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Preface

Tuberculosis is an infectious disease caused by a bacterium identified in the ninth century.
This ancient disease is still a health concern worldwide with a complex epidemiology, de‐
pending on numerous variables. Epidemiological indicators, but also risk factors, play a key
role in the natural history of the disease and need to be regularly addressed. The re-emer‐
gence of the disease relies on the HIV/AIDS epidemic and also on the development of multi-
resistant or ultra-resistant forms. Low- and middle-income countries are not prepared for an
appropriate response and are also the most affected. WHO declared TB a global health emer‐
gency in 1993 and developed the End TB Strategy aiming to end the global epidemic by 2035.

Despite increasing knowledge on TB pathophysiology, new diagnostic tools and treatments
need to be developed and disseminated, mainly in resource-poor countries.

The future of TB epidemic focuses on controlling transmission through early detection of la‐
tent forms and also early treatment of sensible or resistant disease. Preventive measures
through poverty reduction, vaccine development, and targeted interventions in more vulner‐
able groups are relevant approaches to strengthen national programs to fight TB worldwide.

HIV/AIDS epidemic, malaria and TB are a trio constituting a global threat, with a high mor‐
tality rate worldwide. This situation highlights the need to improve integrated strategies tar‐
geting all of these conditions. Interactions between the pathogen and the host, through
accurate research, will fuel the development of appropriate treatments to overcome even re‐
sistant forms of the disease.

TB can virtually affect every organ, even if the lung is the most involved. The incidence of
extrapulmonary disease is far from being clearly established. Epidemiological studies in dif‐
ferent geographical areas will help in this field. This form is influenced by immunological
impairment such as in HIV/AIDS patients.

This book on tuberculosis provides an overview of the epidemiology and pathophysiology
and illustrates rare cases of extrapulmonary TB.

Jean-Marie Ntumba Kayembe
Professor of Pneumology at the School of Medicine

Kinshasa University
DR Congo
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Abstract

Recurrent tuberculosis (TB) following successful treatment constitutes a significant challenge
to TB control strategies. TB recurrence can be due to either reactivation of the same strain,
i.e., relapse, or reinfection with a new strain. Recurrence due to reinfection has become an
area of intense study due to its perceived significance in TB endemic settings with high rates
of human immunodeficiency virus (HIV) coinfection. This review presents a descriptive
analysis of recurrent TB disease and explores risk factors, immunopathogenesis, treatment,
and preventative strategies. Currently available laboratory methods used to discriminate
tuberculosis recurrence due to reinfection and relapse are discussed. We highlight risk
factors for recurrence and strategies for early detection of TB recurrence. Enhanced treat-
ment options such as intensified initial treatment, extension of treatment, and secondary
preventative therapy for patients presenting with multiple risk factors are explored in this
review. The potential value of identifying immunological correlates of risk and protection in
recurrent TB is also briefly examined.

Keywords: recurrence, tuberculosis, relapse, reinfection, molecular typing

1. Introduction

Tuberculosis remains one of the most significant public health challenges globally, despite
significant advances in tuberculosis (TB) control [1]. Approximately one-third of the world’s
population is estimated to harbor latent forms of the Mycobacterium tuberculosis (MTB) bacilli,
creating a reservoir for future disease. The alarmingly high TB incidence and prevalence rates
in countries that also have a high background prevalence of human immunodeficiency virus
(HIV) have been persistent for more than a decade. The interplay between HIV infection and
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TB has resulted in 10 times greater risk of TB reactivation from latent disease in coinfected
individuals. In addition to the increased risk of TB reactivation disease, HIV coinfection has
also been reported to substantially increase the rate of recurrent TB disease from reinfection
due to the increased vulnerability of immune-compromised patients to TB infection [2, 3].
Recurrent TB disease occurs when patients who were previously treated for TB develop a
new disease episode, due to either relapse (recurrence of the old infection) or reinfection
(infection with a new strain) [4]. Recurrent TB disease is associated with poor treatment out-
comes and higher mortality rates compared to primary TB infection [5]. Clinical, epidemiolog-
ical, and/or microbiological data cannot be used to differentiate relapse and reinfection.
Distinguishing between the two mechanisms requires evaluating the homology of the MTB
strains isolated during the first and subsequent TB episode using molecular DNA fingerprint-
ing technology [4].

In TB-endemic settings experiencing high rates of HIV coinfection, the rate of recurrent TB is
significantly increased. Recurrence rates of up to 24.4% have been reported in HIV/TB-
coinfected individuals, with most recurrences occurring within 2 years of successful treatment
completion [5]. Prior to the development of DNA fingerprinting technology, primary TB
disease was thought to impart some measure of immunity and subsequent TB infection was
the result of reactivation of the strain from the original episode of infection [4]. However, with
the advent of DNA fingerprinting techniques, numerous studies have explored the roles of
relapse and reinfection in TB recurrence [6]. In countries with a high incidence of TB, reinfec-
tion has been reported as the main driver of recurrent TB, with molecular studies reporting up
to 88% of TB recurrences due to reinfection in HIV-coinfected patients. In contrast, countries
with a low TB incidence have reported TB relapse as the main cause of recurrent TB disease [7].

Current World Health Organization (WHO) guidelines use the term “relapse” to describe all
TB recurrences during programmatic assessments. The term is largely generic and incorpo-
rates recurrence due to relapse or reinfection. The two mechanisms of TB recurrence exist as
fundamentally independent forms of TB infection, have differing pathogenesis, and have
different implications for patients and TB control programs [6, 7]. Relapse is associated with
treatment failure and may be due to either clinical management complexities leading to
subtherapeutic drug concentrations of key TB drugs due to drug–drug interactions or altered
drug metabolism or from patient-related factors such as poor treatment adherence. Further-
more, relapse disease has been associated with an increased risk of acquiring drug-resistance
in the infecting strain of MTB. Higher rates of TB relapse seen in HIV-infected patients may
indicate the need for lengthier, more aggressive treatment to eliminate MTB infection com-
pared to standard practice. High rates of reinfection are reflective of poor public health
interventions that fail to reduce community transmission [3]. In the context of HIV coinfection,
reinfection has been associated with failure to develop protective immunity after the first
episode of TB resulting in this subset of patients bearing a higher susceptibility to reinfection
with MTB [8]. The aim of the current review was to examine the disease burden due to
recurrent TB disease and explore the risk factors, immunopathology, treatment, and preven-
tion and the relative contribution of relapse versus reinfection to TB recurrence.

Tuberculosis4

2. Epidemiology of recurrent TB

Population-based surveillance reports on the rates of recurrent TB following completion of
anti-TB treatment are lacking. Recent estimates of recurrent TB across various regions indicate
an average of 2290 cases/100000 person-years at 12 months following treatment completion. In
high-incidence settings, this rate is as high as 7850 cases/100000 person-years [8]. An earlier
report by Panjabi et al. analyzing 32 studies reported an overall recurrence rate of 3010 and
2290 per 100,000 person-years following 6 and 12 months of treatment, respectively, among
controlled trials. They also reported that these rates were higher for observational studies
compared to controlled trials. Rates were also reported to be higher in countries with high TB
incidence [5]. Recurrence rates for specific regions have been emerging; many of which are
demarcated as WHO high-burden countries. Glynn et al. reported a recurrence rate of 24.4
cases per 100 person-years in HIV-positive individuals and 4.7% per 100 person-years in their
HIV-negative counterparts [9]. Charalambous et al. reported an overall recurrence rate of
7.89% per 100 person-years in the same setting among a mining population. The recurrence
rate was higher in HIV-positive individuals at 8.86 cases per 100 person-years compared to
3.35 cases per 100 person-years in HIV-negative counterparts [10]. Narayanan et al. reported a
recurrence rate of 14% among an HIV/TB-coinfected cohort of 306 patients from South India.
Among the patients with recurrent TB, 88% of recurrent infections were due to reinfection [11].
Sun et al. reported a recurrence rate of 35 cases per 1000 person-years for patients with drug-
sensitive TB and 65 cases per 1000 person-years among patients with drug-resistant TB [12].
Luzze et al. reported an overall recurrence rate of 8.4 cases per 100 person-years in a cohort
from Uganda. The recurrence rate was also reported to be higher among HIV-positive individ-
uals at 9.4 cases per 100 person-years compared to 6.7 cases per 100 person-years in HIV-
negative counterparts [13]. Vree et al. reported a recurrence rate of 8.6% among a Vietnamese
cohort of 244 patients [14]. Datiko et al. reported a recurrence rate of one case per 100 person-
years (15 recurrent cases in 368 patients – 4.1%) among an Ethiopian cohort [15]. Moosazadeh
et al. reported a recurrence incidence of 8.3% in Iran [16]. Crofts et al. reported the recurrence
rate in England and Wales as 4.1 cases per 100 person-years; however, in HIV-positive individ-
uals, this rate was reported as 7.6 cases per 100 person-years [17].

3. Definitions and terminology

Definitions of terms relating to recurrent TB disease that feature in this review are given below
and some are illustrated in Figure 1.

3.1. Latent TB infection (LTBI)

LTBI is defined as a state of disease in which MTB persists within the host and is associated
with damage that is evident at a cellular or tissue level but is not associated with the disease.
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While this form of disease displays no clinical or radiological evidence of active disease, viable
MTB bacilli are contained within tissues [18].

3.2. Primary TB disease

Primary TB is defined as disease occurring in a patient who has never been treated for TB or
who has received less than 1 month of anti-TB treatment. In some instances, primary TB refers
to the initial exposure of MTB; thereafter, the reactivation of TB disease following a period of
clinical latency is referred to as postprimary or TB occurrence. In the current review, we refer to
primary TB in accordance to the WHO definition [19].

3.3. Recurrent TB disease

Recurrent TB disease is defined as the diagnosis of a subsequent episode of TB following
treatment completion or cure at the end of the most recent course of treatment. Recurrent TB
disease occurs after the initial TB disease episode has been classified as clinically cured.
According to WHO guidelines, cure is defined as smear and culture negative sputum samples
from the last month of treatment and on at least one previous occasion [19].

3.4. TB relapse

Relapse disease is defined as a subsequent episode of TB disease due to the reactivation/
reemergence of the original infecting strain of MTB, determined by genotypic homogeneity
assessment of primary and recurrent MTB strains [4]. Given that MTB strains are highly
homogenous by nature, combined with high rates of transmission, classification of relapse
infection is challenging [20].

Figure 1. The continuum ofMycobacterium tuberculosis (MTB)–host interaction following MTB infection. Successful cure is
achieved in ~95% of patients. In ~5% of patients, this cycle extends beyond successful treatment completion when the
cycle of TB recurrence occurs either through (a) relapse of the original infection or (b) reinfection by new strain of MTB.

Tuberculosis6

3.5. TB reinfection

Reinfection is defined as a subsequent episode of TB disease due to the exogenous infection
with an MTB strain that is distinct from the organism that caused the original infection [4]. A
challenge regarding detection of reinfection is that in high TB-endemic settings, patients
maybe exposed to be reinfected with a very similar strain that caused the primary infection,
making differentiation between relapse disease and reinfection difficult.

4. Clinical presentation of recurrent TB

The symptoms of recurrent TB have been reported to vary in clinical and radiologic symptoms
and are clinically indistinguishable from primary TB disease [21]. In general, TB symptoms are
usually gradual in onset and duration and may vary from a few weeks to months. However, in
young children and patients with HIV coinfection, a more acute onset of disease has been
recorded. Typical symptoms such as fever, night sweats, and weight-loss occur among approx-
imately 75, 45, and 55% of patients, respectively. The presence of a persistent nonremitting cough
has been cited as the most common symptom, recorded in approximately 95% of patients with
TB. Patients with cavitary lung disease, synonymous with recurrent TB disease, typically present
with chronic cough, mostly accompanied by fever and/or the presence of night sweats and
weight loss. The associated cough may be productive or nonproductive in nature. The sputum
produced by patients maybe mucoid, mucopurulent, and bloodstained or may have severe
hemoptysis. Other symptoms include chest pain and dyspnoea. Chest X-ray plays a critical role
in diagnosis of sputum smear-negative patients [22]. Figure 1 depicts the radiological progres-
sion of initial drug-susceptible TB (Figure 2a), followed by a recurrent TB episode (Figure 2b,
diagnosis, and Figure 2c, end of treatment for recurrent TB). Typical chest radiograph findings
include old fibrotic lesions, often cooccurring with other nonspecific features of tuberculosis such
as lobar opacities, consolidation, fibrosis, and interstitial infiltrates. Severely immune-suppressed

Figure 2. Chest X-rays of a patient with initial drug-sensitive TB, subsequently developed drug-resistant TB, depicting:
(a) cavities and infiltrates in both lungs; (b) cavities and infiltrates on the right lung and fibrosis in the left lung; and
(c) cavities, infiltrates, and patchy consolidation in right lung and consolidation in mid and lower zones of the left lung.
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While this form of disease displays no clinical or radiological evidence of active disease, viable
MTB bacilli are contained within tissues [18].

3.2. Primary TB disease

Primary TB is defined as disease occurring in a patient who has never been treated for TB or
who has received less than 1 month of anti-TB treatment. In some instances, primary TB refers
to the initial exposure of MTB; thereafter, the reactivation of TB disease following a period of
clinical latency is referred to as postprimary or TB occurrence. In the current review, we refer to
primary TB in accordance to the WHO definition [19].

3.3. Recurrent TB disease

Recurrent TB disease is defined as the diagnosis of a subsequent episode of TB following
treatment completion or cure at the end of the most recent course of treatment. Recurrent TB
disease occurs after the initial TB disease episode has been classified as clinically cured.
According to WHO guidelines, cure is defined as smear and culture negative sputum samples
from the last month of treatment and on at least one previous occasion [19].

3.4. TB relapse

Relapse disease is defined as a subsequent episode of TB disease due to the reactivation/
reemergence of the original infecting strain of MTB, determined by genotypic homogeneity
assessment of primary and recurrent MTB strains [4]. Given that MTB strains are highly
homogenous by nature, combined with high rates of transmission, classification of relapse
infection is challenging [20].

Figure 1. The continuum ofMycobacterium tuberculosis (MTB)–host interaction following MTB infection. Successful cure is
achieved in ~95% of patients. In ~5% of patients, this cycle extends beyond successful treatment completion when the
cycle of TB recurrence occurs either through (a) relapse of the original infection or (b) reinfection by new strain of MTB.
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patients and young children are less likely to present with pathology on chest radiograph [22]. In
the context of continuing disease due to poor adherence, recurrent TB is diagnosed by the clinical
process, sputum smear microscopy, and chest radiograph [21]. Furthermore, the two mecha-
nisms of recurrent TB are clinically indistinguishable and require specialized strain typing to
differentiate between relapse and reinfection [4].

5. Methodology used to study recurrent TB

Discriminating TB reinfection from relapse through the study of the MTB genome using
various laboratory methods is a key hallmark in the study of recurrent TB. DNA fingerprinting
techniques are based on genomic variation, forming the basis of molecular epidemiological
studies. The genome of the MTB complex is largely conserved with the presence of monomeric
sequences repeated periodically, known as repetitive units. There are two types of repetitive
units, namely, interspersed repeats (IR) and tandem repeats (TR). The former occur throughout
the genome in the form of direct repeats and insertion sequences, while the latter are a series of
head-to-tail direct uninterrupted repeats in the form of variable number tandem repeats
(VNTR). The most common techniques used to distinguish between the two mechanisms of
TB recurrence include IS6110-restriction fragment length polymorphism (IS6110-RFLP) analy-
sis, mycobacterial interspersed repetitive-unit variable number of tandem repeats (MIRU-
VNTR) typing, and spacer oligonucleotide genotyping (spoligotyping) [4, 23]. More recently,
whole genome sequencing (WGS) has been used to compare strains representing different
episodes of TB infection. One of the challenges associated with the former typing methods is
the interpretation of similar isolates in the case of relapse disease. There is no standard for
interpretation of changes in banding patterns when comparing specimens from different
episodes of disease. It is suggested that identical bands or a difference of one band is good
approximation for defining relapse. The use of WGS surmounts this issue by directly evaluat-
ing the number of single nucleotide polymorphism (SNP) differences between the disease
episodes. There is still some uncertainty regarding the appropriate SNP cutoff value, which
depends on the analysis platform and genome coverage. However, WGS is more robust as it
excludes mixed infections and allows genomic associations with relapse and reinfection to be
examined directly [8, 24, 25].

5.1. IS6110 RFLP typing

IS6110 RFLP is a well-validated method used extensively for MTB typing. This method relies
upon the IS6110 insertion element as a genetic marker was long recognized as the gold
standard for studying the molecular epidemiology of MTB [26, 27]. The IS6110 insertion
element has proven stable in vitro and in vivowith low transpositional frequency and is present
in up to 25 copies in MTB. Strain identification using this method relies on variation in both the
number and location of IS6110 elements in the MTB genome. The restriction endonuclease
PvuII cleaves the IS6110 element once by recognizing a particular palindromic sequence. The
result is thousands of DNA fragments of different lengths that are then separated according to
size by gel electrophoresis. Notably, different molecular weight fragments arise because of the
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varying distances between insertion sequences, which create a specific banding pattern char-
acteristic of that isolate. Dendograms are constructed to graphically represent the similarity
coefficients between isolates, allowing them to be clustered into groups based on banding
patterns. Visual inspection can then be used to decide which isolates among these groups are
identical or differ by only one or two bands. The IS6110 method has been standardized
enabling comparison of fingerprints globally. Thus, IS6110 RFLP genotyping can provide a
comparison of the strains involved at the initial and recurrent TB episodes by comparing the
fingerprint patterns. MTB isolates with identical IS6110 DNA fingerprints or slight variations
in banding patterns identify relapse of a prior infection, while distinct fingerprints identify
reinfection with a new strain of MTB [26–28]. Challenges of utilizing this typing technique
includes lower discriminatory power in isolates with low copy numbers of the IS6110 element,
usually less than six copies of the element, the high level of expertise required for the technique
and analysis, and poor reproducibility of the technique. Furthermore, strains displaying iden-
tical IS6110 banding patterns have been reported to display unique genetic identities in the
presence of a secondary technique [4].

5.2. MIRU-VNTR typing

MIRU-VNTR typing is a PCR-based technique followed by detection by capillary electropho-
resis, which characterizes both the number and sizes of variable tandem repeats in 12 or more
loci. The repeat number is highly variable in many loci and is therefore termed “variable
number tandem repeat” loci. They consist of small repetitive sequences of 40- to 100-bp and
are unique in nature. They are scattered in 41 locations in the genome of MTB and are present
mainly in the intergenic regions. The principle of this method is PCR amplification of 12- to 24-
VNTR loci using primers complementary to the flanking regions, followed by gel electropho-
resis. The size of the PCR amplicon reflects the tandem repeat unit, which is then converted
into a numerical code to get a digital format in which each digit represents the number of
copies present at that locus. This method utilizes variations in repetitive sequences, which are
not under selective pressure and evolve relatively rapidly making it an ideal tool for molecular
epidemiological studies. The discriminatory power of MIRU-VNTR is proportional to the
number of loci included. MIRU-VNTR typing using a standardized set of 24 loci is now the
international standard and is currently employed in European countries and globally. This
method is rapid, reproducible, and cheaper than RFLP typing. Historically, this method was
widely used in its 12-loci format that had a lower discriminatory power compared to IS6110
RFLP [4, 23].

5.3. Spoligotyping

Spoligotyping is a hybridization assay that detects variability in genomic direct repeat (DR)
locus of the MTB complex. The DR region of MTB consists of multiple copies of a conserved
36 bp sequence region (the DRs), which are separated by multiple unique spacer sequences.
This method involves PCR amplification of the entire DR locus using primers that are comple-
mentary to the flanking spacer sequences, followed by hybridization to a membrane with
43 spacer oligonucleotides. The resulting bands produce a dark band in the presence of a
spacer or no band if a spacer is absent. The pattern is converted into a 43 digit binary code
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patients and young children are less likely to present with pathology on chest radiograph [22]. In
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various laboratory methods is a key hallmark in the study of recurrent TB. DNA fingerprinting
techniques are based on genomic variation, forming the basis of molecular epidemiological
studies. The genome of the MTB complex is largely conserved with the presence of monomeric
sequences repeated periodically, known as repetitive units. There are two types of repetitive
units, namely, interspersed repeats (IR) and tandem repeats (TR). The former occur throughout
the genome in the form of direct repeats and insertion sequences, while the latter are a series of
head-to-tail direct uninterrupted repeats in the form of variable number tandem repeats
(VNTR). The most common techniques used to distinguish between the two mechanisms of
TB recurrence include IS6110-restriction fragment length polymorphism (IS6110-RFLP) analy-
sis, mycobacterial interspersed repetitive-unit variable number of tandem repeats (MIRU-
VNTR) typing, and spacer oligonucleotide genotyping (spoligotyping) [4, 23]. More recently,
whole genome sequencing (WGS) has been used to compare strains representing different
episodes of TB infection. One of the challenges associated with the former typing methods is
the interpretation of similar isolates in the case of relapse disease. There is no standard for
interpretation of changes in banding patterns when comparing specimens from different
episodes of disease. It is suggested that identical bands or a difference of one band is good
approximation for defining relapse. The use of WGS surmounts this issue by directly evaluat-
ing the number of single nucleotide polymorphism (SNP) differences between the disease
episodes. There is still some uncertainty regarding the appropriate SNP cutoff value, which
depends on the analysis platform and genome coverage. However, WGS is more robust as it
excludes mixed infections and allows genomic associations with relapse and reinfection to be
examined directly [8, 24, 25].

5.1. IS6110 RFLP typing

IS6110 RFLP is a well-validated method used extensively for MTB typing. This method relies
upon the IS6110 insertion element as a genetic marker was long recognized as the gold
standard for studying the molecular epidemiology of MTB [26, 27]. The IS6110 insertion
element has proven stable in vitro and in vivowith low transpositional frequency and is present
in up to 25 copies in MTB. Strain identification using this method relies on variation in both the
number and location of IS6110 elements in the MTB genome. The restriction endonuclease
PvuII cleaves the IS6110 element once by recognizing a particular palindromic sequence. The
result is thousands of DNA fragments of different lengths that are then separated according to
size by gel electrophoresis. Notably, different molecular weight fragments arise because of the
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varying distances between insertion sequences, which create a specific banding pattern char-
acteristic of that isolate. Dendograms are constructed to graphically represent the similarity
coefficients between isolates, allowing them to be clustered into groups based on banding
patterns. Visual inspection can then be used to decide which isolates among these groups are
identical or differ by only one or two bands. The IS6110 method has been standardized
enabling comparison of fingerprints globally. Thus, IS6110 RFLP genotyping can provide a
comparison of the strains involved at the initial and recurrent TB episodes by comparing the
fingerprint patterns. MTB isolates with identical IS6110 DNA fingerprints or slight variations
in banding patterns identify relapse of a prior infection, while distinct fingerprints identify
reinfection with a new strain of MTB [26–28]. Challenges of utilizing this typing technique
includes lower discriminatory power in isolates with low copy numbers of the IS6110 element,
usually less than six copies of the element, the high level of expertise required for the technique
and analysis, and poor reproducibility of the technique. Furthermore, strains displaying iden-
tical IS6110 banding patterns have been reported to display unique genetic identities in the
presence of a secondary technique [4].

5.2. MIRU-VNTR typing

MIRU-VNTR typing is a PCR-based technique followed by detection by capillary electropho-
resis, which characterizes both the number and sizes of variable tandem repeats in 12 or more
loci. The repeat number is highly variable in many loci and is therefore termed “variable
number tandem repeat” loci. They consist of small repetitive sequences of 40- to 100-bp and
are unique in nature. They are scattered in 41 locations in the genome of MTB and are present
mainly in the intergenic regions. The principle of this method is PCR amplification of 12- to 24-
VNTR loci using primers complementary to the flanking regions, followed by gel electropho-
resis. The size of the PCR amplicon reflects the tandem repeat unit, which is then converted
into a numerical code to get a digital format in which each digit represents the number of
copies present at that locus. This method utilizes variations in repetitive sequences, which are
not under selective pressure and evolve relatively rapidly making it an ideal tool for molecular
epidemiological studies. The discriminatory power of MIRU-VNTR is proportional to the
number of loci included. MIRU-VNTR typing using a standardized set of 24 loci is now the
international standard and is currently employed in European countries and globally. This
method is rapid, reproducible, and cheaper than RFLP typing. Historically, this method was
widely used in its 12-loci format that had a lower discriminatory power compared to IS6110
RFLP [4, 23].

5.3. Spoligotyping

Spoligotyping is a hybridization assay that detects variability in genomic direct repeat (DR)
locus of the MTB complex. The DR region of MTB consists of multiple copies of a conserved
36 bp sequence region (the DRs), which are separated by multiple unique spacer sequences.
This method involves PCR amplification of the entire DR locus using primers that are comple-
mentary to the flanking spacer sequences, followed by hybridization to a membrane with
43 spacer oligonucleotides. The resulting bands produce a dark band in the presence of a
spacer or no band if a spacer is absent. The pattern is converted into a 43 digit binary code
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and subsequently converted into a 15 digit octal code. This code is unique and represents a
specific banding pattern. This is a simple, high-throughput method that is cost-effective. It is,
however, less discriminatory than RFLP typing. This method is ideal as a first-line screening
tool, to be followed by other typing methods if needed [4, 23].

5.4. Whole genome sequencing

WGS analysis has been widely applied to the field of molecular epidemiology in the last decade.
WGS plays a significant role in examining outbreaks and identifying transmission events where
strains are genetically indistinguishable by conventional methods. WGS-based genotyping offers
the optimal resolution of MTB complex isolates and holds the advantage of generating addi-
tional data, such as drug resistance [25]. Byrant et al. recently demonstrated the higher discrim-
inatory power of WGS compared to MIRU-VNTR to differentiate relapse from reinfection. The
decreasing cost of this platform, coupled with advances in genomics, makes WGS the most
desirable single analysis tool for identification, prediction of drug resistance, and epidemiologi-
cal typing. WGS also has a significant role in detecting MTBmixed strain infections. This method
is set to become the gold standard for typing in the near future [24].

6. Relapse and reinfection

Published studies also vary in reported rates of TB disease due to reinfection from as low as
<3–>60%. An earlier review by Lambert et al. failed to show a consistent trend when reporting
whether TB recurrence is due to relapse versus reinfection [6]. Unsurprisingly, recurrence due
to TB reinfection has been reported to be the main mechanism of recurrent TB disease in
geographical regions with a high burden of TB disease; however, high rates of reinfection have
also been reported from low- and moderate-incidence settings. Conversely, a poor association
between reinfection and recurrent TB disease in high-burden settings has also been reported.
This highlights that a consistent trend in recurrent TB disease is lacking [8, 10, 11, 24, 29–59].
Studies indicate that relapse generally occurs within a year following treatment, while reinfec-
tion predominates after the first year following treatment [8, 52]. In the context of HIV coinfec-
tion, there is a 2.4 times higher hazard ratio for recurrent TB disease, in comparison to HIV-
uninfected individuals. HIV coinfection and antiretroviral treatment have been associated with
an increased risk of recurrent TB due to reinfection [41, 47]. In a 13-year study conducted in
Cape Town, South Africa, TB relapse rate peaked at 3.93% (95% confidence interval [CI], 2.35–
5.96%) per annum 0.35 (95% CI, 0.15–0.45) years after treatment completion, whereas reinfec-
tion tuberculosis rate peaked at 1.58% (95% CI, 0.94–2.46%) per annum 1.20 (95% CI, 0.55–1.70)
years after completion [52]. Reports of higher rates of TB reinfection may occur inadvertently
likely due to laboratory contamination resulting in incorrect classification, mislabeling of iso-
lates, mixed strain infections, varying clinical and radiological profile of patients, and length of
follow-up. Varying lengths in the follow-up period make it difficult to make comparisons
between studies. Table 1 details published studies distinguishing reinfection from relapse in
their reporting recurrent TB disease.
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and subsequently converted into a 15 digit octal code. This code is unique and represents a
specific banding pattern. This is a simple, high-throughput method that is cost-effective. It is,
however, less discriminatory than RFLP typing. This method is ideal as a first-line screening
tool, to be followed by other typing methods if needed [4, 23].

5.4. Whole genome sequencing

WGS analysis has been widely applied to the field of molecular epidemiology in the last decade.
WGS plays a significant role in examining outbreaks and identifying transmission events where
strains are genetically indistinguishable by conventional methods. WGS-based genotyping offers
the optimal resolution of MTB complex isolates and holds the advantage of generating addi-
tional data, such as drug resistance [25]. Byrant et al. recently demonstrated the higher discrim-
inatory power of WGS compared to MIRU-VNTR to differentiate relapse from reinfection. The
decreasing cost of this platform, coupled with advances in genomics, makes WGS the most
desirable single analysis tool for identification, prediction of drug resistance, and epidemiologi-
cal typing. WGS also has a significant role in detecting MTBmixed strain infections. This method
is set to become the gold standard for typing in the near future [24].

6. Relapse and reinfection

Published studies also vary in reported rates of TB disease due to reinfection from as low as
<3–>60%. An earlier review by Lambert et al. failed to show a consistent trend when reporting
whether TB recurrence is due to relapse versus reinfection [6]. Unsurprisingly, recurrence due
to TB reinfection has been reported to be the main mechanism of recurrent TB disease in
geographical regions with a high burden of TB disease; however, high rates of reinfection have
also been reported from low- and moderate-incidence settings. Conversely, a poor association
between reinfection and recurrent TB disease in high-burden settings has also been reported.
This highlights that a consistent trend in recurrent TB disease is lacking [8, 10, 11, 24, 29–59].
Studies indicate that relapse generally occurs within a year following treatment, while reinfec-
tion predominates after the first year following treatment [8, 52]. In the context of HIV coinfec-
tion, there is a 2.4 times higher hazard ratio for recurrent TB disease, in comparison to HIV-
uninfected individuals. HIV coinfection and antiretroviral treatment have been associated with
an increased risk of recurrent TB due to reinfection [41, 47]. In a 13-year study conducted in
Cape Town, South Africa, TB relapse rate peaked at 3.93% (95% confidence interval [CI], 2.35–
5.96%) per annum 0.35 (95% CI, 0.15–0.45) years after treatment completion, whereas reinfec-
tion tuberculosis rate peaked at 1.58% (95% CI, 0.94–2.46%) per annum 1.20 (95% CI, 0.55–1.70)
years after completion [52]. Reports of higher rates of TB reinfection may occur inadvertently
likely due to laboratory contamination resulting in incorrect classification, mislabeling of iso-
lates, mixed strain infections, varying clinical and radiological profile of patients, and length of
follow-up. Varying lengths in the follow-up period make it difficult to make comparisons
between studies. Table 1 details published studies distinguishing reinfection from relapse in
their reporting recurrent TB disease.

Tuberculosis10

A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

H
aw

ke
n
et

al
.

(1
99
3)

c
[2
9]

K
en

ya
P
ro
sp

ec
ti
ve

co
ho

rt
19
6

11
3

1
(3
3)

N
A

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

In
cr
ea
se
d
re
cu

rr
en

ce
ra
te

(3
4-
fo
ld

hi
gh

er
)i
n
H
IV
-i
nf
ec
te
d
gr
ou

p
co
m
p
ar
ed

to
H
IV
-u
ni
nf
ec
te
d

co
u
nt
er
p
ar
ts
.T

hi
ac
et
az
on

e-
co
nt
ai
ni
ng

re
gi
m
en

w
as

u
se
d
fo
r

tr
ea
tm

en
t.
St
u
d
y
no

tp
ow

er
ed

to
d
et
er
m
in
e
th
e
re
la
ti
ve

co
nt
ri
bu

ti
on

of
re
la
p
se

or
re
in
fe
ct
io
n
to

T
B

re
cu

rr
en

ce
.

D
as

et
al
.

(1
99
3)

c
[3
0]

H
on

g
K
on

g
R
et
ro
sp

ec
ti
ve

an
al
ys
is
R
C
T

N
A

N
ot

re
p
or
te
d

42
5
(1
2)

IS
98
6-
R
FL

P
an

d
p
ha

ge
ty
p
in
g

N
ot

re
p
or
te
d

M
on

th
ly

sp
u
tu
m

cu
lt
u
re
s
w
er
e

an
al
yz

ed
ov

er
a
tw

o-
ye

ar
p
er
io
d
.

O
nl
y
5
p
at
ie
nt
s
sh
ow

ed
d
is
ti
nc

t
d
if
fe
re
nc

es
in

se
ri
al

is
ol
at
es
.

D
et
ec
ti
on

of
p
os
si
bl
e
m
ix
ed

in
fe
ct
io
n,

gi
ve

n
th
e
he

te
ro
ge

ne
it
y

d
et
ec
te
d
am

on
g
se
ri
al

sa
m
p
le
s.
N
o

H
IV

d
at
a
or

ri
sk

fa
ct
or
s
re
p
or
te
d
.

G
od

fr
ey

-
Fa

u
ss
et
te

ta
l.

(1
99
4)

c
[3
1]

K
en

ya
R
et
ro
sp

ec
ti
ve

co
ho

rt
N
A

N
ot

re
p
or
te
d

5
1
(2
0)

N
A

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

St
u
d
y
no

tp
ow

er
ed

to
d
et
er
m
in
e
th
e

re
la
ti
ve

co
nt
ri
bu

ti
on

of
re
la
p
se

or
re
in
fe
ct
io
n
to

T
B
re
cu

rr
en

ce
.N

o
ri
sk

fa
ct
or
s
re
p
or
te
d
.

D
as

et
al
.

(1
99
5)

c
[3
2]

In
d
ia

R
et
ro
sp

ec
ti
ve

an
al
ys
is
R
C
T

N
A

30
13

3
(2
3)

IS
61
10
-R
FL

P
N
ot

re
p
or
te
d

T
he

m
ai
n
ob

je
ct
iv
e
of

th
e
st
u
d
y
w
as

to
d
et
er
m
in
e
th
e
u
ti
lit
y
of

IS
61
10
-

R
FL

P
to

d
is
ti
ng

u
is
h
be

tw
ee
n
re
la
p
se

an
d
re
in
fe
ct
io
n
in

re
cu

rr
en

t
T
B
.

Sa
ha

d
ev

an
et

al
.(
19
95
)c

[3
3]

In
d
ia

R
et
ro
sp

ec
ti
ve

an
al
ys
is
R
C
T

52
44

29
9
(3
1)

IS
61
10
-R
FL

P
N
ot

re
p
or
te
d

T
he

m
ai
n
ob

je
ct
iv
e
of

th
e
st
u
d
y
w
as

to
m
od

if
y
th
e
IS
61
10
-R
FL

P
as
sa
y

u
si
ng

a
d
ir
ec
tr
ep

ea
tp

ro
be

to
in
cr
ea
se

it
s
ab

ili
ty

to
d
is
ti
ng

u
is
h

be
tw

ee
n
re
la
p
se

an
d
re
in
fe
ct
io
n
in

re
cu

rr
en

t
T
B
.

E
l-
Sa

d
r
et

al
.

(1
99
8)

c
[3
4]

U
SA

R
C
T

N
A

2
1

1
(1
00
)

N
A

H
IV

in
fe
ct
ed

T
he

m
ai
n
ai
m

of
th
e
st
u
d
y
w
as

to
d
et
er
m
in
e
th
e
ef
fi
ca
cy

of
le
vo

fl
ox

ac
in

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

11



A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

an
d

u
ni
nf
ec
te
d

to
th
e
st
an

d
ar
d
tr
ea
tm

en
tr
eg

im
en

fo
r
d
ru
g-
su

sc
ep

ti
bl
e
T
B
.T

he
ad

d
it
io
n
of

le
vo

fl
ox

ac
in

re
su

lt
ed

in
lo
w

re
la
p
se

ra
te
s,
th
u
s
sm

al
ls
am

p
le

si
ze
.

V
er
no

n
et

al
.

(1
99
9)

c
[3
5]

U
SA

R
C
T

71
8

7
0
(0
)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

T
hi
s
w
as

an
ea
rl
y
st
u
d
y
ai
m
ed

at
as
se
ss
in
g
th
e
a
on

ce
-w

ee
kl
y
re
gi
m
en

of
is
on

ia
zi
d
an

d
ri
fa
p
en

ti
ne

w
it
h

tw
ic
e-
w
ee
kl
y
is
on

ia
zi
d
an

d
ri
fa
m
p
in

in
th
e
co
nt
in
u
at
io
n
p
ha

se
of

tr
ea
tm

en
t
fo
r
p
u
lm

on
ar
y

T
B
in

H
IV
-i
nf
ec
te
d
an

d
-u
ni
nf
ec
te
d

p
at
ie
nt
s.
T
he

cu
rr
en

t
re
p
or
ta

ss
es
se
d

on
ly

th
e
H
IV
-i
nf
ec
te
d
co
ho

rt
.

R
el
ap

se
T
B
w
as

as
so
ci
at
ed

w
it
h
an

in
cr
ea
se

in
ri
fa
m
yc
in

re
si
st
an

ce
.

V
an

R
ie

et
al
.

(1
99
9)

c
[3
6]

So
u
th

A
fr
ic
a

R
et
ro
sp

ec
ti
ve

an
al
ys
is
-l
ab

d
at
ab

as
e

69
8

48
16

12
(7
5)

IS
61
10
-R
FL

P
H
IV

u
ni
nf
ec
te
d

H
ig
h-
T
B
en

d
em

ic
se
tt
in
g.

A
ll

p
at
ie
nt
s
in

th
e
co
ho

rt
w
er
e
re
p
or
te
d

to
be

H
IV
-u
ni
nf
ec
te
d
.R

ei
nf
ec
ti
on

w
as

re
p
or
te
d
to

oc
cu

r
w
it
hi
n
7
to

8
m
on

th
s
of

p
re
vi
ou

s
cu

re
.

R
ei
nf
ec
ti
on

in
a
hi
gh

-e
nd

em
ic
ar
ea

in
H
IV
-u
ni
nf
ec
te
d
p
at
ie
nt
s,
p
ro
ba

bl
y

d
u
e
to

th
e
in
cr
ea
se
d
ri
sk

of
d
ev

el
op

in
g
re
cu

rr
en

tT
B
af
te
r

p
ri
m
ar
y
in
fe
ct
io
n.

Jo
hn

so
n
et

al
.

(2
00
0)

c
[3
7]

U
ga

nd
a

P
ro
sp

ec
ti
ve

co
ho

rt
29
1

17
4

0
(0
)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

T
he

m
ai
n
ai
m

of
th
e
st
u
d
y
w
as

to
as
se
ss

th
e
ef
fi
ca
cy

of
an

u
ns
u
p
er
vi
se
d
,r
if
am

p
ic
in
-c
on

ta
in
in
g

re
gi
m
en

tf
or

d
ru
g-
su

sc
ep

ti
bl
e
T
B
in

H
IV
-i
nf
ec
te
d
ad

u
lt
s.
N
o
ca
se
s
of

re
in
fe
ct
io
n.

R
el
ap

se
is
p
ro
ba

bl
y
an

in
d
ic
at
io
n
of

th
e
ne

w
re
gi
m
en

fa
ili
ng

Tuberculosis12

A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

or
p
oo

r
ad

he
re
nc

e
in

th
e
cu

rr
en

t
st
u
d
y.

L
ou

re
nc

o
et

al
.

(2
00
0)

c
[3
8]

B
ra
zi
l

R
et
ro
sp

ec
ti
ve

co
ho

rt
32

12
12

3
(2
5)

D
R
E
-P
C
R

an
d
IS
61
10
-

R
FL

P

H
IV

in
fe
ct
ed

T
he

st
u
d
y
ai
m
ed

to
as
se
ss

th
e

re
la
ti
ve

co
nt
ri
bu

ti
on

of
re
la
p
se

an
d

re
in
fe
ct
io
n
in

H
IV
-c
oi
nf
ec
te
d

p
at
ie
nt
s
w
it
h
re
cu

rr
en

t
T
B
.S

tu
d
y

w
as

no
tp

ow
er
ed

to
as
se
ss

th
e

co
nt
ri
bu

ti
on

of
H
IV
.A

m
on

g
th
e

th
re
e
p
at
ie
nt
s
w
it
h
re
in
fe
ct
io
n,

al
l

w
er
e
u
ni
qu

e
st
ra
in
s.

C
am

in
er
o
et

al
.

(2
00
1)

c
[3
9]

G
ra
n

C
an

ar
ia

Is
la
nd

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

92
23

18
8
(4
4)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

T
he

st
u
d
y
se
tt
in
g
ha

s
a
m
od

er
at
e

in
ci
d
en

ce
of

tu
be

rc
u
lo
si
s.
R
ei
nf
ec
ti
on

w
as

at
tr
ib
u
te
d
to

T
B
re
cu

rr
en

ce
in

bo
th

H
IV
-i
nf
ec
te
d
an

d
-u
ni
nf
ec
te
d

p
at
ie
nt
s.
A

d
om

in
an

ts
tr
ai
n
w
as

re
p
or
te
d
fo
r
re
in
fe
ct
io
n
an

d
re
la
p
se
.

R
el
ap

se
w
as

as
so
ci
at
ed

w
it
h

in
cr
ea
se
d
d
ru
g
re
si
st
an

ce
.

B
an

d
er
a
et

al
.

(2
00
1)

c
[4
0]

It
al
y

P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

21
27

32
32

5
(1
6)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

T
B
in
ci
d
en

ce
se
tt
in
g.

Tw
o
of

th
e

fi
ve

ca
se
s
of

re
in
fe
ct
io
n
w
er
e

as
so
ci
at
ed

w
it
h
d
ru
g
re
si
st
an

ce
d
u
ri
ng

re
cu

rr
en

tT
B
ep

is
od

e,
an

d
th
re
e
ca
se
s
re
p
re
se
nt
ed

d
om

in
an

t
st
ra
in
s
ci
rc
u
la
ti
ng

in
th
e
se
tt
in
g.

H
ig
he

r
ri
sk

of
re
la
p
se

w
as

d
es
cr
ib
ed

fo
r
H
IV
-i
nf
ec
te
d
an

d
M
D
R
-T
B

p
at
ie
nt
s.

So
nn

en
be

rg
et

al
.(
20
01
)c

[4
1]

So
u
th

A
fr
ic
a

P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

m
in
er
s

65
65

39
14

(3
6)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

T
hi
rt
ee
n
of

th
e
fo
u
rt
ee
n
re
cu

rr
en

ce
s

oc
cu

rr
ed

w
it
hi
n
6
m
on

th
s
of

fo
llo

w
-

u
p
w
er
e
at
tr
ib
u
te
d
to

re
la
p
se
.H

IV
co
in
fe
ct
io
n
w
as

ci
te
d
as

a
st
ro
ng

ri
sk

fa
ct
or

fo
r
re
cu

rr
en

ce
d
u
e
to

re
in
fe
ct
io
n.

R
es
id
u
al

ca
vi
ta
ti
on

w
as

al
so

at
tr
ib
u
te
d
to

re
cu

rr
en

td
is
ea
se
.

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

13



A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

an
d

u
ni
nf
ec
te
d

to
th
e
st
an

d
ar
d
tr
ea
tm

en
tr
eg

im
en

fo
r
d
ru
g-
su

sc
ep

ti
bl
e
T
B
.T

he
ad

d
it
io
n
of

le
vo

fl
ox

ac
in

re
su

lt
ed

in
lo
w

re
la
p
se

ra
te
s,
th
u
s
sm

al
ls
am

p
le

si
ze
.

V
er
no

n
et

al
.

(1
99
9)

c
[3
5]

U
SA

R
C
T

71
8

7
0
(0
)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

T
hi
s
w
as

an
ea
rl
y
st
u
d
y
ai
m
ed

at
as
se
ss
in
g
th
e
a
on

ce
-w

ee
kl
y
re
gi
m
en

of
is
on

ia
zi
d
an

d
ri
fa
p
en

ti
ne

w
it
h

tw
ic
e-
w
ee
kl
y
is
on

ia
zi
d
an

d
ri
fa
m
p
in

in
th
e
co
nt
in
u
at
io
n
p
ha

se
of

tr
ea
tm

en
t
fo
r
p
u
lm

on
ar
y

T
B
in

H
IV
-i
nf
ec
te
d
an

d
-u
ni
nf
ec
te
d

p
at
ie
nt
s.
T
he

cu
rr
en

t
re
p
or
ta

ss
es
se
d

on
ly

th
e
H
IV
-i
nf
ec
te
d
co
ho

rt
.

R
el
ap

se
T
B
w
as

as
so
ci
at
ed

w
it
h
an

in
cr
ea
se

in
ri
fa
m
yc
in

re
si
st
an

ce
.

V
an

R
ie

et
al
.

(1
99
9)

c
[3
6]

So
u
th

A
fr
ic
a

R
et
ro
sp

ec
ti
ve

an
al
ys
is
-l
ab

d
at
ab

as
e

69
8

48
16

12
(7
5)

IS
61
10
-R
FL

P
H
IV

u
ni
nf
ec
te
d

H
ig
h-
T
B
en

d
em

ic
se
tt
in
g.

A
ll

p
at
ie
nt
s
in

th
e
co
ho

rt
w
er
e
re
p
or
te
d

to
be

H
IV
-u
ni
nf
ec
te
d
.R

ei
nf
ec
ti
on

w
as

re
p
or
te
d
to

oc
cu

r
w
it
hi
n
7
to

8
m
on

th
s
of

p
re
vi
ou

s
cu

re
.

R
ei
nf
ec
ti
on

in
a
hi
gh

-e
nd

em
ic
ar
ea

in
H
IV
-u
ni
nf
ec
te
d
p
at
ie
nt
s,
p
ro
ba

bl
y

d
u
e
to

th
e
in
cr
ea
se
d
ri
sk

of
d
ev

el
op

in
g
re
cu

rr
en

tT
B
af
te
r

p
ri
m
ar
y
in
fe
ct
io
n.

Jo
hn

so
n
et

al
.

(2
00
0)

c
[3
7]

U
ga

nd
a

P
ro
sp

ec
ti
ve

co
ho

rt
29
1

17
4

0
(0
)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

T
he

m
ai
n
ai
m

of
th
e
st
u
d
y
w
as

to
as
se
ss

th
e
ef
fi
ca
cy

of
an

u
ns
u
p
er
vi
se
d
,r
if
am

p
ic
in
-c
on

ta
in
in
g

re
gi
m
en

tf
or

d
ru
g-
su

sc
ep

ti
bl
e
T
B
in

H
IV
-i
nf
ec
te
d
ad

u
lt
s.
N
o
ca
se
s
of

re
in
fe
ct
io
n.

R
el
ap

se
is
p
ro
ba

bl
y
an

in
d
ic
at
io
n
of

th
e
ne

w
re
gi
m
en

fa
ili
ng

Tuberculosis12

A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

or
p
oo

r
ad

he
re
nc

e
in

th
e
cu

rr
en

t
st
u
d
y.

L
ou

re
nc

o
et

al
.

(2
00
0)

c
[3
8]

B
ra
zi
l

R
et
ro
sp

ec
ti
ve

co
ho

rt
32

12
12

3
(2
5)

D
R
E
-P
C
R

an
d
IS
61
10
-

R
FL

P

H
IV

in
fe
ct
ed

T
he

st
u
d
y
ai
m
ed

to
as
se
ss

th
e

re
la
ti
ve

co
nt
ri
bu

ti
on

of
re
la
p
se

an
d

re
in
fe
ct
io
n
in

H
IV
-c
oi
nf
ec
te
d

p
at
ie
nt
s
w
it
h
re
cu

rr
en

t
T
B
.S

tu
d
y

w
as

no
tp

ow
er
ed

to
as
se
ss

th
e

co
nt
ri
bu

ti
on

of
H
IV
.A

m
on

g
th
e

th
re
e
p
at
ie
nt
s
w
it
h
re
in
fe
ct
io
n,

al
l

w
er
e
u
ni
qu

e
st
ra
in
s.

C
am

in
er
o
et

al
.

(2
00
1)

c
[3
9]

G
ra
n

C
an

ar
ia

Is
la
nd

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

92
23

18
8
(4
4)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

T
he

st
u
d
y
se
tt
in
g
ha

s
a
m
od

er
at
e

in
ci
d
en

ce
of

tu
be

rc
u
lo
si
s.
R
ei
nf
ec
ti
on

w
as

at
tr
ib
u
te
d
to

T
B
re
cu

rr
en

ce
in

bo
th

H
IV
-i
nf
ec
te
d
an

d
-u
ni
nf
ec
te
d

p
at
ie
nt
s.
A

d
om

in
an

ts
tr
ai
n
w
as

re
p
or
te
d
fo
r
re
in
fe
ct
io
n
an

d
re
la
p
se
.

R
el
ap

se
w
as

as
so
ci
at
ed

w
it
h

in
cr
ea
se
d
d
ru
g
re
si
st
an

ce
.

B
an

d
er
a
et

al
.

(2
00
1)

c
[4
0]

It
al
y

P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

21
27

32
32

5
(1
6)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

T
B
in
ci
d
en

ce
se
tt
in
g.

Tw
o
of

th
e

fi
ve

ca
se
s
of

re
in
fe
ct
io
n
w
er
e

as
so
ci
at
ed

w
it
h
d
ru
g
re
si
st
an

ce
d
u
ri
ng

re
cu

rr
en

tT
B
ep

is
od

e,
an

d
th
re
e
ca
se
s
re
p
re
se
nt
ed

d
om

in
an

t
st
ra
in
s
ci
rc
u
la
ti
ng

in
th
e
se
tt
in
g.

H
ig
he

r
ri
sk

of
re
la
p
se

w
as

d
es
cr
ib
ed

fo
r
H
IV
-i
nf
ec
te
d
an

d
M
D
R
-T
B

p
at
ie
nt
s.

So
nn

en
be

rg
et

al
.(
20
01
)c

[4
1]

So
u
th

A
fr
ic
a

P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

m
in
er
s

65
65

39
14

(3
6)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

T
hi
rt
ee
n
of

th
e
fo
u
rt
ee
n
re
cu

rr
en

ce
s

oc
cu

rr
ed

w
it
hi
n
6
m
on

th
s
of

fo
llo

w
-

u
p
w
er
e
at
tr
ib
u
te
d
to

re
la
p
se
.H

IV
co
in
fe
ct
io
n
w
as

ci
te
d
as

a
st
ro
ng

ri
sk

fa
ct
or

fo
r
re
cu

rr
en

ce
d
u
e
to

re
in
fe
ct
io
n.

R
es
id
u
al

ca
vi
ta
ti
on

w
as

al
so

at
tr
ib
u
te
d
to

re
cu

rr
en

td
is
ea
se
.

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

13



A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

G
ra
ci
a
d
e

V
ie
d
m
a
et

al
.

(2
00

2)
[4
2]

Sp
ai
n

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

25
67

17
2

43
14

(3
3)

D
R
E
-P
C
R
;

sp
ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

T
B
in
ci
d
en

ce
an

d
lo
w

ex
p
os
u
re

M
T
B
,r
el
ap

se
w
as

th
e
m
ai
n
ca
u
se

of
re
cu

rr
en

ce
.P

at
ie
nt
s
d
is
p
la
ye

d
p
oo

r
an

ti
-T
B
tr
ea
tm

en
ta

d
he

re
nc

e.
N
o

as
so
ci
at
io
n
w
it
h
H
IV
.

Fi
tz
p
at
ri
ck

et
al
.(
20

02
)

[4
3]

U
ga

nd
a

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

11
00

40
40

9
(2
3)

N
ot

re
p
or
te
d

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

H
IV

in
ci
d
en

ce
se
tt
in
g,

m
ai
n

ca
u
se

of
re
cu

rr
en

ce
w
as

re
la
p
se
.

T
hr
ee

of
th
e
fo
u
r
H
IV
-i
nf
ec
te
d

p
at
ie
nt
s
w
er
e
re
in
fe
ct
ed

w
it
h
M
T
B
.

T
he

re
m
ai
ni
ng

p
at
ie
nt

w
as

sp
u
tu
m

sm
ea
r
ne

ga
ti
ve

.

L
an

et
al
.

(2
00

2)
[4
4]

V
ie
tn
am

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

29
01

16
8

39
0
(0
)

IS
61

10
-R
FL

P
N
ot

re
p
or
te
d

P
ri
m
ar
y
M
D
R
-T
B
w
as

ci
te
d
as

a
ri
sk

fa
ct
or

fo
r
re
la
p
se
,a
ss
oc
ia
te
d
w
it
h
th
e

B
ei
jin

g
st
ra
in
.H

ow
ev

er
,t
he

st
u
d
y

w
as

no
tp

ow
er
ed

to
d
et
ec
tr
is
k

fa
ct
or
s
re
la
te
d
to

re
la
p
se
.

E
lS

ah
ly

et
al
.

(2
00

3)
[4
5]

U
SA

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

N
ot

re
p
or
te
d

10
0

38
8
(2
1)

IS
61

10
-R
FL

P
an

d
sp

ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

T
B
in
ci
d
en

ce
se
tt
in
g.

R
el
ap

se
w
as

th
e
m
ai
n
d
ri
ve

r
of

re
cu

rr
en

ce
,

w
it
h
in
cr
ea
se
d
in

d
ru
g
re
si
st
an

ce
in

th
e
re
cu

rr
en

te
p
is
od

e
of

T
B
.O

nl
y

tw
o
of

th
e
ei
gh

tp
at
ie
nt
s
w
it
h

re
in
fe
ct
io
n
w
er
e
H
IV

in
fe
ct
ed

.

Ja
sm

er
et

al
.

(2
00

4)
[4
6]

C
an

ad
a,

U
SA

R
C
T

12
44

79
75

3
(4
)

IS
61

10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

H
ig
h
le
ve

ls
of

re
in
fe
ct
io
n
d
es
p
it
e

C
an

ad
a
an

d
U
SA

ha
vi
ng

lo
w

T
B

in
ci
d
en

ce
.

V
er
ve

r
et

al
.

(2
00

5)
[4
7]

So
u
th

A
fr
ic
a

R
C
T

44
7

61
31

24
(7
7)

IS
61

10
-R
FL

P
H
IV

in
fe
ct
ed

in
cl
u
d
ed

R
ec
u
rr
en

ce
fo
llo

w
in
g
su

cc
es
sf
u
l

tr
ea
tm

en
t
as

p
er

d
ef
in
it
io
n
of

th
is

re
vi
ew

.R
ei
nf
ec
ti
on

no
ts

tr
at
if
ie
d
by

H
IV

st
at
u
s.

Sc
aa

fe
ta

l.
(2
00

5)
[4
8]

So
u
th

A
fr
ic
a

P
ro
sp

ec
ti
ve

co
ho

rt
87

9
4

1
(2
5)

IS
61

10
-R
FL

P
H
IV

in
fe
ct
ed

P
ed

ia
tr
ic
p
op

u
la
ti
on

.R
ei
nf
ec
ti
on

d
es
cr
ib
ed

in
on

e
p
at
ie
nt
;a

na
ly
si
s
of

ep
is
od

e
1
an

d
3
of

T
B
.T

w
o
fu
rt
he

r

Tuberculosis14

A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

ca
se
s
of

re
in
fe
ct
io
n
d
ef
in
ed

by
ep

id
em

io
lo
gi
c
d
at
a
an

d
D
ST

.

Sh
en

et
al
.

(2
00
6)

[4
9]

C
hi
na

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

20
2

54
52

32
(6
2)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

N
ot

re
p
or
te
d

D
at
a
on

H
IV

st
at
u
s
no

ta
va

ila
bl
e;

ho
w
ev

er
,l
ow

H
IV

in
ci
d
en

ce
se
tt
in
g

(0
.6

ca
se
s/
10
0,
00
0
p
er
so
n-
ye

ar
s)
.N

o
ti
m
e
in
te
rv
al

d
ef
in
ed

be
tw

ee
n
en

d
of

tr
ea
tm

en
t
an

d
ne

w
ep

is
od

e
of

T
B
.

C
ac
ho

et
al
.

(2
00
7)

[5
0]

Sp
ai
n

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

64
5

20
8

1
(1
3)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

P
at
ie
nt

w
it
h
T
B
re
in
fe
ct
io
n
w
as

H
IV

ne
ga

ti
ve

.R
el
ap

se
w
as

at
tr
ib
u
te
d
to

re
cu

rr
en

t
T
B
in

th
is
se
tt
in
g.

N
o

d
if
fe
re
nc

es
in

ri
sk

fa
ct
or
s
re
p
or
te
d

fo
r
re
la
p
se

an
d
re
in
fe
ct
io
n.

C
ha

ra
la
m
bo

u
s

et
al
.(
20
08
)

[1
0]

So
u
th

A
fr
ic
a

M
in
in
g

p
op

u
la
ti
on

60
9

57
16

11
(6
9)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

A
m
on

g
th
e
H
IV
-p
os
it
iv
e
gr
ou

p
,1
0
of

th
e
14

re
cu

rr
en

ce
s
w
er
e
d
u
e
to

re
in
fe
ct
io
n.

H
ow

ev
er
,o

nl
y
tw

o
p
ai
rs

av
ai
la
bl
e
in

th
e
ne

ga
ti
ve

gr
ou

p
.O

ne
ca
se

of
re
in
fe
ct
io
n
an

d
on

e
ca
se

of
re
la
p
se
.

N
ar
ay

an
an

et
al
.(
20
09
)

[1
1]

In
d
ia

P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

N
ot

re
p
or
te
d

74
48

44
(9
2)

IS
61
10
-R
FL

P
;

M
IR
U
-

V
N
T
R
;

sp
ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
ei
nf
ec
ti
on

w
as

ci
te
d
as

th
e
m
ai
n

ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-i
nf
ec
te
d

p
at
ie
nt
s
(8
8%

),
w
hi
le

re
la
p
se

w
as

th
e

m
ai
n
ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-

u
ni
nf
ec
te
d
co
u
nt
er
p
ar
ts

(9
1%

).

B
an

g
et

al
.

(2
00
9)

[5
1]

D
en

m
ar
k

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

41
54

73
73

19
(2
6)

IS
61
10
-R
FL

P
N
ot

re
p
or
te
d

T
he

ri
sk

of
T
B
re
cu

rr
en

ce
by

re
in
fe
ct
io
n
in
cr
ea
se
d
w
it
h
ti
m
e.
N
o

d
at
a
av

ai
la
bl
e
fo
r
ri
sk

fa
ct
or
s

co
nt
ri
bu

ti
ng

to
re
cu

rr
en

ce
.

