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Analysis

Gong W, Duan L and Wu X*

Army Tuberculosis Prevention and Control Key Laboratory/Beijing Key Laboratory of New Techniques of
Tuberculosis Diagnosis and Treatment, Institute for Tuberculosis Research, 8" Medical Center of Chinese PLA
General Hospital, Haidian, Beijing, China

Abstract

Background: Tuberculosis (TB) is a global infectious disease that seriously threatens human health,
but the association between tumor necrosis factor-alpha (TNF-«, TNF) gene and TB remains
controversial.

Methods: Relevant studies published in English or Chinese up to April 12, 2019, were searched
from PubMed, Embase, Metstr, Web of Science, Medline, and CNKI databases. The associations
were estimated by Odds Ratios (ORs) and 95% Confidence Intervals (CIs). The heterogeneity was
evaluated by a Chi® based Q test and an I* test Cochran Q test. Begg’s and Egger’s tests were used to
assess the publication bias.

Results: Forty studies involving 5790 patients with TB and 6529 healthy controls were selected. Our
results showed that the TNF Single Nucleotide Polymorphisms (SNPs) rs361525, rs1800629, and
rs1799724 rather than rs1800630 were significantly associated with TB risk in the overall cohort.
Furthermore, in the subgroup analyses by ethnicity, we found that:1) SNPrs361525 was associated
with a decreased TB risk under the dominant genetic model (OR=0.41, 95% CI [0.28,0.59],
P<0.00001), but an increased TB risk under recessive genetic model (OR=2.45, 95% CI [1.70, 3.51],
P<0.00001) in Asian population. 2) SNPrs1800629 was significantly associated with a decreased
TB risk under the homozygote genetic model (OR=0.14, 95% CI [0.06, 0.32], P<0.00001; OR=0.59,
95% CI [0.38, 0.90], P=0.02) and the dominant genetic model (OR=0.15, 95% CI [0.07, 0.36],
P<0.0001; OR=0.64, 95% CI [0.42, 0.99], P=0.04) in African or Asian population. 3) SNPrs1799724
was associated with an increased TB risk under the homozygote genetic model (OR=2.21, 95% CI
[1.02, 4.79], P=0.04) and the dominant genetic model (OR=2.05, 95% CI [1.33, 3.16], P=0.001), and
a decreased TB risk under the recessive genetic model (OR=0.49, 95% CI [0.32, 0.75], P=0.001) in
Asian population.

Conclusions: This meta-analysis suggested that TNFSNPsrs361525, rs1800629, and rs1799724
rather than rs1800630 might be associated with susceptibility to TB, especially in the Asian
population.

Keywords: Tumor necrosis factor-alpha; Tuberculosis; Single nucleotide polymorphisms; Meta-
analysis; Susceptibility

Abbreviations

CL: Confidence Intervals; CNKI: China National Knowledge Infrastructure; EPTB:
Extrapulmonary TB; HIV: Human Immunodeficiency Virus; MHC: Major Histocompatibility
Complex; OATB: Osteoarticular TB; Ors: Odds Ratios; PTB: Pulmonary TB; SNPs: Single Nucleotide
Polymorphisms; STB: Spinal TB; TB: Tuberculosis; TNF-a: Tumor Necrosis Factor-alpha; WHO:
World Health Organization

Introduction

Tuberculosis (TB) is a significant human infectious disease that has been considered severe and
lethal, responsible for 1.3 million deaths in 2017 globally [1]. As the World Health Organization
(WHO) reports, 1/3 of the people in the world have been infected by Mycobacterium tuberculosis,
whereas only 10% of these infected individuals ever progress to disease [2], which means that the risk
of developing TB in humans is strongly dependent on host-pathogen interactions, the environment,
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Table 1: Quality criteria for the included studies.

Score?
Quality parameter

3 2 1 0
No. of case patients >200 >100 and <200 >50 and <100 <50
No. of hospitals or centers 24 3 2 1
SNP detection method® DNA sequencing AS-PCR, ARMS-PCR, RT-PCR, M-PCR PCR-RFLP, PCR-SSP NA
Matching of case and control subjects® A+G+N A+S, A+N, or S+N A, S,or N None
HIV Negative - - NA

a: The scores based on following studies, 1) Wei L, Zeng Y, Wang J, et al. Predicting sustained viral response to hepatitis C using a rapid and simple 1L28B rs8099917
genotyping assay. Antiviral Res. 2012; 94: 54-56. 2)Liu S, Zhang H, Gu C, et al. Associations Between Hepatitis B Virus Mutations and the Risk of Hepatocellular

Carcinoma: A Meta-Analysis. J Natl Cancer Inst. 2009; 101: 1066-1082.

b: AS-PCR: Allele-Specific Polymerase Chain Reaction; ARMS-PCR: Amplification Refractory Mutation System-Polymerase Chain Reaction; RT-PCR: Real-Time
Polymerase Chain Reaction; PCR-RFLP: Polymerase Chain Reaction with Restriction Fragment Length Polymorphism; PCR-SSP: Polymerase Chain Reaction with

Sequence-Specific Primers; M-PCR: Multiplex Polymerase Chain Reaction.

c: A=Age; G=Gender; N=Nationality.

and the genetic background [3]. Recently, some studies have proven
that TB risk is associated with polymorphisms in candidate genes
related to the immune system and inflammatory response [4-6].

Tumor Necrosis Factor-alpha (TNF-«) is an important cytokine
in the pathogenesis of several inflammatory diseases [7], and the
gene encoding it is located on chromosome 6 within the Major
Histocompatibility Complex (MHC) class III region. The associations
between TNF polymorphisms and the risk of contracting several
inflammatory diseases have been widely reported [8-14]. A growing
number of studies indicated that TNF-« plays an important role in
forming microbiocidal granulomas and inhibiting M. tuberculosis
proliferation [15-17]. Thousands of Single Nucleotide Polymorphisms
(SNPs) in TB patients have been identified based on increasing
numbers of individual gene sequences and whole genomes [18].
Accordingly, a phylogenetic tree was constructed using those SNPs,
and an evolutionary hypothesis for lineages of M. tuberculosis was
proposed [19]. Previous studies have showed that certain SNPs of TNF
gene were associated with the risk of TB or pulmonary TB in different
populations, such as rs361525 (-238G>A) [20-32], rs673 (-244G>A)
(28], rs1800629 (-308G>A) [20,22-40], rs1800750 (-376G>A) [31],
s1799724 (-857C>T) [20,22,25,26,28,29,41], 151800630 (-863C>A)
[20,22,24,25,28,29,41], rs1799964 (-1031T>C) [22], TNF -224G>A
[20], and TNF +488G>A [32]. However, the conclusions of these
studies were inconsistent or even contrary. To avoid the errors
caused by a single study, we performed a meta-analysis based on case-
control designed studies to evaluate the associations between 4 SNPs
(rs361525, rs1800629, rs1799724, and rs1800630) and susceptibility
to TB.

Methods

Ethics committee and institutional review board

Ethical approval was not necessary since this was a meta-analysis
of published articles.

Search strategy

PubMed, Embase, Metstr, Web of Science, Medline, and China
Knowledge Infrastructure (CNKI), http://www.cnki.
net/) were used to search publications on the associations between
TNF polymorphisms and TB susceptibility until April 12, 2019.
All papers were identified with a literature search using the terms
“tuberculosis” or “TB” and “TNF-a” or “tumor necrosis factor-alpha”

National

and “polymorphisms” or “polymorphism.” The searched publications
were limited to English or Chinese language journals.

Inclusion and exclusion criteria

Publications were considered candidates if they meet the
following criteria: 1) It was case-control designed study; 2) The study
should evaluate the associations between TNF polymorphisms and
TB susceptibility; 3) Data of genotype frequencies in TB patients
and healthy controls were available; 4) The study should be openly
published in peer-reviewed journals. Publications were excluded if: 1)
The study belonged to a review or meta-analysis; 2) The study focused
on TB treatment, other diseases, other gene mutations, or animals; 3)
The full text was unavailable; 4) The study was performed in patients
with potential confounding diseases; 5) The study was based on
family members or sibling pairs rather than on the unrelated subjects.

Data extraction and assessment of study quality

Data from the included articles were independently extracted
by two authors (WP Gong and LY Duan) and reviewed by the third
author (XQ Wu) according to our data extraction form. Disagreements
were resolved by discussion. The following data were extracted from
each included study: publication year, first author, country or area,
ethnicity, sample size (cases and controls), number of hospitals or
centers, TB type, Human Immunodeficiency Virus (HIV) status,
mutation site, genotype information, mutation detection method,
age, gender, and nationality.

Two authors (WP Gong and LY Duan) independently conducted
assessments of the study quality by using a 15-point scoring system
(Table 1). Disagreements were resolved by consensus. The scoring
system consisted of elements such as the number of case-patients,
number of hospitals or centers, SNP detection method, matching
of case and control subjects (age, gender, and nationality), and HIV
status, which might be necessary for enhancing the quality of included
studies. The overall score was divided into three categories according
to the distribution of relative quality scores of all the included studies:
1) High-quality studies: overall score>9; 2) Medium-quality studies:
6< overall score <9; 3) Low-quality studies: overall score <6.

Statistical analysis

Reviewer Manager 5 software (Cochrane Community,
London, UK) was used to determine the associations between TNF
polymorphisms and TB susceptibility by Z test, and the results
were presented as Odds Ratios (ORs) with their corresponding
95% Confidence Intervals (95% CI). The heterogeneity of included
publications was evaluated by a Chi? based Q test and an I* test;
two different effect models were used according to the I* value of
heterogeneity assessment. If there was no significant heterogeneity

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

2020 | Volume 2 | Edition 1 | Article 1008


http://www.cnki.net/
http://www.cnki.net/

Wu X, et al.,

Journal of Bacteriology and Vaccine Research

Metstr (n=150) CHKI (n=64)
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All retrieved articles from six databases (n=823)
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Duplicate studies (n=390)

Studies included in this meta-analysis (n=40)

Figure 1: Flow chart of the search strategy and study selection process.

among the included studies (Pheterogeneity>0.01 and 12<50%),
the Fixed-effect model was used [42]; otherwise, the Random-effect
model was used [43]. Five comparison genetic models (allele model,
homozygote model, heterozygote model, dominant model, and
recessive model) were used to evaluate the association between the
chosen polymorphisms of the TNF gene and TB risk. Sensitivity
analysis was conducted to evaluate the influence of the individual
study on the pooled results by removing one study each time. The
potential publication bias was evaluated by using the Begg test and
Egger regression test in Stata 15 software (Stata Corp LLC, Texas,
USA). P<0.05 indicates a significant difference.

Results

Characteristics of included studies

We used unified search terms to search the literature in 6
databases (see Table S1, Supplemental Content, which illustrates the
search terms in six databases). The results showed that 829 articles
were retrieved from these databases (Figure 1). A total of 439 articles
were selected in the primary elections after excluding duplicated
literature. Then, 379 articles were excluded by reading the titles and
abstracts, and 20 articles that did not meet the inclusion criteria were
excluded by reading the full text. Finally, a total of 40 articles that
met the inclusion criteria were included in this meta-analysis [20,22-
41,44-62].

The characteristics of these included studies are listed in Table
2. There were 6529 cases of healthy controls, and 5790 cases of TB in
our meta-analysis, including 4395 cases of Pulmonary TB (PTB), 481
cases of Spinal TB (STB), 208 cases of Extra Pulmonary TB (EPTB),

231 cases of Osteoarticular TB (OATB), and 475 cases where TB types
were not available. Among these included studies, 3 studies were
performed in an African population [36,38,56], 29 in Asian population
[20,22-29,32,33,35,39,41,44-52,54,58-62], and 8 in a Caucasian
population [30,31,34,37,40,53,55,57]. Furthermore, the HIV status
was available in 15 studies (37.5%), and quality scores of 26 studies
(60%) were higher than 5, which suggested that the methodological
quality was high. In addition, a total of 9 TNF SNPs were involved in
these studies, including rs673, rs361525, rs1799724, rs1799964, TNF
+488G>A, 11800629, rs1800630, rs1800750, and TNF -224G>A, and
the distribution of these SNPs among 40 studies was listed in Table
3. Finally, 4 SNPs (rs361525, rs1800629, rs1799724, and rs1800630)
were analyzed in our meta-analysis based on their high distribution
frequencies (see Table S2, Supplemental Content, which illustrates
the genotype distributions in cases and controls).

Meta-analysis of the association between 4 SNPs and TB
susceptibility by overall cohort and ethnicity subgroup

This meta-analysis showed no association between SNP rs1800630
and TB sensitivity under any genetic models in the overall cohort and
ethnicity subgroups (Table 4). However, our meta-analysis revealed
associations between the remaining SNPs (rs361525, rs1800629, and
rs1799724) and TB risk (Table 4).

SNP rs361525 polymorphism

Twenty-four case-control studies on the relationship between
rs361525 polymorphism and TB risk were identified, including
3,431 cases, and 3,934 controls. In the overall cohort analysis,
significant heterogeneity was observed in the allele genetic model,
the homozygotegenetic model, and the heterozygote genetic
model, but not in the dominant genetic model and recessive
genetic model. Thus the Random-effect model and Fixed-effect
model were used, respectively (Table 4). Our results showed that
rs361525 polymorphism was significantly associated with decreased
TB risk under the dominant genetic model but with increased TB
risk under the recessive genetic model in the overall population
(Table 4). To determine the source of heterogeneity, the stratified
analysis by ethnicity was performed. It was found that the rs361525
polymorphism has a significant association with TB risk in the Asian
population rather than the African or Caucasian population. Meta-
analysis showed that rs361525 polymorphism was significantly
associated with decreased TB risk under the dominant genetic model
(Figure 2A), but with increased TB risk under the recessive genetic
model (Figure 2B) in the Asian population.

