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Abstract: Several studies have shown that pulmonary tuberculosis (PTB) is a major global health issue, affecting
various countries around the world. Susceptibility to the disease has been reported to be influenced by host genetic
variables, including Human Leukocyte Antigen (HLA) class Il genes, specifically HLA-DQ. Despite the association,
studies on the relationship between HLA-DQ allele carriers and the risk of PTB are still not consistent among various
populations. This meta-analysis aims to assess the association between carrier status (phenotype frequency) of HLA-
DQA1 and HLA-DQB1 alleles and susceptibility to pulmonary tuberculosis. Several HLA-DQ alleles were examined, and
the pooled effect size estimates were calculated based on carrier (phenotype) frequencies of HLA-DQA1 and HLA-DQB1
alleles, using odds ratios (ORs) and 95% confidence intervals (Cl). A total of 21 high-quality studies (NOS 27) were
included in the review, with 25,896 controls and 3,927 cases. The results showed that the risk of PTB was significantly
increased by allele carriers of HLA-DQA1*01:01 (OR =1.79; 95% CI: 1.22-2.62) and HLA-DQA1*03:01 (OR = 1.64; 95%
Cl: 1.08-2.48). Risk factors for HLA-DQB1 allele carriers were also found to be the *02:01 (OR = 1.36; 95% CI: 1.04—
1.79), *05:03 (OR = 1.35; 95% CI: 1.01-1.80), and *06:01 (OR = 1.41; 95% CI: 1.00-1.97) allele carriers. Meanwhile,
HLA-DQA1*02:01, *04:01, *05:01, and *06:01 allele carriers had protective effects. The majority of analyses found no
indications of publication bias. This meta-analysis demonstrates that carrier status of specific HLA-DQA1 and HLA-

DQB1 alleles is significantly associated with susceptibility to pulmonary tuberculosis
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1. INTRODUCTION

As one of the leading causes of death worldwide
and a significant public health concern, pulmonary
tuberculosis (PTB) is a major infectious disease [1].
Approximately 10.8 million cases have been recorded
globally, representing an increase over the previous
year (95% Uncertainty Interval [Ul]: 10.1-11.7 million)
[2]. Despite the implementation of several preventative,
diagnostic, and therapeutic techniques, the incidence
of PTB has been reported to be high and varies by
population [3, 4], suggesting that host variables have a
significant influence on infection susceptibility and
response [5].

According to previous studies, susceptibility to PTB
is influenced by host genetic variables [6, 7]. One of the
most extensively studied genetic factors is the major
histocompatibility complex (MHC) class I, particularly
Human Leukocyte Antigen (HLA)-DQ genes [8, 9]. This
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genes plays a role in the presentation of antigen to
Cluster of Differentiation (CD4") cells and triggers an
adaptive immune response [10]. In addition, important
elements of the immune system, HLA-DQ genes, such
as HLA-DQA1 and HLA-DQBH1, can affect the course of
active pulmonary tuberculosis by either enhancing
susceptibility or offering protection [11].

Several observational studies have reported
associations between carriers of specific HLA-DQ
alleles and the risk of active pulmonary tuberculosis;
however, the findings remain inconsistent across
populations and ethnic groups [12, 13]. For example,
carriers of the HLA-DQA1*01:01 [14, 15] and HLA-
DQB1*02:01 [16, 17] alleles have been reported to
have an increased risk of tuberculosis in certain
populations, whereas other alleles, such as HLA-
DQA1*05:01 [18], appear to confer a protective effect.
These inconsistencies highlight the influence of
population-specific genetic backgrounds and
methodological heterogeneity, including differences in
outcome definitions, HLA genotyping approaches, and
units of genetic analysis. Although several meta-
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analyses have previously examined associations
between HLA class Il polymorphisms and tuberculosis,
substantial heterogeneity remains unresolved. The
inconsistency indicates the need for a more
comprehensive synthesis of evidence through a
systematic approach [19].

Therefore, the present meta-analysis aims to
systematically evaluate the association between HLA-
DQA1 and HLA-DQB1 allele carrier status (phenotype
frequency) and susceptibility to HIV-negative active
pulmonary tuberculosis by adopting a conservative,
carrier-based analytical framework to harmonize allele-
specific data across studies using different genotyping
methods. By integrating evidence from diverse ethnic
groups and geographical regions through standardized
data extraction and analysis, this study seeks to
provide a more interpretable and robust synthesis of
the role of HLA-DQ allele carriers in tuberculosis
susceptibility

2. MATERIAL AND METHODS

2.1. Search Strategy and Eligibility Criteria

PubMed, ProQuest, and ScienceDirect databases,
as well as additional sources such as WHO, Directory
of Open Access Journals (DOAJ), and BioMed Central,
were searched for articles about HLA-DQ and PTB up
until May 2025. This was in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The terms "TBC," "TB,"
"tuberculosis," "pulmonary," "HLA," "HLA-DQ," "HLA-
DQA1," "HLA-DQB1," "polymorphism," and "genetic"
were used in the search process. PICOS strategy
(Population, Intervention, Comparison, Outcome, Study
Design) was used in the selection process [20] to
ascertain the studies' general eligibility. HIV-negative
active pulmonary tuberculosis patients made up the
population, and the intervention involved the presence
of HLA-DQ (DQA1 and DQB1) gene polymorphisms,
which were confirmed by molecular biology techniques
and characterized as particular alleles. Furthermore,
the comparison group comprised both PTB cases and
non-PTB cases, and the study design included cohort
or case-control studies. The inclusion criteria were (1)
studies that measured HLA-DQA1 and HLA-DQB1
genes in cohort or case-control studies including PTB
cases; (2) English-language articles; (3) case-control or
cohort study design; (4) human subjects studies; (5)
adult patients; (6) non-specific populations (excluding
HIV-positive individuals); (7) full-text availability; and (8)
data presented in numerical values. Meanwhile,

