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Preface

The kidneys, ureters, bladder, and urethra play an important role not only in urine
production and transport but also in preventing the invasion of pathogens. In this
book, experts from different countries demonstrate clinical and research advances
in nephropathy and urinary tract infection.

Membranous nephropathy is a kind of antibody-mediated autoimmune glomerular
disease. In their chapter, Dr. Omar Ragy et al. present the gene polymorphism in
patients with membranous nephropathy, as well as discuss the value of proteomics
and transcriptomic analysis in managing the disease. These modern techniques of
analysis make it possible to minimize patients’ immunosuppression exposure and
identify the most effective targeted immunosuppressive therapy for each patient.

Diabetic nephropathy is a common cause of end-stage kidney disease. Interestingly,
not all patients with diabetes mellitus will develop diabetic nephropathy. In

their chapter, Drs. Elfiani Elfiani and Huntari Harahap present a cross-sectional
comparative study to identify potential biomarkers for the occurrence of diabetic

nephropathy.

A kidney transplant is considered the best treatment for patients with end-stage
kidney disease. However, some conditions, such as antibody-mediated rejection
and recurrent focal segmental glomerulosclerosis, may result in graft failure.
Therapeutic apheresis is believed to be an effective treatment for managing these
conditions since it can remove donor-specific antibodies and other circulating fac-
tors. In their chapter, Drs. Jean Jeanov Filipov and Emil Paskalev Dimitrov demon-
strate the current evidence on the application of therapeutic apheresis.

Apart from urine transport, storage, and elimination, the urinary tract also acts

as a barrier preventing pathogens from invading. Once pathogens break through
the barrier, people will suffer from urinary tract infections. Due to the wide use of
antibiotics, some bacteria have developed resistance to these drugs. In their chapter,
Dr. Akosua Bonsu Karikari et al. present the characteristics of multidrug-resistant
organisms isolated from patients with urinary tract infections in Northern Ghana.

Escherichia coli is the common pathogen causing urinary tract infection.
Multidrug-resistant Escherichia coli has attracted broad attention. Dr. Shiela Chetri
points out multidrug efflux pumps encoded in the microorganism’s chromosomes
are the main antibiotic-resistant mechanism in E. coli.

Acinetobacter baumannii is a kind of opportunistic bacteria related to hospital-
acquired infection. In their chapter, Dr. Hussein O.M. Al-Dahmoshi et al. reveal the
virulence factors of A. baumannii resulting in urinary tract infection. This informa-
tion allows clinicians to develop targeted treatment strategies.

Besides the evolution of bacterial virulence, some conditions can also cause
the body to be susceptible to urinary tract infection. Of those, pregnancy is
one of the most common since it may result in temporary ureteral dilation and



hydronephrosis. In their chapter, Drs. Muhamed Ali Al Kabe and Eman Th. Nadhaif
Al-Fatlawy perform a case-control study that shows pregnant women are at signifi-
cantly increased risk of bacteriuria.

An intact urothelium and a normal anatomical structure of the urinary tract are the
foundation of a powerful barrier. Iatrogenic injury is a common factor that impairs
epithelial integrity and consequently weakens the function of the barrier. In gen-
eral, ureteric injuries in gynecology surgery are one of the most common latrogenic
injuries of the urinary tract. Dr. Rama Garg presents the diagnosis, treatment, and
prevention of ureteric injury in gynecology surgery.

Although this book does not cover all aspects of urinary tract infection and
nephropathy, it provides readers with important updates.

Ran Pang

Department of Urology,

Guang’anmen Hospital,

China Academy of Chinese Medical Sciences,
Beijing, China
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Chapter1

Introductory Chapter: Insights
into Urinary Disorders

Ran Pang

1. Introduction

Kidney, ureter, and bladder are the important urinary organs, which not only
produce and transport urine, but also play a role as a barrier to prevent the inva-
sion of pathogens [1]. Once any of them has dysfunction or damage, others can be
affected. It has been a clinical issue how to prevent these organs from damage.

2. Insight into the dysfunction of kidney and bladder

The foundation protecting the function of these urinary organs is to understand
their pathophysiology and risk prediction on a deeper level. Recently, the advances
in genomics, proteomics, and metabolomics provide clinicians and researchers with
the novel insights into this field.

Membranous nephropathy is one of the most common causes of adult nephrotic
syndrome, which presents a significantly high risk to progress to end-stage kidney
disease [2]. Its pathogenesis had been unknown until M-type phospholipase A2
receptor (PLA2R) was identified, which confirmed membranous nephropathy was
akind of antibody-mediated autoimmune glomerular disease [3]. Subsequently,
thrombospondin type-1 domain-containing 7A (THSD7A) was found as another
target antigen in patients with anti-PLA2R-negative membranous nephropathy
[4]. Some studies revealed that the level of PLA2R was correlated with the activity
of membranous nephropathy and the effectiveness of immunosuppression [5, 6].
Another study showed that the persistence of serum anti-THSD7A antibodies sug-
gested a high recurrence risk of membranous nephropathy in the patients under-
went renal transplant [7].

Diabetic nephropathy is another common cause for patients to suffer end-stage
kidney disease. Interestingly, not all the patients with diabetes mellitus will eventu-
ally develop into diabetic nephropathy. It has been revealed that genetic susceptibil-
ity plays a role in pathogenesis of diabetic nephropathy [8]. A number of studies
demonstrated some genes including ELMO1, APOC1, ACE, AKR1B1, APOE, CHN2,
EPO, GREM1, NOS3, HSPG2, FRMD3, CPVL, VEGFA, CARS, and UNC13B were
associated with diabetic nephropathy [9, 10]. Of those, ELMO1 is the most preva-
lent one associated with diabetic nephropathy risk, which is located on chromosome
7 p14.1-2. The result from a meta-analysis showed the relationship between ELMO1
and diabetic nephropathy exclusively in Asia population with diabetes mellitus
[11]. Traditionally, microalbuminuria has been considered as the main standard for
early diagnosis of diabetic nephropathy. However, its predictive value for diabetic
nephropathy is being questioned because a number of conditions, including
hyperglycemia, hypertension, infections, stress, severe sports and cardiovascular
decompensation, may contribute to the false-positive result [12]. Furthermore,
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microalbuminuria cannot detect the early stage of diabetic nephropathy since
its appearance is generally secondary to the glomerular damage [13]. Proteomics
provides an insight into the risk prediction of early diabetic nephropathy and
prevention of late-stage kidney damage, because not only the structure and func-
tion of a series of proteins are analyzed, but also the interaction among proteins is
measured. Based on the proteome analysis, several proteins present the predictive
value for kidney damage in patients with diabetic nephropathy. Basically, these
proteins can be classified into three groups. Vitamin D-binding protein (VDBP) and
neutrophil gelatinase-associated lipocalin (NGAL) are considered as the biomarkers
related to tubular damage in patients with diabetic nephropathy. The elevated levels
of those proteins in either serum or urine normally indicate potential renal tubular
dysfunction [14]. It has been reported that GPC5, ANGPTL4, and soluble Klotho
could be the biomarkers detecting glomerular damage [14]. Additionally, MCP-1,
as an inflammation-related biomarker, has been used to predict the development of
diabetic nephropathy [14].

Besides kidney diseases, interstitial cystitis/bladder pain syndrome (IC/BPS) is
a common bladder storage dysfunction, which causes patients severe storage lower
urinary tract symptoms (LUTS). Currently, the exact etiology of IC/BPS is still not
fully understood and no gold standard is available for the diagnosis of IC/BPS. With
the development of proteomics and metabolomics, a set of urine biomarkers associ-
ated with IC/BPS were found, which allows clinicians to understand IC/BPS at the
molecular level. Tonyali et al. found that IC/BPS patients presented a significantly
higher level in urinary nerve growth factor (NGF) normalized to urine creatinine
compared with healthy controls [15]. Macrophage inhibitory factor (MIF) is another
potential biomarker, which was found to be significantly increased in IC/BPS patients
in comparison with control groups. Its reported sensitivity, specificity, and AUC in
detecting IC/BPS were 47%, 91% and 0.730, respectively, using MIF normalized to
urine creatinine [16]. In addition, Parker et al. [17] identified six metabolites associ-
ated with IC/BPS using liquid chromatography-high-resolution mass spectrometric.
Of those, etiocholan-3alpha-ol-17-one (Etio-S) was considered as a good predictor for
IC/BPS, with a sensitivity of 91.2%, a specificity of 87.4%, and AUC of 0.92.

3. A powerful barrier to pathogen invasion

Apart from urine transport, storage, and elimination, kidney, ureter and blad-
der also act as a barrier preventing pathogens from invading. On one hand, intact
urothelium and normal anatomical structure and function of urinary tract are the
foundation of a powerful barrier. Any anatomical or physiological abnormality
related to urinary system may weaken the barrier, which makes the body vulnerable
to pathogens. On the other hand, evolution of bacterial virulence and acquisition
of antibiotic resistance make the pathogens more invasive. Once the host defense is
not strong enough to resist microbial attack, the body will suffer from urinary tract
infection (UTTI).

Bladder outlet obstruction is one of the most common anatomic abnormali-
ties of lower urinary tract, which significantly increases UTI risk [18]. In general,
the causes of bladder outlet obstruction include urethral stricture, bladder neck
obstruction, and, in men, benign prostatic hyperplasia. Of those, benign prostatic
hyperplasia is the most common reason in the aging male population. It is reported
that the prevalence of bacteriuria in men with benign prostatic hyperplasia ranges
from 4.4 to 44.7% [19]. According to some guidelines, recurrent or persistent UTI
is considered as an indication for surgical treatment in men with benign prostatic
hyperplasia [18, 20].

1



Introductory Chapter: Insights into Urinary Disorders
DOI: http://dx.doi.org/10.5772/intechopen.101644

Vesicoureteral reflux (VUR) is a common congenital anatomic abnormality in
children, which is closely associated with high risk of UTI. The prevalence of VUR
is approximately 1% in general population and is significantly increased in children
[21, 22]. It is reported that 30 ~ 40% of children with VUR experience recurrent UTI
[23]. VUR is graded from I (mild) to V (severe) based on the height of reflux up the
ureter and degree of dilatation of the ureter. The higher grade the VUR is, the higher
risk the patients develop renal failure in future due to the renal scars secondary to
UTI. Therefore, it is important to prevent and manage UTI in patients with VUR.
Traditionally, antibiotic prophylaxis has been considered as an effective strategy to
prevent UTI in patients with VUR. However, a meta-analysis including four ran-
domized controlled trials (RCTs) did not demonstrate a clear benefit of antibiotic
prophylaxis in children with grades I and II VUR [24]. Although a later meta-analysis
including eight RCTs showed the effectiveness of antibiotic prophylaxis in prevent-
ing recurrent UTI, the majority of the studies were at high risk of bias, which sig-
nificantly weaken the certainty of evidence [25]. Surgical correction is a therapeutic
strategy for high grade of VUR with a successful rate of 80 ~ 93% [26, 27].

Besides anatomic defects, the physiological abnormalities resulting from a series
of conditions, such as pregnancy, diabetes mellitus, and renal failure, can also cause
the body to be susceptible to UTI. Of those, pregnancy is the most common reason
resulting in the temporary physiological abnormalities in women. On one hand, the
enlarged uterus during pregnancy may compress the bladder and ureter, causing
ureteral dilation and hydronephrosis. On the other hand, the changes in hormone
levels stemming from the pregnancy can induce the relaxation of ureteric smooth
muscles, which contributes to the urine retention in the renal-collecting system and
ureter. As a result, the dilated renal pelvic and ureter provide a permissive environ-
ment for pathogens to grow and reproduce. In general, the prevention of UTI in
these cases should be based on the management of the coexisted conditions.

With the broad-spectrum antibiotics being widely used, the bacteria continue to
evolve via developing various defense mechanisms. In general, bacterial pathogens
can achieve drug resistance through three different biochemical pathways [28]. Firstly,
bacteria can mutate genes encoding the target site of antibiotics and consequently sur-
vive in the presence of the antimicrobial molecule. Secondary, bacteria can upregulate
the expression of efflux pumps, which result in antibiotic resistance due to extruding
the drug out of the cell. Finally, bacteria can produce some special proteins that inter-
fere with the target site the antibiotics act on. In terms of specific bacteria, Escherichia
coli producing extended spectrum beta-lactamases (ESBL) is the most common drug-
resistant pathogen causing refractory UTI. Although there are no specific data regard-
ing the prevalence of ESBL-positive E. coli in UTI, the percentage of ESBL-positive E.
coli isolated from bloodstream showed a significantly increase over the past years [29].
The management for UTI caused by ESBL-positive E. coli remains a challenge since the
majority of antibiotics have no effect on the drug-resistant pathogen. Based on current
evidence, fosfomycin trometamol appears to be a therapeutic option because of its
broad spectrum of activity against both Gram-negative bacteria.

4. Summary

With the development in genomics, proteomics, and metabolomics, a series of
findings bring some novel insights into the pathophysiology and potential etiology
of urinary tract disorders, which allows clinicians to perform personalized treat-
ment for patients. Besides, a number of recent studies, which reveal host suscepti-
bility factors and changes in bacterial virulence, provide important information for
clinicians in making prevention strategies for UTI.
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Chapter2

Unraveling Primary
Membranous Nephropathy Using
Proteogenomic Studies

Omar Ragy, Patrick Hamilton and Durga Kanigicherla

Abstract

Membranous nephropathy is one of the leading causes of nephrotic syndrome in
adults. The disease manifests in different forms with varying severity and outcomes
range from spontaneous remission to rapid disease progression. The effects of the
disease are so far best understood using conventional histopathological morphol-
ogy and clinical phenotype. Being an autoimmune condition subject to a multi-hit
hypothesis, the notion of underlying genetic risks is being examined in recent
times. Current evidence points to significant heterogeneity in the gene expression
profiles in both the immune system and at the glomerular level, with potential
implications for disease management. Further proteomic and transcriptomic
analysis can instruct classification, prognostication, and treatment pathways. This
chapter focuses on the links identified between primary membranous nephropathy
and underlying gene polymorphism, and pathways using both proteomics and
transcriptomic analysis. We discuss the potential impact this could have on future
management to try to minimize the patient’s immunosuppression exposure and find
the most effective targeted immunosuppressive therapy.

Keywords: membranous nephropathy, gene polymorphism, HLA, Transcriptomics,
Proteomics

1. Introduction

Management of membranous nephropathy remains a continuing challenge in
the field of nephrology. Over the last 50 years, we have been classifying and manag-
ing membranous nephropathy based on both histological and clinical phenotyping,
which is the key feature guiding treatment decisions. However, in recent years other
mechanisms have come to shed light on the heterogeneity of membranous nephrop-
athy and clinical outcomes. With the emergence of proteogenomic analysis, the
classification of other nephrotic syndromes has advanced immensely [1]. Therefore,
the potential value for membranous nephropathy is to be considered.

Varied clinical manifestation may be due to the polymorphic gene expression
in the immune system as well as at the glomerular filtration barrier site, which
comprises podocytes, endothelial cells, and intervening glomerular basement
membrane [2]. In addition to the multiple immune cascade pathways, underly-
ing complex molecular and cellular processes are identified by proteomics and
transcriptomics in glomerular disorders like Minimal Change Disease and focal
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segmental glomerulosclerosis (FSGS) [1]. Early data suggest that gene expression
and molecular pathways are both potential emerging therapeutic targets in the era
of precision medicine in these disorders.

Primary membranous nephropathy is considered an autoimmune disease,
associated with autoantibodies recognizing a target antigen on the podocytes.

The connection between the immune system and underlying cellular pathways in
the pathophysiology of membranous nephropathy has been an area of extensive
research. Even though membranous nephropathy does not follow the mendelian
trait, the role of underlying genetic factors was examined in previous studies.

Although clinical and histological apparency of membranous nephropathy are
seemingly similar, response to immunosuppressive therapy can be variable with
poor response to treatment in some patients whilst about a third of the patients
have minimal to no long-term consequence following spontaneous remission.
This heterogenicity may be due to differences in underlying biological processes
influenced by genetic polymorphism and protein interaction networks and this
warrants more in-depth understanding to unravel precise prognostication and
therapeutic options.

The genome-wide association study (GWAS) provided evidence on the sus-
ceptibility of specific HLA regions and the susceptibility to primary membranous
nephropathy [3]. With the emergence of PLA;R antigen as an immune system target
in primary membranous nephropathy, more evidence has shown a link between
PLA,R antigen and specific HLA alleles [4, 5].

This chapter intends to review the current understanding of gene expression
analysis, proteomics, and metabolomics in membranous nephropathy with a focus
on the utility of these methods in clinical practice.

2. Integrating genomics, transcriptomics, and proteomics

The major histocompatibility complex found on chromosome 6 p21 consists of
polymorphic genes that code cell surface proteins and plays an important role in
adaptive immunity. MHC I is found on all nucleated cells whereas MHC II is found
mainly on antigen-presenting cells. The human genome project has been a turning
point in our understanding of human genomes and our understanding of disease
pathophysiology [6], revealing the link between genetic downstream pathways for
both target antigens and immune cells.

It has been found that immune-mediated glomerular injury involves activation
of both innate and adaptive immunity, which leads to the clinical and pathological
manifestation of the disease. Over the past 10 years, more than 80 genes causing
glomerular barrier dysfunction have been identified [2]. With the emergence of
human genetic studies, understanding which gene sequence is the main trigger
for the immune system malfunction became a very powerful tool to uncover the
molecular drivers of these diseases and help find potential targeted therapy.

The understanding of genome sequence will reveal the gene expression and how
the cell behaves in a static state by looking at the amino acid sequence of the DNA.
To identify the effect of variation in genetic architecture on proteins and correlate
with diseases, one needs to move to undertake transcriptomics and proteomics, to
study mRNA from DNA code and tRNA decoding the mRNA sequence into protein.
This function can further vary by an alternative splicing process where the single
genome can be translated into different proteins [7]. Hence, this is a process that
captures the expressed portion of the genome and the expressed protein set in the
genome, which will reveal how the cells act in a dynamic state as well as a static
state [8].
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Proteomic analysis is performed directly from tissue microdissection and mass
spectrometry. The NEPTUNE group identified clusters of patients based on their
mRNA expression in the tubulointerstitial portion of renal tissue [1]. Also, they
performed non-invasive techniques to evaluate the proteomic biomarkers and
found common downstream gene expression pathways from the one found in the
renal tissues. The utility of proteomics in autoimmune kidney diseases has been
previously tested and has shown common cellular pathways that might help in
targeting therapy for different autoimmune renal conditions [9, 10].

Membranous nephropathy is one of the leading causes of nephrotic syndromes.
At the histological level, both glomerular immunoglobulin and complement
deposition are hallmarks in making the diagnosis. PLA,R1 antigen was the first
membrane-bound glycoprotein identified as a target antigen in adults with primary
membranous nephropathy. This was identified by Beck et al in a pivotal study in
2009. With the use of laser microdissection and mass spectrometry LM/MS, new
target antigens are being discovered, some of which may present opportunities to
identify as protein biomarkers for secondary autoimmune or malignancy-associated
membranous nephropathy [11, 12]. The absence of PLA;R antigen on histological
staining and the presence of Exostosin1/2 identified on mass spectrometry follow-
ing laser microdissection can pave the way for identifying Lupus class 5 at an early
stage [13]. Also identifying NELL1 by laser microdissection and mass spectrometry
can allow early evaluation for underlying malignancy and may warrant further
follow-up [14]. Validation of these target antigens in independent studies will add
further value to the clinical management of these patients.

Another attractive area for the use of laser microdissection and mass spectrom-
etry is Amyloidosis. Due to the abundance of amyloid protein in the tissue, LM/MS
has gained investigators’ attention and showed very encouraging outcomes when
performed on amyloid renal tissue samples [15].

Even though both transcriptomics and proteomics yield very rich information,
they have some limitations. This may be due to the alterations that might happen
after mRNA translation or failure to identify proteins resulting from the alterna-
tive splicing process. Yet, these are complementary information and one can still
conclude within these limitations [16].

3. Role of immunoglobulins in the disease pathophysiology

During the early development of T and B cells as the immune system line of
defense, a VDJ (variable diversity joining) gene segment is created. Due to the
heterogeneous gene sequence resulting from mutation triggers, diverse antibodies
and T cell receptors are formed given the variable amino acid sequence identified
on these cell’s genes [17]. IgG3 is the least VD] mutated followed by IgG1, IgG2
then IgG4. Based on this finding, a temporal model for immunoglobulin subclass
transformation during an inflammatory response has been hypothesized [18].

This suggests that cells first switch from IgM to IgG3, to IgG1, to IgG2 finally to
IgG4 following a genomic ordering. That was partially similar to the Markov chain
except for IgG2 emerging before IgG1 [19]. IgG1 is a complement-fixing antibody
with IgG4 lacking the effector response of antibody-dependent cell-mediated
cytotoxicity and complement-dependent cellular toxicity but is known for its anti-
inflammatory blocking response, which can dampen down the overactivity of other
IgG subclasses [20].

