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Abstract

Tuberculosis is a disease that affects a third of the world’s population and according to the World Health Organization is considered an important public health
issue. Any member of the Mycobacterium Tuberculosis Complex can cause active disease because of 99.95% genetic homology between these strains; however, this
small difference confers specific characteristics such as first-line anti-tubercular drug resistance. Despite important recent medical innovation, many of the molecular
mechanisms of this pathogen that allow its dissemination and ability to establish infections are still not clear. Many risk factors are known to predispose to tuberculosis
infection, the most important of these being immunosuppression by various mechanisms. The systemic autoimmune rheumatic diseases encompass a group of
clinically heterogeneous diseases that have a common pathogenical end-point: immune dysregulation characterized by overreactive cellular and humoral response.
These patients are treated with long-term immunosuppressive drugs in most cases, diminishing disease activity but exposing the patient to possible complications
such as life-threatening infections. The combination of immune dysregulation of the autoimmune disease and concomitant immunosuppressive therapy leads to a
high incidence of active tuberculosis infection. These patients have a tendency of presenting with extrapulmonary disease and a higher mortality rate. Unfortunately,
developing countries present higher incidences of tuberculosis in their population and tend to use nonspecific diagnostic methods for rapid detection and eradication.
Current trends in developed countries consist of employing powerful molecular tools, such as Spoligotyping or MIRU-VNTR, for genotyping that allow diagnosis
with high sensitivity and specificity. The precise identification of tuberculous strains gives previously unknown insight to understanding the molecular epidemiologic
aspects of tuberculosis transmission and can predict patient response to treatment in some cases. Our team believes that this could be the first step towards tuberculosis
infection control and even eradication, offering an improved quality of life to rheumatic patients.

Tuberculosis (TB): why in these patients and what is cleaning staff, food servers and slaughterhouse workers [2]. The
behind it? question is why this specific population? The answer could be that

these people are immunosuppressed either by drugs, viruses (such as
A third of the world’s population is infected with the TB bacilli, Human Immunodeficiency Virus [HIV]) or congenital conditions.
making it the most disseminated mycobacterial infection on our  They have a high risk of being in closer contact with the carriers of the
planet. The World Health Organization (WHO) estimates on a global  bacilli due to their profession because of their interaction with infected
scale that 10.4 million of people had TB in 2016 and 16% of these
patients died. Even though important achievements have been made
in the medical field during the last century, 1.66 million patients *Correspondence to: Oscar Enrique Pizano Martinez, Departamento de
died (in 2016) in the hands of this old enemy, probably the oldest Clinicas Médicas, Centro Universitario de Ciencias de la Salud, Universidad de
pathogen registered in human medicine [1]. It is clear TB thrives on Guadalajara. Sierra mojada No. 950. Col. Independencia. CP. 44340, Guadalajara,
being a “social pathogen” (but not necessarily friendly) because of its Jalisco. México, Tel. 52 (33)10585200. Ext. 33635; E-mail: sorrento80@hotmail.com
many targets among the population that it prefers infecting, such as: Received: December 29, 2018; Accepted: January 21, 2019; Published: January
immunosuppressed patients, health workers, social workers, hospital 24,2019
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individuals or even with infected animals like cattle in a zoonosis
context. The fact is that its epidemiological aspects are complex because
other environmental factors like malnutrition, cigarette smoking and
overcrowding have been identified as risk factors for TB development.
On the other hand, researchers have still not been able to discern why
only 5-10% of the more than 2 billion people infected by TB have a
lifetime risk of developing active tuberculosis [3].

The major biological mechanism for acquiring TB infection has been
previously described and consists of the inhalation of contaminated
drops. Inhaled droplets descend into the lower airways, where microbes
encounter alveolar macrophages (M@) and submucosal dendritic cells
(DCs). Both are named “the sentinels of the respiratory system” because
of their skill to recognize microbes through their Pattern Recognition
Receptors (PRRs), such as Toll Like Receptor-2 (TLR-2), which has
a major role in recognizing glycolipid and lipoprotein components
present on the mycobacterial wall [4]. After the bacilli recognition, an
intracellular signaling cascade mediated by the Myeloid differentiation
primary response 88 (MyD88) protein is initiated. MyD88 acts as
an essential adaptor protein for adequate immune response for
two reasons: first, it increases the phagocytic activity to engulf the
bacilli into phagolysosomes; this signaling pathway also promotes
pro-inflammatory cytokine secretion to wake up a stronger cellular
response able to fight against TB [5]. However, after many millennia
of contact with humans the TB bacilli has developed many means of
immune evasion. One of these is the tryptophan-aspartate containing
coat protein (TACO), which prevents phagosome-lysosome binding,
making possible the intracellular survival of the bacilli [6]. For this, M@
and DCs are its main reservoir in the organism.

