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Abstract: This study is to estimate the association between polymorphisms in the tumor necrosis factor alpha
(TNF-ox) gene and pulmonary tuberculosis susceptibility (pTB). Studies were identified by searching PubMed and ISI
web of Knowledge. The strength of association between the TNF-a gene and pTB susceptibility was assessed by
odds ratios. Totals of 18 studies including 2, 735 cases and 3, 177 controls were identified referring to four single-
nucleotide polymorphisms: -308G>A, -863C>A, -857C>T and -238G>A. The significantly associations were found
between -308G>A (Dominant model: OR 0.53, 95% Cl 0.35-0.81, P=0.004; Homozygote model: OR 0.51, 95% CI
0.33-0.78, P=0.002), -238G>A (Dominant model: OR 0.33, 95% Cl 0.18-0.57, P<0.001) and pTB susceptibility. The
results showed that the variant genotype of TNF-a -308G>A was protective in pooled groups of patients with pTB
in the dominant genetic model (OR 0.16, 95% CI 0.06-0.39, P<0.001), the homozygote comparison (OR 0.14, 95%
Cl 0.06-0.36, P<0.001) in African, while that was with -238G>A in the dominant genetic model (OR 0.31, 95% ClI
0.18-0.56, P<0.001) in Asian. Our meta-analysis suggest TNF-a -308G>A and -238G>A polymorphisms increases
the risk of pTB susceptibility regardless of ethnicity and HIV statue. In Asian population, the significantly association
with pTB is TNF-a -238G>A, while TNF-a -308G>A is in African population.
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Introduction

Tuberculosis (TB) which caused by the intracel-
lular pathogen Mycobacterium tuberculosis
(MTB) still remains a major public health. It is
estimated that about 8.6 million new TB cases
and 1.3 million deaths globally according to the
World Health Organization (WHO) in 2012 [1].
TB is developed by the complex interactions of
genetic and environment. Thus, apart from
environmental factors, genetic variability is
regarded to be responsible for the infection [2].
Some gene polymorphisms have been demon-
strated to be associated with TB susceptibility
[3-5]. It is expected that the identification of TB
susceptibility host genetic factors could con-
tribute greatly to global TB control.

The prominent role played by tumor necrosis
factor (TNF) in inflammation and its relevance

to both infectious and autoimmune diseases
[6] has led to great interest in both the regula-
tion of the TNF gene, and the possibility that
variants of the gene or deregulation of its pro-
duction may be associated with pathology. Also,
the serum level of TNF-a was higher in the
hyperplasia group of spinal TB than that in the
necrosis group, which suggested that it played
an essential role in the formation and mainte-
nance of granulomas [7]. On the other hand,
patients using anti-TNF agents significantly
increase the risk of TB infection [8, 9]. Based on
those, tumor necrosis factor alpha (TNF-o) gene
was focused in TB susceptibility. Allelic poly-
morphisms of TNF-a have been identified at
positions -238, -308, -857, -863 [10, 11].
Several meta-analysis studies have reported
that the association between TNF-a and TB risk
[12-14]. However, they are focused on the all
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Figure 1. Flow charts of included studies.

kinds of TB other than pTB and needed to be
updated. Also, different results were discov-
ered in our meta-analysis.

Materials and methods
Publication search strategy

The literature search was performed among
two English databases (NCBI PubMed and Web
of Knowledge) until to 15t April, 2015. The strat-
egies were on the following keywords: ‘tubercu-
losis’ or “TB’ in combination with ‘tumor necro-
sis factor’ or ‘TNF’, and in combination with
‘polymorphism’ or ‘variant’ or ‘genotype’ or
‘allele’ or ‘SNP’. Moreover, the reference lists of
all retrieved articles were also searched to
identify more studies. Only English studies were
applied.

Selection criteria

To be included, studies had to meet the follow-
ing criteria: i) evaluated the association
between TNF-a polymorphism and pTB suscep-
tibility, ii) was case-control study in design, iii)
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bers were not retrieved, iv)
studies were conducted amo-
ng the patients with some
potential confounding diseas-
es, such as extrapulmonary
TB, or pneumoconiosis.