The role of immunoglobulin subtypes and their effect on complement when
identified by immunofluorescent stain on renal tissue of membranous nephropathy
is an area that requires further research. In one study, there has been a correlation
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between serum IgG4 and PLA2R associated membranous nephropathy disease
activity [21]. Subclassing the immunoglobulin types can also be performed using
laser microdissection and mass spectrometry at the tissue level. It has been found
that IgG1 is the most abundant subclass followed by IgG4 in Exostosin1/2 associated
membranous nephropathy compared to IgG4 in PLA;R associated membranous
nephropathy [11]. This is in line with other studies [19, 22]. This raises the question
if the response to immunosuppression varies based on these antibodies’ amino acid
sequence or not. Same for the downstream cellular and molecular pathways result-
ing from the inflammatory cascade rather than relying on the immunoglobulin
subtype staining.

4. Role of complements in the disease pathophysiology

Identifying complements on routine renal biopsy evaluation gives us a limited
understanding of the role of these complements in the disease process. Complement
proteins and their cleavage products have a vital role in attacking the glomerular
basement membrane and podocytes [23]. Yet, most of the randomized controlled
trials were designed to use immunosuppression medication directed towards
blocking the immune system at the immunoglobulin level rather than targeting
complements and the underlying cellular and molecular pathways identified by
proteogenomic analysis [24-27] (RI-CYCLO NCT03018535).

Although the 3 complement pathways (classical, lectin, and alternative) con-
verge at the same downstream target, they differ from each other at the point of
origin [23]. The classical pathway is mainly triggered by IgM and IgG3/1 complex-
ing with the antigen. This immune complex activates C1, which is the main classical
complement pathway protein. The C1 complex then breaks down C2 and C4 into
C2b and C4a, which then merge to form the C3 convertase. The lectin pathway is
activated when the mannose-binding lectin attaches to the bacterial surface. This
complex further aids the classical pathway by the breakdown of C2 and C4 and
leads to the formation of C3 convertase. The alternative pathway is activated by the
spontaneous hydrolysis of C3 into C3b, which binds to factor B and forms the other
C3 convertase. This pathway abrogation is being investigated in the ongoing clinical
trial utilizing LNP023 (NCT04154787). Finally, c3 convertase from classical, lectin,
and alternative pathway complexes with c¢3b to form two different types of c5
convertase that cascades to form the membrane attack complex as the final comple-
ment effector.

Eculizumab is a humanized monoclonal antibody that inhibits the cleavage of C5
into C5a and C5b and hence inhibits the deployment of membrane attach complex.
In 2002, an abstract of a randomized control trial in 200 patients with idiopathic
membranous nephropathy received 2 dose regimens of eculizumab with no signifi-
cant effect on neither proteinuria nor renal function [28]. This was probably due to
an inadequate complement inhibition response and further trials with higher doses
may be required.

The role of complement activation in membranous nephropathy glomerular
injury is supported by the presence of C3, C5b-9, and IgG in the subepithelial space.
With the discovery of IgG4 as the main subclass antibody identified in primary
membranous nephropathy, it should be noted that these antibodies are incapable of
binding to C1q and therefore unable to activate the classical complement pathway
and are unlikely to be present in primary membranous nephropathy. The absence
of Clq in the presence of C4d which is a classical pathway protein break down from
C4b has been identified in cases of primary membranous nephropathy. The most
likely explanation is that either there is an element of classical pathway activation
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that has not been discovered yet, or the lectin pathway has been activated. Lectin
pathway activation has shown to carry a worse prognosis in PLA;R associated
membranous nephropathy [29].

With the emergence of proteogenomic analysis, recent evidence has shed
the light on the significance of complement activation in the pathophysiology
of membranous nephropathy [22]. To further analyze, common target antigens
for both primary and secondary autoimmune membranous nephropathy were
identified using mass spectrometry following laser microdissection. Using these
methods, they found PLA,R antigen and Exostosinl/2 were the two most common
target antigens for primary and secondary autoimmune membranous nephropathy
respectively and were analyzed accordingly [11].

It has been found that the three complement pathways play a role in disease
pathogenesis. Regardless of the antigen identified, C3 and its regulatory protein
CFH as the main alternative pathway downstream proteins showed the highest
spectral counts, whereas C1q as the main classical pathway downstream protein
showed the lowest spectral count [22]. Moreover, they found high spectral counts
from the terminal complement pathway cascade (C5, C6, C7, C8, and C9). Thus,
targeting the terminal complement pathway might be a future therapeutic option.
On a further note, investigators identified C4 as the second most abundant protein
in the absence of Manon-binding lectin serine protease 1 and 2, which points to the
role of the classical pathway in the underlying disease process.

The mannose-binding lectin molecule is a major recognition molecule of the
lectin pathway. Genetic polymorphism has been shown to play a role in the disease
downstream pathways. By performing genotyping, one study has found that
patients with MBL deficiency can develop membranous nephropathy with the
downstream complements being activated primarily from the alternative pathway.
Whereas patients with wild type of MBL2 have their complements mainly derived
from the lectin pathway [30]. These studies show that classical, lectin, and alterna-
tive complement pathways play a significant role in disease pathogenesis.

As previously discussed, the lectin pathway plays an important role in disease
pathogenesis [30]. In a case—control Brazilian study, an association was noted
between membranous nephropathy and mannose-binding lectin 2(MBL2)
polymorphism in patients carrying O allele, in particular, A/O genotype [31].
Investigators also found a defective MBL production in patients with YA/O, XA/O,
and O/O genotypes. As shown previously, activating the lectin pathway in patients
with PLA;R associated membranous nephropathy carries a worse prognosis [29].

The use of LM/MS is not limited to identifying proteins but also can aid in classi-
fying disease severity and treatment response by analyzing the complement protein
spectral counts [22]. The persistence of complements on glomerular capillaries may
explain the lag in clinical remission behind immunological remission and provide
areason for persistent proteinuria after the disappearance of PLA,R-Ab in serum
[32]. More studies using proteogenomic analysis can further analyze these comple-
ment proteins to identify a more targeted therapy and inform about disease severity
and likely response.

5. Single nucleotide polymorphism and genotyping in HLA class Il allele
and PLA,R1 antigen

The immune system recognizes peptide sequences processed from a target anti-
gen when presented by the antigen-presenting cells. In PLA;R associated mem-
branous nephropathy, the immune system will interpret the PLA,R1 presented
by the HLA Class II molecule as the target antigen. The GWAS (genome-wide
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association studies) identified a strong association of single nucleotide polymor-
phisms (SNPs) on both HLA-DQAI1, PLA,R1 antigen, and Primary Membranous
nephropathy [4]. Due to the proximity of HLA-DQ and HLA-DR on chromosome
6 and the probability of linkage disequilibrium that can result in the coinheritance
of common haplotype, both alleles were found to be associated with membranous
nephropathy. When imputation was performed it has confirmed the same signals
on the same loci identified in other studies [33]. That can also be interpreted from
one study where they have identified a significant association between PLA,R1
antigen and both HLA DQA1/DRB1 [34]. In the former study, it was noted that
using a combined genetic risk score and serum anti PLA;R antibody using the
ELISA method can potentially mitigate the need for a diagnostic renal biopsy in
high-risk patients.

Not all cases of primary membranous nephropathy are associated with PLA,R1
antigen. After the discovery of the PLA;R antigen, THSD7A was the 2nd antigen
implicated in primary membranous nephropathy and is found in 2-5% of patients
[35]. Investigators have identified similarities and differences between THSD7A
and PLA;R antigens [36]. This can be extrapolated to suggest that there may be
an HLA link with THSD7A either similar or different to PLA,R antigen. In a large
case—control study, the link between the HLA-DQA1 and PLA,R1 antigen was found
to be more prevalent in patients with confirmed PLA,R1 associated membranous
nephropathy compared to PLA,R1 negative patients [37]. For now, the specific
association is yet to be noted in anti-PLA,R1 negative cases. Also, association with
these SNPs is seen in patients with Caucasian backgrounds compared to patients
from Afro-American origins.

Another Asian study found a strong association between HLADQA1 and
PLA,R1 antigen [38]. In this study investigators not only identified SNP variation
on HLA-DQA1 but also found that AA and AG genotype carriers are at increased
risk of developing primary membranous nephropathy compared to those carrying
GG genotype. On the other hand, GG genotype on PLA,R1 antigen SNP and AA
genotype on another were encountered more frequently in subjects with primary
membranous nephropathy. Two other Asian studies have identified other HLA risk
alleles other than HLA-DQALI in their cohorts of patients with primary membranous
nephropathy [39, 40]. Again this raises the possibility of linkage disequilibrium.

Correlating the treatment response to the underlying genetic polymorphism is
another area that is being investigated. A Chinese-Taiwanese study observed that
haplotype H1 might carry a higher risk for disease progression when compared to
H3 haplotype. The group found no relation between disease progression and under-
lying genetic polymorphism in PLA2rR1 antigen without the incidence of ESRD or
death after therapy [41].

In another Spanish study, they found no association between survival and
single nucleotide polymorphism in PLA,R1 antigen. In the same study, AA and AG
genotypes in HLA-DQA1 and AA genotype on PLA,R1 antigen were shown to be
associated with a trend towards immunosuppression treatment response compared
to other genotypes [42]. Moreover, AA and AG genotypes on HLA-DQA1 SNP have
shown significant protection for doubling of serum creatinine and progression to
end-stage renal disease, without identifying any protective genotypes on PLA2R1
antigen.

A Chinese paper has highlighted the ethnic distribution difference in membra-
nous nephropathy based on their HLA types [34]. They have found that DRB1*1501
is the major risk allele in the East Asian population, DQA1*0501 in Europeans, and
DRB1*0301 in both ethnicities. This new finding can allow us to categorize high-risk
patients from different background ethnicities based on their HLA type.
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6. Genetic polymorphism other location than HLA alleles and PLA,R1
antigens

In addition to the previously mentioned HLA alleles and PLA,R1 polymorphism,
many other genes were discovered to be linked with primary membranous nephrop-
athy. It has been shown that TH2 cells are predominant in primary membranous
nephropathy due to the presence of IgG4, which belongs to type 2 immune response
[43]. TH2 cells are responsible for the secretion of IL4, IL 10, and TNF a as major
cytokines. These cytokines can enhance the expression of the HLA molecule and
lead to disease pathogenesis.

In a case—control study, TNFa and TNFd genotypes belonging to MHC class III
were associated with primary membranous nephropathy [44]. It was noted in this
study that for that association to occur, the underlying HLA was B8/DR3/DQ2. The
influence of TNF a gene polymorphism on disease progression was not present
for either of the TNF genotypes separately or in combination. The importance of
TNF in clinical practice was examined in a small study of 10 patients who did not
respond to maximum RAS blockade. Pentoxifylline is a phosphodiesterase inhibitor
that is capable of lowering TNF a levels were used, and patients were followed up
for 6 months. 9 out of 10 patients achieved remission with TNF a levels trending
down in both plasma and urine [45].

Another study showed an association between specific IL4 and IL10 genotypes
and membranous nephropathy [46]. This raises a particular question for future
studies using interleukin inhibitors in membranous nephropathy.

7. Genetic polymorphism and the risk of cancer and thrombosis

Identifying PLA,R antibodies has not yet changed our approach for exclud-
ing secondary causes for membranous nephropathy. KDIGO recommendations
include performing a secondary work up to rule out autoimmune conditions,
infections, and malignancies [47]. Recently with the use of laser microdissection
and mass spectrometry, NELL1 antigen has shown an association with cancers [14].
Genotyping by Polymerase chain reaction has shown an association between spe-
cific gene polymorphism and cancers, and progression to end-stage renal disease. In
one study investigators sub-classified patients with urokinase plasminogen activa-
tor polymorphism (Gene 3’-UTR) into groups based on their allele distribution
either C/C or C/T. Although the number of patients was significantly higher in the
CC group, patients with T/C genotype had a better trend towards renal survival and
lower cancer incidence [48]. It should be noted that this gene polymorphism was
not different from the control group.

A plasminogen activator inhibitor 1 gene polymorphism was examined to assess
for correlation with disease activity, treatment response, and long-term progno-
sis [49]. Patients carrying 5G/5G genotype were more likely to attain complete
remission, whereas 4G/4G and 4G/5G were more likely to develop renal disease
progression, and 4G/4G showing no signs of remission. Patients carrying the 4G
allele (4G/4G or 4G/5G) were more likely to develop coronary artery disease and
peripheral vascular disease in comparison to carriers of the 5G allele, which was in
line with another meta-analysis that showed a high risk of myocardial infarction
in plasminogen activator inhibitor 1 4G/5G carriers [50]. It should be noted that
in the former study, gene polymorphism was not different between membranous
nephropathy patients and controls. Moreover, the number of patients carrying 4G
allele was almost double that for 5G allele. These studies are single-center studies
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and need validation through well-designed multi-center trials to establish the
relationship between polymorphism and disease outcomes. The framework of bio
registries can help to validate the significance of these studies.

8. Genetic polymorphism on TLR, MYH9, NF-«xB, and IRF4

The toll-like receptor expressed on the surface of the macrophage plays an
important role in the link between innate immunity and adaptive immunity. TLR
recognizes microbes leading to activation of downstream signals that result in the
production of INF gamma. It is speculated that the association of TLR9 in membra-
nous nephropathy might explain why and how infections can trigger the occurrence
of membranous nephropathy. In a previous study, overexpression of TLR in the
renal tissues was confirmed in lupus nephritis [51]. The same idea was tested in an
Asian study to identify the link between TLR9 and the incidence of membranous
nephropathy. Genotyping for TLR9 found a statistically significant difference
between AA and GG genotypes on two specific SNPs loci on TLR9 when compared
to controls [52]. Although the incidence of tubulointerstitial fibrosis was higher
in the A-G haplotype when compared to the non-A-G haplotype, survival did not
differ between the two groups. Another study investigated the association between
membranous nephropathy and TLR4 specific gene polymorphism and found a
statistically significant difference between A/G TLR4 genotype in membranous
nephropathy and control, and no difference in haplotype frequency [53]. These
observations suggest a possible association between membranous nephropathy
and TLR4/9.

Myosin heavy chain 9 (MYHD9) is expressed on most of the tissues that partici-
pate in the process of cell division and migration. Mutation in MYH9 was found
to be associated with many renal diseases [54]. A difference in specific gene pleo-
morphism on MYH9 between membranous nephropathy and control was found
[55]. On haplotype frequency, C-A was the common haplotype in membranous
nephropathy and that was significantly different from controls.

NF-xB (nuclear factor kappa-light-chain-enhancer of activated B cells) is a
complex protein that controls cytokine production and plays a key role in regulating
the immune response to infection.

The most abundant SNP (rs230540) found on the NKFB1 locus was predicted
to have a functional impact on specific immune cells. Investigators have found that
the previously mentioned SNP locus is associated with higher mRNA expression
of NFKB1 in whole blood [34, 56]. Coinciding with the NFKB1 pro-inflammatory
effect, another UK study has found that membranous nephropathy risk haplotype
at this same locus has shown a higher leucocyte signal [57]. Another SNP locus
(rs9405192) on IRF4 has shown a major role in innate immunity activation. IRF4
IS A lymphocytic gene that regulates toll-like receptor activation signaling, which
is under the control of NFKB1 complex [58]. This highlights that certain loci on
NFKB1 and IRF4 play a crucial role in the underlying membranous nephropathy
pathophysiology at the cellular pathway level.

9. Conclusion
The heterogenicity of clinical phenotypes and outcomes in membranous
nephropathy could be related to the underlying complex molecular, cellular, and

biological pathways. Both genomic and proteomic analysis are becoming widely
available tools to interrogate these possibilities. Membranous nephropathy being
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an autoimmune condition, requires identification of potential antigenic peptides at
the podocyte, glomerular capillaries, and basement membrane levels. The proteoge-
nomic analysis will help reveal downstream pathways that arise from the interac-
tion between these genes, which can occur either at the glomerular level or in the
immune system pathway. Hence, understanding the pathophysiology and the close
interaction between various arms of the immune system and ancillary pathways is
crucial for future targeted therapy in membranous nephropathy.

Laser microdissection and mass spectrometry will likely be crucial in revealing
the link between the antibody subtypes and newly discovered glomerular antigens,
and the three different complement pathways. Even though the classical pathway
does not play a major role, some evidence has shed the light on its involvement.
Thus, further investigations into types of complement activation with targets at the
molecular level should be an area for future research.

The advent of proteogenomic analysis has shown a link between HLA and
PLA,R antigen, but evidence for the link with THSD7A and other antigens is yet to
be discovered. Also, the correlation between HLA and disease outcome is another
area of interest that might further aid our future choice for immunosuppression
treatment. A well-designed trial is required to correlate that link with disease
outcome and treatment response.

Identifying certain high-risk alleles in patients with urokinase plasminogen
activator gene polymorphism and plasminogen inhibitor activator 1 pleomorphism,
has shown a probable association with cancers, thrombosis, disease progression,
and remission response. This might pave the way for future discovery of certain
genes that can identify cancer as a trigger for membranous nephropathy even if it
would occur years after diagnosis. Also, can help with identifying patients who are
more prone to venous thromboembolism and would benefit from anticoagulation.
Moreover, patients who are more liable for disease progression can benefit from
early immunosuppression treatment without the need for a period of watchful wait
on RASS inhibition compared to other patients who might attain complete remis-
sion without the need for aggressive immunosuppression therapy.

Hence, the proteogenomic analysis is the way forward for identifying targeted
immunosuppression therapy for membranous nephropathy in the era of precision
medicine.
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Chapter 3

Influence Engulfment Cell
Motility-1 (ELMO-1) Protein

and Matrix Metalloproteases-9
(MMP-9) in Diabetic Nephropathy
Patients

Elfiani Elfiani and Huntari Harahap

Abstract

Engulfment and Cell Motility-1 (ELMO-1) are well-known genes in Asia that
can cause diabetic nephropathy in people with Diabetes Mellitus type-2. The
increase in ELMO-1 protein affects Matrix Metalloproteases-9 (MMP-9) levels,
both of which can cause chronic glomerular injury through dysregulation of Extra
Cellular Matrix metabolism and decreased adhesive properties of endothelial
cells to kidney structures. This study aims to prove differences in ELMO-1 and
MMP-9 protein levels in type-2 Diabetes Mellitus (DM) patients with Diabetic
Nephropathy compared to those without Diabetic Nephropathy. This study is a
comparative observational study with venous blood samples taken from 60 patients
with type-2 DM patients without Diabetic Nephropathy as a control and type-2
DM group with Diabetic Nephropathy cases diagnosed based on the criteria of
Glomerular Filtration Rate and Albumin-to-Creatinine Ratio. In this study, the
levels of ELMO-1 and MMP-9 proteins were checked by ELISA (Enzyme-linked
Immunosorbent Assay). The results showed that the mean plasma ELMO-1 value
was higher in the Diabetes Mellitus type-2 group with Diabetic Nephropathy than
without the Diabetic Nephropathy group (t-test, p = 0.025). The mean plasma
MMP-9 value was higher in the DM with Diabetic Nephropathy group rather than
in the DM without Diabetic Nephropathy group (t-test, p = 0.032). Conclusion
ELMO-1 and MMP-9 levels were higher in Diabetes Mellitus type-2 with diabetic
nephropathy.

Keywords: Diabetic Nephropathy, Diabetes Mellitus, Engulfment and Cell
Motility-1, Matrix Metalloproteases-9, chronic glomerular injury, dysregulation of
ECM metabolism, Albumin to Creatinine Ratio, Glomerular Filtration Rate
1. Introduction

The prevalence of Diabetes Mellitus (DM) increases globally; in 2011, about 366

million people experienced Diabetes, and it is estimated to continue to grow to 522
million people in 2030 [1]. Diabetes Mellitus will cause damage and failure of various
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organs; one of these organs is the kidney. This complication of DM in the kidney

is called Diabetic Nephropathy. The prevalence of Diabetic Nephropathy occurs in
20-40% of all type-2 DM patients [2]. Kidney damage in Diabetic Nephropathy is
irreversible and causes an increase in morbidity, mortality, and the burden of health
financing in most countries [3].

The principal risks of Diabetic Nephropathy are modifiable, namely blood pres-
sure, blood sugar, and dyslipidemia. Meanwhile, factors that cannot be modified
include age, race, and genetic profile [4]. However, the pathogenesis that contrib-
utes to Diabetic Nephropathy incidence is not fully understood, especially the role
of genetics [5]. So that efforts to obtain genetic information in type-2 DM patients
who are susceptible/at risk of Diabetic Nephropathy provide an opportunity to
predict and diagnose this complication early [6].

The ELMO-1 gene is a functional gene that codes for the formation of the
ELMO-1 protein, located on chromosome 7 of mammalian cells. ELMO-1 protein
helps engulf “eating” or clean apoptotic cells and plays a role in cell motility and cell
shape changes [7, 8].

