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Background: Tuberculosis (TB) is a major public health emergency in many 
countries, including Kazakhstan. Despite the decline in the incidence rate and 
having one of the highest treatment effectiveness in the world, the incidence 
rate of TB remains high in Kazakhstan. Social and environmental factors along 
with host genetics contribute to pulmonary tuberculosis (PTB) incidence. Due 
to the high incidence rate of TB in Kazakhstan, our research aimed to study the 
epidemiology and genetics of PTB in Kazakhstan.

Materials and methods: 1,555 participants were recruited to the case–control 
study. The epidemiology data was taken during an interview. Polymorphisms of 
selected genes were determined by real-time PCR using pre-designed TaqMan 
probes.

Results: Epidemiological risk factors like diabetes (χ2  =  57.71, p  <  0.001), 
unemployment (χ2  =  81.1, p  <  0.001), and underweight-ranged BMI (<18.49, 
χ2  =  206.39, p  <  0.001) were significantly associated with PTB. VDR FokI 
(rs2228570) and VDR BsmI (rs1544410) polymorphisms were associated with 
an increased risk of PTB. A/A genotype of the TLR8 gene (rs3764880) showed a 
significant association with an increased risk of PTB in Asians and Asian males. 
The G allele of the rs2278589 polymorphism of the MARCO gene increases PTB 
susceptibility in Asians and Asian females. VDR BsmI (rs1544410) polymorphism 
was significantly associated with PTB in Asian females. A significant association 
between VDR ApaI polymorphism and PTB susceptibility in the Caucasian 
population of Kazakhstan was found.

Conclusion: This is the first study that evaluated the epidemiology and genetics 
of PTB in Kazakhstan on a relatively large cohort. Social and environmental 
risk factors play a crucial role in TB incidence in Kazakhstan. Underweight BMI 
(<18.49  kg/m2), diabetes, and unemployment showed a statistically significant 
association with PTB in our study group. FokI (rs2228570) and BsmI (rs1544410) 
polymorphisms of the VDR gene can be used as possible biomarkers of PTB 
in Asian males. rs2278589 polymorphism of the MARCO gene may act as a 
potential biomarker of PTB in Kazakhs. BsmI polymorphism of the VDR gene 
and rs2278589 polymorphism of the MARCO gene can be  used as possible 
biomarkers of PTB risk in Asian females as well as VDR ApaI polymorphism in 
Caucasians.

OPEN ACCESS

EDITED BY

Andrea Gori,  
University of Milano-Bicocca, Italy

REVIEWED BY

Camille Jacqueline,  
Carlos III Health Institute (ISCIII), Spain
Sanjay Gautam,  
International Vaccine Institute,  
Republic of Korea

*CORRESPONDENCE

Dauren Yerezhepov  
 dauren.yerezhepov@nu.edu.kz  

Ainur Akilzhanova  
 akilzhanova@nu.edu.kz

RECEIVED 18 November 2023
ACCEPTED 08 April 2024
PUBLISHED 19 April 2024

CITATION

Yerezhepov D, Gabdulkayum A, Akhmetova A, 
Kozhamkulov U, Rakhimova S, Kairov U, 
Zhunussova G, Kalendar R and 
Akilzhanova A (2024) Pulmonary tuberculosis 
epidemiology and genetics in Kazakhstan.
Front. Public Health 12:1340673.
doi: 10.3389/fpubh.2024.1340673

COPYRIGHT

© 2024 Yerezhepov, Gabdulkayum, 
Akhmetova, Kozhamkulov, Rakhimova, Kairov, 
Zhunussova, Kalendar and Akilzhanova. This is 
an open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 19 April 2024
DOI 10.3389/fpubh.2024.1340673

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2024.1340673&domain=pdf&date_stamp=2024-04-19
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1340673/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1340673/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1340673/full
mailto:dauren.yerezhepov@nu.edu.kz
mailto:akilzhanova@nu.edu.kz
https://doi.org/10.3389/fpubh.2024.1340673
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2024.1340673


Yerezhepov et al. 10.3389/fpubh.2024.1340673

Frontiers in Public Health 02 frontiersin.org

KEYWORDS

pulmonary tuberculosis, infectious disease, genetic predisposition, immune response, 
epidemiology

Introduction

Tuberculosis (TB) is an infectious disease caused by 
Mycobacterium tuberculosis (MTB) and is a major public health 
emergency in many countries, including Kazakhstan. Before the 
COVID-19 pandemic, TB was the world’s leading cause of death 
from a single infectious agent (1). The lowest incidence rate is 
registered in most high-income countries and is lower than 10 per 
100,000 population, while the highest rate of 400 per 100,000 
population per year is registered in eight countries. There are 30 
countries burdened by TB and they build up to 80% of total cases 
worldwide with an average incidence rate of 183 cases per 100,000 
population (2). Enormous research has been done to understand the 
epidemiology and pathophysiology of TB, and many programs put 
effort into the fight against TB, which has led to a decline in the 
number of cases in the new millennia. However, over 10 million new 
cases of active TB occur annually (3). The incidence rate and 
mortality of TB remain high since cases involving multi-drug 
(MDR) and extensive-drug resistant (XDR) strains of MTB are 
rising every year (1, 4).

Despite having the largest economy in the Central Asian region, 
Kazakhstan was transferred to the middle-income countries list at the 
beginning of the new century when Kazakhstan became one of the 
fastest-growing countries in the world (5). The healthcare system also 
rose, the increase in the quality of medical care along with the 
implementation of several anti-TB programs led to a tangible decrease 
in TB incidence rates and mortality, and an increase in treatment 
effectiveness. The incidence rate of pulmonary TB (PTB) in 
Kazakhstan has declined more than two times in the last two decades 
(from 171 in 2000 to 78 in 2022 per 100,000 population), and the TB 
mortality rate decreased from 7.4 to 1.5 deaths per 100,000 population. 
The effectiveness of treatment of TB patients in Kazakhstan reached 
one of the highest indicators in the world. In 2021, the treatment 
effectiveness of newly diagnosed patients with sensitive TB was 85.9%, 
and with drug resistance – 80.2% (6). The government putting an 
enormous effort into fighting against TB, but cases involving drug-
resistant strains of MTB dramatically increased in Kazakhstan. At 
present time, multidrug-resistant TB (MDR-TB) constitutes almost 
26% of primary TB and over 44% of retreatment cases in Kazakhstan 
(7). Currently, Kazakhstan is among the 30 high MDR-TB-burden 
countries in the world (1).

TB is a multifactorial disease and the development of which 
depends on many social and environmental factors. According to the 
World Health Organization (WHO), such risk factors include 
smoking, alcohol overconsumption, contact with TB patients, low 
body mass index (BMI, under 18.5 kg/m2), human immunodeficiency 
virus (HIV) co-infection, drug abuse, migration, and diabetes (8, 9). 
TB does not affect genders or age groups equally. Males are twice as 
susceptible to TB than women. However, pregnancy and maternal 
leave increase the susceptibility to TB in women (1, 8, 9). Social and 
environmental factors play a crucial role in TB incidence in low- and 

middle-income countries where socially vulnerable individuals 
constitute a major part of TB cases (10).

By estimation, M. tuberculosis has co-evolved with human 
populations for between 40,000 and 70,000 years (11) resulting in the 
evolutionary adaptation of the human organism to eliminate the 
pathogen at the very first encounter or hold the invaded bacteria from 
multiplication inside the body by the cooperation of innate and 
adaptive immunity for several months or even for a lifetime. This state 
is called latent TB (LTB). Individuals with latent TB are infected with 
MTB, do not show any clinical symptoms, and do not have the disease, 
but are at higher risk of transitioning to an active form of TB in the 
future (4). Globally from 25 to 30% of the general population has 
latent TB, and only up to 10% of them will have active forms of TB 
(12). This data implies that epidemiological risk factors and host 
genetics take part in the shift from LTB to an active form of the disease 
(11, 13).

The immune response to MTB is induced when macrophages 
recognize certain conserved structures in the cell wall of the invading 
pathogen with their pattern recognition receptors (PRRs). Toll-like 
receptors (TLRs) are an important class of PRRs that recognize 
pathogen-associated molecular patterns (PAMPs). The recognition 
process activates the expression of many immune response genes 
encoding various types of pro- and anti-inflammatory molecules, 
including cytokines (interleukin 1β – IL-1β, and interferon-γ – IFN-γ, 
etc.), transmembrane receptors (macrophage receptor with 
collagenous structure – MARCO, and class A scavenger receptors – 
SRA), monooxygenases (CYP27B1), vitamin D receptor (VDR), and 
intracellular mediators (nitric oxide – NO) (14–16).

The role of genetics in susceptibility to TB was the subject of 
extensive research. Initial research was done by twin studies in the 
mid-40s of the twentieth century by Kallmann and Reisner (17), then 
Comstock performed a re-analysis 45 years later (18). Later, new 
methods of genetic engineering allowed researchers to test the genetic 
susceptibility to TB by animal models (19–21). Since an enormous 
number of genes are involved in the immune response, numerous 
point mutations or single nucleotide polymorphisms (SNPs) in many 
candidate genes were studied, and with the development of microarray 
technologies, many populations were tested by genome-wide 
association studies (GWAS) (22–27). However, evolutionary 
differences in the distribution of genotypes and their frequencies in 
the different populations give rise to a lack of consistency and low 
replicability of these research works (28).

The initial step of the immune response is very important. TLRs 
are important in inducing multidirectional activation of inflammatory 
responses during MTB infection and play a key role in the 
development of antigen-specific adaptive immunity (29). Proper 
recognition of PAMPs by cell-surface expressing TLRs, several of 
which are required to build heterodimers, is very important for the 
activation of all players involved in the immune response against 
MTB. Any alterations in nucleotide sequences of genes encoding TLRs 
could lead to structural changes and, subsequently, decrease the 
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functionality of these receptors, and affect the whole immune response 
chain (30). Many research works tested the association of various 
genetic polymorphisms of TLR genes with TB in many populations, 
and these works also showed some level of inconsistency (23, 30, 31).

The role of pro- and anti-inflammatory molecules like cytokines, 
transmembrane receptors, vitamin D, and intracellular mediators in 
the immune response against MTB is very important (14). 
Macrophages and neutrophils encountered with MTB produce 
interleukins that can act as innate immune modulators and are very 
important during the early stages of infection (32). Interferons are 
released during MTB infection as a part of the innate immune 
response and play their part in controlling the infection (33). 
Transmembrane receptors like SRA and MARCO bind with MTB by 
cysteine-rich domains and initiate phagocytosis (34). Nitric oxide is 
an intracellular mediator that directly inhibits the growth of 
bacteria (35).

The importance of vitamin D in the modulation of the immune 
response against various pathogens is proven by many research works 
(36, 37). Recognition of PAMPs by TLRs induces expression of the 
vitamin D receptor (VDR) gene which is required for binding and 
transferring the 1,25-dihydroxyvitamin D (25-(OH)D), the active 
form of vitamin D, into the nucleus and performing its function (38). 
Any gene variations of VDR might affect the binding of 
1,25-dihydroxyvitamin D with its receptor and alter the 
immune response.

Since TB is a multifactorial infectious disease and the incidence 
rate in Kazakhstan remains high, the aim of our research was to study 
the epidemiology and genetics of pulmonary tuberculosis 
in Kazakhstan.