Data extraction and quality
score assessment

Two reviewers (Wei Lin and

Lin-xiang lJin) independently

searched and selected stud-

ies, and then extracted follow-

ing items: author, publication

year, original country, ethnici-
ty, sample size, diagnostic methods, genotype
and allele number in cases and controls, and
HIV status. Disagreements were resolved in
consultation with a third investigator (Pei-pei
Fang).

The Newcastle Ottawa Scale (NOS) was used to
assess the quality of studies included in this
meta-analysis, basing on three aspects: selec-
tion, comparability and exposure, with scores
ranging from O to 9 [15]. Studies with a NOS
score =7 were identified to be of high quality.

Statistical analysis

First, we assessed Hardy-Weinberg Equilibrium
(HWE) for each included study using Chi-square
test in the controls groups, and P<0.05 was
considered as deviation from HWE. The
strength of association between TNF-a poly-
morphisms and pTB susceptibility was estimat-
ed by odds ratio (OR) with the corresponding
95% confidence interval (Cl). Heterogeneity
among included studies was checked by chi-
square based Q test and I? test. If no heteroge-
neity (P>0.05, I1°’<50%) was shown in data, the
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Table 1. Characteristics of the 18 included studies

Author Year  Country  Ethnicity Diagnosis of case HIV Polymorphisms Cases/Controls HWE NOS
status scores
Mabunda N, et al 2014 Mozambique Africa Smear, biopsy, radiological Negative -308 98/367 0.39 5
Varahram M, etal 2014 Iran Asian Culture NA -308, -857, -238 151/83 0.48 6
Amirzargar AA, etal 2006 Iran Asian Smear, radiological NA -308, -857, -238 40/123 0.27 4
Anoosheh S, et al 2011 Iran Asian Smear, cultures NA -308, -863, -857, -238, -244 93/103 0.39 6
Delgado JC, et al 2002 Cambodia Asian Smear Negative -308, -863, -857, -238, -1030 358/106 <0.001 5
Fan HM, et al 2010 China Asian Culture, smear, bronchial aspirate/washing NA -308, -238 113/113 0.77 6
Merza M, et al 2009 Iran Asian Smear, radiological NA -308, -863, -857, -238, -244 117/60 0.79 7
Oh JH, et al 2007 Korea Asian Smear, radiological and culture Negative -308 145/117 0.18 7
QuY, etal 2007 China Asian Smear, radiological and culture Negative -308 184/111 0.11 7
Selvaraj P, et al 2001 India Asian Smear, radiological and culture NA -308, -238 210/120 0.4 7
Tang MQ, et al 2008 China Asian Smear, radiological NA -308 44/108 0.54 6
Vejbaesya S, etal 2007 Thailand Asian Smear, radiological and culture Negative -308, -238, +488 149/147 0.51 5
Correa PA, et al 2005 Colombia  Caucasian Smears and cultures Negative -308,-238 135/430 0.82 7
Scola L, et al 2003 Italy Caucasian Smear, radiological and culture NA -308 45/114 0.81 6
Ben-Selma W, etal 2011 Tunisia African  Smear, radiological and culture Negative -308 95/95 0.95 7
Henao MI, et al 2006 Colombia  Caucasian Smears, culture, biopsy, radiological Negative -308 140/135 0.39 5
Trajkov D, et al 2009 Macedonia Caucasian Smear, culture NA -308 75/301 - 6
Ma MJ, et al 2010 China Asian Smear, radiological and culture NA -863, -857 543/524 0.04 7

Note. NA: Not association, HWE: Hardy-Weinberg Equilibrium, -: No statistics.
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Table 2. Summary of different comparative results