M
ar
x
et

al
.

(2
01
0)

[5
2]

So
u
th

A
fr
ic
a

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

30
9

20
3

13
0

66
(5
1)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
el
ap

se
an

d
re
in
fe
ct
io
n
no

ts
tr
at
if
ie
d

by
H
IV

st
at
u
s.
R
el
ap

se
oc
cu

rr
ed

ea
rl
y
af
te
r
tr
ea
tm

en
tc

om
p
le
ti
on

,
w
hi
le

re
in
fe
ct
io
n
oc
cu

rr
ed

≥1
ye

ar
of

tr
ea
tm

en
t
co
m
p
le
ti
on

.

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

15



A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

G
ra
ci
a
d
e

V
ie
d
m
a
et

al
.

(2
00

2)
[4
2]

Sp
ai
n

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

25
67

17
2

43
14

(3
3)

D
R
E
-P
C
R
;

sp
ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

T
B
in
ci
d
en

ce
an

d
lo
w

ex
p
os
u
re

M
T
B
,r
el
ap

se
w
as

th
e
m
ai
n
ca
u
se

of
re
cu

rr
en

ce
.P

at
ie
nt
s
d
is
p
la
ye

d
p
oo

r
an

ti
-T
B
tr
ea
tm

en
ta

d
he

re
nc

e.
N
o

as
so
ci
at
io
n
w
it
h
H
IV
.

Fi
tz
p
at
ri
ck

et
al
.(
20

02
)

[4
3]

U
ga

nd
a

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

11
00

40
40

9
(2
3)

N
ot

re
p
or
te
d

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

H
IV

in
ci
d
en

ce
se
tt
in
g,

m
ai
n

ca
u
se

of
re
cu

rr
en

ce
w
as

re
la
p
se
.

T
hr
ee

of
th
e
fo
u
r
H
IV
-i
nf
ec
te
d

p
at
ie
nt
s
w
er
e
re
in
fe
ct
ed

w
it
h
M
T
B
.

T
he

re
m
ai
ni
ng

p
at
ie
nt

w
as

sp
u
tu
m

sm
ea
r
ne

ga
ti
ve

.

L
an

et
al
.

(2
00

2)
[4
4]

V
ie
tn
am

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

29
01

16
8

39
0
(0
)

IS
61

10
-R
FL

P
N
ot

re
p
or
te
d

P
ri
m
ar
y
M
D
R
-T
B
w
as

ci
te
d
as

a
ri
sk

fa
ct
or

fo
r
re
la
p
se
,a
ss
oc
ia
te
d
w
it
h
th
e

B
ei
jin

g
st
ra
in
.H

ow
ev

er
,t
he

st
u
d
y

w
as

no
tp

ow
er
ed

to
d
et
ec
tr
is
k

fa
ct
or
s
re
la
te
d
to

re
la
p
se
.

E
lS

ah
ly

et
al
.

(2
00

3)
[4
5]

U
SA

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

N
ot

re
p
or
te
d

10
0

38
8
(2
1)

IS
61

10
-R
FL

P
an

d
sp

ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

T
B
in
ci
d
en

ce
se
tt
in
g.

R
el
ap

se
w
as

th
e
m
ai
n
d
ri
ve

r
of

re
cu

rr
en

ce
,

w
it
h
in
cr
ea
se
d
in

d
ru
g
re
si
st
an

ce
in

th
e
re
cu

rr
en

te
p
is
od

e
of

T
B
.O

nl
y

tw
o
of

th
e
ei
gh

tp
at
ie
nt
s
w
it
h

re
in
fe
ct
io
n
w
er
e
H
IV

in
fe
ct
ed

.

Ja
sm

er
et

al
.

(2
00

4)
[4
6]

C
an

ad
a,

U
SA

R
C
T

12
44

79
75

3
(4
)

IS
61

10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

H
ig
h
le
ve

ls
of

re
in
fe
ct
io
n
d
es
p
it
e

C
an

ad
a
an

d
U
SA

ha
vi
ng

lo
w

T
B

in
ci
d
en

ce
.

V
er
ve

r
et

al
.

(2
00

5)
[4
7]

So
u
th

A
fr
ic
a

R
C
T

44
7

61
31

24
(7
7)

IS
61

10
-R
FL

P
H
IV

in
fe
ct
ed

in
cl
u
d
ed

R
ec
u
rr
en

ce
fo
llo

w
in
g
su

cc
es
sf
u
l

tr
ea
tm

en
t
as

p
er

d
ef
in
it
io
n
of

th
is

re
vi
ew

.R
ei
nf
ec
ti
on

no
ts

tr
at
if
ie
d
by

H
IV

st
at
u
s.

Sc
aa

fe
ta

l.
(2
00

5)
[4
8]

So
u
th

A
fr
ic
a

P
ro
sp

ec
ti
ve

co
ho

rt
87

9
4

1
(2
5)

IS
61

10
-R
FL

P
H
IV

in
fe
ct
ed

P
ed

ia
tr
ic
p
op

u
la
ti
on

.R
ei
nf
ec
ti
on

d
es
cr
ib
ed

in
on

e
p
at
ie
nt
;a

na
ly
si
s
of

ep
is
od

e
1
an

d
3
of

T
B
.T

w
o
fu
rt
he

r

Tuberculosis14

A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

ca
se
s
of

re
in
fe
ct
io
n
d
ef
in
ed

by
ep

id
em

io
lo
gi
c
d
at
a
an

d
D
ST

.

Sh
en

et
al
.

(2
00
6)

[4
9]

C
hi
na

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

20
2

54
52

32
(6
2)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

N
ot

re
p
or
te
d

D
at
a
on

H
IV

st
at
u
s
no

ta
va

ila
bl
e;

ho
w
ev

er
,l
ow

H
IV

in
ci
d
en

ce
se
tt
in
g

(0
.6

ca
se
s/
10
0,
00
0
p
er
so
n-
ye

ar
s)
.N

o
ti
m
e
in
te
rv
al

d
ef
in
ed

be
tw

ee
n
en

d
of

tr
ea
tm

en
t
an

d
ne

w
ep

is
od

e
of

T
B
.

C
ac
ho

et
al
.

(2
00
7)

[5
0]

Sp
ai
n

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

64
5

20
8

1
(1
3)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

P
at
ie
nt

w
it
h
T
B
re
in
fe
ct
io
n
w
as

H
IV

ne
ga

ti
ve

.R
el
ap

se
w
as

at
tr
ib
u
te
d
to

re
cu

rr
en

t
T
B
in

th
is
se
tt
in
g.

N
o

d
if
fe
re
nc

es
in

ri
sk

fa
ct
or
s
re
p
or
te
d

fo
r
re
la
p
se

an
d
re
in
fe
ct
io
n.

C
ha

ra
la
m
bo

u
s

et
al
.(
20
08
)

[1
0]

So
u
th

A
fr
ic
a

M
in
in
g

p
op

u
la
ti
on

60
9

57
16

11
(6
9)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

A
m
on

g
th
e
H
IV
-p
os
it
iv
e
gr
ou

p
,1
0
of

th
e
14

re
cu

rr
en

ce
s
w
er
e
d
u
e
to

re
in
fe
ct
io
n.

H
ow

ev
er
,o

nl
y
tw

o
p
ai
rs

av
ai
la
bl
e
in

th
e
ne

ga
ti
ve

gr
ou

p
.O

ne
ca
se

of
re
in
fe
ct
io
n
an

d
on

e
ca
se

of
re
la
p
se
.

N
ar
ay

an
an

et
al
.(
20
09
)

[1
1]

In
d
ia

P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

N
ot

re
p
or
te
d

74
48

44
(9
2)

IS
61
10
-R
FL

P
;

M
IR
U
-

V
N
T
R
;

sp
ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
ei
nf
ec
ti
on

w
as

ci
te
d
as

th
e
m
ai
n

ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-i
nf
ec
te
d

p
at
ie
nt
s
(8
8%

),
w
hi
le

re
la
p
se

w
as

th
e

m
ai
n
ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-

u
ni
nf
ec
te
d
co
u
nt
er
p
ar
ts

(9
1%

).

B
an

g
et

al
.

(2
00
9)

[5
1]

D
en

m
ar
k

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

41
54

73
73

19
(2
6)

IS
61
10
-R
FL

P
N
ot

re
p
or
te
d

T
he

ri
sk

of
T
B
re
cu

rr
en

ce
by

re
in
fe
ct
io
n
in
cr
ea
se
d
w
it
h
ti
m
e.
N
o

d
at
a
av

ai
la
bl
e
fo
r
ri
sk

fa
ct
or
s

co
nt
ri
bu

ti
ng

to
re
cu

rr
en

ce
.

M
ar
x
et

al
.

(2
01
0)

[5
2]

So
u
th

A
fr
ic
a

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

ba
se
d
-c
oh

or
t

30
9

20
3

13
0

66
(5
1)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
el
ap

se
an

d
re
in
fe
ct
io
n
no

ts
tr
at
if
ie
d

by
H
IV

st
at
u
s.
R
el
ap

se
oc
cu

rr
ed

ea
rl
y
af
te
r
tr
ea
tm

en
tc

om
p
le
ti
on

,
w
hi
le

re
in
fe
ct
io
n
oc
cu

rr
ed

≥1
ye

ar
of

tr
ea
tm

en
t
co
m
p
le
ti
on

.

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

15



A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

C
ra
m
p
in

et
al
.

(2
01
0)

[5
3]

M
al
aw

i
L
on

g-
te
rm

co
ho

rt
58
4

53
39

13
(3
3)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
ei
nf
ec
ti
on

w
as

ci
te
d
as

th
e
m
ai
n

ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-i
nf
ec
te
d

p
at
ie
nt
s
(5
2%

),
w
hi
le

re
la
p
se

w
as

th
e

m
ai
n
ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-

u
ni
nf
ec
te
d
co
u
nt
er
p
ar
ts

(9
3.
7%

).

V
ar
ge

se
et

al
.

(2
01
2)

[5
4]

Sa
u
d
i

A
ra
bi
a

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

-
ba

se
d
co
ho

rt

N
ot

re
p
or
te
d

22
3

22
3

39
(1
7)

M
IR
U
-V

N
T
R

N
ot

re
p
or
te
d

14
%

of
re
in
fe
ct
io
n
ca
se
s
w
er
e

as
so
ci
at
ed

w
it
h
re
si
st
an

ce
to

≥1
fi
rs
t-

lin
e
d
ru
g.

B
ry
an

te
ta

l.
(2
01
3)

[2
4]

M
al
ay

si
a,

So
u
th

A
fr
ic
a,

an
d

T
ha

ila
nd

Su
b-
st
u
d
y
of

R
C
T

N
ot

re
p
or
te
d

50
36

3
(9
)

M
IR
U
-V

N
T
R

an
d
W
G
S

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

M
ai
n
ob

je
ct
iv
e
of

th
e
su

bs
tu
d
y
w
as

to
d
et
er
m
in
e
th
e
ro
le

of
W
G
S
to

d
is
ti
ng

u
is
h
re
la
p
se

fr
om

re
in
fe
ct
io
n.

G
u
er
ra
-

A
ss
u
no

et
al
.

(2
01
4)

[8
]

M
al
aw

i
P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

-
ba

se
d
co
ho

rt

14
71

13
9

75
20

(2
6)

IS
61
10
-R
FL

P
an

d
W
G
S

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
ei
nf
ec
ti
on

w
as

m
os
tc

om
m
on

in
H
IV
-i
nf
ec
te
d
p
at
ie
nt
s.
R
el
ap

se
w
as

as
so
ci
at
ed

w
it
h
an

in
cr
ea
se
d

p
re
va

le
nc

e
of

is
on

ia
zi
d
re
si
st
an

ce
.

In
te
rr
an

te
et

al
.

(2
01
5)

[5
5]

U
SA

P
op

u
la
ti
on

-
ba

se
d
co
ho

rt
30
39

13
6

13
6

20
(1
5)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

18
of

th
e
13
6
ca
se
s
of

re
cu

rr
en

ce
T
B

w
er
e
H
IV

in
fe
ct
ed

.O
ft
he

se
,f
ou

r
ca
se
s
w
er
e
at
tr
ib
u
te
d
to

re
in
fe
ct
io
n.

Sc
hi
ro
li
et

al
.

(2
01
5)

[5
6]

It
al
y

P
ro
sp

ec
ti
ve

co
ho

rt
st
u
d
y

46
82

83
83

19
(2
3)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

N
o
ca
u
sa
la

ss
oc
ia
ti
on

w
it
h
H
IV

st
at
u
s.
In
cr
ea
se
d
d
ru
g
re
si
st
an

ce
in

p
at
ie
nt
s
w
it
h
re
cu

rr
en

t
T
B
.

K
or
ho

ne
n
et

al
.

(2
01
6)

[5
7]

Fi
nl
an

d
P
op

u
la
ti
on

-
ba

se
d
co
ho

rt
82
99

48
21

3
(1
4)

W
G
S
ba

se
d

sp
ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

ra
te

of
H
IV

co
in
fe
ct
io
n
in

co
ho

rt
(1
/2
1)
.T

he
d
if
fe
re
nc

e
in

th
e
nu

m
be

r
of

SN
P
s
in

re
la
p
se

is
ol
at
es

w
as

re
p
or
te
d
to

be
0–
6.

In
th
e
p
re
se
nc

e
of

d
om

in
an

ts
tr
ai
n
ty
p
es
,r
ei
nf
ec
ti
on

ca
nn

ot
be

ru
le
d
ou

t.
In

on
e
ca
se

of
re
la
p
se
,t
he

d
if
fe
re
nc

e
in

th
e
nu

m
be

r
of

SN
P
s
w
as

re
p
or
te
d
to

be
38

ov
er

a
2-
ye

ar
p
er
io
d
.

Tuberculosis16

A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

Sh
en

et
al
.

(2
01
7)

[5
8]

C
hi
na

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

-
ba

se
d
co
ho

rt

13
,4
17

71
0

14
1

59
(4
2)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

N
ot

re
p
or
te
d

L
ow

H
IV

p
re
va

le
nc

e
in

th
e
st
u
d
y

se
tt
in
g.

P
at
ie
nt
s
w
it
h
ca
vi
ta
ti
on

,
d
ia
be

te
s,
an

d
in
it
ia
ld

ru
g
re
si
st
an

ce
w
er
e
at

hi
gh

ri
sk

fo
r
re
cu

rr
en

tT
B
.

R
ei
nf
ec
ti
on

co
nt
ri
bu

te
d
to

a
si
gn

if
ic
an

t
nu

m
be

r
of

ca
se
s.

W
hi
tn
ey

et
al
.

(2
01
7)

[5
9]

So
u
th
er
n

A
fr
ic
a

Su
bs
tu
d
y
of

R
C
T

N
ot

re
p
or
te
d

51
35

3
(9
)

M
IR
U
-V

N
T
R

an
d
W
G
S

N
ot

re
p
or
te
d

M
ai
n
ob

je
ct
iv
e
of

th
e
su

bs
tu
d
y
w
as

to
d
et
er
m
in
e
th
e
ro
le

of
W
G
S
to

d
is
ti
ng

u
is
h
re
la
p
se

fr
om

re
in
fe
ct
io
n.

T
he

d
if
fe
re
nc

e
in

th
e
nu

m
be

r
of

SN
P
s

in
re
la
p
se

is
ol
at
es

w
as

re
p
or
te
d
to

be
0–
5.

a T
ot
al

nu
m
be

r
of

re
cu

rr
en

t
T
B
ep

is
od

es
w
it
hi
n
th
e
co
ho

rt
.

b
P
er
ce
nt
ag

e
of

re
cu

rr
en

t
T
B
ep

is
od

es
ca
u
se
d
by

re
in
fe
ct
io
n
(c
al
cu

la
te
d
fr
om

a)
.

c A
d
ap

te
d
fr
om

th
e
sy
st
em

at
ic
re
vi
ew

by
L
am

be
rt
et

al
.[
6]

A
bb

re
vi
at
io
ns
:D

R
E
-P
C
R
,d

ou
bl
e
re
p
et
it
iv
e
el
em

en
t-
p
ol
ym

er
as
e
ch

ai
n
re
ac
ti
on

;D
ST

,d
ru
g
su

sc
ep

ti
bi
lit
y
p
ro
fi
le
;M

D
R
-T
B
,m

u
lt
id
ru
g
re
si
st
an

t-
tu
be

rc
u
lo
si
s;
M
IR
U
-V

N
T
R
,

m
yc
ob

ac
te
ri
al

in
te
rs
p
er
se
d
re
p
et
it
iv
e
u
ni
t-
va

ri
ab

le
nu

m
be

r
ta
nd

em
re
p
ea
ts
;M

T
B
,M

yc
ob
ac
te
ri
um

tu
be
rc
ul
os
is
;R

C
T,

ra
nd

om
iz
ed

co
nt
ro
lle

d
tr
ia
l;
R
FL

P
,r
es
tr
ic
ti
on

fr
ag

m
en

t
le
ng

th
p
ol
ym

or
p
hi
sm

;S
N
P
,s
in
gl
e
nu

cl
eo

ti
d
e
p
ol
ym

or
p
hi
sm

.

Ta
b
le

1.
St
u
d
ie
s
co
nd

u
ct
ed

on
re
cu

rr
en

t
tu
be

rc
u
lo
si
s
in
fe
ct
io
ns
,
d
is
ti
ng

u
is
hi
ng

th
e
co
nt
ri
bu

ti
on

re
in
fe
ct
io
n
ve

rs
u
s
re
la
p
se
.

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

17



A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

C
ra
m
p
in

et
al
.

(2
01
0)

[5
3]

M
al
aw

i
L
on

g-
te
rm

co
ho

rt
58
4

53
39

13
(3
3)

IS
61
10
-R
FL

P
H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
ei
nf
ec
ti
on

w
as

ci
te
d
as

th
e
m
ai
n

ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-i
nf
ec
te
d

p
at
ie
nt
s
(5
2%

),
w
hi
le

re
la
p
se

w
as

th
e

m
ai
n
ca
u
se

of
re
cu

rr
en

ce
in

H
IV
-

u
ni
nf
ec
te
d
co
u
nt
er
p
ar
ts

(9
3.
7%

).

V
ar
ge

se
et

al
.

(2
01
2)

[5
4]

Sa
u
d
i

A
ra
bi
a

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

-
ba

se
d
co
ho

rt

N
ot

re
p
or
te
d

22
3

22
3

39
(1
7)

M
IR
U
-V

N
T
R

N
ot

re
p
or
te
d

14
%

of
re
in
fe
ct
io
n
ca
se
s
w
er
e

as
so
ci
at
ed

w
it
h
re
si
st
an

ce
to

≥1
fi
rs
t-

lin
e
d
ru
g.

B
ry
an

te
ta

l.
(2
01
3)

[2
4]

M
al
ay

si
a,

So
u
th

A
fr
ic
a,

an
d

T
ha

ila
nd

Su
b-
st
u
d
y
of

R
C
T

N
ot

re
p
or
te
d

50
36

3
(9
)

M
IR
U
-V

N
T
R

an
d
W
G
S

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

M
ai
n
ob

je
ct
iv
e
of

th
e
su

bs
tu
d
y
w
as

to
d
et
er
m
in
e
th
e
ro
le

of
W
G
S
to

d
is
ti
ng

u
is
h
re
la
p
se

fr
om

re
in
fe
ct
io
n.

G
u
er
ra
-

A
ss
u
no

et
al
.

(2
01
4)

[8
]

M
al
aw

i
P
ro
sp

ec
ti
ve

p
op

u
la
ti
on

-
ba

se
d
co
ho

rt

14
71

13
9

75
20

(2
6)

IS
61
10
-R
FL

P
an

d
W
G
S

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

R
ei
nf
ec
ti
on

w
as

m
os
tc

om
m
on

in
H
IV
-i
nf
ec
te
d
p
at
ie
nt
s.
R
el
ap

se
w
as

as
so
ci
at
ed

w
it
h
an

in
cr
ea
se
d

p
re
va

le
nc

e
of

is
on

ia
zi
d
re
si
st
an

ce
.

In
te
rr
an

te
et

al
.

(2
01
5)

[5
5]

U
SA

P
op

u
la
ti
on

-
ba

se
d
co
ho

rt
30
39

13
6

13
6

20
(1
5)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

18
of

th
e
13
6
ca
se
s
of

re
cu

rr
en

ce
T
B

w
er
e
H
IV

in
fe
ct
ed

.O
ft
he

se
,f
ou

r
ca
se
s
w
er
e
at
tr
ib
u
te
d
to

re
in
fe
ct
io
n.

Sc
hi
ro
li
et

al
.

(2
01
5)

[5
6]

It
al
y

P
ro
sp

ec
ti
ve

co
ho

rt
st
u
d
y

46
82

83
83

19
(2
3)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

N
o
ca
u
sa
la

ss
oc
ia
ti
on

w
it
h
H
IV

st
at
u
s.
In
cr
ea
se
d
d
ru
g
re
si
st
an

ce
in

p
at
ie
nt
s
w
it
h
re
cu

rr
en

t
T
B
.

K
or
ho

ne
n
et

al
.

(2
01
6)

[5
7]

Fi
nl
an

d
P
op

u
la
ti
on

-
ba

se
d
co
ho

rt
82
99

48
21

3
(1
4)

W
G
S
ba

se
d

sp
ol
ig
ot
yp

in
g

H
IV

in
fe
ct
ed

an
d

u
ni
nf
ec
te
d

L
ow

ra
te

of
H
IV

co
in
fe
ct
io
n
in

co
ho

rt
(1
/2
1)
.T

he
d
if
fe
re
nc

e
in

th
e
nu

m
be

r
of

SN
P
s
in

re
la
p
se

is
ol
at
es

w
as

re
p
or
te
d
to

be
0–
6.

In
th
e
p
re
se
nc

e
of

d
om

in
an

ts
tr
ai
n
ty
p
es
,r
ei
nf
ec
ti
on

ca
nn

ot
be

ru
le
d
ou

t.
In

on
e
ca
se

of
re
la
p
se
,t
he

d
if
fe
re
nc

e
in

th
e
nu

m
be

r
of

SN
P
s
w
as

re
p
or
te
d
to

be
38

ov
er

a
2-
ye

ar
p
er
io
d
.

Tuberculosis16

A
u
th
or
,

p
u
b
li
ca
ti
on

ye
ar

C
ou

n
tr
y

S
tu
d
y
d
es
ig
n

N
u
m
b
er

of p
at
ie
n
ts

an
al
yz

ed

R
ec
u
rr
en

ce
s

(T
ot
al
)

W
it
h

fi
n
ge

rp
ri
n
ti
n
g

re
su

lt
sa

R
ei
n
fe
ct
io
n

(%
of

a)
S
tr
ai
n
ty
p
in
g

m
et
h
od

H
IV

st
at
u
s

C
om

m
en

t

Sh
en

et
al
.

(2
01
7)

[5
8]

C
hi
na

R
et
ro
sp

ec
ti
ve

p
op

u
la
ti
on

-
ba

se
d
co
ho

rt

13
,4
17

71
0

14
1

59
(4
2)

IS
61
10
-R
FL

P
;

M
IR
U
-V

N
T
R

N
ot

re
p
or
te
d

L
ow

H
IV

p
re
va

le
nc

e
in

th
e
st
u
d
y

se
tt
in
g.

P
at
ie
nt
s
w
it
h
ca
vi
ta
ti
on

,
d
ia
be

te
s,
an

d
in
it
ia
ld

ru
g
re
si
st
an

ce
w
er
e
at

hi
gh

ri
sk

fo
r
re
cu

rr
en

tT
B
.

R
ei
nf
ec
ti
on

co
nt
ri
bu

te
d
to

a
si
gn

if
ic
an

t
nu

m
be

r
of

ca
se
s.

W
hi
tn
ey

et
al
.

(2
01
7)

[5
9]

So
u
th
er
n

A
fr
ic
a

Su
bs
tu
d
y
of

R
C
T

N
ot

re
p
or
te
d

51
35

3
(9
)

M
IR
U
-V

N
T
R

an
d
W
G
S

N
ot

re
p
or
te
d

M
ai
n
ob

je
ct
iv
e
of

th
e
su

bs
tu
d
y
w
as

to
d
et
er
m
in
e
th
e
ro
le

of
W
G
S
to

d
is
ti
ng

u
is
h
re
la
p
se

fr
om

re
in
fe
ct
io
n.

T
he

d
if
fe
re
nc

e
in

th
e
nu

m
be

r
of

SN
P
s

in
re
la
p
se

is
ol
at
es

w
as

re
p
or
te
d
to

be
0–
5.

a T
ot
al

nu
m
be

r
of

re
cu

rr
en

t
T
B
ep

is
od

es
w
it
hi
n
th
e
co
ho

rt
.

b
P
er
ce
nt
ag

e
of

re
cu

rr
en

t
T
B
ep

is
od

es
ca
u
se
d
by

re
in
fe
ct
io
n
(c
al
cu

la
te
d
fr
om

a)
.

c A
d
ap

te
d
fr
om

th
e
sy
st
em

at
ic
re
vi
ew

by
L
am

be
rt
et

al
.[
6]

A
bb

re
vi
at
io
ns
:D

R
E
-P
C
R
,d

ou
bl
e
re
p
et
it
iv
e
el
em

en
t-
p
ol
ym

er
as
e
ch

ai
n
re
ac
ti
on

;D
ST

,d
ru
g
su

sc
ep

ti
bi
lit
y
p
ro
fi
le
;M

D
R
-T
B
,m

u
lt
id
ru
g
re
si
st
an

t-
tu
be

rc
u
lo
si
s;
M
IR
U
-V

N
T
R
,

m
yc
ob

ac
te
ri
al

in
te
rs
p
er
se
d
re
p
et
it
iv
e
u
ni
t-
va

ri
ab

le
nu

m
be

r
ta
nd

em
re
p
ea
ts
;M

T
B
,M

yc
ob
ac
te
ri
um

tu
be
rc
ul
os
is
;R

C
T,

ra
nd

om
iz
ed

co
nt
ro
lle

d
tr
ia
l;
R
FL

P
,r
es
tr
ic
ti
on

fr
ag

m
en

t
le
ng

th
p
ol
ym

or
p
hi
sm

;S
N
P
,s
in
gl
e
nu

cl
eo

ti
d
e
p
ol
ym

or
p
hi
sm

.

Ta
b
le

1.
St
u
d
ie
s
co
nd

u
ct
ed

on
re
cu

rr
en

t
tu
be

rc
u
lo
si
s
in
fe
ct
io
ns
,
d
is
ti
ng

u
is
hi
ng

th
e
co
nt
ri
bu

ti
on

re
in
fe
ct
io
n
ve

rs
u
s
re
la
p
se
.

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

17



7. Risk factors for recurrent TB

Trinh et al. outlined risk factors for TB recurrence in three categories: (i) treatment response
associated with relapse, (ii) individual vulnerability associated with both relapse and reinfec-
tion, and (iii) repeat exposure associated with reinfection. Risk factors contributing to each of
these categories are detailed below and outlined in Table 2 (adapted from Trinh et al. [3]).

7.1. Treatment response: relapse

7.1.1. Treatment regimen, adherence, and drug resistance

Incomplete bacteriologic cure, which is usually caused by irregular medication intake, is the
most common cause of relapse. Inadequate treatment regimens, poor treatment adherence,
and unrecognized drug resistance have been cited as risk factors for relapse TB infection.
Regimens with low bactericidal potency, inadequate treatment duration, inappropriate drug
choice, and undetected drug resistance all contribute to treatment failure and relapse disease.
The use of standardized regimens in the absence of full drug susceptibility testing contributes
to inadequate regimen choice and further impacts on the development of drug resistance and
relapse [3, 6, 60]. Earlier studies reporting on the association between inadequate treatment
regimen and risk for recurrent TB cited the use of thiacetazone-containing regimens. Thiace-
tazone is an antitubercular drug that was used widely in combination with isoniazid for the
treatment of TB. This agent has since been replaced by the widespread use of standardized

TB recurrence risk

Treatment response:
relapse

Individual vulnerability:
relapse or reinfection

Repeat exposure:
reinfection

1. Treatment regimen
• Inadequate treatment
• Undetected drug resistance

2. Treatment adherence
• Poor compliance
• Drug shortage

3. Drug PK/PD* and
pharmacogenomic determinants
• Poor drug penetration
• Variable PK values
• Genetic mutations that

alter drug metabolizing
enzymes

1. Individual Vulnerability
• HIV infection (CD4 count)
• Previous TB disease and residual lung

damage
• Greater area of lung tissue involved
• Positive sputum culture at 2 months

of treatment
• Diabetes Mellitus
• Extremes of Age
• Vulnerable groups and social risk

factors
• Infection with strains that have an

increased propensity for drug resis-
tance

2. Reduced local defenses
• Cigarette smoking
• Air pollution
• Silicoses
• Chronic lung disease

1. Epidemic control
• High TB preva-

lence
2. Infection control

• Clinics/hospitals/
prisons

• Public transport
• Places of sociali-

zation
3. TB contacts

• Household con-
tacts

• Social or work
contacts

• Overcrowding or
poor living condi-
tions

*PK = pharmacokinetics; PD = pharmacodynamics.

Table 2. Risk factors for TB recurrence, adapted from Trinh et al. [3].
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regimens containing rifampicin [21, 61]. Poor treatment adherence has also been reported to
drive the development of drug resistance and thus relapse. Poor adherence to anti-TB treat-
ment is associated with increased treatment duration, complex multidrug regimens, as well as
social risk factors. Other issues linked to regimen choice and adherence include substandard
drug quality and drug stock outs, and these are associated with poorly resourced, high TB-
endemic countries [3]. Recurrent TB is also associated with an increased risk of developing
drug resistance. Studies have reported an increase in acquired rifamycin-resistant TB in
patients that received rifamycin-based directly observed therapy. In both studies, the key risk
factor for rifamycin-resistance acquisition was HIV coinfection with advanced immunosup-
pression. In a cohort of 93 relapse patients with no prior evidence of MDR-TB, Chiang et al.
reported that the prevalence of overall drug resistance was 33.3% and the prevalence of MDR-
TB in the relapse patients was 12.9% [62]. Similarly, Sun et al. reported higher rate of TB
recurrence in MDR-TB patients. In a cohort of 100 MDR and 150 non-MDR TB patients, recur-
rence rates of 65/1000 and 35/1000 person-years, respectively, were reported. The increased
prevalence of drug resistance in relapse patients is exacerbated by the inefficacy of standardized
retreatment regimens and underscores the need for increased MDR-TB case detection for
retreatment patients [12].

7.1.2. Drug pharmacodynamics (PD) and pharmacokinetics (PK)

Host-specific factors such as PD, PK, and pharmacogenomics impact on the response to anti-
TB treatment. Current anti-TB treatment dosing is based on the patient’s body weight [63].
Drug concentrations and pharmacokinetics vary among patients, resulting in adverse reactions
due to toxicity as well as suboptimal drug concentrations that impact on the development of
drug resistance and relapse. Plasma concentrations of HIV and anti-TB drugs have been
reported to display wide interindividual variability associated with genetic mutations in the
respective drug-metabolizing enzymes or transporter proteins [64–66].

7.2. Individual vulnerability: relapse and reinfection

7.2.1. Individual vulnerability

7.2.1.1. HIV infection

HIV coinfection has been reported to increase the rate of recurrent TB disease, especially in
high TB-endemic settings where TB recurrence rates of up to 24.4% have been reported. A
cohort study in Malawi showed that the rates of tuberculosis relapse were similar between
HIV-positive and -negative individuals [53]. Similar results were found in a study of South
African mineworkers [41]. In contrast, several studies have reported a nearly three-fold higher
incidence of recurrent TB among HIV-positive individuals as compared to their negative
counterparts. In a review of 32 studies, Panjabi et al. reported excessive rates of recurrent TB
following the completion of treatment using standardized regimens. Among the controlled
trials included in the review, the overall recurrence rates (per 100,000 person-years) were 3010
(95% confidence interval 2230–3970) and 2290 (95% confidence interval 1730–2940), respec-
tively, at 6 and 12 months following treatment completion. Recurrence rates were reported to
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regimens containing rifampicin [21, 61]. Poor treatment adherence has also been reported to
drive the development of drug resistance and thus relapse. Poor adherence to anti-TB treat-
ment is associated with increased treatment duration, complex multidrug regimens, as well as
social risk factors. Other issues linked to regimen choice and adherence include substandard
drug quality and drug stock outs, and these are associated with poorly resourced, high TB-
endemic countries [3]. Recurrent TB is also associated with an increased risk of developing
drug resistance. Studies have reported an increase in acquired rifamycin-resistant TB in
patients that received rifamycin-based directly observed therapy. In both studies, the key risk
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Drug concentrations and pharmacokinetics vary among patients, resulting in adverse reactions
due to toxicity as well as suboptimal drug concentrations that impact on the development of
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reported to display wide interindividual variability associated with genetic mutations in the
respective drug-metabolizing enzymes or transporter proteins [64–66].
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HIV coinfection has been reported to increase the rate of recurrent TB disease, especially in
high TB-endemic settings where TB recurrence rates of up to 24.4% have been reported. A
cohort study in Malawi showed that the rates of tuberculosis relapse were similar between
HIV-positive and -negative individuals [53]. Similar results were found in a study of South
African mineworkers [41]. In contrast, several studies have reported a nearly three-fold higher
incidence of recurrent TB among HIV-positive individuals as compared to their negative
counterparts. In a review of 32 studies, Panjabi et al. reported excessive rates of recurrent TB
following the completion of treatment using standardized regimens. Among the controlled
trials included in the review, the overall recurrence rates (per 100,000 person-years) were 3010
(95% confidence interval 2230–3970) and 2290 (95% confidence interval 1730–2940), respec-
tively, at 6 and 12 months following treatment completion. Recurrence rates were reported to
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be higher for observational studies compared to controlled trials in countries with higher TB
incidence rates. In the studies reviewed, recurrence rates were found to be higher among HIV-
infected (6.7, 95% confidence interval 5.9–7.6) compared to HIV-uninfected (3.3 95% confidence
interval 2.8–3.9) individuals. In the HIV-infected group, recurrent TB was associated with low
initial CD4 T-cell count and anti-TB treatment less than 37 weeks of duration. While the
association of low initial CD4+ T-cell count and TB recurrence was unclear in this review, the
authors reported that small sample sizes lacked sufficient power to detect differences in
recurrence rates between patients with high and low CD4+ T-cell counts [5]. An earlier study
by Pulido et al. was the only study in the analysis that reported a statistically significant
relationship in a multivariate analysis. A complimentary explanation is that patients with
severe immunosuppression secondary to HIV die from other causes before TB recurs. Studies
also reported that anti-TB treatment for less than 37 weeks was the most influential predictor
of TB recurrence. The risk of TB recurrence in patients with low CD4+ T-cell counts was four
times higher than that in patients with higher CD4+ T-cell counts. This also highlights that the
six-month standard treatment regimen may be suboptimal at preventing recurrent TB in
patients with low initial CD4+ T-cell counts [67]. Chaisson et al. reported similar findings in
their review of two studies, which compared the rates of recurrent TB among HIV-infected and
HIV-uninfected individuals [7]. In an Indian cohort, Narayanan et al. reported higher rates of
recurrent TB in HIV-infected individuals compared with the HIV-uninfected group (14%
versus 9%). In addition, recurrence due to reinfection was reported in 88% of the HIV-infected
group and 9% of the HIV-uninfected group (p < 0.05). Among the recurrent isolates, patients
from the HIV-infected group were associated with more clustering of strains and increased
drug resistance [11].

7.2.1.2. Previous TB disease and residual lung damage

The severity of lung disease indicated by the presence of cavities and, in particular, residual
cavities is a significant risk factor for recurrent TB disease. Lung cavities persisting at the end
of treatment has been reported as a dominant correlate of recurrent disease in many studies
[5]. Sonnenberg et al., in a study of South African mineworkers, found that residual cavitation
was a risk factor for tuberculosis relapse [41]. The association between residual cavitation and
recurrent disease has been attributed to poor penetration of anti-TB drugs into the cavity walls
surrounding fibrotic tissue. It has also been postulated that MTB strains, like other
nontuberculous mycobacteria, may have increased propensity for the infection of previously
damaged tissue. The relationship between residual lung cavitation with recurrent TB disease
warrants further investigation. Future studies should be aimed to assess the number and size
of cavities present before and at the end of recurrent TB disease [5].

7.2.1.3. Greater area of lung tissue involved in infection

Several studies have reported that the extent of lung tissue involved in disease was a predictor
of recurrent TB disease. However, no standard measure was applied to establish the amount of
lung tissue involved in disease, and thus measures of lung area varied between studies [5].
Mallory et al. divided lung tissue into three areas, recording the number of zones with lesions.
The authors report a dose–response association between the number of lung zones with
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fibrosis and the likelihood of recurrence to strongly suggestive of a relationship [68]. Tam et al.
scored lung involvement by combining the total area of lung tissue with lesions [69].

7.2.1.4. Positive sputum culture at 2 months of treatment

Numerous studies reflect evidence in support of a positive sputum bacteriologic status during
anti-TB treatment and recurrent TB disease. These findings suggest that a positive sputum
culture at 2 months of treatment is predictive of recurrence. This association has been attrib-
uted to an inadequate response to the intensive phase of anti-TB treatment [5]. Horne et al.
conducted a systematic review and meta-analysis to assess the accuracy of positive sputum
smear or culture for predicting treatment failure or relapse in pulmonary TB. The authors
demonstrated that both sputum smear and culture during tuberculosis treatment have low
sensitivity and modest specificity for predicting failure and relapse. Although the study
represented a diverse group of patients, the individual studies had similar performance char-
acteristics [70]. Gillepsie et al. reiterated the poor predictability of culture conversion for long-
term outcomes. While two-month culture conversion is associated with relapse-free cure, this
correlation is not strong enough to reliably predict outcomes for individual patients or defin-
itively guide the selection of regimen in drug development [71].

7.2.1.5. Diabetes mellitus

Diabetes mellitus (DM) is recognized as a risk factor for the reactivation of TB infection and
relapse infection following the completion of treatment. Diabetics have been reported to have
three times higher risk of developing pulmonary TB compared to nondiabetics [72, 73]. Numer-
ous studies have reported that DM coinfection adversely affects TB treatment outcomes, which
included treatment failure, death, and relapse. In addition to the interaction between DM and
TB, the high reported prevalence of DM in MDR-TB is alarming, with approximately 10–23% of
MDR-TB patients having DM. A proposed hypothesis for this association is that altered immu-
nity accompanied with DM has an effect on MDR-TB transmission, as with other immunodefi-
ciency disease. A recent systematic review aimed to quantitatively evaluate the propensity for
patients with DM and TB to cluster according to the genotype of the infected MTB strain. While
the meta-analysis failed to show an association between TB transmission patterns in DM
patients, among the 4076 patients analyzed, 13% had DM with 27% of these patient isolates
displaying clustering. Further work is needed to address this phenomenon. These factors high-
light the need for continual monitoring of DM patients who complete treatment for incident TB
and possible use of secondary isoniazid prophylaxis treatment. In addition, comanagement for
DM-TB patients will be significant in reducing relapse in these patients [74].

7.2.1.6. Extremes of age

Young adults (15–44 years) have been reported to have the highest risk for recurrent disease
[75]. Children under 15 years and adults over 65 years have a lower risk compared to young
adults. Age is linked to default on treatment; however, no particular age has been singled out
in association with recurrence [21]. It is postulated that children have lower bacterial load as
well as increased supervision and attention to care, indicated by higher rates of treatment
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be higher for observational studies compared to controlled trials in countries with higher TB
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interval 2.8–3.9) individuals. In the HIV-infected group, recurrent TB was associated with low
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association of low initial CD4+ T-cell count and TB recurrence was unclear in this review, the
authors reported that small sample sizes lacked sufficient power to detect differences in
recurrence rates between patients with high and low CD4+ T-cell counts [5]. An earlier study
by Pulido et al. was the only study in the analysis that reported a statistically significant
relationship in a multivariate analysis. A complimentary explanation is that patients with
severe immunosuppression secondary to HIV die from other causes before TB recurs. Studies
also reported that anti-TB treatment for less than 37 weeks was the most influential predictor
of TB recurrence. The risk of TB recurrence in patients with low CD4+ T-cell counts was four
times higher than that in patients with higher CD4+ T-cell counts. This also highlights that the
six-month standard treatment regimen may be suboptimal at preventing recurrent TB in
patients with low initial CD4+ T-cell counts [67]. Chaisson et al. reported similar findings in
their review of two studies, which compared the rates of recurrent TB among HIV-infected and
HIV-uninfected individuals [7]. In an Indian cohort, Narayanan et al. reported higher rates of
recurrent TB in HIV-infected individuals compared with the HIV-uninfected group (14%
versus 9%). In addition, recurrence due to reinfection was reported in 88% of the HIV-infected
group and 9% of the HIV-uninfected group (p < 0.05). Among the recurrent isolates, patients
from the HIV-infected group were associated with more clustering of strains and increased
drug resistance [11].

7.2.1.2. Previous TB disease and residual lung damage

The severity of lung disease indicated by the presence of cavities and, in particular, residual
cavities is a significant risk factor for recurrent TB disease. Lung cavities persisting at the end
of treatment has been reported as a dominant correlate of recurrent disease in many studies
[5]. Sonnenberg et al., in a study of South African mineworkers, found that residual cavitation
was a risk factor for tuberculosis relapse [41]. The association between residual cavitation and
recurrent disease has been attributed to poor penetration of anti-TB drugs into the cavity walls
surrounding fibrotic tissue. It has also been postulated that MTB strains, like other
nontuberculous mycobacteria, may have increased propensity for the infection of previously
damaged tissue. The relationship between residual lung cavitation with recurrent TB disease
warrants further investigation. Future studies should be aimed to assess the number and size
of cavities present before and at the end of recurrent TB disease [5].

7.2.1.3. Greater area of lung tissue involved in infection

Several studies have reported that the extent of lung tissue involved in disease was a predictor
of recurrent TB disease. However, no standard measure was applied to establish the amount of
lung tissue involved in disease, and thus measures of lung area varied between studies [5].
Mallory et al. divided lung tissue into three areas, recording the number of zones with lesions.
The authors report a dose–response association between the number of lung zones with
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fibrosis and the likelihood of recurrence to strongly suggestive of a relationship [68]. Tam et al.
scored lung involvement by combining the total area of lung tissue with lesions [69].

7.2.1.4. Positive sputum culture at 2 months of treatment

Numerous studies reflect evidence in support of a positive sputum bacteriologic status during
anti-TB treatment and recurrent TB disease. These findings suggest that a positive sputum
culture at 2 months of treatment is predictive of recurrence. This association has been attrib-
uted to an inadequate response to the intensive phase of anti-TB treatment [5]. Horne et al.
conducted a systematic review and meta-analysis to assess the accuracy of positive sputum
smear or culture for predicting treatment failure or relapse in pulmonary TB. The authors
demonstrated that both sputum smear and culture during tuberculosis treatment have low
sensitivity and modest specificity for predicting failure and relapse. Although the study
represented a diverse group of patients, the individual studies had similar performance char-
acteristics [70]. Gillepsie et al. reiterated the poor predictability of culture conversion for long-
term outcomes. While two-month culture conversion is associated with relapse-free cure, this
correlation is not strong enough to reliably predict outcomes for individual patients or defin-
itively guide the selection of regimen in drug development [71].

7.2.1.5. Diabetes mellitus

Diabetes mellitus (DM) is recognized as a risk factor for the reactivation of TB infection and
relapse infection following the completion of treatment. Diabetics have been reported to have
three times higher risk of developing pulmonary TB compared to nondiabetics [72, 73]. Numer-
ous studies have reported that DM coinfection adversely affects TB treatment outcomes, which
included treatment failure, death, and relapse. In addition to the interaction between DM and
TB, the high reported prevalence of DM in MDR-TB is alarming, with approximately 10–23% of
MDR-TB patients having DM. A proposed hypothesis for this association is that altered immu-
nity accompanied with DM has an effect on MDR-TB transmission, as with other immunodefi-
ciency disease. A recent systematic review aimed to quantitatively evaluate the propensity for
patients with DM and TB to cluster according to the genotype of the infected MTB strain. While
the meta-analysis failed to show an association between TB transmission patterns in DM
patients, among the 4076 patients analyzed, 13% had DM with 27% of these patient isolates
displaying clustering. Further work is needed to address this phenomenon. These factors high-
light the need for continual monitoring of DM patients who complete treatment for incident TB
and possible use of secondary isoniazid prophylaxis treatment. In addition, comanagement for
DM-TB patients will be significant in reducing relapse in these patients [74].

7.2.1.6. Extremes of age

Young adults (15–44 years) have been reported to have the highest risk for recurrent disease
[75]. Children under 15 years and adults over 65 years have a lower risk compared to young
adults. Age is linked to default on treatment; however, no particular age has been singled out
in association with recurrence [21]. It is postulated that children have lower bacterial load as
well as increased supervision and attention to care, indicated by higher rates of treatment
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completion. There are limited data available on recurrence in children. Scaaf et al. reported 11
recurrences of TB disease in a cohort of 87 children. Of the eighty-seven children described in
the study, nine had a second episode of TB, and two of which had a third episode of confirmed
TB. Full epidemiological profiling could not be conducted, as clinical isolates representing the
first episode of TB were not available for five of the cases [48].

7.2.1.7. Vulnerable groups and social risk factors

Vulnerable groups with increased susceptibility to TB infection and recurrent TB include HIV-
coinfected patients, children, health care workers (HCWs), prisoners, homeless persons, drug
users, and close contacts of TB patients. HIV coinfection, discussed above, is associated with
high rates of recurrent TB. Children contribute a significant proportion of the TB disease
burden and suffer severe tuberculosis-related morbidity and mortality, particularly in endemic
areas. HCWs are placed at a higher risk for the acquisition of nosocomially acquired TB. Risk
factors include poor or malfunctioning infection control measures and poor utilization of
personal protective equipment. There is also a significant risk of secondary hospital outbreaks
related to undetected and untreated TB. Prisoners, homeless persons, and drug users are at
higher risk for TB and recurrent infections as they represent underserved populations. These
populations are also more likely to be coinfected with HIV and are more difficult to manage
and treat adherently. Imprisonment has been recognized as a significant risk factor for TB
transmission. Household contacts of TB patients have been reported to be at high risk for
developing TB, including drug-resistant TB. Preventative therapy remains the most significant
tool to reduce the risk of TB infection among high-risk individuals [3, 79].

7.2.1.8. Infection with certain strain types

Infection with strains of the Beijing genotype has been associated with unfavorable TB outcomes.
The Beijing genotype has gained particular attention due to reports on its association with drug-
resistant TB in outbreaks and population-based studies [3]. Huyen et al. demonstrated that the
Beijing genotype was associated with an increased rate of relapse in Vietnam. Among a cohort of
1068 patients that were followed up for 18 months, 23 cases of relapse occurred, linked to this
genotype [83]. Nguyen et al. reported similar findings for the same settings. However, this strain
type has been reported to account for 40% of TB cases in Vietnam, and this may represent high
transmission rates rather than the success of the strain [84].

7.2.2. Reduced local defenses

7.2.2.1. Tobacco smoking

A systematic review by Lin et al. demonstrated that tobacco smoke is consistently associated
with increased risk of TB infection. In comparison to nonsmokers, smoking increases the risk of
developing active TB and mortality. Smoking has been reported to affect baseline severity,
bacteriologic response, treatment outcome, and relapse in TB. Smoking has also been reported
to alter the lung immune responses to MTB, contributing to a higher susceptibility to individual
TB infection. Chronic exposure to tobacco and air pollutants impairs the normal clearance of
secretions on the bronchial mucosal surface and may allowMTB to evade the early host immune
defenses. Smoke also inhibits the activity of alveolar macrophages by reducing the phagocytic
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ability of the cells. Lower levels of pro-inflammatory cytokines have also been reported for
smokers [76]. Leung et al. evaluated the impact of smoking on TB outcomes by monitoring
16,435 patients receiving anti-TB treatment at chest clinics in Hong Kong. Overall, 16.7% of
negative treatment outcomes were attributed to smokers, with the key contributor being default
and death in smokers. Among 13,349 patients who were successfully treated for TB, 426 cases of
relapse were detected. They reported a clear gradient (hazard ratios of 1.00, 1.33, and 1.63) of
relapse risk from nonsmokers to previous smokers and current smokers, with an overall popu-
lation attributable risk of 19.4% (current smokers: 12.2%; previous smokers: 7.2%) [77].

7.2.2.2. Air pollution

In addition to tobacco smoke, environmental exposures have been associated with an increased
risk for developing TB. Air quality, which is impacted by atmospheric pollution and carbon
monoxide, has been reported to induce bacillary reactivation and to increase the incidence of TB
[76]. De Castro Fernandes et al. reported that air pollution was directly related to TB incidence in
Brazil. Other studies conducted in the US and Russia also reported a link between the concen-
tration of smoke, suspended particulate matter, and TB in relation to carbon dioxide and nitric
oxide levels. Air pollution generated by traffic in Taiwan, linked to sulfur dioxide, ozone, and
carbon monoxide, was linked to culture-confirmed TB. Similarly, a study conducted in South
Korea revealed that exposure to sulfur dioxide increased the risk of TB by 7%. Indoor air
pollution, resulting from the use of solid fuels for cooking, has been recognized as a risk factor
for TB disease. The role of these factors in recurrent TB requires further study [78].

7.2.2.3. Chronic lung disease

Chronic lung diseases, including chronic obstructive pulmonary disease (COPD), asthma, and
interstitial lung diseases such as silicosis, have been recognized as risk factors for the development
of tuberculosis. Studies have demonstrated that 25–30% of silicosis patients develop TB with a
relative risk for TB of 2.8 in silicosis patients when compared to the general population. However,
there are limited data on the role of chronic lung disease in recurrent TB [79]. Pettit et al. reported
an increased risk of TB recurrence with chronic lung disease (OR 5.28, 95% CI 1.16–2404, P = 0.03).
However, a major limitation of the study was the low recurrence rate in the cohort, as the study
was conducted in a low TB-incidence setting. Conversely, reports now suggest that a history of TB
may lead to chronic lung disease, particularly COPD and bronchiectasis [80]. A recent systematic
review by Byrne et al. reported a strong and consistent positive association between a history of
TB and the presence of chronic respiratory diseases, including COPD and bronchiectasis. This
suggests that the development of chronic lung disease following TB increases the risk of recurrent
TB infection. In addition, tobacco smoking is an attributable risk factor for the development of
COPD and thus may be a link in the development of TB and recurrent TB [80].

7.3. Repeat exposure: reinfection

7.3.1. Epidemic control, infection control, and close TB contacts

On a public health level, recurrent tuberculosis accounts for a considerable proportion of TB
cases in weak TB control programs and contributes to ongoing transmission of infection to
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completion. There are limited data available on recurrence in children. Scaaf et al. reported 11
recurrences of TB disease in a cohort of 87 children. Of the eighty-seven children described in
the study, nine had a second episode of TB, and two of which had a third episode of confirmed
TB. Full epidemiological profiling could not be conducted, as clinical isolates representing the
first episode of TB were not available for five of the cases [48].

7.2.1.7. Vulnerable groups and social risk factors

Vulnerable groups with increased susceptibility to TB infection and recurrent TB include HIV-
coinfected patients, children, health care workers (HCWs), prisoners, homeless persons, drug
users, and close contacts of TB patients. HIV coinfection, discussed above, is associated with
high rates of recurrent TB. Children contribute a significant proportion of the TB disease
burden and suffer severe tuberculosis-related morbidity and mortality, particularly in endemic
areas. HCWs are placed at a higher risk for the acquisition of nosocomially acquired TB. Risk
factors include poor or malfunctioning infection control measures and poor utilization of
personal protective equipment. There is also a significant risk of secondary hospital outbreaks
related to undetected and untreated TB. Prisoners, homeless persons, and drug users are at
higher risk for TB and recurrent infections as they represent underserved populations. These
populations are also more likely to be coinfected with HIV and are more difficult to manage
and treat adherently. Imprisonment has been recognized as a significant risk factor for TB
transmission. Household contacts of TB patients have been reported to be at high risk for
developing TB, including drug-resistant TB. Preventative therapy remains the most significant
tool to reduce the risk of TB infection among high-risk individuals [3, 79].

7.2.1.8. Infection with certain strain types

Infection with strains of the Beijing genotype has been associated with unfavorable TB outcomes.
The Beijing genotype has gained particular attention due to reports on its association with drug-
resistant TB in outbreaks and population-based studies [3]. Huyen et al. demonstrated that the
Beijing genotype was associated with an increased rate of relapse in Vietnam. Among a cohort of
1068 patients that were followed up for 18 months, 23 cases of relapse occurred, linked to this
genotype [83]. Nguyen et al. reported similar findings for the same settings. However, this strain
type has been reported to account for 40% of TB cases in Vietnam, and this may represent high
transmission rates rather than the success of the strain [84].

7.2.2. Reduced local defenses

7.2.2.1. Tobacco smoking

A systematic review by Lin et al. demonstrated that tobacco smoke is consistently associated
with increased risk of TB infection. In comparison to nonsmokers, smoking increases the risk of
developing active TB and mortality. Smoking has been reported to affect baseline severity,
bacteriologic response, treatment outcome, and relapse in TB. Smoking has also been reported
to alter the lung immune responses to MTB, contributing to a higher susceptibility to individual
TB infection. Chronic exposure to tobacco and air pollutants impairs the normal clearance of
secretions on the bronchial mucosal surface and may allowMTB to evade the early host immune
defenses. Smoke also inhibits the activity of alveolar macrophages by reducing the phagocytic
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ability of the cells. Lower levels of pro-inflammatory cytokines have also been reported for
smokers [76]. Leung et al. evaluated the impact of smoking on TB outcomes by monitoring
16,435 patients receiving anti-TB treatment at chest clinics in Hong Kong. Overall, 16.7% of
negative treatment outcomes were attributed to smokers, with the key contributor being default
and death in smokers. Among 13,349 patients who were successfully treated for TB, 426 cases of
relapse were detected. They reported a clear gradient (hazard ratios of 1.00, 1.33, and 1.63) of
relapse risk from nonsmokers to previous smokers and current smokers, with an overall popu-
lation attributable risk of 19.4% (current smokers: 12.2%; previous smokers: 7.2%) [77].

7.2.2.2. Air pollution

In addition to tobacco smoke, environmental exposures have been associated with an increased
risk for developing TB. Air quality, which is impacted by atmospheric pollution and carbon
monoxide, has been reported to induce bacillary reactivation and to increase the incidence of TB
[76]. De Castro Fernandes et al. reported that air pollution was directly related to TB incidence in
Brazil. Other studies conducted in the US and Russia also reported a link between the concen-
tration of smoke, suspended particulate matter, and TB in relation to carbon dioxide and nitric
oxide levels. Air pollution generated by traffic in Taiwan, linked to sulfur dioxide, ozone, and
carbon monoxide, was linked to culture-confirmed TB. Similarly, a study conducted in South
Korea revealed that exposure to sulfur dioxide increased the risk of TB by 7%. Indoor air
pollution, resulting from the use of solid fuels for cooking, has been recognized as a risk factor
for TB disease. The role of these factors in recurrent TB requires further study [78].

7.2.2.3. Chronic lung disease

Chronic lung diseases, including chronic obstructive pulmonary disease (COPD), asthma, and
interstitial lung diseases such as silicosis, have been recognized as risk factors for the development
of tuberculosis. Studies have demonstrated that 25–30% of silicosis patients develop TB with a
relative risk for TB of 2.8 in silicosis patients when compared to the general population. However,
there are limited data on the role of chronic lung disease in recurrent TB [79]. Pettit et al. reported
an increased risk of TB recurrence with chronic lung disease (OR 5.28, 95% CI 1.16–2404, P = 0.03).
However, a major limitation of the study was the low recurrence rate in the cohort, as the study
was conducted in a low TB-incidence setting. Conversely, reports now suggest that a history of TB
may lead to chronic lung disease, particularly COPD and bronchiectasis [80]. A recent systematic
review by Byrne et al. reported a strong and consistent positive association between a history of
TB and the presence of chronic respiratory diseases, including COPD and bronchiectasis. This
suggests that the development of chronic lung disease following TB increases the risk of recurrent
TB infection. In addition, tobacco smoking is an attributable risk factor for the development of
COPD and thus may be a link in the development of TB and recurrent TB [80].

7.3. Repeat exposure: reinfection

7.3.1. Epidemic control, infection control, and close TB contacts

On a public health level, recurrent tuberculosis accounts for a considerable proportion of TB
cases in weak TB control programs and contributes to ongoing transmission of infection to
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close contacts in the home environment, community, and health care facilities. In high-
incidence settings, recurrence has been attributed mainly to reinfection, with up to 75% of
cases being attributed to reinfection. Reinfection represents a constant risk over time in
patients with a history of TB. High reinfection rates have important implications for TB control
strategies and underscore the need to reduce transmission in the community and the urgent
need for rapid diagnosis and treatment of TB [3, 7, 8]. Coupled with comorbidities such HIV
and diabetes that result in reduced immunity, such populations become more susceptible to
infection and reinfection [5, 74]. Recent studies have indicated that transmission events are
most likely to occur with the community and not within the household. A recent report on an
XDR-TB cohort in South Africa demonstrated that 19% of patients that were discharged were
linked to secondary case of TB [81]. Shah et al. reported that XDR-TB in the KwaZulu-Natal
province of South Africa was linked to transmission of disease as opposed to inadequate drug
treatment for MDR-TB. The authors demonstrated person-to-person and hospital-based epide-
miological links [82]. Taken together, these studies highlight that epidemic control requires an
increased focus on interrupting transmission and the need to establish community-based
containment strategies, including voluntary long-term community stay facilities and palliative
care in tuberculosis-endemic settings [81, 82].

8. Immunopathogenesis of recurrent TB

MTB has evolved with the human host over decades and has successfully evaded natural
immune defenses, progressing to a stage of relative dormancy. Successful control of the TB
epidemic would be best achieved with an effective preventative vaccine; however, the incom-
plete understanding of natural correlates of protection that an effective vaccine should emulate
has hampered vaccine development. The continuum of the host-pathogen interaction follow-
ing MTB infection to TB disease extends across the innate immune, adaptive immune, and
quiescent and active replicating phases of infection. In approximately 5% of patients, this cycle
extends beyond successful treatment completion when the cycle of TB recurrence may occur.
In this subset of patients, persistence of MTB results in relapse, whereas in others, reinfection
with MTB results in subsequent disease. Biomarkers indicative of the spectrum of TB disease
have been described; however, there are limited reports on biomarkers of recurrent TB [85].
The matter of whether or not the first episode of TB imparts some measure of immunity has
not been explicitly established but is assumed to have an impact [86].