ELMO-1 protein increases in hyperglycemic conditions and TGF-p1 (Tumor
Growth Factor Beta-1), collagen type-1, fibronectin expression, and Extra Cellular
Matrix (ECM) in the kidneys. MMP-9 also plays a vital role in diabetic nephropathy.
Increased secretion of MMP-9 destroys the podocyte diaphragm, which is an essen-
tial component in maintaining the standard barrier of glomerular filtration [10].

2. Diabetic nephropathy
2.1 Research methods and study design

This study is an observational study with a cross-sectional comparative study
design. This study was conducted at three hospitals in Jambi Province, Indonesia,
with a total sample of 60 people. Control this research is Diabetes Mellitus type
2 group without Diabetic Nephropathy patients diagnosed with type-2 Diabetes
without impaired kidney function and two times the value examination, Albumin
to Creatinine Ratio (ACR) <30 mg/g for 2-3 months mild/normal albuminuria
levels. Diabetes mellitus with nephropathy diabetes has hemodialysis, decreased
Glomerular Filtration Rate, and or persistent albuminuria.

The inclusion criteria in this study were over 20 years ago, had suffered from
type-2 Diabetes for at least five years, had a medical record with routine laboratory
examination data in the form of blood sugar and urinalysis, assessment of kidney
function (urea levels and creatinine), ultrasound, and ACR examination at least
two times in 3-6 months and were willing to participate in this study by signing
the informed consent. Exclusion criteria in this study were patients with urinary
tract infections, other kidney diseases such as kidney stones and kidney cysts (from
medical records), pregnancy, and patients with autoimmune or immunocompro-
mised diseases.

ELMO-1 and MMP-9 levels were examined using ELISA (Enzyme-linked
Immunosorbent Assay). Sample this research from blood plasma; then carried out
according to the ELISA kit instructions for human ELMO-1 from MyBioSource
catalog number MBS9321199 and MMP-9 from RayBioR catalog number
ELH-MMP9.

This research has passed ethics from the Faculty of Medicine’s research ethics
commission team, Andalas University, and received ethical clearance number
706/KEP/FK/2019. Data analysis used a t-test because the data distribution
was normal.
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2.2 Results
2.2.1 Basic characteristics of vesearch subjects

The basic characteristics of the assessed research subjects are shown in Table 1.

Based on the essential characteristics of research subjects, it is known that
Type-2 Diabetes with Diabetic Nephropathy has systolic and diastolic blood pres-
sure, fasting blood sugar levels, and blood sugar levels 2 hours after eating. Albumin
to creatinine ratio (ACR) in urine is higher than non-diabetic nephropathy. And
statistically significant. In contrast, the mean value of glomerular filtration rate
(GFR) was lower in the Diabetic Nephropathy group and statistically significant.

2.2.2 Levels of plasma protein ELMO-1 and MMP-9

ELMO-1 and MMP-9 protein levels between DM subjects with Diabetic
Nephropathy and without Diabetic Nephropathy are presented in
Tables 2 and 3 below.

Table 2 shows that the mean ELMO-1 plasma value was higher in the DM group
with Diabetic Nephropathy and without Diabetic Nephropathy group, statistically
significant (p < 0.05).

Table 3 shows that the mean plasma MMP-9 value was higher in the DM group
with Diabetic Nephropathy than the without Diabetic Nephropathy group. And this
difference was statistically significant (p = 0.032).

2.3 Discussion

The Genome-Wide Association Studies in Japan in 2005 identified the part of
Engulfment and cell motility-1 (ELMO-1) in diabetic nephropathy. A study using

Characteristics Diabetes with Diabetic Diabetes without Diabetic p-value
Nephropathy (n = 30) Nephropathy (n = 30)

Age 51,17 + 7,88 49,87 + 8,42 0,539*

Gender

Male, n 15 (57,7%) 11 (36,7%) 0,297

Female, n 15 (44,1%) 19 (55,9%)

Fasting blood sugar 160,40 + 60,32 138,90 + 35,54 0,249°

levels

Blood sugar levels 245,87 + 59,57 237,27 + 84,56 0,428

2 hours after eating

Systolic blood pressure 139,33 + 17,21 122,43 + 14,47 <0,001>"

Diastolic blood pressure 83,33+ 9,59 78,00 + 8,87 <0,033>

Urine creatinine 95,64 + 72,65 89,59 + 71,53 0,887

Urine albumin 618,83 + 876,23 12,67 + 9,65 <0,001>"

Albumin to creatinine 1387,67 + 2743,37 14,21+ 6,6 <0,001>"

ratio

Glomerular filtration 69,76 + 36,10 92,91 + 23,76 0,005°

rate, mL/min

“t-test.
bChi-square test.
Statistically significant; p-value < 0,05.

Table 1.
Basic characteristics of vesearch subjects.
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Protein Diabetes with Diabetic Diabetes without Diabetic p-value
Nephropathy (n =30) Nephropathy (n =30)
Plasma ELMO-1 623,83 + 940,73 211,21 + 209,98 0,025%"
(ng/mL)
“t-test.

‘p-value <0,05; statistically significant (p < 0,05).

Table 2.
ELMO-1 plasma levels between DM subjects with diabetic nephropathy and without diabetic nephropathy.

Protein Diabetes with ND Diabetes with ND non-ND p-value
(n=30) (n=30)
Plasma MMP-9 1800,14 + 1871,18 981,79 + 758,49 0,032
(pg/mL)
“t-test.

*p-value <0,05; statistically significant.

Table 3.
Plasma levels of MMP-9 between DM subjects with ND and non-ND.

diabetic rats found that increased ELMO-1 protein levels were in diabetic kidneys
compared to normal rats [9]. Functions ELMO-1 proteins were phagocytosis of
apoptotic cells and cell motility in mammals [7]. Failure to clear apoptotic cells can
cause inflammation and autoimmunity damage [8].

In this study, there was no difference in age and gender. Because due to the
nine samples’ consecutive sampling technique, where there is a balanced age range
between the case and control groups. There is a difference in age characteristics in
the literature, stating that diabetic nephropathy is more common in old age. Because
it is associated with a longer duration of disease in old age, and diabetes mellitus has
been more than five years [11].

Based on patient characteristics, it is known that the mean value of glomerular
filtration rate is lower in the diabetic group with Diabetic Nephropathy compared
without Diabetic Nephropathy. This situation is because, in diabetic nephropathy,
there is a more severe decrease in kidney function. The reduction in glomerular
hydration rate in type-II DM patients is proportional to the degree of albuminuria.
The more significant the reduction in glomerular filtration rate, the heavier the
degree of albuminuria [11, 12].

In this study, the Diabetic Nephropathy group had a higher average blood pres-
sure than non-ND Diabetes Mellitus. Blood pressure decreases the rate of glomeru-
lar psychopathy and albuminuria in Diabetic Nephropathy [13, 14]. The elevated
blood pressure in diabetic nephropathy occurred due to disruption of the Renin-
Angiotensin-Aldosterone System (RAA’) and decreased renal blood flow [13, 14].

In the study, ELMO-1 protein levels were higher in patients with diabetic
nephropathy. ELMO-1 protein contributed to chronic glomerular injury progres-
sion through the increased accumulation of the extracellular matrix and decreased
cell adhesion [14]. The extracellular matrix accumulation causes thickening of the
glomerulus and renal tubules, a marker of advanced diabetes nephropathy [13].

This study reported higher plasma ELMO-1 and MMP-9 levels in diabetic
patients with ND and was statistically significant (Tables 2 and 3). Functional
studies on cultured cells and experimental animals show the role of the ELMO-1
protein in ND. Previous research has shown an increase in ELMO-1 signal with the
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in situ hybridization (FISH) method in the kidney of rats with nephropathy com-
pared to those without nephropathy.

MMP-9 protein is a protein involved in the degradation of the extracellular
matrix and glomerular turnover. Changes in MMP-9 expression are associated with
the development of diabetic nephropathy. Hyperglycemia, an increase in advanced
glycation end products, and oxidative stress that occurs in people with Diabetes
increase the expression of MMP-9. MMP-9 protein cause of disrupts the integrity
and increases the permeability of podocytes to albumin, and increases protein
synthesis, which is involved in forming the extracellular matrix. All of these are
processes that occur in Diabetes nephropathy [10, 15, 16].

3. Conclusion

Engulfment and Cell Motility-1 (ELMO-1) and Matrix Metalloproteases-9
(MMP-9) protein levels were higher in Diabetic Nephropathy compared to Diabetes
Mellitus without Diabetic Nephropathy and difference was statistically significant.
Required a larger number of samples and performed prospectively.
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Appendix and nomenclature

ACR Albumin-to-Creatinine Ratio

ACEI Angiotensin Enzyme Inhibitor

ADA American Diabetes Association

DM Diabetes Mellitus

ECM Extra Cellular Matrix

ELISA Enzyme-linked Immunosorbent Assay
ELMO-1 Engulfment and cell motility-1

IDF International Diabetes Federation
MMP Matrix Metalloproteases
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Chapter 4

Therapeutic Apheresis in Renal
Transplantation: Indications and
Strategies

Jean Jeanov Filipov and Emil Paskalev Dimitrov

Abstract

Kidney transplantation (KT) is the best renal replacement therapy in patients
with chronic kidney disease (CKD). However, its success is limited due to insuf-
ficient number of donors worldwide and graft or patient loss. A major cause for
poorer graft survival is donor-specific antibodies (DSAs). Therapeutic apheresis
(TA) is a well-recognized option for increasing the donor pool by treating HLA-
sensitized patients and making ABO-incompatible KT possible. In addition, its use
in patients with DSA has beneficial effect on graft survival. The aim of our review
is to demonstrate the current knowledge on the use of TA (plasma exchange and
immunoadsorption) in KT. In addition to the current guidelines, new trends in TA
use prior to and after KT will be reviewed.

Keywords: therapeutic apheresis, kidney transplantation, desensitization, ABO
incompatible transplantation, plasma exchange, immunoadsorption

1. Introduction

Kidney transplantation is a type of renal replacement therapy (RRT) in patients
with end-stage renal disease (ESRD), which is associated with the best patient out-
comes. A major breakthrough was detected with the introduction of cyclosporine A
in the immunosuppressive regimen. One-year survival improved further more with
the use of novel immunosuppression (tacrolimus and mycophenolate), with graft
survival rates for the first year after KT surpassing 95%. Despite the amazing results
over the years, several problems are still unsolved.

A major obstacle to the success of KT is the shortage of donors worldwide [1].
An additional cause for donor insufficiency is the presence of donor-specific HLA
antibodies (DSAs) in ESRD patients. HLA sensitization is caused mainly by blood
transfusions, pregnancy, and previous organ transplantation. DSAs are associated
with increased risk for acute rejection and poorer graft survival [2].

Another option to increase donor options could be ABO-incompatible transplan-
tation. However, in these cases the innate blood group barrier should be overcome
in order to avoid hyperacute rejection.

Finally, long-term graft survival (at the fifth and tenth year after KT) is signifi-
cantly lower, compared to short-term one. One of explanations for this finding is
the development of de novo DSA, which in turn are related to antibody-mediated
rejection and poorer graft survival [3].
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Therapeutic apheresis (TA) is a method by which pathological elements of the
immune system (cells, antibodies, and immune complexes) are being removed via
extracorporeal system, thus influencing disease activity. Different TA techniques
have been developed over the years. The most important ones in organ transplanta-
tion are plasma exchange (PEX) and immunoadsorption (IA).

1.1Types of TA in kidney transplantation
1.1.1 Plasma exchange (PEX)

PEX is an invasive therapeutic method, separating plasma from blood cells. Thus
pathogenic antibodies or other large molecules are removed and plasma is replaced
by human albumin and/or fresh frozen plasma (FFP). The blood is pumped out of
patient’s circulation, and is transferred to a separator (centrifugal bowl or hollow
fiber membrane), separating plasma from blood cells. Afterward blood cells are
pumped into patient’s vein and patient’s plasma is substituted by protein solution
(human albumin and/or FFP). Generally, central venous catheter is used as vascular
access, though arteriovenous fistulas and large peripheral veins can also be used. The
mechanism of action of PEX is removal of pathogenic antibodies, substitution of
plasma proteins, and modification of cell response. However, the procedure is asso-
ciated with albumin and fibrinogen loss, the latter being linked to increased bleed-
ing risk. Therefore, more selective techniques for antibody removal were developed.
A subset of PEX is the selective PEX, in which a special membrane plasma separator
with smaller pores is used. Its use in renal transplantation currently is limited.

1.1.2 Double filtration plasmapheresis (DFPP)

DFPP is a semi-selective separation technique, based on membrane PEX. After
initial separation of plasma from blood cells, additional filtration of plasma is
performed with different diameter of fiber pores, so that target protein fractions
are filtered and the rest are returned into the circulation. This technique showed
up to 70% reduction in albumin loss after the procedure lower risk for infec-
tions and allergic reactions. The method was used initially for ABo-incompatible
transplantation [4].

1.1.3 Cryofiltration

The technique was designed to remove cryoglobulins in several immune dis-
eases. After plasma is initially filtrated, it is cooled to 4°C. This causes precipita-
tion of cryoglobulins and they do not pass the second membrane. Afterward, the
cooled plasma is warmed to body temperature again and is returned to the patient.
The method was used in ABO-incompatible transplantation and HLA-sensitized
patients. However, further studies are needed to incorporate cryofiltration in
transplantation practice [5, 6].

1.1.4 Selective adsorption, immunoadsorption

In selective adsorption the plasma is filtered at the first step of the procedure,
and at the second stage the initial filtrate runs through pre-arranged immuno-
sorbents. Thus specific antibodies can be selectively removed, whereas albumin
and clotting factors are returned to the patient. There are two types of selective
adsorption—immunoadsorbtion (IA) and selective plasma adsorption. In 1A either the
plasma runs through column bearing antigens directed against certain antibody,
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or antibodies against certain plasma constituents. In selective plasma adsorption
plasma components are removed by binding to ligands other than antibodies and
antigens (e.g., heparin and dextransulfate in LDL adsorption).

Practically only IA is used in transplantology. There are different IA techniques
according to IA devices [7]:

1.1A using immobilized antibodies—sheep polyclonal anti-human IgG antibod-
ies are used to remove IgG antibodies from plasma

2.1A using immobilized antigens and synthetic epitopes—the IA columns
contain only immobilized antigens/epitopes, thus removing the pathogenic
antibodies only. This method is the most specific one.

3.IA using staphylococcal protein A—IA columns containing immobilized
Staphylococcal protein A, which effectively clears IgG types 1,2, and 4 by
binding their Fc portions

1.1.5 Extracorporeal photopheresis (ECP)

ECP is a method, in which white blood cells are separated from plasma and
are being treated extracorporeally with 8-methoxypsoralen (8-MOP) followed
by exposure to ultraviolet A (UVA) light. The treated cells are then returned into
patient’s circulation. Initially used in the treatment of T-cell lymphoma, its indica-
tions have expanded in solid organ transplantation (heart, lung, and kidney). In
renal transplantation ECP was used in recurrent and refractory rejection, as well as
in antibody-mediated chronic rejection with conflicting results [7].

1.2 TA immunosuppression in KT

PEX and IA can remove the already produced antibodies, but they cannot
influence the antibody production. However, after TA a rise in antibody formation
and increase in B-cell proliferation occurs [8]. Therefore, TA should be coupled
with adequate immunosuppression. In TA prior to or after renal transplantation
the most widely used immunosuppressive medications are the biological agents—
Thymoglobulin (ATG, dose 1-1.5 mg/kg, different protocols exist), Rituximab
(standard dose 375 mg/m?/weekly for 2-4 weeks) and intravenous immunoglobulins
(IVIG, 100 mg/kg after each procedure). Eculizumab is also taken into consideration
in high-risk patients prior to and after KT. Its effectivity is fully recognized in post-
transplant atypical hemolytic uremic syndrome (aHUS). Further trials are needed to
evaluate the exact place of this monoclonal drug in transplantation [9]. In addition,
as the KT in sensitized patients is regarded as high-risk procedure, anti-CD25 agents
can also be applied.

1.3 Classification of TA according to effectivity

The beneficial effect of TA is difficult to assess due to the relatively low number
of randomized controlled trials (RCTs). According to the American Society for
Apheresis (ASFA) the indications for TA have been classified into four categories,
according to the possible beneficial effect of the procedure [10]:

* Category 1—Disorders for which apheresis is accepted as first-line therapy,

either as a primary standalone treatment or in conjunction with other modes of
treatment, for example, recurrent focal segmental glomerulosclerosis (FSGS).
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* Category 2—Disorders for which apheresis is accepted as second-line
therapy, either as a standalone treatment or in conjunction with other modes
of treatment, for example, antibody-mediated rejection (AMR) in ABO-
incompatible KT.

* Category 3—Optimum role of apheresis therapy is not established. Decision-
making should be individualized—for example, HLA desensitization in
deceased donation in ABO-compatible transplantation.

* Category 4—Disorders in which published evidence demonstrates or suggests
apheresis to be ineffective or harmful—for example, lupus nephritis.

2. TA prior to renal transplantation

The presence of antibodies against donor HLA alleles significantly increases
the risk for acute rejection and graft survival. Similarly, ABO-incompatible KT is
associated with hyperacute rejection due to the presence of antibodies against A-/B-
antigens on the surface of vascular endothelial cells. Therapeutic apheresis plays a
key role in reducing the titers of pathogenic antibodies, thus significantly improv-
ing graft survival, reduces the risk for graft rejection, and increases the chances for
successful KT.

2.1 ABO-incompatible (ABOi) KT

The antigens, associated with ABO blood groups are expressed not only on the
red blood cell’s membrane, but also on the surface of the endothelial cells, making
the A-/B-glycolipids one of the most important antigens, related to transplantation
immunology. The naturally circulating antibodies against the above-mentioned
ABO antigens in ABOi renal transplantation lead to hyperacute rejection, severe
endothelial damage, and thrombosis, which finally leads to graft loss within
minutes after revascularization. Therefore, ABO incompatibility is a major obstacle
to successful KT. It was estimated, that its treatment can effectively increase the
numbers of living donors by up to 30%. In addition, the current protocols for ABOi
KT demonstrate comparable success to ABO-compatible KT [11].

Different protocols for desensitization in ABOi KT exist, generally most of them
aim for target post-procedure isoagglutinin titers <1:8 (Table 1, [12-14]). In the
early stages of ABOi KT splenectomy was performed in addition to PA. However,
this practice was abandoned due to the risk for infectious complications and
immunosuppressive agents were introduced in everyday practice. In cases, in which
PEX was used, substitution with albumin or FFP is needed. FFP should be both
donor and recipient ABO compatible [10]. The number of procedures varies accord-
ing to baseline isoagglutinin titers. The most widely used TA techniques are PEX
and selective IA, though DFPP can also be taken into consideration (Table1). As TA
markedly improves prognosis in ABOi KT, it is regarded as first-line therapy in ABOi
recipient-donor pairs (ASFA category 1) [10].

2.2 HLA desensitization

The presence of antibodies against the HLA alleles of the donor prior to KT is
another obstacle for the success of the procedure. The presence of donor-specific
anti-HLA antibodies (DSAs) cause graft loss due to antibody-mediated rejection
(AbMR) and is also referred as HLA-incompatible (HLAi) KT. At higher titers DSA

36



Therapeutic Apheresis in Renal Transplantation: Indications and Strategies
DOI: http://dx.doi.org/10.5772/intechopen.92843

Target TA strategy Immunosuppression Results Reference

antibody

level at

KT day

1:8 initial PEX 30 ml/kg/ RTX 200 mg on day 1year graftand Ray DS

phase, session, alternate (—15); IVIG 5 g after patient survival etal.

later 1:32 days, start 7 days each PEX (total 10-25g), 97.8%
prior to KT Thymoglobulin—two doses,

total 3 mg/kg

1:8 DFPP start: 7 days RTX at day —14 Graft survival JhaPK et al
prior to KT, Tac and mycophenolate at 87%, patient
alternate days, day (-7) survival 93%,
performed post KT post-transplant

infection rate 13%

18 Antigen-specific IA RTX 375 mg/m’*—day (-14) All patients Tydén G
Start: day (-6) Triple immunosuppression had good graft etal
four sessions, (Tac, MMF, Prednisolone) function during
treatment volume: IVIG 0.5 g/kg after final IA the follow-up
two plasma volumes
After KT three more
sessions within nine
days

TA—therapeutic apheresis, PEX—plasma exchange, DFFP—double filtration plasmapheresis, [A—
immunoadsorption, RTX—rvituximab, IVIG—intravenous immunoglobulin, Tac—tacrolimus, MMF—
mycophenolate mofetil.

Table 1.
Desensitization protocols in ABo incompatible kidney transplantation.

cause hyperacute AbMR, whereas lower titers result in acute or chronic AbMR
[7]. The major causes for HLA sensitization are previous transplantation, blood
transfusion, or pregnancy.

Due to the increased immunological risk, sensitized candidates remain sig-
nificantly longer on the waiting list. It was estimated, that approximately 30% of
the candidates for KT have detectable anti-HLA antibodies and half of them are
highly sensitized, being sensitized to more than 80% of the possible HLA alleles.
Desensitization protocols, by which undetectable DSA titers and negative cross-match
are achieved, significantly improve graft survival, especially in living donation.