Materials and methods

Study subjects

A case–control study included individuals diagnosed with active 
primary pulmonary TB. The group of controls consisted of participants 
with no family history (first-degree relatives) of pulmonary 
tuberculosis. Diagnosis of the case group was confirmed by 
radiographic evidence of TB cavitation and positive laboratory data. 
The case group participants were recruited at local TB dispensaries. 
The control subjects were matched by gender, age, and ethnicity, and 
had clear chest X-rays not older than 3 months before the 
recruitment date.

All subjects were older than 18 years, with available clinical data. 
The participants’ clinical information was obtained from the Unified 
National Electronic Healthcare System (UNEHS).

UNEHS databases provide several data elements and variables 
including ID and its registration in any sub-databases, information on 
medical organizations that registered ID, demographic data (birth 
date, gender, ethnicity, education, residency type), outcomes, all 
diagnoses with classification, stay in the medical organization, and 
prescription of medication. The National Registry of Tuberculosis 
Patients (NRTP) registers all patients under ambulatory follow-up in 
a designated polyclinic. All contacts of TB patients (household, 
colleagues, etc.) are under mandatory 6-month follow-up and this 
information is registered in NRTP. The medical data of the UNEHS 
database that we used to define the control subjects was (1) TB status 

(patient or contact person), (2) BCG vaccination status, (3) diabetes, 
(4) cancers, (5) chronic upper respiratory tract diseases, (6) other 
immune-compromising diseases, (7) medical prescriptions that affect 
body mass index (BMI). Additional questions for several medical 
conditions (diabetes, cancers, cardiovascular diseases, varicose veins, 
allergies, etc.) and epidemiological risk factors were included in the 
questionnaire (Supplementary material).

Eligible participants filled out structured sociodemographic and 
clinical questionnaires during an in-person interview. Anthropometric 
indicators, including height and weight, were measured during 
an interview.

We could not identify the latent TB status of the participants since 
all had been vaccinated with BCG which we  indicated in the 
limitations of the current research. Additionally, the Interferon-
Gamma Release Assay (IGRA) blood test costs over 50 USD per 
person and we could not perform it due to financial limitations.

The study was conducted in accordance with the Declaration of 
Helsinki and approved by the Local Ethics Committee of the Private 
Institution “National Laboratory Astana” (01–2020, June 26, 2020). All 
subjects signed a written informed consent form (Supplementary  
material).

DNA isolation

Blood was collected into tubes containing K2EDTA. DNA was 
extracted using the QIAamp DNA Mini extraction Kit (Qiagen GmbH, 
Germany) and Illustra blood genomicPrep Mini Spin Kit (Cytiva, 
Danaher, DC, United States), according to the manufacturers’ protocols. 
The quality and quantity of the DNA were evaluated using the NanoDrop-
2000 UV (Thermo Fisher Scientific, Waltham, MA, United  States) 
spectrophotometer. The exact quantity before dilution was assessed using 
Qubit BR Assay Kit (Thermo Fisher Scientific, Waltham, MA, 
United States) on a Qubit v2.0 fluorometer (Thermo Fisher Scientific, 
Waltham, MA, United States). The integrity of DNA was tested on 1% 
agarose gel electrophoresis running for 30 min at 120 V in TAE buffer. Gel 
was visualized on a GelDoc imaging system (Bio-Rad, United States). 
DNA was refrigerated at −20°C until further use.

Genotyping

The recognition of MTB by macrophages induces the activation of 
several genes involved in the initial stages of the immune response. 
Genetic variations in these genes can have an impact on the induction of 
particular members of the immune response chain and can cause 
alterations in immune response. From the literature search, we chose the 
most significant polymorphisms (12, 13, 15, 21–23, 27, 30, 33, 34), which 
showed statistical significance in many populations, and thus, had a lower 
level of inconsistency. Polymorphisms of the following genes were used 
for genotyping: VDR (rs2228570, rs731236, rs1544410, rs7975232), IL1B 
(rs16944), IFG (rs2430561), MARCO (rs2278589), NOS2 (rs2779248), 
TLR2 (rs1898830), and TLR8 (rs3764880). Detailed information on SNPs 
is presented in Supplementary material.

The gene polymorphisms were determined by allelic 
discrimination real-time polymerase chain reaction (RT-PCR) using 
pre-designed TaqMan™ probes (Thermo Fisher Scientific, Foster City, 
CA, United States) on 7900 HT Fast Real-Time PCR System following 
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the manufacturer’s protocol. Ten microliter reaction mixture consisted 
of 5 uL of 2× TaqMan™ Genotyping master mix (Thermo Fisher 
Scientific, Foster City, CA, United States), 0.25 uL of 40× TaqMan™ 
Probe (Thermo Fisher Scientific, Foster City, CA, United States) or 
0.5 uL of 20× TaqMan™ Probe (Thermo Fisher Scientific, Foster City, 
CA, United States). A total of 10 ng of genomic DNA was added to the 
reaction. Two microliter of nuclease-free water was added to negative 
control which was included in each set of reactions. RT-PCR program 
consisted of 10 min incubation at 50°C, denaturation at 95°C for 
3 min, followed by 40 cycles of 92°C for 15 s and 60°C for 1 min with 
automatic scanning after each cycle.

The distribution of the genotypes was analyzed using SDS software 
(v2.4, Thermo Fisher Scientific, Foster City, CA, United States). The 
software distributes each of the genotypes according to the obtained 
signals of a preloaded set of detectors. To avoid biases in the genotype 
distribution, the genotyping of each sample was repeated three times.

Statistical analysis

Quantitative variables were expressed as a result (± standard 
deviation) with normal distribution. The Hardy–Weinberg 
equilibrium test was applied separately for all subjects, case, and 
control groups. 2×2 association between the risk of pulmonary TB and 
epidemiological risk factors was analyzed using the Pearson χ2 test. 
The association between the risk of pulmonary TB and selected 
polymorphisms was evaluated using multimodal (genotypic, 
dominant, recessive, and overdominant) logistic regression and 
assessed with the ORs and their corresponding 95% CIs. We defined 
the models as follows: genotypic (AA vs. Aa vs. aa), dominant (AA vs. 
Aa + aa), recessive (AA + Aa vs. aa), and overdominant (AA + aa vs. 
Aa), where the major and the minor alleles are A and a, respectively. 
All the tests were 2-sided, with a significance level of p < 0.05, and were 
estimated using SPSS 25 (IBM, Armonk, NY, United States) software.

Results

Study group

Sixteen hundred and eighty-three individuals were recruited for 
the study. Fifty-three individuals were excluded due to the inability to 
obtain signed informed consent. During the blood sampling, 32 
individuals refused to provide blood samples. Another 43 individuals 
from both groups were removed due to low blood quality and inability 
to perform DNA isolation. Five hundred and fifty-seven individuals 
diagnosed with active primary PTB and 998 participants with no 
family history of TB constituted the final group of 1,555 participants. 
The responder rate in the case and control groups was 59.4 and 96.3%, 
respectively. Study design is shown in Figure 1.

Epidemiology of pulmonary TB in 
Kazakhstan

Demographic characteristics and epidemiological 
data

At enrollment, the median age was 39.0 ± 13.84 years (18–76), 
median height was 167.07 ± 8.46 cm, weight 65.41 ± 13.28 kg and BMI 

23.40 ± 4.40. Slightly over half of the participants were females 
(53.3%). Almost four-fifths were Asians (79.8%). The study group 
consisted of 557 cases of primary pulmonary TB and 998 controls with 
no family history of TB (Table 1). All participants had BCG scars.

Epidemiological risk factors of pulmonary 
TB

Epidemiological risk factors of pulmonary TB are presented in 
Table 1. Over 55% of the case group consisted of males, and little less than 
three-fifths of the control group were females (58.1%). 55.8% of the study 
group were living in rural locations, 835 (53.7%) participants were 
unemployed, 1.7% of the participants consumed alcohol regularly, 224 
participants were active smokers, 55 participants (3.5%) had diabetes with 
prevalence in the case group, 32 participants were in contact with TB 
patients, and all of them are in the case group, as 3 drug abusers. Nine 
participants had human immunodeficiency virus (HIV) and 8 of them 
were in the case group. 59% of participants were in normal BMI ranges 
(18.50 > <24.99), over 30% were overweight or obese, and a little over 10% 
were in underweight BMI ranges with prevalence in the case group (124 
vs. 38 in controls). Out of 829 recruited females, 10 were on maternity 
leave (1.2%), and all were diagnosed with primary PTB.

Ethnicity, residence, alcohol consumption, and smoking showed 
no significant association with PTB in the studied population 
(Table  2). There were no participants who had contact with TB 
patients, no drug abusers in the overall control group, and no 
participants on maternity leave among females in the control group. 
In addition, a single participant in the control group had HIV (vs. 
eight in the cases). Due to the lack or low number of participants with 
corresponding risk factors, the contribution of contact with TB 
patients, drug abuse, HIV, and maternity leave, cannot be estimated. 
There were dramatic differences in case and control groups regarding 
diabetes, employment, and underweight-ranged BMI. Diabetes 
(χ2 = 57.71, p < 0.001), unemployment (χ2 = 81.1, p < 0.001), and 
underweight BMI (<18.49, χ2 = 206.39, p < 0.001) are strongly 
associated with the PTB.

Genetics of pulmonary tuberculosis in 
Kazakhstan

Genes and polymorphisms
All samples were successfully genotyped for SNPs. All SNPs were 

verified by triple repeat, and no deviations were detected. Only 4 
individuals (0.26%) had the A/A genotype (rs1898830) of the TLR2 
gene. Rest polymorphisms had more than 5% of minor allele 
frequency. According to the Hardy–Weinberg Equilibrium (HWE) 
test, genotype frequencies of TaqI, ApaI, BsmI, IL1B, MARCO, and 
NOS2 did not deviate from the expected frequency values. However, 
FokI, IFG, TLR2, and TLR8 polymorphisms deviated from HWE.

Association between pulmonary 
tuberculosis and polymorphisms in the 
studied genes

The association between pulmonary tuberculosis and studied 
polymorphisms was evaluated through various models: genotypic, 
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dominant, recessive, and overdominant, with no adjustment (crude 
analysis) and adjustment by gender (where applicable), age, BMI, 
smoking, alcohol consumption, and diabetes. Since the control group 
lacked or had a small number of participants with risk factors like 
contact with TB patients, drug abuse, HIV, and maternity leave, these 
risk factors were excluded from the adjustment model. The association 
between pulmonary tuberculosis and studied polymorphisms is 
shown in Table 3.

TaqI and ApaI polymorphisms of the VDR gene, IL1B, and IFG 
did not show a statistically significant association with PTB in the 
overall group. FokI and BsmI polymorphisms of the VDR gene 
showed no significant association with PTB in the unadjusted model. 
However, after adjustment, their significance entered 0.05 (FokI, 
OR = 1.29, 95% CI = 1.02–1.63, p = 0.04; BsmI, OR = 1.14, 95% 
CI = 0.90–1.45, p = 0.02) in overdominant model, suggesting increased 
risk of PTB in individuals with heterozygous alleles (A/G for FokI, 
C/T for BsmI). Polymorphisms of TLR8 and NOS2 genes showed a 
statistically significant association with PTB in unadjusted analysis. 
However, in the adjusted model, p values of both polymorphisms 
exceed 0.05 (p = 0.24, and 0.08, respectively). MARCO gene 
polymorphism (rs2278589) showed a statistically significant 
association with an increased risk of PTB in several models in the 
overall study group.