The adaptive immune system mounts a dominant Thl response
directed by M@ and DCs because both present microbial peptides to
CD4" T cells via Major Histocompatibility Complex Class II (MHC-II)
molecules in lung lymph nodes. This activates CD4* and other immune
cells which start to secrete numerous cytokines such as: Interferon-y
(IFN-y), Tumor Necrosis Factor-a (TNFa), Interleukin-1p (IL-1pB),
Interleukin-6 (IL-6), Interleukin-21 (IL-21) and Interleukin-12P40
(IL-12p40). This mechanism of activation may also be done directly
by bacteria disseminating from the lung to the lymph node. The
activated T cells are subject to clonal expansion and migrate out from
the lymph nodes as effector T cells; this event occurs usually around
15-18 days post infection [7]. Once at the site of infection, they secrete
IFN-y, resulting in a complete microbe eradication or inflammation
perpetuation. On the other hand, M@ secretes Transforming growth
factor beta- p (TGF-p), a protein that induces tissue remodeling and
wound healing. The dynamic process between chronic inflammation
and tissue remodeling conduces to the granuloma formation. The
granuloma is a hosts’ containment effort in response to an infection
and contains a nucleus of necrotic lung tissue surrounded by M@,
fibroblasts, DCs, neutrophils, B cells and some T cells subsets. All of
these cells secrete cytokines and chemokines to ensure the continuous
mobilization of granulocytes to the granuloma [8]. The traditional
literature states, “The bacteria residing in the granuloma persist in
a dormant state and proliferates only if the host’s immune system
is weakened due to any reason like Immunosuppressive drugs
consumption, HIV*, etc. However, recent research suggests the
formation of a type of biofilm called “Necrosis-Associated Extracellular
Clusters (NECs) in the granuloma which contains active bacilli that
are protected from the immune response and may be the basis of TB
reactivation [9].The immune response to TB is mediated by cellular
response and inflammation; together they play a major role in TB
control. It has been shown that a complex and optimal immune system
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are needed to prevent TB infection; many patients unfortunately have a
concomitant condition that compromises the immune response being
a predictor for TB establishment or eradication. By understanding the
biological processes involved in TB infection and/or eradication we
may then understand how other disease conditions where the immune
response is aberrant predisposes to infection, such as in Systemic
Autoimmune Rheumatic Diseases (SARDs).

SARD: origin and pathology

What does not kill you makes you stronger is not always true

SARDs are a wide and complex variety of illnesses that cause chronic
degeneration in many tissues of the human body. The pathological
process affects cartilage, muscle, bones, tendons and ligaments, which
act like targets for SARDs establishment [10]. Every SARD has clinical
relevance, but we must recognize that some of them have more clinical
impact than others, thus; the frequency and complexity of some SARD
are higher than others among the world population as is shown by
many reports (Table 1). Multiple genetic, epigenetic and environmental
risk factors have been identified for SARDs development [10]. Each
one of these triggers converges on a final endpoint: immune system
dysregulation.

Although it is not our main objective, there are many major
theories about SARDs development. One is based on sun radiation. It
has been postulated that ultraviolet (UV) radiation could be a trigger
for rheumatic disease because some specific geographic areas around
the world present a positive correlation among high UV light ratio
and genetic mutations, mainly by thymine dimers formation, which
are found in immune cells from SARDs patients. Another is based on
drug consumption as an inducer for SARD development. The response
to these drugs are involved with the genetic background itself because
a low efficiency to metabolize products that have to be acetylated,
alters the Lymphocyte Function-Associated Antigen- 1(LFA-1) gene
expression in B lymphocyte turning them into super reactive cells.
Considering the high incidence of SARDs in the female population,
hormones may be involved too. In murine models, estrogen and
prolactin promote a phenotypic change from B cell to autoreactive B cell
[11]; furthermore, oral contraceptives were shown to slightly increase
the risk for Systemic Lupus Erythematous (SLE) development two-
fold [12]; however, it appears to be a protective factor for Rheumatoid
Arthritis (RA) [13]. Some infections like Epstein Barr virus, although
the molecular mechanism is not well understood, have been proposed
to interact closely with B lymphocytes and plasmacytoid dendritic
cells promoting auto-antibody formation and interferon-a (IFN-a)
secretion that promote immune dysregulation and the development of
chronic inflammation [14].

