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Abstract

Introduction: The role of interferon gamma (IFN-y) +874 A>T (rs2430561) gene
polymorphism has been evaluated in different ethnicities with pulmonary
tuberculosis (PTB) infection, and inconsistent results have been reported.
In this study, a meta-analysis was performed to determine the precise asso-
ciation between IFN-y +874 A>T gene polymorphism and PTB susceptibility.
Materials and methods: A total of 21 studies comprising 4281 confirmed
PTB cases and 5186 healthy controls were included in this meta-analysis by
searching the PubMed (Medline), EMBASE, and Google Scholar web-data-
bases.

Results: We observed reduced risk of PTB in allelic contrast (T vs. A: p = 0.001;
OR = 0.818, 95% Cl: 0.723-0.926), homozygous (TT vs. AA: p = 0.017; OR = 0.715,
95% Cl: 0.543-0.941), heterozygous (AT vs. AA: p = 0.002; OR = 0.782, 95% Cl:
0.667-0.917), dominant (TT+AT vs. AA: p = 0.002; OR = 0.768, 95% Cl: 0.652-0.906),
and recessive (TT vs. AA+AT: p = 0.042; OR = 0.802, 95% Cl: 0.649-0.992) genetic
models. In ethnicity-wise subgroup analysis, reduced risk of PTB was found in
the Caucasian population. However, we did not find an association with any
of the genetic models in the Asian population.

Conclusions: In conclusion, the IFN-y +874 A>T gene polymorphism is signifi-
cantly associated with reduced risk of PTB, showing a protective effect in the
overall and in the Caucasian population. However, this polymorphism is not
associated with PTB risk in the Asian population.
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Introduction

Tuberculosis (TB) is chronic infectious disease
caused by Mycobacterium tuberculosis (M. tuber-
culosis). This is a disease of the lungs, mostly seen
in the form of pulmonary type tuberculosis (PTB),
which can easily be spread to others by coughing
and breathing. Despite the availability of various
effective treatment strategies, recent figures from
2014 show that TB is once more on the increase;
globally, there is a large burden of the disease with
~9.6 million new cases and ~1.5 million reported
deaths [1].

Nearly one-third of the world’s population is
thought to be affected with M. tuberculosis, but
a large proportion of the population have no
clinical symptoms of the disease. However, the
remaining 5-15% of the population is affected
with the active disease, as demonstrated by cul-
turable bacilli from the sputum and other clini-
cal symptoms [2]. This indicates that besides the
mycobacteria itself, the host genetic factors may
also determine the differences in host suscepti-
bility to TB [3]. Earlier reports involving candidate
gene approach and genetic association studies
have identified various host genetic factors that
affect the susceptibility in a variety of diseases
[4-6]. So, the identification of host genes and ge-
netic variations that play significant role in sus-
ceptibility and resistance to TB would help in un-
derstanding the pathogenesis of the disease and
perhaps lead to new approaches of treatment or
prophylaxis.

Cytokines, and their genes and receptors, have
been implicated in the protective immunity, and
also associated with pathological severity with
altered circulating levels of pro-inflammatory and
down-regulatory cytokines in TB [7]. In general,
TB infects mainly macrophages in lungs, and Thi-
mediated immunity is considered as protective
response against M. tuberculosis. The human in-
terferon gamma gene (IFNy) is located on chromo-
some 12 (12g14) and has four exons spanning about
6 kb. Interferon gamma (IFN-y) encoded by /FN-y
(also called IFNG) is a key T helper (type-1) cytokine
produced by natural killer (NK) cells and T cells.
The production of IFN-y is essential in innate im-
munity and plays a pivotal role in macrophage acti-
vation for eliminating Mycobacterium infection [8].
A previous study reported that malfunction of the
IFN-y gene may lead to infection of M. tubercu-
losis [9]. Single nucleotide polymorphisms (SNPs)
present in the promoter or coding regions of cyto-
kine genes result in altered transcriptional func-
tion and differential cytokine secretion. Also, the
inter-individual variations in IFN-y production are
genetically contributed by polymorphisms within
the promoter or coding region.

An SNP located in the +874 A>T (rs2430561)
position in the first intron of the /FN-y gene com-
prises the binding site for the transcription factor
NFkB, which putatively influences the gene ex-
pression and secretion of the cytokine, which has
a significant impact on infection outcome. It has
been reported that TB patients with the homozy-
gous allele A combination produce significantly
lower level of IFN-y in comparison to individuals
carrying one or two copies of allele T [10]. This
polymorphism also displays variable associations
with TB disease susceptibility and severity [11].
These studies demonstrated the importance of
these cytokines in the development of TB infec-
tion and suggested that this genetic variant of the
IFN-y gene could account for the differences in TB
susceptibility.

After considering the functional significance
of this genetic variant, a number of case-control
studies in recent years have assessed the associ-
ation of /FN-y +874 A>T gene polymorphism with
PTB development in different populations. Results
from these studies have shown mixed findings,
and it is still unclear whether this polymorphism
is associated with increased or decreased suscep-
tibility to PTB [10, 12-32]. A probable reason to
clarify the noted inconsistencies in the outcomes
is the inadequate statistical power of the individu-
al studies in which non-homogenous populations
and individuals from different ethnicities were
included. To overcome this situation, nowadays
a meta-analysis statistical tool is used to explore
the risk factors associated with the genetic dis-
eases, as it employs a quantitative method of
combining the data drawn from individual studies
where sample sizes are too small to produce re-
liable conclusions [33]. Therefore, we carried out
this meta-analysis to assess the effect of /FN-y
+874 A>T gene polymorphism on the risk of PTB
infection.