exclusion criteria included (1) review articles, cross-
sectional studies, case reports, case series, and meta-
analyses; (2) duplicate studies; (3) specific populations
(HIV-positive); (4) non-English articles; and (5)
insufficient data. A study was deemed PTB-positive
when it satisfied at least one of the following
requirements: (1) a positive culture; (2) a positive result
from a molecular rapid test (MRT), such as GeneXpert;
and (3) PTB symptoms (such as a cough that lasted
longer than 2 weeks) along with suggestive radiological
results. Newcastle-Ottawa Quality Scale (NOQS) was
used to assess the quality and evaluate observational
or non-randomized studies [21] (Appendix 1).

2.2. Data Collection

The literature search and data extraction were
carried out independently by 2 study teams, and the
papers were vetted by another 2. Furthermore, the full
texts of pertinent papers were assessed in accordance
with eligibility requirements, and any possible duplicate
articles were thoroughly examined. Final judgments
were reached by consensus in the study team, and
studies that satisfied the criteria were included in the
meta-analysis.

In studies reporting allele-specific variability in
sample size, particularly those employing PCR
sequence-specific primer (PCR-SSP)-based HLA
genotyping, allele-specific numbers of cases and
controls were extracted and retained for each
corresponding forest plot. To ensure a conservative
and non-inflated presentation of study characteristics,
Table 1 summarizes the minimum available number of
cases and controls per study, based on the smallest
allele-specific datasets reported

Genetic association analyses were conducted using
carrier (phenotype) frequency data, in which individuals
were classified as positive or negative carriers of a
specific HLA-DQA1 or HLA-DQB1 allele. Accordingly,
the denominator represents the number of subjects
rather than the number of chromosomes (2N). True
allele frequency-based analysis was not feasible due to
inconsistent reporting of genotype-level data across the
included studies

2.3. Statistical Analysis

A meta-analysis approach for categorical data was
used for statistical analysis, and 95% CIl and odds
ratios (OR) were used to represent effect sizes. The
degree of correlation between HLA-DQA1 and HLA-
DQB1 allele carrier status (phenotype frequency) and
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Table 1: Characteristics of the Included Studies on HLA-DQA1 and HLA-DQB1 Genes
Sample size . NOS score*
First author . . P Detection Study
No Population Ethnicity Case Control methods for p
Year genot design S c E
ype
(N=3927) | (N=25896)
1 [10] Uganda African 43 42 PCR-SSP Case- 411 3
control
. PCR-SSP/PCR- Case-
2. [14] Canada America 34 71 SSO control 4 1 3
3. [15] Latvian European 80 200 PCR-SSP Cohort 4 2 2
4 (16] Iranian Asian 50 100 PCR-SSP Case- 41 1] 2
control
USA America Case-
5. [17] , , 433 203 PCR-SSP 32| 2
South Africa African control
6. (18] Thailand Asian 185 811 PCR-SSOP Case- 4 1] 3
control
. . Case-
7. [27] China Asian 1178 21343 GWAS/WES 4 | 2| 2
control
. . Case-
8. (28] Cambodia Asian 156 98 PCR-SSO it 4| 1| 3
PCR-SSP i
9. [29] India Asian 120 83 Case 3 12| 2
PCR-SSO control
[30] . . Case-
10. Mexico America 50 95 PCR-SSP control 4 2 2
11. [31] Thailand Asian 82 160 PCR-SSO Case- 4 1] 3
control
12. (32] Indian Asian 54 58 PCR-SSOP Case- 41 1] 3
control
[33] . . Case-
13. Iranian Asian 40 100 PCR-SSP control 4 1 3
14. (34] Korea Asian 160 200 PCR-SSO Case- 41 1] 2
control
15. [35] Poland European 38 125 PCR-SSP Case- 411 3
control
16 36 South Africa African 95 117 PCR-SSP Case- 4 | 1] 3
: (36] u ! ! i control
17. [37] India Asian 110 112 PCR-SSOP Case- 411 2
control
18. (38] China Asian 176 189 PCR/SSP Case- 41 1] 3
control
1. (39] China Asian 402 420 PCR-SSP Case- 41 1] 2
control
. Case-
20. [40] Kazakhstan Asian 76 157 PCR-SSP 4 | 2| 2
control
21, [41] China Asian 365 1212 GWAS Case- 4 | 2| 2
control

*Newcastle-Ottawa Scale [21]; S selection, C comparability, E exposure, with a maximum score of four, two, and three for each, respectively

Note: For studies reporting variable sample sizes across different HLA alleles, the minimum available number of cases and controls was reported in this table to
avoid overestimation of sample size.

the risk of PTB was evaluated using the OR value. An
elevated risk was indicated by an OR > 1 with a 95%
Cl that included 1, a protective effect was suggested by
an OR < 1, and no significant association was shown

by an OR = 1.

