frequent prescriptions in clinical practice. Clear evidence for an association with the 
development of drug-induced vasculitis has also been shown for the following drugs: 
hydralazine, anti-tumour necrosis factor-α (TNF-α) agents, sulfasalazine, D-penicillamine 
and minocycline, however, most of them were limited to case reports. Propylthiouracil is a 
common anti-thyroid drug widely used all over the world. In the published work, over a 
hundred cases of propylthiouracil-induced vasculitis have been reported. Further studies in 
pathogenesis, treatment and long-term outcomes of patients with propylthiouracil induced 
vasculitis provide useful information on understanding drug-induced vasculitis. It has been 
shown that propylthiouracil is implicated in 80–90% cases of vasculitis induced by anti-
thyroid drugs, while cases related to others are less frequent such as methimazole, 
carbimazole and benzylthiouracil. The increasing use of so-called ‘biologic’ agents in 
medical practice has been accompanied by growing evidence on the toxicity profile of these 

 
Drug-Induced Vasculitis 

 

277 

agents, including drug-induced vasculitis. Anti-TNF-α drugs, such as adalimumab, 
infliximab and etanercept, are now established therapy in the management of rheumatoid 
arthritis and several other chronic inflammatory diseases. Repeated treatment with these 
agents can lead to the development of autoantibodies, including antinuclear antibodies 
(ANA), anti-dsDNA and anti-cardiolipin antibodies, in up to 10% of patients. The 
autoantibody synthesis is associated with a greater cumulative dose of therapy. Although 
uncommon, some patients receiving anti-TNF-α agents were found to develop vasculitis. 
Minocycline, a semi-synthetic lipophilic tetracycline, is the favoured antibiotic for the 
treatment of acne and rheumatic diseases. The use of minocycline over the past decade has 
led to numerous reports on drug-induced lupus. Interestingly, the laboratory features of 
minocycline-induced lupus include positive ANA and frequently positive p-ANCA (>67% 
of cases). In Marzo-Ortega’s study, 7% of the minocycline-treated patients at some point in 
the past became ANCA positive, however, only a few cases indicated the occurrence of 
drug-induced vasculitis. Because there seems to be a wide serological overlap between 
drug-induced lupus and drug-induced vasculitis, it may be difficult to discriminate between 
the two categories. Also, it might raise suspicion that some patients may actually contract 
drug-induced vasculitis rather than drug-induced lupus. In addition, there are a few 
published reports indicating the association between treatment with other drugs and the 
occurrence of vasculitis, including allopurinol, cephotaxime, clozapine, levamisole, 
phenytoin and thioridazine. However, the causative relationship is much less certain. 
Leukotriene antagonists (LTA, such as montelukast and zafirlukast) have been implicated in 
the pathogenesis of CSS. Further studies showed that no significant association was 
observed between CSS and LTA after controlling for the use of other anti-asthma drugs.  In 
a case-crossover study, it was suggested that the onset of CSS might be not associated with 
montelukast but a phenomenon possibly associated with a group of medications prescribed 
for long term control of severe asthma. Based on this evidence, the National Institutes of 
Health/US Food and Drug Administration panel concluded that no one class of LTA was 
associated with CSS and that LTA are safe.  A possible clue to distinguish the patients with 
early CSS from those with idiopathic asthma is that the former patients tend to have severe 
upper airway disease, especially sinusitis, with radiographs showing paranasal 
abnormalities. 

2.1 Epidemiology 
There are no clear data on the prevalence of drug-induced vasculitis due to lack of 
prospective studies. Several cross-sectional studies reported that the prevalence of 
propylthiouracil induced vasculitis ranged from 20% to 64%. In some other study (Gao, 
2004), ANCA was detected in 22.6% of patients treated with propylthiouracil, but only 6.5% 
patients had clinical evidence of drug-induced vasculitis. In Slot’s study (Slot, 2005); ANCA 
and drug-induced vasculitis were present in 11% and 4% of patients treated with anti-
thyroid drugs, respectively. However, in Choi’s study (Choi, 2000), no patient in any of the 
active study drug groups (minocycline, for a 48-week trial; sulfasalazine, for a 37-week trial; 
penicillamine, for a 104- week trial) demonstrated ANCA seroconversion. Some researchers 
speculated that it might be due to a short observation period, and the prevalence of positive 
ANCA might be higher in patients with much long-standing therapy. Prospective, 
longitudinal studies with a larger cohort of patients are needed to establish the true 
prevalence of drug-induced vasculitis. 
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2.2 Pathogenesis 
A variety of agents may produce a typical clinical picture together with a similar 
autoimmune profile, suggesting a common mechanism for drug-induced vasculitis. To date, 
the mechanism is far from fully understood and it might be multifactorial. 
 Most drugs are low-molecular-weight substances, and require the formation of a 

complex to stimulate antibody formation and then to drive an immune response. One 
hypothesis (Jiang, 1994)  proposed that activated neutrophils in the presence of 
hydrogen peroxidase released MPO from their granules, which converted the offending 
drugs such as prophythiouracil and hydralazine into cytotoxic products, then the drugs 
and their metabolites were immunogenic for T cells, which in turn activated B cells to 
produce ANCA. 

 The offending drugs and their metabolites may accumulate within neutrophils, bind to 
MPO and modify its configuration, with subsequent intermolecular determinant 
spreading the autoimmune response to other autoantigens and turning neutrophil 
proteins (including elastase, lactoferrin and nuclear antigens) immunogenic. 

 Some drugs like sulfasalazine could induce neutrophil apoptosis. Moreover, neutrophil 
apoptosis, in the absence of priming, is associated with translocation of ANCA antigens 
to the cell surface, which then induce the production of ANCA, and ANCA in turn is 
able to bind the membrane-bound antigens, causing a self-perpetuating constitutive 
activation by cross-linking PR3 or MPO and Fcγ receptors.  

The oxidation activity of MPO could be inhibited by prophythiouracil and prophythiouracil 
-induced MPO-ANCA in a dose-dependent manner, which might also be involved in the 
pathogenesis of drug-induced vasculitis. The cytotoxic products of the offending drug, 
ANCA as well as cytotoxic neutral serine proteinases, degranulated from the activated 
neutrophils, could directly cause vascular damage. In other cases, the causal drugs (e.g. anti-
TNF-α agents) may act as modulators of the normal immune system, rendering it 
permissive for self-directed responses.  Rheumatoid arthritis is generally considered as a T-
helper cell (Th) 1-mediated disease and TNF-α plays an important role in driving Th1-
associated responses. Other forms of autoimmunity, for example, systemic lupus 
erythematosus and vasculitis (especially CSS and MPA), are characterized by a Th2 cytokine 
profile with prominent B-cell activation. Therefore, anti-TNF-α agents, administered in 
patients with rheumatoid arthritis, may shift the immune system from a Th1 to a Th2 profile 
thus upregulating antibody production. Alternatively, an increase in clinical or subclinical 
bacterial infections in the setting of TNF-α blockade might act as an immunostimulant and 
enable autoantibody production by inducing polyclonal B-cell activation. It is also 
speculated that drug-induced vasculitis might be genetic factors linked, because four out of 
six patients with minocycline-induced P-ANCA had human leucocyte antigen (HLA) 
DRB1*1104. The major histocompatibility complex (MHC) class II background may indicate 
that autoantibody production in these patients is driven by a genetically restricted T-cell 
response to epitopes from native or drug-modified MPO. Indeed, the ability of exogenous 
agents to induce vasculitis may be an opportunity, as a greater understanding of drug 
induced vasculitis is likely to provide insight into the nature of primary autoimmunity. 
Several studies have demonstrated that the majority of patients with drug-induced ANCA 
were free from clinically evident vasculitis. These conditions provide a natural platform for 
the study of idiopathic autoimmune disease. The autoantibody response is pathogenic will 
depend on many factors including the characteristics of the autoantibodies such as epitope 
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specificity, avidity, subclass and idiotype. A series of studies on prophythiouracil-induced 
vasculitis has demonstrated the following. 
 

Antibiotics 
 
Cephotaxime 
Minocycline 
Anti-thyroid drugs 
Benzylthiouracil 
Carbimazole 
Methimazole 
Prophythiouracil 
 
Anti-tumor necrosis factor-α agents 
 
Adalimumab 
Etanercept 
Infliximab 
 
Psychoactive agents 
 
Clozapine 
Thioridazine 
 
Miscellaneous drugs 
 
Allopurinol 
D-Penicillamine 
Hydralazine 
Levamisole 
Phenytoin 
Sulfasalazine 

Table 1. Medications associated with drug-induced vasculitis 

 Almost all the patients with overt clinical vasculitis had MPO-ANCA or PR3-ANCA, 
which indicated that anti-MPO and anti-PR3 antibodies, just like those in primary 
ANCA associated vasculitis, might also be associated with the occurrence of clinically 
active vasculitis induced by drugs. 

 A higher MPO-ANCA level, over a threshold, might be necessary to induce clinically 
evident vasculitis. 

 Patients with prophythiouracil-induced vasculitis tended to have higher titres and 
higher avidity of MPO-ANCA than those with prophythiouracil induced anti-MPO 
antibodies but without clinical vasculitis. 

 Most patients with prophythiouracil-induced ANCA but without clinical vasculitis had 
polyclonal MPO-ANCA recognizing both linear and conformational epitopes of the 
heavy chain of MPO; however, some patients with nephritis had MPO-ANCA 
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Clozapine 
Thioridazine 
 
Miscellaneous drugs 
 
Allopurinol 
D-Penicillamine 
Hydralazine 
Levamisole 
Phenytoin 
Sulfasalazine 

Table 1. Medications associated with drug-induced vasculitis 

 Almost all the patients with overt clinical vasculitis had MPO-ANCA or PR3-ANCA, 
which indicated that anti-MPO and anti-PR3 antibodies, just like those in primary 
ANCA associated vasculitis, might also be associated with the occurrence of clinically 
active vasculitis induced by drugs. 

 A higher MPO-ANCA level, over a threshold, might be necessary to induce clinically 
evident vasculitis. 

 Patients with prophythiouracil-induced vasculitis tended to have higher titres and 
higher avidity of MPO-ANCA than those with prophythiouracil induced anti-MPO 
antibodies but without clinical vasculitis. 

 Most patients with prophythiouracil-induced ANCA but without clinical vasculitis had 
polyclonal MPO-ANCA recognizing both linear and conformational epitopes of the 
heavy chain of MPO; however, some patients with nephritis had MPO-ANCA 
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recognizing only the linear sites. They supposed that this clonality of MPO-ANCA 
might be a risk factor to induce clinical vasculitis. 

 Anti-endothelial cell antibodies (AECA) are implicated in the pathogenesis of vascular 
injury. It was found that the majority (10/11) of patients with active prophythiouracil-
induced vasculitis had serum AECA and their serum AECA disappeared quickly in 
remission; more importantly, patients with prophythiouracil induced ANCA but 
without clinical vasculitis did not have AECA. These findings indicated that AECA 
indeed might play an important role in the pathogenesis of drug-induced vasculitis. 

The studies on immunological characteristics of drug induced ANCA might provide useful 
information on the pathogenetic role of ANCA in primary vasculitis. Some studies have 
shown that although serum ANCA in patients with primary ANCA associated vasculitis 
usually recognized only one target antigen, either MPO or PR3, antibodies against multiple 
ANCA antigens, especially the antigens other than MPO and PR3, might be the 
characteristic of drug-induced ANCA. Compared with immunological characteristics of 
anti-MPO antibodies in sera from patients with primary ANCA associated vasculitis, 
prophythiouracil-induced anti-MPO antibodies usually had a higher titre but lower avidity. 
MPO-ANCA from patients with prophythiouracil-induced ANCA associated vasculitis 
might recognize more restricted epitopes of MPO, although the epitopes were overlapping 
between the two groups. In a study of ANCA immunoglobulin (Ig)G subclass distribution, 
the anti-MPO IgG3 subclass, which has a potent complement-activation capacity and a 
firmly binding ability to Fc receptors on mononuclear cells, was not detectable in sera from 
patients with prophythiouracil-induced vasculitis. Furthermore, the levels of IgG4 subclass 
of MPO-ANCA decreased dramatically after cessation of prophythiouracil, in contrast to 
primary ANCA associated vasculitis, and this indicated that the production of 
prophythiouracil-induced MPO-ANCA might be a result of chronic antigen 
(prophythiouracil) stimulation. The above studies provide substantial evidence that the 
mechanisms of ANCA production might be different between prophythiouracil-induced 
vasculitis and primary ANCA associated vasculitis. 

2.3 Clinical manifestations 
The clinical manifestations of drug-induced vasculitis are similar to those of primary 
vasculitides, which range from less specific syndromes (fever, malaise, arthralgia, myalgia, 
weight loss) to single tissue or organ involvement and life-threatening vasculitis. Some 
researchers suggested that more severe specific organ involvement might develop in 
patients with non-specific systemic syndrome when the casual drug was not withdrawn in 
time. The clinical characteristics of drug-induced vasculitis are more likely in the category of 
MPA and isolated glomerulonephritis (GN) in the published work. Kidney is the most 
common involved organ and the renal features vary widely, including haematuria, 
proteinuria and elevated serum creatinine. Intra-alveolar hemorrhage is the most commonly 
reported pulmonary manifestation with consequent cough, dyspnea and haemoptysis. Some 
patients may only have lung involvement such as acute respiratory distress syndrome and 
interstitial pneumonia and without renal injury. Contrary to idiopathic vasculitides, drug-
induced vasculitis usually has a milder course, and fewer patients have rapidly progressive 
GN in drug-induced vasculitis. Rare clinical manifestations were also described in case 
reports such as sensorineural hearing loss, pericarditis, pyoderma gangrenosum,  
central nervous system vasculitis presenting as cognitive symptoms and cerebral 
pachyleptomeningitis. 
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2.4 Laboratory and histopathology findings 
There is no unique clinically pathological or laboratory marker for discrimination between 
drug-induced vasculitis and other vasculitides. The laboratory abnormalities could indicate 
organ involvement. Anemia is common in patients with drug-induced vasculitis. Urine 
abnormalities have consisted of haematuria and proteinuria in patients with kidney 
vasculitis. Accurate assessment of disease activity within the lungs may be difficult because 
disease activity correlates poorly with pulmonary symptoms. A plain chest radiograph is a 
tool to monitor disease activity and high-resolution computed tomography (CT) scanning of 
the chest offers a more sensitive imaging technique. Although acute-phase reactants such as 
erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) are usually elevated in 
patients with drug-induced vasculitis on diagnosis, they are neither sufficiently sensitive 
nor specific in making the diagnosis. In some studies, ESR, which was associated with the 
Birmingham Vasculitis Activity Score, might be a better indicator for disease activity than 
the titres of ANCA. Laboratory markers, including selected autoimmune serological 
findings such as ANA, anti-dsDNA and rheumatoid factor among others are commonly 
used for excluding other diseases or diagnosing other types of vasculitides. 
Because detection of ANCA might serve as a warning of the possibility of drug-induced 
vasculits, ANCA assays using combined IIF and antigen-specific enzyme-linked 
immunosorbent assays (ELISA) rather than relying on either test alone are recommended 
in all patients suspected of drug-induced vasculitis. Detection of IgG ANCA is a routine 
laboratory test, and the presence of high titre IgM MPO-ANCA has also been noted in 
some cases. Eighty to ninety percent of cases are positive for P-ANCA, and almost all the 
patients with drug-induced vasculitis had antibodies to MPO rather than PR3. It has been 
shown that autoantibodies against multiple ANCA antigens might be the characteristic of 
drug-induced ANCA. Merely ANCA directed to other specific target antigens such as 
lactoferrin and HLE among others (except MPO and PR3), were found in rare cases. 
ANCA was also detected in bronchoalveolar lavage fluid (BALF) from a patient with 
drug-induced interstitial pneumonia. Although ANCA is an important serological marker 
for certain small-vessel vasculitides, it might not be suitable for monitoring the disease 
activity of drug-induced vasculitis. After discontinuation of the offending drug, even after 
immunosuppressive therapy, serum ANCA may still remain positive in remission in the 
majority of patients with drug-induced vasculitis for up to 5 years, and an increasing of 
ANCA titres may also occur without overt clinical relapse. Some studies showed that 
although the levels of MPO-ANCA decreased slowly, other immunological characteristics 
of MPO-ANCA might change substantially. For example, the avidity of MPO-ANCA 
could decrease rapidly after withdrawal of medication, indicating that the avidity of anti-
MPO antibodies might be a more sensitive serological biomarker to monitor disease 
activity. 
Tissue biopsy is usually necessary to provide a definitive diagnosis of vasculitis and to 
exclude other diseases. Specimens may come from skin lesions, renal and lung biopsies. 
Skin lesions are characterized by leucocytoclasia and fibrinoid necrosis of the blood vessels. 
The renal biopsy is recommended in patients with kidney vasculitis in order to reveal the 
disease severity and to guide treatment. Typical pauci-immune necrotizing crescentic GN 
could be identified in patients with drug-induced vasculitis, but not necessarily.  
Interestingly, it was reported that three out of 14 and seven out of 10 patients with 
prophythiouracil-induced vasculits had immune complex GN in renal biopsy. 
Bronchoscopic examination and bronchoalveolar lavage (BAL) can be useful in patients with 
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recognizing only the linear sites. They supposed that this clonality of MPO-ANCA 
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remission; more importantly, patients with prophythiouracil induced ANCA but 
without clinical vasculitis did not have AECA. These findings indicated that AECA 
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ANCA antigens, especially the antigens other than MPO and PR3, might be the 
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might recognize more restricted epitopes of MPO, although the epitopes were overlapping 
between the two groups. In a study of ANCA immunoglobulin (Ig)G subclass distribution, 
the anti-MPO IgG3 subclass, which has a potent complement-activation capacity and a 
firmly binding ability to Fc receptors on mononuclear cells, was not detectable in sera from 
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of MPO-ANCA decreased dramatically after cessation of prophythiouracil, in contrast to 
primary ANCA associated vasculitis, and this indicated that the production of 
prophythiouracil-induced MPO-ANCA might be a result of chronic antigen 
(prophythiouracil) stimulation. The above studies provide substantial evidence that the 
mechanisms of ANCA production might be different between prophythiouracil-induced 
vasculitis and primary ANCA associated vasculitis. 

2.3 Clinical manifestations 
The clinical manifestations of drug-induced vasculitis are similar to those of primary 
vasculitides, which range from less specific syndromes (fever, malaise, arthralgia, myalgia, 
weight loss) to single tissue or organ involvement and life-threatening vasculitis. Some 
researchers suggested that more severe specific organ involvement might develop in 
patients with non-specific systemic syndrome when the casual drug was not withdrawn in 
time. The clinical characteristics of drug-induced vasculitis are more likely in the category of 
MPA and isolated glomerulonephritis (GN) in the published work. Kidney is the most 
common involved organ and the renal features vary widely, including haematuria, 
proteinuria and elevated serum creatinine. Intra-alveolar hemorrhage is the most commonly 
reported pulmonary manifestation with consequent cough, dyspnea and haemoptysis. Some 
patients may only have lung involvement such as acute respiratory distress syndrome and 
interstitial pneumonia and without renal injury. Contrary to idiopathic vasculitides, drug-
induced vasculitis usually has a milder course, and fewer patients have rapidly progressive 
GN in drug-induced vasculitis. Rare clinical manifestations were also described in case 
reports such as sensorineural hearing loss, pericarditis, pyoderma gangrenosum,  
central nervous system vasculitis presenting as cognitive symptoms and cerebral 
pachyleptomeningitis. 
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organ involvement. Anemia is common in patients with drug-induced vasculitis. Urine 
abnormalities have consisted of haematuria and proteinuria in patients with kidney 
vasculitis. Accurate assessment of disease activity within the lungs may be difficult because 
disease activity correlates poorly with pulmonary symptoms. A plain chest radiograph is a 
tool to monitor disease activity and high-resolution computed tomography (CT) scanning of 
the chest offers a more sensitive imaging technique. Although acute-phase reactants such as 
erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) are usually elevated in 
patients with drug-induced vasculitis on diagnosis, they are neither sufficiently sensitive 
nor specific in making the diagnosis. In some studies, ESR, which was associated with the 
Birmingham Vasculitis Activity Score, might be a better indicator for disease activity than 
the titres of ANCA. Laboratory markers, including selected autoimmune serological 
findings such as ANA, anti-dsDNA and rheumatoid factor among others are commonly 
used for excluding other diseases or diagnosing other types of vasculitides. 
Because detection of ANCA might serve as a warning of the possibility of drug-induced 
vasculits, ANCA assays using combined IIF and antigen-specific enzyme-linked 
immunosorbent assays (ELISA) rather than relying on either test alone are recommended 
in all patients suspected of drug-induced vasculitis. Detection of IgG ANCA is a routine 
laboratory test, and the presence of high titre IgM MPO-ANCA has also been noted in 
some cases. Eighty to ninety percent of cases are positive for P-ANCA, and almost all the 
patients with drug-induced vasculitis had antibodies to MPO rather than PR3. It has been 
shown that autoantibodies against multiple ANCA antigens might be the characteristic of 
drug-induced ANCA. Merely ANCA directed to other specific target antigens such as 
lactoferrin and HLE among others (except MPO and PR3), were found in rare cases. 
ANCA was also detected in bronchoalveolar lavage fluid (BALF) from a patient with 
drug-induced interstitial pneumonia. Although ANCA is an important serological marker 
for certain small-vessel vasculitides, it might not be suitable for monitoring the disease 
activity of drug-induced vasculitis. After discontinuation of the offending drug, even after 
immunosuppressive therapy, serum ANCA may still remain positive in remission in the 
majority of patients with drug-induced vasculitis for up to 5 years, and an increasing of 
ANCA titres may also occur without overt clinical relapse. Some studies showed that 
although the levels of MPO-ANCA decreased slowly, other immunological characteristics 
of MPO-ANCA might change substantially. For example, the avidity of MPO-ANCA 
could decrease rapidly after withdrawal of medication, indicating that the avidity of anti-
MPO antibodies might be a more sensitive serological biomarker to monitor disease 
activity. 
Tissue biopsy is usually necessary to provide a definitive diagnosis of vasculitis and to 
exclude other diseases. Specimens may come from skin lesions, renal and lung biopsies. 
Skin lesions are characterized by leucocytoclasia and fibrinoid necrosis of the blood vessels. 
The renal biopsy is recommended in patients with kidney vasculitis in order to reveal the 
disease severity and to guide treatment. Typical pauci-immune necrotizing crescentic GN 
could be identified in patients with drug-induced vasculitis, but not necessarily.  
Interestingly, it was reported that three out of 14 and seven out of 10 patients with 
prophythiouracil-induced vasculits had immune complex GN in renal biopsy. 
Bronchoscopic examination and bronchoalveolar lavage (BAL) can be useful in patients with 
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lung involvement. BAL typically shows neutrophilic alveolitis. Haemosiderin-laden 
macrophages may be found in BAL.. 

2.5 Risk for drug-induced vasculitis 
In contrast to primary ANCA associated vasculitis, which occurs more often in the elderly, 
the demographic characteristics of patients with drug-induced vasculitis may reflect the 
features of the underlying diseases. For example, patients with drug-induced vasculits are 
younger and predominantly female, which might merely be a reflection of the greater 
prevalence of thyroid disease in young women. Furthermore, a preponderance of reported 
cases are from countries in Europe and Asia where the medical community, in sharp 
contrast to that in the USA, preferentially manages hyperthyroid states with thionamides 
rather than with radioactive iodine. Long-standing therapy using the offending drug might 
be a risk factor for developing clinically evident vasculitis. In vitro, some studies confirmed 
that in contrast to short-term treatment with the parent drugs, long-term therapy, which 
allowed for more extensive generation of the reactive intermediates, resulted in sensitization 
of T cells to the intermediates. Because the risk of drug-induced lupus was increasing in 
patients receiving a higher cumulative dose of minocycline and hydralazine, similar results 
might exist in drug-induced vasculitis; however, there is no data on the cumulative 
threshold dose of the causal drugs in drug-induced vasculitis. 

2.6 How to make a proper diagnosis 
Because primary ANCA associated vasculitis is associated with high morbidity and 
mortality, as well as potentially life-threatening toxicity from immunosuppressive therapy, 
identification of potentially reversible causes of specific drugs is very important. Failure to 
recognize the offending drug can lead to fatal organ damage. However, the diagnosis of 
drug-induced vasculits is complicated and difficult for several reasons, including: (a) 
physicians often do not recognize the syndrome as drug-induced (inappropriate diagnosis); 
(b) variable and often prolonged duration between the commencement of therapy and initial 
vasculitic symptoms; and (c) failure to evaluate appropriate laboratory and invasive tests. 
The awareness of drug-induced vasculitis by physicians is important in order to make 
prompt diagnosis and treatment and thus achieving favorable outcomes. It is essential that a 
comprehensive drug history should be obtained in patients with vasculitis. Clinicians 
should seek information on drug use for at least 6 months before presentation. The 
evaluation of pertinent laboratory data and prompt histological confirmation of the disease 
may aid in the diagnosis. Biopsies are strongly encouraged to confirm the presence of 
vasculitis3 and to determine the disease severity. Patients with drug-induced vasculitis 
should fulfilled the 1994 Chapel Hill Consensus Conference definition for ANCA associated 
vasculitis. We suggest that drug-induced vasculitis should be defined further by the 
following: (a) the signs and symptoms of vasculitis are temporally related to using the 
offending drug, and regressed with its discontinuation; (b) serum ANCA is positive, 
especially those with multi-antigenicity; and (c) medical conditions that mimic vasculitis are 
excluded, especially infections and malignancies, and other definable types of vasculitis. A 
low percentage of patients treated long term with a drug risk developing hypersensitivity 
reactions, some of which appear as vasculitis. There are laboratory markers that can help 
distinguish drug induced vasculitis from idiopathic autoimmune diseases, and thorough 
knowledge about such serological changes may help to differentiate drug-induced from 
idiopathic syndromes (summarized in Table 2). 
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 Drug-induced 
vasculitis SLE AAV 

Antihistone abs. Can be seen Rare Absent 

AntidsDNA abs. Absent Common Absent 

ANCA Commona Rare Commonb 

Antiphospholipid abs. Common Common Rare 

Immune complexes Rare Common Absent 

SLE, systemic lupus erythematosus; AAV, anti-neutrophil cytoplasmic antibodies-associated vasculitis.  
a Multispecific. 
b Single ANCA specificity. 

Table 2. Laboratory marker differences between drug-induced vasculitis and idiopathic 
systemic lupus erythematosus and ANCA associated vasculitis 

2.7 Treatment 
There is no standard approach to the treatment of drug induced vasculitis. Because the 
pathogenesis is different between primary and drug-induced vasculitis, the cornerstone of 
treatment for primary ANCA associated vasculitis, including induction therapy and 
maintenance therapy with combined corticosteroid and cyclophosphamide, might not be 
suitable for patients with drug-induced vasculitis. Treatment should be based on 
individualized assessment in patients with drug-induced vasculitis. Because the offending 
drugs are involved in the pathogenesis, cessation of the casual drug immediately after 
diagnosis is essential and might be enough for those with limited to general systemic 
symptoms. In some case reports, organ involvement such as renal and pulmonary vasculitis 
could resolve only after discontinuation of the casual drug. However, in another case report, 
vasculitis worsened in the next 5 months after withdrawal of medication. Furthermore, in 
the published work it was reported that at least seven patients had died of prophythiouracil-
induced vasculitis in spite of intensive immunosuppressive therapy. Therefore, treatment 
for patients with organ involvement should depend on the severity of clinical 
manifestations and histopathological lesions. For patients with severe and active organ 
involvement, intensive immunosuppressive therapy such as corticosteroid and/or 
immunosuppressive agents could improve organ function and prevent progression to 
severe, irreversible disease. As shown in Table 3, prednisone should be administered at 1 
mg/kg per day for the first 4–8 weeks, followed by a gradual tapering within 6–12 months. 
Cyclophosphamide (0.6–1.0 g/ month i.v., or 1–2 mg/kg per day p.o.) or mycophenolate 
mofetil (1.5–2.0 g/day) could be administered for 6–12 months. In addition, patients with 
severe necrotizing crescentic GN and diffuse pulmonary alveolar hemorrhage should 
receive pulse methylprednisolone (7–15 mg/kg per day) for 3 days, and patients with life-
threatening massive pulmonary hemorrhage may respond to plasmapheresis. It is well 
accepted that treatment for patients with primary ANCA associated vasculitis comprised 
both induction and maintenance therapy. However, for patients with drug-induced 
vasculitis, the duration of immunosuppressive therapy is still inconclusive. The duration of 
immunosuppressive therapy in patients with drug-induced vasculitis could be much shorter 
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lung involvement. BAL typically shows neutrophilic alveolitis. Haemosiderin-laden 
macrophages may be found in BAL.. 

2.5 Risk for drug-induced vasculitis 
In contrast to primary ANCA associated vasculitis, which occurs more often in the elderly, 
the demographic characteristics of patients with drug-induced vasculitis may reflect the 
features of the underlying diseases. For example, patients with drug-induced vasculits are 
younger and predominantly female, which might merely be a reflection of the greater 
prevalence of thyroid disease in young women. Furthermore, a preponderance of reported 
cases are from countries in Europe and Asia where the medical community, in sharp 
contrast to that in the USA, preferentially manages hyperthyroid states with thionamides 
rather than with radioactive iodine. Long-standing therapy using the offending drug might 
be a risk factor for developing clinically evident vasculitis. In vitro, some studies confirmed 
that in contrast to short-term treatment with the parent drugs, long-term therapy, which 
allowed for more extensive generation of the reactive intermediates, resulted in sensitization 
of T cells to the intermediates. Because the risk of drug-induced lupus was increasing in 
patients receiving a higher cumulative dose of minocycline and hydralazine, similar results 
might exist in drug-induced vasculitis; however, there is no data on the cumulative 
threshold dose of the causal drugs in drug-induced vasculitis. 

2.6 How to make a proper diagnosis 
Because primary ANCA associated vasculitis is associated with high morbidity and 
mortality, as well as potentially life-threatening toxicity from immunosuppressive therapy, 
identification of potentially reversible causes of specific drugs is very important. Failure to 
recognize the offending drug can lead to fatal organ damage. However, the diagnosis of 
drug-induced vasculits is complicated and difficult for several reasons, including: (a) 
physicians often do not recognize the syndrome as drug-induced (inappropriate diagnosis); 
(b) variable and often prolonged duration between the commencement of therapy and initial 
vasculitic symptoms; and (c) failure to evaluate appropriate laboratory and invasive tests. 
The awareness of drug-induced vasculitis by physicians is important in order to make 
prompt diagnosis and treatment and thus achieving favorable outcomes. It is essential that a 
comprehensive drug history should be obtained in patients with vasculitis. Clinicians 
should seek information on drug use for at least 6 months before presentation. The 
evaluation of pertinent laboratory data and prompt histological confirmation of the disease 
may aid in the diagnosis. Biopsies are strongly encouraged to confirm the presence of 
vasculitis3 and to determine the disease severity. Patients with drug-induced vasculitis 
should fulfilled the 1994 Chapel Hill Consensus Conference definition for ANCA associated 
vasculitis. We suggest that drug-induced vasculitis should be defined further by the 
following: (a) the signs and symptoms of vasculitis are temporally related to using the 
offending drug, and regressed with its discontinuation; (b) serum ANCA is positive, 
especially those with multi-antigenicity; and (c) medical conditions that mimic vasculitis are 
excluded, especially infections and malignancies, and other definable types of vasculitis. A 
low percentage of patients treated long term with a drug risk developing hypersensitivity 
reactions, some of which appear as vasculitis. There are laboratory markers that can help 
distinguish drug induced vasculitis from idiopathic autoimmune diseases, and thorough 
knowledge about such serological changes may help to differentiate drug-induced from 
idiopathic syndromes (summarized in Table 2). 
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There is no standard approach to the treatment of drug induced vasculitis. Because the 
pathogenesis is different between primary and drug-induced vasculitis, the cornerstone of 
treatment for primary ANCA associated vasculitis, including induction therapy and 
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suitable for patients with drug-induced vasculitis. Treatment should be based on 
individualized assessment in patients with drug-induced vasculitis. Because the offending 
drugs are involved in the pathogenesis, cessation of the casual drug immediately after 
diagnosis is essential and might be enough for those with limited to general systemic 
symptoms. In some case reports, organ involvement such as renal and pulmonary vasculitis 
could resolve only after discontinuation of the casual drug. However, in another case report, 
vasculitis worsened in the next 5 months after withdrawal of medication. Furthermore, in 
the published work it was reported that at least seven patients had died of prophythiouracil-
induced vasculitis in spite of intensive immunosuppressive therapy. Therefore, treatment 
for patients with organ involvement should depend on the severity of clinical 
manifestations and histopathological lesions. For patients with severe and active organ 
involvement, intensive immunosuppressive therapy such as corticosteroid and/or 
immunosuppressive agents could improve organ function and prevent progression to 
severe, irreversible disease. As shown in Table 3, prednisone should be administered at 1 
mg/kg per day for the first 4–8 weeks, followed by a gradual tapering within 6–12 months. 
Cyclophosphamide (0.6–1.0 g/ month i.v., or 1–2 mg/kg per day p.o.) or mycophenolate 
mofetil (1.5–2.0 g/day) could be administered for 6–12 months. In addition, patients with 
severe necrotizing crescentic GN and diffuse pulmonary alveolar hemorrhage should 
receive pulse methylprednisolone (7–15 mg/kg per day) for 3 days, and patients with life-
threatening massive pulmonary hemorrhage may respond to plasmapheresis. It is well 
accepted that treatment for patients with primary ANCA associated vasculitis comprised 
both induction and maintenance therapy. However, for patients with drug-induced 
vasculitis, the duration of immunosuppressive therapy is still inconclusive. The duration of 
immunosuppressive therapy in patients with drug-induced vasculitis could be much shorter 
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than that in primary ANCA associated vasculitis and that as long as the offending drug was 
withdrawn, maintenance therapy might not be necessary. Although ANCA detection may 
provide a clue to the diagnosis of drug-induced vasculitis, positive seroconversion alone 
may not be a sufficient reason to discontinue the offending drug, because only a small 
proportion of the patients with positive ANCA will actually develop clinically evident 
vasculitis. Physicians should carefully monitor those with drug-induced ANCA but without 
clinical vasculitis. Resolution of most symptoms has generally occurred within 1–4 weeks 
except for severe organ involvement. Nonspecific symptoms may resolve dramatically only 
after cessation of the casual drug. However complete resolution of vasculitis occurred in 
most of the reported cases, some patients do have persistent laboratory abnormalities 
(elevated serum creatinine, proteinuria) throughout a long-term follow up. As we 
mentioned before, if necrotizing crescentic GN was present, the patients were at high risk of 
developing chronic renal failure. 
 

Management of causal agents  

    Withdrawal  

    Avoid re-challenges  

    Consider avoiding similar drug classes  

Individualized therapy  

    Non-specific symptoms Withdrawal of causal agents alone 

    Organ involvement Corticosteroid and/or 
immunosuppressive drugs 

    Severe organ involvement (e.g. 
necrotizing  glomerulonephritis,  
focal segmental  
necrotizing glomerulonephritis, diffuse  
alveolar hemorrhage) 

Methylprednisolone pulse therapy, 
followed by combined corticosteroid and 
immunosuppressive drugs 

    Massive pulmonary hemorrhage Plasmapheresis 

Special notes for patients with drug-induced 
vasculitis 

 

    A shorter course of immunosuppressive 
therapy 

 

    Long-term maintenance may not be 
necessary 

 

    Monitoring of serum ANCA 
    Surveillance for emergence of a chronic 
underlying vasculitis 

 

AAV, anti-neutrophil cytoplasmic antibodies-associated vasculitis; ANCA, anti-neutrophil cytoplasmic 
antibodies. 

Table 3. Treatment strategy for patients with drug-induced vasculitis 
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3. Conclusion  
The clinician needs to be aware of this risk and quickly stop the offending drug therapy 
if signs of drug-induced vasculitis develop. In conclusion, patients undergoing 
treatments with the drugs able to induce vasculitis should be monitored closely during 
long-term therapy. ANCA is a useful tool to diagnose discontinued immediately after 
diagnosis. Appropriate immunosuppressive therapy should be administered only for 
patients with vital organ involvement in order to prevent progression to severe, 
irreversible disease. The duration of immunosuppressive therapy should be much 
shorter than that of primary ANCA associated vasculitis and long-term maintenance 
therapy might not be necessary. Identification of predisposing factors to drug-induced 
vaculitis may provide insight into the pathogenesis of primary vasculitis. Finally the 
recommendations for clinicians are: 
 Avoid use of the drugs able to induce drug-induces vasculitis in the long term,  

and patients using long-term treatment with these drugs should be monitored  
carefully. 

 Discontinue the offending drug immediately upon diagnosis of drug-induced 
vasculitis. 

 Individualized immunosuppressive therapy should be initiated according to the 
severity of organ involvement. 

 Adequate documentation of the potentially serious drug-induced reaction in patients’ 
medical records is necessary to avoid re-challenge. 
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than that in primary ANCA associated vasculitis and that as long as the offending drug was 
withdrawn, maintenance therapy might not be necessary. Although ANCA detection may 
provide a clue to the diagnosis of drug-induced vasculitis, positive seroconversion alone 
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3. Conclusion  
The clinician needs to be aware of this risk and quickly stop the offending drug therapy 
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therapy might not be necessary. Identification of predisposing factors to drug-induced 
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and patients using long-term treatment with these drugs should be monitored  
carefully. 
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severity of organ involvement. 

 Adequate documentation of the potentially serious drug-induced reaction in patients’ 
medical records is necessary to avoid re-challenge. 
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1. Introduction 
Vasculitis is the inflammation of a blood or lymph vessel (Merriam – Webster Online 
Dictionary, 2011). Vasculitis is a broad term used to include a group of syndromes 
characterized by inflammation, fibrinoid necrosis or formation of granulomas in the blood 
vessel walls. These can be localized or multifocal, and have different causes and 
manifestations, depending on the location, size, presence or absence of necrosis. The latter 
can affect different organs. The vasculitides can be classified as primary or secondary, and 
are usually a diagnostic challenge for the physician. An open mind and great deal of 
suspicion is required. Once vasculitis is suspected, a thorough and systematic approach is 
mandatory. Laboratory tests, imaging studies, and, on occasion, tissue biopsies will help 
achieve an accurate diagnosis. Its etiology is also diverse (González-Gay et al., 2005) and 
hence provides the patient with an efficient and appropriate treatment. 
Recent advances in technology, with more complete serologic, histochemical, and detailed 
images, have helped in understanding and differentiating vasculitis from each other. This 
has resulted in a classification based on etiology, as well as the identification of possible 
prevention techniques, and strategic treatments. 
Medications can induce different side effects, including vasculitis. There are two recognized 
presentations: Drug Induced Lupus (DIL), and Drug Induced Vasculitis (DIV). These are 
difficult to separate, and are usually superimposed. Among the latter, one of the most well 
recognized is Antineutrophil cytoplasmic antibody (ANCA) associated autoimmune disease 
induced by antithyroid drugs (Aloush V et al., 2006; Bonaci-Nikolic B et al, 2005; Wiik, 2005; 
Pillinger & Staud, 2006). It has been proposed that neutrophile myloperoxidase (MPO) 
reacts with propylthiouracil (PTU), transforming this in a sulfa form, which initiates a chain 
reaction with activation of T lymphocytes, and B lymphocytes that induces vascular 
inflammation (Aloush V et al., 2006, Pillinger & Staud, 2006). It is interesting to note that, 
despite the elimination of PTU, the patient may continue having ANCA, and relapses of the 
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disease (Bonaci-Nikolic B et al., 2005, Aloush V et al., 2006, Bonaci-Nikolic B et al., 2005, 
Pillinger & Staud, 2006, Choi HK et al., 2000). 
This article will focus on the historic evolution of the recognition of vasculitides as an 
autoimmune entity. We will also describe its pathophysiology, clinical presentation and 
treatment; paying special attention to drug induced vasculitides. Medications can induce 
different reactions, from local to systemic ones, including vasculitis. The skin and 
subcutaneous tissue are common targets, producing rashes and skin discolorations, usually 
associated with pruritus, edema, and, on occasion, ulceration and necrosis. There might be 
concomitant arthralgias and myalgias. In these cases, the discontinuation of the medication 
is recommended, and immunosuppressive therapies are usually required. 

2. Epidemiology of small vessel vasculitis  
Vasculitides are rare entities, and trustable epidemiologic data is limited. An annual 
incidence of cutaneous forms in 38.6 cases per million people has been estimated. It is 
usually most common in women (50.4 cases per million), than in men (26 cases per million). 
In any case, these are approximations, and likely underestimated, because some of the 
presentations like leucopenia are considered separately (Watts RA et al., 1998, Watts RA et 
al., 2000, Tidman, M et al., 1998). 
The first publications regarding drug induced vasculitis described reactions by sulfadiazine 
and hydralazine, and referred to a DIL (Hofman BJ, 1945; Alarcon D, 1967; Scott DGI, 2000). 
In 1953 it was demonstrated that 7% of patients that took hydralazine for the treatment of 
hypertension develop DIL. These patients present fever, arthralgias, arthritis, myalgias, and 
serositis involving the pleura and pericardium. It is more common after prolonged use and 
in patients with advanced age. Antinuclear antibodies (ANA) are usually positive with a 
homogenous pattern, and autoantibodies to the nucleosome subunit (H2AH2B)-DNA. These 
patients rarely develop double stranded DNA antibodies (anti-DNA), which usually happen 
in DIL by sulphasalazine. The latter patients are usually carriers of HLA DR 0301, which is a 
recognized predisposing factor for DIL (Bonaci-Nikolic B et al., 2005, Morrow JD et al., 1953, 
Yung & Richardson 1994). 
There are different ANA that are responsible for DIL (Yung &Richardson, 1994; Burlingame 
& Rubin, 1996; Ayer LM, 1994). These can be directed against MPO, human leukocyte 
elastase (HLE), catepsin G, lactoferrin and azurocidine, but they all have in common that 
they affect the neutrophils and monocytes in the perinuclear area (Jennette JC, 2000).  
Medications that cause DIL, may also induce DIV, and in both cases there might be 
compromise of small vessels, the skin, synovial tissues, kidneys and lungs. These further 
complicates the differentiation between the two (Aloush V et al., 2006, Bonaci-Nikolic B et 
al., 2005, ,Pillinger & Staud, 2006, Choi HK et al, 2000). 
There are two major antigens for the ANCA: MPO and proteinase (PR3) (Zhao MH, 1995). 
The combination of PR3-ANCA with normal neutrophils fixed with acetone produces a 
typical cytoplasmic discoloration, and hence the term C-ANCA. The MPO-ANCA induces a 
perinuclear change known as P-ANCA (Westman K, et al, 2003). 
Other drugs that cause DIL and DIV include, but are not limited to: carbamazepine, 
chlorpromazine, isoniazide, methimazole, alpha methyldopa, mynocicline, phenytoin, 
procainamide and quinidine (Ullman S. et al, 2004). Similar findings have been described 
with Etanercept. 
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ANCA are found also in other conditions, where its role it is not well understood (DeBant et 
al, 2005), for example: Ulcerative Colitis, Crohn’s disease and HIV (Doyle & Cuellar, 2003; 
Mekel PA, 2001). 

3. Historical evolution  
The first descriptions were made by Claudio Galeno, when he concluded that some of the 
peripheral arterial aneurysms that he found were of iatrogenic nature (Litton & Resurh, 
1978). These are well written is his book “De tumoribus pareter naturam”. Later, in the XVI 
century Montpellier described vasculitis of infectious origin, specifically related to syphilis 
(Saporta A, 1624, Cited by Garrison & Morton, 1970). But it was only until the XIX century 
that vasculitis was recognized as a separate entity (Iglesias et al, 2002). In 1801, William 
Heberden started describing a vascular purpura (Heberden, 1931). His studies were 
confirmed and completed in 1837 by Schönlein (Schönlein JL, 1837) and in 1874 by Eduard 
Henoch (Henoch E, 1868). In 1862, Karl Von Rokitansky proposed that the origin of 
atherosclerosis is the result of the deposit of material that came from the blood, which 
subsequently induces arteritis or inflammation (Rokitansky K, 1852). He established that 
this inflammation started in the external layer or adventicia (Rokitansky K, 1852). The 
concept of vasculitis was consolidated after the pathological analysis by Rudolf Maier and 
Adolf Kussmaul (Kussmaul A, 1866). This was the first description and recognition of the 
polyarteritis nodosa. Around 1827, an association between purpura and abdominal pain 
was determined. The term Henoch-Schonlein purpura was given (Henoch E, 1868). 
It was in the XX century that Osler described a form of vasculitis that included purpura and 
visceral involvement (Glanzman E, 1920). This was later named Systemic Lupus 
Erythematosus (SLE). Wegener’s granulomatosis was described in 1931. But it was only 
until 1948 that Douglas Gaaidner proposed that Henoch-Scholein purpura (Klinge F, 1933), 
acute nephritis, rheumatic fever and polyarteritis nodosa had a common etiology and were 
associated to an antibody-antigen reaction that occurred at the blood vessel level. 
Subsequent descriptions of different cases of Wegener’s granulomatosis, Churg Strauss 
syndrome, Kawasaki, Henoch Schonlein, Behcet’s, RA, Takayasu’s, temporal arteritis and 
SLE were done (Wegener F, 1990; Hunder GG et al, 1990).  
The first descriptions of DIL were recorded in 1945 with the use of sulfadiazine (Hoffman 
BJ, 1945); and in 1953 with hydralazine (Alarcon Segovia D, 1967; Ullman S et al, 1974; Yung 
& Richardson, 1994). The presentation was similar to the one of Systemic Lupus 
Erythematosus: fever, arthritis, myalgias, and serositis with involvement of the pericardium 
and pleura (Yung & Richardson, 1994). 
In 1970, it was determined that DIV and DIL were usually observed in people with HLA 
DR0301 (Mielke et al, 1993; Gunnarsson I, 2000). 
It was in 1973 when it was established that immunosuppressive therapy improved the 
prognosis of patients with Wegener’s granulomatosis (Fauci & Wolff, 1993). 
Around 1990, the classification criterion of different vasculitis was established, as well as its 
therapeutic and diagnostic approach (Churg J, 1991). However, it was in 1994 when simple 
nomenclature was made. This classified the vasculitis in big vessel vasculitis (giant cell 
arteritis and Takayasu's); median vessel vasculitis (Polyarteritis nodosa); and small vessel 
vasculitis (Wegener’s granulomatosis, Churg Strauss syndrome, microscopic Poliangeítis, 
Henoch Schonlein purpura, Vasculitis induced by Cryoglobulins) (Jannette et al, 1994). 
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Vessel size  Presence of Granuloma.  No Granuloma 
Large Temporal arteritis.  Polyarteritis Nodosa. 
 Takayasu’s arteritis.  
Medium   Kawasaki’s disease 

 
Small Wegener’s Granulomatosis  Microscopic Polyangitis 
 Churg Strauss Syndrome  Henoch Schonlein purpura 
  Cutaneous leukocytolastic 

Table 1. Classification of vasculitis depending on the presence or not of granulomas, by 
Jennette et al 1994 

4. Clinical presentation  
Clinical manifestations vary as well as the organs affected. In general, it depends on the 
cause, localization, the size of the vessel affected, and the degree of ischemia. Symptoms 
commonly found are: purpura, erythema, urticaria, vesiculobullous lesions, superficial 
ulcers, splinter hemorrhages, scleritis, episcleritis, uveitis, neutrophilic granulomatous 
dermatitis, glomerulonephritis, gastric colic, pulmonary hemorrhage, constitutional 
symptoms. When the compromise is in the middle of medium-caliber vessels, we find 
subcutaneous nodules, deep ulcers, livedo reticularis, digital gangrene, mononeuritis, 
aneurysms, and ischemic lesions (Iglesias Gamarra A, et al, 2006).  
As we have stated, the most common skin manifestations are: Urticaria, edema, petequias, 
exanthema, livedo reticularis, purpura, vesicles or ulcerations. The distribution varies, 
affecting the extremities, trunk or both (Iglesias Gamarra A, et al, 2006). 
If there is damage of the muscular vessels, a myopathy may develop with myalgia, 
weakness and elevation of CK and LDH (Iglesias Gamarra A, et al, 2006). 
It is common to see a prodromal presentation of non specific symptoms like general malaise, 
weight loss, fever and night sweats. Specific symptoms develop once a major organ is 
affected. For example, in Wegener’s granulomatosis, there is compromise of the upper and 
lower airways and the kidneys. Similarly, the kidneys are affected in microscopic 
polyangitis. This results in hematuria, proteinuria and kidney failure. The lower airways 
affection may result in pulmonary hemorrhage, which is fatal if not recognized and treated 
in a timely manner (Iglesias Gamarra A, et al, 2006). 
In Churg Strauss the clinical presentation is often mistaken as asthma exacerbations. Chest x 
rays show transitory pulmonary infiltrates, and eosinophils are very elevated in blood. 
There might appear concomitant cutaneous vasculitis, as well as gastrointestinal 
abnormalities with abdominal pain and symptoms that can be confused with irritable bowel 
syndrome (Iglesias Gamarra A. et al, 2006). 
Polyarteritis nodosa is less frequent, but more severe and devastating. It causes ischemic 
infarcts of various organs, which can induce to hemorrhage, specially the in bowel, pancreas 
and gallbladder. Urinary tract compromise is seen in 50% of the patients, but it is 
uncommon to have severe kidney insufficiency (Jennette JC, 1994). 
In general, the gold standard diagnostic test for vasculitis is tissue biopsy that demonstrates 
fibrinoid necrosis with vascular inflammation. Common sources are the nose, lungs, skin or 
kidneys. Serological tests are also important in helping define the type of vasculitis (Iglesias 
Gamarra A, et al, 2006; Jennette JC, 1994). 
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In drug induced vasculitis, small vessels are usually affected. The histopathological findings 
are similar to other types of vasculitis. And this is usually considered a diagnosis of 
exclusion. Non specific symptoms are present as described above, including fever, weight 
loss, arthralgias and myalgias. Skin changes are frequently seen, like purpuric lesions, 
vesicles and bullae, urticaria and splinter hemorrhages. More severe cases may present with 
glomerulonephritis, alveolar hemorrhage, uveitis and scleritis. The syndrome might resolve 
in weeks after the drug has been discontinued. However in rare cases it might become 
persistent, especially in those with ANCA positive. There are no specific laboratory findings, 
eosinophilia is present in 79% of cases, ESR and CRP are commonly elevated. Hence, biopsy 
is mandatory (Jennette JC, 1994). 

5. Laboratory findings 
1. Complete blood counts and erythrosedimentation rate: Anemia is a common finding, 

usually normocytic, normochromic. Platelets are usually elevated, as is ESR. White 
blood cell counts are of extreme importance, since leucopenia is usually the limiting 
factor with immunosupression. 

2. Chemistries: To assess renal (BUN, creatinine, eGFR), hepatic (Liver function tests) and 
muscular (CK, aldolase, LDH) compromise. 

3. Creatinine is used to evaluate kidney function. An urianalysis is required to diagnose 
glomerular involvement, in which case proteinuria and hematuria are found. Kidney 
function is also a prognosis factor.  

4. Chest X rays, to look for lung involvement or pulmonary nodules. 
5. Electromyography (EMG) to assess nuropathy and neuritis. 
6. ANCA: Anti PR3 and anti MPO are present in 90% of the Wegener’s granulomatosis. 
7. Cryoglobulins and complement levels (C3 and C4). 
8. Hepatitis B, and C, which might be the underlying cause of cryoglobulins. 
9. Angiograms to evaluate vascular compromise in Takayasu’s artritis. 

6. Histopathology  
There is an inflammatory response, manifested as a cellular infiltration with subsequent 
wall vessel damage. Inflammation results in leukocytosis, and may end in vascular necrosis. 
When the latter occurs and becomes chronic, granulomas are usually present. 
Fibrinoid necrosis is characterized by replacement of the vascular wall by eosinophils, 
fibrinogen deposits, immunoglobulins. In general, there is leucocyte destruction, but 
lynfocites might also be affected.  
This results in immunoproliferative vasculitis. All the above findings make biopsy 
necessary. The skin, respiratory tract (either superior or inferior) and kidneys are the most 
frequently biopsied. Approximately 20% of cases of cutaneous vasculitis represent an 
adverse drug eruption and most will represent so-called hypersensitivity vasculitis (CLA) 
and exhibit a superficial dermal, small-vessel neutrophilic vasculitis or lymphocytic 
vasculitis (Carlson & Chen, 2006; Carlson & Chen, 2007). Identification of tissue eosinophilia 
in these biopsies is a clue to a drug etiology (Bahrami S, 2006). Pharmacological classes 
involved in drug-induced vasculitis are: 1. an ANCA-associated group, such as 
propylthiouracil, hydralazine, allopurinol, minocycline, penicillamine, and phenytoin; 2. an 
ANCA-negative group, such as colony-stimulating factors, isotretinoin, and methotrexate 
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Vessel size  Presence of Granuloma.  No Granuloma 
Large Temporal arteritis.  Polyarteritis Nodosa. 
 Takayasu’s arteritis.  
Medium   Kawasaki’s disease 

 
Small Wegener’s Granulomatosis  Microscopic Polyangitis 
 Churg Strauss Syndrome  Henoch Schonlein purpura 
  Cutaneous leukocytolastic 

Table 1. Classification of vasculitis depending on the presence or not of granulomas, by 
Jennette et al 1994 

4. Clinical presentation  
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symptoms. When the compromise is in the middle of medium-caliber vessels, we find 
subcutaneous nodules, deep ulcers, livedo reticularis, digital gangrene, mononeuritis, 
aneurysms, and ischemic lesions (Iglesias Gamarra A, et al, 2006).  
As we have stated, the most common skin manifestations are: Urticaria, edema, petequias, 
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in a timely manner (Iglesias Gamarra A, et al, 2006). 
In Churg Strauss the clinical presentation is often mistaken as asthma exacerbations. Chest x 
rays show transitory pulmonary infiltrates, and eosinophils are very elevated in blood. 
There might appear concomitant cutaneous vasculitis, as well as gastrointestinal 
abnormalities with abdominal pain and symptoms that can be confused with irritable bowel 
syndrome (Iglesias Gamarra A. et al, 2006). 
Polyarteritis nodosa is less frequent, but more severe and devastating. It causes ischemic 
infarcts of various organs, which can induce to hemorrhage, specially the in bowel, pancreas 
and gallbladder. Urinary tract compromise is seen in 50% of the patients, but it is 
uncommon to have severe kidney insufficiency (Jennette JC, 1994). 
In general, the gold standard diagnostic test for vasculitis is tissue biopsy that demonstrates 
fibrinoid necrosis with vascular inflammation. Common sources are the nose, lungs, skin or 
kidneys. Serological tests are also important in helping define the type of vasculitis (Iglesias 
Gamarra A, et al, 2006; Jennette JC, 1994). 
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eosinophilia is present in 79% of cases, ESR and CRP are commonly elevated. Hence, biopsy 
is mandatory (Jennette JC, 1994). 