Treatment schemes for these diseases are long term and usually
include steroids and/or immunosuppressants, increasing the risk of
acquiring a serious infectious disease from common or opportunistic
microorganisms [15,16]. The relationship between SARDs and
microbial infections is a complicated one. As mentioned above, some
microorganisms seem to enhance the development of these diseases.
At the same time, the intrinsic immune dysregulation combined with
immunosuppressive treatments seems to be responsible for the high
incidence of opportunistic infections in these patients [17].

In this context, we could imagine that if we have a strong immune
response, we must be able to react against any enemy and control every
risk of getting sick, in other words: “if our immune system response is
exaggerated, we must be protected, then; what does not kill you makes you
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Table 1. SARDs, clinical aspects and TB incidence

Autoimmune Systemic Diseases Description

- Chronic autoimmune inflammatory disease
that can affect the majority of organs and
tissues.

Systemic Lupus Erythematous (SLE) - Heterogeneous clinical presentation.

- Unpredictable disease course
->90% cases in women [77,78].

- Chronic systemic inflammatory disease of
unknown cause that primarily affects joints

Rheumatoid Arthritis (RA) - Potential for extra-articular features,
including: Rheumatoid nodules, increased
CV disease morbidity/mortality and lung

involvement

- Most prevalent chronic inflammatory
disease [80,81]

-Chronic inflammatory arthritis characterized
by sacroiliitis, enthesitis and a marked
propensity for sacroiliac joint and spinal
fusion

Ankylosing Spondylitis (AS)

-Potential for extra-articular features,
including: anterior uveitis, psoriasis and
chronic inflammatory bowel disease [84]

-Immune-mediated rheumatic disease
characterized by fibrosis of the skin and
internal organs and vasculopathy

Systemic Sclerosis (SSc) -Clinical and biochemical heterogeneity

-Has high mortality (greater than any other
rheumatic disease) [86,87]

- Idiopathic inflammatory myopathy with
characteristic cutaneous findings

Inflammatory Myopathies (IM) - Most frequently affects the skin and
muscles but may also affect the joints,

esophagus and lungs [90]

- Chronic inflammatory disorder
characterized by lymphocytic infiltrates in
exocrine organs

Sjogren’s Syndrome (SS)

- Most individuals present with sicca
symptoms (xerophthalmia, xerostomia and
parotid gland enlargement) [92]

stronger”. It would be nice to say that sentence is true, but obviously it
is not. This robust and uncontrolled immune response combined with
immunosuppressive drugs, and the infections they predispose to, could
end up killing these patients. We can see that this phrase sometimes is
unfortunately just a myth.

SARDs and TB: what is the relationship?

Molecular defects in the innate and adaptive immune system of
patients with systemic autoimmune diseases may increase the risk
of infection even when not on immunosuppressive therapy. Some
of these defects specifically predispose to TB infections. It has been
reported that in SLE patients, T cells tend to have a decreased mitogen-
induced cytotoxicity, Interleukin-2 (IL-2) production is decreased and
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Immunosuppressants Used Incidence of TB [patient years]

- Hydroxychloroquine

- NSAIDs

- Glucocorticoids

- Azathioprine

- Mycophenolate Mofetil
- Methotrexate

153 to 2450 cases per 100,000 [34]

- Cyclophosphamide

- Rituximab

- Calcineurin Inhibitors [79]
- NSAIDs

- Glucocorticoids

- Methotrexate

- Chloroquine

- Hydroxychloroquine

- Sulfasalazine

- Leflunomide

- TNF-a Antagonists

(Adalimumab, Etanercept, Infliximab,
Certolizumab pegol and Golimumab)
- Rituximab

6.4 to 134 per 100,000 [40]

- Tocilizumab
- Abatecept
- Tofacitinib [82,83].

- NSAIDs

- Glucocorticoids

- TNF-a Antagonists
- Secukinumab

- Sulfasalazine

- Methotrexate [85]

123.1 per 100,000 (this is in high-incidence
countries, in low-incidence countries there is
no increased risk when compared to general
population) [43,44].