SNP rs1800629 polymorphism

Thirty-eight case-control studies on the relationship between
rs1800629 polymorphism and TB risk were identified, including
4,945 cases, and 5,683 controls. In the overall cohort analysis,
significant heterogeneity was observed in the allele genetic model and
the heterozygote genetic model, but not in the homozygotegenetic
model, the dominant genetic model, and the recessive genetic model
(Table 4). Therefore, the Random-effect model was used in the
former, and the Fixed-effect model was used in the latter. Overall,
rs1800629 polymorphism was significantly associated with decreased
TB risk under the homozygote genetic model, the dominant genetic
model, and the recessive genetic model (Table 4). In the stratified
analysis by ethnicity, the rs1800629 polymorphism has a significant
association with TB risk in African and Asian populations rather
than the Caucasian population. Our results showed that rs1800629
polymorphism was significantly associated with a decreased TB risk
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A B Control Odds Ratio Odds Ratio Risk of Bias
; i Bustay 4

1.4.3 Asian

Amirzargar 2006 40 40 122 122 Not estimable ® ®

Anoosheh 2011 93 93 103 103 Not estimable

Cheng 2015 65 65 49 50 0.5%  3.97 [0.16, 99.54] —] ®

Fan 2010 1M1 113 113 113 27%  0.20[0.01,4.14) —— 1 o

Ghamari 2016 24 151 34 83 396%  0.27[0.15051] -

Hasan 2014 92 94 79 80 2.0%  0.58[0.05 6.54] =

Li2017 305 306 279 280 1.0%  1.09[0.07,17.56] —

Lin 2011 46 46 3 39 Not estimable @

Lv 2016 13 120 95 100 6.5%  0.85[0.26,2.76] |

Merza 2009 mn7 17 60 60 Not estimable .

Metanat 2013 92 92 194 194 Not estimable L ]

Selvaraj 2001 210 210 119 120 04% 5.28[0.21,130.75] — ®

Shahsavar 2016 100 100 100 100 Not estimable ®

Sharma 2010 183 185 155 155 24%  0.24[0.01,4.95) ——h= * ®

Varahram 2014 24 151 34 83 39.6%  0.27[0.15051] -

Vejbaesya 2007 149 149 147 147 Not estimable

Yang 2010 197 200 193 197 3.1%  1.36[0.30, 6.16] i

Zhang 2017 58 58 46 46 Not estimable

Zheng 2018 240 240 150 150 Not estimable

Zhou 2017 373 373 361 362 0.5%  3.10[0.13,76.34] —_—a

Subtotal (35% CI) 2903 2584 98.3%  0.41[0.28, 0.59] +

Total events 2632 2472 ! + + §

Heterogeneity: Chiz = 14.04, df = 10 (P = 0.17); 2= 20% 0.001 01 1 10 1000

Test for overall effect: Z = 4.85 (P < 0.00001) Decreased TB risk  Increased TB risk

TB Control Odds Ratio Odds Ratio Risk of Bias
B _studyor Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl ABCDEFG

1.5.3 Asian

Amirzargar 2006 0 40 0 122 Not estimable @® [ ]

Anoosheh 2011 0 a3 0 103 Not estimable

Cheng 2015 0 65 1 50 43%  0.25[0.01,6.32] —— ®

Fan 2010 2 13 0 113 12% 5.09[0.24, 107.21] ] L

Ghamari 2016 127 151 49 83 257%  3.67[1.98 681 -

Hasan 2014 2 o4 180 27% 172[0.15, 19.30] —_—r

Li 2017 1 306 1 280 27% 0.91[0.06, 14.69] —T

Lin 2011 0 46 0 39 Not estimable '

Lv 2016 7120 5 100 131%  1.18[0.36, 3.83] e

Merza 2009 0 17 0 80 Not estimable .

Metanat 2013 0 92 0 194 Not estimable [ ]

Selvaraj 2001 0 210 1 120 4.9% 0.19[0.01, 4.68] e .

Shahsavar 2016 0 100 o 100 Mot estimable .

Sharma 2010 2 185 0 155 1.4%  4.24[0.20, 88.92] ——— @ @

Varahram 2014 127 151 49 83 257%  3.67[1.98 681] -

Vejbaesya 2007 0 149 0 147 Not estimable

Yang 2010 3 200 4 197 101%  0.73[0.16,3.33] T

Zhang 2017 0 58 0 46 Not estimable

Zheng 2018 0 240 0 150 Not estimable

Zhou 2017 0 373 1 362 39%  032[0.01,7.95 —

Subtotal (95% CI) 2903 2584 956%  2.45[1.70,3.51] ¢

Total events 27 112 . | s ,

Heterogeneity: Chi* = 14.04, df = 10 (P = 0.17); 1 = 29% 0.001 01 1 10 1000

Test for overall effect: Z = 4.85 (P < 0.00001) Decreased TBrisk Increased TB risk
Figure 2: Odds Ratios (ORs) and 95% Confidence Intervals (Cls) of individual studies for associations between the rs361525 polymorphism and TB in the
Asian population under the dominant genetic model (A), and the recessive genetic model (B). Blue squares represent study-specific estimates, the horizontal
lines represent 95% Cls, and the black diamonds represent summary estimates with corresponding 95% Cls. The size of the squares and diamonds means the
weight assigned to each study. Risk of bias legend, (A) Random sequence generation (selection bias); (B) Allocation concealment (selection bias); (C) Blinding
of participants and personnel (performance bias); (D) Blinding of outcome assessment (detection bias); (E) Incomplete outcome data (attrition bias); (F) Selective
reporting (reporting bias); (G) Other bias.

under the homozygote genetic model and the dominant genetic
model in the African or Asian population (Figure 3).

SNP rs1799724 polymorphism

Ten case-control studies on the relationship between rs1799724
polymorphism and TB risk were identified, including 2,446 cases,
and 1,866 controls. In the overall cohort analysis, there was no
significant heterogeneity in the homozygotegenetic model, dominant
genetic model, and recessive genetic model, and the Fixed-effect
model was used in three genetic models (Table 4). In contrast,
significant heterogeneity was observed in the allele genetic model
and heterozygote genetic model. Thus the Random-effect model
was used. In total population, the data indicated that the rs1799724
polymorphism was significantly associated with increased TB risk
under the homozygote genetic model, and the dominant genetic
model, but with decreased TB risk under the recessive genetic
model (Table 4). In the stratified analysis by ethnicity, the rs1799724
polymorphism has a significant association with TB risk in the
Asian population rather than the African or Caucasian population.

An ethnicity-specific meta-analysis revealed that rs1799724
polymorphism was significantly associated with increased TB risk
under the homozygotegenetic model (Figure 4A) and the dominant
genetic model (Figure 4B), but it was opposite under the recessive
genetic model (Figure 4C) in the Asian population.

Meta-analysis of the association between 4 SNPs and TB
susceptibility by confounders

To further assess the role of these 4 SNPs in susceptibility to TB,
we performed subgroup analyses based on potential confounders
such as the number of hospitals or centers, TB types, and HIV
status. We found significant associations between 4 SNPs and TB
susceptibility in the number of hospitals or centers, TB types, and
HIV status subgroups (Table 5).

Number of hospitals or centers: For the rs361525 polymorphism,
decreased TB risk was observed in the single-center source
population under the allele model, the homozygote genetic model,
the heterozygote model, and the dominant genetic model, and an
increased TB risk under the recessive genetic model. Interestingly,
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B Control Odds Ratio Odds Ratio Risk of Bias
A Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed, 95% CI ABCDEFG
2.2.1 African
Ben-Selma 2011 83 89 70 72 4.9% 0.40 [0.08, 2.02] [~
Fitness 2004 132 134 344 345 27% 0.19 [0.02, 2.13] S SR [ J
Mabunda 2015 51 65 271 276 209% 0.07 [0.02, 0.19] —— [ 1 1]
Subtotal (95% C1) 288 693 28.5% 0.14 [0.06, 0.32] -
Total events 266 685
Heterogeneity: Chiz = 3.40, df = 2 (P = 0.18); I = 41%
Test for overall effect: Z = 4.56 (P < 0.00001)
2.2.3 Asian
Amirzargar 2006 32 3z 89 a0 0.7% 1.09 [0.04, 27.42] — ®
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Kumar 2008 13 113 178 179 0.6% 1.91 [0.08, 47.23] S - [ ]
Li 2017 160 176 186 174 14.2% 0.48 [0.20, 1.16] —
Lin 2011 43 43 40 40 Not estimable ®
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Metanat 2013 78 78 158 159 0.6% 1.49 [0.06, 36.89] e [ ]
©Oh 2007 105 108 81 82 2.4% 0.43 [0.04, 4.23] - 1
Qu 2007 52 52 101 102 0.6% 1.55 [0.06, 38.76] = 1= - @ @
Selvaraj 2001 185 186 103 103 1.0% 0.80 [0.02, 14.80] .
Shahsavar 2016 94 94 62 62 Not estimable ®
Sharma 2010 152 155 130 132 2.5% 0.78 [0.13, 4.74] - 1T @ [ J
Tang 2008 34 34 9%6 96 Not estimable [ ] @
Varahram 2014 122 123 71 71 1.0% 0.57 [0.02, 14.21] - 1
Vejbaesya 2007 128 129 132 132 1.4% 0.32 [0.01, 8.01] I
Yang 2010 174 175 175 177 0.9% 1.99 [0.18, 22.13] ]
Zhang 2017 54 54 50 50 Not estimable
Zheng 2018 217 217 127 127 Not estimable
Zhou 2017 343 343 333 335 0.5% 5.15[0.25, 107.67] P
Subtotal (95% CI) 2856 2887 51.4% 0.59 [0.38, 0.90] L 4
Total events 2806 2857
Heterogeneity: Chi® = 8.98, df = 20 (P = 0.98); I = 0% 0.001 0.1 1 10 1000
Test for overall effect: Z = 2.42 (P = 0.02) Decreased TB risk  Increased TB risk
TB Control Odds Ratio Odds Ratio Risk of Bias
B - -H, Fixed, 95% CI ABCDEFG
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Ben-Selma 2011 125 131 93 95 4.7% 0.45 [0.09, 2.27] i
Fitness 2004 159 161 415 418 2.8% 0.19 [0.02, 2.13] - I [ ]
Mabunda 2015 84 88 362 367 209% 0.08 [0.03, 0.24] —— ee®
Subtotal (95% Cl) 390 878 28.4%  0.15 [0.07, 0.36] -
Total events 368 870
Heterogeneity: Chi* = 3.04, df = 2 (P = 0.22); I = 34%
Test for overall effect: Z = 4.33 (P < 0.0001)
2.4.3 Asian
Amirzargar 2006 40 40 122 123 0.7% 0.99 [0.04, 24.83] .
Anoosheh 2011 a3 93 103 103 Not estimable
Cheng 2015 63 65 50 50 21% 0.25 [0.01, 5.36] —_— ®
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Ghamari 2016 150 151 83 83 1.0% 0.80 [0.02, 14.91] I
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Hasan 2014 93 94 80 80 1.3% 0.39 [0.02, 9.64] =g
Hu 2013 22 25 23 25 26% 0.64 [0.10, 4.19] I [ ]
Jafari 2016 9 96 121 122 5.3% 0.15 [0.02, 1.31] — I
Kumar 2008 145 145 210 211 0.6% 2.07 [0.08, 51.26] ] .
Li 2017 290 306 272 280 14.2% 0.53 [0.22, 1.27] =
Lin 2011 46 46 40 40 Not estimable [ J
Lv 2016 120 120 89 100 0.4% 3.63 [0.15, 80.17] e
Merza 2009 114 117 60 60 2.3% 0.27 [0.01, 5.32] = . 0] @
Metanat 2013 93 83 193 194 0.6% 1.45 [0.08, 35.92] — ‘
Oh 2007 142 145 116 117 2.5% 0.41 [0.04, 3.98] - 1
Qu 2007 61 81 121 122 0.6% 1.52 [0.06, 37.83] I [ ) [ J
Selvaraj 2001 209 210 120 120 1.0% 0.58 [0.02, 14.34] - 1 .
Shahsavar 2016 100 100 100 100 Not estimable
Sharma 2010 182 185 153 155 26% 0.79 [0.13, 4.81] A .
Tang 2008 44 44 108 108 Mot estimable ‘
Varahram 2014 150 151 83 83 1.0% 0.60 [0.02, 14.91] =1
Vejbaesya 2007 148 149 147 147 1.4% 0.34 [0.01, 8.30] - = [
Yang 2010 199 200 195 197 0.9% 2.04 [0.18, 22.69] -1
Zhang 2017 58 58 50 50 Not estimable
Zheng 2018 240 240 150 150 Not estimable
Zhou 2017 373 373 380 362 0.5% 5.18[0.25, 108.27] ]
Subtotal (95% CI) 3544 3495 50.7% 0.64 [0.42, 0.99] L 4
Total events 3494 34865 v 4 + |
Heterogeneity: Chi? = 8.19, df = 20 (P = 0.99); I = 0% 0.001 0.1 1 10 1000
Test for averall effect: Z = 2.02 (P = 0.04) Decreased TB risk  Increased TB risk
Figure 3: Odds Ratios (ORs) and 95% Confidence Intervals (Cls) of individual studies for associations between the rs1800629 polymorphism and TB under the
homozygote genetic model (A) and the dominant genetic model (B) in African or Asian population.

for the rs1800629 polymorphism, similar results were observed in
the multi-center source population under five genetic models. Unlike
rs361525 and rs1800629, rs1799724 polymorphism had a significantly
increased TB susceptibility under the homozygote genetic model,
and the dominant genetic model in both single-center source
population and multi-center source population, respectively. On the
contrary, rs1799724 polymorphism had a significantly decreased TB

susceptibility under the recessive genetic model in the population of
both sources.
TB types