s’;‘;’ai‘; OR (95% Cl) P 2 p.  Model P“bt')'i‘;zt'on
Egger Begg
-308G>A
Dominant model (GG+GA vs. AA) 14 0.53(0.35-0.81) 0.004 26.2% 0.17 Fix 0.83 0.66
Recessive model (GG vs. GA+AA) 17 0.83(0.62-1.10) 0.19 65.4% <0.001 Random 0.90 0.82
Homozygote model (GG vs. AA) 14 0.51 (0.33-0.78) 0.002 35.6% 0.09 Fix 0.84 0.83
Additive model (G vs. A) 17 0.81(0.63-1.04) 0.11 68.0% <0.001 Random 0.43 0.77
-863C>A
Dominant model (CC+CA vs. AA) 4 0.78 (0.25-2.47) 0.67 72.8% 0.01 Random 0.03 0.73
Recessive model (CC vs. CA+AA) 4 1.01(0.83-1.22) 0.96 0 0.72 Fix 0.06 0.31
Homozygote model (CC vs. AA) 4 0.80 (0.25-2.53) 0.70 71.7% 0.01 Random 0.10 0.73
Additive model (C vs. A) 4 1.08 (0.80-1.47) 0.61 61.0% 0.05 Random 0.88 0.73
-857C>T
Dominant model (CC+CT vs. TT) 5 2.10(0.77-5.75) 0.15 54.0% 0.07 Random 0.42 0.81
Recessive model (CC vs. CT+TT) 5 0.84 (0.45-1.57) 0.59 85.0% <0.001 Random 0.24 0.46
Homozygote model (CC vs. TT) 5 2.11(0.72-6.12) 0.17 58.6% 0.047 Random 0.61 1.00
Homozygote model (C vs. T) 5 0.92 (0.55-1.53) 0.73 84.5% <0.001 Random 0.13 0.46
-238G>A
Dominant model (GG+GA vs. AA) 4 0.33(0.18-0.57) <0.001 19.9% 0.29 Fix 0.33 0.09
Recessive model (GG vs. GA+AA) 8 0.62 (0.30-1.30) 0.21 85.4% <0.001 Random 0.59 0.71
Homozygote model (GG vs. AA) 4 0.34(0.06-2.12) 0.25 56.1% 0.078 Random 0.17 0.31
Additive model (G vs. A) 8 0.67 (0.35-1.26) 0.21 85.4% <0.001 Random 0.32 0.39

Note. OR: Odds ratio; Cl: Confidence interval; P, : P value of heterogeneity.

fix effect model [16] was used, otherwise the
random effect model [17] was used. Sensitivity
analyses were also performed to assess the
stability of the meta-analysis by excluding stud-
ies deviating from HWE. Publication bias was
tested by Begg's funnel plot and Egger’s weight-
ed regression test. All statistical analyses were
done with STATA version 11.0 (Stata Corp.,
College Station, TX, USA), using two-sided p
values.

Results
Study characteristics

A total of 419 relevant articles were identified
from the two databases. After excluding those
overlapped studies between the databases,
162 titles and abstracts were retrieved for fur-
ther evaluation. Subsequently, 18 studies with
full texts that met the inclusion criteria were
analyzed in this meta-analysis [11, 18-34]. The
flow chart of study selection was shown in
Figure 1.

The characteristics of included studies were
listed in Table 1. These 18 case-control studies
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were published from 2001 to 2014, including
2, 735 pTB cases and 3, 177 controls. Among
them, twelve were performed in Asian popula-
tion, four in Caucasian population and two in
African population. In addition, the HIV (Human
Immunodeficiency Virus) status was not avail-
able in ten (55.56%) articles. The methodologi-
cal quality scores of all included studies range
from 4 to 7, with 38.89% of the studies (7 of
18) identified to be high quality.

The genotype and allele distributions of TNF-a
polymorphisms were shown in Table 1. Seven
polymorphisms were identified in this meta-
analysis. They were TNF-a -308G>A (17 arti-
cles), -863C>A (4 articles), -857C>T (5 articles),
-238G>A (8 articles), -244G>A (2 articles),
-1030T>C (1 article) and +488G>A (1 article).
The genotype distributions among the controls
of all studies for TNF-a -308G>A, -863C>A,
-857C>T and -238G>A were consistent with
HWE except for one [26], one [33], one [26] and
three studies [20, 23, 25], respectively. As the
polymorphism of TNF-a -244G>A with only GG
genotype, it cannot be analyzed. Also, the poly-
morphisms of TNF-a -1030T>C and +488G>A
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Table 3. Results of subgroup analysis

Polymorphisms No. pf Dominant Recessive Homozygote Additive model
studies model model model
OR (95% Cl) p OR (95% Cl) P OR (95% Cl) P OR (95% CI) P

