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Background. Immune parameters (IP) have been extensively studied to distinguish between latent tuberculosis (LTBI) and active
tuberculosis (TB). Objective. To determine the IP associated with LTBI, compared to active TB and individuals not infected by
M. tuberculosis published in literature. Methods. We conducted a systematic search using Google Scholar and PubMed
databases, combining the MeSH terms latent tuberculosis, Mycobacterium tuberculosis, cytokines, and biological markers, with
the free terms, biomarkers and cytokines. Spanish, English, and Portuguese articles comparing the concentration of IP
associated with LTBI, either in plasma/serum or in vitro, in adults and nonimmunocompromised versus individuals with TB or
without M. tuberculosis infection between 2006 July and 2018 July were included. Two blinded reviewers carried out the
searches, read the abstracts, and selected the articles for analysis. Participants’ information, diagnostic criteria, IP, detection
methods, and biases were collected. Results. We analyzed 36 articles (of 637 abstracts) with 93 different biomarkers in different
samples. We found 24 parameters that were increased only in active TB (TGF-a, CSF3, CSF2, CCL1 [I-309], IL-7, TGF-f1,
CCL3 [MIP-1a], SIL-2R, TNF-g, CCL7 [MCP-3], IFN-q, fractalkine, I-TAG, CCL8 [MCP-2], CCL21 [6Ckine], PDGF, IL-22,
VEGF-A, LXA4, PGE2, PGF2a, sCD163, sCD14, and 15-Epi-LXA4), five were elevated in LTBI (IL-5, IL-17F, IL-1, CCL20
[MIP-3«], and ICAM-1), and two substances were increased among uninfected individuals (IL-23 and basic FGF). We found
high heterogeneity between studies including failure to account for the time/illness of the individuals studied; varied samples
and protocols; different clinical classification of TB; different laboratory methods for IP detection, which in turn leads to variable
units of measurement and assay sensitivities; and selection bias regarding TST and booster effect. None of the studies adjusted
the analysis for the effect of ethnicity. Conclusions. It is mandatory to harmonize the study of immune parameters for LTBI
diagnosis. This systematic review is registered with PROSPERO CRD42017073289.

1. Background

Latent tuberculosis (LTBI) is defined as the presence of a pos-
itive tuberculin skin test (TST) or interferon-y (IFNy) release
assays (IGRAs) in the absence of clinical or radiographic
signs of disease. These accepted tests are imperfect for LTBI
diagnosis for several reasons: (1) the sensitivity and specific-
ity are between 71 and 82% for TST and 81 and 86% for

IGRAs [1], (2) the sensitivity is reduced in immunocompro-
mised patients, (3) there is inability to differentiate between
LTBI and active tuberculosis (TB), (4) a positive TST or
IGRA result does not automatically imply LTBI, as individ-
uals who eliminate the infection successfully might still be
TST- or IGRA-positive because of memory T cell responses,
which partly explains the low predictive value of TST and
IGRAs [1], and (5) genetic factors may impact test sensitivity
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as well as the susceptibility for acquisition of mycobacterial
infection [2-4]. To date, there is no available diagnostic tool
that allows diagnosis of LTBI and differentiates clearly
between LTBI and active TB.

For the above-mentioned reasons, the World Health
Organization, governments and nongovernmental organiza-
tion, and private sector established as one of the priorities the
identification of “what biomarkers or combinations of
markers will help distinguish the various stages of the spec-
trum of LTBI (from sterilizing immunity to subclinical active
disease)” [5].

The improvement in high-throughput cytokine measure-
ment platforms has sparked enthusiasm for identification of
novel pathways involved in the pathogenesis of TB that can
inform development of assays for LTBI determination. In
tuberculous infection, some important immune molecules
are known to play a pivotal role in the protective response
against the bacteria. Among the main ones described are
IFN-y, produced by T CD4+, CD8+, and NK cells, and IL-1
and TNF-a, secreted by macrophages and lymphocytes,
known to prevent the growth and multiplication of myco-
bacteria in host cells [6, 7]. However, additional biomarkers
such as IL-2, IL-5, IL-10, IL-1RA, and MCP have been stud-
ied for their ability to differentiate between the LTBI and
active TB [8], and it is believed that the cellular and immune
profile expressed during tuberculous infection depends to a
great extent on the stage of disease, i.e, LTBI or active,
where immune biomarkers present in blood could have the
ability to differentiate with greater precision between both
stages [9].