For the rs361525 polymorphism, decreased TB risk was observed
in PTB rather than other TB types (including EPTB, STB, OATB, and
NA listed in Table 2 under the homozygote genetic model, and the
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B Control Odds Ratio Odds Ratio Risk of Bias
A tu r ro Events T Even | Weigh -H ndo % Cl M-H. Ral m, 95% Cl A
5.2.3 Asian
Dong 2011 221 225 228 235 129% 1.70 [0.48, 5.88] o ST ]
Ghamari 2018 85 9 35 43 14.1% 3.24 [1.05, 10.02] |
Li 2017 202 212 186 192 15.2% 0.65[0.23, 1.83] =
Ma 2010 409 412 371 391 13.1% 7.35[2.17, 24.93] e .
Merza 2009 69 75 42 42 4.1% 0.13[0.01, 2.29] - [ ]
Sharma 2010 154 154 123 125 3.7% 6.26 [0.30, 131.49] ] + (€]
Varahram 2014 85 91 35 43 14.1% 3.24 [1.05, 10.02] .
Zheng 2018 132 132 172 175 3.9% 5.38 [0.28, 105.00] e
Subtotal (95% CI) 1392 1246 81.1% 2.21[1.02,4.79] o
Total events 1357 1192
Heterogeneity: Tau? = 0.58; Chi* = 14.70, df = 7 (P = 0.04); I* = 52% r()‘0()1 0“-1 1 1‘0 1000I
Test for overall effect: Z =2.01 (P = 0.04) Decreased TB risk Increased TB risk
B Control Odds Ratio Odds Ratio Risk of Bias
B tudy or Subgrou Events Total Events Total Weight M-H, Fixed, 95% M-H, Fixed, 95% CI ABCDETFG
5.4.3 Asian
Dong 2011 298 302 295 302 10.8% 1.77 [0.51, 6.10] | o ®
Ghamari 2016 145 151 75 83 10.6% 2.58 [0.886, 7.70] i
Li 2017 296 306 274 280 25.8% 0.65 [0.23, 1.81] =
Ma 2010 540 543 524 544 8.0% 6.87 [2.03, 23.26] = [ ]
Merza 2009 11 117 60 60 12.1% 0.14 [0.01, 2.56] = = | . ®
Sharma 2010 185 185 153 155  1.2% 6,04 [0.29, 126.81) — @ L ]
Varahram 2014 145 151 75 83 10.6% 2.58 [0.86, 7.70] [
Zheng 2018 240 240 198 201 1.2% 8.48[0.44, 165.17] ]
Subtotal (95% CI) 1995 1708 80.5% 2.05 [1.33, 3.16] *
Total events 1960 1654
Heterogeneity: Chi? = 13.65, df = 7 (P = 0.06); I = 49% b_001 QH 1 1'0 10.30I
Test for overall effect: Z = 3.26 (P = 0.001) Decreased TB risk Increased TB risk
C B Control Odds Ratio Odds Ratio Risk of Bias
-H. Fi 9 -H, Fixed, 95% Cl ABCDEFG
5.5.3 Asian
Dong 2011 4 302 7 302 9.9% 0.57 [0.16, 1.95] s ®
Ghamari 2016 6 151 8 83 14.3% 0.39 [0.13, 1.16] = |
Li 2017 10 308 6 280 8.7% 1.54 [0.55, 4.30] 1T
Ma 2010 3 543 20 544 28.6% 0.15 [0.04, 0.49] —=— <)
Merza 2009 [ 117 ) 60 09% 7.05[0.39, 127.36] -1 .
Sharma 2010 0 185 2 155 3.9% 0.17 [0.01, 3.47] = e[ = @ [ ]
Varahram 2014 6 151 8 83 14.3% 0.39 [0.13, 1.16] =
Zheng 2018 0 240 3 20 5.5% 0.12 [0.01, 2.30] [
Subtotal (95% CI) 1995 1708 86.0% 0.49 [0.32, 0.75] <
Total events 35 54 ; " |
Heterogeneity: Chi? = 13.65, df = 7 (P = 0.06); 1> = 49% 0.001 0.1 1 10 1000

Test for overall effect: Z = 3.26 (P = 0.001)

Decreased TB risk

Increased TB risk

Figure 4: Odds ratios (ORs) and 95% confidence intervals (Cls) of individual studies for associations between the rs1799724 polymorphism and TB under the
allele genetic model (A), the homozygote genetic model (B), the dominant genetic model(C), and the recessive genetic model (D) in Asian population.

lence limits

s funnel plot with

Figure 5: Begg's funnel plot analysis for the evaluation of potential publication bias in 40 included articles under the allele genetic model. (A) rs361525, (B)
rs1800629, (C) rs1799724 and (D) rs1800630.

homozygote genetic model, the dominant genetic model, and the
recessive genetic model. Differently, rs1799724 polymorphism had
a significantly increased TB susceptibility under the homozygote

dominant genetic model, but an increased TB risk under the recessive
genetic model. For the rs1800629 polymorphism, the similar
results were observed in PTB rather than other TB types under the
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studes Country or Sample Source of Type of HIV Mutation Coses atehing faceors © Qualit
No Y Ethnicity size Cases/ HWE® P Mutation site detection Sender Y
] area population® B¢ status " Mean age ] score’
Year First author controls method (Male/ Age Gender nationality
(year) Eemale)
7
15361525,
1 2018 Zheng, M.F. China ES Asian 2401150 >0.05 1 sTB Negative 51800629, DNA NA NA + + + 12
rs1799724, sequencing
and
s
Eolon
151800629,
) 1s1799724,
2 2017 L, QF. China ES Asian 306/280 0.67 2 PTB NA 800630 PCR-RFLP 47.69£13.37 173133 . . + 8
and
151799964
3 2017 Ceylan, E. Turkey Caucasian 69170 NA 1 NA NA 151800629 PCR-RFLP 37.8+127 47122 + + + 5
15361525,
4 2017 Zhou. Y. China ES Asian 373/362 >0.05 4 NA NA M-PCR 45.11214.53 1991174 E E . 9
151800629
rs361525,
5 2017 | Zhang, Y. K. China ES Asian 58/50 NA 1 sTB Negative 80062 PCR-SSP 37.21£13.15 4018 + + + 9
Shahsavar, ) 361525, and
6 2016 ansavar Iran SW Asian 1001100 NA 1 PTE NA " an PCR-RFLP 30.65+3.87 40/60 + + . 5
F 151800629
TSTB00623,
7 2016 v, Y. China ES Asian 1207100 005 1 oaTe Negative | rs361525,and | PCR-RFLP 401185 72/48 + + . 9
151800630
ARMS-
8 2016 Jafari, M. Iran SW Asian 96122 005 3 PTB NA 151800629 i 51431 56/40 E . + 6
Ghorghanlu, ) )
9 2016 e Iran SW Asian 1241200 091 3 NA Negative 151800629 AS-PCR NA 7153 . . . 10
5361525,
151800629,
10 | 2016 Ghamari, E. Iran SW Asian 15183 NA 1 PTB NA 00724 PCR-RFLP 4924212 78073 + + + 6
s’ 3
andrs1800630
11 | 2015 | Mabunda N. | Mozambique African 1021456 052 3 PTB Negative 151800629 RT-PCR 338213 57145 E E . 10
15361525,
12 | 205 Cheng, Z.G. China ES Asian 65/50 005 1 oaTB Negative 80062 AS-PCR 39.24+13.56 38127 + + + 10
) DNA
13 | 2015 Caliskan, T Turkey Caucasian 92/42 0.44 3 PTB NA 151800629 2075+ 13.87 7022 + N + 9
sequencing
15361525,
14 | 2014 Hasan, K. K. Iraq SW Asian 94/80 039 1 PTB NA 80062 PCR-SSP 435617 7024 + + + 5
TS361525,
15 2014 varahram, Iran SW Asian 151/83 048 1 PTB NA 51800629, PeR- 4874221 78173 + + + 6
™. and RFLP
151799724
) PCR-
16 | 2013 Hu, Y.L, China ES Asian 25125 NA 1 NA NA 151800629 s NA NA E . . 2
17 2013 Metanat, M. Iran SW Asian 1001194 052 1 PTel NA 5361525, and PCR-SSP NA 49/51 + + + 5
EPTB 151800629
Ben-Selma, N PTBI
18 | 2011 " Tunisia African 13195 095 1 core Negative 151800629 PCR-RFLP 44and39g 68/63 + + . 9
] 15361525,
19 | 2011 Lin, C. Y. China ES Asian 46/40 1 1 oaTe NA AS-PCR 3924136 2017 . + . 5
151800629
. ARMS-
20 | 2011 Dong, J. China ES Asian 302/302 NA 1 PTB Negative 1s1799724 on 34.7416.2 219/83 + + . 1u
5361525,
244,
21 | 201 Ancosheh, Iran SW Asian 937103 039 2 PTB NA 11800629, PCR-RFLP 50.04 NA E + + 5
s. 1s1799724
and
s
i
151800629,
22 2010 Sharma, S. India ES Asian 185/155 1 2 PTB Negative 51799724, NA 3216+ 13.8 78/107 - - + 7
151800630,
and
1s1799964
15361525,
23 | 2010 Fan, H. M. China ES Asian 113/113 077 1 PTB NA PCR-RFLP 711 11300 . + - 6
151800629
rs1799724, ARMS.
2 | 2010 Ma, M.J. China ES Asian 543/544 0.04 2 PTB NA and oon 34.75 £ 16.67 151/302 . + . 9
151800630
15361525,
25 | 2010 Yang, H. China ES Asian 200/197 >005 2 PTB NA posiacent PCR-SSP 33.1£10.7 112/88 E . . 5
TS3BT525,
244,
2 | 2000 Merza, M. Iran SW Asian 117/60 0.79 1 PTB NA 151800629, PCR-RFLP NA NA + + + 6
rs1799724,
151800630
27 | 2000 Trajkov, D. Macedonia Caucasian 75/301 01089 2 PTB NA 5331;205&‘;263 PCR-SSP 2059 NA E . + 4
rs
28 | 2008 Tang, M. Q. China ES Asian 44108 0.54 1 PTB NA 151800629 PCR-RFLP NA NA E . . 2
) ARMS-
20 | 2008 Kumar, V. India ES Asian 1451211 0.12 3 NA NA 151800629 A 339 91/54 . . . 9
5361525,
1800629, ARMS-
30 2008 Ates, O. Turkey Caucasian 128/80 1 1 NA NA © and PCR 47.84 £12.6 80/48 + + + 7
1s1800750
3 | 2007 Qu,Y. China ES Asian 611122 011 1 PTB Negative 151800629 PCR-RFLP 69.345.9 61/0 + + + 8
- 758,
Vejbaesya, N
32 | 2007 N Thailand ES Asian 149/147 051 1 PTB Negative | rs361525, and PCR-SSP 17:70 87/62 + + + 9
. 151800629
) ARMS-
3 | 2007 Oh, J. H. Korea ES Asian 1450117 018 2 PTB Negative 151800629 oon 498and47g 100145 + + . 12
34 | 2008 Oral, H. B. Turkey Caucasian 81/50 005 1 NA NA 151800629 PCR-SSP NA NA + + . 5
Amirzargar, ) 15361525,
3 | 2006 P Iran SW Asian 41123 027 1 PTB NA posiacent PCR-SSP NA NA E . . 2
) 15361525,
3 | 2005 | correa,P.A. Colombia Caucasian 1351430 0.82 1 PTB Negative 100000 PCR-RFLP 40416 177118 E + . 8
rs
5361525, ARS.
37 | 2004 Fitness, J. Malawi African 181/533 0.1536 1 NA Negative 151800629, i >15 NA + + . 10
rs1800630
ARMS-
3 | 2003 Scola, L. Sicilia Caucasian 451114 081 1 PTB NA 151800629 on NA NA + + + 5
TST800629,
39 2002 Delgado, Cambodia Caucasian 358/106 NA 1 PTB Negative 1s1799724, PCR-RFLP 4224141 1341224 - - + 8
Je 151800630,
151799964
) ) 15361525,
40 | 2001 Selvaraj, P. India ES Asian 210/120 04 2 PTB NA NA 37.741.1 164/46 E . . 5
151800629
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a: HWE=Hardy-Weinberg Equilibrium, the data listed here indicate the HWE value of controls.

b: Source of population was obtained from each full article, the number in each form represent the number of hospitals or centers registered by TB patients. NA means
this information was not given in the article.

c: EPTB=Extrapulmonary TB; OATB=Osteoarticular tuberculosis; PTB=Pulmonary TB; STB=Spinal TB; TB=tuberculosis.

d: ARMS-PCR=Amplification Refractory Mutation System-Polymerase Chain Reaction; AS-PCR=Allele-Specific PCR; DNA=Deoxyribonucleic Acid; M-PCR=Multiplex
Polymerase Chain Reaction; PCR-RFLP=Polymerase Chain Reaction-Restriction Fragment Length Polymorphism; PCR-SSP=Polymerase Chain Reaction-Sequence
Specific Primers; RT-PCR=Real Time-Polymerase Chain Reaction.

e: There are three matching factors in this meta-analysis, age, gender, and nationality. If age, gender and nationality were matched in case group and control group,
it was labeled +, otherwise it was labeled as -.

f: Studies that received an overall score of 9 or higher were classified as high-quality studies, those with an overall score of 6-8 were classified as medium-quality
studies, and those with an overall score of 5 or lower were considered low-quality studies for the purpose of this analysis. These cut points were chosen according to
the distribution of relative quality scores of all included studies.

g: The TB patients were divided into different groups, such as PTB and EPTB. Each number indicates the mean age of each group of TB patients, respectively.