5. Laboratory findings 
1. Complete blood counts and erythrosedimentation rate: Anemia is a common finding, 

usually normocytic, normochromic. Platelets are usually elevated, as is ESR. White 
blood cell counts are of extreme importance, since leucopenia is usually the limiting 
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muscular (CK, aldolase, LDH) compromise. 

3. Creatinine is used to evaluate kidney function. An urianalysis is required to diagnose 
glomerular involvement, in which case proteinuria and hematuria are found. Kidney 
function is also a prognosis factor.  
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There is an inflammatory response, manifested as a cellular infiltration with subsequent 
wall vessel damage. Inflammation results in leukocytosis, and may end in vascular necrosis. 
When the latter occurs and becomes chronic, granulomas are usually present. 
Fibrinoid necrosis is characterized by replacement of the vascular wall by eosinophils, 
fibrinogen deposits, immunoglobulins. In general, there is leucocyte destruction, but 
lynfocites might also be affected.  
This results in immunoproliferative vasculitis. All the above findings make biopsy 
necessary. The skin, respiratory tract (either superior or inferior) and kidneys are the most 
frequently biopsied. Approximately 20% of cases of cutaneous vasculitis represent an 
adverse drug eruption and most will represent so-called hypersensitivity vasculitis (CLA) 
and exhibit a superficial dermal, small-vessel neutrophilic vasculitis or lymphocytic 
vasculitis (Carlson & Chen, 2006; Carlson & Chen, 2007). Identification of tissue eosinophilia 
in these biopsies is a clue to a drug etiology (Bahrami S, 2006). Pharmacological classes 
involved in drug-induced vasculitis are: 1. an ANCA-associated group, such as 
propylthiouracil, hydralazine, allopurinol, minocycline, penicillamine, and phenytoin; 2. an 
ANCA-negative group, such as colony-stimulating factors, isotretinoin, and methotrexate 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

292 

(Holder SM et al, 2002). Identifying the offending drug is the most important aspect of 
treatment as its discontinuation is followed by a rapid improvement in the vasculitis in 
many cases.  

7. Small vessel vasculitis  
Small vessel vasculitis comprises a heterogeneous group of diseases and syndromes. To 
facilitate its understanding, they are classified as follows: 
1. Immune complex mediated: 

1.1 GoodPasture’s. 
1.2 Leucocitoclastic angitis. 
1.3 Henoch Schonlein Purpura. 
1.4 Urticarial Crioglobulinemia. 

2. ANCA associated vasculitis: 
2.1 Wegener’s granulomatosis. 
2.2 Microscopic polyangitis. 
2.3 Churg Strauss. 
2.4 Kidney vasculitis. 
2.5 Secondary vasculitis. 

3. Miscelaneous: 
3.1. Connective tissue disorders (Rheumatoid vasculitis, SLE, Sjogren and 

inflammatory myopathies). 
3.2 Paraneoplastic syndromes. 
3.3 Infections. 
3.4 Drug induced. 

8. Drug induced vasculitis mechanism  
As stated above, the mechanism with which a medication can induce a vasculitis varies, and 
different ones have been established. The presentation of the disease also differs depending 
not only on the type, but also on genetic factors, geographic regions, age, sex, and race.  
Clinically it is difficult to differentiate between drug induced and small vessel vasculitis. 
Skin manifestations are the most common in DIV, which ranges from a maculopapular rash 
to a palpable purpura. There might be concomitant arthralgias, arhthritis, kidney and liver 
compromise, as well as central nervous system affection (Molina J et al ,2000). 
The duration of the process is also variable. It may resolve in a few weeks after 
discontinuation of the culprit agent, or persist afterwards. This is especially true in ANCA 
positive cases. 
Again, DIV is a diagnosis of exclusion, and can only be made once other types of vasculitis, 
infections and malignancy have been ruled out (Jennette & Falk, 1997). There is no 
diagnostic test available. Eosinophilia is present in 79% of the cases (Jennette & Falk, 1997; 
Calabrese LH et al, 1990). A biopsy is usually required, and the list of medications taken in 
the last 6 months reviewed. 
Treatment includes the discontinuation of the medication and immunosuppressive agents. 
Patients with idiopathic vasculitis, more commonly develop ANCA to one neutrophil 
antigen, whereas in DIV it is usual to find several (Calabrese LH et al, 1990, Savige J et al 
2000). 
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When used, anti-TNF agents can induce DIV. Cases have been described of antibodies 
against double stranded DNA when infliximab is used (Buttman et al, 2005). 
Procainamide and Hydralazine share a structure similar to the nucleosome, which can 
induce an immunogenic reaction. This results in the formation of antibodies similar to the 
ones found in SLE. These drugs can also cause a direct toxicity by its metabolics, which 
inhibit DNA methyltransferase and induces autoimmunity (Carlson et al, 2005). 
Interferon is a naturally found protein in the human immune system. There are three known 
types: alpha, gamma and lambda. The production of interferon is induced by interleukins 
and TNF. Different types of cells produce interferon: T and B cells, macrophages, fibroblasts, 
endothelial cells and osteoblasts. They constitute and important mechanism of defense 
against viruses, stimulating macrophages and natural killer cells. In synthesis, interferon 
prevents the viral replication and induces the destruction of infected cells. It was in the 80’s 
when using DNA recombinant technology that interferon was produced massively. This is 
commonly used in the treatment of certain cancers, hepatitis C and B, as well of multiple 
sclerosis among others. It is given as an intramuscular injection. Frequent adverse reactions 
include: flu like symptoms, fever, myalgia, general malaise, headaches, and rarely seizures. 
Depression is also observed (Wiik, A 2008; O’Sullivan et al 2006). Most of the side effects are 
reversible, once treatment is completed (O’Sullivan et al 2006, Coppola G, 2006). 
Autoimmune side effects are rare. The induction of antithyroglobulins, sarcoidosis, diabetes 
and arthritis has been described. Buttmann proposed three possible mechanisms (Coppola 
G, 2006, Buttmann et al, 2005): 
1. Quimiotactic effect of the immune system cells. 
2. Direct effect over immune cells. 
3. Indirect effect over immune cells through induction of proinflammatory substances. 

9. Therapeutic approach 
The conventional treatment of systemic vasculitis was introduced by Wolfe and Fauci in the 
1970’s with the use of cyclophosphamide and steroids (Fauci & Wolff, 1973). This consists of 
a year of induction with cyclophosphamide and 4 weeks of pulse dose steroids. After the 
initial 4 weeks, the steroids are gradually tapered. However, the toxicity of oral 
cyclophosphamide is high, with a mortality rate ranging from 14 – 20%. Common side 
effects are Myelodisplastic syndromes (8%), Neoplasia (4.5%), severe infections (26%) 
(Hogan SL, 2005; Koldingsnes & Nossent H, 2002; Mukhtyar C, 2009). 
Due to the above, new strategies have been proposed with the purpose of reducing the 
overall accumulation. Currently, the parenteral approach is more commonly used with a 
dose of 0.6 mg/m2 (Reinhold-Keller et al, 2000). 
Mycophenolate mofetil (MMF) is an alternative. It is an immunosuppressive agent; inosine 
monophosphate dehydrogenase (IMPDH) 23 inhibitor (Huang Y, 2005). MMF is rapidly 
absorbed following oral administration and hydrolyzed to form MPA, which is the active 
metabolite. MPA is a potent, selective, uncompetitive, and reversible inhibitor of inosine 
monophosphate dehydrogenase (IMPDH), and therefore inhibits the de novo pathway of 
guanosine nucleotide synthesis without incorporation into DNA. Because T- and B-
lymphocytes are critically dependent for their proliferation on de novo synthesis of purines, 
whereas other cell types can utilize salvage pathways, MPA has potent cytostatic effects on 
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(Holder SM et al, 2002). Identifying the offending drug is the most important aspect of 
treatment as its discontinuation is followed by a rapid improvement in the vasculitis in 
many cases.  

7. Small vessel vasculitis  
Small vessel vasculitis comprises a heterogeneous group of diseases and syndromes. To 
facilitate its understanding, they are classified as follows: 
1. Immune complex mediated: 

1.1 GoodPasture’s. 
1.2 Leucocitoclastic angitis. 
1.3 Henoch Schonlein Purpura. 
1.4 Urticarial Crioglobulinemia. 

2. ANCA associated vasculitis: 
2.1 Wegener’s granulomatosis. 
2.2 Microscopic polyangitis. 
2.3 Churg Strauss. 
2.4 Kidney vasculitis. 
2.5 Secondary vasculitis. 

3. Miscelaneous: 
3.1. Connective tissue disorders (Rheumatoid vasculitis, SLE, Sjogren and 

inflammatory myopathies). 
3.2 Paraneoplastic syndromes. 
3.3 Infections. 
3.4 Drug induced. 

8. Drug induced vasculitis mechanism  
As stated above, the mechanism with which a medication can induce a vasculitis varies, and 
different ones have been established. The presentation of the disease also differs depending 
not only on the type, but also on genetic factors, geographic regions, age, sex, and race.  
Clinically it is difficult to differentiate between drug induced and small vessel vasculitis. 
Skin manifestations are the most common in DIV, which ranges from a maculopapular rash 
to a palpable purpura. There might be concomitant arthralgias, arhthritis, kidney and liver 
compromise, as well as central nervous system affection (Molina J et al ,2000). 
The duration of the process is also variable. It may resolve in a few weeks after 
discontinuation of the culprit agent, or persist afterwards. This is especially true in ANCA 
positive cases. 
Again, DIV is a diagnosis of exclusion, and can only be made once other types of vasculitis, 
infections and malignancy have been ruled out (Jennette & Falk, 1997). There is no 
diagnostic test available. Eosinophilia is present in 79% of the cases (Jennette & Falk, 1997; 
Calabrese LH et al, 1990). A biopsy is usually required, and the list of medications taken in 
the last 6 months reviewed. 
Treatment includes the discontinuation of the medication and immunosuppressive agents. 
Patients with idiopathic vasculitis, more commonly develop ANCA to one neutrophil 
antigen, whereas in DIV it is usual to find several (Calabrese LH et al, 1990, Savige J et al 
2000). 
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When used, anti-TNF agents can induce DIV. Cases have been described of antibodies 
against double stranded DNA when infliximab is used (Buttman et al, 2005). 
Procainamide and Hydralazine share a structure similar to the nucleosome, which can 
induce an immunogenic reaction. This results in the formation of antibodies similar to the 
ones found in SLE. These drugs can also cause a direct toxicity by its metabolics, which 
inhibit DNA methyltransferase and induces autoimmunity (Carlson et al, 2005). 
Interferon is a naturally found protein in the human immune system. There are three known 
types: alpha, gamma and lambda. The production of interferon is induced by interleukins 
and TNF. Different types of cells produce interferon: T and B cells, macrophages, fibroblasts, 
endothelial cells and osteoblasts. They constitute and important mechanism of defense 
against viruses, stimulating macrophages and natural killer cells. In synthesis, interferon 
prevents the viral replication and induces the destruction of infected cells. It was in the 80’s 
when using DNA recombinant technology that interferon was produced massively. This is 
commonly used in the treatment of certain cancers, hepatitis C and B, as well of multiple 
sclerosis among others. It is given as an intramuscular injection. Frequent adverse reactions 
include: flu like symptoms, fever, myalgia, general malaise, headaches, and rarely seizures. 
Depression is also observed (Wiik, A 2008; O’Sullivan et al 2006). Most of the side effects are 
reversible, once treatment is completed (O’Sullivan et al 2006, Coppola G, 2006). 
Autoimmune side effects are rare. The induction of antithyroglobulins, sarcoidosis, diabetes 
and arthritis has been described. Buttmann proposed three possible mechanisms (Coppola 
G, 2006, Buttmann et al, 2005): 
1. Quimiotactic effect of the immune system cells. 
2. Direct effect over immune cells. 
3. Indirect effect over immune cells through induction of proinflammatory substances. 

9. Therapeutic approach 
The conventional treatment of systemic vasculitis was introduced by Wolfe and Fauci in the 
1970’s with the use of cyclophosphamide and steroids (Fauci & Wolff, 1973). This consists of 
a year of induction with cyclophosphamide and 4 weeks of pulse dose steroids. After the 
initial 4 weeks, the steroids are gradually tapered. However, the toxicity of oral 
cyclophosphamide is high, with a mortality rate ranging from 14 – 20%. Common side 
effects are Myelodisplastic syndromes (8%), Neoplasia (4.5%), severe infections (26%) 
(Hogan SL, 2005; Koldingsnes & Nossent H, 2002; Mukhtyar C, 2009). 
Due to the above, new strategies have been proposed with the purpose of reducing the 
overall accumulation. Currently, the parenteral approach is more commonly used with a 
dose of 0.6 mg/m2 (Reinhold-Keller et al, 2000). 
Mycophenolate mofetil (MMF) is an alternative. It is an immunosuppressive agent; inosine 
monophosphate dehydrogenase (IMPDH) 23 inhibitor (Huang Y, 2005). MMF is rapidly 
absorbed following oral administration and hydrolyzed to form MPA, which is the active 
metabolite. MPA is a potent, selective, uncompetitive, and reversible inhibitor of inosine 
monophosphate dehydrogenase (IMPDH), and therefore inhibits the de novo pathway of 
guanosine nucleotide synthesis without incorporation into DNA. Because T- and B-
lymphocytes are critically dependent for their proliferation on de novo synthesis of purines, 
whereas other cell types can utilize salvage pathways, MPA has potent cytostatic effects on 
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lymphocytes. MPA inhibits proliferative responses of T- and B-lymphocytes to both 
mitogenic and allospecific stimulation. The addition of guanosine or deoxyguanosine 
reverses the cytostatic effects of MPA on lymphocytes. MPA also suppresses antibody 
formation by B-lymphocytes. MPA prevents the glycosylation of lymphocyte and monocyte 
glycoproteins that are involved in intercellular adhesion to endothelial cells and may inhibit 
recruitment of leukocytes into sites of inflammation. Once remission is achieved, 
maintaining it is a challenge (Joy M et al, 2005; Stassen P, 2005). The ultimate goal is to 
minimize the toxicity. 
In drug induced vasculitis, the first step is the discontinuation of the medication. If there is 
potentially fatal compromise, steroids and cyclophosphamide should be given. Different 
approaches have been described. In the first one, cyclophosphomide is administered in 
monthly boluses for 6 months, then every 3 months for 2 years. The alternative is to give the 
monthly boluses for 6 months, and then use azathioprine daily for 2 years (Klemmer PJ et al, 
2003). Methorexate might be used for maintenance, too. 

10. Case presentation 
We had the case of a 42 year old woman with a history of multiple sclerosis (MS) diagnosed 
9 years ago. Three years after the diagnosis was established, she was initiated on Beta 
Interferon 1a. Two years later, she developed non pruritic, palpable purpura in her lower 
extremities with subsequent ulceration and edema. Biopsy was consistent with vasculitis 
(Daza JS, 2008). She was then treated with high dose steroids, with poor response, and then 
started on cyclophosphamide. Beta interferon was discontinued. Resolution of the lesions 
was obtained. 
 
 
 
 

 
 
 

Fig. 1. MRI flash fair image: hyperdense lesions in the yuxtacortical area bilaterally, as well 
as in the semioval centre and periventricular matter. 
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Fig. 2. and 3. In our clinical case lesions are seen in different stages of evolution, some 
necrotic and scarred other areas hyper pigmentation at the ankle and dorsum of the foot that 
correspond to areas of vasculitis 
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Fig. 4. Skin with preserved epidermis. Superficial and medial dermis with minimal edema. 
Small vessels with prominent endothelial cells; some of them obstructing the lumen. The 
wall vessels appears with fibrinoid exudates, neutrophils and debris. Above findings are 
compatible with small vessel vasculitis of the lower extremities. 

The frequency of MS and vasculitis together is exceptional. This was first published in 1998. 
It has been hypothesized that these reactions are related to the presence of antibodies 
against interferon beta, which usually increase during the appearance of the lesions, and 
decrease with their resolution (Szilasiová J, 2003; Daza JS, 2008). 

11. Conclusion 
Vasculitis is a group of diseases characterized by vascular inflammation, which results in 
decrease of blood flow, and blood vessel wall damage. Any vessel may be affected, as well 
as one or several organs. 
In drug induced vasculitis, small vessels are usually affected. Again this is a diagnosis of 
exclusion. The diagnosis is a clinical one, with the support of serologic and histological 
findings. The clinical manifestations are similar to the other vasculitis. The skin, 
subcutaneous tissue, kidneys and lungs are most commonly affected. C-ANCA antibodies 
are usually positive. Interferon is a protein naturally produced by the immune system as a 
response to viruses or malignant cells. Interferon beta is a biological product obtained by 
DNA recombination techniques, and is used for treatment of MS. Immune complications 
with this therapy are rare. 
In the article, a patient treated for multiple sclerosis with interferon was presented. She 
developed vasculitis, which was later determined to be caused by Interferon, and was 
treated accordingly with the scheme depicted above. 
The use of any medication opens the possibility to complications and reactions. It is the role 
of the physician to determine when the benefits outweigh the risks, and once the treatment 
has been established, close follow up is required. 
Drug induced vasculitis, although rare, are not exceptional and should be included in the 
differential diagnosis of any vasculitis.  
Research is needed, to learn which patients have higher possibilities to develop drug 
induced vasculitis, so screening methods can be designed to avoid such medications in 
susceptible individuals. 
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Fig. 4. Skin with preserved epidermis. Superficial and medial dermis with minimal edema. 
Small vessels with prominent endothelial cells; some of them obstructing the lumen. The 
wall vessels appears with fibrinoid exudates, neutrophils and debris. Above findings are 
compatible with small vessel vasculitis of the lower extremities. 

The frequency of MS and vasculitis together is exceptional. This was first published in 1998. 
It has been hypothesized that these reactions are related to the presence of antibodies 
against interferon beta, which usually increase during the appearance of the lesions, and 
decrease with their resolution (Szilasiová J, 2003; Daza JS, 2008). 

11. Conclusion 
Vasculitis is a group of diseases characterized by vascular inflammation, which results in 
decrease of blood flow, and blood vessel wall damage. Any vessel may be affected, as well 
as one or several organs. 
In drug induced vasculitis, small vessels are usually affected. Again this is a diagnosis of 
exclusion. The diagnosis is a clinical one, with the support of serologic and histological 
findings. The clinical manifestations are similar to the other vasculitis. The skin, 
subcutaneous tissue, kidneys and lungs are most commonly affected. C-ANCA antibodies 
are usually positive. Interferon is a protein naturally produced by the immune system as a 
response to viruses or malignant cells. Interferon beta is a biological product obtained by 
DNA recombination techniques, and is used for treatment of MS. Immune complications 
with this therapy are rare. 
In the article, a patient treated for multiple sclerosis with interferon was presented. She 
developed vasculitis, which was later determined to be caused by Interferon, and was 
treated accordingly with the scheme depicted above. 
The use of any medication opens the possibility to complications and reactions. It is the role 
of the physician to determine when the benefits outweigh the risks, and once the treatment 
has been established, close follow up is required. 
Drug induced vasculitis, although rare, are not exceptional and should be included in the 
differential diagnosis of any vasculitis.  
Research is needed, to learn which patients have higher possibilities to develop drug 
induced vasculitis, so screening methods can be designed to avoid such medications in 
susceptible individuals. 
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1. Introduction 
Vasculitides comprise a heterogeneous group of autoimmune diseases sharing the common 
histopathologic feature of inflammation and fibrinoid necrosis of the blood vessel walls. 
Vasculitis features a wide variety of clinical manifestations depending on the localization 
and the size of the vessels involved, type of inflammatory infiltrate, and associated 
conditions making the diagnosis of specific forms of vasculitis difficult. The classification of 
the vasculitis remains a matter of controversy. Some classification systems have focused on 
the size of the vessels, while others have been based on histologic findings, yet an overlap of 
vessels of various sizes may occur, also the type of inflammatory infiltrate may change over 
time. Epidemiologic factors including; age, gender and ethnic background, patterns of organ 
affection, histopathologic and serologic features represent potential considerations while 
establishing the diagnosis and classification of vasculitis. The etiologic factors associated 
with the triggering of vascular endothelial injury and inflammations are quite variable with 
an unrecognized clear etiology in almost 50% of the cases. (Pipitone and Salvarni, 2006) 
The interest in infection related vasculitides has been boosted for the last two decades by the 
development of new molecular techniques. Currently, a causal relationship between 
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virus is a retrovirus, member of the genus hepacivirus of the flaviviridae family enveloped 
with a 9.6 kb single-stranded RNA genome. Six different viral genotypes of HCV have been 
identified. The sero-prevalence of each of these genotypes varies according to geographic 
distribution; genotype 1 has a worldwide distribution, genotype 2 being more common in 
western Africa and genotype 3 in the northern Indian subcontinent, with a sero-prevalence 
rate of less than 1% in Western Europe and 2-3% in some Mediterranean areas. Regional 
geographic heterogeneity in the sero-prevalence rate can exist within the same country (in 
the USA, genotype 1 infection is significantly more prevalent in the northeastern, 
southeastern and middlewestern areas than in patients from the west and south). African-
Americans are more likely to be infected with genotype 1 than Caucasians. Genotype 4 is 
predominant in the Middle East and Africa, genotype 4 is spreading in Western countries, 
especially among intravenous drug users. Genotype 5 is predominant in South Africa and 
genotype 6 in South-East Asia. Mixed cryoglobulinemia (MC), is considered the most highly 
associated and characteristic extrahepatic feature in HCV infection. (Mohammed et al., 2010) 
In HCV infected patients 30- 98% have cryoglobulinemia. Overt cryoglobulinaemic 
syndrome develops in 5–20% of patients. (Antonelli et al., 2009) The incidence of HCV 
infection in mixed cryoglobulinemia ranges from 40 to 90% and tests for viral genome 
concentrations in the cryoprecipitate might be as high as 1000 fold that of supernatant. (Ferri 
et al., 2002 a, Sansonno et al., 2007). 

3. Mixed cryoglobulinemia 
Mixed cryoglobulinemia (MC) is a chronic immune complex (IC) mediated systemic small 
vessel vasculitis, characterized by immune complex deposits (cryo-deposits) and frequent 
multiple organ involvement. A frequent synonym of this disease is “cryoglobulinemic 
vasculitis”, a term that focuses on the typical histo-pathological alterations responsible for 
muco-cutaneous and visceral involvement. (Agnello, 1995) The term cryoglobulinemia 
refers to the presence of a single component (monoclonal) or more (polyclonal) 
immunoglobulins. These immunoglobulins typically precipitate at temperatures below 37°C 
giving rise to high molecular weight aggregates and re-dissolve on rewarming. 
Cryoglobulins are found in small quantities in normal serum and are present in variable 
concentrations in many pathological conditions, including myeloproliferative disorders, 
autoimmune disorders and several infectious diseases. They are classified on the basis of 
their Ig component into: Type I cryoglobulins (10-15% of cryoglobulins) is comprised simply 
of monoclonal immunoglobulins, typically IgM but less frequently IgG, IgA, or serum light 
chains. Individuals with Type I cryos typically have a paraproteinemia (e.g., myeloma, 
Waldenstrom's macroglobulinemia). Type II cryoglobulins (50-60% of cryoglobulins) occurs 
when a monoclonal Ig M recognizes and binds to polyclonal IgG's, accordingly, type II cryos 
are typically IgM-IgG complexes .Type III cryoglobulins (30-40% of cryoglobulins) are 
composed of polyclonal Ig M that binds to polyclonal IgG. Type II & III cryoglobulinemia 
are referred to as “Mixed Cryoglobulinemia”, these are the types most commonly associated 
with hepatitis C. (Dammaco et al., 1997). The term essential cryoglobulinemia was used to 
describe cryoglobulinemia without identifiable underlying disease, currently it is clear that 
most of the patients with essential mixed cryoglobulinemia are chronically infected with 
HCV (Sansonno et al., 2007) Table 1 
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MM;multiple myeloma, WM; Waldenstrom macroglobulinemia, CLL; chronic lymphocytic leukemia, B-
NHL; B cell Non-Hodgkin’s Lymphoma 

Table 1. Classification of Cryoglobulins. (Ferri, 2008) 

3.1 Etio-pathogenesis of mixed cryoglobulinemia with HCV infection 
Combined Viral and host-related factors contribute to the pathogenesis of HCV-related MC 
and lymphoproliferative disorder. 

3.1.1 HCV infection of hepatocytes 
The HCV life cycle starts with virion attachment to its specific receptor on hepatocytes. 
Several candidate molecules have been suggested to play a role in the receptor complex, 
including tetraspanin CD81, the scavenger receptor BI (SR-BI), the adhesion molecules DC-
SIGN and L-SIGN, the low-density lipoprotein (LDL) receptor and recently, the tight 
junction components claudins (mainly CLDN-1,CLDN-6 and CLDN-9) have been identified 
as additional key factors for HCV infection. The HCV RNA genome serves as a template for 
viral replication and as a viral mRNA for viral production. In addition, the HCV enzymes-
NS2-3 and NS3-4A proteases, NS3 helicase and NS5BRdRp—are essential for HCV 
replication, and are therefore potential future therapeutic targets.The activity of liver disease 
associated with cryoglobulinemic vasculitis is usually mild  suggesting the existence of a 
state of immune tolerance between virus and host. At the same time the virus provokes a 
state of persistent high viremia necessary for circulating immune complex formation, 
essential for the activation of vasculitic inflammatory reaction. (Racanelli et al., 2001)  
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3.1.2 HCV and B lymphocytes 
It is believed that HCV infects B lymphocytes (BL) in the same way it infects hepatocytes 
due to the shared expression of CD81 receptors. HCV induces lowering of lymphocyte 
activation threshold leading to chronic lymphocyte stimulation and widespread 
autoantibody production. (Ferri et al., 2000) The proposed etio-pathogenic mechanisms in 
HCV- mixed cryoglobulinemia, involves the following:  
3.1.2.1-HCV-viral iymphotropism 
The characteristic genome variability and viral lymphotropism of HCV cause prolonged and 
sustained antigen stimulation of B cell compartment, mainly exerted by E2 protein  (highly 
variable region 1 HVR1) that allows distinguishing different, but strictly virus related 
genomic variants called quasispecies (Zignego and Brechot, 1999) and expresses B cell 
immunodominant epitopes involved in viral neutralization. Viral E2 region is able to 
directly interact with B-lymphocytes through tetraspanin CD 81 lowering the lymphocytes 
activation threshold (Pileri et al., 1998) with subsequent clonal expansion of the rheumatoid 
factor (RF) IgM/k producing lymphocytes (Agnello et al., 1992). The idiotypic similarities 
shared by mRFs from different patients with ttype II MC syndrome that correspond with a 
restricted set of rearranged immunoglobulin (Ig) genes that encode mRFs (IGHV1-69, 
IGHV3-23, and IGKV3-20 are associated with the WA CRI, IGHV3-7), suggesting that a 
specific antigen contributes to development of type II mixed cryoglobulinemia. Persistent 
and prolonged stimulation of B lymphocytes induces genetic modifications that play a key 
role in the evolution of lymphoproliferative disorders (LPD), passing from a physiologic 
polyclonal activation to a mono-oligo-clonal expansion characteristic of MC until the frank 
monoclonality of B cell lymphoma. In HCV related non-Hodgkin’s Lymphomas malignant 
monoclonal B cells produce an Ig M with rheumatoid factor activity and highly homologus 
to anti-E2 antibodies. (De Vita et al., 2000) 
3.1.2.2 Impaired apoptosis of B lymphocytes 
HCV-dependent gene translocation leads to Bcl-2 recombination, activation of this anti-
apoptotic protoncogene protects B lymphocyte from apoptosis triggering sustained B 
lymphocyte proliferation, autoantibody production, and oligoclonal monotypic 
lymphoproliferations with cells expressing oligo or monoclonal IgM sharing rheumatoid 
activity  (mixed cryoglobulins). Recent studies highlighted the existence of an elevated 
frequency of proto-oncogene bcl-2 rearrangement [t(14;18) translocation]  with altered bcl-
2/bax ratio in subjects affected by chronic HCV infection. High levels of Bcl-2 protein 
expression have been detected in bone-marrow and liver infiltrates of HCV infected patients 
with cryoglobulinemia upon histopatological analysis. (Zignego et al., 2002, Giannini et al., 
2008) 

3.1.2.3 B- Lymphocyte somatic hypermutations (SHM) 

Sequence analysis of rearranged Ig heavy chain genes within hepatic lymphoid infiltrates of 
patients with type II MC syndrome confirmed the presence of monoclonal or oligoclonal B-
cell populations with sustained  clonal somatic hypermutations (SHM) generating intra-
clonal diversity  in infilterates. SHM enhances antibody affinity for a particular antigen by 
introducing nucleotide substitutions within the immunoglobulin variable (IgV) genes of 
germinal center (GC) B-cells. Genetic mutation arising from aberrant SHM has been 
proposed to contribute to B-cell NHL (e.g mutation in 5’-untranslated region of proto-
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oncogenes like PIM-1, PAX-5, RhoH/TTF, and c-myc). The bcl-6 (B cell lymphoma-6) proto-
oncogene is a transcriptional repressor gene that prevents the terminal differentiation of 
mature B cells to plasma cells and promotes proliferation of B lymphocytes. Bcl-6 is recently 
recognized as another target of SHM in GC B- cells in patients with HCV infection. In vitro 
studies suggest that genetic mutations in HCV infected cells arise from induction of error 
prone DNA polymerase activity by HCV infection. (De Vita et al., 2002, Machida et al., 2004) 

3.1.3 Cytokines and soluble factors 
Cytokines play a central role in the immune response to viral agents. Increased intrahepatic 
levels of interleukin (IL)-2, IL-6 and IL-8 were demonstrated by RT-PCR in cirrhotic patients. 
(Napoli et al., 1994) In vitro studies showed that HCV, through the action of its NS5A 
protein, induces expression of Toll like receptors 4(TLR4), leading to enhanced IFN-β and 
IL-6 production and secretion. Members of the TNF-superfamily appear to play a relevant 
role in B cell expansion during chronic HCV infection. The two new members of the TNF-
superfamily (B-lymphocyte stimulator-BLyS and APRIL- a proliferation inducing ligand) 
proved to play a crucial role in the control of humoral immunity. The binding of BLyS to its 
receptors (TACI and BLyS-R) induce strong B cells proliferation and extended survival via 
the strong activation of the antiapoptotic bcl-2 gene. Overexpression of BLyS in transgenic 
mice induced expansion and accumulation of mature B cells, high levels of serum IgG and 
IgM, and glomerulonephritis. BLyS, and its homologue APRIL, are now considered the 
main regulators of T-independent B-lymphocyte proliferation and autoimmunity. (Gross et 
al., 2000, Stein et al., 2002, Fabris et al., 2007, Sene et al., 2007) 

3.1.4 HCV infection and T cell regulatory function (T reg) 
The T-lymphocyte compartment was recently identified to acquire a distinct subset of 
lymphocytes with immune-regulatory properties named "regulatory T cells" (Treg). Treg. 
play a central role in modulating the immune response targeting infectious agents, in 
maintaining self-tolerance and lymphocyte homeostasis.(Sakaguchi, 2000) CD4+CD25+ T 
cells (T reg S) and "type 1 T regulatory cells" (Tr1) account for 5-10% of the CD4+ pool in 
normal subjects, they constitutively express CTLA-4 (CD152), and are anergic following in 
vitro TCR stimulation (partially reversed with high amounts of IL-2 and IL-15). The 
forkhead transcription factor Foxp3 is specifically expressed in CD4+CD25+ regulatory T 
cells and is required for their development and function. Several mutations within the 
Foxp3 gene alter CD4+CD25+ development, retroviral gene transfer of Foxp3 converts naive 
T cells toward a regulatory T cell phenotype similar to that of naturally occurring CD4+ 
regulatory T cells. "Type 1 T regulatory cells" (Tr1) are CD4+CD25-, which display a unique 
profile of cytokine production that is distinct from that of Th0, Th1 or Th2 cells and 
conversely to CD4+CD25+ they secrete high amounts of IL-10 and TGF-beta which in turn 
suppress naive and memory Th1 and Th2 responses, Such immune-dysregulation might 
contribute to chronic HCV viremia and cryoglobulin production. Patients with HCV-MC 
vasculitis were found to have a disturbed peripheral blood T cell repertoire, with a high 
frequency of T cell expansions. (Fontenot et al., 2003) 
A role for C1q auto-antibodies has been reported in HCV infected patients. C1q receptor is 
overexpressed at sites of inflammation. C1q-R exacerbates inflammation by generating 
vasoactive peptides from the complement system and bradykinin from the contact system. 
HCV core protein interacts directly with the globular domain of C1q protein (gC1q-R). 
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Engagement of circulating HCV core protein with gC1q-R on the surface of B lymphocytes 
provides the virus with a direct means of affecting host immunity. Recently, there is also 
evidence of an important role of vascular cell adhesion molecule-1 (VCAM-1) a molecule 
exclusively involved in mononuclear cell recruitment, in the pathogenesis of severe forms of 
HCV-MC vasculitis. (Kittlesen et al., 2000,  Kaplanski et al., 2005) 

3.1.5 Paracrine/soluble factors 
 Other paracrine/soluble factors might be involved in the pathogenesis of HCV-related MC. 
The analysis of global protein pool (proteomic analysis) in sera and peripheral blood 
mononuclear cells (PBMC) samples represents a promising approach for identify new tumor 
markers, identification of post-translational modifications, protein-protein interactions, 
protein level expression, protein networks. (Leak et al., 2002) Figure 1 
 

 
Fig. 1. Etiopathogenesis of HCV-Mixed Cryoglobulinemia  

3.2 Mechanism of cryoglobulin production 
The intrinsic mechanism by which HCV promotes cryoglobulin production remains unclear. 
It is postulated that upon initial antigenic stimulation, it is the interaction between HCV and 
lymphocytes that directly modulates B and T cell functions. Initial polyclonal activation and 
expansion of CD5þ cells (major source of IgM RF) occurs in type III mixed 
cryoglobulinemia. This is followed by the emergence of a single dominant clone of B 
lymphocytes with the production of monoclonal IgM RF. This clonal heterogeneity of IgM 
rheumatoid factor defines type II-type III variants which is considered a transitional stage in 
the switch between type III to type II MC. In HCV infection mixed cryoglobulins are 
predominantly type II cryoglobulins. (Sasso, 2000, Newkirk, 2002) Cryoglobulins interact 
with HCV forming immune complexes composed of HCV, anti-HCV polyclonal IgG and 
monoclonal IgM sharing Rheumatoid factor (RF) activity.  
The presence of IgM RF in this megacomplex (cryoprecipitate complex) provides an obstacle to 
the incorporation of complement factor C3b into this complex. The incorporation of this C3b is 

 
Hepatitis C Related Vasculitides 

 

307 

important as it allows binding of the immune complex to CR1 erthrocyte surface receptor 
required for immune complex neutralization. Thus this immune complex escapes 
neutralization by erythrocyte. HCV induces abnormalities in the biogenesis of lysosomal 
enzymes impairing the capacity of monocytes to digest engulfed immune complexes a 
phenomena described as “phagocyte blockade”. Failure of neutralization promotes the cryo-
complex to circulate freely in an abundant form saturating the phagocyte ability to remove 
such immune complexes from the blood and creating a state of mixed cryoglobulinemia. 
This complex can easily deposit in tissues and promote inflammatory cascade. (Ferri et al., 
2002 a, Sasso, 2000) The exact mechanisms leading to cryoprecipitation remain unclear. 
Different hypotheses have been proposed to explain this phenomenon, namely: (1) 
structural modification of the variable portions of Ig heavy (H) and light (L) chains; (2) a 
reduced concentration of sialic acid; (3) reduced amounts of galactose in the Fc portion of 
the Ig4; and (4) the presence of N-linked glycosylation sites in the CH3 domain as a result of 
somatic Ig mutations during autoimmune responses. (5) Specific interactions between the 
IgM cryoprecipitable rheumatoid factor (RF) and the Fc portion of IgG, the corresponding 
autoantigen. (6) Occupancy of the Fc portion of IgG by IgM molecules is probably a major 
factor in the functional properties of immune complexes (ICs). They are large ICs known to 
be poor acceptors of C3 and C4, and deplete complement rather than fix it. Precipitation of 
these cryocomplex in the small blood vessels leads to cryoglobulinemic vasculitis. (Curry et 
al., 2003, Ferri, 2008, Saadoun et al., 2007)  

3.3 Pathology in cryoglobulinemic vasculitis  
The classic pathology in cryoglobulinemic vasculitis is leukocytoclastic vasculitis, a form of 
immune mediated small vessel vasculitis with immune complexes deposit in the walls of 
small blood vessels. This is associated with activation of the complement cascade and the 
production of C5a (a neutrophil polymorph chemotactant). The resultant polymorph influx 
is associated with release of lysosomal enzymes, including elastases and collagenases, 
resulting in blood vessel wall damage, fibrin deposition and the release of red blood cells 
into the perivenular connective tissue (palpable purpura). Thrombosis with epidermal 
ischemic damage is not uncommon. High levels of circulating immune complexes which 
correlated with vasculitic lesions can be detected. Immunoglobulins and complement were 
identified in vitro, by immunofluorescence or immune-peroxidase techniques, visualized 
ultra-structurally as clumps of electron-dense material, usually within the basement 
membrane between endothelial cells and pericytes of post-capillary venules. Examination of 
apparently uninvolved skin from patients with leukocytoclastic vasculitis sometimes shows 
immunoglobulin and complement within the walls of dermal blood vessels. The findings of 
immunofluorescence studies vary according to the age of the lesion. Immunoglobulins have 
been described in up to 81% of patients in early lesions, C3 and Ig M predominate, in fully 
developed lesions there is predominance of fibrinogen and Ig G and in late lesions 
fibrinogen and C3. (Stone, 2009)  

4. Cryoglobulinemic vasculitis, the disease 
HCV-related mixed cryoglobulinemia represents a form of small vessel vasculitis which 
manifests by a variety of autoimmune manifestations referred to as cryoglobulinemic 
syndrome. The cryoglobulinemic syndrome typically presents by Meltzer triad which is a 
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manifests by a variety of autoimmune manifestations referred to as cryoglobulinemic 
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triad of purpura, weakness, arthralgia and/or arthritis, thereafter, a series of multisystem 
pathologies follow. Meltzer triad has been reported in 25-30% of patients with mixed 
cryoglobulinemia. Widespread vasculitis involving medium-small sized arteries, capillaries 
and venules with multiple organ involvement may develop in a small proportion of patients 
(Meltzer et al., 1996, Ferri et al., 2004, Ferri et al., 2006).  

4.1 Frequency 
4.1.1 United states  
The prevalence of essential mixed cryoglobulinemia is reported as approximately 1:100,000. 
However, the exact prevalence of HCV related MC depends upon the geographic 
heterogenity of HCV infection. 

4.1.2 International 
The prevalence of mixed cryoglobulinemia is related to the endemic presence and 
geographic heterogeneity of HCV infection. The disease is more common in Southern 
Europe than in Northern Europe or Northern America. The incidence of HCV infection in 
mixed cryoglobulinemia in the Mediterranean Basin is 90%. A growing incidence of HCV-
related MC is observed especially in developing countries. HCV is endemic in some 
countries of the middleeast. Egypt has an exceptionally high prevalence of HCV infection 
estimated to be between 10% and 15% of its’ 75 million population. The annual infection rate 
is more than 70, 000 new cases of which at least 35, 000 would have chronic hepatitis C, with 
viral genotype 4  the predominant genotype being isolated in up to 91% of HCV infected 
persons in Egypt. In a recent research conducted on 306 Egyptian patients with chronic 
HCV infection the prevalence of MC amongst other extrahepatic manifestation was 0.7%.  

4.2 Predisposing factors 
4.2.1 Race 
Mixed cryoglobulinemia doesn’t appear to have any specific racial predilection. 

4.2.2 Age 
Reported age range between 30-70 years (mean age reported 42-52 years). 

4.2.3 Hormonal factors 
The female-to-male ratio in mixed cryoglobulinemia is 3:1, female sex is considered one of 
the risk factors for developing extra-hepatic manifestations. Recent studies revealed an 
association between female gender and the presence of certain manifestations including 
fibromyalgia, cryoglobulinemic syndrome, autoimmune hemolytic anemia and arthritis. 
(Mohammed et al., 2010, Stefanova Petrova et al., 2007)  

4.2.4 Genetic factors 
HLA-B8 and DR3 may be considered risk factors for HCV-related MC in addition to 
cirrhosis. Recent data suggest that the HLA- phenotype B8 and DR3 are associated with 
increased risk of developing mixed cryoglobulinemia in HCV infected patients with the 
strongest association being with HLA-B8. Patients exhibiting the B8-DR3 phenotype may 
carry the C4A deletion, which might contribute to the low C4 levels measured in a 
proportion of MC patients in addition to complement consumption by the disease process 
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itself. Preliminary results on C4 allotyping in MC patients showed an increased frequency of 
C4AQ0 phenotype, thus suggesting a possible role of class III molecules in increasing the 
susceptibility to MC in HCV patients. (Ferri, 2008, Lenzi et al., 1998) 

4.3 Criteria for the classification of mixed cryoglobulinemia 
In 1989, the Italian group for the study of cryoglobulinemia has proposed preliminary 
criteria for the classification of MC. A revised version of these criteria including clinic-
pathological and serological findings has been recently proposed, Criteria displayed in 
Table 2. (Ferri, 2008) 
 

Criteria Major Minor 
Serological Mixed 

cryoglobulins 
Rheumatoid 
factor+ 
Low C4 

Rheumatoid factor 
HCV + 
HBV + 

Pathological Leucocytoclastic 
vasculitis 

Clonal B cell infiltrates (liver and/or bone marrow) 

 
Clinical 

 
Purpura 

Chronic hepatitis 
Membrano-proliferative glomerulonephritis 
Peripheral neuropathy 
Skin ulcers 

HCV+ or HBV+: markers of hepatitis C virus or hepatitis B virus infection (anti-HCV ±HCV RNA; 
HBV DNA or HBV surface antigen). 
“Definite” mixed cryoglobulinaemia syndrome: 
(a) Serum mixed cryoglobulins (±low C4) + purpura + leucocytoclastic vasculitis. 
(b) Serum mixed cryoglobulins (±low C4) + 2 minor clinical symptoms + 2 minor 
serological/pathological findings. 
“Incomplete” or “possible” mixed cryoglobulinaemia syndrome: 
(a) Mixed cryoglobulins or low C4 + 1 minor clinical symptom + 1 minor serological ±pathological 
findings. 
(b) Purpura and/or leucocytoclastic vasculitis + 1 minor clinical symptom + 1 minor serological 
±pathological findings. 
(c) Two minor clinical symptoms + 2 minor serological ± pathological findings. 
“Essential” or “secondary” mixed cryoglobulinaemia: 
Absence or presence of well known disorders (infectious, immunological, or neoplastic) at the time 
of the diagnosis. 

Table 2. Classification Criteria for Mixed Cryoglobulinemia  

4.4 Clinical picture of cryoglobulinemic vasculitis and related autoimmune syndromes  
4.4.1 Skin involvement 
Skin is the most commonly affected target organ in cryoglobulinemic vasculitis. The classical 
pattern in mixed cryoglobulinemia is cutaneous leukocytoclastic necrotizing vasculitis. (lee 
et al., 1998, Leon et al., 2002) 
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Skin is the most commonly affected target organ in cryoglobulinemic vasculitis. The classical 
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4.4.1.1 Purpura 
The most commonly reported clinical feature of MC is palpable purpura. Palpable purpura 
manifests in as much as 70-90% of patients. Lesions are typically seen on the lower legs 
because of hydrostasis and blood vessel flow sludging, lesions might extend to the 
abdominal wall and less frequently to the trunk and upper limbs. The purpuric rash might 
acquire a petechial, papular, seldom necrotic aspect, and it can be compounded to 
erythematous maculae and dermal nodules. Lesions might be associated with other 
dermatological symptoms like upper malleolar ulcers as well as urticarial vasculitis. 
(Antonelli et al., 2009)  
 

  
 a                                    b                                           c                                         d 

Fig. 2. a- Cutaneous leukocytoclastic vasculitis in mixed cryoglobulinemia patient, b- 
Palpable purpura with cutaneous leukocytoclastic vascultitis in a female patient with 
cryoglobulinemic syndrome. c- Nuclear dust associated with a perivascular neutrophilic 
infiltrate. d- Leukocytoclastic vasculitis (black arrows point to small blood vessels in the 
subcutaneous tissue with perivascular leukocytes).  

Histopathological examination: Skin biopsy is optimally performed by 24-48 hours after the 
appearance of the lesion. Biopsies should be obtained from non-ulcerated site. Light 
microscopic examination reveals that the cellular infilterate is composed of a combination of 
neutrophils and lymphocytes with a predominance of one cell type or another. Lymphocyte 
infilterates are seen in specimens from either new (<12 hours) or old (>48 hours) lesions. The 
typical histolopathologic features from cutaneous vasculitic lesions involve the disruption of 
blood vessels architecture by an inflammatory infilterate in and around the vessel walls. 
Endothelial swelling and proliferation, leukocytoclasis (characteristic degranulation of 
neutrophils with the production of nuclear dust), might be accompanied by extravasation of 
erythrocytes. The severity of the histo-pathological changes in the cutaneous lesions of 
leukocytoclastic vasculitis does not predict extra-cutaneous involvement. Direct 
immunofluorescence (if sufficient lesions exist, separate biopsies are recommended for 
histology and DIF). DIF helps to differentiate pauci-immune and immune complex 
mediated vasculitis. In DIF frozen sections are incubated with flourescein labeled anti 
human immunoglobulin (Ig) IgG, IgM, IgA and complement 3. The staining pattern of these 
immune-reactants provides insight into the diagnosis, the pathophysiology of the lesions 
and the autoantibody components of the immune complexes. (Stone, 2009, Antonelli et al., 
2009) 
Other cutaneous features of HCV-MC include; Ischemic necrosis (0-20%), Livedoid 
vasculitis (14%), cold-induced urticaria (10%), hyperkeratotic spicules in areas exposed to 
cold, scarring of tip of nose, pinnae, fingertips, and toes, raynaud’s phenomenon, 
acrocyanosis which might evolve to digital ulceration might occur (Saadoun et al., 2007), 
and nail-fold capillary abnormalities. (Antonelli et al., 2009, Ferri, 2008) 
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4.4.2 Musculoskeletal involvement 
Musculoskeletal complaints are present in as much as 70-80% of the cryoglobulinemic 
patients, with arthralgia in 40-80% of cases, frank arthritis occurs in less common < 10% of 
cases. Joint affection in MC is usually bilateral, symmetrical, non-deforming, affecting 
mainly large articulations, knees and hands, less commonly elbows and ankles with no 
radiographic evidences of joint destruction in HCV-MC related arthritis. RF activity is 
present in 70-80% of MC patients. Joint involvement can occur in the absence of RF 
seropositivity. (Lee et al., 1998, Mohammed et al., 2010) Antibodies to citrullinated C peptide 
(highly specific for rheumatoid arthritis) usually aren’t significantly present. Myalgias, 
fibromyalgia, weakness and chronic fatigue are more frequent in cryoglobulin-positive than 
in cryoglobulin-negative HCV patients with recent evidences revealing higher prevalence of 
fibromyalgia and chronic fatigue syndrome with elevated fatigue score in HCV female 
patients. The elevated fatigue score is probably related to an increase in serum leptin levels 
which might interact with serotonin neurotransmission. Polymyositis is not uncommon. 
(Sene et al., 2006, Wener et al., 2004) 

4.4.3 Neurological involvement 
Neurological involvement in HCV-mixed cryoglobulinemia commonly presents by 
vasculitic peripheral neuropathy (subacute, chronic or acute on top of chronic). The pattern 
of affection ranges from pure sensory axonal neuropathy to mononeuritis multiplex. The 
most frequently described form is distal sensory or sensory motor polyneuropathy. Motor 
deficit is inconsistent, predominantly affecting the lower limbs appearing after sensory 
affection. The sensory involvement is usually bilateral commonly asymmetrical, with 
parasthesias and burning pain having characteristic nocturnal exacerbation. 
Polyneuropathies represent 40-70% of mixed cryoglobulinemic neuropathy, whereas 
mononeuritis multiplex represents 30-55% of cases. Nerve conduction studies show 
predominantly axonal neuropathy affecting mainly the sensory nerves. Nerve biopsies 
reveal axonal degeneration, differential fascicular loss of axons, signs of demyelination and 
small vessel vasculitis with mononuclear cell infilterate in the perivascular area, HCV-RNA 
was found in epineural cells by reverse transcriptase polymerase chain reaction (RT-PCR). 
(Authier et al., 2003) Central nervous system involvement in patients with HCV-associated 
vasculitis is rare. (Dawson et al., 1999) Clinical presentations might be in the form of 
transient ischemic attacks, stroke, progressive reversible ischemic neurological deficits, 
lacunar infarcts, pseudotumor cerebri or encephalopathic syndrome. Magnetic resonance 
imaging studies are consistent with ischemic injury, with either small lesions of the 
periventricular white matter and the cerebral trunk or extensive supra and infra-tentorial 
white matter lesions diagnostic of cerebral vasculitis predominantly small sized vessel 
vasculitis. Neurocognitive impairment and Guillian-Barre syndrome can exist. (Casato et al., 
2005, Heckmann et al., 1992) 

4.4.4 Renal Involvement in HCV-mixed cryoglobulinemia syndrome: 
Renal involvement in HCV-infected patients occurs in 10-60% of cases (figure 6). The most 
commonly repoted form is cryoglobulinemic membranoproliferative glomerulonephritis. 
Less common forms of renal involvement include; non-cryoglobulinemic 
membranoproliferative glomerulonephritis, Ig A nephropathy, postinfectious 
glomerulonephritis, membranous nephropathy, thrombotic microangiopathies, focal and 
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neutrophils with the production of nuclear dust), might be accompanied by extravasation of 
erythrocytes. The severity of the histo-pathological changes in the cutaneous lesions of 
leukocytoclastic vasculitis does not predict extra-cutaneous involvement. Direct 
immunofluorescence (if sufficient lesions exist, separate biopsies are recommended for 
histology and DIF). DIF helps to differentiate pauci-immune and immune complex 
mediated vasculitis. In DIF frozen sections are incubated with flourescein labeled anti 
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and the autoantibody components of the immune complexes. (Stone, 2009, Antonelli et al., 
2009) 
Other cutaneous features of HCV-MC include; Ischemic necrosis (0-20%), Livedoid 
vasculitis (14%), cold-induced urticaria (10%), hyperkeratotic spicules in areas exposed to 
cold, scarring of tip of nose, pinnae, fingertips, and toes, raynaud’s phenomenon, 
acrocyanosis which might evolve to digital ulceration might occur (Saadoun et al., 2007), 
and nail-fold capillary abnormalities. (Antonelli et al., 2009, Ferri, 2008) 
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4.4.2 Musculoskeletal involvement 
Musculoskeletal complaints are present in as much as 70-80% of the cryoglobulinemic 
patients, with arthralgia in 40-80% of cases, frank arthritis occurs in less common < 10% of 
cases. Joint affection in MC is usually bilateral, symmetrical, non-deforming, affecting 
mainly large articulations, knees and hands, less commonly elbows and ankles with no 
radiographic evidences of joint destruction in HCV-MC related arthritis. RF activity is 
present in 70-80% of MC patients. Joint involvement can occur in the absence of RF 
seropositivity. (Lee et al., 1998, Mohammed et al., 2010) Antibodies to citrullinated C peptide 
(highly specific for rheumatoid arthritis) usually aren’t significantly present. Myalgias, 
fibromyalgia, weakness and chronic fatigue are more frequent in cryoglobulin-positive than 
in cryoglobulin-negative HCV patients with recent evidences revealing higher prevalence of 
fibromyalgia and chronic fatigue syndrome with elevated fatigue score in HCV female 
patients. The elevated fatigue score is probably related to an increase in serum leptin levels 
which might interact with serotonin neurotransmission. Polymyositis is not uncommon. 
(Sene et al., 2006, Wener et al., 2004) 

4.4.3 Neurological involvement 
Neurological involvement in HCV-mixed cryoglobulinemia commonly presents by 
vasculitic peripheral neuropathy (subacute, chronic or acute on top of chronic). The pattern 
of affection ranges from pure sensory axonal neuropathy to mononeuritis multiplex. The 
most frequently described form is distal sensory or sensory motor polyneuropathy. Motor 
deficit is inconsistent, predominantly affecting the lower limbs appearing after sensory 
affection. The sensory involvement is usually bilateral commonly asymmetrical, with 
parasthesias and burning pain having characteristic nocturnal exacerbation. 
Polyneuropathies represent 40-70% of mixed cryoglobulinemic neuropathy, whereas 
mononeuritis multiplex represents 30-55% of cases. Nerve conduction studies show 
predominantly axonal neuropathy affecting mainly the sensory nerves. Nerve biopsies 
reveal axonal degeneration, differential fascicular loss of axons, signs of demyelination and 
small vessel vasculitis with mononuclear cell infilterate in the perivascular area, HCV-RNA 
was found in epineural cells by reverse transcriptase polymerase chain reaction (RT-PCR). 
(Authier et al., 2003) Central nervous system involvement in patients with HCV-associated 
vasculitis is rare. (Dawson et al., 1999) Clinical presentations might be in the form of 
transient ischemic attacks, stroke, progressive reversible ischemic neurological deficits, 
lacunar infarcts, pseudotumor cerebri or encephalopathic syndrome. Magnetic resonance 
imaging studies are consistent with ischemic injury, with either small lesions of the 
periventricular white matter and the cerebral trunk or extensive supra and infra-tentorial 
white matter lesions diagnostic of cerebral vasculitis predominantly small sized vessel 
vasculitis. Neurocognitive impairment and Guillian-Barre syndrome can exist. (Casato et al., 
2005, Heckmann et al., 1992) 

4.4.4 Renal Involvement in HCV-mixed cryoglobulinemia syndrome: 
Renal involvement in HCV-infected patients occurs in 10-60% of cases (figure 6). The most 
commonly repoted form is cryoglobulinemic membranoproliferative glomerulonephritis. 
Less common forms of renal involvement include; non-cryoglobulinemic 
membranoproliferative glomerulonephritis, Ig A nephropathy, postinfectious 
glomerulonephritis, membranous nephropathy, thrombotic microangiopathies, focal and 
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segmental glomerulosclerosis, fibrillary or immunotactoid glomerulopathy. 
Cryoglobulinemia is present in almost 100% of patients with HCV- nephropathy. Renal 
involvement in HCV-MC is an immune complex mediated nephropathy (deposition in the 
glomerulus of immune-complexes made by the HCV antigen, anti-HCV Ig G antibodies, 
and a rheumatoid factor, which is an IgM kappa), usually in the form of type I membrano-
proliferative glomerulonephritis (MPGN). Such pattern of organ involvement severely 
affects the prognosis and survival of patients with HCV-mixed cryoglobulinemia.  Renal 
disease in most cases, is a subsequent event to the cutaneous lesions (purpura), and might 
be associated with other extrahepatic manifestations like arthralgia and neuropathy. The 
commonest renal manifestation is asymptomatic proteinuria with microscopic hematuria, 
renal function is usually normal. In one quarter of patients there is nephritic syndrome, with 
macroscopic hematuria, proteinuria, hypertension, and increased serum creatinine. 
Hypertension develops in almost 80% of cases and often difficult to control. Occasionally, 
there is proteinuria in nephrotic range. The renal course of mixed cryoglobulinemia is 
variable; glomerular lesions usually have a more benign course than idiopathic 
membranoproliferative GN. Moderate renal insufficiency occurs in up to 50% of patients. 
Chronic renal failure develops years after the onset in approximately 10% of cases, oliguric 
or anuric renal failure develops in <5% of patients. There is hypo-complementemia in most 
of cases, but usually it is more marked for C4, with C3 slightly decreased or normal. (Garini 
et al., 2005, Kamar et al., 2006)  
 

 
Fig. 3. Cryoglobulinemic glomerulonephritis with membranoproliferative and mesangial 
proliferative features. Strongly PAS-positive small cryoglobulin plugs are present within 
capillary loops. In the setting of subacute cryoglobulinemic glomerulonephritis, 
inflammatory cells can be present within the glomerulus. (periodic acid-Schiff stain original 
magnification x200) 

Histopathological examination reveals glomerular hypercellularity predominantly by 
leukocytes and monocytes (different to idiopathic MPGN in which hypercellularity is 
mainly by mesangial and endothelial cells). Capillary walls show similar characteristics to 
those of idiopathic MPGN: double contours, “tram-tracking” aspect, duplication of the 
glomerular basement membrane and cells interposition in the subendothelial space (mainly 
monocytes). Usually there are nodular, eosinophilic, hyaline, homogeneous deposits 
occupying some glomerular capillary lumina: intraluminal thrombi; when present are 
highly suggestive of the disease. Crescents are not frequent. In few patients there is 
mesangial hypercellularity and sclerosis signifying chronicity with progressive organ 
damage. Immunofluorescence: There are parietal subendothelial deposits of IgG and IgM, 
usually accompanied by C3 and C4, with a variable intensity. Intraluminal thrombi are 
strongly positive for IgG and IgM demonstrating their origin in immune complexes. 
Staining for IgG and IgM may be present in mesangium, arterial walls, and arterioles. When 
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there is a monoclonal component (in type II cryoglobulinemia) the monoclonal origin can be 
demonstrated (usually kappa light chain). Electron microscopy: Glomerular lesions are very 
similar to those found in type I MPGN, but in cryoglobulinemia deposits are 
characteristically: organized, fibrillary or microtubular, with a distinctive substructure; there 
is a combination of curved cylinders arranged in pairs and annular structures in the 
subendothelial space. The cells that interpose in the subendothelial space (between the 
original GBM and the new synthesized membrane, or between GBM and endothelial cell) 
are in their majority monocytes (in idiopathic MPGN, mesangial cells occupy this space). 
(Garini et al., 2004)  

4.4.5 Sicca syndrome  
Symptomatic xerophthalmia and xerostomia occurs in 10-53% of HCV infected patients, the 
classical definite picture of S jogren’s syndrome is less commonly encountered in HCV-MC 
patients. In a recent study, serological screening of 1309 patients with Sjogren’s syndrome 
for HCV seropositivity showed 156 patients (12%) to be seropositive for HCV. In HCV 
related sicca syndrome, xerostomia was found more abundant than xerophthalmia. (8) Sicca 
syndrome with HCV-MC represents a form of lymphocytic sialadenitis, the mechanism of 
damage to the salivary epithelial cells might be due to; either direct viral sialotropism (virus 
secreted in the saliva) or indirect immune mediated inflammatory process. Unlike patients 
with primary Sjogren’s syndrome in patients with HCV-MC related Sjogren’s syndrome, 
serological markers for MC are usually present including low complement 4, rheumatoid 
factor seropositivity and detectable mixed cryoglobulins. Salivary gland biopsy shows 
pericapillary and non-pericanalary lymphocytic infilterate with lack of glandular canal 
damage. In patients with HCV related sialadenitis the prevalence of anti-SSA and anti-SSB 
antibodies were nearly 20%. (Doeffoel- Hantz et al., 2005, Ramos-Casals et al., 2001) 

4.4.6 Lung involvement 
Pulmonary involvement is more common in cryoglobulinemic HCV-infected patients 
compared to non-cryoglobulinemic patients. Pulmonary involvement is mild and mostly in 
the form of interstitial lung disease. The disease is usually clinically inert, except for some 
patients who present with cough, moderate exertional dyspnea and a minimal decrease in 
pulmonary function tests. Pleural effusion and alveolitis with alveolar hemorrhage, 
hemoptysis, severe acute lung insult with acute respiratory distress might develop in HCV-
MC. The condition is usually fatal and is mostly due to diffuse pulmonary vasculitis 
(autopsy disclosed pulmonary perivascular localization of IgG and IgM with immune 
complex materials containing IgM (kappa) and IgG occluding the pulmonary vessels in 
these patients (Ferri et al., 1997, Okutan et al., 2004, Suzuki et al., 2003). 