The I° statistic and the Chi-square test (also known
as Cochran's Q test) were used to examine study
heterogeneity. Significant heterogeneity was evaluated
as an I> > 50% and a p-value < 0.10 in the Q test. The

Mantel-Haenszel approach, a fixed-effect model, was



44 International Journal of Statistics in Medical Research, 2026, Vol. 15

Talarima et al.

used when heterogeneity was modest (I < 50%) [22].
Meanwhile, a random-effects model was applied to
account for differences between studies where
heterogeneity was large (I2 > 50%). When
heterogeneity was significant (I2 > 50%), sensitivity
analysis was conducted by eliminating studies one at a
time (leave-one-out approach) and comparing the
fixed-effect and random-effects models while tracking
changes in the overall OR values. Egger’s regression
test [23] analyses were performed to evaluate possible
publication bias for factors with more than 2 studies.
Publication bias was shown by an asymmetric funnel
plot and a significant Egger's test result (P < 0.05).
Review Manager version 5.4.1 (The Cochrane
Collaboration, Oxford, UK) was used to conduct
statistical analyses [24], while Jeffreys's Amazing
Statistics Program (JASP) version 0.18.3.0 (University
of Amsterdam) was used for this meta-analysis.

3. RESULTS

3.1. Study Characteristics

A total of 545 studies were found up until the May
2025 literature search deadline using the WHO
registry, DOAJ, and BioMed Central (n = 34), as well
as PubMed, ProQuest, and ScienceDirect databases (n
= 511). A total of 179 studies were eliminated before
screening because of incompatibility found by
automated tools (n = 57), duplication (n = 103), and
other reasons (n = 19). Meanwhile, 219 studies were
left for eligibility evaluation after 76 of the 366 screened
studies were eliminated, and 29 of the 42 requested
studies could not be retrieved. Lack of full text (32),
non-English language (22), non-cohort/case-control
design (37), non-human subjects (17), non-adult
patients (15), irrelevant populations (29), and irrelevant
themes (46) led to the exclusion of studies during the

Identification of new studies via databases and registers
c Records removed before screening:
2 Records identified from: Duplicate records (n = 103)
.g Databases (n = 511) = Records marked as ineligible by automation
k= Registers (n = 34) tools (n = 57)
3 Records removed for other reasons (n = 19)
A
Records screened Records excluded
(n = 366) (n=786)
r
Reports sought for retrieval Reports not retrieved
(n=42) (n=29)
2
=
[}
o
B Reports excluded:
Irrelevant topics (n = 46)
/ Non-english language (n = 22)
Reports assessed for eligibility Non-cohort and case-control design (n = 37)
(n=219) Non-human subjects (n=17)
Non-adult patient (n = 15)
Non-full text (n = 32)
Irrelevant population (n = 29)
4
New studies included in review
3 (n=21)
3 Reports of new included studies
= (n=21)

Figure 1: PRISMA flow diagram of the literature search [25].
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full-text review stage. A total of 21 studies, 12 on HLA-
DQA1 allele carriers and 18 on HLA-DQB1 allele
criteria and were
incorporated into this systematic review (Figure 1).

carriers, met

The study covered 21 observational studies, with
3,927 cases and 25,896 controls. A total of 12 studies
(n = 1,666 cases and 2,626 controls) on HLA-DQA1

the

inclusion

allele carriers and 18 studies (n = 3,346 cases and
24,395 controls) on HLA-DQB1 allele carriers were
included. These studies represented a range of ethnic
groups and geographical areas, including Asia (India,
Thailand, Korea, China, Iran, Kazakhstan), Africa
(South Africa, Uganda), Americas (Mexico, Canada,
the United States), and Europe (Poland, Latvia). The
results showed that 1 study used a cohort design, while
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Figure 2: Forest plot of the Mantel-Haenszel odds ratio with 95% confidence intervals for carrier (phenotype) of HLA-DQA1
alleles in PTB cases and healthy controls: (a) HLA-DQA1*01:01; (b) HLA-DQA1*02:01; (c) HLA-DQA1*03:01; (d) HLA-
DQA1*04:01; (e) HLA-DQA1*05:01; (f) HLA-DQA1*06:01.
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Figure 3: Forest plot of the Mantel-Haenszel odds ratio with 95% confidence intervals for carrier (phenotype) of HLA-DQB1
alleles in PTB cases and healthy controls: (a) HLA-DQB1*02:01; (b) HLA-DQB1*03:01; (c) HLA-DQB1*04:01; (d) HLA-

DQB1*05:03; (e) HLA-DQB1*06:01.

the
Polymerase Chain

remainder used a case-control strategy [15].
Reaction

Sequence-Specific

relationship between HLA-DQA1

and HLA-DQB1

genes and susceptibility to PTB in various populations

Primers (PCR-SSP) and Polymerase Chain Reaction
Sequence-Specific Oligonucleotides (PCR-SSO) were
the most widely used genotyping methods, but 2 recent
Chinese studies [26, 27] used large-scale genomic
techniques such as Weighted Allele Score (WAS) and
Genome-Wide Association Study (GWAS). Newcastle-
Ottawa Scale (NOS) was used to assess the quality,
and all of the included studies had scores of at least 7,
indicating good quality. A thorough picture of the

was given by the variety of ethnic backgrounds and
genotyping techniques in the compiled studies (Table
1).