Material and methods
Strategy for literature search

Online web-databases, i.e. PubMed, Medline,
EMBASE, and Google Scholar online, were searched
for published research articles covering a combina-
tion of the following key words: IFN-y, IFNy gene,
IFNG, interferon gamma gene (polymorphism OR
mutation OR variant) AND tuberculosis suscepti-
bility or TB or pulmonary tuberculosis or PTB (last
updated on January 2017). We identified the po-
tentially relevant genetic association studies by
reading their titles and abstracts, and procured
the most pertinent publications matching the pre-
eligible criteria for a closer examination. In addition
to the above-mentioned online database search,
the references given in the selected research arti-
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cles were also scrutinised for other potential arti-
cles that may have been missed in the preliminary
search.

Criteria for inclusion and exclusion
of the studies

In order to reduce heterogeneity and facilitate
the apt interpretation of this pooled analysis, the
published articles included in the present meta-
analysis had to cover all the given criteria, as fol-
lows: a) they had to have reported case-control
studies between /FN-y +874 A>T gene polymor-
phism and PTB risk, b) they had to include clearly
described confirmed PTB patients and PTB-free
controls, d) they had to have available genotype
frequency in both the cases and the controls,
e) they had to be published in the English lan-
guage, and f) the data collection and the analysis
method had to be acceptable from a statistical
point of view. Additionally, when the case-control
study was involved in more than one research ar-
ticle using the same case series, we selected the
research study that included the largest number
of individuals. The major criteria for study exclu-
sion were: a) overlapping or duplicate publication,
b) the study-design based on only PTB cases,
) genotype frequency not reported, and d) data
from review articles or abstracts.

Data extraction

For each retrieved research publication, the
methodological quality evaluation and data ex-
traction were independently abstracted in dupli-
cate by two independent investigators (MYA and
RKM) using a standard process. Standard data-
collection form was used to endorse the precision
of the collected data from individual studies by
stringently following the pre-set inclusion crite-
ria as mentioned above. The main characteristics
abstracted from the retrieved publications com-
prised the name of the first author, the year of
publication, the country of origin, the source of
cases and controls, the number of cases and con-
trols, the study type, and the genotype frequen-
cies. Cases related with disagreement/discrepancy
on any item of the data from the selected studies
were fully deliberated with the investigators to
reach a final unanimous agreement. In case fail-
ure to reach a consensus between the two investi-
gators, a mutual agreement was attained with an
open discussion with the adjudicator (SH).

Quality assessment of the selected studies

Methodological quality evaluation of the se-
lected studies was performed independently by
two investigators (MYA and RKM) by following the
Newcastle-Ottawa Scale (NOS) of quality assess-

ment [34]. The NOS quality assessment criteria
included three major aspects: (i) subject selec-
tion: 0-4 stars, (ii) comparability of subject: 0-2
stars, and (iii) clinical outcome: 0-3 stars. Select-
ed case-control studies that gained five or more
stars were considered as of moderate to good
quality [35].

Statistical analysis

In this study, the pooled ORs and their cor-
responding 95% Cls were used to evaluate the
strength of the association between /FN-y +874
A>T polymorphism and susceptibility to PTB.
The heterogeneity assumption was tested by the
chi-square-based Q-test [36] and was considered
statistically significant if the p-value was < 0.05
(means Q-test revealed a lack of heterogeneity
among the selected studies). The data from sin-
gle comparisons were pooled using a fixed effects
model [37] when no heterogeneity was detected.
Otherwise (in case of significant heterogeneity),
the random-effects model [38] was applied for
pooling of the data (ORs). In order to assess the
ethnicity specific effect, sub-group analyses were
performed by ethnic group. Furthermore, I statis-
tics was used to measure the inter-study variabili-
ty ranging between 0 and 100%, wherein 0% indi-
cates no observed heterogeneity and larger values
25%, 50%, and 75%, correspond to small, moder-
ate, and high levels of heterogeneity, respectively
[39]. The Hardy-Weinberg equilibrium (HWE) in
the control group was calculated using the y* test.
Publication bias was evaluated using the funnel
plot, wherein the standard error of log (OR) for
each study was plotted against its log (OR) [40].
Furthermore, the Egger’s linear regression test
was used to measure the association between
the mean effect estimate and its variance [41].
The significance of the intercept was measured
by the t-test considering a p-value <0.05 as a rep-
resentation of statistically significant publication
bias. Before the statistical analysis, a comparative
appraisal of ‘meta-analysis’ software programs
was performed by using the web-link: http://www.
meta-analysis.com/pages/comparisons.html.
The Comprehensive Meta-Analysis (CMA) Version 2
software program (Biostat, NJ, USA) was used to
perform all the statistical analysis involved in this
meta-analysis.