Despite advances in the study of immune parameters,
there are pervasive limitations in the analysis and conclu-
sions of many of these studies. Cytokine/chemokine expres-
sion is affected by ethnicity [2, 10], cell simulation protocols
(or no stimulation) [11-13], time of LTBI (which in most
cases is impossible to quantify), and if the comparison group
is people with TB, the clinical manifestations of disease (pul-
monary vs. extrapulmonary TB) [14].

In order to identify which immune parameters are
increased exclusively in LTBI, in addition to finding gaps in
knowledge and study design of previous published papers,
we performed a systematic review. The question posed is
the following: what are the cytokines associated with LTBI,
compared to cytokines expressed among individuals with
active TB and those not infected by M. tuberculosis?

2. Methods

According to the Preferred Reporting Items for Systematic
reviews and Meta-Analysis protocols (PRISMA-P), this sys-
tematic review was registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO) on August
31, 2017 (registration number CRD42017073289).

2.1. Eligibility Criteria. Studies were selected according to the
following criteria.

2.1.1. Study Designs. We included clinical trials, prospective
and retrospective comparative cohorts, and case-control
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and cross-sectional studies. We excluded descriptive studies,
case reports and series, and reviews.

2.1.2. Participants. The participants are those from articles
published between January 2006 and July 2018, which com-
pared people with LTBI with 18 years or older, or adults
and children, without any immunocompromising medical
conditions, versus individuals with active TB or without M.
tuberculosis infection under the same conditions. We
excluded manuscripts assessing the production of IFN-y as
part of the evaluation of IGRAs, which were performed in
animal models, immunocompromised individuals, and stud-
ies exclusively conducted in children.

2.1.3. Exposure. Articles that evaluated the expression of
cytokines associated with LTBI, either in plasma or in vitro,
with or without stimulation of mycobacterial antigens were
included. The antigens used to perform cell stimulation were
not restricted.

2.1.4. Comparators. The comparators are the expression of
cytokines associated with active TB confirmed by clinical
and epidemiological contact, X-rays, and/or laboratory
and/or subjects with no evidence of M. tuberculosis infection,
evidenced by negative results of the tuberculin skin test or
interferon-gamma release assays.

2.1.5. Outcome. People with LTBI were compared to those
with active TB or with no evidence of M. tuberculosis.

2.1.6. Timing. There was no restriction on the length of
follow-up for clinical trials or cohort studies.

2.1.7. Setting. There was no restriction on the type of setting.

2.1.8. Language. Articles in English, Spanish, or Portuguese
were included.

2.2. Information Sources. Search for original articles utilized
two electronic databases: Google Scholar and PubMed.

To identify additional literature, the reference list of all
papers was reviewed, and we followed the same process
for abstract reviewing and data extraction as we did for
papers identified by electronic search. Articles suggested
by the reviewers, not detected in the previous searches,
were also included.

2.3. Search Strategy. Papers published between July 2006 and
July 2018 were included. We used the following MeSH terms
in English, Spanish, and Portuguese languages: latent tuber-
culosis, Mycobacterium tuberculosis, cytokines, and biologi-
cal markers. In addition, we used the free terms biomarkers
and cytokines. Additional file 1 contains the search strate-
gies used.

2.4. Study Selection, Data Collection Process, and Data Items.
Once the articles were identified using each of the search
strategies, we proceeded with the elimination of duplicate
items. Subsequently, the titles and abstracts of all manuscripts
identified by two independent evaluators were reviewed
according to the selection criteria. All disagreements between
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the two reviewers were resolved with a third evaluator by con-
sensus. Articles that met the selection criteria were read
completely by the same reviewers, blinded and independently.

The data extracted and typed in an Excel file from the
selected articles were the following: consecutive number of
the article (whole number assigned by investigators), article
title, year, first author, journal, study country of origin, out-
come or result reported in the article, type of study popula-
tion (special feature), number of patients in the intervention
or comparison group, follow-up in each group, type of con-
trol or unexposed population, number of patients in the
control or unexposed group, follow-up in the control or
nonexposed group (months), age, sex (female percentage),
active TB diagnostic method, LTBI diagnostic method, LTBI
time, immune parameters studied, increased IP (with and
without statistical differences) (the group in which the IP
was increased is reported first), IP that remained normal,
decreased IP (with or without statistical differences), IP con-
centration values, the level of confidence they used in their
statistical analyses (90%, 95%, and 99%), method of detec-
tion of IP, if ethnicity was reported, the study populations,
type of study, quality of the study (see below), bias (types
of bias), proportion of BCG vaccine, conflict of interest
statement, and other important findings such as the cell
stimulation used (times and antigens used).