3.2. HLA-DQ Alleles and Pulmonary Tuberculosis

The degree of risk between HLA-DQ gene and the
incidence of PTB was investigated in this meta-
analysis. Furthermore, HLA-DQA1 allele carriers
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Table 2: Summary of Findings Based on Carrier (Phenotype) Frequency Analysis

Groups Number of studies OR M-H 95% CI 1? (%) P Egger’s test
HLA-DQA1*01:01 10 1.79 1.22 -2.62 67 <0.003 0.139
HLA-DQA1*02:01 0.80 0.61-1.06 12 0.12 0.310
HLA-DQA1*03:01 1.64 1.08 —2.48 77 <0.02 0.485
HLA-DQA1*04:01 0.68 0.36 —1.29 64 0.24 0.867
HLA-DQA1*05:01 10 0.91 0.66 — 1.25 50 0.56 0.596
HLA-DQA1*06:01 5 0.83 0.46 — 1.52 50 0.56 0.790
HLA-DQB1*02:01 12 1.36 1.04 -1.79 52 <0.03 0.463
HLA-DQB1*03:01 11 1.24 1.03 -1.50 23 <0.02 0.232
HLA-DQB1*04:01 10 1.19 0.82-1.72 54 0.35 0.263
HLA-DQB1*05:03 9 1.35 1.01-1.80 27 <0.04 0.012
HLA-DQB1*06:01 12 1.41 1.00 - 1.97 61 <0.05 0.151

Sensitivity analysis DQA1*01:01 1.55 1.12-2.15 51 <0.008 0.151
Sensitivity analysis DQA1*03:01 1.38 1.16 - 1.64 16 <0.0002 0.453
Sensitivity analysis DQB1*02:01 11 1.31 1.09-1.57 17 <0.004 0.106
Sensitivity analysis DQB1*03:01 10 1.20 1.01-1.46 16 <0.05 0.565
Sensitivity analysis DQB1*05:03 8 1.29 1.01-1.74 16 <0.05 0.035
Sensitivity analysis DQB1*06:01 11 1.32 0.93-1.86 60 0.12 0.213
showed an increased PTB risk including HLA- and HLA-DQB1 allele carriers, the results

DQA1*01:01 with an effect size of OR-MH = 1.79, 95%
Cl (1.22-2.62), p = 0.003, and heterogeneity values of
(p = 0.0001; 12 = 67%), as well as HLA-DQA1*03:01
with OR-MH = 1.64, 95% CI (1.08 -2.48), p = 0.02, and
heterogeneity (p = 0.0001; 17 = 77%). HLA-
DQA1*02:01, *04:01, and *05:01 alleles consistently
showed protective effects, lowering the incidence of
PTB. Meanwhile, HLA-DQA1*06:01 allele was
comparatively less studied but displayed a possible
trend of association with PTB risk (Figure 2).

HLA-DQB1 allele carriers linked to a higher risk of
PTB included HLA-DQB1*02:01, which  had
heterogeneity (p = 0.02; 1> = 52%), an effect size of
OR-MH = 1.36, 95% CI (1.04-1.79), and p = 0.03.
HLA-DQB1*03:01 allele was homogeneous across
study (p = 0.22; I? = 23%) and had an OR-MH = 1.24,

95% CI (1.03-1.50), p = 0.02. This showed
homogeneity across studies (p = 0.20; I> = 27%) and
an OR-MH = 1.35, 95% CI (1.01-1.80), p = 0.04. With

OR-MH = 1.41, 95% CIl (1.00 -1.97), p = 0.05, and
heterogeneity (p = 0.003; 1> = 61%), HLA-DQB1*06:01
allele carrier demonstrated an elevated risk. However,
there was no correlation between HLA-DQB1*04:01
allele carrier and the risk of PTB (Figure 3).

3.3. Publication Bias and Sensitivity Analysis

The meta-analysis's potential for publication bias
was evaluated using Egger's test. For both HLA-DQA1

demonstrated that all p-values were more than 0.05
(range from 0.012 to 0.867), suggesting that publication
bias had minimal effect on the majority of the meta-
analysis results. For HLA-DQB1*05:03 allele carrier, a
p-value < 0.05 (p = 0.012) indicated a possible
imbalance in study reporting.

When heterogeneity was quite large (I2 > 50%),
sensitivity analysis was performed by comparing the
fixed-effect and random-effects models after deleting 1
study at a time using the leave-one-out technique.
Except for HLA-DQB1*06:01 allele carrier group, which
was unstable, the data demonstrated that the majority
of the results were resilient (remained significant)
(Table 2). However, the results were steady and
consistent after using the fixed-effect model (OR-MH =
1.46,95% CI1[1.18-1.81], p < 0.0004) (Appendix 2).

4. DISCUSSION

This meta-analysis demonstrates that carrier status
of specific HLA-DQA1 and HLA-DQB1 alleles is
associated  with  susceptibility to  pulmonary
tuberculosis, supporting the role of host immunogenetic
variation as a determinant of tuberculosis risk. By
applying a carrier (phenotype)-based analytical
framework, this study emphasizes interpretability and
methodological consistency across heterogeneous
studies, particularly those employing different HLA
genotyping approaches. Consequently, the observed



48 International Journal of Statistics in Medical Research, 2026, Vol. 15

Talarima et al.

associations should be understood as reflecting
phenotypic expression of HLA-DQ variants rather than
precise allele dosage effects. Compared with previous
meta-analyses that pooled allele or genotype
frequencies across heterogeneous analytical units, the
present approach offers a more conservative and
harmonized synthesis, thereby reducing potential
inflation of genetic effect estimates [42].