-Methotrexate
-Mycophenolate Mofetil
-Cyclophosphamide
-Glucocorticoids
-Azathioprine
-Intravenous Immunoglobulin (IVIG)
-Rituximab [88, 89]

- Hydroxychloroquine

- Glucocorticoids

- Methotrexate

- Azathioprine

- Cyclosporine,

- Cyclophosphamide

- Leflunomide

- Mycophenolate Mofetil
- Rituximab

- IVIG

- TNF-Antagonists [91]

414 per 100,000 [49]

305 per 100,000 [46]

- Glucocorticoids

- Hydroxychloroquine
- Methotrexate

- Cyclophosphamide
- IVIG

- Rituximab [92]

255 per 100,000 [28]

its function dysregulated, causing some immune response defects such
as: decreased activation-induced cell death (AICD), decreased number
and function of Treg cells and decreased cytotoxic activity [18-20].
In RA patients, the T cell receptor (TCR) repertoire loses diversity
in its protein arrangement when we compare memory and naive T
cells, affecting their multiclonal growth, which may delay an adequate
immune response [21]. On the other hand, various autoimmune
diseases have something in common: the presence of anti-Fcy receptor
autoantibodies, which alters the correct macrophage biological function
and predisposes to infections [22-23]. In this context, it is intuitive that
intrinsic immune dysregulations leading to the presentation of SARDs
predispose to infection even before the use of immunosuppressive
treatment.
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Anti-inflammatory therapy protocols for SARDs tend to be the
most important cause of infections in this patient population. These
drugs suppress the immune response by various mechanisms (Table 1)
and many ultimately impair normal T-cell function or reproduction;
this by itself predisposes to TB infection considering the importance of
T cell response in controlling these infections [24-25]. A good example
of this is biological therapy based on Anti-Tumor Necrosis Factor alpha
(anti-TNF-alpha) antibodies. This is a relatively new type of treatment
for many autoimmune diseases, which has shown excellent results
and has improved life quality and expectancy. Despite its benefits, it
has been linked to an increased risk of fungal and bacterial infection
and especially promoting the reactivation of latent tuberculosis. This
is due to hindering the activation of CD4* T cells, the autophagy in
macrophages and inducing apoptosis of certain immune cells. In a few
years, it has shaped the epidemiological landscape of TB infection in
this group of patients [26-27].

Considering the facts mentioned beforehand, patients with an
SARD have a two-fold increased risk of acquiring an active TB infection
when compared with the general population. This been observed in
patients with SARDs such as SLE, RA, Ankylosing Spondylitis (AS),
Systemic Sclerosis (Ssc), Inflammatory Myopathies (IM) and Sjogren’s
Syndrome (SS) [28]. Although the symptoms and clinical aspects of
every SARD are different, they share a common denominator: the
treatment of these diseases is glucocorticoids therapy, which in turn
have been associated with the development of active TB when with
higher doses of 10 milligrams (mg) per day and accumulated doses
higher than 700 mg [29]. There is also a relationship between active
TB and cumulative dose of Prednisolone and median daily dose of
Prednisolone before diagnosis [30-33].

Patients with SLE have a higher incidence of active TB compared to
the general population in countries where TB is endemic (153 to 2450
cases per 100,000 population) and a higher cumulative of Prednisolone
doses [30,31,34]. These patients usually have high disease activity
and severe renal and joint involvement [32,35-37]. The estimated
presentation of extrapulmonary TB in the general population is <20%
while in SLE patients it is in 25-67% of all cases, carrying with it a
difficult diagnosis and higher mortality rate [31,32,38]. Among SLE
patients with a past history of tuberculosis before the development of
SLE, the relapse rate is much higher when compared to the general
population and in other rheumatic diseases. A study in Korea found
that in a cohort of SLE patients that developed tuberculosis, 15.2% had
a history of tuberculosis while in a cohort of RA patients only 2.4% had
a history of TB before disease onset [39].

A recent systemic review revealed RA patients, when compared
to the general population in many different countries, had a two-fold
increase in risk of acquiring active TB when not exposed to TNF-
biologics and a 4-fold increase when these were employed. Other
studies report similar results if increased incidence rates when compared
to the general population. These patients also tend to present with higher
rates of extrapulmonary disease, disseminated TB and mortality rates [40-42].