Thobakgale et al. conducted a study in a cohort of HIV-coinfected patients with a history of
previous successful TB treatment, which aimed to identify innate immune correlates associ-
ated with TB recurrence. Production of interleukin-1 (IL-1) beta by innate immune cells fol-
lowing ex-vivo stimulation with Toll-like receptor (TLR) and Bacillus Calmette-Guérin (BCG)
stimulants correlated with differential TB recurrence outcomes. Elevated IL-1 beta production
by monocytes following TLR stimulation was protective against TB recurrence. In contrast,
production of IL-1 beta by monocytes and myeloid dendritic cells following stimulation with
BCG was associated with an increased risk for recurrent TB. These findings highlight signifi-
cant differences in the host immune response to TB and require validation in larger cohort of
patients [87]. Sivro et al. studied the role of plasma cytokine correlates of TB recurrence in a
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cohort of HIV-coinfected patients with a history of previous successful TB treatment. The study
reported higher levels of plasma levels of interleukin-6 (IL-6), IL-1 beta, and soluble IL-1
receptor antagonist were associated with increased risk of TB recurrence, while plasma inter-
feron beta levels decreased the risk of TB recurrence. These findings highlight that the markers
of systemic inflammation, which are also involved in the rapid progression of HIV, predict TB
recurrence in HIV-coinfected patients [88].

Gene expression profiling of ex-vivo whole blood specimens has demonstrated transcriptomic
changes in patients with recurrent TB as compared to healthy counterparts, including signifi-
cant changes in gene expression during successful treatment. Mistry et al. identified a gene
signature that identified a set of genes in patients with recurrent TB that clearly distinguished
this group from patients who remained cured [89]. Cliff et al. reported on the expression of 668
genes in patients who experience recurrent TB in comparison to those who remained cured,
with the differences lasting up to 4 weeks following TB diagnosis. The upregulated genes were
involved in cytotoxic cell-mediated killing. These findings suggest that patients who subse-
quently relapse exhibit altered immune responses, including robust cytolytic responses to MTB
in vitro at diagnosis, compared to patients who achieved cure [90]. Thompson et al. reported on
several clinically significant host-blood RNA signatures that predicted TB treatment outcomes,
stratifying patients according to their risk of treatment failure. The signature correlated with
pulmonary inflammatory states measured by PET-CT scanning and can complement current
sputum-based testing methods for a rapid and accurate alternate testing method [91].

De Steenwinkel et al. reported on the differences between primary and recurrent TB in relation to
changes in mycobacterial load in infected organs, immunopathology, and plasma cytokine levels
using a murine model. In comparison to primary TB, recurrent TB was associated with lower
mycobacterial load in the lung, spleen, and liver. Significantly lower levels of tumor necrosis
factor-alpha, interferon-alpha, IL-6, MIG/CXCL9, IP-10/CXCL10, and lL-17 were observed for
recurrent TB. In addition, memory Th-1 cells were locally and systemically expanded and
congregated in the lung during recurrent TB, promoting efficient control of MTB growth [92].

9. Treatment of recurrent TB

Current WHO guidelines advocate the use of the standard six-month TB treatment regimen for
all new and retreatment drug-susceptible TB cases. This regimen comprises a two-month inten-
sive treatment of isoniazid, rifampicin, pyrazinamide, and ethambutol, followed by a four-
month continuation phase of isoniazid and rifampicin. They further recommend the use of rapid
molecular-based drug susceptibility testing (DST) to guide regimen choice for all retreatment TB
patients. However, in settings where rapid DSTs are not available, empiric treatment is advised
based on the following recommendations. Patients with a high likelihood of MDR-TB should be
initiated on an empiric MDR-TB regimen using clinical discretion or if the patients have relapsed
or defaulted on treatment after a second or subsequent course of treatment. The second recom-
mendation is a retreatment regimen of 2 months of isoniazid, rifampicin, pyrazinamide, etham-
butol, and streptomycin, followed by 1 month of isoniazid, rifampicin, pyrazinamide, and
ethambutol and finally 5 months of isoniazid, rifampicin, and ethambutol [93].

Insights into Recurrent Tuberculosis: Relapse Versus Reinfection and Related Risk Factors
http://dx.doi.org/10.5772/intechopen.73601

25



close contacts in the home environment, community, and health care facilities. In high-
incidence settings, recurrence has been attributed mainly to reinfection, with up to 75% of
cases being attributed to reinfection. Reinfection represents a constant risk over time in
patients with a history of TB. High reinfection rates have important implications for TB control
strategies and underscore the need to reduce transmission in the community and the urgent
need for rapid diagnosis and treatment of TB [3, 7, 8]. Coupled with comorbidities such HIV
and diabetes that result in reduced immunity, such populations become more susceptible to
infection and reinfection [5, 74]. Recent studies have indicated that transmission events are
most likely to occur with the community and not within the household. A recent report on an
XDR-TB cohort in South Africa demonstrated that 19% of patients that were discharged were
linked to secondary case of TB [81]. Shah et al. reported that XDR-TB in the KwaZulu-Natal
province of South Africa was linked to transmission of disease as opposed to inadequate drug
treatment for MDR-TB. The authors demonstrated person-to-person and hospital-based epide-
miological links [82]. Taken together, these studies highlight that epidemic control requires an
increased focus on interrupting transmission and the need to establish community-based
containment strategies, including voluntary long-term community stay facilities and palliative
care in tuberculosis-endemic settings [81, 82].

8. Immunopathogenesis of recurrent TB

MTB has evolved with the human host over decades and has successfully evaded natural
immune defenses, progressing to a stage of relative dormancy. Successful control of the TB
epidemic would be best achieved with an effective preventative vaccine; however, the incom-
plete understanding of natural correlates of protection that an effective vaccine should emulate
has hampered vaccine development. The continuum of the host-pathogen interaction follow-
ing MTB infection to TB disease extends across the innate immune, adaptive immune, and
quiescent and active replicating phases of infection. In approximately 5% of patients, this cycle
extends beyond successful treatment completion when the cycle of TB recurrence may occur.
In this subset of patients, persistence of MTB results in relapse, whereas in others, reinfection
with MTB results in subsequent disease. Biomarkers indicative of the spectrum of TB disease
have been described; however, there are limited reports on biomarkers of recurrent TB [85].
The matter of whether or not the first episode of TB imparts some measure of immunity has
not been explicitly established but is assumed to have an impact [86].

Thobakgale et al. conducted a study in a cohort of HIV-coinfected patients with a history of
previous successful TB treatment, which aimed to identify innate immune correlates associ-
ated with TB recurrence. Production of interleukin-1 (IL-1) beta by innate immune cells fol-
lowing ex-vivo stimulation with Toll-like receptor (TLR) and Bacillus Calmette-Guérin (BCG)
stimulants correlated with differential TB recurrence outcomes. Elevated IL-1 beta production
by monocytes following TLR stimulation was protective against TB recurrence. In contrast,
production of IL-1 beta by monocytes and myeloid dendritic cells following stimulation with
BCG was associated with an increased risk for recurrent TB. These findings highlight signifi-
cant differences in the host immune response to TB and require validation in larger cohort of
patients [87]. Sivro et al. studied the role of plasma cytokine correlates of TB recurrence in a
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cohort of HIV-coinfected patients with a history of previous successful TB treatment. The study
reported higher levels of plasma levels of interleukin-6 (IL-6), IL-1 beta, and soluble IL-1
receptor antagonist were associated with increased risk of TB recurrence, while plasma inter-
feron beta levels decreased the risk of TB recurrence. These findings highlight that the markers
of systemic inflammation, which are also involved in the rapid progression of HIV, predict TB
recurrence in HIV-coinfected patients [88].

Gene expression profiling of ex-vivo whole blood specimens has demonstrated transcriptomic
changes in patients with recurrent TB as compared to healthy counterparts, including signifi-
cant changes in gene expression during successful treatment. Mistry et al. identified a gene
signature that identified a set of genes in patients with recurrent TB that clearly distinguished
this group from patients who remained cured [89]. Cliff et al. reported on the expression of 668
genes in patients who experience recurrent TB in comparison to those who remained cured,
with the differences lasting up to 4 weeks following TB diagnosis. The upregulated genes were
involved in cytotoxic cell-mediated killing. These findings suggest that patients who subse-
quently relapse exhibit altered immune responses, including robust cytolytic responses to MTB
in vitro at diagnosis, compared to patients who achieved cure [90]. Thompson et al. reported on
several clinically significant host-blood RNA signatures that predicted TB treatment outcomes,
stratifying patients according to their risk of treatment failure. The signature correlated with
pulmonary inflammatory states measured by PET-CT scanning and can complement current
sputum-based testing methods for a rapid and accurate alternate testing method [91].

De Steenwinkel et al. reported on the differences between primary and recurrent TB in relation to
changes in mycobacterial load in infected organs, immunopathology, and plasma cytokine levels
using a murine model. In comparison to primary TB, recurrent TB was associated with lower
mycobacterial load in the lung, spleen, and liver. Significantly lower levels of tumor necrosis
factor-alpha, interferon-alpha, IL-6, MIG/CXCL9, IP-10/CXCL10, and lL-17 were observed for
recurrent TB. In addition, memory Th-1 cells were locally and systemically expanded and
congregated in the lung during recurrent TB, promoting efficient control of MTB growth [92].

9. Treatment of recurrent TB

Current WHO guidelines advocate the use of the standard six-month TB treatment regimen for
all new and retreatment drug-susceptible TB cases. This regimen comprises a two-month inten-
sive treatment of isoniazid, rifampicin, pyrazinamide, and ethambutol, followed by a four-
month continuation phase of isoniazid and rifampicin. They further recommend the use of rapid
molecular-based drug susceptibility testing (DST) to guide regimen choice for all retreatment TB
patients. However, in settings where rapid DSTs are not available, empiric treatment is advised
based on the following recommendations. Patients with a high likelihood of MDR-TB should be
initiated on an empiric MDR-TB regimen using clinical discretion or if the patients have relapsed
or defaulted on treatment after a second or subsequent course of treatment. The second recom-
mendation is a retreatment regimen of 2 months of isoniazid, rifampicin, pyrazinamide, etham-
butol, and streptomycin, followed by 1 month of isoniazid, rifampicin, pyrazinamide, and
ethambutol and finally 5 months of isoniazid, rifampicin, and ethambutol [93].
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It is well recognized by many that a stratified medicine approach would be a desirable approach
for the retreatment of TB. However, the challenge associated with a stratified medicine approach
is in identifying groups that are eligible for a longer treatment regimen [94, 95]. There are many
identifiable risk factors associated with recurrence, such as a baseline cavitation and month-two
smear status that may indicate the need for increasing treatment duration. However, the recent
REMoxTB and RIFQUIN studies, which evaluated new regimens aimed at shortening treatment
duration for drug-susceptible TB, reported a relapse risk of 2.8 and 3.2%, respectively, with an 18-
month follow-up period [96]. Among the factors attributed to poor success of the new regimens
in the REMoxTB study, it was suggested that baseline cavitation modified the differences
between the results. In contrast, 91% (n = 386) of the patients on the standard 6-month regimen
with baseline cavitation had a favorable outcome at the end of the follow-up period [71]. A
systematic review by Menzies et al. related to treatment outcomes of rifampicin-containing
regimens of various durations showed only a modest benefit in regimens given for nine or more
months in comparison to the standard six-month treatment. Thus, the benefit of a stratified
treatment approach remains debatable [97].

In the context of recurrence due to relapse or reinfection disease, a different treatment approach
is required. In the case of reinfection, this can be considered as a new primary infection, and thus,
standard regimens may be effective. In contrast, relapse is associated with an increased risk of
drug resistance due to the persistence of the original infecting strain under suboptimal treatment.
Collectively, all the factors mentioned here underscore the significance an individualized treat-
ment approach guided by DST [92, 93].

10. Preventative therapy for recurrent TB

Active TB disease has been shown to be preventable by the use of primary preventative
therapy (pPT), which aims to prevent the first episode of TB in individuals in whom active TB
has been excluded. The average preventative effect of pPT in HIV-uninfected individuals is a
60% reduction in the incidence of recurrent TB, while in HIV-infected individuals, the average
effect is a 30% reduction in recurrent TB [98, 99]. A potential approach to prevent recurrent TB
is secondary preventative therapy (sPT), by continuing the use of anti-TB therapy following
completion of treatment for TB. sPT aims to reduce the incidence of recurrent TB in TB patients
who have completed treatment for their most recent episode of TB [100]. The World Health
Organization (WHO) recommends the use of isoniazid preventative therapy (IPT) in patients
with HIV infection.

The TEMPRANO (trial of early antiretrovirals and isoniazid preventative therapy in Africa)
study demonstrated that the use of 6 months of IPT combined with early antiretroviral therapy
reduced the risk of severe HIV-related comorbidities by 44% and all-cause mortality by 33%
[101]. Kabali et al. reported reduced mortality in tuberculin skin test (TST)-positive patients
with CD4+ T-cell counts >200 cells/mm3 in a Tanzanian cohort [102]. Charalambous et al.
demonstrated a 49% reduction in mortality that remained significant even in patients who
had a past history of TB. However, in high-burden countries and in TST-positive patients, a
36-month course of IPT has been recommended. The 36-month IPT course demonstrated a 74%
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reduced risk of active TB and 68% reduction in mortality compared to the 6-month course
[103]. The REMEMBER (reducing early mortality and early morbidity by empirical tuberculo-
sis treatment regimens) study aimed to assess whether empirical TB treatment will reduce
early mortality compared with IPT in patients with advanced HIV disease initiating antiretro-
viral therapy. Overall, empirical TB therapy did not reduce early mortality compared to IPT.
However, the low mortality rate in the study underscores the need for TB screening and IPT in
patients with HIV [104].

In their review of four studies, Bruin et al. reported the effect of sPT for the prevention of
recurrent TB in HIV-infected individuals and the context in which the preventative approach
may be applied. All four studies reported that sPT decreased incidence of recurrent TB in
comparison to nontreatment groups. Relative reductions varied from 55.0 to 82.1%. However,
only one of the four studies reported a significant effect on overall survival [100]. Perriens et al.
described the use of isoniazid (INH) and rifampicin (RIF) twice weekly for an additional
6 months in comparison to a placebo. Patients receiving sPT were reported to be significantly
less likely to develop recurrent TB compared to the placebo group (relative risk 0.21, p < 0.01)
[105]. Haller et al. assessed the effectiveness of INH and sulphadoxine-pyrimethamine as sPT.
The relative rate for the incidence of recurrent TB in patients receiving additional treatment
(n = 134) and those not (n = 129) was 0.30 (95% confidence interval: 0.09–0.94) [106]. Fitzgerald
et al. assessed the use of INH for an additional year following the completion of initial
treatment compared to a placebo group. The intervention significantly reduced the incidence
of recurrent TB from 7.8 per 100 person-years to 1.4 per 100 person-years (relative risk 0.18,
confidence interval: 0.04–0.83) [107]. Churchyard et al. assessed the effect of INH in combina-
tion with cotrimoxazole versus cotrimoxazole only or no intervention in HIV-infected gold
miners in South Africa. The rate ration for the development of recurrent TB in comparing the
groups with INH and the group without INH was 0.45 (95% confidence interval: 0.26–0.78)
[108]. As with pPT, the ideal duration and drug choice remain unclear. In all four studies, the
duration of treatment varied from 6 to 24 months. The duration of effectiveness of sPT could
not be assessed due to the short follow-up periods of the studies. None of the studies included
made a distinction between relapse and reinfection as the mechanism of recurrent TB. Further-
more, Haller et al. and Fitzgerald et al. diagnosed recurrent TB by clinical assessment only,
which could indicate overestimation of recurrent TB [106, 107].

11. Conclusion and future perspectives

Recurrent TB poses a major threat to TB control programs, especially given the persistent
vulnerability of HIV-infected patients to tuberculosis, and the higher propensity of recurrent
disease being due to resistant MTB strains. In the absence of large-scale population-based
surveillance reports, the overall rate of recurrent TB following completion of treatment is
significantly underestimated. Current estimates are based on a combination of randomized
controlled trials and observational studies, with reliability estimates of the former limited by
study follow-up time, and the latter prominently demonstrating higher rates of recurrence.
Under clinical trial conditions, adherence rates are better; treatment facilities are more accessi-
ble and incorporate adequate follow-up after treatment, leading to improved treatment
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It is well recognized by many that a stratified medicine approach would be a desirable approach
for the retreatment of TB. However, the challenge associated with a stratified medicine approach
is in identifying groups that are eligible for a longer treatment regimen [94, 95]. There are many
identifiable risk factors associated with recurrence, such as a baseline cavitation and month-two
smear status that may indicate the need for increasing treatment duration. However, the recent
REMoxTB and RIFQUIN studies, which evaluated new regimens aimed at shortening treatment
duration for drug-susceptible TB, reported a relapse risk of 2.8 and 3.2%, respectively, with an 18-
month follow-up period [96]. Among the factors attributed to poor success of the new regimens
in the REMoxTB study, it was suggested that baseline cavitation modified the differences
between the results. In contrast, 91% (n = 386) of the patients on the standard 6-month regimen
with baseline cavitation had a favorable outcome at the end of the follow-up period [71]. A
systematic review by Menzies et al. related to treatment outcomes of rifampicin-containing
regimens of various durations showed only a modest benefit in regimens given for nine or more
months in comparison to the standard six-month treatment. Thus, the benefit of a stratified
treatment approach remains debatable [97].

In the context of recurrence due to relapse or reinfection disease, a different treatment approach
is required. In the case of reinfection, this can be considered as a new primary infection, and thus,
standard regimens may be effective. In contrast, relapse is associated with an increased risk of
drug resistance due to the persistence of the original infecting strain under suboptimal treatment.
Collectively, all the factors mentioned here underscore the significance an individualized treat-
ment approach guided by DST [92, 93].

10. Preventative therapy for recurrent TB

Active TB disease has been shown to be preventable by the use of primary preventative
therapy (pPT), which aims to prevent the first episode of TB in individuals in whom active TB
has been excluded. The average preventative effect of pPT in HIV-uninfected individuals is a
60% reduction in the incidence of recurrent TB, while in HIV-infected individuals, the average
effect is a 30% reduction in recurrent TB [98, 99]. A potential approach to prevent recurrent TB
is secondary preventative therapy (sPT), by continuing the use of anti-TB therapy following
completion of treatment for TB. sPT aims to reduce the incidence of recurrent TB in TB patients
who have completed treatment for their most recent episode of TB [100]. The World Health
Organization (WHO) recommends the use of isoniazid preventative therapy (IPT) in patients
with HIV infection.

The TEMPRANO (trial of early antiretrovirals and isoniazid preventative therapy in Africa)
study demonstrated that the use of 6 months of IPT combined with early antiretroviral therapy
reduced the risk of severe HIV-related comorbidities by 44% and all-cause mortality by 33%
[101]. Kabali et al. reported reduced mortality in tuberculin skin test (TST)-positive patients
with CD4+ T-cell counts >200 cells/mm3 in a Tanzanian cohort [102]. Charalambous et al.
demonstrated a 49% reduction in mortality that remained significant even in patients who
had a past history of TB. However, in high-burden countries and in TST-positive patients, a
36-month course of IPT has been recommended. The 36-month IPT course demonstrated a 74%
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reduced risk of active TB and 68% reduction in mortality compared to the 6-month course
[103]. The REMEMBER (reducing early mortality and early morbidity by empirical tuberculo-
sis treatment regimens) study aimed to assess whether empirical TB treatment will reduce
early mortality compared with IPT in patients with advanced HIV disease initiating antiretro-
viral therapy. Overall, empirical TB therapy did not reduce early mortality compared to IPT.
However, the low mortality rate in the study underscores the need for TB screening and IPT in
patients with HIV [104].

In their review of four studies, Bruin et al. reported the effect of sPT for the prevention of
recurrent TB in HIV-infected individuals and the context in which the preventative approach
may be applied. All four studies reported that sPT decreased incidence of recurrent TB in
comparison to nontreatment groups. Relative reductions varied from 55.0 to 82.1%. However,
only one of the four studies reported a significant effect on overall survival [100]. Perriens et al.
described the use of isoniazid (INH) and rifampicin (RIF) twice weekly for an additional
6 months in comparison to a placebo. Patients receiving sPT were reported to be significantly
less likely to develop recurrent TB compared to the placebo group (relative risk 0.21, p < 0.01)
[105]. Haller et al. assessed the effectiveness of INH and sulphadoxine-pyrimethamine as sPT.
The relative rate for the incidence of recurrent TB in patients receiving additional treatment
(n = 134) and those not (n = 129) was 0.30 (95% confidence interval: 0.09–0.94) [106]. Fitzgerald
et al. assessed the use of INH for an additional year following the completion of initial
treatment compared to a placebo group. The intervention significantly reduced the incidence
of recurrent TB from 7.8 per 100 person-years to 1.4 per 100 person-years (relative risk 0.18,
confidence interval: 0.04–0.83) [107]. Churchyard et al. assessed the effect of INH in combina-
tion with cotrimoxazole versus cotrimoxazole only or no intervention in HIV-infected gold
miners in South Africa. The rate ration for the development of recurrent TB in comparing the
groups with INH and the group without INH was 0.45 (95% confidence interval: 0.26–0.78)
[108]. As with pPT, the ideal duration and drug choice remain unclear. In all four studies, the
duration of treatment varied from 6 to 24 months. The duration of effectiveness of sPT could
not be assessed due to the short follow-up periods of the studies. None of the studies included
made a distinction between relapse and reinfection as the mechanism of recurrent TB. Further-
more, Haller et al. and Fitzgerald et al. diagnosed recurrent TB by clinical assessment only,
which could indicate overestimation of recurrent TB [106, 107].

11. Conclusion and future perspectives

Recurrent TB poses a major threat to TB control programs, especially given the persistent
vulnerability of HIV-infected patients to tuberculosis, and the higher propensity of recurrent
disease being due to resistant MTB strains. In the absence of large-scale population-based
surveillance reports, the overall rate of recurrent TB following completion of treatment is
significantly underestimated. Current estimates are based on a combination of randomized
controlled trials and observational studies, with reliability estimates of the former limited by
study follow-up time, and the latter prominently demonstrating higher rates of recurrence.
Under clinical trial conditions, adherence rates are better; treatment facilities are more accessi-
ble and incorporate adequate follow-up after treatment, leading to improved treatment
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outcomes and lower rates of recurrence. In contrast, observational studies reflect the operating
environment of most high-burden TB facilities.

Distinguishing between relapse and reinfection is of paramount importance in addressing the
burden of recurrent TB disease. High rates of relapse demand renewed interventions to
improve individual patient care while high rates of reinfection demand improved infection
and epidemic control measures. Urgent attention is required to address challenges of adher-
ence, such as social and health care worker support systems and step-down management
facilities. With the heightened risk or recurrent TB in HIV, TB screening should be conducted
at all ART follow-up visits, and TB preventative therapy should be implemented in all HIV-
positive patients completing TB treatment. Enhanced infection control strategies should be
implemented in clinical and community settings to reduce ongoing transmission of TB. There
has been considerable disparity in the studies reporting on the role of relapse versus reinfec-
tion. Further large-scale studies are required to address the role of relapse and reinfection as
well as the role of mixed infections in recurrent TB.

This review highlights well-established principles in TB control. TB recurrence rates are grossly
underestimated and are highest in those with extensive pulmonary disease and cavitary
disease and in those with comorbidities such as HIV infection and diabetes. Active case
findings among these patients within 12 months of completing treatment would enable early
detection of TB recurrence. Enhanced treatment options, such as intensified initial treatment,
extension of treatment, and secondary preventative therapy for patients presenting with mul-
tiple risk factors will prevent recurrent TB infection. Understanding the immunological corre-
lates that offer protection against recurrent TB will also play a role in host-directed therapy and
reducing recurrent TB.
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ence, such as social and health care worker support systems and step-down management
facilities. With the heightened risk or recurrent TB in HIV, TB screening should be conducted
at all ART follow-up visits, and TB preventative therapy should be implemented in all HIV-
positive patients completing TB treatment. Enhanced infection control strategies should be
implemented in clinical and community settings to reduce ongoing transmission of TB. There
has been considerable disparity in the studies reporting on the role of relapse versus reinfec-
tion. Further large-scale studies are required to address the role of relapse and reinfection as
well as the role of mixed infections in recurrent TB.
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underestimated and are highest in those with extensive pulmonary disease and cavitary
disease and in those with comorbidities such as HIV infection and diabetes. Active case
findings among these patients within 12 months of completing treatment would enable early
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extension of treatment, and secondary preventative therapy for patients presenting with mul-
tiple risk factors will prevent recurrent TB infection. Understanding the immunological corre-
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Abstract

One in three people in the world is infected with Mycobacterium tuberculosis, and 10% of 
infected individuals will develop the disease at any time in their lifetime. Today, despite 
the advances in diagnosis and treatment, tuberculosis (TB) remains as one of the big-
gest challenges in global public health, and low and middle-income countries are the 
most affected. The risk for developing the disease depends on endogenous, exogenous, 
and environmental factors. Among the most relevant conditions that could precipitate 
TB development are those that affect the host-immune response. HIV infection increase 
about 20 times the risk of TB, and other more common conditions, such as diabetes mel-
litus, malnutrition, and smoking, also contribute in a big way to the TB pandemic. Global 
TB control programs in order to achieve the disease control objectives must integrate 
strategies that have a direct impact on risk factors, not only at an individual level but also 
on a public health policy level. Here, we review some of the most important risk factors 
for the development of TB, as one of the most relevant ways for TB control.

Keywords: tuberculosis, risk factor, epidemiology, prevention, control

1. Introduction

Tuberculosis (TB) is a bacterial infectious disease caused by Mycobacterium tuberculosis com-
plex organisms, it is an airborne-transmitted condition pathologically characterized by a nec-
rotizing granulomatous response (Figure 1) that involves the lungs in 80% of cases, however 
any organ can be affected [1]. This disease probably emerged about 70,000 years ago, along 
with the modern-human being’s migration from Africa [2]. An estimated of 1 billion people 
have died of TB in the last two centuries, and now represents one of the biggest public health 
problems worldwide [3].
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One third of world population is latently infected with M. tuberculosis, but only 10% of 
infected people will develop active disease during their live, half during the first 2 years after 
infection, and the remainder at any moment of their lifetime [4]. In most infected individuals, 
the progression is contained by the immune system. In 2013, an estimated 9 million new TB 
cases were reported globally, equivalent to 126 cases per 100,000 population, with more than 
60% of the ill people living in 22 countries (considered as high-burden countries). However, 
according to WHO estimations during the same year around 3.3 million cases were missed 
(not reported or undiagnosed), accounting for a detection rate of only around 64%. The global 
HIV-coinfection proportion was 13% (1.1 million people), and HIV-associated TB deaths 
accounted for 25% of the total number of TB deaths [5].

The pathogenic mechanisms that determine active-TB progression are a multiple-stage game 
before and after the infection event, where the host-immune response integrity is one of the 
most relevant performers [6]. The infected individual may either rapidly progress to disease 
(primary progressive disease), may develop a particular status called latent TB infection, or 
may be able to kill the organism [7]. The occurrence of one of these scenarios depends on the 
determinants of host-immune response and the infection-stage in each individual. Most of the 
immune determinants that drive this pandemic constitute risk factors, which could be modi-
fied in order to impact positively on global TB control.

Among the relevant risk factors for TB, HIV infection is the most important, however, at the 
population level, diabetes mellitus (DM), malnutrition, tobacco smoking, and even immuno-
suppressive drugs, which are present in a larger section of the population than HIV infection, 
can represent a bigger impact on TB epidemiology [8, 9]. This chapter aims to summarize 
some of the most relevant risk factors for TB, focusing on general interventions for disease 
control.

Figure 1. This illustration represents a tuberculous granuloma at its most basic way. It is a compact, dynamic and 
organized aggregate of epithelioid macrophages, and these cells usually fuse into multinucleated giant cells or 
differentiate into foam cells characterized by lipid accumulation. M. tuberculosis is usually present in the central necrotic 
area in which dead and dying cells are present. Many other cell types are also infiltrating the granuloma (neutrophils, 
dendritic cells, B and T lymphocytes, natural killer cells and fibroblasts) (original illustration by Jurado LF).
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2. Human immunodeficiency virus and TB coinfection

HIV coinfection is the most important immunosuppressive condition for developing active 
TB [10]. HIV infection substantially increases the possibility of TB reactivation from latent 
infection [11], and in the same way contributes to rapid TB progression after infection with  
M. tuberculosis [12, 13]. According to WHO estimations, people living with HIV (PLWHIV) 
latently TB-infected, have a 26-fold-higher risk of disease progression than those with no HIV [14].  
Thus, HIV and TB coinfection configure a lethal synergy, where HIV markedly increases sus-
ceptibility for TB and exacerbates the severity of the disease, while TB accelerates HIV replica-
tion and its associated morbidity and mortality outcomes [10, 15].

In 2012, 34.5 million people were living with HIV worldwide [16]. This epidemic affects every 
country in the world, but the disease burden is highest in developing countries, among which 
the sub-Saharan Africa region is the most affected, where 69% of worldwide infected people 
live [16]. Due to the advances on therapy and prevention strategies, deaths related to HIV 
have decreased substantially over the past years, but reductions in TB-related deaths have 
not kept pace, a sample of this, in 2014 TB overpasses HIV as the leading cause of global 
infectious-related mortality [10].

Among 9.6 million new TB cases reported worldwide in 2014, 12% (1.2 million) were also HIV 
positive, and of the 1.5 million who died from TB, 33% (4,00,000) were HIV coinfected, thus TB 
constitutes main mortality cause in PLWHIV [14]. Evidently, the TB incidence and TB-related 
mortality are strengthened by HIV burden and represent a real public health challenge in 
areas where HIV and poverty coexist [10].

It is clear that antiretroviral therapy (ART) reduces rapidly and substantially TB incidence in 
PLWHIV, and this is true both in high and low endemic TB areas [17–19]. Nevertheless, even 
in people under ART, the risk of TB remains high compared with the general population. For 
HIV-negative people with latent TB infection (LTBI), the lifetime risk of developing TB rounds 
5–10% [20, 21], but in the case of PLWHIV the annual risk of reactivation is 3–16% [22], with 
the higher risk of TB disease almost immediately after HIV infection, even with normal CD4 
cell levels [10].

The immunologic control of TB is an intricate phenomenon that involves multiple pathways, 
cellular lines, and host-pathogen interactions [6]. In PLWHIV, macrophages present a pheno-
type with altered activity of molecules like iNOS and TNFα, which is reflected as incapacity 
for M. tuberculosis killing [23]. The histopathologic features in PLWHIV who develop TB, cor-
relate and depend on the level of immunosuppression, individuals with apparently normal 
immune response present typical granulomas (Figure 1), these well-structured aggregates 
may break down, giving way to cavitary disease and bacilli expectoration, but as the immu-
nodeficiency advance, granulomas are poorly formed or even absent, so the cavitary form is 
less frequent, with sputum smears likely negative [24].

In like manner that HIV infection increases the TB risk and its related complications, TB also 
affects HIV infection outcomes. In a study conducted by Lawn et al. [25], HIV patients on 
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ART who develop TB, presented more alterations on CD4 counts than individuals who never 
developed TB. Studies have shown that TB associates with rapid progression to AIDS and 
higher death risk [26, 27] and TB also appears to induce viral replication and viral diversity 
via up regulating the host-immune response [15, 28].

As we previously exposed, PLWHIV have the higher risk of progression from latent to active 
TB disease, this possibility can be reduced using two fundamental strategies: adequate ART 
and prophylactic LTBI treatment [19, 29], studies support the use of both strategies even in 
patients with high CD4 counts [33]. Thus, it is highly recommended to provide ART to all 
HIV-infected people irrespective of CD4 count [17].

Considering the risk, all PLWHIV should be screened using TST for LTBI at the time of HIV 
diagnosis [30]. Once a patient has a positive result for LTBI, active disease must be ruled 
out, and preventive therapy offered. Among the preventive therapy options, two of the most 
accepted are: daily isoniazid 5 mg/kg (maximum 300 mg) for 9 months plus pyridoxine sup-
plementation or once a week rifapentine plus isoniazid (900/900 mg) for 3 months (12 total 
doses) [31, 32]. These regimens can be used with nucleoside reverse transcriptase inhibitors 
and efavirenz [33], rifapentine cannot be administered together with protease inhibitors, but 
it could be offered with raltegravir [34].

3. Diabetes mellitus and TB comorbidity

The worldwide rising in type II diabetes mellitus prevalence constitutes one of the biggest 
challenges for TB control [35]; in fact, nowadays there are more individuals living with DM-TB 
comorbidity that HIV-TB coinfection [36]. This association has been recognized historically 
[37]; however, it became less evident in the 1950s, in part due to the development of insulin 
therapy for a DM and antibiotics for TB [35]. Since 1980 as the DM pandemic (prevalence 
increasing >20% in three decades) was more evident, many papers on the DM-TB association 
began to reemerge [35].

As a result of a sedentary lifestyle, changes in diet, population aging, and urbanization, the 
global DM prevalence by 2000 was 171 million people, and is predicted that this number 
reaches 642 million in 2040, considering that 80% of DM population live in low- and middle-
income countries, where the TB situation is worst [38].

Biological evidence supports that DM induces a direct impairment on innate and adaptive 
immune responses, increasing TB susceptibility [8]. However, the DM case differs from 
other causes of immunological impairment like HIV infection or malnutrition, because DM 
response is more dysfunctional rather than dismissing, characterized by excessive and/or 
delayed responses against M. tuberculosis [39]. Investigations in humans and animals have 
shown altered production of cytokines as INF-𝛾𝛾 and IL-17 that affects the T-cell immune 
response [40] and reduced chemotaxis of neutrophils [41].

According to multiple studies, at an individual level, people with DM have three times more 
risk of developing TB, and two-fold increase in adverse TB therapy outcomes [8]. A system-
atic review of 13 studies reported that DM increases three times the risk of developing TB, 
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(relative risk 3.11; 95% IC 2.27 – 4.26) [42], notwithstanding, this epidemiological aspect is the 
best characterized in the DM-TB association, a wide variation between studies is observed, 
with risk ratios around 0.99 and 7.83 [39], which evidences the difficulty of studying DM-TB 
relation, in part due the heterogeneity in the prevalence and other sociodemographic and 
cultural features of DM and TB in each part of the world. Besides, in the case of DM, the 
presence of other host characteristics as smoking, malnutrition, micro- and macrovascular 
compromise, can synergize and increase the TB risk [43].

The relevance of the DM-TB comorbidity is higher in low and middle-income countries, 
where both diseases are more prevalent. In fact, as reported by the WHO, of the 10 countries 
with more DM patients worldwide, six are also classified as high burden countries for TB 
(China, India, Brazil, Bangladesh, Indonesia, and Russia) [44]. During the last years, studies 
have marked differences in DM’s frequency among patients with TB, from 36% in Mexico to 
40 and 56% in the Pacific Islands and India, respectively [45–48].

Talking about the impact of DM in TB control, at the population level, the general attributable 
risk is 10–20%, and also a variation between different populations is observed, even in the 
same country, for example, in the United Kingdom, the general population risk rounds 10%, 
but rises 20% for Asian males [49], in countries like Mexico, where DM is endemic the general 
attributable risk is about 20% [50], and in the EU – Mexico border, 51% of the TB patients who 
are 35–60 years-old also have DM [45]. And even though the DM confers a notably lower risk 
compared with HIV, in certain populations where the HIV prevalence is low, the contribution 
of DM is more important than HIV infection [51].

Recently, an elegant study by Pan et al. [52], using models of dynamic TB transmission, esti-
mated the potential effects of DM on TB epidemiology in 13 high burden countries, found that 
interrupting the rise in DM incidence, could prevent 6 million cases and 1.1 million deaths 
due TB in 2 decades. These findings show how beneficial for TB control would be an integral 
intervention on DM occurrence.

It is known that DM modifies the clinical presentation, disease-course and TB prognosis, and 
represents a risk factor for treatment-failure [35]. DM-TB patients (versus TB patients without 
DM) are more prone to develop sputum smear-positive TB, pulmonary TB (versus extrapul-
monary), cavitary (versus noncavitary) at the moment of diagnosis, and in DM-TB patients 
the sputum smear conversion takes more time [53]. Mycobacterium tuberculosis infection 
induces a strong cell-mediated immune response that triggers a granulomatous response, 
which, according to recent investigations is a double-edged sword for the host [54], because 
although this phenomenon initially limits bacilli replication, the growing and rupture of these 
structures into the airways, facilitates not only the cavitary form of the disease but also, its 
sputum smear-positive presentation [44]. These findings, allows to postulate that DM-TB 
patients would be more infectious that TB-only patients.

Evidence from observational studies, have shown that DM comorbidity is related to adverse 
TB outcomes, as delays in sputum conversion, increased risk for treatment failures, relapse, 
death, and even reinfection [55]. Baker et al. [56] in a meta-analysis of recent DM-TB associa-
tion studies found that the odds of dying of TB, or any other reason, was 2-fold higher [RR, 
1.89; 95% CI, 1.52–2.36], and this risk rise to 4.95, when data was adjusted for age and potential 
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confounders, the same study also calculated a 4-fold risk of relapse for DM-TB individuals 
versus TB-only patients.

Considering this, the World Health Organization has argued that DM is a reemerging and 
an important risk factor for TB, which needs programmatically routed efforts to positively 
impact on TB control [57].

4. Malnutrition and TB

For centuries, the association between malnutrition and TB has been recognized. Nutritional 
supplementation with protein-rich foods for sick people was reported since the ancient 
Greece [58]. A classic report from Denmark reports high TB rates during the First World War, 
once food supplies were restored, TB rates were drastically reduced, while persisting high in 
neighboring countries where shortages persisted [59].

During the pre-chemotherapy era, the only treatment offered to TB patients consisted in a 
nutritional plan, resting, and sun therapy. The pharmacological advances of the past cen-
tury, with the development of streptomycin and isoniazid, replaced nutritional therapy as the 
focus of anti-TB treatment, however, considering the high rates of TB in areas where malnutri-
tion is endemic, in the last decades, an interest in this association has reemerged [60].

According to estimations of the United Nations, by 2015 there were 795 million undernour-
ished, comprising around 13% of the population of low- and middle-income countries, with 
the highest prevalence in Sub-Saharan Africa and Southern Asia [61]. In the developing coun-
tries, protein-calorie malnutrition is the most frequent form of under nutrition; however, 
specific micronutrient deficiencies are also common [60]. In addition, the advent of climate 
change, population growth, the HIV pandemic, and economic inequality, have originated a 
negative impact on food and nutritional insecurity, and malnutrition rates, constituting one 
of the most challenging public health problems worldwide [43]. The general way to epidemio-
logically defining malnutrition is the body mass index (BMI), and malnutrition constitutes a 
well-known risk factor not only for TB development, but also for poor response to antibiotic 
treatment and TB-related complications [59].

A biologically plausible association between TB and malnutrition clearly exist; animal studies 
have shown that PCM affects the immune mechanisms for TB control, among the impaired pro-
cesses are the TNF, iNOS, and interferon γ production; it is also known that this phenomenon 
can be reversed thought protein supplementation [59, 62]. Active TB and HIV infection induce a 
14 and 30% increment in the resting metabolic rate, respectively, which reflects the physiological 
cost of the immunologic mechanisms that are activated during these diseases [63]. These condi-
tions aggravate even more the patient-immune impairment in the malnutrition setting [64].

Considering this, is essential that all newly diagnosed individuals with TB have a complete 
nutritional evaluation, and in the cases with a BMI under 18.8 a micro and macronutrients 
supplementation at least for the first 2 months of treatment, is strongly recommended [65]. 
Historical evidence supports the beneficial impact of social interventions, such as improving 
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housing conditions and nutritional interventions on TB epidemiology, therefore a well-planned 
wide intervention would impact positively on TB control.

5. Anti-TNF treatment and TB

People with immune-mediated inflammatory diseases, such as rheumatoid arthritis, systemic 
erythematous lupus, ankylosing spondylitis, inflammatory bowel disease, etc., also represent 
a high-risk group for developing TB, and this risk is even higher when they are treated with 
tumor necrosis factor α (TNF α) – antagonist [66, 67].

Different cells produce TNF, including macrophages, T cells, fibroblast, and keratinocytes. 
TNF is a molecule with a wide functional spectrum, plays a key role in immune response to 
infections, cancer etiology, and the physiopathology of many immune-mediated disorders 
[67]. It is also known that is important in the immune response against intracellular bacteria, 
and the physiology and integrity of granulomatous (Figure 1) TB-related response during 
LTBI, therefore its antagonism associates with TB progression [6].

During the past two decades, TNF antagonists have been successfully used for the treatment 
of inflammatory diseases, when patients do not respond to conventional therapy [67]. In 
the United States, using national surveillance data, found that TB incidence in AR patients 
increased from 6.2 per 100,000 people to 144 per 100,000 in who received infliximab and 35 per 
100,000 for etanercept-treated individuals [69]. A Spanish study collected data from 71 infor-
mation centers, with a total of 1540 patients receiving infliximab, estimated a TB incidence 
in 1893 per 100,000 people, compared with a previous reports incidence of 21 per 100,000 in 
the general population and 95 per 100,000 in AR patients without TNF treatment [70]. An 
important proportion of extrapulmonary TB is observed, and several reports have attributed 
differential risk for each TNF antagonist [68].

Most of the active TB cases in individuals treated with TNF antagonist correspond to reactiva-
tion from LTBI, when this occurs, generally happen concomitantly with the initiation of the 
TNF antagonist, nevertheless, also cases with long treatment periods, have been reported [67]. 
Therefore, screening for LTBI before any TNF inhibitor treatment initiation is mandatory, 
here, as in the case of other immunosuppressive conditions, such as HIV infection, both TST 
and IGRAs assays could be used, nowadays, there is not sufficient evidence to recommend 
one method over another, and considering this, an expert consensus, suggest using IGRAs or 
TST in people without history of BCG vaccination [71].

Once a patient has a positive result for LTBI, active disease must be ruled out, and preven-
tive therapy offered. Among the preventive therapy options, two of the most accepted are: 
daily isoniazid 5 mg/kg (maximum 300 mg) for 9 months plus pyridoxine supplementation 
or a combined regimen with isoniazid and rifampicin for 3 months [69]. Multiple recom-
mendations on delay periods between LTBI preventive chemotherapy and TNF antagonist 
have been proposed, ranging from starting both concurrently, to waiting even a month after 
finishing LTBI prophylaxis [67, 68], these decisions must always consider the patients clinical 
status.
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In the cases when active TB is diagnosed during TNF antagonist treatment, there is no evi-
dence that the length of anti-TB therapy needs to be prolonged, and evidence regarding the 
time for restarting TNF antagonist therapy is limited [72]; however, some international guide-
lines recommends starting TNF inhibitor at least when initial anti-TB phase is completed, 
while others recommend waiting until completing all TB treatment [68].

6. Smoking, alcoholism and TB

Globally, there are more than 1.5 billion smokers, the majority live in low- and middle-income 
countries, where, in addition, the per capita tobacco consumption is increasing continuously 
[73]. The prolonged exposure to tobacco smoke may directly affect the respiratory and sys-
temic immune function, which can impair alveolar macrophage function by decreasing its 
TNF production [74]. Therefore, it is considered that smoking has an impact upon the suscep-
tibility to TB development.

There is growing evidence that correlates smoking with TB disease; a cross-sectional study 
in Shanghai compared heavy smokers with nonsmokers and found that the odds of smok-
ers were 2.2 times higher than nonsmokers [75]. The risk also seemed to be influenced by 
the amount smoked, and a study from the United States found that the greatest risk was for 
people who smoked for more than 30 years [76].

At a population level, exposure to tobacco smoke has a relevant impact on TB epidemiology; 
a Chinese modeling-study suggested that a complete cessation of smoking in that country 
would reduce the estimated TB incidence between 14 and 52% [77]. Considering this situa-
tion, smoking cessation as a public health strategy is a global priority.

Alcohol is one of the most abused substances in the world. By 2005 among people aged 
15 years and older, the annual per capita consumption was 6 l [78] with the highest rates in 
high-income countries. Alcohol abuse is an important cause of immunological impairment, 
often associated with smoking and malnutrition, increasing its impact on public health [8].

There is considerable evidence to support the association between alcohol abuse and TB, even 
if it is independent of smoking [79]. Studies have shown that excessive alcohol consumption 
increases the risk of active TB development and other respiratory infections, a meta-analy-
sis estimated a combined risk of 2.9 for active TB developing [25]. Studies have also shown 
higher rates of MDR-TB, TB relapse, and treatment failure in alcohol abusers [8].

7. Genetic susceptibility

Historically, infectious disease research has considered TB as a purely infectious condition. 
During the last decades, increasing evidence suggest that TB reflects the human genetic 
vulnerability [80]. Nevertheless, the precise significance and behavior of the genetic factors 
involved remains widely unknown, in part due to the complex game of infection, latency, and 
disease, which characterizes TB.
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Recent findings have exposed two major principles: there is a main locus that controls most 
of the TB-resistance phenotypes, and there is evidence that severe forms of childhood TB 
are directly related with single-gene inborn errors (Mendelian Inheritance), meanwhile 
genetic association studies of adulthood-TB has shown limited success and reproducibility 
[81]. Clinical and epidemiological studies conducted since the past century has provided 
evidence that each step during infection and disease is strongly influenced by host genetic 
factors [82].

Familial studies aimed to investigate the human susceptibility to M. tuberculosis infection, 
have used TST and IGRAs responses as quantitative traits of resistance. Its results suggest 
that the initial infection-related events mostly depend on the IFNγ and TNF1 and its related 
cellular functions [83]. In regard to severe primary TB forms, during the last two decades, 
germ line mutations in seven autosomal and in two X-linked genes have been discovered in 
particular patients, further analysis have shown that these mutations result in an impairment 
of IFNγ- and IL12-related immunity [80, 84, 85].

Many questions of this field remain unanswered, the identification of the genetic variants 
underling the stages and forms of TB is critical for understanding TB pathogenesis. These 
findings could represent a formidable opportunity in the definition of prevention strategies, 
optimization of vaccines, the development of novel treatments and therefore TB control.

8. Final considerations

After this short review, it makes evident that a risk factor approach for TB control would have 
a huge impact on disease burden worldwide. Identification of LTBI along with prophylac-
tic therapy and active disease surveillance constitute the most important tools for reducing 
the risk of TB and achieve favorable outcomes, especially in the high-risk groups previously 
described.

Over the last decades, the understanding of TB epidemiology behavior in the country, and at 
global level, has changed from an “exposure to bacteria” vision to a phenomenon where the 
host susceptibility plays a crucial role. Even although, HIV coinfection is the most potent risk 
factor, globally the most frequent conditions impacting on people immune function include 
malnutrition, Diabetes, smoking, and immunosuppressive drugs, and while at the individ-
ual level, these factors cause an apparently mild immunological impairment, its cumulative 
importance in a community needs much more attention. So, it is imperative for clinicians, 
researchers and policy makers, a better consideration, and understanding of these conditions 
as drivers of TB epidemiology, developing in this way more integrative strategies that could 
have a bigger impact on TB control.

Conflict of interest

The authors have no conflict of interest to declare.

Tuberculosis: A Risk Factor Approach
http://dx.doi.org/10.5772/intechopen.73538

45



In the cases when active TB is diagnosed during TNF antagonist treatment, there is no evi-
dence that the length of anti-TB therapy needs to be prolonged, and evidence regarding the 
time for restarting TNF antagonist therapy is limited [72]; however, some international guide-
lines recommends starting TNF inhibitor at least when initial anti-TB phase is completed, 
while others recommend waiting until completing all TB treatment [68].

6. Smoking, alcoholism and TB

Globally, there are more than 1.5 billion smokers, the majority live in low- and middle-income 
countries, where, in addition, the per capita tobacco consumption is increasing continuously 
[73]. The prolonged exposure to tobacco smoke may directly affect the respiratory and sys-
temic immune function, which can impair alveolar macrophage function by decreasing its 
TNF production [74]. Therefore, it is considered that smoking has an impact upon the suscep-
tibility to TB development.

There is growing evidence that correlates smoking with TB disease; a cross-sectional study 
in Shanghai compared heavy smokers with nonsmokers and found that the odds of smok-
ers were 2.2 times higher than nonsmokers [75]. The risk also seemed to be influenced by 
the amount smoked, and a study from the United States found that the greatest risk was for 
people who smoked for more than 30 years [76].

At a population level, exposure to tobacco smoke has a relevant impact on TB epidemiology; 
a Chinese modeling-study suggested that a complete cessation of smoking in that country 
would reduce the estimated TB incidence between 14 and 52% [77]. Considering this situa-
tion, smoking cessation as a public health strategy is a global priority.

Alcohol is one of the most abused substances in the world. By 2005 among people aged 
15 years and older, the annual per capita consumption was 6 l [78] with the highest rates in 
high-income countries. Alcohol abuse is an important cause of immunological impairment, 
often associated with smoking and malnutrition, increasing its impact on public health [8].

There is considerable evidence to support the association between alcohol abuse and TB, even 
if it is independent of smoking [79]. Studies have shown that excessive alcohol consumption 
increases the risk of active TB development and other respiratory infections, a meta-analy-
sis estimated a combined risk of 2.9 for active TB developing [25]. Studies have also shown 
higher rates of MDR-TB, TB relapse, and treatment failure in alcohol abusers [8].

7. Genetic susceptibility

Historically, infectious disease research has considered TB as a purely infectious condition. 
During the last decades, increasing evidence suggest that TB reflects the human genetic 
vulnerability [80]. Nevertheless, the precise significance and behavior of the genetic factors 
involved remains widely unknown, in part due to the complex game of infection, latency, and 
disease, which characterizes TB.

Tuberculosis44

Recent findings have exposed two major principles: there is a main locus that controls most 
of the TB-resistance phenotypes, and there is evidence that severe forms of childhood TB 
are directly related with single-gene inborn errors (Mendelian Inheritance), meanwhile 
genetic association studies of adulthood-TB has shown limited success and reproducibility 
[81]. Clinical and epidemiological studies conducted since the past century has provided 
evidence that each step during infection and disease is strongly influenced by host genetic 
factors [82].

Familial studies aimed to investigate the human susceptibility to M. tuberculosis infection, 
have used TST and IGRAs responses as quantitative traits of resistance. Its results suggest 
that the initial infection-related events mostly depend on the IFNγ and TNF1 and its related 
cellular functions [83]. In regard to severe primary TB forms, during the last two decades, 
germ line mutations in seven autosomal and in two X-linked genes have been discovered in 
particular patients, further analysis have shown that these mutations result in an impairment 
of IFNγ- and IL12-related immunity [80, 84, 85].

Many questions of this field remain unanswered, the identification of the genetic variants 
underling the stages and forms of TB is critical for understanding TB pathogenesis. These 
findings could represent a formidable opportunity in the definition of prevention strategies, 
optimization of vaccines, the development of novel treatments and therefore TB control.

8. Final considerations

After this short review, it makes evident that a risk factor approach for TB control would have 
a huge impact on disease burden worldwide. Identification of LTBI along with prophylac-
tic therapy and active disease surveillance constitute the most important tools for reducing 
the risk of TB and achieve favorable outcomes, especially in the high-risk groups previously 
described.

Over the last decades, the understanding of TB epidemiology behavior in the country, and at 
global level, has changed from an “exposure to bacteria” vision to a phenomenon where the 
host susceptibility plays a crucial role. Even although, HIV coinfection is the most potent risk 
factor, globally the most frequent conditions impacting on people immune function include 
malnutrition, Diabetes, smoking, and immunosuppressive drugs, and while at the individ-
ual level, these factors cause an apparently mild immunological impairment, its cumulative 
importance in a community needs much more attention. So, it is imperative for clinicians, 
researchers and policy makers, a better consideration, and understanding of these conditions 
as drivers of TB epidemiology, developing in this way more integrative strategies that could 
have a bigger impact on TB control.
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Abstract

Tuberculosis (TB), a major disease of public health importance, continues to cause signifi-
cant morbidity and mortality to populations around the world. In 2016, it accounted for 
1.7 million deaths worldwide. While the mortality rate among patients undergoing TB 
treatment has been declining over the years, TB death rates remains high in developing 
countries. This chapter discusses the epidemiology of TB mortality, the pathogenesis of 
TB highlighting susceptibility to mortality, and the interaction of factors which determine 
an individual’s risk to death on account of TB. Furthermore, the chapter proposes the 
need for a strategic research agenda on reduction of TB burden, focusing on the factors 
that enable or impede political will towards translating knowledge into effective action.
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1. Introduction

Tuberculosis (TB) remains a disease of public health importance affecting vulnerable popula-
tions. TB is the leading cause of death from a single infectious agent worldwide. The burden 
of the disease is enormous with an estimated 10.4 million new cases and 1.7 million TB deaths 
reported in 2016. Furthermore, more than one-fifths of reported deaths occurred among 
those who were HIV-infected [1]. While TB-mortality rate among HIV-negative people was 
17 per 100,000 population, it was 5 per 100,000 among people living with HIV. In addition, 
12% of incident cases of TB occurred among HIV-positive people while one in ten of new 
TB cases occurred among children in the same year [1]. According to WHO, the 30 countries 
most affected by TB include Angola, Bangladesh, Brazil, Cambodia, China, Congo, Central 
African Republic, DPR Korea, DR Congo, Ethiopia, India, Indonesia, Kenya, Lesotho, Liberia, 
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1. Introduction

Tuberculosis (TB) remains a disease of public health importance affecting vulnerable popula-
tions. TB is the leading cause of death from a single infectious agent worldwide. The burden 
of the disease is enormous with an estimated 10.4 million new cases and 1.7 million TB deaths 
reported in 2016. Furthermore, more than one-fifths of reported deaths occurred among 
those who were HIV-infected [1]. While TB-mortality rate among HIV-negative people was 
17 per 100,000 population, it was 5 per 100,000 among people living with HIV. In addition, 
12% of incident cases of TB occurred among HIV-positive people while one in ten of new 
TB cases occurred among children in the same year [1]. According to WHO, the 30 countries 
most affected by TB include Angola, Bangladesh, Brazil, Cambodia, China, Congo, Central 
African Republic, DPR Korea, DR Congo, Ethiopia, India, Indonesia, Kenya, Lesotho, Liberia, 
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Mozambique, Myanmar, Namibia, Nigeria, Pakistan, Papua New Guinea, Philippines, Russian 
Federation, Sierra Leone, South Africa, Thailand, UR Tanzania, Viet Nam, Zambia, and 
Zimbabwe [1].

TB mortality burden is continues to pose challenges to socioeconomic development in devel-
oping countries as South East Asia, Western Pacific, and African regions accounted for more 
than 90% of TB-deaths in 2016 [1].

Analysis of cohorts of patients on tuberculosis treatment enables public health programmes 
to describe the survival of patients and factors associated with mortality experience among 
patients. While treatment outcomes vary among different cohorts of TB patients, patients 
with drug resistance TB and those with coexisting debilitating conditions experience worst 
outcomes. Furthermore, survival of TB patients depends on several medical, demographic 
and socio-economic factors. This chapter focuses on the epidemiology of TB mortality, and 
the determinants of survival of TB patients – the factors which represent the most important 
opportunities for prevention of TB-related deaths in developing countries.

2. Epidemiology of TB mortality

Mycobacterium tuberculosis––the causative organism of TB, is the leading cause of death from 
a single infectious agent after Human Immunodeficiency Virus (HIV). About 45,000 TB-related 
deaths occurred in Europe in 2011 and its estimated mortality rate was 5.0 per 100,000 popu-
lation [2]. While 330 TB-related deaths and an estimated TB-mortality rate of 0.5 per 100,000 
population were reported in the United Kingdom, TB-death rates were 0.4, 1.0, 8.9, 15.0, and 
16.0 per 100,000 population in Germany, France, Belarus, Russia, and Ukraine respectively 
[3]. In the United States, more than 50,000 TB-related deaths were reported from 1990 to 2006, 
accounting for 0.13% of the total number of deaths in the country [4]. While TB was reported as 
the underlying cause of death in about 40% of the 39,694,210 total deaths that occurred, it was 
reported as one of the contributing causes of death in more than 60% of the total deaths [1]. 
The overall mean annual mortality rate was 1.16 per 100,000 person-years during this period 
[1]. Similarly, 7% of the 301 persons with TB reported to Connecticut TB Control Program from 
2007 to 2009 died on account of the disease [5]. Furthermore, 11% of the 40, 125 patients with 
culture-confirmed TB died on account the disease in California from 1994 to 2008 [3]. In 2014, 
more than 5% of the 9406 patients with TB in the US died due to the disease [6].

Although TB is a major public health problem worldwide, its mortality in developing coun-
tries is alarming. An estimated 2.5 million TB deaths were reported in China from 1990 to 2015 
and 2% of these deaths occurred in 2015 [7]. Furthermore, TB-mortality rates were 32 and 44 
per 100,000 population in 2016 in India and Pakistan, respectively [1]. While 16% of those 
who had TB died of the disease in Zimbabwe was in 2013 [8], TB-related mortality rates were 
estimated at 29, 56, 83, 104, and 222 per 100,000 population in Ethiopia, Ghana, Swaziland, 
Nigeria, and South Africa respectively in 2016 [1]. In addition, the estimated TB-related mor-
tality rate in in Africa was 72 per 100,000 population while it was 3.4 per 100,000 population 
in European region and 2.3 per 100,000 population in the WHO Region of the Americas in 
2016 [1].

Tuberculosis54

2.1. Global trends in TB mortality

Tuberculosis, often referred to as “consumption,” “phthisis,” or the “white plague,” accounted 
for the highest number of deaths in Europe and America during the eighteenth and nine-
teenth centuries. While 70–90% of urban populations of Europe and North America were 
infected with TB in the late nineteenth century, four-fifths of people infected with TB died 
of it [9]. Through the knowledge made available by the work of Villemin, Koch, von Pirquet, 
TB mortality began to decline in the early and mid-nineteenth century [10–12]. TB Decline in 
TB mortality in these parts of the world was associated with improvement in socio-economic 
conditions of the populations.