Results

Characteristics of the studies included
in this meta-analysis

A systematic flow-diagram displaying the selec-
tion of published studies following the pre-set in-
clusion and exclusion criteria is shown in Figure 1.
After many levels of screening (as per the pre-set
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Relevant studies identified by PubMed, EMBASE and
Google Scholar web-database search (n = 76)

v

Studies excluded after reviewing title and abstract
(not case control study, comment, review articles,
not in English language) (n = 52)

Y

Studies screened for meta-analysis (n = 22)

Y

Study excluded expression study (n = 1)

Y
Studied included in this meta-analysis with association
between the IFN-y +874 A>T (rs2430561) gene
polymorphism and pulmonary tuberculosis (n = 21)

Figure 1. PRISMA Flow-diagram showing identifi-
cation and selection of the studies for this meta-
analysis

inclusion and exclusion criteria of study selec-
tion) a total of 21 case-control research publica-
tions were finally selected after a literature search
of the PubMed (Medline), EMBASE, and Google

Scholar web-databases [12-32]. Research publica-
tion either reporting IFN-y +874 A>T polymorphism
to predict survival in PTB patients or considering
genetic variants as indicators for response to ther-
apy were disqualified straightaway. Likewise, stud-
ies exploring the levels of IFN-y mRNA or protein
expression or pertinent review articles were also
eliminated from this study. We incorporated only
case-control or cohort design studies mentioning
the frequency of all three genotypes. Moreover,
the supporting references listed in the retrieved
research publications were also scrutinised for
other pertinent research publications. After cau-
tious screening, the detailed characteristics of
23 studies from 21 eligible original published re-
search articles included in this meta-analysis are
provided in Table 1. Distribution of genotypes,
HWE p-values in the controls, and susceptibility
towards PTB are shown in Table 2. All the selected
21 studies were inspected for their quality follow-
ing the Newcastle-Ottawa Scale (NOS) and most
of the studies (80%) scored five stars or more, in-
dicating moderate to good quality (Table 3).

Table 1. Main characteristics of all studies included in the meta-analysis

First author and year Country Ethnicity Control Cases  Study Association
[Ref. No]
Hu et al., 2015 [12] China Asian 480 120 PB No risk
Mabunda et al., 2014 [13] Brazil Mixed 456 102 HB No risk
Shen et al., 2013 [14] China Asian 164 69 PB No risk
Selma et al., 2011 [15] Tunisia African 150 168 HB AA genotype risk
Hashemi et al., 2011 [16] Iran Asian 166 142 HB AA genotype risk
Ansari et al., 2011 [17] Pakistan Asian 166 102 PB No risk
Vallinoto et al., 2010 [18] Brazil Mixed 156 129 HB No risk
Wang et al., 2010 [19] China Asian 527 522 PB No risk
Anand et al., 2010 [20] India Asian 66 62 HB No risk
Ansari et al., 2009 [21] Pakistan Asian 188 111 HB TT genotype risk
Selvaraj et al., 2008 [22] India Asian 178 160 HB No risk
Ding et al., 2008 [23] China Asian 310 266 HB AA genotype risk
Wu et al., 2008 [24] China Asian 111 183 HB No risk
Hwang et al., 2007 [25] Korea Asian 80 80 HB No risk
Moran et al., 2007 [26] USA Caucasian 64 139 PB No risk
Moran et al., 2007a [26] USA African American 174 204 PB No risk
Moran et al., 2007b [26] USA Hispanics 98 270 PB No risk
Sallakci et al., 2007 [27] Turkey Caucasian 115 319 PB TT genotype
decreased risk
Cooke et al., 2006 [28] West African African 594 667 PB No risk
Vidyarani et al., 2006 [29] India Asian 127 129 HB No risk
Etokebe et al., 2006 [30] Croatia Caucasian 519 179 HB No risk
Lopez et al., 2003 [31] Spain Caucasian 100 113 PB AA genotype risk
Lio et al.,, 2002 [32] Italy Caucasian 97 45 HB TT genotype
decreased risk
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Table 2. Genotypic distribution of IFN-y +874 A>T (rs2430561) gene polymorphism included in the meta-analysis

First author and year Controls Cases HWE Power
Genotype Minor allele Genotype Minor allele
AA AT T MAF AA AT T MAF p-value
Hu et al., 2015 212 201 67 0.34 74 36 10 0.23 0.35 0.980
Mabunda et al., 2014 203 136 21 0.24 66 32 3 0.18 0.08 0.971
Shen et al., 2013 2 29 133 0.89 0 18 51 0.86 0.01 0.641
Selma et al., 2011 42 86 22 0.43 77 64 27 0.35 0.26 0.796
Hashemi et al., 2011 22 111 33 0.53 40 84 18 0.42 0.11 0.781
Ansari et al., 2011 65 80 21 0.36 30 48 24 0.47 0.04 0.712
Vallinoto et al., 2010 46 86 24 0.42 73 46 10 0.25 0.01 0.741
Wang et al., 2010 425 91 10 0.10 427 80 14 0.10 0.28 0.999
Anand et al., 2010 33 25 8 0.31 28 27 7 0.33 0.13 0.371
Ansari et al., 2009 76 87 25 0.36 37 47 27 0.45 0.27 0.766
Selvaraj et al., 2008 79 76 23 0.34 68 72 20 0.35 0.03 0.823
Ding et al., 2008 164 114 32 0.28 169 81 16 0.21 0.04 0.975
Wu et al., 2008 91 18 2 0.09 148 32 3 0.10 0.83 0.758
Hwang et al., 2007 59 21 0 0.13 66 13 1 0.09 0.98 0.460
Moran et al., 2007 17 31 16 0.49 36 80 23 0.45 0.01 0.571
Moran et al., 2007a 98 65 11 0.25 120 76 8 0.22 0.95 0.869
Moran et al., 2007b 62 26 10 0.23 170 82 18 0.21 0.04 0.859
Sallakci et al., 2007 31 58 26 0.47 115 157 47 0.39 0.47 0.916
Cooke et al., 2006 415 166 13 0.16 488 159 20 0.14 0.05 0.999
Vidyarani et al., 2006 55 52 20 0.36 61 54 14 0.31 0.91 0.689
Etokebe et al., 2006 134 282 103 0.47 50 92 37 0.46 0.06 0.992
Lopez et al., 2003 31 50 19 0.44 62 40 11 0.27 0.07 0.595
Lio et al., 2002 25 47 25 0.50 11 30 4 0.42 0.07 0.410

MAF — minor allele frequency, HWE — Hardy-Weinberg equilibrium

Publication bias

Begg’s funnel plot and Egger’s test were applied
to appraise the publication bias of the included
studies. The shape of the funnel plot was almost
symmetric (Supplementary material: Figure SM1).
The Egger’s test did not show any evidence of
publication bias (Table 4).