Table 3: Distribution of gene polymorphism of studies included in the meta-analysis.

First author Year SNP”
TNF-224 rs361525 rs673 rs1800629 rs1800750 TNF+488 rs1799724 rs1800630 rs1799964

Amirzargar, A. A. 2006 o . o . o o o o o
Anoosheh, S. 2011 o ° ° ° o o ° ° o
Ates, O. 2008 o . o ° . o o o o
Ben-Selma, W. 2011 o o o ° o o o o o
Caliskan, T. 2015 o o o . o o o o o
Ceylan, E. 2017 o o o ° o o o o o
Cheng, Z.G. 2015 o . o . o o o o o
Correa, P. A. 2005 o ° ) ° o o o o o
Delgado, J. C. 2002 o o o . o o . ° .
Dong, J. 2011 o o o o o o ° o o
Fan, H. M. 2010 o . o . o o o o o
Fitness, J. 2004 o ° o ° o o o ° o
Ghamari, E. 2016 o ° o . o o . ° o
Ghorghanlu, S. 2016 o o o ° o o o o o
Hasan, K. K. 2014 o . o ° o o o o o
Hu, Y.L. 2013 o o o . o o o o o
Jafari, M. 2016 o o o . o o o o o
Kumar, V. 2008 o o o ° o o o o o
Li, Q.F. 2017 o ° o ° o o ° ° °
Lin, C.Y. 2011 o ° o . o o o o o
Lv, Y.J. 2016 o ° o . o o o ° o
Ma, M.J. 2010 o o o o o o . ° o
Mabunda, N. 2015 o o o . o o o o o
Merza, M. 2009 o ° . ° o o . ° o
Metanat, M. 2013 o ° o ° o ) o o o
Oh, J. H. 2007 o o o . o o o o o
Oral, H. B. 2006 o o o ° o o o o o
Qu, Y. 2007 o o o . o o o o o
Scola, L. 2003 o o o ° o o o o o
Selvaraj, P. 2001 o . o . o o o o o
Shahsavar, F. 2016 o . o ° o o o ) o
Sharma, S. 2010 o ° o ° o o . ° o
Tang, M. Q. 2008 o o o . o o o o o
Trajkov, D. 2009 o . o . o o o o o
Varahram, M. 2014 o ° o ° o o ° ) o
Vejbaesya, S. 2007 o . o ° o . o o o
Yang, H. 2010 o ° o . o o o o o
Zhang, Y.K. 2017 o ° o ° o o o o o
Zhou. Y. 2017 o ° o . o o o o o
Zheng, M.F. 2018 . ° o ° o o . . o

*.

: @ = Presence of SNP, o = absence of SNP
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Table 4: Meta-analysis of the genetic polymorphisms of the TNF-a gene and susceptibility to TB by ethnicity and overall cohort.

SNP2 Comparison Studies Participants Test of association” Test of heterogeneity Models?
OR (95%CI) Pvalue Che B P
rs361525 (TNF-238)
African GvsA 1 1428 1.25[0.74, 2.11] 0.4 NA NA NA R
GG vs AA 1 626 Not estimable NA NA NA NA R
GG vs GA 1 714 1.27 [0.74, 2.17] 0.39 NA NA NA R
GG+GA vs AA 1 714 Not estimable NA NA NA NA R
AA vs GA+GG 1 714 Not estimable NA NA NA NA R
Caucasian GvsA 3 2298 0.67 [0.32, 1.41] 0.29 4.59 56% 0.1 R
GG vs AA 3 955 0.97 [0.11, 8.75] 0.98 0.08 0% 0.78 F
GG vs GA 3 1146 0.58 [0.26, 1.30] 0.19 4.94 60% 0.24 R
GG+GA vs AA 3 1149 1.11[0.12, 10.01] 0.93 0.02 0% 0.9 F
AA vs GA+GG 3 1149 0.90[0.10, 8.17] 0.93 0.02 0% 0.9 F
Asian GvsA 20 10974 0.71[0.47, 1.06] 0.09 92.91 80% <0.00001 R
GG vs AA 20 5012 0.49[0.19, 1.23] 0.13 28.15 64% 0.002 R
GG vs GA 20 5104 0.68 [0.45, 1.02] 0.06 60.81 69% <0.00001 R
GG+GA vs AA 20 5487 0.41[0.28, 0.59] <0.00001 14.04 29% 0.17 F
AA vs GA+GG 20 5487 2.45[1.70, 3.51] <0.00001 14.04 29% 0.17 F
Total GvsA 24 14700 0.73[0.52, 1.02] 0.06 105.67 78% <0.00001 R
GG vs AA 24 6593 0.51[0.22, 1.20] 0.12 29.57 59% 0.003 R
GG vs GA 24 6964 0.70[0.49, 0.99] 0.05 77.72 70% <0.00001 R
GG+GA vs AA 24 7350 0.42[0.29, 0.60] <0.00001 14.88 19% 0.25 F
AA vs GA+GG 24 7350 2.38[1.67, 3.39] <0.00001 14.88 19% 0.25 F
rs1800629 (TNF-308)
African GvsA 3 2536 0.58[0.32, 1.04] 0.07000 10.78 81% 0.005 R
GG vs AA 3 981 0.14 [0.06, 0.32] <0.00001 3.4 41% 0.18 F
GG vs GA 3 1238 0.70[0.47, 1.06] 0.09 3.61 45% 0.16 R
GG+GA vs AA 3 1268 0.15[0.07, 0.36] <0.0001 3.04 34% 0.22 F
AA vs GA+GG 3 1268 0.05[0.02, 0.08] 0.26 25.91 92% <0.00001 R
Caucasian GvsA 8 4352 1.19[0.95, 1.49] 0.33000 11.43 39% 0.12 R
GG vs AA 8 1841 1.17 [0.66, 2.08] 0.58000 5.58 0% 0.47 F
GG vs GA 8 2114 1.24[0.94, 1.63] 0.12 13.99 50% 0.05 F
GG+GA vs AA 8 2176 1.15[0.65, 2.04] 0.62 5.59 0% 0.47 F
AA vs GA+GG 8 2176 0.00 [-0.02, 0.01] 0.69 7.32 4% 0.4 F
Asian GvsA 27 14078 0.81[0.65, 1.00] 0.05 74.54 65% <0.00001 R
GG vs AA 27 5743 0.59 [0.38, 0.90] 0.02 8.98 0% 0.98 F
GG vs GA 27 6959 0.80[0.63, 1.02] 0.07 76.56 66% <0.00001 R
GG+GA vs AA 27 7039 0.64 [0.42, 0.99] 0.04 8.19 0% 0.99 F
AA vs GA+GG 27 7039 0.01[0.00, 0.01] 0.05 21.69 0% 0.71 F
Total GvsA 38 20966 0.84[0.70, 1.01] 0.06 116.87 68% <0.00001 R
GG vs AA 38 8565 0.58[0.42, 0.79] 0.0005 35.28 15% 0.23 F
GG vs GA 38 10311 0.85[0.70, 1.04] 0.11 102.45 64% <0.00001 R
GG+GA vs AA 38 10483 0.61[0.45, 0.83] 0.002 32.02 6% 0.037 F
AA vs GA+GG 38 10483 0.01[0.00, 0.01] 0.002 53.69 31% 0.04 F
rs1799724 (TNF-857)
African CvsT 1 392 0.41[0.23, 0.72] 0.002 NA NA NA R
CCvsTT 1 136 3.08[0.15, 65.52] 0.47 NA NA NA F
CCvsCT 1 194 0.26 [0.14, 0.51] <0.00001 NA NA NA R
CC+CTvs TT 1 196 4.611[0.22, 97.19] 0.33 NA NA NA F
TTvs CT+CC 1 196 0.22[0.01, 4.58] 0.33 NA NA NA F
Caucasian CvsT 1 926 0.91[0.48, 1.71] 0.76 NA NA NA R
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CCvsTT 1 442 1.10[0.39, 3.11] 0.85 NA NA NA F
CCvsCT 1 443 0.55[0.16, 1.91] 0.35 NA NA NA R
CC+CTvsTT 1 463 1.13[0.40, 3.18] 0.82 NA NA NA F
TT vs CT+CC 1 463 0.89[0.31, 2.50] 0.82 NA NA NA F
Asian CvsT 8 7406 0.99 [0.68, 1.44] 0.95 57.08 88% <0.00001 R
CCvsTT 8 2638 2.21[1.02, 4.79] 0.04 14.70 52% 0.04 R
CCvsCT 8 3614 0.91[0.58, 1.42] 0.67 57.83 88% <0.00001 R
CC+CTvs TT 8 3703 2.05[1.33,3.16] 0.001 13.65 49% 0.06 F
TT vs CT+CC 8 3703 0.49[0.32, 0.75] 0.001 13.65 49% 0.06 F
Total CvsT 10 8724 0.91[0.64, 1.28] 0.58 67.99 87% <0.00001 R
CCvsTT 10 3216 1.96 [1.32, 2.91] 0.0008 16.16 44% 0.06 F
CCvsCT 10 4251 0.78[0.50, 1.21] 0.27 72.68 88% <0.00001 R
CC+CTvsTT 10 4362 1.92[1.30, 2.84] 0.001 15.03 40% 0.09 F
TT vs CT+CC 10 4362 0.52[0.35, 0.77] 0.001 15.03 40% 0.09 F
rs1800630 (TNF-863)
African CvsA 1 1164 1.29[0.88, 1.90] 0.19 NA NA NA R
CCvs AA 1 440 1.00 [0.25, 3.93] 1 NA NA NA R
CCvs CA 1 572 1.421[0.91, 2.20] 0.12 NA NA NA R
CC+CA vs AA 1 582 0.92[0.24, 3.61] 0.91 NA NA NA R
AA vs CA+CC 1 582 1.08 [0.28, 4.25] 0.91 NA NA NA R
Caucasian CvsA 1 924 1.18 [0.86, 1.64] 0.31 NA NA NA R
CCvs AA 1 266 1.54 [0.78, 3.06] 0.22 NA NA NA R
CCvsCA 1 412 1.04 [0.65, 1.66] 0.87 NA NA NA R
CC+CA vs AA 1 462 1.51[0.79, 2.89] 0.21 NA NA NA R
AAvs CA+CC 1 462 0.66 [0.35, 1.26] 0.21 NA NA NA R
Asian CvsA 8 6460 0.87 [0.67, 1.13] 0.31 20.58 66% 0.004 R
CCvs AA 8 2315 0.62[0.28, 1.35] 0.23 14.27 51% 0.05 R
CCvsCA 8 3118 0.93[0.68, 1.27] 0.65 20.41 66% 0.005 R
CC+CA vs AA 8 3230 0.64 [0.29, 1.41] 0.27 14.80 53% 0.04 R
AA vs CA+CC 8 3230 1.56 [0.71, 3.46] 0.27 14.80 53% 0.04 R
Total Cvs A 10 8548 0.95[0.76, 1.19] 0.64 27.54 67% 0.001 R
CCvs AA 10 3021 0.77 [0.41, 1.45] 0.42 19.53 54% 0.02 R
CCvs CA 10 4102 0.99 [0.76, 1.27] 0.91 2391 62% 0.004 R
CC+CA vs AA 10 4274 0.79[0.42, 1.46] 0.44 19.71 54% 0.02 R
AA vs CA+CC 10 4274 1.27 [0.69, 2.37] 0.44 19.71 54% 0.02 R

a: SNP=Single Nucleotide Polymorphism.

b: The statistical method used in Test of association is Mantel-Haenszel method. OR=0dds Ratio, Cl=Confidence Interval.

c: Pheterogeneity=P value of heterogeneity.

d: R=Random-effect model, F=Fixed-effect model. The effect model used in test of heterogeneity was determined by the I> and Pheterogeneity value of total.

genetic model and the dominant genetic model, but a decreased TB
susceptibility considerably under the recessive genetic model in PTB
type. Furthermore, a reduced TB risk was observed in other TB types
under the allele genetic model and the heterozygote genetic model.
For the rs1800630 polymorphism, only a significantly increased TB
risk was found in the other TB types under the heterozygote genetic
model.

HIV status

For the rs361525 polymorphism, decreased TB risk was observed
in the HIV negative population under the allele model and the
heterozygote model. In addition, we also found a decreased TB risk
under the dominant genetic model, and an increased TB risk under
the recessive genetic model in HIV NA population. For the rs1800629
polymorphism, a decreased TB risk was found in the HIV negative
population under the homozygote genetic model and the dominant

genetic model, but an increased TB risk under the recessive genetic
model. For rs1799724 polymorphism, opposite results were observed
in the HIV NA population under the homozygote genetic model, the
dominant genetic model, and the recessive genetic model.

Sensitivity analysis and potential publication bias

To determine the robustness of the pooled results, we conducted a
sensitivity analysis by sequentially removing each study. In our present
meta-analysis, there was statistically significant heterogeneity in all
4 SNPs. First, for rs361525 polymorphism, significant heterogeneity
was observed under the allele genetic model, the homozygote genetic
model, and the heterozygote model, and sensitivity analysis showed
that there were four studies [25,26,30,54] respectively influencing
the result of the I? values and Pheterogeneity. Second, for rs1800629
polymorphism, significant heterogeneity was observed under the
allele genetic model and the heterozygote genetic model, the I values
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Table 5: Results of subgroup analysis by number of hospitals or centers, TB types, and HIV status.