Polymorphism of the TLR2 gene showed a decreased risk of 
PTB in the studied group. However, only three individuals in the 
case group and a single individual in the control group had a 
homozygous minor allele (A/A). The association analysis of this 
SNP with PTB requires larger cohort studies. Polymorphism of 
the MARCO gene showed a statistically significant association 
with PTB in several unadjusted models, and its significance 
remained after adjustment. A/G and G/G genotypes (OR = 1.57, 
95% CI = 1.15–2.14, and OR = 1.73, 95% CI = 0.59–5.10, 
respectively, p = 0.01) increase the risk of PTB in the studied 
population. The overdominant model indicated the increased 

risk of PTB in individuals with heterozygous A/G allele 
(OR = 1.55, 95% CI = 1.14–2.12, p < 0.01).

Regarding to genotype distribution phenomenon, some genotypes 
are present in different proportions in different populations and lead 
to heterogeneity of genetic data. We analyzed an association of studied 
polymorphisms and risk of PTB separately in Asians and Caucasians, 
and males and females. Statistically significant associations are 
presented in Table 4.

ApaI polymorphism of the VDR gene and polymorphism of the 
IL1B gene did not show a statistically significant association in Asians 
(males and females). FokI polymorphism of the VDR gene showed an 
increased risk of susceptibility to PTB in the overdominant model 
(G/G-A/A vs. A/G, OR = 1.32, 95% CI = 1.02–1.72, p = 0.04) in all 
Asian participants. However, this polymorphism showed a decreased 
risk of susceptibility to PTB among Asian males in the recessive model 
(A/A-A/G vs. G/G, OR = 0.38, 95% CI = 0.15–1.00, p = 0.045). TaqI 
polymorphism of the VDR gene showed a decreased risk of 
susceptibility to PTB only among Asian males in the recessive model 
(G/G-A/G vs. A/A, OR = 0.53, 95% CI = 0.30–0.95, p = 0.03). BsmI 
polymorphism of the VDR gene showed an increased risk of 
susceptibility to PTB among Asians in the dominant model (C/C vs. 
C/T–T/T, OR = 1.31, 95% CI = 1.00–1.71, p = 0.045). This 
polymorphism showed a strong association with PTB among Asian 
females in genotypic or codominant (C/C vs. C/T vs. T/T, OR = 1.58, 
95% CI = 1.04–2.40 for C/T and OR = 2.77, 95% CI = 1.07–7.15, 
p = 0.017 for C/T, p = 0.017) and dominant (C/C vs. C/T–T/T, 
OR = 1.70, 95% CI = 1.14–2.54, p < 0.01) models. Interestingly, the 
minor allele (G) of rs2278589 was found only in 19 Asian individuals 
(1.5%) of our study population. rs2278589 polymorphism showed a 
statistically significant association with an increased risk of PTB in 
several models in overall Asians and Asian females but not in Asian 
males. Moreover, the deeper analysis of genotypes revealed that the 
minor G allele was detected only in ethnic Kazakhs (1.6%). Further 
analysis showed that MARCO gene polymorphism (rs2278589), and 

FIGURE 1

Illustration of study design.
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its heterozygous A/G genotype is associated with an increased risk of 
PTB in Kazakhs (A/A-G/G vs. A/G, OR = 1.59, 95% CI = 1.16–2.19, 
p < 0.01).

Polymorphism of the NOS2 gene showed a decreased risk of PTB 
among Asians and Asian males, but not in Asian females. A/A and 
A/G polymorphisms of the TLR8 gene showed a statistically 

TABLE 1 Demographic and epidemiological data of study participants.

Details All (n =  1,555) Case (n =  557) Controls (n =  998)

Age, mean ± SD, years 39.0 ± 13.84 35.88 ± 13.05 40.91 ± 13.46

Height, mean ± SD, cm 167.07 ± 8.46 167.22 ± 8.85 166.99 ± 8.24

Weight, mean ± SD, kg 65.41 ± 13.28 59.60 ± 11.26 68.66 ± 13.22

BMI, mean ± SD, kg/m2 23.40 ± 4.40 21.29 ± 3.64 24.61 ± 4.45

Gender, n (%)

  Male 726 (46.7) 308 (55.2) 418 (41.9)

  Female 829 (53.3) 249 (44.7) 580 (58.1)

Ethnicity, n (%)

  Asian 1242 (79.8) 447 (80.3) 795 (79.7)

  Caucasian 313 (20.2) 110 (19.7) 203 (20.3)

Risk factors, n (%)

Residence

  Urban 687 (44.2) 248 (50.0) 439 (44.0)

  Rural 868 (55.8) 248 (50.0) 559 (56.0)

Employment

  No 835 (53.7) 384 (68.9) 451 (45.2)

  Yes 720 (46.3) 173 (31.1) 547 (54.8)

Alcohol consumption

  No 1528 (98.3) 544 (97.7) 984 (98.6)

  Yes 27 (1.7) 13 (2.3) 14 (1.4)

BMI, kg/m2

  <18.49 162 (10.4) 124 (22.3) 38 (3.80)

  18.50 > <24.99 917 (59.0) 359 (64.5) 558 (55.9)

  >25.00 476 (30.6) 74 (13.3) 402 (40.3)

Diabetes

  No 1500 (96.5) 511 (91.7) 989 (99.1)

  Yes 55 (3.5) 46 (8.3) 9 (0.9)

Contact with TB

  No 1523 (97.9) 525 (94.3) 998 (100)

  Yes 32 (2.1) 32 (5.7) 0 (0)

Smoking

  No 1331 (85.6) 466 (83.7) 865 (86.7)

  Yes 224 (14.4) 91 (16.3) 133 (13.3)

Drug abuse

  No 1552 (99.8) 554 (99.5) 998 (100)

  Yes 3 (0.2) 3 (0.5) 0 (0)

HIV

  No 1546 (99.4) 549 (98.6) 997 (99.9)

  Yes 9 (0.6) 8 (1.4) 1 (0.1)

Maternity Leave (n = 829), n (%)

  No 819 (98.8) 239 (96) 580 (100)

  Yes 10 (1.2) 10 (4) 0 (0)

BMI, body mass index; HIV, human immunodeficiency virus; SD, standard deviation; TB, tuberculosis.

https://doi.org/10.3389/fpubh.2024.1340673
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yerezhepov et al. 10.3389/fpubh.2024.1340673

Frontiers in Public Health 07 frontiersin.org

significant association with PTB in overall Asians (OR = 1.95, 95% 
CI = 1.03–3.70, and OR = 1.29, 95% CI = 0.96–1.72, p = 0.04, 
respectively) and Asian males (OR = 2.84, 95% CI = 1.18–6.82, and 
OR = 1.19, 95% CI = 0.77–1.84, p = 0.044, respectively), but not in 
females. Interestingly, polymorphism of the TLR8 gene showed a 
statistically significant association with PTB in dominant model for 
overall Asians (G/G vs. A/G-A/A, OR = 1.37, 95% CI = 1.04–1.80, 
p = 0.03) and Asian females (G/G vs. A/G-A/A, OR = 1.50, 95% 
CI = 1.00–2.25, p = 0.049), but not for Asian males. The recessive 
model for TLR8 polymorphism revealed a statistically significant 
association with PTB among Asian males only, indicating that the A/A 
genotype increases susceptibility to PTB among Asian males 
(G/G-A/G vs. A/A, OR = 2.71, 95% CI = 1.14–6.47, p = 0.02).

A/A genotype of the TLR2 gene was detected only in one 
individual per group (case and controls) in Caucasians. Estimation 
of their association with PTB requires large cohort studies. FokI, 
TaqI, and BsmI polymorphisms of the VDR gene and 
polymorphisms of IFG and NOS2 genes did not show a statistically 
significant association among Caucasian representatives of the 
study group. An association analysis among Caucasian participants 
revealed a statistically significant association of ApaI polymorphism 
of the VDR gene with higher PTB risk in the recessive model, 
indicating that the A/A genotype almost doubles the susceptibility 
to PTB (C/C-A/C vs. A/A, OR = 1.98, 95% CI = 1.08–3.64, p = 0.023) 

in overall Caucasians, but not in Caucasian males and females 
separately. TLR8 genotypes showed a decreased risk of PTB in 
Caucasian males in the overdominant model (A/A-G/G vs. A/G, 
OR = 0.32, 95% CI = 0.09–0.84, p = 0.017). No significant association 
between the studied genotypes and risk of PTB was found in 
Caucasian females.

Discussion

Tuberculosis remains a major health problem globally. The 
incidence rate has been decreasing over the years worldwide. However, 
incidence rates still hold high numbers in low- and middle-income 
countries where social and environmental factors dramatically 
contribute to the incidence number (1).

Kazakhstan is a multinational state with wide ethnocultural, 
linguistic, religious, racial, and national diversity, and is the ninth 
largest country by surface area (2.717 million km2) and takes 184th 
place in the world by population density. The population of 
Kazakhstan is over 20 million people and ethnic Kazakhs represent 
over 70% of the total population. Other nationalities include Russians 
(15.6%), Uzbeks (3.2%), Ukrainians (2.0%), Uighurs (1.5%), Germans 
(1.2%), Tatars (1.1%), and other ethnic groups and those who did not 
indicate nationality (5.1%) (39, 40).

TABLE 2 Association between PTB and socioeconomic and environmental risk factors (n  =  1,555).

Risk factors Case,
n (%)

Control,
n (%)

χ2 p-value

Ethnicity
Asian 447 (80.3) 795 (79.7)

0.08 0.78
Caucasian 110 (19.7) 203 (20.3)

Diabetes
No 511 (91.7) 989 (99.1)

57.71 <0.001
Yes 46 (8.3) 9 (0.9)

Drug abuse
No 554 (99.5) 998 (100)

5.39 0.02
Yes 3 (0.5) 0 (0)

Contact with TB
No 525 (94.3) 998 (100)

58.54 <0.001
Yes 32 (5.7) 0 (0)

Residence
Urban 248 (45.5) 439 (44)

0.042 0.84
Rural 309 (55.5) 559 (56)

Alcohol consumption
No 544 (97.7) 984 (98.6)

1.82 0.18
Yes 13 (2.3) 14 (1.4)

Smoking
No 466 (83.7) 865 (86.7)

2.63 0.11
Yes 91 (16.3) 133 (13.3)

HIV
No 543 (98.6) 997 (99.9)

11.09 0.001
Yes 8 (1.4) 1 (0.1)

Employment
No 384 (68.9) 451 (45.2)

81.1 <0.001
Yes 173 (31.1) 547 (54.8)

BMI, kg/m2

<18.49 124 (22.3) 38 (3.8)

206.39 <0.00118.5 > <24.99 359 (64.5) 558 (55.9)

>25.00 74 (13.3) 402 (40.3)

Maternity Leave (females, 

n = 829)

No 239 (96) 580 (100)
23.58 <0.001

Yes 10 (4) 0 (0)

BMI, body mass index; HIV, human immunodeficiency virus; TB, tuberculosis; χ2, Pearson’s chi square.

https://doi.org/10.3389/fpubh.2024.1340673
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yerezhepov et al. 10.3389/fpubh.2024.1340673

Frontiers in Public Health 08 frontiersin.org

TABLE 3 Association between PTB and studied polymorphisms (n  =  1,555).