Heterogeneity analysis

In order to check heterogeneity among the se-
lected studies, Q-test and |? statistics were used.
The analysis revealed the presence of significant
heterogeneity in all the models. Thus, a random
effects model was applied to synthesise the data
(Table 4) (Supplementary material: Figure SM1).

Sensitivity analysis

Sensitivity analysis was done to examine the
effect of each individual study on the pooled OR
by deleting a single study each time. The results

revealed that no individual study affected the
pooled OR significantly, suggesting stability of this
meta-analysis (Figure 2A, B).

Quantitative synthesis

All the 21 studies (yielding 23 case-control study
groups) had desired data, conclusively of 4281 con-
firmed PTB cases and 5186 healthy controls, to cal-
culate the pooled ORs. The results of pooled study
demonstrated that IFN-y +874 A>T polymorphism
is associated with reduced risk of PTB susceptibility
(protective effect) in the general population under
all the genetic models, i.e. allelic contrast (T vs. A:
p = 0.001; OR = 0.818, 95% Cl = 0.723-0.926),
homozygous (TT vs. AA: p = 0.017; OR = 0.715,
95% Cl = 0.543-0.941), heterozygous (AT vs. AA:
p = 0.002; OR = 0.782, 95% Cl = 0.667-0.917), dom-
inant (TT+AT vs. AA: p = 0.002; OR = 0.768, 95%
Cl = 0.652-0.906), and recessive (TT vs. AA+AT:
p = 0.042; OR = 0.802, 95% Cl = 0.649-0.992) gene-
tic models (Figure 3A, B).
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Table 3. Quality assessment conducted according
to the Newcastle-Ottawa Scale for all studies in-
cluded in the meta-analysis

First author Quality indicators

and year

Selection Comparability Exposure

Kok k * *

Hu et al.,
2015

Mabunda o * >
et al.,, 2015

Kok ok k * *%

Shen et al.
2013

Selma et al.,
2011

Hashemi
et al., 2011

Ansari et al.,
2011

*okok ok *k *%

Vallinoto
et al, 2010

*okok ok * *%

Wang et al.,
2010

Anand et al.,
2010

Ansari et al.,
2009

Selvaraj
et al., 2008

Ding et al.,
2008

*okok ok *%k *okk

Wu et al.,
2008

Hwang et al.,
2007

Moran et al.,
2007

Kk kK *% *%

Sallakci et al.,
2007

Cooke et al.,
2006

Vidyarani
etal., 2006

Etokebe ok * >
etal., 2006

*kkk * *%

Lopez-
Maderuelo
et al., 2003

Lio et al.,
2002

Subgroup analysis

A subgroup analysis based on ethnicity (case-
control study population under consideration)
was also performed to explore its effect (Asian
and Caucasian) on the association between IFN-y
+874 A>T and PTB risk.

Subgroup analysis of the Asian population

Out of 21 studies included for overall me-
ta-analysis, 12 studies were of Asian populations
and were included in the subgroup analysis. Sig-
nificant heterogeneity was found in all the genetic
models (Table 5) (Supplementary material: Figure
SM2). So, random effect models were applied for
the analyses. Overall, no significant association
of IFN-y +874 A>T SNP and PTB susceptibility was
found in all the genetic models, i.e. allele (T vs.
A: p = 0.292; OR = 0.899, 95% Cl = 0.738-1.096),
homozygous (TT vs. AA: p = 0.325; OR = 0.885,
95% Cl = 0.693-1.129), heterozygous (AT vs. AA:
p =0.100; OR = 0.838, 95% Cl = 0.679-1.034), dom-
inant (TT+AT vs. AA: p = 0.199; OR = 0.854, 95%
Cl = 0.670-1.087), and recessive (TT vs. AA+AT:
p = 0.679; OR = 0.932, 95% Cl = 0.670-1.298) ge-
netic models (Figure 4).

Subgroup analysis of the Caucasian
population

In the Caucasian population five studies were
included for subgroup analysis. No significant pub-
lication bias and heterogeneity was noticed (Sup-
plementary material: Figure SM3), and thus fixed
effect models were applied for all the genetic mod-
els (Table 6). Interestingly, we found significantly
decreased risk of PTB (in relation with /FN-y +874
A>T SNP) in allele (T vs. A: p = 0.001; OR = 0.782,
95% Cl = 0.672-0.909), homozygous (TT vs. AA:
p =0.003; OR = 0.615, 95% Cl = 0.448-0.844), dom-
inant (TT+AT vs. AA: p = 0.010; OR = 0.735, 95%
Cl = 0.582-0.929), and recessive (TT vs. AA+AT:
p = 0.011; OR = 0.701, 95% Cl = 0.533-0.921) ge-
netic models (Figure 5). However, the heterozy-
gous model (AT vs. AA: p = 0.070; OR = 0.796,
95% Cl = 0.622-1.019) did not show any risk of
PTB in relation to /FN-y +874 A>T SNP (Figure 5).