In the United Kingdom, the rapid decline in TB mortality was cited as one of the most impor-
tant health gains of the twentieth century [13]. Using all certified causes of death (both under-
lying cause and elsewhere on certificates), TB-mortality in the Oxford region declined from 
39.7 deaths per million population in 1979 to 9.0 in 2008. In England, TB-mortality rates fell 
from 18.5 per million population in 1995 to 12.2 in 2008 [13].

TB mortality has been dropping rapidly since 1900 in developed countries, especially after the 
development of new anti-tuberculosis drugs. In the United States, 74,842 TB-related deaths 
were reported in 1933 [14]. This had declined by 22.9% by 1942 and a further decline was 
reported in the following decade such that only 25,080 TB-related deaths were reported in 1952 
[12]. Furthermore, TB-mortality rates were 59.6, 43.1, and 16.1 per 100, 000 population in 1933, 
1942, and 1952 respectively in the United States [12]. While 644 TB-deaths were reported in 
2006, the estimated number of TB-related deaths was 610 in 2016 [1]. In essence, TB-mortality 
declined in the US from 59.6 per 100, 000 in 1933 to 0.19 per 100, 000 in 2016 [1, 12].

Due to poor vital registration systems, records on TB-mortality trends in developing countries 
are limited. A significant increase in TB mortality was recorded from 1990 and 2000 world-
wide. However, the increase was more obvious in developing countries (Figure 1). In 2004, 
TB-mortality rate in Bangladesh was 51 per 100,000 population, while it was 81 per 100,000 in 
2014 [8, 15]. Similarly, TB-death rates in Nigeria and South Africa in 2004 were 82 and 135 

Figure 1. Global trends in TB mortality from 1990 to 2000. Data source: Global tuberculosis report 2013. WHO/HTM/
TB/2013.11. Geneva: WHO; 2013.
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Mozambique, Myanmar, Namibia, Nigeria, Pakistan, Papua New Guinea, Philippines, Russian 
Federation, Sierra Leone, South Africa, Thailand, UR Tanzania, Viet Nam, Zambia, and 
Zimbabwe [1].

TB mortality burden is continues to pose challenges to socioeconomic development in devel-
oping countries as South East Asia, Western Pacific, and African regions accounted for more 
than 90% of TB-deaths in 2016 [1].

Analysis of cohorts of patients on tuberculosis treatment enables public health programmes 
to describe the survival of patients and factors associated with mortality experience among 
patients. While treatment outcomes vary among different cohorts of TB patients, patients 
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2.1. Global trends in TB mortality

Tuberculosis, often referred to as “consumption,” “phthisis,” or the “white plague,” accounted 
for the highest number of deaths in Europe and America during the eighteenth and nine-
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of it [9]. Through the knowledge made available by the work of Villemin, Koch, von Pirquet, 
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TB mortality in these parts of the world was associated with improvement in socio-economic 
conditions of the populations.

In the United Kingdom, the rapid decline in TB mortality was cited as one of the most impor-
tant health gains of the twentieth century [13]. Using all certified causes of death (both under-
lying cause and elsewhere on certificates), TB-mortality in the Oxford region declined from 
39.7 deaths per million population in 1979 to 9.0 in 2008. In England, TB-mortality rates fell 
from 18.5 per million population in 1995 to 12.2 in 2008 [13].

TB mortality has been dropping rapidly since 1900 in developed countries, especially after the 
development of new anti-tuberculosis drugs. In the United States, 74,842 TB-related deaths 
were reported in 1933 [14]. This had declined by 22.9% by 1942 and a further decline was 
reported in the following decade such that only 25,080 TB-related deaths were reported in 1952 
[12]. Furthermore, TB-mortality rates were 59.6, 43.1, and 16.1 per 100, 000 population in 1933, 
1942, and 1952 respectively in the United States [12]. While 644 TB-deaths were reported in 
2006, the estimated number of TB-related deaths was 610 in 2016 [1]. In essence, TB-mortality 
declined in the US from 59.6 per 100, 000 in 1933 to 0.19 per 100, 000 in 2016 [1, 12].

Due to poor vital registration systems, records on TB-mortality trends in developing countries 
are limited. A significant increase in TB mortality was recorded from 1990 and 2000 world-
wide. However, the increase was more obvious in developing countries (Figure 1). In 2004, 
TB-mortality rate in Bangladesh was 51 per 100,000 population, while it was 81 per 100,000 in 
2014 [8, 15]. Similarly, TB-death rates in Nigeria and South Africa in 2004 were 82 and 135 

Figure 1. Global trends in TB mortality from 1990 to 2000. Data source: Global tuberculosis report 2013. WHO/HTM/
TB/2013.11. Geneva: WHO; 2013.

Determinants of Survival of Patients with Tuberculosis in Developing Countries
http://dx.doi.org/10.5772/intechopen.75890

55



per 100,000 population respectively. By 2014, the mortality rates had increased to 170 per 
100,000 in Nigeria while it decreased to 24 per 100,000 in South Africa [7, 14]. Furthermore, TB 
mortality rates declined significantly between 2000 and 2016 (Figure 2).

3. Pathogenesis of TB infection

Tuberculosis (TB) is an old disease of mankind from time immemorial. An evidence of TB 
spine was found in Egyptian mummies of several thousand years BC, while Babylonian 
and Chinese writings also referred to the disease [16]. TB is an infection caused by the rod-
shaped, non-spore-forming bacterium called Mycobacterium tuberculosis, a member of a group 
called M. tuberculosis complex (MTBC). Other members of this complex include M. bovis, 
M. microti, M. africanum, M. caprae, M. canetti and M. pinnipedii. MTBC members are closely 
related genetically. The genome of M. bovis differs from that of M. tuberculosis by less than 
0.05% [17]. While M. bovis primarily affects cattle, it can also TB disease in other mammals 
include man [18].

TB infection leads to a complex interaction with the immune system of the human host. This 
interaction is often moderated by a number of factors with influence survival of TB patients.

Figure 2. Global trends in TB mortality from 2000 to 2016. Data source: WHO. Global Health Observatory data repository. 
Tuberculosis [Internet]. Geneva: WHO; 2017 Dec 1 [cited 2018 Feb 12]. Available from: http://apps.who.int/gho/data/
node.main.1315?lang=en.
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3.1. Transmission

TB is transmitted from a person with active TB disease to an uninfected person through the 
air by droplet nuclei––particles measuring 1–5 μm in diameter containing MTBC [19]. These 
droplet nuclei are produced when persons with pulmonary or laryngeal TB cough, sneeze, 
speak, or sing. Iatrogenic transmission of TB may also occur during aerosol treatments, spu-
tum induction, bronchoscopy, or during tissue or secretion processing in hospitals or labo-
ratories. Droplet nuclei can remain airborne for long periods of time after expectoration. The 
transmission of TB depends on a number of factors including the number of tubercle bacilli 
present in droplets, its virulence and exposure to ultraviolet light, the extent of ventilation, 
and the immune status of exposed persons. After inhalation of an infectious droplet nucleus, 
it settles in the respiratory tract and reaches a respiratory bronchiole or alveolus where the 
tubercle bacilli may establish an infection depending on the bacterial virulence and the inher-
ent mycobactericidal capacity of the alveolar macrophage. With the activation of the host 
defenses, phagocytosis by alveolar macrophages often initiates a cascade of events resulting 
in either a successful control of the infection, which is usually followed by latent tubercu-
losis. The invading mycobacterium may overwhelm host defense mechanisms followed by 
progression to active disease, known as primary progressive tuberculosis [19]. Within the 
alveolar macrophage, the tubercle bacillus continues growing slowly and dividing almost 
every 25–32 h for 2–12 weeks such that they reach 103–104 thereby eliciting a cellular immune 
response which is often detected by a positive reaction to a tuberculin test. For an immuno-
competent person, the formation of granulomas around the invading mycobacterium occurs 
at this time.

Prior to the development of cellular immunity, tubercle bacilli may be disseminated via the 
lymphatics to the hilar lymph nodes and the bloodstream. When these bacilli reach more dis-
tant sites, they may give rise to extra pulmonary TB infection of the brain meninges, larynx, 
lymph nodes, spine, and kidney.

3.2. Pathophysiology

Granulomas formed by accumulation of T lymphocytes and microphages limit mycobacterial 
replication and spread [20]. Although the environment provided by granuloma formation 
destroys macrophages and produces early solid necrosis at the center of the lesion, tuber-
cle bacilli often adapt to enhance their survival [20]. The formation of caseous necrosis, a 
soft-cheese structure with low oxygen levels, low pH, and limited nutrients in the following 
2–3 weeks creates a condition that limits further mycobacterial growth. Latent tuberculosis is 
established at this stage. While tuberculous lesions undergo fibrosis and calcification thereby 
controlling the infection, the tubercle bacilli within the lesions may begin to multiply rapidly 
if the immune system of the individual deteriorates [21].

For an immunocompromised person, granuloma formation also occurs following infection 
with MTBC. However, the granulomas formed are unable to contain the infection. Hence, this 
progresses to primary progressive tuberculosis [21]. The necrotic tissue of the granuloma lique-
fies and the fibrous wall breaks down. Furthermore, the semiliquid necrotic matter may drain 
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into surrounding structures including the bronchi, and nearby blood vessels leaving an empty, 
air-filled cavity at the middle of the initial lesion. In addition, discharge of the necrotic material 
into a vessel may lead to extra pulmonary TB and mortality from TB may be related to this.

4. Factors associated with survival among TB patients in developing 
countries

The management of patients suspected of TB disease involves clinical assessment and treat-
ment (Figure 3). Of the treatment outcomes, Cured and Completed treatment are considered 
as successful outcomes while the remaining ones are often referred to as poor treatment out-
comes [1, 22].

Although deaths on account of TB disease occur worldwide, developing countries account 
for more than 90% of TB mortality in recent times. Hence, the focus of this section will be on 
developing countries. Several factors influence susceptibility of TB infection, its severity as 
well as mortality.

Factors associated with survival among TB patients in developing countries can be discussed 
using a framework proposed by the Commission on Social Determinants of Health (CSDH) 
established by WHO (Figure 4) [23].

Factors associated with survival among patients with TB disease can be classified into patient 
and community/social factors. In the context of the CSDH framework, most of the patient fac-
tors can be described in terms of the health system while community/social factors are related 
to the structural determinants of health and health inequities. Patient characteristics include 
age, sex, alcohol use, cigarette smoking, previous history of TB treatment, HIV co-infection, 
and comorbid conditions, TB diagnostic methods, and treatment regimens. On the other 
hand, structural determinants of health associated with TB survival include the presence of 
education, employment, access to health care and protection from catastrophic expenditure 
associated with TB morbidity.

4.1. Age

Aging affects the immune system at multiple levels including reduced production of B and T cells 
and diminished function of mature lymphocytes in secondary lymphoid tissues. Furthermore, 
aging causes a profound alteration in the composition and quality of the mature lymphocyte 
pool and alters the patterns of gene expression in mature B and T cells. Compared to young 
people, elderly individuals respond to immune challenge in a less efficient manner [24].

Old age increases the likelihood of death from TB. Evidence for this has been reported in 
previous studies. While several age cut-points have been used in studies to show vulnerabil-
ity, TB infection in people over the age of 60 years is associated with increased mortality. A 
retrospective study among adult patients with clinically and/or bacteriologically diagnosed 
TB in Argentina reported increased mortality among people who were older than 50 years 
[22]. A similar study conducted in South Africa reported that patients who were 60 years or 
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older were twice more likely to die from TB than the younger ones [25]. In addition, patients 
aged 65 years and above were two times more likely to die from TB than other patients in a 
study in Zimbabwe [26].

4.2. Sex

Infectious diseases including TB generally affect males more than females. Studies have 
shown that interactions between sex hormones and the immune system render males more 

Figure 3. Clinical assessment and treatment of TB patients.
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susceptible to infection and disease, with differences in genetic make-up likely playing a role 
[27, 28].

A recent study in Brazil aimed at examining sex bias in ten major pathogens also reported the 
characteristic male bias of a male-to-female ratio of almost 2:1 [2]. While tuberculoid leprosy 
is slightly more common in females (0.85:1), the study reported a ratio of almost 3:1 for the 
severe lepromatous form. Host immune response to leprosy has been compared to that in 
tuberculosis and lepromatous leprosy was considered as being analogous to active tubercu-
losis. Furthermore, tuberculoid leprosy may be seen as analogous to latent TB or cured or TB 
[29]. Since both diseases are caused by the same pathogen—Mycobacterium, the male bias 
observed supports the hypothesis that physiological differences may be responsible for the 
observed differential susceptibility to TB. This physiological hypothesis (PH) has also been 
found to be relevant in TB disease as a driver of sex differences in disease susceptibility [1, 2].  
TB mortality is also in keeping with differential susceptibility between males and females 
as more than 65% of adult TB deaths in 2016 occurred among males [1]. This is also similar 
to the twentieth century in New York which showed a male-to-female TB mortality ratio of 
approximately 2:1 [30].

A consistent finding in literature shows that males are more likely to die from tuberculosis 
than females. A study in Ethiopia, showed that males are twice more likely to have poor 
treatment outcome (including death) following TB treatment [31]. In addition, a systematic 
review and meta-analysis consisting of multidrug resistant-TB (MDR-TB) data from 31 treat-
ment programmes from 21 countries showed that males are less likely to have a successful 
outcome after treatment [32]. Although there was no association between sex and survival 
among patients in a study in South Africa, male patients were more likely to have unfavorable 
TB treatment outcomes [33].

Figure 4. Conceptual framework for the social determinants of health and health inequities [23].
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4.3. Education

Educational status is an important factor which moderates health care seeking behavior and 
adherence to prescribed medications. The level of educational achievement may protect 
against acquiring TB infection through promotion of healthy habits. In addition, education 
been recognized as a marker of economic status. Hence, low level education may be associ-
ated with lack of access to resources, overcrowding and poor hygienic conditions which may 
also contribute to increased mortality. In a study in Peru, MDR-TB patients who attended for-
mal school for 6 or less years had about threefold increase in TB mortality risk [34]. Similarly, 
attendance or completion of primary school level was associated with TB treatment failure 
[35]. While educational status may be a significant factor influencing survival in most health 
conditions, only a few studies reported it as a determinant of survival among patients with 
TB in developing countries [32, 34].

4.4. Occupation

Occupations which compromise structural and/or functional integrity of the lungs predispose 
individuals to the transmission of TB as well as to higher risk of mortality on account of the 
disease. While exposures to dust inside the mines damage the structure and function of the 
lungs (e.g., silicosis), associated social conditions outside the mines (e.g., crowding) drive HIV 
and TB epidemics. This makes mining a strong predictor of TB mortality. Studies in Southern 
Africa have reported the strong association between mining and TB mortality [36, 37].

4.5. Smoking

Smoking is one of the most important risk factors associated with incidence, morbidity, recur-
rence and mortality from TB. Smoking has been associated with a fourfold increase in TB 
mortality risk [38].

4.6. Previous history of TB treatment

Previous TB treatment has been associated with TB mortality. A prospective study among 
smear positive TB patients with Iranian nationality who had successful TB treatment 
showed that those who had previous history of TB treatment were almost three times more 
likely to die [39]. Similarly, patients with a previous history of TB treatment were almost 
seven times more likely to die than treatment-naive patients in another study in Iran [40]. 
This may be related to development of resistance following treatment default, failure, or 
loss to follow up.

4.7. Type of TB strain

Multidrug-resistant tuberculosis (MDR-TB), a form of TB disease resistant to both isoniazid 
and rifampicin is a global problem. Increasing incidence of this type of TB is a reflection of 
the health care system of a country. It arises as a result of weak TB treatment programmes 
coupled with poor adherence to anti-TB therapy. While the extent and burden of the disease 
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varies among countries, it often overwhelms the capacity of the health system in many high 
burden resource-poor countries.

Studies have consistently shown that MDR-TB is a strong predictor of TB mortality. In 2016, it 
was responsible for a large percentage of TB mortality worldwide [1]. MDR-TB was associated 
with almost eightfold increase in mortality risk in a retrospective study in Peru [32]. Other 
studies have also shown similar findings. Furthermore, MDR-TB associated hazard ratio (HR) 
estimates in TB mortality increase in previous studies were in the range of 7.8–8.5 [41, 42].

Extensively drug-resistant tuberculosis (XDR-TB), a variant of MDR-TB resistant to any fluo-
roquinolone and at least one of three injectable second-line drugs (i.e., amikacin, kanamycin, 
or capreomycin) in addition to isoniazid and rifampin. XDR-TB has also been associated with 
high death rates while on treatment.

There are multiple causes for the increased risk of multidrug-resistant TB strains. MDR-TB 
infection often occur with other co-morbid conditions including HIV infection, diabetes, renal 
disease, and Substance Use Disorders [43]. In addition, MDR-TB has been associated with 
high rates of treatment failure and relapse which increases TB mortality. With high toxicity of 
anti-tuberculosis drugs used in the treatment of MDR-TB and the extended duration of use, 
an increase in toxicity profile of patients and consequent adverse effects may be related to 
increased mortality experienced among MDR-TB patients.

4.8. HIV co-infection

Studies have shown that HIV/TB co-infection is associated with increased TB mortality risk 
before, during, or after TB treatment. In most cases, deaths are usually caused by complica-
tions of HIV infection rather than TB disease itself. However, a synergistic interaction occurs 
between TB and HIV infection which speeds up the progression of illness and increasing mor-
tality risk. HIV infection enhances the reactivation and progression of latent Mycobacterium 
tuberculosis to active TB disease, and the active TB disease accelerates HIV disease progression 
in infected patients. Furthermore, HIV infection alters the clinical presentation of TB and com-
plicates TB treatment follow-up [44].

In Malawi, HIV positive patients were 2.5 times more likely to die from TB infection in a pro-
spective cohort study among TB patients [45]. Another study in Malawi also reported almost 
fourfold increase in TB mortality among HIV/TB co-infected patients compared to HIV sero-
negative TB patients [46]. Furthermore, HIV co-infection was associated with almost sixfold 
increase in TB mortality in a study in Ethiopia [35].

Among patients who were HIV/TB co-infected, being on antiretroviral therapy (ART), initia-
tion of cotrimoxazole prophylactic therapy (CPT), being ambulatory, and having high CD4 
counts were factors associated with survival in several studies. Patients who were on ART 
were 0.35 times less likely to die from TB compared to those who were not on ART [47].

While MDR-TB infection is associated with increased mortality risk for both HIV-seropositive 
and seronegative patients, HIV/MDR-TB co-infection increases the risk of death. A study 
in Thailand reported that patients who were HIV positive patients infected with MDR-TB 
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were twice more likely to die compared to HIV seropositive patients who had non-MDR-TB 
co-infection [48]. Similarly, HIV/TB co-infected patients who delayed initiation of ART 6 or 
months or more after TB diagnosis were 2.6 times more likely to die compared with those who 
initiated ART in less than 6 months following TB diagnosis [47].

4.9. Extra pulmonary TB

Although extra pulmonary TB is not as common as pulmonary disease, its occurrence has 
consistently been shown in literature as a predictor of TB mortality. Patients with extra pul-
monary TB including TB meningitis, TB pericarditis, TB peritonitis, bilateral or extensive 
pleural effusion due to TB, Potts disease, TB of the genitourinary tract, and TB of the intestine 
were twice more likely to die on account of the disease than patients with pulmonary disease 
in a study in Brazil [49]. Furthermore, patients who had extra pulmonary TB were three times 
more likely to die than those who had pulmonary TB [50]. Similarly, miliary TB has also been 
associated with poor outcomes [51].

4.10. Co-morbid conditions

Co-morbid conditions including malnutrition, chronic renal disease, chronic liver disease, 
drug induced immunosuppression, and diabetes mellitus are predictors of mortality among 
TB patients.

4.10.1. Diabetes

The synergistic interactions between diabetes mellitus and TB are well documented in litera-
ture [52]. Diabetes alters host immunity to TB which leads to higher baseline mycobacterial 
burdens and longer times to achieve culture conversion with treatment. While treatment fail-
ure or death was reported in 41% of patients with TB and diabetes in case-control study, these 
outcomes were only reported in 13% of those with TB alone. Furthermore, seven of the eight 
patients in the TB and diabetes group died of respiratory failure related to TB [53].

4.10.2. Malnutrition

Malnutrition has been cited as a predictor of mortality among TB patients. Malnourished 
patients were 27 times more likely to have unfavorable TB outcome and death in a study in 
South Africa [54].

4.10.3. Chronic renal disease

The presence of end stage renal disease requiring dialysis was associated with sevenfold 
increase in TB mortality risk in a previous study [55].

4.10.4. Drug-induced immunosuppression

The presence of drug induced immunosuppression was associated with increased TB mortal-
ity risk with adjusted odds ratio of 3.2 [51].
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4.11. Poor adherence to anti-Koch therapy

Studies have shown that TB patients with poor adherence to medications are more likely 
to die compared to other patients. A retrospective study involving patients in 48 clinics in 
Rwanda among patients treated in 48 clinics in Rwanda showed that poor treatment adher-
ence was associated with more than threefold increase in TB mortality [56].

4.12. Neighbourhood and social factors

Neighbourhood factors refer to issues within the society that contribute to TB mortality which 
are not directly related to a patient’s individual condition but a constellation of factors which 
affect a patient’s access to care, treatment enablers, emergency services, and attitudes of the 
general population to health. These include societal norms and values, policy, and gover-
nance issues within and outside the health system (Figure 4).

Neighbourhoods play a role in TB morbidity and mortality as good housing may influence 
air quality and disease transmission. Access to nutritious foods may also be important for 
immune responses and recovery from TB infection. In addition, Service characteristics of 
neighbourhoods can create and support employment opportunities which may reinforce 
socioeconomic disparities in health.

The level of the commitment of health authorities at the local, regional, and national levels 
towards TB treatment, care and support influences the survival of patients [1]. For instance, 
the failure of a TB treatment programme to follow up on patients on treatment may contribute 
to increased mortality. In addition, failure of the health system to screen and test HIV positive 
patients for TB may also affect their survival.

Social protection is one of the functions of the health system. However, unemployment, low 
status occupation, low annual income, high cost of travel to the health care facility for TB 
treatment, poor living conditions, low literacy level, and high out-of-pocket expenditure on 
TB treatment have been described as factors associated with poor treatment adherence, unfa-
vorable TB treatment outcomes, and death. Furthermore, a strong correlation was reported 
between TB treatment outcomes and overall health system performance in a study in South 
Africa where TB treatment centers with higher health system performance rating also had 
higher percentage of successful treatment outcomes [57].

4.13. Climatic factors and TB seasonality

Studies have shown that seasonal variation in the incidence of TB disease occurs in many 
developing countries. In India and Hong Kong, TB seasonality was highest among young 
children. However, seasonality of notified TB cases was more pronounced among males in 
Mongolia and South Western Cameroon [58]. In Southern Africa, most significant declines in 
the diagnoses of pulmonary TB occurred in December, followed by April–May. While these 
may not be unrelated to climatic factors, changes in health-seeking behavior and fluctuations 
in clinical activities were cited as responsible factors [59]. In China, increased incidence of TB 
was associated with increased temperature, precipitation, and wind speed [60].
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Seasonality of TB disease may be related to differences in TB risk factors at certain seasons. A 
study in Peru showed the complex interaction of social determinants of TB infection, exposure 
to infection and increased transmission. Overcrowding, increased indoor time, and poorer 
ventilation, poorer nutrition, lower immunity, health-seeking behavior, and education inter-
act in a complex way to an increase in TB disease at certain seasons than others. Vitamin D 
deficiency, more likely to occur in winter, was also associated with TB seasonality [61].

5. Conclusion

The burden of TB and the mortality on account of the disease has been discussed. While dif-
ferences in mortality between population groups due to society’s characteristics have been 
noted, factors associated with reduced survival among TB patients have been highlighted. 
Furthermore, it is important to note that changes in social and cultural environments of peo-
ple are associated with changes in their risks of acquiring TB infection, and the risk of dying 
from the disease. Although associations between social factors and TB morbidity and mortal-
ity are well known, there is paucity of studies regarding the underlying processes linking 
social determinants and TB treatment outcomes and effective ways to intervene. While TB 
morbidity and mortality have reduced significantly in many parts of the third world in recent 
times, limited progress achievement are been recorded in other countries. A crucial obstacle 
in this regard is often the lack of political will. A strategic research agenda on reduction of TB 
burden should focus on the factors that enhance or impede political will to translate knowl-
edge into effective action.
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Abstract

Tuberculosis (TB) is one of the top 10 causes of death worldwide. TB has further been 
exacerbated by the HIV/AIDS pandemic, the emergence of multidrug-resistant (MDR) TB 
and extensively drug-resistant TB. In 2015, approximately 1.4 million people and 400,000 
who were HIV-negative and HIV-positive, respectively, died of TB. There were 10.4 mil-
lion new cases with active TB of which 2.4 million were HIV co-infected and 480,000 new 
cases with MDR-TB. Conclusions: TB is a multifaceted disease and there is no one size 
fits all test for its diagnosis. In the 22 high TB burden countries (HTBBC), which har-
bour 80% of global TB, sputum smear microscopy with its low detection rate remains the 
most commonly used diagnostic test for pulmonary TB. Culture, the gold standard for 
TB diagnosis, the molecular-based tests for both rapid diagnosis and detection of drug 
resistant TB because of the requirement for specialized laboratories and trained person-
nel as well as other costs is not routinely used in most HTBBC. An accurate, affordable, 
point-of-care TB test, with no requirement for electricity, specialized laboratory, easily 
performed by healthcare personnel is what is urgently needed for TB control.

Keywords: sputum smear microscopy, TB-LAMP, LAM-LF, culture, MTB/RIF assay, 
line-probe assays

1. Introduction

Tuberculosis (TB), one of the top 10 major causes of death globally is a major public health 
priority. Of the 10.4 million people diagnosed with active TB in 2015, the  majority occurred in 
people living in low- and middle-income countries. The TB epidemic has further been exac-
erbated by the HIV/AIDS pandemic and the emergence of multidrug-resistant (MDR) and 
extensively drug-resistant (XDR) TB. Of the estimated 1.8 million people who died in 2015, 1.4 
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million were HIV negative and 400,000 were HIV positive. In the same period, 480,000 cases of 
MDR TB and a further 100,000 that were estimated to be rifampicin-resistant [1].

TB mainly affects the lungs (pulmonary TB), however, it can affects other parts of the body 
such as the spine or brain (extrapulmonary TB). Although TB is a preventable and curable 
disease, failure to detect the disease early is one of the major bottlenecks to TB control. TB 
diagnostic tests with low sensitivity that were developed more than a century ago are still 
in use today. The detection case rates in the 22 high burden countries which harbor 80% of 
global TB burden is low (~50%) and even lower among the HIV-infected. [2]. From the 10.4 
million people who developed TB in 2015, 4.3 million cases were not diagnosed or notified 
and only one quarter of MDR TB cases (132,000) were detected and reported. The reasons 
for the low detection and underreporting of TB are multifactorial and include limited or 
delayed access to appropriate diagnosis and care, large private sectors not reporting cases, 
and the lack of access to appropriate diagnostic tools due to geographic and/or financial 
barriers [3–5].

The WHO Strategic and Technical Advisory Group for Tuberculosis (STAG-TB) provides 
objective, ongoing technical and strategic advice to the WHO regarding TB diagnosis, care 
and control (http://www.who.int/tb/advisory_bodies/stag/en/index.html). The group which is 
comprised of 22 experts representing ministries of health, national TB control programs, aca-
demic and research institutions, civil society organizations, communities and patients affected 
by TB, and professional associations provides the WHO Director General with independent 
evaluations of the strategic, scientific, and technical aspects of WHO’s area of work in TB. The 
group also reviews progress and challenges in TB-related core functions such as policies, strat-
egies, and standards and make recommendations on committees and working groups. The 
STAG-TB reviews policy drafts and supporting documentation and may endorse the policy 
recommendation with or without revisions, request additional information and re-review the 
evidence in subsequent years, or reject the recommendation.

Below, we describe the WHO recommended TB diagnostic tools, the advantages and disad-
vantages as well as challenges in the implementation of the tools.

2. World Health Organization (WHO) approved TB diagnostic tools

2.1. Sputum smear microscopy for the diagnosis of pulmonary TB

Direct microscopic examination of sputum for acid-fast bacilli (AFB), the sputum smear micros-
copy (SSM) remains the most commonly used diagnostic test for pulmonary TB particularly in 
countries with a high rate of TB infection [6].

The test is conducted by placing a thin layer of the sputum (smear) on a glass slide. A series 
of special stains are then applied to the smear, and the stained slide is examined under a 
microscope for signs of the TB bacteria [7]. It is a simple inexpensive test which does not 
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require sophisticated laboratory infrastructure or extensive training of laboratory personnel 
and the results are available within hours. Although its sensitivity is only about 50–60%, 
its high specificity (99–100%) ensures that only those who are positive receive the anti-TB 
treatment [8]. The detection rate is even lower in countries with a high prevalence of both 
pulmonary TB and HIV infection, as many patients with HIV and TB co-infection have very 
low levels of TB bacteria and are unable to produce good quality sputum leading to false 
negative results [9].

SSM has other limitations in addition to its low sensitivity. False positive results may occur in 
individuals that have been infected with NTB. False negative results particularly happen with 
children, older people and HIV-infected patients. Furthermore, SSM cannot be used to diag-
nose extrapulmonary TB. Many HIV-infected patients tend to have high rates of extrapul-
monary TB compared to HIV negative individuals which probably contributes to the lower 
sensitivity of FM in this group of patients [9].

In the earlier years, a conventional light microscope for examining the AFB Ziehl-Neelsen 
(ZN) stains was recommended for SSM in low-income and middle-income countries where 
most of the world’s TB cases occur [10, 11]. In high-income countries, AFB auramine O or 
auramine-rhodamine stains are examined by fluorescence microscopy (FM) which has a 
higher sensitivity than conventional ZN light microscopy. In these countries, FM is the most 
commonly used method for diagnosis of pulmonary TB [12].

In FM, the smear is illuminated with a quartz halogen or high pressure mercury vapor lamp, 
allowing a much larger area of the smear to be seen and resulting in more rapid examination 
of the specimen. The major advantage of FM is that it uses a lower power objective lens com-
pared to conventional microscopy thus reducing the time of assessing the same area of a slide 
[13]. The major disadvantage of using FM is the expensive mercury vapor lamp which lasts 
a very short time. The lamp also takes a while to warm up, burn high amounts of electricity, 
and electricity supply problems can significantly shorten its life span [14]. The use of light 
emitting diodes (LEDs) which switch on extremely quickly, have an extremely long life, and 
do not explode can address some of these problems [14].

In 2006, a systematic review of 45 studies comparing conventional SSM with FM reported 
that FM has a higher sensitivity than the standard light microscopy but similar specificity 
with standard light microscopy [15]. In HIV positive patients, there was insufficient data to 
determine the value of FM.

Following a systematic review in September 2009, of a meta-analysis of published and unpub-
lished data, the WHO assessed the evidence for the efficacy of LED microscopy. Subsequently 
in 2011 the WHO issued a policy statement recommending that conventional FM should be 
replaced by LED microscopy [16].

The advantages of LED microscopes are: they are less expensive, require less power and are 
able to run on batteries, the bulbs have a very long half-life and do not pose the risk of releas-
ing potentially toxic products if broken.
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require sophisticated laboratory infrastructure or extensive training of laboratory personnel 
and the results are available within hours. Although its sensitivity is only about 50–60%, 
its high specificity (99–100%) ensures that only those who are positive receive the anti-TB 
treatment [8]. The detection rate is even lower in countries with a high prevalence of both 
pulmonary TB and HIV infection, as many patients with HIV and TB co-infection have very 
low levels of TB bacteria and are unable to produce good quality sputum leading to false 
negative results [9].

SSM has other limitations in addition to its low sensitivity. False positive results may occur in 
individuals that have been infected with NTB. False negative results particularly happen with 
children, older people and HIV-infected patients. Furthermore, SSM cannot be used to diag-
nose extrapulmonary TB. Many HIV-infected patients tend to have high rates of extrapul-
monary TB compared to HIV negative individuals which probably contributes to the lower 
sensitivity of FM in this group of patients [9].

In the earlier years, a conventional light microscope for examining the AFB Ziehl-Neelsen 
(ZN) stains was recommended for SSM in low-income and middle-income countries where 
most of the world’s TB cases occur [10, 11]. In high-income countries, AFB auramine O or 
auramine-rhodamine stains are examined by fluorescence microscopy (FM) which has a 
higher sensitivity than conventional ZN light microscopy. In these countries, FM is the most 
commonly used method for diagnosis of pulmonary TB [12].

In FM, the smear is illuminated with a quartz halogen or high pressure mercury vapor lamp, 
allowing a much larger area of the smear to be seen and resulting in more rapid examination 
of the specimen. The major advantage of FM is that it uses a lower power objective lens com-
pared to conventional microscopy thus reducing the time of assessing the same area of a slide 
[13]. The major disadvantage of using FM is the expensive mercury vapor lamp which lasts 
a very short time. The lamp also takes a while to warm up, burn high amounts of electricity, 
and electricity supply problems can significantly shorten its life span [14]. The use of light 
emitting diodes (LEDs) which switch on extremely quickly, have an extremely long life, and 
do not explode can address some of these problems [14].

In 2006, a systematic review of 45 studies comparing conventional SSM with FM reported 
that FM has a higher sensitivity than the standard light microscopy but similar specificity 
with standard light microscopy [15]. In HIV positive patients, there was insufficient data to 
determine the value of FM.

Following a systematic review in September 2009, of a meta-analysis of published and unpub-
lished data, the WHO assessed the evidence for the efficacy of LED microscopy. Subsequently 
in 2011 the WHO issued a policy statement recommending that conventional FM should be 
replaced by LED microscopy [16].

The advantages of LED microscopes are: they are less expensive, require less power and are 
able to run on batteries, the bulbs have a very long half-life and do not pose the risk of releas-
ing potentially toxic products if broken.

The World Health Organization Recommended TB Diagnostic Tools
http://dx.doi.org/10.5772/intechopen.73070

73



In 2011, the WHO revised its earlier recommendations of using three sputum specimens col-
lected on different days to same day microscopy using two sputum specimens collected at 
the same time, on the same day based on a systematic review of 37 eligible studies [17, 18]. 
However, the WHO recommended its use only in settings with a well-established laboratory 
network and a fully functional external quality assurance program for SSM including on-site 
evaluation and follow-up training for problem laboratories.

The revised recommendation has reduced the number of patient visits to the clinic, leading 
to a reduction in the numbers of TB positive cases that are lost to follow up, reduced labora-
tory workload as well as decreased time for diagnosis and initiation of anti-TB treatment with 
non-significant decrease in diagnostic yield [19].

2.2. Loop-mediated isothermal amplification (TB-LAMP) for diagnosis of 
pulmonary TB

A commercial molecular assay Loopamp MTBC Detection Kit was developed by Eiken 
Chemical Company Ltd. (Tokyo, Japan) for the detection of MTBC (TB-LAMP) [20].

The assay is based on loop-mediated isothermal amplification. It is a manual assay that 
requires less than 1 h to perform and the result can be read with the naked eye under ultra 
violet (UV) light. The assay consists of three steps, sample preparation (10–20 min), ampli-
fication (40 min), and visual detection of fluorescence light from the reaction tube using UV 
light (0.5–1 min) (Figure 1). Sputum is added to a heating tube containing the extraction 
solution which is then mixed by inverting, the heating tube is placed into the heating block 
to lyse and inactivate mycobacteria. The heating tube is then removed from the heating 
block and allowed to cool. The heating tube is then attached to an adsorbent tube and mixed 
by shaking until all the powder has been completely mixed with the solution. An injection 
cap is placed onto the adsorbent tube and screwed tightly to pierce the seal. The nozzle is 
then inserted into a reaction tube and drops of solution are transferred to the reaction tube. 
Amplification is carried out by loading the reaction tubes into the heating block and the 
reaction started. The amplification is stopped automatically after 40 min. For visual detec-
tion of fluorescent light, the reaction tubes are transferred into a fluorescence detector and 
the results recorded [21, 22].

The TB-LAMP assay has several features that makes it attractive as a diagnostics platform 
for resource-poor settings: it is fast (40 min), isothermal (requiring only a heat block), robust 
to inhibitors and reaction conditions that usually adversely affect polymerase chain reaction 
(PCR) methods, and it generates a result that can be detected with the naked eye. The major 
disadvantage of TB-LAMP is that it cannot detect drug resistance and is therefore only suit-
able for testing of patients at low risk of MDR TB [22].

In January 2016, WHO Guideline Development Group (GDG) conducted a systematic 
review and meta-analysis of 24 studies conducted after 01 January 2012 to evaluate the use of 
TB-LAMP on sputum samples from adults with signs and symptoms consistent with pulmo-
nary TB that were conducted in settings with an intermediate or high burden of TB. Only 13 
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of the 24 studies met the eligibility criteria for inclusion in the systematic review. The pooled 
sensitivity of TB-LAMP was higher than that of SSM (78% vs. 63%). The pooled specificity of 
TB-LAMP was lower than that of SSM, 98% vs. 100%. In the HIV-infected patients, the pooled 
sensitivity of TB-LAMP was similar to that of SSM; 64% vs. 62% for SSM while specificity 
was the same, 99% for TB-LAMP and 99% for SSM. In the analysis of TB-LAMP for detec-
tion of pulmonary TB in adult patients who were SSM negative, TB-LAMP showed a 42% 
incremental yield [23].

In August 2016, WHO issued a policy recommendation on the TB-LAMP MTBC assay. 
TB-LAMP may be used as a replacement test for SSM to diagnose pulmonary TB in adults 
with signs and symptoms consistent with TB and TB-LAMP may be used as a follow-on test 
in adults with signs and symptoms consistent with pulmonary TB, especially when further 
testing of sputum smear-negative specimens is necessary. These recommendations apply to 
settings where conventional SSM can be performed, TB-LAMP should not replace the use 
of rapid molecular tests that detect TB and resistance to RIF, especially among populations 
at risk of MDR TB. Due to the limited evidence, it is unclear whether TB-LAMP has addi-
tional diagnostic value over SSM for testing persons living with HIV who have signs and 
symptoms consistent with TB. These recommendations are extrapolated to using TB-LAMP 
in children, based on the generalization of data from adults, while acknowledging the dif-
ficulties of collecting sputum specimens from children. TB-LAMP should not replace the 
Xpert MTB/RIF assay because the Xpert MTB/RIF assay can detect resistance to RIF whilst 
the former cannot [23].

Figure 1. Overview of Pure method (procedure for ultra-rapid extraction [21]).
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2.3. Gene Xpert MTB/RIF assay

The Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA), is an automated semi-quantitative 
nested real-time PCR for the rapid detection of MTBC DNA and RIF resistance simultaneously, 
directly from unprocessed sputum within 2 h [24]. The assay has been extensively evaluated in 
various geographical settings and the diagnostic accuracy is good [25–31]. In a meta-analysis, 
the pooled sensitivity and pooled specificity of MTB/RIF were 88 and 95% respectively when 
used as an initial test for TB diagnosis. The pooled sensitivity was 80% in the HIV-infected 
patients. The pooled sensitivity and pooled specificity for detection of RIF resistance were 94 
and 98% respectively. Thus, it was concluded that the MTB/RIF assay is sensitive and specific 
as an initial test for diagnosis of TB, TB associated HIV and MDR TB [32].

The assay is very simple to run and can be performed by nurses with very little training [33]. 
Briefly, the assay is carried out by adding the sample reagent in a volume twice that of the 
untreated sputum and the mixture incubated for 15 min. Two millimeters of the processed spu-
tum is then transferred to the MTB/RIF assay catridge and then inserted into the Gene Xpert 
instrument, subsequent steps in the assay are completely automated and selfcontained. The 
advantages of the assay are its higher sensitivity when compared to SSM and shorter period 
(2 h) of obtaining the result when compared with culture which although it gives a definite diag-
nosis, it takes weeks. Furthermore the assay identifies RIF resistance within hours compared to 
the weeks taken to get any drug resistance result when using culture-based methods [34].

In 2011, WHO issued a policy statement recommending the use of the assay as a diagnostic tool 
for all people living with HIV who have signs and symptoms of TB, for people with unknown 
HIV status presenting with strong clinical evidence of HIV infection, for people who are seri-
ously ill and suspected of having TB regardless of HIV status and those at risk of MDR TB [35].

Although it has been muted as a new test which represents a major milestone for global TB 
diagnosis and care and new hope for the millions of people who are at the highest risk of TB 
and drug-resistant disease, it has some disadvantages [36]. The disadvantages include the 
short shelf life of the cartridges (only 18 months), very stable electricity supply is required, 
the instrument needs to be recalibrated annually, and the cost of the test and the temperature 
ceiling is critical [37]. To address some of these challenges, a new machine, the Xpert Omni 
which is intended for point of care (POC) testing for TB and RIF resistance, using the same 
cartridges as those used in the current Xpert machine is currently under development. It is 
expected that it will be smaller, lighter and less expensive than the current Xpert machine and 
will also come with a built-in 4 h battery [38].

A next generation cartridge called the GeneXpert Ultra (Ultra) was launched on 24 March 
2017, World TB Day [39]. Its sensitivity is higher than that of MTB/RIF with the greatest sensi-
tivity gains being recorded among SSM negative-culture positive patients, and HIV infected-
TB patients. It however, has a lower specificity than the MTB/RIF assay. The performance of 
the Ultra was assessed in 2016 in a multicentre non-inferiority study at 10 sites in 8 low- and 
middle-income countries. The performance of the Ultra assay was evaluated by the WHO 
Technical Experts Group in January 2016, which concluded that the Ultra test performed bet-
ter than the MTB/RIF assay in TB diagnosis of children, HIV-infected patients and patients 
with extra pulmonary TB, who more often than not are difficult to diagnose, however, there 
is a need for more research to be conducted to improve the specificity of the new test [40].
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The usefulness of the MTB/RIF has generated a lot of controversy. Some people consider the 
test to be extremely useful, as well as cost effective, and should be used in as many places as 
soon as possible while other people consider it not to be really suitable and practical at the 
present time for major use in low- and middle-income countries [41–43]. A clinical trial con-
ducted in four African countries in 2013 comparing the use of the Xpert to SSM concluded that 
using the Xpert meant that more patients had a same day diagnosis and same day treatment 
initiation, but the benefits did not translate into lower TB morbidity [33].

In spite the negatives concerning the usefulness of the MTB/RIF in so far as the outcomes of 
its use are concerned, its introduction since 2010 has revolutionized TB diagnostics as a POC 
test offering rapid TB diagnosis and simultaneous detection of RIF resistance. More than 23 
million Xpert machines had been procured in 130 countries and MDR TB diagnosis more than 
tripled by 2016 [44, 45].

2.4. Lipoarabinomannan urine strip test for TB diagnosis in HIV-infected patients

A POC lateral flow urine Lipoarabinomannan strip test (LF-LAM) developed by Alere 
Determine™ TB LAM Ag, Waltham, MA, USA for TB diagnosis is based on the detection of 
mycobacterial lipoarabinomannan (LAM) antigen in urine. Briefly 60 μL of freshly collected 
urine is applied to the test strip, incubated at room temperature for 25 min and the result 
recorded as negative if there was no presence of any band or recorded as positive and band 
graded using the manufacturer’s reference card with bands of graded intensity. The LF-LAM 
test has been evaluated for accuracy of TB diagnosis in HIV-infected patients in various geo-
graphical settings [46–53] albeit with widely varying sensitivity (13–93%) and specificity (87–
99%) [53]. The general consensus then was that the assay is most suitable for HIV-infected 
patients with CD4 counts < 200 cells/μL [54]. The variability in the performance characteristics 
of LF-LAM led the end users of the assay to request the WHO for guidance on the appropriate 
use of the assay.

In 2015, the WHO commissioned a systematic review of the use of LF-LAM assay for the 
diagnosis and screening of active TB in people living with HIV. The quantitative meta-analysis 
included 16 studies. Following the meta-analysis, the WHO recommended that the LF-LAM 
test may be used to assist in the diagnosis of TB in HIV positive adult in patients with signs and 
symptoms of TB (pulmonary and/or extra pulmonary) who have a CD4 cell count less than or 
equal to 100 cells/μL, or HIV positive patients who are seriously ill regardless of CD4 count 
or with unknown CD4 count [55]. This recommendation also applies to HIV positive children 
with signs and symptoms of TB (pulmonary and/or extra pulmonary) based on the generaliza-
tion of data from adults while acknowledging very limited data and concern regarding low 
specificity of the LF-LAM assay in children [55].

The advantages of LAM include use of urine which is easily and rapidly obtained even from 
very ill patients compared to sputum, it is an easy to use POC test which can also be per-
formed by trained nurses making it an ideal POC test. Its major disadvantage is that its use 
is restricted to a subgroup of HIV-infected TB suspects with low CD4+ T lymphocytes. The 
reasons for higher sensitivity and specificity in this group of patients are not fully understood. 
However, it is hypothesized that HIV patients with advanced immunosuppression may have 
a disseminated TB infection that is very difficult to rapidly diagnose with current tools. The 
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patients may have a higher bacterial load associated with widespread infection and, there-
fore, antigen load, the greater likelihood of genitourinary tract TB and greater glomerular 
permeability to allow increased antigen levels in urine [55].

2.5. Culture for TB diagnosis and drug resistance testing

Culture remains the gold standard for TB diagnosis and drug-resistant testing. Ideally cul-
ture examinations should be done on all diagnostic specimens, regardless of AFB smear or 
nucleic acid amplification results. Positive cultures for MTB confirm the diagnosis of TB dis-
ease; however, in the absence of a positive culture, particularly in RLCs, TB disease may also 
be diagnosed on the basis of clinical signs and symptoms alone. Two types of broth culture 
systems; liquid and solid media are commercially available. The commercial liquid culture 
systems and molecular line-probe assays have been endorsed by the WHO as gold standards 
for rapid detection of MDR TB [56, 57].

The drug resistance of clinical isolates as determined by conventional methods (e.g., broth-
based and agar proportion) is due to the presence of mutations in specific MTB genes [58]. 
These mutations often are single base pair changes in the DNA sequence of the bacteria. There 
are a variety of commercial assays and laboratory tests that can detect mutations associated 
with drug resistance. The assays are done on patient specimens or isolates from patient speci-
mens. The liquid based systems such as BACTEC, MGIT, VersaTREK and MBBACT allow 
detection of most mycobacterial growth in 4–14 days compared to 3–6 weeks for solid media 
[59]. However these tests require specialized laboratories and skills that are often unavailable 
in the regions, particularly RLS, where most cases of TB and MDR TB occur [59].

As an interim solution while capacity for genotypic or automated liquid culture and drug sen-
sitivity testing (DST) is being developed, in 2011, the WHO recommended non-commercial 
culture and DST methods for screening patients at risk for MDR TB namely (i) microscopic 
observation of drug susceptibility (MODS): a micro colony direct method in liquid culture, 
based on inoculation of specimens into drug-free and drug-containing media, followed by 
microscopic examination of early growth, (ii) colorimetric redox indicator (CRA): a direct or 
indirect method based on the ability of MTB to reduce nitrate, which is detected by a color 
reaction and (iii) nitrate reductase assay (NRI) methods: indirect methods based on the reduc-
tion of a colored indicator added to liquid culture medium on a microtitre plate after exposure 
of MTB strains to anti-TB drugs in vitro. These tests can only be used in reference laboratories 
and under strict laboratory protocols. The major disadvantage of these tests is that none can 
detect XDR TB and thus cannot replace the conventional culture and DST tests [60].

2.6. Molecular line-probe assays for diagnosis of TB and detection of drug 
resistance

The emergence of MDR TB and XDR TB threatens to reverse the gains that have been made in 
global control of TB. Rapid tests for detection of resistance to anti-TB treatment are urgently 
required for timeous and appropriate treatment which would lead to decreased morbidity 
and mortality as well as curbing new infections.
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The standard first line drugs for anti-TB treatment include RIF and INH. In patients with 
MDR TB, drugs belonging to fluoroquinolines (FLQ) and second line injectable drugs (SLID) 
are used. The FLQ drugs include ofloxacin, levoflacin, moxifloxacin and gatifloxacin while 
the SLID include kanamycin (KAN), amikacin (AMK) and capreomycin (CAP) [61]. Patients 
with XDR TB are resistant to RIF, INH, plus any FLQ and at least one of the three SLIDs thus 
making them resistant to both first line and second line anti-TB drugs [61].

Turnaround time (TAT) for DST results using the conventional solid based methods ranges 
from 8 to 12 weeks [62] thus contributing to new infections as those infected continue to trans-
mit drug-resistant TB. On 26 March 2007, the WHO recommended the use of liquid culture 
and DST in low- and medium-income countries [58] following evidence provided by the 
Foundation for Innovative New Diagnostics (FIND). Although the liquid media based tests 
such as BACTEC® (BD Diagnostics, Sparks, MD, USA), MGIT® (BD Diagnostics) and BacT/
ALERT® (bioMe’rieux SA, Marcy l’Etoile, France) have a shorter TAT, they are more expensive, 
require specialized laboratories and trained laboratory personnel [63].

Nucleic acid amplification molecular methods offer several advantages over the conventional 
culture-based methods which include rapid diagnosis and standardized testing.

In 2005 a meta-analysis of one of the two commercially line-probe assays (LiPAs) that were 
available then; the INNO-LiPA Rif.TB (Innogenetics, Ghent Belgium) [64] was conducted.

The INNO-LiPA Rif.TB (LiPA) test simultaneously detects MTBC and a mutation in the rpoB 
gene associated with RIF resistance. The test involves extraction of DNA from cultures or 
directly from clinical specimens, amplification of the RIF resistance-determining region of 
the rpoB gene using PCR, hybridization of the biotinylated PCR products with immobilized 
probes and determination of results by color-metric development [64].

The meta-analysis to evaluate the accuracy of LiPA for RIF resistance detection comprised of 
15 studies which comprised 11 studies that used culture isolates, 1 study that used clinical 
isolates and 3 studies that used both [64]. The sensitivity and specificity were greater than 95 
and 100% respectively in 12 of the 14 studies that used culture isolates in the LiPA test. In the 
4 studies that used clinical isolates in the LiPA test, sensitivity ranged between 80 and 100% 
whilst specificity was 100%. The authors concluded that although LiPA is a highly sensitive 
and specific test for detection of RIF resistance in culture isolates because of the lower sensi-
tivity when used directly on clinical specimens, more evidence is required before the test can 
be used to detect MDR TB among populations at risk in clinical practice [64].

In 2008 a meta-analysis of the second LiPA commercially available in the early 2000, the 
Genotype MTBDR (Hain Life Sciences, Gmbh, Nehren Germany) was performed [65]. The 
Genotype MTBDR (MTBDR) test detects the mutations in the rpoB and katG genes associated 
with RIF and isoniazid (INH) resistance respectively. The meta-analysis included 10 pub-
lished articles contributing 14 comparisons and 15 comparisons for detection of RIF and INH 
respectively. The pooled sensitivity and specificity for RIF resistance across all the subgroups 
was 91.1 and 98.7% respectively. The pooled specificity for detection of INH resistance was 
99.5%, but the sensitivity was variable and inconsistent, 84.3% (95% CI:76.6–89.8). Ling et al. 
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patients may have a higher bacterial load associated with widespread infection and, there-
fore, antigen load, the greater likelihood of genitourinary tract TB and greater glomerular 
permeability to allow increased antigen levels in urine [55].

2.5. Culture for TB diagnosis and drug resistance testing

Culture remains the gold standard for TB diagnosis and drug-resistant testing. Ideally cul-
ture examinations should be done on all diagnostic specimens, regardless of AFB smear or 
nucleic acid amplification results. Positive cultures for MTB confirm the diagnosis of TB dis-
ease; however, in the absence of a positive culture, particularly in RLCs, TB disease may also 
be diagnosed on the basis of clinical signs and symptoms alone. Two types of broth culture 
systems; liquid and solid media are commercially available. The commercial liquid culture 
systems and molecular line-probe assays have been endorsed by the WHO as gold standards 
for rapid detection of MDR TB [56, 57].

The drug resistance of clinical isolates as determined by conventional methods (e.g., broth-
based and agar proportion) is due to the presence of mutations in specific MTB genes [58]. 
These mutations often are single base pair changes in the DNA sequence of the bacteria. There 
are a variety of commercial assays and laboratory tests that can detect mutations associated 
with drug resistance. The assays are done on patient specimens or isolates from patient speci-
mens. The liquid based systems such as BACTEC, MGIT, VersaTREK and MBBACT allow 
detection of most mycobacterial growth in 4–14 days compared to 3–6 weeks for solid media 
[59]. However these tests require specialized laboratories and skills that are often unavailable 
in the regions, particularly RLS, where most cases of TB and MDR TB occur [59].

As an interim solution while capacity for genotypic or automated liquid culture and drug sen-
sitivity testing (DST) is being developed, in 2011, the WHO recommended non-commercial 
culture and DST methods for screening patients at risk for MDR TB namely (i) microscopic 
observation of drug susceptibility (MODS): a micro colony direct method in liquid culture, 
based on inoculation of specimens into drug-free and drug-containing media, followed by 
microscopic examination of early growth, (ii) colorimetric redox indicator (CRA): a direct or 
indirect method based on the ability of MTB to reduce nitrate, which is detected by a color 
reaction and (iii) nitrate reductase assay (NRI) methods: indirect methods based on the reduc-
tion of a colored indicator added to liquid culture medium on a microtitre plate after exposure 
of MTB strains to anti-TB drugs in vitro. These tests can only be used in reference laboratories 
and under strict laboratory protocols. The major disadvantage of these tests is that none can 
detect XDR TB and thus cannot replace the conventional culture and DST tests [60].

2.6. Molecular line-probe assays for diagnosis of TB and detection of drug 
resistance

The emergence of MDR TB and XDR TB threatens to reverse the gains that have been made in 
global control of TB. Rapid tests for detection of resistance to anti-TB treatment are urgently 
required for timeous and appropriate treatment which would lead to decreased morbidity 
and mortality as well as curbing new infections.
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The standard first line drugs for anti-TB treatment include RIF and INH. In patients with 
MDR TB, drugs belonging to fluoroquinolines (FLQ) and second line injectable drugs (SLID) 
are used. The FLQ drugs include ofloxacin, levoflacin, moxifloxacin and gatifloxacin while 
the SLID include kanamycin (KAN), amikacin (AMK) and capreomycin (CAP) [61]. Patients 
with XDR TB are resistant to RIF, INH, plus any FLQ and at least one of the three SLIDs thus 
making them resistant to both first line and second line anti-TB drugs [61].

Turnaround time (TAT) for DST results using the conventional solid based methods ranges 
from 8 to 12 weeks [62] thus contributing to new infections as those infected continue to trans-
mit drug-resistant TB. On 26 March 2007, the WHO recommended the use of liquid culture 
and DST in low- and medium-income countries [58] following evidence provided by the 
Foundation for Innovative New Diagnostics (FIND). Although the liquid media based tests 
such as BACTEC® (BD Diagnostics, Sparks, MD, USA), MGIT® (BD Diagnostics) and BacT/
ALERT® (bioMe’rieux SA, Marcy l’Etoile, France) have a shorter TAT, they are more expensive, 
require specialized laboratories and trained laboratory personnel [63].

Nucleic acid amplification molecular methods offer several advantages over the conventional 
culture-based methods which include rapid diagnosis and standardized testing.

In 2005 a meta-analysis of one of the two commercially line-probe assays (LiPAs) that were 
available then; the INNO-LiPA Rif.TB (Innogenetics, Ghent Belgium) [64] was conducted.

The INNO-LiPA Rif.TB (LiPA) test simultaneously detects MTBC and a mutation in the rpoB 
gene associated with RIF resistance. The test involves extraction of DNA from cultures or 
directly from clinical specimens, amplification of the RIF resistance-determining region of 
the rpoB gene using PCR, hybridization of the biotinylated PCR products with immobilized 
probes and determination of results by color-metric development [64].

The meta-analysis to evaluate the accuracy of LiPA for RIF resistance detection comprised of 
15 studies which comprised 11 studies that used culture isolates, 1 study that used clinical 
isolates and 3 studies that used both [64]. The sensitivity and specificity were greater than 95 
and 100% respectively in 12 of the 14 studies that used culture isolates in the LiPA test. In the 
4 studies that used clinical isolates in the LiPA test, sensitivity ranged between 80 and 100% 
whilst specificity was 100%. The authors concluded that although LiPA is a highly sensitive 
and specific test for detection of RIF resistance in culture isolates because of the lower sensi-
tivity when used directly on clinical specimens, more evidence is required before the test can 
be used to detect MDR TB among populations at risk in clinical practice [64].

In 2008 a meta-analysis of the second LiPA commercially available in the early 2000, the 
Genotype MTBDR (Hain Life Sciences, Gmbh, Nehren Germany) was performed [65]. The 
Genotype MTBDR (MTBDR) test detects the mutations in the rpoB and katG genes associated 
with RIF and isoniazid (INH) resistance respectively. The meta-analysis included 10 pub-
lished articles contributing 14 comparisons and 15 comparisons for detection of RIF and INH 
respectively. The pooled sensitivity and specificity for RIF resistance across all the subgroups 
was 91.1 and 98.7% respectively. The pooled specificity for detection of INH resistance was 
99.5%, but the sensitivity was variable and inconsistent, 84.3% (95% CI:76.6–89.8). Ling et al. 
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concluded that MTBDR assay also referred to as MTBDRsl Version 1 (now referred to simply 
as Hain version 1) has excellent accuracy for RIF resistance detection. Although specificity for 
detection of INH resistance was excellent, the sensitivity was modest and variable [65].

In 2008, following the two meta analyses to assess the diagnostic accuracy of LiPA and MTBDR 
assays, the WHO recommended the use of these LiPAs for MTBC and RIF resistance detection 
in sputum smear-positive specimens (direct testing) and in cultured isolates of MTBC (indi-
rect testing) [66]. Since then, newer versions of the two LPAs have been developed and a third 
one, Nipro NTM + MDRTB detection kit 2 (Tokyo, Japan) which detects MTBC, RIF and INH 
resistance has been introduced.