-308G>A Ethnicity

Asian 12 0.76 (0.44-1.32) 0.33 0.82(0.61-1.10) 0.18 0.71(0.42-1.20) 0.20 0.86(0.69-1.08) 0.20

African 2 0.16 (0.06-0.39) <0.001 0.60 (0.24-1.54) 0.29 0.14 (0.06-0.36) <0.001 0.50 (0.24-1.08) 0.08

Caucasian 3 0.83(0.35-0.81) 0.75 1.10(0.48-2.51) 0.83 1.17(0.24-5.71) 0.84 0.81(0.63-1.05) 0.97

HIV Status

HIV negative 7 0.55(0.25-1.21) 0.14 0.78(0.51-1.18) 0.23 0.49 (0.22-1.08) 0.08 0.79(0.55-1.14) 0.21

HIV NA 7 0.52(0.32-0.87) 0.012 0.88(0.57-1.35) 0.55 0.52(0.31-0.85) 0.01 0.83(0.56-1.22) 0.33
-863C>A HIV Status

HIV negative

HIV NA 0.43(0.24-0.78) 0.005 0.98(0.79-1.21) 0.83 0.44(0.24-0.79) 0.006 1.12(0.93-1.34) 0.24
-857C>T HIV Status

HIV negative 1 - - - - - - - -

HIV NA 2.61(0.73-9.31) 0.14 0.85(0.41-1.78) 0.66 2.65(0.70-10.05) 0.85 0.91(0.49-1.68) 0.76
-238G>A Ethnicity

Asian 7 0.31(0.18-0.56) <0.001 0.69 (0.28-1.71) 0.42 0.33(0.03-3.27) 0.34 0.72(0.31-1.68) 0.45

Caucasian

HIV Status
HIV negative 2 - - 0.68(0.23-2.02) 0.48 0.68(0.06-2.12) 0.81 0.51(0.33-0.81) 0.04
HIV NA 6 0.32(0.17-0.57) <0.001 0.48 (0.24-0.96) 0.04 0.33(0.03-3.27) 0.34 0.72(0.27-1.92) 0.51

were reported in one study, they were not
included. There was one study of -308G>A with
additive genetic model (G vs. A) [24]. The results
of this meta-analysis were shoun in Tables 2, 3;
Figures 2, 3.

TNF-a -308G>A polymorphism

Seventeen case-control studies on relationship
between TNF-a -308G>A polymorphism and
pTB risk were identified, including 2, 192 cases
and 2, 633 controls. The results of four differ-
ent genetic models testing this polymorphism
and pTB susceptibility were shown in Table 2.
For the dominant model (GG+GA vs. AA) and
homozygote model (GG vs. AA), fourteen stud-
ies were analyzed as to two studies [18, 32]
with the no people for AA genotype. The p value
for heterogeneity was 0.17 and 0.09, and I> was
26.2% and 35.6%, showing no heterogeneity.
Thus, the fix-effect model was used. The overall
OR for the dominant model and homozygote
model was 0.53 (95% CI: 0.35-0.81, P=0.032,
Figure 2A) and 0.51 (95% CI: 0.33-0.78,
P=0.002, Figure 2B), suggesting that signifi-
cantly association was in the dominant model
and homozygote model. The Egger’s test and
Begg's test indicated no publication bias in this
model (Egger P=0.21, 0.21; Begg, P=0.67,
0.83) (Table 2; Figure 3A, 3C). We also per-
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formed comparisons for other two genetic mod-
els (Table 2), but no associations were found
(GG vs. GA+AA and G vs. A). Also, after removing
the study deviating from HWE, the results had
not been changed.