It has been observed that patients suffering AS that have not been
treated with TNF-biologics have a higher risk of contracting active
TB disease when compared to the general population of TB endemic
countries [43]. However, in countries of low TB prevalence, the risk is
the same when compared to the general population [44]. In both types
of countries, the use of TNF-biologics increases the risk significantly.

Patients with Dermatomyositis (DM) with active TB had
extrapulmonary disease in 42.85% of cases [45]; DM was found to be an
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independent risk factor for developing active TB and the incidence rate
was 305 per 100,000 Person-Years [46]; another associated risk factor
was a higher mean daily dose of steroids [47].

TB infection in patients with SSc was previously thought to be
uncommon due to a small number of reported literature (mostly case
reports). The only mentioned study was by Cowie [48], who in 1987
described a 40% incidence of tuberculosis in black South African gold
miners with SSc and concluded that there was an association between
tuberculosis and SSc independent of silica exposure or silicosis.
However, a few recent studies have shed new light on this relationship.
In one study, SSc was found to be an independent risk factor for
developing active TB and the incidence was 414 per 100,000 Person-
Years with a 33% mortality rate [49]. In another, there was an increased
incidence of tuberculosis amongst patients of SSc on Dexamethasone
pulse therapy [50].

Without a doubt, TB has a great impact on SARD patients due
to immune system alteration and immunosuppressant treatment.
The clinical manifestation of TB can be not only pulmonary but also
extrapulmonary, indicating that the relationship among SARD-TB is
deadly in many cases.

Molecular epidemiology of Mycobacterium tuberculosis:
its application in clinical practice

With the application of different Mycobacterium tuberculosis
complex (MTBC) genotyping methods, the international community
has made great strides in further understanding many biological and
epidemiological aspects of the bacilli and has gotten a step closer to
complete eradication on a global scale (although we are still far away
from this goal). The basis of these advancements is by matching
genotypes from different clinical isolates of MTBC and linking with
classic epidemiologic approaches. Together, they constitute the pillar
of many TB control programs in many countries [51].

These methods facilitate the evaluation of outbreaks in healthcare
settings or in the community, identify previously unrecognized
transmission events, improve contact investigations and identify “non-
traditional” settings for transmission (bars and churches). New specific
risk factors for recent transmission have been identified and high-risk
subpopulations better identified for specific public health management
(male sex, being young adult, urban residence, alcohol and drug use,
being homeless, being exposed in crowded settings [eg, prisons]) [52].
The age-old question of the differentiation between reactivation and
reinfection with MCTB was finally answered with these methods. In
some of the first studies with these methods, >30% TB cases of specific
regions in low incidence countries were attributed to recent infection
(in comparison to the previously believed 10%). It was also possible
to detect the presence of mixed infections (with two strains of MCTB
in the same patient) in a few studies, especially in high prevalence
countries [53].

It is also possible to evaluate drug susceptibility, its relationship
with specific genotypes and epidemiologic links. The use of molecular
epidemiology also led to the discovery of false-positive MTBC cultures
from laboratory cross contamination (approximately 3% of culture
confirmed cases are from contamination) [54]. These methods have also
paved the way for new phylogenetic studies and led to the identification
of endemically circulating strains and variations in immunogenicity,
pathogenesis (virulence factors) and clinical manifestations that
could determine transmission, disease progression, severity and
transmissibility [55].
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Molecular identification of TB: brief method
description. Why not, why yes?

Conventional methods for TB identification

We described above the relationship between SARDs and TB and
how this interaction could become dangerous and lethal, but the next
questions are: Do specific SARDs present similar TB genotypes or are
they nonrelated? Is the TB genotype more influenced by the clinical and
environmental characteristics of each patient? Why is it that in many
countries with high SARD incidence and TB incidence, the molecular
identification of TB in these patients is not made? Current TB diagnosis
continues to be based on useful but not specific methods, especially in
developing countries. We must remember that TB could be originated
by different members of the MTBC, which include: Mycobacterium
tuberculosis, ~Mycobacterium bovis, Mpycobacterium  africanum,
Mycobacterium microtti, Mycobacterium caprae, Mycobacterium
pinnipedii, Mycobacterium canetii; all of these are capable of promoting
disease because they share 99.7% of genetic homology, genes where the
antigenicity resides [56]. In this context, smear microscopy by Ziehl-
Neelsen stain and chest x-rays are not capable of giving us specific
information about which specific tuberculous bacilli is present. On
the other hand, the same problem is present if we use the interferon
gamma release assays test (IGRAs). With IGRAs, we can determine
immunologic evidence of TB infection (“germs in the body”) by
measuring IFN-y secreted by the patient's T-lymphocytes (QFT) or
the number of IFN-y-secreting lymphocytes (T-SPOT) upon ex vivo
stimulation with M. tuberculosis-specific antigens. These antigens are
not found in Bacille Calmette-Guerin (BCG) vaccine strains or most
Nontuberculosis Mycobacteria (NTM) species (except Mycobacterium
marinum, Mycobacterium kansasii, Mycobacterium szulgai, and
Mpycobacterium flavescens). However this is purely a diagnostic method
and does not have the capability to identify specific strains of MTBC [57].