We conducted a pilot study for the search strategies,
abstract reviewing, and data extraction of full-text articles
to standardize all process and concepts before starting each
step. A third reviewer was in charge of comparing the files
to identify disagreements at each step of the process. A fourth
reviewer participated in the validation of the biological find-
ings, only at the end of the full-data extraction for included
papers to avoid investigator bias.

2.5. Risk of Bias in Individual Studies. Selection bias was con-
trolled through the application of inclusion and exclusion
criteria to eligible titles and/or summaries; likewise, possible
information biases were controlled by the independent revi-
sion of two observers, where at the end of the review, a third
reviewer compared their findings. The risk of bias of the stud-
ies was assessed using the Newcastle-Ottawa scales for case-
control and cohort studies [15] and the National Institutes
of Health (NIH) evaluation scale for observational studies
[16]. The Jadad scale was applied to evaluation of clinical tri-
als [17] (Additional files 3 and 4).

The Newcastle-Ottawa scale evaluates four main points:
population, that is, the choice of cases or exposed people,
and controls or not exposed; the measurement of the out-
come and exposure; and the comparability between groups
[15]. Similarly, the NIH scale is based on 14 questions that
include the clear definition of the objective, the population
(including the sample size), the measurement of dependent
and independent variables, and the control of the con-
founders [16].

For both scales, one or two points are given when a study
complies with the evaluated requirements (comparability for
Newcastle-Ottawa). This final score determines the risk of
bias: high risk (0-2 points), moderate (between 3 and 6
points), and low risk of bias (>7 points).

2.6. Summary Measures. Due to the clinical heterogeneity of
the population, the samples and the stimulation protocol
used, the multiple techniques used for immune parameter
detection, the different units reported for the substances,
and the differences in the diagnosis of LTBI and active TB,
it is was deemed inadequate to perform a meta-analysis [18,
19]. Therefore, we report the systematic review with a quali-
tative synthesis of the papers.

3. Results

3.1. Articles. Upon searching according to the keywords, 637
relevant articles were retrieved; among them, 58 met the
selection criteria and were read in full text. At the end, 36
met all criteria and were included in the systematic review
(Figure 1). The excluded articles and the reasons for exclu-
sion are provided in Additional file 2.

Publications included 34 cross-sectional and 2 cohort
studies, the latter with follow-up for 6 and 24 months after
baseline sampling.

3.2. Participants. Most of the studies evaluated individuals
with active TB treatment or within hospital programs. Their
community or family contacts or voluntary hospital or
community-based controls with or without TB infection
served as controls. Five studies were conducted in healthcare
workers, four in places endemic for TB, and one from a
region with a high rate of malnutrition. The minimum and
maximum numbers of subjects included in the studies were
7 and 148 in the LTBI group, 10 and 147 in the active TB
group, and 8 and 168 in the noninfected group. Table 1
describes the characteristics of the population included in
each study.

3.3. BCG Vaccination Status. Among the 36 included articles,
22 reported BCG vaccination [20-42]. The proportion of
BCG vaccination was similar among the groups with LTBI,
active TB, and noninfected individuals. Seven papers [26,
28, 36, 38, 42-44] compared the statistical difference between
those with and without vaccination, and only two reported
statistical significance [45, 20], having a lower percentage in
the active TB group compared to healthy controls (healthy
persons with no known risk of TB exposure), TB-exposed
persons with QFT-negative results, and people with LTBI.
One article reported no significant associations between
levels of cytokines and BCG scar [21], and one included
BCG status in the multinomial regression model getting an
adjusted odds ratio increased for TNF-« and IL-6 [22].