Allele model Homozygote model Heterozygote model Dominant model Recessive model
Sub Studies Casel
group control | OR (95% ) » OR(95% 5 OR (95% ) OR (95% 2 OR (95% )
cly ! Pne«emge..emy cly ! Pheltmgenewy cly ! Phekemgenzny cl) ! Phelemgenelly cly I Pne«emge..emy
rs361525 (TNF-238)
Number of hospitals or centers®
1 17 1esor2a16 "84 0421 004 | 08 | <0.00001 [g'i; 0007 | 059 | 002 [3'32 004 077 ° [ggg © o004 | 04 [izg © 004 04
0.98] 0.70] 097] 000001 | o2 0.00001 437 | 000001
0.89 [0.61 122 0.85 1.16 0.86
=2 7 1442/1518 | P 29'] 'l 054 0.28 0.22 [0.42, 0.71 0 0.73 [0.60, 0.38 0.09 0.36 [0.43, 0.77 0 0.74 [0.32, 0.77 0 0.74
i 3.55] 1.22) 3.12] 2.33]
TB types
0.37 0.70 0.36 2.80
PTB 16 222012569 © 72048 015 | 082 | <0.00001 [0.15 0.03 | 056  0.02 [0.44 014 | 076 < [0.24 N 0.02 042 [1.91 < 002 042
1.12] 093] 112] 0.00001 057] 0.00001 410] 0.00001
0.70 [0.44 0.91 0.61 1.05 0.95
Others® 9 1311/1559 | 1 10'] 'l 0.12 0.37 0.12 [0.30, 0.86 0 0.39 [0.34, 0.09 05 0.04 [0.36, 0.92 0 0.38 [0.32, 0.92 0 0.38
) 2.76] 1.08] 3.09] 2.78]
HIV status
HIV 0.63 [0.45, 0.76 0.57 0.85 118
Negative 8 1133/1615 0.89] 0.009 0.48 0.06 [0.28, 0.59 0 0.7 [0.35, 0.02 0.64 0.007 [0.33, 0.73 0 0.67 [0.46, 0.73 0 0.67
i 2.06] 0.91] 2.17] 3.01]
0.46 0.79 0.37 2.69
HVNA | 16 22082310 “%210%0 044 | 084 <o0000L (016, | 044 065 0004 | (049, | 033 @071 _ [0.25 © o024 023 | [183 © 024 023
1.36] 1.29] 1.27] 0.00001 0.55] 0.00001 3.95] 0.00001
rs1800629 (TNF-308)
Number of hospitals or centers
0.84 [0.64, 0.82 0.81 < 0.86 1.16
1 25 2803/3106 | 1 10'] '|0.21 0.7 |<0.00001  [0.53, 0.35 0 0.85 [0.59, 0.17 0.7 0.00001 [0.56, 0.51 0 0.92 [0.75, 0.51 0 0.92
. 1.25] 1.10] ) 1.33] 1.78)
0.77 [0.60. 0.40 < 0.80 0.43 2.35
22 11 1957/2432 098’] 'l 0.04 0.66 0.001 [0.25, 0.0001 0.46 0.05 [0.65, 0.04 0.36 0.11 [0.27, 0.0003 | 0.41 0.08 [1.48, 0.0003 | 0.41 0.08
) 0.63] ) 0.99] 0.67] 3.72]
TB types
0.81[0.63 0.48 < 0.84 < 0.51 1.94
PTB 23 3105/3617 | 1 0?;] ' 0.08 75% |<0.00001 | [0.34, 0.0001 12% 0.3 [0.65, 0.19 70% 0.00001 [0.36, 0.0003 | 0% 0.47 [1.36, 0.0003 | 0% 0.47
: 0.69] : 1.09] : 0.74] 2.78]
0.86 [0.66 1.05 0.80 112 0.89
Others 15 1886/2210 | 1 13'] 'l 0.29 52% 0.01 [0.55, 0.88 4% 0.4 [0.60, 0.12 47% 0.02 [0.58, 0.73 0% 0.45 [0.46, 0.73 0% 0.45
. 2.03] 1.06] 2.16] 1.71]
HIV status
HIV 0.80 [0.59, 0.50 0.81 0.52 1.93
Negative 14 2050/2622 | P Oé] 'l 015 72% | <0.00001| [0.32, 0.002 | 49% 0.03 [0.59, 0.18 59% 0.006 [0.33, 0.004 | 43% 0.05 [1.24, 0.004 | 43% 0.05
9 ’ 0.78] 1.11] 0.81] 3.02]
0.87[0.69, 0.67 0.87 < 0.72 1.39
HIV NA 24 | 2895/3061| 024 67% |<0.00001 | [0.43, 0.07 0% 0.79 [0.66, 0.29 68% [0.47, 0.14 0% 0.85 [0.90, 0.14 0% 0.85
1.10] 0.00001
1.03) 1.13] 1.11] 2.15]
151799724 (TNF-857)
Number of hospitals or centers
0.86 050 172 0.74 B 1.68 0.60
1 6 1319/784 | P 48‘] 'l 0.59 | 89%% | <0.00001 | [1.04, 0.04 0.27 0.24 [0.36, 0.42 0.89 0.00001 [1.02, 0.04 0.12 0.34 [0.36, 0.04 0.12 0.34
i 2.84] 1.52] ) 2.76] 0.98]
0.98 [0.61 2.38 0.85 2.35 0.43
22 4 1127/1082 | ] 56'] 'l 092 |85%%  0.0002 [1.25, 0.008 | 0.69 0.02 [0.49, 0.56 0.85 | 0.0002 [1.24, 0.009 | 0.69 0.02 [0.22, 0.009 | 0.69 0.02
) 4.52) 1.46] 4.45) 0.81]
TB types
1.05 [0.80, 191 0.95 1.84 0.54
PTB 9 2206/1716 | 1 37'] ' 075 0.75 | <0.0001 [1.28, 0.001 | 0.49 0.05 [0.70, 0.77 0.71 | 0.0005 [1.24, 0.003 | 0.43 0.08 [0.37, 0.003 | 0.43 0.08
: 2.84] 1.30] 2.73] 0.81]
0.30 [0.20, < 5.38 0.18 < 8.48 0.12
Others 1 240/150 ) 045'] ' 0.00001 NA ¢ NA [0.28, 0.27 NA NA [0.11, 0.00001 NA NA [0.44, 0.16 NA NA [0.01, 0.16 NA NA
i ) 105.00] 0.30] ) 165.17] 2.30]
HIV status
HIV 0.76 [0.39, 171 0.57 < 1.83 0.55
Negative 4 1085/713 1.48] 0.42 0.88 | <0.00001 | [0.84, 0.14 0 0.58 [0.23, 0.23 0.91 0.00001 [0.91, 0.09 0 0.48 [0.27, 0.09 0 0.48
) 3.44] 1.43] : 3.68] 1.09]
1.03[0.70, 2.09 0.96 1.96 0.51
HIV NA 6 1361/1153 |~ 1 51i ' 0.88 0.83 | <0.0001 [1.30, 0.002 | 0.64 0.02 [0.63, 0.87 0.8 0.0001 [1.22, 0.005 0.6 0.03 [0.32, 0.005 0.6 0.03
: 3.37] 1.48] 3.14] 0.82]
rs1800630 (TNF-863)
Number of hospitals or centers
1.15[0.95 1.39 1.18 1.34 0.74
1 6 1167/1032 |~ 4 38‘] 'l 015 0%% 0.83 [0.76, 0.28 0.05 0.39 [0.94, 0.16 0 0.63 [0.71, 0.37 0.11 0.35 [0.39, 0.37 0.11 0.35
i 2.53] 1.47) 2.55] 1.41]
0.75 [0.51 0.46 0.81 0.49 2.06
22 4 1127/1082 | 4 12’] 'l 016 | 81%%  0.001 [0.19, 0.09 | 0.61 0.05 [0.50, 0.4 0.81 0.001 [0.20, 0.11 | 0.63 0.04 [0.84, 0.11 | 0.63 0.04
: 1.12) 1.31] 1.18) 5.03]
TB types
0.88[0.67 0.80 0.87 0.83 1.20
PTB 7 1753/1331 | 1 17'] 'l 038 0.74 0.0009 [0.38, 0.57 0.65 0.009 [0.64, 0.38 0.65 0.008 [0.40, 0.63 0.65 0.009 [0.58, 0.63 0.65 0.009
i 1.70] 1.18) 1.73] 2.50]
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0.65 1.38 061 1.65
Others 3 541/783 1‘1152']87' 0.32 0 0.45 [0.16, | 055 | 023 027 [1o1, | 005 | © 0.82 [015, | 049 | 023 | 027 [0.40, | 049 | 023 | 027

: 2.66] 1.89] 2.50] 6.78]

HIV status

v 111 093, 121 1.16 1.23 0.81
Negaive | © 10841044 T 0 0.23 0 0.71 077, | 041 0 0.44 [0.92, 0.2 0 0.55 079, | 036 0 0.41 052, | 036 | 0 0.41

1.92] 1.45] 1.91] 1.26]

081055, 0.55 0.84 0.58 173
HIV NA 5 12100070 "L 027 | 076 | 0.002 [018, | 029 | 052 0.08 [054, | 045 | 076 0002 & [0.20, & 032 | 051 | 009 [059, | 032 | 051 009

1.67] 1.31] 1.70] 5.10]

a: The statistical method used in Test of association is Mantel-Haenszel method. OR=0dds Ratio, Cl=Confidence Interval.

=P value of heterogeneity.

: Phe(erogeneily

c: Number of hospitals or centers were obtained from each full article, the number in each form represent the number of hospitals or centers registered by TB patients.

d: Others, the other TB types including EPTB, STB, OATB, and NA.
e: NA=Not Applicable.

Table 6: Begg's and Egger's tests for the evaluation of potential publication bias under allele genetic model.

Begg's regression analysis Egger's regression analysis
SNP Groups Number of studies
P-value Intercept [95% confidence interval] P-value t-value
Pooled 24 0.000 2.852263 [-1.438772, 7.143298] 0.181 1.38
African 1 NA NA NA NA
rs361525
Caucasian 3 0.296 -0.1117765 [-1.270911, 1.047358] 0.436 -1.23
Asian 20 0.013 6.270712 [1.051285, 11.49014] 0.021 2.53
Pooled 38 0.943 0.0303175 [-0.03660599, 0.4266949] 0.877 0.16
African 3 0.296 1.509799 [-6.030845, 9.050444] 0.238 2.54
rs1800629
Caucasian 8 0.902 -0.1145969 [-1.79884, 1.569646] 0.873 -0.17
Asian 27 0.575 -0.1341091 [-0.5513733, 0.2831551] 0.513 -0.66
Pooled 10 0.128 -0.8502204 [-2.69953, 0.9990891] 0.320 -1.06
African 1 NA NA NA NA
rs1799724
Caucasian 1 NA NA NA NA
Asian 8 0.621 -0.4462863 [-3.165534, 2.272961] 0.702 -0.40
Pooled 10 0.592 -0.1729943 [-1.028426, 0.6824379] 0.653 -0.47
African 1 NA NA NA NA
rs1800630
Caucasian 1 NA NA NA NA
Asian 8 0.711 -0.1642557 [-1.005393, 0.6768819] 0.650 -0.48

NA=Not Applicable

were less than 50%, and Pheterogeneity was higher than 0.01 after
removing two studies [23,36]. Third, for rs1799724 polymorphism,
there was significant heterogeneity under the allele genetic model and
the heterozygote genetic model, and the heterogeneity disappeared
after excluding three studies [20,41,49]. Finally, for rs1800630
polymorphism, the I values and Pheterogeneity in the allele genetic
model and the heterozygote genetic model were changed by removing
three studies [22,28,29].

Moreover, to evaluate the publication bias of the included
studies in our meta-analysis, Begg’s test, Egger’s test, and funnel
plots were performed under the allele genetic model of each SNP by
pooled (Figure 5 and Table 6) and ethnicity subgroups (Figure S1-
S4, Table 6). The results showed that the funnel plots of rs1799724,
rs1800629 and rs1800630 did not reveal apparent asymmetry under
the allele model by pooled (Figure 5) or subgroups, and the results of
Egger’s test and Begg’s test also showed no publication bias (Table
6). However, the funnel plot of rs361525 revealed evident asymmetry
under the allele genetic model in the pooled population (Figure 5A),
and the publication bias is derived from the Asian population (Figure
S1B). The same results were showed by Begg’s test (Table 6, P=0.013)
and Egger’s test (Table 6, P=0.021). The potential sources of the bias
in rs361525 might be contributed by following factors: (1) The quality
of two included studies [25,26] is questionable because they both
came from the same research institute and their genotype distribution

was significantly inconsistent with other studies. Furthermore, we
found that publication bias disappeared when we removed them; (2)
Ten included studies have high risk of bias (showed as solid circles
in Figure 2-4) in sample size [40,47,50,54,60], the ratio of case and
control [27,30,40,49,50,54,56,57], TB combined with other diseases
[33,50-52,55], SNP genotyping method was not given [29,58], and
others mistakes [36,37,41], which might induce the publication
biases; (3) Studies with null results should have the same scientific
value as studies with significant results, but statistically significant
results are three times more likely to be published than papers with
invalid results [63].

Discussion

TB has existed for thousands of years and is a major global
health problem. Prevention of new M. tuberculosis infection and its
progression to TB are critical to reducing the burden of disease and
death caused by TB. For the past few years, accumulating evidence
has indicated that the genetic background of the host influences the
outcome of some infectious diseases [64,65], including TB. Genome-
Wide Association Studies (GWAS) and meta-analyses have been used
to analyze the genetic basis of TB, and some susceptibility genes and
SNPs have been identified [21,66-70].