4.4.7 Gastrointestinal tract involvement 
Gastrointestinal involvement occurs in 2-22% of cases. Mesenteric vasculitis with abdominal 
pain, acute abdomen and even gastrointestinal bleeding might occur in HCV 
cryoglobulinemic vasculitis. Liver damage is common, over 50% of patients show signs of 
mild to moderate chronic hepatitis at diagnosis. Liver involvement is characterized by 
abnormally increased liver enzymes with or without echographic and/or histological 
features of chronic hepatitis, cirrhosis, or hepatocellular carcinoma. Late evolution into overt 
cirrhosis occurs in 25% of cases. Cryoglobulins are a prognostic indicator for increased risk 
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segmental glomerulosclerosis, fibrillary or immunotactoid glomerulopathy. 
Cryoglobulinemia is present in almost 100% of patients with HCV- nephropathy. Renal 
involvement in HCV-MC is an immune complex mediated nephropathy (deposition in the 
glomerulus of immune-complexes made by the HCV antigen, anti-HCV Ig G antibodies, 
and a rheumatoid factor, which is an IgM kappa), usually in the form of type I membrano-
proliferative glomerulonephritis (MPGN). Such pattern of organ involvement severely 
affects the prognosis and survival of patients with HCV-mixed cryoglobulinemia.  Renal 
disease in most cases, is a subsequent event to the cutaneous lesions (purpura), and might 
be associated with other extrahepatic manifestations like arthralgia and neuropathy. The 
commonest renal manifestation is asymptomatic proteinuria with microscopic hematuria, 
renal function is usually normal. In one quarter of patients there is nephritic syndrome, with 
macroscopic hematuria, proteinuria, hypertension, and increased serum creatinine. 
Hypertension develops in almost 80% of cases and often difficult to control. Occasionally, 
there is proteinuria in nephrotic range. The renal course of mixed cryoglobulinemia is 
variable; glomerular lesions usually have a more benign course than idiopathic 
membranoproliferative GN. Moderate renal insufficiency occurs in up to 50% of patients. 
Chronic renal failure develops years after the onset in approximately 10% of cases, oliguric 
or anuric renal failure develops in <5% of patients. There is hypo-complementemia in most 
of cases, but usually it is more marked for C4, with C3 slightly decreased or normal. (Garini 
et al., 2005, Kamar et al., 2006)  
 

 
Fig. 3. Cryoglobulinemic glomerulonephritis with membranoproliferative and mesangial 
proliferative features. Strongly PAS-positive small cryoglobulin plugs are present within 
capillary loops. In the setting of subacute cryoglobulinemic glomerulonephritis, 
inflammatory cells can be present within the glomerulus. (periodic acid-Schiff stain original 
magnification x200) 

Histopathological examination reveals glomerular hypercellularity predominantly by 
leukocytes and monocytes (different to idiopathic MPGN in which hypercellularity is 
mainly by mesangial and endothelial cells). Capillary walls show similar characteristics to 
those of idiopathic MPGN: double contours, “tram-tracking” aspect, duplication of the 
glomerular basement membrane and cells interposition in the subendothelial space (mainly 
monocytes). Usually there are nodular, eosinophilic, hyaline, homogeneous deposits 
occupying some glomerular capillary lumina: intraluminal thrombi; when present are 
highly suggestive of the disease. Crescents are not frequent. In few patients there is 
mesangial hypercellularity and sclerosis signifying chronicity with progressive organ 
damage. Immunofluorescence: There are parietal subendothelial deposits of IgG and IgM, 
usually accompanied by C3 and C4, with a variable intensity. Intraluminal thrombi are 
strongly positive for IgG and IgM demonstrating their origin in immune complexes. 
Staining for IgG and IgM may be present in mesangium, arterial walls, and arterioles. When 
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there is a monoclonal component (in type II cryoglobulinemia) the monoclonal origin can be 
demonstrated (usually kappa light chain). Electron microscopy: Glomerular lesions are very 
similar to those found in type I MPGN, but in cryoglobulinemia deposits are 
characteristically: organized, fibrillary or microtubular, with a distinctive substructure; there 
is a combination of curved cylinders arranged in pairs and annular structures in the 
subendothelial space. The cells that interpose in the subendothelial space (between the 
original GBM and the new synthesized membrane, or between GBM and endothelial cell) 
are in their majority monocytes (in idiopathic MPGN, mesangial cells occupy this space). 
(Garini et al., 2004)  

4.4.5 Sicca syndrome  
Symptomatic xerophthalmia and xerostomia occurs in 10-53% of HCV infected patients, the 
classical definite picture of S jogren’s syndrome is less commonly encountered in HCV-MC 
patients. In a recent study, serological screening of 1309 patients with Sjogren’s syndrome 
for HCV seropositivity showed 156 patients (12%) to be seropositive for HCV. In HCV 
related sicca syndrome, xerostomia was found more abundant than xerophthalmia. (8) Sicca 
syndrome with HCV-MC represents a form of lymphocytic sialadenitis, the mechanism of 
damage to the salivary epithelial cells might be due to; either direct viral sialotropism (virus 
secreted in the saliva) or indirect immune mediated inflammatory process. Unlike patients 
with primary Sjogren’s syndrome in patients with HCV-MC related Sjogren’s syndrome, 
serological markers for MC are usually present including low complement 4, rheumatoid 
factor seropositivity and detectable mixed cryoglobulins. Salivary gland biopsy shows 
pericapillary and non-pericanalary lymphocytic infilterate with lack of glandular canal 
damage. In patients with HCV related sialadenitis the prevalence of anti-SSA and anti-SSB 
antibodies were nearly 20%. (Doeffoel- Hantz et al., 2005, Ramos-Casals et al., 2001) 

4.4.6 Lung involvement 
Pulmonary involvement is more common in cryoglobulinemic HCV-infected patients 
compared to non-cryoglobulinemic patients. Pulmonary involvement is mild and mostly in 
the form of interstitial lung disease. The disease is usually clinically inert, except for some 
patients who present with cough, moderate exertional dyspnea and a minimal decrease in 
pulmonary function tests. Pleural effusion and alveolitis with alveolar hemorrhage, 
hemoptysis, severe acute lung insult with acute respiratory distress might develop in HCV-
MC. The condition is usually fatal and is mostly due to diffuse pulmonary vasculitis 
(autopsy disclosed pulmonary perivascular localization of IgG and IgM with immune 
complex materials containing IgM (kappa) and IgG occluding the pulmonary vessels in 
these patients (Ferri et al., 1997, Okutan et al., 2004, Suzuki et al., 2003). 

4.4.7 Gastrointestinal tract involvement 
Gastrointestinal involvement occurs in 2-22% of cases. Mesenteric vasculitis with abdominal 
pain, acute abdomen and even gastrointestinal bleeding might occur in HCV 
cryoglobulinemic vasculitis. Liver damage is common, over 50% of patients show signs of 
mild to moderate chronic hepatitis at diagnosis. Liver involvement is characterized by 
abnormally increased liver enzymes with or without echographic and/or histological 
features of chronic hepatitis, cirrhosis, or hepatocellular carcinoma. Late evolution into overt 
cirrhosis occurs in 25% of cases. Cryoglobulins are a prognostic indicator for increased risk 
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of cirrhosis in patients with chronic hepatitis C. Splenomegaly might coexist. (Kayali et al., 
2003, Remoroza and Bonkovsky, 2003) 

4.4.8 Cardiovascular involvement 
Patterns of cardiovascular involvement in HCV-MC include: mitral valvular damage with 
mitral regurge, coronary vasculitis complicated by myocardial infarction, pericarditis, 
congestive heart failure and hypertrophic cardiomyopathy. Arterial thrombosis reported in 
1%. (Antonelli et al., 2009) 

4.4.9 Ocular 
Retinopathy with cotton-wool spots, hemorrhages and arteriolar occlusion on fundus 
examination can occur in HCV patients with cryoglobulinemia, but rather a frequent 
complication of interferon therapy than HCV related small vessel vasculitis, uveitis is rare. 
Mooren’s ulcer is a rapidly progressive, painful ulceration of the cornea that might occur. The 
diagnosis of Mooren’s ulcer is a diagnosis of exclusion. (Remoroza and Bonkovsky, 2003) 

4.4.10 Endocrine system 
Some endocrinological disorders are significantly more frequent in HCV-MC patients 
compared to the general population. The most common endocrinal disorders are the thyroid 
disorders including; autoimmune thyroiditis, subclinical hypothyroidism, thyroid cancer 
with high prevalence of anti-thyroperioxidase antibody and antithyroglobulin antibody. 
Hyperthyroidism is less frequent, generally as reversible complication of interferon 
treatment. Type 2 diabetes is another frequent endocrinal disorder in cryoglobulin-positive 
than in cryoglobulin-negative patients. The raised prevalence of type 2 diabetes in HCV-
patients with mixed cryoglobulinemia is attributed to an immune-mediated mechanism 
(127). Insulin resistance mediated by proinflammatory cytokines, rather than a deficit in 
insulin secretion, is propably the primary pathogenic mechanism involved in the 
development of type 2 diabetes in HCV infection. Erectile dysfunction is another disorder in 
male patients with HCV-MC attributable to hormonal and/or neuro-vascular alterations. 
(Antonelli et al., 2004 a&b, Ferri et al., 2002,b) 

4.4.11 Hematological abnormalities 
Anemia of chronic disease and thrombocytopenia are amongst the commonly reported 
hematololgical abnormalities in HCV-patients with cryoglobulinemia. The proposed 
pathological mechanisms in HCV related thrombocytopenia involved; platelet sequestration 
and destruction in the spleen, along with low thrombopoetin production and direct viral 
infection of the megakariocytes with immune mediated platelet destruction. (De Almeida et 
al., 2004, Doi et al., 2002, Giannini et al., 2002, Jiang et al., 2002). Autoimmune hemolytic 
anemia has been reported in female patients with cryoglobulinemic syndrome (8), 
Leukocytosis, an elevated erythrocyte sedimentation rate (ESR) and an elevated C-reactive 
protein level are common findings in most types of vasculitis. The auto-antibodies seen in 
patients with HCV infection resemble those seen in chronic viral infections - the 
autoantibody titers are low, frequently found during the clinical course of cryoglobulinemia, 
however, not essentially associated with typical autoimmune disease. Serological 
abnormalities in HCV-MC involve positive antinuclear antibodies (ANA), antismooth 
muscle antibodies (ASMA), anti-neutrophil cytoplasmic antibodies (ANCA), and anti-
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cardiolipin autoantibodies. The prevalence of ANA and ASMA ranges from 4.4% to 41% 
and 7% to 66% respectively usually with low titre ≤ 1/160. HCV core particles concentrated 
in the cryoprecipitate provoke an interaction between the cryoglobulins, endothelial cells 
and neutrophil granulocytes. A positive ANCA has been found in <5-10% of patients with 
HCV-associated mixed cryoglobulinemia with proteinase 3 and dihydrolipoamine 
dehydrogenase as the main anti-neutrophil cytoplasmic antigens in patients with HCV-MC. 
HCV patients with ANCA had a higher prevalence of skin involvement, anemia, abnormal 
liver function tests and elevated alpha feto-protein levels. Anti-cardiolipin antibodies occur 
in 3.3% to 22% of HCV patients, with higher frequency in patients with HCV-associated 
cryoglobulinemia yet insignificant being anti-b2-glicoprotein independent. (Cacoub et al., 
1997, Lamprecht et al., 2003, Ordi-Ros et al., 2000, Yee et al., 2004, Wu et al., 2002 )  

4.4.12 Neoplastic disorders 
Mixed cryoglobulinemia syndrome is considered as a pre-neopastic syndrome that features 
a cross road between virus related autoimmune syndromes and virus associated 
malignancies (B cell lymphoma, hepatocellular carcinoma). B-cell lymphoma is the most 
frequent neoplastic manifestation complicating mixed cryoglobulinemia that presents late in 
the course of the disease. (Cacoub et al., 2000) Neoplasia is attributed to sustained 
peripheral B-lymphocyte expansion with significantly persistent lymphoid infiltrates that 
remain unmodified for years in the liver and bone marrow of MC patients. Such infiltrates 
are considered as "early lymphomas", and are given the nomenoclature "monotypic 
lymphoproliferative disorder of undetermined significance (MLDUS)". Type II MC-related 
MLDUS has the highest incidence in the same geographic areas with high prevalence of 
HCV infection. The onset of malignant lymphoma is usually 5-10 years after disease 
diagnosis, with a reported incidence of less than 10% in some patients to as high as 40% in 
others. Overt lymphoid tumors develop in about 10% of cases. A sudden decrease or 
disappearance of serum cryoglobulins and RF with abnormally high levels of C4, are 
presenting symptoms of complicating B-cell malignancy. Other neoplastic manifestations, 
i.e. hepatocellular carcinoma or papillary thyroid cancer, are less frequently observed (Ferri 
et al., 2002, Matsuo et al., 2004, Quartuccio et al., 2007).  

4.4.13 Other disease related features 
Constitutional symptoms like fever, fatigue, anorexia, weight loss, amongst other immune 
mediated HCV related extra-hepatic manifestations including: Porphyria cutanea tarda, 
Lichen planus, pancreatitis, aplastic anaemia, systemic lupus erythematosus, CREST 
syndrome, and waldenstrom’s macroglobulinemia might exist. (Ferri et al., 2002 a, Ferri et 
al., 2000) 

5. HCV and polyarteritis nodosa PAN (medium sized vessel vasculitis) 
Despite that polyarteritis nodosa is more commonly reported in patients with hepatitis B 
viremia, yet medium sized vessels inflammation can occur in patients with chronic HCV 
infection featuring a polyarthritis nodosa pattern of vasculitis. PAN can occur in 
cryoglobulinemic as well as non cryoglobulinemic HCV patients. HCV related PAN 
displays a more severe and acute clinical presentation with more frequent fever and weight 
loss, severe hypertension, gastrointestinal tract involvement, severe acute sensory-motor 
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of cirrhosis in patients with chronic hepatitis C. Splenomegaly might coexist. (Kayali et al., 
2003, Remoroza and Bonkovsky, 2003) 

4.4.8 Cardiovascular involvement 
Patterns of cardiovascular involvement in HCV-MC include: mitral valvular damage with 
mitral regurge, coronary vasculitis complicated by myocardial infarction, pericarditis, 
congestive heart failure and hypertrophic cardiomyopathy. Arterial thrombosis reported in 
1%. (Antonelli et al., 2009) 

4.4.9 Ocular 
Retinopathy with cotton-wool spots, hemorrhages and arteriolar occlusion on fundus 
examination can occur in HCV patients with cryoglobulinemia, but rather a frequent 
complication of interferon therapy than HCV related small vessel vasculitis, uveitis is rare. 
Mooren’s ulcer is a rapidly progressive, painful ulceration of the cornea that might occur. The 
diagnosis of Mooren’s ulcer is a diagnosis of exclusion. (Remoroza and Bonkovsky, 2003) 

4.4.10 Endocrine system 
Some endocrinological disorders are significantly more frequent in HCV-MC patients 
compared to the general population. The most common endocrinal disorders are the thyroid 
disorders including; autoimmune thyroiditis, subclinical hypothyroidism, thyroid cancer 
with high prevalence of anti-thyroperioxidase antibody and antithyroglobulin antibody. 
Hyperthyroidism is less frequent, generally as reversible complication of interferon 
treatment. Type 2 diabetes is another frequent endocrinal disorder in cryoglobulin-positive 
than in cryoglobulin-negative patients. The raised prevalence of type 2 diabetes in HCV-
patients with mixed cryoglobulinemia is attributed to an immune-mediated mechanism 
(127). Insulin resistance mediated by proinflammatory cytokines, rather than a deficit in 
insulin secretion, is propably the primary pathogenic mechanism involved in the 
development of type 2 diabetes in HCV infection. Erectile dysfunction is another disorder in 
male patients with HCV-MC attributable to hormonal and/or neuro-vascular alterations. 
(Antonelli et al., 2004 a&b, Ferri et al., 2002,b) 

4.4.11 Hematological abnormalities 
Anemia of chronic disease and thrombocytopenia are amongst the commonly reported 
hematololgical abnormalities in HCV-patients with cryoglobulinemia. The proposed 
pathological mechanisms in HCV related thrombocytopenia involved; platelet sequestration 
and destruction in the spleen, along with low thrombopoetin production and direct viral 
infection of the megakariocytes with immune mediated platelet destruction. (De Almeida et 
al., 2004, Doi et al., 2002, Giannini et al., 2002, Jiang et al., 2002). Autoimmune hemolytic 
anemia has been reported in female patients with cryoglobulinemic syndrome (8), 
Leukocytosis, an elevated erythrocyte sedimentation rate (ESR) and an elevated C-reactive 
protein level are common findings in most types of vasculitis. The auto-antibodies seen in 
patients with HCV infection resemble those seen in chronic viral infections - the 
autoantibody titers are low, frequently found during the clinical course of cryoglobulinemia, 
however, not essentially associated with typical autoimmune disease. Serological 
abnormalities in HCV-MC involve positive antinuclear antibodies (ANA), antismooth 
muscle antibodies (ASMA), anti-neutrophil cytoplasmic antibodies (ANCA), and anti-
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cardiolipin autoantibodies. The prevalence of ANA and ASMA ranges from 4.4% to 41% 
and 7% to 66% respectively usually with low titre ≤ 1/160. HCV core particles concentrated 
in the cryoprecipitate provoke an interaction between the cryoglobulins, endothelial cells 
and neutrophil granulocytes. A positive ANCA has been found in <5-10% of patients with 
HCV-associated mixed cryoglobulinemia with proteinase 3 and dihydrolipoamine 
dehydrogenase as the main anti-neutrophil cytoplasmic antigens in patients with HCV-MC. 
HCV patients with ANCA had a higher prevalence of skin involvement, anemia, abnormal 
liver function tests and elevated alpha feto-protein levels. Anti-cardiolipin antibodies occur 
in 3.3% to 22% of HCV patients, with higher frequency in patients with HCV-associated 
cryoglobulinemia yet insignificant being anti-b2-glicoprotein independent. (Cacoub et al., 
1997, Lamprecht et al., 2003, Ordi-Ros et al., 2000, Yee et al., 2004, Wu et al., 2002 )  

4.4.12 Neoplastic disorders 
Mixed cryoglobulinemia syndrome is considered as a pre-neopastic syndrome that features 
a cross road between virus related autoimmune syndromes and virus associated 
malignancies (B cell lymphoma, hepatocellular carcinoma). B-cell lymphoma is the most 
frequent neoplastic manifestation complicating mixed cryoglobulinemia that presents late in 
the course of the disease. (Cacoub et al., 2000) Neoplasia is attributed to sustained 
peripheral B-lymphocyte expansion with significantly persistent lymphoid infiltrates that 
remain unmodified for years in the liver and bone marrow of MC patients. Such infiltrates 
are considered as "early lymphomas", and are given the nomenoclature "monotypic 
lymphoproliferative disorder of undetermined significance (MLDUS)". Type II MC-related 
MLDUS has the highest incidence in the same geographic areas with high prevalence of 
HCV infection. The onset of malignant lymphoma is usually 5-10 years after disease 
diagnosis, with a reported incidence of less than 10% in some patients to as high as 40% in 
others. Overt lymphoid tumors develop in about 10% of cases. A sudden decrease or 
disappearance of serum cryoglobulins and RF with abnormally high levels of C4, are 
presenting symptoms of complicating B-cell malignancy. Other neoplastic manifestations, 
i.e. hepatocellular carcinoma or papillary thyroid cancer, are less frequently observed (Ferri 
et al., 2002, Matsuo et al., 2004, Quartuccio et al., 2007).  

4.4.13 Other disease related features 
Constitutional symptoms like fever, fatigue, anorexia, weight loss, amongst other immune 
mediated HCV related extra-hepatic manifestations including: Porphyria cutanea tarda, 
Lichen planus, pancreatitis, aplastic anaemia, systemic lupus erythematosus, CREST 
syndrome, and waldenstrom’s macroglobulinemia might exist. (Ferri et al., 2002 a, Ferri et 
al., 2000) 

5. HCV and polyarteritis nodosa PAN (medium sized vessel vasculitis) 
Despite that polyarteritis nodosa is more commonly reported in patients with hepatitis B 
viremia, yet medium sized vessels inflammation can occur in patients with chronic HCV 
infection featuring a polyarthritis nodosa pattern of vasculitis. PAN can occur in 
cryoglobulinemic as well as non cryoglobulinemic HCV patients. HCV related PAN 
displays a more severe and acute clinical presentation with more frequent fever and weight 
loss, severe hypertension, gastrointestinal tract involvement, severe acute sensory-motor 
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multifocal mononeuropathy, kidney and liver microaneurysms and elevated acute phase 
reactants levels. Cases of mesenteric vasculitis with stenosis and narrowing of the superior 
mesenteric vessels and reno-vascular micro-aneurysm with renal cortical infarcts have been 
described in HCV patients having purpuric eruptions, hypertension and abdominal pain. 
Such lesions resolved with antiviral therapy and prednisolone, supporting the possible 
etiopathogenic role of chronic HCV infection. Another case with vasculitic mucosal colonic 
ulceration with massive hematochezia, purpura, abdominal discomfort, pulmonary 
infilterate and acute renal failure was described in a female patient with chronic HCV 
infection and negative for cryoglobulinemia, colonic biopsy showed evidence of fibrinoid 
necrotizing arteritis diagnosing a case of HCV related PAN with no evidence of 
leukocytoclastic vasculitis. (Costedoat-Chalumeau et al., 2002, Elias et al., 1998, Saadoun et 
al., 2010a) 

6. Diagnosis of HCV- mixed cryoglobulinemia  
6.1 Cryoglobulin detection 
The detection of serum cryoglobulins is fundamental for the diagnosis of mixed 
cryoglobulinemia. (Ferri et al., 2002 a, Ferri et al., 2008) Due to their thermal instability, the 
measurement of cryoglobulin level in the blood should be performed immediately after 
sampling. For a correct evaluation of serum cryoglobulins it is necessary to avoid false-
negative results due to Ig cold precipitation at room temperature, blood sampling, clotting, 
and serum separation by centrifugation is carried out at 37°C and the cryocrit determination 
and cryoglobulin characterization at 4°C (after 7 days). Cryocrit determinations (percentage 
of packed cryoglobulins referred to total serum after centrifugation at +4°C) should be done 
on blood samples without anticoagulation to avoid false-positive results due to cryo-
fibrinogen. The analysis of cryoprecipitates is generally carried out by means of 
immunoelectrophoresis or immunofixation, other more sensitive methodologies include; 
immunoblotting or two-dimensional polyacrylamide gel electrophoresis. Type II MC shows 
a microheterogeneous composition. Type II-III mixed cryoglobulinemia represents an 
intermediate, evolutive state from type III to type II. The absence of detectable serum 
cryoglobulins despite the presence of the clinical syndrome is described to be a transient 
phenomenon due to the wide variability of the percentage of cryoprecipitable immune-
complex during the natural history of the disease or, less frequently, to a switching from 
'benign' B-cell lymphoproliferation to malignant lymphoma. The levels of serum 
cryoglobulins usually do not correlate with the severity and prognosis of the disease. (Ferri 
et al., 2002 a, Ferri et al., 2000)  

6.2 Laboratory tests 
Laboratory workup includes complete blood cell count with evidences of anemia of chronic 
disease, thrombocytopenia or autoimmune hemolytic anemia. Erthrocyte sedimentation rate 
is almost always elevated in all types of vasculitis, but a normal ESR does not rule out 
systemic vasculitis. Blood urea nitrogen, creatinine for renal involvement, proteinuria and 
hematuria on urinalysis, a fresh-spun urine sample should be evaluated for red blood cell 
casts or dysmorphic red cells to diagnose glomerulonephritis. Up to 40 % of patients with 
chronic hepatitis C have normal serum ALT levels, even when tested on multiple occasions. 
(Ferri, 2008, Ghany et al., 2009) 
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6.3 Serological tests 
For the diagnosis of HCV, hepatitis C antibody testing is crucial, regarding the response 
to treatment quantitative assessment of viral load HCV-RT-PCR as well as the viral 
genotyping are important prognostic markers. Sustained negative results for HCV-RT-
PCR with treatment signifies a sustained viral response. Rheumatoid factor and serum 
anti-cyclic citrullinated C peptide antibodies (markers for rheumatoid arthritis)are useful 
diagnostic tools in arthritis patients. Complement 3 (C3) and complement 4 (C4) and 
CH50 are usually consumed in patients with renal disease. Anti-neutrophil cytoplasmic 
antibodies (P-ANCA might be found in patients with small to medium sized vessel 
vasculitis). Anti SSA and anti-SSB (in up to 20%) and thyroid specific antibodies (up t0 
22.1%) are amongst associating serological abnormalities (Ghany et al., 2009, Ferri, 2008, 
Antonelli et al., 2009) 

6.4 Imaging studies  
Chest x ray and high resolution computerized tomography for diagnosis of pulmonary 
involvement, echocardiography and electrocardiogram (ECG) for cardiac disease, 
abdominal ultrasound for hepatic and renal disease. (Ferri, 2008)  

6.5 Biopsy  
Histopathological evidences of vasculitis remain the gold standard for the diagnosis of 
vasculitis. Biopsy from clinically involved sites (cutaneous lesions, nerve biopsy, renal 
biopsy) is a cornerstone in establishing the diagnosis. Bone marrow biopsy should be done 
to demonstrate polyclonal B cell proliferation and in suspected cases with lympho-
proliferative disorders (Mukhtyar et al., 2009).  

6.6 Differential diagnosis 
A frequent clinico-pathological overlap exists between HCV-related cryoglobulinemic 
syndrome and some autoimmune diseases including; small and medium sized vessel 
vasculitides, infectious vasculitides (Bacterial vasculitis e.g., Neisserial, mycobacterial 
vasculitis e.g., Tuberculous, spirochetal vasculitis e.g., Syphilitic, rickettsial vasculitis e.g., 
Rocky Mountain Spotted Fever, fungal vasculitis e.g., Aspergillosis, viral vasculitis e.g., 
Herpes zoster, HIV), primary S-jogren’s syndrome, secondary types of vasculitis 
(rheumatoid arthritis, systemic lupus erythematosus, seronegative arthritides), membranous 
glomerulonephritis, immune mediated thyroiditis, type II diabetes, autoimmune hepatitis, 
and myelo-proliferative disorders (lymphomas, leukemias and Plasma cell dyscrasias). 
(Ghany et al., 2009, Jennette et al., 1994)  

7. Treatment of HCV related vasculitides 
7.1 Treatment of HCV 
Clinical improvement of HCV related vasculitides proved to correlate with virological 
response. Introducing anti-viral therapy namely interferon alpha with or without ribavirin 
remains the cornerstone in the management of HCV-MC. Antiviral therapy has been shown 
to reverse bone marrow monoclonal B-cell expansion in patients with HCV-MC. (Davis et 
al., 2002, Mukhtyar et al., 2009, NIDDK, 2010)  
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multifocal mononeuropathy, kidney and liver microaneurysms and elevated acute phase 
reactants levels. Cases of mesenteric vasculitis with stenosis and narrowing of the superior 
mesenteric vessels and reno-vascular micro-aneurysm with renal cortical infarcts have been 
described in HCV patients having purpuric eruptions, hypertension and abdominal pain. 
Such lesions resolved with antiviral therapy and prednisolone, supporting the possible 
etiopathogenic role of chronic HCV infection. Another case with vasculitic mucosal colonic 
ulceration with massive hematochezia, purpura, abdominal discomfort, pulmonary 
infilterate and acute renal failure was described in a female patient with chronic HCV 
infection and negative for cryoglobulinemia, colonic biopsy showed evidence of fibrinoid 
necrotizing arteritis diagnosing a case of HCV related PAN with no evidence of 
leukocytoclastic vasculitis. (Costedoat-Chalumeau et al., 2002, Elias et al., 1998, Saadoun et 
al., 2010a) 

6. Diagnosis of HCV- mixed cryoglobulinemia  
6.1 Cryoglobulin detection 
The detection of serum cryoglobulins is fundamental for the diagnosis of mixed 
cryoglobulinemia. (Ferri et al., 2002 a, Ferri et al., 2008) Due to their thermal instability, the 
measurement of cryoglobulin level in the blood should be performed immediately after 
sampling. For a correct evaluation of serum cryoglobulins it is necessary to avoid false-
negative results due to Ig cold precipitation at room temperature, blood sampling, clotting, 
and serum separation by centrifugation is carried out at 37°C and the cryocrit determination 
and cryoglobulin characterization at 4°C (after 7 days). Cryocrit determinations (percentage 
of packed cryoglobulins referred to total serum after centrifugation at +4°C) should be done 
on blood samples without anticoagulation to avoid false-positive results due to cryo-
fibrinogen. The analysis of cryoprecipitates is generally carried out by means of 
immunoelectrophoresis or immunofixation, other more sensitive methodologies include; 
immunoblotting or two-dimensional polyacrylamide gel electrophoresis. Type II MC shows 
a microheterogeneous composition. Type II-III mixed cryoglobulinemia represents an 
intermediate, evolutive state from type III to type II. The absence of detectable serum 
cryoglobulins despite the presence of the clinical syndrome is described to be a transient 
phenomenon due to the wide variability of the percentage of cryoprecipitable immune-
complex during the natural history of the disease or, less frequently, to a switching from 
'benign' B-cell lymphoproliferation to malignant lymphoma. The levels of serum 
cryoglobulins usually do not correlate with the severity and prognosis of the disease. (Ferri 
et al., 2002 a, Ferri et al., 2000)  

6.2 Laboratory tests 
Laboratory workup includes complete blood cell count with evidences of anemia of chronic 
disease, thrombocytopenia or autoimmune hemolytic anemia. Erthrocyte sedimentation rate 
is almost always elevated in all types of vasculitis, but a normal ESR does not rule out 
systemic vasculitis. Blood urea nitrogen, creatinine for renal involvement, proteinuria and 
hematuria on urinalysis, a fresh-spun urine sample should be evaluated for red blood cell 
casts or dysmorphic red cells to diagnose glomerulonephritis. Up to 40 % of patients with 
chronic hepatitis C have normal serum ALT levels, even when tested on multiple occasions. 
(Ferri, 2008, Ghany et al., 2009) 
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6.3 Serological tests 
For the diagnosis of HCV, hepatitis C antibody testing is crucial, regarding the response 
to treatment quantitative assessment of viral load HCV-RT-PCR as well as the viral 
genotyping are important prognostic markers. Sustained negative results for HCV-RT-
PCR with treatment signifies a sustained viral response. Rheumatoid factor and serum 
anti-cyclic citrullinated C peptide antibodies (markers for rheumatoid arthritis)are useful 
diagnostic tools in arthritis patients. Complement 3 (C3) and complement 4 (C4) and 
CH50 are usually consumed in patients with renal disease. Anti-neutrophil cytoplasmic 
antibodies (P-ANCA might be found in patients with small to medium sized vessel 
vasculitis). Anti SSA and anti-SSB (in up to 20%) and thyroid specific antibodies (up t0 
22.1%) are amongst associating serological abnormalities (Ghany et al., 2009, Ferri, 2008, 
Antonelli et al., 2009) 

6.4 Imaging studies  
Chest x ray and high resolution computerized tomography for diagnosis of pulmonary 
involvement, echocardiography and electrocardiogram (ECG) for cardiac disease, 
abdominal ultrasound for hepatic and renal disease. (Ferri, 2008)  

6.5 Biopsy  
Histopathological evidences of vasculitis remain the gold standard for the diagnosis of 
vasculitis. Biopsy from clinically involved sites (cutaneous lesions, nerve biopsy, renal 
biopsy) is a cornerstone in establishing the diagnosis. Bone marrow biopsy should be done 
to demonstrate polyclonal B cell proliferation and in suspected cases with lympho-
proliferative disorders (Mukhtyar et al., 2009).  

6.6 Differential diagnosis 
A frequent clinico-pathological overlap exists between HCV-related cryoglobulinemic 
syndrome and some autoimmune diseases including; small and medium sized vessel 
vasculitides, infectious vasculitides (Bacterial vasculitis e.g., Neisserial, mycobacterial 
vasculitis e.g., Tuberculous, spirochetal vasculitis e.g., Syphilitic, rickettsial vasculitis e.g., 
Rocky Mountain Spotted Fever, fungal vasculitis e.g., Aspergillosis, viral vasculitis e.g., 
Herpes zoster, HIV), primary S-jogren’s syndrome, secondary types of vasculitis 
(rheumatoid arthritis, systemic lupus erythematosus, seronegative arthritides), membranous 
glomerulonephritis, immune mediated thyroiditis, type II diabetes, autoimmune hepatitis, 
and myelo-proliferative disorders (lymphomas, leukemias and Plasma cell dyscrasias). 
(Ghany et al., 2009, Jennette et al., 1994)  

7. Treatment of HCV related vasculitides 
7.1 Treatment of HCV 
Clinical improvement of HCV related vasculitides proved to correlate with virological 
response. Introducing anti-viral therapy namely interferon alpha with or without ribavirin 
remains the cornerstone in the management of HCV-MC. Antiviral therapy has been shown 
to reverse bone marrow monoclonal B-cell expansion in patients with HCV-MC. (Davis et 
al., 2002, Mukhtyar et al., 2009, NIDDK, 2010)  
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Fig. 4. Therapeutic strategies for hepatitis C mixed cryoglobulinemia.  
 

 

Fig. 5. Treatment of HCV cryoglobulinemic renal disease. The management of renal disease 
in HCV mixed cryoglobulinemia depends upon the severity of renal disease.The standard 
regimen is a combination of immunosuppressive drugs, antiviral agents in addition to 
symptomatic therapy. In refractory cases rituximab will be the drug of choice. (Alric et al., 
2004, Kidney International, Guideline 5, 2008) 
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7.1.1 Interferon-alpha therapy 
The standard initial therapy used to be recombinant interferon alfa-2b at a dose of 3 x 106 
units administered subcutaneously 3 times per week for 6 weeks. Recombinant forms of 
alpha interferon are being currently replaced by pegylated interferon (peginterferon). 
Peginterferon is alpha interferon modified chemically by the addition of a large inert 
molecule of polyethylene glycol prolonging its half-life. Peg-Interferon being with better 
efficacy and easier administration replaced standard interferon both as monotherapy and as 
combination therapy for hepatitis C viremia. Peg-interferon is more active than standard 
interferon in inhibiting HCV and yields higher sustained response rates with equivalent side 
effects. Two forms of peg-interferon are available: peg-interferon alfa-2a and peg-interferon 
alfa-2b, roughly equivalent in efficacy and safety, with different dosing regimen. 
Peginterferon alfa-2a is given subcutaneously in a fixed dose of 180 micrograms (mcg) per 
week, while peginterferon alfa-2b is given subcutaneously weekly in a weight-based dose of 
1.5 mcg per kilogram per week in the range of 75 to 150 mcg per week.  
The goal of interferon treatment is suppression of active disease by achieving a sustained 
viral response (sustained decrease or negative HCV-RT PCR). Table 4 Interferon alpha 
monotherapy is effective in purpuric skin lesions, thrombocytopenias, but less effective with 
neural or renal involvement. IFN-alpha monotherapy is associated with a relatively poor 
response and a high virologic relapse rate, detectable viremia with active liver disease can 
occur with normal alanine transferase. Higher initial doses and longer duration of therapy 
help to increase the interval before relapse and escalation of the dose might help to achieve 
response in some non-responders. 
 Peg-interferon therapy has bone marrow suppressive effects or cytopenias, therapy might 
be associated with immune mediated side effects including in about 2% of patients 
(particularly if high titers of antinuclear or antithyroid antibodies); peripheral sensory-
motor neuropathy, nephropathy, retinopathy and micro-hemorrhages, thyroiditis, Sjogren’s 
syndrome, rheumatoid like polyarthritis, psoriasis, fever, chills, headache, lethargy, 
somnolence, myalgia and fatigue, anorexia, hearing loss and tinnitus and serious CNS 
complications might occur during therapy. Rare side effects include; acute congestive heart 
failure, renal failure, vision loss, pulmonary fibrosis or pneumonitis, sepsis, acute 
myocardial infarction, stroke, suicide, and sepsis. Paradoxical worsening of hepatic disease 
provoking a form of autoimmune hepatitis that requires corticosteroid therapy is rare. 
Peginterferon therapy is contraindicated in severe depression or other neuropsychiatric 
syndromes, active substance or alcohol abuse, uncontrolled autoimmune disease (such as 
rheumatoid arthritis, lupus erythematosus, or psoriasis), bone marrow compromise, and 
inability to practice birth control measures. (Casato et al., 1997, Ferri et al., 1993, Iga et al., 
2005, Lidove et al., 1999). 

7.1.2 Ribavirin 
Ribavirin is a broad spectrum antiviral nucleoside analog which acts through enhancement 
of host T-cell–mediated immunity against viral infection through switching the T-cell 
phenotype from type 2 to type 1, inhibition of the host enzyme inosine monophosphate 
dehydrogenase (IMPDH), direct inhibition of HCV, including NS5B-encoded 
RNAdependent RNA polymerase (RdRp) and being an RNA mutagen it drives a rapidly 
mutating RNA virus over the threshold to “error catastrophe”. Ribavirin is an oral drug, 
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Fig. 4. Therapeutic strategies for hepatitis C mixed cryoglobulinemia.  
 

 

Fig. 5. Treatment of HCV cryoglobulinemic renal disease. The management of renal disease 
in HCV mixed cryoglobulinemia depends upon the severity of renal disease.The standard 
regimen is a combination of immunosuppressive drugs, antiviral agents in addition to 
symptomatic therapy. In refractory cases rituximab will be the drug of choice. (Alric et al., 
2004, Kidney International, Guideline 5, 2008) 
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7.1.1 Interferon-alpha therapy 
The standard initial therapy used to be recombinant interferon alfa-2b at a dose of 3 x 106 
units administered subcutaneously 3 times per week for 6 weeks. Recombinant forms of 
alpha interferon are being currently replaced by pegylated interferon (peginterferon). 
Peginterferon is alpha interferon modified chemically by the addition of a large inert 
molecule of polyethylene glycol prolonging its half-life. Peg-Interferon being with better 
efficacy and easier administration replaced standard interferon both as monotherapy and as 
combination therapy for hepatitis C viremia. Peg-interferon is more active than standard 
interferon in inhibiting HCV and yields higher sustained response rates with equivalent side 
effects. Two forms of peg-interferon are available: peg-interferon alfa-2a and peg-interferon 
alfa-2b, roughly equivalent in efficacy and safety, with different dosing regimen. 
Peginterferon alfa-2a is given subcutaneously in a fixed dose of 180 micrograms (mcg) per 
week, while peginterferon alfa-2b is given subcutaneously weekly in a weight-based dose of 
1.5 mcg per kilogram per week in the range of 75 to 150 mcg per week.  
The goal of interferon treatment is suppression of active disease by achieving a sustained 
viral response (sustained decrease or negative HCV-RT PCR). Table 4 Interferon alpha 
monotherapy is effective in purpuric skin lesions, thrombocytopenias, but less effective with 
neural or renal involvement. IFN-alpha monotherapy is associated with a relatively poor 
response and a high virologic relapse rate, detectable viremia with active liver disease can 
occur with normal alanine transferase. Higher initial doses and longer duration of therapy 
help to increase the interval before relapse and escalation of the dose might help to achieve 
response in some non-responders. 
 Peg-interferon therapy has bone marrow suppressive effects or cytopenias, therapy might 
be associated with immune mediated side effects including in about 2% of patients 
(particularly if high titers of antinuclear or antithyroid antibodies); peripheral sensory-
motor neuropathy, nephropathy, retinopathy and micro-hemorrhages, thyroiditis, Sjogren’s 
syndrome, rheumatoid like polyarthritis, psoriasis, fever, chills, headache, lethargy, 
somnolence, myalgia and fatigue, anorexia, hearing loss and tinnitus and serious CNS 
complications might occur during therapy. Rare side effects include; acute congestive heart 
failure, renal failure, vision loss, pulmonary fibrosis or pneumonitis, sepsis, acute 
myocardial infarction, stroke, suicide, and sepsis. Paradoxical worsening of hepatic disease 
provoking a form of autoimmune hepatitis that requires corticosteroid therapy is rare. 
Peginterferon therapy is contraindicated in severe depression or other neuropsychiatric 
syndromes, active substance or alcohol abuse, uncontrolled autoimmune disease (such as 
rheumatoid arthritis, lupus erythematosus, or psoriasis), bone marrow compromise, and 
inability to practice birth control measures. (Casato et al., 1997, Ferri et al., 1993, Iga et al., 
2005, Lidove et al., 1999). 

7.1.2 Ribavirin 
Ribavirin is a broad spectrum antiviral nucleoside analog which acts through enhancement 
of host T-cell–mediated immunity against viral infection through switching the T-cell 
phenotype from type 2 to type 1, inhibition of the host enzyme inosine monophosphate 
dehydrogenase (IMPDH), direct inhibition of HCV, including NS5B-encoded 
RNAdependent RNA polymerase (RdRp) and being an RNA mutagen it drives a rapidly 
mutating RNA virus over the threshold to “error catastrophe”. Ribavirin is an oral drug, 
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given twice a day in 200-mg capsules for a total daily dose based upon body weight (1,000 
mg< 75 kg or 165 pounds and 1,200 mg for those >75 kg). Combination of ribavirin and 
interferon increases the sustained response rate by 2- to 3-fold with rapid improvements in 
serum ALT levels and disappearance of detectable HCV RNA in up to 70 percent of 
patients. The optimal therapeutic dose of ribavirin and the optimal duration varies 
depending upon viral genotype (genotype I, rare genotypes 4, 5, 6 require the maximum 
therapeutic dose/body weight, and longer duration). Considering the variable responses to 
treatment, testing for HCV genotype is clinically useful before starting combination therapy. 
A response is considered “sustained” if HCV RNA remains undetectable for 6 months or 
more after stopping therapy.Some patients relapse by the end of treatment, the relapse rate 
is lower with combination therapy (55% sustained response with combination therapy for 48 
weeks compared 35% with monotherapy) 
 
Study Patients  

(no) 
TYPE OF 
STUDY 

Treatment Responses 
(%) 
(genotype 
unrelated) 

Follow up 

Calleja et al., 
1999 (13) 

13 Prospective IFN 3 MU × 3 per 
week + Riba 1200 
mg/day × 1 year 

65 22% relapse 
rate 

Zuckerman et 
al., 2000 (114) 

9 Prospective IFN 3 MU × 3 per 
week + Riba 15 
mg/kg/day × 6 
months. 

100 NA 

Donado et al., 
1998 (28) 

17 Prospective IFN 6 MU × 3 per 
week × 3 months,  
3 MU × 3 per week 
× 3 months + Riba 
15 mg/kg/day × 6 
months 

85 55% relapse 
rate within 1 
year 

Mazzaro et 
al., 2003 (68) 

27 Prospective IFN 3 MU × 3 per 
week + Riba 1200 
mg/day × 1 year 

CR+PR: 85 70% early 
relapse; 22% 
long-term 
clinical and 
virological 
response 

Table 5. Combined Treatment Interferon plus Ribavirin in HCV-related 
Cryoglobulinemia.CR = Complete remission; HCV = Hepatits C virus; NA = Not applicable; 
PR = Partial remission; Riba = Ribavirin. 

Ribavirin therapy causes anemia, fatigue and irritability, itching, skin rash, nasal stuffiness, 
sinusitis, and cough, red cell hemolysis to a variable degree in almost all patients. Patients 
with a pre-existing hemolysis or anemia (hemoglobin < 11 grams or hematocrit < 33 percent) 
should not receive ribavirin. Similarly, patients who have significant coronary or cerebral 
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vascular disease should not receive ribavirin, as the anemia caused by treatment can trigger 
significant ischemia. Fatal myocardial infarctions and strokes are amongst reported side 
effects during combination therapy with alpha interferon and ribavirin. 
Ribavirin is excreted largely by the kidneys. Patients with renal disease can develop 
hemolysis that is severe and even life threatening. With serum creatinine above 2.0 mg per 
deciliter (dL) patients should not be treated with ribavirin. Ribavirin causes birth defects in 
animal studies and should not be used in women or men without contraception. Peg-
interferon has direct antigrowth and anti-proliferative effects so it is contraindicated during 
pregnancy. Combination therapy should therefore be used with caution. Contraindications 
to ribavirin include marked anemia, renal dysfunction, and coronary artery or 
cerebrovascular disease, and inability to practice birth control. The newly emerging direct-
acting antiviral (DAA) drugs are at the preclinical developmental stage and several are in 
clinical development. Initial clinical trials using some of these inhibitors, either alone or in 
combination with pegylated IFN-alpha and ribavirin, have yielded encouraging results. 
(Cacoub et al., 2002, Mazzaro et al., 2003, Pawlotsky, 2011) Table 5. Recently nucleotide 
polymorphism upstream of IL-28B gene has been found to be associated with response to 
PEG-IFN and ribavirin and spontaneous clearance of HCV infection in addition, genetic 
variants of inosine triphosphate (ITPA) have been correlated with protection against 
ribavirin induced hemolytic anemia (Fellay 2010) 

7.2 Corticosteroids, standard Immunosuppression and plasma exchange therapy 
The treatment of cryoglobulinemic vasculitis depends upon the severity of the acute 
manifestations and the extent of organ involvement. In asymptomatic MC monitoring 
without treatment is recommended. In patients with mild to moderate cryoglobulinemic 
symptoms (purpura, arthralgias, peripheral sensory neuropathy) first-line 
immnosuprression usually consists of low-dose corticosteroids. Patients with severe 
manifestations (cryoglobulinemic nephropathy, skin ulcers, sensory motor neuropathy, 
wide spread vasculitis) should promptly receive high-dose steroids and 
immunosuppressive therapy. Use of high dose intravenous corticosteroids might be useful 
for controlling life threatening organ involvement. Immunosuppressive drugs (e.g., 
Cyclophosphamide, Chlorambucil, and Azathioprine) can be used to suppress antibody and 
cryoglobulin production. The most effective and commonly used cytotoxic drug is 
Cyclophosphamide (750-1000mg intravenous pulse or orally at doses of 2 mg/kg per day). 
Recently; Mycophenolate Mofetil (1 g twice a day) is used as an alternative to 
Cyclophosphamide for the induction of remission in MC vasculitis. Mycophenolic Acid is 
more selective than Cyclophosphamide in inhibiting lymphocyte proliferation and 
functions, the drug was found to reduce viremia in HCV-infected renal or heart-transplant 
recipients due to its ability to inhibit inosine monophosphate dehydrogenase, the target 
enzyme inhibited by ribavirin. (Cacoub et al., 2005) 

7.3 Plasma exchange 
Plasma exchange therapy permits rapid control of life threatening symptoms of vasculitis by 
removal of circulating immune complexes with or without using high dose intravenous 
corticosteroids or immunosuppressive treatments, particularly in active cryoglobulinemic 
nephropathy. Oral cyclophosphamide (50-100 mg/day for 2-6 weeks) during the tapering of 
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given twice a day in 200-mg capsules for a total daily dose based upon body weight (1,000 
mg< 75 kg or 165 pounds and 1,200 mg for those >75 kg). Combination of ribavirin and 
interferon increases the sustained response rate by 2- to 3-fold with rapid improvements in 
serum ALT levels and disappearance of detectable HCV RNA in up to 70 percent of 
patients. The optimal therapeutic dose of ribavirin and the optimal duration varies 
depending upon viral genotype (genotype I, rare genotypes 4, 5, 6 require the maximum 
therapeutic dose/body weight, and longer duration). Considering the variable responses to 
treatment, testing for HCV genotype is clinically useful before starting combination therapy. 
A response is considered “sustained” if HCV RNA remains undetectable for 6 months or 
more after stopping therapy.Some patients relapse by the end of treatment, the relapse rate 
is lower with combination therapy (55% sustained response with combination therapy for 48 
weeks compared 35% with monotherapy) 
 
Study Patients  

(no) 
TYPE OF 
STUDY 

Treatment Responses 
(%) 
(genotype 
unrelated) 

Follow up 

Calleja et al., 
1999 (13) 

13 Prospective IFN 3 MU × 3 per 
week + Riba 1200 
mg/day × 1 year 

65 22% relapse 
rate 

Zuckerman et 
al., 2000 (114) 

9 Prospective IFN 3 MU × 3 per 
week + Riba 15 
mg/kg/day × 6 
months. 

100 NA 

Donado et al., 
1998 (28) 

17 Prospective IFN 6 MU × 3 per 
week × 3 months,  
3 MU × 3 per week 
× 3 months + Riba 
15 mg/kg/day × 6 
months 

85 55% relapse 
rate within 1 
year 

Mazzaro et 
al., 2003 (68) 

27 Prospective IFN 3 MU × 3 per 
week + Riba 1200 
mg/day × 1 year 

CR+PR: 85 70% early 
relapse; 22% 
long-term 
clinical and 
virological 
response 

Table 5. Combined Treatment Interferon plus Ribavirin in HCV-related 
Cryoglobulinemia.CR = Complete remission; HCV = Hepatits C virus; NA = Not applicable; 
PR = Partial remission; Riba = Ribavirin. 