Discussion

The cytokine network plays an important role
in homeostasis of the immune response. Genetic
variations in cytokine genes have been described
earlier and demonstrated to influence gene tran-
scription, leading to inter-individual variations in
cytokines and may result in abnormal or aberrant
immune response, as seen in M. tuberculosis infec-
tion [42]. Various mechanisms have been described
for the development of a protective immunity that
prevents the progression of the active disease [43].
The candidate gene approach and association
studies have identified various host genetic factors
that affect the susceptibility to TB [43].

An earlier report demonstrated that immuno-
regulatory genes are important in modulating the
host susceptibility to PTB because the first line of
defence against M. tuberculosis involves the iden-
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Table 4. Statistics to test publication bias and heterogeneity in the meta-analysis: overall population

Comparisons Egger’s regression analysis Heterogeneity analysis Model used
o N . 2 (o for the
Intercept  95% Confidence  p-value  Q-value Pheterogeneity 12 (%) ¢ vsi
interval meta-analysis
Tvs. A -0.64 -3.45t0 2.16 0.63 60.91 0.001 63.88 Random
TT vs. AA -0.22 -2.34 to 1.89 0.82 52.84 0.001 58.37 Random
AT vs. AA 0.41 -1.56 to 2.38 0.66 49.29 0.001 55.37 Random
TT+AT vs. AA 0.01 -2.16 t0 2.18 0.99 59.02 0.001 62.72 Random
TT vs. AA+AT -0.76 -2.68 to 1.15 0.41 40.44 0.010 45.60 Random
A Study name Statistics with study removed Odds ratio (95% CI) with study removed B Study name Statistics with study removed Qdds ratio (95% CI) with study removed
Lower Upper Lower Upper
Tw.A Point fimit it 2-Value p-Value TT+ATVS. AR poine it it Z-Value p-Value
Hu et al. 2015 0834 0737 0944 -2.880 0.004 - Hu et al. 2015 0.787 0667 0930 -2.811 0.005 ——
Mabunda etal. 2014 0.824 0725 0936 2978 0.003 —-— Mabunda etal. 2014 0.773 0650 0.919 -2922 0.003 —.—
Shenetal. 2013 0820 0723 0931 -3071 0002 —— Shenetal. 2013 0766 0649 0905 -3.142 0.002 ——
Selmaetal. 2011 0824 0725 0937 2945 0.003 —-— Selmaetal 2011 0788 0668 0930 -2818 0.005 —.—
Hashemi etal 2011 0,829 0730 0941 2904 0004 —— Hashemietal 2011 0.790 0671 0.930 -283 0.05 ——
Ansarieta. 2011 0795 0708 0892 -3.888 0.000 —- Ansarictal 2011 0.745 0633 0876 -3566 0.000 —.—
Valinoto etal. 2010 0842 0749 0946 -2.894 0.004 —-— Valinoto etal. 2010 0.800 0687 0932 -2.860 0.004 —-—
Wangetal 2010 0810 0712 0922 -3202 0001 —— Wangetal. 2010 0760 0638 0905 -3.078 0.002 —i—
Anandetal. 2010 0811 0715 0919 -3.269 0001 —— Anandetal. 2010 0757 0640 0895 -3253 0.001 —.—
Ansarieta. 2009 0796 0708 0894 -3.831 0000 - Ansarietal. 2009 0748 0634 0882 -3455 0.001 —a—
Selvaraj etal. 2008 0.809 0.712 0.919 -3.265 0.001 —i— Selvarajetal. 2008  0.755 0.637 0.895 -3.240 0.001 ——
Dingetal. 2008 0828 0728 0941 2895 0004 —-— Dingetal. 2008  0.777 0653 0.925 -2838 0005 —.—
Wu et al. 2008 0812 0716 0921 -3.236 0.001 —— Wu et al. 2008 0758 0640 0899 -3198 0.001 —a—
Hwang etal 2007 0821 0724 0932 -3.063 0.002 —— Hwang etal 2007  0.74 0654 0917 -2962 0003 —-—
Moranetal. 2007 0817 0710 0928 -3099 0002 —— Moranetal 2007  0.761 0642 0.901 -3.166 0.002 —.—
Moranetal. 20072 0816 0717 0928 3093 0.002 —-— Moran etal. 2007a 0762 0641 0906 -3.076 0002 —.—
Moranetal. 2007b 0814 0716 0926 3140 0.002 —— Moran etal. 2007b 0.758 0639 0.901 -3.173 0002 ——
Sallakci etal. 2007 0.824 0725 0938 2936 0.003 —- Sallakci etal. 2007 0775 0652 0920 2907 0.004 —.—
Cookeetal. 2006 0813 0712 0927 3079 0.002 —— Cookeetal. 2006 0764 0638 0914 2942 0.003 —.—
Vidyarani etal.2006 0818 0.719 0931 -3.055 0002 —— Vidyaranietal.2006 0765 0644 0909 -3.049 0.002 ——
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Figure 2. A — Sensitivity analysis to evaluate the influence of each study on the pooled OR by deleting a single study
each time for the overall analysis (allelic contract [T vs. A], homozygous [TT vs. AA] and heterozygous [AT vs. AA] genetic
models). Black squares represent the value of OR, and the size of the square indicates the inverse proportion relative to
its variance. The horizontal line is the 95% Cl of OR. B — Sensitivity analysis to evaluate the influence of each study on
the pooled OR by deleting a single study each time for the overall analysis (dominant [TT+AT vs. AT] and recessive
[TT vs. AA+AT] genetic models). The black squares represent the value of OR, and the size of the square indicates
the inverse proportion relative to its variance. The horizontal line is the 95% Cl of OR
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Statistics for each study