HLA-DQ molecules are integral components of the
major histocompatibility complex (MHC) class |l
pathway [43], which orchestrates antigen presentation
to CD4" T helper cells and initiates adaptive immune
responses against Mycobacterium tuberculosis [44-46].
Structural polymorphisms within HLA-DQA1 and HLA-
DQB1 genes influence peptide-binding properties of
the DQaB heterodimer, thereby modulating antigen
recognition efficiency and downstream immune
activation [13]. Variability in these mechanisms
provides a biologically plausible explanation for
differential susceptibility or resistance to tuberculosis
among individuals and populations [47].

The increased susceptibility associated with certain
HLA-DQA1 allele carriers observed in this meta-
analysis aligns with prior evidence indicating that
specific DQa variants may exhibit reduced efficiency in
presenting mycobacterial antigens to CD4* T cells [48].
Rather than reiterating quantitative effect estimates,
these findings suggest that functional differences in
antigen presentation may impair macrophage activation
and Th1-mediated immune responses, which are
critical for intracellular mycobacterial control [14, 30,
33, 38, 49]. Age-related interactions reported in large
population-based studies further indicate that genetic
factors may play a more prominent role in primary
tuberculosis, whereas environmental and clinical
factors contribute more substantially to disease
reactivation in older individuals [41]. Importantly, while
such age- and population-specific effects were evident
in individual studies, the present meta-analysis
highlights consistent directional trends across diverse
geographic regions, suggesting a shared
immunogenetic mechanism underlying tuberculosis
susceptibility.

Conversely, several HLA-DQA1 allele carriers were
consistently associated with a protective effect against
pulmonary tuberculosis [41, 50]. This pattern supports
the hypothesis that certain HLA-DQ variants enhance
antigen presentation efficiency, resulting in more
effective immune surveillance and pathogen clearance
[15]. Such protective associations reinforce the concept

that HLA-DQ polymorphisms do not uniformly confer
risk but instead operate along a functional spectrum
ranging from susceptibility to resistance [51]. These
findings underscore the need to interpret protective
alleles within specific population contexts, as their
frequency and impact may vary substantially across
ethnic groups while still contributing to broader global
trends.

Regarding HLA-DQB1, the present analysis
indicates that selected allele carriers are linked to
increased tuberculosis susceptibility, consistent with
earlier systematic reviews and population-specific
studies [16, 48]. Functional studies suggest that
alterations in the B-chain of HLA-DQ molecules may
affect peptide-binding stability and T-cell receptor
engagement, thereby weakening immune
responsiveness to Mycobacterium tuberculosis. In
contrast, the absence of association for certain HLA-
DQB1 variants underscores the allele-specific nature of
immunogenetic risk and highlights the importance of
distinguishing between susceptibility-conferring and
neutral variants within the same gene locus.

Importantly, the functional HLA-DQ molecule is
formed through the heterodimerization of HLA-DQA1
and HLA-DQB1 gene products, emphasizing that
tuberculosis susceptibility is likely influenced by
combined a- and B-chain interactions rather than
isolated allelic effects [52]. This interaction may
partially explain inconsistencies across individual
studies and populations, particularly where haplotype
structures and linkage disequilibrium patterns differ.

Overall, this meta-analysis reinforces the biological
relevance of HLA-DQ-mediated antigen presentation in
tuberculosis  pathogenesis  while  acknowledging
substantial population-specific and methodological
heterogeneity [53]. By focusing on carrier status, the
present study provides a pragmatic synthesis of
existing evidence and avoids overinterpretation of allele
frequency data that are inconsistently reported across
studies. From a clinical and public health perspective,
these findings suggest that HLA-DQ allele carrier
status may contribute to future risk stratification models
and inform population-level tuberculosis susceptibility
research, although direct clinical application will require
further validation in large, prospective, and ethnically
diverse cohorts.

5. LIMITATION

With 21 distinct studies included, this meta-analysis
was the largest to assess HLA-DQ allele carriers as
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genetic risk factors for PTB, with a few drawbacks.
Initially, most studies did not screen the control groups
for latent PTB using methods such as Interferon
Gamma Release Assay (IGRA) or the tuberculin skin
test. This could cause affected people to contaminate
the control group, which reduced the strength of the
relationships that were found [14, 15, 17, 27, 49].
Furthermore, the accuracy of determining HLA alleles
had been impacted by the third limitation, which was
related to the genotyping techniques used in previous
studies. Some of these methods used low-resolution
techniques (such as serological methods) or failed to
provide adequate information on technical quality
control, including sample replication [30]. More studies
are required to have a more thorough understanding of
the genetic pathways driving PTB. Hardy-Weinberg
Equilibrium (HWE) testing could not be uniformly
assessed, as most included studies did not report
genotype distributions required for HWE calculation.
This limitation may affect the ability to detect potential
genotyping errors or population stratification [54].