The FIND evaluated the Nipro and the Hain version 2 LPAs and compared them with Hain 
version 1 in 2015. The study reported that these three LPAs showed equivalence for detecting 
TB and resistance to RIF and INH [67].

An updated systematic review of the accuracy of the three LiPAs (Hain version 1, Hain ver-
sion 2 and Nipro) for detecting MTBC and resistance to RIF and INH was commissioned by 
the WHO in 2015. The review included 74 studies comprising 94 unique datasets of which 
83 datasets evaluated Hain version 1, 5 evaluated Hain version 2, and 6 evaluated the Nipro 
assay. Subsequently, the WHO in 2016, issued a Policy update on the use of molecular LPAs 
for the detection of resistance to INH and RIF [68]. The mutation probes used for detection 
of RIF resistance (rpoB), high level INH resistance (katG), and low-level isoniazid resistance 
(inhA) are the same for the three assays with the exception of the katG S315N mutation, which 
is included in the Nipro assay but not in Hain version 1 or version 2 [68].

Hain version 1 was developed to genotype resistance to FLQ via gryA, SLID resistance (SLID 
including KAN, AMK and CAP) via rrs and ethambutol (EMB) resistance via embB. Hain ver-
sion 2 also targets gyrA but includes assays for gyrB mutations that are also associated with 
FLQ resistance. Furthermore, the assay incorporates further SLID resistance genotypes via the 
eis promoter region. The embB resistance component is not used in the Hain version 2.0 [69].

Subsequent to the meta-analysis, the WHO recommended that the commercial molecular 
LiPAs may be used as the initial test instead of phenotypic culture-based DST to detect RIF 
and INH in persons (children and adults) with a sputum smear-positive specimen (direct 
testing) or a cultured isolate of MTBC (indirect testing). However, the accuracy of detecting 
resistance to RIF and INH differs leading to an overall reduced accuracy of MDR TB diagno-
sis. LiPAs are not recommended to replace conventional culture-based DST, which may still 
be necessary to determine resistance to other anti-TB agents and to monitor the emergence 
of additional drug resistance. Furthermore, when the LiPA result does not detect INH resis-
tance, conventional culture-based DST for INH may still be used to evaluate patients particu-
larly for populations with a high pre-test probability of resistance to INH [68].

2.7. TB skin test for diagnosis of latent TB infection

Latent tuberculosis infection (LTBI) is defined as a state of persistent immune response to 
stimulation by Mycobacterium tuberculosis (MTB) antigens without evidence of clinically 
manifested active TB. LTBI will lead to active TB disease in approximately 5–10% of these 
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individuals during their lifetimes; [70], the risk is higher in younger children [71], the immu-
nocompromised or immunosuppressed [72, 73], and in people from countries with a high 
incidence of TB (≥40 cases per 100,000) [74].

Diagnosis of LTBI is important as those found positive may be initiated on prophylactic treat-
ment, thus preventing development of active TB and indirectly preventing transmission for 
those found to have disease and commenced on anti-TB treatment.

The TB Skin test (TST) is one of the oldest diagnostic tests developed in the 19th century but 
which is still being widely used [75]. The standard recommended test is the Mantoux test, which 
is administered by intradermal injection of a 0.1 mL of liquid containing 5 tuberculin units (TU) 
of purified protein derivative (PPD) or 2 TU PPD RT23 (these are considered equivalent) into the 
top layers of skin of the forearm. The test is read 48–72 h after the injection [76]. Although widely 
used the test has several limitations; a positive reaction may be observed in both latent and active 
TB infection, therefore, it is unreliable in differentiating whether the person is currently having 
TB or had been infected in the past or at carrier stage; false positive reactions may occur which 
could be attributed to infection with non-tuberculosis mycobacteria (NTM), previous Bacillus 
Calmete Guerin (BCG) vaccination [77], incorrect method of TST administration, incorrect inter-
pretation of reaction, incorrect bottle of antigen used; false negative reactions due to cutaneous 
anergy, recent TB infection (within 8–10 weeks of exposure), very old TB infection, very young 
age (less than 6 months old), recent live-virus vaccination (e.g., measles and smallpox), over-
whelming TB disease, some viral illnesses (e.g., measles and chicken pox) [78, 79]. Thus, a confir-
matory test such as sputum culture, is usually done to rule out an active TB infection.

HIV-infected patients may have a compromised ability to respond to the TST because of cutane-
ous anergy [80, 81]. Tuberculin skin testing assesses the ability to mount a delayed type hyper-
sensitivity (DTH) cell mediated immune response to PPD. Since in HIV infection, there is a 
gradual decrease in CD4+ T lymphocytes, as HIV disease progresses, the HIV-infected patients 
tend to have an impaired DTH response, which plausibly may cause a false negative TST result.

The TST, however can be used for differential diagnosis of TB from sarcoidosis, another granu-
lomatous disease with similarities to TB. Whilst TST has a high sensitivity for sarcoidosis, it has 
been reported to have a poor specificity for TB. In the general population, a negative TST is a 
specific test for sarcoidosis, in contrast, a positive TST in a sarcoidosis patient is a specific test for 
indicating TB. Thus a thorough TB workup should be done in a sarcoidosis suspect patient [82].

In 2015, the WHO strongly recommended the TST for diagnosis of latent TB in high- and 
upper medium-income countries with low TB burden (estimated TB incidence less than 100 
per 100,000), in the HIV-infected patients, adult and child contacts of pulmonary TB cases, 
patients initiating anti-tumor necrosis factor treatment, patients receiving dialysis, patients 
preparing for organ or haematologic transplantation, and patients with silicosis [83].

2.8. Interferon gamma release assays for diagnosis of latent TB infection

The Interferon gamma release assays (IGRAs) measure, using an enzyme-linked immunosor-
bent assay (ELISA) or an enzyme-linked immunospot (ELISPOT) the release of Interferon-γ 
(IFN-γ) from T lymphocytes following stimulation of the cells with MTB-specific antigens 
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concluded that MTBDR assay also referred to as MTBDRsl Version 1 (now referred to simply 
as Hain version 1) has excellent accuracy for RIF resistance detection. Although specificity for 
detection of INH resistance was excellent, the sensitivity was modest and variable [65].

In 2008, following the two meta analyses to assess the diagnostic accuracy of LiPA and MTBDR 
assays, the WHO recommended the use of these LiPAs for MTBC and RIF resistance detection 
in sputum smear-positive specimens (direct testing) and in cultured isolates of MTBC (indi-
rect testing) [66]. Since then, newer versions of the two LPAs have been developed and a third 
one, Nipro NTM + MDRTB detection kit 2 (Tokyo, Japan) which detects MTBC, RIF and INH 
resistance has been introduced.

The FIND evaluated the Nipro and the Hain version 2 LPAs and compared them with Hain 
version 1 in 2015. The study reported that these three LPAs showed equivalence for detecting 
TB and resistance to RIF and INH [67].

An updated systematic review of the accuracy of the three LiPAs (Hain version 1, Hain ver-
sion 2 and Nipro) for detecting MTBC and resistance to RIF and INH was commissioned by 
the WHO in 2015. The review included 74 studies comprising 94 unique datasets of which 
83 datasets evaluated Hain version 1, 5 evaluated Hain version 2, and 6 evaluated the Nipro 
assay. Subsequently, the WHO in 2016, issued a Policy update on the use of molecular LPAs 
for the detection of resistance to INH and RIF [68]. The mutation probes used for detection 
of RIF resistance (rpoB), high level INH resistance (katG), and low-level isoniazid resistance 
(inhA) are the same for the three assays with the exception of the katG S315N mutation, which 
is included in the Nipro assay but not in Hain version 1 or version 2 [68].

Hain version 1 was developed to genotype resistance to FLQ via gryA, SLID resistance (SLID 
including KAN, AMK and CAP) via rrs and ethambutol (EMB) resistance via embB. Hain ver-
sion 2 also targets gyrA but includes assays for gyrB mutations that are also associated with 
FLQ resistance. Furthermore, the assay incorporates further SLID resistance genotypes via the 
eis promoter region. The embB resistance component is not used in the Hain version 2.0 [69].

Subsequent to the meta-analysis, the WHO recommended that the commercial molecular 
LiPAs may be used as the initial test instead of phenotypic culture-based DST to detect RIF 
and INH in persons (children and adults) with a sputum smear-positive specimen (direct 
testing) or a cultured isolate of MTBC (indirect testing). However, the accuracy of detecting 
resistance to RIF and INH differs leading to an overall reduced accuracy of MDR TB diagno-
sis. LiPAs are not recommended to replace conventional culture-based DST, which may still 
be necessary to determine resistance to other anti-TB agents and to monitor the emergence 
of additional drug resistance. Furthermore, when the LiPA result does not detect INH resis-
tance, conventional culture-based DST for INH may still be used to evaluate patients particu-
larly for populations with a high pre-test probability of resistance to INH [68].

2.7. TB skin test for diagnosis of latent TB infection

Latent tuberculosis infection (LTBI) is defined as a state of persistent immune response to 
stimulation by Mycobacterium tuberculosis (MTB) antigens without evidence of clinically 
manifested active TB. LTBI will lead to active TB disease in approximately 5–10% of these 
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individuals during their lifetimes; [70], the risk is higher in younger children [71], the immu-
nocompromised or immunosuppressed [72, 73], and in people from countries with a high 
incidence of TB (≥40 cases per 100,000) [74].

Diagnosis of LTBI is important as those found positive may be initiated on prophylactic treat-
ment, thus preventing development of active TB and indirectly preventing transmission for 
those found to have disease and commenced on anti-TB treatment.

The TB Skin test (TST) is one of the oldest diagnostic tests developed in the 19th century but 
which is still being widely used [75]. The standard recommended test is the Mantoux test, which 
is administered by intradermal injection of a 0.1 mL of liquid containing 5 tuberculin units (TU) 
of purified protein derivative (PPD) or 2 TU PPD RT23 (these are considered equivalent) into the 
top layers of skin of the forearm. The test is read 48–72 h after the injection [76]. Although widely 
used the test has several limitations; a positive reaction may be observed in both latent and active 
TB infection, therefore, it is unreliable in differentiating whether the person is currently having 
TB or had been infected in the past or at carrier stage; false positive reactions may occur which 
could be attributed to infection with non-tuberculosis mycobacteria (NTM), previous Bacillus 
Calmete Guerin (BCG) vaccination [77], incorrect method of TST administration, incorrect inter-
pretation of reaction, incorrect bottle of antigen used; false negative reactions due to cutaneous 
anergy, recent TB infection (within 8–10 weeks of exposure), very old TB infection, very young 
age (less than 6 months old), recent live-virus vaccination (e.g., measles and smallpox), over-
whelming TB disease, some viral illnesses (e.g., measles and chicken pox) [78, 79]. Thus, a confir-
matory test such as sputum culture, is usually done to rule out an active TB infection.

HIV-infected patients may have a compromised ability to respond to the TST because of cutane-
ous anergy [80, 81]. Tuberculin skin testing assesses the ability to mount a delayed type hyper-
sensitivity (DTH) cell mediated immune response to PPD. Since in HIV infection, there is a 
gradual decrease in CD4+ T lymphocytes, as HIV disease progresses, the HIV-infected patients 
tend to have an impaired DTH response, which plausibly may cause a false negative TST result.

The TST, however can be used for differential diagnosis of TB from sarcoidosis, another granu-
lomatous disease with similarities to TB. Whilst TST has a high sensitivity for sarcoidosis, it has 
been reported to have a poor specificity for TB. In the general population, a negative TST is a 
specific test for sarcoidosis, in contrast, a positive TST in a sarcoidosis patient is a specific test for 
indicating TB. Thus a thorough TB workup should be done in a sarcoidosis suspect patient [82].

In 2015, the WHO strongly recommended the TST for diagnosis of latent TB in high- and 
upper medium-income countries with low TB burden (estimated TB incidence less than 100 
per 100,000), in the HIV-infected patients, adult and child contacts of pulmonary TB cases, 
patients initiating anti-tumor necrosis factor treatment, patients receiving dialysis, patients 
preparing for organ or haematologic transplantation, and patients with silicosis [83].

2.8. Interferon gamma release assays for diagnosis of latent TB infection

The Interferon gamma release assays (IGRAs) measure, using an enzyme-linked immunosor-
bent assay (ELISA) or an enzyme-linked immunospot (ELISPOT) the release of Interferon-γ 
(IFN-γ) from T lymphocytes following stimulation of the cells with MTB-specific antigens 
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There are two commercially available IGRAs: the QuantiFERON® TB Gold (Cellestis Ltd., 
Carnegie, Victoria, Australia) and the T-SPOT® TB IGRAs (Oxford Immunotec, Oxford, 
United Kingdom).

In the first-generation QuantiFERON-TB assay, whole-blood is stimulated with PPD and ELISA 
used to measure the concentration of IFN-γ released by the T lymphocytes [84]. The enhanced 
form of the assay, the QuantiFERON-TB Gold uses the MTB-specific antigens: early-secreted anti-
genic target 6-kDa protein (ESAT-6) and culture filtrate protein 10 (CFP-10) instead of PPD [84]. 
In the newer version of the assay, QuantiFERON-TB Gold In-Tube, heparinized venous blood is 
added to the tube coated with the MTB-specific antigens; ESAT-6, CFP-10, and TB 7.7 [84].

In the T SPOT-TB assay, peripheral blood mononuclear cells are stimulated with ESAT6 and 
CFP10 and the released IFN-γ detected using an ELISPOT assay [85].

These assays are not routinely used in Resource-Limited Settings (RLS) because they are 
expensive, require expensive equipment and advanced technical expertise.

In 2015, the WHO recommended the use of IGRAs for the diagnosis and treatment of LTBI 
in people living with HIV, adult and child contacts of pulmonary TB cases, patients initiating 
anti-tumor necrosis factor treatment, patients receiving dialysis, patients preparing for organ 
or haematologic transplantation, and patients with silicosis, prisoners, healthcare workers, 
immigrants from high TB burden countries, homeless persons and illicit drug users and in 
high-income and upper middle-income countries with estimated TB incidence less than 100 
per 100,000 [76].

The advantages of the IGRAs include only a single patient visit to conduct the TB test, the 
results can be available within 24 h, and prior BCG vaccination does not cause a false positive 
result. The disadvantages include; the requirement to process the collected blood specimen 
fairly rapidly (within 8–16 h following blood collection), laboratory facilities are required, and 
the test is only for latent TB. Furthermore, the IGRAs may not be as accurate in people who 
are HIV-infected [72].

2.9. Chest radiography

Chest X-rays (CXRs) are not considered as specific diagnostic tests for TB. However, because 
of the low sensitivity of SSM in TB diagnosis of HIV-infected patients, in 2007, the WHO 
recommended use of CXRs in HIV-infected patients who are SSM negative [86]. The chest 
X-ray plays an important role in the diagnosis of TB among people living with HIV and can 
also be an important entry point to diagnosing non-tubercular chest diseases, which are com-
mon among people living with HIV. CXR presentations of TB in HIV-infected patients are 
now well characterized and CXR play a significant role in shortening delays in diagnosis and 
should be performed early in the course of investigation of a tuberculosis suspect [86]. Indeed 
in a randomized controlled trial of Xpert MTB/RIF versus SSM conducted in four countries in 
southern Africa, the majority of the HIV-infected patients in the SSM arm who were smear-
negative were commenced on anti-TB treatment based on radiological findings with or with-
out clinical symptoms, whilst awaiting results from culture [33].
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In 2016, the WHO published a factsheet and issued new recommendations and guidance 
on the use of chest radiography for TB detection in National TB care [87, 88]. CXR may 
play an essential role as a sensitive tool in diagnosis of childhood pulmonary and extra-
pulmonary TB and in excluding active TB prior to treatment of LTBI. Since CXR on their 
own cannot establish a TB definite diagnosis, in an algorithm of TB screening that involves 
TB symptoms screening, CXR can also be used as a sensitive tool for screening for active 
TB, this may improve the pre-test probability of the subsequent diagnostic test and lead 
to a reduction in the number of people who need to undergo further diagnostic evalua-
tion [89]. CXR is also used in TB prevalence surveys as it is considered the most sensitive 
screening tool for identifying those survey participants with a high probability of having 
TB. An abnormal CXR and or positive symptom screen is then followed by bacteriological 
confirmation [90].

The limitations in the wider use of chest X-rays, include non-availability at peripheral health 
facilities and the difficulty of interpreting results, even by trained physicians.

3. Conclusion

The upsurge of one the oldest known infectious diseases, TB, coupled with the HIV/AIDS 
pandemic, emergence of MDR TB and XDR TB has led to unprecedented efforts in develop-
ing new TB diagnostic tools which can detect TB and resistance to first line and second line 
anti-TB drugs more rapidly. Whilst SSM remains the most used tool in diagnosis of pulmo-
nary TB in the majority of countries that harbor the highest burden of TB, new molecular-
based amplification techniques, LiPAs which provide results faster have been developed. 
However, these tests are not available to the majority of the countries with the highest TB 
burden mainly because of costs, requirement of specialized laboratory and trained personnel 
with the exception of the Xpert MTB/RIF assay which can be performed by any healthcare 
giver after minimum training.

The urgent need for development of a true POC TB test with operational simplicity similar to 
the rapid HIV antibody POC test, which is accurate, easy to use, does not require a laboratory, 
laboratory trained personnel, nor electricity and is affordable cannot be overemphasized if the 
Global Strategy and Targets for Tuberculosis Prevention, Care and Control goal of eliminating 
TB as a public health threat by 2030 is to be achieved.
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Abstract

Tuberculosis is one of the most prevalent infections of human beings. According to WHO 
Global tuberculosis report 2016, there were 10.4 million new incidents of TB cases world-
wide, and 580,000 new cases of multidrug resistant (MDR) tuberculosis. Monitoring the 
effectiveness of tuberculosis treatment and timely diagnosis of latent tuberculosis is an 
important problem for immunological research. Interaction of M. tuberculosis and the 
human immune system begins with phagocytosis of mycobacteria by macrophages and 
activate the immune response through the cytokines and chemokines release. The balance 
of proinflammatory and immunoregulatory cytokines and chemokines production may 
reflect the level of host-parasite interaction (e.g., elimination or persistence of the microbe). 
The review presents current clinical trends in studies on proinflammatory (IL-12, IL-1, 
INF-II, TNF-α) and immunoregulatory (IL-10 and TGF-β) cytokines, as well as matrix 
metalloproteases and hemoxygenase 1 to characterize the success of antituberculous che-
motherapy. Monitoring the effectiveness of tuberculosis treatment will require the use new 
combinations of cytokines, chemokines, and nonspecific inflammatory factors which com-
binations have not yet been determined. The most promising area is studying of immuno-
regulatory cytokines, (e.g., IL-10, TGF-β), cell migration factors (e.g., IP-10/CXCL-10, MIG/
CXCL/9), and markers of nonspecific inflammation (e.g., HO-1, SAA and MMP-1,3,9).
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1. How the TB pathogen infects the host

According to the existing scientific data based on numerous experimental studies, the 
macrophages and myeloid subpopulation of the dendritic cells from the upper and lower 
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respiratory tract are first contacted with inhaled foreign antigens (including mycobacteria), 
phagocytize them through several receptors (mannose receptor, surfactant D, DC-SIGN-
specific for dendritic cells, integrated molecule, C-lectin receptor, Nod-like molecules, and 
Toll-like molecules). Subsequently, some of the phagocytosed mycobacteria are transferred 
by dendritic cells  to regional lymph nodes  where they are localized through the interac-
tion of the CCR7 receptor with the ligand CCL19/21 expressed on the endothelial cells of 
the lymph nodes. This was  shown in an experiment using mycobacteria labeled with fluo-
rescent protein GFP [1]. These dendritic cells have on the surface of CCR7, which binds to 
ligands CCL19/21, expressed on endothelial cells of lymph nodes. Here, the dendritic cells 
produce a sufficient amount of IL-12p40, IL-12Rβ1, and CD11c and provide the initializa-
tion of the immune response through the priming of T helper 1 in the subsequent produc-
tion of effector and memory cells and their migration to the sites of invasion, where the 
inflammatory response provides the development the specific granuloma formation. Also, 
mycobacteria can be lysed in phagolysosomes or die in apoptotic macrophages, or killed 
with cytolytic molecules of NK- or CD8+ cells.

Mycobacterium tuberculosis, found in macrophages, has genetic deterministic mechanisms of 
avoiding digestion inside phagocytes and persistent persistence in the host tissues [2]. In the 
initial stages, mycobacterial expression of the phthiocerol dimycoceroserate molecule (PDIM) 
limits the recognition of Mtb through Toll receptors (TLRs) and the phenolic glycolipids 
(PGLs). The mycobacterial cell wall lipids prevent the fusion of MTB containing phagosomes 
with lysosomes through a decrease recruitment of vacuolar H+/ATPase. The mycobacterial 
lipids lipoarabinomannan, trehalose dimycolate, and the sulfolipids also block the phago-
some/lysosome fusion. In addition, bacterial phosphatase SapM and serine/threonine kinase 
PknG disrupt the dephosphorylation of phosphatidylinositol 3-phosphate (PI3P) and protein 
kinase G (PknG) and disturb the phagosome maturation [3].

MTB has genes that prevent their death in macrophages through an aphototic mechanism. 
Superoxide dismutase A (SodA) interferes with the caspase-dependent mechanism of macro-
phage apoptosis. The nuG gene, which is part of the fourteenth operon gene and codes type I 
NADH dehydrogenase (NDH-1), is important for neutralizing reactive oxygen species (ROS) 
created by macrophage phagocyte oxidase (NOX2). The importance of the operon of the 
7-gene (Rv3654c-Rv3660c) for the inhibition of apoptosis of mycobacteria is also described. 
This mechanism is associated with inhibition of caspase-8 pre-mRNA splicing and a decrease 
in this protein in macrophages [4]. Virulent mycobacteria can suppress the early stages of 
apoptosis by cleaves the amino terminus of annexin 1 and subsequent inhibition of annexin 1 
deposition on the apoptotic membrane.

The predominance of necrotic death of macrophages results in reduced mycobacterial antigen 
presentation by macrophages and dendritic cells [5]. On one hand, this stimulates the further 
accumulation of neutrophils, monocytes, macrophages, lymphocytes, and dendritic cells in 
the granulomas; and on the other hand, the spread of the pathological process to the sur-
rounding tissues. Adequate TNF-α production promotes the formation of granulomas, while 
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excessive production of TNF-α due to stimulation with MTB tricalcium dimycolate leads to a 
progression of the process. Mycobacteria use their adenylate cyclase to deliver excess cAMP 
to the macrophage cytoplasm. This leads to suppression macrophage functions and provides 
a pro-granulomatous response.

Inhibition of the apoptosis process is facilitated by the region of difference 1 (RD1), and type 
VII secretion system (ESX) of the mycobacterium genome. This leads to activation of Calpain, 
and Ca2+-activated protease and calcification of necrosis. The resulting tissue hypoxia con-
tributes to the activation of the restorative regulator (DosR) of the mycobacterial genome and 
their transition to the dermatological state with low metabolic activity [6]. The survival of 
such mycobacteria occurs within the microlipid droplets that are formed when the cell mem-
branes of the host cells are destroyed [7].

Reactivation of mycobacteria and subsequent exacerbation of the tuberculosis process usually 
occurs when the host’s immune system is weakened or suppressed due to physiological or 
pathological factors. This process is provided by the Rpf system of mycobacterial genes. The 
production of Rpf proteins, which are structurally close to the lytic transglycosylases, leads 
to the hydrolysis of peptidoglycans of cell membranes and intercellular fibers, increases the 
permeability of tissue for blood and lymph and the inflow of nutrients. The result of these 
processes is activation of the mycobacteria vital activity [8].

2. Cytokines and chemokines dynamics in TB diagnosis and 
treatment

The pathogen and innate immunity system interaction begins with the recognition of the 
conservative mycobacteria antigenic structures (so-called pathogen-associated molecular 
patterns—PAMR). This process depends on the interaction with PPR (pathogen recogni-
tion receptors), TOL-like receptors (TOLRs), NOD-like nucleotide oligomerization domain 
(NOD)-like receptors, C-lectin, and mannose-binding lectin-MBL receptors. These interac-
tions stimulate the production of pro-inflammatory cytokines and chemokines that facilitate 
the migration activation of cells to the sites of inflammation [9]. Microbial invasion is accom-
panied by host cells and tissues damage and release the parts of collagen fibers, RNA, DNA 
fragments, and membrane phospholipids degradation product. Such damage-associated 
molecular patterns (DAMP) are an additional inflammatory stimulus. Almost every cell and 
even platelets contains a PRR repertoire and can react to such damage factors. Interaction 
of microbial PAMP and endogenous DAMP causes the systemic inflammatory response (or 
SIRS—systemic inflammatory response syndrome) [10]. All these stimuli activate the cyto-
kines and chemokines production and the host acquired immunity reactions. The secretion 
of interferons (and primarily the INF-γ) by T-helper 1 (Tһ1) is a key point in the control of 
mycobacterial infections. The strength of Tһ1 response does not always correlate with bacte-
rial clearance and increased host resistance. T-helper 17 (Th17) and regulatory T cells (Tregs) 
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This mechanism is associated with inhibition of caspase-8 pre-mRNA splicing and a decrease 
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the granulomas; and on the other hand, the spread of the pathological process to the sur-
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subpopulations are also important. Numerous cytokines, chemokines, and other humoral fac-
tors provide the macrophages and lymphocytes interaction. This section presents the main 
results of experimental and clinical studies on several major cytokine families.

3. Interleukin IL-12 family

IL-12 interleukin family is represented by four heterodimeric members: IL-12p70, IL-23, 
IL-27 and the newest member IL-35 consisting of each of the specific subunits. These cyto-
kines have sufficient homology in the structure of subunits and interaction with receptors, 
but play a different role in the generation and maintenance of reactions of acquired immu-
nity. Heterodimeric IL-12p70 consists of two homodimeric subunits IL-12p40 and IL-12p35, 
which are predominantly produced and function in various immunological compartments 
(IL-12p40 and IL-12p35 in inflammation foci).

Heterodimeric IL-12p70 consists of two homodimeric subunits IL-12p40 and IL-12p35, 
which are predominantly produced and function in various immunological compartments 
(IL-12p40 and IL-12p35 in inflammation foci, and IL-12p70 in lymph nodes) by binding to 
appropriate receptors (IL-12Rβ1 and/or IL-12Rβ2 or the IL-23R). Mutations in the subunits of 
IL-12 or their receptors and, accordingly, inadequate character of the produced signal causes 
an increased sensitivity to mycobacterial infection. The presence of adequate amounts of 
IL-12p70 in the lymph nodes ensures a sufficient production of Тһ1 and production of INF-γ 
[11]. IL-23 and IL-27 are released in the early stages of mycobacterial infection in the lungs 
and in the lymph nodes. IL-23 potentiates the production of IL-17, and IL-27 promotes the 
production of INF-γ. Possibilities of clinical use of IL-12, as in other and other key cytokines 
(INF-γ, TNF-α, IL-1β, and IL-6) for diagnosis and monitoring of tuberculosis are largely lim-
ited by the presence of allelic variants of these proteins. For example, the presence of poly-
morphism in the IL-12B gene influences the spontaneous and antigen-stimulated production 
of the IL-12p40 subunit, where the patient with the AA genotype are weak, and the SS is a 
strong producer of IL-12p40 [12].

4. Interleukin IL-1 family

The IL-1 cytokine family is represented by 11 members, of which IL-1α, IL-1β, IL-18, and 
IL-33 were studied in an experiment model and patients with pulmonary and extrapulmo-
nary tuberculosis. The available now data point to the important role of IL-1α and IL-1β. The 
significance of IL-18 and IL-33 for the course of the tuberculosis process has not yet been ade-
quately studied. Unlike IL-1α, IL-1β is produced in an inactive form. Its change into the active 
form occurs in the inflamasomes after the cell activation (predominantly in lung macrophages 
and dendritic cells, and in other organs epithelial, endothelial cells, and fibroblasts) with the 
corresponding signal through the NLRP3 receptor on the proforma of the caspase-1 enzyme. 
There is another variant of the formation of the active form of IL-1β, which proceeds outside 
inflamasomas, after the action of other proteolytic enzymes (chymase, cathepsin, elastase). 
The main function of IL-1 consist of the control pro-inflammatory reactions in case of damage 
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due to PAMP activation with viruses and bacteria, or and DAMP activation in host tissues by 
acting with the crystals of uric acid and adenosine-5, triphosphate [13].

IL-1α and IL-1β independently exert their action primarily through type I IL-1 receptor (IL-1R1). 
IL-1β causes differentiation of monocytes into macrophages and increases their phagocytic and 
antigen-presenting capacity [14]. The clinical IL-1α and IL-1β level significance for course of the 
tuberculosis process and the effectiveness of chemotherapy has not yet revealed a significant 
difference between the groups of patients with active and latent tuberculosis, unlike cytokines 
such as IL-2 and IFN-γ [15].

The significance of IL-18 for antituberculosis immunity, which, like IL-1β, is a pro-inflamma-
tory factor, is currently at the stage of experimental studies. IL-18 plays the role of Th1 lym-
phocyte differentiating factor. IL-18 knockout mice are more susceptible to aerosol challenge 
with mycobacteria and produce less IFN-γ compared to wild-type mice [14].

5. Tumor necrosis factor family

To date, the family of tumor necrosis factors is represented by the main member TNF-α and 
its functional analogues LTα and LTβ lymphotoxins, among which the first factor is most 
significant for intracellular infections. The pro-inflammatory cytokine tumor necrosis fac-
tor (TNF-α) is produced predominantly by macrophages in response to stimuli activating 
through Toll-like receptors and also can be expressed by activated T, B and NK cells. TNF 
exists as a trimer in the form of transmembrane protein and in a secreted form in serum. Both 
forms act by binding to TNFRp55 and TNFRp75 receptors, the soluble form interacting pre-
dominantly with TNFRp55, and the membrane form interacting with TNFRp75.

TNF is a multipotent cytokine playing roles in the processes of apoptosis, activation, dif-
ferentiation, and recruitment of cells into inflammatory foci. With regard to tuberculosis, 
TNF-α is involved in the differentiation of T cells secreting Th1 cytokines, the formation of 
tuberculous granulomas with activation of phagocytic macrophages and epithelioid cells, 
killing mycobacteria in cooperation with INF-γ, stimulation of macrophage apoptosis con-
taining mycobacteria, stimulation production of chemokines (s CCL-2, -3, -4, -5, -8) and 
endothelial cell expression of adhesion molecules (CD54), which leads to accumulation of 
cells in inflammatory foci [16]. Variants of allelic polymorphism of the TNF-α molecule at 
positions -238, -308, -857, -863, related to sensitivity to tuberculosis are described. Based 
on the meta-analysis of published clinical and genetic studies on the polymorphism vari-
ants of the TNF-α molecule Yu et al. [17] suggested that substitutions in the positions of 
TNF-α-308G > A and -238G > A are significantly associated with susceptibility to pulmonary 
tuberculosis regardless of ethnic status and the presence of HIV infection. Substitutions in 
the TNF-α molecule at positions -308G > A, -863C > A, and -238G > A are associated with 
susceptibility to pulmonary tuberculosis in uninfected HIV. The Asian population of tuber-
culosis patients is characterized by the replacement of -238G > A, whereas for the African 
population -308G > A.

To date, several studies have been conducted on sufficiently large contingents of tuberculosis 
patients to determine the TNF-α content in serum and cell cultures supernatant stimulated 
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by various mycobacterial antigens. Its high production in supernatants of blood cultures was 
revealed by stimulation of 10 μg/ml of M. tuberculosis H37Rv sonicate in untreated patients, 
preserved in the effective course of chemotherapy and decreased, while the treatment course 
was ineffective. However, there were no significant differences between groups of patients, 
depending on the extent of the tuberculous process in the lungs. The authors concluded that 
the level of TNF-α production correlates more with the activity of the process than with its 
severity [18]. When comparing the production of TNF-α in a group of patients enrolled in 
a repeat chemotherapy course with its level determined during the initial course, its lower 
culture supernatants content was revealed along with other factors (IFN-γ, IP-10, MIG, and 
IL-2). The of blood culture of patients with active tuberculosis stimulated by monoantigens 
and their combination (ESAT-6, CFP-10, ESAT-6 + CFP-10, and ESAT-6 + CFP-10 + TB7.7) was 
shown that these combinations of antigens cause high production of TNF-α, whereas one 
antigen TB7.7 is not effective [19]. However, in these studies, the authors conclude that the 
study of TNF-α production level is not very informative for evaluating the effectiveness of 
treatment of patients with tuberculosis.

6. Interferon type II

Cytokines of the interferons family and especially interferon type II (IFN-γ) are the most 
studied factors of antituberculosis immunity due to great importance for phagocytosis and 
subsequent killing of mycobacterium tuberculosis. IFN-γ is produced primarily by activated 
CD4+ and CD8+T cells and to a lesser extent by γδ T cells, NK T cells and NK cells belonging 
to the innate immunity system [15]. To date, two polymorphisms of IFN-γ gene in +874 (A/T) 
and + 5644 (A/G) are particularly important for the output level in patients with tuberculosis, 
in which the former is more often associated with susceptibility to tuberculosis infection, 
but this fact is not absolute and varies in different geographical regions [12]. The highest 
level of IFN-γ gene expression is detected in Th1-activated lymphocytes which stimulate the 
macrophages for killing of mycobacteria, enhance the cytotoxic activity of other cells, induce 
apoptosis in skin and mucosal epithelial cells, regulate the expression of MHC class I and II 
proteins, and antigen presentation. Take into account the key role of IFN-γ in antituberculosis 
immunity, a large number of experimental studies have been devoted to this problem which 
are summarized in a number of reviews [20]. The initial clinical studies on serum IFN-γ in 
patients with pulmonary and extrapulmonary forms of tuberculosis was shown that the con-
centration of this factor was significantly higher in comparison with the same group after 
treatment, the group of contacts and healthy volunteers. There is also a significant individual 
variability in the IFN-γ concentration in all studied groups [21]. The study of the IFN-γ syn-
thesis in lymphocyte culture stimulated with PWM (5 μg/ml), PHA (10 μg/m), and tuberculin 
RT (12.5 and 25 μg/ml) in patients with different clinical forms of tuberculosis and a group of 
contacts revealed no differences in IFN-γ production in response to mitogens and a reliable 
increase in production in response to stimulation with tuberculin [1]. In a similar study of 
patients with different clinical forms of pulmonary tuberculosis (120 patients and 144 healthy 
volunteers of the same place of residence), the production of IFN-γ in lymphocyte culture was 
determined by stimulation with M. tuberculosis H37Rv sonicate at a dose of 10 μg/ml before 
chemotherapy and up to 6 months its conduct. It was shown that the IFN-γ production in the 
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whole patient group before the start of treatment was low, increased during chemotherapy, 
and was compared to the volunteer level by 6 months. However, after subdividing the patient 
group according to the severity of the tuberculosis process, it was shown that in patients with 
small and medium severity of the process IFN-γ production before treatment was signifi-
cantly higher than in severe lungs changes. During the course of chemotherapy, the IFN-γ 
production increased in most patients, but there was a significant variability and even a drop 
in the concentration of IFN-γ in some patients with small and medium process severity to the 
initial level [18].

Since the beginning of the 2000s, several laboratory tests (interferon gamma release assays 
(IGRAs)) were developed for the IFN-γ revealing in the culture medium and intracellularly. 
The first of these was a QFT test (QuantiFERON-TB test, Cellestis Limited, Carnegie, Victoria, 
Australia), which used the ELISA method to determine the amount of IFN-γ secreted by cul-
tured blood cells in response to PPD in comparison to the control antigenic stimulus of M. 
avium and saline as a negative control. However, the specificity of QFT was less than that of 
the Mantou skin test. The next-generation test (QuantiFERON-TB Gold—QFT-G) appeared in 
2005. It used the proteins encoded by the RD1-locus of M. tuberculosis (ESAT-6 and CFP-10) 
as an antigenic stimulus. The test effectiveness t was determined as differences in the IFN-γ 
concentration in response to ESAT-6 or CFP-10 stimulation minus the values of spontaneous 
production of the factor. The ESAT-6/CFP-10 proteins are absent in vaccine strains of myco-
bacteria, but are present in M. kansasii, M. szulgai, and M. marinum, and sensitization with 
these mycobacteria can cause false-positive results of IGRA.

The next modification of the IGRAs-test (QuantiFERON-TB Gold In-Tube-QFT-GIT) was 
developed to more accurately determine antigen-stimulated synthesis IFN-γ which largely 
depended on preserving the activity of patient’s blood cells samples. The blood was immedi-
ately placed in test tubes with lower antigenic stimuli in order to avoid loss of viability during 
transport of the samples to the laboratory. A mixture of 14 peptides copying the entire amino 
acid sequence of ESAT-6 and CFP-10 proteins and part of the TB7.7 sequence was used as anti-
genic stimuli. As a negative and positive control, test tubes with heparin and PHA were used. 
After a 16- to 24-h-incubation, the concentration of IFN-γ c was determined by the ELISA 
used in the QFT-G test. Exceeding response of the tested patient by 25–50% compared to the 
zero control was considered a positive indicator, less than 25% was interpreted as a negative 
result, while at QFT-G it was estimated as an intermediate.

The fourth T-Spot test began to use in 2008. The IFN-γ-secreting cells were determined in 
the 96-plate test well using the ELISpot method. The proteins ESAT-6 and CFP-10 were used 
separately as an antigenic stimulus. The result was determined by the difference in the num-
ber of cells (spots) compared to the control (spontaneous production by IFN-γ cells without 
antigenic stimulus). Because QFT-G, QFT-GIT, T-Spot, and skin tests (TST) examine various 
aspects of the immune response, use different antigens and have different criteria for inter-
preting the results, the tests are not interchangeable [22].

The development in the early 2000s of a new multiplex method of simultaneous multiple stud-
ies of genes and protein factors opened new possibilities for studying cytokines, chemokines, 
and the inflammation acute phase proteins in various tuberculosis clinical forms [2]. The results 
obtained revealed many humoral immunological criteria for active and latent tuberculosis in 
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and their combination (ESAT-6, CFP-10, ESAT-6 + CFP-10, and ESAT-6 + CFP-10 + TB7.7) was 
shown that these combinations of antigens cause high production of TNF-α, whereas one 
antigen TB7.7 is not effective [19]. However, in these studies, the authors conclude that the 
study of TNF-α production level is not very informative for evaluating the effectiveness of 
treatment of patients with tuberculosis.

6. Interferon type II

Cytokines of the interferons family and especially interferon type II (IFN-γ) are the most 
studied factors of antituberculosis immunity due to great importance for phagocytosis and 
subsequent killing of mycobacterium tuberculosis. IFN-γ is produced primarily by activated 
CD4+ and CD8+T cells and to a lesser extent by γδ T cells, NK T cells and NK cells belonging 
to the innate immunity system [15]. To date, two polymorphisms of IFN-γ gene in +874 (A/T) 
and + 5644 (A/G) are particularly important for the output level in patients with tuberculosis, 
in which the former is more often associated with susceptibility to tuberculosis infection, 
but this fact is not absolute and varies in different geographical regions [12]. The highest 
level of IFN-γ gene expression is detected in Th1-activated lymphocytes which stimulate the 
macrophages for killing of mycobacteria, enhance the cytotoxic activity of other cells, induce 
apoptosis in skin and mucosal epithelial cells, regulate the expression of MHC class I and II 
proteins, and antigen presentation. Take into account the key role of IFN-γ in antituberculosis 
immunity, a large number of experimental studies have been devoted to this problem which 
are summarized in a number of reviews [20]. The initial clinical studies on serum IFN-γ in 
patients with pulmonary and extrapulmonary forms of tuberculosis was shown that the con-
centration of this factor was significantly higher in comparison with the same group after 
treatment, the group of contacts and healthy volunteers. There is also a significant individual 
variability in the IFN-γ concentration in all studied groups [21]. The study of the IFN-γ syn-
thesis in lymphocyte culture stimulated with PWM (5 μg/ml), PHA (10 μg/m), and tuberculin 
RT (12.5 and 25 μg/ml) in patients with different clinical forms of tuberculosis and a group of 
contacts revealed no differences in IFN-γ production in response to mitogens and a reliable 
increase in production in response to stimulation with tuberculin [1]. In a similar study of 
patients with different clinical forms of pulmonary tuberculosis (120 patients and 144 healthy 
volunteers of the same place of residence), the production of IFN-γ in lymphocyte culture was 
determined by stimulation with M. tuberculosis H37Rv sonicate at a dose of 10 μg/ml before 
chemotherapy and up to 6 months its conduct. It was shown that the IFN-γ production in the 
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whole patient group before the start of treatment was low, increased during chemotherapy, 
and was compared to the volunteer level by 6 months. However, after subdividing the patient 
group according to the severity of the tuberculosis process, it was shown that in patients with 
small and medium severity of the process IFN-γ production before treatment was signifi-
cantly higher than in severe lungs changes. During the course of chemotherapy, the IFN-γ 
production increased in most patients, but there was a significant variability and even a drop 
in the concentration of IFN-γ in some patients with small and medium process severity to the 
initial level [18].

Since the beginning of the 2000s, several laboratory tests (interferon gamma release assays 
(IGRAs)) were developed for the IFN-γ revealing in the culture medium and intracellularly. 
The first of these was a QFT test (QuantiFERON-TB test, Cellestis Limited, Carnegie, Victoria, 
Australia), which used the ELISA method to determine the amount of IFN-γ secreted by cul-
tured blood cells in response to PPD in comparison to the control antigenic stimulus of M. 
avium and saline as a negative control. However, the specificity of QFT was less than that of 
the Mantou skin test. The next-generation test (QuantiFERON-TB Gold—QFT-G) appeared in 
2005. It used the proteins encoded by the RD1-locus of M. tuberculosis (ESAT-6 and CFP-10) 
as an antigenic stimulus. The test effectiveness t was determined as differences in the IFN-γ 
concentration in response to ESAT-6 or CFP-10 stimulation minus the values of spontaneous 
production of the factor. The ESAT-6/CFP-10 proteins are absent in vaccine strains of myco-
bacteria, but are present in M. kansasii, M. szulgai, and M. marinum, and sensitization with 
these mycobacteria can cause false-positive results of IGRA.

The next modification of the IGRAs-test (QuantiFERON-TB Gold In-Tube-QFT-GIT) was 
developed to more accurately determine antigen-stimulated synthesis IFN-γ which largely 
depended on preserving the activity of patient’s blood cells samples. The blood was immedi-
ately placed in test tubes with lower antigenic stimuli in order to avoid loss of viability during 
transport of the samples to the laboratory. A mixture of 14 peptides copying the entire amino 
acid sequence of ESAT-6 and CFP-10 proteins and part of the TB7.7 sequence was used as anti-
genic stimuli. As a negative and positive control, test tubes with heparin and PHA were used. 
After a 16- to 24-h-incubation, the concentration of IFN-γ c was determined by the ELISA 
used in the QFT-G test. Exceeding response of the tested patient by 25–50% compared to the 
zero control was considered a positive indicator, less than 25% was interpreted as a negative 
result, while at QFT-G it was estimated as an intermediate.

The fourth T-Spot test began to use in 2008. The IFN-γ-secreting cells were determined in 
the 96-plate test well using the ELISpot method. The proteins ESAT-6 and CFP-10 were used 
separately as an antigenic stimulus. The result was determined by the difference in the num-
ber of cells (spots) compared to the control (spontaneous production by IFN-γ cells without 
antigenic stimulus). Because QFT-G, QFT-GIT, T-Spot, and skin tests (TST) examine various 
aspects of the immune response, use different antigens and have different criteria for inter-
preting the results, the tests are not interchangeable [22].

The development in the early 2000s of a new multiplex method of simultaneous multiple stud-
ies of genes and protein factors opened new possibilities for studying cytokines, chemokines, 
and the inflammation acute phase proteins in various tuberculosis clinical forms [2]. The results 
obtained revealed many humoral immunological criteria for active and latent tuberculosis in 
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different age and geographical contingents of patients. Various immunodominant proteins 
were used as an antigenic stimulus, but mainly it was the combination of the RD1 peptides 
ESAT-6 and CFP-10 genomic locus of the mycobacteria. Despite some inconsistency of the 
results, the most informative is the combination of cytokines and chemokines (IFN-γ, IP-10, 
MIG, TNF-a, and IL-2), which showed the greatest differences between patients with active 
tuberculosis and a control group of healthy volunteers. The diagnostic significance of the com-
bination of IFN-γ, IP-10, and MIG was the highest (96.3%). In cases of unsuccessful treatment 
or reactivation of the process, the concentration of this group of factors was less significant 
and the diagnostic sensitivity decreased by 20–25% [23]. Kellar et al. [24] identified differences 
in the production of IFN-γ and other cytokines and chemokines in response to stimulation of 
blood culture in patients with active tuberculosis with monoantigens and their combination 
(ESAT-6, CFP-10, ESAT-6 + CFP-10, and ESAT-6 + CFP-10 + TB7.7). The IFN-γ production was 
determined by ELISA, multiplex analysis, and quantitative immunomicroarray methods. The 
two latest methods was used to examine the production of cytokines IL-1α, IL-1β, IL-2, IL-4, 
IL-5, IL-6, IL-8, IL-10, IL-12, IL-13, GM-CSF, GRO, MCP-1, MIP-1α, MIP-1β, MMP-9, RANTES, 
TNF-α, and VEGF. The ELISA method identified significant differences in the IFN-γ produc-
tion in response to ESAT-6, CFP-10, TB7.7 and a combination of ESAT-6+CFP-10, and ESAT-
6+CFP-10+TB7.7 compared to the control group. The differences in the production of IFN-γ in 
response to ESAT-6+CFP-10 versus ESAT-6+CFP-10+TB7.7 are not reliable. The response to a 
mixture of antigens is always greater than for individual antigens. Multiplex analysis showed 
that the antigens ESAT-6, CFP-10, ESAT-6+CFP-10, and ESAT-6+CFP-10+TB7.7 stimulated pro-
duction of not only IFN-γ, but also IL-2, IL-8, MCP-1, and MIP-1β in patients compared with 
control group. The immunomicroarray method revealed that when stimulating ESAT-6+CFP-
10+TB7.7, a greater number of IFN-γ, IL-2, IL-6, IL-8, IP-10, MCP-1, MIP-1β, and TNF-α, than 
in the control group. The authors conclude that the determination of many cytokines improves 
the diagnosis of tuberculosis in comparison with the IFN-γ determination only. Four cytokines 
are the best diagnostic markers for mycobacterial infection (sensitivity and specificity were 
100% for IL-2, IL-6, IP-10, and MIP-1β.) The sensitivity of the commercial multiplex analysis 
test system for IFN-γ was 91.6% and specificity of 100%.

There are studies characterizing the cytokine spectrum of the antigen-stimulated blood cells in 
children and adolescents patients with active and latent tuberculosis in comparison with those 
who do not contact the tuberculosis patients. Kellar et al. [24], using multiplex analysis, studied 
a spectrum of 29 cytokines and blood chemokines in a group of children and adolescents (135 
people, including 46 with latent tuberculosis, 11 patients with active tuberculosis and 35 unin-
fected persons, age 2–15 years) after stimulation with peptides QFT-G, PPD, and recombinant 
ESAT-6 protein. In general, the level of cytokines after stimulation with peptides QFT-G (IFN-γ, 
IL-2, IP-10, and IL-13) was significantly lower in children without infection than in patients with 
tuberculosis, the most significant in children older than 5 years of age. Children with latent TB 
have a high IFN-γ, IL-2, IP-10, IL-13, and IL-5 level in comparison with uninfected children. The 
spontaneous and antigen-stimulated (QFT-G) TGF-β1 production was significantly higher in 
children with tuberculosis over 5 years of age than in the similar group with latent tuberculosis. 
In the age group under the age of 5 years, there was no significant difference in the cytokine 
production in children with latent tuberculosis compared to uninfected controls. Other relation-
ships were obtained with PPD stimulating blood cultures. Higher IL-2, IL-13, and IL-4 produc-
tion were detected in comparison with recombinant ESAT-6 stimulation [24, 25]. Armand et al. 
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[27] stimulated blood cultures with QFT-G test system peptides from children and adolescents 
aged 4–15 years with latent and various forms of tuberculosis and patients without signs of 
disease. The multiplex analysis of the of 14 cytokines and chemokines production revealed sig-
nificant differences in IL-2, INF-γ, IL-5, IP-10 level between the control group and tuberculosis 
patients. There were no differences in the production of TNF-α. For patients with more severe 
forms of tuberculosis found no differences in the production of these factors except for a signifi-
cant decrease in production of IL-5 and IL-13. The increase TNF-α production, as well as the high 
IL-2, INF-γ level were observed in children with lymph node form tuberculosis of the 4–15 years 
age group with positive skin tests Mantoux and DST [26].

7. Immunoregulatory cytokines IL-10 and TGF-β

Interleukin-10 (IL-10) is a multifunctional regulatory cytokine of inflammatory responses. 
Numerous studies have shown that IL-10 acts as a general inhibitor of proliferative responses 
of both T helper (Th) 1 and Th2 cells in vitro and in vivo. IL-10 regulates inflammation through 
the suppression of the production of cytokines such as IL-1α, IL-1β, IL-6, IL-8, IL-12, and 
tumor necrosis factor-alpha in activated macrophage and interferon gamma in T cells [27].

TGF-β is the main representative of the family, which nowadays consists of 35 factors, includ-
ing 5 isoforms of TGF-β, bone morphogenic protein (BMP), growth differentiation factors 
(GDFs), activin, and inhibin factors. TGF-β is secreted in an inactive form (L-TGF-β) and the 
molecule is activated after the action of plasmin, thrombospodin-1, reactive oxygen radicals, 
and αVβ6 integrin [28].

In the case of tuberculosis, the main producers of IL-10 and TGF-β are the regulatory antigen-
specific Th1 and Th3 cells, respectively, which are activated after cooperation with dendritic 
cells and stipulate an optimal balance of interaction with specific effector T cells and con-
trol of tuberculosis infection for the purpose of excessive immunopathological response [29]. 
Nowadays, there are several studies in which the levels of IL-10 and TGF-β were determined 
in patients with various forms of tuberculosis and during specific chemotherapy. Jang et al. 
[30] found a significantly higher serum TGF-β content in patients with active pulmonary 
tuberculosis compare to the control group and no difference were found for serum level of 
IL-10. Chowdhurya et al. [31] showed a significantly higher serum production of not only 
TGF-β, but also IL-10 in patients with newly diagnosed tuberculosis before treatment com-
pared to the control group of healthy volunteers. At the same time, serum TGF-β (as well as 
IFN-γ, TNF-α, and IL-6) level correlated with the severity of bacteremia and the radiological 
spread of the process. The study of TGF-β and IL-10 levels at 2, 4, and 6 months of treat-
ment showed that within 2 months the level remained high and then gradually decreased 
to the fourth and sixth months, approaching the control group. Interesting results are also 
found for IL-6 dynamics. This factor decreased from second to fourth treatment and then 
did not change. The authors suggested that IL-6 can serve as a marker of the effectiveness of 
chemotherapy and tested the dynamics of cytokine in patients with different levels of initial 
bacterial release. The obtained individual curves of this cytokine content accurately reflected 
the effectiveness of the course of chemotherapy. Decrease in TGF-β serum production and 
insignificant IL-10 level at the end of the 6-month course of chemotherapy was revealed in the 
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different age and geographical contingents of patients. Various immunodominant proteins 
were used as an antigenic stimulus, but mainly it was the combination of the RD1 peptides 
ESAT-6 and CFP-10 genomic locus of the mycobacteria. Despite some inconsistency of the 
results, the most informative is the combination of cytokines and chemokines (IFN-γ, IP-10, 
MIG, TNF-a, and IL-2), which showed the greatest differences between patients with active 
tuberculosis and a control group of healthy volunteers. The diagnostic significance of the com-
bination of IFN-γ, IP-10, and MIG was the highest (96.3%). In cases of unsuccessful treatment 
or reactivation of the process, the concentration of this group of factors was less significant 
and the diagnostic sensitivity decreased by 20–25% [23]. Kellar et al. [24] identified differences 
in the production of IFN-γ and other cytokines and chemokines in response to stimulation of 
blood culture in patients with active tuberculosis with monoantigens and their combination 
(ESAT-6, CFP-10, ESAT-6 + CFP-10, and ESAT-6 + CFP-10 + TB7.7). The IFN-γ production was 
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response to ESAT-6+CFP-10 versus ESAT-6+CFP-10+TB7.7 are not reliable. The response to a 
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in the control group. The authors conclude that the determination of many cytokines improves 
the diagnosis of tuberculosis in comparison with the IFN-γ determination only. Four cytokines 
are the best diagnostic markers for mycobacterial infection (sensitivity and specificity were 
100% for IL-2, IL-6, IP-10, and MIP-1β.) The sensitivity of the commercial multiplex analysis 
test system for IFN-γ was 91.6% and specificity of 100%.

There are studies characterizing the cytokine spectrum of the antigen-stimulated blood cells in 
children and adolescents patients with active and latent tuberculosis in comparison with those 
who do not contact the tuberculosis patients. Kellar et al. [24], using multiplex analysis, studied 
a spectrum of 29 cytokines and blood chemokines in a group of children and adolescents (135 
people, including 46 with latent tuberculosis, 11 patients with active tuberculosis and 35 unin-
fected persons, age 2–15 years) after stimulation with peptides QFT-G, PPD, and recombinant 
ESAT-6 protein. In general, the level of cytokines after stimulation with peptides QFT-G (IFN-γ, 
IL-2, IP-10, and IL-13) was significantly lower in children without infection than in patients with 
tuberculosis, the most significant in children older than 5 years of age. Children with latent TB 
have a high IFN-γ, IL-2, IP-10, IL-13, and IL-5 level in comparison with uninfected children. The 
spontaneous and antigen-stimulated (QFT-G) TGF-β1 production was significantly higher in 
children with tuberculosis over 5 years of age than in the similar group with latent tuberculosis. 
In the age group under the age of 5 years, there was no significant difference in the cytokine 
production in children with latent tuberculosis compared to uninfected controls. Other relation-
ships were obtained with PPD stimulating blood cultures. Higher IL-2, IL-13, and IL-4 produc-
tion were detected in comparison with recombinant ESAT-6 stimulation [24, 25]. Armand et al. 
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aged 4–15 years with latent and various forms of tuberculosis and patients without signs of 
disease. The multiplex analysis of the of 14 cytokines and chemokines production revealed sig-
nificant differences in IL-2, INF-γ, IL-5, IP-10 level between the control group and tuberculosis 
patients. There were no differences in the production of TNF-α. For patients with more severe 
forms of tuberculosis found no differences in the production of these factors except for a signifi-
cant decrease in production of IL-5 and IL-13. The increase TNF-α production, as well as the high 
IL-2, INF-γ level were observed in children with lymph node form tuberculosis of the 4–15 years 
age group with positive skin tests Mantoux and DST [26].

7. Immunoregulatory cytokines IL-10 and TGF-β

Interleukin-10 (IL-10) is a multifunctional regulatory cytokine of inflammatory responses. 
Numerous studies have shown that IL-10 acts as a general inhibitor of proliferative responses 
of both T helper (Th) 1 and Th2 cells in vitro and in vivo. IL-10 regulates inflammation through 
the suppression of the production of cytokines such as IL-1α, IL-1β, IL-6, IL-8, IL-12, and 
tumor necrosis factor-alpha in activated macrophage and interferon gamma in T cells [27].

TGF-β is the main representative of the family, which nowadays consists of 35 factors, includ-
ing 5 isoforms of TGF-β, bone morphogenic protein (BMP), growth differentiation factors 
(GDFs), activin, and inhibin factors. TGF-β is secreted in an inactive form (L-TGF-β) and the 
molecule is activated after the action of plasmin, thrombospodin-1, reactive oxygen radicals, 
and αVβ6 integrin [28].

In the case of tuberculosis, the main producers of IL-10 and TGF-β are the regulatory antigen-
specific Th1 and Th3 cells, respectively, which are activated after cooperation with dendritic 
cells and stipulate an optimal balance of interaction with specific effector T cells and con-
trol of tuberculosis infection for the purpose of excessive immunopathological response [29]. 
Nowadays, there are several studies in which the levels of IL-10 and TGF-β were determined 
in patients with various forms of tuberculosis and during specific chemotherapy. Jang et al. 
[30] found a significantly higher serum TGF-β content in patients with active pulmonary 
tuberculosis compare to the control group and no difference were found for serum level of 
IL-10. Chowdhurya et al. [31] showed a significantly higher serum production of not only 
TGF-β, but also IL-10 in patients with newly diagnosed tuberculosis before treatment com-
pared to the control group of healthy volunteers. At the same time, serum TGF-β (as well as 
IFN-γ, TNF-α, and IL-6) level correlated with the severity of bacteremia and the radiological 
spread of the process. The study of TGF-β and IL-10 levels at 2, 4, and 6 months of treat-
ment showed that within 2 months the level remained high and then gradually decreased 
to the fourth and sixth months, approaching the control group. Interesting results are also 
found for IL-6 dynamics. This factor decreased from second to fourth treatment and then 
did not change. The authors suggested that IL-6 can serve as a marker of the effectiveness of 
chemotherapy and tested the dynamics of cytokine in patients with different levels of initial 
bacterial release. The obtained individual curves of this cytokine content accurately reflected 
the effectiveness of the course of chemotherapy. Decrease in TGF-β serum production and 
insignificant IL-10 level at the end of the 6-month course of chemotherapy was revealed in the 
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study by Ameglio et al. [32]. Also, there was a difference in the production of these cytokines 
was observed depending on the severity of fibrotic changes in the lung tissue.