2.2.1 HLA desensitization in ABO-compatible KT, deceased donors

In deceased donor KT (DDKT) there are conflicting data considering the effec-
tivity of TA. In patients on the waiting list, attempts have been made to perform
HLA desensitization, with unclear benefit (Table 2, [15-21]). However, the pro-
longed exposure to immunosuppressive agents should be taken into consideration.

More studies have been performed in TA and DDKT in the perioperative set-
ting. Generally, the aim is negative cross-match to be achieved prior to KT. Different
protocols were suggested, using PEX/IA, accompanied by immunosuppressive agents
(rituximab, IVIG, ATG). Though short-term results were encouraging, long-term ones
are still conflicting [21]. AbMR and T-cell rejection had higher incidence in DSA/+/
kidney transplant recipients (KTRs), especially in those with higher mean intensity
fluorescence (MFI) [19, 21]. Therefore, higher pre-transplant DSA titers have poorer
prognosis, despite current desensitization protocols in deceased donors. Currently,
due to the insufficient data on the use of TA in HLA desensitization in DDKT and the
conflicting results it falls into category 3 of the latest ASFA guidelines [10].
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TA on the waiting list
Study design TA strategy Immunosuppression  Results Reference
IA and IA Cyclophosphamide + Unclear benefit, Hiesse C. et al
immunosuppression steroids safe procedure
in HLA-sensitized
ESRD patients
PEX and PEX—12 Cyclophosphamide 9 out of 23 lost Alarabi A.
immunosuppression procedures + steroids on the first graftsin the first etal.
in HLA-sensitized day of PP, tapered 2 months post KT,
ESRD patients till KT 59% graft survival
at fifth year
post-transplant
Peritransplant TA
PEX in DDKT, PEX—1 RTX First year graft Morath C
positive cross- procedure survival 92.4%, etal.
match, aiming patient survival
negative one 95.8%
Desensitization PEX—9 IVIG 2 g/kg on days Better GFR and Loupy et al.
IVIG vs. IVIG/RTX/ procedures, 0,2,42, 63; greater DSA-MFI
PEX, negative cross- alternate days RTX days2 and 22 decrease in IVIG/
match on KT day post KT RTX/PEX group
Short-term results
Desensitization with PEX—9 IVIG 2 g/kg on days; Similar GFR in Amrouche L
IVIG/RTX/PEX procedures, 0,2,42, 63 both groups; etal.
MFI’3000 vs. MFI alternate days RTX days2 and 22 lower incidence of
500-3000, post KT T-cell rejection in
both groups with MFI 500-3000
negative cross-
match on KT day
Long-term results
Desensitization 1A ATG Similar graft and Bartel G.
in DDKT broadly (staphylococcal patient survival etal.
sensitized patients; protein A) compared to The Vienna
KT performed after initial volume DSA/—/ at third group
negative cross- 6 L, later 2-3 year post KT
match achieved plasma volumes;
first session—
immediately
before KT;
after KT—IA
every 1-3 days,
up to 7 weeks
Extended previous study of the Vienna group, no change in protocol Poorer graft Schwaiger E
survival compared  etal.
to DSA/—/ at third The Vienna
year post KT, group
higher incidence of
AbMR in DSA/+/,
higher MFI was
associated with
higher risk for
rejection

TA—therapeutic apheresis, PEX—plasma exchange, IA—immunoadsorption, RTX—rituximab, IVIG—
intravenous immunoglobulin, KT—kidney transplantation, DDKT—deceased donor kidney transplantation, MFI—
mean intensity fluovescence, ATG—thymoglobulin, DSA—donor-specific antibodies, AbMR—antibody-mediated

rejection, GFR—glomerular filtration rate, ESRD—end-stage renal disease.

Table 2.
HLA desensitization protocols in ABo-compatible deceased donors kidney transplantation.
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2.2.2 HLA desensitization in ABO-compatible KT, living donors

HLA desensitization is far more important and more effective in living donor
kidney transplantation (LDKT). A multicenter study demonstrated that KTRs with
HLAi LDKT have better survival than patients on the waiting list without being
transplanted or those on the waiting list with deceased donor KT. The benefit was
significant in the short and in the long run [22].

The most used TA techniques in LDKT desensitization protocols are PEX and
IA. Usually 4-8 sessions of PEX are performed prior to KT on alternate days. In
most of the studies low-dose IVIG (10-150 mg/kg) was infused after each PEX,
though the IVIG can be applied at the end of the series too [10]. Post-transplant
PEX procedures were also performed (5-9 sessions) [22, 23]. In some studies myco-
phenolate and tacrolimus were added to the protocol 14 days prior to KT [23]. RTX
was also used in certain protocols, forming a triple regimen—PEX/low-dose IVIG/
RTX. Though an overall AbMR rate between 30 and 40% was detected, graft and
patient survival reached up to 93 and 95% respectively at the first year [10, 24].

IA is the other most widely used TA modality in LDKT desensitization. It is
coupled with RTX + IVIG and graft survival rates reach up to 100% at the second
year. Pre-transplant oral immunosuppressive agents could be used (tacrolimus +
mycophenolate + steroids) and ATG/Basiliximab induction therapy as well [25].

2.3 Desensitization in combined HLAi/ABOi KT

In the rare setting of both HLAi and AB0i KT desensitization using PEX/IA
plays a key role. A study using TA (PEX or specific/non-specific IA), combined with
IVIG, two doses of RTX (375 mg/m”) and Tacrolimus (0.2 mg/kg started 10 days
prior to KT) demonstrated excellent graft and patient survival [26].

3. TA after renal transplantation

The major indications for TA after successful KT are AbMR and recurrent or de
novo glomerular disease.

3.1TA in AbMR
3.1.1 Acute AbMR

In HLA-desensitized patients AbMR ranges between 30 and 40% post-
transplant, despite successful desensitization prior to KT. However, acute AbMR
can occur in up to 10% after KT due to de novo DSA. The diagnosis is based on
the presence of DSA, C4d deposition in peritubular capillaries, and evidence of
tissue injury (typically associated with neutrophil/macrophage infiltration) [27].
However, AbMR without C4d deposition is also possible according to the BANFF
criteria [28]. Acute AbMR is categorized into early (within 6 months after KT) and
late (more 6 months after KT). Both types are associated with poorer graft survival;
however, early acute AbMR is more responsive to the current treatment protocols.

PEX and IA play a key role in acute AbMR treatment and fall into ASFA cat-
egory 1 [10]. The protocol consists usually of at least five TA procedures, coupled
with IVIG infusion (total does 1-2 g/kg, 100-200 mg/kg after each procedure).

In addition, RTX was tested as immunosuppressive agent, added to TA + IVIG
combination. The results for RTX-based protocols so far are inconsistent, as some
studies indicate benefit from the triple combination, whereas others fail to establish
positive effect on short-term or long-term graft survival [29, 30].
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Other preparations were tested in combination to TA as well: Bortezomib, com-
plement component 1 (C1)—inhibitor and eculizumab (C5a inhibitor) currently
with unclear benefit, indicating the need for further research in this field [31].

3.1.2 Hyperacute AbMR

Hyperacute AbMR presents with cyanosis and anuria, occurring minutes after
revascularization of the graft, and is caused by pre-formed antibodies against the
graft (ABO incompatibility, HLA-DSA, antibodies against endothelial and mono-
cyte antigens). It is currently a rare finding due to improved pre-transplant immu-
nological evaluation. Histologically small vessel endothelial damage is detected,
as well as thrombosis and neutrophil infiltration. There is no treatment, the only
option is nephrectomy [32].

3.1.3 Chvonic AbMR

Chronic AbMR is diagnosed by the presence of donor-specific antibodies,
C4d deposition in peritubular capillaries, and evidence of chronic tissue injury.
Chronic tissue injury encompasses duplication of the glomerular basement mem-
brane (GBM), multilamination of the peritubular capillary basement membrane,
arterial intimal fibrosis without elastosis, and interstitial fibrosis with tubular
atrophy [27]. Though different TA techniques have been tested in chronic AbMR,
including ECP, the procedure is generally ineffective due to the chronic histology
findings [27].

3.1.4 De novo DSA and subclinical AbMR

The detection of de novo DSA after KT is associated with poorer transplant
outcomes due to higher incidence of chronic allograft nephropathy (CAN) [33].
Subclinical AbMR is main cause for CAN in these cases. It presents with the typical
histology and serology for AbMR, without significant changes in the laboratory
and clinical findings. A recent study failed to demonstrate significant beneficial
effect from two sessions of DFPP+RTX in subclinical AbMR. In this paper, patients
with de novo DSA without data for rejection, who received no treatment, were
also evaluated. In the follow-up period no significant changes in graft function and
proteinuria in this subgroup occurred [34]. Therefore more clinical trials are needed
to evaluate the importance of TA in subclinical AbMR and in de novo DSA without
rejection.

3.1.5 TA in non-DSA post KT

The importance of non-DSA post KT is currently unclear. Though certain
studies demonstrate association between non-DSA and acute AbMR, others fail to
establish such relationship, even at MFI up to 10,000 [35, 36]. Additional trials are
needed to fully evaluate the significance of non-DSA and the possible treatment
methods in the future.
3.2 TA inrecurrent disease

3.2.1 Recurrent focal segmental glomerulosclevosis (FSGS)

FSGS is a disease, in the pathogenesis of which an unidentified plasma factor
plays a key role by increasing glomerular barrier permeability and causing podocyte
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injury. The presence of such factor is further supported by the fact, that primary
FSGS has high recurrence rate after KT—up to 50% after the first KT and up to
100% in repeated transplantations [10]. Though the molecule has not been defi-
nitely identified, a considerable research has been performed in order to evaluate
the role of TA in the treatment of FSGS.

TA is regarded in the treatment of primary FSGS only after treatment with ste-
roids and calcineurin inhibitors (CNI) have failed. However, PEX/IA is considered
as first-line treatment in recurrent FSGS after KT, as it leads to complete or partial
remission in more than 50% of the KTRs [10]. They usually combined with immu-
nosuppression—high-dose steroids, cyclophosphamide, higher doses of CNI and
RTX. The needed number of procedures to achieve effective control of the disease
by evaluating proteinuria is highly variable.

In recurrent FSGS PEX/IA are performed daily/every other day. The treatment
should be started as early as possible in order to avoid progression of the disease.
Proteinuria is the only marker that is used to assess the effect from the treatment.
Treatment may have longer duration in order to avoid new episodes. Unfortunately,
no predictors for TA effectivity in recurrent FSGS exist [10]. In addition, pre-
transplant treatment failed to prevent recurrence of the disease [37].

Lipoprotein apheresis (LA) was assessed as a third TA modality in the treat-
ment of FSGS. In LA lipoprotein particles are selectively removed from blood. The
possible explanation for the benefit of this method is reducing the lipotoxic effect of
hypercholesterolemia on podocyte function. Usually it is performed twice per week
for 3 up to 6 weeks [10]. Currently LA is approved for primary/recurrent FSGS only
in the USA.

3.2.2 Immunoglobulin A (IgA) nephropathy/Henoch-Schonlein Purpura

IgA nephropathy recurrence rate varies between 9 and 53% and is associated
with poorer graft survival. Different predictors have been identified: crescentic
forms of the disease, earlier onset of the primary disease, serum IgA levels, and
steroid withdrawal after KT [38].

PEX did not prove to be effective in the treatment of primary IgA nephropathy
[10, 39]. Indeed, predominantly cases with rapidly progressive crescentic IgA
were evaluated without significant beneficial effect. The data for PEX treatment
after KT are insufficient; therefore TA is generally not prescribed in recurrent
IgA nephropathy. Similarly to IgA nephropathy, TA has no significant efficacy in
Henoch-Schénlein Purpura.

3.2.3 Recurvent membranous nephropathy (MN)

Primary (idiopathic) membranous nephropathy (IMN) is characterized with the
presence of autoantibodies against the podocyte localized phospholipase A2 recep-
tor (anti-PLA2R). Currently, the recognized treatment options are cycling regimen
(steroids/alkylating agent), CNI, or RTX. A single study demonstrated significant
improvement from the combination of PEX + IVIG + RTX in resistant to conserva-
tive treatment (steroids/cyclophosphamide or CNI o RTX) IMN [40]. In this study,
four PEX procedures were performed, coupled with a dose of 20 g IVIG and single
dose RTX 375 mg/m”.

The recurrence rate of IMN reaches 50%. High titers of anti-PLA2R were
found to be a risk factor for recurrence after KT. Generally, switching from mTOR
inhibitor to CNI is recommended, as well as use of RTX; alkylating agent should be
avoided due to the risk for too potent immunosuppression [41]. Unfortunately, the
role of TA in recurrent IMN is unclear and further research in this sphere is needed.
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3.2.4 Recurrent membranoproliferative glomerulonephritis (MPGN)

Primary MPGN has two major types according to its pathogenesis: immune
complex mediated and complement mediated. The new classification enables not
only the better understanding of the disease, but also evaluates better the risk for
recurrence after KT.

Immune complex-mediated MPGN is characterized by the glomerular deposi-
tion of polyclonal or monoclonal immunoglobulins. It is believed that the types
and patterns of immunoglobulins may influence post-transplant characteristics of
recurrent MPGN. For instance, IgG3k and IgG3A deposits are linked to earlier recur-
rence and faster graft loss [41].

In the complex-mediated MPGN there are C3 glomerular deposits without
immunoglobulin ones. It is known also as C3 glomerulopathy and consists of two
entities—C3 glomerulonephritits and dense deposits disease (DDD). The two
diseases have similar pathogenesis and clinical course. A recurrence rate up to 67%
was reported for both diseases; DDD tended to recur later after KT and in both
types graft failure was 50% [41, 42].

The suggested treatment so far includes PEX and immunosuppression—cyclo-
phosphamide, RTX or eculizumab. However, the published studies are small and
the results are inconsistent. Therefore larger trials are needed to evaluate the effec-
tiveness of TA and the concomitant immunosuppressive agents in post-transplant
MPGN [41].

3.2.5 Complement-mediated thrombotic micvoangiopathy (cmTMA, atypical
hemolytic uremic syndrome)

Complement-mediated thrombotic microangiopathy (cmTMA), previously
known as atypical hemolytic uremic syndrome is a life-threatening condition,
which is caused by over-activation of the alternative pathway of the complement
system. It presents with thrombocytopenia, microangiopathic hemolytic anemia,
acute kidney injury, minimal to absent neurologic involvement, and fever. Over-
activation is caused by genetic mutations causing impaired function of the alterna-
tive pathway inhibitors (factor H, membrane cofactor protein, and factor I) or
overexpression of activators (factor B and complement component C3). Anti-Factor
H autoantibodies can also cause cnTMA.

Generally, the disease’s recurrence rate peaks up to 75% and is a significant
predictor for poorer graft survival—90% of these grafts are lost within the first
post-transplant year as the pathogenic serum proteins persist after the operation.
However, membrane cofactor protein-associated cmTMA recurs significantly less—
up to 20% after KT, with better graft survival due to the normal graft membrane
proteins [43].

Initially, cnTMA was treated with daily PEX and immunosuppression. The
recommended substitution fluid was FFP or FFP/albumin. However, with the intro-
duction of Eculizumab in the treatment of the disease, the role of PEX is uncertain,
as studies failed to demonstrate any advantage of PEX + Eculizumab vs. Eculizumab
only [44]. PEX is reserved as first line therapy only in the presence of anti-Factor H
autoantibodies, combined with immunosuppression [10].

3.2.6 Thrombotic thrombocytopenic purpura (TTP) after KT
TTP is TMA, characterized by similar clinical and laboratory findings as in

cmTMA. However, it is more common in adults, presents with more pronounced
thrombocytopenia, usually severe neurological impairment, and varying degree
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of renal insufficiency. In the post-transplant setting TTP is associated with CNI/
mTOR inhibitors treatment, AbMR, viral infections, and ischemia reperfusion
injury [45].

The key point in the treatment is correction of immunosuppressive treatment or
treatment of the underlying condition. PEX can be included in the therapy, though
the current data fail to demonstrate clear benefit from the procedure. Eculizumab
proved to be more effective in these cases [46]. AbMR-associated TMA is usually
treated with PEX + IVIG; RTX and Eculizumab can also be added to the treatment,
especially in resistant to the standard PEX treatment cases [47, 48].

3.2.7 ANCA-associated vasculitis

The recurrence rate of ANCA-associated vasculitis is relatively low—approx.
10%. In these cases treatment as per general population is recommended.

Usually PEX is used in ANCA vasculitis in the native kidney in cases of rapidly
deteriorating kidney function, diffuse alveolar hemorrhage, and serum creatinine
above 5.7 mg/dl (504 pmol/L) [10, 39]. In recurrent ANCA vasculitis after KT the
indications for TA are similar, usually the procedures are combined with immuno-
suppressive agents—steroids + cyclophosphamide or steroids + RTX [49]. Generally
7-12 procedures are needed. In alveolar hemorrhage the substitution fluid for PEX
is FFP in order to avoid further increase in bleeding [10].

It is recommended in patients with ANCA vasculitis and end-stage renal disease
transplantation to be delayed until a complete extrarenal remission for at least
12 months is achieved. However, ANCA-positive patients with extrarenal remission
can be transplanted [39].

3.2.8 Recurvent/de novo anti-glomerular basement membrane (GBM) disease

Anti-GBM disease is usually caused by autoantibodies against the a3 chain of
type IV collagen. The disease recurs in up to 50% of the cases post-transplant; the
presence of detectable auto-antibodies’ titer prior to KT is a well-established factor
for recurrence. Therefore a period of at least 6 months of undetectable anti-GBM
antibodies is recommended prior to KT [39].

De novo anti-GBM disease post-transplant usually develops in cases with Alport
syndrome. In this clinical setting, the patients have impaired synthesis of collagen
4, with missing chains from a3 to «5 (usually &5), due to genetic mutations. After
successful KT the graft expresses the normal « chains, which can trigger immu-
nological response against these normal structures. De novo anti-GBM disease is
detected in approx. 15% of the Alport patients after KT [7].

De novo anti-GBM disease presents with the symptoms of the disease in native
kidneys. However, the recurrent form can present with subclinical course [50].

Generally, treatment is performed as per native kidneys’ anti-GBM disease.
Therapy should be initiated as early as possible. PEX is performed daily or every
other day, anti-GBM antibody titers should be monitored and the procedure should
be performed until the autoantibodies are undetectable (approx. 10-14 sessions).
PEX is combined with steroids and cyclophosphamide; the role of RTX is currently
unclear [10, 39].

3.2.9 Catastrophic antiphospholipid syndrome (cAPS)
Catastrophic antiphospholipid syndrome (cAPS) is acute life-threatening

condition, associated with multiple thromboses in at least three systems within days
or weeks, due to the presence of antiphospholipid antibodies (lupus anticoagulant,
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anticardiolipin, and anti-p2-glycoprotein I). The presence of cAPS is an indica-
tion for PEX. The procedure should be performed in combination with steroids
+ IVIG and anticoagulants. This triple combination proved to be effective in
cAPS. However, cyclophosphamide, eculizumab, and RTX were also used in the
treatment [51]. PEX in cAPS is performed daily or every other day, substitution
fluid is usually FFP or FFP + albumin [10].

The data for cAPS after KT are limited. The presence of antiphospholipid anti-
bodies is a recognized risk factor for cAPS and anti-phospholipid syndrome (APS)
recurrence [7]. A paper demonstrated that the use of Eculizumab can prevent post-
transplant cAPS [52]. Barbour et al. demonstrated partial graft function improve-
ment in patient with post-transplant cAPS, treated with PEX (28 procedures over
49 days), IVIG, and anticoagulation [53]. Further research in the field is needed, as
the number of patients with APS/cAPS is small, especially those after KT.

4. Conclusions

TA has a well-established role in desensitization protocols prior to KT and treat-
ment of AbMR in the post-transplant period. However, its place in the treatment
of recurrent/de novo post-transplant glomerular disease is not fully understood
due to the relatively small number of patients, insufficient controlled clinical
trials, and different immunosuppressive agents used alongside with the procedure.
In addition, the different TA modalities further complicate the assessment of TA

effectivity. A multicenter approach could give better insight into TA role after renal
transplantation and optimize its use in everyday clinical practice.
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Bacterial Resistance in Urinary
Tract Infections: Multidrug
Resistant ESBL Producing Gram
Negative Uropathogens from
Patients
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Abstract

Urinary tract infection is one of the most common bacterial infectious diseases
encountered in clinical practice. The development and spread of multidrug resis-
tant isolates are of great global health burden; among them, extended spectrum
beta-lactamase (ESBL) producing Enterobacteriaceae has been a prime concern.
This topic describes the resistance patterns of eighty three (83) Gram negative
uropathogens to different classes of antibiotics. Bacteria isolates were obtained
from patients of all age groups who sought medical attention at a secondary and
tertiary hospital in Northern Ghana. Culture and isolation methods employed were
the quantitative urine culture on Cysteine Lysine Electrolyte Deficient (CLED)
agar and standard biochemical tests. ESBL production was detected using the
CLSI recommended phenotypic confirmatory test along with routine antibiotic
susceptibility test, adopting the Kirby-Bauer disk diffusion method. Out of 83
isolates, seven (7) Gram negative uropathogens were characterized and ESBLs were
detected in 32 of the isolates. Escherichia coli was the pathogen with most ESBL
positive strains. Generally high and multiple drug resistance were recorded in both
ESBL and non-ESBL strains to the empirical drugs, however, ESBL positive strains
significantly (p = 0.000) showed greater resistance. A notable finding was the
appreciable resistance exhibited by ESBL strains to last line treatment drugs that
include aminoglycosides and imipenem.