3.4. Evaluation of Conversion to LTBI and Progression to
Active TB. The majority of the studies did not evaluate pro-
gression to active TB and conversion to LTBI. Most of litera-
tures that we reviewed were cross-sectional studies that only
have the prevalence or frequency of LTBI [22, 21] and active
TB and those who are TST-negative or IGRA-negative. We
found two cohort studies, and only one of them evaluated
risk of LTBI conversion and progression to diseases, but it
reported that they have a low number of convertor (2/101
individuals) and any progressor to active TB [21]; therefore,
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FIGURE 1: PRISMA diagram showing the results of systematic searches and articles analyzed. Legend: ATB: active tuberculosis; LTBI: latent

tuberculosis infection.

it is not feasible to identify cytokines that allow to identify
progression to either.

3.5. Diagnostic Methods for LTBI and Active TB. The
methods used for LTBI diagnosis were the following: 18 stud-
ies used TST and IGRAs, nine relied on TST alone, one used
TST or IGRASs plus clinical criteria, and eight utilized IGRAs
alone. In studies where the two tests were used, the discor-
dant results between the two tests are evident.

In order to establish the diagnosis of active TB,
researchers used one or a combination of the following cri-
teria: history of contact with a TB case, smear (Ziehl-Neelsen
or auramine rhodamine stain), culture, clinical diagnosis,
molecular test, pathology, and/or X-rays.

3.6. Measurement of Immune Parameters. In total, 93 sub-
stances (Table 2) were studied, including growth factors;
interferons; receptors; tumor necrosis factors; alpha, beta,
and delta chemokines; interleukins; and others like sCD40L,
MIF, and sCD14.

Of these, 24 substances were increased only in active TB,
five increased only in the LTBI group, and two increased in
uninfected individuals, regardless of the sample analyzed
(Figure 2).

Table 1 shows all the antigens and times used for ex vivo
stimulation and cytokines whose concentration was statisti-
cally different, by each group. The most frequently measured
mediators were IL-6, IL-10, IL-2, TNF-«, INF-y, and IP-10.

Most of the studies reported mediators after ex vivo stim-
ulation, with most using supernatants of interferon-gamma
release assays.

Only eight papers evaluated serum or plasma samples
without stimulation. There were no differences between them;
only MIG was increased in plasma samples in TB patients,
but elevated in serum samples in both, LTBI and active TB.

Among evaluated immune mediators, most were mea-
sured in plasma samples from stimulated or unstimulated
(as controls) whole blood (Figures 2(a)-2(g)). Other samples
utilized were supernatants from PBMC cultures and whole
blood culture and RNA from blood cells.
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TaBLE 2: Substances evaluated for ability to differentiate people with active and latent tuberculosis and uninfected with TB.
Interleukins IL-1, IL-1a, IL-1p3, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-12 (p40/70), IL-12 (p40), IL-12

(p70), IL-13, IL-15, IL-17, IL-17A, IL-17E, IL-17F, IL-18, IL-21, IL-22, IL-23, IL-25, IL-27, IL-28A, IL-31, IL-33

Growth factors

Interferon
Receptors

Tumor necrosis factors

Alpha chemokines

PDGF, PDGF-BB, EGF, PGF2«, FGF, TGF-a, TGF-f1, G-CSF, CSF2, CSF3, GM-CSF, VEGF, VEGF-A, SFC,

B-NGF, basic FGF

INF-y, IFN-a, IFN-a2
IL-1RA, IL-2R, sIL-2Ra, TNF-aR, IL-1R1, IL-1R2
TNEF-a, TNF- 3, TNF-SF10 (TRAIL)

CXCL5 (ENA-78), CXCL6 (GCP-2/LIX), CXCLS8 (IL-8), CXCL9 (MIG), CXCL10 (IP-10), CXCL11 (I-TAC),
CXCL12 (SDF-1a+f), CXCL13 (BCA-1)

CCL1 (1-309), CCL2 (MCP-1), CCL3 (MIP-1a), CCL4 (MIP-1p), CCL5 (RANTES), CCL7 (MCP-3),

Beta chemokines

CCL8 (MCP-2), CCL11 (eotaxin), CCL13 (MCP-4), CCL15 (MIP-18), CCL17 (TARC), CCL20 (MIP-3a),

CCL21 (6Ckine), CCL24 (eotaxin-2), CCL26 (eotaxin-3), CCL27 (CTACK)

Delta chemokines
Others

CX3CL1 (fractalkine)
ICAM-1 (CD54), sCD163, sCD14, sCD40L, I-TAG, MIF, LIF, LXA4, 15-Epi-LXA4

The stimulation antigens used were ESAT-6, PPD, CFP-
10, TB7.7 (Rv2654), TB10.4, PE35 (Rv3872), PPE6S
(Rv3873), Rv262, FbpB, E6C10, Rv2031, protein fraction
11_24 (Rv2626c), H37Rv soluble antigens, DosR Rv1737c,
Rv2029¢, Rv2628, Rpf Rv0867c Rv2389¢, and inactivated
bacteria (Table 1).

