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Background: Findings regarding the association of the single-nucleotide polymorphisms (SNPs) rs4986790 and rs4986791
in Toll-like receptor 4 and rs187084, rs574386, and rs352139 in Toll-like receptor 9 (TLR9) with pulmonary tu-
berculosis (PTB) susceptibility are inconsistent. We conducted a meta-analysis to systematically summarize
and clarify the association between these SNPs and PTB susceptibility.

Material/Methods: A systematic literature search for relevant studies up to December, 2014 was performed in PubMed, EMBASE,
Web of Science, Chinese National Knowledge Infrastructure (CNKI), and Wanfang databases. Information was
gathered from each eligible study. Odds ratios (ORs) and 95% confidence intervals (95% Cls) were used to pool
the effect size.

Results: Finally, a total of 16 case-control studies on these polymorphisms were enrolled in this meta-analysis. The me-
ta-analysis results suggest there was no association between these polymorphisms and PTB risk PTB risk in all
the genetic models overall. However, for TLR4 rs4986791, a significant increased PTB risk was found in Africans,
and for TLR9 rs352139 a significant increased PTB risk was found in Asians after subgroup analysis by ethnic-
ity, although the enrolled studies were limited.

Conclusions: There was no association between the polymorphisms in TLR4 and 9 and PTB risk overall, but TLR4 rs4986791
and TLRI rs352139 might be associated with increased PTB risk in Africans and Asians, respectively. Additional
well-designed, larger-scale epidemiological studies are needed to validate our results.
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Background

Tuberculosis (TB) caused by Mycobacterium tuberculosis (M. tb)
still is a leading cause of morbidity and mortality worldwide
[1]. M. tb infects one-third of the world population; however,
only 10% of them progress to active TB, possibly due to com-
plex environmental, genetic, and immunological interactions
[2]. Host genetics are considered to play a critical role in the
apparent differences in disease progression [3,4].

Toll-like receptors (TLRs), which are pathogen recognition re-
ceptors (PRRs), play an essential role in host innate response
in the pathogenesis of TB. Currently, 11 mammalian TLRs have
been identified and TLR 1-10 are functional in humans [5].
TLR1, TLR2, TLR4, TLR6, TLR8, and TLR9 are thought to be in-
volved in the recognition of M. tb.

Activation of TLRs may result in several possible biological out-
comes such as cytokine secretion, modulation of the adaptive
immune response, rapid cellular differentiation, apoptosis, and
direct antimicrobial activity [6-8]. M. tb cell-surface ligands in-
teract with TLRs that can result in NF-xB activation and the pro-
duction of proinflammatory cytokines, chemokines, and nitric
oxide through myeloid differentiation primary response pro-
tein 88 (MyD88)-dependent or independent pathways [9-12].

It has been proposed that SNPs of TLR4 and TLR9 genes are
associated with PTB susceptibility. TLR-knockout mouse stud-
ies indicate that TLR2, TLR4, and TLR9 contribute to host resis-
tance to M. tb infection [13-17]. Recently, a series of studies
have been conducted to investigate the association between
the TLR4 and TLR9 polymorphisms and the risk of pulmonary
tuberculosis (PTB) in diverse populations, but the results were
mixed and inconclusive. Therefore, we performed a meta-anal-
ysis to evaluate the association of TLR4 and TLR9 SNPs with
the susceptibility to PTB.

Material and Methods

Publication search

A systematic search was performed for published studies on
the relationship between TLR9 polymorphisms and PTB sus-
ceptibility, without language restriction. PubMed, EMBASE,
Web of Science, and 2 Chinese databases (Chinese National
Knowledge Infrastructure and Wanfang databases) were uti-
lized to search the available articles, with the last search up-
date on September 30, 2014. The following terms were used:
“Toll-like receptor 4 OR Toll-like receptor 9 OR TLR4 OR TLR9”,
“tuberculosis”, and “polymorphism OR polymorphisms”, with-
out any limitation applied. The articles retrieved were screened
and selected independently by the 2 authors (LY. and K.X.).)
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using eligibility criteria. The reference lists of selected articles
and review articles were also examined to identify addition-
al eligible studies.