Ribavirin therapy causes anemia, fatigue and irritability, itching, skin rash, nasal stuffiness, 
sinusitis, and cough, red cell hemolysis to a variable degree in almost all patients. Patients 
with a pre-existing hemolysis or anemia (hemoglobin < 11 grams or hematocrit < 33 percent) 
should not receive ribavirin. Similarly, patients who have significant coronary or cerebral 
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vascular disease should not receive ribavirin, as the anemia caused by treatment can trigger 
significant ischemia. Fatal myocardial infarctions and strokes are amongst reported side 
effects during combination therapy with alpha interferon and ribavirin. 
Ribavirin is excreted largely by the kidneys. Patients with renal disease can develop 
hemolysis that is severe and even life threatening. With serum creatinine above 2.0 mg per 
deciliter (dL) patients should not be treated with ribavirin. Ribavirin causes birth defects in 
animal studies and should not be used in women or men without contraception. Peg-
interferon has direct antigrowth and anti-proliferative effects so it is contraindicated during 
pregnancy. Combination therapy should therefore be used with caution. Contraindications 
to ribavirin include marked anemia, renal dysfunction, and coronary artery or 
cerebrovascular disease, and inability to practice birth control. The newly emerging direct-
acting antiviral (DAA) drugs are at the preclinical developmental stage and several are in 
clinical development. Initial clinical trials using some of these inhibitors, either alone or in 
combination with pegylated IFN-alpha and ribavirin, have yielded encouraging results. 
(Cacoub et al., 2002, Mazzaro et al., 2003, Pawlotsky, 2011) Table 5. Recently nucleotide 
polymorphism upstream of IL-28B gene has been found to be associated with response to 
PEG-IFN and ribavirin and spontaneous clearance of HCV infection in addition, genetic 
variants of inosine triphosphate (ITPA) have been correlated with protection against 
ribavirin induced hemolytic anemia (Fellay 2010) 

7.2 Corticosteroids, standard Immunosuppression and plasma exchange therapy 
The treatment of cryoglobulinemic vasculitis depends upon the severity of the acute 
manifestations and the extent of organ involvement. In asymptomatic MC monitoring 
without treatment is recommended. In patients with mild to moderate cryoglobulinemic 
symptoms (purpura, arthralgias, peripheral sensory neuropathy) first-line 
immnosuprression usually consists of low-dose corticosteroids. Patients with severe 
manifestations (cryoglobulinemic nephropathy, skin ulcers, sensory motor neuropathy, 
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aphaeretic sessions can reinforce the beneficial effect of plasma exchange; and prevent the 
rebound phenomenon that may be observed after the aphaeresis discontinuation. Plasma 
The use of INF- alpha after each plasma exchange session doesn’t modify the viral response 
(Hausfaster et al., 2002, Khattab et al., 2010, Morra, 2010)  

7.4 Biologic agents 
7.4.1 Anti-CD20 therapy -Rituximab 
Rituximab is a humanized anti- CD-20 monoclonal antibody that was primarily 
successfully employed for the treatment of B-cell lymphomas and other chronic 
lymphoproliferative diseases. The drug has proven efficacy in autoimmune disorders 
including vasculitis and refractory systemic lupus with nephritis. Recently, rituximab 
showed efficacy in cases of HCV-mixed cryoglobulinemia. The drug was successfully 
used in combination with antiviral agents as well as monotherapy in HCV 
cryoglobulinemic vasculitis. Rituximab combined with Peg-IFN-α/ribavirin delete both 
virus-dependent and -independent B-cell clones. Antiviral therapy alone decreased the 
memory B cells; whereas in association with rituximab, naive B cells are the main 
depleted population. This fact accounts for the delayed B-cell reconstitution after 
rituximab plus Peg-IFN-α/ribavirin and stresses the synergistic action of rituximab and 
antiviral therapy at the immunologic level. Rituximab shortens the therapeutic interval 
required for achieving a complete clinical reponse. Clonal expansion of marginal zone–
like IgM+ CD27+ B cells (VH1-69 clonal B) has been recently observed in certain HCV-MC 
patients. Rituximab with Peg-IFN and ribavirin exerts a synergistic effect on polclonal B 
lymphocyte expansion. Rituximab plus Peg-IFN-α/ribavirin was more efficient to 
suppress both memory and VH1-69 clonal B cells compared with Peg-IFN-α/ribavirin 
alone. (Zaga et al., 2003, Sansonno et al., 2003, Roccatello et al., 2008) A standard 
therapeutic dose of 375 mg/m2 weekly for 4 weeks is effective, well tolerated and induces 
a significant and rapid improvement of clinical signs (purpura, arthralgia, peripheral 
neuropathy) with a decline of cryocrit in most patients with mixed cryoglobulinemia even 
in cases resistant to IFN therapy.  
Rituximab trials emphasized the benefit of the drug in inducing remission in cutaneous 
vasculitis, cryoglobulinemic nephropathy, cryoglobulinemic neuropathy and in underlying 
malignant lymphoproliferative disorder. Relapse of cryoglobulinemic vasculitis might 
occur. Complete clinical remission was associated with a significant reduction of RF activity 
and anti-HCV antibody titers. (Saadoun et al., 2008) An increase of viremia might be 
observed in responders, with insignificant variation of transaminases or deterioration of 
liver disease. Rituximab infusions proved effective on cryoglobulinemic vasculitis, with a 
Recent studies showed a relapse in 36.1% of patients within a few days to 19 months after 
the last rituximab infusion. Complete immunologic response was higher with the 
combination of rituximab plus Peg-IFN-α/ribavirin. Recently, rituximab treatment of a 
renal-transplant patient with de novo HCV-related type III cryoglobulinemic MPGN 
resulted in clearance of cryoglobulinemia, a decrease in proteinuria yet without a change in 
serum creatinine or HCV RNA. Rituximab, the drug can cause serum sickness, serum 
sickness like disease, neutropenia and increased risk of infections, pneumopathy, varicella 
zoster infection, erysipelas and as monotherapy increases HCV viremia. (Saadoun et al., 
2010, Pereira et al., 2010) Table 6  
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Table 6. Rituximab treatment in Patients with HCV cryoglobulinemic vascultis.CNI = 
Calcineurin inhibitor; HCV = Hepatitis C virus; HSV = Herpes simplex virus; MMF = 
Mycophenolate mofetil; NR = Not reported; S = Steroids.↑: Increase; ↓: Decrease; =: No 
change. 

7.5 Low antigen diet (LAC-diet) 
LAC-diet is a particular dietetic treatment that can improve the clearance of circulating 
immune-complexes by restoring the activity of the reticulo-endothelial system, overloaded 
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by large amounts of circulating cryoglobulins. LAC-diet can be used for controlling mild 
disease manifestations. (Ferri et al., 1989, Morra, 2010) 

7.6 Symptomatic therapy 
Controlling blood pressure: diuretics, renin–angiotensin system blockade, the treatment of 
hyperlipidemia, are of proven benefit in prognosis of renal disease. Colchicine, an anti-
inflammatory agent has been proposed for MC patients with mild to moderate levels of the 
disease. (Khattab et al., 2010)  

7.7 Treatment of HCV-related vasculitis relapses 
Clinical relapses are usually associated with relapsing HCV viremia (detectable HCV-RT-
PCR). The use of combination therapy for in escalating doses for longer duration (18-24 
months) effective in limiting relapses particularly in cases with renal involvement or 
peripheral neuropathy. A relapsing cryoglobulinemic vasculitis without HCV viral relapse 
might occur and in such conditions the possibility of an underlying malignant lymphoma (B 
cell Non-Hodgkin’s Lymphoma) should be considered. Relapses can be successfully treated 
with a second trial of combination antiviral therapy with immunosuppression or anti CD-20 
monoclonal antibody rituximab. (Fois et al., 2003, Saadoun et al., 2010) New direct acting 
antiviral drug combinations are under trial, the evolution of these drugs might expand the 
therapeutic benefit of combination therapy in HCV infection as well as extrahepatic disease. 
(Franciscus, 2011) 

8. Prognosis 
The prognosis of HCV-MC depends upon the extent and severity of organ involvement and 
the response to treatment (viral load and clinical manifestations). The overall prognosis is 
worse in persons with concomitant renal disease or lympho-proliferative disease (B cell non 
Hodgkin lymphoma or malignant lymphoma). Mean survival is approximately 50% at 10 
years after diagnosis. Survival rates reported among patients with cryoglobulinemic renal 
involvement varies from greater than 60% at 5 years of follow-up, up to 30% at 7 years of 
follow-up. Infection, cardiovascular disease and hepatic failue are amongst causes of 
morbidity. (Morra, 2010, Saadoun et al., 2010) 

9. Conclusion 
Mixed cryoglobulinemia represents a form of leukocytoclastic vasculitis, which is 
considered to be a relatively rare disorder. Given its clinical polymorphism, a correct 
diagnosis might be delayed in addition the actual prevalence of disease is probably 
underestimated. Establishing the diagnosis of HCV-MC requires careful patient 
evaluation, biopsy from involved sites is the gold standard for diagnosing 
leukocytoclastic vasculitis. Owing to its’ complex etio-pathogenesis and clinical 
polymorphism, the treatment of mixed cryoglobulinemia and cryoglobulinemic vasculitis 
remains challenging. The initial therapeutic step must target hepatitis C viremia being the 
chronic trigger for sustained immune-stimulation and autoantibody production. The 
second therapeutic target is to control downstream B cell clonal expansion thereby 
controlling the autoimmune manifestations related to cryoglobulinemia 
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(cryoglobulinemic vasculitis), and management of neoplastic complications. The 
prognosis of the disease depends largely upon the extent and severity of organ 
involvement and adequate therapeutic intervention.  
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1. Introduction 
The term systemic vasculitis encompasses a group of diseases that were considered rare 
years ago. However, as knowledge of them has been expanded, there have become 
increasingly important in the differential diagnosis of patients with varied manifestations, 
not only rheumatological, but also with sensory and visceral affectation in diverse locations, 
extent and severity.  
This is a heterogeneous group of diseases that often overlap each other, with various 
etiologies and clinical manifestations. The common feature among them is the inflammation 
of the lining of blood vessels, which causes ischemic events and tissue necrosis, as well as 
the occlusion of the lumen of vessels and, consequently, impaired function of the affected 
organ [1]. 
Any blood vessel can be affected by the vasculitic phenomenon. Moreover, the extent and 
site of affectation of the vessels varies depending on the type of vasculitis; in general, they 
tend to be irregular and segmental. In severe forms, lesions spread throughout the body. In 
mild forms, it can be located in a single region of the body; for example, limited to the skin 
in patients with cutaneous leukocytoclastic vasculitis. Others, however, cause lesions in 
several distant organs such as kidneys or lungs in patients with microscopic polyangiitis 
and Wegener’s granulomatosis. Some types of vasculitis manifest with lesions in the same 
stage of development, as in the case of cutaneous lesions that appear with an outbreak of 
Henoch- Schönlein purpura. In others, such as polyarteritis nodosa, lesions that are at 
different stages of development in different organs. Some forms of vasculitis may have an 
acute course, mainly those with a predominantly skin involvement. In contrast, others such 
as Takayasu’s arteritis have shown varying degrees of activity for over 20 years [1]. 

2. Audiovestibular manifestations in systemic vasculitis 
The inner ear may be involved in organ-specific autoimmune diseases such as the 
autoimmune inner ear disease described by McCabe in 1979 and it may be the target organ 
in various non-organ specific systemic diseases. Among these, some are the result of direct 
autoimmune lesion and others of vascular damage which, in turn, can be primary or 
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secondary to infections or collagen diseases. The systemic vasculitis forms belong to the 
group of diseases that have vascular damage as the main pathogenic factor [2, 3]. 
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BPPV: benign paroxysmal positional vertigo; HSC: horizontal semicircular canal; PSC: posterior 
semicircular canal; PAN: panarteritis nudosa; CTSIB: Clinical Test for Sensory Interaction and Balance. 

Table 1. Audiovestibular manifestations in systemic vasculitis 

Interestingly, regardless of the etiology of the various diseases affecting the inner ear, 
pathological findings are identical. They include degeneration and destruction of the 
peripheral receptor; segmental and diffuse infiltration of lymphocytes, plasma cells, and 
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macrophages; proliferation of fibrous tissue, and varying degrees of ossification of the inner 
ear [4]. 
Next, we discuss the studies to date that have disclosed an association of vasculitis 
involvement with auditory and vestibular manifestations. Table 1 presents an update of the 
different audiovestibular manifestations described according to the classification of 
vasculitis. 

3. Primary vasculitis 
Giant cell arteritis (GCA) is a multisystemic vasculitis of elderly people. It mainly involves 
large and medium-sized blood vessels with predisposition to the cranial arteries. GCA 
constitutes the most common systemic vasculitis in Western countries. Some cranial 
ischemic manifestations, in particular permanent visual loss, have been widely described in 
patients with this vasculitis. However, audiovestibular manifestations in GCA patients, such 
as hearing loss, vertigo, or tinnitus, have been less commonly reported. It is also 
characterized by granulomatous affectation of the aorta and its major branches, with a 
predisposition towards the cranial area, both in the arterial branches arising from the 
external carotid (explaining the topical headaches) and the internal carotid artery, leading to 
the feared blindness, either by affectation of the posterior ciliary arteries or the central 
retinal artery. GCA is often present with temporoparietal pulsating headaches, different 
from the usual, which often accompanied by polymyalgia rheumatica and, to a lesser extent, 
jaw claudication, amaurosis fugax, blindness, or stroke predominantly in the vertebrobasilar 
territory [5-8]. The definitive diagnosis is obtained by a temporal artery biopsy 
demonstrating disruption of the internal elastic lamina with lymphocytic inflammatory 
infiltration and multinucleated giant cells in 50% of cases [9].  
The last 4 decades have witnessed a significant increase in the number of diagnosed cases of 
GCA. This increase has not only been found in areas where GCA is common [10] but also 
here the incidence was low [11-13]. This fact can be explained by a greater awareness of the 
disease. In our population in Lugo of individuals older than 50, the incidence of GCA 
adjusted for age and gender is 10/100 000 inhabitants/year, but it reaches 23/100 000 
inhabitants/year in the group of patients between 70 and 79 [14,15]. 
In a prospective study of 44 patients with GCA and 10 with isolated polymyalgia 
rheumatica from our Lugo population, in 39 (89%) of the 44 GCA patients only exhibited 
abnormalities in the vestibular tests when these were performed in the first four days at the 
onset of diagnosis and parenterally corticosteroid therapy. Our data suggest that the 
vestibule is very sensitive to the ischemic effects of the GCA. Also, they suggest that the 
vestibular damage may be reversible in some cases. With respect to this, only 13 (30%) of the 
44 after 3 months of treatment and 1 patient after 6 months of follow-up had persistent 
vestibular impairment, coinciding with the start of treatment with steroids. The most 
significant vestibular finding observed at 3 months was paretic horizontal nystagmus in the 
head shaking nystagmus test. Moreover, although in our study a Dix-Hallpike test was 
found to be positive in 7% of the control population, this test yielded positive results in 21% 
of the biopsy-negative GCA and 33% of biopsy-positive GCA patients. This finding in GCA 
patients seems to be extremely high. It may suggest that in some cases the benign 
paroxysmal positional vertigo (BPPV) may be related to a vasculitic inflammatory disorder. 
Furthermore, we found a close relationship between GCA and benign paroxysmal positional 
vertigo of the posterior semicircular canal in our population [16,17]. 
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In our series, the audiometric tests at the time of diagnosis showed a remarkable auditory 
dysfunction in GCA patients. Another point to be considered from our study was the 
presence of a frequent asymmetrical auditory dysfunction that it is in keeping with the 
asymmetrical cranial manifestations reported in many patients with GCA. During follow-up 
improvement in auditory function was observed within the first 3 months after the onset of 
therapy. However, such an improvement was only found  in 27% of the cases. In addition, 
despite corticosteroid therapy, further deterioration in auditory function after 3 months of 
treatment was detected in 3 patients. Moreover, no additional improvement in hearing 
function was observed after another 3 months of treatment. These data suggest that the 
possible improvement in hearing function may be achieved generally early during the first 
months after the onset of therapy [16]. In summary, our results support the presence of both 
auditory and vestibular dysfunction closely related to the vasculitic process in GCA 
patients. 
Polymyalgia rheumatica is characterized by pain in the scapulae and proximal aspects of 
the shoulders, pelvis and proximal aspects of the lower extremities and the cervical region, 
together with morning stiffness of more than 1 h; it may be present in about 40% of patients 
with GCA [5]. However, polymyalgia rheumatica may be a separate entity [6] or the initial 
form of a GCA that does not initially show cranial condition data or other ischemic 
symptoms suggesting a GCA [18]. Therefore, the presence of audiovestibular abnormalities 
in one of our patients who initially showed only clinical symptoms of polymyalgia 
rheumatica was of particular importance. The patient did not initially present the ischemic 
vascular disease typical of GCA, but at follow-up showed the typical manifestations 
attributable to it. The presence of vestibular dysfunction may be an alarm sign to consider 
the possibility of having a "silent and subclinical" GCA in those patients presenting with 
PMR symptoms. In this regard, the presence of vestibular dysfunction, probably related to 
ischemic manifestations, may be considered as an early and reversible sign in the course of 
the disease. Thus, the knowledge of these manifestations as alert signs for a possible 
underlying GCA is of main importance in elderly people as early corticosteroid treatment 
reduces significantly the risk of blindness due to GCA. This fact is even more important in 
GCA whose presenting manifestation is PMR only, as in these cases low dose prednisone 
does not prevent the development of blindness. The presence of abnormal vestibular tests in 
patients presenting with PMR without cranial manifestations of GCA may be considered as 
a red flag to raise the suspicion of an underlying GCA [16].  
Takayasu’s arteritis is a chronic vasculitis of unknown etiology that affects the aorta, its 
major branches, the pulmonary artery and the coronary arteries; it causes headache, absence 
of arterial pulses, heart failure, renovascular hypertension and ocular and cerebral ischemia. 
In contrast to GCA, Takayasu’s arteritis primarily affects young people, especially women 
between 15 and 25, more commonly in Asian or Central-American populations [19]. In this 
vasculitis affecting large vessels, a patient has been described who presented sudden 
deafness and decreased pulse in the radial artery. The hearing condition worsened upon 
withdrawal of parenterally administered steroids and improved when they were 
reintroduced [20]. Histopathological studies of the temporal bone are of great interest in 
patients with systemic vasculitis. Among them, those published for patients diagnosed with 
polyarteritis nodosa (PAN) should be highlighted. In a patient whose first manifestation of 
the disease was sudden unilateral deafness and vertigo, the temporal bone histopathological 
study showed bilateral cochlear condition in the form of loss of the organ of Corti in various 
portions of the cochlea, the absence of the tectorial membrane and atrophy of the stria 
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vascularis, whereas no vestibular histopathological changes were observed [21]. In another 
patient with a diagnosis of PAN and unilateral profound hearing loss and vertigo, the 
histopathological study found vasculitis in the internal auditory artery, accompanied by 
ossification of the cochlea and the vestibular system as well as endolymphatic hydrops in 
the basal ramp of the cochlea [22]. The loss of sensory cells and neurons in the maculae of 
the semicircular canals, utricle and saccule has also been reported in PAN [23]. Most of the 
reported cases with a diagnosis of PAN met the criteria of the Chapel Hill Consensus 
Conference relative to microscopic polyangiitis. Recently, the possibility has been described 
of obtaining a recovery of hearing through a cochlear implant in a patient diagnosed with 
PAN by biopsy. This reinforces the impression that the lesion is located at the cochlear level. 
In this group of patients with PAN and profound bilateral hearing loss, this may be 
secondary to labyrinthine ischemia by a vascular phenomenon [24]. 
Kawasaki disease (KD) is a diffuse necrotizing vasculitis involving medium-sized vessels, 
with almost constant injury of the coronary arteries and large non-intraparenchymatous 
arteries. 85% of patients with KD are children under 5 in whom the disease occurs 
sporadically or in small outbreaks. It is predominant in males (1.5:1) and, although it is more 
frequent in Japan, the disease has been diagnosed in more than 40 countries [25].  In a study 
of 62 patients diagnosed with KD, sensorineural hearing loss was described in the acute 
phase of the disease in 30% and conductive hearing loss in 9%. On examination of auditory 
function after the acute phase, neurosensorial hearing loss persisted in 5.5% of patients, so 
the partially reversible character after treatment with steroids was confirmed [26].  
Wegener’s granulomatosis is defined as a granulomatous inflammation that affects the 
airways combined with necrotizing vasculitis of small and medium vessels together with 
glomerulonephritis and positive cANCA [27]. Furthermore to the known hearing loss 
secondary to obstruction of the Eustachian tube due to granulomas in the nasopharynx, a 
series of 21 patients described sudden hearing loss and tinnitus [28]. Bilateral sensorineural 
hearing loss was observed in 12 of 13 patients with auditory symptoms in a series of 19 
patients diagnosed with Wegener’s disease by biopsy [29]. Some patients also described 
vestibular manifestations such as vertigo and peripheral nystagmus [30]. 
Churg-Strauss allergic granulomatous vasculitis is characterized by granulomas in the 
upper airways, with eosinophilic infiltration and systemic vasculitis in medium and small 
vessels, along with a history of asthma, circulating eosinophilia and high concentrations of 
circulating IgE [27]. It has been described with otitis media with effusion, acute otitis media 
and progressive sensorineural hearing loss in 9.5% of patients, who improved or stabilized 
after administration of steroids and immunosuppressors [31]. 
Behcet’s disease is a multisystemic, chronic and recurrent disease that almost always occurs 
with oral thrush and, in variable frequency, genital sores, uveitis, skin lesions and 
neurological, vascular and gastrointestinal manifestations with a pathological substrate of 
leukocytoclastic or lymphocytic vasculitis, preferably from capillaries and venules [32]. 
Auditory manifestations such as sudden deafness have been described, as well as vertigo 
during the course of the disease and in relapses [33,34].  Sensorineural hearing loss with a 
cochlear location was described in 30% of 62 patients diagnosed with Behcet’s disease, and 
central vestibular syndrome in 40% [35].  
Cogan’s syndrome is characterized by fluctuating hearing loss, tinnitus, spontaneous 
sudden vertigo, and interstitial keratitis. A significant audiovestibular function has also 
been described. However, the reported damage is so severe that it does not seem to be the 
result of a true vasculitis, but rather of a primary labyrinthitis [36].  
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4. Secondary vasculitis 
Rheumatoid arthritis is a chronic, multisystemic inflammatory disease characterised by 
persistent inflammatory synovitis, usually involving peripheral joints in a symmetrical 
manner, predominantly the wrists, the metacarpophalangeal and proximal interphalangeal 
joints of the hands, elbows and knees and metatarsal-phalangeal of feet. It is more common 
in women; although its etiology is unknown, there is a genetic predisposition, as shown by 
the tendency to familial aggregation, the high concordance with rheumatoid arthritis in 
monozygotic twins and the association with genes within the major histocompatibility 
complex, particularly with certain alleles that share a common sequence of amino acids 
within the hypervariable control region of the HLA-DRB1 chain, called shared epitope [37]. 
One study has described sudden hearing loss in patients with RA with an underlying 
vasculitic process affecting the eighth cranial nerve [38]. 
In the Lugo population, as in the Anglo-Saxon, an association of rheumatoid arthritis with 
HLA-DR4 alleles has been observed, in particular with HLA-DRB1*0401 and *0404. These 
alleles have also been shown as markers of vascular damage in patients with rheumatoid 
arthritis in Lugo, since patients with these alleles are at increased risk of endothelial vascular 
dysfunction [39] a marker of early stage of atherosclerosis and an increased risk of 
cardiovascular events [40]. 
Interestingly, in a series of 33 patients diagnosed with idiopathic sudden hearing loss in our 
Lugo population, we also observed an association of HLA-DR4 with increased susceptibility 
to the disease and a worse prognosis for recovery with steroid treatment [41]. Accordingly 
with this, an increased susceptibility to sensorineural hearing loss has been described in 
patients with rheumatoid arthritis with respect to a control group. Specifically, in a series of 
194 patients diagnosed with rheumatoid arthritis, sensorineural hearing loss was also 
described in 39% [42]. The coincidence of findings involving HLA-DR4 alleles with 
increased severity of rheumatoid arthritis [37] and its association with increased risk of 
vascular damage in this disease [39,40] together with the finding of an increased risk of 
sudden deafness with worse functional outcome in people presenting HLA-DR4 may 
indicate that these alleles would be true markers of endothelial vascular damage regardless 
of the underlying disease [41]. 
Scleroderma or systemic sclerosis is included in the collagenosis group. Systemic sclerosis 
(SSc) is a disease characterized by excessive deposition of connective tissue and extracellular 
matrix proteins in different organs and tissues, and is more common in women. Its etiology 
is unknown, but it is known to involve disorders of collagen synthesis as well as vascular 
and immune system abnormalities. Two clinical forms have been established: the limited 
and the diffuse variants. The predominate features in the limited form are Raynaud’s 
phenomenon, clinical data defined in the CREST syndrome (calcinosis, Raynaud’s 
phenomenon, sclerodactyly, oesophageal disorders, and telangiectasia), increased risk of 
pulmonary hypertension and presence of positive antinuclear antibodies anticentromere B 
positive and distal skin condition in the extremities [43]. In the diffuse form, the 
predominate features are proximal skin condition and more intense injury to internal organs 
that leads to increased risk of pulmonary fibrosis and renal scleroderma crisis, typically 
associating with anti-SCL70 positive antibodies [43].  
Recently, in the population of Lugo, we tried to assess the presence of audiovestibular 
damage in a homogenous cohort of patients with limited SSc and antibodies against 
CENB. We were able to observe abnormalities of audiometric and vestibular tests 
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supporting the presence of audiovestibular damage in limited forms of SSc. We also 
examined the influence of disease duration on the development of audiovestibular 
abnormalities; however, we found no association between disease duration and the 
development of abnormalities of audiometric, vestibular, or postural tests. Nevertheless, 
we found a significantly increased frequency of patients with abnormal hearing loss in the 
audiogram (77%). Of interest, a high frequency loss in the audiogram was common in our 
series; the typical pattern of hearing impairment in our patients with limited SSc was a 
bilateral and symmetrical sensorineural hearing loss with a flat curve in the audiogram. 
Vasculitis leading to focal strial atrophy or malfunction of the hair cells of the organ of 
Corti, or both, has been proposed as responsible for sensorineural hearing loss in SSc. 
Besides sensorineural damage, we also found middle ear dysfunction, manifested by a 
flattened tracing in tympanometry in 20% of the patients with limited SSc, due to 
myringosclerosis confirmed by otomycroscopic examination.  
Furthermore, our results confirm that the vestibule is also involved in SSc, even in limited 
forms of the disease. Patients with limited SSc had a significantly increased frequency of 
abnormal oculo-cephalic response or head thrust test (29%) and head-shaking nystagmus 
(26%), and a higher frequency of 3 or more abnormal positions when positional nystagmus 
was assessed by means of videonystagmography and videonystagmoscopy goggles [44]. 
The static postural study also yielded a significantly increased frequency of abnormal 
clinical test of sensory interaction and balance (CTSIB) in limited and diffuse SSc patients 
(46%) compared with controls (12%). Interestingly, vestibular loss was the main pattern of 
abnormal CTSIB in our patients. All these findings support the presence of a peripheral 
vestibular lesion, probably due to vascular involvement in patients with SSc. 
In our series, almost a fifth of the patients with limited and diffuse SSc showed a benign 
paroxysmal positioning vertigo (BPPV) that was generally caused by the involvement of the 
horizontal semicircular canal (HSC). Interestingly, we observed the presence of abnormal 
caloric test in 43% of SSc patients with associated BPPV. These observations indicate that 
abnormalities found in our patients with SSc are not the result of an injury in a single 
semicircular canal of the inner ear. They also suggest that vascular disease in the setting of 
this connective tissue disease may be responsible for these findings, supporting an ischemic 
cause as responsible for the functional damage. However, an alternative cause for BPPV 
could be related to a possible intralabyrinthine autoimmune process [45]. 
In summary, we have described hearing and vestibular dysfunctions, as well as an abnormal 
postural control of static balance in systemic sclerosis, both in limited and in diffuse forms. 
The etiology is probably vasculitic, although a direct autoimmune mechanism in the inner 
ear cannot be ruled out. In this patient group studied, we highlight symmetrical and 
bilateral sensorineural hearing loss, vestibular hypofunction on caloric testing and an 
abnormal response in head shaking nystagmus test and oculocephalic maneuver (head 
thrust test), all these findings are typically related with peripheral vestibular dysfunction. 
Furthermore, we also describe a close association with benign paroxysmal positional vertigo 
(BPPV), predominantly of the horizontal canal [44,45].  
Systemic lupus erythematosus (SLE) is the prototype of autoimmune disease, which 
primarily affects women between 15 and 50 and also causes secondary vasculitis [46].  
Sensorineural hearing loss has been observed with relative frequency in this group of 
patients with SLE, and both autoimmune and vasculitic mechanisms have been involved in 
its pathogenesis [47].  
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Hearing loss and vertigo of probable ischemic origin have been described in relapsing 
polychondritis, an autoimmune disease that affects, unilaterally or bilaterally, the cartilage 
of the ear, nose and trachea. Its pathophysiology has been explained assuming the existence 
of a vasculitis of the labyrinthine artery and its branches [48].  
Another disease involving audiovestibular manifestations and vasculitis is Sjögren’s 
syndrome. This is a slowly progressing, chronic auto-immune disease, characterized by 
lymphocytic infiltration of exocrine glands, as well as hyper-reactivity and proliferation of B 
cells that end up producing xerostomia and dry eyes. It may be primary or secondary; in the 
latter case, it is accompanied by another auto-immune disease with systemic clinic, as occurs 
in 30% of patients. It mainly affects women between 40 and 50.  
Like SLE, Sjögren’s syndrome also causes secondary vasculitis [46]. Sensorineural hearing 
loss concomitant with cardiolipinic antibodies has been described in 14 of 30 patients with 
Sjögren’s syndrome [49]. A sudden hearing loss has also been reported as initial and 
exceptional presentation in a case of Sjögren’s syndrome [50].  
Ankylosing spondylitis (AS) is a chronic inflammatory disease of unknown origin affecting 
up to 1% of the population. To further investigate hearing loss in AS we studied a series of 
50 consecutive patients that fulfilled the modified New York diagnostic criteria for AS and 
44 matched controls from the Lugo region of Northwest Spain. In this study, 29 (58%) of the 
patients with AS showed abnormal hearing loss in the audiogram compared to only 8 (18%) 
of the controls. Of interest, the audiogram shape disclosed a predominant pattern of 
symmetrical high frequency sensorineural hearing loss in AS patients (50%). In our study, 
individuals with severe extraspinal manifestations had an increased risk of having 
hypoacusia. Furthermore, the presence of hip involvement, anterior uveitis, and HLA-B27 in 
patients with AS appears to be a signal for sensorineural hearing loss (SNHL) that deserves 
further investigation. Besides sensorineural damage, in our series middle ear dysfunction, 
manifested by an abnormal tympanometry, was found in 8% of patients with a flattened 
tracing who was considered the most specific sign of abnormal tympanometry in AS 
patients. This finding could be explained by an increased rigidity of the tympanossicular 
system. 
Furthermore, our results confirm that the vestibule is also involve in patients with AS. 
Patients with AS have a marginally increased frequency of abnormal head thrust test and a 
significantly increased frequency of abnormal head-shaking nystagmus in oculocephalic 
response study (vestibule-ocular reflex) and disclosed an abnormal vestibular function in 
caloric testing (canal paresis). 
In our series from Lugo, we also founded a significantly increased frequency of abnormal 
CTSIB results in AS patients (36%).  In this regard, increased frequency of abnormal postural 
control in CTSIB test was of vestibular origin, conditions 5 and 6 of the study, that 
correspond to a vestibular pattern of the study in patients with AS.  
All our findings support the presence of a peripheral vestibular lesion in patients with AS. 
On the other hand, although the difference did not reach statistical significance, BPPV also 
was found more frequently in patients than in the controls. Therefore, these studies confirm 
the presence of inner ear compromise and audiovestibular dysfunction in patients with AS 
that may be the result of vascular involvement or due to a direct immune-mediated injury of 
the inner ear and it could provide justification for rheumatologists or physicians to screen 
for inner ear compromise in their AS population. [51,52].  
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5. Role of serological study 
As for serological markers that could help diagnose diseases involving vascular damage, 
some studies suggest an etiopathogenic role of anti-endothelial cell antibodies (AECA). 
These could be regarded as markers of immune-mediated vascular damage in vasculitis, as 
well as sudden hearing loss, where some authors assign it a direct involvement in 
physiopathology [53,54]. However, in our population, we could not confirm the diagnostic 
or pathogenic role of AECA in patients diagnosed with GCA through temporal artery 
biopsy in whom vestibular dysfunction and sensorineural hearing loss had been confirmed 
[55]. 
As far as we know, there is no specific marker to support the diagnosis of immune-mediated 
inner ear disease. We must suspect it based on a combination of a compatible clinic together 
with the findings derived from conducting vestibular, hearing and laboratory tests for each 
disease. 

6. Conclusions 
The vasculitis forms are a heterogeneous group of diseases in which audiovestibular 
symptoms are relatively more common than was initially considered, both at the beginning 
of the vasculitis and in the evolution of the process. Studies confirm that the search for 
changes in auditory and vestibular tests shows both peripheral and central disorders. 
Furthermore, the audiovestibular dysfunction could be explained by an ischemic 
mechanism mediated by the inflammatory vasculitic phenomenon in primary vasculitis, but 
one cannot rule out the role of a direct autoimmune mechanism when the inner ear is 
involved in secondary vasculitis. In our population, BPPV was found more frequently when 
was studied in GCA, SS and AS. Moreover, patients with GCA showed more frequent 
findings of BPPV than SS and this more than AS. This finding may suggest that BPPV could 
be associated with more frequency when vasculitis was the main pathogenic factor 
mediated by ischemia. In SS and AS patients both autoimmune and vasculitic mechanisms 
could be involved in its pathogenesis. 
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5. Role of serological study 
As for serological markers that could help diagnose diseases involving vascular damage, 
some studies suggest an etiopathogenic role of anti-endothelial cell antibodies (AECA). 
These could be regarded as markers of immune-mediated vascular damage in vasculitis, as 
well as sudden hearing loss, where some authors assign it a direct involvement in 
physiopathology [53,54]. However, in our population, we could not confirm the diagnostic 
or pathogenic role of AECA in patients diagnosed with GCA through temporal artery 
biopsy in whom vestibular dysfunction and sensorineural hearing loss had been confirmed 
[55]. 
As far as we know, there is no specific marker to support the diagnosis of immune-mediated 
inner ear disease. We must suspect it based on a combination of a compatible clinic together 
with the findings derived from conducting vestibular, hearing and laboratory tests for each 
disease. 

6. Conclusions 
The vasculitis forms are a heterogeneous group of diseases in which audiovestibular 
symptoms are relatively more common than was initially considered, both at the beginning 
of the vasculitis and in the evolution of the process. Studies confirm that the search for 
changes in auditory and vestibular tests shows both peripheral and central disorders. 
Furthermore, the audiovestibular dysfunction could be explained by an ischemic 
mechanism mediated by the inflammatory vasculitic phenomenon in primary vasculitis, but 
one cannot rule out the role of a direct autoimmune mechanism when the inner ear is 
involved in secondary vasculitis. In our population, BPPV was found more frequently when 
was studied in GCA, SS and AS. Moreover, patients with GCA showed more frequent 
findings of BPPV than SS and this more than AS. This finding may suggest that BPPV could 
be associated with more frequency when vasculitis was the main pathogenic factor 
mediated by ischemia. In SS and AS patients both autoimmune and vasculitic mechanisms 
could be involved in its pathogenesis. 
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1. Introduction 
The term „vasculitis” encompasses a heterogenous group of multisystemic disorders 
characterized pathologically by inflammation and necrosis of the blood vessel wall [1]. 
The sequelae of vascular inflammation depend on the number, site and size of involved 
blood vessels. In vasculitis a disturbances of the blood vesels wall are focal. The segmental 
lesions lead, most common, to stenosis, occlusion and infarction. The lesions can also 
produce aneurysms, vessel wall rupture and haemorrhage. Almost all forms of vasculitis 
can involve the vessels feeding the brain parenchyma and cause stroke-like episodes [2, 
3]. The clinical presentation of involvement the central nervous system (CNS) is very 
variable. Headaches and encephaloppathy are most typical. Meningeal signs, psychiatric 
syndromes, dementia, cranial nerve palsies, epileptic seizures alone or in combination 
with neuropathy/ polyneuropathy or muscle damage , multiorgan involvement and non-
specific systemiec symptoms (fever, weight loss) are also well known symptoms. 
Vasculitis is an infrequent disorder: the overall annual incidence  (excluding giant cell 
arteritis) is estimated to be 31-47 cases/milion, but exist very rare  types of vasculitis such 
as Churg-Strauss where annual incidence amounts ony 1-5 cases/milion [1, 4]. For 
polyarteritis nodosa (PAN) an annual incidence of 1.6 per milion has been described [5]. 
Vasculitis is a rare cause of stroke, even in the young age groups: only 1 case among 515 
consecutive intracerebral haemorrhage, 13 among 1904 consecutive transient ischaemic 
attacs (TIA), 8 out of 254 (3%) stroke patients aged under 50 years [6] and 10 out of 215 
(5%) patients aged under 45 years [7]. Neurological symtoms and stroke may be the first 
manifestation of vasculitis or may complicate the clinical course of previously diagnosed 
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1. Introduction 
The term „vasculitis” encompasses a heterogenous group of multisystemic disorders 
characterized pathologically by inflammation and necrosis of the blood vessel wall [1]. 
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specific systemiec symptoms (fever, weight loss) are also well known symptoms. 
Vasculitis is an infrequent disorder: the overall annual incidence  (excluding giant cell 
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as Churg-Strauss where annual incidence amounts ony 1-5 cases/milion [1, 4]. For 
polyarteritis nodosa (PAN) an annual incidence of 1.6 per milion has been described [5]. 
Vasculitis is a rare cause of stroke, even in the young age groups: only 1 case among 515 
consecutive intracerebral haemorrhage, 13 among 1904 consecutive transient ischaemic 
attacs (TIA), 8 out of 254 (3%) stroke patients aged under 50 years [6] and 10 out of 215 
(5%) patients aged under 45 years [7]. Neurological symtoms and stroke may be the first 
manifestation of vasculitis or may complicate the clinical course of previously diagnosed 
case. 

2. Classification of vasculitis 
There have been several proposals for the classification of vasculitis [1, 8-11], but all have 
limitation. The simple division of vasculitis usually consider as primary and secondary [12]. 
According to the Chapel Hill Consensus Conferences (CHCC) the primary systemic 
vasculitides are classified into three main groups: the affecting predominantly large-sized 
vessels, medium- and small-sized vessels, respectively (table 1)  [13]. 
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Vessel size Granulomatous Nongranulomatous 
Large 
 
 
 
Medium 
 
 
 
Small (with ANCA) 
 
 
Small (with immune 
complexes) 

Giant cell arteritis 
Cranial arteritis 
Takayasu arteritis 
 
 
 
 
 
Wegener granulomatosis 
Churg-Strauss syndrome 

 
 
 
 
Polyarteritis nodosa 
Kawasaki disease 
Microscopic polyarteritis 
 
 
 
 
Cryoglobulinemic vasculitis 
Behcet syndrome 

Table 1. Classification of primary vasculitides (according Berlit) 

 
Blood  examinations: 
 Erytrocyte sedimentation rate (ESR), C-reactive protein (CRP), blood cell  differentiation , 
liver enzymes, creatinine, glomerulal filtration rate, coagulation tests with search for 
coagulopaties [especially anticardiolipin-antibodies (ACA), lupus anticoagulant (LA)], 
electrophoresis, creatinine kinase, lactate dehydrogenase (LDH), haptoglobulin, ferritine, 
angiotensin converting enzyme, immunofixation, quantitative evaluation of 
immunoglobulins, search for cryoglobulins, TSH, thyroid antibodies, rheuma factor, 
antinuclear antibodies (ANA),  ds-DNA antibodies, histon antibodies, complement, anti-
Ro (SS-A), anti –La (SS-B) antibodies, 
 c- and p ANCA/MPO [myeloperoxidase [MPO]], anti-endothelial antibodies, drug 
screening, blood culture 
Serologic tests for syphilis, borreliosis, hepatitis B and C, HIV 
 
Urine examination including electrophoresis 
 
Cerebrospinal fluid (CSF): cell  differentiation, isoelectric focussing, cultures, antigens, 
PCR [viruses, bacteria, mycosis] 

Table 2. Laboratory tests which are performed in suspected vasculitis (according Berlit) 

3. Diagnosis 
If the diagnosis of vasculitis is suspected, a comprehensive medical history and physical 
examination should be very carefully carry out. Then appropriate laboratory tests and other 
ancillary procedures must be performed to asses organ damage [12, 14]. Laboratory findings 
suggestive of a systemic vasculitis include an acute inflammatory response like: raised 
erythrocyte sedimentation rate (ESR) and increased values of C-reactive protein (CRP). 
Anemia, thrombocytosis, elevated liver enzymes and low complement are frequent 
associated findings. Specific antibodies in the blood are evaluated in second order of 
laboratory tests in specialistic laboratories. It ought to exclude diseases which can also cause 
the lesions in the blood vesels mimic vasculitis – that’s why should carry out serologic tests 
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for syphilis, borreliosis, hepatitis B and C as well as HIV in such case. In primary angiitis of 
central nervous system (PACNS) serum findings usually are normal, but cerebrospinal fluid 
(CSF) studies reveal inflammatory findings – a mild lymphomonocytic pleocytosis or 
protein elevation. The disorders in CSF are present in more than 90% of patients, but they 
are non specific [15]. Table 2 contains laboratory tests which are carry out in patients with 
suspicion of vasculitis.  
Imaging radiological techniques which demonstrate arterial vessels play significant role in 
securing the diagnosis of vasculitis, and also demonstrate the cerebral involvement [12, 14, 
16, 17, 18]. Computed tomography (CT) and magnetic resonance imaging (MRI) detect 
multiple CNS vascular lesions when only one is clinically apparent. MRI is more sensitive 
than CT and good detect the lesions in the cerebral trunk which is not visible in CT. Multiple 
infarcts in different vascular territories and of different ages are suggestive of vasculitis [17] 
Normal MRI  rather excludes intracranial vasculitis. On digital subtraction cerebral 
angiography (DSA), angio- CT, MR angiography (MRA), areas of stenosis,  dilatation,  
occlusion, microaneurysm, and narrowing in multiple-vessel tributaries, collateral flow, and 
regionally prolonged circulation time are suggestive of vasculitis [16, 17, 18, 19]. MRA offers 
the possibility of directly evaluating small vessel vasculitis. Small vessel vasculitis is 
currently best demonstrated by changes seen in brain parenchyma on MRI, but high field 
strength (7T) [16, 17]. These findings are, however, non specific, as they can be seen in other 
conditions such as vasospasm related to subarachnoid haemorrhage, drugs or severe 
hypertension, diabetes with intracranial atheroma, embolus recanalization, radiation, 
infectious or carcinomatous leptomeningitis, sickle-cell disease, reversible angiopathies, 
dissection. Therefore it is very important to analyse the radiological findings in clinical 
context. MRI performed with and without contrast medium is the good investigation not 
only for detection but also for monitoring cerebral involvements [20]. Noteworthy is 18-
fluorodeoxyglucose positron emission tomography as well as certain MRI techniques which 
allow the visualization of vessel wall inflammation when the lumen is still unaffected on 
angiography, but these are methods high specialistics and not commonly used [16, 17, 21].  
Confirmatory evidence can be obtained from tissue biopsy of occupied organ but this is 
invasive method not always perform. Moreover the lesion in vasculitis is segmental, and it 
can not encounter on involvement vessel [12, 14]. Thut’s why a normal tissue biopsy does 
not exclude vasculitis.  

4. Treatment of vasculitis 
There are few controlled studies on the treatment of vasculitis. Usually a combination of 
steroids and cytotoxic drugs is used, but there is considerable variation between centres on 
current therapeutic regimens [12]. Cytotoxics drugs are usually used if the response to 
steroids is poor, if there are too much steroid side effects, in diseases that respond better to 
cytotoxic agents and in severe cases [12, 18, 22]. 
We present pathological and clinical aspects of most importants primary vasculitides. 

5. Primary vasculitis 
5.1 Primary, large vessel vasculitis 
Giant cell (temporal) arteritis (GCA) 
GCA (Horton disease) is the most common of all the vasculitides. It is a chronic, 
granulomatous vasculitis of large- and medium sized arteries. Women are affected more 
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for syphilis, borreliosis, hepatitis B and C as well as HIV in such case. In primary angiitis of 
central nervous system (PACNS) serum findings usually are normal, but cerebrospinal fluid 
(CSF) studies reveal inflammatory findings – a mild lymphomonocytic pleocytosis or 
protein elevation. The disorders in CSF are present in more than 90% of patients, but they 
are non specific [15]. Table 2 contains laboratory tests which are carry out in patients with 
suspicion of vasculitis.  
Imaging radiological techniques which demonstrate arterial vessels play significant role in 
securing the diagnosis of vasculitis, and also demonstrate the cerebral involvement [12, 14, 
16, 17, 18]. Computed tomography (CT) and magnetic resonance imaging (MRI) detect 
multiple CNS vascular lesions when only one is clinically apparent. MRI is more sensitive 
than CT and good detect the lesions in the cerebral trunk which is not visible in CT. Multiple 
infarcts in different vascular territories and of different ages are suggestive of vasculitis [17] 
Normal MRI  rather excludes intracranial vasculitis. On digital subtraction cerebral 
angiography (DSA), angio- CT, MR angiography (MRA), areas of stenosis,  dilatation,  
occlusion, microaneurysm, and narrowing in multiple-vessel tributaries, collateral flow, and 
regionally prolonged circulation time are suggestive of vasculitis [16, 17, 18, 19]. MRA offers 
the possibility of directly evaluating small vessel vasculitis. Small vessel vasculitis is 
currently best demonstrated by changes seen in brain parenchyma on MRI, but high field 
strength (7T) [16, 17]. These findings are, however, non specific, as they can be seen in other 
conditions such as vasospasm related to subarachnoid haemorrhage, drugs or severe 
hypertension, diabetes with intracranial atheroma, embolus recanalization, radiation, 
infectious or carcinomatous leptomeningitis, sickle-cell disease, reversible angiopathies, 
dissection. Therefore it is very important to analyse the radiological findings in clinical 
context. MRI performed with and without contrast medium is the good investigation not 
only for detection but also for monitoring cerebral involvements [20]. Noteworthy is 18-
fluorodeoxyglucose positron emission tomography as well as certain MRI techniques which 
allow the visualization of vessel wall inflammation when the lumen is still unaffected on 
angiography, but these are methods high specialistics and not commonly used [16, 17, 21].  
Confirmatory evidence can be obtained from tissue biopsy of occupied organ but this is 
invasive method not always perform. Moreover the lesion in vasculitis is segmental, and it 
can not encounter on involvement vessel [12, 14]. Thut’s why a normal tissue biopsy does 
not exclude vasculitis.  

4. Treatment of vasculitis 
There are few controlled studies on the treatment of vasculitis. Usually a combination of 
steroids and cytotoxic drugs is used, but there is considerable variation between centres on 
current therapeutic regimens [12]. Cytotoxics drugs are usually used if the response to 
steroids is poor, if there are too much steroid side effects, in diseases that respond better to 
cytotoxic agents and in severe cases [12, 18, 22]. 
We present pathological and clinical aspects of most importants primary vasculitides. 