8. Chemokines. CXCL-10 (IP-10)

Chemokines play a central role in the recruitment of cells into the mycobacteria infected lung, 
which contributes to the delimitation of the focus of inflammation from the surrounding 
healthy tissues. However, under specific conditions, chemokines can also cause the dispro-
portionate inflammation and subsequent progression of the process with formation of foci of 
destruction of lung tissue. In humans, the balance between protective and damaging inflam-
mation, as well as the levels of inflammation can depend on many factors, including host gen-
otype, bacterial strain, co-morbidities, and nutritional status. Understanding the nature and 
the effect of these interactions between the host, mycobacteria and the environment can serve 
as a basis for effective therapeutic and vaccination strategies. With tuberculosis as well as other 
infections, the inflammatory process is regulated by a cascade of reactions, including action 
adhesion molecules and chemoattractant. Chemokines are a family of small proteins, which, 
upon binding to membrane G protein-coupled receptors, guide the gradient-driven migra-
tion of leukocytes. Chemokines are classified into the CXC-, CC-, C-, and CX3C-subfamilies 
according to the arrangement of four conserved cysteine residues, which are important for 
maintenance of their tridimensional structure. Monin [33], summarizing the available litera-
ture data, identify the positive, negative, and terrible role of chemokines in tuberculosis, which 
probably exists with all heavy infections. To date, the dynamics of change and the diagnostic 
significance of only one chemokine IP-10 have been studied most fully in tuberculosis.

Interferon gamma inducible protein 10 (IP-10), or CXCL10, is a member of the CXC family 
of α-chemokines that stimulate the migration and adhesion of activated Th 1 cells through 
binding to the CXCR3 receptor [30]. IP-10 is secreted directly by macrophage cells infected 
with viruses and bacteria, and even more so after T cells recognize specific peptides on the 
surface of antigen-presenting cells. The secretion of IP-10 is enhanced by T cell secreted INF-γ 
and the numerous pro-inflammatory cytokines IL-2, IFN-α, IFN-β, IL-27, IL-17, IL-23, TNF-α, 
and IL -1β which are secreted by antigen-presenting cells [34]. Ruhwald et al. [35] determined 
various sets of cytokines and chemokines in blood supernatants of patients with tuberculosis 
obtained by QFT-IT test using the multiplex method and revealed a high concentration of 
IP-10 compared to the control group. In subsequent studies in the adult contingent of tuber-
culosis patients, groups contacting with patients and age-matched control, it was confirmed 
that IP-10 is statistically higher produced in patients with tuberculosis and gives comparable 
results with the QFT-IT test [34].

Several studies have examined the diagnostic value of IP-10 in children aged 1–17 years in 
countries with high and low incidence of tuberculosis. To determine the antigen of stimu-
lated chemokine production, the multiplex analysis method was used in comparison with the 
determination of the INF-γ in the QFT-IT test. It was shown that in children and adolescents, 
as well as in adults, spontaneous production of IP-10 was higher in children with latent and 
active tuberculosis, compared to the group of healthy and antigen-stimulated synthesis, gave 
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more stable results compared with the production of INF-γ. Also, there are no age differences 
in the production of IP-10 [24, 36]. In the study, Ruhwald et al. [37], a cut-off point 673 pg/
ml was determined for the antigen-stimulated IP-10 synthesis for the adult contingent, above 
which the reaction was considered diagnostically positive. Lighter et al. [19] identified a simi-
lar indicator for children and adolescents, which was 732 pg/ml. The authors showed that 
the IP-10 level in plasma was higher in patients with active tuberculosis than in the group of 
latent tuberculosis. Antigen-stimulated synthesis, on the contrary, was higher in the group of 
latent tuberculosis.

Studies on the dynamics changes of IP-10 in the serum and supernatant of blood cultures are 
single. Hong et al. [35] studied the chemokine values in 32 adult patients with pulmonary 
tuberculosis before and after 2 months of specific treatment. The authors showed that the ini-
tial serum level of IP-10 correlated with the degree of detection of MBT in the smear. At 0–1°, 
the average score was 132.5 pg/ml, and at grade 2–299.2 pg/ml. The patients studied on the 
basis of the severity of clinical signs were divided into groups of low and medium/severe risk 
of the course of the disease. The initial serum level of IP-10 groups did not differ, but in the 
low-risk group it significantly decreased during treatment, and remained unchanged in the 
middle/severe risk group. Similar trends in the change in the chemokine content during treat-
ment are shown in the study of the antigen of stimulated synthesis in a 24-h blood culture, 
where the QFT-IT system was used as antigens [38].

In our studies, statistically significant increases in spontaneous and antigen-stimulated (20 μg/ml 
PPD and 1 μg/ml ESAT 6/CFP 10) production of IP-10 in children and adolescents with different 
forms of pulmonary tuberculosis were found compared with the group of latent tuberculosis. 
Decreased production of IP-10 revealed patients with lymph nodes form and focal tuberculo-
sis by the third and especially by the sixth month of follow-up. In the group of patients with 
destructive tuberculosis, IP-10 production decreased after 3 months of treatment in patients 
with positive dynamics of the disease (disappearance of signs of tuberculous intoxication and 
cessation of bacterial release). The torpid and progressive nature of the tuberculosis process (the 
preservation of bacterial release for more than 6 months and the spread of the pulmonary tissue 
lesion) was not accompanied by a decrease in the production of chemokine IP-10 [39].

9. Matrix metalloproteases

Matrix metalloproteinases (MMPs) are a multigenic family of structurally and functionally 
similar Zn- and Ca-dependent endopeptidases that are able to modify all known components 
of the extracellular matrix, as well as many non-matrix molecules. The MMPs family consists 
of more than 60 enzymes, of which 20 are found in human tissues. A common feature of 
MMPs is the ability to hydrolyze the main components of the extracellular matrix containing 
Zn2+ ions in the active site of molecules using Ca2+ ions for molecular stabilization. They are 
secreted from the cells in an inactive form and their catalytic activity is suppressed by specific 
tissue inhibitors of metalloproteinases (TIMPs). Based on the MMP’s primary structure, sub-
strate specificity and cellular localization and they are classified into three groups, including 
six subfamilies.

Interaction between Mycobacterium tuberculosis and Human Host: Role of Cytokines…
http://dx.doi.org/10.5772/intechopen.76543

103



study by Ameglio et al. [32]. Also, there was a difference in the production of these cytokines 
was observed depending on the severity of fibrotic changes in the lung tissue.

8. Chemokines. CXCL-10 (IP-10)

Chemokines play a central role in the recruitment of cells into the mycobacteria infected lung, 
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healthy tissues. However, under specific conditions, chemokines can also cause the dispro-
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according to the arrangement of four conserved cysteine residues, which are important for 
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probably exists with all heavy infections. To date, the dynamics of change and the diagnostic 
significance of only one chemokine IP-10 have been studied most fully in tuberculosis.

Interferon gamma inducible protein 10 (IP-10), or CXCL10, is a member of the CXC family 
of α-chemokines that stimulate the migration and adhesion of activated Th 1 cells through 
binding to the CXCR3 receptor [30]. IP-10 is secreted directly by macrophage cells infected 
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lated chemokine production, the multiplex analysis method was used in comparison with the 
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as well as in adults, spontaneous production of IP-10 was higher in children with latent and 
active tuberculosis, compared to the group of healthy and antigen-stimulated synthesis, gave 
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more stable results compared with the production of INF-γ. Also, there are no age differences 
in the production of IP-10 [24, 36]. In the study, Ruhwald et al. [37], a cut-off point 673 pg/
ml was determined for the antigen-stimulated IP-10 synthesis for the adult contingent, above 
which the reaction was considered diagnostically positive. Lighter et al. [19] identified a simi-
lar indicator for children and adolescents, which was 732 pg/ml. The authors showed that 
the IP-10 level in plasma was higher in patients with active tuberculosis than in the group of 
latent tuberculosis. Antigen-stimulated synthesis, on the contrary, was higher in the group of 
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Studies on the dynamics changes of IP-10 in the serum and supernatant of blood cultures are 
single. Hong et al. [35] studied the chemokine values in 32 adult patients with pulmonary 
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tial serum level of IP-10 correlated with the degree of detection of MBT in the smear. At 0–1°, 
the average score was 132.5 pg/ml, and at grade 2–299.2 pg/ml. The patients studied on the 
basis of the severity of clinical signs were divided into groups of low and medium/severe risk 
of the course of the disease. The initial serum level of IP-10 groups did not differ, but in the 
low-risk group it significantly decreased during treatment, and remained unchanged in the 
middle/severe risk group. Similar trends in the change in the chemokine content during treat-
ment are shown in the study of the antigen of stimulated synthesis in a 24-h blood culture, 
where the QFT-IT system was used as antigens [38].
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PPD and 1 μg/ml ESAT 6/CFP 10) production of IP-10 in children and adolescents with different 
forms of pulmonary tuberculosis were found compared with the group of latent tuberculosis. 
Decreased production of IP-10 revealed patients with lymph nodes form and focal tuberculo-
sis by the third and especially by the sixth month of follow-up. In the group of patients with 
destructive tuberculosis, IP-10 production decreased after 3 months of treatment in patients 
with positive dynamics of the disease (disappearance of signs of tuberculous intoxication and 
cessation of bacterial release). The torpid and progressive nature of the tuberculosis process (the 
preservation of bacterial release for more than 6 months and the spread of the pulmonary tissue 
lesion) was not accompanied by a decrease in the production of chemokine IP-10 [39].

9. Matrix metalloproteases

Matrix metalloproteinases (MMPs) are a multigenic family of structurally and functionally 
similar Zn- and Ca-dependent endopeptidases that are able to modify all known components 
of the extracellular matrix, as well as many non-matrix molecules. The MMPs family consists 
of more than 60 enzymes, of which 20 are found in human tissues. A common feature of 
MMPs is the ability to hydrolyze the main components of the extracellular matrix containing 
Zn2+ ions in the active site of molecules using Ca2+ ions for molecular stabilization. They are 
secreted from the cells in an inactive form and their catalytic activity is suppressed by specific 
tissue inhibitors of metalloproteinases (TIMPs). Based on the MMP’s primary structure, sub-
strate specificity and cellular localization and they are classified into three groups, including 
six subfamilies.
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10. Family I

MMPs secretory type (classical, free, soluble):

• collagenase (MMP-1, MMP-8, MMP-13, MMP-18);

• gelatinases (MMP-2, MMP-9);

• stromelysins (MMP-3, MMP-10, MMP-15);

• matrilizines (MMP-7, MMP-26).

11. Family II

MMPs associated with cell membranes (membrane type MT-MMP-14, -15, -16, -17, -24, -25).

12. Family III

Unclassified MMPs, with no relation to known subfamilies (MMP-11, -12, -19, -20).

Synthesis and secretion of metalloproteinases is realized by various blood and tissue cells 
(neutrophils, monocytes, macrophages, fibroblasts, osteoclasts, chondrocytes, keratinocytes, 
endothelial, and epithelial cells) but also by oncogene-transformed cells. MMPs induced by tis-
sue growth factors such as epidermal growth factor, fibroblast growth factor, cytokine-TNFα, 
TNFβ, IL-1, IL-6, melatonin, hormones and neuropeptides, and oxidative stress. The importance 
of MMR for the pathogenesis and nature course of the disease is shown to arthritis, psoriasis, 
atopic dermatitis, atherosclerosis, neurodegenerative diseases, strokes, ischemic myocardial 
damage, periodontitis, primary open-angle glaucoma, thyroid gland diseases, chronic infec-
tions, and much more [40, 41]. Chang et al. [28] using the myeloid line THP-1 showed that M. 
tuberculosis and the main cell wall component LAM stimulate gene expression of MMP-1 and 
MMP-9 and the MMP-9 release in culture media suggesting their involvement in the digestion 
of collagen I to IV types, and indirect stimulation of IL-1, TNF-α. Subsequent studies showed 
that stimulation with virulent M. tuberculosis strain causes gene expression of MMP-1, -3, -7, 
and -10, and the expression of MMP-1 is stimulated more than with vaccine strain M. bovis 
(BCG) [7]. Similar results were obtained on the culture of blood mononuclear cells. MMP-1, -7, 
and -9 were found immunohistochemically in tuberculosis granuloma epithelioid and Pirogov-
Langhans cells [42].

There are single clinical studies to identify MMP-1, -2, -8, and -9 in pleural fluid in tuberculous 
pleurisy and cerebrospinal fluid in patients with tuberculous meningitis. Parks et al. [7] con-
ducted a comparative study of MMP-1, -2, -3, -7, -8, -9, and TIMP-1 and TIMP-2 in sputum by 
multiplex analysis in patients with tuberculosis during 24 weeks of antituberculous chemo-
therapy. The authors showed that the concentration of these factors was significantly higher 
in patients than in the control group of healthy volunteers except MMP-7, while the level of 
MMP-3 and -9 increased 15.2-fold and 14.4 times. The MMP concentration decreased during 
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the treatment and for MMP-1. MMP-3 and MMP-8 concentration significantly different at the 
second, eighth and twenty-fourth weeks, while the TIMP-1 and-2 concentration increased at 
2 and 8 weeks and TIMP-2 significantly by the twenty-fourth week of follow-up. Comparison 
of this data with microbiological indicators revealed that the concentration of MMP-2, MMP-
8, MMP-9, and TIMP-2 was significantly higher in MTB positive patients before treatment. 
MMP-3, MMP-8, and TIMP-1 were increased significantly at 2 weeks of treatment in MBT 
positive patients in comparison with MBT negative. Unfortunately, the authors do not give 
data on the correlation of MMP and TIMP concentrations with the presence of cavernous 
lung lesions. The availability of such information can be useful for predicting the growth of 
destructive processes in lung tissue.

13. Markers of oxidative stress. Hemoxygenase 1

Hemoxygenase is a microsomal enzyme, which consists of inducible and constitutive iso-
zymes (HO-1, HO-2) and catalyzes the decomposition of heme to CO, Fe+2, and biliverdin 
with conversion to bilirubin by biliverdin reductase. HO-1 is a major intracellular source of 
iron and carbon monoxide (CO). The investigated isoforms of HO are the products of various 
hmox-1 and hmox-2 genes. Hemoxygenase-1 is an inducible isoform of the enzyme, the syn-
thesis of which is enhanced by the influence of temperature, heme components, heavy metal 
ions, cytokines, and reactive oxygen radicals.

НO-1 is an important part of the biological mechanism for protecting against oxidative stress 
and tissue damage and from excessive inflammation. The end-products of heme breakdown 
are potently antioxidant and anti-inflammatory, and in addition, modulation, cell proliferation 
and cell death, either positively or negatively, but in a manner that seems to relate to the re-
establishment of a homeostasis in many diseases pathogenic mechanisms. The protective value 
of hemoxygenase-1 is inhibition of the synthesis of inflammatory factors (IL-1, IL-6, IL-8, TNF-α), 
anti-inflammatory cytokines (IL-10), and heme degradation products and their metabolic deriva-
tives. Carbon monoxide CO reduces the production of inducible NO-synthase (iNOS), cyclooxy-
genase-2, the corresponding inflammatory mediators—NO and prostaglandins. More detailed 
information on the structure and function of НO-1 can be found in the reviews of Ryter et al. [43] 
and Soares and Bach [12].

Diagnosis of tuberculosis is not particularly difficult in the presence of clinical, radiological, 
and especially microbiological data. The presence of negative microbiological results and latent 
forms of infection, even with positive results of tuberculin skin (TST) or IFN-γ tests, stimu-
lates the search for additional laboratory markers. Studies in patients with active tuberculosis 
demonstrated a decrease in systemic concentrations of antioxidants and increased spontane-
ous generation of free radicals compared to those without tuberculosis, reflecting the excessive 
oxidative stress associated with this disease. Increased expression of HO-1 was observed in the 
plasma of people with various pulmonary pathologies, including acute respiratory distress syn-
drome, chronic obstructive pulmonary disease, and asthma. Еlevations of HO-1 levels are iden-
tified in malaria, leishmaniasis and sepsis, and plasma levels of HO-1 are often associated with 
the severity of many other diseases [44]. However, clinical studies of the significance of NO-1 to 
confirm the diagnosis of tuberculosis and evaluate the effectiveness of treatment are few.
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of MMR for the pathogenesis and nature course of the disease is shown to arthritis, psoriasis, 
atopic dermatitis, atherosclerosis, neurodegenerative diseases, strokes, ischemic myocardial 
damage, periodontitis, primary open-angle glaucoma, thyroid gland diseases, chronic infec-
tions, and much more [40, 41]. Chang et al. [28] using the myeloid line THP-1 showed that M. 
tuberculosis and the main cell wall component LAM stimulate gene expression of MMP-1 and 
MMP-9 and the MMP-9 release in culture media suggesting their involvement in the digestion 
of collagen I to IV types, and indirect stimulation of IL-1, TNF-α. Subsequent studies showed 
that stimulation with virulent M. tuberculosis strain causes gene expression of MMP-1, -3, -7, 
and -10, and the expression of MMP-1 is stimulated more than with vaccine strain M. bovis 
(BCG) [7]. Similar results were obtained on the culture of blood mononuclear cells. MMP-1, -7, 
and -9 were found immunohistochemically in tuberculosis granuloma epithelioid and Pirogov-
Langhans cells [42].

There are single clinical studies to identify MMP-1, -2, -8, and -9 in pleural fluid in tuberculous 
pleurisy and cerebrospinal fluid in patients with tuberculous meningitis. Parks et al. [7] con-
ducted a comparative study of MMP-1, -2, -3, -7, -8, -9, and TIMP-1 and TIMP-2 in sputum by 
multiplex analysis in patients with tuberculosis during 24 weeks of antituberculous chemo-
therapy. The authors showed that the concentration of these factors was significantly higher 
in patients than in the control group of healthy volunteers except MMP-7, while the level of 
MMP-3 and -9 increased 15.2-fold and 14.4 times. The MMP concentration decreased during 
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the treatment and for MMP-1. MMP-3 and MMP-8 concentration significantly different at the 
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2 and 8 weeks and TIMP-2 significantly by the twenty-fourth week of follow-up. Comparison 
of this data with microbiological indicators revealed that the concentration of MMP-2, MMP-
8, MMP-9, and TIMP-2 was significantly higher in MTB positive patients before treatment. 
MMP-3, MMP-8, and TIMP-1 were increased significantly at 2 weeks of treatment in MBT 
positive patients in comparison with MBT negative. Unfortunately, the authors do not give 
data on the correlation of MMP and TIMP concentrations with the presence of cavernous 
lung lesions. The availability of such information can be useful for predicting the growth of 
destructive processes in lung tissue.

13. Markers of oxidative stress. Hemoxygenase 1

Hemoxygenase is a microsomal enzyme, which consists of inducible and constitutive iso-
zymes (HO-1, HO-2) and catalyzes the decomposition of heme to CO, Fe+2, and biliverdin 
with conversion to bilirubin by biliverdin reductase. HO-1 is a major intracellular source of 
iron and carbon monoxide (CO). The investigated isoforms of HO are the products of various 
hmox-1 and hmox-2 genes. Hemoxygenase-1 is an inducible isoform of the enzyme, the syn-
thesis of which is enhanced by the influence of temperature, heme components, heavy metal 
ions, cytokines, and reactive oxygen radicals.

НO-1 is an important part of the biological mechanism for protecting against oxidative stress 
and tissue damage and from excessive inflammation. The end-products of heme breakdown 
are potently antioxidant and anti-inflammatory, and in addition, modulation, cell proliferation 
and cell death, either positively or negatively, but in a manner that seems to relate to the re-
establishment of a homeostasis in many diseases pathogenic mechanisms. The protective value 
of hemoxygenase-1 is inhibition of the synthesis of inflammatory factors (IL-1, IL-6, IL-8, TNF-α), 
anti-inflammatory cytokines (IL-10), and heme degradation products and their metabolic deriva-
tives. Carbon monoxide CO reduces the production of inducible NO-synthase (iNOS), cyclooxy-
genase-2, the corresponding inflammatory mediators—NO and prostaglandins. More detailed 
information on the structure and function of НO-1 can be found in the reviews of Ryter et al. [43] 
and Soares and Bach [12].

Diagnosis of tuberculosis is not particularly difficult in the presence of clinical, radiological, 
and especially microbiological data. The presence of negative microbiological results and latent 
forms of infection, even with positive results of tuberculin skin (TST) or IFN-γ tests, stimu-
lates the search for additional laboratory markers. Studies in patients with active tuberculosis 
demonstrated a decrease in systemic concentrations of antioxidants and increased spontane-
ous generation of free radicals compared to those without tuberculosis, reflecting the excessive 
oxidative stress associated with this disease. Increased expression of HO-1 was observed in the 
plasma of people with various pulmonary pathologies, including acute respiratory distress syn-
drome, chronic obstructive pulmonary disease, and asthma. Еlevations of HO-1 levels are iden-
tified in malaria, leishmaniasis and sepsis, and plasma levels of HO-1 are often associated with 
the severity of many other diseases [44]. However, clinical studies of the significance of NO-1 to 
confirm the diagnosis of tuberculosis and evaluate the effectiveness of treatment are few.
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To date, there is a single clinical study conducted on a cohort of infected M. tuberculosis and 
infected individuals from South India with a high incidence of tuberculosis. Plasma samples 
were collected in 97 patients with active pulmonary tuberculosis (PTB), 35 patients with extra-
pulmonary tuberculosis, (EPTB), 39 people with LTBI and 40 healthy donors under the cohort 
study program on tuberculosis [44]. Levels of HO-1, IL-10, TNF-α, IFN-γ, and IL-17 in plasma 
were measured by ELISA. Levels of C-reactive protein (CRP) and Serum Amyloid Protein-A 
(SAA) were determined using the Bioplex multiplex ELISA system.

The authors found significantly higher systemic levels of HO-1 in patients with active pulmo-
nary or extrapulmonary tuberculosis (medians [IQR]: 5.8 [3.2–11.6] and 3.45 [2.0–4, 5] ng/ml, 
respectively, P ≤ 0.01) than persons with latent tuberculosis or healthy donors (1.3 [0.78–1.5] 
and 1.4 [1.0–1.9] ng/ml, respectively, P = 0.49). Among patients with active pulmonary tuber-
culosis, those with bilateral lung lesions had higher systemic NO-1 levels compared to patients 
with unilateral lesions detected by the chest x-ray, indicating a possible association between 
HO-1 and the anatomical prevalence of the disease. The systemic levels of HO-1 were higher 
in those with positive AFB staining in sputum than in patients with negative smears. With an 
effective course of chemotherapy, the elevated NO-1 concentration in the plasma returned to 
background levels. This was not observed in patients with a negative result of treatment, as 
determined by positive sputum cultures at the end of the course of drug therapy.

The authors evaluated the ability of HO-1 to distinguish between active tuberculosis and 
latent TB infection in combination with two other markers of inflammation, CRP and SAA, 
whose significance is increased with active TB [45]. Elevated levels of HO-1, CRP, and SAA 
have been detected in plasma in patients with active tuberculosis (PTB and/or EPTB) com-
pared to individuals with LTBI. In addition, the authors compared the significance of HO-1, 
CRP, and SAA for establishing the diagnosis of PTB or EPTB. Systemic levels of HO-1 and 
CRP were significantly higher in PTB cases, while SAA concentrations were slightly reduced. 
Further analysis showed that HO-1 was the most informative parameter for recognizing pul-
monary from extrapulmonary tuberculosis. It was also found that in individuals with active 
pulmonary tuberculosis, the levels of HO-1 positively correlated with IL-10 levels (r = 0.59, P 
= 0.001) and negatively correlated with TNF-a levels (r = −0.31, P = 0.002). There were no sig-
nificant correlations between the levels of HO-1 and IFN-γ or HO-1 and IL-17. The correlation 
coefficient of HO-1 and IL-10 was higher in patients with a higher bacillary index.

14. Concluding remarks

Diagnosis of tuberculosis is not particularly difficult in the presence of clinical, radiological, 
and especially microbiological data. The difficulty arises from negative results of microbio-
logical examination and minor clinical manifestations of tuberculosis. In addition, a signif-
icant problem is infected persons without clinical manifestations with a negative result of 
tuberculin skin (TST) or IFN-γ test results. They make up a huge reservoir of latent tuber-
culosis infection (LTBI). In some of these latently infected individuals, the infection becomes 
active and seriously affects the epidemiological situation. These two problems will stimulate 
the search for additional and new markers of the disease.
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The scientific studies carried out to date show a significant increase in the effectiveness of 
IGRAs-test in combination with the determination of chemokine CXCL/IP-10 for the diag-
nosis of latent forms of tuberculosis. Monitoring the effectiveness of treatment of tubercu-
losis will require the use of other combinations of cytokines, chemokines, and nonspecific 
inflammatory factors. This will depend on the sensitivity and resistance (MDR-TB) of myco-
bacteria to antituberculosis drugs and the nature of the course of tuberculous inflamma-
tion (positive, torpid or progressive dynamics of the disease) associated with genetically 
determined parasite-host interactions. The optimal combination of such factors has not yet 
been determined, but probable search vectors indicate on the definition of dynamics immu-
noregulatory cytokines (e.g., IL-10, TGF-β), chemokines characterizing cell migration (e.g., 
IP-10/CXCL-10, MIG/CXCL/9) and factors nonspecific inflammation (e.g., HO-1, SAA and 
MMP-1,3,9). Comparability of the results of these studies will depend on the proximity of 
the methodological platforms.
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with unilateral lesions detected by the chest x-ray, indicating a possible association between 
HO-1 and the anatomical prevalence of the disease. The systemic levels of HO-1 were higher 
in those with positive AFB staining in sputum than in patients with negative smears. With an 
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background levels. This was not observed in patients with a negative result of treatment, as 
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Abstract

Intracellular bacteria such as Anaplasma spp. and Mycobacterium spp. pose a risk to 
human and animal populations worldwide. The main function of immune response 
cells is to eliminate invading pathogens. However, pathogens can deregulate host cell 
function and turn defense cells into suitable hosts. Intracellular bacterial have a smaller 
genome, compared to the host cell, thus requiring efficient mechanisms for survival and 
persistence within the host by inducing sustained changes in cell function and immune 
response. Bacterial epigenetic regulation of host cell gene transcription appears to be a 
general mechanism that enhances pathogen survival while altering host cell function and 
facilitating infection. Anaplasma phagocytophilum leads to modified host cell gene tran-
scription and phenotype by epigenetically altering host chromatin. Mycobacterial infec-
tion of human cells also results in host gene silencing using a mechanism that involves 
HDAC complex formation and histone deacetylation. Membrane proteins are essential 
for cell invasion in both pathogens, and can regulate and protect the pathogen against 
the host response. Understanding the mechanisms employed by these bacteria to infect 
the host could contribute to develop effective interventions for the control of tuberculo-
sis and anaplasmosis. This review focuses on the common strategies employed by two 
zoonotic pathogens, Anaplasma and Mycobacterium spp., highlighting also the different 
mechanisms used to infect host cells.

Keywords: Anaplasma, Mycobacteria, immunology, infection, tuberculosis

1. Introduction

Ticks and tick-borne diseases represent a growing problem for human and animal health 
worldwide whereas tuberculosis continues to be a global burden in both human and ani-
mal populations [1, 2]. Pathogenic organisms have evolved host mimicking properties 
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and manipulate host responses for their own survival and propagation. To successfully 
establish and maintain a bacterial infection, the pathogens subvert the host cells defense 
response to survive, proliferate, and persist within the infected cell. To evade host defense 
systems, bacterial pathogens produce a variety of virulence factors that stimulate bacterial 
adherence and invasion and subvert host cell signaling cascades that regulate intracellu-
lar microbial survival and trafficking. Some of these mechanisms are mediated by factors 
released by the bacteria, whereas others rely on hijacking host components to prevent the 
production of an effective immune response thus promoting their survival within the host 
cell [2, 3]. Intracellular bacteria from Anaplasma and Mycobacterium genera produce similar 
genes expression patterns in infected ruminants [4]. Pathogen and host-specific differences 
could contribute to disease diagnosis and treatment of tuberculosis and anaplasmosis in 
ruminants.

In this review, we provide an overview of some of the mechanisms employed by Anaplasma 
and Mycobacterium to infect the host cell and the impact on their pathogenesis.

2. Anaplasma phagocytophilum, an intracellular bacterium with unusual 
tropism

The emergence of tick-borne pathogens has been promoted by the exploitation of envi-
ronmental resources and the increase in human outdoor activities, allowing the contact 
with tick vectors normally present in the field [5]. Anaplasma phagocytophilum is an obligate 
intracellular rickettsial pathogen transmitted mainly by Ixodes spp. ticks causing human 
granulocytic anaplasmosis (HGA), equine, and canine granulocytic anaplasmosis, and 
tick-borne fever (TBF) in ruminants [6]. In the vertebrate host, A. phagocytophilum infects 
neutrophils where the pathogen multiplies within a parasitophorous vacuole or morula 
in the cytoplasm of tick and vertebrate host cells [7, 8]. These gram-negative bacteria are 
grouped within the family Anaplasmataceae [3]. Complications and fatality are rare but 
more common in the elderly, the immunocompromised, or if proper diagnosis and/or 
antibiotic therapy are delayed. Fatalities are usually not directly attributed to the infection 
itself; pathological findings suggest defects in host defense and the presence of secondary 
infections [9]. However, the severity of illness and fatality rates could also be due to under-
lying immunosuppression.

Anaplasma is a highly antigenically variant bacterial pathogen that displays a diversity of 
mechanisms to create the structural and antigenic variation necessary to escape the immune 
response and allows long-term persistence in the host thus being able to act as a reservoir for 
transmission. A. phagocytophilum strategies to infect vertebrate host cells include, among oth-
ers, remodeling of the cytoskeleton, inhibition of cell apoptosis, manipulation of the immune 
response and modification of cell epigenetics and metabolism [10]. Hosts respond to infection 
by activating alternative pathways to regulate cell apoptosis, immunity, metabolism and stress 
response mediated by heat-shock proteins (Hsps) [1]. Unlike other bacteria, A. phagocytophilum 
is aflagellated and does not have a type III secretion system (T3SS) [11, 12].
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Pathogens subvert cellular immune response to favor infection and multiplication. Host cell 
transcriptome and proteome studies have demonstrated an effect of A. phagocytophilum infec-
tion on the inhibition of cell innate immunity [13–15]. They employ a variety of mechanisms 
to create the structural and antigenic variation needed to subvert the host immune system and 
long-term persistence [3]. A. phagocytophilum also employs a type IV secretion system (T4SS) 
to deliver proteins or DNA into eukaryotic cells [16]. It also inhibits host cell apoptosis to 
allow the bacteria sufficient time to develop morulae [17].

Adaptation to a life in eukaryotic cells and transmission between hosts has been assisted by 
the deletion of many genes that are present in the genomes of free-living bacteria, includ-
ing genes required for the biosynthesis of lipopolysaccharide and peptidoglycan that are 
involved in the activation of host leukocytes [18].

P44 (also known as MSP2) is a highly variable immunodominant surface protein that facilitates 
adherence to granulocytes [19]. The genome of Anaplasma consists of more than 100 msp2(p44) 
paralogs [20]. Antibodies specific to P44 inhibit A. phagocytophilum infection in mice and HL-60 
cells, which suggests that antigenic variation of P44 proteins may help A. phagocytophilum to 
escape host immune surveillance [3]. Some Anaplasma strains are naturally persistent in lambs 
and can be used to analyze the mechanisms of persistence in the vertebrate host. Variation 
of the outer membrane protein MSP2(P44) is believed to play a key role in persistence of the 
organism [21].

A. phagocytophilum can avoid killing by innate immunity but it also induces some innate 
immune responses, such as the production of IFN-γ, that contribute to tissue injury and dis-
ease [22]. Signal transducer and activator of transcription 1 (Stat1) is important in host innate 
and adaptive immune responses to intracellular pathogens, including intracellular bacteria 
[23]. It mediates most of the biological functions of both type I interferon (IFNα/β) and type 
II IFN (IFNγ). A. phagocytophilum infection-induced IFNγ signaling leads to phosphorylation 
of Stat1 in mice and is critical for the generation of protection [24]. Experimental infections 
with mice have demonstrated that the absence of Stat1 converts the subclinical infection to 
a severe one [22] suggesting that Stat1 plays an important role in controlling the response to 
bacterial infections. Stat1 also participates in the IFN-γ signaling of mycobacterial immunity. 
IFN-γ signaling provides positive feedback to both macrophages and CD4+ T-cells, which 
amplifies the Th1 response [25]. Suppressor of cytokine signaling (SOCS) expression has been 
implicated in intracellular survival of A. phagocytophilum in neutrophils where expression of 
IFN-γ receptor alpha-chain CD119 is diminished leading to reduced Stat1 dimerization and 
signaling [26].

In neutrophils, the genes most downregulated in response to A. phagocytophilum infection 
include those coding for proteins involved in bacterial killing such as myeloperoxidase, 
transferrin, bactericidal/permeability-increasing protein and cell protection (mucin 12). 
Immune-system-related genes encoding interferons, cytokines, chemokines, and their recep-
tors are upregulated in response to infection [13–15]. This suggests that pathogens have 
developed mechanisms to subvert the innate immune protective mechanisms in vertebrate 
hosts. However, some species can activate innate immune protective mechanisms to  control 
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and manipulate host responses for their own survival and propagation. To successfully 
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Immune-system-related genes encoding interferons, cytokines, chemokines, and their recep-
tors are upregulated in response to infection [13–15]. This suggests that pathogens have 
developed mechanisms to subvert the innate immune protective mechanisms in vertebrate 
hosts. However, some species can activate innate immune protective mechanisms to  control 
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 infection and appear to play a minor role as reservoir hosts for the pathogen [27]. For instance, 
pigs naturally and experimentally infected with A. phagocytophilum control bacterial infection 
through activation of innate immune responses, phagocytosis, and autophagy [28] resulting 
in low infection levels or infection clearance.

A. phagocytophilum, a pathogen lacking the T3SS and flagellin, activates the NLRC4 inflamma-
some (a component of the innate immune system) and secretion of IL-1β [29]. IL-18 release 
mediated by the NLRC4 inflammasome regulates IFN-γ production by CD4+ T cells upon 
A. phagocytophilum infection [30]. The receptor-interacting serine/threonine-protein kinase 2 
(RIPK2) appears to be a major regulator of the immune response against A. phagocytophilum. 
Ripk2−/− immune cells exhibit a defect in activation for the nuclear factor (NF)-κB and the 
NLRC4 inflammasome pathways [29]. Furthermore, experimental mice lacking COX2 (cyclo-
oxygenase 2) are more susceptible to A. phagocytophilum, they do not secrete IL-18 and exhibit 
splenomegaly and damage to the splenic architecture [29].

A. phagocytophilum transiently infects bone-marrow derived macrophages (BMDMs) [31] 
and clinical features in animal models and infected patients suggest classical macrophage 
activation [32]. Deep sequencing analysis of experimentally infected macrophages indi-
cated that the transcription of genes that encode for phospholipase A2 (pla2g12a, pla2g5 
and pla2g2e), COX2 and PGE synthase (ptges) was increased upon A. phagocytophilum 
infection [29].

A. phagocytophilum use heat shock proteins (Hsps) for infection of vertebrate host cells [33, 34]. 
Host cells can also activate Hsps in response to infection [35–37]. The mammalian immune 
response against pathogen Hsps to control infection may trigger a detrimental autoimmune 
response to host Hsps [35, 36, 38]. However, recent evidence suggests that hosts may benefit 
from induction of Hsps in response to pathogen infection [1]. A mutant strain of Mycobacterium 
tuberculosis, that constitutively over produced Hsp70 proteins, was fully virulent in the initial 
stage of infection, but its survival was reduced in the chronic phase. This suggests that induc-
tion of microbial genes encoding Hsps might provide a novel strategy to boost the immune 
response of individuals with latent infections [39].

How A. phagocytophilum interacts with the mammalian immune system is still unclear. Both T 
and B cells have been shown to play important roles in the control and clearance of A. phago-
cytophilum [40, 41]. CD4+ T cells and T-helper 1 (Th1) play a key role in the immune response 
to the infection of A. phagocytophilum [30, 42]. IFNγ, IL-12, and IL-18 also play important roles 
in the early clearance of A. phagocytophilum [30, 43]. Well-known anti-bacterial innate immune 
detection system such as TLR2, TLR4, and their adaptor MyD88 appear to play no role in the 
immune response to A. phagocytophilum infection [41]. Some studies suggest that signaling 
through the Nod Like Receptor (NLR) family member IPAF (NLRC4), its adaptor ASC, and 
Caspase-1 is critical for the control of A. phagocytophilum infection during the early phase of 
infection [30].

Rip2 has been previously shown to play an essential role in the immunity against vari-
ous intracellular pathogens including Mycobacterium tuberculosis [44]. Rip2 also plays an 
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important role in the control of A. phagocytophilum infection [44]. A. phagocytophilum infec-
tion upregulates Rip2, the adaptor molecule of the cytoplasmic pattern recognition receptor 
Nod1 and 2 in immune cells [45]. Following peptidoglycan detection, Nod1/Nod2 recruit 
and associate with the adaptor protein Rip2, triggering proinflammatory signaling path-
ways via NF-κB and the mitogen-activated protein (MAP) kinases p38, JNK, and ERK [46]. 
IL-8, a major inflammatory chemokine, is heavily induced during A. phagocytophilum infec-
tion in humans [47]. Trafficking of neutrophils to the sites of infection is induced by this che-
mokine and Rip2, which appears to play an important role in neutrophil recruitment in vivo 
[48]. IFN-γ, another inflammatory cytokine, plays a major role in the immune pathology 
and early clearance of A. phagocytophilum infection [43]. It is also known that an adaptive 
CD4+ T cell mediated response is critical for the complete clearance of A. phagocytophilum 
infection [42]. Previous reports have shown the importance of natural killer (NK) cells, NKT 
cells [49] and CD4 + T cells [42] in the IFNγ production and host defense to A. phagocytophi-
lum infection (Figure 1).

Using oligonucleotide array technology [50], it was observed that genes involved in the 
immune response were modulated in neutrophils infected with A. phagocytophilum. Among 
the genes that were most upregulated in the early transcriptional response to infection in 
neutrophils were cytokines, chemokines, and their receptors (e.g., CCL3, CCL3L3, IL-8, IL-1β, 
and CXCR4).

The major adipocyte lipid droplet-associated phosphoprotein perilipin (PLIN) is upreg-
ulated in HL60 infected cells. Both protein and mRNA levels were higher in infected 
cells and the over expression of PLIN was parallel with bacterial infection levels [51]. 
Furthermore, PLIN knockdown resulted in a reduction of A. phagocytophilum infection in 
HL60 cells, suggesting the bacteria modulate host lipid metabolism to infect and multiply 
in the host cell [51].

In THP-1 cells, A, phagocytophilum infection displays an upregulation of histone deacety-
lates 1 and 2 (HDAC1 and HDAC2), while protein levels exhibit a similar kinetic pattern 
for both HDACs. Moreover, pharmacological inhibition of HDAC and HDAC1 silenc-
ing reduced the level of bacterial infection in THP-1 cells [52]. Mycobacterial infection of 
THP-1 cells specifically inhibits HLA-DR gene expression by a pathway involving HDAC 
complex formation at the HLA-DR promoter, resulting in histone deacetylation and gene 
silencing [53].

Proteins secreted by bacteria are involved in many important tasks and they account for many 
of the virulence factors of pathogens. Outer membrane protein A (OmpA), also known as 
peptidoglycan-associated lipoprotein, is conserved among most Gram-negative bacteria and 
interacts with peptidoglycan to maintain outer membrane integrity [54]. The expression of 
OmpA increases in the early stages of infection. OmpA is presented on the pathogen’s surface 
and is upregulated during invasion of HL-60 cells. Sera from HGA patients and experimen-
tally infected mice recognize recombinant OmpA. Pretreatment of A. phagocytophilum organ-
isms with OmpA antiserum reduces their ability to infect HL-60 cells [54].
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the genes that were most upregulated in the early transcriptional response to infection in 
neutrophils were cytokines, chemokines, and their receptors (e.g., CCL3, CCL3L3, IL-8, IL-1β, 
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The major adipocyte lipid droplet-associated phosphoprotein perilipin (PLIN) is upreg-
ulated in HL60 infected cells. Both protein and mRNA levels were higher in infected 
cells and the over expression of PLIN was parallel with bacterial infection levels [51]. 
Furthermore, PLIN knockdown resulted in a reduction of A. phagocytophilum infection in 
HL60 cells, suggesting the bacteria modulate host lipid metabolism to infect and multiply 
in the host cell [51].
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lates 1 and 2 (HDAC1 and HDAC2), while protein levels exhibit a similar kinetic pattern 
for both HDACs. Moreover, pharmacological inhibition of HDAC and HDAC1 silenc-
ing reduced the level of bacterial infection in THP-1 cells [52]. Mycobacterial infection of 
THP-1 cells specifically inhibits HLA-DR gene expression by a pathway involving HDAC 
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silencing [53].

Proteins secreted by bacteria are involved in many important tasks and they account for many 
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interacts with peptidoglycan to maintain outer membrane integrity [54]. The expression of 
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A. phagocytophilum uses surface proteins invasins OmpA, Asp14, and AipA to bind and infect 
mammalian hosts [55, 56]. OmpA interacts with α1,3-fucose, which is critical for the bacteria 
to bind host cell surfaces and invade them. OmpA, Asp14, and AipA play essential roles in 
the A. phagocytophilum lifecycle [54, 55, 57]. Directing the immune response to their binding 
domains could enhance protective efficacy. It has been observed that an antibody cocktail 

Figure 1. A. phagocytophilum and M. tuberculosis employ common strategies but different mechanisms to infect host 
cells: Nod proteins activate NF-κB through the serine–threonine kinase Rip2. NF-κB is translocated to the nucleus and 
stimulates cytokine expression. Secretion of IL-8 stimulates neutrophil and T cell migration. Stat1 participates in the 
IFN-γ signaling of intracellular bacteria. (A). Neutrophil infected with A. phagocytophilum: IFN-γ contributes to tissue 
injury and disease. AnkA is secreted by the bacteria and translocates to the nucleus of infected cells regulating host cell 
transcription facilitating intracellular bacterial survival and growth. (B). Macrophage infected with M. tuberculosis: IFN-γ 
activates macrophage phagocytosis killing intracellular bacteria. TNF-α attracts macrophages and lymphocytes at the 
site of infection and promotes granuloma formation thus resulting in limited antigen presentation.
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specific for the OmpA, Asp14, and AipA binding domains blocked A. phagocytophilum infec-
tion of host cells [56]. This finding could help the development of an anti-multi-invasin vac-
cine to protect against human and veterinary granulocytic anaplasmosis or even against 
other obligate intracellular pathogens such as Mycobacterium spp. since they also use mul-
tiple invasins to enter host cells [58].

MSP1a and MSP1b from Anaplasma marginale have been shown to be adhesins for host cells 
[59]. Studies on the immunogenicity of recombinant BCG expressing the MSP1a antigen sug-
gested that the immune responses were influenced by the level of antigen expression [60]. 
These results indicated that recombinant M. bovis BCG expressing MSP1a could be used to 
test for protective antibody production for the control of anaplasmosis.

The A. phagocytophilum genome encodes a type four secretion system (T4SS) that may facili-
tate intracellular survival by translocation of virulence factors that appear to be important for 
the manipulation of the host cell. Ankirin A (AnkA) is a translocated virulence factor that is 
tyrosine-phosphorylated by host cell kinases upon translocation into the host cell early dur-
ing infection [16, 61].

Anaplasma translocation substrate 1 (Ats-1) protein belongs to T4SS of Anaplasma, which is secreted 
and localizes into the mitochondria of human neutrophils and HL60 cells. Ats-1 translocates 
to the host cell mitochondria matrix via the translocase of the outer mitochondrial membrane 
(TOM) complex. Transfection assays with RF/6A and yeast cells demonstrated that Ats-1 inhibits 
etoposide and Bax-induced apoptosis respectively [62] thus facilitating pathogen survival.

In mammalian cells, A. phagocytophilum activates extracellular signal-regulated kinase (Erk)1/2, 
a key protein of the MAP kinase pathway [50, 63]. AptA (Anaplasma phagocytophilum toxin A, 
formerly named APH_0233) stimulates Erk1/2 phosphorylation in HL60 and HEK293 cells 
[64]. Furthermore, AptA interacts with vimentin, and gene silencing and inhibitory enzymatic 
assays in HL60 cells and neutrophils respectively, demonstrated that vimentin is necessary for 
Erk1/2 activation and Anaplasma infection [64].

Anaplasma inclusions have a double-lipid bilayer membrane, and induce autophagosome 
formation in the host cell. Also, beclin 1 and light chain 3 (LC3) proteins that play a cen-
tral role in autophagy are colocalized bacterial replicative inclusions. Furthermore, assays 
of inhibition and induction of this catabolic mechanism in HL60 infected cells demonstrated 
that autophagy benefits infection, rather than elimination [65]. Ref. [66] described that induc-
tion of autophagy in host cells is mediated trough beclin 1 (Becn1) that binds Ats-1 to sup-
ply nutrients for pathogen growth. Additionally, gene silencing of Becn1 inhibits infection in 
mammalian cells [66].

3. The Mycobacterium tuberculosis complex, a global burden for human 
and animal health

Macrophages play a central role in the first line of defense against pathogenic microorgan-
isms, however, they are also the key target cells for mycobacteria. The bacteria can live and 
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replicate inside the macrophages, thus evading the innate immune response against infec-
tion of the host through immunosuppression and immune evasion [53]. Co-evolution of M. 
tuberculosis with its hosts has enabled the pathogen to develop host immune evasion strate-
gies that interfere with both innate and adaptive immunity. These include the manipulation 
of their phagosome within host macrophages, the avoidance of pattern recognition receptors, 
the modulation of host cytokine production, and the manipulation of antigen presentation to 
prevent or alter the quality of T-cell responses [67]. Other mechanisms include interference 
with phagosomal acidification and trafficking, blocking autophagy and apoptosis-mediated 
killing, perturbing calcium signaling, and inhibiting the inflammasome activation in order 
to modulate the host immune responses. Manipulation of these host pathways is achieved 
by bacterial components such as cell wall lipids, serine threonine kinases, phosphatases and 
proteases, and using specialized secretion systems.

The outcome of infection with Mycobacterium tuberculosis depends on the ability of the 
immune response to clear or contain the infection. When this fails, the bacterium replicates, 
disseminates within the host, and elicits a pathologic inflammatory response. Individuals 
infected with M. tuberculosis develop mainly CD4 T cell responses to protein components of 
M. tuberculosis, an immune response that can persist for years. Infections with mycobacteria 
are characterized by their chronic course and, even with an adequate immune response, 
they can persist inside macrophages. Progression to active disease is possible even decades 
after exposure [68] and is typically triggered by immune compromise. Although the bacte-
ria are concealed within the infected macrophage, B cells and antibodies also play a role on 
the immune response to intracellular bacteria and are likely to be important in the control 
of M. tuberculosis [69]. In addition, B cells are a major cellular component of the granuloma 
(an important mechanism of host defense against tuberculosis) where they can process and 
present antigen to T cells, secrete antibodies, and modulate inflammation through the pro-
duction of IL-10 [70]. In vitro human B cells have been shown to ingest mycobacteria, pro-
duce IgM, and upregulate the expression of the costimulatory molecules CD80 and CD86 
and the chemokine CXCL10 [71]. The human CD4 T cell response exhibits Th1-response 
characteristics [72].

Mycobacteria have a distinct secretion system, named type VII (T7SS or ESX), which is 
associated with virulence and pathogenesis, including growth in macrophages [73] and 
antigen presentation. This system is encoded by a locus that is deleted in attenuated strains 
of M. bovis (bacille Calmette–Guérin (BCG) strains), which are used to vaccinate against 
tuberculosis [74].

IL-8 is a chemokine with a significant role in regulating leukocyte influx in TB. In vivo studies 
have shown that pre-treatment with anti-IL-8 alone inhibits mycobacterial granuloma forma-
tion [75]. IL-8 is involved in attracting neutrophils and T cells and in monocyte recruitment 
[76]. Targeting IL-8 secretion during inflammation could be the subject for new therapeutic 
approaches [77].

Mycobacterial components can activate MAP kinase signaling cascades but this activation 
varies depending on the species of Mycobacterium. For instance, it appears to be diminished in 
macrophages infected with pathogenic strains of M. avium [78].
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IFN-γ is a Th1 cytokine that plays a vital role in the protective immune response against M. 
tuberculosis infection [2]. In cattle, IFN-γ is produced predominately by activated CD4 T cells 
following presentation of M. bovis antigens on the surface of antigen presenting cells (APCs) 
[79]. IL-10 is released following phagocytosis of pathogenic mycobacteria [80] and has been 
shown to inhibit the pro-inflammatory cytokine response through down regulation of IL-12 
and IFN-γ [81, 82]. Increased IL-10 levels appear to correlate with progression of infection in 
a bovine tuberculosis model [83] (Figure 1).

Nod proteins and their adaptor molecule Rip2 are key components of a family of cytosolic 
innate immune pattern recognition receptors [84]. Nod2 triggers cytokine production by den-
dritic cells in response to live M. tuberculosis, but is not essential to control infection [85].

M. tuberculosis can use the TLR2 pathway to modify the host environment [86]. The adaptor 
molecule myeloid differentiation factor-88 (MyD88) appears to play a significant role in the 
pathogenesis of Mycobacterium. Mice lacking MyD88 are highly susceptible to M. tuberculosis 
infection, with a mean time to death of approximately 42 days.

Glycolipids are one of the most common cell surface components of macrophages and den-
dritic cells. They interact with intracellular bacteria, estimulating the host immune response 
[87]. LprG (Rv1411c), a cell membrane lipoprotein essential for M. tuberculosis virulence, binds 
to the acyl groups of lipoglycan [88]. In murine macrophage cells (RAW 264.7), LprG is essen-
tial for macrophage entry and inhibition of phagosome—lysosome fusion. Also, it has been 
described that LprG has a significant role in the production of lipoglycan lipoarabinomannan 
(LAM), one of the major cell surface components of M. tuberculosis [87, 89]. LprI is another 
lipoprotein used by M. tuberculosis to bind and inhibit the lytic activity of lysosomes [90].

Mycolic acids are major components of the outer membrane of M. tuberculosis. HadC (Rv0637) 
contributes to mycolic acids biosynthesis and its mutation or silencing is directly related to 
the loss of M. tuberculosis virulence [91].

M. tuberculosis encodes the serine protease Rv2224c (Hip1) that is present on the cellular 
membrane [92]. In primary macrophages, silencing of Hip1 notably decreased mycobacte-
rial growth compared to the wild type bacteria. Moreover, levels of cytokines (TNF-α, IL-1β, 
IL-6) were increased in macrophages infected with wild-type M. tuberculosis compared to the 
mutant Hip1 M. tuberculosis [93]. The stress-induced protein GroEL2 is a substrate for Hip1 
[92]. Hip1 appears to limits dendritic cells cytokine secretion and through under modulation 
of CD40 and CD86, it could affect dendritic cell maturation, and decrease antigen presenta-
tion to CD4 T cells [94].

Transcriptional assays have shown that M. tuberculosis infection of human monocytes activate 
the MAPK pathway to promote over expression of IL-23, that is involved in the modulation 
of Th1/Th17 cells [95]. In addition, it has been reported that the bacteria may suppress the dif-
ferentiation of monocytes into dendritic cells through the release of IL-10 [96].

Intracellular bacteria can manipulate host gene expression through epigenetic modifications to 
help infection and survival inside the host cell. Ghorpade et al. [97] described that M. bovis bacil-
lus Calmette-Guérin (BCG) modify epigenetically nitric oxide and KLF4 to restrain the class II 
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 transactivator (CIITA) and MHC-II expression thereby eluding immune surveillance. Evidence 
supports that M. tuberculosis infection in THP1 cells induces overexpression of HDAC1, which is 
implicated in the downregulation of IL-12B that plays a key role in the Th1 response [98].

Lsr2 is a M. tuberculosis protein with histone-like features, including the ability to regulate a 
variety of transcriptional responses in mycobacteria. Lsr2 protects mycobacteria against reac-
tive oxygen intermediates (ROI) in vitro and during macrophage infection shielding bacterial 
DNA by binding to it [99] suggesting it could be a good candidate as a drug target.

4. Conclusions

Intracellular bacteria such as Anaplasma and Mycobacterium use similar mechanisms to infect 
vertebrate host cells. These strategies include manipulation of the immune response, subver-
sion of phagocyte cells and the use of proteins for infection and manipulation of host gene 
expression. Nevertheless, different pathogens have evolved specific strategies when infecting 
their hosts. Abundantly expressed proteins are often the primary targets of research, how-
ever, less prominently expressed antigens may have equally good or even superior vaccine 
potential. Research into the antigen catalog available for immune recognition of infected cells 
could provide new directions for antigen discovery and vaccine development.
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Abstract

Breast and cervix uteri are rare locations for Mycobacterium tuberculosis (MbT) infection and
MbT association to cervical cancer is more rare in European countries. This chapter analyses
two cases of rare locations of tuberculosis (TB) in young Romanian women. The first patient
presented a chronic primary TB breast abscess, non-pregnancy relatedwith periods of appar-
ent healing and repeated areolar fistula formation. In the second case, the unexpected discov-
ery of secondary TB endocervical granulomatous inflammation with caseous necrosis on a
radical hysterectomy specimen, performed after chemoradiotherapy for squamous non-
keratinizing cell carcinoma is presented. Worldwide incidence, risk factors, hypothetic mech-
anisms of primary/secondary breast and cervix uteri MbT infection, the association to high-
risk HPV, microbiological diagnosis difficulties, the differentials to pyogenic abscesses, other
chronic granulomas and breast cancer treatment issues are presented in the reviewed litera-
ture, focusing on thepeculiarities of these rare locations and complications. It is recalled an old
concept of “therapeutic antitubercular” test when all other assessments steps are usefulness.

Keywords: tuberculosis, breast abscess, cervical caseous granuloma, carcinoma

1. Introduction

Tuberculosis (TB) is an old disease, known since 5000BC, and contemporary professional and
scientific communities are challenged by the WHO’s “Global Tuberculosis Report 2017” showing
6.3 million new cases of TB in 2016, with about 16% expected to die due to TB by 2020.
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These data may be connected to the lack of an effective vaccine, and of sensitive and rapid
diagnostic tests, to the appearance of multidrug resistant strains of Mycobacterium tuberculosis
(MbT) [1, 2]. Low income, immunosuppressive disorders, worldwide travels and immigration
are associated to TB globalization [3]. Breast and uterine cervix are rare locations for MbT even
in TB endemic countries [1]. This chapter analyses two cases of rare locations of TB in young
women from Romania, a middle-income country. The first case is a chronic, non-pregnancy-
related primary breast abscess, with areolar fistula formation between periods of apparent
healing. The second case is an association of secondary endocervical tuberculosis to a squa-
mous cervical carcinoma in a young woman with a previous lung tuberculosis, without
activation during/after specific cervical cancer therapy. In Europe, there are few papers in the
form of case reports on breast or cervix uteri tuberculosis. Breast and cervix uteri tuberculosis
are uncommon diseases with non-specific clinical, imagistic and or cytological/histological
findings. Misdiagnosis or the diagnosis after many negative assessments for these rare TB
locations are common, because biopsy specimens are paucibacillary, and other investigations
such as microscopy and culture are frequently negative, as it is the PCR for MbT. MbT can
simulate cervical carcinoma in premenopause and postmenopause [4, 5] due to abnormal
vaginal bleeding at clinical presentation.

We intent to review and refresh the theories/hypothesis on the epidemiology, pathophysiology,
diagnosis and therapeutic issues on these rare MbT locations and complications. In countries
like Romania, where TB is non-endemic and the diagnosis for extra pulmonary tuberculosis
is a surprise, the golden standard of microbiological evidence of MbT is rare, even with the
new molecular techniques. It is reconsidered the “old concept of the therapeutic test” with
antitubercular drugs, which was proved to be active in pulmonary tuberculosis.

2. Cases presentation

First case: A 31 years old Caucasian woman, higher studies and salaried, married, nuligesta,
on combined oral contraceptives, no family or personal history of tuberculosis or known
exposure to a person with tuberculosis, no mammary surgery, is presenting in December 2014
with nipple retraction and inversion, skin redness and thickening, over a breast inflammatory
tumor of 2 x 1 cm size, in the internal upper quadrant of the right breast, freely mobile and a
fistula at areola level, with no axillary or cervical lymphadenopathy, and normal left breast.
The systemic examination is non-contributory, and no associated constitutional symptoms, as
fever, no weight and appetite loss are registered.

The patient had three previous similar episodes, since 2007, with a fistula of the right breast
abscess, sterile cultures for aerobic/anaerobic germs, and yeasts in the nipple purulent dis-
charge.

Routine hematological and biochemical investigations, and serum prolactin levels are normal,
HIV test is negative. Breast sonography reveals skin thickening, nipple retraction and dilated
terminal ducts and ill-defined thick-walled cystic mass of 2.9 cm diameter.

Tuberculosis134

The cytological examination after Giemsa stain from the fistula’s purulent discharge shows a
rich cellular smear, with many polymorphs background, lymphohistiocytic aggregates and
Langhans type multinuclear giant cells, fibrin debris and rare epithelial cells, which conducted
to the conclusion of a chronic breast inflammatory granuloma.

It is decided and incision-excision of the inflammatory mammary gland tissue was performed,
with large drainage of the remaining cavity, samples collection for pathology/microbiology
and no other unwanted events as shock or toxemia.

In January 2015, a new fistula occurred on the opposite on the opposite area of the right nipple,
with discharge of purulent material, without fever or other general symptoms, as she never
presented at each previous medical consultations (Figure 1).

The cultures for aerobic/anaerobic germs and yeasts are sterile, the pathological examination
discovers rare epithelial cells of squamous type, lymphocytes, plasma cells, histiocytes,
multinuclear giant cells of Langhans type and a multitude of blood vessels. The Ziehl Neelsen
stain for acid-fast bacilli and PCR for MbT from sample collected at excision biopsy are
negative (Figure 2(A, B)).

The chest X-ray examination is normal and the PPD skin test is 10 mm.

In March 2015, a 6 months antitubercular treatment (ATT) with three drugs was
recommended: isoniazid, rifampicin and ethambutol with intensive therapy for the first 3
months is administered. The follow up from May 2015 (after 2 months of intensive therapy)
shows remission of the fistulas, heal of the skin, the persistency of the nipple retraction and a
2 kg weight gain. The patient had a total 9 months ATT (Figure 3).

The final diagnosis is primary non-gestational breast tuberculosis abscess.