Keywords: Antibiotic resistance, ESBLs, Gram negative uropathogens, UTI, Ghana

1. Introduction

Urinary tract infection (UTTI) is a disease of the genitourinary tract that is common
in all gender and age groups. Bacteria are the major cause responsible for more than
95% of UTI cases. Escherichia coli is the most prevalent causative organism and solely
accounts for more than 80% of the infections [1].
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In recent times multiple drug resistance among bacteria uropathogens has
significantly increased mainly due to the spread of extended spectrum p-lactamases
(ESBLs). ESBLs are the enzymes, mostly encoded by plasmids in effect of mutation
due to which bacteria show resistance to various p-lactam antibiotics including
cephalosporins and monobactams [2]. More than one hundred and fifty (150)
ESBL types have been identified and majority of them belong to class A enzymes
SHV, TEM and CTX-M [3]. These class A enzymes hydrolyse penicillin, oxyimino-
cephalosporins, and monobactams but not carbapenems or cephamycins and
are inhibited iz vitro by clavulanate [4]. There is a growing apprehension for
multidrug-resistant Gram-negative bacteria which produce extended-spectrum
p-lactamases [5, 6]. Members of the Enterobacteriaceae primarily produce ESBLs
particularly Klebsiella pneumoniae, K. oxytoca and E. coli, then again, other Gram-
negative organisms including Salmonella, Pseudomonas aeruginosa, Proteus spp. and
Acinetobacter baumannii have also been named [7].

Immunosuppressed patients with invasive devices, prolonged hospital admis-
sions and long term antibiotic exposure are predisposing factors for colonization or
infection with ESBL pathogens [8]. Detecting ESBL producers is a major challenge
in clinical settings because of selective pressure caused by heavy use of expanded-
spectrum cephalosporins and failures in effective infection control measures in
hospitals [9]. Delayed reporting of ESBL producing Gram-negative bacilli is associ-
ated with extended clinical admission, increased morbidity and mortality as well as
high health care expenditures [4].

Several tests have been recommended for detection of ESBL production iz vitro.
The most frequently used methods include double disc synergy test, combined
disc method and E-test. Many automated systems have also been developed for
diagnosis while some laboratories use molecular methods for establishing ESBL
phenomenon [10].

Still lacking in several healthcare facilities in developing countries including
Ghana are laboratories for urine culture and antimicrobial susceptibility testing
which obviously lead to unavailable data on ESBLs. Records of prevailing levels
of antimicrobial resistance among pathogens are valuable in taking appropriate
empirical therapy decisions. Local data of pathogens’ susceptibility to antibiotics is
virtually absent in most hospitals in Northern Ghana. The purpose of this study was
to characterize and screen Gram-negative uropathogens to detect ESBL producers
and determine the susceptibility pattern of strains from patients in a secondary
and tertiary care hospitals in Northern Ghana. Authors report on the incidence of
ESBL-positive Gram negative bacilli in patients presenting with UTI infections in
Northern Ghana.

2. Materials and methods

Data was prospectively collected for a period of six (6) months (April 2018 to
September 2018) at a tertiary and secondary care hospital in the Northern region
of Ghana. A total of 738 non-repetitive mid-stream urine samples were cultured on
Cysteine Lysine Electrolyte Deficient Medium (CLED) and isolates were identified
by standard laboratory methods [11]. Strains totaling one hundred and ninety (190)
were identified and considered clinically relevant which consisted of 107 Gram
positives and 83 Gram negative bacilli. In assessing the prevalence of ESBL produc-
tion among the Gram negative uropathogens, all 83 isolates were further processed
for ESBL detection.

Antimicrobial susceptibility was determined by the Kirby-Bauer disc diffusion
method according to Clinical Laboratory Standard Institute (CLSI) guidelines [12].
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The drugs used for antibiogram determination were imipenem (10 pg), norfloxacin
(10 pg) nitrofurantoin (50 pg), amikacin (30 pg), gentamicin (10 pg), trime-
thoprim-sulphamethoxazole (co-trimoxazole) (25 pg), ampicillin (10 pg), chlor-
amphenicol (30 pg), tetracycline (30 pg), ceftriaxone (30 pg), cefoxitin (30 pg),
ciprofloxacin (10 pg), augmentin (30 pg), and erythromycin (15 pg). Culture media
and all antibiotic discs were sourced from Oxoid. Multiple drug resistance was
defined as resistance to three (3) or more classes of antibiotics.

ESBL production was detected by using the CLSI recommended phenotypic
confirmatory test along with routine antibiotic susceptibility testing. This was
performed with ceftadizime (CAZ 30 pg) and cefotaxime (CTX 30 pg) discs alone
and in combination with clavulanic acid (CAZ/CLA 30/10 pg). A > 5 mm increase
in zone size of the combined ceftazidime and clavulanic acid was considered as con-
firmation of ESBL production [12]. All the recovered Gram negative bacteria were
subjected to ESBL screening although CLSI phenotypic confirmatory test endorses
Escherichia coli, Klebsiella pneumoniae and Proteus mirabilis. Escherichia coli ATCC
25922 was used as negative control for ESBL production due to unavailability of a
positive control strain. All susceptibility testing was performed on Mueller-Hinton
agar using 0.5 McFarland suspension from overnight cultures, followed by incuba-
tion at 35°C for 16 to 18 hrs.

SPSS version 20 was used to analyze the data. Descriptive statistics including
frequencies and percentages were used. Pearson chi-square test at 95% signifi-
cant level was conducted to determine associations between categorical outcome
variables. A two tailed p-value of <0.05 was considered statistically significant.
Approval for the study was obtained from the Ethical Review Committee of the
Tamale Teaching Hospital.

3. Results

Out of the 738 urine screened, 190 were considered significant bacteuria. The
190 uropathogens comprised 107 Gram positives and 83 Gram negatives. Of the 83
Gram negative isolates screened, 32 (38.6%) were positive for ESBL production and
E. coli was the predominant (37.5%) ESBL producing pathogen. About 81% (26)
of the ESBL strains came from in-patients and approximately 38% were recovered
from patients who were 60 years and above. ESBL-positive strains were signifi-
cantly (P = 0.002) greater in female isolates (Table 1).

No. ESBL positive patients Percentage (%) P-value
Age
<20 2 6.3 0.000
20-39 11 344
40-59 7 214
60 and Above 12 375
Sex
Male 15 46.9 0.002
Female 17 531
Total 32 100.0
Table 1.

Gender and age distribution of patients with ESBL positive strains.
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Comparing ESBL and non-ESBL strains, the difference in resistance pattern
was significant, p = 0.000. ESBL producing strains showed up to 50% resistance
to aminoglycosides (gentamicin and amikacin) and about 22% to imipenem while
resistance of non-ESBLs were below 10% to aminoglycosides (gentamicin and
amikacin) and approximately 10% to imipenem. The non-ESBL strains were highly
resistant (70-90%) to only ampicillin, erythromycin, nitrofurantoin and tetracy-
cline but ESBL strains generally showed high resistance (50-100%) to almost all
the drugs, with exception to amikacin and imipenem where resistance was below
30%. Resistance to cefepime was about 84% among ESBL strains and 19.6% in the
non-ESBL strains (Table 2).

Multidrug resistance was a common occurrence in the ESBL strains with
approximately 68% of them being resistant to six (6) or more antibiotics but only
15.7% of the non-ESBL strains showed this particular phenomenon, Table 3. All
ESBL positive and negative strains of E. coli, Klebsiella and Salmonella showed
100% multiple drug resistance (Table 4).

Resistance of p-lactamase producing E. coli strains to the quinolones (cipro-
floxacin, norfloxacin) were up to 83%, however the non- f-lactamase producing
strains showed resistance of about 26-30% to the same class of drugs. Also, against
the 3rd generation cephalosporins (ceftriaxone, ceftazidime and cefotaxime) the
p-lactamase producers showed resistance of 83-100%, but resistance was between
21 and 26% among the non- B-lactamase E. coli strains (Table 5).

Klebsiella strains that were p-lactamase positive showed resistance of up to 44%
to the quinolones while strains that did not produce p-lactamase had resistance of
about 33%. Resistance to the aminoglycosides were 22-66.7% in the ESBL strains
and 0% in the non-ESBL strains. Against the 3rd generation cephalosporins, the
ESBL strains showed resistance of 88-100% as the non-ESBL strains had resistance
of 16-33% (Table 5).

Antibiotic % ESBL Strains (n =32) % Non-ESBL Strains (n =51) P-Value
Cefoxitin 531 392 0.000
cefepime 84.4 196
Ciprofloxacin 59.4 216
Norfloxacin 62.5 235
Amikacin 219 7.8
Gentamicin 50.0 7.8
Ampicillin 96.9 90.2
Augmentin 62.5 314
Tetracycline 781 70.6
Ceftriaxone 84.4 235
Ceftazidime 93.8 275
Nitrofurantoin 75.0 72.5
Chloramphenicol 594 54.9
Erythromycin 75.0 86.3
Cotrimoxazole 781 64.7
Imipenem 219 9.8
Cefotaxime 100.0 314
Table 2.

Resistance pattern of ESBL and non ESBL strains of UTI patients.
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Multidrug Resistance ESBL Producers Non ESBL Producers P-Value
No. of Resistant Strains (%) No. of Resistant Strains (%)
3 Classes of antibiotics 3(9.7) 27(52.9) 0.000
4 Classes of antibiotics 2(6.5) 12(23.5)
5 Classes of antibiotics 5(16.1) 4(7.8)
6 Classes of antibiotics 7(22.6) 2(3.9)
>7 Classes of antibiotics 14(45.2) 6(11.8)
Total 31(100.0) 51(100.0)
Table 3.

Multidrug resistance of ESBL and non ESBL strains.

Organism ESBL Producers Non- ESBL Producers P -Value
Isolates (n) MDR (%) Isolates MDR (%)
E.coli 12 12(100.0) 23 23(100.0) 0.204
Salmonella 2 2(100.0) 2 2(100.0)
Klebsiella 9 9(100.0) 6 6(100.0)
Enterobacter 4 4(100.0) 12 12(100.0)
Serratia 4 3(75.0) 7 7(100.0)
Pseudomonas 0 0(0.0) 1 1(100.0
Proteus 1 1(100.0) 0 0(0.0)
Table 4.

Multidrug resistance vate of uropathogens.

Enterobacter producing ESBL showed 75% resistance to the quinolones while
0% resistance was observed in the non-ESBL strains and to the aminoglycosides
resistance were 25-50% in the ESBL strains and 0% among the non-ESBL strains
(Table 5).

ESBL-positive E. coli, Klebsiella and Enterobacter, showed respective resistivity
of 25%. 33.3% and 25% to Imipenem while in the non-ESBL strains, resistance were
8.7% in E. coli and 0% each in Klebsiella and Enterobacter sp. (Table 5).

4. Discussion

In recent times antimicrobial resistance has been acknowledged as a major pub-
lic health problem worldwide with developing countries reporting more worrying
trends. The emergence and rapid dissemination of multiple drug resistant patho-
gens including ESBL producing Enterobacteriaceae have made management of
hospital and community acquired infections caused by these strains difficult. The
prevalence of ESBL producing pathogens greatly differs from country to country
and also within country. Prevalence ranging from below 1% to more than 70% have
been documented globally [13].

We identified seven (7) species of Gram negative uropathogens and detected
ESBLs in 32 (38.6%) out of 83 uropathogens recovered from patients reporting to
hospitals in Northern Ghana. Among the Seven (7) Gram negative species screened
for ESBL production, E. coli was the pathogen with the most (37.5%) ESBL posi-
tive strains which is comparable to reported rates from India [14], Turkey [15]
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and Saudi Arabia [16], but lower than a report from Egypt [17]. Moreover, in
Africa, the prevalence of ESBL- producing E. coli has been found to range from

35 to 65% [18]. From literature, ESBLs are produced primarily by members of the
Enterobacteriaceae and other pathogens including Acinetobacter baumannii, Proteus
spp., Pseudomonas aeruginosa and Salmonella spp. [19] but detection is more fre-
quent in E. coli and Klebsiella species [20].

ESBL positivity was significant in females (0.002) compared to the male gender.
In contrast, authors from India [14] and Israel [21] have reported male prevalence
citing male gender as a risk factor for community-acquired ESBL-positive UTI [21].
Our study however involved in-patient and OPD cases of UTI with 81% of strains
coming from in-patients, which possibly could account for the difference in results.
Besides, females are often beset with UTI due to settlement of colonic Gram nega-
tive bacteria on the urethra as a consequence of a short urethra and its closeness to
the anus. The gender of a patient, according to Magliano and colleagues is one of the
risk factors of UTI [22].

Age group 60 and beyond (37.5%) were mostly found with ESBL positive strains.
Several studies have indicated age over 60 years to be an associated risk factor for
community-acquired infections with ESBL-producing microorganisms in adults
[21, 23, 24]. This age bracket is putatively prone to infections, which is expected to
make them consume antibiotics in greater quantities that could ultimately contrib-
ute to drug resistance.

Therapeutic challenge is allied with ESBL-producing strains due to low
susceptibility to variety of p-lactams, including third generation cephalosporins
as well as the possibility for plasmid mediated quinolone and carbapenem resis-
tance. The ESBL isolates showed high rates of resistance to all studied antibiotics
with exception to amikacin and imipenem, where resistance to these drugs were
21.9% each. The 21.9% may be considered high when compared to documented
rates in different geographical regions where susceptibility to imipenem was
100% [13, 25, 26]. The resistant pattern of our study isolates reaffirms accounts
of low susceptibility of ESBL strains to third generation cephalosporins and other
p-lactam drugs. Respective resistances of ESBL strains to the third generation
cephalosporins; cefotaxime, ceftazidime and ceftriaxone were 100%, 93.8% and
84.4% and 31.4%, 27.5% and 23.5% were for non-ESBL strains and the difference
was statistically significant (0.000). Similarly, susceptibility of ESBL strains
to ampicillin and augmentin were low (62.5-96.9% resistance). The non-ESBL
strains however showed equally high resistance to ampicillin (90.2%) and rather
lower resistance (31.4%) to augmentin.

Antibiotics including quinolones (ciprofloxacin, norfloxacin), cefepime,
tetracycline, cotrimoxazole had ESBL positive strains exhibiting greater resistance
to them as opposed to non-ESBL strains with a significant difference. Quite the
reverse occurred with erythromycin where non-ESBL isolates resistance (86.3%)
was significantly more than the ESBLs (75.0%); but almost equal resistance was
observed in ESBLs (75.0%) and non-ESBL strains (72.5%) to nitrofurantoin.

A notable finding of this research was the high resistance of both ESBL and non-
ESBL strains to first line and empirical drugs of UTI. Multiple drug resistance of
100% was observed in six (6) of the seven (7) uropathogens identified and close to
66% of the ESBL strains were resistant to six (6) or more antibiotics. Additionally,
resistance to aminoglycosides which have reportedly been low [13, 27-29] and con-
sidered a treatment option for complicated UTI was not effective against our ESBL
strains, with up to 50% of strains showing resistance. Limiting the use of a group
of antibiotics could lead to over prescription of other classes resulting in a surge
of resistance in the oversubscribed drugs. The rampant pathogen resistant reports
to frequently used and affordable drugs are gradually putting pressure on the last
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line class of drugs including the carbapenems. A review of antimicrobial resistance
studies in Ghana have shown a steady rise in resistance to classes of antibiotics such
as aminoglycosides and carbapenems (personal review, unpublished) which previ-
ously were very effective and rarely suffered pathogen resistance. This research
documented 21.9% resistance from ESBL strains and almost 10% from Non-ESBL
isolates to imipenem. This clinical warning of increased resistance to last line
antibiotics and high MDR records prompt an immediate need to formulate strategic
policy initiatives to reduce their emergence and spread. Regulating the emergence
and spread of ESBL organisms in hospitals require a blend of antimicrobial stew-
ardship and effective infection control compliance in hospitals. Consistent monitor-
ing of regional and national surveillance data of the common infectious pathogens
besides screening of ESBL producers is of prime importance in controlling the rise
in multi-drug resistant pathogens.

5. Conclusion

The study found E. coli with most ESBL producing strains. Multiple drug
resistance was a common occurrence; in almost all the Gram negative uropatho-
gens characterized, 100% resistance was recorded. ESBL strains generally showed
greater resistance than the non-ESBL strains particularly to the cephalosporins and
p-lactam antibiotics. However resistance to UTI empirical drugs and other com-
monly used antibiotics were alike in both ESBL and non-ESBL strains as low sus-
ceptibility was observed. An important finding was the considerable resistance of
the ESBL strains to the aminoglycosides and imipenem which are last line treatment
drugs. The results of the study clearly indicate the need for antimicrobial steward-
ship and enhanced infection control measures in our hospitals. Routine screening
of ESBLs in our hospitals is highly recommended since appropriate antimicrobial
therapy can only commence with early detection of these strains.
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Chapter 6

Post-Covid-19 Era: What is Next?

Shiela Chetri

Abstract

Antimicrobial resistance (AMR) is a natural phenomenon in bacteria which
becomes a threat for health-care settings around the world. A concerted global
response is needed to tackle rising rates of antibiotic resistance, without it we risk
returning to the pre antibiotic era. As bacteria evolve very fast according to the
environment in which they inhabit via developing different defence mechanisms
to combat with the noxious agents like different classes of antibiotics including
carbapenems. This results into treatment failure and clinical complications. Global
emergence of antibiotic resistance due to bacterial multidrug efflux pump systems
are a major and common mechanism of intrinsic antimicrobial resistance employed
by bacteria which are spreading rapidly due to over use or misuse of antimicrobial
agents. This review mainly focusses on the transcriptional expression of efflux
pump system AcrAB-TolC, local regulatory genes (AcrR and AcrS), mediating
carbapenem resistance in clinical isolates of Escherichia coli under antibiotic stress, a
genetic interplay study between intrinsic and acquired antibiotic resistance mecha-
nisms along with a brief summary on high risk factors and prevalence of urinary
tract infections by multidrug resistant Uropathogenic Escherichia coli.

Keywords: Escherichia coli, carbapenem, AcrAB-TolC, blanpm.1, uropathogenic
Escherichia coli

1. Introduction

Distribution of multi-drug resistant bacteria is a chief public health issue.
Mutations have been an important factor influencing the development of the
multi-drug resistant phenotypes and elucidate how they acquire antibiotic resis-
tance [1, 2]. Several mutations are often required to acquire resistance towards a
particular drug [3, 4]. However, a number of mechanisms evolved within bacteria
helps them to survive against any noxious agents. Amongst the possible antibi-
otic resistance mechanisms, efflux pumps are membrane proteins which export
noxious substances including antimicrobials out of the cell via over expressing
the tripartite pump system resulting into antibiotic resistance [5]. Efflux pumps
(like, AcrAB-TolC in Escherichia coli and MexAB-OprM in P. aerugiosa), are crucial
for their survival and colonization/virulence, mainly during the development of
infection when the pathogen is attacked by toxic substances or adhere with the host
[6]. The AcrAB-TolC is constitutively expressed in Escherichia coli, and provides
intrinsic resistance towards antimicrobials such as erythromycin and fusidic acid
as well as dyes and detergents [7, 8]. In Klebsiella pneumonia, efflux pump medi-
ated tigecycline resistance was reported from China in which higher expression
of efflux pump systems AcrAB-TolC and OqxAB was recorded and the expression
of AcrB gene was found to be connected with ramA and marA expression [9]. For
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decades, as a last resort carbapenems has been used quite effectively and the idea
about this antibiotic was compromised due to the rise of carbapenem hydrolysing
3-Lactamase producers strain of Klebsiella pneumoniae [10]. Moreover, the situ-
ation is more convoluted in Indian subcontinent after appearance of New Delhi
metallo-Beta lactamases in the present decade [11]. However, from India, in a study
on P, aeruginosa isolates obtained from hospital revealed that MexAB-OprM efflux
pump can considerably contribute to meropenem resistance in the absence of an
acquired resistant mechanism [12]. According to a research done by Charleric B
etal. 2003, clinical isolates of Enterobacter aerogenes exhibited resistance towards
p-lactam and other group of antibiotics. Efflux pump associated resistance against
quinolone, tetracycline and chloramphenicol along with over-expression of AcrA
within these imipenem resistant strains have been observed earlier [13]. As per a
study done by Chetri et al., 2019 a strong association between ertapenem resistance
and AcrA over-expression was observed which has not been noticed earlier. Also,
the over-expression of AcrB towards imipenem stress was noticed in this study is
unique of its own [14]. AcrD, a transporter protein which belongs to RND super-
family of efflux pump was found to be associated with aminoglycosides resistance
[15] did not show any role in carbapenem resistance in the above study [14]. Elkins
and Nikaido in 2002, reported that for an efficient efflux of amphiphilic substrate,
AcrD needs an association with AcrA in intact cells [16] and this association plays
an important role in carbapenem non-susceptibility. Mutations in drug target genes
are still presumed to be the crucial mechanism for drug resistance. To examine

the basis of the increased expression of local regulators, AcrR and AcrS in AcrAB
overexpressed isolates, mRNA sequencing of the regulatory regions was executed
and was confirmed that the efflux pump mediated carbapenem resistance does not
have any mutational event [16]. Dzwokai Ma and co-workers in 1996, reported that
the transcriptional expression of AcrAB was increased under general stress condi-
tion and further, they investigated the role of the local repressor AcrR under general
stress condition [16]. Remarkably, they found that under all these stress conditions,
the transcription of AcrR was insistently increased and the level of increase was
even higher than that observed for AcrA however, local repressor AcrR is associated
as a repressor for AcrAB. In a study by Chetri and co-workers, the isolates with
increased AcrAB expression under carbapenem stress showed much higher expres-
sion of AcrR which is surprising [14]. In agreement with the earlier study [14] it can
be hypothesized that stress induced transcription of AcrAB is probably under the
control of global transcriptional regulators.