Microbial cultures are still used worldwide and have a high
specificity for diagnosis. However, this method presents many
disadvantages such as needing qualified staff, high costs, specialized
equipment and appropriate installations; all of this makes it a complex
method, especially for developing countries [58]. The current tendency
to identify pathogens is to use tools that allow us to make a good
diagnosis but with low costs, accuracy and simplicity which in turn,
allows us to know the molecular aspects of TB for its dissemination,
control and eradication.

Gold standard molecular methods for TB identification

Molecular epidemiology is defined as (1) the definition,
identification, and tracking of relevant pathogen species, subspecies,
strains, clones, and genes by means of molecular technology and
evolutionary biology; and (2) the evaluation of the impact of a
pathogen’s genetic diversity on its relevant medical properties [59]. It
is a field that has grown significantly in the past decades with the advent
of newer and cheaper technology and the use of international databases.
Its use in some countries is widespread for certain diseases (nationwide
genotyping for all MTBC isolates in the United States of America)
while in others it is confined to a few, well-funded laboratories (as is
the case in most developing countries). As we mentioned above, MTBC
strains share high nucleotide identity and only 0.3% offers polymorphic
regions, which are the basis for molecular epidemiologic studies and
can be identified and exploited for many research and clinical uses.
The identification of these regions is realized by different molecular
techniques that give important insight into the epidemiological
aspects of TB.
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Restriction Fragment Length Polymorphism (RFLP) of
IS6110 - Previous

Gold Standard for Molecular Typing of MTBC strains

The first method used for genotyping MTBC was exploiting
the unique Insertion Sequence (IS). IS elements are defined as small
segments of DNA with a simple genetic organization capable of
inserting at multiple sites in a target molecule [60,61]. IS6110 is
found in almost every strain of M. tuberculosis, with 8-15 copies, but
occasionally more than 20 or even one or two copies [62]. The technique
for IS6110 amplification is done by southern blot hybridization, the
number of copies and its genomic position between unrelated strains
of M. tuberculosis allows comparisons and tracking of movements
between these strains and their effect on human disease [63]. The main
advantages of the IS6110-RFLP method are its high discriminatory
power, reproducibility and the stability of its pattern. Some limitations
to this procedure are the requirement of bacterial culture (it needs
a large amount of high-quality DNA) with long turnaround times
for reporting results, poor discriminatory power with those strains
having few copies of IS6110 and the requirement of specialized
software for interpretation of the data. These limitations would lead
to the development of additional typing procedures; however, IS6110-
RFLP method remains the gold standard technique in molecular
epidemiologic investigations of TB [64].

Spoligotyping

Spacer oligonucleotide typing (spoligotyping) is a PCR-based
technique that identifies DNA polymorphisms within the Direct
Repeat (DR) Locus of M.tuberculosis. This locus contains multiple,
well-conserved 36 base pair DRs interspersed with nonrepetitive spacer
sequences 35 to 41 base pairs long; strains vary in the number of DRs
and in the presence or absence of particular spacers [65]. The region
compromising the repeat plus the adjacent spacer has been termed
the Direct Variable Repeat (DVR) [66]. Spoligotyping differentiates
isolates of MTBC strains by determining the absence or presence of
these 43 predefined spacers [67].