The concentration of biomarkers involved in the immune
response is dependent on the type of protocol used for
in vitro stimulation and the sample evaluated and has high
variability between studies. Among the five substances exclu-
sively elevated in LTBI and the two elevated in uninfected
individuals, there was inconsistency in the samples processed
throughout the studies. For example, IL-5 was evaluated in
plasma (1 article), plasma samples from stimulated whole
blood (11 articles), PBMC culture supernatant (3 articles),
and blood culture supernatant (1 article) but was only
increased in two papers that used plasma samples from stim-
ulated whole blood (2/11 articles). In the case of active TB,
one substance (CCL1/1-309) was elevated in four different
sample types, one (IL-7) in three sample types, and the rest
in two (usually plasma samples from whole blood unstimu-
lated and stimulated) or one sample type.

ELISA (n=17) and microbead-based method (n=20)
were the most frequently used methods for IP measurement
(Table 1). Some of the articles used both methods. Table 1
describes details regarding laboratory measurements.

3.7. Risk of Bias of Included Articles. Of the 36 articles
reviewed using the Newcastle-Ottawa scales and the Quality
Assessment Scale for NIH observational studies, 7 articles
had low risk of bias, 29 moderate, and none high risk of bias.
Only one study out of the 36 performed calculation of the
sample size and took into account the statistical power of
their results (Additional files 3 and 4).

3.8. Biases. The main bias identified in the articles reviewed
was the absence of a second administration of the tuberculin
skin test to detect a possible booster effect, thus leading to the
potential inclusion of individuals with false negative results
of the TST. Another bias was the analysis of patients with
pulmonary and extrapulmonary TB in the same group of

active TB as the underlying immune competence and
immune response may vary between localized or dissemi-
nated disease. In addition, children and adults were included
in some studies; however, the analysis was not stratified for
each population. Finally, patients with pulmonary TB were
included in different phases of treatment; some studies
included individuals that completed treatment at the time
of IP measurement. The declining microbial burden during
or at the end of therapy may contribute to false negative
results (Additional files 3 and 4).

Only 4 of the reports took into account the study origin
and population’s ethnicity as a confounding factor, and these
were evaluated by self-reported ethnicity [28, 38, 48, 52].

Of the included manuscripts, 27 articles provided a decla-
ration of conflicts of interest (S3 and S4).

4. Discussion

The immune response against infection and disease caused
by M. tuberculosis is mainly mediated by the recruitment
and activation of T cells and macrophages, which in turn
are regulated by multiple immune mediators such as inter-
leukins and chemokines, possessing a diverse pro- and anti-
inflammatory property. The success of the immune response
in halting the acquisition of M. tuberculosis is influenced by a
myriad of environmental, microbial, and host factors. The
host response is measured in order to determine M. tubercu-
losis infection in the form of skin tests or IGRAs, but this
approach is limited by the inability to differentiate LTBI from
active TB infection. The ability to refine diagnostics by using
assays that incorporate measurement of multiple biomarkers
will be critical in order to stride towards TB control and
eventual elimination.

Most of the studies analyzed in this review focused on the
main pro- and anti-inflammatory interleukins involved in
the immune response, mediated mainly by Th1 and Th2 lym-
phocytes; a few others expanded the markers measured to
include chemokine-like substances, growth factors, and
receptors as part of the search for new diagnostic biomarkers
that can discriminate between LTBI and active TB.
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FiGure 2: Continued.
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SIL-2R
IL-10 VEGF-A
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PGF2a IL-22 GM-CSF
CXCL10 LXA4
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Not infected

(g) Serum/plasma

FIGURE 2: (a-g) Immune cytokine/chemokine mediators statistically different reported in active TB, latent tuberculosis infection, and

noninfected individuals in each sample type.