6. CONCLUSION

This meta-analysis demonstrates a significant
association between susceptibility to active pulmonary
tuberculosis and the carrier status of specific HLA-
DQA1 and HLA-DQB1 alleles. Carrier status of HLA-
DQA1*02:01, HLA-DQA1*04:01, HLA-DQA1*05:01,
and HLA-DQA1*06:01 was associated with a protective
effect against tuberculosis, whereas carriers of HLA-
DQA1*01:01, HLA-DQA1*03:01, HLA-DQB1*02:01,
HLA-DQB1*05:03, and HLA-DQB1*06:01 showed an
increased risk of developing active pulmonary
tuberculosis. These findings support the biological role
of the HLA-DQ complex in presenting Mycobacterium
tuberculosis antigens to CD4* T cells and highlight how

genetic polymorphisms in HLA-DQ genes may
influence the effectiveness of adaptive immune
responses, thereby contributing to inter-individual

variability in tuberculosis susceptibility or resistance. By
applying a carrier-based analytical framework to
harmonize data across heterogeneous studies, the
present meta-analysis provides an overall synthesis of
the existing evidence while acknowledging substantial
population-specific and methodological variability.
Accordingly, the observed associations should be
interpreted as general trends rather than population-
specific effects. Further large-scale studies using
standardized HLA typing methods and including
diverse ancestral populations are warranted to clarify
ancestry-specific genetic risks and to better define the
role of HLA-DQ polymorphisms in tuberculosis
pathogenesis.

SUPPLEMENTAL MATERIALS

The supplemental materials can be downloaded
from the journal website along with the article.

CONFLICT OF INTEREST

None declared.

ETHICAL APPROVAL

Not applicable.
REFERENCES

[1] Salari N, Kanjoori AH, Hosseinian-Far A, Hasheminezhad R,
Mansouri K, Mohammadi M. Global prevalence of drug-
resistant tuberculosis: a systematic review and meta-
analysis. Infect Dis Poverty 2023; 12(1): 1-12.
https://doi.org/10.1186/s40249-023-01107-x

[2] WHO. Global tuberculosis report 2024. 2024.

[3] Cords O, et al. Incidence and prevalence of tuberculosis in
incarcerated populations: a systematic review and meta-
analysis. Lancet Public Heal 2021; 6(5): €300-e308.
https://doi.org/10.1016/S2468-2667(21)00025-6

[4] Wahyuningsih S, et al. An analysis of risk factors for
Multidrug Resistant Tuberculosis (MDR-TB): a hospital-
based study. J Public Heal Dev 2023; 21(2): 91-101.
https://doi.org/10.55131/jphd/2023/210208

[5] Aravindan P. Host genetics and tuberculosis: Theory of
genetic polymorphism and tuberculosis. Lung India 2019;
36(3): 244-252.
https://doi.org/10.4103/lungindia.lungindia_146_15

[6] Naidoo L, Arumugam T, Ramsuran V. Host Genetic Impact
on Infectious Diseases among Different Ethnic Groups. Adv
Genet 2023; 4(4): 1-22.
https://doi.org/10.1002/ggn2.202300181

[7] Kinnear C, Hoal EG, Schurz H, van Helden PD, Mdller M.
The role of human host genetics in tuberculosis resistance.
Expert Rev Respir Med 2017; 11(9): 721-737.
https://doi.org/10.1080/17476348.2017.1354700

[8] Marianna Orlova ES. Human Genomics of Mycobacterium
Tuberculosis Infection and Disease. HHS Public Access
2017; 5(3): 125-131.
https://doi.org/10.1007/s40142-017-0124-7

[9] Mozzi A, Pontremoli C, Sironi M. Genetic susceptibility to
infectious disease: Crrent stattus and future perspectives
from genome-wide approaches. Infect Genet Evol jo 2018;
66: 286-307.
https://doi.org/10.1016/j.meegid.2017.09.028

[10] Wamala D, Buteme HK, Kirimunda S, Kallenius G, Joloba M.
Association between human leukocyte antigen class Il and
pulmonary tuberculosis due to mycobacterium tuberculosis in
Uganda. BMC Infect Dis 2016; 16(1): 1-6.
https://doi.org/10.1186/s12879-016-1346-0

[11] Liu Bingnan RF, Yuanyuan S. Current research status of
HLA in immune-related diseases.pdf. Immunity. Inflamm Dis
2021; 9: 340-350.
https://doi.org/10.1002/iid3.416

[12] Zhou X, Zhou Q, Yang ZF, Li WX. Genetic polymorphism of
human leucocyte antigen and susceptibility to multidrug-
resistant and rifampicin-resistant tuberculosis in Han Chinese
from Hubei Province. Int J Immunogenet 2018; 45(1): 8-21.
https://doi.org/10.1111/iji. 12352

[13] Zheng R, et al. Genome-wide association study identifies two
risk loci for tuberculosis in Han Chinese. Nat Commun 2018;
9(1): 1-9.
https://doi.org/10.1038/s41467-018-06539-w




50

International Journal of Statistics in Medical Research, 2026, Vol. 15

Talarima et al.

[14]

(18]

[16]

7]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Larcombe LA, et al. HLA - A, B, DRB1, DQA1, DQB1 alleles
and haplotype frequencies in Dene and Cree cohorts in
Manitoba, Canada. Hum Immunol 2017; 78(5-6): 401-411.
https://doi.org/10.1016/j.humimm.2017.03.009

Soha A, et al. HLA class || DRB1, DQA1, DQB1 loci in
patients with HIV infection and tuberculosis in a Latvian
cohort group. Clin Immunol 2024; 49(1): 37-44.
https://doi.org/10.5114/ceji.2024.138738

Baniaghil S, Borujeni GN, Tajbakhsh H, Esmailnejad A,
Amirzargar AA. HLA-DRB1, DQB1 allele frequencies in
Iranian patients (sistani ethnic) with tuberculosis and healthy
control. Tehran Univ Med J 2017; 75(3): 72-178.