New Delhi metallo beta-lactamase (NDM) is the predominant carbapenem
resistance determinant in India which is harboured within members of enterobacte-
riaceae family and non-fermenters [17], and different variants have been reported
from this country. Carbapenem resistance is a complex phenomenon which involves
interplay between multiple acquired and intrinsic resistance mechanisms which
includes loss or downregulation of porins, overexpression of different efflux
pump systems and plasmid mediated acquirement of carbapenemase genes [18].

A previous study has noticed that efflux pump system plays an important role in
carbapenem resistance compared to blaNDM-1 in Pseudomonas aeruginosa [18]. In
another study, simultaneous expression of single component and multi component
efflux pump was attempted in E. coli and Pseudomonas aeruginosa but it did not
increase antibiotic resistance [19]. In similar work interplay between overexpression
of AcrAB-TolC and mutation in gyrA and parC in quinolone resistance in E. coli

was observed [20]. Also, a previous study has highlighted greater role of acrB in
beta-lactam and quinolone resistance [21]. However, a study showed same pattern
of transcriptional expression for both acrA and AcrB, which is probably due to

the presence of both the genes in same transcript [22]. In a study done by Chetri
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etal., 2019 showed that in an E. coli isolate over-expressing both AcrAB-TolC and
blaNDM-1, showed higher level of mRNA for both the genes when compared with
other groups (I, III and IV) [22] and was observed that even a smaller amount of
imipenem and meropenem was able to trigger the expression of NDM although;
the role of ertapenem in induction was still unclear. Unlike Pseudomonas aeruginosa,
where expression of efflux pump system MexAB-OprM was significant than that of
blaNDM-1 [18], a study found contrasting pattern in E. coli [14]. In Indian subcon-
tinent resistance against carbapenem is an evolving problem. However, acquirement
of New Delhi metallo beta-lactamase is considered as the major reason for treat-
ment failure and along with that efflux pump mediated resistance too remains a
matter of concern as together both the mechanisms pose a grander risk. Study done
by Chetri et al., 2019 was able to highlight a higher mRNA transcript of both the
resistance genes when coexist within an isolate [22] and require further investiga-
tion to identify the concentration of antibiotics, duration of exposure and other
factors responsible induction of these intrinsic and acquired mechanisms that exert
an isolate a multidrug resistant phenotype.

Further, the active participation of Escherichia coli in causing Urinary tract
infections, which is mainly caused by Uropathogenic Escherichia coli (UPEC) are
the common bacterial infections [23]. In females, the high risk of UTIs is due to the
intrinsic virulence of E. coli for colonization in urinary tract such as its capabilities
to adhere to the tract and its association with other microorganisms moving from
the perineum regions to the warmth moist environment of the female genitalia
contaminated with fecal microbes [24, 25]. The worldwide rise of multi-drug resis-
tant uropathogens, underscores the need for substitute non-antibiotic therapeutic
and preventive approaches against Urinary tract infections.

However, a study done by Linsenmeyer et al. demonstrated a high level of
indefinite empiric treatment for urinary tract infections caused by MDR gram-
negative bacteria and patients suffering from MDR UTI is treated with an inactive
antimicrobial agent as their preliminary therapy [26]. As in the previous study,
estimation of non-fluoroquinolone antibiotics demonstrated the enhancement in
accuracy of empiric therapy, considered as key concepts for stewardship pro-
grams [26]. Though, based upon the severity of illness, other patient factors and
favoured means of drug administration, the therapeutic options can be selected.
However, the high usage of fluoroquinolone is disturbing with the emergence of
high resistance rates [27-29].

Other than E. coli, Staphlylococcus aureus which is a common cause of infections
in health-care facilities and also in the community are part of our skin flora. A new
AMR indicator was introduced in 2019 in the SDG monitoring framework which
observes the frequency of bloodstream infections caused by two particular drug
resistant microbes: Escherichia coli resistant to third generation cephalosporins
and metbhicillin-resistant Staphylococcus aureus (MRSA). Extensive resistance in
extremely variable strains of N. gonorrhoeae has rapidly emerged and developed
resistance towards macrolides, sulphonamides, fluoroquinolones, tetracyclines and
early generation cephalosporins. The utilization of extended-spectrum cephalo-
sporin ceftriaxone in injectable form are the only available therapeutic option for
gonorrhoea in most countries currently. The threat of carbapenem resistant entero-
bacteriaceae (CRE) is emmerging and numerous mechanisms are associated in their
non-susceptibility against carbapenem. This situation complicates the therapeutic
scenario in critical care conditions in hospital setting as carbapenem resistant
pathogens are most commonly found to be multidrug resistant. The epidemiology
and occurrence rate of CRE differs in different geographical regions [30].

Antimicrobial resistance is an intricate issue which requires a combined multi-
sectoral approach. One health approach brings together various divisions and
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stakeholders involved in human, aquatic and terrestrial animals and plants health,
feed and food production and the environment to interact and work together for
designing and execution of programmes and research to accomplish improved
public health outcomes. The research and development of novel antimicrobials,
vaccines and rapid diagnostic tools especially for targeting dangerous gram-
negative bacteria like carbapenem resistant Enterobacteriaceae requires greater
innovations and investments [30].

2. Conclusion

Multidrug efflux pumps are primeval elements encoded in the microorganism’s
chromosomes which confer resistance to antibiotics at different levels: intrinsic
resistance, acquired resistance, and transient induced phenotypic resistance.
Additionally, multidrug efflux pumps exhibit various functions with relevance to
bacterial adaptation to altered habitats. Some of these functions, like resistance to
heavy metals, resemble antibiotic resistance, biocides, or solvents, as they are adap-
tive responses to diverse types of external injuries, whereas, others are associated
to internal detoxification of intermediate toxic bacterial metabolites. AcrAB pump
is an important antibiotic resistance determinant in bacterial pathogen, having a
dynamic role in developing resistance towards carbapenem group of antibiotics
and the role of regulatory genes in inducing the expression of these pumps high-
lights the fact that the regulators directly or indirectly involved in increasing the
expression of efflux pump system leading towards the development of carbapenem
resistant MDR Escherichia coli isolates in clinical settings.
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Abstract

Acinetobacter baumannii is one of the opportunistic bacteria firstly related with
the hospital acquired infection influencing primarily to weakening the patient in the
ICU. It is sometimes transferred to the patient by transient colonization of hands of
the workers of healthcare, and persistence on eco-surfaces. Acinetobacter bau-
mannii inhalation aerosolized through endo-tracheal suctioning of the ventilated
patient is widespread among ventilator-related pneumonia (VAP). It is infections
mainly associated with ventilator-related pneumonia (VAP), community Acquired
Pneumonia (CAP), invasive bacterial infections (IBIs) and UTI (urinary tract
infection). It is one of the prominent uropathogens problematic with antibiotic
resistance especially carbapenem resistant Acinetobacter baumannii (CRAB). Their
colonization of urinary tract and establishment of infection may attributed mainly
to set of virulence factors like: Acinetobactin-assisted iron acquisition system,

Bap (biofilm-related protein), phospholipase D, Ata (Acinetobacter trimeric
autotransporter), chaperone-usher type pilus (Csu), OmpA (outer membrane
protein A), and Plasminogen-binding protein (CipA). The common drugs used for
treatment Acinetobacter baumannii infections involve polymyxins, glycylcyclines,
tetracyclines, mono-bactams, fluoroquinolones, aminoglycosides, antipseudomonal
carbapenems, antipseudomonal cephalosporins, and sulbactam. The rates of MDR
isolation or also comprehensively the resistant Acinetobacter baumannii are sig-
nificantly increased and so the combination of two or more (colistin, tigecycline, or
colistin-rifampicin combination therapy) drugs is sometimes used to treat infec-
tions of MDR-AB. As a conclusion the Acinetobacter baumannii engagement in
urinary tract infections attributed mainly to their adhesins, invasins and intrinsic
antibiotic resistance.

Keywords: A. baumannii, CRAB, Ata, TAA, OmpA, CAP, VAP, colistin

1. Introduction
Acinetobacter baumannii is a polymorphic bacterium, rode shaped, gram nega-
tive, immobile, and aerobic. It is an opportunistic bacterium mainly related with

the hospital acquired disease. It has highly incidence among immune-compromised
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people, especially those who have suffered from prolonged hospital stay (more
than 90 days) [1]. A. baumannii bacterium is one of the major states of the
infections of hospitals that firstly affect the exhausted patients in the ICU, not-
withstanding the prevalence to long-term care facilities and to regular wards is
becoming larger. It is distinguished by its great determination in environments and
has a specially ability for enhancing the resistance to every antibiotic [2].

Acinetobacter baumannii usually causes the hospital infections, mostly catheter-
related bacteremia, and aspiration pneumonia, but also can cause infections of
urinary tract and soft tissue. Community-acquired infections Acinetobacter species
are progressively recorded. Transfer of Acinetobacter, and sub-sequent diseases are
expedited by environmental persistence of the microbes, resistance to dehydration
and avoiding host immunity [3-5].

The characteristics of virulence exhibited by species of Acinetobacter mainly
arises from avoiding of quick removal by the innate immunological system, actively
expediting a highly bacterial density which leads to the formation of receptor of
lipopolysaccharide-Toll-like 4 (TLR4)-assisted sepsis. Polysaccharides of capsule are
critical virulence agents that enable immune evasion, whereas LPSs lead to the septic
shock [6]. The newly increase in casualties, greatly related with the infected combat
soldiers reverting from the conflict districts, and a high increasing in casualties of
multidrug resistant isolates (MDRs) have increased the emerging opportunistic bac-
terium profile, significantly [7]. MDR-A. baumannii, defined as a strain resistant to
3 or more groups of antimicrobial agents. They are involving the carbapenem, which
has emerged as a main cause of healthcare-related infection [8, 9]. The infections of
A. baumannii are difficult for treating and related with highly, and mortality, and
staying for a long time at hospitals [10, 11].

2. Acinetobacter spp.

Bacteria of the genus Acinetobacter are ubiquitous, free living, saprophytic
organisms that can be isolated from soil, water, sewage, and a wide variety of
foods. They are common components of food spoilage flora. Acinetobacter johnsonii
and Acinetobacter lwoffi are the species most often isolated from foods, but other
species, like the opportunistic pathogen Acinetobacter bawmannii also can be found
in spoilage flora [12]. Acinetobacter genus is very variant, consisting of negative
and positive oxidase, non-pigmented, and gram negative cocco-bacilli. In spite
of there are more than fifty species of the varied Acinetobacter, most of them
are non-pathogenic environmental microorganisms. The most common infec-
tions are by A. baumannii, followed by A. Iwoffii, and A. calcoaceticus [13, 14].
Acinetobacter was found out by Beigerinck, Martinus Willem, a microbiologist
from Netherlands in 1911. However, for long times, the bacterium Acinetobacter
had a low-virulence, sensitive to the used common antibiotics, but from 1970,
resistance of Acinetobacter led to increase and became one of the severe problems,
particularly in the conditions of hospitals. Currently, the infections by A. bauman-
nii are distinguished to be an important problem and difficult for the controlling
and treating in critical care conditions [15-17]. A. baumannii lives equally in the
humid, and dry environments, is resistant to the disinfectant, and extreme drying.
It enables for forming the biofilm that expedites bacterial binding to the tissue, as
well as different surfaces of the environment, and rapidly acquires mechanisms of
the antibiotic resistance. These characteristics are believed to have led to the quick
endemic prevalence of Acinetobacter baumannii in environments of hospitals and
several intensive care units worldwide, especially in countries of Europe. Also,
in 2015, the report of the European Antimicrobial Resistance Control Network
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referred to that the association of strains of MRD-A. baumannii throughout Europe
was stably increasing.

However, the highest levels of the drug resistance Acinetobacter baumannii
were remarked in the states of Baltic particularly in Lithuania and in Southeastern
and Southern Europe. In 2017, this bacterial species was involved in the general
priority list of WHO for drug-resistant bacteria for a big need to the development of
research, and the insistence for novel antimicrobial agents [18]. Acinetobacter spp.
are normally dwell skin, mucous membranes or the pharynx, and human respira-
tory secretions as normal flora It accountable for a wide variety of local and sys-
temic infections, including pneumonia, septicemia, wound infections and urinary
tract infections. The main body areas populated by these microorganisms in hospi-
talized patients are the skin, oropharynx, and digestive tract [19-21]. Additionally it
can survive in dry abiotic environment like medical devices, disposables mattresses,
pillows and equipment for long periods. It can stay on glass for 20 days and their
staying on another dry surface may be 4 moths [22].

3. Urinary tract infections

A. baumannii infections involve body systems that with high levels of fluids
such as urinary and respiratory tract, peritoneal cavity, and are linked to indwelling
devices [21]. The UTI (Urinary tract infection) has a main public health concern in
sciences of medicine and represents one of the most commonly infectious diseases
classified next to infections of the upper respiratory tract. They precipitate to
nosocomial infections in several hospitals and account approx. 35% of all diseases
obtained in the hospitals. Unhealthy lacks of proper genital washing and sexual
intercourse have led to spread UTI. [23]. Genitourinary infections regards third
important hospital infections proceed by respiratory and surgical wound infections
A. baumannii responsible for 5-9% of UTIS [24-26].

A. baumannii compile 1-2% of all healthcare-related infections in the USA,
Europe and Middle East [27]. A. baumannii Catheter associated UTIs (CAUTI)
is most recently UTIs rerated to biofilm formation among uropathogens. A. bau-
mannii was implicated as uropathogens and 20% of all isolates were isolated from
patients with UTIs [28]. This organism is usually linked to catheter-associated
infection or colonization. It is unusual for A. baumannii to cause complicated UTI
in outpatients. Epidemiologically MDR-AB were widespread worldwide: Europe,
North America, Argentina, Brazil, China, Taiwan, Hong Kong, Japan, and Korea
[29-31]. Cross-transmission and diffusion from the hospital environment are more
likely than endogenous sources to be the source of infecting or colonizing organisms
in nosocomial infections [32]. A. baumannii very dangerous specially in individuals
who have recently undergone major surgery, have malignant diseases or burns or
immuno-suppressed patients such as the elderly, neonates with low birth weights,
and patients with prolonged illnesses [33]. War-associated infections was clearly
linked to A. baumannii when reported during the Korean War, the Vietnam War,
and the wars in Iraq and Afghanistan [34, 35]. Biofilm formation were investigated
among more than 75% of A. baumannii isolates and it can bind to the host epithelial
cells via set of adhesins like Csu, OmpA and Bap [36-39].

4, Virulence factors

The interaction between cells of the host and pathogens is important in the
pathogenesis of some bacteria leads to its internalization. Although proving the
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infections, the bacteria must be colonizing the host. The binding of pathogens to
cells of the host is enhanced by different molecules expression or structures by
cells of bacteria. Adhesion depends on the interferences of proteins of the host cell
surface or soluble proteins with receptors. The proteins act as a bridge between
cells of the host and bacteria. Adherence of microbes to cells of the host as a first
step of colonization is an important virulence agent [40, 41]. Few molecular agents
are needed to the virulence of A. baumannii in human. They involve excessively
phospholipase D, OmpA (outer membrane protein A), Csu (chaperone usher type
pilus), Bap (biofilm associated protein), acinetobactin assisted Fe acquisition
system, and Ata (Acinetobacter trimeric autotransporter), [42]. The role of each of
them in virulence was listed below:

4.1 Bap (biofilm-associated protein)

In vitro, cells of A. baumannii easily form the biofilm, and the capability of
nosocomial strains for forming the biofilm on the medical devices as in tissues of
the host finds a critical agent in the virulence of bacteria. The cells that synthe-
size the biofilms are included in the polymeric conglomerate of polysaccharides
and proteins. The biofilm resists immune defenses of the host, antibiotics and
detergents, and antibiotic resistance to bacteria in these habitats can be increased
to 1000 times [43, 44]. The biofilm finally grows by producing poly-beta (1-6)
N-acetyl-glucosamine controlled by pgalocus. The extracellular matrix gives
an adhesion among the cells of bacteria, allowing the synthesis of multilayer
structures. Also, many surface proteins are included in the process, and show to
expressively contribute to the binding of the bacterial cells to abiotic or biological
surfaces. Directly, Bap (biofilm associated protein), a special cell surface protein,
is included in the formation of the biofilm by Acinetobacter baumannii and plays a
main role in the processes of infectious bacteria. It is involved in intercellular adhe-
sion within the mature biofilm [45]. Bap (Acinetobacter baumannii biofilm-related
protein) is necessary to form a mature biofilm on the medically-relevant surfaces,
involving polystyrene, titanium, and polypropylene, and Bap acts as the surface
structure included in A. baumannii adherence to normal human neonatal kerati-
nocytes and normal human bronchial epithelial cells. The finding Bap increases
hydrophobicity of surface of the cell of bacteria [46]. Bap is A giant protein plays
a great role in the formation of biofilms and adhesion to cells of the host in A. bau-
mannii. Most of the protein is synthesized by arrays of 80 to 110 modules featuring
Ig-like (immunoglobulin-like) motifs. Bap types includes BLP1, and BLP2 which
included in the formation of biofilms and assembled in dissimilar A. baumannii
isolates. However, adhesion patterns and phenotypes of the biofilm of some clinical
strains appear to be associated with the finding broadspectrum antibiotic resis-
tances. Also, the arrangement of the development, and formation of the biofilms
diverse like surfaces on which these bacteria persist and components of cells that
contribute in the multi-step programmed process. The regulatory processes related
with the synthesis of biofilms involve sensing density of the cells of bacteria, the
finding various nutrients and concentrations of free cations found for the cells of
bacteria. Extracellularlly, some of the signals maybe sensed by 2 component regula-
tory systems like Bfm RS. The transcriptional regulatory system activates expres-
sions of usher-chaperone assembly systems accountable to produce pili, needed
for the synthesis of the biofilms on the polystyrene surfaces, and cell attachment.
Nevertheless, this system is not required for the formation of biofilms on abiotic
surfaces when the cells are cultured in the industrial medium. Interestingly, system
of Bfm RS controls the shape of the cell under certain cultural setting. Biofilm
tolerance to host immune defenses, disinfectants, and antimicrobials [47, 48].
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4.2 OmpA (Outer membrane protein A)

The main protein of outer membranes, (OmpA), is the most abundant surface
protein. Also, it is necessary to bind A. baumannii to human alveolar epithelium,
but it also plays a useful role in the enhancement of biofilms on plastics. Among the
identified proteins of outer membrane in A. baumannii, AbOmpA acts as a porin,
which is required for adhesion of eukaryotic cells, and participates to resistance of
serum and the biofilm formation, partially. The OmpA group is proposed to have a
variety of functions, involving adhesion to epithelial cells of the host, functions of
biofilms, and complement resistance [49]. Additionally, overexpression of chromo-
somal efflux systems was received great attention. However, the over-production
of these systems confers increased MDR to antibacterial factors and induces death
of cells of the host through nuclear and mitochondrial targeting [50-52]. OmpA
thought to participate to the antibacteral resistance of A. baumannii during a prob-
able interaction between efflux pump systems and its OmpA-like domain [53].