The first step of this method is mycobacterial DNA extraction,
which can be done on many different types of clinical specimens and by
different methods; the extraction from cultured isolates is the preferred
technique. Once the DNA is extracted, the entire DR loci is amplified by
Polymerase Chain Reaction (PCR) using two inversely oriented biotin-
labeled primers complementary to the sequences of DRs [65]. After
this, the PCR product is incubated over a membrane printed previously
with 43 DNA spacers for its hybridization [65]. If the hybridization
occurs, then a numerical binary code is made, assigning the number
1, but if the hybridization does not occur, the assigned number is 0.
In that way, this binary code is composed 43 numbers that in turn, are
separated in triplets, according with the combination of each triplet a
number is assigned from 1 to 7 resulting into the octal code. This octal
code is introduced in the international database, SpolDB4 or SITVIT.
In this context, a SB (spoligotyping code) is registered and compared
around the world, allowing us to track the genetic footprint of each
isolated that we identify [68,69]. Spoligotyping has many advantages
when compared to IS6110-RFLP, one of the most transcendental is
using direct clinical samples without the need for bacterial culture
isolation (saving time and money) and being a rapid method with
results produced in <48 hours. This method is also useful for detecting
isolates that IS6110-RFLP would not be able to because of few copies of
IS6110. Other advantage are high reproducibility and a simple binary-
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result format (whereas sophisticated computer software is needed
for IS6110-RFLP) that can be shared between laboratories through
international databases. However, one limitation of spoligotyping
is that it has less discriminatory power than IS6110-RFLP analysis
for strains with high copy numbers (26) of IS6110 (this is due to the
fact that it targets a single genetic locus, covering <0.1% of the M.
tuberculosis complex genome, unlike IS6110 which is distributed over
the whole mycobacterial genome) [68].

Mycobacterial Interspersed Repetitive Units of Variable-
Number Tandem Repeats (MIRU-VNTR) - The New Gold
Standard for Molecular Typing of MTBC strains

MIRU-VNTR is a PCR-based method that exploits various
tandem repeat regions that are highly variable in their repeat numbers
(hence the name VNTRs). MIRUs are mini satellite-like homologous
containing VNTRs consisting of DNA sequences between 46-100 base
pairs that are dispersed within different loci throughout the MTBC
genome [70]. This method determines the length of the repeat and
the size of the flanking regions of these MIRU to differentiate between
different MTBC strains.

Around 41 different MIRU loci have been identified, but 24 have
been standardized for genotyping and epidemiological studies, however
some reports argue that 15 loci are the standard in epidemiological
studies to get a discrimination power around 0.99 [71]. These various
regions are amplified by PCR using specific primers for the 24 different
loci and then, its size (base pairs) is determined by sodium dodecyl
sulfate- polyacrylamide gel electrophoresis (SDS-PAGE) or in column
chromatography. The obtained size is converted into numerical
code to produce a digital format, which is then compared using an
international database such as MIRU-VNTR plus web application
for genotype identification [72]. This technique allows the tracking of
the genetic footprint of each isolate that we need to identify. The use
of 12 loci could be complemented with spoligotyping increasing its
discriminatory power to 100% turning it in the new gold standard for
molecular identification of TB [73].

Molecular epidemiology of TB in rheumatic diseases:
unexplored frontier

The most recent analysis of the fourth international spoligotyping
database, SpolDB4, described 1939 shared-types (ST's) that represented
39,295 strains from 122 countries; without a doubt, this database
has grown larger within the last 12 years since that report [74].
Many research articles report the presence of TB in SARD patients,
who present both, pulmonary and extrapulmonary TB, usually with
fatal results [28,30-50]. However, in many countries the molecular
diagnosis of TB is not applied yet in SARD patients and TB diagnosis is
done using unspecific methods that may compromise the life of these
patients; this is because clinicians may prescribe drugs that the bacilli
is resistant to. If the clinician orders IGRA tests, chest X-rays, Ziehl-
Neelsen stains or even the Xpert MTB/RIF, which is based in PCR
reaction and is currently recommended by the WHO, we will know if
the patient has a tuberculous mycobacterial infection, but not which
strain or its specific virulent factors [75]. A clear example of this is an
infection by Mycobacterium bovis, which is inherently resistant to the
antibiotic Pyrazinamide; a patient that is treated with first-line drugs
will probably not be cured in this case [76]. It is clear that molecular
diagnosis in SARD patients is needed because it is necessary to provide
specific treatments. It is hard to believe that with so many technological
advancements we are not yet capable of avoiding infections and death
in SARD patients caused by an ancestral enemy like TB. We believe that
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much remains to be done in this field, powerful molecular tools such
as Spoligotyping and MIRU-VNTR could allow us to understand the
molecular aspects or molecular epidemiology that TB presents in this
susceptible population of patients. This could be the first step towards
TB infection control and even eradication, offering an improved quality
of life to SARD patients.
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