Chihab LY, et al. Expression of specific HLA class Il alleles is
associated with an increased risk for active tuberculosis and
a distinct gene expression profile. Hla 2023; 101(2): 124-137.
https://doi.org/10.1111/tan.14880

Toyo-oka L, et al. Strain-based HLA association analysis
identified HLA-DRB1*09:01 associated with modern strain
tuberculosis. Hla 2017; 90(3): 149-156.
https://doi.org/10.1111/tan.13070

Siddaway AP, Wood AM, Hedges LV. How to Do a
Systematic Review: A Best Practice Guide for Conducting
and Reporting Narrative Reviews, Meta-Analyses, and Meta-
Syntheses. Annu Rev Psychol 2019; 70: 747-770.
https://doi.org/10.1146/annurev-psych-010418-102803

Methley AM, Campbell S, Chew-Graham C, McNally R,
Cheraghi-Sohi S. PICO, PICOS and SPIDER: A comparison
study of specificity and sensitivity in three search tools for
qualitative systematic reviews. BMC Health Serv Res 2014;
14(579): 1-10.

https://doi.org/10.1186/s12913-014-0579-0

Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-
analyses. in Ottawa Hospital Research Institute, Oxford,
2021. [Online]. Available: https://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp

Higgins JPT, Chandler J, Cumpston M, Li T, Page MJ, Welch
VA. cochrane handbook for systematic reviews of
interventions version 6.4 (updated August 2023). cochrane,
2023, 2024.

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ 1997; 315:
629-634.

Cochrane. RevMan Trusted evidence. Informed decisions.
Better health 2025. https://revman.cochrane.org/ (accessed
May 21, 2025).

Page MJ, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews Systematic reviews
and Meta-Analyses. BMJ 2021; 372(71).
https://doi.org/10.1136/bmj.n71

Tang NL, et al. Genetic susceptibility to Tuberculosis :
Interaction between HLA-DQA1 and age of onset. Infect
Genet Evol 2019; 68: 98-104.
https://doi.org/10.1016/j.meegid.2018.12.014

Li M, et al. A next generation sequencing combined genome-
wide association study identifies novel tuberculosis
susceptibility loci in Chinese population. Genomics 2021;
113(4): 2377-2384.
https://doi.org/10.1016/j.ygeno.2021.05.035

Goldfeld AE, et al. Association of an HLA-DQ allele with
clinical tuberculosis. JAMA 1998; 279(3): 226-228.
https://doi.org/10.1001/jama.279.3.226

Ravikumar M, et al. Associations of HLA-DRB1, DQB1 and
DPB1 alleles with pulmonary tuberculosis in south India.
Tuber Lung Dis 1999; 79(5): 309-317.
https://doi.org/10.1054/tuld.1999.0213

Teran-Escandon D, et al. Human leukocyte antigen-
associated susceptibility to pulmonary tuberculosis:
Molecular analysis of class Il alleles by DNA amplification

(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

and oligonucleotide hybridization in Mexican patients. Chest
1999; 115(2): 428-433.
https://doi.org/10.1378/chest.115.2.428

Vejbaesya S, Chierakul N, Luangtrakool K, Srinak D,
Stephens HAF. Associations of HLA class Il alleles with
pulmonary tuberculosis in thais. Eur J Immunogenet 2002;
29(5): 431-434.
https://doi.org/10.1046/j.1365-2370.2002.00352.x

Sharma SK, et al. Clinical and genetic risk factors for the
development of multi-drug resistant tuberculosis in non-HIV
infected patients at a tertiary care center in India: A case-
control study. Infect Genet Evol 2003; 3(3): 183-188.
https://doi.org/10.1016/S1567-1348(03)00086-8

Amirzargar AA, Yalda A, Hajabolbaghi M, Khosravi F,
Jabbari H. The association of HLA-DRB, DQA1, DQB1
alleles and haplotype frequency in lIranian patients with
pulmonary tuberculosis. Int J Tuberc Lung Dis 2004; 8(8):
1017-1021.

Kim HS, Park MH, Song EY. Association of HLA-DR and
HLA-DQ Genes With Susceptibility to Pulmonary Tuber-
culosis in Koreans: Preliminary Evidence of Associations
With Drug Resistance , Disease Severity , and Disease
Recurrence. Hum Immunol 2005; 66(10): 1074-1081.
https://doi.org/10.1016/j.humimm.2005.08.242

Dubaniewicz A. Frequency of DRB1 - DQB1 two-locus
haplotypes in tuberculosis : Preliminary report. Tuberculosis
2005; 85(4): 259-267.
https://doi.org/10.1016/j.tube.2004.12.003

Lombard Z, Dalton DL, Venter PA, Williams RC, Bornman L.
Association of HLA-DR, -DQ, and Vitamin D Receptor Alleles
and Haplotypes with Tuberculosis in the Venda of South
Africa. Hum Immunol 2006; 67(8): 643-654.
https://doi.org/10.1016/j.humimm.2006.04.008

Selvaraj P, Raghavan S, Swaminathan S, Alagarasu K,
Narendran G, Narayanan PR. HLA-DQB1 and -DPB1 allele
profile in HIV infected patients with and without pulmonary
tuberculosis of south India. Infect Genet Evol 2008; 8(5):
664-671.

https://doi.org/10.1016/j.meegid.2008.06.005

XB, Li SZ, Jiang YJ. Correlation between polymorphisms of
DRB1, -DQA1, and -DQB1 alleles and susceptibility to
pulmonary tuberculosis in Tibetan population of China. J
Third Mil Med Univ 2011; 33(2): 1254-1257.