5. Primary vasculitis 
5.1 Primary, large vessel vasculitis 
Giant cell (temporal) arteritis (GCA) 
GCA (Horton disease) is the most common of all the vasculitides. It is a chronic, 
granulomatous vasculitis of large- and medium sized arteries. Women are affected more 
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frequently than men (3:1 to 5:1). Mean age at the beginning of the disorder is 65 years or 
more. The American College of Rheumatology (ACR) diagnostic criteria [23] include at least 
three of: 1. Age 50 years or more, 2. New developed headache, 3. Tenderness of the 
superficial temporal artery, 4. Elevated sedimentation rate, at least 55 mm/h, 5. Giant cell 
arteritis in a biopsy specimen from the temporal artery. The definitive diagnosis of GCA 
requires the pathologic demonstration of biopsy with the typical mononuclear, 
granulomatosus cell infiltration of all mural layers, usually with multinucleated giant cells 
(fig.1). The lesion of vessels involves most often   superficial temporal artery, vertebral, 
ophthalmic and posterior ciliary arteries, seldom external and internal carotid arteries, while 
intracranial arteries are almost never involved [24]. The biopsy is the cornerstone of 
diagnosis and often remains positive for two to six weeks after the commencement of 
treatment but the best delivery is performance of biopsy as quick as possible but this 
procedure can not delay treatment. Besides biopsy may be negative in some patients with 
GCA, due to the presence of skip lesions or to sub-optimal biopsy. Therefore, patients with 
negative biopsy should be managed as having GCA if there is typical clinical and laboratory 
picture [25] . Duplex ultrasonography can detect the characteristic appearance of a 
hypoecholic “halo”, occlusion and stenosis, but requires a high level of experience and 
training. Positron emission tomography scanning can pick up aortic and large vessel 
disease, and 3-tesla MRI has shown mural enhancement in inflamed temporal and others 
arteries. These new techniques can be useful for diagnosis and monitoring the disease, but 
currently are to expensive, not easy accessible, and not replace the temporal artery biopsy.  
Clinicians should remember that jaw and tongue claudication, visual symptoms, 
constitutional symptoms (fever, weigh loss and tiredness) and acute phase response may go 
unrecognised especially if not accompanied by headache [26]. Abrupt and irreversible loss 
of vision due to anterior ischaemic optic neuritis is the most dramatic complication of GCA. 
Two-thirds of the patients had premonitory visual symptoms like blurring, diplopia or 
amaurosis fugax the week preceding visual loss [27]. Cervical and muscular pain can occur, 
usually in the early phase of the disease. Transient ischemic attack (TIA) and stroke are rare 
(about 7%) and often in the vertebrobasilar territory [28]. Very rare stroke is the first 
symptoms of GCA [29]. 
Steroids are the first line drugs in treatment of GCA. High-dose glucocorticosteroid should 
be initiated immediately when clinical suspicion of GCA is raised. In uncomplicated GCA 
prednisolone 40-60 mg (not less than 0.75 mg/kg) daily until resolution of symptoms and 
laboratory (most important decrease of ESR) abnormalities is recomended. In visual loss or 
history of amaurosis fugax as well as in stroke intravenous methylprednisolone 500mg to 1 
g daily for three days before oral prednisolone should be given [25]. During steroids 
treatment it should to remember of bone and gastrointestinal  protection applicating weekly 
bisphosphonate and calcium/vitamin D supplementation, and protein pump inhibitors (eg 
omeprazole, lanzoprazole). Prednisolone is continued in full dose during four weeks or 
until withdrawal of symptoms and lab abnormalities. Then dose is reduced by 10 mg every 
two weeks to 20 mg, then 2.5 mg every two to four weeks to 10 mg, and in the end by 1 mg 
every one to two months, provided there is no relapse. Sometimes the dose reduction is 
more rapid. In case relapsing disease it ought to use steroids again [25].  
Primary angiitis of the CNS (PACNS) 
PACNS is a rare form of vasculitis of unknown cause, which accounts for just 1% of the 
systemic vasculitides [30]. The mean age of onset is 50 years, and men are affected twice as  
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Fig. 1. GCA – biopsy of the wall of the superficial temporal artery (typical multinuclear large 
cell) (from collection of prof. J. Bogousslavsky) 

often as women. It causes focal and diffuse neurological symptoms. Headache and 
encephalopathy are the most frequent initial symptoms. Stroke or focal symptoms develop 
in less than 20% of patients at the onset of the disease [30]. Serologic markers of 
inflammation are typically normal. Seizures have been reported in less than 25% of patients, 
fevers, weight loss, and night sweats have been reported in less than 20% of patients. 
Similarly, the erythrocyte sedimentation rate is elevated in less than 25% od patients. 
Substantial number of patients suspected of having PACNS will have signs and symptoms 
caused by vasospasm rather than true vasculitis of intracerebral vessels. Sometimes in 
difficult to distinguish these two disorders. PACNS typically affects middle-aged men, 
reversible vasoconstriction syndrome is primarily seen in women aged 20 to 40 years. 
Puerperous period, migraines, illicit drug use, and use of over-the counter cold medicines, is 
frequently conncted with vasoconstriction syndrome. Sometimes PACNS mimic cerebral 
tumors [31] 
MRI  should be the neuroimaging modality of choice for patients with suspected PACNS, 
and abnormality are present in 90% to 100% of patients. MRI may demonstrate ischemic and 
hemorrhagic lesions most common seen in the subcortical white matter, followed by the 
deep gray matter, the deep white matter, and the cereberal cortex. Infarcts may be seen in 
approximately 50% of cases; when present , infarcts are usually seen bilaterally in multiple- 
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intracranial arteries are almost never involved [24]. The biopsy is the cornerstone of 
diagnosis and often remains positive for two to six weeks after the commencement of 
treatment but the best delivery is performance of biopsy as quick as possible but this 
procedure can not delay treatment. Besides biopsy may be negative in some patients with 
GCA, due to the presence of skip lesions or to sub-optimal biopsy. Therefore, patients with 
negative biopsy should be managed as having GCA if there is typical clinical and laboratory 
picture [25] . Duplex ultrasonography can detect the characteristic appearance of a 
hypoecholic “halo”, occlusion and stenosis, but requires a high level of experience and 
training. Positron emission tomography scanning can pick up aortic and large vessel 
disease, and 3-tesla MRI has shown mural enhancement in inflamed temporal and others 
arteries. These new techniques can be useful for diagnosis and monitoring the disease, but 
currently are to expensive, not easy accessible, and not replace the temporal artery biopsy.  
Clinicians should remember that jaw and tongue claudication, visual symptoms, 
constitutional symptoms (fever, weigh loss and tiredness) and acute phase response may go 
unrecognised especially if not accompanied by headache [26]. Abrupt and irreversible loss 
of vision due to anterior ischaemic optic neuritis is the most dramatic complication of GCA. 
Two-thirds of the patients had premonitory visual symptoms like blurring, diplopia or 
amaurosis fugax the week preceding visual loss [27]. Cervical and muscular pain can occur, 
usually in the early phase of the disease. Transient ischemic attack (TIA) and stroke are rare 
(about 7%) and often in the vertebrobasilar territory [28]. Very rare stroke is the first 
symptoms of GCA [29]. 
Steroids are the first line drugs in treatment of GCA. High-dose glucocorticosteroid should 
be initiated immediately when clinical suspicion of GCA is raised. In uncomplicated GCA 
prednisolone 40-60 mg (not less than 0.75 mg/kg) daily until resolution of symptoms and 
laboratory (most important decrease of ESR) abnormalities is recomended. In visual loss or 
history of amaurosis fugax as well as in stroke intravenous methylprednisolone 500mg to 1 
g daily for three days before oral prednisolone should be given [25]. During steroids 
treatment it should to remember of bone and gastrointestinal  protection applicating weekly 
bisphosphonate and calcium/vitamin D supplementation, and protein pump inhibitors (eg 
omeprazole, lanzoprazole). Prednisolone is continued in full dose during four weeks or 
until withdrawal of symptoms and lab abnormalities. Then dose is reduced by 10 mg every 
two weeks to 20 mg, then 2.5 mg every two to four weeks to 10 mg, and in the end by 1 mg 
every one to two months, provided there is no relapse. Sometimes the dose reduction is 
more rapid. In case relapsing disease it ought to use steroids again [25].  
Primary angiitis of the CNS (PACNS) 
PACNS is a rare form of vasculitis of unknown cause, which accounts for just 1% of the 
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often as women. It causes focal and diffuse neurological symptoms. Headache and 
encephalopathy are the most frequent initial symptoms. Stroke or focal symptoms develop 
in less than 20% of patients at the onset of the disease [30]. Serologic markers of 
inflammation are typically normal. Seizures have been reported in less than 25% of patients, 
fevers, weight loss, and night sweats have been reported in less than 20% of patients. 
Similarly, the erythrocyte sedimentation rate is elevated in less than 25% od patients. 
Substantial number of patients suspected of having PACNS will have signs and symptoms 
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difficult to distinguish these two disorders. PACNS typically affects middle-aged men, 
reversible vasoconstriction syndrome is primarily seen in women aged 20 to 40 years. 
Puerperous period, migraines, illicit drug use, and use of over-the counter cold medicines, is 
frequently conncted with vasoconstriction syndrome. Sometimes PACNS mimic cerebral 
tumors [31] 
MRI  should be the neuroimaging modality of choice for patients with suspected PACNS, 
and abnormality are present in 90% to 100% of patients. MRI may demonstrate ischemic and 
hemorrhagic lesions most common seen in the subcortical white matter, followed by the 
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Fig. 2. CT and agio CT of the brain with lesion on left hemisphere, and typical segmental 
arterial stenosis  in PACNS (owne case) 
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Fig. 3. Brain stereotactic biopsy from lesion in PACNS (lymphocytic cellular infiltrates of 
vessel wall) (own case) 

vessel tributaries, affecting the cortex as well as the subcortex area. Both subarachnoid and 
intraparenchymal haemorrhages occur in approximately 10% of cases. Mass lesions mistaken 
for malignant neoplasms can be seen in as many as 15% of cases. Other common patterns 
include diffuse small-vesel changes of ischemic demyelination. Less common patterns include 
confluent white-matter lesions, which can be mistaken for multiple sclerosis [18, 30, 32]. 
Angiography sometimes demonstrates bilateral vessel stenoses or occlusion consistent with an 
angiitis (fig.2) [12, 18, 30, 32]. In cerebro-spinal fluid some findings have been reported [15, 32]. 
Pleocytosis and a protein elevation are frequent but not specific [15]. 
Criteria for the diagnosis of PANCS were suggested in 1987 by Calabrese and Mallek [33]: 1. 
Acquired neurological deficit unexplained after complete evaluation, 2. Diagnostic cerebral 
angiogram with narrowing of vessels, areas of dilation and/or beaded vessel appearance, 
displacement of vessels or vessel occlusions, 3. No evidence of systemic vasculitis or any 
other condition that could mimic the angiogram findings. 
Definite diagnosis can give brain/leptomeningeal biopsy, which has a 53% sensitivity,  and 
not rare it is negative [12, 30, 32, 34, 35]. Besides that brain biopsy remains the gold standard 
for the diagnosis of PACNS and stereotactic biopsy is generally only recommended for mass 
lesion. The brain biopsy is proposed all patients with a suspected diagnosis of PACNS  
before starting the plan of prolonged immunosuppressant treatment [30], but not always 
patients decide for this invasive procedure. The histological findings of PACNS consist of 
granulomatous inflammation, fibrinoid necrosis of vessel wall or exclusively lymphocytic 
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Angiography sometimes demonstrates bilateral vessel stenoses or occlusion consistent with an 
angiitis (fig.2) [12, 18, 30, 32]. In cerebro-spinal fluid some findings have been reported [15, 32]. 
Pleocytosis and a protein elevation are frequent but not specific [15]. 
Criteria for the diagnosis of PANCS were suggested in 1987 by Calabrese and Mallek [33]: 1. 
Acquired neurological deficit unexplained after complete evaluation, 2. Diagnostic cerebral 
angiogram with narrowing of vessels, areas of dilation and/or beaded vessel appearance, 
displacement of vessels or vessel occlusions, 3. No evidence of systemic vasculitis or any 
other condition that could mimic the angiogram findings. 
Definite diagnosis can give brain/leptomeningeal biopsy, which has a 53% sensitivity,  and 
not rare it is negative [12, 30, 32, 34, 35]. Besides that brain biopsy remains the gold standard 
for the diagnosis of PACNS and stereotactic biopsy is generally only recommended for mass 
lesion. The brain biopsy is proposed all patients with a suspected diagnosis of PACNS  
before starting the plan of prolonged immunosuppressant treatment [30], but not always 
patients decide for this invasive procedure. The histological findings of PACNS consist of 
granulomatous inflammation, fibrinoid necrosis of vessel wall or exclusively lymphocytic 
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cellular infiltrates (fig.3.). There was no correlation between the histological pattern and 
clinical manifestations or prognosis [18, 36].  
No controlled therapy studies for CNS angiitis have been performed yet. In general,  a 
combination of steroids and pulse cyclophosphamid (CYC) is recommended [18]. Birnbau 
propose treat patients with definite PACNS initially with oral CYC 2mg/kg/d and 
corticosteroid (usually in the form of prednisone 1mg/kg/d. if the patients has immediate 
life-threatening disease, it begin therapy with methyprednisolone 1g intravenously daily for 
3 days. Thereafter, the patient is given oral prednisone 1mg/kg/d for 1 month, and the dose 
then is tapered slowly over 12 months [30]. During such high doses of prednisone, all 
patients should be received bisphosphonate, calcium and vitamin D, as well as 
pantoprazole, and supplementation of kalium periodically. Appropriate adjustments for 
CYC therapy, considering the patient’s age, renal status, and other comorbidities, have been 
described elsewhere. In addition, all patients should be given Pneumocystis infection 
prophylaxix (eg trimethoprim and sulfamethoxazole 80mg/40mg, 1 tablet daily). Because 
the myelosuppresive effects of CYC are unpredictable it should be complete blood cell 
counts at least every 15 days imaging [30]. The therapy with CYC is management until 
induction of remission. After that is stoped and is continued by others immunosupresants 
like azathioprine or methotrexate. These agents are continued for 2 to 3 years [30]. The 
prognosis of PACNS is uncertain and careful; most patients dying within 1 year. Altered 
consciousness or mental state and diffuse cerebral dysfunction are associated with poor 
outcome, while focal symptoms are associated with better outcome [12, 18, 30, 37].  
In this disease it should remember that a substantial number of patients suspected of having 
PACNS will have signs and symptoms caused by vasospasm rather than true vasculitis of 
intracerebral vessels. The vasoconstriction syndrome is reversible is primarly seen in 
women aged 20 to 40 years. A history of syndromes or provocative agents associated with 
vasospasm, including the puerperium period, migraines, illicit drug use, and use of over-the 
counter cold medicines, is frequently elicited. The most common presenting syndrome is of 
a thunderclap headache of sudden onset and sufficient severity to warrant diagnostic 
evaluation for subarachnoid hemorrhage. Focal symptoms can predominate with stroke or 
TIA as a presenting feature. Cerebrospinal fluid is normal. Prednisone with calcium channel 
blockers are used for treatment reversible vasoconstriction syndrome [30]. The prognosis in 
this disturbance is good. 
Takayasu’s arteritis 
Takayasu’s arteritis is a variant of giant cell arteritis affecting the aorta and its main 
branches to the limbs and the head. This disease is much more common in Asians than in 
Europeans and predominates in young female subjects. ACR diagnostic criteria  include at 
least three of the following: 1. age at disease onset < 50 years, 2. Claudication of extremities 
especially upper limbs, 3. Decrease brachial artery pulse, 4. Blood pressure (systolic) 
difference > 10 mmHg between arms, 5. Bruit over subclavian arteries or abdominal aorta, 6. 
Arteriographic narrowing or occlusion of the aorta, its primary branches or large arteries 
(not due to arteriosclerosis, fibromuscular dysplasia or similar causes [38]. The disease starts 
with nonspecific systemic signs and symptoms such arthralgia, fever, fatigue, headaches, 
rashes and weight loss. In Takayasu’s arteritis there are no specific laboratory abnormalities. 
An elevation of ESR or CRP and a mild anaemia are possible, but the acute phase response 
may be normal. Anti-endothelial antibodies (AEA) can bee present [18]. Main neurological 
symptoms are syncope and visual troubles. TIA or stroke are rare, and they are more often 
secondary to hypertension related to involvement of the renal arteries.  
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Digital subtraction angiography (DSA) is the gold standard for the demonstration of vessel 
stenoses or occlusion. MRI, and MRA, CT angiography, PET and high-resolution ultrasound 
are used more frequently for the investigation of Takayasu’s arteritis [39]. 
Steroids are useful in therapy of the disease, and fifty percent of patients respond to them 
alone in early phase of the illness. The prognosis is relatively benign, 90% of patients being 
alive at 10 years [12]. In 20% of the patients the disease is monophasic and selflimited. Some 
patients need steroids plus CYC or low – dose methotrexate or azathioprine. Angiotensin II 
receptor antagonists are applied for treatment renovascular hypertension. Concomitant 
therapies include low-dose aspirin and statin even in normolipidemic patients [18]. 
Angioplasty and other vascular surgical procedures are used if it’s necessary besides 
pharmacological treatment [40]. 

6. Primary, medium-sized vessel vasculitis 
Periarteritis nodosa (PAN) 
PAN is the systemic necrotizing vasculitis only of medium sized arteries without the 
involvement of smaller vessels. This disease may be associated with hepatitis virus 
infection. The diagnostic criteria of the ACR for the diagnosis of PAN include at least three 
of: 1. loss of weight > 4 kg, 2. livedo reticularis, 3. testicular pain, 4. myalgias, 5. 
mononeuritis or polyneuritis, 6. blood pressure elevation > 90 mmHg, 7. creatinine > 1,5 
mg/dl, 8. hepatitis B or C virus antibodies, 9. pathologic arteriography (aneurysm, 
occlusion), 10. typical histology finding in biopsy of muscle with necrotizing granulomatous 
inflammation (fig. 4.) [12, 18, 41, 42].  
 

 
Fig. 4. Polyarteritis nodosa (PAN) -  muscle biopsy with typical granulocyte infiltrates of 
small vessel wall with occlusion of vascular lumen (own case) 
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a thunderclap headache of sudden onset and sufficient severity to warrant diagnostic 
evaluation for subarachnoid hemorrhage. Focal symptoms can predominate with stroke or 
TIA as a presenting feature. Cerebrospinal fluid is normal. Prednisone with calcium channel 
blockers are used for treatment reversible vasoconstriction syndrome [30]. The prognosis in 
this disturbance is good. 
Takayasu’s arteritis 
Takayasu’s arteritis is a variant of giant cell arteritis affecting the aorta and its main 
branches to the limbs and the head. This disease is much more common in Asians than in 
Europeans and predominates in young female subjects. ACR diagnostic criteria  include at 
least three of the following: 1. age at disease onset < 50 years, 2. Claudication of extremities 
especially upper limbs, 3. Decrease brachial artery pulse, 4. Blood pressure (systolic) 
difference > 10 mmHg between arms, 5. Bruit over subclavian arteries or abdominal aorta, 6. 
Arteriographic narrowing or occlusion of the aorta, its primary branches or large arteries 
(not due to arteriosclerosis, fibromuscular dysplasia or similar causes [38]. The disease starts 
with nonspecific systemic signs and symptoms such arthralgia, fever, fatigue, headaches, 
rashes and weight loss. In Takayasu’s arteritis there are no specific laboratory abnormalities. 
An elevation of ESR or CRP and a mild anaemia are possible, but the acute phase response 
may be normal. Anti-endothelial antibodies (AEA) can bee present [18]. Main neurological 
symptoms are syncope and visual troubles. TIA or stroke are rare, and they are more often 
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Twenty of patients with PAN had brain involvement in the monograph by Schmidley [15]. 
Ischemic stroke, hemorrhages and a progressive encephalopathy, seizures  may occur. This 
disease is severe thats why it should be treated aggressively with steroids (pulses of 
methylprednisolone in severe forms) and cytotoxic drugs, mainly CYC. In  emergency 
situations plasmapheresis may be tried [18]. Eighty percent of subjects who receive 
appropriate treatment are alive at 5 years [12]. 
Kawasaki disease 
This is a rare medium-sized vessel vasculitis that causes stroke or encephalopathy in 
children. Its manifestations include fever, conjunctival infection, infected or fissured lips, 
infected pharynx or “strawberry tongue, erythema of palms or soles or oedema of hand or 
feet, polymorphous non-vesicular rash and cervical adenopathy. Treatment includes iv 
immunoglobulin and aspirin [12]  

7. Primary small vessel vasculitis 
Wegener’s granulomatosis 

This is rare small vessel (arteries and veins) arteritis frequently associated with 
autoantybodies: cANCA/PR3 and sometimes with MPO-ANCA [18]. Men are affected more 
frequent than women. The ACR criteria for classification of Wegener’s granulomatosis 
include at least two of the following four: 1. necrotizing ulcerating inflammation of nose, 
sinuses, mouth, or pharynx, 2.irregular lung infiltrates, 3. nephritis, 4. granulomatous 
vascular and perivascular inflammation. In Wegener’s granulomatosis a nonseptic 
meningitis with enhancement of the basal meninges and the development of an occlusive or 
communicating hydrocephalus are possible. Poyneuropathies, myelopathies and 
cerebrovascular symptoms frequently occur but stroke is a very rare complication [43, 44]. 
Nishino et al. and Fauci et al. descreibed neurologic invpolvement in Wegener’s 
granulomatosis in 22 – 33.6% of patients [45, 46]. Prednisone or CYC are used  for treatment 
45, 46, 47]. During CYC treatment don’t ought exceed a cumulative dose > 30g, and higher 
doses should be strictly avoided [47]. During CYC therapy are useful: antiemetics, bladder 
protection with NaCl infusions and uromitexane perfusor as well as ovarien protection. 
Alternative  treatment option is methotrexate 20-25 mg per week [48] or rituximab [49]. 
Azathioprine can be effective in supporting therapy. The presence of ANCA at diagnosis, 
cardiac or renal involvement increase the risk of relapses.  

Behcet’s disease  
This rare disease is chronic-relapsing vasculitis affecting predominantly the venous system. 
It is more prevalent in the Middle East, Far East and the Mediterranean. Diagnostic criteria 
for Behcet’s disease include at least three of the major signs (oral ulcers, genital ulcers, 
ocular lesions, mainly uveitis, cutaneous involvement-erythema nodosum) or the 
combination of two major signs and one minor (gastrointestinal or central nervous system 
(CNS) or peripherial nervous system (PNS) involvement, arterial lesions,thrombophlebitis, 
arthritis and familiar history) [50]. The course of Behcet’s disease is fluctuating. The 
diagnosis of Behcet’s disease is entirely based on clinical grounds since no pathognomonic 
laboratory or histologic findings exist. CNS involvement occurs in about 30% of patients 
after an average of 5 years. The most common clinical syndromes are encephalitis, 
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meningoencephalitis, and neuropathy as well as headaches, and brainstem symptoms. 
Cerebral oedema and cerebral stroke can also be present. Cerebral oedema is occurred in 
cerebral sinus thrombosis [18]. For the treatment of sinus thrombosis corticosteroids in 
combination with oral anticoagulation are recommended. Pulses of methylprednisolone of 
1000mg (3 -5 days) followed by oral prenisolone (2 – 3 month) are used [51]. Occasionally 
may be used other immunosuppressive agents [52].  

Churg –Strauss syndrome 
Churg – Strauss syndrome is the rarest of the small-vessel vasulitides. Patients report in 
interview allergic diathesis and asthma. Pathologic hallmark of the disease are eosinophil-
rich granulomas. p/ANCA/MPO are present in 40% of patients [53]. The criteria for the 
diagnosis of Churg-Strauss syndrome include at least four of: astma, history of allergy, 
eosinophilia (>10%), mono- or polyneuropathy, migratory or transitory pulmonary 
infiltrates and sinusitis [12]. Renal, lung, and central nervous system are involvement. 6-8% 
of patients present central nervous system symtoms Iike ischemic stroke, ischaemic optic 
neuropathy as well as intracerebral haemorrhage can occur in the disease [53, 54]. These 
patients may bee treated with prednisone alone, but sometimes combined therapy with CYC 
is needed. The remission rate is 80-90%. Patient survival varies between 60% and 97% at 5 
years [56]. 

8. Summary 
Vasculitis is a rare, miscellaneous, and potentially treatable cause of stroke. The diagnosis 
contain labourious tests, neuroradiological image (CT, MRI with arteriography option) and 
often requires invasive procedures, including brain-meningeal biopsy. Treatment of 
vasculitis has an empirical basis and most common it is immunosuppressive. Multicentre 
therapeutic trials are ongoing. A lot of organs are damaged in vasculitis. These sickness 
required a great physician acumen and carefulness, as well as cooperation with others 
specialists. Fast reconnaissance of disease and accustoming of proper treatment can bring 
big benefits patient.  
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1. Introduction 
The term “vasculitis” includes a heterogeneous group of multisystemic disorders 
characterized pathologically by inflammation of blood vessels [1,2,3]. Inflammation can 
involve some, or all, of the thickness of the vessel wall. Immune complexes are a major 
component of vasculitis syndromes, and cellular mechanisms play a major pathogenic role 
in giant cell arteritis [4-12].  
Arterial lesion can lead to stenosis, occlusion, and ischemic infarction [1,13].  The diagnosis 
of vasculitis is difficult in most cases because of the insidious nature of the disease and the 
fact that various parts of the circulation can be affected without definitive signs or 
symptoms [1, 13-15]. More often than not, the diagnosis of vasculitis is made indirectly 
[1,15,16]. It is an infrequent disorder and a rare cause of stroke, even in young age groups 
[1,17-19]. Corticosteroid therapy is the basic and most common treatment for this disease, 
irrespective of the antigen involved or the type of vasculitis syndrome [1,4,5,8,20,21].   
The aim of this study was to use the Lausanne Stroke Registry (LSR) to evaluate how often 
vasculitis is a cause of first-ever stroke, and to determine the risk factors, clinical and 
radiological patterns, and early outcome for stroke with vasculitis. 

2. Patients and methods 
2.1 Patients 
The patients studied were those enrolled in the LSR [22] between January 1, 1980, and 
December 31, 1998. All patients were admitted to the Department of Neurology for first-ever 
stroke and were evaluated by at least one neurologist with stroke subspecialty training and 
by other specialists, depending on the accompanying symptoms (often a rheumatologist).  
All patients underwent a head CT or MRI, cardiac investigation (all by ECG, and, in most 
instances, by transthoracic or transesophageal echocardiography, with Holter ECG when 
needed), and Doppler investigation of the extracranial arteries. Serological or immunological 
testing was carried out when infection or immunological disease was suspected. Depending 
on need, patients also underwent cerebrospinal fluid (CSF) analysis and cerebral arteriography 
(including MRI angiography), while selected patients had a tissue biopsy. Patients with toxic 
vasculopathies were excluded due to the lack of clear-cut criteria for the differential diagnosis 
of pure vasculitis and drug–induced multiple vasospasm. 
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1. Introduction 
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fact that various parts of the circulation can be affected without definitive signs or 
symptoms [1, 13-15]. More often than not, the diagnosis of vasculitis is made indirectly 
[1,15,16]. It is an infrequent disorder and a rare cause of stroke, even in young age groups 
[1,17-19]. Corticosteroid therapy is the basic and most common treatment for this disease, 
irrespective of the antigen involved or the type of vasculitis syndrome [1,4,5,8,20,21].   
The aim of this study was to use the Lausanne Stroke Registry (LSR) to evaluate how often 
vasculitis is a cause of first-ever stroke, and to determine the risk factors, clinical and 
radiological patterns, and early outcome for stroke with vasculitis. 

2. Patients and methods 
2.1 Patients 
The patients studied were those enrolled in the LSR [22] between January 1, 1980, and 
December 31, 1998. All patients were admitted to the Department of Neurology for first-ever 
stroke and were evaluated by at least one neurologist with stroke subspecialty training and 
by other specialists, depending on the accompanying symptoms (often a rheumatologist).  
All patients underwent a head CT or MRI, cardiac investigation (all by ECG, and, in most 
instances, by transthoracic or transesophageal echocardiography, with Holter ECG when 
needed), and Doppler investigation of the extracranial arteries. Serological or immunological 
testing was carried out when infection or immunological disease was suspected. Depending 
on need, patients also underwent cerebrospinal fluid (CSF) analysis and cerebral arteriography 
(including MRI angiography), while selected patients had a tissue biopsy. Patients with toxic 
vasculopathies were excluded due to the lack of clear-cut criteria for the differential diagnosis 
of pure vasculitis and drug–induced multiple vasospasm. 
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2.2 Methods 
Vasculitis was recognized on the basis of a comprehensive medical history and physical 
examination and the presence of vascular lesions in the CT or MRI with abnormalities in 
appropriate laboratory blood tests, and positive auto-antibodies or positive serological tests 
or bacteriological culture (blood and/or CSF) for infections. The criteria of the American 
College of Rheumatology were used to establish the correct diagnosis of vasculitis 
[1,4,13,16,20,23-25]. The diagnosis was confirmed by a characteristic vessel wall 
inflammatory reaction, with irregularities in the intracranial vessels on angiography in some 
cases. In all patients, other causes of stroke were first excluded. 
The functional status at 1 month after stroke onset (early outcome) was measured using a 5-
point scale, with 1 indicating no disability and 5 death. A good outcome was defined as 
patients with no or mild disability (points 1 and 2), while a bad outcome was defined as 
patients with moderate or severe disability, or death (points 3-5). 

2.3 Statistical methods 
Frequencies were compared using Fisher’s exact test for dichotomous factors or the chi-
squared test when more than 2 categories were present. Age differences were compared 
using Wilcoxon’s rank-sum test. 

3. Results 
Between January 1, 1980 and December 31, 1998, 27 of the 4,086 (0.7 %) patients in the LSR 
were found to have vasculitis, 15 (55.5 %) having primary vasculitis (PV) and 12 (44.5 %) 
secondary vasculitis (SV). The mean age of all stroke patients with vasculitis was 54.2 years, 
significantly lower than that of the 4,059 patients with stroke without vasculitis (mean age 
63.5 years, p= 0.02). The frequency of vasculitis in men and women was similar, being 0.76% 
and 0.5%, respectively (p=0.43). The 27 patients consisted of 11 men and 4 women with PV 
(male/female ratio 2.75; mean age, 61.3 years, range 20-81) and 8 men and 4 women with SV 
(male/female ratio 2.0; mean age, 45.3 years, range 22-81). Risk factors were found in 17 of 
the 27 patients (63%), of whom 11 had hypertension (41% vs 49% of patients without 
vasculitis; p=0.2) and 8 (29.6%) were active smokers. Other risk factors, which were rare, 
were only seen in single patients (see Tables 1 and 2). The early outcome in patients with 
vasculitis was similar to that in patients without vasculitis, a good outcome being seen in 
55.6% of patients with vasculitis and in 59% of patients without vasculitis (p=0.7).  
Tables 1 and 2 show the main characteristics of the patients with vasculitis. 
We would like to present GCA. 

4. Discussion 
Most authors have stated that vasculitis usually manifests as headache, meningeal signs, 
encephalopathy, psychiatric syndromes, dementia, cranial nerve palsies, and seizures, and 
only rarely as stroke [1,13,14,17]. There are also generally non-specific systemic symptoms, 
such as fever, fatigue and weight loss [19-21,25]. In our vasculitis patients, non-specific 
symptoms were most common, being present in 26 out of the 27 (96.3%). Meningeal signs 
were present in all 8 SV patients with infection. Headache-most typical sign for PACNS and 
GCA occurred in 15 patients (55%), but significant psychotic syndromes only in 2 (7.4%).   
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Characteristic PACNS
n = 6

GCA
n = 6

PAN 
n = 3 

Age, y  
(mean) 

20▲, 26, 43, 54, 67, 75▲ 
(47.5)

72°, 75°, 78°, 81°, 81°, 81° 
(78)

45◊, 55◊, 68° 
(56)

Sex 2 F, 4 M 1 F, 5 M 1 F, 2 M 
Risk factors, No patients 2 ac smok, 1 ac smok + hCh 1 diabetes+HY,  4 HY 3 HY 
Neurological 
disorders : 
  Hemiparesis 
  Aphasia 
  Hemianopsia 
  Cerebellar 
  Headache   
  Disturbances cons. 
  Epileptic seizure 
 Meningeal signs 

 
3 
1 
2 
6 
1 
2 
 
1

2 (with ataxia) 
 
 
4 
6 
1 
 
 
not

2 (1 with ataxia) 
1 
 
 
 
 
1 
 
not

Ictus territory : 
  Superficial 
  Subcortical 
  Brainstem/cerebellum 
  Multiple 

4 (MCA posterior reg) 
 
1 
1 (superficial)

3 (2 ACA super ant, 1 PCA 
reg) 
2            
1

 
2 (1 hemorrhagic) 
 
1 (deep) 

Arteriography, No 
patients 
 

5:
3-intracranial vessels 
irregularities 
1-intracranial vessels 
iirregularities 
   + 50% stenosis of SA 
1-sclerotic changes in both  
ICA▲

5:
3-arteriosclerotic changes in 
VAs 
2-arteriosclerotic changes in 
ICA 
 
 

2: normal view 

Outcome, disability
  None 
  Mild 
  Moderate 
  Severe 
  Death 

 
6 

1 
2 
2 
1 

1 
2 

Disease onset-to-stroke
Latency 
Coexisting symptoms 

Inaugural  (all patients)
 
fever (n=3), fatige (n=3) 
  

2 mo (n=1), 1mo (n=4),
inaugural (n=1) 
fatigue in all, polymyalgia 
(n=1) claudication of jaw 
(n=1),  
weight loss (n=2), fever 
(n=2),  amblyopia on one 
eye (n=1)

6 y, 3 y, 2 mo 
 
polyneuropathy in 
all, 
weight loss (n=2) 
fever (n=1) 
renal failure (n=1)  

Therapy, N patients 1-Dx+Antipl, 1-Antipl , 2-P,
1-P+CY,1-P+CY+FR 

1-MP followed by P,
5-P 

1-P,
1-MP followed byP, 
1-MP followed by 
P+CY 

PACNS=Primary angiitis of the central nervous system, GCA=Giant cell arteritis, PAN=Polyarteritis 
nodosa, ac smok=active smoking, F=female, M=male, HY=hypertension, hCh=hypercholesterolemia,  
MCA=medial cerebral artery, ACA=anterior cerebral artery, PCA=posterior cerebral artery, 
VAs=vertebral arteries, SA=subclavian artery, reg=region, super ant=superior anterior, 
cons=conciousness, , °=disease recognized before stroke, ▲=positive meningo-brain biopsy, y=years, 
mo=month, MP=methylprednisolone, P=prednisone, Dx=Dexamethason, CY=cyclophosphamide, 
FR=fraxiparin, Antipl=antiplatelet 

Table 1a. Clinical and neuroradiologic features, disease onset-to stroke latency, and current 
therapy for 15 patients with primary vasculitis 
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were present in all 8 SV patients with infection. Headache-most typical sign for PACNS and 
GCA occurred in 15 patients (55%), but significant psychotic syndromes only in 2 (7.4%).   
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Characteristic PACNS
n = 6

GCA
n = 6

PAN 
n = 3 

Age, y  
(mean) 

20▲, 26, 43, 54, 67, 75▲ 
(47.5)

72°, 75°, 78°, 81°, 81°, 81° 
(78)

45◊, 55◊, 68° 
(56)

Sex 2 F, 4 M 1 F, 5 M 1 F, 2 M 
Risk factors, No patients 2 ac smok, 1 ac smok + hCh 1 diabetes+HY,  4 HY 3 HY 
Neurological 
disorders : 
  Hemiparesis 
  Aphasia 
  Hemianopsia 
  Cerebellar 
  Headache   
  Disturbances cons. 
  Epileptic seizure 
 Meningeal signs 

 
3 
1 
2 
6 
1 
2 
 
1

2 (with ataxia) 
 
 
4 
6 
1 
 
 
not

2 (1 with ataxia) 
1 
 
 
 
 
1 
 
not

Ictus territory : 
  Superficial 
  Subcortical 
  Brainstem/cerebellum 
  Multiple 

4 (MCA posterior reg) 
 
1 
1 (superficial)

3 (2 ACA super ant, 1 PCA 
reg) 
2            
1

 
2 (1 hemorrhagic) 
 
1 (deep) 

Arteriography, No 
patients 
 

5:
3-intracranial vessels 
irregularities 
1-intracranial vessels 
iirregularities 
   + 50% stenosis of SA 
1-sclerotic changes in both  
ICA▲

5:
3-arteriosclerotic changes in 
VAs 
2-arteriosclerotic changes in 
ICA 
 
 

2: normal view 

Outcome, disability
  None 
  Mild 
  Moderate 
  Severe 
  Death 

 
6 

1 
2 
2 
1 

1 
2 

Disease onset-to-stroke
Latency 
Coexisting symptoms 

Inaugural  (all patients)
 
fever (n=3), fatige (n=3) 
  

2 mo (n=1), 1mo (n=4),
inaugural (n=1) 
fatigue in all, polymyalgia 
(n=1) claudication of jaw 
(n=1),  
weight loss (n=2), fever 
(n=2),  amblyopia on one 
eye (n=1)

6 y, 3 y, 2 mo 
 
polyneuropathy in 
all, 
weight loss (n=2) 
fever (n=1) 
renal failure (n=1)  

Therapy, N patients 1-Dx+Antipl, 1-Antipl , 2-P,
1-P+CY,1-P+CY+FR 

1-MP followed by P,
5-P 

1-P,
1-MP followed byP, 
1-MP followed by 
P+CY 

PACNS=Primary angiitis of the central nervous system, GCA=Giant cell arteritis, PAN=Polyarteritis 
nodosa, ac smok=active smoking, F=female, M=male, HY=hypertension, hCh=hypercholesterolemia,  
MCA=medial cerebral artery, ACA=anterior cerebral artery, PCA=posterior cerebral artery, 
VAs=vertebral arteries, SA=subclavian artery, reg=region, super ant=superior anterior, 
cons=conciousness, , °=disease recognized before stroke, ▲=positive meningo-brain biopsy, y=years, 
mo=month, MP=methylprednisolone, P=prednisone, Dx=Dexamethason, CY=cyclophosphamide, 
FR=fraxiparin, Antipl=antiplatelet 

Table 1a. Clinical and neuroradiologic features, disease onset-to stroke latency, and current 
therapy for 15 patients with primary vasculitis 
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Laboratory investigations Type   of   Primary  Vasculitis 

PACNS  n = 6 GCA  n = 6 PAN  n = 3 

ESR mm/h 
 

<10 (n=4), 35, 40 5, 11, 15, 60, 70, 120 6, 68, 90 

CRP mg/l <10 (n=5), 73 
 

<10 (n=4), 30, 65 <10, 205, 253 

Immunological 
abnormalities 
in blood and in CSF  

ANA (1/320) 
IgG for EBV (n=1) 
IgG for: HS, EBV, Va 
(n=2) 

IgG 21.17(n:8.2-17) with rise 
of IgG Kappa and Lambda 
(n=1) 
 
ANA(1/80) 
+Antinucleoprotein 22 
+Anti-SSB 22 (n=1) 

ANCA  (1/320) and  
positive in CSF + 
ANA(1/80) 
+ IgG rise (n=1) 
 
Anticentriole Ab(1/8) 
+  
ANA positive (n=1) 
 
Immune complexes 
C1q 24% positive (n=1) 

Tissue biopsy (n patients) 2: granulomatous 
inflammations in a 
meningo-brain biopsy 
(fig.1) 

6: mononuclear and 
granulomatosus with 
multinucleated giant cells in 
TA 
(fig.2)  

3: focal segmental 
necrotizing vasculitis 
of small and medium 
sized arteries in liver 
and kidney (n=1) 
vasculitis signed and 
ischemic neuropathy 
in muscle-nerve 
biopsy (n=2) 

CSF: (n patients) 
Protein mg/l 
Cytosis cells/ml 
 blood-CSF barrier 
rupture  

(n = 3) 
7,920,  4,260,  295 
93 x 103 , 6.3,  1 
(n = 3) 

(n = 2) 
410, 250 
46 (32-polynuclear),   1 
(none) 

(n = 3) 
1.380, 355, 895 
32, 2, 2 
(n = 3) 

 

ESR=erythrocyte sedimentation, CRP=C reactive protein, E=erythrocytes, TA=temporal artery, 
CSF=cerebrospinal fluid, ANCA-perinuclear antineutrophil cytoplasmic antibodies, ANA=antinuclear 
antibodies, Ab=antibodies, EBV=Epstein-Baar virus, Va=varicella zoster, HS=herpes simplex  
 

Table 1b. Laboratory features for 15 primary vasculitis – associated strokes 

Our analysis confirmed the results of previous studies that vasculitis is a rare cause of 
stroke, since, out of the 4,086 patients with first-ever stroke, only 0.7% presented signs of 
vasculitis that could be a cause of the stroke. The mean age of the patients with vasculitis 
was significantly lower than that of stroke patients without vasculitis (54.2 vs 63.5 years, 
p=0.02). A good early outcome was seen at a similar frequency in patients with or without 
vasculitis (55.6% vs 59.0%). Ischemic stroke was more frequent than hemorrhagic stroke 
(96.3% vs 3.7%), but the group of patients with vasculitis was too small to allow a statistical 
conclusion to be drawn. The most common risk factor was hypertension, which occurred at 
a similar frequency in patients with or without vasculitis (41% vs 49%). The largest groups 
were patients with PACNS or Horton’s disease (GCA), with 6 cases in each group.  
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Table 2a. Clinical and radiologic features, disease onset-to-stroke latency, and  therapy  for 
12 patients with secondary vasculitis associated strokes 
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Table 1b. Laboratory features for 15 primary vasculitis – associated strokes 

Our analysis confirmed the results of previous studies that vasculitis is a rare cause of 
stroke, since, out of the 4,086 patients with first-ever stroke, only 0.7% presented signs of 
vasculitis that could be a cause of the stroke. The mean age of the patients with vasculitis 
was significantly lower than that of stroke patients without vasculitis (54.2 vs 63.5 years, 
p=0.02). A good early outcome was seen at a similar frequency in patients with or without 
vasculitis (55.6% vs 59.0%). Ischemic stroke was more frequent than hemorrhagic stroke 
(96.3% vs 3.7%), but the group of patients with vasculitis was too small to allow a statistical 
conclusion to be drawn. The most common risk factor was hypertension, which occurred at 
a similar frequency in patients with or without vasculitis (41% vs 49%). The largest groups 
were patients with PACNS or Horton’s disease (GCA), with 6 cases in each group.  
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Table 2a. Clinical and radiologic features, disease onset-to-stroke latency, and  therapy  for 
12 patients with secondary vasculitis associated strokes 

SL
E=

sy
st

em
ic

 l
up

us
 e

ry
th

em
at

os
us

, 
F=

fe
m

al
e,

 M
=m

al
e,

 M
C

A
=m

ed
ia

l 
ce

re
br

al
 a

rt
er

y,
 P

C
A

=p
os

te
ri

or
 c

er
eb

ra
l 

ar
te

ry
, 

A
C

A
=a

nt
er

io
r 

ce
re

br
al

 a
rt

er
y,

 r
eg

=r
eg

io
n,

 p
os

t=
po

st
er

io
r, 

ac
 s

m
ok

=a
ct

iv
e 

sm
ok

in
g,

 , 
di

ab
=d

ia
be

te
s 

, t
c=

tu
be

rc
ul

om
a,

 §
=p

sy
ch

ia
tr

ic
 s

yn
dr

om
e,

 °
=d

is
ea

se
 

re
co

gn
iz

ed
 b

ef
or

e 
st

ro
ke

, 
 m

o 
= 

m
ou

th
, 

y=
ye

ar
, 

ar
t=

ar
th

ri
tis

, 
op

h=
op

ht
ha

lm
ic

, 
M

P=
m

et
yl

pr
ed

ni
so

lo
n,

 P
=p

re
dn

is
on

, 
FR

=f
ra

xi
pa

ri
n,

  
A

nt
ip

l=
an

tip
la

te
le

t  
 



 
Advances in the Etiology, Pathogenesis and Pathology of Vasculitis 

 

368 

 
Table 2b. Laboratory features  for the 12 secondary vasculitis-associated strokes 
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The most significant manifestations of PACNS are reported to be headache or disturbances 
of consciousness [13,26-28]. All of our patients had headache, but only one showed 
disturbances of consciousness. The diagnosis of PACNS was proved histologically in 2 of 
our patients with typical granulomatous inflammation in a meningo-brain biopsy (fig.1); 
only one of the two underwent arteriography, which showed no significant sclerotic 
changes without irregularities of the intracranial vessels. In another 4 patients, the diagnosis 
was confirmed arteriographically (1 besides typical arterial irregularities also showed 
stenosis of the subclavian artery). This suggests that vasculitis and arteriosclerotic changes 
can coexist, which conflicts with the opinion of Woolfenden et al [23]. Many authors 
consider arteriography as a standard approach for patients suspected of vasculitis involving 
the cerebral vessels [14,23,29]. However, Vollner et al. [28] found that angiography reveals 
abnormalities in less than a third of PACNS patients, and these are often nonspecific. Many 
authors have reported that a good outcome is seen in many patients treated with 
prednisolone, but some have also reported a monophasic clinical course, usually with a 
benign outcome and not requiring aggressive immunosuppressive therapy [28,29]. A recent 
study shows similar results, as the early outcome was good in all our patients, one of whom 
did not receive glucocorticosteroids. 
 

 
Fig. 1. PACNS – Primary angiitis of the central nervous system. Granulomatosus 
inflammation in meningo-brain biopsy. 

In GCA, biopsy of the temporal artery is the principal means of making the diagnosis 
[1,2,4,12,13,30]. In all our patients, the diagnosis was confirmed histologically (fig.2). As in 
other reports [1,13], the outcome was good in most patients, but, in 1 patient, the early 
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The most significant manifestations of PACNS are reported to be headache or disturbances 
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authors have reported that a good outcome is seen in many patients treated with 
prednisolone, but some have also reported a monophasic clinical course, usually with a 
benign outcome and not requiring aggressive immunosuppressive therapy [28,29]. A recent 
study shows similar results, as the early outcome was good in all our patients, one of whom 
did not receive glucocorticosteroids. 
 

 
Fig. 1. PACNS – Primary angiitis of the central nervous system. Granulomatosus 
inflammation in meningo-brain biopsy. 

In GCA, biopsy of the temporal artery is the principal means of making the diagnosis 
[1,2,4,12,13,30]. In all our patients, the diagnosis was confirmed histologically (fig.2). As in 
other reports [1,13], the outcome was good in most patients, but, in 1 patient, the early 
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outcome was bad, despite intensive corticotherapy similar patient describing by Staunton et 
al [31]. The condition of our patient deteriorated 3 days after starting therapy with 
prednisolone. The MRI showed a new ischemic lesion, and arteriography and Doppler 
investigation demonstrated occlusion of the ICA. Both Conn et al [32] and Reichart et al [19] 
have referred to the use of glucocorticoid therapy as a possible “double-edged sword” and 
suggested that progression of occlusion of the vessels may occur after control of 
inflammation.  All strokes in PAN [20,24] occurred while the illness was controlled by 
glucocorticosteroid therapy.   
 

 
Fig. 2. GCA – Giant cell arteritis. Granulomatosus with multinucleated giant cells in the wall 
of temporal artery 

Secondary vasculitis, which occurred in a very diverse group, was even rarer [1-4,8-
10,13,33,34].  The patients with SLE, sarcoidosis, or Behçet’s disease had recognized illness 
before the stroke and, when other causes of stroke were excluded, vasculitis was probably 
the cause of the cerebral ictus.  
Some of our patients presented vasculitis connected with various infections. In all these 
patients, the history and clinical and meningeal signs was very helpful in establishing the 
diagnosis. The patients with lues led a style of living which could predispose to 
transmission of this disease, the patient with borreliosis had erythema one year previously, 
which was overlooked at the time, and patients with zoster vasculitis had suffered from 
ophthalmic and otic zoster. The diagnosis of infectious vasculitis should be based on 
suitable serologic or bacteriologic investigations [6,7,11,37,38]. All of these patients 
presented inflammatory changes in the CSF (see Table 2 b). The interval between stroke and 
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the beginning of disease can be variable [7,38-40].  In the 3 lues cases, it was unknown and, 
in 1 tuberculosis patient, stroke disclosed the disease. 
To the best of our knowledge, there are no published data on a casual relationship between 
various types of vasculitis and first-ever stroke. The only reports we have been able to find 
focused on the relationship between individual types of vasculitis and stroke and case 
reports [5,6,10,14,19,23,25,27-31,33-40]. The results of our study indicate that various types of 
vasculitis can also be responsible for the first-ever brain infarction in elderly patients. In all 
vasculitis patients, the CT and MRI showed only non-specific brain infarcts, but, in 
tuberculotic vasculitis, specific signs, such as tuberculoma or hydrocephalus [11,38], were 
also sometimes seen. The presence of classic segmental narrowing in the cerebral angiogram 
suggests vasculitis [11,12,14,16,23,26] but was not seen in some cases. In agreement with 
published data [19,28], the presence of atherosclerotic changes did not exclude vasculitis as a 
cause of stroke in our patients. In GCA, the literature states that the definitive diagnostic 
investigation is biopsy of an affected artery [1,4,12,30], but cerebral biopsy, which can 
establish the diagnosis of PACNS, is not recommended in all cases [12,14-16,23]. 

5. Conclusions 
Our observations show that vasculitis is a rare cause of stroke. Vasculitis should be 
suspected in patients with first –ever stroke with previously recognized systemic 
autoimmune disease or presenting clinical and/or biological signs of autoimmune or 
infectious disease. The presence of atherosclerotic changes on the arteriogram does not 
exclude vasculitis. Recognition of vasculitis is often indirect after exclusion of other causes 
of stroke, while treatment depends on the disease type. Tissue biopsy is very helpful in 
establishing the diagnosis. Corticosteroid therapy does not protect patients against stroke.  

6. Abstract 
The aims of the study were to assess how frequently vasculitis is a cause of first-ever stroke 
and to assess risk factors, the clinical and radiological patterns in 4,086 patients from LSR.  
Methods: Vasculitis was recognized using the criteria of the American College of 
Rheumatology. Age differences were compared using Wilcoxon’s rank-sum test, frequencies 
-  Fisher’s exact  or the chi-squared test. Results: Vasculitis was found in 27 (0.7%) of stroke 
patients. The mean age of patients with vasculitis was significantly lower than   patients 
without vasculitis (54.2 vs 63.5 years; p=0.02). 63% patients with vasculitis had various risk 
factors, the most common being hypertension, with a similar frequency (41%) to that seen in 
patients without vasculitis (49%). A good early outcome was seen in 55.6% of the patients 
with vasculitis, similar to patients without vasculitis (59%; p=0.7).  Conclusion: Vasculitis is 
a rare cause of stroke. Corticosteroid therapy does not protect patients against stroke. 
Key words: Vasculitis - Angiitis – Stroke 
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1. Introduction  
Acute hemorrhagic edema of infancy (AHEI) is a benign cutaneous small vessel 
leucocytoclastic vasculitis. The disease characterized by low-grade fever, acral inflammatory 
edema and large rosetta-, annular-, or targetoid-shaped ecchymotic purpura primarily over 
the face and extremities. The outbreak is frequently preceded by an immunization, drug 
intake or various infections. In spite of violent and alarming clinical presentation in a non-
toxic infant, spontaneous recovery without any sequelaes occurs within a few weeks. 
Although some have suggested that AHEI is a purely cutaneous variant of Henoch-
Schönlein purpura, most authors prefer to regard it as a separate clinical entity among the 
cutaneous small vessel vasculitic diseases of infancy.  

2. Background 
Although, AHEI was first described by Snow as a purely cutaneous variant of Henoch-
Schönlein purpura in American literature in 1913 (Snow, 1913), it was well-recognised by 
Seidlmayer (Seidlmayer, 1936) and Finkelstein (Finkelstein, 1938) in European literature in 
1930ies. Since then in Europe, many cases have been reported under different clinical terms, 
including Finkelstein disease and Seidmayer’s ‘cockade’ purpura or syndrome. The name 
AHEI first appeared in Spanish written and used by Del Carril (Del Carril et al., 1936). Other 
names used for the disease include purpura en cocarde avec oedema, urticarial vasculitis of 
infancy, acute benign cutaneous leukocytoclastic vasculitis (Saraclar et al., 1990) of infancy 
and infantile post-infectious iris-like purpura and oedema. Already, more than 100 cases of 
AHEI have been published in medical literature worldwide. However, the current number 
of reported cases are being still unknown. This is probably because, the most papers on the 
subject being written different languages in the world and AHEI is called Henoch-Schönlein 
purpura in the United States. Although most of the prints were in case reports (Babic et al., 
2008; Can et al., 2006; Di Lernia et al., 2004; Garty et al., 2002; Michael, 2006; Millard et al., 
1999; Macea et al., 2003; Obeid et al., 2008; Serna et al., 1994, Silveira & Braganca, 2006), case 
series were also published (Alp et al., 2009; Caksen et al., 2002; Fiore et al., 2008; Gelmetti et 
al., 1985; Gonggryp & Todd, 1998; Ince et al., 1995; Karremann et al., 2009; Krause et al., 
1996; Legrain et al., 1991; Poyrazoglu et al., 2003; Saraclar et al., 1990; Sites et al., 2008). 
Today, AHEI is considered as a separate entity, but not a variant of Henoch-Schönlein 
purpura, with clinical findings and prognosis.  
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3. Epidemiology 
The exact incidence of AHEI is not well known because of rarity of the disease. So, 
multicenter epidemiologic studies are needed.  Some authors believe that AHEI is often 
mistaken for other diseases and, therefore, its incidence may be more frequent. It is also 
probable that, using the synonyms for AHEI in the same population for different cases and 
to consider the disease as Henoch-Schönlein purpura may change the incidence.  

3.1 Age 
Usually, AHEI affects infants between 4 months and 2 years of age. However, cases at birth 
(Cunningham et al., 1996, 1999) and over 2 years of age (Alp et al., 2009; Dubin et al., 1990; 
Poyrazoglu et al., 2003; Slutsky et al., 2010), with classical features of AHEI, have been 
reported. Also, rare cases have been reported in older children up to 60 months of age (Alp 
et al., 2009; Fiore et al., 2008; Legrain et al., 1991). So, it can be suggested that AHEI can be 
diagnosed from newborn to 60 months of age. Actually, newly added reports of AHEI in 
English literature between 2008 and 2010 (Alp et al., 2009; Babic et al., 2008; Cicero, 2008; 
Ferraira et al., 2010; Fiore et al., 2008; Halcoglu et al., 2010; Jain & Patel, 2008; Javidi et al., 
2008; Kumar et al., 2008; Karremann et al., 2009; Obeid et al., 2008; Slutsky et al., 2010; Sites 
et al., 2008) with the review by AlSufyani (AlSufyani, 2009) make the mean age 
approximately 16.56 months instead of 13.75 months reported by Alsufyani (Alsufyani, 
2009). Indeed, there have been some reports of cases occurring beyond the age of 3 years; 
however, these cases have the features that overlap with those of Henoch-Schönlein purpura 
(Legrain et al., 1991; Shah et al., 2002).  

3.2 Sex 
Male predominance is clear in the literature. Case series are also support this data (Alp et al., 
2009; Fiore et al., 2008; Ince et al., 1995; Legrain et al., 1991; Poyrazoglu et al., 2003; Saraclar 
et al., 1990). Also, AlSufyani suggests the male to female ratio approximately 4.64/1 
(AlSufyani, 2009). However, adding the reported cases between 2008 and 2010 (Alp et al., 
2009; Babic et al., 2008; Cicero, 2008; Ferraira et al., 2010; Fiore et al., 2008; Halcoglu et al., 
2010; Jain & Patel, 2008; Javidi et al., 2008; Kumar et al., 2008; Karremann et al., 2009; Obeid 
et al., 2008; Slutsky et al., 2010; Sites et al., 2008) makes the male to female ratio 
approximately 4.34/1. Also, Fiore and colleagues reported the ratios of boys as %67 and 
girls as %33 in their systematic review (Fiore et al., 2008). But, they have reviewed 155 
reports written in 6 languages, not only English literature. 

3.3 Effect of seasons 
AHEI, usually presents during the winter months. This may be associated with its potential 
etiology. However, some have presented in the spring, autumn (Fiore et al., 2008; Legrain et 
al., 1991; Poyrazoglu et al., 2003) and summer (Saraclar et al., 1990). 

4. Etiology and pathogenesis 

AHEI is probably an immune complex-mediated vasculitis and the pathophysiology is 
still not fully understood. The frequency of preceding infections and seasonal variation 

 
Acute Hemorrhagic Edema of Infancy 

 

377 

indicate an infective cause, but drugs and/or immunizations are also suspected. Legrain 
(Legrain et al., 1991) and AlSufyani (Alsufyani, 2009) reported these related causes up to 
%75 and %84.6 respectively. Obviously, it is difficult to attribute AHEI to an infection, 
drug or immunization as these are often present together; however, a few case reports 
have shown clearance of the first attack, as well as relapses, of AHEI after appropriate 
treatment of the associated infections (Dubin et al., 1990; Gonggryp & Todd, 1998; Ince et 
al., 1995; Morrison et al., 1999; Tomac et al., 1996). In addition, Cunningham and 
colleagues (Cunningham et al., 1996, 1999) have reported a newborn with the clinical 
findings of AHEI. Her mother had severe gastroenteritis 6 weeks prior to delivery and 
many lesions on the baby were faded and faint, suggesting that the process had evolved 
in utero. In conclusion, the authors hypothesized that there was a maternal-fetal transfer 
of the infectious agent or the immune complex triggering the skin lesions. This probably 
supports the role of infections and immune complexes in the pathogenesis of AHEI. Other 
infections described as prodromes that have been accused in the pathogenesis are upper 
respiratory tract infections (Alp et al., 2009; Babic et al., 2008; Blasini et al., 2007; Caksen et 
al., 2002; Dubin et al., 1990; Fiore et al., 2008; Gelmetti et al., 1985; Halcoglu et al., 2010; 
Ince et al., 1995; Karremann et al., 2009; Kumar et al., 2008; Lai-Cheong JE et al., 2007; 
McDougall et al., 2004; Michael, 2006; Millard et al., 1999; Paradisi et al., 2001; Poyrazoglu 
et al., 2003; Saraclar et al., 1990), pharyngitis (Gattorno et al., 1997; Gonggryp & Todd, 
1998), tonsillitis (Legrain et al., 1991; Karremann et al., 2009), otitis (Caksen et al., 2002; 
Crowe et al., 1998; Karremann et al., 2009; Krause et al., 1996; Lantner et al., 1996; Macea 
et al., 2003), conjunctivitis (Legrain et al., 1991), neck abscess, bronchopneumonia (Alp et 
al., 2009; Saraclar et al., 1990), bronchitis (Karremann et al., 2009), pneumococcal 
bacteremia (Morrison et al., 1999), pulmoner tuberculosis (Gonggryp & Todd, 1998), 
cellulitis (Can et al., 2006), urinary tract infections (Saraclar et al., 1990) and gastroenteritis 
(Caksen et al., 2002; Chatproedprai & Wananukul, 2007; Fiore et al., 2008; Garty et al., 
2002; Poyrazoglu et al., 2003; Silveira & Braganca, 2006).  
Also, specific microorganisms have been isolated in the cases with AHEI, such as coxsackie 
B4 virus (Krause et al., 1996), cytomegalovirus (Kuroda et al., 2002; Saraclar et al., 1990), 
rotavirus (Di Lernia et al., 2004), herpes simplex virus-1 (Garty et al., 2006), hepatitis A virus 
(Bozaykut et al., 2002) and parvovirus B19 (Erguven & Karaca Atakan, 2009). Escherichia 
coli grew in some of the children with urinary tract infections (Fiore et al., 2008) and 
campylobacter (Gonggryp & Todd, 1998) were isolated in some of the patients with 
diarrhea. Additionally, failure to convincingly relate AHEI to prodromal infectious caused 
by group A streptococcus or Mycoplasma pneumoniae is not surprising, considering that 
these agents mostly cause infections in children 5 years of age or older (Jaggi & Shulman, 
2006; Principi & Esposito, 2002). 
A wide range of medications have been reported such as anti-inflammatory and/or 
antipyretics including ibuprofen (Blasini et al., 2007), aspirin and paracetamol (da Silva 
Manzoni et al., 2004; Fiore et al., 2008; Karremann et al., 2009; Legrain et al., 1991; 
Poyrazoglu et al., 2003; Saraclar et al., 1990), antimicrobials including penicillins (Legrain et 
al., 1991; Saraclar et al., 1990), amoxicillin (Blasini et al., 2007; Gattorno et al., 1997), 
sultamisilin (Halcoglu et al., 2010), erythromycin (Krause et al., 1996), tobramycin (Blasini 
et al., 2007), trimethoprim-sulfomethoxazol (Poyrazoglu et al., 2003), cefaleksin (Crowe et 
al., 1998; da Silva Manzoni et al., 2004;), ceftriaxone (Can et al., 2006), ceftibuten (Fiore et al., 
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reported. Also, rare cases have been reported in older children up to 60 months of age (Alp 
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English literature between 2008 and 2010 (Alp et al., 2009; Babic et al., 2008; Cicero, 2008; 
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2008; Kumar et al., 2008; Karremann et al., 2009; Obeid et al., 2008; Slutsky et al., 2010; Sites 
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2009; Babic et al., 2008; Cicero, 2008; Ferraira et al., 2010; Fiore et al., 2008; Halcoglu et al., 
2010; Jain & Patel, 2008; Javidi et al., 2008; Kumar et al., 2008; Karremann et al., 2009; Obeid 
et al., 2008; Slutsky et al., 2010; Sites et al., 2008) makes the male to female ratio 
approximately 4.34/1. Also, Fiore and colleagues reported the ratios of boys as %67 and 
girls as %33 in their systematic review (Fiore et al., 2008). But, they have reviewed 155 
reports written in 6 languages, not only English literature. 

3.3 Effect of seasons 
AHEI, usually presents during the winter months. This may be associated with its potential 
etiology. However, some have presented in the spring, autumn (Fiore et al., 2008; Legrain et 
al., 1991; Poyrazoglu et al., 2003) and summer (Saraclar et al., 1990). 