Several immune mediators in addition to INF-y have
been identified. The most frequently evaluated markers are
the cytokines IL-6, IL-10, IL-2, TNF-q, and IP-10. Although
the response to TB is reliant on Thl (TNF-«, INF-y, and
IL-2), this has been expanded by the addition of Th2 signa-
ture cytokine profile such as IL-6 and IL-10.

Elevated immune mediators and markers that were only
detected in active TB share chemoattractant functions
involved in trafficking of cells involved in the immune
response, among which are T lymphocytes (CD4+ and CD8
+), macrophages, dendritic cells, basophils, and eosinophils.
These cytokines affect cell growth, maturation, and differen-
tiation (Additional file 5). In LTBI, only interleukins IL17F
and IL-5, associated with effector T cell profiles, are overex-
pressed. The effect of the cytokines found overexpressed in
LTBI is related to the increased production of immune sub-
stances, chemoattraction, multiplication, and activation of
lymphoid cells [56]. Of the cytokines identified in the system-
atic review, three (IL-12 and TGF-p for active TB and IL-23
for uninfected individuals) are well-established markers
involved in immune response to mycobacterial infection
(Figure 3: available at http://www.genome.jp/kegg/pathway
html) [57].

While most attention has been directed to immune cells,
some of the immune substances that participate in the
response to M. tuberculosis are produced by epithelial cells,
which play a fundamental role in the initiation and expan-
sion of host defense mechanisms in the lung, providing pro-
tection against mycobacteria. Epithelial cells participate in
activation of innate immunity, as well as adaptive immunity,
inducing the recruitment and activation of dendritic cells
and T and B lymphocytes, which in turn increase antigen
recognition and production of antibodies and other immune
substances [58, 59]. These markers merit further investiga-
tion for the ability to distinguish early and late mycobacte-
rial infection.

Despite some signals suggesting that the biomarker
expression differences between LTBI and active TB can be

used for diagnostics, choosing a panel of reproducible, dis-
criminatory markers based on the results of the studies ana-
lyzed is quite difficult due to

(1) failure to account for the time/illness of the individ-
uals studied. Not surprisingly, the biology of TB is
much more complex than previously thought, and
therefore, classification in LTBI and active TB is
insufficient. What is considered LTBI actually corre-
sponds to a range of infection status, which may have
been recently acquired or present for decades.
Recently acquired TB is associated with a higher pro-
gression rate to active disease pointing to distinct bio-
logical properties. The study of pulmonary immune
substances in the animal model reveals changes in
the expression of cytokines/chemokines in the cells
that make up the granuloma. The diversity of granu-
lomas (diverse functions and architectures and
microenvironments) has consequences on the bacte-
rial control [60, 61]. It is suggested that after the
in vitro stimulation, changes in the cellular expres-
sion due to the phase of infection or tuberculosis dis-
ease can lead to a varied response that is evidenced in
the analyzed studies. Among the papers included,
there were 22 different antigens used for in vitro
stimulation, with concentrations that widely varied
within the same immune factors and within the
same group of patients; for example, INF-y ranges
from 0 to 2640 pg/ml, with overlapping concentra-
tions between the uninfected individuals, LTBI,
and active TB group, independent of the sample
used (Additional file 6).

Given the heterogeneity of the biology of disease
associated with LTBI, the ability to identify the dura-
tion of infection remains a challenge for future
research. Inability to determine the duration and type
of LTBI (i.e., what type of granuloma) might modify
the observed response to a mycobacterial antigen
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leading to blurring of the ability to interpret differ- which can increase cytokine serum levels, especially
ences between study groups [60, 61]. CCL5 and CD40L [64].

(2) different samples and varied cell stimulation proto- In addition, the wide variety of antigens (ESAT-6,
cols. The samples used for the studies were predom- CFP-10, TB7.7, PPD, or Mtb CFA, among others)
inantly plasma; however, culture supernatant, used to stimulate cells and different incubation times
serum, and RNA were used introducing variability leads to the increases or decreases of the time of cel-
in measured concentration caused by the matrix used lular exposure to the stimulus and therefore the con-
(Table 1 and Additional file 6). Several potential rea- centration of the detected immune mediators and
sons for the variation in immune substance concen- other substances. In addition, cellular stimulation
trations in plasma and serum from whole blood adds complexity to the diagnostic utility of detecting
include inhibition of detection for specific cytokines biomarkers, especially in areas with limited labora-
(e.g., EGF, GM-CSF, IL-3, and IL-4) in the serum tory infrastructure or access, as is the situation in
[62]; delay in processing of serum or plasma, sample many of the countries or settings where TB is
hemolysis, presence of debris, or freeze-thaw cycles, endemic. In addition, reviewed articles show varia-
all of which can adversely affect cytokine detection tions in the results due to the antigen used for stimu-