The TNF gene, a locus on the human chromosome 6 and mouse
chromosome 17, is well known as encoding cytokine TNF-a for
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granuloma formation in a TB infection. Previous studies have proven
that deficiency of TNF in a mouse model could result in failing to form
organized granulomas and accelerating the death of M. tuberculosis-
infected mice [71], which indicated that TNF played a key role in
formation and maintenance of granuloma as well as inhibiting M.
tuberculosis dissemination in an animal model. Subsequently, similar
evidence was observed in human beings [72]. With the development
of genetics and molecular biology, the accumulated data showed
that several polymorphisms of TNF gene were associated with TB in
different populations, including TNF +488G>A) [32], TNF -224G>A
[20], rs361525 [20,22-32], rs673 [28], rs1800629 [20,22-32,34-
40], rs1800750 [31], rs1799724 [20,22,25,26,28,29,41], rs1800630
[20,22,24,25,28,29,41], and rs1799964 [22]. However, the results of
these studies were always inconsistent. Several factors may explain
the discrepancy between the results of different studies: 1) Differences
in ethnic genetic background led to differences in the results of
these studies; 2) Other confounders, such as the number of cases
and controls, patient selection criteria, SNP detection method, and
HIV status, may have affected the consistency and reliability of the
results; 3) Environmental factors might play an important role in TB
infection and disease development.

To avoid these disadvantages of individual study, we performed
this meta-analysis to evaluate the associations between TNF
polymorphism and TB susceptibility. In the overall analysis,
no significant association was observed between the rs1800630
polymorphism and TB risk under any genetic models. However,
significant associations were found between rs361525, rs1800629, as
well as rs1799724 polymorphisms and TB risk. Furthermore, in the
stratified analysis by ethnicity, our meta-analysis demonstrated that
these three SNPs were associated with TB risk in the Asian population
and African population, especially in the Asian population. Our meta-
analysis was consistent with three previous meta-analyses [21,69,70],
but was contrary to 3 other previous meta-analyses conducted by
Pacheco et al., [73], Zhang et al., [74], and Wang et al., [75]. These
meta-analyses did not find any association between TNFSNPs
rs361525 and rs1800629 and TB susceptibility. The possible reasons
for this inconsistency may be the following aspects: inclusion of small
sample size in the previous meta-analyses, non-uniformly defined
cases, and different ethnic sub-groups among various studies.

Comparing with previous meta-analyses, this meta-analysis has
several advantages: 1) The candidate studies were retrieved from 6
databases, and the number of finally included studies was more
than any those in the previous meta-analysis, which enhanced the
reliability and integrity of our research; 2) More than ten newly
published articles were included in this meta-analysis, which
provided a more accurate overview for the relationship between
TNF SNPs and TB risk; 3) We were the first to detect the association
between SNPs rs361525, rs1800629, rs1799724, and rs1800630 and
TB risk under five genetic models; 4) crucial several confounding
factors including TB types, number of hospitals or centers, and HIV
status were included in this meta-analysis. However, there were
several limitations in this meta-analysis: 1) The number of included
studies in the African population was only three, which might reduce
the accuracy and reliability of this meta-analysis; 2) Only articles
written in English and Chinese were included in our meta-analysis;
other language articles and unpublished data were omitted, which
might cause publication bias and data inaccuracy; 3) Cohort studies
were not included in the meta-analysis, cohort studies will allow the
evaluation of a causal relationship between the SNPs and TB risk; 4)

The relationship between TNFSNPs and other confounders such as
age, gender, BMI (Body Mass Index), and environmental factors were
not discussed in this study.

Conclusion

Insummary, this meta-analysis suggested that TNFSNPsrs361525,
rs1800629, and rs1799724rather than rs1800630were significantly
associated with TB susceptibility, especially in Asians. Additionally,
the essential confounding factors, such as TB types, number of
hospitals or centers, and HIV status, might play an important role
in TB susceptibility. These findings provide new insights into the
association of SNPs in the inflammation and immune-related TNF
with susceptibility to TB. It is necessary to confirm our results by
performing further studies with a large sample size, different ethnic
groups, and potential confounder factors in the future.

Acknowledgments

This study was supported by grants from the National Natural
Science Foundation of China (81801643), the Beijing Municipal
Science & Technology Commission (Z181100001718005 and
191L2065), and the Chinese PLA General Hospital (QNC19047).

References
1. WHO. Global tuberculosis report 2018.

2. Small PM, Fujiwara PI. Management of tuberculosis in the United States.

N Engl ] Med. 2001; 345: 189-200.

Cooke GS, Hill AV. Genetics of susceptibility to human infectious disease.
Nat Rev Genet. 2001; 2: 967-977.

Bowdish DM, Sakamoto K, Lack NA, Hill PC, Sirugo G, Newport M]J,
et al. Genetic variants of MARCO are associated with susceptibility to
pulmonary tuberculosis in a Gambian population. BMC Med Genet. 2013;
14:47.

Shah JA, Vary JC, Chau TT, Bang ND, Yen NT, Farrar JJ, et al. Human
TOLLIP regulates TLR2 and TLR4 signaling and its polymorphisms are
associated with susceptibility to tuberculosis. ] Immunol. 2012; 189: 1737-
1746.

Zhang ], Zheng L, Zhu D, An H, Yang Y, Liang Y, et al. Polymorphisms in
the interleukin 18 receptor 1 gene and tuberculosis susceptibility among
Chinese. PloS one. 2014; 9: e110734.

Kadam PD, Chuan HH. Erratum to: Rectocutaneous fistula with
transmigration of the suture: a rare delayed complication of vault fixation
with the sacrospinous ligament. Int Urogynecol J. 2016; 27: 505.

Santos MJ, Carmona-Fernandes D, Caetano-Lopes J, Perpetuo IP, Vidal B,
Capela S, etal. TNF promoter -308 G>A and LTA 252 A>G polymorphisms
in Portuguese patients with systemic lupus erythematosus. Rheumatol Int.
2012; 32: 2239-2244.

Ahmed HH, Taha FM, Darweesh Hel S, Morsi HM. Association between
TNF promoter -308 G>A and LTA 252 A>G polymorphisms and systemic
lupus erythematosus. Molecular Biology Reports. 2014; 41: 2029-2036.

10. Bandil K, Singhal P, Sharma U, Hussain S, Basu S, Parashari A, et al.
Impacts of TNF-LTA SNPs/Haplotypes and Lifestyle Factors on Oral

Carcinoma in an Indian Population. Mol Diagn Ther. 2016; 20: 469-480.

11. Azevedo ZM, Moore DB, Lima FC, Cardoso CC, Bougleux R, Matos GI,
et al. Tumor necrosis factor (TNF) and lymphotoxin-alpha (LTA) single
nucleotide polymorphisms: importance in ARDS in septic pediatric

critically ill patients. Human Immunol. 2012; 73: 661-667.

12. Kumar P, Misra S, Kumar A, Kishor Pandit A, Chakravarty K, Prasad K.
Association between Lymphotoxin Alpha (-252G/A and -804C/A) Gene

Polymorphisms and Risk of Ischemic Stroke: A Meta-Analysis. Acta

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

13

2020 | Volume 2 | Edition 1 | Article 1008


https://apps.who.int/iris/handle/10665/274453
https://pubmed.ncbi.nlm.nih.gov/11463015/
https://pubmed.ncbi.nlm.nih.gov/11463015/
https://pubmed.ncbi.nlm.nih.gov/11733749/
https://pubmed.ncbi.nlm.nih.gov/11733749/
https://pubmed.ncbi.nlm.nih.gov/23617307/
https://pubmed.ncbi.nlm.nih.gov/23617307/
https://pubmed.ncbi.nlm.nih.gov/23617307/
https://pubmed.ncbi.nlm.nih.gov/23617307/
https://pubmed.ncbi.nlm.nih.gov/22778396/#:~:text=These data demonstrate that TOLLIP,polymorphisms with any infectious disease.
https://pubmed.ncbi.nlm.nih.gov/22778396/#:~:text=These data demonstrate that TOLLIP,polymorphisms with any infectious disease.
https://pubmed.ncbi.nlm.nih.gov/22778396/#:~:text=These data demonstrate that TOLLIP,polymorphisms with any infectious disease.
https://pubmed.ncbi.nlm.nih.gov/22778396/#:~:text=These data demonstrate that TOLLIP,polymorphisms with any infectious disease.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4216003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4216003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4216003/
https://pubmed.ncbi.nlm.nih.gov/26811110/
https://pubmed.ncbi.nlm.nih.gov/26811110/
https://pubmed.ncbi.nlm.nih.gov/26811110/
https://link.springer.com/article/10.1007%2Fs11033-014-3051-7
https://link.springer.com/article/10.1007%2Fs11033-014-3051-7
https://link.springer.com/article/10.1007%2Fs11033-014-3051-7
https://pubmed.ncbi.nlm.nih.gov/27312561/
https://pubmed.ncbi.nlm.nih.gov/27312561/
https://pubmed.ncbi.nlm.nih.gov/27312561/
https://pubmed.ncbi.nlm.nih.gov/22507624/
https://pubmed.ncbi.nlm.nih.gov/22507624/
https://pubmed.ncbi.nlm.nih.gov/22507624/
https://pubmed.ncbi.nlm.nih.gov/22507624/
https://europepmc.org/article/med/26707826
https://europepmc.org/article/med/26707826
https://europepmc.org/article/med/26707826

Wu X, et al.,

Journal of Bacteriology and Vaccine Research

13.

14.

15.

16.

17.

1

o

19.

20.

21.

22.

2

(55

24.

25.

26.

27.

28.

29.

Neurol Taiwan. 2016; 25: 10-17.

Zhang Y, Chen MB, Zhou XY, Hong XN. Lymphotoxin alpha (LTA)
polymorphism is associated with prognosis of non-Hodgkin's lymphoma
in a Chinese population. PloS one. 2013; 8: e66411.

Cerhan JR, Liu-Mares W, Fredericksen ZS, Novak AJ, Cunningham JM,
Kay NE, et al. Genetic variation in tumor necrosis factor and the nuclear
factor-kappaB canonical pathway and risk of non-Hodgkin's lymphoma.
Cancer Epidemiol Biomarkers Prev. 2008; 17: 3161-3169.

Li CR, Mao QX, Chen M, Jia WX, Yao X, Feng SY, et al. Acquired latent
tuberculosis infection in psoriasis patients treated with etanercept in the
People's Republic of China. Drug Des Devel Ther. 2015; 9: 5591-5594.

Keeton R, Allie N, Dambuza I, Abel B, Hsu NJ, Sebesho B, et al. Soluble
TNFRp75 regulates host protective immunity against Mycobacterium
tuberculosis. ] Clin Invest. 2014; 124: 1537-1551.

Jacobs M, Samarina A, Grivennikov S, Botha T, Allie N, Fremond C, et al.
Reactivation of tuberculosis by tumor necrosis factor neutralization. Eur
Cytokine Netw. 2007; 18: 5-13.

. Stucki D, Gagneux S. Single nucleotide polymorphisms in Mycobacterium

tuberculosis and the need for a curated database. Tuberculosis (Edinb).
2013; 93: 30-39.

Chuang PC, Chen YM, Chen HY, Jou R. Single nucleotide polymorphisms
in cell wall biosynthesis-associated genes and phylogeny of Mycobacterium
tuberculosis lineages. Infection, Genetics and Evolution. 2010; 10: 459-466.

Zheng M, Shi S, Wei W, Zheng Q, Wang Y, Ying X, et al. Correlation
between MBL2/CD14/TNF-alpha gene polymorphisms and susceptibility
to spinal tuberculosis in Chinese population. Biosci Rep. 2018.

Yi YX, Han JB, Zhao L, Fang Y, Zhang YF, Zhou GY. Tumor necrosis
factor alpha gene polymorphism contributes to pulmonary tuberculosis
susceptibility: evidence from a meta-analysis. Int J Clin Exp Med. 2015;
8:20690-20700.

LiQ, Zhang F, Zhao Y, He X, Zhang X, Wang G, et al. The single nucleotide
polymorphisms in TNF-a promoter are associated with susceptibility and
clinical features of pulmonary tuberculosis in Chinese uygurs. Int J Clin
Exp Med. 2017; 10: 11596-11605.

. Shahsavar F, Varzi AM, Azargoon A. Association between TNF -308G/A

polymorphism and susceptibility to pulmonary tuberculosis in the Lur
population of Iran. Asian Pacific Journal of Tropical Biomedicine. 2016;
6: 80-83.

Lv Y], Liu SJ, Hu WN, Zhang GP, Ren QY, Zheng LD, et al. Association
of tumor necrosis factor-alpha gene polymorphism with osteoarticular
tuberculosis prognosis in a Hebei population. GMR. 2016.

Ghamari E, Farnia P, Saif S, Marashian M, Ghanavi J, Farnia P, et al.
Comparison of single nucleotide polymorphisms [SNP] at TNF-a
promoter region with TNF receptor 2 (TNFR2) in susceptibility to
pulmonary tuberculosis; using PCR-RFLP technique. Am J Clin Exp
Immunol. 2016; 5: 55-61.

Varahram M, Farnia P, Nasiri MJ, Karahrudi MA, Dizagie MK, Velayati
AA. Association of Mycobacterium Tuberculosis Lineages with IFN-
gamma and TNF-alpha Gene Polymorphisms among Pulmonary
Tuberculosis Patient. Mediterr ] Hematol Infect Dis. 2014; 6: €2014015.

Metanat M, Nejad MN, Salehi M, Moazen ], Sanei-Moghaddam E, Arbabi
N. Comparison of genetic polymorphisms of TNF-a and IL-10 genes
between tuberculosis patients and healthy blood donors. Arch Clin Infect
Dis. 2013; 8: €18270.

Anoosheh S, Farnia P, Kargar M. Association between TNF-Alpha (-857)
Gene Polymorphism and Susceptibility to Tuberculosis. Iran Red Crescent
Med J. 2011; 13: 243-248.