A susnme

Tvs. A Odds Lower Upper
ratio limit limit Z-Value p-Value

Hu etal. 2015 0.568 0409 0788 -3.390 0.001
Mabunda etal. 20140.706 0477 1.044 -1.747  0.081
Shenetal. 2013 0746 0404 1376 -0.939 0.348
Selmaetal. 2011 0708 0514 0975 -2117 0034
Hashemi etal. 20110.641 0466 0.882 -2.733 0.006
Ansarietal. 2011 1530 1.074 2180 2.354 0.019
Vallinoto et al. 20100.457  0.319 0653 -4.287  0.000
Wangetal. 2010 0980 0741 1297 -0.140 0.889
Anand etal. 2010 1.096 0648 1.854 0343 0731
Ansari etal. 2009 1456 1.039 2041 2183 0.029
Selvarajetal. 2008 1.033 0752 1418 0.199 0842
Dingetal. 2008 0670 0511 0878 -2.900 0.004
Wuetal. 2008  1.053 0605 1.832 0.184 0854
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Cooke etal. 2006 0.910 0733 1.128 -0.861  0.389
Vidyarani et al. 2000.820 0.569 1.183 -1.059  0.289
Etokebe et al. 2006 0.974 0.766 1.240 -0.211  0.833
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Lioeta. 2002 0281 0091 0864 -2216 0.027
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Figure 3. A — Forest plot of OR with 95% Cl of PTB risk associated with the IFN-y +874 A>T gene polymorphism
for overall population (allelic contract [T vs. A], homozygous [TT vs. AA], heterozygous [AT vs. AA] genetic models).
The black square represents the value of OR, and the size of the square indicates the inverse proportion relative to
its variance. The horizontal line is the 95% Cl of OR. B — Forest plot of OR with 95% Cl of PTB risk associated with
the IFN-y +874 A>T gene polymorphism for the overall population (dominant [TT+AT vs. AT], recessive [TT vs. AA+AT]
genetic models). The black square represents the value of OR, and the size of the square indicates the inverse
proportion relative to its variance. The horizontal line is the 95% Cl of OR

tification and uptake of the bacterium by macro-
phages and dendritic cells [44]. IFN-y is a potent
activator of macrophages, and clinical and exper-
imental evidence showed that IFN-y plays a key
role in antimicrobial activities that regulate my-
cobacterial infection. In recent years, IFN-y +874
A>T gene polymorphism has been widely studied
for potential association with increased/reduced/
no risk of PTB, but the findings were inconsistent,
and still the precise association between the /FN-y
+874 A>T SNP and PTB risk is inconclusive. This
inconclusive finding warranted further studies

with large sample sizes for accurate estimation
of the association between the IFN-y +874 A>T
gene polymorphism and PTB disease. Hence, in
order provide a precise conclusion against the
above-mentioned controversial results, a meta-
analysis is thought to be needed to achieve more
reliable and accurate statistical evidence on the
association between /FN-y +874 A>T SNP and PTB
susceptibility. The pooled ORs generated from
a large sample size and sufficient statistical power
from various studies have the power to reduce the
random errors [45].
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Table 5. Statistics to test publication bias and heterogeneity in the meta-analysis: Asian population

Comparisons Egger’s regression analysis Heterogeneity analysis Model used
Intercept  95% Confidence p-value  Q-value Pheterogeneity 12 (%) meti;o-ra\:;elysis
interval
Tvs. A 0.57 -3.97 to 5.12 0.78 36.02 0.001 69.46 Random
TT vs. AA 0.58 -2.50 to 3.68 0.68 35.57 0.001 66.23 Random
AT vs. AA 0.81 -1.76 to 3.35 0.49 19.92 0.046 44.77 Random
TT+AT vs. AA 0.73 -2.32t0 3.79 0.60 29.05 0.002 62.14 Random
TT vs. AA+AT 0.376 -2.72 to 3.47 0.79 23.46 0.015 53.11 Random

We included 23 case-control group studies from
21 published articles complying with all the eligi-
ble criteria. All the included studies scored five or
more stars in NOS quality assessment and indi-
cated good to moderate quality by clearly stating
the sample size, genotype, and inclusion criteria
of PTB patients and healthy controls. We found
that pooled results of /FN-y +874 A>T gene poly-
morphism for each genetic model as well as the
allele contrast was significantly associated with
decreased risk of PTB. These observations lead
to the conclusion that that /FN-y +874 A>T poly-
morphism leads to a protective role in PTB infec-
tion. This finding highlights that /FN-y +874 A>T
polymorphism may be an important marker with
possible relevant application when dealing with
the prognosis of PTB. An earlier meta-analysis
also indicated a protective role of IFN-y +874 A>T
gene polymorphism in TB disease, based on only
11 studies [11] (case-control series) due to the lim-
ited availability of the data at that time, with no
clear-cut differentiation of overall TB into PTB and
extra-pulmonary TB, and lack of subgroup analysis.

The importance of IFN-y in TB has been diffi-
cult to establish. IFN-y is critical to activation of
macrophages during mycobacterial infection. Cer-
tainly, many studies have shown that the levels of
IFN-y are lower in subjects with active TB than in
controls, suggesting a protective role of this cy-
tokine [8].