4.3 Phospholipase D

PL (Phospholipase) is an essential enzyme, necessary for phosphatidylcholine
metabolism and was studied in a variety spectrum of microbes. About, 3 phospholi-
pase classes (PLC, PLD, and PLA) were identified by the cleavage site. PLA analyzes
the fatty acid of the glycerol backbone. When PLC cleavage, the phosphorylated
head groups are released from PLD and phospholipid cleaves off just the head
group. The releasing the polar head group and the releasing the phosphorylated
head group can affect the constancy of membranes of the host cells. Additionally,
phospholipase can interfere with cellular signaling by generating 2nd messengers
such as phosphatidic acid, which can modify the immune responses of the host [54].
It is assumed that many pathogens exploit certain enzymes for enhancement of
membranes in the coordinated form, thus, these enzymes play an important role as
virulent agents. An example is PLD (phospholipase D), an enzyme that hydrolyses
structural phospholipids which results in PA (phosphatidic acid) production, a 2nd
messenger that acts as an assistor in several cellular processes. Phospholipase as
a virulence agent was implicated in many bacteria. In vivo, PLD of A. baumannii
supports pathogenesis and invasion [55, 56]. The disrupting A. baumannii phos-
pholipase D caused reducing capability of organisms to grow in the blood serum,
decreased pathogenesis and decreasing epithelial cell invasion [57].

4.4 Csu (chaperone-usher type pilus)

The attachment of primary cell can be reasonably assisted by a pili -like
structure encoded by the position of csu, which is widely spread among clinical
strains. A. baumannii ability to form the biofilm largely depends on pilus, which
assists formation and attachment of biofilms. In similar, csu E, is one of the
members of the system of usher-chaperone. Genes clustered together in the form
of opera csu, whose products form pili-like bundle structures in these bacteria.
This gene has confirmed to be a meaningful agent in the formation of A. bauman-
nii biofilm [58, 59].

4.5 Acinetobacter trimeric autotransporter (Ata)
The Ata (Acinetobacter Trimeric automatic transmission adhesive) per-

tains to the trimeric autotransporter adhesin super-family which is meaningful
virulence agents in several gram negative pathogens. Also, the TAA (Trimeric
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autotransporter), called as the Vc type secretion system, is declared by several A.
baumannii isolates, an opportunistic bacteria, answerable for the infections in
hospitals globally. The TAA, is a modular homotrimeric virulence agent, including
conserved membrane anchoring domain, the signal peptide, and complex stalk. In
vivo, mechanisms of the evolutionary underlying the development of this adhesin
is not clear. The Ata is an useful multi-functional virulence agent in the bacterium
Acinetobacter baumannii that assists the invasion and the adhesion, participates
with pathogenicity, and incites apoptosis [60]. It was found that the Ata is acting as
a multi-functional virulence agent of Acinetobacter baumannii by (1) mediating
the invasion and adhesion in cells of epithelial and endothelial, (2) leading to the
programmed cell death in a caspas-dependent manner, (3) leading to the secreting
IL-6 and IL-8 as proinflammatory cytokines, and (4) in vivo, contributes to the
virulence. These results forcefully propose that The Ata was uses as useful virulence
factors for the bacterium Acinetobacter baumannii through the infections in models
of insect and human [61].

4.6 System of Acinetobactin-assisted iron acquisition

The siderophore is highly converged iron chelators synthesized and applied
using some bacteria to thrive under the iron-reducing which conditions typi-
cally encountered in hosts and the environment [62]. A. baumannii produces
up to 3 siderophores namely, baumannoferrin, fimsbactin, and acinetobactin.
The producing baumannoferrin, and acinetobactin is beggarly conserved among
clinical strains, whereas the producting fimsbactin is lesser common. Fimsbactins
are structurally linked to acinetobactin by the finding catecholate, and phenolate
oxazoline metal binding motifs. Both are derived from nonribosomal peptide
synthesis lines with similar catalytic domain, identities, and orientations [63]. The
system of acetinopactin-assisted iron acquisition was the most distinctive system
in Acinetobacter baumannii. Acinetobactins, catechol-hydroxamate siderophores,
and non cyclic derivative of DHBA, that associated with N-hydroxyhistamine,
and threonine. Acinetobactins are synthesized and used by 3 hypothetical systems
encoded within the gene clusters of acinetobactin in Acinetobacter baumannii.
Acinetobactins are manufactured from threonine, hydroxy histamine, and DHBA
by the encoded proteins by genes in the gene cluster. The mixed kind siderophore,
which constitutes of hydroxamite groups and catechols groups, shows a significant
affinity of Fe. Acinetobacter baumannii that is produced acinetobactin is secreted
system of the siderophore efflux the super-family of ABC [64].

4.7 CipA (plasminogen binding protein)

The CipA (Plasminogen-binding protein) is an external membrane protein,
links to active forms of the plasmin, and plasminogen, to break down fibrinogen
and encourage the spread of bacteria. Also, this CipA plasmin breaks down C3b.
Nevertheless, there is no correlation among CipA plasmin levels, and complement
resistance so far. Thus, the mechanism by which CipA gives the complement resis-
tance still needs clarification. The CipA disrupts the system of alternative supple-
ments and supports the penetration of layers of endothelium [65].

5. Antibiotic resistance and therapeutics options

A. baumannii remains difficult for treatment that has an important challenge to
the clinician and cost to the systems of healthcare. Commonly, the used antibiotics
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to treat infections of Acinetobacter baumannii involve polymyxins, glycylcyclines,
tetracyclines, fluoroquinolones, aminoglycosides, mono-bactams, antipseudo-
monal carbapenems, antipseudomonal cephalosporins, and sulbactam [66].
Colistin was widely investigated as a mono-therapy or as a part of the combination
treatment, but its application is limited because of the nephrotoxicity. Previously,
infections of Acinetobacter baumannii to CNS (central nervous system) follow-
ing neurosurgery were recorded and treated with relative success by tigecycline,
colistin, intraventricular or/and intravenous or colistin-rifampicin combination
thretment [67]. Application of Colistin exhibits an upward tendency because

of the VAP overseas and emergence of the bacterial infections of MDR [68].
Nevertheless, none of tigecycline or polymyxins was excessively agreed for the
medical uses in China. Actually, using combinations of beta-lactamase inhibitor
(sulbactam/ampicillin and sulbactam/cefoperazone) or meropenem as the basis
of the therapy program associated by levofloxacin or etilmicin is repeatedly used
in therapies of the empiric antibiotics. Recently, broad spectrum antibiotics were
greatly applied in the clinical practices, whereas the rate Acinetobacter bauman-
nii resistance shows obvious increases [69, 70]. Significantly, the rates resistant
Acinetobacter baumannii of or even comprehensively MDR isolation are increased
in clinic. The studies were exhibited that the rate resistance of Acinetobacter
baumannii to most the tested antibiotics is more than 50%. Thus, the combina-
tion of two or more antibiotics is sometimes used in treatment of the infections of
MDR-AB [71,72].

However, due to its widespread use, resistance of AB to carbapenem antibiotics
quickly increased, in particular among isolates obtained from the ICU. In China, the
incidence of resistance of carbapenem (CRAB) increased from the percentage 31%
in 2005 to the percentage 66.7% in 2014. In USA, it increased from the percentage
20.6% in 2002 to the percentage 49.2% in 2008. Very few drugs are now available to
treat CRAB (carbapenem resistant AB). It is hypersensitive to just a few drugs, like
tigecycline and polymyxin, in vitro [73-75].

Currently, the best therapy for the infections of CRAB is illegible. In China,
tigecycline based combination treatment, polymyxin based combination treat-
ment, and sulbactam based combination treatment are devised to treat MDR Gram
negative rode bacteria. Nevertheless, these devises are based on small scale retro-
spective researches, lacking comprehensive and systematic clinical study evidence,
and no large scale clinical randomized controlled trials were achieved to assess
their activity in the patient with MDR-A. baumannii. Polymyxin is not greatly
applied in Mainland China because of the toxic side influences of it [76, 77]. Thus,
currently, tigecycline treatment and sulbactam treatment are the major clinical
therapies for CRAB. Nevertheless, several controversies surround tigecycline regi-
men to treat infections of A. baumannii bloodstream (BSI). The US Food and Drug
Administration devised that tigecycline was autonomously related with highly risks
of mortality and must just be applied in conditions where therapeutic preferences
were limited. However, tigecycline exerts a suitable therapeutic influence depend-
ing to some researches, whereas many other researches recorded that tigecycline
increases the mortality of patient [78, 79].

As amember of Gram negative bacteria, A. baumannii equipped with sets of
resistance mechanisms including: i) structural bacterial shields (Presence of the
porin channels and efflux mechanisms), ii) enzymatic inactivation of antibiotics
(oxacillinase (OXA-type), metallo-beta-lactamases (MBLs), iii) alteration of the
target or cellular functions due to mutations [80-82].

Due to extensive resistance to antibiotics, new strategies were proposed as alter-
native therapy. Antimicrobial peptides (AMPs) are one of the antimicrobial agents
with high potential to produce new anti-Acinetobacter drugs. Melittin, Histatin-8,
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Omega76, AM-CATH36, Hymenochirin, and Mastoparan were suitaple AMPs and
have the highest anti-A. baumannii [83-85].

Pahge or bacteriophage therapy is another alternative therapy for MDRAP.
Phages are specific to different bacteria, and they bind to receptors on bacterial
cell walls to inject deoxyribonucleic acid into the cell and ultimately lyse the cell
in the lytic phase. Lytic bacteriophage therapy may be an opportunity to combat
the rapidly growing number of MDR bacteria [86]. Lytic phage, the YMC 13/03/
R2096 ABA BP (phage B®-R2096), which specifically causes the lysis of CRAB
strains [87].

6. Conclusion

As a conclusion the Acinetobacter baumannii engagement in urinary tract
infections attributed mainly to their adhesins, invasins and intrinsic antibiotic
resistance.
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Chapter 8

Breakthrough Host Defense:
UTI in Pregnant Women in
Comparsion to Non-Pregnant

Muhamed Ali Al Kabe and Eman Th. Nadhaif Al-Fatlawy

Abstract

Urinary tract infections (UTIs) are common in pregnant women and provide
a substantial therapeutic challenge due to the high potential of serious effects for
both the mother and the baby. Pregnancy affects the urinary system physiologi-
cally, anatomically, and functionally, which can lead to infections emerging from
the urethra. Unlike the general population, all pregnant women should have their
urine cultures examined for bacteriuria, and any cases of asymptomatic bacteri-
uria should be treated, as it is a major risk factor for pyelonephritis in this group.
Both the mother and the fetus should be safe from the antibiotic administered. To
determine the prevalence of UTI in pregnancy in compare to non-pregnant woman
in Wasit province to roll out the impact of pregnancy on the frequency of UTI. A
case—control study between 2019 July and 2019 September was carried out on 30
pregnant women in compare to 30 matched non pregnant women were attending
Al-Zahraa teaching hospital. A randomized (Every member of a population has
the same probability of being picked for the sample, as do all possible samples of a
given size) age, employment, present history, previous history, obstetric history,
sex partner, frequency of sexual intercourse, and peeing frequency were all ana-
lyzed separately utilizing a plate form questioner. Urine samples, as well as a regular
urine examination and urine culture, were obtained from the women who were
being studied. Bacteriouria was shown to be prevalent in 13.3% of women, 16.7% of
pregnant women, and 10% of non-pregnant women in this research. Asymptomatic
bacteriuria in all women was 5/60 cases 8.3%. This indicates that about 16.7% of
pregnant women are at risk of development of acute episode of UTI during preg-
nancy if they are not properly treated. In pregnant women, urinary tract infections
(UTIs) are still a prevalent concern, particularly in the second trimester. During the
prenatal period, urinalysis is necessary for all pregnant women. Early diagnosis and
treatment of asymptomatic bacteriuria will be aided by the screening, preventing
complications for both mother and child. The most prevalent risk factors for UTI
during pregnancy were poor personal cleanliness, a history of UTI, diabetes mel-
litus, and anemia. As a result, the study suggests that pregnant women get health
education on personal sanitary cleanliness, be advised not to overuse antibiotics,
and undergo frequent comprehensive urine analysis.

Keywords: pregnant woman, nonpregnant women, bacteriuria, UTI, hygiene
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1. Introduction

When compared to non-pregnant women, the risk of urinary tract infection
(UTT) with bacteriuria increases considerably during pregnancy. Infection with bac-
teriuria during pregnancy has been linked to an increased risk of pyelonephritis [1].
Several physiological changes occur during normal pregnancy, including an increase
in the volume of vascular and interstitial of the renal system, which results in a rise
in kidney dimension of roughly 1 cm and a 30% rise in renal volume. In addition, by
mid-pregnancy, around 80% of women will have dilated upper urinary tracts, ure-
ters, pelvis, and calycle area. The right side of the body experiences dilation more fre-
quently than the left [2]. Hydronephrosis and hydroureter, respectively, are dilations
of the kidney and ureter that occur most commonly during the second trimester and
last until birth. This dilation can be caused by both hormonal and mechanical factors;
an increase in progesterone hormone levels causes a decrease in bladder and ureteral
tone [3]. Urinary stasis was caused by mechanical causes such as gravid uterine
compression paired with smooth muscle relaxation, which slowed ureter peristalsis
and increased bladder volume capacity. Pregnancy-induced alterations in urine pH,
osmolality, and glycosuria may further amplify bacterial growth [2]. Symptomatic
infections (acute cystitis, acute pyelonephritis) occur when bacteria invade urinary
tract tissues and trigger an inflammatory reaction, whereas asymptomatic bacteriuria
(ASB) occurs when bacteria grow in urine without presenting symptoms of acute
UTI [1]. Asymptomatic bacteriuria is more common in pregnant women than in
non-pregnant women, and it is frequently underreported since diagnosis is difficult
owing to the lack of particular symptoms or signs, whereas symptomatic bacteriuria
creates no concerns because diagnosis and treatment are simple [1]. The most preva-
lent medical complication during pregnancy is urinary tract infection (UTI), which
accounts for 20% of pregnancies and 10% of antepartum hospitalizations [4-6].

The most common bacterium that causes UTI in pregnant and nonpregnant women
is Escherichia coli [7]. Preterm delivery is more common when the bacterium group
B-streptococcus is infected, and when antibiotics are used often to treat UTIs caused
by other organisms [8]. Other variables that contribute to an increase in UTI during
pregnancy include a narrow urethra and closeness to the anus and vagina. Wesley

[9] and the inability of women to completely empty their bladder. Lower socioeco-
nomic groups have a higher incidence [9]. The risk is also reported to be increased by
sexual activity and some contraceptive techniques [10]. Because of the physical link
between the female urethra and the vagina, it is susceptible to damage during sexual
intercourse and microorganisms being massaged up the urethra into the bladder
during pregnancy/childbirth [11, 12]. Urinary tract abnormalities or stones, diabetes,
immunosuppression, and a history of UTI all enhance the risk [13, 14]. It has severe
consequences for both the unborn infant and the mother. Acute pyelonephritis, poor
neonatal weight, and premature birth are all elevated risks, as is the risk of pre-
eclampsia [1, 15], maternal anemia, hypertension, phlebitis, and thrombosis. Some
bacteria can cause uterine contraction and cervix tearing by producing inflammatory
mediators (phospholipase A2, arachidonic acid, and prostaglandins) [16]. Early
detection and treatment of UTI has been linked to a better pregnancy outcome and a
lower incidence of acute pyelonephritis, underscoring the need of screening all preg-
nant women regardless of symptoms. Although urine culture is regarded as the gold
standard test, it takes a long time to complete. Several fast screening assays are now in
use, however the data supporting their effectiveness is of poor quality. However, it has
been found that combining them is a reliable option with sensitivity and specificity
equivalent to urine culture. Objective: This study has been carried out to determine
prevalence rate of urinary tract infection in pregnancy in compare to non-pregnant
woman and to roll out the impact of pregnancy on the frequency of UTI.

88



Breakthrough Host Defense: UTI in Pregnant Women in Comparsion to Non-Pregnant
DOI: http://dx.doi.org/10.5772/intechopen.98846

2. Material and methods
2.1 Study design

This case—control research comprised 30 pregnant women and 30 non-pregnant
women who visited Al-zahraa Teaching Hospital’s outpatient clinic on a regular
basis. As a result of a randomized selection (where every member of a population
has an equal probability of being included in the sample and where all feasible
samples of a given size have an equal probability of being chosen), selected partici-
pants were assessed individually using a plate form questioner and agreed to partici-
pate in this study for three months, starting in July and ending in September 2019.

2.2 Sampling technique and data collection

Women who visited the al-Zahraa teaching hospital’s outpatient clinic, pregnant or
not, were asked to provide their verbal agreement. For roughly 10 minutes, each woman
was interrogated (Women who declined to participate were not questioned, and the
next lady was chosen). Age, mother socioeconomic circumstances, obstetrical history,
medical history, and patient complaint are all taken into account in the case history.
Patients were taught how to collect urine samples in a sterile urine container under asep-
tic circumstances and then send them for a general urine examination. The sample was
then given a name, a number, and was quickly taken to the lab for additional analysis.

2.3 Statistical analysis

Data of this study were statistically analyzed using IBM SPSS version 22.0
and descriptive statistic was used to summaries the data, like tables, figures, and
measures of central tendency. Analytic statistics were used to compare between the
variables. Chi-square (x2) was used, significance was assumed at p < 0.05.

2.4 Ethical aspects

The Ethical Committee of Wasit University’s College of Medicine examined the
study protocol and approved it.
3. Results
3.1 Description of the studied population

In this study the prevalence of bacteriuria in women was found to be 13.3%, in
pregnant women 16.7% and in non-pregnant women 10%. Asymptomatic bacteri-
uria in all women was 5/60 cases 8.3%. This indicates that about 16.7% of pregnant
women are at risk of development of acute episode of UTI during pregnancy if they
are not properly treated [17, 18].
4. Discussion

In this study the prevalence of bacteriuria in women was found to be 13.3%
(8/60), in pregnant women 16.7% (5/30), and in non-pregnant women 10% (3/30).

Asymptomatic bacteriuria in all women was 8.3% (5/60), in pregnant women was
11.7% (4/30), and in non-pregnant women was 5% (2/30). This indicates that about
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16.7% of pregnant women are at risk of development of acute episode of UTI during
pregnancy if they are not properly treated. These findings are similar to that of Uncu
who reported the prevalence of asymptomatic bacteriuria in pregnant women 9.3%
[19]. In a study performed in turkey, the prevalence of asymptomatic bacteriuria was
reported to be 8.1% [20]. The results of the present study found significantly high rela-
tion between age and bacteriuria (p = 0.00) (Table 1) and revealed that the bacteriuria
in women was commonest in the age group 25-30 years 62.5%, and these result agreed
with study by Buzayan in Libya [21], but contrast with study in Yemen that observed
the bacteriuria was more in the age group 15-24 years 53.7% [22]. The difference may
be due to social factors such as early age of marriage and sexual activity. There is no sig-
nificant relationship between level of education and bacteriuria (p = 0.147) (Table2),
the prevalence of bacteriuria was 30.8% in illiterate, 18.5% in primary, 11.1% in
secondary and 5.7% in university level of education However, as the level of education
increases there is decrease in bacteriuria among women and these findings are similar
with Samad [23]. The prevalence of bacteriuria was 14.7% in married women, and 8%
in unmarried women, differences are founded apparently but no statistical difference
(p = 0.562) (Table 2), while Krcmery et al., showed that the risk factors for bacteriuria

Bacteriuria Cases with Bacteriuria Cases without Total
Bacteriuria

Age/year NO % NO % NO %
X2=13744df = 4p = 0.0001S

18-24 1 18.75 8 15.3 9 15.8

25-30 5 62.5 11 221 16 275

31-36 1 6.25 18 347 19 30.8

37-42 1 125 10 183 11 176

43-48 0 0 5 9.6 5 83

Total 8 133 52 86.7 60 100

Table 1.

The distribution of cases of bacteriuria according to the age of the studied groups.

Level of Cases with Bacteriuria Cases without Total
Education Bacteriuria
NO % NO % NO %

X2=5999df =3p=0.147N.S.

Iliterate 2 30.8 5 69.2 7 10.8
Primary 3 18.5 11 815 14 225
Secondary 2 111 20 88.9 22 375
University 1 57 16 94.3 17 29.2
Marital status X2=0304df =1p=0.562N.S.

Married 7 14.7 40 853 47 100
Un married 1 8 12 92 13 100
Total 8 13.3% 52 86.7% 60 100%

Table 2.

The distribution of cases of bacteriuria in the studied population according to their education level, marital
status and UTI.
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in women include sexual intercourse and having a marital history [24] (Table 3).
The bacteriuria in the pregnant women was observed more in the third trimester
21.4% than in the first trimester 6.3%, and second trimester 20%. But no significant

(p = 0.423) (Table 4). Similar with Haddad who found that the bacteriuria was more

Bacteriuria Symptomatic Asymptomatic Cases without Total
Bacteriuria Bacteriuria Bacteriuria
NO % NO % NO % NO %
Pregnancy X2=1754df=2p=0416 N.S.
Pregnant 1 33 4 133 25 834 30 100
Non 2 6.7 1 33 17 90 30 100
Pregnant
Total 3 5 5 83 52 86.7 60 100
Table 3.
The distribution of cases of bacteriuria in velation to the pregnancy and UTI conditions.
Bacteriuria Cases with Bacteriuria Cases without Total
Bacteriuria
NO % NO % NO %
Pregnancy Trimester X2=1719df=2p =0423N.S.
First Trimester 1 6.3 15 93.7 16 26.7
Second Trimester 6 20 24 80 30 50
Third Trimester 3 214 1 78.6 14 233
Total 10 16.7 50 83.3 60 100
Table 4.