Sharma S, Rathored ], Ghosh B, Sharma SK. Genetic polymorphisms in
TNF genes and tuberculosis in North Indians. BMC Infect Dis. 2010; 10:

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

165.

Trajkov D, Trajchevska M, Arsov T, Petlichkovski A, Strezova A, Efinska-
Mladenovska O, et al. Association of 22 cytokine gene polymorphisms
with tuberculosis in Macedonians. Indian ] Tuberc. 2009; 56: 117-131.

Ates O, Musellim B, Ongen G, Topal-Sarikaya A. Interleukin-10 and
tumor necrosis factor-alpha gene polymorphisms in tuberculosis. J Clin
Immunol. 2008; 28: 232-236.

Vejbaesya S, Chierakul N, Luangtrakool P, Sermduangprateep C. NRAMP1
and TNF-alpha polymorphisms and susceptibility to tuberculosis in Thais.
Respirology. 2007; 12: 202-206.

Fan HM, Wang Z, Feng FM, Zhang KL, Yuan JX, Sui H, et al. Association
of TNF-alpha-238G/A and 308 G/A gene polymorphisms with pulmonary
tuberculosis among patients with coal worker's pneumoconiosis. Biomed
Environ Sci. 20105 23: 137-145.

Ceylan E, Karkucak M, Coban H, Karadag M, Yakut T. Evaluation of TNF-
alpha gene (G308A) and MBL2 gene codon 54 polymorphisms in Turkish
patients with tuberculosis. ] Infect Public Health. 2017; 10: 774-777.

Jafari M, Nasiri MR, Sanaei R, Anoosheh S, Farnia P, Sepanjnia A, et
al. The NRAMPI, VDR, TNF-alpha, ICAM1, TLR2 and TLR4 gene
polymorphisms in Iranian patients with pulmonary tuberculosis: A case-
control study. Infect Genet Evol. 2016; 39: 92-98.

Mabunda N, Alvarado-Arnez LE, Vubil A, Mariamo A, Pacheco AG, Jani
IV, et al. Gene polymorphisms in patients with pulmonary tuberculosis
from Mozambique. Mol Biol Rep. 2015; 42: 71-76.

Caliskan T, Yilmaz I, Babalik A, Ortakoylu MG, Kaya H, Fidan A, et al.
Association between IFN-y +874A/T, TNF-a -308G/A and IL-12Rp2
-237C/T gene polymorphisms and susceptibility to pulmonary tuberculosis
in a turkish population. Acta Medica Mediterranea. 2015; 31: 1291-1297.

Ben-Selma W, Harizi H, Boukadida J. Association of TNF-alpha and IL-10
polymorphisms with tuberculosis in Tunisian populations. Microbes and
Infection. 2011; 13: 837-843.

Oh JH, Yang CS, Noh YK, Kweon YM, Jung SS, Son JW, et al
Polymorphisms of interleukin-10 and tumour necrosis factor-alpha
genes are associated with newly diagnosed and recurrent pulmonary
tuberculosis. Respirology. 2007; 12: 594-598.

Scola L, Crivello A, Marino V, Gioia V, Serauto A, Candore G, et al. IL-10
and TNF-alpha polymorphisms in a sample of Sicilian patients affected by
tuberculosis: implication for ageing and life span expectancy. Mechanisms
of Ageing and Development. 2003; 124: 569-572.

Ma MJ, Xie LP, Wu SC, Tang F, Li H, Zhang ZS, et al. Toll-like receptors,
tumor necrosis factor-alpha, and interleukin-10 gene polymorphisms in
risk of pulmonary tuberculosis and disease severity. Human Immunology.
20105 71: 1005-1010.

Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of disease. INCI. 1959; 22: 719-748.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials. 1986; 7: 177-188.

Zhou Y, Tan CY, Mo ZJ, Gao QL, He D, Li J, et al. Polymorphisms in the
SP110 and TNF-alpha Gene and Susceptibility to Pulmonary and Spinal
Tuberculosis among Southern Chinese Population. Dis Markers. 2017;
2017:4590235.

Ghorghanlu S, Asgharzadeh M, Samadi-Kafil H, Khaki-Khatibi F, Rashedi
J, Mahdavi P, et al. TNF-a -308G/A polymorphism and susceptibility to
tuberculosis in Azeri population of Iran. Genetika. 2016; 48: 819-826.

Hasan KK, Ad’hiah AH, Alsamray HK, Asmar A. Gene polymorphism of
tumor necrosis factor-alpha in a sample of Iraqi pulmonary tuberculosis
patients. Journal of Biology Agriculture and Healthcare. 2014; 4: 322-326.

Lin CY, Yang YF, Fang JF, Yang M. Association between Bone-joint
tuberculosis and TNF-a polymorphism. Chinese Journal of Spine and

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

2020 | Volume 2 | Edition 1 | Article 1008


https://europepmc.org/article/med/26707826
https://pubmed.ncbi.nlm.nih.gov/23840460/
https://pubmed.ncbi.nlm.nih.gov/23840460/
https://pubmed.ncbi.nlm.nih.gov/23840460/
https://pubmed.ncbi.nlm.nih.gov/18990758/
https://pubmed.ncbi.nlm.nih.gov/18990758/
https://pubmed.ncbi.nlm.nih.gov/18990758/
https://pubmed.ncbi.nlm.nih.gov/18990758/
https://pubmed.ncbi.nlm.nih.gov/26508833/
https://pubmed.ncbi.nlm.nih.gov/26508833/
https://pubmed.ncbi.nlm.nih.gov/26508833/
https://pubmed.ncbi.nlm.nih.gov/24569452/#:~:text=tuberculosis decreased IL%2D12p40 synthesis,beneficial for improving disease outcome.
https://pubmed.ncbi.nlm.nih.gov/24569452/#:~:text=tuberculosis decreased IL%2D12p40 synthesis,beneficial for improving disease outcome.
https://pubmed.ncbi.nlm.nih.gov/24569452/#:~:text=tuberculosis decreased IL%2D12p40 synthesis,beneficial for improving disease outcome.
https://pubmed.ncbi.nlm.nih.gov/17400533/#:~:text=Antibody neutralization of TNF is,to control acute Mtb infection.
https://pubmed.ncbi.nlm.nih.gov/17400533/#:~:text=Antibody neutralization of TNF is,to control acute Mtb infection.
https://pubmed.ncbi.nlm.nih.gov/17400533/#:~:text=Antibody neutralization of TNF is,to control acute Mtb infection.
https://pubmed.ncbi.nlm.nih.gov/23266261/
https://pubmed.ncbi.nlm.nih.gov/23266261/
https://pubmed.ncbi.nlm.nih.gov/23266261/
https://www.sciencedirect.com/science/article/abs/pii/S1567134810000511
https://www.sciencedirect.com/science/article/abs/pii/S1567134810000511
https://www.sciencedirect.com/science/article/abs/pii/S1567134810000511
https://pubmed.ncbi.nlm.nih.gov/29298876/#:~:text=Conclusion%3A The %2D221G%3EC,TB and require clinical attention.
https://pubmed.ncbi.nlm.nih.gov/29298876/#:~:text=Conclusion%3A The %2D221G%3EC,TB and require clinical attention.
https://pubmed.ncbi.nlm.nih.gov/29298876/#:~:text=Conclusion%3A The %2D221G%3EC,TB and require clinical attention.
https://pubmed.ncbi.nlm.nih.gov/26884992/
https://pubmed.ncbi.nlm.nih.gov/26884992/
https://pubmed.ncbi.nlm.nih.gov/26884992/
https://pubmed.ncbi.nlm.nih.gov/26884992/
https://www.researchgate.net/publication/327528201_The_single_nucleotide_polymorphisms_in_TNF-a_promoter_are_associated_with_susceptibility_and_clinical_features_of_pulmonary_tuberculosis_in_Chinese_uygurs
https://www.researchgate.net/publication/327528201_The_single_nucleotide_polymorphisms_in_TNF-a_promoter_are_associated_with_susceptibility_and_clinical_features_of_pulmonary_tuberculosis_in_Chinese_uygurs
https://www.researchgate.net/publication/327528201_The_single_nucleotide_polymorphisms_in_TNF-a_promoter_are_associated_with_susceptibility_and_clinical_features_of_pulmonary_tuberculosis_in_Chinese_uygurs
https://www.researchgate.net/publication/327528201_The_single_nucleotide_polymorphisms_in_TNF-a_promoter_are_associated_with_susceptibility_and_clinical_features_of_pulmonary_tuberculosis_in_Chinese_uygurs
https://www.sciencedirect.com/science/article/pii/S2221169115002373
https://www.sciencedirect.com/science/article/pii/S2221169115002373
https://www.sciencedirect.com/science/article/pii/S2221169115002373
https://www.sciencedirect.com/science/article/pii/S2221169115002373
https://europepmc.org/article/med/27813605
https://europepmc.org/article/med/27813605
https://europepmc.org/article/med/27813605
https://pubmed.ncbi.nlm.nih.gov/28078191/
https://pubmed.ncbi.nlm.nih.gov/28078191/
https://pubmed.ncbi.nlm.nih.gov/28078191/
https://pubmed.ncbi.nlm.nih.gov/28078191/
https://pubmed.ncbi.nlm.nih.gov/28078191/
https://pubmed.ncbi.nlm.nih.gov/24678392/
https://pubmed.ncbi.nlm.nih.gov/24678392/
https://pubmed.ncbi.nlm.nih.gov/24678392/
https://pubmed.ncbi.nlm.nih.gov/24678392/
https://sites.kowsarpub.com/archcid/articles/20918.html
https://sites.kowsarpub.com/archcid/articles/20918.html
https://sites.kowsarpub.com/archcid/articles/20918.html
https://sites.kowsarpub.com/archcid/articles/20918.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3371960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2894837/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2894837/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2894837/
https://pubmed.ncbi.nlm.nih.gov/20349753/
https://pubmed.ncbi.nlm.nih.gov/20349753/
https://pubmed.ncbi.nlm.nih.gov/20349753/
https://pubmed.ncbi.nlm.nih.gov/18071881/#:~:text=The cytokines TNF%2Dalpha and,circulating IL10 and TNF%2Dalpha.
https://pubmed.ncbi.nlm.nih.gov/18071881/#:~:text=The cytokines TNF%2Dalpha and,circulating IL10 and TNF%2Dalpha.
https://pubmed.ncbi.nlm.nih.gov/18071881/#:~:text=The cytokines TNF%2Dalpha and,circulating IL10 and TNF%2Dalpha.
https://pubmed.ncbi.nlm.nih.gov/17298451/
https://pubmed.ncbi.nlm.nih.gov/17298451/
https://pubmed.ncbi.nlm.nih.gov/17298451/
https://pubmed.ncbi.nlm.nih.gov/20514989/
https://pubmed.ncbi.nlm.nih.gov/20514989/
https://pubmed.ncbi.nlm.nih.gov/20514989/
https://pubmed.ncbi.nlm.nih.gov/20514989/
https://pubmed.ncbi.nlm.nih.gov/28189510/
https://pubmed.ncbi.nlm.nih.gov/28189510/
https://pubmed.ncbi.nlm.nih.gov/28189510/
https://pubmed.ncbi.nlm.nih.gov/26774366/
https://pubmed.ncbi.nlm.nih.gov/26774366/
https://pubmed.ncbi.nlm.nih.gov/26774366/
https://pubmed.ncbi.nlm.nih.gov/26774366/
https://pubmed.ncbi.nlm.nih.gov/25239251/
https://pubmed.ncbi.nlm.nih.gov/25239251/
https://pubmed.ncbi.nlm.nih.gov/25239251/
https://www.researchgate.net/publication/51162582_Association_of_TNF-a_and_IL-10_polymorphisms_with_tuberculosis_in_Tunisian_populations
https://www.researchgate.net/publication/51162582_Association_of_TNF-a_and_IL-10_polymorphisms_with_tuberculosis_in_Tunisian_populations
https://www.researchgate.net/publication/51162582_Association_of_TNF-a_and_IL-10_polymorphisms_with_tuberculosis_in_Tunisian_populations
https://pubmed.ncbi.nlm.nih.gov/17587429/
https://pubmed.ncbi.nlm.nih.gov/17587429/
https://pubmed.ncbi.nlm.nih.gov/17587429/
https://pubmed.ncbi.nlm.nih.gov/17587429/
https://www.sciencedirect.com/science/article/abs/pii/S0047637403000381
https://www.sciencedirect.com/science/article/abs/pii/S0047637403000381
https://www.sciencedirect.com/science/article/abs/pii/S0047637403000381
https://www.sciencedirect.com/science/article/abs/pii/S0047637403000381
https://www.sciencedirect.com/science/article/abs/pii/S0198885910004441
https://www.sciencedirect.com/science/article/abs/pii/S0198885910004441
https://www.sciencedirect.com/science/article/abs/pii/S0198885910004441
https://www.sciencedirect.com/science/article/abs/pii/S0198885910004441
https://academic.oup.com/jnci/article-abstract/22/4/719/900746?redirectedFrom=fulltext
https://academic.oup.com/jnci/article-abstract/22/4/719/900746?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/3802833/
https://pubmed.ncbi.nlm.nih.gov/3802833/
https://pubmed.ncbi.nlm.nih.gov/29430075/
https://pubmed.ncbi.nlm.nih.gov/29430075/
https://pubmed.ncbi.nlm.nih.gov/29430075/
https://pubmed.ncbi.nlm.nih.gov/29430075/
https://www.researchgate.net/publication/314152073_TNF-a_-308GA_polymorphism_and_susceptibility_to_tuberculosis_in_Azeri_population_of_Iran
https://www.researchgate.net/publication/314152073_TNF-a_-308GA_polymorphism_and_susceptibility_to_tuberculosis_in_Azeri_population_of_Iran
https://www.researchgate.net/publication/314152073_TNF-a_-308GA_polymorphism_and_susceptibility_to_tuberculosis_in_Azeri_population_of_Iran
https://www.researchgate.net/publication/299386409_Gene_polymorphism_of_tumor_necrosis_factor-alpha_in_a_sample_of_Iraqi_pulmonary_tuberculosis_patients
https://www.researchgate.net/publication/299386409_Gene_polymorphism_of_tumor_necrosis_factor-alpha_in_a_sample_of_Iraqi_pulmonary_tuberculosis_patients
https://www.researchgate.net/publication/299386409_Gene_polymorphism_of_tumor_necrosis_factor-alpha_in_a_sample_of_Iraqi_pulmonary_tuberculosis_patients

Wu X, et al.,

Journal of Bacteriology and Vaccine Research

48.