4. Etiology and pathogenesis 

AHEI is probably an immune complex-mediated vasculitis and the pathophysiology is 
still not fully understood. The frequency of preceding infections and seasonal variation 
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indicate an infective cause, but drugs and/or immunizations are also suspected. Legrain 
(Legrain et al., 1991) and AlSufyani (Alsufyani, 2009) reported these related causes up to 
%75 and %84.6 respectively. Obviously, it is difficult to attribute AHEI to an infection, 
drug or immunization as these are often present together; however, a few case reports 
have shown clearance of the first attack, as well as relapses, of AHEI after appropriate 
treatment of the associated infections (Dubin et al., 1990; Gonggryp & Todd, 1998; Ince et 
al., 1995; Morrison et al., 1999; Tomac et al., 1996). In addition, Cunningham and 
colleagues (Cunningham et al., 1996, 1999) have reported a newborn with the clinical 
findings of AHEI. Her mother had severe gastroenteritis 6 weeks prior to delivery and 
many lesions on the baby were faded and faint, suggesting that the process had evolved 
in utero. In conclusion, the authors hypothesized that there was a maternal-fetal transfer 
of the infectious agent or the immune complex triggering the skin lesions. This probably 
supports the role of infections and immune complexes in the pathogenesis of AHEI. Other 
infections described as prodromes that have been accused in the pathogenesis are upper 
respiratory tract infections (Alp et al., 2009; Babic et al., 2008; Blasini et al., 2007; Caksen et 
al., 2002; Dubin et al., 1990; Fiore et al., 2008; Gelmetti et al., 1985; Halcoglu et al., 2010; 
Ince et al., 1995; Karremann et al., 2009; Kumar et al., 2008; Lai-Cheong JE et al., 2007; 
McDougall et al., 2004; Michael, 2006; Millard et al., 1999; Paradisi et al., 2001; Poyrazoglu 
et al., 2003; Saraclar et al., 1990), pharyngitis (Gattorno et al., 1997; Gonggryp & Todd, 
1998), tonsillitis (Legrain et al., 1991; Karremann et al., 2009), otitis (Caksen et al., 2002; 
Crowe et al., 1998; Karremann et al., 2009; Krause et al., 1996; Lantner et al., 1996; Macea 
et al., 2003), conjunctivitis (Legrain et al., 1991), neck abscess, bronchopneumonia (Alp et 
al., 2009; Saraclar et al., 1990), bronchitis (Karremann et al., 2009), pneumococcal 
bacteremia (Morrison et al., 1999), pulmoner tuberculosis (Gonggryp & Todd, 1998), 
cellulitis (Can et al., 2006), urinary tract infections (Saraclar et al., 1990) and gastroenteritis 
(Caksen et al., 2002; Chatproedprai & Wananukul, 2007; Fiore et al., 2008; Garty et al., 
2002; Poyrazoglu et al., 2003; Silveira & Braganca, 2006).  
Also, specific microorganisms have been isolated in the cases with AHEI, such as coxsackie 
B4 virus (Krause et al., 1996), cytomegalovirus (Kuroda et al., 2002; Saraclar et al., 1990), 
rotavirus (Di Lernia et al., 2004), herpes simplex virus-1 (Garty et al., 2006), hepatitis A virus 
(Bozaykut et al., 2002) and parvovirus B19 (Erguven & Karaca Atakan, 2009). Escherichia 
coli grew in some of the children with urinary tract infections (Fiore et al., 2008) and 
campylobacter (Gonggryp & Todd, 1998) were isolated in some of the patients with 
diarrhea. Additionally, failure to convincingly relate AHEI to prodromal infectious caused 
by group A streptococcus or Mycoplasma pneumoniae is not surprising, considering that 
these agents mostly cause infections in children 5 years of age or older (Jaggi & Shulman, 
2006; Principi & Esposito, 2002). 
A wide range of medications have been reported such as anti-inflammatory and/or 
antipyretics including ibuprofen (Blasini et al., 2007), aspirin and paracetamol (da Silva 
Manzoni et al., 2004; Fiore et al., 2008; Karremann et al., 2009; Legrain et al., 1991; 
Poyrazoglu et al., 2003; Saraclar et al., 1990), antimicrobials including penicillins (Legrain et 
al., 1991; Saraclar et al., 1990), amoxicillin (Blasini et al., 2007; Gattorno et al., 1997), 
sultamisilin (Halcoglu et al., 2010), erythromycin (Krause et al., 1996), tobramycin (Blasini 
et al., 2007), trimethoprim-sulfomethoxazol (Poyrazoglu et al., 2003), cefaleksin (Crowe et 
al., 1998; da Silva Manzoni et al., 2004;), ceftriaxone (Can et al., 2006), ceftibuten (Fiore et al., 
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2008) and other medications such as cough syrup (Dubin et al., 1990; Gonggryp & Todd, 
1998) and probiotics (Fiore et al., 2008).  
Vaccines have also been implicated in the pathogenesis of AHEI, including diphtheria-
pertussis-tetanus (Krause et al., 1996; Saraclar et al., 1990), poliomavirus vaccine (Saraclar et 
al., 1990), hemophilus influenza conjugated (Krause et al., 1996), measles (Gonggryp & 
Todd, 1998; Saray et al., 2002), rubeola (Poyrazoglu et al., 2003), BCG (Lai-Cheong JE et al., 
2007) and influenza A/H1N1 vaccine (Ferraira et al., 2010).  
In the skin, postcapillary venules are the most commonly involved vessels. Leucocytoclastic 
vasculitis is the histological feature of AHEI that has been linked pathogenetically to 
immune complex deposition, complement activation and chemotaxis of neutrophils, with 
secondary damage to vessel walls due to the release of enzymes by activated neutrophils 
(Legrain et al., 1991, Saraclar et al., 1990). However, complement deficiency (Yavuz, 2000) or 
hypocomplementemia due to activation of the classical pathway of complement system 
(Watanabe & Sato, 2007) have not been showed in AHEI as they have been suggested. The 
location of vasculitic lesions to the extremities and especially the legs in children is thought 
to be related to increased hydrostatic pressure leading to immune complexes and fibrin 
deposition (Legrain & Taieb, 2000). Also, it has been suggested that proportionally larger 
had and face in infants corresponds to increased blood supply and susceptibility to facial 
purpura (Amitai et al, 1993).  

5. Histopathology 
Classically histological examination shows features of an intense dermal leucocytoclastic 
vasculitis involving small blood vessels in the dermis with (Acun et al., 2006; AlSufyani, 
2009; Blasini et al., 2007; Braun-Falco & Dietrich Abeck, 2002; Caksen et al., 2002; Calskan et 
al., 1995; Can et al., 2006; Chatproedprai & Wananukul, 2007; Colantonio et al., 1997; Crowe 
& Jonas, 1998; Cunningham et al., 1996, 1999; Bozaykut et al., 2002; da Silva Manzoni et al., 
2004; Di Lernia et al., 2004; Dubin et al., 1990; Fiore et al., 2008; Fujimura et al., 2001; Garty et 
al., 2006; Gelmetti et al., 1985; Goraya & Kaur, 2002; Gonggryp & Todd, 1998; Gattorno et al., 
1997; Javidi et al., 2008; Krause et al., 1996; Kuroda et al., 2002; Lakshmi & Srinivas, 2003; 
Lantner et al., 1996; Lee et al., 2006; Long & Helm, 1998; Macea et al., 2003; Michael, 2006; 
Millard et al., 1999; Morrison & Saulsbury, 1999; Paradisi et al., 2001; Poyrazoglu et al., 2003; 
Pride et al., 1995; Roh et al., 2004; Tomac et al., 1996; Saray et al., 2002; Scaramuzza et al., 
1997; Serna et al., 1994; Shah et al., 2002; Silveira et al., 2006; Sites et al., 2008; Smitt et al., 
2002, Watanabe & Sato, 2007; Wong & Harrington, 2004) (Fig. 1a, b) or without (Ince et al.,  

1995; Legrain et al., 1991; Saraclar et al., 1990) fibrinoid necrosis and erythrocyte 
extravasation. However, lymphohistiocytic perivascular infiltration with extravasation of 
erythrocytes and without fibrinoid necrosis was also reported by Legrain and colleagues 
(Legrain et al., 1991). The infiltrating inflammatory cells are predominantly neutrophils with 
less number of eosinophils (Krause et al., 1996; Macea et al., 2003; Millard et al., 1999; 
Saraclar et al., 1990). 

6. Immunofluorescence study and immunologic characteristics 
Immunofluorescence studies are usually negative (AlSufyani, 2009; Can et al., 2006; 
Cunningham et al., 1996; da Silva Manzoni et al., 2004; Gonggryp & Todd, 1998; Javidi et al.,  
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Fig. 1a. Hematoxylin and eosin-stained pathologic specimen from a purpuric skin lesion, 
showing perivascular leucocyte infiltration (x10). 

 

 
Fig. 1b. Extravasation of red blood cells, neutrophilic perivascular infiltration with 
leukocytoclasia, and fibrinoid necrosis (x40). 

2008; Krause et al., 1996; Legrain et al., 1991; Paradisi et al., 2001; Serna et al., 1994). 
However; C3, C1q, fibrinogen, IgM, IgG, IgE and IgA were detected in the specimens with 
varying degrees of positivity (Amitai et al., 1993; Blasini et al., 2007; Caksen et al., 2002; 
Chatproedprai & Wananukul, 2007; Garty et al., 2006; Gattorno et al., 1997; Kuroda et al., 
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2008) and other medications such as cough syrup (Dubin et al., 1990; Gonggryp & Todd, 
1998) and probiotics (Fiore et al., 2008).  
Vaccines have also been implicated in the pathogenesis of AHEI, including diphtheria-
pertussis-tetanus (Krause et al., 1996; Saraclar et al., 1990), poliomavirus vaccine (Saraclar et 
al., 1990), hemophilus influenza conjugated (Krause et al., 1996), measles (Gonggryp & 
Todd, 1998; Saray et al., 2002), rubeola (Poyrazoglu et al., 2003), BCG (Lai-Cheong JE et al., 
2007) and influenza A/H1N1 vaccine (Ferraira et al., 2010).  
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location of vasculitic lesions to the extremities and especially the legs in children is thought 
to be related to increased hydrostatic pressure leading to immune complexes and fibrin 
deposition (Legrain & Taieb, 2000). Also, it has been suggested that proportionally larger 
had and face in infants corresponds to increased blood supply and susceptibility to facial 
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1997; Javidi et al., 2008; Krause et al., 1996; Kuroda et al., 2002; Lakshmi & Srinivas, 2003; 
Lantner et al., 1996; Lee et al., 2006; Long & Helm, 1998; Macea et al., 2003; Michael, 2006; 
Millard et al., 1999; Morrison & Saulsbury, 1999; Paradisi et al., 2001; Poyrazoglu et al., 2003; 
Pride et al., 1995; Roh et al., 2004; Tomac et al., 1996; Saray et al., 2002; Scaramuzza et al., 
1997; Serna et al., 1994; Shah et al., 2002; Silveira et al., 2006; Sites et al., 2008; Smitt et al., 
2002, Watanabe & Sato, 2007; Wong & Harrington, 2004) (Fig. 1a, b) or without (Ince et al.,  
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2002; Legrain et al., 1991; Long & Helm, 1998; Michael, 2006; Paradisi et al., 2001; Roh et al., 
2004; Tomac et al., 1996; Saraclar et al., 1990). In the study of Saraclar and colleagues, in the 
skin biopsy of 9 cases perivascular C3, fibrinogen, IgM, IgG, IgE and IgA were detected 
100%, 100%, 78%, 22%, 33% and 33% respectively (Saraclar et al., 1990). After the publication 
of their article they also examined an infant and in the lesional skin biopsy specimens of 
these 10 cases IgA, IgG, IgM, IgE and C1q depositions were found in 30%, 20%, 80%, 30% 
and 100% respectively (Saraclar et al., 1992). So, based on these findings they suggested that 
the presence of C1q and absence or infrequency of IgA deposition may help physicians to 
confirm AHEI rather than Henoch-Schönlein purpura. Additionally, Fiore et al. reported the 
deposition of IgA as 24% in their review (Fiore et al., 2008). Watanabe & Sato reported 
decreased levels of C4, C1q and CH50 in the serum of a 19-month-old boy with AHEI 
(Watanabe & Sato, 2007). So, they suggested that activation of the classical pathway of the 
complement might represent one of the pathogenic mechanisms underlying the 
development of AHEI. In summary, all of these immunohistologic and immunoserologic 
findings indicate that AHEI is an immunorelated disease.  
 

 
Fig. 2. Immunofluorescence study of epidermis with deposition of perivascular IgA.  

7. Clinical features 
The characteristic clinical features of AHEI are fever, purpura and edema. Additionally, the 
most striking feature is the contrast between the acuteness of the cutaneous signs and the 
good general condition of the child (Alp et al., 2009; Amitai et al., 1993; Dubin et al., 1990; 
Fiore et al., 2008; Ince et al., 1995; Lantner & Simon, 1996; Tomac et al., 1996; Saraclar et al., 
1990). In the review of Fiore and colleagues, general appearance was reported as severely 
reduced in 1.0%, mildly reduced in 7.0% and very satisfactory in remaining 92% (Fiore et al., 
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2008). Additionally, atypical presentations such as painful edema (Dubin et al., 1990; 
Gonggryp & Todd, 1998; Krause et al., 1996; Lantner & Simon, 1996; Millard et al., 1999; 
Morrison & Saulsbury, 1999; Shah et al., 2002), itching (AlSufyani, 2009; Caksen et al., 2002), 
irritability (Crowe & Jonas, 1998; Kuroda et al., 2002; Lantner & Simon, 1996) and decreased 
appetite (Lantner & Simon, 1996) may occur. Fever is typically low grade, but may range 
from mild to severe and also afebrile cases have been published in the literature (AlSufyani, 
2009; Amitai et al., 1993; Dubin et al., 1990; Fiore et al., 2008; Gonggryp & Todd, 1998; 
Karreman et al., 2009; Krause et al., 1996; Saraclar et al., 1990; Scaramuzza et al., 1997; Serna 
et al., 1994). In the review of Fiore and colleagues fever of low grade was reported in 45% of 
the children (Fiore et al., 2008).  
Purpura is the most dramatically presenting exanthema of AHEI and often appears in a 
cockade pattern in combined lesions (Legrain et al., 1991; Saraclar et al., 1990; Seildmayer, 
1936). The erupsion usually starts with erythematous macules (Krause et al., 1996; 
Scaramuzza et al., 1997), papules (Lantner & Simon, 1996; McDougall et al., 2004; Tomac et 
al., 1996), or urticarial plaques (da Silva Manzoni et al., 2004; Legrain et al., 1991; Saraclar et 
al., 1990) that rapidly progress into annular (Lee et al., 2006; McDougall et al., 2004), 
rounded or oval (Alp et al., 2009), medallion-like (Karreman et al., 2009), cockade (Caksen et 
al., 2002), or targetoid-shaped purpuric lesions (Alp et al., 2009; Amitai et al., 1993; Caksen et 
al., 2002, Calskan et al., 1995; Can et al., 2006; Crowe & Jonas, 1998; Cunningham et al., 1996; 
da Silva Manzoni et al., 2004; Di Lernia et al., 2004; Dubin et al., 1990; Fiore et al., 2008; 
Gelmetti et al., 1985; Gonggryp & Todd, 1998; Ince et al., 1995; Krause et al., 1996; Lantner & 
Simon, 1996; Lee et al., 2006; Legrain et al., 1991; Long & Helm, 1998; McDougall et al., 2004; 
Poyrazoglu et al., 2003; Saraclar et al., 1990; Scaramuzza et al., 1997; Serna et al., 1994; 
Silveira et al., 2006; Tomac et al., 1996; Watanabe & Sato, 2007) (Fig. 1a, b). However, other 
morphologies have been described, such as reticulated (Legrain et al., 1991), petechiael 
(Karreman et al., 2009), rosette-like (Paradisi et al., 2001), scalloped-border (Millard et al., 
1999; Yu et al., 2007), tense hemorrhagic blistered or fluid containing lesions (either vesicles 
or bullae) (Al-Sheyyab et al., 1995; da Silva Manzoni et al., 2004; Gonggryp & Todd, 1998; 
Gattorno et al., 1997; Gattorno et al., 1999; Lai-Cheong et al., 2007; Lee et al., 2006; Legrain et 
al., 1991; Millard et al., 1999; Suehiro et al., 2007; Watanabe & Sato, 2007), arcuate and 
polycyclic (Di Lernia et al., 2004; Macea et al., 2003). Skin lesions may progress to 1 to 6 cm 
in diameter (Michael, 2006; Smitt et al., 2002). The rashes are usually sharped edged and the 
centre of the lesions may rarely have the colour of the normal skin (Legrain et al., 1991; 
Saraclar et al., 1990). Lesions usually occur in the face (mainly cheeks) (Alp et al., 2009; 
AlSufyani, 2009; Caksen et al., 2002; Fiore et al., 2008; Karreman et al., 2009; Krause et al., 
1996; Legrain et al., 1991; Poyrazoglu et al., 2003; Saraclar et al., 1990), auricles (Fig. 2) and 
upper (Millard et al., 1999) (Fig. 3) or lower extremities (Alp et al., 2009; AlSufyani, 2009; 
Caksen et al., 2002; Fiore et al., 2008; Karreman et al., 2009; Krause et al., 1996; Legrain et al., 
1991; Michael, 2006; Poyrazoglu et al., 2003; Saraclar et al., 1990) (Fig. 4) with relative 
sparing of the trunk (Fiore et al., 2008). Additionally, Fiore and colleagues reviewed that 
purpura had a relative frequency on the left side of the body (Fiore et al., 2008). Skin or 
mucous membranes are uncommonly involved in AHEI such as conjunctiva (McDougall et 
al., 2004; Poyrazoglu et al., 2003), buccal mucosa (Halcoglu et al., 2010; Roh et al., 2004), 
palate (Blasini et al., 2007; Chatproedprai & Wananukul, 2007; Gelmetti et al., 1985; 
Poyrazoglu et al., 2003), gums (Di Lernia et al., 2004), uvula, tongue, pharynx (Amitai et al., 
1993; Di Lernia et al., 2004; Dubin et al., 1990; Krause et al., 1996; McDougall et al., 2005), calf 
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2002; Legrain et al., 1991; Long & Helm, 1998; Michael, 2006; Paradisi et al., 2001; Roh et al., 
2004; Tomac et al., 1996; Saraclar et al., 1990). In the study of Saraclar and colleagues, in the 
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palate (Blasini et al., 2007; Chatproedprai & Wananukul, 2007; Gelmetti et al., 1985; 
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Fig. 3a. Purpuric involvement of the feet in a 30-month-old male patient with AHEI. 

 

 
Fig. 3b. Ecchymotic and purpuric lesions with edema of the lower extremities in a 7-month-
old girl.  
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(as hematoma) (Karreman et al., 2009), penis (Fiore et al., 2008; Poyrazoglu et al., 2003), 
scrotum (Dubin et al., 1990; Karreman et al., 2009; Poyrazoglu et al., 2003), buttocks (Amitai 
et al., 1993; da Silva Monzani et al., 2004; Legrain et al., 1991; Michael, 2006; Paradisi et al., 
2001; Roh et al., 2004; Saraclar et al., 1990; Serna et al., 1994; Shah et al., 2002), joints (Al-
Sheyyab et al., 1995; Gattorno et al., 1997) and perineum (Lantner & Simon, 1996). 
Extracutaneous manifestations rarely occur; however, renal involvement with microscopic 
hematuria, proteinuria and hypocomplementemia (Watanabe & Sato, 2007); transient and 
microscopic hematuria (Al-Sheyyab et al., 1995; Amitai et al., 1993; Gonggryp & Todd, 1998; 
Legrain et al., 1991; Millard et al., 1999); intusseption (Yu et al., 2007); bowel involvement as 
positive stool for occult blood (Al-Sheyyab et al., 1995; Di Lernia et al., 2004; Garty et al., 
2002; Gonggryp & Todd, 1998; Yu et al., 2007) and abdominal pain with elevated 
transaminases (Obeid et al., 2008) associated with AHEI were reported. Proteinuria is 
usually transient (Legrain et al., 1991; Saraclar et al., 1990), but can be persistent (Millard et 
al., 1999). Hypertension is also rare and transient (Caksen et al., 2002) with no renal 
involvement. Cases of diarrhea, abdominal pain and vomiting have been reported (Di 
Lernia et al., 2004; Legrain et al., 1991), however these cases have shown an underlying 
cause, such as coxsackie virus (Legrain et al., 1991) and rotavirus (Di Lernia et al., 2004) 
growth in the stool. 
 

 
Fig. 4. Purpuric skin lesion on ear in a 11-month-old boy with AHEI. 

Edema is classically asymmetrical nonpitting (mainly tender), usually affects the auricles, 
face and limbs (frequently dorsum of the hands and feet) (Alp et al., 2009; AlSufyani, 2009; 
Amitai et al., 1993; Caksen et al., 2002, Calskan et al., 1995; Can et al., 2006; Crowe & Jonas, 
1998; Cunningham et al., 1996; da Silva Manzoni et al., 2004; Di Lernia et al., 2004; Dubin et 
al., 1990; Fiore et al., 2008; Garty et al., 2006; Gonggryp & Todd, 1998; Ince et al., 1995; 
Krause et al., 1996; Lantner & Simon, 1996; Lee et al., 2006; Legrain et al., 1991; Long & Helm, 
1998; McDougall et al., 2004; Michael, 2006; Millard et al., 1999; Paradisi et al., 2001; 
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Fig. 5. Ecchymotic and purpuric lesions of upper extremities in a 10-month-old girl. 

 

 
Fig. 6. Ecchymotic and purpuric lesions of the lower extremities in a 7-month-old girl.  

 
Acute Hemorrhagic Edema of Infancy 

 

385 

Poyrazoglu et al., 2003; Saraclar et al., 1990; Scaramuzza et al., 1997; Serna et al., 1994; 
Silveira et al., 2006; Tomac et al., 1996; Watanabe & Sato, 2007). However, other parts of the 
body may be involved resembling nephrotic syndrome such as the eyelids (Caksen et al., 
2002; Gonggryp & Todd, 1998; Karreman et al., 2009; Legrain et al., 1991; Paradisi et al., 
2001; Saraclar et al., 1990), lips (McDougall et al., 2004), penis (Fiore et al., 2008; Poyrazoglu 
et al., 2003) and scrotum (Millard et al, 1999; Saraclar et al., 1990; Yu et al., 2007). Also, the 
edema can cause weight gain (Saraclar et al., 1990).  

8. Laboratory findings 
The laboratory investigations are nonspecific. Leukocytosis with lymphocytosis or 
eosinophilia (Alp et al., 2009; Amitai et al., 1993; Colantonio et al ., 1997; Cunningham et al., 
1996; Fiore et al., 2008; Lantner & Simon, 1996; Legrain et al., 1991; Roh et al., 2004; Tomac et 
al., 1996; Saraclar et al., 1990; Scaramuzza et al., 1997; Watanabe & Sato, 2007), 
thrombocytosis (Di Lernia et al., 2004; Fiore et al., 2008; Garty et al., 2006; Halcoglu et al., 
2010; Ince et al., 1995; Lantner & Simon, 1996; Legrain et al., 1991; Tomac et al., 1996) and 
increased erythrocytes sedimentation rate or C-reactive protein (Alp et al., 2009; AlSufyani, 
2009; Blasini et al., 2007; Caksen et al., 2002; Can et al., 2006; Colantonio et al ., 1997; Di 
Lernia et al., 2004; Fiore et al., 2008; Garty et al., 2002; Halcoglu et al., 2010; Javidi et al., 
2008; Kuroda et al., 2002; Lee et al., 2006; Macea et al., 2003; Millard et al., 1999; Paradisi et 
al., 2001; Poyrazoglu et al., 2003; Watanabe & Sato, 2007) are common findings.The 
coagulation tests are usually normal, but elevated fibrinogen (Di Lernia et al., 2004) was 
noted. Additionally, hypoalbunemia has been reported associated with intusseption (Yu et 
al., 2007). Urinalysis is frequently normal, however cases of proteinuria (Legrain et al., 1991; 
Saraclar et al., 1990; Watanabe & Sato, 2007) and microscopic hematuria (Al-Sheyyab et al., 
1995; Amitai et al., 1993; Gonggryp & Todd, 1998; Legrain et al., 1991; Millard et al., 1999; 
Watanabe & Sato, 2007) have been reported. The stool is typically negative for blood, but 
positive stool for occult blood (Al-Sheyyab et al., 1995; Di Lernia et al., 2004; Garty et al., 
2002; Gonggryp & Todd, 1998; Yu et al., 2007) have been documented. Antinuclear 
antibodies (ANAs), ASO titre, antideoxyribonucleic acid (anti DNA) antibodies and 
rheumatoid factor are always negative. However, elevated anti-DNAse B titer (Gonggryp & 
Todd, 1998) and IgG antineutrophil cytoplasmic antibody (Ozaltn et al., 2004) have been 
reported in two patients. Complement levels are normal in the patients, although cases with 
increased serum C3 (Saraclar et al., 1990), decreased serum C4 (Cunningham et al., 1996; 
Watanabe & Sato, 2007) and CH50 (Watanabe & Sato, 2007) levels have been mentioned. 
Classically, serum immunoglobulin levels are normal, however patients with increased 
levels of IgG (Legrain et al., 1991), IgM (Caksen et al., 2002; Di Lernia et al., 2004), IgE 
(Saraclar et al., 1990) and IgA (Di Lernia et al., 2004; Legrain et al., 1991) have been reported. 
Circulating immune complexes are normal, although some have reported positive findings 
(Saraclar et al., 1990; Scaramuzza et al., 1997). Additionally, Ozaltn and colleagues reported 
positivity of IgG ANCA in a patient with AHEI (Ozaltn et al., 2004). However, the 
importance of this finding has not been known. Generally, most of these uncommon 
laboratory findings are case reports and need future evaluations.   

9. Diagnostic criteria and differential diagnosis 
The diagnostic criteria can be proposed as follows (AlSufyani, 2009; Krause et al., 1996). 
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a. Between 4 months and 2 years of age. 
b. Purpuric or ecchymotic target-like skin lesions with edema especially on the face, 

auricles and extremities with or without mucosal involvement.  
c. Lack of systemic disease or visceral involvement. 
d. Spontaneous recovery within 4-24 days. 
Common laboratory investigations are follows. 
a. Leukocytosis with lymphocytosis or eosinophilia. 
b. Elevated erythrocytes sedimentation rate or C-reactive protein. 
c. Leucocytoclastic vasculitis with or without fibrinoid necrosis involving small blood 

vessels in the dermis on histological examination.  
d. Negative immunofluorescence studies are usual or rarely positivity of C3, C1q, 

fibrinogen, IgM, IgG, IgE and IgA in varying degrees can be detected. 
AHEI and Henoch-Schönlein purpura (HSP) both fall within the spectrum of the 
leucocytoclastic vasculitis. Some authors believe that these two conditions are different 
disease entities (Cunningham et al., 1999; da Silva Manzoni et al., 2004; Gonggryp & Todd, 
1998; Ince et al., 1995; Krause et al., 1996; Millard et al., 1999; Saraclar et al., 1990; Tomac et 
al., 1996) whereas others regard them as distinct but with some cases showing overlap 
(Legrain et al., 1991; Shah et al., 2002). Some of the points that differentiate these two entities 
are (Table 1); age of onset (3-7 years for HSP and 4 months-2 years for AHEI) (Legrain et al.,  
 

 AHEI HSP 
Age 4-24 months 3-7 years 
Sex Slight male predominance in both diseases 

Prodromes Respiratory infections, drug intake and immunization 
in both diseases 

Seasons Usually winter months in both diseases 

Morphology of skin lesions Purpuric, ecchymotic 
lesions 

Papular, petechial and 
urticarial lesions 

Location of skin lesions 

Face, auricles and 
extremities with relative 
frequency on the left side 

of the body 

Lower parth of the body 

Edema Constant and nonpitting, 
mainly tender Inconsistent 

Visseral involvement Uncommon Frequent 
Duration of disease 1-3 weeks One month or more 

Relapses Rare Frequent 

Histopathology 
Leucocytoclastic vasculitis 

with frequent fibrinoid 
necrosis 

Leucocytoclastic 
vasculitis 

Immunofluorescence study Perivascular C1q deposits Perivascular IgA 
deposits 

Table 1. Comparison of epidemiological, clinical and pathological findings of AHEI and 
HSP 
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1991; Saraclar et al., 1990; Tomac et al., 1996), morphology of skin lesions with location on 
the part of the body (papular, petechial, urticarial lesions located predominantly on the 
lower legs and gluteal regions in HSP and ecchymotic, cockade purpuric lesions mainly 
located on face and extremities in AHEI) (Legrain et al., 1991; Saraclar et al., 1990; Tomac et 
al., 1996), edema (not a clinical finding of HSP, but a classical finding of AHEI, commonly 
nonpitting with tender) (Legrain et al., 1991; Saraclar et al., 1990; Tomac et al., 1996), visceral 
involvement (frequently seen in HSP, but uncommon in AHEI) (Gelmetti et al., 1985;  
Legrain et al., 1991; Saraclar et al., 1990), duration of disease (one month or more in HSP, 
usually resolves between 1-3 weeks in AHEI) (Fiore et al., 2008; Legrain et al., 1991; Saraclar 
et al., 1990) and relapses (frequent in HSP, rare in AHEI, however there have been cases of 
AHEI showing multiple relapses) (Amitai et al., 1993; Dubin et al., 1990; Karreman et al., 
2009; Legrain et al., 1991; Saraclar et al., 1990). 
Also, duration of complete recovery in each attack is different between HSP (approximately 
4 weeks) and AHEI (approximately 12 days) (Karreman et al., 2009; Legrain et al., 1991; 
Tomac et al., 1996). However, there have been cases of AHEI with long duration of attacks 
up to 24 days (Legrain et al., 1991). On laboratory, some authors suggested that these two 
diseases should be separated on the basis of the negative immunofluorescence studies of 
skin biopsies in the cases with AHEI (Millard et al., 1999; Saraclar et al., 1990). Although, as 
it was discussed in ‘Immunofluorescence study and immunologic characteristics’ some 
reported cases had positive direct immunofluorescence with any of C3, C1q, fibrinogen, IgM, 
IgG, IgE and IgA (Amitai et al., 1993; Blasini et al., 2007; Caksen et al., 2002; Chatproedprai 
& Wananukul, 2007; Garty et al., 2006; Gattorno et al., 1997; Kuroda et al., 2002; Legrain et 
al., 1991; Long & Helm, 1998; Michael, 2006; Paradisi et al., 2001; Roh et al., 2004; Tomac et 
al., 1996; Saraclar et al., 1990). However, Saraclar and colleagues suggested that presence of 
C1q and absence or infrequency of IgA deposition may be helpful for physicians to confirm 
AHEI rather than HSP (Saraclar et al., 1992). Additionally, Goraya (Goraya et al., 2002) and 
Shah (Shah et al., 2002) reported that the observed immunohistologic differences between 
the two diseases are secondary to the immaturity of the IgA immune system at the ages of 
12 and 24 months. In these age groups the IgA levels are at 19% and 25% of adult values, 
respectively. So, this might explain the observed clinical and immunologic differences 
between these two disorders.  
The other differential diagnosis of AHEI includes meningococcemia, erythema multiforme, 
Kawasaki disease, purpura fulminans, eruptions of viral infections, drug-induced vasculitis, 
septic vasculitis, Sweet’s syndrome (acute febrile neutrophilic dermatosis), dermatologic 
manifestations of hematologic diseases and child abuse (Caksen et al., 2002; Cunningham et 
al., 1996; Dubin et al., 1990; Ince et al., 1995; Legrain et al., 1991; Saraclar et al., 1990; Smitt et 
al., 2002). All these disorders can be differentiated from AHEI by results of history, physical 
examination and appropriate laboratory studies, including examination of skin biopsy 
specimen.  

10. Treatment 
There is no specific treatment for AHEI because of its natural course. Multiple treatments 
have been reported to be beneficial, such as topical hydrocortisone 1% cream twice daily 
(Long & Helm, 1998), systemic prednisone with a dose of 1.5-2 mg/kg/day (Dubin et al., 
1990; Ince et al., 1995; Poyrazoglu et al., 2003), prednisolone with a dose of 0.5-1 
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1991; Saraclar et al., 1990; Tomac et al., 1996), morphology of skin lesions with location on 
the part of the body (papular, petechial, urticarial lesions located predominantly on the 
lower legs and gluteal regions in HSP and ecchymotic, cockade purpuric lesions mainly 
located on face and extremities in AHEI) (Legrain et al., 1991; Saraclar et al., 1990; Tomac et 
al., 1996), edema (not a clinical finding of HSP, but a classical finding of AHEI, commonly 
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usually resolves between 1-3 weeks in AHEI) (Fiore et al., 2008; Legrain et al., 1991; Saraclar 
et al., 1990) and relapses (frequent in HSP, rare in AHEI, however there have been cases of 
AHEI showing multiple relapses) (Amitai et al., 1993; Dubin et al., 1990; Karreman et al., 
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& Wananukul, 2007; Garty et al., 2006; Gattorno et al., 1997; Kuroda et al., 2002; Legrain et 
al., 1991; Long & Helm, 1998; Michael, 2006; Paradisi et al., 2001; Roh et al., 2004; Tomac et 
al., 1996; Saraclar et al., 1990). However, Saraclar and colleagues suggested that presence of 
C1q and absence or infrequency of IgA deposition may be helpful for physicians to confirm 
AHEI rather than HSP (Saraclar et al., 1992). Additionally, Goraya (Goraya et al., 2002) and 
Shah (Shah et al., 2002) reported that the observed immunohistologic differences between 
the two diseases are secondary to the immaturity of the IgA immune system at the ages of 
12 and 24 months. In these age groups the IgA levels are at 19% and 25% of adult values, 
respectively. So, this might explain the observed clinical and immunologic differences 
between these two disorders.  
The other differential diagnosis of AHEI includes meningococcemia, erythema multiforme, 
Kawasaki disease, purpura fulminans, eruptions of viral infections, drug-induced vasculitis, 
septic vasculitis, Sweet’s syndrome (acute febrile neutrophilic dermatosis), dermatologic 
manifestations of hematologic diseases and child abuse (Caksen et al., 2002; Cunningham et 
al., 1996; Dubin et al., 1990; Ince et al., 1995; Legrain et al., 1991; Saraclar et al., 1990; Smitt et 
al., 2002). All these disorders can be differentiated from AHEI by results of history, physical 
examination and appropriate laboratory studies, including examination of skin biopsy 
specimen.  

10. Treatment 
There is no specific treatment for AHEI because of its natural course. Multiple treatments 
have been reported to be beneficial, such as topical hydrocortisone 1% cream twice daily 
(Long & Helm, 1998), systemic prednisone with a dose of 1.5-2 mg/kg/day (Dubin et al., 
1990; Ince et al., 1995; Poyrazoglu et al., 2003), prednisolone with a dose of 0.5-1 
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mg/kg/day (AlSufyani, 2009; Blasini et al., 2007; da Silva Manzoni et al., 2004; Halcoglu 
et al., 2010; Roh et al., 2004), methylprednisolone with a dose of 1 mg/kg twice daily 
(Garty et al., 2006) and betamethasone with a dose of 1 mg/kg/day (Paradisi et al., 2001). 
Also, oral antihistamines such as hydroxyzine, diphenhydramine (Alp et al., 2009; Caksen 
et al., 2002; Ince et al., 1995; Poyrazoglu et al., 2003; Tomac et al., 1996), dapson (Gonggryp 
& Todd, 1998) and oral nonsteroidal anti-inflammatory drugs (Karremann et al., 2009, 
Poyrazoglu et al., 2003) have been suggested for management. Some authors believe that 
these treatments have a role in changing the course of the disease (Alp et al., 2009; 
Saraclar et al., 1990), but some do not (Krause et al., 1996; Legrain et al., 1991). Treatments 
with antimicrobials for a confirmed concurrent infection have been shown to be of some 
value during the course of AHEI (Caksen et al., 2002; Colantonio et al., 1997; Garty et al., 
2002; Gonggryp & Todd, 1998; Ince et al., 1995; Karremann et al., 2009; Morrison & 
Saulsbury, 1999; Tomac et al., 1996).  

11. Prognosis 
AHEI is generally benign and self-limited. Spontaneous and complete resolution occurs 
within 4-24 days (Acun et al., 2006; Alp et al., 2009; AlSufyani, 2009; Blasini et al., 2007; 
Braun-Falco & Dietrich Abeck, 2002; Caksen et al., 2002; Calskan et al., 1995; Can et al., 
2006; Chatproedprai & Wananukul, 2007; Colantonio et al., 1997; Crowe & Jonas, 1998; 
Cunningham et al., 1996, 1999; Bozaykut et al., 2002; da Silva Manzoni et al., 2004; Di Lernia 
et al., 2004; Dubin et al., 1990; Fiore et al., 2008; Fujimura et al., 2001; Garty et al., 2006; 
Gelmetti et al., 1985; Goraya & Kaur, 2002; Gonggryp & Todd, 1998; Gattorno et al., 1997; 
Javidi et al., 2008; Karreman et al., 2009; Krause et al., 1996; Kuroda et al., 2002; Lakshmi & 
Srinivas, 2003; Lantner et al., 1996; Lee et al., 2006; Long & Helm, 1998; Macea et al., 2003; 
Michael, 2006; Millard et al., 1999; Morrison & Saulsbury, 1999; Paradisi et al., 2001; 
Poyrazoglu et al., 2003; Pride et al., 1995; Roh et al., 2004; Saraclar et al., 1990; Saray et al., 
2002; Scaramuzza et al., 1997; Serna et al., 1994; Shah et al., 2002; Silveira et al., 2006; Sites et 
al., 2008; Smitt et al., 2002; Tomac et al., 1996; Watanabe & Sato, 2007; Wong & Harrington, 
2004). Attacks have not been usually reported in the literature. This may because long-term 
follow-up is not available in most cases. However, attacks associated with AHEI have been 
reported in some cases and the duration of these attacks were not completely different from 
the duration of the main disease (Alp et al., 2009; Amitai et al., 1993; Dubin et al., 1990; 
Karreman et al., 2009). With either treatment or a conservative approach, AHEI usually 
resolves completely with no sequelae, but there have been reports of residual 
hyperpigmentation (Saraclar et al., 1990), slight atrophy (Macea et al., 2003) and depressed 
scars instead of cheeks (AlSufyani, 2009). Also, Smitt and colleagues stated that only necrotic 
areas may leave a scar (Smitt et al., 2002). On the other hand, AlSufyani suggested that 
scarring is genuine to the disease process itself and it is not clear whether earlier 
administration of either treatment would have prevented scarring (AlSufyani, 2009). Also, 
complications such as intussuseption (Yu et al., 2007) and torsion of testis (Gelmetti et al., 
1985) have been reported.  

12. Conclusion 
Acute hemorrhagic edema of infancy is an uncommon cutaneous leukocytoclastic vasculitis. 
Various infections, drug use and vaccination are discussed as triggering factors more than 
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90 years after the first description of the disease. Also, the benign and self-limited course 
and excellent prognosis with mild to absent systemic involvement is well established. 
Today, it has been considered as a distinct entity either than a variant of Henoch-Schönlein 
purpura. Physicians might develop the skills necessary to consider the diagnosis of acute 
hemorrhagic edema of infancy when presented with a non-toxic infant having large 
targetoid purpuric lesions and edema in nonpitting character.  
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The LAMP Story and What It Means for ANCA 
Positive Vasculitis in Nephrology 

Hansjörg Rothe 
Klinikum Coburg, III. Medical Department, Division of nephrology and hypertension 

Germany 

1. Introduction 
From the nephrological point of view, the last couple of years have brought some major 
advances both in our understanding of ANCA positive vasculitis pathogenesis mechanisms 
and in treatment options. Recent discoveries of completely new antigens such as LAMP-2 
meant a huge step forward, and the fact that this antigen is homologous to proteins of 
bacterial fimbria caused a shift in the focus regarding underlying pathomechanisms of 
ANCA vasculitis towards bacterial infections, mainly with Klebsiella or Escherichia species, 
playing a major role in triggering the disease. So nephrology has seen real progress in our 
understanding of glomerulonephritis disease mechanisms – not only regarding primary 
membranous glomerulonephritis (with the recent identification of the phospholipase A2 
receptor being the underlying antigen) but also regarding secondary pauci-immune 
glomerulonephritis due to ANCA positive vasculitis. 
At the same time, some important studies were successfully conducted. Especially the 
results of the RAVE and IMPROVE studies, will have an impact on nephrologists´ 
approaches to the treatment of patients suffering from this type of vasculitis. 
The following chapter will focus on the new developments and briefly outline our already 
well established knowledge about ANCA positive vasculitis from a nephrological point of 
view. 

2. Pathogenesis of ANCA positive vasculitis 
There has been a long debate about the actual role of ANCA autoantibodies as causative 
agents of small vessel vasculitis . Although the correlation of ANCA titres with disease 
activity is not very strong 12, the fact that drug induced ANCA formation in patients treated 
with propylthiouracil, hydralazine or penicillamine can lead to exactly the same clinical 
picture of pauci-immune glomerulonephritis as “idiopathic” ANCA disease seams to 
indicate a causative role of the antibodies3. A well documented case report of a neonate with 
glomerulonephritis (GN) and pulmonary vasculitis due to Anti-MPO-antibodies that had 
passed the placental barrier from the maternal circulation4 points in the same direction. The 
ability of these antibodies to cause GN when administered to mice intravenously has also 
been demonstrated5.  
The course of events leading to the inflammatory destruction of endothelial cells starts with 
activated neutrophils, which represents the flu-like initial phase of the disease. Cytokine 
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with propylthiouracil, hydralazine or penicillamine can lead to exactly the same clinical 
picture of pauci-immune glomerulonephritis as “idiopathic” ANCA disease seams to 
indicate a causative role of the antibodies3. A well documented case report of a neonate with 
glomerulonephritis (GN) and pulmonary vasculitis due to Anti-MPO-antibodies that had 
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ability of these antibodies to cause GN when administered to mice intravenously has also 
been demonstrated5.  
The course of events leading to the inflammatory destruction of endothelial cells starts with 
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activated neutrophils present antigens at their surface which attract IgG ANCA´ s binding to 
them, forming local immuncomplexes. Recent results show an essential involvement of the 
alternative complement pathway in these complexes – C3 and C5 rather than C4 are the 
main complement fragments involved. C5 knock out mice will not develop Anti-MPO 
antibody induced vasculitis6, depletion of neutrophils also prevents the disease despite 
ANCA´s being administered, as demonstrated in an animal model7. T cells play a role in the 
pathogenesis, and so do B cells -indicated by the fact that anti-B cell agents such as 
rituximab are highly effective in therapy. Th17 cells are the major effector cells, while Th1, 
Th1 and regulatory T cells are also involved. Activated B cells produce the ANCA 
antibodies, and their number correlated with the disease activity. However, the actual role 
of B cells still needs to be elucidated.  
While 70% of ANCA positive patients will show renal manifestations, there are about 10% 
of patients with the same clinical picture of pauci-immune GN who are ANCA negative. 
Conceivably other, as yet unknown antibodies might be involved in this patient subgroup. 
Similarly, the two classical antigens of proteinase 3 (c-ANCA´s) and myeloperoxidase (p-
ANCA´s) are not the only ones, the lysosomal membrane protein lamp-2 which has a 
homologue protein in renal glomerular endothelial cells, is another important target of 
ANCA´s8. In fact this ANCA subtype is present in almost all patients with pauci-immune 
focal necrotizing glomerulonephritis. Most interestingly, lamp-2 is highly similar to certain 
bacterial fimbria proteins, as recently reported by Kain et al in Nature Medicine in 20089. 
Some peptides of proteinase3 resemble epitopes of staphylococcus aureus antigens. Bacterial 
infections mainly with Klebsiella and Escherichia coli species may therefore trigger systemic 
ANCA associated vasculitis via a cross-reactivity mechanism. 

3. The beginning of the LAMP story 
In 1988, isolation and characterization of two human lysosomal membrane glycoproteins 
was reported by Carlsson et al. and the terms h-lamp-1 and h-lamp-2 introduced (“LAMP” 
being the acronym for lysosome associated membrane protein). The two major lysosomal 
membrane glycoproteins were described as major sialoglycoproteins carrying 
polylactosaminoglycan 10, with apparent molecular weights of 39.5 and 41.5 kDa, 
respectively. They were purified from chronic myelogenous leukemia cells. Already at this 
early stage it was noted that the apparent molecular weights differed between cell lines and 
that “this probably represents differences in the amount of polylactosaminoglycan 
expressed by each cell line”. The first one of the glycoproteins was found to be very 
homologous to that of a mouse counterpart, m-lamp-1, it was therefore named human lamp-
1 (h-lamp-1), while the other glycoprotein was called human lamp-2 (h-lamp-2). After 
cloning both proteins in the same year11 , it became clear that major portions of both h-lamp-
1 and h-lamp-2 reside on the luminal side of the lysosome and are heavily glycosylated by 
N-glycans: h-lamp-1 and h-lamp-2 were found to contain 19 and 16 potential N-
glycosylation sites, respectively. Strong homology was noted and a common ancestor gene 
suggested. Diversion had to have happened at an early evolutionary stage however, since 
human lamp-1 has more similarity to lamp-1 from other species than to human lamp-2. Both 
LAMP`s are structural proteins without enzymatic activity. By means of in situ 
hybridization, the gene for human lamp-2 was localized to chromosome 12p133 and the h-
lamp-1 gene to chromosome 13q3412 . The authors argued that the fact of two genes on 
different chromosomes indicates that lamp-1 and lamp-2 diverged early in evolution and 
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probably have distinct functions which emerged as soon as eukaryotic cells acquired 
lysosomes as subcellular compartments. When mouse LAMP-2 had been cloned 13 it was 
found that mouse LAMP-2 and human LAMP-2 form one homology class (LAMP-2) that is 
separated from the LAMP-1 class of proteins. The localization of the 
polylactosaminoglycans 14 in the two lysosome membrane glycoproteins was analyzed, and 
in 1990 rat LAMP-2 was purified15  and found to be present in all rat tissues examined, but 
at consistently lower concentrations than LAMP-1. The authors reported that their apparent 
molecular weights differed among the tissues, suggesting different glycosylation patterns. 
Later a soluble LAMP-2 was detected in rat liver16. When the exon structure of both protein 
classes was analyzed17, it turned out that each of the nine exons encodes almost identical 
portions of the proteins. Since the amino acid sequence of human lamp-1 is more 
homologous to lamp-1 of other species than it is to human lamp-2, the two genes were most 
likely produced by duplication of a primordial gene, which took place early in evolution. 
The old age, in evolutionary terms, of the LAMP-2 gene, is in fact not trivial but will shed 
some light on the pathogenetic role of this protein as the LAMP story unfolds. Homology 
with another protein outside the LAMP-2 class was already reported in 199318 , when 
glycoprotein II (GpII), a heterogenous glycoprotein isolated from the membranes of 
secretory chromaffin granules in the adrenal medulla was found to show a homology of 
greater than 70% of the sequence with LAMP-1 and –2. It became clear19, that the LAMP-2 
gene is in fact preserved from birds to mammals and all diversity due to alternative splicing 
from a single gene. In the following years a number of papers dealt with structural 
properties of the protein and its processing within the cell. So it was reported, that 20 clusters 
of O-glycans protect LAMP-2 from intralumenal lysosomal proteases - after removal of the 
asparagine-linked glycans from fully folded lysosomal membrane proteins by 
endoglycosidase H in cell culture, both LAMP-1 and LAMP-2 are rapidly degraded21. 
Tissue-specific expression of three different LAMP-2 variants due to alternative splicing was 
reported22 in chicken. In cell culture it was found, that lamp-2, similar to lysosomal acid 
phosphatase (LAP), shuttles23 in the endocytic membrane transport system of rat 
hepatocytes between lysosomes and the plasma membrane. After leaving the rough 
endoplasmic reticulum, newly synthesized lamp-2 is transported24 to the trans-Golgi and 
then transferred to at least three compartments - the cell surface, cell peripheral early 
endosomes and perinuclear late endosomes, before it is finally delivered to the lysosomes. 
The extent of polylactosamine glycosylation of MDCK LAMP-2 is determined by its Golgi 
residence time25. Where the molecule will travel is governed by the COOH-terminal residue 
of its cytosolic tail26. Its plasma membrane variant was discussed as a possible tumour 
antigen; it was speculated, that LAMP-1 and -2 like several other glycoproteins27 might be 
important in colon carcinoma adhesion and metastasis by functioning as its endogenous 
ligands – in fact there is evidence28 suggesting an increase in their cell-surface expression in 
tumor cells, with some data indicating that the adhesion of some cancer cells to the 
extracellular matrix is partly mediated by interactions between LAMP´s and E-selectin and 
between Lamps and galectins (endogenous-galactoside-binding lectins). However, its 
physiological role and main pathophysiological importance remained unclear, until the next 
major discovery was made. 

4. LAMP-2 as an additional autoantigenic ANCA target 
While the association between the clinical picture of pauci-immune, necrotizing and crescentic 
glomerulonephritis (NCGN) with circulating antineutrophil cytoplasmic autoantibodies 
(ANCA) had been known for some time, only two of the actual targets had been identified 
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until 1995: proteinase 3 (mainly associated with c-ANCA) and myeloperoxidase (mainly 
associated with p-ANCA). Then the group of Renate Kain et al. reported LAMP-2 to be 
another antigen targeted by ANCA, and they also found the link to the underlying disease 
mechanism when they identified gp130, a glycoprotein in the endothelial membranes of renal 
glomeruli, to be highly homologous to LAMP-229. The same group later showed, that almost 
all patients with pauci-immune focal necrotizing glomerulonephritis have ANCA´s against 
LAMP-2, so that their prevalence is almost twice that of Anti-proteinase 3 and 
myeloperoxidase ANCA´s. They also demonstrated30 the pathophysiological significance of 
these antibodies, since Anti-LAMP-2 ANCA´s injected into rats caused the same histological 
picture of pauci-immune focal necrotizing glomerulonephritis. In vitro, these antibodies cause 
apoptosis in microvascular endothelium. When studying the epitope, to which the ANCA´s 
commonly bound, it turned out that this part of the LAMP-2 protein had a 100% homology 
with to the bacterial adhesin FimH, a protein present in bacterial fimbria. The terminology of 
p- and c-ANCA refers to the distinct staining patterns due to the intracellular localization of 
the respective antigens. LAMP-2 is also localized in specific lysosomal fractions – together with 
Lamp-1 it is present in the specific-granule-enriched fraction and in the light-membrane 
fraction31, but not in the azurophil granules. These further studies, fuelled by the increased 
interest in the LAMP´s as intracellular antigens, began to clarify their physiological role: 
Separation of secretory vesicles from plasma membranes disclosed that the light-membrane 
LAMP´s are present primarily in the secretory-vesicle-enriched fraction, and during 
phagocytosis both Lamp-1 and Lamp-2 become markedly concentrated around the ingested 
particle. Both appear on the cell surface when the secretory organelles are mobilized. This fact 
sparks the ongoing interest in Lamp-2 as a tumour marker, because - other than in the 
lysosomal membrane - Lamp-2 proteins are expressed at the plasma membrane of cells in a 
differentiation dependent and activation dependent manner32. Murine Lamp-2c expression is 
pronounced in mesenchyme early in development, in limb connective tissue, and in lung 
parenchyma, whereas m-Lamp-2a is prevalent in the liver, the pancreas, and in differentiating 
kidney epithelium, and becomes increasingly prominent in the epithelial lining of the digestive 
and the respiratory tract during development. Their expression pattern becomes more tissue 
and cell type specific as differentiation progresses. In adults, tumour cells undergoing 
dedifferentiation again have detectable amounts of LAMP-2 at their cell surface, where they 
might play a role in cell adhesion, metastasis or tumour progression, as a study about LAMP-1 
in pancreatic carcinoma33 suggests. Since morphogenesis often requires apoptotic removal of 
cells, an important role of phagolysosome activities and lysosomal proteins in these processes 
is evident. 

5. Learning from rare genetic deficiencies: Danon´s disease and LAMP-2 
The first time, when a rare genetic condition provided insight into the physiological role of 
LAMP-2, was when control platelets and those from an individual with Hermansky-
Pudlak34 syndrome were compared35 regarding the presence of LAMP-2 expression: It 
turned out that LAMP-2, like CD63, is normally present not only in lysosomes but also in 
dense granules of platelets. Apart from oculocutaneous albinism, this autosomal recessive 
condition is characterised by platelet dense granule deficiency, prolonged bleeding time, a 
storage pool deficiency of platelets and lysosomal accumulation of ceroid lipofuscin. A 
major breakthrough in the understanding of the physiological role of LAMP-2 came with 
studies of knock-out lab animals and the discovery of Nishino, DiMauro et al. that the rare 
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condition of Danon´s36 disease is due to LAMP-2 deficiency. It became evident, that a 
deficiency of this protein mainly impairs autophagy, i.e. the removal of aged cell material, 
lysosome biogenesis and cholesterol homoeostasis37 – being a structural protein it has no 
enzymatic activity of its own, but a deficiency leads to partial mistargeting of a subset of 
lysosomal enzymes38. Lysosomal cholesterol transport39, the ability of lysosomes to migrate 
by means of dynein-mediated transport and the fusion with autophagosomes and 
phagosomes depend on the LAMPs40. Therefore phagocytosis is also affected, and 
pathogenic Neisseria have been found to excrete a protease which selectively cleaves 
LAMP-141. In the unicellular eukaryote Paramecium LAMP-2 was found to be required for 
phagosome maturation42. Since antigen presenting B-cells rely on normal lysosomal 
function, MHC class II antigen presentation to CD4 T-cells and the balance between 
endogenous and exogenous antigen presentation is impaired43 in LAMP-2 deficiency. 
The condition was first characterized by Moris J. Danon and Shin J.Oh in two patients as a 
'lysosomal glycogen storage disease with normal acid maltase' in 198144– the clinical picture 
involves hypertrophic cardiomyopathy (often associated with Wolff-Parkinson-White 
syndrome), myopathy and variable mental retardation. It was initially thought to be mainly 
X-linked, but as DiMauro et al. recall in their review45, in 1993 they wrote that an 
“autosomal dominant inheritance cannot be ruled out”. In the meantime more than 20 
autosomal mutations of the LAMP-2 gene (chromosome 12) have been reported: in exon 7 
resulting in the syndrome and with the patient requiring heart transplantation at 41years of 
age46, in intron 647, in intron 848 with additional hepatopathy, in exon 549 and in exon 4 with 
several both male and female familiy members being affected50. Another missense mutation 
in the LAMP-2 gene caused a much milder clinical picture with exercise intolerance, 
persistent HyperCKemia and hypertrophic cardiomyopathy, but no mental retardation or 
severe heart failure51.  Other genes have to be involved, suggested not only by the fact that 
the disease is always much more severe in male patients than in females, but also by marked 
phenotypic variation in unrelated patients with the same LAMP-2 gene mutation52 - in a 
family with a mutation in exon 2 of the Lamp-2 gene53, females developed isolated 
cardiomyopathy in adulthood, whereas males presented with cardiomyopathy, myopathy, 
and mental retardation before the age of 20 years. Intrafamilial variability of affected familiy 
members does occur54. Moreover, a case with quite the same clinical picture of Danon´s 
disease but normal LAMP-2 staining in the muscle biopsy has been reported55.  In mice, 
LAMP-2 deficiency increases mortality between 20 and 40 days of age56 , the surviving mice 
are fertile and have an almost normal life span. Only the additional knock-out of LAMP-1 
and -2 results in a lethal phenotype at embryonic stage57. Many tissues including liver, 
pancreas, spleen, kidney and skeletal and heart muscle accumulate autophagic vacuoles. In 
hepatocytes, the autophagic degradation of long-lived proteins is severely impaired. Cardiac 
myocytes are ultrastructurally abnormal and heart contractility is severely reduced. The 
reason for this reduced contractility is not completely understood yet; calcium handling by 
the cardiomyocytes is normal58. Finally, when cases of Danon patients with oculocutaneous 
albinism were reported in 200659, it became clear that features of Danon and Hermansky-
Pudlak syndromes may sometimes not be separable. 