The second case: A 29 years merchandise by occupation, smoker of five cigarettes per day,
non-alcoholic, married since 10 years is presenting for repeated postcoital abnormal vaginal
bleeding and blood-stained discharge since 6 months. History: physiology: the menarche:

Figure 1. Photograph of the scar from slowly-healing post-incision/excision-drainage wound of the right breast, and the
new fistula on the opposite part of the right areola and purulent discharge.
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HIV test is negative. Breast sonography reveals skin thickening, nipple retraction and dilated
terminal ducts and ill-defined thick-walled cystic mass of 2.9 cm diameter.
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14 years; 2 full-term spontaneous deliveries; 1 abortion; pathology: pulmonary tuberculosis
(treated and considered healed in 2002); no surgical illness. LMP: August 20, 2008, immuno-
logical pregnancy and HIV tests: negative. General physical examination was essentially
normal; abdominal examination revealed no mass, no ascites, no hepatosplenomegaly and no
other abnormality.

Vaginal speculum examination: an irregular, cauliflower-like tumor of 4 cm in the largest size
on the anterior cervical ridge, spontaneously bleeding, and on touch; normal vaginal walls and
bilateral fornices.

Vaginal bimanual examination: anteverted uterus of normal shape, and volume, firm, mobile
and no adnexal mass.

Figure 2. Pathological images (A. Hematoxylin & Eosin, 40X; B. Hematoxylin & Eosin, 20X): Inflammatory granuloma-
tous lesions: Rich chronic inflammatory infiltrate, with many histiocytes (with epithelioid aspect) and frequent
multinuclear giant cells Langhans-type. Collection of Degeratu Daniela, “Dr I. Cantacuzino” Laboratory of Pathology.

Figure 3. Photograph of the right breast after two months of intense active antitubercular treatment. Patient in recumbent
position with healed wound, without sinuses of the areola, and inverted nipple.
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Per-rectal examination: smooth rectal mucosa, and freely mobile, no induration or nodularity
of both parametrials.

Pap smear: epithelioid-like cell clusters with atypia. Colposcopic examination increased vas-
cularity on the posterior cervical ridge, acetowhite on the anterior cervical ridge, with negative
iodine stain with precise contour around the previously described cauliflower-like tumor.

Provisional diagnosis of carcinoma cervix stage I B was kept, and after preliminary investiga-
tions, patient was posted for multiple cervical biopsies—the tumor and from other four cardi-
nal points in the vicinity.

The histopathological diagnosis came out to be squamous non-keratinizing cell carcinoma
(Figure 4), and the specific tests for viral infection had revealed the presence of genotype 33 HPV.

Hematological test: low degree anemia (Hb: 11.0 mg/dL, Ht; 34%), leukocytosis and
thrombocytosis.

Biochemical and coagulation tests: normal.

Chest radiography showed fibrous and fibro-nodular sequelae of pulmonary tuberculosis.

After 4 weeks of radiotherapy (tele-radiation and 2 cures of brachytherapy) plus chemother-
apy (cisplatin), the patient is proposed for surgery, which is accepted and it is done a
Wertheim’s radical hysterectomy with bilateral pelvic node dissection. The post-surgery path-
ological examination showed a cervix with large areas of ulceration, polymorph inflammatory
infiltrate and multinuclear giant cells of foreign body type, micro-calcifications and small
islands of squamous non-keratinizing cancer cells. The endocervix presents a granulomatous
inflammation with caseous necrosis and Langhans multinuclear giant cells. The vaginal part
and the lateral part of the cervix have no neoplastic invasion. The endometrium is atrophic, the
ovaries have albicans bodies, the tubes have hypoplastic mucosa,and the examination of 10
lymphnodes shows their reactive aspect, lipo-dystrophy and micro-calcifications.

PCR for MbT was performed on archived tissue (formalin-fixed paraffin embedded uterine
tissue) following detection of cervical TB by pathology, was positive in the cervix. The patient

Figure 4. Two confluent epithelioid caseous granulomas with Langhans-type gint multinuclear cells and lymphocytic
inflammatory infiltrate at the periphery, HE stain, 10 x. Collection of Degeratu Daniela, “Dr I. Cantacuzino” Laboratory of
Pathology.
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has a normal evolution post-radio, chemotherapy and post-surgery, without any reactivation
of the pulmonary tuberculosis.

3. Epidemiology: risk factors

3.1. Epidemiology of breast tuberculosis

Breast TB was first described in a very young woman by Sir Astley Cooper in 1829 as
“scrofulous swelling of the bosom”, and the location of MbT in the cervix uteri was first
described 2 years later by Renaud (1831). Extrapulmonary TB was reported in nearly 18% of
cases in USA [6], and TB location in the breasts is extremely rare in Western populations from
0.025 to 0.1% of all surgically treated breast diseases. In the last 20 years, the Southern
European countries such as Greece, Turkey, Italy and Spain reported rare such cases, and
0.64–3.59% of all mammary treatable conditions are in developing countries from Asia [7],
where the overall incidence of histological confirmed breast TB is 0.4% per year [8]. In India,
the incidence of breast TB is five times less common than carcinoma of the breast [8]. There are
described fluctuations in the incidence of generally breast TB, with the highest incidence in
Southern Turkey in 2007 [10], and in the last 8 years (Table 1) the reported cases with primary
breast TB have an increasing incidence all over the world, as it is the Romanian case, which
had the first episode in 2007. Mammary involvement is nearly equal in frequency in the right
and left (40.0 vs. 44.0%) [10], bilateral disease is rare [11, 12], as it is the infra-mammary
location of tuberculosis [13]. Breast tuberculosis is affecting women in the reproductive age,

Continent Number of cases since the year 2000 (00)
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It, Italy; Gr, Greece; T, Turkey; Ch, China; R, Romania; Mo, Morocco; In, India; Tw, Taiwan; Ir, Iran; Br, Brasil; Mx, Mexico;
Co, Columbia; US, United States of America.

Table 1. Annual worldwide published cases with primary breast tuberculosis (last 16 years medical literature - Google
scholar, Medline, web of science).
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21–30 years, predominantly, a case being reported during pregnancy [14], and rarely in prepu-
bescent [15] and elderly postmenopausal women [16], the last category being more affected in
the early twentieth century, and in the last years it is discovered in women and men [17, 18].
None of the recognized risk factors (multiparity, lactation, trauma, past history of suppurative
mastitis, breast surgery/breast reconstruction [19, 20], silicon breast introduction or AIDS [21]
was present in the Romanian reported case.

3.2. Epidemiology of cervix uteri tuberculosis

In developing countries like India, TB is a major socioeconomic burden, afflicting 14 million
people mostly in the reproductive age group (15–45 years). Regarding the genital tract,
fallopian tubes are involved in almost all the cases of pelvic tuberculosis, endometrium in 50–
60% and ovaries in 20–30% [22]. Cervical tuberculosis accounts for 0.1–0.65% of all cases of the
disease and 5–24% of genital tract [23].

4. Pathophysiology

4.1. Pathophysiology of breast tuberculosis

The breast was considered an organ that offers resistance to the survival and multiplication of
the tubercle bacillus [24], like other organs such as spleen, skeletal muscle or cervix uteri, and
this property is one of the reasons for the uncommon diagnosis of breast TB, and in countries
like India it is supposed that the breast TB is confused to carcinoma [25], or to a pyogenic
breast abscess [26], or to other diseases [27], tubercular mastitis being a “great masquerader”
[28]. In contrast to this quality, when breast is infected with MbT, it was proved that BRCA 1/2
network is suppressed during infection suggesting that breast cell proliferation suppression is
a feature of Koch bacilli survival [29].

Breast TB is described to be primary or isolated, and secondary. The primary breast TB is
appreciated when the breast infection is the only manifestation of the disease, no demonstrable
tuberculous focus exists elsewhere in the body [30], and the infection is through abrasions or
through the openings of the ducts in the nipple. Primary breast TB is rare in comparison to
secondary to lung or extrapulmonary, and the authors consider that the Romanian case is
among primary breast tuberculosis. The secondary type is appreciated when a pre-existing
lesion is located elsewhere in the body. Secondary MbT can spread by three routes such as
hematogenous, lymphatic or directly from the primary location such as lung, pleura, ribs,
mediastinum and articular lesions. It is supposed that the patient had acquired theMbTduring
a plain long distance travel, some previous years ago, when she claimed the first episode of
breast inflammation; extensive travels seem to be responsible for tuberculosis globalization,
statement common to others’ physicians [3], which is an explanation for a primary men’s
breast tuberculosis, as it the case of a 44 years old Lithuanian man living in UK [18]. In
countries where TB is endemic, young lactating women are more prone to develop breast
tuberculosis, being described an incidence that can vary in the limits of 7–33% [31–33]. All
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types of Mycobacterium spp., and other types of antigens or foreign bodies, as milk during
pregnancy or lactational period, are met by a vigorous cell-mediated hypersensitivity reaction
involving macrophages, epithelioid and giant cells, Th1 lymphocytes, and their cytokines,
which are activated and are developing the granulomas [34].

In Romania, like in countries with endemic tuberculosis as India, Pakistan, China, Iran and
Korea, tubercular infection is seen more frequent secondary to a tubercular focus such as
lungs, pleura or lymph nodes, which very frequently actually may not be detected clinical or
radiological [26]. The breast infection is acquired usually from lungs by many routes (hema-
togenous, lymphatic via tracheobronchial, paratracheal, mediastinal lymph trunks or internal
mammary nodes), by spread from contiguous structures and by ductal infection [8]. MbT is
affecting differently breast structures, according to route of contamination: the epithelium of
the ducts (primary) or of the lobules (secondary) with loss of acinar structures; and the entire
epithelial lining of the lobules is destroyed, caseating necrosis appearing in the center of the
lesion, and the destructive mechanisms are progressing and involving the skin, which may
ulcerate and create fistula/sinuses; in other cases, specially in elder women, the mechanisms of
repair/restoration are developing excessive dense fibrous tissue.

4.2. Pathophysiology of cervix uteri tuberculosis: Hypothesis on the association to cervical
cancer

Pelvic organs are infected from a primary focus, elsewhere in the body, most commonly from
lungs, by hematogenous spread. The cervix may be infected, as a part of this process, by
lymphatic dissemination from the infected tube, or by direct extension from the endometrium.
It is discussed a cervical infection from the sexual partner/partners with tuberculous epididy-
mitis, being discussed the increased risk when there are multiple sexual male partners, espe-
cially in China [35]. It is discussed a relative immunity of the cervix to MbT as it was shown
previously for other organs, which is probably connected to the inability of the bacillus to
penetrate the squamous epithelium of portio vaginalis, and to cervical mucus resistance, but in
rare cases, cervical TB may be a primary infection, MbT being introduced by a partner with
tuberculous epididymitis or other genitourinary disease [36], but the sexual partner of the
reported patient was negative for pulmonary TB. It was suggested the role of the sputum used
as a sexual lubricant [22].

In the nineteenth century, it was a controversy as whether tuberculosis and cancer can coexist
in the same organ; Carl von Rokitansky (1855) was the first to propose the view that there is a
definite antagonism between the two, meaning that tuberculosis and cancer cannot be present
in the same organ, but after the influences of Votta J Paul work and through his own further
experience, Rokitansky later changed his previous generally accepted view, and admitted that
tuberculosis and carcinoma can coexist, but that this coexistence is rather rare. The Romanian
report on this pathological association is done for its rarity in Europe, and to the best of
authors’ knowledge, in the last 45–50 years, two similar cases in Romania (Iaşi) by Luchian
et al. [37] and one case in Poland [38] are described. The question is whether tuberculosis is
before cancer, or the presence of the viral infection made possible the secondary location of the
MbT. The pathological exams of the reported case did not revealed extensive granulomatous

Tuberculosis140

reaction, or cancer metastases in the endometrium, tubes, ovaries and lymph nodes. Since
many years from the first description of the association of these two life-threatening patholo-
gies, host response as the basic mechanism of specific defense against infection and tumor
factors that enable such a response are also discussed since long time [39], being not
completely known/understood, they may benefit from the host’s previously compromised
immunity: MbT and HPV can potentate each other.

The MbT is a facultative intracellular parasite that grows well in non-activated macrophages.
When large numbers of these bacilli have grown intracellularly within such macrophages, a
cytotoxic immune response, herein called tissue-damaging delayed-type hypersensitivity kills
the macrophages, forming the caseous center of the tubercle, where the tubercle is surviving;
such a delayed-type hypersensitivity was first described for the pulmonary tuberculosis [40],
and this patient have suffered from pulmonary tuberculosis 7 years earlier. The progression of
cervical dysplasias to invasive, lethal cervical cancers has been attributed to diverse factors
such as immune, hormonal, and nutritional status, or co-infection with other sexually trans-
mitted agents, supporting data being equivocal [41].

The contemporary professional societies are sure on primary immune defense system defi-
ciency or incapacities to some infections, bacterial and viral, which were demonstrated in the
systemic circulation and in some bodies locations – in the cervix uteri or in the breast. In North
America [42], Western Europe [43, 44] and recently in China [45], it was proved the shifted
balance between T helper 1 (Th1)-type and Th2-type cytokines in cervical dysplasia [42, 46],
the involvement and increase of invariant natural killer T (iNKT) cells (which are in small
number in condyloma acuminatum, in mild and moderate dysplasias [47]), and the cytokines
production from cervical keratinotytes [48] the main targets of HPV infection as the stratified
epithelium cells, and the main source of cytokines [49], as type I interferon (IFN)-γ, tumoral
necrosis factor (TNF)-α, transforming growth factor (TGF)-α, interleukin-1 (Il-1), interleukin-6
(Il-6), interleukin �8 (Il-8) expressions are involved in immune system modulation (all of them
being parts of innate immune system), in the evolution from persistent high-risk HPV-infected
cells to the development of high-grade cervical intraepithelial neoplasia and cervical cancer,
because the keratinocytes cannot destroy the fact high-risk HPV, and that may work also on
MbT infection evolution, and complications. Parallel to these conditions, it is the individual
cellular system of defense [50], involved in early phases of infection [51, 52]. Flow cytometry is
revealing an increased level of CD3+ T, CD + 4 cells [53, 54] among both epithelium and
stromal layers of the cervical tissues, contributing to the suppression of local immunity. In
conjunction to these details is the presence of the population of monocytes/macrophages in the
endocervix, with increasing number in cervical high-grade lesions with the parallel decrease in
Langerhans cells, in contrary to what occurs in non-infected tissues [55]. All these facts con-
tribute to the escape of HPV to tissue innate and acquired immune system, which is also
influenced by the viral epitopes E6 and E7 [56], and evolution from less invasive to more
advanced invasive cervical HPV-induced carcinoma is associated to a higher number of T and
B lymphocytes, macrophages and induced nitric oxide synthase-expressing cells in the
peritumoral stroma, so cell migration being proportional to the progression of the lesion [54].
Some studies show that these high number of inflammatory cells and compounds may open
the way to bacterial infections, being additional mediators [57].
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types of Mycobacterium spp., and other types of antigens or foreign bodies, as milk during
pregnancy or lactational period, are met by a vigorous cell-mediated hypersensitivity reaction
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reaction, or cancer metastases in the endometrium, tubes, ovaries and lymph nodes. Since
many years from the first description of the association of these two life-threatening patholo-
gies, host response as the basic mechanism of specific defense against infection and tumor
factors that enable such a response are also discussed since long time [39], being not
completely known/understood, they may benefit from the host’s previously compromised
immunity: MbT and HPV can potentate each other.

The MbT is a facultative intracellular parasite that grows well in non-activated macrophages.
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the macrophages, forming the caseous center of the tubercle, where the tubercle is surviving;
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production from cervical keratinotytes [48] the main targets of HPV infection as the stratified
epithelium cells, and the main source of cytokines [49], as type I interferon (IFN)-γ, tumoral
necrosis factor (TNF)-α, transforming growth factor (TGF)-α, interleukin-1 (Il-1), interleukin-6
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conjunction to these details is the presence of the population of monocytes/macrophages in the
endocervix, with increasing number in cervical high-grade lesions with the parallel decrease in
Langerhans cells, in contrary to what occurs in non-infected tissues [55]. All these facts con-
tribute to the escape of HPV to tissue innate and acquired immune system, which is also
influenced by the viral epitopes E6 and E7 [56], and evolution from less invasive to more
advanced invasive cervical HPV-induced carcinoma is associated to a higher number of T and
B lymphocytes, macrophages and induced nitric oxide synthase-expressing cells in the
peritumoral stroma, so cell migration being proportional to the progression of the lesion [54].
Some studies show that these high number of inflammatory cells and compounds may open
the way to bacterial infections, being additional mediators [57].
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Insertional mutagenesis by HPV is another proposed tumor-promoting mechanism, but recent
studies have not supported this hypothesis [58]. No common, recurring genetic alterations that
cooperate with HPV to promote cervical cancer progression have been identified since Harald
Zur Hausen first identified HPV as the causal transmissible agent of cervical cancer nearly 40
years ago [59]. To the pressing question to the biological basis of cervical cancer progression
which is to be resolved since long time, the discover of the loss of a major tumor supressor
LkB1 [60, 61] or somatically acquired mutations in this tumor supressor LKB1 [62], which is
considered to be similar to p53. When LKB1 deficiency/mutations, a primary cervical tumor
confined to the cervix at the time of diagnosis has a bad prognosis: early metastasis and patient
death, after the initial diagnosis despite aggressive therapy including radiation treatment.
These abnormalities were first discovered in connection to Peutz-Jeghers Syndrome [63] and
pulmonary cancer [64]. The MbT was proved to reduce host’s immunity to high-risk HPV
types for cervical cancer. The Chinese study “Shanxi Province Cervical Cancer Screening Study
I” [36] showed an increasing magnitude of effect of MbTwith increasing severity of disease in
an isolated women population from rural China, as is demonstrated by the increasing odds
ratios from 1.68 for HPV positivity to 1.75 for persistent HPV and then 2.08 for CIN3+.
Associated to these findings, it was showed that TB and cervical inflammation were diagnosed
in 1% of the women, and associated with 90% higher odds of oncogenic HPV infection and
113% higher odds of persistent HPV infection. The authors of the “Shanxi Province Cervical
Cancer Screening Study I” are considering that their results are consistent with the novel
hypothesis that TB may provide an immunological profile that is associated with an increased
susceptibility to HPV infection. In conjunction to this hypothesis, we can speculate like that
MbT is associated to the loss/mutations in LKB1 tumor suppressor, because persistence of small
islands of squamous non-keratinizing cancer cells after radiation and chemotherapies.

5. Diagnosis

Regarding the diagnosis, one must consider the clinical presentation, physical examination,
laboratory results, specially the microbiological ones and imagistic tools, and after the difficul-
ties of the Romanian first published case of breast tubercular abscess on must reconsider an old
concept of diagnosis—the “therapeutic” test.

5.1. Clinical presentation: physical examinations

5.1.1. Clinical presentation of breast TB

Clinical presentation of breast TB is variable regarding symptoms/signs: swelling of the breast
48.1% [65]; painless hard lump in approximately 60% cases [66], or pain is revealed as the first
complain of some patients [67, 68] or up to 18.5% of cases [65]; rarely are recorded multiple
lumps, the lump being with irregular borders, sometimes with skin fixation or to the underly-
ing muscle or even chest wall, clinical findings imposing differential to breast carcinoma [69],
situation which is much more suggested by the presence of an isolated breast mass, sometimes
skin fixated “peau d’orange” sign, and without an associated sinus tract; abscess, unique or
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multiples; skin thickening; and skin sinus/fistula/multiple discharge sinuses [70], nipple retrac-
tion or inversion, nipple hyperpigmentation or focal discoloration –when the disease is long
time duration [69], breast shape and sizes change, axillary lymphadenopathy (axillary lymph
nodes are found in one-third of cases with breast TB [33]. Constitutional symptoms as fever,
weight loss, night sweats or a failing of general health are infrequently encountered [71, 72].

5.1.2. Clinical diagnosis of cervix uteri tuberculosis

Irregular vaginal and postcoital bleeding with different aspects could occur at the cervix
speculum examination such as exophytic-cauliflower aspect, tumoral-granulomatous, ulcera-
tive and polypoid endocervical [73]. In many countries, even where tuberculosis is endemic,
the majority of cases remain asymptomatic, but infected, and are discovered incidentally or
remain undiscovered [22, 74]. Cervical examination of cases with cervical tuberculosis is
normal in 90% cases, and the rest presents non-specific macroscopic changes, ulcerative/hyper-
trophic nodular lesions like proliferative cauliflower growth or fistulas/sinuses, or friable
papillary growth covering almost the entire ectocervix. All these aspects may simulate inva-
sive cervical cancer, or a miliary appearance [75–77]. There are reported cases with entire
genital tract involvement, with myometrial alterations [78, 79], and association with tubercu-
losis of vulva and vagina [80].

5.2. Laboratory assessment

Current hematological and biochemical analysis are minimally influenced in cases with these
MbT locations. It is cited a high level of white blood cells, and of ESV [77].

5.2.1. Bacteriological diagnosis

The golden standard for TB diagnosis is to detect acid-fast bacilli (AFB) in the infected tissue,
but it is well known how difficult is the Ziehl-Neelsen stain or the cultures for BK to become
positive [67, 72, 81], because the necessity of a high number MbT in the smear (more than
10,000 bacilli/mL), and the slow growth of all mycobacterial species, including MbT, fact that
partially explains the delay of TB diagnosis. It was recommended scanning with high-power
oil immersion because these diagnosis difficulties, but the practice proved that scanning with a
X 40 objective should suffice in most cases. There were proposed alternative stains to the
conventional Ziehl-Neelsen stain, such as auramine/auramine-rhodamine using fluorescence
technique [82], which in association to a higher power examination (x 600) may have better
detection for MbT [83].

It is known that biopsy specimens that are cultured on Löwenstein-Jensen medium at room
temperature yield pigmented mycobacterial colonies in 2–4 weeks. In the literature of bacteri-
ology, it is very important the place for sampling, and leveling that may affect the sensitivity of
a stain in the detection of rare organisms asMycobacterium spp. or fungi. On the other side, for a
better discovery forMbT, it is recommended to examine at least two blocks of biopsy instead of
one [84]. In India, it is reported that are possible positive cultures of nipple discharge for
Staphylococcus aureus associated with positivity for MbT [85].

Breast and Cervix Uteri: Rare Locations for Mycobacterium Tuberculosis Infections…
http://dx.doi.org/10.5772/intechopen.75044

143
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113% higher odds of persistent HPV infection. The authors of the “Shanxi Province Cervical
Cancer Screening Study I” are considering that their results are consistent with the novel
hypothesis that TB may provide an immunological profile that is associated with an increased
susceptibility to HPV infection. In conjunction to this hypothesis, we can speculate like that
MbT is associated to the loss/mutations in LKB1 tumor suppressor, because persistence of small
islands of squamous non-keratinizing cancer cells after radiation and chemotherapies.

5. Diagnosis

Regarding the diagnosis, one must consider the clinical presentation, physical examination,
laboratory results, specially the microbiological ones and imagistic tools, and after the difficul-
ties of the Romanian first published case of breast tubercular abscess on must reconsider an old
concept of diagnosis—the “therapeutic” test.

5.1. Clinical presentation: physical examinations

5.1.1. Clinical presentation of breast TB

Clinical presentation of breast TB is variable regarding symptoms/signs: swelling of the breast
48.1% [65]; painless hard lump in approximately 60% cases [66], or pain is revealed as the first
complain of some patients [67, 68] or up to 18.5% of cases [65]; rarely are recorded multiple
lumps, the lump being with irregular borders, sometimes with skin fixation or to the underly-
ing muscle or even chest wall, clinical findings imposing differential to breast carcinoma [69],
situation which is much more suggested by the presence of an isolated breast mass, sometimes
skin fixated “peau d’orange” sign, and without an associated sinus tract; abscess, unique or

Tuberculosis142

multiples; skin thickening; and skin sinus/fistula/multiple discharge sinuses [70], nipple retrac-
tion or inversion, nipple hyperpigmentation or focal discoloration –when the disease is long
time duration [69], breast shape and sizes change, axillary lymphadenopathy (axillary lymph
nodes are found in one-third of cases with breast TB [33]. Constitutional symptoms as fever,
weight loss, night sweats or a failing of general health are infrequently encountered [71, 72].

5.1.2. Clinical diagnosis of cervix uteri tuberculosis

Irregular vaginal and postcoital bleeding with different aspects could occur at the cervix
speculum examination such as exophytic-cauliflower aspect, tumoral-granulomatous, ulcera-
tive and polypoid endocervical [73]. In many countries, even where tuberculosis is endemic,
the majority of cases remain asymptomatic, but infected, and are discovered incidentally or
remain undiscovered [22, 74]. Cervical examination of cases with cervical tuberculosis is
normal in 90% cases, and the rest presents non-specific macroscopic changes, ulcerative/hyper-
trophic nodular lesions like proliferative cauliflower growth or fistulas/sinuses, or friable
papillary growth covering almost the entire ectocervix. All these aspects may simulate inva-
sive cervical cancer, or a miliary appearance [75–77]. There are reported cases with entire
genital tract involvement, with myometrial alterations [78, 79], and association with tubercu-
losis of vulva and vagina [80].

5.2. Laboratory assessment

Current hematological and biochemical analysis are minimally influenced in cases with these
MbT locations. It is cited a high level of white blood cells, and of ESV [77].

5.2.1. Bacteriological diagnosis

The golden standard for TB diagnosis is to detect acid-fast bacilli (AFB) in the infected tissue,
but it is well known how difficult is the Ziehl-Neelsen stain or the cultures for BK to become
positive [67, 72, 81], because the necessity of a high number MbT in the smear (more than
10,000 bacilli/mL), and the slow growth of all mycobacterial species, including MbT, fact that
partially explains the delay of TB diagnosis. It was recommended scanning with high-power
oil immersion because these diagnosis difficulties, but the practice proved that scanning with a
X 40 objective should suffice in most cases. There were proposed alternative stains to the
conventional Ziehl-Neelsen stain, such as auramine/auramine-rhodamine using fluorescence
technique [82], which in association to a higher power examination (x 600) may have better
detection for MbT [83].

It is known that biopsy specimens that are cultured on Löwenstein-Jensen medium at room
temperature yield pigmented mycobacterial colonies in 2–4 weeks. In the literature of bacteri-
ology, it is very important the place for sampling, and leveling that may affect the sensitivity of
a stain in the detection of rare organisms asMycobacterium spp. or fungi. On the other side, for a
better discovery forMbT, it is recommended to examine at least two blocks of biopsy instead of
one [84]. In India, it is reported that are possible positive cultures of nipple discharge for
Staphylococcus aureus associated with positivity for MbT [85].
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Actually many infections are detected by immunological assays proving the host competence,
but for TB this aim is still a future desire; a very recently study of North American Universities’
Microbiology and Pathology Laboratories [86] have confirmed the limitations of serodiagnosis
for active tuberculosis, including poor sensitivity and increased reactivity with non-tuberculous
mycobacterium-positive patients.

5.2.1.1. Bacteriological diagnosis of breast tuberculosis

The molecular diagnosis from clinical specimens is the aim of modern diagnosis of MbT, since
many years, and this may be accomplished by nuclear acid amplification (NAA). The used
methods allow the detection of mycobacterial DNA or RNA directly from the specimens,
before the culture results are available [87]. Food and Drug Administration had accepted since
the year 2000, two types of NAA, which were initially used for pulmonary tuberculosis, and
later in extrapulmonary cases. The NAA is usually recommended when the smear evaluation
is negative for AFB, and when clinical suspicion is very high, or when TB is endemic, but there
are controversies on the specificity, sensitivity of the methods regarding the origin of specimen
from respiratory tract or other sites [88]. The recommended tests are the enhanced MbT Direct
Test (E-MTD; Gen-Probe, San Diego, CA) and AmplicorMbT Test (Amplicor; Roche Diagnostic
Systems, Inc., Branchburg, NJ), and associated to these tests there were many studies about
each value, specially for differential to granulomatous mastitis [12, 83, 89] or for the value of
polymerase chain reaction (PCR) for real time MbT to compare to formalin-fixed, paraffin-
embedded histologic specimens [90].

The real-time PCR for MbT on paraffin-embedded tissue is available with a high specificity of
99%, but low sensitivity of 65% for breast tissue in contrast to other types of specimens such as
cerebral spinal fluid, urine and bronchoalveolar lavage, where sensitivity of more than 90% is
reported, with comparable specificity [91, 92].

In the Romanian case, the molecular test—PCR for MbT on paraffin-embedded breast tissue
was negative, and there are some researches [83, 93, 94] sustaining that molecular tests are not
always relevant for the diagnosis of TB in smear-negative specimens. It is appreciated that real-
time PCR for MbT is useful if positive, and confirms the presence of MbT, but if negative does
not rule out the possibility of an infection [83]. Breast TB is paucibacillary and consequently
tests such as microscopy, culture and NAA tests such as PCR techniques do not have the same
diagnostic utility as they do in pulmonary tuberculosis [95]. There are some explanations for
the negativity of the described tests for BK identification. One old explanation [84] is that the
microorganisms have been killed and/or removed by the inflammatory process. Other expla-
nation for PCR negativity is the existence of non-tuberculous infections such as Corynebacterium
spp. [96], or non-tuberculous mycobacterium, which are now more common than tuberculosis in
Western countries, and therefore would not be detected by this assay.

5.2.1.2. Bacteriological diagnosis in cervical tuberculosis

The demonstration of the presence of MbT in the cervix uteri with the Ziehl-Neelsen staining
was proved to be difficult in many reported cases all over the world, even in India and China

Tuberculosis144

[97]. In the Romanian case, MbT presence in the endocervix was confirmed by PCR for MbT
performed on archived tissue (formalin-fixed paraffin-embedded uterine tissue).

5.3. Cytological diagnosis

5.3.1. Cytological diagnosis of breast tuberculosis

Actually fine needle aspiration cytology (FNAC) is considered a minimally invasive diagnosis
method for breast pathology [98], including TB, because is revealing chronic granulomatous
inflammation with caseating necrosis, presence of Langhans giant cell, and lymphocytic aggre-
gates [99–101], but some studies are showing that in one quarter of cases FNAC is negative for
breast tuberculosis diagnosis [71], because tissue samples collected at FNAC are not usually
adequate for evaluation, or because caseating necrosis can be absent on the specimen. The
absence of necrosis on breast specimen from FNAC does not exclude tuberculosis, which is
sustained by other histological abnormalities [102]. In these situations, the next step for the
diagnosis of mammary TB is the pathologic evaluation of specimens collected at open surgical
biopsy [71], as it was done in the Romanian case, after the evaluation of the smear from fistula
discharge.

5.3.2. Cytological diagnosis of cervix uteri tuberculosis

The Pap smear, a non-invasive procedure, may help in the diagnosis by the discover of
epithelioid and multinucleated histiocytic cells, described since many years ago and rediscuss
actually [103–105], fact that prompts further investigation. The epithelioid cells are elongated
cells with pale eosinophilic cytoplasm, indistinct cell borders having large oval/elongated
nuclei with a delicate chromatin pattern in singles/clusters. Multinucleated histiocytic cells,
typical of Langhan’s cells type, have large number of delicate, often ovoid nuclei, some
overlapping, arranged peripherally and often in horseshoe fashion. The presence of those
multinucleated histiocytic giant cells may help to differentials to herpes virus infection—the
cells have epithelial origin, but lower number of nuclei, and show characteristic crowding/
molding without overlapping with eosinophilic inclusion in nuclei and cytoplasm, and also in
post radiotherapy of postmenopausal women smears, where the cells have bad outline, and
may contain some phagocytosed debris with radiation-induced changes [104]. In countries
with endemic tuberculosis, it is appreciated that the Papanicolaou smear is helping very much
the staff, the Ziehl-Neelsen stain of cervical smear, and fluorescent technique and culture are
confirming later [105]. The Romanian woman was not postmenopausal, a viral infection with
high-risk HPV was clearly demonstrated, by genotyping of the cervix after surgery, but these
type of cells were absent in the smear.

5.4. Pathological diagnosis of MbT infection

5.4.1. Pathological diagnosis in breast MbT infection

There are known two pathological classifications of breast tuberculosis: an old one—McKeown
and Wilkinson [106] cited by Bahoroon [107], and a recent one—Tewari and Shukla [7].
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Actually many infections are detected by immunological assays proving the host competence,
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Test (E-MTD; Gen-Probe, San Diego, CA) and AmplicorMbT Test (Amplicor; Roche Diagnostic
Systems, Inc., Branchburg, NJ), and associated to these tests there were many studies about
each value, specially for differential to granulomatous mastitis [12, 83, 89] or for the value of
polymerase chain reaction (PCR) for real time MbT to compare to formalin-fixed, paraffin-
embedded histologic specimens [90].

The real-time PCR for MbT on paraffin-embedded tissue is available with a high specificity of
99%, but low sensitivity of 65% for breast tissue in contrast to other types of specimens such as
cerebral spinal fluid, urine and bronchoalveolar lavage, where sensitivity of more than 90% is
reported, with comparable specificity [91, 92].

In the Romanian case, the molecular test—PCR for MbT on paraffin-embedded breast tissue
was negative, and there are some researches [83, 93, 94] sustaining that molecular tests are not
always relevant for the diagnosis of TB in smear-negative specimens. It is appreciated that real-
time PCR for MbT is useful if positive, and confirms the presence of MbT, but if negative does
not rule out the possibility of an infection [83]. Breast TB is paucibacillary and consequently
tests such as microscopy, culture and NAA tests such as PCR techniques do not have the same
diagnostic utility as they do in pulmonary tuberculosis [95]. There are some explanations for
the negativity of the described tests for BK identification. One old explanation [84] is that the
microorganisms have been killed and/or removed by the inflammatory process. Other expla-
nation for PCR negativity is the existence of non-tuberculous infections such as Corynebacterium
spp. [96], or non-tuberculous mycobacterium, which are now more common than tuberculosis in
Western countries, and therefore would not be detected by this assay.

5.2.1.2. Bacteriological diagnosis in cervical tuberculosis

The demonstration of the presence of MbT in the cervix uteri with the Ziehl-Neelsen staining
was proved to be difficult in many reported cases all over the world, even in India and China
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[97]. In the Romanian case, MbT presence in the endocervix was confirmed by PCR for MbT
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5.3. Cytological diagnosis

5.3.1. Cytological diagnosis of breast tuberculosis

Actually fine needle aspiration cytology (FNAC) is considered a minimally invasive diagnosis
method for breast pathology [98], including TB, because is revealing chronic granulomatous
inflammation with caseating necrosis, presence of Langhans giant cell, and lymphocytic aggre-
gates [99–101], but some studies are showing that in one quarter of cases FNAC is negative for
breast tuberculosis diagnosis [71], because tissue samples collected at FNAC are not usually
adequate for evaluation, or because caseating necrosis can be absent on the specimen. The
absence of necrosis on breast specimen from FNAC does not exclude tuberculosis, which is
sustained by other histological abnormalities [102]. In these situations, the next step for the
diagnosis of mammary TB is the pathologic evaluation of specimens collected at open surgical
biopsy [71], as it was done in the Romanian case, after the evaluation of the smear from fistula
discharge.

5.3.2. Cytological diagnosis of cervix uteri tuberculosis

The Pap smear, a non-invasive procedure, may help in the diagnosis by the discover of
epithelioid and multinucleated histiocytic cells, described since many years ago and rediscuss
actually [103–105], fact that prompts further investigation. The epithelioid cells are elongated
cells with pale eosinophilic cytoplasm, indistinct cell borders having large oval/elongated
nuclei with a delicate chromatin pattern in singles/clusters. Multinucleated histiocytic cells,
typical of Langhan’s cells type, have large number of delicate, often ovoid nuclei, some
overlapping, arranged peripherally and often in horseshoe fashion. The presence of those
multinucleated histiocytic giant cells may help to differentials to herpes virus infection—the
cells have epithelial origin, but lower number of nuclei, and show characteristic crowding/
molding without overlapping with eosinophilic inclusion in nuclei and cytoplasm, and also in
post radiotherapy of postmenopausal women smears, where the cells have bad outline, and
may contain some phagocytosed debris with radiation-induced changes [104]. In countries
with endemic tuberculosis, it is appreciated that the Papanicolaou smear is helping very much
the staff, the Ziehl-Neelsen stain of cervical smear, and fluorescent technique and culture are
confirming later [105]. The Romanian woman was not postmenopausal, a viral infection with
high-risk HPV was clearly demonstrated, by genotyping of the cervix after surgery, but these
type of cells were absent in the smear.

5.4. Pathological diagnosis of MbT infection

5.4.1. Pathological diagnosis in breast MbT infection

There are known two pathological classifications of breast tuberculosis: an old one—McKeown
and Wilkinson [106] cited by Bahoroon [107], and a recent one—Tewari and Shukla [7].
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McKeown and Wilkinson [106] had classified breast tuberculosis into five pathological varie-
ties: (1) nodular—the most common variety presenting as a localized mass, with extensive
caseation, and little fibrosis; (2) diffuse or disseminated—second most common variety, involv-
ing the entire breast with multiple intercommunicating foci of tubercles within the breast,
which caseate leading to ulceration and discharging sinuses; (3) sclerosing—extensive fibrosis
rather than caseation is present, suppuration is rare, the entire breast is hard, the nipple is
retracted/inverted, category which is often mistaken for breast carcinoma; (4) tuberculous
mastitis obliterans, characterized by duct infection producing proliferation of the lining epi-
thelium, and marked epithelial and periductal fibrosis; and occlusion of the ducts, with
appearance of cystic spaces, and all these resemble “cystic mastitis” and (5) acute miliary
tuberculous mastitis, which occurs as a part of generalized miliary tuberculosis. The last two
entities have only historical importance, being rarely described in the recent medical literature.

The Indian pathologists [108] have introduced a new pathological classification of breast
tuberculosis, with three categories: (1) nodulo-caseous tubercular mastitis; (2) disseminated/
confluent tubercular mastitis and (3) tubercular breast abscess.

There are some controversial discussions about the “granulomatous mastitis”, diagnosed
during childbearing period, usually in parous women, in early 1930s, which are frequently
misdiagnosed as tuberculosis or carcinoma [108], with negative culture for MbT, and with
cytological and immunocytochemical findings definitely for differential diagnosis from breast
tuberculosis at fine needle aspiration cytology [109] or at open surgery. The pathological
changes induced by MbT in breast make the differences to other breast pathology, “idiopathic
granulomatous mastitis”, which is also a “masquerader” [25, 28]. Tuberculous mastitis is often
considered a form of “granulomatous mastitis” secondary to breast MbT infection, and some
authors reserve the term of “granulomatous mastitis” to “idiopathic granulomatous mastitis”,
a chronic breast inflammatory entity [110]. Granuloma is a defense mechanism against anti-
gens, which stay in many organs without inactivation. The granulomatous lesions are classi-
fied into infectious, vasculitis, immunological, chemicals and neoplasia [35], or the recent
classification is more simple: infectious and non-infectious granulomas, with the prove from
new studies that pathogenic microorganism are suspected to be a cause of granuloma in non-
inflammatory diseases [111].

The etiology of “granulomatous mastitis” is unclear, being postulated, and sometimes proved,
the autoimmune factors [112], sarcoidosis, fat necrosis, undetected organisms (as blastomyco-
sis, actinomycosis, cryptococcosis, histoplasmosis, filarial infection and corynebacterium),
Wegener’s granulomatosis, reaction to childbirth, and use of oral contraceptives, ductular
ectasis [113] the last two factors are present in the reported case. “Granulomatous mastitis”
was the first diagnosis in authors’ mind at the beginning of investigations, and this is partially
an explanation of the delay in diagnosis, and late specific antitubercular treatment, as in other
cases from literature in the last years [12]. These breast pathologies – tuberculosis and “idio-
pathic” granulomatous mastitis are considered “masquerader” [28] or “imitator” [89].

There are described some pathological characteristics [107, 114, 115], which make the differen-
tiation between the “idiopathic “granulomatous mastitis”—first described by Kessler and
Wolloc [113], and breast TB. TB is affecting all breast structures (lobules, ducts, fat; some
pathologists consider that ducts are specially affected), and the tubercular granulomas are
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associated to caseating necrosis which makes the name of “caseating granulomas”, and the
difference from “idiopathic “granulomatous mastitis [107, 116], which was named “lobular
non caseous granuloma” (Table 2). The isolation of MbT in the central necrosis increases the
sensitivity of the diagnosis.

There are mentioned some other types of “necrositing granulomas” in which infections-
inflammation are frequently associated, and are proved with special stains (as Ziehl-Neelsen
or Grocott Methamine Silver), and/or by cultures, and other granulomas with infection-
inflammatory aspect, but without associated infections as eosinophylic necrosis or basophilic
necrosis [83], as is Wegener’s granulomatosis, and less commonly rheumatoid nodule, necro-
tizing sarcoid granulomatosis, infarct and lymphomatoid granulomatosis [83]. The granulo-
mas with eosinophilic necrosis have regular rounded contour, the rim being formed of
epithelioid histiocytes with multinucleated giant cells, and the center may have coagulative
type of necrosis, which is like an infarct. The Wegener’s granulomatosis is characterized by
‘dirty’ basophilic necrosis with irregular geographic necrosis; the necrosis is rimmed by
palisading histiocytes and scattered multinucleated giant cells, with hyperchromatic nuclei
and peripheral to the necrosis is the necrotizing vasculitis in vessels. The vessels display
transmural fibrinoid necrosis, and the necrosis of the media with admixed necrotic neutro-
phils, which contributes to the diagnosis with true necrotizing vasculitis. The granuloma of the
Romanian case has multiple normal vessels. The parenchymal necrosis of the necrotizing

Characteristic “Idiopathic” granulomatous mastitis Tubercular mastitis

Macroscopic characteristic

Isolated or multiple
breast masses

Common Common

Multiple sinuses or
fistulas

Absent Present

Abscess Common Uncommon

Focal discoloration of
areola

Absent Present

Microscopic characteristic

Structure affected Mammary lobules from one breast, rarely
bilateral

All mammary structures: ducts, lobules, fat,
commonly bilateral

Type of lesion Granulomas of the lobules Granulomas of all mammary structures

Histological
components of breast’s
granulomas

Epithelioid histiocytes, Langhans giant cells,
lymphocytes, plasma cells, and occasionally
eosinophils

Epithelioid histiocytes, Langhans giant cells,
lymphocytes, rare plasma cells, and
eosinophils

Foamy cells Absent Present

Caseating necrosis Absent Present

Fibrosis Present Present

Fat necrosis Present Present

Table 2. Macroscopic and microscopic characteristics of “idiopathic” granulomatous mastitis and tubercular mastitis
(modified from Akcan et al. [114]; Baslaim et al. [115]; Bahoroon [107]; Lacambra et al. [109]).
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McKeown and Wilkinson [106] had classified breast tuberculosis into five pathological varie-
ties: (1) nodular—the most common variety presenting as a localized mass, with extensive
caseation, and little fibrosis; (2) diffuse or disseminated—second most common variety, involv-
ing the entire breast with multiple intercommunicating foci of tubercles within the breast,
which caseate leading to ulceration and discharging sinuses; (3) sclerosing—extensive fibrosis
rather than caseation is present, suppuration is rare, the entire breast is hard, the nipple is
retracted/inverted, category which is often mistaken for breast carcinoma; (4) tuberculous
mastitis obliterans, characterized by duct infection producing proliferation of the lining epi-
thelium, and marked epithelial and periductal fibrosis; and occlusion of the ducts, with
appearance of cystic spaces, and all these resemble “cystic mastitis” and (5) acute miliary
tuberculous mastitis, which occurs as a part of generalized miliary tuberculosis. The last two
entities have only historical importance, being rarely described in the recent medical literature.

The Indian pathologists [108] have introduced a new pathological classification of breast
tuberculosis, with three categories: (1) nodulo-caseous tubercular mastitis; (2) disseminated/
confluent tubercular mastitis and (3) tubercular breast abscess.

There are some controversial discussions about the “granulomatous mastitis”, diagnosed
during childbearing period, usually in parous women, in early 1930s, which are frequently
misdiagnosed as tuberculosis or carcinoma [108], with negative culture for MbT, and with
cytological and immunocytochemical findings definitely for differential diagnosis from breast
tuberculosis at fine needle aspiration cytology [109] or at open surgery. The pathological
changes induced by MbT in breast make the differences to other breast pathology, “idiopathic
granulomatous mastitis”, which is also a “masquerader” [25, 28]. Tuberculous mastitis is often
considered a form of “granulomatous mastitis” secondary to breast MbT infection, and some
authors reserve the term of “granulomatous mastitis” to “idiopathic granulomatous mastitis”,
a chronic breast inflammatory entity [110]. Granuloma is a defense mechanism against anti-
gens, which stay in many organs without inactivation. The granulomatous lesions are classi-
fied into infectious, vasculitis, immunological, chemicals and neoplasia [35], or the recent
classification is more simple: infectious and non-infectious granulomas, with the prove from
new studies that pathogenic microorganism are suspected to be a cause of granuloma in non-
inflammatory diseases [111].

The etiology of “granulomatous mastitis” is unclear, being postulated, and sometimes proved,
the autoimmune factors [112], sarcoidosis, fat necrosis, undetected organisms (as blastomyco-
sis, actinomycosis, cryptococcosis, histoplasmosis, filarial infection and corynebacterium),
Wegener’s granulomatosis, reaction to childbirth, and use of oral contraceptives, ductular
ectasis [113] the last two factors are present in the reported case. “Granulomatous mastitis”
was the first diagnosis in authors’ mind at the beginning of investigations, and this is partially
an explanation of the delay in diagnosis, and late specific antitubercular treatment, as in other
cases from literature in the last years [12]. These breast pathologies – tuberculosis and “idio-
pathic” granulomatous mastitis are considered “masquerader” [28] or “imitator” [89].

There are described some pathological characteristics [107, 114, 115], which make the differen-
tiation between the “idiopathic “granulomatous mastitis”—first described by Kessler and
Wolloc [113], and breast TB. TB is affecting all breast structures (lobules, ducts, fat; some
pathologists consider that ducts are specially affected), and the tubercular granulomas are
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associated to caseating necrosis which makes the name of “caseating granulomas”, and the
difference from “idiopathic “granulomatous mastitis [107, 116], which was named “lobular
non caseous granuloma” (Table 2). The isolation of MbT in the central necrosis increases the
sensitivity of the diagnosis.

There are mentioned some other types of “necrositing granulomas” in which infections-
inflammation are frequently associated, and are proved with special stains (as Ziehl-Neelsen
or Grocott Methamine Silver), and/or by cultures, and other granulomas with infection-
inflammatory aspect, but without associated infections as eosinophylic necrosis or basophilic
necrosis [83], as is Wegener’s granulomatosis, and less commonly rheumatoid nodule, necro-
tizing sarcoid granulomatosis, infarct and lymphomatoid granulomatosis [83]. The granulo-
mas with eosinophilic necrosis have regular rounded contour, the rim being formed of
epithelioid histiocytes with multinucleated giant cells, and the center may have coagulative
type of necrosis, which is like an infarct. The Wegener’s granulomatosis is characterized by
‘dirty’ basophilic necrosis with irregular geographic necrosis; the necrosis is rimmed by
palisading histiocytes and scattered multinucleated giant cells, with hyperchromatic nuclei
and peripheral to the necrosis is the necrotizing vasculitis in vessels. The vessels display
transmural fibrinoid necrosis, and the necrosis of the media with admixed necrotic neutro-
phils, which contributes to the diagnosis with true necrotizing vasculitis. The granuloma of the
Romanian case has multiple normal vessels. The parenchymal necrosis of the necrotizing

Characteristic “Idiopathic” granulomatous mastitis Tubercular mastitis

Macroscopic characteristic

Isolated or multiple
breast masses

Common Common

Multiple sinuses or
fistulas

Absent Present

Abscess Common Uncommon

Focal discoloration of
areola

Absent Present

Microscopic characteristic

Structure affected Mammary lobules from one breast, rarely
bilateral

All mammary structures: ducts, lobules, fat,
commonly bilateral

Type of lesion Granulomas of the lobules Granulomas of all mammary structures

Histological
components of breast’s
granulomas

Epithelioid histiocytes, Langhans giant cells,
lymphocytes, plasma cells, and occasionally
eosinophils

Epithelioid histiocytes, Langhans giant cells,
lymphocytes, rare plasma cells, and
eosinophils

Foamy cells Absent Present

Caseating necrosis Absent Present

Fibrosis Present Present

Fat necrosis Present Present

Table 2. Macroscopic and microscopic characteristics of “idiopathic” granulomatous mastitis and tubercular mastitis
(modified from Akcan et al. [114]; Baslaim et al. [115]; Bahoroon [107]; Lacambra et al. [109]).

Breast and Cervix Uteri: Rare Locations for Mycobacterium Tuberculosis Infections…
http://dx.doi.org/10.5772/intechopen.75044

147



sarcoid granulomatosis is variable, usually eosinophilic but can be irregular and basophilic,
mimicking Wegener’s granulomatosis.

The pathological characteristics of the “idiopathic” lobular non-caseating granulomas and of
tuberculosis caseating granuloma of the breast are listed in Table 2, and it is considered [83]
that no single histological feature may distinguish infectious necrotizing granulomas from
other specific disorder as Wegener’s granulomatosis or sarcoidosis, being necessary a combi-
nation of multiple pathological features to establish the specific diagnosis.

The first reported case of this chapter is a primary breast TB, with no personal history, or other
focus on the systemic physical/radiological examinations for TB. The diagnosis of breast TB
must follow the general principles: clinical and laboratory. The clinical presentation of breast
TB is variable regarding symptoms/signs: swelling of the breast—48.1% [10]; painless hard
lump—approximately 60% cases, or pain is revealed as the first complain of some patients [67,
68] or up to 18.5% of cases [10]; rarely are recorded multiple lumps, with irregular borders,
sometimes with skin fixation or areola fixation, or to the underlying muscle or even chest wall,
clinical findings imposing differential to breast carcinoma [69], situation which is much more
suggested by the presence of an isolated breast mass, sometimes skin fixated-“peau d’orange”
sign, and without an associated sinus tract; ulceration of areola [117], or of the skin covering
the mammary gland [118]; abscess, unique or multiples [85]; skin thickening and skin sinus/
fistula/multiple discharge sinuses [70], nipple retraction or inversion, nipple hyperpig-
mentation or focal discoloration—when the disease is long time duration [69], or distruction
of nipple-areola region [19], breast shape and sizes are changed, axillary lymphadenopathy
(axillary lymph nodes are found in one-third of cases with breast TB). Constitutional symp-
toms as fever, weight loss, night sweats or a failing of general health are infrequently encoun-
tered [71, 72].

5.4.2. Pathological diagnosis of cervical tuberculosis

The cervical tuberculosis diagnosis is commonly established by the Papanicolaou smear
without any dysplasia, positivity for acid-fast bacilli, and the cervical biopsy (punch, loop
excision biopsy) showing granulomatous inflammation with caseous necrosis, facts that
were absent in the Romanian case. The presence of the viral infection is clearly proved by
genotyping of the cervix after surgery. The endocervical curettage which has the possibility
to diagnose associated endocervical tuberculosis was not done, because they believe that
exocervical lesion was the only cause of abnormal bleeding. The pulmonary tuberculosis was
7 years previously registered, and the genital location was diagnosed in the endocervical
glands, on the specimen collected at hysterectomy—after radiotherapy and chemotherapy.
The presence of the endocervical tubercle bacillus was indirectly diagnosed by the patho-
logic examination the presence of caseous necrosis and Langhans multinuclear giant cells,
and by PCR for MbT. The diagnosis of TB depends also upon the isolation of the MbT on
microscopy, and culture, and by the PCR. Culture of MbT and acid-fast staining was not
done, the cervical granulomas were noted at pathological examination after surgery, on a
formalin-fixed specimen. The presence of characteristic, typical caseous granuloma was
appreciated sufficient to make the diagnosis [77, 119], but many researchers consider that it
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is very important to distinguish between the granulomatous reaction and tuberculosis by
more specific methods [120]. The presence of stroma caseous necrosis was sufficient for the
positive diagnosis of cervical TB in the Romanian authors’ opinion. The granuloma diagno-
sis is a microscopic diagnosis. The microscopy of the cervical specimen after radical hyster-
ectomy reveals an aggregate of immune cells, appearing as epithelioid macrophages, and
if a foreign body or a parasite is not observed inside the granuloma, stains for acid-fast
bacilli, and fungi are ordered as mycobacteria and fungi (such as Cryptococcus, Blastomyces,
Coccidioides and Aspergillus can be seen on hematoxyline-eosine, preferentially in the area
of necrosis rather than the surrounding viable area) are frequently the cause of this type
of inflammation [31]. In cases with samples fixed in formalin the detection of the infectious
agent is recommended to be done by molecular analysis, PCR for MbT in the Romanian
case [91, 118].

5.5. Imaging diagnosis of rare tuberculosis locations

5.5.1. Radiological imaging of breast tuberculosis

Radiological imaging of breast tuberculosis is appreciated not to be diagnostic, and the
described mammographic images are in connection to three patterns of breast tuberculosis:
nodular, disseminated and sclerosing patterns [121]. Some radiological characteristics are
common for all patterns, like the change in shape, and outline of the breast mass—seen in the
standard views, the reduction in size of the affected breast, skin thickening, nipple retraction
and ill-defined breast mass [122]. In previous radiological studies, the skin bulge and sinus
tract sign, which connects the breast density to a localized skin thickening or to the skin bulge
are the radiological features strongly suggestive for tubercular breast abscess [66].

In the Romanian case, the mammography was not recommended, because authors thinking
was dominated by a chronic inflammation with repeated episodes of recurrence, as a granulo-
matous mastitis or a plasma cell mastitis.

Some clinicians [123] recommend computed tomography scan, when are doubtful cases, for
the differentiation of primary and secondary lesions, to evaluate accompanying pulmonary
disease, if it is present or to detect the continuity of the breast lesions with the thoracic wall or
pleura, and associated lesions of the lungs.

5.5.2. Ultrasonography for breast tuberculosis

In the literature, there are controversies about the value of ultrasonography for breast TB
diagnosis. On one side, it is mentioned no specificity of the ultrasound examination [121]: the
breasts’ lesions may appear as heterogeneous, hypoechoic, irregularly or ill-bordered masses
of different sizes, but usually small sizes, with internal echoes or thick-walled cystic lesions,
some mass may present posterior acoustic enhancement, in association to the fistula formation,
and the thickening of Cooper’s ligaments and subcutaneous tissues, as it was revealed in the
Romanian case. On the other side, it is mentioned an unique finding strongly suggestive for
breast TB: the presence of a dense sinus tract connecting an ill-defined breast mass to localized
skin thickening and bulge [14].
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sarcoid granulomatosis is variable, usually eosinophilic but can be irregular and basophilic,
mimicking Wegener’s granulomatosis.

The pathological characteristics of the “idiopathic” lobular non-caseating granulomas and of
tuberculosis caseating granuloma of the breast are listed in Table 2, and it is considered [83]
that no single histological feature may distinguish infectious necrotizing granulomas from
other specific disorder as Wegener’s granulomatosis or sarcoidosis, being necessary a combi-
nation of multiple pathological features to establish the specific diagnosis.

The first reported case of this chapter is a primary breast TB, with no personal history, or other
focus on the systemic physical/radiological examinations for TB. The diagnosis of breast TB
must follow the general principles: clinical and laboratory. The clinical presentation of breast
TB is variable regarding symptoms/signs: swelling of the breast—48.1% [10]; painless hard
lump—approximately 60% cases, or pain is revealed as the first complain of some patients [67,
68] or up to 18.5% of cases [10]; rarely are recorded multiple lumps, with irregular borders,
sometimes with skin fixation or areola fixation, or to the underlying muscle or even chest wall,
clinical findings imposing differential to breast carcinoma [69], situation which is much more
suggested by the presence of an isolated breast mass, sometimes skin fixated-“peau d’orange”
sign, and without an associated sinus tract; ulceration of areola [117], or of the skin covering
the mammary gland [118]; abscess, unique or multiples [85]; skin thickening and skin sinus/
fistula/multiple discharge sinuses [70], nipple retraction or inversion, nipple hyperpig-
mentation or focal discoloration—when the disease is long time duration [69], or distruction
of nipple-areola region [19], breast shape and sizes are changed, axillary lymphadenopathy
(axillary lymph nodes are found in one-third of cases with breast TB). Constitutional symp-
toms as fever, weight loss, night sweats or a failing of general health are infrequently encoun-
tered [71, 72].

5.4.2. Pathological diagnosis of cervical tuberculosis

The cervical tuberculosis diagnosis is commonly established by the Papanicolaou smear
without any dysplasia, positivity for acid-fast bacilli, and the cervical biopsy (punch, loop
excision biopsy) showing granulomatous inflammation with caseous necrosis, facts that
were absent in the Romanian case. The presence of the viral infection is clearly proved by
genotyping of the cervix after surgery. The endocervical curettage which has the possibility
to diagnose associated endocervical tuberculosis was not done, because they believe that
exocervical lesion was the only cause of abnormal bleeding. The pulmonary tuberculosis was
7 years previously registered, and the genital location was diagnosed in the endocervical
glands, on the specimen collected at hysterectomy—after radiotherapy and chemotherapy.
The presence of the endocervical tubercle bacillus was indirectly diagnosed by the patho-
logic examination the presence of caseous necrosis and Langhans multinuclear giant cells,
and by PCR for MbT. The diagnosis of TB depends also upon the isolation of the MbT on
microscopy, and culture, and by the PCR. Culture of MbT and acid-fast staining was not
done, the cervical granulomas were noted at pathological examination after surgery, on a
formalin-fixed specimen. The presence of characteristic, typical caseous granuloma was
appreciated sufficient to make the diagnosis [77, 119], but many researchers consider that it
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is very important to distinguish between the granulomatous reaction and tuberculosis by
more specific methods [120]. The presence of stroma caseous necrosis was sufficient for the
positive diagnosis of cervical TB in the Romanian authors’ opinion. The granuloma diagno-
sis is a microscopic diagnosis. The microscopy of the cervical specimen after radical hyster-
ectomy reveals an aggregate of immune cells, appearing as epithelioid macrophages, and
if a foreign body or a parasite is not observed inside the granuloma, stains for acid-fast
bacilli, and fungi are ordered as mycobacteria and fungi (such as Cryptococcus, Blastomyces,
Coccidioides and Aspergillus can be seen on hematoxyline-eosine, preferentially in the area
of necrosis rather than the surrounding viable area) are frequently the cause of this type
of inflammation [31]. In cases with samples fixed in formalin the detection of the infectious
agent is recommended to be done by molecular analysis, PCR for MbT in the Romanian
case [91, 118].