TNF-o -238G>A polymorphism

Eight case-control studies on relationship
between TNF-a -238G>A polymorphism and
pTB risk were identified, including 1, 008 cases
and 1, 178 controls. For the dominant model
(GG+GA vs. AA) and homozygote model (GG vs.
AA), four studies were analyzed as the other
four studies [18, 25, 30, 35] with no people for
AA genotype. In the dominant model, the p
value for heterogeneity was 0.29, and I?> was
19.9%, showing no heterogeneity. Thus, the fix-
effect model was used. The overall OR for the
dominant model was 0.33 (95% Cl: 0.18-0.57,
P<0.001), suggesting that significantly associa-
tion was in the dominant model (Figure 2C).
The Egger’s test and Begg's test indicated no
publication bias in this model (Egger P=0.33;
Begg, P=0.09) (Table 2; Figure 3A4). We also
performed comparisons for other three genetic
models (Table 2), but no associations were
found (GG vs. GA+AA, GG vs. AA and G vs. A).
Also, after removing the study deviating from
HWE, the results had not been changed (Data
not shown).
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Figure 2. Forest plots of a meta-analysis of the association between the -308G>A and -238G>A polymorphisms of
the TNF-a gene and pTB susceptibility. A. Dominant model (GG+GA vs. AA) of -308G>A polymorphism. B. Homozy-
gote model (GG vs. AA) of -308G>A polymorphism. C. Dominant model (GG+GA vs. AA) of -238G>A polymorphism.

TNF-a -863C>A and -857C>T polymorphisms

There were four and five researches for TNF-a
-863C>A (1, 109 cases and 813 controls) and
-857C>T (1, 261 cases and 896 controls) poly-
morphisms, and all the population were Asian.
There was no significantly association between
TNF-a -863C>A and -857C>T polymorphisms
and pTB risks. Also, after removing the study
deviating from HWE, the results had not been
changed.

Sensitivity analysis

Sensitivity analyses were carried out by omit-
ting certain studies each time, such as studies
carry out in ethnicity (Asian, African and
Caucasian), or studies carry out in certain pop-
ulation (HIV status). The results showed in
Table 3. We performed subgroup analyses in
TNF-a0 -308G>A polymorphism by ethnicity.
Significantly reduced risk of pTB was found
among African population under two genetic
models (Dominant model: OR 0.16, 95% CI
0.06-0.39, P<0.001 and Homozygote model:
OR 0.14, 95% Cl 0.06-0.36, P<0.001), but not
for Asian population and Caucasian population.
However, in TNF-o -238G>A polymorphism, sig-
nificantly reduced risk of pTB was found among
Asian population under two genetic models
(Dominant model: OR 0.31, 95% CI 0.18-0.56,
P<0.001). Also, significantly reduced risk of pTB
was found among patients without HIV test.
Subgroup analyses in the other TNF-a polymor-
phisms (-863C>A, -857C>T and -238G>A), sig-
nificantly reduced risk of pTB was found among
patients without HIV test.

Discussion

Though only a minority of individuals will devel-
op clinical disease, even if infected with My-
cobacterium tuberculosis (MT), TB infections
still considered to be substantial threat to pub-
lic health. As we known, the complex interac-
tions of genetic and environment can lead to
multifactorial disease of TB. Thus, besides
environmental factors, the variability in the
human genes is also contributed to inter-indi-
vidual variability of disease susceptibility and
clinical outcome. Moreover, it was recently
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reported success in host genotype-specific
therapies upon zebrafish with TB infection,
which also promote our interest of exploring the
host genetic characteristics in TB [36]. Though
there were few Genome-wide association stud-
ies (GWAS) on the relationship between TNF-a
gene polymorphisms and pTB risk. These poly-
morphisms were still widely focused to experts.
TNF-&, being highly involved in the tuberculosis
related immunity, has attracted considerable
concerns. Also, in the spine TB patients, expres-
sion imbalance of TNF-a was existed [7], and
anti-TNF agents significantly increase the risk
of TB infection in Korean patients with inflam-
matory bowel disease [8]. Although evidence
gradually accumulates regarding the potential
association between TNF-a and TB risk, the
result remains complex. Several meta-analysis
had been show that TNF-a polymorphism was
no association with TB risk [12, 13], but few
studies had analyzed the association with pTB
risk. Therefore, we performed this meta-analy-
sis, adding more recently published studies, to
evaluate the association between TNF-a poly-
morphisms and pTB risk more comprehensively
and rigorously.