6. Conclusion 
Recent years have seen a number of breakthroughs in our understanding of 
glomerulonephritis. The common theme in all of these cases is that disease entities, which 
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cardiomyopathy in adulthood, whereas males presented with cardiomyopathy, myopathy, 
and mental retardation before the age of 20 years. Intrafamilial variability of affected familiy 
members does occur54. Moreover, a case with quite the same clinical picture of Danon´s 
disease but normal LAMP-2 staining in the muscle biopsy has been reported55.  In mice, 
LAMP-2 deficiency increases mortality between 20 and 40 days of age56 , the surviving mice 
are fertile and have an almost normal life span. Only the additional knock-out of LAMP-1 
and -2 results in a lethal phenotype at embryonic stage57. Many tissues including liver, 
pancreas, spleen, kidney and skeletal and heart muscle accumulate autophagic vacuoles. In 
hepatocytes, the autophagic degradation of long-lived proteins is severely impaired. Cardiac 
myocytes are ultrastructurally abnormal and heart contractility is severely reduced. The 
reason for this reduced contractility is not completely understood yet; calcium handling by 
the cardiomyocytes is normal58. Finally, when cases of Danon patients with oculocutaneous 
albinism were reported in 200659, it became clear that features of Danon and Hermansky-
Pudlak syndromes may sometimes not be separable. 

6. Conclusion 
Recent years have seen a number of breakthroughs in our understanding of 
glomerulonephritis. The common theme in all of these cases is that disease entities, which 
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used to be defined simply by histomorphological criteria or clinical pictures, could be traced 
down to the underlying causative agent. In ANCA positive vasculitis, as in polyarteriitis 
nodosa, hitherto unknown roles of infective agents that give rise to the disease-defining 
immunological responses were identified: while most polyarteriitis nodosa cases are related 
to the hepatitis B virus60, fimbriated bacteria causing cross-reactions against lysosomal 
membrane proteins are involved in a majority of ANCA positive vasculitis cases. 
The story of LAMP-1 and -2 (or CD107a and b, as they have also been referred to61) 
continues. More splice variants were detected, so a whole new nomenclature was 
introduced62, the new class of LAMP-3 and the LIMP´s (lysosomal integral membrane 
proteins) entered the stage. Possible additional roles of LAMP-2 as a diagnostic marker need 
to be investigated further – conceivably it might play a role as a tumour marker as well as in 
screening of newborns for presymptomatic lysosomal storage disease: In a study LAMP-2 
plasma concentrations were increased in >66% of patients with lysosomal storage 
disorders63, and the increases coincided with increased LAMP-1 concentrations. Increased 
LAMP-1 and -2 levels have been associated with normal mast cell activation64, increased 
LAMP-2 expression in peripheral leucocytes with coronary artery disease65. There seems to 
be the possibility of a non-genetic, acquired LAMP-2 deficiency in alcoholic acute 
pancreatitis or severe endotoxemia66. Whether all these associations, or the report of Anti-
LAMP-2 ANCA´s in pyoderma gangrenosum67, or indeed the slowing down of aging 
processes by restoration of chaperone-mediated autophagy in aging cells (“Live longer with 
LAMP-2 !” 68) will gain clinical significance in the future, remains to be seen. 
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used to be defined simply by histomorphological criteria or clinical pictures, could be traced 
down to the underlying causative agent. In ANCA positive vasculitis, as in polyarteriitis 
nodosa, hitherto unknown roles of infective agents that give rise to the disease-defining 
immunological responses were identified: while most polyarteriitis nodosa cases are related 
to the hepatitis B virus60, fimbriated bacteria causing cross-reactions against lysosomal 
membrane proteins are involved in a majority of ANCA positive vasculitis cases. 
The story of LAMP-1 and -2 (or CD107a and b, as they have also been referred to61) 
continues. More splice variants were detected, so a whole new nomenclature was 
introduced62, the new class of LAMP-3 and the LIMP´s (lysosomal integral membrane 
proteins) entered the stage. Possible additional roles of LAMP-2 as a diagnostic marker need 
to be investigated further – conceivably it might play a role as a tumour marker as well as in 
screening of newborns for presymptomatic lysosomal storage disease: In a study LAMP-2 
plasma concentrations were increased in >66% of patients with lysosomal storage 
disorders63, and the increases coincided with increased LAMP-1 concentrations. Increased 
LAMP-1 and -2 levels have been associated with normal mast cell activation64, increased 
LAMP-2 expression in peripheral leucocytes with coronary artery disease65. There seems to 
be the possibility of a non-genetic, acquired LAMP-2 deficiency in alcoholic acute 
pancreatitis or severe endotoxemia66. Whether all these associations, or the report of Anti-
LAMP-2 ANCA´s in pyoderma gangrenosum67, or indeed the slowing down of aging 
processes by restoration of chaperone-mediated autophagy in aging cells (“Live longer with 
LAMP-2 !” 68) will gain clinical significance in the future, remains to be seen. 
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1. Introduction 
Over the past 40 years, the advent of more effective treatment regimens has transformed 
vasculitis from a frequently fatal, acute disease to a chronic condition with relapsing and 
remitting episodes with which patients can live for many years. Because vasculitis is now 
viewed as a chronic disease, the role of treatment has expanded from an almost exclusive 
focus on reducing mortality and inducing remission to include improving patient quality of 
life. In fact, most research studies with vasculitis patients, including clinical trials and 
observational studies, now measure patient quality of life to determine what factors hinder 
and facilitate optimal patient functioning and well-being. 
The World Health Organization has defined quality of life as “individuals’ perception of 
their position in life in the context of the culture and value systems in which they live and in 
relation to their goals, expectations, standards and concerns” (WHO, 1997, p. 1). Implicit in 
this definition is the fact that many layers of influence, ranging from intrapersonal beliefs to 
environmental factors, affect quality of life. In chronic disease populations, researchers often 
focus on patient health-related quality of life (HRQOL). Although HRQOL is more narrowly 
focused than quality of life, it is a still a complex concept that refers to the overall perceived 
well-being of an individual as well as his/her ability to function in daily life (Hays et al., 
1993). There are many definitions of HRQOL, but most scholars agree that HRQOL includes 
both multidimensional and subjective components (Cella, 1994). The multidimensional 
component refers to the many dimensions (e.g. physical, functional, emotional, financial, 
and social) on which chronic disease can affect the patient’s health and functioning. The 
subjective component suggests that patients, rather than health care providers, for example, 
are in the best position to report their HRQOL. 
Although the HRQOL literature has primarily described how vasculitis negatively impacts 
patients’ physical and mental health, there is also some evidence that patients experience 
positive impacts. Moreover, in addition to directly affecting the patient, vasculitis also has 
the potential to influence patients’ relationships with spouses, family members, and friends. 
Garnering a holistic understanding of how vasculitis affects patients and their social 
networks is of interest because individuals having a chronic disease often seek support from 
others to help cope with disease-related stressors, which can lead to improved physical and 
mental health (Pennix et al., 1996).  
This chapter not only describes how vasculitis positively and negatively impacts patients’ 
HRQOL, but also, the impacts of vasculitis on members of patients’ social networks. We first 
focus on patient HRQOL issues, including an examination of how vasculitis affects patients 
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Over the past 40 years, the advent of more effective treatment regimens has transformed 
vasculitis from a frequently fatal, acute disease to a chronic condition with relapsing and 
remitting episodes with which patients can live for many years. Because vasculitis is now 
viewed as a chronic disease, the role of treatment has expanded from an almost exclusive 
focus on reducing mortality and inducing remission to include improving patient quality of 
life. In fact, most research studies with vasculitis patients, including clinical trials and 
observational studies, now measure patient quality of life to determine what factors hinder 
and facilitate optimal patient functioning and well-being. 
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their position in life in the context of the culture and value systems in which they live and in 
relation to their goals, expectations, standards and concerns” (WHO, 1997, p. 1). Implicit in 
this definition is the fact that many layers of influence, ranging from intrapersonal beliefs to 
environmental factors, affect quality of life. In chronic disease populations, researchers often 
focus on patient health-related quality of life (HRQOL). Although HRQOL is more narrowly 
focused than quality of life, it is a still a complex concept that refers to the overall perceived 
well-being of an individual as well as his/her ability to function in daily life (Hays et al., 
1993). There are many definitions of HRQOL, but most scholars agree that HRQOL includes 
both multidimensional and subjective components (Cella, 1994). The multidimensional 
component refers to the many dimensions (e.g. physical, functional, emotional, financial, 
and social) on which chronic disease can affect the patient’s health and functioning. The 
subjective component suggests that patients, rather than health care providers, for example, 
are in the best position to report their HRQOL. 
Although the HRQOL literature has primarily described how vasculitis negatively impacts 
patients’ physical and mental health, there is also some evidence that patients experience 
positive impacts. Moreover, in addition to directly affecting the patient, vasculitis also has 
the potential to influence patients’ relationships with spouses, family members, and friends. 
Garnering a holistic understanding of how vasculitis affects patients and their social 
networks is of interest because individuals having a chronic disease often seek support from 
others to help cope with disease-related stressors, which can lead to improved physical and 
mental health (Pennix et al., 1996).  
This chapter not only describes how vasculitis positively and negatively impacts patients’ 
HRQOL, but also, the impacts of vasculitis on members of patients’ social networks. We first 
focus on patient HRQOL issues, including an examination of how vasculitis affects patients 
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physically, functionally, psychologically, and financially. Next we describe how vasculitis 
impacts patients’ social quality of life, including relationships with spouses, family, and 
friends. Last, we propose areas for future research and offer conclusions. 

2. Patient quality of life issues 
We identified 21 articles that have been published in English and primarily describe the 
HRQOL of vasculitis patients (Table 1). Taken together, these articles demonstrate that 
vasculitis negatively affects patients physically, functionally, psychologically, financially, 
and socially. Table 1 provides a brief overview of the articles, including the study design, 
subjects, and domains of quality of life assessed. In this section, we summarize the results of 
these studies by quality of life domain. Social quality of life is described in Section 3 “Impact 
on patients’ relationships with social network members.” 
 

Study Design Subjects Domains of 
quality of life 
assessed 

Abdou et al., 2002 Cross-sectional Granulomatosis with 
polyangiitis (GPA) 
(n= 701)

 Physical 
 Financial 

Abularrage et al., 
2008 

Cross-sectional Takayasu’s arteritis
(n= 158) 

 Physical 
 Psychological 
 Functional 
 Financial 
 Social 

Akar et al., 2008 Cross-sectional 
case-control 

Takayasu’s arteritis
(n= 51) 

 Physical 
 Functional 
 Psychological 

Basu et al., 2010 Cross-sectional 
case-control 

ANCA-associated 
vasculitis (n=74) 

 Physical 
 Psychological 

Bernabé et al., 
2010 

Cross-sectional Behçet’s disease (n= 362)  Physical 
 Psychological 

Boomsma et al., 
2002 

Cross-sectional 
case-control 

Granulomatosis with 
polyangiitis 
(n =79) 

 Functional 
 Psychological 
 Financial 
 Social 

Carpenter et al., 
2009 

Cross-sectional ANCA-associated 
vasculitis (n= 97) 

 Physical 
 Functional 
 Psychological 

Carpenter et al., 
2011 

Cross-sectional Multiple vasculitis types
(n=228) 

 Physical 
 Functional 
 Psychological 

Table 1. Summary of quality of life studies conducted with vasculitis patients 
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Study Design Subjects Domains of 
quality of life 
assessed 

Ertam et al., 2009 Cross-
sectional case-
control 

Behçet’s disease (n= 195)  Physical 
 Functional 
 Psychological 

Faurschou et al., 
2010 

Cross-
sectional case-
control 

Granulomatosis with 
polyangiitis 
 (n=68) 

 Physical 
 Functional 
 Psychological 

Hajj-Ali et al., 
2011 

Cross-
sectional 

Granulomatosis with 
polyangiitis 

 Psychological 

Hellmann et al., 
2003 

Cross-
sectional 

Giant cell arteritis (n= 145)  Physical 
 Functional 
 Psychological 

Herlyn et al., 1998 Longitudinal 
case-control 

Multiple vasculitis types 
(n=303) 

 Physical 
 Functional 
 Psychological 

Hoffman et al., 
1998 

Cross-
sectional 

Granulomatosis with 
polyangiitis 
(n= 60) 

 Physical 
 Functional 
 Psychological 
 Financial 
 Social 

Koutantji et al., 
2003 

Cross-
sectional 

ANCA-associated vasculitis 
(n= 50) 

 Physical 
 Functional 
 Psychological 

Moses Alder et 
al., 2008 

Cross-
sectional case-
control 

Behçet’s disease (n= 129)  Physical 
 Functional 

Mumcu et al., 
2006 

Cross-
sectional case-
control 

Behçet’s disease (n= 94)  Physical 
 Functional 
 Psychological 

Newall et al., 
2005 

Cross-
sectional 

ANCA-associated vasculitis 
(n= 30) 

 Physical 
 Psychological 

Reinhold-Keller 
et al., 2002 

Cross-
sectional 

Granulomatosis with 
polyangiitis 
(n= 60) 

 Physical 
 Functional 
 Psychological 
 Financial 

Srouji et al., 2008 Cross-
sectional 

Churg-Strauss Syndrome 
(n= 25) 

 Physical 

Uguz et al., 2007 Cross-
sectional 

Behçet’s disease (n= 50)  Physical 
 Psychological 
 Social 

Table 1. continued 
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Behçet’s disease (n= 195)  Physical 
 Functional 
 Psychological 

Faurschou et al., 
2010 

Cross-
sectional case-
control 

Granulomatosis with 
polyangiitis 
 (n=68) 

 Physical 
 Functional 
 Psychological 

Hajj-Ali et al., 
2011 

Cross-
sectional 

Granulomatosis with 
polyangiitis 

 Psychological 

Hellmann et al., 
2003 

Cross-
sectional 

Giant cell arteritis (n= 145)  Physical 
 Functional 
 Psychological 

Herlyn et al., 1998 Longitudinal 
case-control 

Multiple vasculitis types 
(n=303) 

 Physical 
 Functional 
 Psychological 

Hoffman et al., 
1998 

Cross-
sectional 

Granulomatosis with 
polyangiitis 
(n= 60) 

 Physical 
 Functional 
 Psychological 
 Financial 
 Social 

Koutantji et al., 
2003 

Cross-
sectional 

ANCA-associated vasculitis 
(n= 50) 

 Physical 
 Functional 
 Psychological 

Moses Alder et 
al., 2008 

Cross-
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et al., 2002 
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 Functional 
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Table 1. continued 
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2.1 Physical and functional quality of life 
Of all the HRQOL domains, the physical domain has been best described for vasculitis 
populations. Physical quality of life can be directly affected by vasculitis symptoms, organ 
system damage, and treatment-related morbidities such as side effects and drug toxicity 
(Buhaescu et al., 2005; Exley & Bacon, 1996). Interestingly, physician-rated disease activity 
scores, such as the Birmingham Vasculitis Activity Score and the Vasculitis Damage Index 
(Flossmann et al., 2007), have been weakly correlated with patient HRQOL (Koutantji et al., 
2003; Basu et al., 2010). This finding reinforces that quality of life cannot be reduced to 
biological effects of the disease and that accounting for other factors is important.  
Physical HRQOL has commonly been assessed using scores from the four physical health 
subscales of the SF-36 (Ware & Kosinski, 2005). These include physical functioning, role 
limitations due to physical health, bodily pain, and general health. Although fatigue is 
sometimes categorized as a psychological quality of life issue, we include it here because it 
is a physical symptom of vasculitis that has been significantly correlated with the physical 
health component score (Ware & Kosinski, 2005). Thus, this section will describe fatigue, 
pain, and physical changes. Physical functioning and role limitations due to physical health 
are discussed in the functional quality of life section (Section 2.2).  

2.1.1 Fatigue 
Fatigue is a major problem affecting the quality of life of vasculitis patients. In studies using 
the SF-36, energy/vitality was one of the most consistently, negatively affected SF-36 
subscales. Four studies have shown that over 75% of patients report problems with 
vasculitis-related fatigue (Abularrage et al., 2010; Bernabé et al., 2010; Hajj-Ali et al., 2011; 
Hoffman et al., 1998). More specifically, Basu and colleagues (2010) found that patients were 
more than twice as likely as controls to report mild/moderate and severe fatigue; and 
fatigue was a stronger predictor of worse physical health than disease activity.  
Herlyn and colleagues (2010) found that fatigue and reduced energy levels were the most 
important patient-reported disease burden. One reason fatigue may be so important to 
vasculitis patients is that it can negatively impact other domains of quality of life by reducing 
the amount of energy patients have to engage in social activities and limiting patients’ ability 
to fulfill important work- and home-related roles. Hajj-Ali and associates (2011) found that 
almost half of vasculitis patients believed that fatigue significantly limited their activities.  

2.1.2 Pain 
The results regarding pain have not been as consistently negative as those for fatigue. 
Although most studies have found that vasculitis patients report more bodily pain than 
national norms or healthy controls, two studies report results to the contrary. Specifically, 
Carpenter and colleagues (2009) and Faurschou and associates (2010) documented that bodily 
pain was not significantly different for vasculitis patients when compared with national norms 
or age and sex-matched controls, respectively. However, Carpenter et al. (2011) found that 
bodily pain was worse for relapsing patients than for those in remission. Thus, mixed results 
may partially be due to the proportion of patients in relapse versus remission in any given 
sample; the Faurschou et al. (2010) sample included only patients with inactive vasculitis. 
Also, both studies consisted primarily of Granulomatosis with polyangiitis (GPA; formerly 
Wegener’s) patients, and pain may be a greater issue for other types of vasculitis. 
Kountantji and associates (2003) have conducted more thorough analyses of how pain 
affects GPA patients. They found that patients in greater pain reported significantly worse 
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quality of life when compared to patients who reported little or no pain. Also, patients in 
greater pain experienced more problems with depression, fatigue, and sleep. Moreover, 
patients with significant pain had more severe role limitations due to physical health than 
patients in less pain. Moses Alder and colleagues (2008) also found that Behçet’s (BD) 
patients with arthritis reported more pain than patients without arthritis. 

2.1.3 Physical changes 
In addition to fatigue and pain, vasculitis symptoms and organ damage can negatively 
impact patient quality of life. Hearing loss, headaches, shortness of breath, and comprised 
kidney function are some examples of how vasculitis affects patients physically (Langford, 
2005; Seo et al., 2005). In some cases, vasculitis can directly alter a patient’s physical 
appearance by causing weight loss or nasal bridge collapse, otherwise known as saddle nose 
deformity. Patients may also experience skin problems, such as ulcers or purpura (i.e. a rash 
of purple spots). Readers who are interested in learning more about vasculitis and organ 
system damage are referred to articles by Seo and colleagues (2005) and Langford (2005). 
Vasculitis medications can also cause changes to a patient’s physical appearance. For 
example, patients who are treated with steroids often report weight gain and a condition 
called moon face, where the face swells into a rounded shape. Patients treated with 
immunosuppressive medications also report hair loss, hair growth, acne, and mouth sores. 
Although side effects like these are physical in nature, they can also take a toll on patients 
psychologically by adversely affecting their self-esteem. Thus, it is important to account for 
physical changes due to the disease itself as well as treatment-related effects when 
considering physical quality of life for vasculitis patients.  

2.2 Functional quality of life 
Functional quality of life is intimately related with physical quality of life and is commonly 
considered part of the physical domain. In this chapter, we dedicate a separate section to 
functional quality of life to specifically focus on how vasculitis affects patients’ ability to 
engage in activities of daily living, such as bathing and completing household chores. Most 
studies have captured functional quality of life issues with the physical functioning subscale 
of the SF-36 (Ware & Kosinski, 2005). The physical functioning scale contains 10 items that 
ask how limited patients are in conducting a range of physical activities, from bending and 
kneeling to running and lifting heavy objects.  
Overall, research using the SF-36 has shown that vasculitis patients have worse physical 
functioning when compared with healthy controls or national norms. In two cases, physical 
functioning was the most negatively affected of the eight SF-36 dimensions (Herlyn et al., 
1998; Koutantji et al., 2005). Furthermore, the physical changes associated with vasculitis, 
including pain and fatigue, often led to increased role limitations. For example, patients 
often have to cut down the amount of time they spend on work or have to exert extra effort 
to engage in activities of daily living. 
Other studies have provided more detail about the extent to which vasculitis negatively 
impacts patients’ ability to engage in activities of daily living. For example, Hoffman and 
colleagues (1998) found that 56% of Granulomatosis with polyangiitis (GPA) patients 
reported moderately or severely compromised activities of daily living. Similarly, two-thirds 
of GPA patients reported that vasculitis had negatively affected their ability to perform 
everyday activities, with many patients noting that the disease had a stronger impact on 
their physical functioning at the time of diagnosis (Boomsma et al., 2002). Moreover, daily 
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activities, like being able to shower, shave, chew, and walk without difficulty or losing 
balance, were all ranked among the top ten most important quality of life issues for patients 
living with giant cell arteritis (Hellmann et al., 2003), while patients with Behçet’s disease 
noted negative changes to their ability to engage in usual activities and mobility (Ertam et 
al., 2010). Additionally, patients who were unemployed (Reinhold Keller et al., 2002), had 
active disease (Mumcu et al., 2006; Ertam et al., 2009), or were in more pain (Koutantji et al., 
2003) were more likely to report greater physical role limitations.  

2.3 Psychological quality of life 
Most of the studies listed in Table 1 used the SF-36 (Ware & Kosinski, 2005) to measure 
psychological quality of life. The SF-36 contains four subscales, including social functioning, 
energy/vitality, role limitations due to emotional health, and mental health, which load on a 
summary mental health component score. Overall, SF-36 results reveal that vasculitis 
patients experience compromised psychological health. A more in-depth discussion of 
psychological aspects of vasculitis appears in an editorial by Koutantji and colleagues 
(2000). We save the discussion of social functioning issues until Section 3, which summarizes 
the impact of vasculitis on patients’ relationships with social network members. 

2.3.1 Depression and anxiety 
It is common for patients living with chronic disease to experience feelings of depression 
and anxiety. Because depression is associated with many other negative sequelae, including 
worse treatment adherence (DiMatteo et al., 2000), it is important to assess the mental health 
of vasculitis patients. An examination of the mental health subscale results from studies that 
used the SF-36 shows that mental health is generally lower for vasculitis patients than either 
healthy controls or the general U.S. population. There are some exceptions to this as a few 
studies have found that vasculitis patients did not differ significantly from controls in terms 
of mental health (Basu et al., 2010; Koutantji et al., 2003). These mixed results may be due to 
differences in study populations. Because few studies have provided a more detailed 
description of depression and anxiety in vasculitis populations, little is known about what 
factors may moderate depression or which patients are most at risk. As we will describe 
below, preliminary results indicate that depression and anxiety are serious issues for 
patients that warrant further examination.  
Depression and anxiety are problems for vasculitis patients regardless of the type of 
vasculitis with which they have been diagnosed. To illustrate, Hajj-Ali and colleagues (2011) 
discovered that the prevalence of depression in GPA patients was much higher than the 
general population; 23.6% and 7.6%, respectively. Other studies have documented that 
between 33% and 43% of GPA patients report disease-related depression, with 7% to 14% 
reporting depression associated with suicidal thoughts (Hoffman et al., 1998; Boomsma et 
al., 2002). Similarly, Bernabé and colleagues (2010) found that 60% of Behcet’s patients noted 
problems with depression and anxiety, and Koutantji and associates (2003) documented that 
fully 43% of patients reported increased anxiety and 25.5% experienced increased 
depressive symptoms. 

2.3.2 Other psychological impacts 
Unfortunately, other than depression and anxiety, there is not much published information 
about how vasculitis impacts patients psychologically. In fact, some of the other 
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psychological variables examined are conceptually related to depression and anxiety (e.g., 
happiness and stress, respectively) but are sufficiently distinct to warrant a separate 
discussion. Regarding happiness, 32% of GPA patients were unhappy because of their 
vasculitis (Boomsma et al., 2002), while 52% of Takayasu’s arteritis (TA) patients reported 
being less happy overall (Abularrage et al., 2008). One study has documented that over half 
of GPA patients reported problems with stress (Abdou et al., 2002), suggesting that further 
examination of stress and vasculitis is justified. In addition, although positive effects of 
vasculitis are reported less frequently than negative effects, there appears to be a subset of 
patients who describe beneficial changes that result from a vasculitis diagnosis. Because 
vasculitis exacts a negative toll physically, functionally, and financially, the majority of these 
positive effects are seen in the psychological and social domains. For example, Abularrage 
and colleagues (2008) have found that 11% of TA patients reported an improvement in 
overall happiness and 12% reported an improvement in overall mood. No analysis was 
presented of differences between patients reporting positive effects versus those who 
reported negative or no effects; thus, we do not know whether other factors moderated the 
effect of vasculitis on patients’ psychological responses.  
We have unpublished qualitative survey data from a sample of 232 patients that offers some 
preliminary evidence as to why some patients report positive changes to their mood. In our 
study, patients commonly discussed how they reevaluated their lives and priorities after 
receiving a vasculitis diagnosis. Patients who recovered from a particularly bad relapse often 
described how they now appreciated every day and considered each moment precious. This 
reevaluation led patients to feel calmer and to not become stressed by minor inconveniences 
that used to bother them. Improvements in relationships with family members were also 
commonly reported, which may decrease patients’ psychological distress.  

2.4 Financial quality of life 
Very few studies have explored the economic burden of vasculitis. Using hospital records 
from 1986-1990, Cotch (2000) estimated that the costs of vasculitis-related hospitalizations 
alone were $150 million per year in the United States. Although the author could not 
account for other direct medical costs, such as medication and physician visit expenses, and 
indirect costs due to changes in employment, it is reasonable to assume that vasculitis-
related expenditures are substantial and negatively impact patients and their families 
(Herlyn et al., 2010). Five studies provide greater detail about the financial impact of 
vasculitis; they are summarized below. 
Four studies have documented employment issues for Granulomatosis with polyangiitis 
(GPA) patients. In the first study, Hoffman and colleagues (1998) found that most patients 
(80%) were employed at the time of their vasculitis diagnosis; however, total household 
income was reduced by approximately 25%. Income reductions may have been due to 
patients’ having to take at least 6 consecutive weeks of sick leave, receiving temporary 
disability status, or modifying their jobs. Similarly, Boomsma and associates (2002) found 
that GPA patients frequently missed work due to their disease, changed work duties, 
reduced work hours, and in rare cases (5%), had to resign from their jobs. Given these job-
related changes, it is not surprising that 23% of patients reported a disease-related income 
reduction. A third study also found that patient financial quality of life was disrupted by 
vasculitis (Abdou et al., 2002). Specifically, 54% of patients reported losing 25% to 75% of 
their income, with almost half spending between $10,000 and $100,000 on their therapy and 
diagnosis. Additionally, 14% of patients reported having to retire due to their illness. In 
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addition, a study conducted by Reinhold-Keller and colleagues (2002), found that 27% of 
GPA patients were permanently unemployed as a result of their vasculitis and that women 
had a three-fold greater risk than men of losing their jobs. Patients who were employed 
reported missing a median of 14 days of work during the past year due to their vasculitis. 
The fifth financial quality of life study involved Takayasu’s arteritis (TA) patients 
(Abularrage et al., 2008). Almost half of those patients changed their work duties due to 
their TA. Additionally, approximately half of patients reported changing work hours and 
missing more than six consecutive weeks of work, while almost a third reported taking 6 
consecutive months of sick leave from work. Moreover, TA caused almost a quarter of 
patients to resign from work and 15% to retire.  

3. Impact on patients’ relationships with social network members 
Relatively little is known about the ways in which vasculitis impacts patients’ relationships 
with spouses, family members, and friends. Many of the studies listed in Table 1 have 
measured social quality of life using the SF-36 (Ware & Kosinski, 2005), which includes two 
items about how the patient’s physical health and emotional problems have interfered with 
his/her ability to engage in social activities. Overall, the results from these studies show that 
patient social functioning is compromised; however, the SF-36 social functioning items are 
so general that they offer limited utility in understanding how social relationships and 
activities have been affected. In this section, we will summarize existing research about the 
social impact of vasculitis as well as draw upon research from other disease populations to 
explain how a chronic, unpredictable illness like vasculitis can strain or enhance patients’ 
relationships. We focus on the three studies that have documented social relationship issues 
in greater detail; Table 2 summarizes the results of these studies. 
 

Relationship Effect 
Study 

Hoffman et al., 
1998 

Boomsma et al., 
2002 

Abularrage et al., 
2008 

Spouse/Partner    
No effect 25% 71% 44% 
Improved relationship 56% 20% 36% 
Worsened relationship 19% 9% 29% 
    
Family    
No effect 40% 74% 35% 
Improved relationship 47% 16% 41% 
Worsened relationship 12% 10% 23% 
  
Friends  
No effect 65% 70% - 
Improved relationship 14% 7% - 
Worsened relationship 21% 23% - 

Table 2. Percentage of patients reporting vasculitis-related effects on their relationship with 
their spouse/partner, family, and friends 
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3.1 Impact on spousal relationships 
Chronic illness is a stressor that can affect the physical health and psychological well-being 
of patients as well as their spouses/partners (Baanders & Heijmans, 2007; Berg & Upchurch, 
2007). Much of the stress that spouses experience may result from adapting to a new role as 
the patient’s primary caregiver. For example, Marks and associates (2002) have shown that 
transitioning to a caregiving role increases depression in spouses of chronic disease patients. 
Vasculitis may be particularly mentally taxing for couples because spouses must be ready to 
act as a caregiver each time the patient experiences a relapse or disease flare-up. Because the 
severity of relapses varies considerably, the physical demands of caregiving for any 
particular relapse may range from minor to substantial, which requires additional 
adjustment on the part of the spouse. Moreover, patients often want to avoid being a burden 
on the caregiver, which can complicate interpersonal interactions as patients adapt to the 
sick role. These issues are discussed in greater detail by Koutantji and associates (2000). 
Of the three studies that investigated the effect of vasculitis on spouse/partner 
relationships, two were conducted with Granulomatosis with polyangiitis (GPA) patients 
(Hoffman et al., 1998; Boomsma et al., 2002) and another was conducted with Takayasu’s 
arteritis (TA) patients (Abularrage et al., 2008). The results from these studies reveal 
substantial variation in the extent to which vasculitis affects spousal relationships (Table 2). 
For example, in the two studies of GPA patients, the percentages of patients who reported 
that vasculitis did not affect their relationship with their spouse were 25% and 71%. The 
percentage of TA patients reporting no effect was in the middle (44%) of the previous two 
estimates. In all three studies, patients were more likely to report that vasculitis had 
improved, rather than worsened, their relationship with their partner. Unfortunately, 
greater detail about how relationships improved has not yet been reported. Based on some 
Qualitative data patients and their partners have shared with us, positive effects may 
include: 1) feeling closer to one another, 2) more equal distribution of household labor, and 
3) making one’s relationship a priority after experiencing a severe relapse (Carpenter et al., 
under review). 
There is also little insight into how relationships with partners have worsened; however, 
both GPA studies found that about 70% of spouses were concerned about the long-term 
effects of vasculitis and its treatment and approximately one-third were concerned about 
how vasculitis will affect their financial security. Additionally, Hoffman noted that spouses 
sometimes had to alter their employment situation in order to care for the patient. Thus, it 
seems that emotional strain (e.g. worry and concern) as well as financial strain may take a 
toll on marriages. While these additional strains did not lead divorced GPA patients to 
believe vasculitis was the cause of their divorce (Hoffman et al.; 1998), 37% of TA patients 
believed their vasculitis was largely responsible for the termination of their relationship 
(Abullarage et al.; 2008). Although this has not been reported in the literature, qualitative 
data from our Accessing Social Support in Symptom Treatment (ASSIST) Study reveals that 
patients’ sex lives are often negatively impacted. Moreover, patients often report partners’ 
becoming frustrated with mood swings that are a side effect of certain vasculitis 
medications. 
The negative impact of vasculitis on marriages may be markedly reduced if couples learn 
how to effectively manage and cope with vasculitis dyadically, as discussed by Lewis and 
colleagues (2006). Specifically, patients and their partners may minimize the negative effect 
of vasculitis on HRQOL through communal coping, developing a high level of dyadic 
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addition, a study conducted by Reinhold-Keller and colleagues (2002), found that 27% of 
GPA patients were permanently unemployed as a result of their vasculitis and that women 
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consecutive months of sick leave from work. Moreover, TA caused almost a quarter of 
patients to resign from work and 15% to retire.  

3. Impact on patients’ relationships with social network members 
Relatively little is known about the ways in which vasculitis impacts patients’ relationships 
with spouses, family members, and friends. Many of the studies listed in Table 1 have 
measured social quality of life using the SF-36 (Ware & Kosinski, 2005), which includes two 
items about how the patient’s physical health and emotional problems have interfered with 
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so general that they offer limited utility in understanding how social relationships and 
activities have been affected. In this section, we will summarize existing research about the 
social impact of vasculitis as well as draw upon research from other disease populations to 
explain how a chronic, unpredictable illness like vasculitis can strain or enhance patients’ 
relationships. We focus on the three studies that have documented social relationship issues 
in greater detail; Table 2 summarizes the results of these studies. 
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efficacy, and effective communication (see Lewis et al. for a more thorough discussion of 
these topics). Effective dyadic coping may explain why spouses of vasculitis patients did not 
report a lower HRQOL when compared with the general U.S. population, even though the 
HRQOL of patients and spouses was moderately correlated, meaning that spouses were 
more likely to report reduced HRQOL if the patient did (Carpenter et al., 2009). 

3.2 Impact on family relationships 
As shown in Table 2, it was uncommon for patients to think that vasculitis negatively 
impacted relationships with family members. Although 74% of participants in the Boomsma 
et al. study believed that relationships with family were unaffected, between 40% and 50% 
of patients from the other two studies felt that their family relationships had improved. 
Again, details about how relationships had improved were not provided. It is likely that a 
serious life-threatening illness like vasculitis can cause patients to feel closer to their family, 
especially if they are emotionally and instrumentally supportive when the patient is 
experiencing a relapse. Indeed, qualitative data from the ASSIST Study supports this 
statement, with many patients reporting that they feel closer to family members, either 
through family members’ increasing the frequency with which they interact with patients or 
telling the patient how concerned they are for the patient’s well-being. 
In all three studies, fewer than 25% of patients reported negative changes to family 
relationships. Between 5 and 10% of non-spousal family members of GPA patients changed 
their employment status in order to care for the patient, whereas 18% of family members of 
TA patients altered their work situation. Relationships are probably most at risk when a 
family member, like a child or parent, takes on a caregiving role, as those family members 
are under additional physical, mental, and financial strain.  

3.3 Impact on friendships 
Of the three relationships discussed in this chapter, friendships are the most likely to be 
negatively impacted by vasculitis. Although two studies in Table 2 document that 
approximately 20% of patients reported that vasculitis had worsened their friendships, a 
recent qualitative study has found that more than half of vasculitis patients experienced 
degradation in the quantity and quality of their friendships (Carpenter et al., under review). 
To be specific, 1 in 5 patients reported losing a friend as a result of their vasculitis diagnosis. 
Moreover, quality of friendships was compromised due to reduced social participation, with 
25% of patients engaging in fewer social activities after their diagnosis. Reduced social 
participation was often attributed to friends’ lack of understanding about vasculitis, 
vasculitis-related fatigue, lifestyle changes related to medication contraindications and 
infection precautions, as well as patient withdrawal. 
Although previous research has found that between 7% and 14% of patients report that 
vasculitis led to improved friendships, more than 45% of patients reported positive 
friendship changes in the study by Carpenter and colleagues. Positive changes included 
becoming closer with friends and receiving social support. Supportive friends were 
described as those who showed some interest in vasculitis and its effects, understood and 
accepted that patients would not be able to engage in social activities at the same level as 
previous to illness onset, and were emotionally and instrumentally supportive. Many times, 
patients developed new friendships with other chronic disease patients. These relationships 
helped patients realize they were not alone and often became an avenue for sharing 
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personal accounts of the disease as well as helpful disease-specific information that patients 
were unable to get elsewhere. 

4. Limitations of existing research 
Table 1 highlights several methodological limitations in the HRQOL literature that are 
worthy of greater discussion. First, all but one of the HRQOL studies was cross-sectional in 
nature. Without longitudinal data, we cannot determine how HRQOL changes over time, 
which may be particularly important for a relapsing, remitting disease like vasculitis. 
Furthermore, cross-sectional studies limit our ability to identify moderators or mediators of 
the effect of vasculitis on HRQOL. Disease status, or whether a patient is in relapse or 
remission, is likely one such moderator. Preliminary evidence demonstrates that: 1) 
remission status was the only significant predictor of better mental quality of life for 
Takayasu’s arteritis patients (Abularrage et al., 2008) and, 2) relapsing patients reported 
lower quality of life for 7 of 8 SF-36 subscales when compared with patients in remission 
(Carpenter et al., 2011). Other potential moderators include number of comorbidities (Ertam 
et al., 2009), whether the patient is taking immunosuppressive medications (Faurschou et al., 
2010), vasculitis type (Koutantji et al., 2003), and patient age (Faurschou et al., 2010). 
Additionally, patient coping (Koutantji et al., 2000) and social support (Carpenter et al., 
2011) may mediate the relationship between vasculitis and HRQOL. 
A second limitation concerns the measurement of health-related quality of life. For example, 
the majority (79%) of studies used generic measures of HRQOL, including the Short Form 36 
(SF-36; Ware & Kosinski, ), the World Health Organization’s WHOQOL-100 (WHO, 1997), 
and the EQ-5D (EuroQol group, 1990). Only a few studies (26%) used disease-specific 
measures, such as the quality of life questionnaire developed specifically for vasculitis 
patients by Hoffman and colleagues (Hoffman et al., 1998). The rationale for these choices is 
not always clear. Measurement is the link between the concepts and variables researchers 
want to examine and the numbers they collect and analyze. Unless the correspondence 
between the measures and the concepts is high, the numbers may be subject to 
misinterpretation. Under some circumstances, for example, illness-specific concepts and 
variables may be of interest. For example, the uncertainty patients with relapsing/remitting 
illnesses face may expose them to forms of stress that may not be a part of other chronic 
illnesses with a less variable trajectory. When that is the case, using a less specific 
assessment tool may not fully capture the concept of interest to the researcher. On the other 
hand, when investigators wish to examine the same variables across different conditions, 
using illness-specific measures may impede their ability to do so. Another important 
measurement distinction that is often overlooked differentiates measures comprising 
indicators sharing a common cause from those sharing a common effect. As an example, 
most depression scales fit a common-cause model, with the response to each item being 
determined by the same subjective state experienced by the respondent. In contrast, 
comorbidity checklists typically aggregate variables that have a common effect (i.e., each 
contributes a quantum of poor health to a total) but that do not necessarily share a common 
cause (i.e., the various comorbid conditions may not share a common etiology). Certain 
measurement procedures are more readily applicable to the common-cause than to the 
common-effect situation and some psychometric procedures, such as the computation of 
internal-consistency reliability, are inappropriate for measures based on common effects 
(e.g., DeVellis, 2012). More generally, it is essential that sufficient attention is paid to 
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measurement issues to ensure that the information gathered accurately reflects the precise 
nature of the variables the investigators intend to quantify. 
Third, although there are over 15 types of vasculitis, quality of life has been reported for 
only six different vasculitis types: ANCA-associated (Granulomatosis with polyangiitis, 
Churg-Strauss Syndrome, Microscopic polyangiitis), Takayasu’s arteritis, giant cell arteritis, 
and Bechet’s disease. GPA and Behçet’s disease have received the most attention in the 
literature thus far. Because recruiting patients with a rare illness is often costly and 
logistically difficult, researchers’ ability to describe HRQOL is limited, especially with rarer 
forms of vasculitis. Difficulties with recruitment are why many studies included fewer than 
100 patients. Vasculitis researchers must strike a balance recruiting larger convenience 
samples versus using smaller randomly-selected samples. 
Last, most research to date has focused on physical, functional, and psychological quality of 
life, with fewer studies investigating financial and social domains. To garner an 
understanding of how vasculitis affects patients’ total well-being requires more data about 
non-physical consequences of the disease. Simply documenting the percentage of patients 
experiencing positive, negative, or no changes in these life domains is not enough to make 
concrete recommendations for how to enhance patient care. For example, more information 
about how social relationships have changed is needed to identify how family members can 
help patients manage the physical and emotional burden of vasculitis.  

5. Future research directions 
In attempting to summarize the vasculitis quality of life literature, we have identified 
several areas for future research. First, as noted in the previous section, we believe 
longitudinal studies are needed to help identify important moderators and mediators of the 
effect of vasculitis on patient quality of life. Longitudinal studies could be conducted in a 
cost-effective manner using web-based surveys. Carpenter and colleagues (2011) had a 98% 
retention rate for a 3-month, web-based longitudinal study of vasculitis patients. Although 
Internet-based studies are subject to selection bias, as the number of patients using the 
Internet continues to increase, selection bias will become less of an issue. 
We also endorse mixed methods studies that qualitatively and quantitatively ascertain 
patients’ quality of life. Qualitative studies would help illuminate how patients are 
positively affected by vasculitis and reveal quality of life domains that are untapped by 
existing measures. For example, even though we know that vasculitis and its treatment can 
affect patients’ sex drive and fertility (Seo, 2007), no studies have documented how these 
issues are related to patients’ psychological and social health. Telephone interviews may be 
the most feasible method for collecting in-depth qualitative data on these topics, though 
focus groups conducted at patient support groups or conferences may yield qualitative data 
on less sensitive topics, like positive effects of the disease. 
Finally, greater attention to measurement issues would be beneficial. As mentioned earlier, 
measurement is a vital link between what investigators intend to learn and the actual data 
their studies produce. It is incumbent on investigators to explain why their measures have 
been chosen. Unfortunately, the only justification offered in some studies is that the 
instrument used was a “validated scale.” In fact, neither reliability nor validity are 
properties of a scale per se, but of how a scale is used. Thus, a demonstration of a scale’s 
validity in one instance does not guarantee it in a separate instance, especially if the two 
differ in important ways.  
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6. Conclusion 
Although we have discussed several domains of HRQOL individually, they are inter-
related. Physical health influences mental health, which is also affected by social functioning 
and the patients’ financial situation. Together, these components make up the 
multidimensional construct of HRQOL. Between the years of 2000 and 2010, we have seen a 
marked increase in the number of studies that document quality of life issues for vasculitis 
patients. These studies show that vasculitis impairs patient quality of life in every domain 
but offer little insight into the mechanisms through which the disease affects patients 
psychologically and socially. The challenge for researchers is to build upon this base of 
studies and draw theoretical insights from research with other chronic diseases to identify 
areas where the negative impact of the disease can be reduced. During the coming years, we 
are confident that additional quality of life studies will better describe how vasculitis 
positively and negatively influences the quality of life of patients and their social network 
members. Additionally, we foresee that the field will shift from a focus on describing quality 
of life to developing non-medical interventions to improve quality of life. 
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and Bechet’s disease. GPA and Behçet’s disease have received the most attention in the 
literature thus far. Because recruiting patients with a rare illness is often costly and 
logistically difficult, researchers’ ability to describe HRQOL is limited, especially with rarer 
forms of vasculitis. Difficulties with recruitment are why many studies included fewer than 
100 patients. Vasculitis researchers must strike a balance recruiting larger convenience 
samples versus using smaller randomly-selected samples. 
Last, most research to date has focused on physical, functional, and psychological quality of 
life, with fewer studies investigating financial and social domains. To garner an 
understanding of how vasculitis affects patients’ total well-being requires more data about 
non-physical consequences of the disease. Simply documenting the percentage of patients 
experiencing positive, negative, or no changes in these life domains is not enough to make 
concrete recommendations for how to enhance patient care. For example, more information 
about how social relationships have changed is needed to identify how family members can 
help patients manage the physical and emotional burden of vasculitis.  

5. Future research directions 
In attempting to summarize the vasculitis quality of life literature, we have identified 
several areas for future research. First, as noted in the previous section, we believe 
longitudinal studies are needed to help identify important moderators and mediators of the 
effect of vasculitis on patient quality of life. Longitudinal studies could be conducted in a 
cost-effective manner using web-based surveys. Carpenter and colleagues (2011) had a 98% 
retention rate for a 3-month, web-based longitudinal study of vasculitis patients. Although 
Internet-based studies are subject to selection bias, as the number of patients using the 
Internet continues to increase, selection bias will become less of an issue. 
We also endorse mixed methods studies that qualitatively and quantitatively ascertain 
patients’ quality of life. Qualitative studies would help illuminate how patients are 
positively affected by vasculitis and reveal quality of life domains that are untapped by 
existing measures. For example, even though we know that vasculitis and its treatment can 
affect patients’ sex drive and fertility (Seo, 2007), no studies have documented how these 
issues are related to patients’ psychological and social health. Telephone interviews may be 
the most feasible method for collecting in-depth qualitative data on these topics, though 
focus groups conducted at patient support groups or conferences may yield qualitative data 
on less sensitive topics, like positive effects of the disease. 
Finally, greater attention to measurement issues would be beneficial. As mentioned earlier, 
measurement is a vital link between what investigators intend to learn and the actual data 
their studies produce. It is incumbent on investigators to explain why their measures have 
been chosen. Unfortunately, the only justification offered in some studies is that the 
instrument used was a “validated scale.” In fact, neither reliability nor validity are 
properties of a scale per se, but of how a scale is used. Thus, a demonstration of a scale’s 
validity in one instance does not guarantee it in a separate instance, especially if the two 
differ in important ways.  
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6. Conclusion 
Although we have discussed several domains of HRQOL individually, they are inter-
related. Physical health influences mental health, which is also affected by social functioning 
and the patients’ financial situation. Together, these components make up the 
multidimensional construct of HRQOL. Between the years of 2000 and 2010, we have seen a 
marked increase in the number of studies that document quality of life issues for vasculitis 
patients. These studies show that vasculitis impairs patient quality of life in every domain 
but offer little insight into the mechanisms through which the disease affects patients 
psychologically and socially. The challenge for researchers is to build upon this base of 
studies and draw theoretical insights from research with other chronic diseases to identify 
areas where the negative impact of the disease can be reduced. During the coming years, we 
are confident that additional quality of life studies will better describe how vasculitis 
positively and negatively influences the quality of life of patients and their social network 
members. Additionally, we foresee that the field will shift from a focus on describing quality 
of life to developing non-medical interventions to improve quality of life. 
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1. Introduction 
1.1 Definition 
Kawasaki disease to was described in 1967 by Tomisu Kawasaki (Kawasaki,  1967). it is 
manifested by an acute-course febrile syndrome associated with small-to-medium vessel 
vasculitis, which can lead to severe cardiovascular complications, including myocarditis, 
pericardial effusion, valve injuries, coronary aneurisms, and myocardial infarction, 
eventually involving many organs.  

1.2 Epidemiology 
Kawasaki disease (KD) is not well known worldwide; in Japan, in a recent survey 
(Nakamura, 2008), an increase was found of ( 151.0 to 184.0/100,000) in children aged <5 
years; in other places, especially in Asiatic countries such as Korea (105/100.000), Taiwan 
(69.0/100,000), China (55/100,000), and in Hong Kong (39.0/100,000); in New Zealand, 
8.1/100,000) were registered; in the U.S. (17.1/100.000), Canada (26.2/100,000); in Europe,( 
10/100.000) new cases are reported annually, while in Hispanic countries, 11 new cases are 
registered per year, and in Latin America, no exact figures are available, but it as been 
estimated that there are 3.0/100,000 cases (Yahi Lin, 2010 ;Martinez,2003 Nakamura, 2008).    
In Mexico, the first case of KD was communicated by Rodríguez in 1977 (Rodríguez, 1977); 
from that date until June 2010, registries of case series published in medical journals in 
Mexico added up to 155 patients (Sotelo, 2011). 

1.3 Etiology 
The causal agent has not been identified 44 years after the original description; very diverse 
bacterial viral agents, as well as mites, have been considered, in addition to chemical 
substances, without fully convincing evidence; it has been suggested that the disease is 
related with superantigenic toxins due to their having found selective expansion of the 
cellular families T VB2 and VB8; however, this theory remains controversial. In a 
multicenter prospective study, no significant difference was shown in the prevalence of the 
toxin produced in toxin-producing strains in patients with KD and in control patients who 
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toxin produced in toxin-producing strains in patients with KD and in control patients who 
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manifested fever due to other causes; with respect to this, on the other hand, an alternative 
hypothesis has been supported regarding that the immune response in KD is polyclonal, 
(antigen-driven, i.e., similar to a conventional antigen) rather than polyclonal (as found 
typically in superantigen-driven responses), and that an immunoglobulin A (IgA) plasma 
cell possesses a central role (Burns, 2004; Falcini, 2006; Nagata, 2009; Newburger, 2004). 
In animal models, the properties of superantigenic proteins obtained from intestinal tract 
bacteria in 19 children with KD, have been studied it was observed that these had T-cell VB2 
expansion properties in vitro; these superantigens could be involved in the genesis of this 
disease. During the past decade,  Staphylococcus aureus, the Streptococcus virus for influenza, 
and the morbilivirus of the pramyxovirus family, bunyavirus, were investigated as a 
pathogenic agent for KD  (Burns, 2004; Esper 2005; Falcini, 2006; Nagata, 2009; Rochol, 2004). 
Observations have also acquired importance concerning the participation of adenovirus and 
a new human coronavirus, denominated ”New Haven Coronavirus” (Novel human 
coronavirus Nco-NH), identified in respiratory pathway secretions from a 6-month-old 
nursing  infant with typical KD; in addition, KD was found positive in 8-11-year-old 
children utilizing the reverse polymerase transcriptase technique. Also reported has been 
the mycoplasma infection pneumoniae; in a recent publication, the participation is considered 
of nitric oxide and oxygen reactive species by the neutrophils in acute stages (Bruns, 2004; 
Esper, 2005; Falcini, 2006; Merlin, 2004; Nagata, 2009; Rochol, 2004; Yoshimura, 2009).   
To date, no particular gene has been demonstrated to which the development of KD has 
been attributed; however, the relationship or association has been suggested of a 
polymorphic HLA-E histocompatibility antigen that could participate in the pathogenesis of 
the disease; it also has been considered that an imbalance between the Peroxisome 
proliferator-activated receptor gamma (PPAR-gamma) and low levels of High-molecular-
weight (HMW) adiponectin in the disease can be of clinical importance for future 
development of premature atherosclerosis (Fukunaga, 2010; Lin, 2009). 

2. Pathogenesis 
Explain the disease’s pathogenesis it is complex because of the various interactions among 
increased immunological components, immune system cells, in addition to vascular 
components; currently, it is to difficulty to explain the controversy regarding the imbalance 
the metalloproteins and the tissue inhibitors between KD and other  febrile processes ; 
however, suggested that the complicated pathogenesis of this  illness include this imbalance, 
there have been advances, which we will describe in the following text. (Newburger, 2004, 
Pinna, 2008, Sakata, 2010) 
In the first observations relative to immunological perturbations, we include a marked 
stimulation in the cytokine cascade and in endothelial cell activation, this being the first step 
leading to coronary artery injuries, participating in the activation of CD68 endothelial cells, 
monocytes/macrocytes, and CD8 cytotoxic lymphocytes, and IgA plasma cell appear to be 
involved. The prominence of IgA plasma cells in the respiratory tract, as also occurs in fatal 
virus-associated respiratory infections, has suggested that the respiratory tract can be the 
entrance pathway for causal agents. In the genesis of arterial wall injury, the following 
intervene: Vascular endothelial growth factor (VEGF); Monocyte activator chemotactic 
factor (MACF) or Monocyte chemotactic protein-1 (MCP-1); Tumor necrosis factor-alpha 
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(TNF-α), and diverse interleukins that lead to the development of vasculitis (Neubauer 2004; 
Pinna, 2008,) 
More recently, one study (sakata,2010), showed tahta the circulating  matrix metalloproteins 
MMPs-9 levels are markedly increased in KD, while  MMP-1 and tissue inhibitor 
metalloproteins (TIMPs), showed no significant changes as compared with control groups, 
previous reports demonstrate that MMP 1-2 and TIMP -2 were significantly higher in acute 
stage KD, than controls, those reports showed that the levels of MMPs/TIMPs  were 
increased in other febrile patients, nevertheless there was no significant difference in the 
ratio of MMP/TIMP between febrile and  no febrile patients. This  features could play an 
important role in the vascular remodeling in this disease The expression of   MMP-9 was 
detected in entire myocardium of a patient with acute KD, and staining revealed the 
presence of MMP-9 in Endothelial cells (EC), suggesting that the majority of individual 
monocytes, neutrophils, or myocardial cells express MMP-9. In the Sakata et al, the authors 
showed that MMP-9 mRNA expression in Human cells (HUEVECs) treated with plasma 
MMP-1, -2, and TIMP-2 levels were normal for KD. Plasma MMP-9 increased during the 
disease’s acute phase; MMP-9 stained diffusely in coronary arterial lesions and MMP-9 
mRNA levels were higher in HUEVECs treated with plasma in acute and convalescent 
disease phases. Interleukin (IL)-1B, IL-6, and TNF-alpha stimulated MMP-9 expression. The 
authors conclude that ECs are a source of MMP-9 in vascular lesions, and that KD is 
regulated by cytokines IL-1B, IL-6, TNF-alpha, and interferon gamma.  
In a recent study conducted to clarify the role of peripheral CD8T cells in KD, researchers 
investigated these cells’ activation, proliferation, and effector function, compared with 
healthy/febrile controls. Patients with KD showed a striking increase in early activator 
markers CD69 CD8T cells and in maturation subsets, but HLA-DR CD8T cells, which 
represent late activation, did not increase. The cell division reflected by Ki67, CD8T 
increased in KD and in febrile controls; however, the effector cells were lower in acute than 
in convalescent KD. The CD8T cells denoting cytolytic activity were lower in KD (Ehara, 
2010; Sakata, 2010). 