5.5. Imaging diagnosis of rare tuberculosis locations

5.5.1. Radiological imaging of breast tuberculosis

Radiological imaging of breast tuberculosis is appreciated not to be diagnostic, and the
described mammographic images are in connection to three patterns of breast tuberculosis:
nodular, disseminated and sclerosing patterns [121]. Some radiological characteristics are
common for all patterns, like the change in shape, and outline of the breast mass—seen in the
standard views, the reduction in size of the affected breast, skin thickening, nipple retraction
and ill-defined breast mass [122]. In previous radiological studies, the skin bulge and sinus
tract sign, which connects the breast density to a localized skin thickening or to the skin bulge
are the radiological features strongly suggestive for tubercular breast abscess [66].

In the Romanian case, the mammography was not recommended, because authors thinking
was dominated by a chronic inflammation with repeated episodes of recurrence, as a granulo-
matous mastitis or a plasma cell mastitis.

Some clinicians [123] recommend computed tomography scan, when are doubtful cases, for
the differentiation of primary and secondary lesions, to evaluate accompanying pulmonary
disease, if it is present or to detect the continuity of the breast lesions with the thoracic wall or
pleura, and associated lesions of the lungs.

5.5.2. Ultrasonography for breast tuberculosis

In the literature, there are controversies about the value of ultrasonography for breast TB
diagnosis. On one side, it is mentioned no specificity of the ultrasound examination [121]: the
breasts’ lesions may appear as heterogeneous, hypoechoic, irregularly or ill-bordered masses
of different sizes, but usually small sizes, with internal echoes or thick-walled cystic lesions,
some mass may present posterior acoustic enhancement, in association to the fistula formation,
and the thickening of Cooper’s ligaments and subcutaneous tissues, as it was revealed in the
Romanian case. On the other side, it is mentioned an unique finding strongly suggestive for
breast TB: the presence of a dense sinus tract connecting an ill-defined breast mass to localized
skin thickening and bulge [14].
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Regarding the vascularisation of the breast tubercular masses, the blood flow was not
observed within the lesions, while increased circumferential vascularization was seen in the
color Doppler ultrasound, and the spectral evaluation shows a low resistance monophasic flow
pattern [121].

5.5.3. Magnetic resonance imaging (MRI) for breast/cervix uteri tuberculosis diagnosis

If on recommend MRI imaging for breast TB, it is possible to detect parenchymal asymmetry
with enhancement, micro-abscesses, and peripherally enhanced masses. MRI may reveal
lymphadenopathy along the pelvic walls, with an abnormal signal to the entire body of the
uterus and sometimes when the entire uterus is infected by MbT, the endometrial cavity,
myometrium, and junctional zone could not be differentiated and thus the radiological appear-
ance was consistent with Asherman’s syndrome [77].

5.6. Antitubercular therapeutic test for rare location tuberculosis diagnosis

There are cases with pulmonary and extrapulmonary TB with negative molecular test—PCR
for MbT from clinical specimens or it is not possible to recommend and use the rapid very
efficient modern molecular NAA for detection of mycobacterial DNA or RNA directly from
the specimens as it was previously discussed. In countries with endemic TB, it is since long
time discussed and recently it is recalled an empirical antitubercular therapy even in the
absence of positive acid-fast bacilli, and without culture—positive results, or when it is the
suspicion of TB or when the “idiopathic” granulomatous mastitis is found and it is not
responding to metothrexate or corticosteroids [108, 117].

TB is considered to be actually under-diagnosed in Romania, and the Romanian health history
had a similar management in cases which are mentioned before, and in these conditions, the
final diagnosis of the case with primary recurrent non-gestational breast abscess was done
after the antitibercular” therapeutic” test, which was efficient after the first two months. More
details are in the subsection 8 on “Treatment”.

6. Differential diagnosis

6.1. Differentials for breast tuberculosis

The breast tuberculosis can be confused with breast carcinoma, specially in elder women [27,
28, 69, 124], who present an isolated ill defined, irregular, occasionally hard breast lump
without sinuses/fistula, but pain is present more frequently in the tuberculous lump than in
carcinoma. Involvement of the nipple and areola is rare in tuberculosis, but fixation of the
lump to the skin may be present as a part of the inflammatory process, which is present in both
pathological entities A high index of suspicion needs to be maintained if a breast lump is
associated with a sinus or indolent lump in an immigrant women if this is encountered in the
western countries. The coexistence of tubercular axillary lymphadenitis with breast carcinoma
can falsely over-stage the disease [125], and is reported an association of the metastasis of
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breast carcinoma and axillary tuberculous lymphadenitis [126]. In postmenopausal women is
considered that the diagnosis of breast TB does not exclude a concomitent cancer [3], situation
that was first reported by Pilliet and Piatot in (cited by [27]).

In cases with discharging sinuses associated to a breast lump it is necessary to make the
differentiation from actinomycosis by the absence of sulfur granules in the discharge and by
fungal culture [9].

For women from countries with endemic tuberculosis from Asia and Africa, or immigrated
from that countries, the association of breast carcinoma and tuberculosis must be thought,
specially when the data are confusing [3, 127, 128], as it is when on records tuberculosis of
axillary lymph nodes with primary breast cancer [129], or axillary lymph nodes with granulo-
mas and a breast carcinoma [72, 130].

Beside carcinoma there are other misdiagnosis risks as “idiopathic” granulomatous mastitis
(Table 2, for pathological differential), or plasma cell mastitis (which may mimic histological
the tuberculosis by the presence of foreign body giant cells, epithelioid cells which are
arranged in tubercles, besides plasma cells, polymorphs, lymphocytes and few foamy macro-
phages, but is missing the caseation which makes the differential from tuberculosis- [131],
lupus mastitis [132], eritema nodosus [133].

In the last years there are described recurrent breast abscess to be more frequent due to non-
tuberculous mycobacterial infection [20, 134], cases with similar clinical presentation, with
granulomas.

6.2. Differentials for cervix uteri tuberculosis

When women’s complaints are present, and cervical examination shows cervical changes it
is considered to think about both pathologies, separately or associated in countries with
high risks for these pathologies. There are discussed other viral cervical infections as HIV,
herpes virus simplex, other sexual transmitted (Treponema pallidum, Trichomonas vaginalis,
Neisseria gonorrhea) or parasitic diseases as schistosomal, amoebic, brucella, tularaemia
which may induce chronic cervical granulomas, sarcoidosis, and foreign body reaction [77],
or more rare an epithelioid granulomas in Hodgkin’s disease [39].

7. Complications of breast/cervix uteri tuberculosis

When not adequate treated, TB mastitis is followed by abscesses, which can penetrate the
retromammary space [135], or to the ribs [136], formation of sinuses, and nipple retraction,
and irreversible inversion, recurrences even with surgical drainage/excision, and breast muti-
lation [26].

In the case with the association of two severe immunosuppressive diseases as tuberculosis and
cancer there are risks for reactivating the lung tuberculosis, for lung metastases from cervical
cancer, and of high mortality in patients with coexistent disease [137, 138].

Breast and Cervix Uteri: Rare Locations for Mycobacterium Tuberculosis Infections…
http://dx.doi.org/10.5772/intechopen.75044

151



Regarding the vascularisation of the breast tubercular masses, the blood flow was not
observed within the lesions, while increased circumferential vascularization was seen in the
color Doppler ultrasound, and the spectral evaluation shows a low resistance monophasic flow
pattern [121].

5.5.3. Magnetic resonance imaging (MRI) for breast/cervix uteri tuberculosis diagnosis

If on recommend MRI imaging for breast TB, it is possible to detect parenchymal asymmetry
with enhancement, micro-abscesses, and peripherally enhanced masses. MRI may reveal
lymphadenopathy along the pelvic walls, with an abnormal signal to the entire body of the
uterus and sometimes when the entire uterus is infected by MbT, the endometrial cavity,
myometrium, and junctional zone could not be differentiated and thus the radiological appear-
ance was consistent with Asherman’s syndrome [77].

5.6. Antitubercular therapeutic test for rare location tuberculosis diagnosis

There are cases with pulmonary and extrapulmonary TB with negative molecular test—PCR
for MbT from clinical specimens or it is not possible to recommend and use the rapid very
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the specimens as it was previously discussed. In countries with endemic TB, it is since long
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6. Differential diagnosis
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pathological entities A high index of suspicion needs to be maintained if a breast lump is
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can falsely over-stage the disease [125], and is reported an association of the metastasis of
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breast carcinoma and axillary tuberculous lymphadenitis [126]. In postmenopausal women is
considered that the diagnosis of breast TB does not exclude a concomitent cancer [3], situation
that was first reported by Pilliet and Piatot in (cited by [27]).

In cases with discharging sinuses associated to a breast lump it is necessary to make the
differentiation from actinomycosis by the absence of sulfur granules in the discharge and by
fungal culture [9].

For women from countries with endemic tuberculosis from Asia and Africa, or immigrated
from that countries, the association of breast carcinoma and tuberculosis must be thought,
specially when the data are confusing [3, 127, 128], as it is when on records tuberculosis of
axillary lymph nodes with primary breast cancer [129], or axillary lymph nodes with granulo-
mas and a breast carcinoma [72, 130].

Beside carcinoma there are other misdiagnosis risks as “idiopathic” granulomatous mastitis
(Table 2, for pathological differential), or plasma cell mastitis (which may mimic histological
the tuberculosis by the presence of foreign body giant cells, epithelioid cells which are
arranged in tubercles, besides plasma cells, polymorphs, lymphocytes and few foamy macro-
phages, but is missing the caseation which makes the differential from tuberculosis- [131],
lupus mastitis [132], eritema nodosus [133].

In the last years there are described recurrent breast abscess to be more frequent due to non-
tuberculous mycobacterial infection [20, 134], cases with similar clinical presentation, with
granulomas.

6.2. Differentials for cervix uteri tuberculosis

When women’s complaints are present, and cervical examination shows cervical changes it
is considered to think about both pathologies, separately or associated in countries with
high risks for these pathologies. There are discussed other viral cervical infections as HIV,
herpes virus simplex, other sexual transmitted (Treponema pallidum, Trichomonas vaginalis,
Neisseria gonorrhea) or parasitic diseases as schistosomal, amoebic, brucella, tularaemia
which may induce chronic cervical granulomas, sarcoidosis, and foreign body reaction [77],
or more rare an epithelioid granulomas in Hodgkin’s disease [39].

7. Complications of breast/cervix uteri tuberculosis

When not adequate treated, TB mastitis is followed by abscesses, which can penetrate the
retromammary space [135], or to the ribs [136], formation of sinuses, and nipple retraction,
and irreversible inversion, recurrences even with surgical drainage/excision, and breast muti-
lation [26].

In the case with the association of two severe immunosuppressive diseases as tuberculosis and
cancer there are risks for reactivating the lung tuberculosis, for lung metastases from cervical
cancer, and of high mortality in patients with coexistent disease [137, 138].
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8. Treatment of breast/cervix uteri tuberculosis

Treatment may cure the disease with antitubercular drugs, and surgery is rarely required,
being used in cases resistant to medical treatment. The specific antitubercular treatment was
delayed in the Romanian case with breast abscess as is frequently mentioned in literature [24],
because the difficulties of the positive and differential diagnosis, and because tuberculosis is
under-diagnosis in contemporary Romania, but the attitude regarding tuberculosis was simi-
lar in the Romanian health history to that from tuberculosis endemic countries: to recommend
empirical antitubercular therapy even in the absence of positive AFB, and without positive
culture results, when it is a suspicion of TB or when the granuloma is found. In many cases, the
decision for the antitubercular treatment is taken after the failure of corticoids and methotrex-
ate therapy for “idiopathic” granulomatous mastitis [108, 117, 139].

Based on patient profile, clinical features and lack of response to usual antibiotic therapy, it is
recommended a four-drug (isoniazid, rifampin, ethambutol and pyrazinamide) 6-month course of
Directly Observed Therapy Short-Term (DOTS) - Category I [117], but the response to treatment is
variable and not dramatic. There are reported excellent results with such management [101].

There are no specific available guidelines for chemotherapy of breast TB, and the therapy
generally follows guidelines that are used for pulmonary TB. The regimen consists of a 2
month intensive phase (isoniazid, rifampicin, pyrazinamide and ethambutol), followed by a 4
month continuation phase (isoniazid and rifampin). It is recommended another regimen with
extension of continuation therapy for a longer period to 7 months [9, 140–142] or more up to
12–18 months [140], because the wish to lower the relapse rate. There is also a regimen which
combines first and second lines antitubercular drugs, including kanamycin, ofloxacin, ethion-
amide, para-amino salicylic acid (PAS), pyrazinamide and isoniazid, with the reason of the
risk of multidrug resistant strains [143]. The breast lesions and tenderness are steadily
improved after 2 months of intensive therapy the breast lesions and tenderness are steadily
improved [83] (Table 3).

Treatment duration Initial phase treatment (intensive therapy) Continuation treatment

6 months* 2 months of:
300 mg isoniazid,
600 mg rifampin,
1500 mg pyrazinamide,
1000 mg ethambutol or
streptomycin 1 g per day

4 months of isoniazid, rifampin

9 months** 2 months of:
300 mg isoniazid,
600 mg rifampin,
1500 mg pyrazinamide,
1000 mg ethambutol
per day

7 months of isoniazid, rifampin

*Al-Marri et al. [122]; Jalali et al. [102]; Mirsaeidi et al. [6], Bahoroon [107]; Gon et al. [28]; Singal, et al. [13].
**Daali et al. [141]; Khanna et al. [9]; Kumar et al. [143].

Table 3. Breast antitubercular regimens.
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In the Romanian primary recurrent non-gestational breast abscess was recalled as the old
concept of the “antitubercular therapeutic” test, for the final diagnosis and it was proved to
be efficient after the first 2 months, and the association of isoniazid and rifampin was contin-
ued with excellent results up to 9 months.

Surgery was imposed in the Romanian case because of abscess complications in the conditions
of MbT late diagnosis. It was a minimal surgical intervention required for drainage and
excision biopsy of abscesses’ wall. Surgery is commonly reserved for selected cases, in partic-
ular situations, and in different manner:

• According to the presence of breast masses/lump and abscesses with fistula: simple
or segmental mastectomy or quadrantectomy or drainage of abscess with large excision
of the necrotic tissue of the breast and excision of the axillary lymph nodes when
involved [25].

• Breast abscesses with negative bacteriological tests in order to diagnose by excision biopsy
of the abscess wall and drainage of abscess with fistula [16, 21, 67].

• In cases refractory to medication [69].

• Residual lumps after antitubercular therapy, excision of sinus [9, 10].

• Mastectomy when is severe breast destruction [14].

A special mention is for the percutaneous treatment with drainage controlled by CT and
specific antibiotic antitubercular drugs [123], especially when resistance to ATT is discovered
[144], as it is done for pulmonary TB and for abdominal collections [145].

The ATT are usually recommended for cervix uteri tuberculosis for minimum 6 months
[146], healing being proved by repeated biopsy. The chemo and radiotherapy, and the
radical surgical intervention done in the Romanian case were imposed by the initial
diagnosis of squamous non-keratinized cervical carcinoma stage IB, tubercular cervicitis
being a postoperative surprise, and it was decided to avoid a new cure of AAT because
the postoperative assessments for MbT lung or general reactivation were negative.

9. Conclusions

• Breast tuberculosis should be considered as a differential diagnosis of breast inflamma-
tory disease or masses, all over the world, not only where tuberculosis is endemic.

• Tuberculosis must be suspected in recurrent breast inflammatory disease with nega-
tive current cultures, and negative tests as Ziehl-Neelsen stain, culture and PCR for
MbT.

• The pathologic examination of the open biopsy in the reported case is suggesting the
diagnosis of a granulomatous mastitis, and the multinuclear giant cells of Langhans type
presence ensure the diagnosis of tubercular granulomatous mastitis even in the absence of
the characteristic caseous necrosis.
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• The final diagnosis of breast TB was established by specific antitubercular drugs, which
represents a Tuberculosis Diagnosis Test, and may avoid or delay breast characteristic muti-
lations when treatment is not adequate.

• The cervix uteri tuberculosis presence and its association to ecto/endocervical cancer is to
be suspected not only in developing countries with endemic tuberculosis and high rates of
HPV/HIV infections, in patients with primary lung/other organs tuberculosis.
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Abstract

Urinary tract tuberculosis (UTTB) is an insidious disease with non-specific constitu-
tional symptoms that are often unrecognized and lead to delayed diagnosis. Advanced 
UTTB may cause loss of kidney function. In the majority of literature, UTTB is reviewed 
together with genital tuberculosis because often both sites are involved simultaneously; 
“Genitourinary tuberculosis” (GUTB) is the most common term used in the literature. 
However, the term may cause confusion because the clinical presentation and diagnosis 
approach is very different, and does not always occur simultaneously. UTTB is the term 
used here as we encountered tuberculosis involvement of urinary tract only. This book 
chapter is a comprehensive review of the epidemiology, pathophysiology, clinical pre-
sentation, diagnosis approach, and current treatment of this disease.

Keywords: tuberculosis, urinary tract infection, renal tuberculosis, extra-pulmonary 
tuberculosis, genitourinary tuberculosis

1. Introduction

Throughout history, tuberculosis (TB) has been identified as a respiratory disease, with prom-
inent symptoms as cough, fever, and wasting. Current clinical experience reveals that the 
lungs are involved in 80–90% of all TB patients not infected by human immunodeficiency 
virus (HIV). Extra-pulmonary forms are more common in people co-infected with HIV where 
genitourinary tuberculosis (GUTB) represents 27% [1].

GUTB is a term coined by Wildbolz in 1937 [2]; it is a worldwide disease, but shows a more 
destructive behavior in developing countries. The kidney is the most common site of GUTB 
[3], and it usually affects adults between the second and fourth decades of life and is reported 
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as being rare in children [4, 5]. Clinical renal TB is a chronic process that can start many years 
after the initial lung infection [6].

Renal involvement in TB can be part of a disseminated infection or a localized GUTB disease. 
With renal disease progression, extensive areas of papillary necrosis can cause formation of cav-
ities that destroy the renal parenchyma and can migrate into the collecting system. Advanced 
disease may cause obstructive uropathy, bladder defects, and loss of kidney function [7].

UTTB is underdiagnosed in most health care centers; the clinicians must have a high degree 
of suspicion for UTTB in patients presenting with non-specific symptoms, culture-negative, 
pyuria, and for whom imaging studies show some typical findings of UTTB. Acid fast bacilli 
(AFB) microscopy and Lowenstein Jensen (LJ) culture are the tests most used in health institu-
tions. AFB stain has a poor sensitivity and false positive can result from mycobacteria external 
genital colonization or by the presence of precipitates that resemble AFB. Although, LJ cul-
tures have a better sensitivity, it may require around 8 weeks to obtain growth and identifica-
tion [8]. In addition to other forms of extra-pulmonary tuberculosis, the amplification tests 
of deoxyribonucleic acid (DNA) have been used with good results, increasing the sensitivity, 
specificity and shortening the time to obtain the results. However, UTTB diagnostic requires 
a comprehensive approach and not just the use of a single test.

The initial treatment for TB in adults consists of the association of three or four different drugs, 
an intensive phase of 2 months of isoniazid (INH), rifampin (RIF), pyrazinamide (PZA), and 
ethambutol (EMB) followed by a continuation phase of 4 months of INH and RIF [9].

2. Epidemiology

The 2017 edition of the World Health Organization global TB report includes data available 
from 201 countries and territories that account for over 99% of the world’s population. In 2016, 
a total of 6.3 million new cases of TB were reported and extra-pulmonary TB represented 15% 
of the cases notified, ranging from 8% in the Western Pacific Region to 24% in the Eastern 
Mediterranean Region [10]. According to other registers, of the total TB cases reported, the 
most frequent types of extra-pulmonary TB were lymphatic (14.8–40.4%), pleural (7.8–19.8%), 
bones and/or joints (3.5–11%), and GUTB (1.7–6.5%) [11, 12]. Involvement of the kidneys is the 
most common form of tuberculosis of the genitourinary tract [13].

In UTTB, a history of pulmonary TB is present in 17.7–25.8% [14–16]. The time interval 
between the onset of primary pulmonary TB and development of GUTB has a mean interval 
of 3–10 years in more than 50% of patients [14, 15]. In frequency, renal involvement is the most 
common finding following by ureteric and bladder involvement [16]. Simultaneous involve-
ment of kidney, ureter, and bladder has been reported until a 25.8% [15, 16]. The incidence of 
active pulmonary TB concurrent with UTTB varied from 10 to 25.8%.

The proportion of immune-compromising conditions, such as malignancy, diabetes mellitus, 
chronic renal failure, and immunosuppressive drug use, are found as 46.7% [14]. The inci-
dence of TB has been estimated to be as much as 10-fold higher among renal failure patients 
than among the general population [17].

Tuberculosis166

3. Pathogenesis

Pulmonary infection is the primary focus in most cases of TB. After exposition, the bacilli 
remain stored in macrophages, where they slowly multiply, UTTB is the result of hematoge-
nous spread from the lungs. Once the bacilli reach the circulation system, it can be distributed 
to all parts of the body, especially those sites with adequate conditions for its multiplication 
and with local immune deficiencies [18, 19]. The lymphatic nodes, encephalus, and urinary 
tract are some of the most frequent sites involved [20, 21].

The kidneys, and possibly the prostate and seminal vesicles, are often the primary sites of 
GUTB. All other genital organs, including the epididymis and bladder, become involved by 
ascent or descent of Mtb from a source elsewhere in the genitourinary tract [22]. Mtb bacilli are 
shed into the urine; they spread into the urinary tract, involving the renal pelvis, ureters and 
bladder; the urinary tract mucosa may be ulcerated, thin and without contractility [4]. In most 
patients, acquired cellular immunity develops and there is inhibition of bacilli multiplication 
and containment of the disease by the formation of microscopic granulomas, leading caseous 
necrosis with local tissue destruction [18].

The infection occurs initially in the medullary region, where granulomatous lesions can occur. 
If, in the course of primary infection, cell-mediated immunity develops and the proliferation 
of organisms is limited by competitive macrophages, this results in the formation of granu-
lomas in which dormant bacilli can be maintained for long periods, leading caseous necrosis 
with local tissue destruction. When the bacilli are spilling down into the nephrons, they are 
trapped in the loop of Henle, establishing new foci of infection [18]. The multiple focus of 
microscopic necrosis lead macroscopic lesions that rapidly involve the renal papilla, causing 
fibrosis that can cause ureteral damage, with dilations intercalated with strictures, which con-
stitutes an important TB sign on the pyelogram [23].

Sites of the urinary tract where there are natural narrow strictures, such as the calyceal neck, 
the pelvi-ureteric junction, and the uretero-vesical junction are the sites that suffer strictures 
more frequently. Steroid therapy may be useful in the early stages of scarring and could 
reduce the risk of stenosis that can lead to urinary obstruction and irreversible kidney dam-
age [24]. A mass lesion may result from massive destruction and coalescence of granulomas, 
if they do not rupture into the adjoining calyx [25].

Hypercalcemia may occur, usually secondary to abnormal cortisol production by granulo-
matous tissue [26]. Although calcification is unusual in the early stages of the disease, nearly 
every end-stage tuberculosis kidney contains calcification. Hydronephrosis or hydrocalicosis 
may be the final stage, and may lead to a non-functioning, calcified kidney of any size; this 
process is called autonephrectomy [24].

4. Clinical presentation

UTTB has an insidious onset, no specific symptoms with atypical presentations [27], which lead 
to difficulty and delay the diagnosis in most health care centers [19, 20, 22, 28]. The majority  
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as being rare in children [4, 5]. Clinical renal TB is a chronic process that can start many years 
after the initial lung infection [6].
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of patients present local symptoms such as frequent voiding, dysuria, pyuria, pain (back, 
flank or abdominal), and microscopic or macroscopic hematuria [4, 28–31]. Systemic symp-
toms of fever, night sweats, weight loss, and anorexia are less common [4, 29–31].

In a series of 115 cases with GUTB, the most common symptoms were reported to be flank pain, 
nicturia, frequent voiding and dysuria [32]. Figueiredo and Lucon [33] reported that storage 
symptoms (urinary frequency, urgency, urgency incontinence, nocturia), dysuria, and hema-
turia were the most common symptoms on admission, affecting 50.5, 37.9 and 35.6% of cases, 
respectively. Loin pain and fever were reported less frequent (34.4 and 21.9%, respectively).

Lower urinary symptoms occur whenever the disease spreads down to the ureters and blad-
der. Urinary symptoms suggestive of urinary tract infection, accompanied by pyuria and 
hematuria with no bacterial growth, suggest UTTB [7, 21, 34]. Pyuria and/or microscopic 
hematuria are present in more than 90% of cases. Heavy proteinuria and cellular casts are not 
generally seen and the plasma creatinine concentration is usually normal [21]. Advanced dis-
ease may cause obstructive uropathy, bladder defects, and loss of kidney function [7]. Table 1 
summarized the most frequent findings in large recent series of UTTB.

5. Case report

A 43-year-old woman was admitted to the hospital for fever, dysuria, and gross hematuria. She 
has a history of 2 years with progressive malaise, weight loss, and recurrent episodes of fever 
and dysuria that were treated with different antibiotics. Renal TB was diagnosed 1.5 years prior, 
receiving treatment during 6 months, improving her clinical conditions. However, despite anti-
TB therapy, she continued having recurrent episodes of fever and dysuria. She also reports 
having intermittent diarrhea for 1 year and fever with flank pain for 3 months. Her physical 
examination revealed a chronically ill woman with fever and oral candidosis. Cardiothoracic 
examination was normal with the exception of tachycardia. Abdominal examination revealed 
diffuse abdominal tenderness with flank pain, and lower limb edema was noted. Laboratory 

Ref Author, country Year* Patients 
no.

Fever Flank 
pain

Dysuria Hematuria Pyuria Renal 
failure

[13] Krishnamoorthy, India 2017 110 NR 27.3 25.5 11 NR 1.8

[14] Altiparmak, Turkey 2015 79 43 38 51 79.1 67.1 19

[15] Wagaskar, India 2016 31 29 45.1 32 19.4 NR 35.4

[16] Zhang, China 2016 120 22.5 49.1 60.8 25 NR NR

[35] García-Rodríguez, Spain 1994 81 34.6 56.8 67.9 4.9 19.8 1.2

[36] Gokce, Turkey 2002 174 19.5 43.5 43.1 39.6 NR NR

[37] Ye, China 2016 193 NR 49.2 61.1 63.2 19.2 NR

*Year of publication; NR, not reported.

Table 1. Clinical and laboratory features in UTTB (percent).
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studies revealed urinalysis with pyuria and hematuria. Two serologies for antibodies to HIV 
were positive. The smear of urine staining with Ziehl-Neelsen (ZN) demonstrated AFB, and 
mycobacteria cultures were performed. Her chest x-ray showed diffuse bilateral infiltrates con-
sistent with pulmonary tuberculosis (Figures 1 and 2). Renal ultrasonography (USG) showed 
both kidneys enlargement with marked dilation of renal pelvis and calyces. The findings on 
conventional urography were stricture sites of the ureters and renal pelvis with severe hydro-
nephrosis and ureter distortion (Figures 3 and 4). An abdominal computed tomography (CT) 
showed a large abscess in psoas muscle (Figures 5 and 6). Initial empiric antimicrobial therapy 
with ceftriaxone, ciprofloxacin, and anti-TB therapy were started. The abscess was aspirated by 
external incision with complete drainage. Cultures for pyogenic bacteria of the psoas abscess 
and urine were both negatives. A polymerase chain reaction (PCR) test for Mtb in urine was 
positive (Figure 7). The patient was discharged home after 8 days of hospital stay.

The patient was re-admitted to the hospital 6 days after home stay. She continues with fever 
and abdominal discomfort. On the hospital day seven, her condition started to deteriorate 

Figure 1. Chest radiograph showing diffuse micro-nodular infiltrates in both lung fields.

Figure 2. Magnified view of the left down lobe shows multiple micro-nodular infiltrates.
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Figure 4. Left renal pelvis with severe hydronephrosis and ureteral distortion.

Figure 5. Axial CT revealing involvement of left psoas muscle and para-aortic space with displacement of the left kidney.

Figure 3. Intravenous urography revealing a non-functioning left kidney. Important deformity and dilatation of the 
collecting system, with ureteral tortuosity.
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and she died despite aggressive support Mycobacterial culture media subsequently yielded 
Mtb susceptible to all primary anti-TB drugs.

6. Diagnostic approach

The diagnosis of UTTB is a challenge owing to the insidious onset of UTTB with few and non-
specific symptoms, technical difficulties to isolate Mtb and the long time required to confirm 
the diagnosis by classical conventional methods of cultivation, lack of awareness of physi-
cians, and poor care-seeking behavior [33, 38].

The diagnosis of UTTB is usually performed in patients with clinical manifestations or abnor-
mal urinalysis with findings that suggest UTTB. Urinalysis may vary from mild changes, such 

Figure 6. Axial CT revealing left psoas muscle abscess of 7 × 5 cm (1) and para-aortic lymph nodes (2).

Figure 7. A representative image of PCR showing a DNA product of 200 base pairs for the first amplification. A positive 
control on the first line with a positive test on line 5.
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as proteinuria and leukocyturia, to extreme pyuria, sometimes accompanied by hematuria. 
There are some characteristics in urine examination that suggest a diagnosis of renal TB, such 
as acid pH, leukocyturia and/or hematuria, associated with negative urine culture for the 
usual bacteria that causes urinary tract infection [23].

There are several diagnostic methods for this entity. Here, we review the most common pro-
cedures used: (1) ZN staining and cultures isolation for Mtb in urine, (2) PCR for Mtb, (3) 
imaging studies, and (4) histopathological evidence for TB [14].

6.1. ZN stain and cultures for Mtb in urine

AFB can be seen in centrifuged urine by ZN staining, but it has low sensitivity when only 
few bacilli are seen. Also, it can be the result of urine contamination by non-pathogenic 
Mycobacterium spp., which can lead to false positive results [21].

Culture and identification provide a specific diagnosis, but might not be available for 2–3 weeks 
or longer. Multiple samplings should be obtained to increase test sensitivity; at least three dif-
ferent samples on LJ solid culture medium are recommended to maximize the likelihood of a 
positive result. Urine cultures are regularly negative, unless there is severe bladder dysfunc-
tion. Among patients with active renal TB, 30–40% of single urine specimens will be positive 
by Mycobacterium culture [39, 40]. BACTEC showed to be a better culture method compared 
to LJ, with a sensitivity of 37.5% and a specificity of 100% and the mean detection time for Mtb 
was 24.0 days by L-J medium culture versus only 12.8 days by BACTEC [41, 42].

6.2. Polymerase chain reaction for Mtb

The PCR assay has been extensively used as diagnosis in many forms of extra-pulmonary TB 
[43, 44], including some UTTB case reports [45, 46].

As a rapid and sensitive diagnostic method, PCR for Mtb identification in the urine has become 
the ideal diagnostic tool in recent years. It allows to make a diagnosis even when there are few 
bacilli and AFB detection is not possible. The sensitivity of AFB detection by ZN technique is 
between 42.1 and 52.1%. The sensitivities of culture methods vary from 10 to 90% while PCR 
in detecting Mtb in urine have a sensitivity that varies from 25 to 93% and a high specificity 
of 95–100% [38, 47–50]. In a prospective study in 42 patients where PCR was used, it showed 
a better sensitivity than the urine culture (80.9% against 30.9%); the author concludes that the 
PCR is far superior diagnosis technique for UTTB with high sensitivity and specificity, avoid-
ing the retard of the start of therapy [51].

In the recent years, there has been important effort to increase the PCR for Mtb detection capac-
ity, to avoid false positives by contamination and to determine his utility in different clinical 
samples [52–54]. In comparison with the traditional PCR of a single amplification, nested PCR 
consists of performing a second DNA step in order to increase sensitivity. According to the 
amount of DNA that is obtained, the nested PCR can enhance the sensitivity in approximately 
1000 times than the PCR of a single amplification [55–57].

In a study with 417 clinical samples (including 28 of urine), the nested PCR for Mtb had a sensi-
tivity of 97% and a specificity of 92% including positive results in some patients with negative  
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culture. The authors concluded that the nested PCR is superior in sensitivity and rapidity 
than the traditional methods [57]. Nested PCR display a better sensitivity than the first DNA 
amplification, increasing the detection limit from 10 pg to 10 fg that is equivalent to two cells 
in the second amplification. The great amount of DNA in the second step of the nested PCR 
make easy the detection; it has been reported that during the first amplification, many posi-
tive samples gave a relatively weak or doubtful band. In contrast, in the second amplification 
a a strong positive band was observed [57].

6.3. Imaging studies

Although it is usually stated that imaging studies are only suggestive of the disease and 
should not be used for the confirmation or exclusion of UTTB [58], the intravenous urography 
(IVU) has been the image study more used for this entity; anatomical alterations of the collect-
ing system can be seen with some facility. USG, CT, and magnetic resonance imaging (MRI) 
are less invasive methods that are better for detecting lesions in organs and tissues, including 
tumors, abscesses and calcifications; these can be done in addition to the IVU [59].

6.3.1. Plain radiograph

UTTB commonly results from hematogenous spread from a pulmonary focus; nevertheless, 
only 36.5% of patients with UTTB have a previous diagnosis of TB or abnormal imaging stud-
ies [5]. Chest radiograph will be normal in half the patients [60]. But, only 10% of chest radio-
graph will show signs of active TB [60, 61].

The greatest use of simple radiography is to demonstrate calcifications that can represent 
infections in extra-pulmonary sites, such as lymph nodes, liver, and spleen. Also, simple radi-
ography can identify psoas abscesses and abnormalities of the spine [4, 62]. In UTTB, calcified 
lesions are mainly located in renal and upper collector system in 24–44% of cases [61], and this 
finding may be the first sign that TB is present [60]. Fine calcifications that were previously 
unidentifiable are now much better seen with CT [59].

Calcifications can be small calcifications, multiple, or large single calcifications [63]. These are 
usually amorphous calcifications located in the renal parenchyma or can take the form of the 
collecting system where they lodge and tend to be granular or curvilinear [22, 64]. The calcified 
caseous tissue in the kidneys may look like ground glass, known as “putty kidney”. Premkumar 
et al. [65] termed “putty kidney” if the uniform calcification was greater than 1 cm in diameter.

Apperson et al. [66] emphasized the difficulty of differentiating calcifications from calculi in renal 
TB. In their cases of renal TB, 9.3% had discrete calculi and 8.7% had parenchymal calcification.

6.3.2. Intravenous urography

IVU has been considered the radiographic procedure of choice due to its ability to show the 
collector system like no other, and less frequently modern techniques such as computerized 
axial tomography and magnetic resonance are also used [67]. Early findings are best dem-
onstrated on contrast-enhanced tomography which is replacing IVU as the investigation of 
choice in that situation. In a retrospective study conducted in Spain, IVU guided the diagnosis 
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a better sensitivity than the urine culture (80.9% against 30.9%); the author concludes that the 
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In the recent years, there has been important effort to increase the PCR for Mtb detection capac-
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in 28/32 cases (87.5%), with calculus lesions, bladder alterations, hydronephrosis, calcifica-
tions and ureteral stenosis as the most common alterations [68]. However, 10–15% of patients 
with active UTTB may have normal urographic findings [69].

Early alterations of UTTB are located mainly in calyces, UVI can show minimal calyceal dila-
tion and loss of calyceal sharpness [61]. Although the calyceal damage is an early sign of 
UTTB, papillary necrosis could be the first sign observed [59]. As the disease progresses, the 
irregularity of the calices increases and may have a moth-eaten appearance [4, 25]. Other 
advanced manifestations include extensive cavitation, fibrotic strictures, cortical scars, mass 
lesions, calcification, autonephrectomy, perinephric abscess, and fistula formation [60].

6.3.3. Ultrasonography

USG is a readily available technique for demonstrating the various morphologic abnormalities 
found in renal TB [18, 70] and is a convenient method for guiding needles for fine-needle aspira-
tion cytology (FNAC) [71, 72]. USG has convenient, low-priced, and non-invasive advantages; a 
disadvantage is that a mass may be missed if its echogenicity is similar to the renal parenchyma.

Traditionally, USG has been considered of less value than IVU or CT in UTTB cases [6, 73]. 
USG has limitations in detecting subtle urothelial lesions, as well as isoechoic parenchymal 
masses and is not useful for evaluating renal function [65, 69]. However, a well-detailed study 
can provide valuable information. In a large retrospective study, the coincidence rate of USG 
in the diagnosis of renal TB was 58.9% [74]. As the disease progresses, both an infiltrative pat-
tern affecting the tissues and a pattern that affects the collecting system can be observed. In the 
first case, papillary destruction, calcifications, infected debris, hypoechoic masses or abscesses 
can be observed, in the second case dilated calyces, small renal pelvis, hydronephrosis, distor-
tion of renal morphology, deformity of the ureters, and bladder atrophy can be found [75, 76].

On the USG, renal abscess is presented as a semi-solid echogenicity and a thick ill-defined 
wall that can extend and drain, causing perinephric abscess that later may cause a cutaneous 
fistula [21, 68].

6.3.4. Computed tomography

CT is useful both in the diagnosis of renal TB and in assessing its severity in terms of loss of 
renal function and involvement of other organs in the abdomen [77]. It directly visualizes the 
renal parenchyma, irrespective of renal function and, in addition, assesses extrarenal spread 
of the disease. The CT nephrogram is not as dependent on renal function as is an IVU. CT is 
also useful in identifying renal scars, mass lesions, and urothelial thickening, all of which are 
common findings in renal TB [78].

In general, CT shows more details of pathologic anatomy due to the availability of axial 
images for review and is superior to retrograde pyelography, IVU, and USG in detecting 
multiple small urothelial lesions [79]. It can detect calcification with greater accuracy, preci-
sion, and sensitivity [61] and is the most sensitive modality for identifying renal calcifications, 
which occur in over 50% of cases of GUTB [80]. CT is also the best modality for demonstrat-
ing the extent, nature, and distribution of calcification within the abnormal kidney [65]. The 
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implementation of CT urography with multidetector technology improves the assessment of 
renal and urinary tract lesions using reformatted images [17].

The disadvantages of CT include its inability to identify very early changes of TB such as small 
parenchymal and subtle papillary necrosis. UTTB is characterized by a vast presentation that 
is of great diagnostic value [19, 62, 81]. In early disease, CT can detect obstruction of a single 
major or a group of minor calyces as well as abnormalities in the collector system (dilatation 
or contraction of the renal pelvis). In advance disease, the kidneys are small with replacement 
of parenchyma by one or more low density areas. Parenchyma or calyces calcifications are 
seen at 37% [81]. Newer scanners, if used meticulously, may be able to identify small granu-
lomas. The needs to use contrast and radiation issues, especially in young patients, are other 
limitations of CT studies that are not encountered on USG [78].

6.3.5. Magnetic resonance imaging

MRI provides morphological details of the kidneys as well as excellent delineation of the ure-
ters [67]. It allows characterization of various renal masses and can provide valuable informa-
tion contributing to their clinical management [82, 83]. It is particularly useful in pediatric or 
pregnant patients or when ionizing radiation and iodinated contrast cannot be administered. 
Non-contrast MRI is especially useful in patients with renal failure [67].

Magnetic resonance urography (MRU) comprises an evolving group of techniques with the 
potential for optimal non-invasive evaluation of urinary tract abnormalities. Both static-fluid 
(non-contrast, heavily T2W sequences) and excretory MRU (performed during the excretory 
phase of enhancement after intravenous gadolinium) can be combined with conventional 
MRI for comprehensive evaluation of the urinary tract. MRU demonstrates the ureters in 
their entirety and is useful for confirming the presence of stenosis [84]. It is most successful in 
patients with moderately to severely dilated or obstructed collecting systems and in impaired 
renal function situations [84, 85]. MRU performed with a distended urinary bladder allows 
better visualization of the upper urinary tract [86]. Time-resolved dynamic contrast-enhanced 
MRU has been used in the evaluation of ureteral peristalsis in GUTB [87]. In view of the pos-
sibility of nephrogenic systemic, fibrosis/nephrogenic, fibrosing dermopathy, caution should 
be exercised while administering gadolinium in patients with compromised renal function 
[88]. There are very few articles available in the literature on MRU in renal TB and hence the 
appearance of the same is still not widely known.

6.3.6. Fine-needle aspiration cytology

Sonographically guided FNAC is useful as a means of diagnosing of renal and genital (epidid-
ymitis and epididymo-orchitis) abscess or masses, and is of value in defining the granuloma-
tous nature of sonographically visible lesions [72]. Histologic findings of renal or genital TB 
are similar to those of TB elsewhere in the body (granuloma formation, non-specific inflam-
matory infiltrate). The granulomas appear with central Langerhans cells surrounded by lym-
phocytes, fibrocytes, and epithelioid cells, which later progress to central caseous formation 
and varying degrees of fibrosis and calcification. AFB may be detected on FNAC smears in up 
to 60% of these patients [72, 89].
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The advantages of USG-guided FNAC are that it is rapid, inexpensive, versatile, does not 
require the injection of any contrast medium, and can be easily repeated when necessary [90]. 
USG-guided FNAC is now widely accepted as a safe diagnostic procedure in various neoplas-
tic and non-neoplastic disorders [91, 92].

7. Treatment

A multidisciplinary approach with infectious disease and urology teams is crucial to provide 
optimal patient care; tuberculosis medications remain the cornerstone of treatment and surgi-
cal management is reserved for specific indications. There is lack of standardized treatment 
regimen for UTTB, it is accepted that pulmonary and extra-pulmonary TB should be treated 
with the same regimens.

The objectives of TB therapy are (1) to rapidly reduce the number of actively growing bacilli 
in the patient, thereby decreasing severity of the disease and preventing death (2) to eradi-
cate populations of persisting bacilli in order to achieve durable cure (prevent relapse) after 
completion of therapy; and (3) to prevent acquisition of drug resistance during therapy.

7.1. Medical treatment

Clinical judgment and the index of suspicion for TB are critical in making a decision to initiate 
treatment [9, 14]. Therapy should be initiated promptly even before the results of AFB smear 
microscopy, molecular tests, and mycobacterial culture are known. It is particularly impor-
tant in cases admitted with episodes of cystitis concomitant with sterile pyuria and progres-
sive renal parenchymal damage not related to other clinical diseases [14]. If the diagnosis has 
been made while renal function still remains, it may be possible to arrest the fall in glomerular 
filtration rate or even produce improvement, using a combination of anti-TB treatment and 
corticosteroids [21].

Fibrotic alterations can be decreased by use of corticosteroids in association with anti-TB drugs. 
However, despite these strategies, patients with advanced disease or those with a delayed diag-
nosis might require surgery [93]. The use of corticosteroids in addition to stenting for ureteral 
obstruction is discussed in the literature, and its efficacy in this setting remains unclear [94].

Regarding the duration of the UTTB treatment, the expert recommendation is that a standard 
daily 6-month regimen is adequate [12, 29, 31, 95, 96]. In countries where new cases of tuber-
culosis are resistant to organisms (resistant to isoniazid ≥4%), it is recommended to use four 
drugs in the intensive phase: INH, RIF, PZA, and EMB [97–101].

Two regimens can be used. The first-line regimen, which is used for 6 months, is with INH, 
RIF, PZA, and EMB administered daily or 5 days per week for 2 or 3 months, followed by INH 
and RIF daily or 5 days per week for 3 or 4 months [93]. The second-line regimen, which is 
recommended for TB caused by drug-susceptible organisms when directly observed therapy 
(DOT) is difficult to achieve, it consist of INH, RIF, PZA, and EMB daily or 5 days per week for 
2 or 3 months, followed by INH and RIF 3 times a week, for 3 or 4 months (Tables 2 and 3) [9]. 
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Pyridoxine (vitamin B6) is given with INH to all persons at risk of neuropathy (e.g., pregnant 
women; breastfeeding infants; persons infected with HIV; patients with diabetes, alcoholism, 
malnutrition, or chronic renal failure; or those who are of advanced age) [102, 103]. Although 
there is no studies that compare 5 with 7 daily doses, experts believe that the treatment of 
intensive phase with 5-days-a-week is as effective as 7-days-a-week [9].

Some authors propose that prolonged anti-TB treatment effectively sterilizes caseous and cal-
cified masses of the involved kidney, whereas others believe that the sequestered caseous 
material should be removed to shorten the duration of medical therapy and to prevent late 
TB reactivation [28, 104].

Adequately controlled, randomized studies specific to UTTB comparing different treatment 
regimens have not been performed. Such studies would establish if short-course therapies are 
adequate to ensure eradication of UTTB, including patients with prostatic infection. There is 
little information about the vigilance and follow-up of patients with UTTB that may include at 
least monthly function renal tests, urine ZN smear, and Mtb cultures. ADN amplification tests 
for Mtb and imaging studies should be used on clinical judgment and probably performed 
at the end of both intensive and continues phases. Response to treatment may be difficult 
to assess and should be based on clinical, radiologic, and eradication of Mtb on subsequent 
cultures [94].

Intensive phase Continuation phase

Drugs Interval and dose (minimum 
duration)

Drugs Interval and dose (minimum 
duration)

Range of total doses

INH 7 d/wk for 56 doses

(8 wk), or

5 d/wk for 40 doses

(8 wk)

INH 7 d/wk for 126

doses (18 wk), or

5 d/wk for 90

doses (18 wk)

182–130

RIF RIF

PZA

EMB

DOT, directly observed therapy; EMB, ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin.

Table 2. Recommended drug regimen for tuberculosis caused by drug-susceptible organisms.

Intensive phase Continuation phase

Drugs Interval and dose (minimum 
duration)

Drugs Interval and dose (minimum 
duration)

Range of total doses

INH 7 d/wk for 56 doses

(8 wk), or

5 d/wk for 40 doses

(8 wk)

INH 3 times weekly for 54 doses (18 wk) 110–94

RIF RIF

PZA

EMB

DOT, directly observed therapy; EMB, ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin.

Table 3. Recommended drug regimen for tuberculosis caused by drug-susceptible organisms when DOT is difficult to 
achieve.
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To maximize completion of therapy, management strategies should utilize a broad range of 
approaches. Among these, DOT is the practice of observing the patient swallow their anti-TB 
drugs and has been widely used as the standard of practice in many TB programs. DOT can 
be advantageous for early recognition of adverse drug reactions and treatment irregularities. 
DOT remains the standard of practice in the majority of TB programs in the United States 
[105, 106] and Europe [107].

Gastrointestinal and skin disorders adverse reactions are common; the frequency can reach 
up to 30% especially early in therapy. Less frequent adverse events are muscle-joints disor-
ders, fever, headache, hepatic problems, and even death [108, 109]. Four-drug fixed-doses 
therapy may reduce the incidence of gastrointestinal adverse effects and the use of antacids 
or proton pump inhibitors for reducing gastrointestinal can contribute to better tolerance with 
minor impact on drugs absorption [110]. INH, RIF, and PZA can cause drug-induced liver 
injury that is the most frequent serious adverse event [111]. It is necessary to promote some 
strategies that improve the quality of patient care and to control TB safely, treating preexisting 
diseases or dysfunctions, such as diabetes and alcoholism. These strategies may improve the 
patient adherence to treatment and therapeutic outcome.

7.2. Invasive procedures

Invasive procedures or surgery are indicated in certain situations: hydronephrosis drainage 
(ureter dilation or percutaneous nephrostomy), abscesses and collection drainage, definitive 
treatment of renal TB (partial nephrectomy), superior urinary tract reconstruction, bladder 
dilation, ureter reconstruction and others [112]. In a study of 4298 patients with GUTB, 2364 
(37%) underwent surgery: remove or preserve an organ and reconstruction surgery were the 
most frequent interventions. Other surgical modalities included ureteral neoimplantation 
using intestinal transplants (ileocystoplasty, sigmoidocystoplasty, and cecocystoplasty) [113].

Other surgical intervention can be double-J stenting use and percutaneous nephrostomy for 
hydronephrosis cases, drainage of abscesses, partial or polar nephrectomy, reconstruction of 
the upper urinary tract, and bladder augmentation with ileum replacement [114].

The standard treatment for a unilateral nonfunctional kidney secondary to renal TB is a nephrec-
tomy combined with anti-TB therapy [16]. The patients that end up in nephrectomy have an 
advanced stage [13, 37]. Nephrectomy is recommended only in cases of secondary sepsis, bleed-
ing, pain, uncontrollable hypertension, and continued positive urinary cultures for Mtb [38].

Radical or reconstructive surgical interventions are recommended be carried out in the first 
2 months of intensive GUTB therapy [115].

7.3. Treatment of special situations

7.3.1. Patients with HIV infection

HIV and TB create a deadly synergy, speeding the progression of both diseases. HIV enhances 
the reactivation and progression of latent TB to overt TB disease. The treatment represents a 
challenge were the most significant concern is to avoid drug-drug interactions and the control 
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of adverse events. Whenever possible, the use of combination formulations, both antitubercu-
lous and ARV drugs, is recommended in order to simplify the treatment.

The recommendation for HIV-infected patients receiving ARV and initial TB disease with sus-
ceptible Mtb is a short course of 6 months of therapy. During the first 2 months of daily regi-
men (initial phase), patients should be treated with INH, RIF, PZA, and EMB. This is followed 
by a continuation phase of 4 months of INH plus RIF thrice-weekly regimen. HIV-infected 
patients that still do not receive ARV; the recommendation is to extend the continuation phase 
with INH and RIF for additional 3 months (i.e., a continuation phase of 7 months in duration, 
corresponding to a total of 9 months of therapy) [9].

Once a week, TB continuation phase regimen can be safe and effective treating pulmonary TB 
in HIV-negative patients without cavitation on chest radiography [116]. However, relapses 
and rifamycin monoresistant tuberculosis occurs among HIV infected patients treated with 
a once-weekly isoniazid/rifapentine during continuation phase regimen [117]. A study with 
169 HIV-infected patients and pulmonary TB, nine (5.3%) had failure or relapse, eight of these 
nine isolates were detected with acquired rifamycin resistance, low CD4 lymphocyte counts 
and the use of twice-weekly therapy during intensive phase were the most important factors 
associated [118]. Lower plasma rifabutin and INH concentrations are associated with acquir-
ing rifamycin resistance [119].

HIV/TB co-infected patients treated during continuation phases with thrice-weekly anti-TB 
regimen showed a higher risk of relapse and death as well as emergence of rifamycin resistance 
compared with HIV-uninfected patients. ARV therapy reduces but does not eliminate the risk of 
these complications [120]. A prompt diagnosis of HIV, earlier ARV initiation, and avoiding inter-
mittent TB treatment regimens could prevent relapses and drug resistance emergence. Rifabutin 
can be substituted for RIF to decrease drug interactions with drugs used in the treatment of HIV 
infection (protease inhibitors and transcriptase reverse non-nucleoside inhibitors) [9].

Immune reconstitution inflammatory syndrome (IRIS) is a paradoxical clinical worsening of 
a known or new condition occurring shortly after initiating ARV therapy, mainly in patients 
with low CD4+ cell counts [121]. Mtb is among the most frequently reported pathogen associ-
ated with IRIS; signs may include high fever, lymphadenopathy, worsening of respiratory 
symptoms, new pulmonary infiltrates, and pleural effusions. Extra-pulmonary presentations 
are also possible expanding to central nervous system, intra-abdominal abscesses, osteomy-
elitis, and others [122]. For more severe cases of IRIS, treatment with corticosteroids is effec-
tive. In a placebo-controlled trial of prednisone for patients with moderate IRIS, prednisone 
1.25 mg/kg/day significantly reduced the need for hospitalization or surgical procedures [123].

7.3.2. Renal failure

Renal TB can result in acute or chronic renal failure with an incidence of 24%. If renal TB 
progresses to chronic kidney disease (CKD), it has effects in the immune system too. The 
alterations on systemic immunity included persistent systemic inflammation and acquired 
immunosuppression state [124]. The mechanisms associated with end-stage renal disease 
include obliterative endarteritis, renal amyloidosis, and obstructive uropathy [7, 93].
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To maximize completion of therapy, management strategies should utilize a broad range of 
approaches. Among these, DOT is the practice of observing the patient swallow their anti-TB 
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Radical or reconstructive surgical interventions are recommended be carried out in the first 
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7.3. Treatment of special situations

7.3.1. Patients with HIV infection

HIV and TB create a deadly synergy, speeding the progression of both diseases. HIV enhances 
the reactivation and progression of latent TB to overt TB disease. The treatment represents a 
challenge were the most significant concern is to avoid drug-drug interactions and the control 
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of adverse events. Whenever possible, the use of combination formulations, both antitubercu-
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in HIV-negative patients without cavitation on chest radiography [116]. However, relapses 
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a once-weekly isoniazid/rifapentine during continuation phase regimen [117]. A study with 
169 HIV-infected patients and pulmonary TB, nine (5.3%) had failure or relapse, eight of these 
nine isolates were detected with acquired rifamycin resistance, low CD4 lymphocyte counts 
and the use of twice-weekly therapy during intensive phase were the most important factors 
associated [118]. Lower plasma rifabutin and INH concentrations are associated with acquir-
ing rifamycin resistance [119].

HIV/TB co-infected patients treated during continuation phases with thrice-weekly anti-TB 
regimen showed a higher risk of relapse and death as well as emergence of rifamycin resistance 
compared with HIV-uninfected patients. ARV therapy reduces but does not eliminate the risk of 
these complications [120]. A prompt diagnosis of HIV, earlier ARV initiation, and avoiding inter-
mittent TB treatment regimens could prevent relapses and drug resistance emergence. Rifabutin 
can be substituted for RIF to decrease drug interactions with drugs used in the treatment of HIV 
infection (protease inhibitors and transcriptase reverse non-nucleoside inhibitors) [9].

Immune reconstitution inflammatory syndrome (IRIS) is a paradoxical clinical worsening of 
a known or new condition occurring shortly after initiating ARV therapy, mainly in patients 
with low CD4+ cell counts [121]. Mtb is among the most frequently reported pathogen associ-
ated with IRIS; signs may include high fever, lymphadenopathy, worsening of respiratory 
symptoms, new pulmonary infiltrates, and pleural effusions. Extra-pulmonary presentations 
are also possible expanding to central nervous system, intra-abdominal abscesses, osteomy-
elitis, and others [122]. For more severe cases of IRIS, treatment with corticosteroids is effec-
tive. In a placebo-controlled trial of prednisone for patients with moderate IRIS, prednisone 
1.25 mg/kg/day significantly reduced the need for hospitalization or surgical procedures [123].

7.3.2. Renal failure

Renal TB can result in acute or chronic renal failure with an incidence of 24%. If renal TB 
progresses to chronic kidney disease (CKD), it has effects in the immune system too. The 
alterations on systemic immunity included persistent systemic inflammation and acquired 
immunosuppression state [124]. The mechanisms associated with end-stage renal disease 
include obliterative endarteritis, renal amyloidosis, and obstructive uropathy [7, 93].
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The patients with CKD by other etiology are at increased risk of TB than those with nor-
mal renal function. Drug-induced hepatitis and all-cause mortality are more common among 
TB patients with CKD [125]. One of principal factors to consider in TB treatment with CKD 
included drug pharmacokinetics, drugs removed by hemodialysis that should be dosed after 
dialysis [126]. INH, RIF, and EMB are not significantly dialyzed. However, PZA is removed 
by hemodialysis and should be administered after hemodialysis [127]. Other factors included 
co-existent illnesses, dosage adjustment, drug interactions, and drug accumulate predispos-
ing to toxicities. Initial regimen with standard doses and no more than three times weekly for 
PZA, EMB, and aminoglycosides is recommended [128].

The fluoroquinolones used for TB treatment are levofloxacin, moxifloxacin, and gatifloxa-
cin. According to degree of renal impairment, levofloxacin dosage adjustment is required. 
Nevertheless, neither hemodialysis nor continuous ambulatory peritoneal dialysis removed 
levofloxacin [129]. Moxifloxacin may be administered at the normal dosage even with severe 
renal failure [130].

7.3.3. Advanced age

Age over 60 years is significantly associated with serious adverse events related to INH, 
PZA, and RIF, with greater frequency of hepatitis episodes and gastrointestinal intolerance  
[131, 132]. However, the risk of hepatotoxicity in advanced age might not increase after 
12 weeks with standard treatment containing INH and RIF [133]. The severity of INH-
induced hepatitis has been associated with higher mortality in this patient population [131]. 
Dose adjustments or alternative regiments should be considered to avoid stopping the treat-
ment, increasing the probability of failure and mortality [9, 134]. The duration of TB treatment 
depends of initial regimen during the intensive phase [9].
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mal renal function. Drug-induced hepatitis and all-cause mortality are more common among 
TB patients with CKD [125]. One of principal factors to consider in TB treatment with CKD 
included drug pharmacokinetics, drugs removed by hemodialysis that should be dosed after 
dialysis [126]. INH, RIF, and EMB are not significantly dialyzed. However, PZA is removed 
by hemodialysis and should be administered after hemodialysis [127]. Other factors included 
co-existent illnesses, dosage adjustment, drug interactions, and drug accumulate predispos-
ing to toxicities. Initial regimen with standard doses and no more than three times weekly for 
PZA, EMB, and aminoglycosides is recommended [128].

The fluoroquinolones used for TB treatment are levofloxacin, moxifloxacin, and gatifloxa-
cin. According to degree of renal impairment, levofloxacin dosage adjustment is required. 
Nevertheless, neither hemodialysis nor continuous ambulatory peritoneal dialysis removed 
levofloxacin [129]. Moxifloxacin may be administered at the normal dosage even with severe 
renal failure [130].
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Age over 60 years is significantly associated with serious adverse events related to INH, 
PZA, and RIF, with greater frequency of hepatitis episodes and gastrointestinal intolerance  
[131, 132]. However, the risk of hepatotoxicity in advanced age might not increase after 
12 weeks with standard treatment containing INH and RIF [133]. The severity of INH-
induced hepatitis has been associated with higher mortality in this patient population [131]. 
Dose adjustments or alternative regiments should be considered to avoid stopping the treat-
ment, increasing the probability of failure and mortality [9, 134]. The duration of TB treatment 
depends of initial regimen during the intensive phase [9].
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