Polymorphisms Model Genotype Case
n (%)

Control,
n (%)

C-OR (95% 
CI)

p-
value

A-OR (95% 
CI)*

p-
value

VDR FokI

Gen

G/G 240 (43.1) 405 (40.6) 1.00

0.18

1.00

0.1A/G 233 (41.8) 464 (46.5) 1.18 (0.94–1.48) 1.25 (0.97–1.61)

A/A 84 (15.1) 129 (12.9) 0.91 (0.66–1.25) 0.90 (0.63–1.28)

Dom
G/G 240 (43.1) 405 (40.6) 1.00

0.34
1.00

0.23
A/G-A/A 317 (56.9) 593 (59.4) 1.11 (0.90–1.37) 1.15 (0.91–1.46)

Rec
G/G-A/G 473 (84.9) 869 (87.1) 1.00

0.24
1.00

0.19
A/A 84 (15.1) 129 (12.9) 0.84 (0.62–1.12) 0.80 (0.57–1.11)

Overdom
G/G-A/A 324 (58.2) 534 (53.5) 1.00

0.08
1.00

0.04
A/G 233 (41.8) 464 (46.5) 1.21 (0.98–1.49) 1.29 (1.02–1.63)

VDR TaqI

Gen

A/A 313 (56.2) 565 (56.6) 1.00

0.61

1.00

0.47A/G 207 (37.2) 379 (38) 1.01 (0.82–1.26) 1.00 (0.78–1.28)

G/G 37 (6.6) 54 (5.4) 0.81 (0.52–1.26) 0.74 (0.45–1.21)

Dom
A/A 313 (56.2) 565 (56.6) 1.00

0.87
1.00

0.74
A/G-G/G 244 (43.8) 433 (43.4) 0.98 (0.80–1.21) 0.96 (0.76–1.22)

Rec
A/A-A/G 520 (93.4) 944 (94.6) 1.00

0.33
1.00

0.22
G/G 37 (6.6) 54 (5.4) 0.80 (0.52–1.24) 0.74 (0.45–1.20)

Overdom
A/A-G/G 350 (62.8) 619 (62) 1.00

0.75
1.00

0.8
A/G 207 (37.2) 379 (38) 1.04 (0.84–1.28) 1.03 (0.81–1.31)

VDR ApaI

Gen

C/C 161 (28.9) 312 (31.3) 1.00

0.56

1.00

0.49A/C 284 (51) 483 (48.4) 0.88 (0.69–1.12) 0.85 (0.65–1.11)

A/A 112 (20.1) 203 (20.3) 0.94 (0.69–1.26) 0.92 (0.66–1.28)

Dom
C/C 161 (28.9) 312 (31.3) 1.00

0.33
1.00

0.27
A/C-A/A 396 (71.1) 686 (68.7) 0.89 (0.71–1.12) 0.87 (0.67–1.12)

Rec
C/C-A/C 445 (79.9) 795 (79.7) 1.00

0.91
1.00

0.92
A/A 112 (20.1) 203 (20.3) 1.01 (0.78–1.31) 1.01 (0.76–1.36)

Overdom
C/C-A/A 273 (49) 515 (51.6) 1.00

0.33
1.00

0.28
A/C 284 (51) 483 (48.4) 0.90 (0.73–1.11) 0.88 (0.70–1.11)

VDR BsmI

Gen

C/C 324 (58.2) 543 (54.4) 1.00

0.11

1.00

0.06C/T 207 (37.2) 385 (38.6) 1.11 (0.89–1.38) 1.20 (0.94–1.54)

T/T 26 (4.7) 70 (7) 1.61 (1.00–2.57) 1.74 (1.04–2.92)

Dom
C/C 324 (58.2) 543 (54.4) 1.00

0.15
1.00

0.049
C/T–T/T 233 (41.8) 455 (45.6) 1.17 (0.95–1.44) 1.27 (1.00–1.61)

Rec
C/C-C/T 531 (95.3) 928 (93) 1.00

0.06
1.00

0.6
T/T 26 (4.7) 70 (7) 1.54 (0.97–2.45) 1.62 (0.97–2.69)

Overdom
C/C-T/T 350 (62.8) 613 (61.4) 1.00

0.58
1.00

0.02
C/T 207 (37.2) 385 (38.6) 1.06 (0.86–1.32) 1.14 (0.90–1.45)

IL1B

Gen

G/G 180 (32.3) 360 (36.1) 1.00

0.22

1.00

0.66A/G 278 (49.9) 486 (48.7) 0.87 (0.69–1.10) 0.96 (0.74–1.25)

A/A 99 (17.8) 152 (15.2) 0.77 (0.56–1.05) 0.85 (0.60–1.21)

Dom G/G 180 (32.3) 360 (36.1) 1.00 0.13 1.00 0.58

A/G-A/A 377 (67.7) 638 (63.9) 0.85 (0.68–1.05) 0.93 (0.73–1.19)

Rec G/G-A/G 458 (82.2) 846 (84.8) 1.00 0.19 1.00 0.39

A/A 99 (17.8) 152 (15.2) 0.83 (0.63–1.10) 0.87 (0.64–1.19)

Overdom G/G-A/A 279 (50.1) 512 (51.3) 1.00 0.65 1.00 0.91

A/G 278 (49.9) 486 (48.7) 0.95 (0.77–1.17) 1.01 (0.80–1.28)

(Continued)
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TABLE 3 (Continued)

Polymorphisms Model Genotype Case
n (%)

Control,
n (%)

C-OR (95% 
CI)

p-
value

A-OR (95% 
CI)*

p-
value

IFN Gen T/T 312 (56) 525 (52.6) 1.00 0.25 1.00 0.8

A/T 205 (36.8) 381 (38.2) 1.10 (0.89–1.38) 1.05 (0.82–1.34)

A/A 40 (7.2) 92 (9.2) 1.37 (0.92–2.03) 1.15 (0.74–1.79)

Dom T/T 312 (56) 525 (52.6) 1.00 0.2 1.00 0.6

A/T-A/A 245 (44) 473 (47.4) 1.15 (0.93–1.41) 1.07 (0.84–1.35)

Rec T/T-A/T 517 (92.8) 906 (90.8) 1.00 0.16 1.00 0.58

A/A 40 (7.2) 92 (9.2) 1.31 (0.89–1.93) 1.13 (0.73–1.74)

Overdom T/T-A/A 352 (63.2) 617 (61.8) 1.00 0.59 1.00 0.82

A/T 205 (36.8) 381 (38.2) 1.06 (0.86–1.31) 1.03 (0.81–1.31)

MARCO Gen A/A 463 (83.1) 773 (77.5) 1.00 0.03 1.00 0.01

A/G 88 (15.8) 212 (21.2) 1.44 (1.10–1.90) 1.57 (1.15–2.14)

G/G 6 (1.1) 13 (1.3) 1.30 (0.49–3.44) 1.73 (0.59–5.10)

Dom A/A 463 (83.1) 773 (77.5) 1.00 <0.01 1.00 < 0.01

A/G-G/G 94 (16.9) 225 (22.6) 1.43 (1.10–1.87) 1.58 (1.17–2.13)

Rec A/A-A/G 551 (98.9) 985 (98.7) 1.00 0.7 1.00 0.39

G/G 6 (1.1) 13 (1.3) 1.21 (0.46–3.21) 1.59 (0.54–4.67)

Overdom A/A-G/G 469 (84.2) 786 (78.8) 1.00 <0.01 1.00 < 0.01

A/G 88 (15.8) 212 (21.2) 1.44 (1.09–1.89) 1.55 (1.14–2.12)

NOS2 Gen C/C 266 (47.8) 537 (53.8) 1.00 0.056 1.00 0.08

C/T 233 (41.8) 379 (38) 0.81 (0.65–1.00) 1.57 (1.15–2.14)

T/T 58 (10.4) 82 (8.2) 0.70 (0.49–1.01) 1.73 (0.59–5.10)

Dom C/C 266 (47.8) 537 (53.8) 1.00 0.02 1.00 0.08

C/T–T/T 291 (52.2) 461 (46.2) 0.78 (0.64–0.97) 1.58 (1.17–2.13)

Rec C/C-C/T 499 (89.6) 916 (91.8) 1.00 0.15 1.00 0.06

T/T 58 (10.4) 82 (8.2) 0.77 (0.54–1.10) 1.59 (0.54–4.67)

Overdom G/G-T/T 324 (58.2) 619 (62) 1.00 0.14 1.00 0.49

G/T 233 (41.8) 379 (38) 0.85 (0.69–1.05) 1.55 (1.14–2.12)

TLR2 Gen G/G 517 (92.8) 955 (95.7) 1.00 0.03 1.00 0.03

A/G 37 (6.6) 42 (4.2) 0.61 (0.39–0.97) 0.55 (0.33–0.91)

A/A 3 (0.5) 1 (0.1) 0.18 (0.02–1.74) 0.21 (0.02–2.51)

Dom G/G 517 (92.8) 955 (95.7) 1.00 0.02 1.00 0.01

A/G-A/A 40 (7.2) 43 (4.3) 0.58 (0.37–0.91) 0.53 (0.32–0.87)

Rec G/G-A/G 554 (99.5) 997 (99.9) 1.00 0.11 1.00 0.21

A/A 3 (0.5) 1 (0.1) 0.19 (0.02–1.78) 0.22 (0.02–2.62)

Overdom G/G-A/A 520 (93.4) 956 (95.8) 1.00 0.04 1.00 0.02

A/G 37 (6.6) 42 (4.2) 0.62 (0.39–0.97) 0.55 (0.33–0.92)

TLR8 Gen G/G 314 (56.4) 492 (49.3) 1.00 0.02 1.00 0.24

A/G 168 (30.2) 337 (33.8) 1.28 (1.01–1.62) 1.14 (0.88–1.49)

A/A 75 (13.5) 169 (16.9) 1.44 (1.06–1.95) 1.33 (0.93–1.90)

Dom G/G 314 (56.4) 492 (49.3) 1.00 <0.01 1.00 0.14

A/G-A/A 243 (43.6) 506 (50.7) 1.33 (1.08–1.64) 1.20 (0.94–1.52)

Rec G/G-A/G 482 (86.5) 829 (83.1) 1.00 0.07 1.00 0.17

A/A 75 (13.5) 169 (16.9) 1.31 (0.98–1.76) 1.27 (0.90–1.78)

Overdom G/G-A/A 389 (69.8) 661 (66.2) 1.00 0.14 1.00 0.57

A/G 168 (30.2) 337 (33.8) 1.18 (0.94–1.48) 1.08 (0.83–1.39)

*Adjusted by gender, age, BMI, smoking, alcohol consumption, and diabetes; A-OR, adjusted odds ratio; CI, confidence interval; C-OR, crude odds ratio; Dom, dominant; Gen, genotypic; 
IFG, interferon gamma; IL1B, interleukin 1 beta; MARCO, macrophage receptor with collagenous structure; NOS2, nitric oxide synthase 2; Overdom, overdominant; Rec, recessive; TLR2, 
toll-like receptor 2; TLR8, toll-like receptor 8; VDR, vitamin D receptor. A statistically significant values of p and Odds ratios are indicated as bold. Boldness of these indicators are needed to 
highlight the important indicators.
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Approximately 80% of the population of Kazakhstan consists of 
Asian ethnic groups. Caucasian ethnicities represent little less than 
20%. The ratio of Asians and Caucasians in both case and control 
groups of our study population was the same (4:1). We had a response 
rate of 59.4% in the case group and 96.3% in the controls. The 
differences in response rates resulted in uneven representation of 
participants in case and control groups and could subjected to a 
selection bias. Response rate depends on many factors. Recent 
research works show that educated, employed, and economically 
stable persons are keener to participate in the studies or take a survey. 
Also, there is a lower chance that men will agree to participate in the 
case–control or epidemiologic study than women. 53.3% of recruited 
individuals were women which corresponds to recent response rate 
data (41). However, we recruited more men diagnosed with primary 
PTB than women. This confirms that the incidence rate among men 
is higher than among women, in Kazakhstan and globally (1). A low 
response rate in the case groups is normal since being diagnosed with 
a disease or health condition has a strong emotional effect, and 
we recruited patients right after hospitalization and before they started 
their treatment. In addition, there is a decline in response rates of 
case–control or epidemiologic studies, and people are reluctant to 
participate in the study (41). The response rate of 97.9% in the control 
group means healthy people are more likely to agree to participate in 
such studies.