[63]; and the release of several mediators by platelets lation [11-13]. In experiments with whole bacteria, it
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(4)

(5)

has been demonstrated that the strain used to carry
out stimulation modifies the type of immune
response in vitro; for example, the most recent strains
in the M. tuberculosis lineage show a lower inflamma-
tory response in macrophages when compared to the
older strains [65]. Likewise, Leyten et al. evaluated 25
antigens of latency related to the DosR regulator of
M. tuberculosis; it was observed that different anti-
gens can give different cellular responses (measured
by the production of INF-y) after in vitro stimula-
tion, and in addition, this can vary between healthy
people, LTBI and active TB cases [11]. This limitation
can be overcome in longitudinal studies applying the
same measurement at different times along the natu-
ral history of M. tuberculosis infection.

the variety of laboratory methods used for detection
of substances, which in turn leads to the variable units
of measurement and assay sensitivity. The ability to
compare the heterogeneous samples is further com-
pounded by use of ELISA, microbead assays, EIA,
and real-time PCR—in the absence of an endogenous
standard—vyielding variable dynamic ranges [66].
The intraindividual variability cannot be assessed, as
only 2 studies were longitudinal. This variability
results in difficulty to compare and quantify studies

the presence of a selection bias for nonapplication of
the booster when individuals are screened using the
tuberculin skin test. It is known that the booster effect
can occur in individuals and is only detected when a
second TST is applied to negative individuals
between 1 and 4 weeks after the first administration.
The increase in the frequency of positive individuals
is notable in the population without any underlying
diseases (in prisoners, an increase in positivity was
reported from 66% to 77.6% [67]) or in those with
other disorders such as rheumatoid arthritis (where
the booster positivity changed from 31.3% and
21.7% to 46.5% and 28.8% in early and late rheu-
matoid arthritis, respectively) [68]. The lack of appli-
cation of two-step TST may lead to erroneous
classification to the uninfected group, resulting in
false negative results [67-70]. Equally important,
LTBI diagnoses were done using TST and/or IGRAs,
which can introduce heterogeneity within the results.
Indeed, in many studies when both methods were
used, the results demonstrated inconsistent findings,
a common theme discussed in literature [71-73].
Additionally, although some articles used TST for
LTBI diagnosis, they did not consider the rate of
BCG vaccination within children under 10 years old
in their analyses [74]

the fact that none of the studies adjusted the analysis
for the effect of ethnicity on the association between
IP concentrations and the different stages of TB. A
study published by Coussens et al. reported that the
inflammatory profile differs according to ancestry.
Individuals of African descent with TB, despite

(6)

Journal of Immunology Research

having similar mycobacterial strains and similar
sociodemographic and clinical characteristics, have a
different inflammatory profile compared to Eurasian
patients with the same disease [75]. Similarly,
Mwantembe et al. reported ethnic variation of cyto-
kines (IL-1RA, IL-12) and chemokines (CCL2,
CCL5, CCL11, and CXCL8) in South African
patients with inflammatory bowel disease [76]. The
concentrations of these chemokines and cytokines
are determined by allelic frequency and have been
involved in response to M. tuberculosis infection.
Likewise, genes coding for proteins such as CCL2
[77], IL-17F, IL-17A [78], and IL-12 [37, 79] have
been described as polymorphic; variation in allele
frequency is affected by ethnic variation, affecting
the antimycobacterial response, and thus may be
driving the higher risk for development of TB among
different populations. The examples emphasize the
importance to adjust by ethnicity of the population
at the time of reporting the results as these clearly
impact biomarker concentrations.