3. Arterial injury 
In the evolution of the arterial injury, there is a series of changes that can involve not only 
the coronary arteries, but also other arteries, such as those of the muscles, the mesentery 
arteries, the femoral arteries, the iliac, the renal, the axillary, and the brachial arteries; in the 
different stages of the disease, in the median layer, edema, muscle cell disassociation, and 
subendothelial edema are observed, and later, mononuclear infiltration, internal elastic 
lamina destruction, fibroblastic proliferation, metalloprotein matrix-related remodeling, 
active inflammation, fibrous scar, and arterial remodeling or revascularization; the 
progressive stenosis results from the remodeling and the neoangiogenesis ; the intimal is 
markedly thickened and consists of linearly arranged micro vessels, an layer that is rich in 
smooth muscle cells, an fibrous layers many factors are expressed in aneuriysms. (Lau, 2008; 
Sakata, Newburger,2004; 2010; Tai-Lin, 2008) 

4. Myocarditis 
From 1978, it was communicated that myocarditis can present during the acute phase of KD 
and that it can be transitory; 20 years later, it was affirmed that up to 50% of patients with 
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manifested fever due to other causes; with respect to this, on the other hand, an alternative 
hypothesis has been supported regarding that the immune response in KD is polyclonal, 
(antigen-driven, i.e., similar to a conventional antigen) rather than polyclonal (as found 
typically in superantigen-driven responses), and that an immunoglobulin A (IgA) plasma 
cell possesses a central role (Burns, 2004; Falcini, 2006; Nagata, 2009; Newburger, 2004). 
In animal models, the properties of superantigenic proteins obtained from intestinal tract 
bacteria in 19 children with KD, have been studied it was observed that these had T-cell VB2 
expansion properties in vitro; these superantigens could be involved in the genesis of this 
disease. During the past decade,  Staphylococcus aureus, the Streptococcus virus for influenza, 
and the morbilivirus of the pramyxovirus family, bunyavirus, were investigated as a 
pathogenic agent for KD  (Burns, 2004; Esper 2005; Falcini, 2006; Nagata, 2009; Rochol, 2004). 
Observations have also acquired importance concerning the participation of adenovirus and 
a new human coronavirus, denominated ”New Haven Coronavirus” (Novel human 
coronavirus Nco-NH), identified in respiratory pathway secretions from a 6-month-old 
nursing  infant with typical KD; in addition, KD was found positive in 8-11-year-old 
children utilizing the reverse polymerase transcriptase technique. Also reported has been 
the mycoplasma infection pneumoniae; in a recent publication, the participation is considered 
of nitric oxide and oxygen reactive species by the neutrophils in acute stages (Bruns, 2004; 
Esper, 2005; Falcini, 2006; Merlin, 2004; Nagata, 2009; Rochol, 2004; Yoshimura, 2009).   
To date, no particular gene has been demonstrated to which the development of KD has 
been attributed; however, the relationship or association has been suggested of a 
polymorphic HLA-E histocompatibility antigen that could participate in the pathogenesis of 
the disease; it also has been considered that an imbalance between the Peroxisome 
proliferator-activated receptor gamma (PPAR-gamma) and low levels of High-molecular-
weight (HMW) adiponectin in the disease can be of clinical importance for future 
development of premature atherosclerosis (Fukunaga, 2010; Lin, 2009). 

2. Pathogenesis 
Explain the disease’s pathogenesis it is complex because of the various interactions among 
increased immunological components, immune system cells, in addition to vascular 
components; currently, it is to difficulty to explain the controversy regarding the imbalance 
the metalloproteins and the tissue inhibitors between KD and other  febrile processes ; 
however, suggested that the complicated pathogenesis of this  illness include this imbalance, 
there have been advances, which we will describe in the following text. (Newburger, 2004, 
Pinna, 2008, Sakata, 2010) 
In the first observations relative to immunological perturbations, we include a marked 
stimulation in the cytokine cascade and in endothelial cell activation, this being the first step 
leading to coronary artery injuries, participating in the activation of CD68 endothelial cells, 
monocytes/macrocytes, and CD8 cytotoxic lymphocytes, and IgA plasma cell appear to be 
involved. The prominence of IgA plasma cells in the respiratory tract, as also occurs in fatal 
virus-associated respiratory infections, has suggested that the respiratory tract can be the 
entrance pathway for causal agents. In the genesis of arterial wall injury, the following 
intervene: Vascular endothelial growth factor (VEGF); Monocyte activator chemotactic 
factor (MACF) or Monocyte chemotactic protein-1 (MCP-1); Tumor necrosis factor-alpha 
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(TNF-α), and diverse interleukins that lead to the development of vasculitis (Neubauer 2004; 
Pinna, 2008,) 
More recently, one study (sakata,2010), showed tahta the circulating  matrix metalloproteins 
MMPs-9 levels are markedly increased in KD, while  MMP-1 and tissue inhibitor 
metalloproteins (TIMPs), showed no significant changes as compared with control groups, 
previous reports demonstrate that MMP 1-2 and TIMP -2 were significantly higher in acute 
stage KD, than controls, those reports showed that the levels of MMPs/TIMPs  were 
increased in other febrile patients, nevertheless there was no significant difference in the 
ratio of MMP/TIMP between febrile and  no febrile patients. This  features could play an 
important role in the vascular remodeling in this disease The expression of   MMP-9 was 
detected in entire myocardium of a patient with acute KD, and staining revealed the 
presence of MMP-9 in Endothelial cells (EC), suggesting that the majority of individual 
monocytes, neutrophils, or myocardial cells express MMP-9. In the Sakata et al, the authors 
showed that MMP-9 mRNA expression in Human cells (HUEVECs) treated with plasma 
MMP-1, -2, and TIMP-2 levels were normal for KD. Plasma MMP-9 increased during the 
disease’s acute phase; MMP-9 stained diffusely in coronary arterial lesions and MMP-9 
mRNA levels were higher in HUEVECs treated with plasma in acute and convalescent 
disease phases. Interleukin (IL)-1B, IL-6, and TNF-alpha stimulated MMP-9 expression. The 
authors conclude that ECs are a source of MMP-9 in vascular lesions, and that KD is 
regulated by cytokines IL-1B, IL-6, TNF-alpha, and interferon gamma.  
In a recent study conducted to clarify the role of peripheral CD8T cells in KD, researchers 
investigated these cells’ activation, proliferation, and effector function, compared with 
healthy/febrile controls. Patients with KD showed a striking increase in early activator 
markers CD69 CD8T cells and in maturation subsets, but HLA-DR CD8T cells, which 
represent late activation, did not increase. The cell division reflected by Ki67, CD8T 
increased in KD and in febrile controls; however, the effector cells were lower in acute than 
in convalescent KD. The CD8T cells denoting cytolytic activity were lower in KD (Ehara, 
2010; Sakata, 2010). 

3. Arterial injury 
In the evolution of the arterial injury, there is a series of changes that can involve not only 
the coronary arteries, but also other arteries, such as those of the muscles, the mesentery 
arteries, the femoral arteries, the iliac, the renal, the axillary, and the brachial arteries; in the 
different stages of the disease, in the median layer, edema, muscle cell disassociation, and 
subendothelial edema are observed, and later, mononuclear infiltration, internal elastic 
lamina destruction, fibroblastic proliferation, metalloprotein matrix-related remodeling, 
active inflammation, fibrous scar, and arterial remodeling or revascularization; the 
progressive stenosis results from the remodeling and the neoangiogenesis ; the intimal is 
markedly thickened and consists of linearly arranged micro vessels, an layer that is rich in 
smooth muscle cells, an fibrous layers many factors are expressed in aneuriysms. (Lau, 2008; 
Sakata, Newburger,2004; 2010; Tai-Lin, 2008) 

4. Myocarditis 
From 1978, it was communicated that myocarditis can present during the acute phase of KD 
and that it can be transitory; 20 years later, it was affirmed that up to 50% of patients with 
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KD can present myocarditis (Fujiwara, 1978; Rowley, 1998). The mechanism of injury is not 
yet clear, whether it is considered as secondary to the action of several cytokines, TNF, 
Interferon, or Interleukins 1 and 6, which can contribute to myocyte contractility 
dysfunction 
On the other hand, there is evidence of myocarditis identified by serialized biopsies of 
myocardia in patients without coronary aneurysms (Takahashi, 1989; Yutani, 1981; 
Yonesaka, 1992). Findings from the histological viewpoint have been diverse, and among 
these are found the following: hypertrophy; myocyte degeneration; fibrosis; infiltration of 
lymphocytes and plasma cells, and disarray of myocardial fibers and, in adults after KD, we 
find the description of kariomyocyte dropout and diffuse fibrosis not in the watershed 
distribution of the epicardial coronary arteries; it has been supposed that the fibrosis is due 
to ischemic damage because of microinfarcts or kariomyocyte inflammatory damage. 
Mycocarditis in KD is characterized by inflammatory cell infiltration from the coronary 
arteries to the myocardiac instersticium, and necrosis of the myocardium is infrequently 
observed (Yoshikawa, 2006); on the other hand, diffuse myocarditis followed by myocardial 
fibrosis can lead to diastolic dysfunction, and in the acute phase of KD, measurement of 
ventricular flow has revealed an abnormal relaxation and has been associated with 
increased levels of type B naturiuretic peptide. 
By other hand Myocarditis  is recognized as a component on the half of KD patients, 
thought the left ventricular dysfunction ;  Ajami,  et al, evaluated  myocardial function in 
patient during acute phase of illnees using the myocardial performance index also known as 
a Tei  index, and they assessed the Tei index, the ejection fraction, shortening fraction and 
valvular regurgitation, pericardial effusion or coronary arterial involvement, they compared 
the changes in acute phase compared with pos-treatment data, confirming left ventricular 
dysfunction these index measures combined systolic and diastolic function is a simple 
sensitive and accurate tool for estimating myocardial function (Ajami 2010;Kurotobi, 2005). 
The pathogenesis of these myocardiac injuries and their consequences in the long term with 
respect to the heart are little understood to date and should not be underestimated; thus, it 
is necessary to establish methodological follow-up patterns in these patients. The possibility 
has also been set forth of reclassifying the clinical signs and other findings regarding left 
ventricle dysfunction in KD (Gordon, 2009; Dahdah, 2009). 

5. Valvulitis 
During the acute phase of KD, approximately 2% of children develop valvulitis followed by 
scarring of the valves leaflets, most commonly in the mitral valve, leading to valvular 
incompetence and the need for valve replacement in a subset of patients (Gordon, 2009; 
Pinna,2008; Sotelo, 2011).  

6. Myocardial infarct  
This is the main cause of death and occurs in 1.4 to 2.8% of patients; this can be caused by 
thrombosis or rupture of aneurisms, which lead to acute infarct; histopathologically, 
changes are observed in the cytoplasm, loss of transversal striae and of the nuclear 
membrane, neutrophil, lymphocyte, and macrophage infiltrate in the dead cell zone, with a 
formation of collagen that will confer later scarring (Schoen and Mitchell, 2008; Newbauer, 
2004; Shimizu, 2009 ) 
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7. Other manifestations 
In the heart, the development of progressive dilation of the aortic root with aortic valvular 
regurgitation has been observed.  Pericardial effusion with ventricular dysfunction has also 
been observed (MacMorrow, 2001). 

8. Ages at presentation 
KD is more frequent in children <5 years of age in 76% of the cases, observing a maximum 
peak at between 2 and 5 years;  in infants <1 year of age, special characteristics are present, 
with a higher number of atypical cases and also more complications. In adolescents, it 
presents with a lesser frequency; recently, a series of cases has been described in adult 
patients that, until now, has been limited to one hundred cases, in the majority of which the 
disease appears, to a greater degree, follow an atypical course, such as has been described in 
children, the existence of Incomplete KD in adults, suggest that the study algorithm 
proposed by multidisciplinary committee on experts to diagnose  of this disease in  children 
could be useful in adults . On the other hand, in patients with HIV, it is more feasible to find 
patients affected with KD in adults (Gommar-Menesson, 2010; Seve, 2011). 
The children at greatest risk of complications and of having a deficient treatment response 
are those aged <1 year. With respect to gender, masculine predominates at a ratio of 1.7:1 
(Cimaz, 2009; Newburger, 2004). 

8.1 Season of the year 
KD can present in isolated fashion, but in areas of greatest prevalence, epidemic outbreaks 
are registered, and it is the months of spring and fall that have the greatest number of cases, 
coinciding with the times of greatest incidence of viral diseases (Lin, 2010; Newburger, 
2004). 

9. Clinical manifestations 
Currently, the most important elements for diagnosis are based on the clinical findings; 
included among these are fever >4 day, at the age < 5 years, associated with skin rash, 
oropharyngeal and lip erythema conjunctival injection, edema of the hands and feet, 
erythema of palms and soles, and, in the convalescent phase, these signs comprise the 
principal criteria for being able to make a diagnosis of KD of day 4 of the illness 
(Newburger, 2004). Periungual desquamation is a sign that presents at between 10 and 21 
days of disease evolution, although additional clinical signs can also be observed, such as 
hepatomegaly, ictericia, abdominal pain, vesicular colic pain (gall bladder), vomiting, 
diarrhea, dysuria, the arthralgias, and interphalangeal articular pain; other less frequent 
clinical data have been described, but it is urgent to have among these the deep, transverse 
grooves across the nail (Beau’s lines). These changes appear 1 or 2 months after disease 
initiation; striated leukonychia, which consists generally of two smooth bands that are 
parallel to the lunula of the nails, apparently are associated with Periungual edema and can 
be observed ca. day 9 of disease evolution (Berard, 2008; Imaz, 2009; Yeo, 2009). 
Another sign observed in children <1 years of age is reddening of the Bacillus Calmette-
Guérlin (BCG) scar, which is considered to be related with a cross-reaction (Shina, 2005) of 
the thermal shock protein HPS 65 and its human homologue, HPS; on the other hand, the 
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KD can present myocarditis (Fujiwara, 1978; Rowley, 1998). The mechanism of injury is not 
yet clear, whether it is considered as secondary to the action of several cytokines, TNF, 
Interferon, or Interleukins 1 and 6, which can contribute to myocyte contractility 
dysfunction 
On the other hand, there is evidence of myocarditis identified by serialized biopsies of 
myocardia in patients without coronary aneurysms (Takahashi, 1989; Yutani, 1981; 
Yonesaka, 1992). Findings from the histological viewpoint have been diverse, and among 
these are found the following: hypertrophy; myocyte degeneration; fibrosis; infiltration of 
lymphocytes and plasma cells, and disarray of myocardial fibers and, in adults after KD, we 
find the description of kariomyocyte dropout and diffuse fibrosis not in the watershed 
distribution of the epicardial coronary arteries; it has been supposed that the fibrosis is due 
to ischemic damage because of microinfarcts or kariomyocyte inflammatory damage. 
Mycocarditis in KD is characterized by inflammatory cell infiltration from the coronary 
arteries to the myocardiac instersticium, and necrosis of the myocardium is infrequently 
observed (Yoshikawa, 2006); on the other hand, diffuse myocarditis followed by myocardial 
fibrosis can lead to diastolic dysfunction, and in the acute phase of KD, measurement of 
ventricular flow has revealed an abnormal relaxation and has been associated with 
increased levels of type B naturiuretic peptide. 
By other hand Myocarditis  is recognized as a component on the half of KD patients, 
thought the left ventricular dysfunction ;  Ajami,  et al, evaluated  myocardial function in 
patient during acute phase of illnees using the myocardial performance index also known as 
a Tei  index, and they assessed the Tei index, the ejection fraction, shortening fraction and 
valvular regurgitation, pericardial effusion or coronary arterial involvement, they compared 
the changes in acute phase compared with pos-treatment data, confirming left ventricular 
dysfunction these index measures combined systolic and diastolic function is a simple 
sensitive and accurate tool for estimating myocardial function (Ajami 2010;Kurotobi, 2005). 
The pathogenesis of these myocardiac injuries and their consequences in the long term with 
respect to the heart are little understood to date and should not be underestimated; thus, it 
is necessary to establish methodological follow-up patterns in these patients. The possibility 
has also been set forth of reclassifying the clinical signs and other findings regarding left 
ventricle dysfunction in KD (Gordon, 2009; Dahdah, 2009). 

5. Valvulitis 
During the acute phase of KD, approximately 2% of children develop valvulitis followed by 
scarring of the valves leaflets, most commonly in the mitral valve, leading to valvular 
incompetence and the need for valve replacement in a subset of patients (Gordon, 2009; 
Pinna,2008; Sotelo, 2011).  

6. Myocardial infarct  
This is the main cause of death and occurs in 1.4 to 2.8% of patients; this can be caused by 
thrombosis or rupture of aneurisms, which lead to acute infarct; histopathologically, 
changes are observed in the cytoplasm, loss of transversal striae and of the nuclear 
membrane, neutrophil, lymphocyte, and macrophage infiltrate in the dead cell zone, with a 
formation of collagen that will confer later scarring (Schoen and Mitchell, 2008; Newbauer, 
2004; Shimizu, 2009 ) 
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7. Other manifestations 
In the heart, the development of progressive dilation of the aortic root with aortic valvular 
regurgitation has been observed.  Pericardial effusion with ventricular dysfunction has also 
been observed (MacMorrow, 2001). 

8. Ages at presentation 
KD is more frequent in children <5 years of age in 76% of the cases, observing a maximum 
peak at between 2 and 5 years;  in infants <1 year of age, special characteristics are present, 
with a higher number of atypical cases and also more complications. In adolescents, it 
presents with a lesser frequency; recently, a series of cases has been described in adult 
patients that, until now, has been limited to one hundred cases, in the majority of which the 
disease appears, to a greater degree, follow an atypical course, such as has been described in 
children, the existence of Incomplete KD in adults, suggest that the study algorithm 
proposed by multidisciplinary committee on experts to diagnose  of this disease in  children 
could be useful in adults . On the other hand, in patients with HIV, it is more feasible to find 
patients affected with KD in adults (Gommar-Menesson, 2010; Seve, 2011). 
The children at greatest risk of complications and of having a deficient treatment response 
are those aged <1 year. With respect to gender, masculine predominates at a ratio of 1.7:1 
(Cimaz, 2009; Newburger, 2004). 

8.1 Season of the year 
KD can present in isolated fashion, but in areas of greatest prevalence, epidemic outbreaks 
are registered, and it is the months of spring and fall that have the greatest number of cases, 
coinciding with the times of greatest incidence of viral diseases (Lin, 2010; Newburger, 
2004). 

9. Clinical manifestations 
Currently, the most important elements for diagnosis are based on the clinical findings; 
included among these are fever >4 day, at the age < 5 years, associated with skin rash, 
oropharyngeal and lip erythema conjunctival injection, edema of the hands and feet, 
erythema of palms and soles, and, in the convalescent phase, these signs comprise the 
principal criteria for being able to make a diagnosis of KD of day 4 of the illness 
(Newburger, 2004). Periungual desquamation is a sign that presents at between 10 and 21 
days of disease evolution, although additional clinical signs can also be observed, such as 
hepatomegaly, ictericia, abdominal pain, vesicular colic pain (gall bladder), vomiting, 
diarrhea, dysuria, the arthralgias, and interphalangeal articular pain; other less frequent 
clinical data have been described, but it is urgent to have among these the deep, transverse 
grooves across the nail (Beau’s lines). These changes appear 1 or 2 months after disease 
initiation; striated leukonychia, which consists generally of two smooth bands that are 
parallel to the lunula of the nails, apparently are associated with Periungual edema and can 
be observed ca. day 9 of disease evolution (Berard, 2008; Imaz, 2009; Yeo, 2009). 
Another sign observed in children <1 years of age is reddening of the Bacillus Calmette-
Guérlin (BCG) scar, which is considered to be related with a cross-reaction (Shina, 2005) of 
the thermal shock protein HPS 65 and its human homologue, HPS; on the other hand, the 
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hydrotropic biliary vesicle, colonic edema, and pulmonary nodules are rare manifestations, 
but should be considered when there is abdominal pain in acute- state and persistent 
respiratory manifestations (Freeman, 2003; Kim, 2008; Newbauer, 2004; Rigante, 2010)  
(Table 1).  
In cases of suspicion of KD that are catalogued as atypical, we should bear in mind the 
following data that are useful in the diagnosis: fever for >9 days; skin exanthema for some 
time, and the three basic disease signs, including leukocytosis with neutrophilia, elevation 
of transaminases, and albumin <3.5 g/dl, and thrombocytosis. There is also a scoring 
system, designed by Harada, for predicting coronary aneurisms, comprising the following 
parameters: masculine gender; age <1 year; leukocytes >12,000 × mm3; reactive C protein >3 
mg/dl; hematocrit >35; platelets >350, 000  mm3,  and albumin >3.5 g; a patient is 
considered to be at risk if he/she scores 4 or more points between day 1 and day 9.  
There are serious difficulties involved in establishing the diagnosis in breast-feeding infants 
and in children aged <1 year, because the patients do not express the characteristic pain; it 
is, therefore, important to possess laboratory support in determining creatine kinase with 
the MB fraction, in addition to the Electrocardiogram (EKG) to observe test segment, Vf, Q, 
and T waves, echocardiogram, and myocardial perfusion and magnetic resonance 
gammagrams (Bao-thing, 2010; Javadzagean, 2009; Newburger, 2004; Shulman, 2003). 
 

Basic signs 
Persistent fever for >5 days  
The presence of four or more signs of the disease  
Conjunctival bulbar injection without exudates  
Changes in lips and oral cavity  
Erythema, cracking of lips, strawberry tongue, diffuse oral injection, and pharyngeal 
mucosa 
Erythema of palms, soles, edema of hands, feet, leukonychia striata in nails at day 9 
Polymorphous exanthema 
Cervical lymphoadenopathy (>1.5 cm in diameter), unilateral or bilateral 
Periungual peeling of fingers, toes, in weeks 2 and 3, transversal grooves in fingernails 
(Beau’s lines) in week 4. 
_______________________________________________________________________ 
Other Clinical Features 
Cardiovascular System: Precordial murmur, congestive heart failure, myocarditis, 
pericarditis, pericardial effusion, valvular regurgitation, coronary artery abnormalities. 
Aneurysms of medium-size non coronary arteries. 
Skin: Raynaud’s phenomenon, peripheral gangrene, desquamating rash in groin, 
erythema, induration at Bacillus Calmette-Guérin (BCG) inoculation site. 
Musculoskeletal System: Arthralgias, arthritis. 
Gastrointestinal Tract: Diarrhea, vomiting, abdominal pain, hepatic dysfunction, hydops 
of gallbladder, colonic edema. 
Central Nervous System: Irritability, sensorineural hearing loss, aseptic meningitis. 
Genitourinary system: Meatitis, uretritis. 
________________________________________________________________________ 
(Berard, 2008; Kim, 2008; Newburger, 2004; Shina, 2005; Sotelo, 2011). 

Table 1. Basic signs and other findings that can present in Kawasaki disease. 
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10. Laboratory tests and others 
There are no specific laboratory studies, although leukocytosis, an increase in globular 
sedimentation speed, and a discrete elevation of bilirubins in 10% of patients tend to be 
observed during the first 2weeks, as well as a moderate increase of transaminases in 40% of 
cases; in the general urine test, elevated leukocytes can be observed in 4 to 6 of every 10 
patients, and thrombosis with a 3- to 6-week duration. In addition, with positive C-reactive 
protein in concentrations >6 mg/l, other studies have been recommended that suggest 
vasculitis, such as the following: Antinuclear antibodies (ANA); Anti-neutrophil 
cytoplasmic antibodies (ANCA), and endothelial anti-cellular antibodies, which have not 
demonstrated full usefulness and that can lead to confusion; in determination of Creatinine 
phospho kinase (CPK), MB fractions are useful for patients with very severe clinical pictures 
and with risk points that suggest greater susceptibility for presenting myocardial infarct. 
Methods have also been developed, such as determination of tryptophase and kynurenine 
in plasma by the liquid chromatography method, finding higher levels in patients with KD; 
this is a method that, once validated, could have an application as a useful laboratory 
diagnostic index; also, in patients with atypical clinical situations, it has been suggested that 
determination of natiuretic peptides is a good marker of evolution to myocardial infarct, 
and it has been recommended that this could be added to the diagnostic tests (Card, 2009;  
Dahdah, 2009; Kurotobi, 2005; Javadzagean, 2009; Newburger, 2004; Shulman, 2003; Zhan, 
2009). 
It has been found recently that early neutropenia indicates that circulating neutrophils on 
day 10 of illness evolution can play an important role in following the sequence of the 
formation of coronary artery injuries (Onouchi, 2009). 
More recently, the measurement has been proposed of CD69 CD8T in peripheral blood as a 
marker to determine disease progression, treatment response, and convalescence in KD 
(Ehara, 2010). 
On the other hand, studies have been conducted in order to identify whether there are 
genetic markers related with risks of complications in children with KD, and 
polymorphisms found in the HLA-E gene have been associated with the possibility of the 
development of coronary aneurysms; on the other hand, alterations in the extracellular 
matrix associated with Pro-collagen type III (PIIINP) and metalloproteins identified with 
biomarkers in 35 adolescents and young adults who had KD have shown an association 
between high levels of PIIINP and the severity of the coronary injuries; nonetheless, more 
confirmatory studies are required in this respect (Lin MT, 2008; Lin YJ, 2009). Unfortunately, 
many of these procedures are not within the reach of the poorest countries (Sotelo, 2007, 
2011). 

10.1 Thoracic x-rays 
These can show pneumonic infiltrate in 15% of cases, especially in patients who present 
cough and respiratory difficulty, although there are radiologic changes that can be caused 
by pneumonitis, hemorrhages, and vasculitis-related pulmonary nodules (Freeman, 2003). 

10.2 Electrocardiogram (EKG)  
EKG can be normal in the first disease phases, or can show changes such as tachycardia, PR-
QT prolongation, and abnormal Q waves (data of the infarct). 
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hydrotropic biliary vesicle, colonic edema, and pulmonary nodules are rare manifestations, 
but should be considered when there is abdominal pain in acute- state and persistent 
respiratory manifestations (Freeman, 2003; Kim, 2008; Newbauer, 2004; Rigante, 2010)  
(Table 1).  
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time, and the three basic disease signs, including leukocytosis with neutrophilia, elevation 
of transaminases, and albumin <3.5 g/dl, and thrombocytosis. There is also a scoring 
system, designed by Harada, for predicting coronary aneurisms, comprising the following 
parameters: masculine gender; age <1 year; leukocytes >12,000 × mm3; reactive C protein >3 
mg/dl; hematocrit >35; platelets >350, 000  mm3,  and albumin >3.5 g; a patient is 
considered to be at risk if he/she scores 4 or more points between day 1 and day 9.  
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Basic signs 
Persistent fever for >5 days  
The presence of four or more signs of the disease  
Conjunctival bulbar injection without exudates  
Changes in lips and oral cavity  
Erythema, cracking of lips, strawberry tongue, diffuse oral injection, and pharyngeal 
mucosa 
Erythema of palms, soles, edema of hands, feet, leukonychia striata in nails at day 9 
Polymorphous exanthema 
Cervical lymphoadenopathy (>1.5 cm in diameter), unilateral or bilateral 
Periungual peeling of fingers, toes, in weeks 2 and 3, transversal grooves in fingernails 
(Beau’s lines) in week 4. 
_______________________________________________________________________ 
Other Clinical Features 
Cardiovascular System: Precordial murmur, congestive heart failure, myocarditis, 
pericarditis, pericardial effusion, valvular regurgitation, coronary artery abnormalities. 
Aneurysms of medium-size non coronary arteries. 
Skin: Raynaud’s phenomenon, peripheral gangrene, desquamating rash in groin, 
erythema, induration at Bacillus Calmette-Guérin (BCG) inoculation site. 
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Gastrointestinal Tract: Diarrhea, vomiting, abdominal pain, hepatic dysfunction, hydops 
of gallbladder, colonic edema. 
Central Nervous System: Irritability, sensorineural hearing loss, aseptic meningitis. 
Genitourinary system: Meatitis, uretritis. 
________________________________________________________________________ 
(Berard, 2008; Kim, 2008; Newburger, 2004; Shina, 2005; Sotelo, 2011). 

Table 1. Basic signs and other findings that can present in Kawasaki disease. 
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Methods have also been developed, such as determination of tryptophase and kynurenine 
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day 10 of illness evolution can play an important role in following the sequence of the 
formation of coronary artery injuries (Onouchi, 2009). 
More recently, the measurement has been proposed of CD69 CD8T in peripheral blood as a 
marker to determine disease progression, treatment response, and convalescence in KD 
(Ehara, 2010). 
On the other hand, studies have been conducted in order to identify whether there are 
genetic markers related with risks of complications in children with KD, and 
polymorphisms found in the HLA-E gene have been associated with the possibility of the 
development of coronary aneurysms; on the other hand, alterations in the extracellular 
matrix associated with Pro-collagen type III (PIIINP) and metalloproteins identified with 
biomarkers in 35 adolescents and young adults who had KD have shown an association 
between high levels of PIIINP and the severity of the coronary injuries; nonetheless, more 
confirmatory studies are required in this respect (Lin MT, 2008; Lin YJ, 2009). Unfortunately, 
many of these procedures are not within the reach of the poorest countries (Sotelo, 2007, 
2011). 
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These can show pneumonic infiltrate in 15% of cases, especially in patients who present 
cough and respiratory difficulty, although there are radiologic changes that can be caused 
by pneumonitis, hemorrhages, and vasculitis-related pulmonary nodules (Freeman, 2003). 

10.2 Electrocardiogram (EKG)  
EKG can be normal in the first disease phases, or can show changes such as tachycardia, PR-
QT prolongation, and abnormal Q waves (data of the infarct). 
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10.3 Echocardiography 
This is a study conducted in the physician’s office that is perhaps the most important in the 
diagnosis and it is necessary in the acute phase and within the first 15 days, independently of 
adequate treatment, and is especially required in children with an atypical or incomplete 
clinical situation who manifest fever and at least four basic disease signs. This procedure is 
also necessary to demonstrate left ventricular function in patients with myocarditis and 
shortening of the fraction of the left ventricle with (<0.28)-decreased values; however, fraction 
shortening increased significantly after treatment; also is utilized Tei  index for measures 
combined systolic and diastolic function and estimating  myocardial disfunction  as an 
evidence of myocarditis, these has  been demonstrated by means of other methods, for 
example, utilizing Galio citrate and scanner (planar or single-photon-emission [SPE]-CT) and 
Tc labeled with blood cell scans. By these methods and by echocardiography, it has been 
observed that there is improvement in the myocarditis after treatment. This situation probably 
is related with the fact that myocarditis has been considered as a transitory event, without its 
being studied more profoundly (MacMorrow, 2001; Newburger, 2004; Yoshikawa, 2006). 

10.4 Perfusion gammagrams 
To demonstrate coronary injuries,  there are procedures that are also utilized that permit 
greater precision in the identification of these coronary lesions; among these procedures are 
found myocardial perfusion gammagrams and coronariographies; it is also possible to 
request coronary Angiography by magnetic resonance (MRA), which provides images 
equivalent to those of coronary angiography. In addition, there as also been information on 
flow in dilated arteries. Another procedure such as Electron beam computed tomography 
(EBT) is employed to estimate the characteristics of the myocardium and is useful for 
detecting progressive myocardial ischemia. Spiral CT (Multislice Spiral Computed 
Tomography) EBT is a non-invasive resource that is comparable with coronary angiography 
for visualizing arterial stenosis in children with KD; lately, there has been a 
recommendation for the use of Dual CT (DSCT) as a resource of greater usefulness than the 
color Doppler echocardiogram for the detection of coronary abnormalities. Notwithstanding 
this, of recent date technological innovations in echocardiography have also been described 
that allow to evaluate treatment response to GGIV, assessing the cardiac walls. Some of 
these procedures could in the future constitute the diagnostic and follow-up standards in 
KD (Abe, 2010; Bao-Ting, 2010; Endoh, 2004; Magroverni, 2004).    

11. Treatment 
Early identification of this disease and initiating treatment with gammaglobulin and aspirin 
during the course of week 1 has demonstrated that this avoids the development of coronary 
injuries and diverse cardiovascular injuries that, in the acute as well as in later disease 
stages, place the patient’s life at risk (Mueller, 2009; Newbauer, 2004).   
The most utilized treatment is the application of Intravenous gammaglobulin (GGIV) at a 
dose of 2 per kg in a sole dose for a 12- infusion; this is the most accepted treatment and has 
allowed to the reduction of prevalence of aneurysms to <5% and a mortality of 2% to 0.3%, 
although the GGIV scheme is at a dosage of 400 mg × kg × day for 5 days, plus aspirin at 80 
to 100 mg × kg × day. According to response, the GGIV dose can be repeated, or corticoids 
can be added, especially in refractory cases (Cha, 2008; Chung, 2009; Falcini, 2006; Hung, 
2009; Miura, 2008; Newbauer, 2004;  Ogata, 2009; Okada, 2009; Sano, 2010; Tremoulet, 2008). 
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Other therapeutic agents have been recommended, such as cyclophosphamide, 
cyclosporine, and Ulinastatin in a limited number of cases (Newbauer, 2004). 
Infliximab is a product based on monoclonal antibodies against Tumor necrosis factor-alpha 
(TNF-α), and it has been employed successfully in cases of resistance to gammaglobulin. 
(Burns,2008) 
Abciximab is another monoclonal antibody that inhibits the platelet glycoprotein receptor 
IIb/IIIa, favoring the more rapid resolution of the aneurysms; however, these drugs require 
greater clinical experience (Burns, 2008; Williams, 2002; Tremoulet, 2008).  
Concerning recommendation for treatment of KD during the past 3 years, it as been 
mentioned that the greatest effectiveness in cases of relapse or resistance is obtained on 
utilizing pulses of methylprednisolone in addition to GG. 
In cases of recurrence of fever or resistance to GGIV, this combination has even been 
recommended as initial therapy (Cha, 2008; Chung, 2009; Miura, 2008; Ogata, 2009; Okada, 
2009; Sha, 2008).                  
Cardiovascular sequelae of KD in the adult in Japan. A systematical follow-up all the 
patients who were diagnosed with this disease with observation periods of >15 years; The 
Committee of Experts of the American Heart Association has designed a follow-up model 
that includes stratification in five levels (I toV),Table 2 (Newburger,2004), the latter 
including coronary changes, size of the aneurysms, and the obstruction, and they also 
provided pharmacological recommendations and the procedures and diagnostic studies, 
both invasive and non-invasive, that should be performed, in addition to the surgical 
options (Gordon, 2009; Newburger, 2004). Included  an indication that there should be long-
term follow-up for patients who had echocardiogram-indicated coronary ectasias in an 
acute episode and who presented  for development of aneurysms, independently of the 
internal diameters of these, but with special emphasis on patients who presented giant 
aneurysms of >8 mm, and also subjects who additionally had other cardiovascular risk 
factors, such as obesity and hypertriglyceridemia. 
The complications most frequently observed in adults as sequelae of KD are the following: 
angor pectoris; ventricular tachycardia ventricular with left cardiac failure, secondary to 
calcified aneurysms, myocardial infarct, arrhythmias, and sudden death (Gordon JB, 2009). 
 
Risk Level I—Patients with no coronary artery changes on echocardiography at any stage of the 
illness  
No antiplatelet therapy is needed beyond the initial 6 to 8 weeks after the onset of illness.  
No restriction of physical activity is necessary after 6 to 8 weeks.  
Because the degree of future risk for ischemic heart disease in this category of patients is 
still undetermined, periodic assessment and counseling about known cardiovascular risk 
factors every 5 years is suggested.  
Coronary angiography is not recommended.  
Risk Level II—Patients with transient coronary artery ectasia or dilatation (disappearing within 
the initial 6 to 8 weeks after the onset of illness)  
No antiplatelet therapy is needed beyond the initial 6 to 8 weeks after the onset of illness.  
No restriction of physical activity is necessary after 6 to 8 weeks.  
Risk assessment and counseling is recommended at 3- to 5-year intervals.  
Coronary angiography is not recommended.  
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10.3 Echocardiography 
This is a study conducted in the physician’s office that is perhaps the most important in the 
diagnosis and it is necessary in the acute phase and within the first 15 days, independently of 
adequate treatment, and is especially required in children with an atypical or incomplete 
clinical situation who manifest fever and at least four basic disease signs. This procedure is 
also necessary to demonstrate left ventricular function in patients with myocarditis and 
shortening of the fraction of the left ventricle with (<0.28)-decreased values; however, fraction 
shortening increased significantly after treatment; also is utilized Tei  index for measures 
combined systolic and diastolic function and estimating  myocardial disfunction  as an 
evidence of myocarditis, these has  been demonstrated by means of other methods, for 
example, utilizing Galio citrate and scanner (planar or single-photon-emission [SPE]-CT) and 
Tc labeled with blood cell scans. By these methods and by echocardiography, it has been 
observed that there is improvement in the myocarditis after treatment. This situation probably 
is related with the fact that myocarditis has been considered as a transitory event, without its 
being studied more profoundly (MacMorrow, 2001; Newburger, 2004; Yoshikawa, 2006). 

10.4 Perfusion gammagrams 
To demonstrate coronary injuries,  there are procedures that are also utilized that permit 
greater precision in the identification of these coronary lesions; among these procedures are 
found myocardial perfusion gammagrams and coronariographies; it is also possible to 
request coronary Angiography by magnetic resonance (MRA), which provides images 
equivalent to those of coronary angiography. In addition, there as also been information on 
flow in dilated arteries. Another procedure such as Electron beam computed tomography 
(EBT) is employed to estimate the characteristics of the myocardium and is useful for 
detecting progressive myocardial ischemia. Spiral CT (Multislice Spiral Computed 
Tomography) EBT is a non-invasive resource that is comparable with coronary angiography 
for visualizing arterial stenosis in children with KD; lately, there has been a 
recommendation for the use of Dual CT (DSCT) as a resource of greater usefulness than the 
color Doppler echocardiogram for the detection of coronary abnormalities. Notwithstanding 
this, of recent date technological innovations in echocardiography have also been described 
that allow to evaluate treatment response to GGIV, assessing the cardiac walls. Some of 
these procedures could in the future constitute the diagnostic and follow-up standards in 
KD (Abe, 2010; Bao-Ting, 2010; Endoh, 2004; Magroverni, 2004).    

11. Treatment 
Early identification of this disease and initiating treatment with gammaglobulin and aspirin 
during the course of week 1 has demonstrated that this avoids the development of coronary 
injuries and diverse cardiovascular injuries that, in the acute as well as in later disease 
stages, place the patient’s life at risk (Mueller, 2009; Newbauer, 2004).   
The most utilized treatment is the application of Intravenous gammaglobulin (GGIV) at a 
dose of 2 per kg in a sole dose for a 12- infusion; this is the most accepted treatment and has 
allowed to the reduction of prevalence of aneurysms to <5% and a mortality of 2% to 0.3%, 
although the GGIV scheme is at a dosage of 400 mg × kg × day for 5 days, plus aspirin at 80 
to 100 mg × kg × day. According to response, the GGIV dose can be repeated, or corticoids 
can be added, especially in refractory cases (Cha, 2008; Chung, 2009; Falcini, 2006; Hung, 
2009; Miura, 2008; Newbauer, 2004;  Ogata, 2009; Okada, 2009; Sano, 2010; Tremoulet, 2008). 
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Other therapeutic agents have been recommended, such as cyclophosphamide, 
cyclosporine, and Ulinastatin in a limited number of cases (Newbauer, 2004). 
Infliximab is a product based on monoclonal antibodies against Tumor necrosis factor-alpha 
(TNF-α), and it has been employed successfully in cases of resistance to gammaglobulin. 
(Burns,2008) 
Abciximab is another monoclonal antibody that inhibits the platelet glycoprotein receptor 
IIb/IIIa, favoring the more rapid resolution of the aneurysms; however, these drugs require 
greater clinical experience (Burns, 2008; Williams, 2002; Tremoulet, 2008).  
Concerning recommendation for treatment of KD during the past 3 years, it as been 
mentioned that the greatest effectiveness in cases of relapse or resistance is obtained on 
utilizing pulses of methylprednisolone in addition to GG. 
In cases of recurrence of fever or resistance to GGIV, this combination has even been 
recommended as initial therapy (Cha, 2008; Chung, 2009; Miura, 2008; Ogata, 2009; Okada, 
2009; Sha, 2008).                  
Cardiovascular sequelae of KD in the adult in Japan. A systematical follow-up all the 
patients who were diagnosed with this disease with observation periods of >15 years; The 
Committee of Experts of the American Heart Association has designed a follow-up model 
that includes stratification in five levels (I toV),Table 2 (Newburger,2004), the latter 
including coronary changes, size of the aneurysms, and the obstruction, and they also 
provided pharmacological recommendations and the procedures and diagnostic studies, 
both invasive and non-invasive, that should be performed, in addition to the surgical 
options (Gordon, 2009; Newburger, 2004). Included  an indication that there should be long-
term follow-up for patients who had echocardiogram-indicated coronary ectasias in an 
acute episode and who presented  for development of aneurysms, independently of the 
internal diameters of these, but with special emphasis on patients who presented giant 
aneurysms of >8 mm, and also subjects who additionally had other cardiovascular risk 
factors, such as obesity and hypertriglyceridemia. 
The complications most frequently observed in adults as sequelae of KD are the following: 
angor pectoris; ventricular tachycardia ventricular with left cardiac failure, secondary to 
calcified aneurysms, myocardial infarct, arrhythmias, and sudden death (Gordon JB, 2009). 
 
Risk Level I—Patients with no coronary artery changes on echocardiography at any stage of the 
illness  
No antiplatelet therapy is needed beyond the initial 6 to 8 weeks after the onset of illness.  
No restriction of physical activity is necessary after 6 to 8 weeks.  
Because the degree of future risk for ischemic heart disease in this category of patients is 
still undetermined, periodic assessment and counseling about known cardiovascular risk 
factors every 5 years is suggested.  
Coronary angiography is not recommended.  
Risk Level II—Patients with transient coronary artery ectasia or dilatation (disappearing within 
the initial 6 to 8 weeks after the onset of illness)  
No antiplatelet therapy is needed beyond the initial 6 to 8 weeks after the onset of illness.  
No restriction of physical activity is necessary after 6 to 8 weeks.  
Risk assessment and counseling is recommended at 3- to 5-year intervals.  
Coronary angiography is not recommended.  
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Risk Level III—Patients with isolated (solitary) small to medium (>3 mm but <6 mm, orzscore 
between 3 and 7) coronary artery aneurysm in ≥ 1 coronary arteries on echocardiography or 
angiography  
Long-term antiplatelet therapy with aspirin should be administered, at least until the 
aneurysms regress.  
Physical activity without restriction in infants and children in the first decade of life is 
permitted after the initial 6 to 8 weeks. Stress tests with myocardial perfusion evaluation 
may be useful in the second decade to guide recommendations for physical activity. 
Participation in competitive collision or high-impact sports is discouraged in children 
receiving antiplatelet therapy.  
Annual follow-up by a pediatric cardiologist with echocardiogram and ECG is 
recommended. Stress tests with myocardial perfusion imaging is recommended every 2 
years in patients >10 years old.  
Coronary angiography is indicated if myocardial ischemia is demonstrated by stress tests 
with imaging.  
Risk Level IV—Patients with  1 large coronary artery aneurysm ( 6 mm), including giant 
aneurysms, and patients in whom a coronary artery contains multiple (segmented) or 
complex aneurysms without obstruction  
Long-term antiplatelet therapy is recommended. Adjunctive therapy with warfarin with a 
target INR of 2.0:2.5 is recommended for patients with giant aneurysms. Daily 
subcutaneous injections of low-molecular-weight heparin merits consideration as an 
alternative to warfarin for infants and toddlers, in whom blood drawing for INR testing is 
difficult. Low-molecular-weight heparin also may be used as a bridge during the initial 
phase of warfarin therapy or during the reintroduction of warfarin after the interruption of 
therapy for the purpose of elective surgery; therapeutic levels are assessed by measuring 
antifactor Xa levels. Some experts recommend a combination of aspirin and clopidogrel for 
patients with multiple or complex aneurysms.  
Recommendations about physical activity should be guided by annual stress tests with 
myocardial perfusion evaluation. Collision or high-impact sports should be discouraged 
because of the risk of bleeding. Participation in noncontact dynamic or recreational sports is 
encouraged if no evidence exists of stress-induced myocardial ischemia.  
Cardiology evaluation with echocardiogram and ECG should be done at 6-month intervals. 
Stress tests with myocardial perfusion evaluation should be performed annually. The 
patient should be monitored for known risk factors of atherosclerosis and his or her family 
should be counseled accordingly.  
Cardiac catheterization with selective coronary angiography should be performed 6 to 12 
months after recovery from the acute illness, or sooner if clinically indicated, to delineate 
the complex coronary artery anatomy. Follow-up angiography may be indicated if 
noninvasive studies suggest myocardial ischemia. In addition, elective cardiac 
catheterization in the absence of noninvasive evidence of myocardial ischemia may be 
useful to rule out subclinical major coronary artery obstructions in some situations, such as 
when the patient experiences atypical chest pain, the ability to perform dynamic stress 
testing is limited by age, unique activity restrictions or insurability recommendations are 
needed, or the anatomy or size of the aneurysm cannot be clearly defined by 
echocardiography for decisions regarding anticoagulation.  
For females of childbearing age, reproductive counseling is strongly recommended.  
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Risk Level V—Patients with coronary artery obstruction confirmed by angiography
Long-term antiplatelet therapy with or without adjunctive therapy with warfarin 
anticoagulation is recommended (see Risk Level IV)  
ß-Adrenergic–blocking drugs should be considered to reduce myocardial oxygen 
consumption.  
Recommendations about dynamic physical activities should be based on the patient’s 
response to stress testing. Collision or high-impact sports should be discouraged because of 
the risk of bleeding. Patients should avoid a sedentary lifestyle.  
Cardiology evaluation with an echocardiogram and ECG should be obtained at 6-month 
intervals. Stress tests with myocardial perfusion evaluation should be performed annually. 
The patient should be monitored for known risk factors of atherosclerosis and his or her 
family should be counseled accordingly. 
Cardiac catheterization with selective coronary angiography is recommended to address 
the therapeutic options of bypass grafting or catheter intervention and to identify the extent 
of collateral perfusion. Repeat cardiac catheterization may be indicated when new onset or 
worsening myocardial ischemia is suggested by noninvasive diagnostic testing or clinical 
presentation. If the patient has undergone surgical revascularization or a catheter 
intervention, then repeat cardiac catheterization may be indicated to evaluate the efficacy of 
the treatment.  
For females of childbearing age, reproductive counseling is strongly recommended.  

Table 2. Risk Stratification according American Heart association (Newburger, 2004). 

12. Conclusion  
In view of the growing number of patients with KD who have been identified in different 
parts of the world, it is necessary for Pediatricians, Pediatric Cardiologists, Pediatric 
Cardiologist Internists, and Cardiologists for adults to carry out correct follow-ups, taking 
into consideration that patients can develop vascular injuries with different types of 
atherosclerosis, coronary aneurysms, with valve incompetence due to scarring of the leaflets 
or progressive aortic root dilation, and it is important not to underestimates the myocardial 
lesions, and the biochemical markers of this inflammatory process during acute phase, 
including moreover. diffuse fibrosis or local scarring in regions of myocardial, ischemia or 
infarct (Takahasi, 1989; Dahdah, 2009). 
KD-associated inflammatory damage can potentially affect all of the components of the 
cardiovascular system and even other bodily areas as a consequence of vasculitis; thus, 
systematic follow-up  is necessary until adult age in all children who have had this disease, 
even when his/her manifestations have not been severe, and especially in these children 
who manifested myocarditis without coronary artery injuries, because to date we do not 
know the characteristics and long-term consequences of this particular problem. On the 
other hand, some reports note an up to 12% frequency for myocarditis. The treatment for 
sequelae in coronary arteries is infrequent in pediatric ages and in the adult, and will 
depend on the damage established and the patient’s evolution at the long term; the decision 
for the choice of the most adequate procedure (intervention with percutaneous catheter or 
surgery for bypass placement or specific procedures for valvular problems) will be 
determined by Cardiologists and Cardiovascular Surgeons (Careaga-Reyna, 2008; Crystal, 
2009; Fukazawa, 2010; Gil-Veloz, 2009; Huerta-García, 2009; Kato, 1996; Mueller, 2009; 
Simizu, 2010; Sudo, 2010; Sotelo, 2011,Vizcaino, 1991). 
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Risk Level III—Patients with isolated (solitary) small to medium (>3 mm but <6 mm, orzscore 
between 3 and 7) coronary artery aneurysm in ≥ 1 coronary arteries on echocardiography or 
angiography  
Long-term antiplatelet therapy with aspirin should be administered, at least until the 
aneurysms regress.  
Physical activity without restriction in infants and children in the first decade of life is 
permitted after the initial 6 to 8 weeks. Stress tests with myocardial perfusion evaluation 
may be useful in the second decade to guide recommendations for physical activity. 
Participation in competitive collision or high-impact sports is discouraged in children 
receiving antiplatelet therapy.  
Annual follow-up by a pediatric cardiologist with echocardiogram and ECG is 
recommended. Stress tests with myocardial perfusion imaging is recommended every 2 
years in patients >10 years old.  
Coronary angiography is indicated if myocardial ischemia is demonstrated by stress tests 
with imaging.  
Risk Level IV—Patients with  1 large coronary artery aneurysm ( 6 mm), including giant 
aneurysms, and patients in whom a coronary artery contains multiple (segmented) or 
complex aneurysms without obstruction  
Long-term antiplatelet therapy is recommended. Adjunctive therapy with warfarin with a 
target INR of 2.0:2.5 is recommended for patients with giant aneurysms. Daily 
subcutaneous injections of low-molecular-weight heparin merits consideration as an 
alternative to warfarin for infants and toddlers, in whom blood drawing for INR testing is 
difficult. Low-molecular-weight heparin also may be used as a bridge during the initial 
phase of warfarin therapy or during the reintroduction of warfarin after the interruption of 
therapy for the purpose of elective surgery; therapeutic levels are assessed by measuring 
antifactor Xa levels. Some experts recommend a combination of aspirin and clopidogrel for 
patients with multiple or complex aneurysms.  
Recommendations about physical activity should be guided by annual stress tests with 
myocardial perfusion evaluation. Collision or high-impact sports should be discouraged 
because of the risk of bleeding. Participation in noncontact dynamic or recreational sports is 
encouraged if no evidence exists of stress-induced myocardial ischemia.  
Cardiology evaluation with echocardiogram and ECG should be done at 6-month intervals. 
Stress tests with myocardial perfusion evaluation should be performed annually. The 
patient should be monitored for known risk factors of atherosclerosis and his or her family 
should be counseled accordingly.  
Cardiac catheterization with selective coronary angiography should be performed 6 to 12 
months after recovery from the acute illness, or sooner if clinically indicated, to delineate 
the complex coronary artery anatomy. Follow-up angiography may be indicated if 
noninvasive studies suggest myocardial ischemia. In addition, elective cardiac 
catheterization in the absence of noninvasive evidence of myocardial ischemia may be 
useful to rule out subclinical major coronary artery obstructions in some situations, such as 
when the patient experiences atypical chest pain, the ability to perform dynamic stress 
testing is limited by age, unique activity restrictions or insurability recommendations are 
needed, or the anatomy or size of the aneurysm cannot be clearly defined by 
echocardiography for decisions regarding anticoagulation.  
For females of childbearing age, reproductive counseling is strongly recommended.  
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Risk Level V—Patients with coronary artery obstruction confirmed by angiography
Long-term antiplatelet therapy with or without adjunctive therapy with warfarin 
anticoagulation is recommended (see Risk Level IV)  
ß-Adrenergic–blocking drugs should be considered to reduce myocardial oxygen 
consumption.  
Recommendations about dynamic physical activities should be based on the patient’s 
response to stress testing. Collision or high-impact sports should be discouraged because of 
the risk of bleeding. Patients should avoid a sedentary lifestyle.  
Cardiology evaluation with an echocardiogram and ECG should be obtained at 6-month 
intervals. Stress tests with myocardial perfusion evaluation should be performed annually. 
The patient should be monitored for known risk factors of atherosclerosis and his or her 
family should be counseled accordingly. 
Cardiac catheterization with selective coronary angiography is recommended to address 
the therapeutic options of bypass grafting or catheter intervention and to identify the extent 
of collateral perfusion. Repeat cardiac catheterization may be indicated when new onset or 
worsening myocardial ischemia is suggested by noninvasive diagnostic testing or clinical 
presentation. If the patient has undergone surgical revascularization or a catheter 
intervention, then repeat cardiac catheterization may be indicated to evaluate the efficacy of 
the treatment.  
For females of childbearing age, reproductive counseling is strongly recommended.  

Table 2. Risk Stratification according American Heart association (Newburger, 2004). 

12. Conclusion  
In view of the growing number of patients with KD who have been identified in different 
parts of the world, it is necessary for Pediatricians, Pediatric Cardiologists, Pediatric 
Cardiologist Internists, and Cardiologists for adults to carry out correct follow-ups, taking 
into consideration that patients can develop vascular injuries with different types of 
atherosclerosis, coronary aneurysms, with valve incompetence due to scarring of the leaflets 
or progressive aortic root dilation, and it is important not to underestimates the myocardial 
lesions, and the biochemical markers of this inflammatory process during acute phase, 
including moreover. diffuse fibrosis or local scarring in regions of myocardial, ischemia or 
infarct (Takahasi, 1989; Dahdah, 2009). 
KD-associated inflammatory damage can potentially affect all of the components of the 
cardiovascular system and even other bodily areas as a consequence of vasculitis; thus, 
systematic follow-up  is necessary until adult age in all children who have had this disease, 
even when his/her manifestations have not been severe, and especially in these children 
who manifested myocarditis without coronary artery injuries, because to date we do not 
know the characteristics and long-term consequences of this particular problem. On the 
other hand, some reports note an up to 12% frequency for myocarditis. The treatment for 
sequelae in coronary arteries is infrequent in pediatric ages and in the adult, and will 
depend on the damage established and the patient’s evolution at the long term; the decision 
for the choice of the most adequate procedure (intervention with percutaneous catheter or 
surgery for bypass placement or specific procedures for valvular problems) will be 
determined by Cardiologists and Cardiovascular Surgeons (Careaga-Reyna, 2008; Crystal, 
2009; Fukazawa, 2010; Gil-Veloz, 2009; Huerta-García, 2009; Kato, 1996; Mueller, 2009; 
Simizu, 2010; Sudo, 2010; Sotelo, 2011,Vizcaino, 1991). 
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