Since social and environmental risk factors play a crucial role in 
TB incidence in low- and middle-income countries, Kazakhstan is not 
an exception. In the current research, we investigated an association 
of risk factors indicated by WHO with the PTB in Kazakhstan. We did 
not find any association between the PTB and such risk factors as 
smoking and regular alcohol consumption. There was no statistically 
significant association between PTB and residency (urban vs. rural). 
We  could not estimate the role of contact with TB patients, HIV 
coinfection, drug abuse, pregnancy, and maternity leave due to the 
lack or low number of participants with these risk factors in the 
control group. However, underweight BMI (<18.49 kg/m2), diabetes, 
and unemployment showed a statistically significant association with 
PTB in our study group. Our findings confirm the results of other 
studies in different countries (42–44).

The disease progression does not depend on social and 
environmental factors alone. Genes regulate almost all processes in 
the human body. The immune response is a complicated process of 
interactions between host and pathogen where proper signaling and 
fast coordination take the central stage (15, 45). In the current 
study, we  investigated the potential associations between 
functionally relevant polymorphisms of VDR (TaqI, ApaI, BsmI, 
and FokI), IL1B, IFG, MARCO, NOS2, TLR2, and TLR8 genes, and 
PTB in Kazakhstani population group. No significant associations 
were observed between IL1B and IFG polymorphisms and PTB 
risk. We could detect the A/A genotype of the TLR2 polymorphism 
(rs1898830) only in 4 individuals and the A allele constituted only 
0.3% of our study population. However, according to the National 
Library of Medicine, the lowest frequency of the A allele (rs1898830) 
was detected in South Asians (over 40%), and the share of this allele 
in the global population is over 66% (46). These findings suggest a 
unique distribution of genotypes of TLR2 rs1898830 polymorphism 
among the Kazakhstani population. However, larger cohort studies 
are needed to identify the correct distribution of genotypes of this 
SNP and its association with PTB.

The association of rs2779248 polymorphism of the NOS2 gene 
with PTB is poorly studied. Velez et al. (47) showed an association of 
several NOS2 SNPs with TB. Gómez et al. (48) showed no individual 
association of the NOS2A gene with TB in the Colombian population. 
Möller et al. (49) reported that genes iNOS and CCL2 play a role in 
susceptibility to tuberculosis in the South African population. Our 
results showed an association of NOS2 gene polymorphism 
(rs2779248) with the lower risk of PTB in Asians.

TLR8 is an intracellularly expressed toll-like receptor and is 
located in the membranes of the endosomal compartment. It 
recognizes foreign single-stranded RNA and regulates the induction 
of IFN and inflammatory cytokines (50). The TLR8 gene locus 
encodes for two splice variants with alternative translation start sites, 
resulting in two variants of TLR8 protein that differ by 19 amino acids 
in the N-terminus, the functional contribution of which is unknown. 
The TLR8 rs3764880 SNP is located in the start codon region and 
regulates the translation of the two main TLR8 isoforms (51). In our 
study, rs3764880 polymorphism of the TLR8 gene did not show a 
significant association with PTB in the overall study group. The 
distribution of this polymorphism varies in many populations. The 
frequency of the A allele of the TLR8 polymorphism (rs3764880) is 
over 70% among Caucasians and less than 20% in Asians, so the 
heterogeneity of the genetic data was the reason for the lack of 
significance in the overall studied cohort. However, this polymorphism 
showed a statistically significant association with increased risk of 
PTB in the codominant model in overall Asians and Asian males but 
not Asian females. The combination of A/G and A/A genotypes was 
also associated with an increased risk of PTB in overall Asians and 
Asian females but not in Asian males. The A/A genotype of TLR8 
polymorphism showed an association with an increased risk of PTB 
among Asian males in the recessive model (G/G-G/A vs. A/A) 
indicating that A/A polymorphism of the TLR8 gene increases the 
susceptibility to PTB almost three-fold in Asian males (OR = 2.71, 95% 
CI = 1.14–6.47, p = 0.02). In addition, the A/G heterozygous genotype 
showed an association with the decreased risk of PTB among 
Caucasian males but not in overall Caucasians and Caucasian females. 
An association between the TLR8 gene (rs3764880) and susceptibility 
to TB was shown in many populations. Zhou et al. (52) found an 
association of TLR8 polymorphisms with TB in the overall population. 
Wang et al. (50) reported an association of TLR8 polymorphisms with 
TB in Chinese Han population. Dalgic et al. (53) found an association 
of TLR8 polymorphism (rs3764880) with TB in Turkish male children. 
Varzari et al. (54) also reported an association of TLR8 polymorphisms 
with TB in Moldavian males. Davila et al. (55) reported a strong allelic 
association with the minor allele A of the rs3764880 with susceptibility 
to pulmonary TB in Indonesian and Russian males. All the 
abovementioned research works confirm the findings of our pilot (56) 
and current studies suggesting that the A/A genotype of TLR8 
polymorphism (rs3764880) is strongly associated with TB risk in 
Asian males and can be a possible biomarker for PTB.

Macrophage receptor with collagenous structure (MARCO) is a 
member of the class A scavenger receptor family. MARCO is expressed 
on the cell surface of macrophages and binds invading intruders. It 
plays an important role in phagocytosis and activation of the immune 
response at early stages of infection (34, 57). MARCO gene has several 
SNPs and one of them, rs2278589 showed an association with TB in 
several populations. Ma et al. (58) reported on the association of two 
MARCO SNPs with TB in the Chinese Han population. Six years later 

https://doi.org/10.3389/fpubh.2024.1340673
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yerezhepov et al. 10.3389/fpubh.2024.1340673

Frontiers in Public Health 11 frontiersin.org

TABLE 4 Association between PTB and studied polymorphisms in Asians and Caucasians.

Polymorphisms Model Genotype Case,
n (%)

Control,
n (%)

C-OR (95 
CI)

p-
value

A-OR  
(95 CI)*

p-
value

Asians (n = 1,242)

VDR FokI Overdom
G/G-A/A 261 (58.4) 427 (53.7) 1.00

0.11
1.00

0.04
A/G 186 (41.6) 368 (46.3) 1.21 (0.96–1.53) 1.32 (1.02–1.72)

VDR BsmI Dom
C/C 263 (58.8) 434 (54.6) 1.00

0.15
1.00

0.045
C/T–T/T 184 (41.2) 361 (45.4) 1.19 (0.94–1.50) 1.31 (1.00–1.71)

MARCO

Gen

A/A 361 (80.8) 586 (73.7) 1.00

0.02

1.00

0.01A/G 80 (17.9) 196 (24.6) 1.51 (1.13–2.02) 1.64 (1.17–2.30)

G/G 6 (1.3) 13 (1.6) 1.33 (0.50–3.54) 1.72 (0.58–5.10)

Dom
A/A 361 (80.8) 586 (73.7) 1.00

<0.01
1.00

<0.01
A/G-G/G 86 (19.2) 209 (26.3) 1.50 (1.13–1.99) 1.65 (1.19–2.28)

Overdom
A/A-G/G 367 (82.1) 599 (75.3) 1.00

<0.01
1.00

<0.01
A/G 80 (17.9) 196 (24.6) 1.50 (1.12–2.01) 1.62 (1.16–2.27)

NOS2

Gen

C/C 223 (49.9) 459 (57.7) 1.00

0.01

1.00

0.04C/T 183 (40.9) 287 (36.1) 0.76 (0.60–0.97) 0.81 (0.62–1.07)

T/T 41 (9.2) 49 (6.2) 0.58 (0.37–0.91) 0.54 (0.33–0.89)

Dom
C/C 223 (49.9) 459 (57.7) 1.00

<0.01
1.00

0.04
C/T–T/T 224 (50.1) 336 (42.3) 0.73 (0.58–0.92) 0.76 (0.59–0.99)

Rec
C/C-C/T 406 (90.8) 746 (93.8) 1.00

0.053
1.00

0.04
T/T 41 (9.2) 49 (6.2) 0.65 (0.42–1.00) 0.59 (0.36–0.96)

TLR8

Gen

G/G 304 (68) 481 (60.5) 1.00

0.61

1.00

0.04A/G 127 (28.4) 265 (33.3) 1.32 (1.02–1.70) 1.29 (0.96–1.72)

A/A 16 (3.6) 49 (6.2) 1.94 (1.08–3.47) 1.95 (1.03–3.70)

Dom
G/G 304 (68) 481 (60.5) 1.00

0.60
1.00

0.03
A/G-A/A 143 (32) 314 (39.5) 1.39 (1.09–1.77) 1.37 (1.04–1.80)

Asian males (n = 597)**

VDR FokI Rec
G/G-A/G 215 (87) 313 (89.4) 1.00

0.37
1.00

0.03
A/A 32 (13) 37 (10.6) 0.79 (0.48–1.31) 0.53 (0.30–0.95)

VDR TaqI Rec
A/A-A/G 232 (93.9) 342 (97.7) 1.00

0.02
1.00

0.045
G/G 15 (6.1) 8 (2.3) 0.36 (0.15–0.87) 0.38 (0.15–1.00)

TLR8

Gen

G/G 177 (71.7) 226 (64.6) 1.00

0.1

1.00

0.044A/G 61 (24.7) 100 (28.6) 1.28 (0.88–1.87) 1.19 (0.77–1.84)

A/A 9 (3.6) 24 (6.9) 2.09 (0.95–4.61) 2.84 (1.18–6.82)

Rec
G/G-A/G 238 (96.4) 326 (93.1) 1.00

0.1
1.00

0.02
A/A 9 (3.6) 24 (6.9) 1.95 (0.89–4.26) 2.71 (1.14–6.47)

Asian females (n = 645)**

VDR BsmI

Gen

C/C 126 (63) 236 (53) 1.00

0.033

1.00

0.017C/T 67 (33.5) 179 (40.2) 1.43 (1.00–2.03) 1.58 (1.04–2.40)

T/T 7 (3.5) 30 (6.7) 2.29 (0.98–5.36) 2.77 (1.07–7.15)

Dom
C/C 126 (63) 236 (53) 1.00

0.02
1.00

<0.01
C/T–T/T 74 (37) 209 (47) 1.51 (1.07–2.12) 1.70 (1.14–2.54)

MARCO

Gen

A/A 160 (80) 318 (71.5) 1.00 0.056 1.00 0.016

A/G 36 (18) 118 (26.5) 1.65 (1.08–2.51) 2.03 (1.23–3.35)

G/G 4 (2) 9 (2) 1.13 (0.34–3.73) 1.59 (0.39–6.42)

Dom A/A 160 (80) 318 (71.5) 1.00 0.02 1.00 <0.01

A/G-G/G 40 (20) 127 (28.5) 1.60 (1.07–2.39) 1.99 (1.23–3.21)

Overdom A/A-G/G 164 (82) 327 (73.5) 1.00 0.017 1.00 <0.01

A/G 36 (18) 118 (26.5) 1.64 (1.08–2.50) 2.01 (1.22–3.31)

(Continued)
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Lao et al. (59) found an association of SNPs in MARCO and CD36 
genes with TB in the Chinese Han population. Bowdish et al. (60) 
found an association of genetic variants of MARCO with PTB 
susceptibility in the Gambian population. Thuong et al. (34) found 
that rs2278589 was associated with susceptibility to TB and Beijing 
lineage of MTB in the Vietnamese population. The absence of the G 
allele in Caucasians and other Asians in our study group gives rise to 
several questions and requires larger cohort studies since this allele is 
present in over three-quarters of the global population (61).