The genotype frequency of IFN-y +874 A>T vary
greatly in different ethnicities. Previous studies
have shown that there is a discrepancy in TB sus-
ceptibility among different ethnicities [46]. Hence,
we conducted subgroup analysis by ethnicity, and
our results showed that the IFN-y +874 A>T gen-
otype is significantly associated with decreased
PTB risk in the Caucasian population and provides
a protective effect. Whereas, no significant associ-
ation between IFN-y +874 A>T and PTB suscepti-
bility was found in the Asian ethnic population. In
this manner, our subgroup analysis at least pres-
ents evidence for the racial differences of IFN-y
+874 A>T polymorphism and its effects. However,

TB susceptibility genes in genome-wide screens
endorsed the possibility of multigenic predisposi-
tion of TB [47, 48]. However, due to the multifac-
torial nature of TB infection and complex nature
of the immune system, IFN-y +874 A>T gene poly-
morphism cannot be solely accountable for the
predisposition of PTB.

In this study, significant heterogeneity was
found between the selected studies during the
heterogeneity evaluation. This limitation was in
line with a previously published meta-analysis,
which reported significant heterogeneity across
the studies under consideration [11]. This may be
due to some factors, e.g. the ethnicity, selection
of method, the definition of cases, and the sam-
ple size. However, our study has some limitations,
hence it is worth mentioning for their redressal
in future studies. First, we only selected studies
published in the English language, abstracted and
indexed by the specific web-databases for data
analysis; it is possible that some relevant stud-
ies published in other languages and abstracted
and indexed in other databases may have been
missed. Second, the extrapolated data were not
stratified by other factors, e.g. HIV infection status
or severity of the PTB infection, and these results
are based on the above-mentioned unadjusted pa-
rameters. Infection is the ‘combine effect’ of the
interaction between the host, the parasite, and
the environment, and is superimposed on the con-
tinual evolution and adaptation of the microbial
and human genomes to each other [49]. Third, we
failed to test gene-gene and gene-environment in-
teractions, due to lack of adequate data available
in the published reports; the interaction of differ-
ent susceptibility genes and environmental factors
can lead to the disease.

Notwithstanding the above limitations, there
are some advantages associated with our study.
First, this meta-analysis included a greater num-
ber of studies (which were not incorporated ear-
lier) to increase the statistical power and attain
robust conclusions. Second, publication bias did
not exist, and sensitivity analysis also aided the
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Study name Statistics for each study Odds ratio and 95% CI
Tvs.A Odds Lower U

pper
ratio  limit limit Z-Value p-Value

Huetal. 2015 0568 0409 0.788 -3.390 0.001
Shen et al. 2013 0746 0404 1376 -0939 0348
Hashemietal. 2011 0641 0466 0.882 -2733 0.006
Ansari et al. 2011 1530 1.074 2180 2354 0.019
Wang et al. 2010 0980 0.741 1.297 -0.140 0.889
Anand et al. 2010 1.096 0648 1.854 0.343 0731
Ansari et al. 2009 1456 1.039 2041 2183 0.029
Selvarajetal. 2008 1.033 0752 1418 0.199 0842
Ding et al. 2008 0670 0.511 0.878 -2900 0.004
‘Wau et al. 2008 1.053 0605 1.832 0.184 0.854
Hwang et al. 2007 0685 0.339 1.882 -1.057 0.290
Vidyarani et al. 2006 0.820 0.569 1.183 -1.059  0.289

0899 0.738 1.096 -1.054 0.292
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Study name Statistics for each study Odds ratio and 96% CI
TTvs. AA Odds Lower Upper

ratio limit limit Z-Value p-Value
Hu et al. 2015 0428 0209 0874 -2.328 0.020 -
Shenetal. 2013 1.929 0.091 40.864 0422 0673
Hashemietal. 2011 0.300 0.138 0.651 -3.045 0.002 -
Ansarietal. 2011 2476 1.196 5.129 2441 0015 —-
Wangetal. 2010 1.303 0612 3.472 0791 0429
Anandetal. 2010  1.031 0332 3200 0053 0958
Ansarietal. 2009 2218 1.134 4.340 2327 0.020 E o
Selvarajetal. 2008 1.010 0.511 1.997 0.029 00977
Ding et al. 2008 0485 0257 0918 -2224 0.026 -0
Wau et al. 2008 0922 0.151 5625 0.088 0.930
Hwang etal. 2007 2684 0.107 67.156 0.601 0.548
Vidyarani et al. 2006 0.631 0201 1.369 -1.165 0.244

0885 0693 1.120 -0.984 0325

Study name Statistics for each study Odds ratio and 95% CI
AT vs. AA Odds Lower Upper
ratio limit limit Z-Value p-Value
Hu et al. 2015 0513 0330 0.799 -2.955 0.003 =
Shen et al. 2013 3136 0.142 69.015 0725 0.469
Hashemi etal. 2011 0416 0.230 0.753 -2.900 0.004 -

Ansari et al. 2011 1.300 0742 2279 0916 0.360
Wang et al. 2010 0.875 0630 1216 -0.795 0.426
Anand et al. 2010 1.273 0607 2671 0638 0.524
Ansari et al. 2009 1.110 0.654 1.884 0385 0.700
Selvarajetal. 2008 1.101 0.697 1739 0411  0.680
Ding et al. 2008 0.690 0483 0.985 -2.042 0.041
Wau et al. 2008 1.093 0580 2060 0275 0.783
Hwang et al. 2007 0553 0.255 1.202 -1.495 0.135
Vidyarani etal. 2006 0.936 0.553 1.586 -0.245 0.807

0.838 0679 1.034 -1.644 0.100
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Hashemietal.2011 0.390 0.218 0695 -3.192 0.001 —.—
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Dingetal. 2008  0.645 0461 0901 2570 0.010 i 3
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Ding et al. 2008 0556 0208 1.038 -1.844 0.065
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Figure 4. Forest plots of ORs with 95% Cl of PTB
risk associated with the IFN-y +874 A>T gene poly-
morphism in the Asian population (allelic contract
[T vs. A], homozygous [TT vs. AA], heterozygous
[AT vs. AA], dominant [TT+AT vs. AT], recessive [TT
vs. AA+AT] genetic models). The black square rep-
resents the value of OR, and the size of the square
indicates the inverse proportion relative to its vari-
ance. The horizontal line is the 95% Cl of OR

authenticity of our results. In addition, all the in-
cluded studies were of good to moderate quality,
fulfilling the pre-set criteria for study inclusion as
tested by the NOS quality assessment scale.