Wu F, et al. NRAMP1, VDR, HLA-DRB1, and HLA-DQB1
gene polymorphisms in susceptibility to tuberculosis among
the chinese kazakh population: A case-control study. Biomed
Res Int 2013; 2013(1): 484535.
https://doi.org/10.1155/2013/484535

Kuranov AB, et al. HLA-class Il alleles in patients with
drug-resistant pulmonary tuberculosis in Kazakhstan. Tissue
Antigens 2014; 83(2): 106-112.
https://doi.org/10.1111/tan.12279

Sang Tang NL, et al. Genetic susceptibility to Tuberculosis:
Interaction between HLA-DQA1 and age of onset. Infect
Genet Evol 2019; 68: 98-104.
https://doi.org/10.1016/j.meegid.2018.12.014

Li C, Zhou Y, Xiang X, Zhou Y, He M. The Relationship of
HLA-DQ Alleles with Tuberculosis Risk. Lung 2015; 193(4):
521-530.

https://doi.org/10.1007/s00408-015-9747-1

Li D, et al. Polymorphism in the major histocompatibility
complex (MHC class Il B) genes of the Rufous-backed
Bunting (Emberiza jankowskii). Peer J 2017; 2017(1): 1-23.
https://doi.org/10.7717/peerj.2917

Jia Z, Gong W, Liang Y, Wu X, Zhao W. Prediction and
analyses of HLA-Il restricted Mycobacterium tuberculosis
CD4+ T cell epitopes in the Chinese population. Biotechnol
Appl Biochem 2022; 69(3): 1002-1014.
https://doi.org/10.1002/bab.2171




HLA-DQ Allele Carriers as Genetic Risk Factors for Pulmonary Tuberculosis

International Journal of Statistics in Medical Research, 2026, Vol. 15 51

[45]

[46]

[47]

(48]

(49]

Harishankar M, Selvaraj P, Bethunaickan R. Influence of
genetic polymorphism towards pulmonary tuberculosis
susceptibility. Front Med 2018; 5: 1-18.
https://doi.org/10.3389/fmed.2018.00213

Ryan SO, Cobb BA. Roles for major histocompatibility
complex glycosylation in immune function. Semin
Immunopathol 2012; 34(3): 425-441.
https://doi.org/10.1007/s00281-012-0309-9

Sarro S, et al. Differential HLA Allele Frequency in M.
africanum vs. M. tuberculosis in Mali. HLA 2020; 93(1): 24-
31.

https://doi.org/10.1111/tan.13448

Oliveira-Cortez A, Melo AC, Chaves VE, Condino-Neto A,
Camargos P. Do HLA class Il genes protect against
pulmonary tuberculosis? A systematic review and meta-
analysis. Eur J Clin Microbiol Infect Dis 2016; 35(10): 1567-
1580.

https://doi.org/10.1007/s10096-016-27 13-x

Kuranov AB, Kozhamkulov UA, Vavilov MN, Belova ES,
Bismilda VL, Alenova AH. HLA-class Il alleles in patients with
drug-resistant pulmonary tuberculosis in Kazakhstan. Tissue
Antigens 2014; 83(2): 106-112.
https://doi.org/10.1111/tan.12279

[50]

[51]

[52]

(53]

[54]

Chatterjee N, Ojha R, Khatoon N, Prajapati VK. Scrutinizing
Mycobacterium tuberculosis membrane and secretory
proteins to formulate multiepitope subunit vaccine against
pulmonary tuberculosis by utilizing immunoinformatic
approaches. Int J Biol Macromol 2018; 118: 180-188.
https://doi.org/10.1016/}.ijbiomac.2018.06.080

Das KK. an in Silico Study of the Genes Interaction and
Association With Tuberculosis Disease. Int J Res Anal Rev
2022; 9(3): 789-798. [Online]. Available: www.ijrar.org

Dallmann-Sauer M, Correa-Macedo W, Schurr E. Human
genetics of mycobacterial disease. Mamm Genome 2018;
29(7-8): 523-538.

https://doi.org/10.1007/s00335-018-9765-4

Choshi P, et al. The association of class Il HLA alleles with
tuberculosis-associated immune reconstitution inflammatory
syndrome. PLOS Pathog 2025; 21: 1-8.
https://doi.org/10.1371/journal.ppat. 1013497

Hosking L, et al. Detection of genotyping errors by Hardy -
Weinberg equilibrium testing. Eur J Hum Genet 2004; 12(5):
395-399.

https://doi.org/10.1038/sj.ejhg.5201164

Received on 20-12-2025

https://doi.org/10.6000/1929-6029.2026.15.04

© 2026 Talarima et al.

This

is an open-access article licensed

under the

Accepted on 19-01-2026

terms

of the

Published on 04-02-2026

Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

provided the work is properly cited.