Vitamin D is a strong immune modulator and is a key member of 
the immune response chain (15). The active form of vitamin D binds 
with its receptor, enters the nucleus, and activates the macrophages. 
This process also induces the synthesis of several antimicrobial agents. 
Many VDR gene polymorphisms have been tested for an association 
with TB. The most extensively researched ones are TaqI (rs731236), 
FokI (rs2228570), ApaI (rs7975232), and BsmI (rs1544410). Areeshi 
et al. (62) reported that variant allele A of FokI polymorphism showed 
an increased risk of PTB in Asians. Yadav et al. (63) also found a 
significant association of FokI with TB susceptibility in the Asian 
population. Chen et al. (24) reported an association of the variant 
homozygote genotype of the FokI polymorphism with a significantly 
increased risk of tuberculosis in the recessive model in the Chinese 
population [ff vs. Ff + FF: OR = 1.97, 95% CI: 1.32–2.93, p = 0.0032; 
heterogeneity test: χ(2) = 0.24, p = 0.62], but his finding showed a 
significantly decreased risk of tuberculosis for European subjects 
[bb + Bb vs. BB: OR = 0.41, 95% CI, 0.22–0.76, p = 0.02; heterogeneity 
test: χ(2) = 2.59, p = 0.11] in dominant model. However, our study 
revealed that the A/G genotype of FokI polymorphism of the VDR 
gene is associated with an increased risk of PTB in the overall group 

and Asians, but the A/A genotype was associated with a lower PTB 
risk among Asian males. Lee et al. (64) for a significant association of 
TaqI and BsmI polymorphisms with TB susceptibility in the Han 
Taiwanese population. Mohammadi et  al. (65) investigated the 
association of FokI, TaqI, ApaI, and BsmI polymorphisms of the VDR 
gene with susceptibility to pulmonary tuberculosis in an Iranian 
population. He indicated that TaqI showed a significant association 
with the increased risk of TB in all models. BsmI showed a significant 
positive effect on TB risk only in its dominant genotype (bb + bB/BB) 
[1.44 (1.0, 1.9); p-value: 0.02]. FokI and ApaI did not show any 
significant effects on TB development in Iranian populations in their 
study (65). The recessive model analysis of the association between the 
ApaI polymorphism of the VDR gene and PTB among Caucasians 
showed that the A/A genotype increases susceptibility to PTB in 
Caucasians almost twice. Areeshi et  al. (66) reported that ApaI 
polymorphism of the VDR gene is associated with a decreased risk of 
PTB in the overall, and African population.

To date, there is not much research done on the genetic 
component of susceptibility/predisposition to TB in the population of 
Kazakhstan. Zhabagin et al. (67) found a potential association between 
ApaI and FokI polymorphisms of the VDR gene and TB in Kazakh 
individuals of Almaty and Almaty area (south-east Kazakhstan). 
Sadykov et  al. (25) performed an association study in vitamin D 
pathways with susceptibility to TB in Kazakhstan. They reported that 
FokI and BsmI polymorphisms of the VDR gene were associated with 
a decreased risk of TB (25). In our pilot study, we indicated that the 
heterozygous A/G genotype of the TLR8 gene was associated with an 
increased risk of PTB development in Kazakhs (56). Zhetkenev et al. 
(68) performed a preliminary case–control study in a Kazakhstani 

TABLE 4 (Continued)

Polymorphisms Model Genotype Case,
n (%)

Control,
n (%)

C-OR (95 
CI)

p-
value

A-OR  
(95 CI)*

p-
value

TLR8 Dom G/G 127 (63.5) 255 (57.3) 1.00 0.14 1.00 0.049

A/G-A/A 73 (36.5) 190 (42.7) 1.30 (0.92–1.83) 1.50 (1.00–2.25)

Kazakhs (Asians, n = 1,186)

MARCO Gen A/A 344 (80.4) 553 (73) 1.00 0.02 1.00 <0.01

A/G 78 (18.2) 192 (25.3) 1.53 (1.14–2.06) 1.60 (1.16–2.19)

G/G 6 (1.4) 13 (1.7) 1.35 (0.51–3.58) 1.08 (0.39–2.95)

Dom A/A 344 (80.4) 553 (73) 1.00 <0.01 1.00 <0.01

A/G-G/G 84 (19.6) 205 (27) 1.52 (1.14–2.02) 1.55 (1.14–2.11)

Overdom A/A-G/G 350 (81.8) 566 (74.7) 1.00 <0.01 1.00 <0.01

A/G 78 (18.2) 192 (25.3) 1.52 (1.13–2.04) 1.59 (1.16–2.19)

Caucasians (n = 313)

VDR ApaI Rec C/C-A/C 92 (83.6) 147 (72.4) 1.00 0.023 1.00 0.023

A/A 18 (16.4) 56 (27.6) 1.95 (1.08–3.52) 1.98 (1.08–3.64)

Caucasian males (n = 129)**

TLR8 Overdom A/A-G/G 45 (73.8) 61 (89.7) 1.00 0.017 1.00 0.017

A/G 16 (26.2) 7 (10.3) 0.32 (0.12–0.85) 0.27 (0.09–0.84)

*Adjusted by gender, age, BMI, smoking, alcohol consumption, and diabetes; **gender was excluded from adjustment model; A-OR, adjusted odds ratio; CI, confidence interval; C-OR, crude 
odds ratio; Dom, dominant; Gen, genotypic; IFG, interferon gamma; IL1B, interleukin 1 beta; MARCO, macrophage receptor with collagenous structure; NOS2, nitric oxide synthase 2; 
Overdom, overdominant; Rec, recessive; TLR2, toll-like receptor 2; TLR8, toll-like receptor 8; VDR, vitamin D receptor. A statistically significant values of p and Odds ratios are indicated as 
bold. Boldness of these indicators are needed to highlight the important indicators.
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population. They found a statistically significant association between 
heterozygous rs12722 SNP polymorphism of the COL5A1 gene and 
TB susceptibility.

Our study presents important novel genetic findings. We found 
an association between FokI (rs2228570) and BsmI (rs1544410) 
polymorphisms of the VDR gene and an increased risk of PTB. Our 
study results showed that the A/A genotype of the TLR8 gene 
(rs3764880) is significantly associated with an increased risk of PTB 
in Asians and Asian males. For the first time, an association of 
MARCO gene polymorphism (rs2278589) and PTB risk in the 
Kazakhstani population was studied. It is worth mentioning that the 
G allele of the rs2278589 polymorphism of the MARCO gene was 
detected only in Kazakhs and it increases PTB susceptibility in the 
representatives of Asian ancestry and Asian females. A significant 
association between BsmI (rs1544410) polymorphism of the VDR 
gene and PTB risk among Asian females is also being reported for the 
first time. Another novel finding is the significant association between 
VDR ApaI polymorphism and PTB susceptibility in the Caucasian 
population of Kazakhstan. However, any findings must be interpreted 
with caution. More scientific evidence is required to state any SNP as 
a biomarker and the results of the present study should be validated 
in an independent cohort. This is the first research work that studied 
the epidemiology and genetics of PTB in Kazakhstan on a relatively 
large cohort.

Some limitations in our study that we have to bear in mind when 
interpreting our findings. The differences in the response rates 
between case and control groups led to the uneven representation of 
recruited individuals in our study cohort. The low number of selected 
SNPs is another limitation since we could miss polymorphisms that 
might play a key role in the immune response. We could not detect 
whether were the recruited individuals of the control group latently 
infected by TB since all participants in both groups had been 
vaccinated with BCG.

Conclusion

This is the first study that evaluated the epidemiology and genetics 
of PTB in Kazakhstan on a relatively large cohort. Social and 
environmental risk factors play a crucial role in TB incidence in 
Kazakhstan. Underweight BMI (<18.49 kg/m2), diabetes, and 
unemployment showed a statistically significant association with PTB 
in our study group. FokI (rs2228570) and BsmI (rs1544410) 
polymorphisms of the VDR gene can be used as possible biomarkers 
of PTB in Asian males. rs2278589 polymorphism of the MARCO gene 
may act as a potential biomarker of PTB in ethnic Kazakh individuals. 
BsmI (rs1544410) polymorphism of the VDR gene and rs2278589 
polymorphism of the MARCO gene can be  used as possible 
biomarkers during the estimation of PTB risk in Asian females as well 
as ApaI polymorphism of the VDR gene in Caucasians.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

The studies involving humans were approved by Local Ethics 
Committee of the Private Institution “National Laboratory Astana” 
(01–2020, June 26 2020). The studies were conducted in accordance 
with the local legislation and institutional requirements. The participants 
provided their written informed consent to participate in this study.

Author contributions

DY: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Validation, Writing – original 
draft, Writing – review & editing. AG: Formal analysis, Investigation, 
Methodology, Writing – original draft, Validation. AAkh: Formal 
analysis, Investigation, Methodology, Validation, Writing – original 
draft. UK: Conceptualization, Investigation, Methodology, Writing – 
review & editing. SR: Conceptualization, Data curation, Investigation, 
Validation, Writing – review & editing. UK: Data curation, Investigation, 
Software, Writing – review & editing. GZ: Formal analysis, Investigation, 
Methodology, Writing – original draft. RK: Data curation, Software, 
Writing – review & editing. AAki: Conceptualization, Data curation, 
Investigation, Methodology, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This research 
has been funded by the Committee of Science of the Ministry of 
Science and Higher Education of the Republic of Kazakhstan (Grant 
No. AP09058217) and Nazarbayev University under the Collaborative 
Research Program (Grant No 11022021CRP1511, UK).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1340673/
full#supplementary-material

https://doi.org/10.3389/fpubh.2024.1340673
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1340673/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1340673/full#supplementary-material


Yerezhepov et al. 10.3389/fpubh.2024.1340673

Frontiers in Public Health 14 frontiersin.org

References
 1. Available at: https://www.who.int/news-room/fact-sheets/detail/tuberculosis 

(Accessed December 24, 2023).

 2. Furin J, Cox H, Pai M. Tuberculosis. Lancet. (2019) 393:1642–56. doi: 10.1016/
s0140-6736(19)30308-3

 3. The Global Plan to End TB, (2023-2030). https://www.stoptb.org/global-plan-to-
end-tb/global-plan-to-end-tb-2023-2030 (Accessed December 24, 2023).

 4. Available at: https://www.who.int/teams/global-tuberculosis-programme/tb-
reports/global-tuberculosis-report-2023/tb-disease-burden/1-3-drug-resistant-tb 
(Accessed January 5, 2024).