Ethnicity is also related to the response to current
M. tuberculosis infection screening tests. Genetic
variants associated with the reaction to TST and
IGRAs have been described. The TST1 locus is
associated with a TST positivity per se (TST1 on
11p14), and the TST2 locus is associated with the
intensity of TST reactivity (TST2 on 5p15) [3]. On
the other hand, the production of INF-y has been
associated with genetic factors such as the locus
located in chromosomal regions 8q12-22n and
3q13-22 [2]. The ethnicity must be considered when
performing the immunological analysis in further
research.

the heterogeneity of the populations studied. First, the
comparison group of active TB included patients with
pulmonary TB and extrapulmonary TB together. In
these two groups of patients, the presentation of the
disease is different, and the main factors of innate
immunity, cytokines and chemokines, which play a
role in cell-mediated immunity, involved in the dis-
semination of M. tuberculosis, differ. Mutations have
been reported in genes encoding the INF-y receptor,
the IL-12 receptor, and the transcription-activating
signall (STAT-1) in patients with extrapulmonary
TB. Likewise, Yang et al. reported that there are differ-
ences in the immunopathogenicity of pulmonary and
extrapulmonary infections. The production of CCL2,
CXCL9, and CXCL8 modifies the type of tuberculous
disease that a patient has, and they play a special role
in the formation of granuloma [80]. Patients with pul-
monary TB showed lower levels of the cytokines stud-
ied than those with extrapulmonary TB. CXCLS8
concentration was found to be elevated in fatal TB,
increases in CCL2 were observed with disseminated
and meningeal TB [81], and TGF-f increased in
extrapulmonary TB in children compared to pulmo-
nary TB [14].
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Secondly, patients with active TB included in the
studies were at different phases of treatment (before,
during, and after completion of antituberculous ther-
apy). Several studies have been carried out with the
aim of evaluating new biomarkers that allow moni-
toring the patient’s condition after initiating antitu-
berculous therapy. Several of the studies were
longitudinal, making it evident that the immune sub-
stances changed during the administration of TB
treatment [82, 83]. Changes in lung bacterial load
related to treatment administration would appear to
influence the concentration of cytokines detected in
nonstimulated cells, with 17 out of the 27 cytoki-
nes/chemokines analyzed (IL-1f, IL-2, IL-4, IL-5,
IL-6, IL-9, IL-13, IL-17, eotaxin, IFN-y, IP-10,
MCP-1, MIP-1a, MIP-15, PDGF, RANTES, and
VEGF) being significantly lower in patients with
higher bacterial load and levels of IL10, IL15, and
TNF-« being higher in the same patients [84].

5. Conclusions

Identification of biomarkers that individually or in combina-
tion can differentiate LTBI and active TB has been a research
priority; however, a constellation of markers that differenti-
ate between infection and disease is not yet available. The
advances in high-throughput technologies for biomarker
measurement are promising, but the variability of studies
and potential biases that we have highlighted undermines
the ability to identify reproducible markers. Although five
parameters were exclusively increased in LTBI and 24 in
active TB, only a single substance was consistently differen-
tial. These substances were not measured in all studies, and
results are inconsistent between study groups, prohibiting
the desired classification. Undoubtedly, the study of multiple
immune substances seems to give better results than the
study of a single biomarker; consequently, the search for
immune profiles with multiple immune substances should
be the goal of future research.

For the results obtained with different immune markers,
future research should “harmonize” the methodological con-
ditions to evaluate immune markers as the first step to draw
any conclusion about LTBI parameter(s) for use as a diagnos-
tic test. Those aspects include the presence of the booster
effect, clinical classification of TB, the ethnicity of partici-
pants, and sample size estimation. In addition, cohort studies
will allow identification of immune substances related to pro-
gression to active TB and conversion to LTBI and variations
in the immune response due to the individual’s stage of TB,
measurement variation for cytokine/chemokines, and hor-
monal influences [85, 86].

The BCG has been associated with modulating the host’s
immune system and granting protection against MTB infec-
tion and disease [87, 88]. BCG vaccination could potentially
modify the concentration of the immune substances in vac-
cinated adults, considering that it changes the concentra-
tions in children and adolescents [89]. Further studies
should evaluate the effect of BCG vaccination in the immune
marker response.
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It is important to note that our review did not include
HIV-infected populations or any other types of immunosup-
pression, nor children, since those populations have several
confounders and particular characteristics that need to be
analyzed separately and are beyond the scope of the present
review. In addition, as the main goal of our paper was to
identify immune markers associated with LTBI, we did not
include articles that consider biomarkers for TB before and
after the treatment.
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