In the present study, 17 case-control studies
for analyzing TNF-a -308G>A were analyzed
with the main results in pTB infection in two
genetic models (GG+GA vs. AA and GG vs. AA),
which is not showed in previous meta-analysis
[13, 14]. Although one of the studies included
was deviating from HWE, the sensitivity analy-
sis by excluding this study yielded the similar
results, indicating that the results were reliable.
Though no obvious heterogeneity when pooling
all the studies, we did further stratified analysis
by ethnicity (Asian, African and Caucasian). The
results appeared that significantly association
was only found in African population, while not
found in Asian and Caucasian population. The
reason for these discrepant results was unclear
and differences in sample size, methodologies,
ethnicities and dominance of different etiologic
factors in different populations might contrib-
ute to this heterogeneity results. Also, for ana-
lyzing TNF-a -238G>A, the significantly associa-
tion was shown in Asian population with one
genetic model (GG+GA vs. AA). The presence of
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Figure 3. Funnel plots of -308G>A, -863C>A, -857C>T and -238G>A. A1-D1. Funnel plots of Dominant, Recessive model, Homozygote and Additive model of
-308G>A. A2-D2. Funnel plots of Dominant, Recessive model, Homozygote and Additive model of -863C>A. A3-D3. Funnel plots of Dominant, Recessive model,
Homozygote and Additive model of -857C>T. A4-D4. Funnel plots of Dominant, Recessive model, Homozygote and Additive model of -238G>A.
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variation among different ethnicities might be
explained partly by the difference in gene allele
frequencies, as studies have suggested that
the frequency of genetic markers often showed
high variation among various racial and ethnic
groups [37, 38]. Meanwhile, interactions be-
tween genes along with environmental factors
may also lead to the complexity of effect.

The overall analysis of TNF-a -308G>A and-
238G>A showed significantly relationship with
pTB risk, while no association in TNF-a -863C>A
and -857C>T. In the subgroup analysis strati-
fied of HIV status, this association was existed
in HIV undone subgroups (TNF-a -308G>A:
dominant model and homozygote model; TNF-a
-238G>A: dominant model, recessive model
and additive model; TNF-& -863C>A: dominant
model and homozygote model). These results
suggest that HIV infection is probably a con-
founding factor which could affect the disease
susceptibility and development. So far, we have
known that MT is associated with lower HIV
specific T cell function in co-infection patients
[39]. Thus, the interaction of HIV and MT may
lead to disease development.

The mechanism by which TNF-a polymorphism
confers association with pTB is unknown. But,
TNF as a pro-inflammatory cytokine, plays an
important role in immune response against TB
activating microbicidal response in macro-
phages and also during granuloma organiza-
tion, and patients with anti-TNF agent shows
higher risk for TB infection and reaction [9, 40,
41]. These suggest that the higher level of TNF
can control TB infection and reaction. However,
not all the TNF-a polymorphisms were associa-
tion with TB risk. It is that the location of the
TNF genes was within the MHC region and HLA
gene polymorphism also contributed the TB
infection [42]. The possibility that some haplo-
types of HLA may be associated due to linkage
disequilibrium gains significance.

We should also pay attention to the several limi-
tations in our study, which may affect the result.
Firstly, we only included published English stud-
ies. Relevant articles published in other lan-
guage may have been missed. Secondly, the
small sample sizes in some subgroup analyses
may not comprehensively represent the popu-
lation. Thirdly, the subgroup analyses were only
implemented among some explicitly described
population due to the lack of original studies.
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Studies conduct among African and Caucasian
population were needed in the future. Fourthly,
the included studies were most middle quality
of NOS scores, which might weaker the results.

In conclusion, our meta-analysis suggest that
the TNF-a -308G>A and -238G>A polymor-
phisms are significantly associated with pTB
susceptibility regardless of ethnicity and HIV
statue. TNF-a -308G>A, -863C>A and -238G>A
polymorphisms are significantly associated
with pTB susceptibility of HIV-undone patients.
In Asian population, the significantly associa-
tion with pTB is TNF-a -238G>A, while TNF-a
-308G>A is in African population. For future
studies, well-designed, larger scale epidemio-
logical studies among different ethnicities are
needed. More detailed information concerning
the potential confounding factors are wanted
and multiple SNPs should also be considered in
the future studies.
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