 5. Available at: https://www.worldbank.org/en/country/kazakhstan/overview 
(Accessed January 4, 2024).

 6. Sakko Y, Madikenova M, Kim A, Syssoyev D, Mussina K, Gusmanov A, et al. 
Epidemiology of tuberculosis in Kazakhstan: data from the unified National Electronic 
Healthcare System 2014–2019. BMJ Open. (2023) 13:e074208. doi: 10.1136/
bmjopen-2023-074208

 7. Available at: https://endtb.org/kazakhstan (Accessed December 24, 2023).

 8. Choi H, Yoo JE, Han K, Choi W, Rhee SY, Lee H, et al. Body mass index, diabetes, 
and risk of tuberculosis: a retrospective cohort study. Front Nutr. (2021) 8:739766. doi: 
10.3389/fnut.2021.739766

 9. Ockenga J, Fuhse K, Chatterjee S, Malykh R, Rippin H, Pirlich M, et al. Tuberculosis 
and malnutrition: the European perspective. Clin Nutr. (2023) 42:486–92. doi: 10.1016/j.
clnu.2023.01.016

 10. Jackson P, Muyanja SZ, Siddharthan T. Health equity and respiratory diseases in 
low- and middle-income countries. Clin Chest Med. (2023) 44:623–34. doi: 10.1016/j.
ccm.2023.03.015

 11. Galagan JE. Genomic insights into tuberculosis. Nat Rev Genet. (2014) 15:307–20. 
doi: 10.1038/nrg3664

 12. Trebucq VS. Numbers of tuberculosis cases: dreams and reality. IntJ Tuberc Lung 
Dis Off J Int Union Tuberc Lung Dis. (2016) 20:1288–92. doi: 10.5588/ijtld.15.0873

 13. Abel L, Fellay J, Haas DW, Schurr E, Srikrishna G, Urbanowski M, et al. Genetics 
of human susceptibility to active and latent tuberculosis: present knowledge and future 
perspectives. Lancet Infect Dis. (2018) 18:e64–75. doi: 10.1016/S1473-3099(17)30623-0

 14. Ravesloot-Chávez MM, Van Dis E, Stanley SA. The innate immune response to 
Mycobacterium tuberculosis infection. Annu Rev Immunol. (2021) 39:611–37. doi: 
10.1146/annurev-immunol-093019-010426

 15. Flynn JL, Chan J. Immune cell interactions in tuberculosis. Cell. (2022) 
185:4682–702. doi: 10.1016/j.cell.2022.10.025

 16. Wani BA, Shehjar F, Shah S, Koul A, Yusuf A, Farooq M, et al. Role of genetic 
variants of vitamin D receptor, toll-like receptor 2 and toll-like receptor 4  in 
extrapulmonary tuberculosis. Microb Pathog. (2021) 156:104911. doi: 10.1016/j.
micpath.2021.104911

 17. Kallmann F, Reisner D. Twin studies on the significance of genetic factors in 
tuberculosis. Am Rev Tuberculosis. (1943) 47:549–74.

 18. Comstock G. Tuberculosis in twins: a re-analysis of the Prophit study. Am Rev Resp 
Dis. (1978) 117:621–4.

 19. Rhoades ER, Frank AA, Orme IM. Progression of chronic pulmonary tuberculosis 
in mice aerogenically infected with virulent Mycobacterium tuberculosis. Tuber Lung Dis. 
(1997) 78:57–66. doi: 10.1016/S0962-8479(97)90016-2

 20. Munoz-Elias EJ, Timm J, Botha T, Chan WT, Gomez JE, McKinney JD. Replication 
dynamics of Mycobacterium tuberculosis in chronically infected mice. Infect Immun. 
(2005) 73:546–51. doi: 10.1128/IAI.73.1.546-551.2005

 21. Manabe YC, Kesavan AK, Lopez-Molina J, Hatem CL, Brooks M, Fujiwara R, et al. 
The aerosol rabbit model of TB latency, reactivation and immune reconstitution 
inflammatory syndrome. Tuberculosis. (2008) 88:187–96. doi: 10.1016/j.tube.2007.10.006

 22. van Tong H, Velavan TP, Thye T, Meyer CG. Human genetic factors in tuberculosis: 
an update. Trop Med Int Health. (2017) 22:1063–71. doi: 10.1111/tmi.12923

 23. Varshney D, Singh S, Sinha E, Mohanty KK, Kumar S, Kumar Barik S, et al. 
Systematic review and meta-analysis of human toll-like receptors genetic polymorphisms 
for susceptibility to tuberculosis infection. Cytokine. (2022) 152:155791. doi: 10.1016/j.
cyto.2021.155791

 24. Chen C, Liu Q, Zhu L, Yang H, Lu W. Vitamin D receptor gene polymorphisms on 
the risk of tuberculosis, a meta-analysis of 29 case-control studies. PLoS One. (2013) 
8:e83843. doi: 10.1371/journal.pone.0083843

 25. Sadykov M, Azizan A, Kozhamkulov U, Akilzhanova A, Yerezhepov D, Salfinger 
M, et al. Association of genetic variations in the vitamin D pathway with susceptibility 
to tuberculosis in Kazakhstan. Mol Biol Rep. (2020) 47:1659–66. doi: 10.1007/
s11033-020-05255-3

 26. Uren C, Henn BM, Franke A, Wittig M, van Helden PD, Hoal EG, et al. A post-
GWAS analysis of predicted regulatory variants and tuberculosis susceptibility. PLoS 
One. (2017) 12:e0174738. doi: 10.1371/journal.pone.0174738

 27. Phelan J, Gomez-Gonzalez PJ, Andreu N, Omae Y, Toyo-Oka L, Yanai H, et al. 
Genome-wide host-pathogen analyses reveal genetic interaction points in tuberculosis 
disease. Nat Commun. (2023) 14:549. doi: 10.1038/s41467-023-36282-w

 28. Stein CM. Genetic epidemiology of tuberculosis susceptibility: impact of study 
design. PLoS Pathog. (2011) 7:e1001189. doi: 10.1371/journal.ppat.1001189

 29. Takeda K, Kaisho T, Akira S. Toll-like receptors. Annu Rev Immunol. (2003) 
21:335–76. doi: 10.1146/annurev.immunol.21.120601.141126

 30. Duan T, Du Y, Xing C, Wang HY, Wang RF. Toll-like receptor signaling and its role 
in cell-mediated immunity. Front Immunol. (2022) 13:812774. doi: 10.3389/
fimmu.2022.812774

 31. Schurz H, Daya M, Möller M, Hoal EG, Salie M. TLR1, 2, 4, 6 and 9 variants 
associated with tuberculosis susceptibility: a systematic review and meta-analysis. PLoS 
One. (2015) 10:e0139711. doi: 10.1371/journal.pone.0139711

 32. Mayer-Barber KD, Andrade BB, Barber DL, Hieny S, Feng CG, Caspar P, et al. 
Innate and adaptive interferons suppress IL-1α and IL-1β production by distinct 
pulmonary myeloid subsets during Mycobacterium tuberculosis infection. Immunity. 
(2011) 35:1023–34. doi: 10.1016/j.immuni.2011.12.002

 33. Shanmuganathan G, Orujyan D, Narinyan W, Poladian N, Dhama S, Parthasarathy 
A, et al. Role of interferons in Mycobacterium tuberculosis infection. Clin Pract. (2022) 
12:788–96. doi: 10.3390/clinpract12050082

 34. Thuong N, Tram T, Dinh T, Thai PVK, Heemskerk D, Bang ND, et al. MARCO 
variants are associated with phagocytosis, pulmonary tuberculosis susceptibility and 
Beijing lineage. Genes Immun. (2016) 17:419–25. doi: 10.1038/gene.2016.43

 35. Mishra B, Lovewell R, Olive A, Zhang G, Wang W, Eugenin E, et al. Nitric oxide 
prevents a pathogen-permissive granulocytic inflammation during tuberculosis. Nat 
Microbiol. (2017) 2:17072. doi: 10.1038/nmicrobiol.2017.72

 36. Gallagher JC, Rosen CJ. Vitamin D: 100 years of discoveries, yet controversy 
continues. Lancet Diabetes Endocrinol. (2023) 11:362–74. doi: 10.1016/
S2213-8587(23)00060-8

 37. Bikle DD. Vitamin D metabolism, mechanism of action, and clinical applications. 
Chem Biol. (2014) 21:319–29. doi: 10.1016/j.chembiol.2013.12.016

 38. Ismailova A, White JH. Vitamin D, infections and immunity. Rev Endocr Metab 
Disord. (2022) 23:265–77. doi: 10.1007/s11154-021-09679-5

 39. Wikimedia Foundation. Kazakhstan. Wikipedia (2023). Available at: https://
en.wikipedia.org/wiki/Kazakhstan (Accessed January 15, 2024).

 40. Available at: https://stat.gov.kz/ru/industries/social-statistics/demography/
publications/6373 (Accessed January 15, 2024).

 41. Galea S, Tracy M. Participation rates in epidemiologic studies. Ann Epidemiol. 
(2007) 17:643–53. doi: 10.1016/j.annepidem.2007.03.013

 42. Lu P, Zhang Y, Liu Q, Ding X, Kong W, Zhu L, et al. Association of BMI, diabetes, 
and risk of tuberculosis: a population-based prospective cohort. Int J Infect Dis. (2021) 
109:168–73. doi: 10.1016/j.ijid.2021.06.053

 43. Nordholm AC, Andersen AB, Wejse C, Norman A, Ekstrøm CT, Andersen PH, 
et al. Social determinants of tuberculosis: a nationwide case-control study, Denmark, 
1990-2018. Int J Epidemiol. (2022) 51:1446–56. doi: 10.1093/ije/dyac109

 44. Költringer FA, Annerstedt KS, Boccia D, Carter DJ, Rudgard WE. The social 
determinants of national tuberculosis incidence rates in 116 countries: a longitudinal 
ecological study between 2005-2015. BMC Public Health. (2023) 23:337. doi: 10.1186/
s12889-023-15213-w

 45. Abreu R, Giri P, Quinn F. Host-pathogen interaction as a novel target for host-
directed therapies in tuberculosis. Front Immunol. (2020) 11:1553. doi: 10.3389/
fimmu.2020.01553

 46. Available at: https://www.ncbi.nlm.nih.gov/snp/rs1898830#frequency_tab 
(Accessed January 5, 2024).

 47. Velez DR, Hulme WF, Myers JL, Weinberg JB, Levesque MC, Stryjewski ME, et al. 
NOS2A, TLR4, and IFNGR1 interactions influence pulmonary tuberculosis 
susceptibility in African-Americans. Hum Genet. (2009) 126:643–53. doi: 10.1007/
s00439-009-0713-y

 48. Gómez LM, Anaya JM, Vilchez JR, Cadena J, Hinojosa R, Vélez L, et al. A 
polymorphism in the inducible nitric oxide synthase gene is associated with tuberculosis. 
Tuberculosis. (2007) 87:288–94. doi: 10.1016/j.tube.2007.03.002

 49. Möller M, Nebel A, Valentonyte R, Van Helden PD, Schreiber S, Hoal EG. 
Investigation of chromosome 17 candidate genes in susceptibility to TB in a south 
African population. Tuberculosis Edinb. (2009) 89:189–94. doi: 10.1016/j.
tube.2008.10.001

 50. Wang MG, Zhang MM, Wang Y, Wu SQ, Zhang M, He JQ. Association of TLR8 
and TLR9 polymorphisms with tuberculosis in a Chinese Han population: a case-control 
study. BMC Infect Dis. (2018) 18:561. doi: 10.1186/s12879-018-3485-y