Study name Statistics for each study 0Odds ratio and 95% CI
Tvs.A

Odds Lower Upper

ratio limit limit 2Z-Value p-Value
Moran etal. 2007 0.855 0.562 1.301 -0.731 0.465
Sallakei etal. 2007 0.708 0.522 0.958 -2.234 0.026
Etokebe etal. 2006 0.974 0.766 1.240 -0.211 0.833
Lopezetal. 2003 0481 0.321 0.721 -3.548 0.000
Lio et al. 2002 0.731 0441 1210 -1.219 0223
0.782 0672 0.909 -3.198 0.001

I

0102 05 1 2 5 10
Study name Statistics for each study 0Odds ratio and 95% CI
TTvs. AA Odds Lower Upper

ratio limit limit Z-Value p-Value
Moranetal. 2007 0.679 0.287 1.604 -0.883 0.377

Sallakci etal. 2007 0.487 0.262 0.908 -2.266 0.023 -
Etokebe etal. 2006 0.963 0.586 1.582 -0.150 0.881
Lopezetal. 2003 0.289 0.123 0.683 -2.830 0.005 ——
Lio et al. 2002 0.364 0.102 1.297 -1.559 0.119

0815 0448 0844 -3.007 0.003 *

0.01 0.1 1 10 10(

Study name Statistics for each study Odds ratio and 95% ClI
AT vs. AA Odds Lower Upper

ratio limit limit Z-Value p-Value

Moran etal. 2007 1.219 0.599 2480 0.546 0.585 =
Sallakcietal. 2007 0.730 0.443 1.201 -1.240 0.215
Etokebe etal. 2006 0.874 0.585 1.306 -0.656 0.512
Lopezetal. 2003 0400 0220 0728 -2.998 0.003
Lio et al. 2002 1451 0.624 3374 0864 0.388 —

0796 0622 1.019 -1.812 0.070

0102 05 1 2 5 10

Study name Statistics for each study Odds ratio and 95% Cl
TT+ATvs.AA  Odds Lower Upper

ratio limit limit Z-Value p-Value
Moran etal. 2007 1.035 0.528 2.027 0.100 0.920
Sallakci etal. 2007 0.655 0409 1.049 -1.763 0.078
Etokebe etal. 2006 0.898 0.613 1.315 -0.553 0.580
Lopezetal. 2003 0.370 0.210 0.649 -3.466 0.001
Lio et al. 2002 1.073 0474 2432 0.169 0.866 o

0735 0582 0929 -2573 0.010 <&
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Figure 5. Forest plots of ORs with 95% Cl of PTB risk
associated with the IFN-y +874 A>T gene polymor-
phism in the Caucasian population (allelic contract
[T vs. A], homozygous [TT vs. AA], heterozygous
[AT vs. AA], dominant [TT+AT vs. AT], recessive [TT
vs. AA+AT] genetic models). The black square rep-
resents the value of OR, and the size of the square
indicates the inverse proportion relative to its vari-
ance. The horizontal line is the 95% Cl of OR

Study name Statistics for each stud
TTvs.AA+AT  Odds Lower Upper
ratio limit limit Z-Value p-Value
Moranetal. 2007 0.595 0.289 1.224 -1412 0.158
Sallakcietal. 2007 0.591 0.346 1.010 -1.922 0.055
Etokebe etal. 2006 1.052 0.691 1.604 0.238 0.812
Lopezetal. 2003 0460 0.207 1.021 -1.909 0.056
Lio etal. 2002 0.281 0.091 0864 -2216 0.027
0.701 0533 0921 -2553 0.011 |

Conclusions

We conclude that /FN-y +874 A>T gene polymor-
phism is significantly associated with decreased
risk of PTB, showing a protective effect in the over-
all and in the Caucasian population. Whereas, +874
A>T polymorphism of /FN-y gene is not associated
with increased/decreased risk of PTB in the Asian
population. As the immune response in PTB infec-
tion is polygenic in nature, further larger clinical
and laboratory studies are warranted to improve
our understanding of the mechanism of the cyto-
kine gene in such a complex disease. This will help
in the identification of host immunogenetic factors
responsible for PTB susceptibility, which may help
in the controlling of this infectious disease.
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Table 6. Statistics to test publication bias and heterogeneity in the meta-analysis: Caucasian population

Comparisons Egger’s regression analysis Heterogeneity analysis Model used

Intercept  95% Confidence Pvalue Qvalue Pheterogeneity 12 (%) for the X
Interval meta-analysis

Tvs. A -3.04 -10.89 to 4.81 0.305 9.415 0.052 57.51 Fixed

TT vs. AA -2.83 -8.13 to 2.45 0.186 7.332 0.119 45.44 Fixed

AT vs. AA 1.33 —7.88 to 10.55 0.675 8.721 0.068 54.13 Fixed

TT+AT vs. AA 0.14 -9.36 to 9.65 0.963 8.842 0.065 54.76 Fixed

TT vs. AA+AT -3.63 -6.52 t0 -0.75 0.027 7.780 0.100 48.58 Fixed
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