The distribution of cases of bacteriuria in velation to the pregnancy age and UTI.

O Escherichia coli

W Serratia marcescens

O Staphylococcus aureas

O Staphylococcus saprophyticus
B Enferococei

O Streptococcus pyogenus

Sweprococcus
pyogenus

Escherichia coli

25%

6.2%
Enterococci
125%
Serratia
marcescens
6.2%
Staphylococcus
saprophyticus
189% Smphylococcus
aureas
31.2%

Figure 1.
The percentage of isolated bacteria responsible for bacteriuria.
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in the third trimester 48.8% [22]. In contrast Buzayan [21], in this study the most
frequent isolates were Staphylococcus aureus (31.2%), E.coli (25%), Staphylococcus
saprophyticus (18.9%), Enterococcus species (12.5%), Streptococcus pyogenes (6.2%)
and Serratia marcescens (6.2%) (Figure 1), whereas another Libyan study found that
the bacteriuria in pregnant women caused by E.coli 65.5% and Klebsiella pneumonia
20.7% [21], and Haddad found E.coli was most frequently isolated 41.5%, followed by
Staphylococcus aureus 19.5% [22]. The result of this study agreed with that of Oyagade
et al. who found that the microbiological culture of urine samples from 502 pregnant
women resulted in the isolation of bacteria, which were Staphylococcus aureus 21.3%,
E.coli 16.0%, Staphylococcus spp. 14.7% [19]. The most effective antibiotics tested

on the isolated bacteria were gentamycin (GN) 87.5%, azithromycin (AZM) 75% and
ciprofloxacin (CIP) 68.75%, and the less effective antibiotics were cephalexine (CL)
6.25%, and ampicillin (AMP) 12.5%. The results of this study agreed with other studies
which stated that urine culture is the gold standard method of diagnosis for bacteri-
uria. It’s shown that urine dipstick testing, urinalysis, and enzymatic urine screening
tests can poorly detect all the culture positive bacteriuria cases in women [20, 23].

5. Conclusion

The results of this work indirectly supported the hypothesis of an association
of bacteriuria with age and gravidity. In addition, UTI appears to be multifacto-
rial. A screening for bacteriuria in women especially pregnant women must be
done to discover the infected cases, which would allow early treatment to avoid the
complications.

6. Recommendation

The most prevalent risk factors for UTI during pregnancy were poor personal
cleanliness, a history of UTI, diabetes mellitus, and anemia. The study recommends
training in personal hygiene and health education about the type and frequency of
changes in underwear, the number of showers per week, the use of soap, and the
use of water to wash genitalia, genital dries, the frequency of micturition, precoital
washing, postictal washing, and precoital micturition.
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Chapter 9

Ureteric Injury in Gynecology
Surgery

Rama Garg

Abstract

It is the most serious and trouble-some complication of pelvic surgery and common
reason for medico-legal action by the patient. It can be unilateral or bilateral. Lowest 3
cm of ureter is usually injured. 75% of injuries result from gynecological operations - 3/
4th during abdominal and 1/4th during vaginal operations. As most injuries can be
diagnosed intraoperatively, systematic assessment of urinary tract integrity should be
part of the surgical plan. Intraoperative cystoscopy using either flexible or rigid
instruments can aid in the diagnosis or exclusion of urinary tract injury. Identification
of the mechanism of injury and its location guides immediate or delayed repair.
Mobilization should be sufficient to allow a tension-free closure. Tissue interposition is
typically recommended. Common sites for ureteral injury are found beneath the
uterine vessels near the cardinal ligament and beneath the infundibulopelvic ligament
and the tunnel of Wertheim. Successful ureteral repair relies on careful mobilization,
wide spatulation, use of fine absorbable suture (4-0, 5-0), and temporary stenting,
Postoperative signs and symptoms of ureteral injury may include unilateral flank pain,
fever, prolonged ileus, and abdominal or pelvic fluid collection (urinoma).

Keywords: Ureteric, Injury, Gynecology, Surgery, Prevention,
Ureteroureterostomy

1. Introduction
Involuntary continuous leakage of urine after gynecological surgery comes as a
bolt from blue to the patient and may cause suffering many times more than her

previous disease. It is the most serious and trouble-some complication of pelvic
surgery and common reason for medico-legal action by the patient [1].

2. Incidence

It can be unilateral or bilateral [1-6].

Abd. Hysterectomy - 0.5%-1.0%
Vaginal Hysterectomy - 0.1%
Adnexectomy - 0.1%
Extensive Hysterectomy - 1-2%
Laparoscopy associated ureteral injury - 0.3-0.4%
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Lowest 3 cm of ureter is usually injured.
75% of injuries from gynecological operations.

3/4 during abdominal operations.

1/4 during vaginal operations.

3. Type/Mechanism

Crushing from misapplication of clamp [1-6].

ligation with suture.

transection — partial or complete.

angulation with secondary obstruction - partial or complete.
ischemia from stripping of blood supply from the wall of ureter.
resection

Cauterization — electrical, thermal, laser and stapler injuries in laparoscopic
surgery.

4. Surgical anatomy and anatomical locations

At or below the infundibulopelvic ligament (Figures 1-5) [1-6].

Along the course of ureter on the lateral pelvic side wall just above the
uterosacral ligament.

Where the ureter passes beneath the uterine vessels.

Beyond the uterine vessels as the ureter passes through the tunnel in the
cardinal ligament and turns anteriorly and medially to enter the bladder.

Intramural portion of ureter when it traverses the bladder wall.

Devascularization especially in the lower 1/3™*

5. Association with gynecological surgery

98

Most common site - pelvic brim near the infundibulopelvic ligament where it is
crossed by common iliac artery, is more prone to injury due to adhesions
especially in endometriosis and malignancy (Figures 4 and 5) [1-6]

Most common procedure - Total abdominal hysterectomy

Most common type of injury - obstruction
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artery

Ureteric

Lymph node tunnel

Frankenhauser

plexus
Descending
cervical artery

Figure 1.
Structures in the cardinal ligament—descending cervical branch of the uterine artery, ureter in the ureteric
tunnel, lymph node and Frankenhauser plexus. Taken from [1].

Ureter enters the pelvis
crossing at the bifurcation
of commeon iliac artery

Bifurcation of common iliac artery

Uterine artery: 3 SRS Ny = Cardinal ligament
Uterine arterycrosses the ureter N 3 et

Ureter lies in the

Ureter lies close to ureteric canal of

anterior vaginal wall the cardinal
Obturator artery ligament
Bladder

Figure 2.
Course of pelvic ureters. Taken from [1].

* Most common activity - attempts to achieve hemostasis.

* Most common time of diagnosis-None: 50-50 split between intraoperative and
post-operative.

* Most common long term sequalae — None, however patient may need for
repeat surgery.
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Ureter

Common iliac artery

Ovarian Sacrum

artery

Bifurcation
External
iliac
Internal
iliac

Uterine

artery bladder

Pubic bone

Figure 3.
Relations of the pelvic ureter. It crosses the bifurcation of vessels and then crosses under the uterine artery to enter
the ureteric tunnel. Taken from [1].

Figure 4.

Pelvic lymphadenectomy. The external iliac artery (black arrow), vein (black double arrow), bifurcation of
common iliac artery (white arrow) and internal iliac artery (white double arrow). The ureter is seen crossing
the common iliac at its bifurcation (blue arvow). Taken from [1].
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Common
iliac artery

External iliac artery
Internal iliac artery:
Uterine artery

bladder

Ureteric tunnel

Figure 5.

Various points at which ureter is prone to injury in gynaecological surgery. (1) At the pelvic brim, while
clamping the ovarian vessels. (2) In the broad ligament while clamping the uterine vessels. (3) In the ureteric
tunnel in cardinal ligament. (4) At the vault of the vagina before it enters the bladder. Taken from [1].

6. Sequalae
* Spontaneous resolution and healing when injury is mild [1-6].
* Post hydronephrotic renal atrophy with complete ligation of a ureter.
o If no sepsis = asymptomatic kidney atrophy.
o If sepsis = becomes evident immediately.
* Secondary stenosis and kidney damage.
o Ureteral necrosis with urinary extravasation
o Ureterovaginal fistula
o Urinoma
o retroperitoneal abscess
o urinary ascites (URINOMA)
o peritonitis

* Uraemia due to bilateral ureteric obstruction =» flank pain, unexplained or
persistent fever with or without chills, BUN and creatinine levels rise.
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* Anuria for first 24-48 hours.
o In first week => Atrophy of distal nephrons.
o In second week =» Atrophy of cortical region.

o Renal Biopsy = Protein casts in Bowman’s space are pathognomonic of
obstruction.

7. Prevention
* Primary prevention [1-6]
* Secondary prevention

» Tertiary prevention

7.1 Primary prevention

Prevention of injury before it occurs. As most injuries can be diagnosed
intraoperatively, systematic assessment of urinary tract integrity should be part of
the surgical plan.

Never cut/clamp /suture/apply energy before proper identification of ureter.
always remember to preserve the blood supply of ureter. inadverent injury if
suspected though not confirmed (blunt trauma/devascularization/ lateral damage due
to thermal energy), ureteric stenting/catheterisation is to be done. always be proactive
to involve the urogynaecologist at the earliest stage before, during or after surgery.

1. Careful evaluation of patient's gynecological disease and recognition of risk to
the ureter with the surgical procedure is of foremost importance.

2.Preoperative excretory urogram- is mandatory in high-risk cases.

3.Ureteral catheterization by cystostomy or cystoscopically where ureter is at
high risk, may be done (Figure 6).

4.Adequate incision and proper exposure are most helpful.

5.Ureter must not be hidden in the operator’s subconscious mind - Never cut or
clamp anything in and around ureter unless ureter is defined and stay outside
the adventitial sheath when dissecting the ureter. Avoid energy sources near
ureter especially monopolar cautery. Harmonic energy use is best near ureter
next to cold scissors.

6.Before clamping infundibulopelvic ligament - surgeon must identify the
ureter, lift the infundibulopelvic ligament and only then apply the clamp.
First clamp should be lowest and lateral and second clamp above and medial.

7.3 rules after skeletonization of uterine vessels

* Place the lowest clamp first.
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Kidney
Stent

Ureter

Figure 6.

Double pigtail stent placed in the ureter for management of crush injury or after repair of transection. Taken
from [1].

* Place it at right angle to uterus.

 Place it at the level of internal os.

* Ligation of uterine vessels should be medial to ureter so that ureteric
branch of uterine artery can be preserved.

8.Dissection of bladder from upper vagina both inferiorly and laterally is
required before excising cervix from vaginal vault.

9.Paracervical and paravaginal clamps or sutures should be as close as possible
to cervix.

10.To support the vault with uterosacral ligament sutures should not be placed
high or more laterally on side wall otherwise ureter may get kinked or ligated.

11. Carefully reperitonise the pelvis or one may leave reperitonisation.

12.To control the intraoperative bleeding best is to apply pressure with a pack or
stick sponge or finger.

13.During vaginal hysterectomy

* vesico-uterine space must be dissected adequately to allow displacement
of ureters away from the clamp by downward traction on cervix and
countertraction upward beneath the bladder.

* Small-small bits of paracervical and parametrial tissues should be
clamped, cut, and ligated.
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* Double clamping of cardinal ligaments and uterine vessels should be
avoided as lateral clamp will come close to the ureter.

14.Perform a supracervical hysterectomy during caesarean section or extend the
hysterotomy incision caudally to cervix.

15. During laparoscopic surgery:
o If ureters are not visualized, retroperitoneal dissection should be done to
decrease the incidence of complications (Figure 4). Visualization under
Invisible near infrared (NIR) light after intravenous. or retrograde injection

of ICG (Indigo carmine) dye is very useful if needed but it is expensive.

* In tubal sterilization - Fallopian tubes should be taken away from pelvic
wall before electrocoagulation.

e In LAVH - if stapler application in cardinal and uterosacral ligament is
not safe, then this part of operation should be done vaginally.

Note: Kinking is functionally similar to obstruction till it is undone. Be careful
when clamping or suturing the uterosacral ligament and during reperitonisation.

7.2 Secondary prevention

Recognition of injury during operation so that immediate repair can be done.
(Figure 6-12)

Intraoperative cystoscopy using either flexible or rigid instruments can aid in the
diagnosis or exclusion of urinary tract injury. Identification of the mechanism of
injury and its location guides immediate or delayed repair.

Evaluation of ureter should be done before operative procedure is terminated by:

* Inspection of peristaltic activity.

* Palpation, mobilization

* Dissection by reflecting peritoneum.

* Ureteral catheterization. (Figure 6)

* I/V chromogen test

* 2.5-5ml of indigo carmine 0.8% / Methylene Blue - within 3-5 minutes spurt

from each ureteric orifice is there. If takes longer time - I/V fluids or diuretics

are given.

* If no spurting, ureter should be explored along its course to point out the site of
obstruction or injury.

e If transection is partial or complete - dye will leak into operative field.
* If ligation by suture/kinking is complete - No dye will leak in operative field

and there will be proximal dilatation of ureter which will increase
progressively.
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Upper third Ureteroureterostomy
Ureteroileal interposition

Ureteroureterostomy
Ureteroileal interposition
Transureteroureterostomy

Middle third

Ureteroneocystostomy
Vesicopsoas hitch
Boari flap

Lower third

Figure 7.
Management of transection of the ureter depends on the level at which ureter is transected, that is, in the upper
third, middle third or lower third. Taken from [1].

Figure 8.
Diagrammatic representation of ureteroureterostomy. The ends are spatulated and sutured. Taken from [1].

* If ligation by suture/kinking incomplete - - No dye will leak in operative field and
there will be proximal dilatation of ureter that will decrease slowly and slowly.

* Intraoperative cystoscopy: Urine efflux from the ureteric orifice may be absent
or slow on intraoperative cystoscopy. Almost 90% of ureteric injuries are
diagnosed by cystoscopy. Partial obstruction and thermal injuries may be
missed.

Note: if peristalsis seen, most probably injury is not there. but it cannot rule out
ischaemic injury which will manifest postoperatibely only and may manifest after
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Caecum

Figure 9.
Transposition of the ileum is performed when the lower segment is not long enough to implant into the bladder
without tension. A distal segment of the ileum is cut and attached to the uveter at the upper end and implanted

into the bladder at the lower end. Taken from [1].

Figure 10.
Transuveteroureterostomy—uwhen the length of the lower segment of the ureter is not adequate, the cut end is
anastomosed to the ureter on the opposite side. Taken from [1].
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Figure 11.
A bladder flap (boari flap) shaped into a tube and the lower end of the ureter is attached to this to provide

extra length and prevent tension. Taken from [1].

Bladder
flap

Figure 12.
Psoas hitch procedure. the bladder is pulled up and stiched to the psoas muscle to prevent tension after

ureteroneocystostomy. Taken from [1].
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7-1

0 days. so, if inadverent injury if suspected though not confirmed, ureteric

stenting/catheterisation is to be done, to prevent further complications.

* Surgical procedures as per need are to be done as given under tertiary

7.3

prevention depending on individual factors like site of injury, extent of damage
and integrity of opposite ureter provided patient’s condition allows. If unfit,
temporary measures like closed drainage/PCN are taken till general condition
is fit i.e., within 48-72hours or later after 6-8 weeks.

Tertiary prevention

Recognition of injury as early as possible in postoperative phase (Figures 6-12)
Signs/Symptoms of patient: STORMY POSTOPERATIVE PERIOD

* flank pain

¢ cost-vertebral tenderness

* persistent ileus

¢ Jower abdominal mass/ ascites- Paracentesis to be done for urea level.

* unexplained fever with/without chills

* unexplained hematuria

* oliguria

* watery discharge from vagina.

8. Diagnosis

* USG may show unilateral or bilateral hydroureter or hydroureteronephrosis/

urinary ascites [1-6].

* Excretory urogram

¢ IV Indigo carmine test

* Pyridium/ Methylene blue test

* 3 swab tests with Methylene blue

* Cystoscopy with passage of retrograde ureteral stent, if possible, should be done.

» Comparison of pre and postoperative creatinine level.

9. Treatment depends upon
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* Loss of length

¢ Time of Dx:

o recognized during surgery.

o unrecognized during surgery

9.1 General guidelines for management of ureteral injuries

This depends on the type and timing of presentation, the site of injury and the
patient’s condition. Immediate treatment is to relieve obstruction and stop leakage
of urine. Definitive surgery for women with intraperitoneal or extraperitoneal

leakage or obstruction, this should be undertaken as soon as the patient is stable and

ready. Management of transaction and thermal injuries is the same as of

intraoperatively diagnosed injuries. Very small fistulas may close with stenting. For
large fistulas and when urine leaks despite stenting, surgery is required (Figure 7).

9.2 Principles

Mobilization should be sufficient to allow a tension-free closure. Tissue interpo-

sition is typically recommended. Common sites for ureteral injury are found
beneath the uterine vessels near the cardinal ligament and beneath the infundibu-
lopelvic ligament and the tunnel of Wertheim. Successful ureteral repair relies on

careful mobilization, wide spatulation, use of fine absorbable suture (4-0, 5-0), and

temporary stenting.

* Crushing/ .
Angulation/Ligation

Deligation, assessment of vitality and stent placement (Figure 6)

e Partial Transection *

Primary repair over ureteral stent

¢ Total Transection .

Uncomplicated/ Complicated (when a segment of ureter is/has to be cut
due to extensive damage)

Upper & middle third ¢

Ureteroureterostomy over the stent. (Figure 8).

Ureteroileal interposition/ Uretero-entero-neocystostomy - when an ileal
segment is interposed between the two cut ends of the ureter or between
the ureter and the bladder (Figure 9)

Transureteroureterostomy (Figure 10) -done occasionally only these days.
Boari flap is also used for extensive midureteral injuries. Boari bladder flap
is fashioned with bladder wall; ureter is tunnelled in and attached to the
flap. (Figure 12)

Lower third .

Uretero- neocystostomy over ureteral stent (Figure 11)
Ureteroneocystostomy is reimplantation of ureter into the bladder.

Psoas hitch/ Vesico-psoas (Figure 11) In vesico-psoas hitch, the bladder is
mobilized and fixed to the psoas muscle to relieve tension (psoas hitch)
after uretero-neocystostomy.

Boari bladder flap (Figure 12)

e Thermal injury - '
Not rare

Dealt as above depending upon various factors as above. The damaged part
must be resected.

9.2.1 Injury rvecognized during surgery

* Clamp and ligature should be removed immediately (Figures 8-12).
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* Simple pelvic closed drainage should be done.

* Intubate the ureter for 7 days by means of cystoscopy/cystotomy and
retrograde catheterization of ureter with

o Infant feeding tube - No.5
o J-shaped stent is preferable. (Figure 6)

* If ureter is discovered to be cut or if extensive damage after clamping or
ligation -Injury to lower third is most common

o Injury to ureter < 4-5cm of ureterovesical junction

* If 3-4 cm proximal to ureterovesical junction =»
Ureteroureterostomy is needed.

* If within 2 cm of ureterovesical junction = Ureteroneocystostomy is
required.

* If above two cannot be done without tension =» Vesicopsoas hitch is
the procedure required.

o Injury to ureter > 4-5cm of ureterovesical junction/at brim

Bladder flap (Boari) (Figure 12)
* Uretero-ureteral anastomosis (Figure 8)

* Transperitoneal anastomosis to opposite ureter (Figure 10). Rarely
done these days

» Small intestine can be used as a conduit for the lower ureter-ileal
conduit (Figure 9)

* Skin ureterostomy
9.2.2 Injuries unrecognized during surgery

* Immediate ureteral catheterization and bypass the obstruction— should be left
for 14 days or longer.

* If catheterization not possible:

o Diagnosed within 48-72 hours of surgery- immediate ureteral repair
should be done.

If diagnosis is made late or if extensive devascularization and injury are likely to
occur e.g., after extensive hysterectomy, or extensive retroperitoneal fibrosis, cel-
lulitis and induration is expected in patients with poor medical condition -PCN
(Percutaneous Nephrostomy) preferably under ultrasound is required and defini-
tive surgery can be planned 6-8 weeks later.
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10. Videos

https://medicallearninghub.com/course/ureteric-safety-in-complex-
gynecology-surgeries#

11. Conclusions

Sound knowledge of ureteral anatomy is critical to the avoidance of injury. In the
event that the ureter is damaged during gynecologic surgery, intraoperative diag-
nosis allows for immediate repair in most cases. For this reason, intraoperative
confirmation of ureteral integrity should be routine, whether the surgical approach
is transvaginal or transabdominal through the open, laparoscopic, or robot-assisted
approach. The ureter may be assessed visually, by palpation, or cystoscopically.
Identification of the mechanism of injury and its location guides immediate or
delayed repair. With proper recognition and therapy, ureteral function can be
restored, and renal function maintained.
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