 51. Gantier MP, Irving AT, Kaparakis-Liaskos M, Xu D, Evans VA, Cameron PU, et al. 
Genetic modulation of TLR8 response following bacterial phagocytosis. Hum Mutat. 
(2010) 31:1069–79. doi: 10.1002/humu.21321

https://doi.org/10.3389/fpubh.2024.1340673
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.who.int/news-room/fact-sheets/detail/tuberculosis
https://doi.org/10.1016/s0140-6736(19)30308-3
https://doi.org/10.1016/s0140-6736(19)30308-3
https://www.stoptb.org/global-plan-to-end-tb/global-plan-to-end-tb-2023-2030
https://www.stoptb.org/global-plan-to-end-tb/global-plan-to-end-tb-2023-2030
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2023/tb-disease-burden/1-3-drug-resistant-tb
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2023/tb-disease-burden/1-3-drug-resistant-tb
https://www.worldbank.org/en/country/kazakhstan/overview
https://doi.org/10.1136/bmjopen-2023-074208
https://doi.org/10.1136/bmjopen-2023-074208
https://endtb.org/kazakhstan
https://doi.org/10.3389/fnut.2021.739766
https://doi.org/10.1016/j.clnu.2023.01.016
https://doi.org/10.1016/j.clnu.2023.01.016
https://doi.org/10.1016/j.ccm.2023.03.015
https://doi.org/10.1016/j.ccm.2023.03.015
https://doi.org/10.1038/nrg3664
https://doi.org/10.5588/ijtld.15.0873
https://doi.org/10.1016/S1473-3099(17)30623-0
https://doi.org/10.1146/annurev-immunol-093019-010426
https://doi.org/10.1016/j.cell.2022.10.025
https://doi.org/10.1016/j.micpath.2021.104911
https://doi.org/10.1016/j.micpath.2021.104911
https://doi.org/10.1016/S0962-8479(97)90016-2
https://doi.org/10.1128/IAI.73.1.546-551.2005
https://doi.org/10.1016/j.tube.2007.10.006
https://doi.org/10.1111/tmi.12923
https://doi.org/10.1016/j.cyto.2021.155791
https://doi.org/10.1016/j.cyto.2021.155791
https://doi.org/10.1371/journal.pone.0083843
https://doi.org/10.1007/s11033-020-05255-3
https://doi.org/10.1007/s11033-020-05255-3
https://doi.org/10.1371/journal.pone.0174738
https://doi.org/10.1038/s41467-023-36282-w
https://doi.org/10.1371/journal.ppat.1001189
https://doi.org/10.1146/annurev.immunol.21.120601.141126
https://doi.org/10.3389/fimmu.2022.812774
https://doi.org/10.3389/fimmu.2022.812774
https://doi.org/10.1371/journal.pone.0139711
https://doi.org/10.1016/j.immuni.2011.12.002
https://doi.org/10.3390/clinpract12050082
https://doi.org/10.1038/gene.2016.43
https://doi.org/10.1038/nmicrobiol.2017.72
https://doi.org/10.1016/S2213-8587(23)00060-8
https://doi.org/10.1016/S2213-8587(23)00060-8
https://doi.org/10.1016/j.chembiol.2013.12.016
https://doi.org/10.1007/s11154-021-09679-5
https://en.wikipedia.org/wiki/Kazakhstan
https://en.wikipedia.org/wiki/Kazakhstan
https://stat.gov.kz/ru/industries/social-statistics/demography/publications/6373
https://stat.gov.kz/ru/industries/social-statistics/demography/publications/6373
https://doi.org/10.1016/j.annepidem.2007.03.013
https://doi.org/10.1016/j.ijid.2021.06.053
https://doi.org/10.1093/ije/dyac109
https://doi.org/10.1186/s12889-023-15213-w
https://doi.org/10.1186/s12889-023-15213-w
https://doi.org/10.3389/fimmu.2020.01553
https://doi.org/10.3389/fimmu.2020.01553
https://www.ncbi.nlm.nih.gov/snp/rs1898830#frequency_tab
https://doi.org/10.1007/s00439-009-0713-y
https://doi.org/10.1007/s00439-009-0713-y
https://doi.org/10.1016/j.tube.2007.03.002
https://doi.org/10.1016/j.tube.2008.10.001
https://doi.org/10.1016/j.tube.2008.10.001
https://doi.org/10.1186/s12879-018-3485-y
https://doi.org/10.1002/humu.21321


Yerezhepov et al. 10.3389/fpubh.2024.1340673

Frontiers in Public Health 15 frontiersin.org

 52. Zhou Y, Zhang M. Associations between genetic polymorphisms of TLRs and 
susceptibility to tuberculosis: a meta-analysis. Innate Immun. (2020) 26:75–83. doi: 
10.1177/1753425919862354

 53. Dalgic N, Tekin D, Kayaalti Z, Cakir E, Soylemezoglu T, Sancar M. Relationship 
between toll-like receptor 8 gene polymorphisms and pediatric pulmonary tuberculosis. 
Dis Markers. (2011) 31:33–8. doi: 10.3233/DMA-2011-0800

 54. Varzari A, Deyneko IV, Vladei I, Grallert H, Schieck M, Tudor E, et al. Genetic 
variation in TLR pathway and the risk of pulmonary tuberculosis in a Moldavian 
population. Infect Genet Evol. (2019) 68:84–90. doi: 10.1016/j.meegid.2018.12.005

 55. Davila S, Hibberd ML, Hari Dass R, Wong HE, Sahiratmadja E, Bonnard C, et al. 
Genetic association and expression studies indicate a role of toll-like receptor 8 in pulmonary 
tuberculosis. PLoS Genet. (2008) 4:e1000218. doi: 10.1371/journal.pgen.1000218

 56. Yerezhepov D, Zhabagin A, Askapuli A, Rakhimova S, Nurkina Z, Abilmazhinova 
A, et al. Genetic diversity of IFγ, IL1β, TLR2, and TLR8 loci in pulmonary tuberculosis 
in Kazakhstan. Cent. Asian J. Glob. Health. (2014) 3:181. doi: 10.5195/cajgh.2014.181

 57. Dorrington MG, Roche AM, Chauvin SE, Tu Z, Mossman KL, Weiser JN, et al. 
MARCO is required for TLR2- and Nod2-mediated responses to Streptococcus 
pneumoniae and clearance of pneumococcal colonization in the murine nasopharynx. 
J Immunol. (2013) 190:250–8. doi: 10.4049/jimmunol.1202113

 58. Ma MJ, Wang HB, Li H, Yang JH, Yan Y, Xie LP, et al. Genetic variants in MARCO 
are associated with the susceptibility to pulmonary tuberculosis in Chinese Han 
population. PLoS One. (2011) 6:e24069. doi: 10.1371/journal.pone.0024069

 59. Lao W, Kang H, Jin G, Chen L, Chu Y, Sun J, et al. Evaluation of the relationship 
between MARCO and CD36 single-nucleotide polymorphisms and susceptibility to 
pulmonary tuberculosis in a Chinese Han population. BMC Infect Dis. (2017) 17:488. 
doi: 10.1186/s12879-017-2595-2

 60. Bowdish DM, Sakamoto K, Lack NA, Hill PC, Sirugo G, Newport MJ, et al. Genetic 
variants of MARCO are associated with susceptibility to pulmonary tuberculosis in a 
Gambian population. BMC Med Genet. (2013) 14:47. doi: 10.1186/1471-2350-14-47

 61. Available at: https://www.ncbi.nlm.nih.gov/snp/rs2278589 (Accessed January 7, 
2024).

 62. Areeshi MY, Mandal RK, Dar SA, Alshahrani AM, Ahmad A, Jawed A, et al. A 
reappraised meta-analysis of the genetic association between vitamin D receptor BsmI 
(rs1544410) polymorphism and pulmonary tuberculosis risk. Biosci Rep. (2017) 37. doi: 
10.1042/BSR20170247

 63. Yadav U, Kumar P, Rai V. FokI polymorphism of the vitamin D receptor (VDR) 
gene and susceptibility to tuberculosis: evidence through a meta-analysis. Infect Genet 
Evol. (2021) 92:104871. doi: 10.1016/j.meegid.2021.104871

 64. Lee SW, Chuang TY, Huang HH, Liu CW, Kao YH, Wu LS. VDR and VDBP genes 
polymorphisms associated with susceptibility to tuberculosis in a Han Taiwanese 
population. J Microbiol Immunol Infect. (2016) 49:783–7. doi: 10.1016/j.jmii.2015.12.008

 65. Mohammadi A, Khanbabaei H, Nasiri-Kalmarzi R, Khademi F, Jafari M, Tajik N. 
Vitamin D receptor ApaI (rs7975232), BsmI (rs1544410), Fok1 (rs2228570), and TaqI 
(rs731236) gene polymorphisms and susceptibility to pulmonary tuberculosis in an 
Iranian population: a systematic review and meta-analysis. J Microbiol Immunol Infect. 
(2020) 53:827–35. doi: 10.1016/j.jmii.2019.08.011

 66. Areeshi MY, Mandal RK, Wahid M, Dar SA, Jawed A, Lohani M, et al. Vitamin D 
receptor ApaI (rs7975232) polymorphism confers decreased risk of pulmonary 
tuberculosis in overall and African population, but not in Asians: evidence from a Meta-
analysis. Ann Clin Lab Sci. (2017) 47:628–37.

 67. Zhabagin M, Abilova Z, Askapuli A, Rakhimova S, Kairov U, Berikkhanova K, 
et al. Vitamin D receptor gene polymorphisms in susceptibility to tuberculosis in the 
Kazakh population in Almaty and Almaty area. Cent Asian J Glob Health. (2014) 2:102. 
doi: 10.5195/cajgh.2013.102

 68. Zhetkenev S, Khassan A, Khamzina A, Issanov A, Crape B, Akilzhanova A, et al. 
Association of rs12722 COL5A1 with pulmonary tuberculosis: a preliminary case-
control study in a Kazakhstani population. Mol Biol Rep. (2021) 48:691–9. doi: 10.1007/
s11033-020-06121-y

https://doi.org/10.3389/fpubh.2024.1340673
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1177/1753425919862354
https://doi.org/10.3233/DMA-2011-0800
https://doi.org/10.1016/j.meegid.2018.12.005
https://doi.org/10.1371/journal.pgen.1000218
https://doi.org/10.5195/cajgh.2014.181
https://doi.org/10.4049/jimmunol.1202113
https://doi.org/10.1371/journal.pone.0024069
https://doi.org/10.1186/s12879-017-2595-2
https://doi.org/10.1186/1471-2350-14-47
https://www.ncbi.nlm.nih.gov/snp/rs2278589
https://doi.org/10.1042/BSR20170247
https://doi.org/10.1016/j.meegid.2021.104871
https://doi.org/10.1016/j.jmii.2015.12.008
https://doi.org/10.1016/j.jmii.2019.08.011
https://doi.org/10.5195/cajgh.2013.102
https://doi.org/10.1007/s11033-020-06121-y
https://doi.org/10.1007/s11033-020-06121-y

	Pulmonary tuberculosis epidemiology and genetics in Kazakhstan
	Introduction
	Materials and methods
	Study subjects
	DNA isolation
	Genotyping
	Statistical analysis

	Results
	Study group
	Epidemiology of pulmonary TB in Kazakhstan
	Demographic characteristics and epidemiological data
	Epidemiological risk factors of pulmonary TB
	Genetics of pulmonary tuberculosis in Kazakhstan
	Genes and polymorphisms
	Association between pulmonary tuberculosis and polymorphisms in the studied genes

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