49.

50.

51.

52

53.

54.

55.

56

5

~

58.

59.

60.

Spinal Cord. 2011; 21: 427-429.

DongJ, Yan Y, Yang JH. The correlation between the gene polymorphism
of TNF-a with the susceptibility of pulmonary tuberculosis. Journal of
Clinical Pulmonary Medicine. 2011.

Merza M, Farnia P, Anoosheh S, Varahram M, Kazampour M, Pajand O,
et al. The NRAMPI, VDR and TNF-alpha gene polymorphisms in Iranian
tuberculosis patients: the study on host susceptibility. Braz J Infect Dis.
2009; 13: 252-256.

Tang MQ, Mo HW, Cheng YQ. The relationship between the gene
polymorphisms of TNF alpha and the genetic susceptibility to chronic
obstructive pulmonary disease (COPD) with tuberculosis. Journal of
Qiqihar Medical College. 2008.

Kumar V, Khosla R, Gupta V, Sarin BC, Sehajpal PK. Differential
association of tumour necrosis factor-a single nucleotide polymorphism
(-308) with tuberculosis and bronchial asthma. Natl Med J India. 2008;
21:120-122.

.QuY, Tang Y, Cao D, Wu F, Liu J, Lu G, et al. Genetic polymorphisms

in alveolar macrophage response-related genes, and risk of silicosis and
pulmonary tuberculosis in Chinese iron miners. Int ] Hyg Environ Health.
2007; 210: 679-689.

Oral HB, Budak F, Uzaslan EK, Basturk B, Bekar A, Akalin H, et al.
Interleukin-10 (IL-10) gene polymorphism as a potential host susceptibility
factor in tuberculosis. Cytokine. 2006; 35: 143-147.

Amirzargar AA, Rezaei N, Jabbari H, Danesh AA, Khosravi F,
Hajabdolbaghi M, et al. Cytokine single nucleotide polymorphisms in
Iranian patients with pulmonary tuberculosis. Eur Cytokine Netw. 2006;
17: 84-89.

Correa PA, Gomez LM, Cadena J, Anaya JM. Autoimmunity and
tuberculosis. Opposite association with TNF polymorphism. ] Rheumatol.
2005; 32: 219-224.

. Fitness J, Floyd S, Warndorff DK, Sichali L, Malema S, Crampin AC, et

al. Large-scale candidate gene study of tuberculosis susceptibility in the
Karonga district of northern Malawi. Am ] Tropic Med Hyg. 2004; 71: 341-
349.

.Delgado JC, Baena A, Thim S, Goldfeld AE. Ethnic-specific genetic

associations with pulmonary tuberculosis. ] Infect Dis. 2002; 186: 1463-
1468.

Selvaraj P, Sriram U, Mathan Kurian S, Reetha AM, Narayanan PR. Tumour
necrosis factor alpha (-238 and -308) and beta gene polymorphisms in
pulmonary tuberculosis: haplotype analysis with HLA-A, B and DR genes.
Tuberculosis (Edinb). 2001; 81: 335-41.

Cheng ZG. Tumor Necrosis Factor-a Gene Locus 308 and 238
Polymorphisms and  Genetic ~ Susceptibilities to Osteoarticular
Tuberculosis (OATB) in Tibetan and han. Qinhai University. 2015.

Hu YL, Su ZH, Geng PL. Study the relationship between polymorphism
of gene IL-4 C590TTNF-a G308A and the susceptibility of ginghai tibetan
tuberculosis. Journal of Qinghai Medical College. 2013; 34: 155-176.

61.

62.

6

w

64.

6

w

66.

67.

68.

69.

70.

7

—

72.

7

w

74.

75.

Yang H, Liang ZH, Feng TJ, Wang F. TNF-a gene polymorphisms in
Chinese Han population of patients with pulmonary tuberculosis. Chinese
Journal of Antituberculosis. 2010; 32: 155-159.

Zhang YK, Zhou G, Huang WM. Polymorphisms in Analysis of TNF-a
Gene in the Patients with Spine Tuberculosis. ] Pract Orthop. 2017; 23:
25-27.

. Dickersin K, Chan S, Chalmers TC, Sacks HS, Smith H Jr. Publication bias

and clinical trials. Control Clin Trials. 1987; 8: 343-353.

Tan JH, Temple SE, Kee C, Waterer GW, Tan CR, Gut I, et al
Characterisation of TNF block haplotypes affecting the production of TNF
and LTA. Tissue Antigens. 2011; 77: 100-106.

. Cardoso CC, Pereira AC, de Sales Marques C, Moraes MO. Leprosy

susceptibility: genetic variations regulate innate and adaptive immunity,
and disease outcome. Future Microbiol. 2011; 6: 533-549.

Thye T, Vannberg FO, Wong SH, Owusu-Dabo E, Osei I, Gyapong J, et
al. Genome-wide association analyses identifies a susceptibility locus for
tuberculosis on chromosome 18q11.2. Nat Genet. 2010; 42: 739-741.

Zheng W, Ji LD, Xing WH, Tu WW, Xu J. Advances in genome-wide
association study of tuberculosis. Yi Chuan. 2013; 35: 823-829.

Xue Y, Bai X, Hu Z, Zhao Z, Zuo Y, Xia Y, et al. Association of rs4331426
and rs2057178 with Risk of Tuberculosis: Evidence from a Meta-Analysis.
Genet Test Mol Biomarkers. 2016; 20: 255-260.

Lee YH, Song GG. Associations between tumor necrosis factor-alpha
polymorphisms and susceptibility to pulmonary tuberculosis: meta-
analysis. Genet Mol Res. 2015; 14: 8602-8612.

Zhu H, Zhang Z, Lei X, Feng ], Zhang F, Wang Y. Tumor necrosis factor
alpha -308G>A, -863C>A, -857C>T gene polymorphisms and tuberculosis
susceptibility: a meta-analysis. Gene. 2012; 509: 206-214.

. Bean AG, Roach DR, Briscoe H, France MP, Korner H, Sedgwick JD, et

al. Structural deficiencies in granuloma formation in TNF gene-targeted
mice underlie the heightened susceptibility to aerosol Mycobacterium
tuberculosis infection, which is not compensated for by lymphotoxin. J
Immunol. 1999; 162: 3504-3511.

Keane ], Gershon S, Wise RP, Mirabile-Levens E, Kasznica J, Schwieterman
WD, et al. Tuberculosis associated with infliximab, a tumor necrosis factor
alpha-neutralizing agent. New Engl ] Med. 2001; 345: 1098-1104.

. Pacheco AG, Cardoso CC, Moraes MO. IFNG +874T/A, IL10 -1082G/A

and TNF -308G/A polymorphisms in association with tuberculosis
susceptibility: a meta-analysis study. Hum Genet. 2008; 123: 477-484.

Zhang Z, Zhu H, Pu X, Meng S, Zhang F, Xun L, et al. Association between
tumor necrosis factor alpha-238G/a polymorphism and tuberculosis
susceptibility: a meta-analysis study. BMC Infect Dis. 2012; 12: 328.

Wang Q, Zhan P, Qiu LX, Qian Q, Yu LK. TNF-308 gene polymorphism
and tuberculosis susceptibility: a meta-analysis involving 18 studies. Mol
Biol Rep. 2012; 39: 3393-3400.

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

15

2020 | Volume 2 | Edition 1 | Article 1008


https://pubmed.ncbi.nlm.nih.gov/20231985/
https://pubmed.ncbi.nlm.nih.gov/20231985/
https://pubmed.ncbi.nlm.nih.gov/20231985/
https://pubmed.ncbi.nlm.nih.gov/20231985/
https://pubmed.ncbi.nlm.nih.gov/19004142/
https://pubmed.ncbi.nlm.nih.gov/19004142/
https://pubmed.ncbi.nlm.nih.gov/19004142/
https://pubmed.ncbi.nlm.nih.gov/19004142/
https://pubmed.ncbi.nlm.nih.gov/17223386/
https://pubmed.ncbi.nlm.nih.gov/17223386/
https://pubmed.ncbi.nlm.nih.gov/17223386/
https://pubmed.ncbi.nlm.nih.gov/17223386/
https://pubmed.ncbi.nlm.nih.gov/16962335/#:~:text=No statistically significant differences were,risk of developing the disease.
https://pubmed.ncbi.nlm.nih.gov/16962335/#:~:text=No statistically significant differences were,risk of developing the disease.
https://pubmed.ncbi.nlm.nih.gov/16962335/#:~:text=No statistically significant differences were,risk of developing the disease.
https://pubmed.ncbi.nlm.nih.gov/16840026/
https://pubmed.ncbi.nlm.nih.gov/16840026/
https://pubmed.ncbi.nlm.nih.gov/16840026/
https://pubmed.ncbi.nlm.nih.gov/16840026/
https://pubmed.ncbi.nlm.nih.gov/15693080/#:~:text=Conclusion%3A The results show an,selection for enhanced TB resistance.
https://pubmed.ncbi.nlm.nih.gov/15693080/#:~:text=Conclusion%3A The results show an,selection for enhanced TB resistance.
https://pubmed.ncbi.nlm.nih.gov/15693080/#:~:text=Conclusion%3A The results show an,selection for enhanced TB resistance.
https://pubmed.ncbi.nlm.nih.gov/15381817/
https://pubmed.ncbi.nlm.nih.gov/15381817/
https://pubmed.ncbi.nlm.nih.gov/15381817/
https://pubmed.ncbi.nlm.nih.gov/15381817/
https://pubmed.ncbi.nlm.nih.gov/12404162/
https://pubmed.ncbi.nlm.nih.gov/12404162/
https://pubmed.ncbi.nlm.nih.gov/12404162/
https://pubmed.ncbi.nlm.nih.gov/11800584/
https://pubmed.ncbi.nlm.nih.gov/11800584/
https://pubmed.ncbi.nlm.nih.gov/11800584/
https://pubmed.ncbi.nlm.nih.gov/11800584/
https://pubmed.ncbi.nlm.nih.gov/3442991/
https://pubmed.ncbi.nlm.nih.gov/3442991/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.2010.01582.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.2010.01582.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.2010.01582.x
https://pubmed.ncbi.nlm.nih.gov/21585261/
https://pubmed.ncbi.nlm.nih.gov/21585261/
https://pubmed.ncbi.nlm.nih.gov/21585261/
https://pubmed.ncbi.nlm.nih.gov/20694014/
https://pubmed.ncbi.nlm.nih.gov/20694014/
https://pubmed.ncbi.nlm.nih.gov/20694014/
https://pubmed.ncbi.nlm.nih.gov/23853352/
https://pubmed.ncbi.nlm.nih.gov/23853352/
https://pubmed.ncbi.nlm.nih.gov/27003337/
https://pubmed.ncbi.nlm.nih.gov/27003337/
https://pubmed.ncbi.nlm.nih.gov/27003337/
https://pubmed.ncbi.nlm.nih.gov/26345791/
https://pubmed.ncbi.nlm.nih.gov/26345791/
https://pubmed.ncbi.nlm.nih.gov/26345791/
https://www.sciencedirect.com/science/article/abs/pii/S0378111912010116
https://www.sciencedirect.com/science/article/abs/pii/S0378111912010116
https://www.sciencedirect.com/science/article/abs/pii/S0378111912010116
https://pubmed.ncbi.nlm.nih.gov/10092807/
https://pubmed.ncbi.nlm.nih.gov/10092807/
https://pubmed.ncbi.nlm.nih.gov/10092807/
https://pubmed.ncbi.nlm.nih.gov/10092807/
https://pubmed.ncbi.nlm.nih.gov/10092807/
https://pubmed.ncbi.nlm.nih.gov/11596589/
https://pubmed.ncbi.nlm.nih.gov/11596589/
https://pubmed.ncbi.nlm.nih.gov/11596589/
https://pubmed.ncbi.nlm.nih.gov/18414898/
https://pubmed.ncbi.nlm.nih.gov/18414898/
https://pubmed.ncbi.nlm.nih.gov/18414898/
https://www.ncbi.nlm.nih.gov/books/NBK127400/
https://www.ncbi.nlm.nih.gov/books/NBK127400/
https://www.ncbi.nlm.nih.gov/books/NBK127400/
https://link.springer.com/article/10.1007/s11033-011-1110-x
https://link.springer.com/article/10.1007/s11033-011-1110-x
https://link.springer.com/article/10.1007/s11033-011-1110-x

	Title
	Abstract
	Abbreviations
	Introduction
	Methods
	Ethics committee and institutional review board
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and assessment of study quality
	Statistical analysis

	Results
	Characteristics of included studies
	Meta-analysis of the association between 4 SNPs and TB susceptibility by overall cohort and ethnicit
	SNP rs361525 polymorphism
	SNP rs1800629 polymorphism
	SNP rs1799724 polymorphism
	Meta-analysis of the association between 4 SNPs and TB susceptibility by confounders
	TB types
	HIV status
	Sensitivity analysis and potential publication bias

	Discussion
	Conclusion
	Acknowledgments
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