Inclusion and exclusion criteria

Studies in this meta-analysis met the following inclusion cri-
teria: (1) evaluated the relationship between TLR4 rs4986790
(Asp299Gly) and rs4986791 (Thr399lle) and TLR9Y rs352139,
rs187084, and rs5743836 polymorphisms with tuberculosis
susceptibility; (2) case-control study; (3) detailed genotype
frequency data could be acquired to calculate the odds ratios
(ORs) and 95% confidence intervals (Cls); and (4) original ar-
ticles published in peer-reviewed journals. Exclusion criteria
were: (1) studies that did not specify sample origins; (2) stud-
ies with no detailed genotype data; (3) studies with insuffi-
cient or duplicate data; (4) studies with same author from
same country of origin. Two independent investigators select-
ed the studies according to the inclusion and exclusion crite-
ria by screening the title, abstract, and full text. Any dispute
was resolved by discussion.

Data extraction

The following information was collected in duplicate by 2 in-
vestigators independently (Z.L.L. and LK.H.) according to the
criteria described above: name of first author, year of publi-
cation, the characteristics of cases and controls, country of
origin, the detective sample, ethnicity, genotyping methods,
Hardy-Weinberg equilibrium, number of cases and controls,
and genotype frequency in cases and controls of the select-
ed polymorphisms. For those studies that included subjects of
PTB, extra-pulmonary tuberculosis, and tuberculosis meningi-
tis, only the data on PTB cases and healthy controls were col-
lected. If there was a disagreement about data, the 2 investi-
gators rechecked the original data of the included studies and
had a discussion to reach consensus; otherwise, the third in-
vestigator adjudicated the disagreements (K.X.J.).

Quality score assessment

Two investigators (T.Z.X. and W.Y.X.) assessed the method-
ological quality of each eligible article included in this meta-
analysis according the Newcastle Ottawa Scale (NOS) based
on 3 aspects: selection, comparability, and exposure, with
scores ranging from 0 to 9 [18]. The standard of high quali-
ty was NOS score >7.

Statistical analysis
Initially, Hardy-Weinberg equilibrium (HWE) for each study was

assessed by chi-square test in the control groups, and P<0.05
was considered as deviation from HWE. The crude odds ratios
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332 of records identified through database searching
(PubMed=45, EMBAS=75, (NKI=111, Web of
science=81, Wanfang database=20)

Figure 1. Flow chart of study selection.

—>| 72 of records excluded (duplicate studies)

270 records remained |

4>| 248 records excluded for improper title/abstract

| 22 full-text articles assessed for eligibility |

10 full-text articles excluded
1 Not about tuberculosis
2 With duplicate data
2 Not related to three SNPs inclued
5 No specific data of the three SNPs

| 12 articles included in the meta-analysis |

(ORs) and 95% confidence intervals (95% Cls) were calculat-
ed to assess the strength of association between the includ-
ed polymorphisms and PTB risk. A p-value <0.05 was consid-
ered to indicate statistically significant association. Studies
with zero value in both groups were excluded from meta-anal-
ysis, for such studies do not provide any indication of either
the direction or magnitude of gene and disease association.
Pooled ORs were performed for allelic comparison, homozy-
gote model, heterozygote model, dominant model, and reces-
sive model. The statistical significance level was determined
by Z-test with P value less than 0.05. The chi-square based on
Q statistic test was used for the assessment of heterogeneity
and P<0.1 was considered statistically significant. When the
effect was assumed to be lack of heterogeneity, the fixed-ef-
fects model (Mantel-Haenszel method) was used to calculate
the pooled OR and 95% Cls; otherwise, the random-effects
model (DerSimonian-Laird method) was used [19]. Sensitivity
analysis was also conducted to evaluate the effect of each
study on the combined ORs by omitting each study in each
turn. Subgroup analysis was also performed to assess the eth-
nic-specific effect. Potential publication bias was checked by
Begg’s funnel plots and Egger’s test [20,21]. An asymmetric
plot and the P value of Egger’s test less than 0.05 was consid-
ered representative of statistically significant publication bias.
All analyses were done using Stata 12.0 software (StataCorp,
College Station, TX, USA). A 2-tailed P<0.05 was considered
significant except for specific conditions, where a certain P
value would be declared.

Results

Study characteristics

The literature selection process is shown in Figure 1. We initially
identified 332 relevant articles. After excluding overlap between

the databases, 273 abstracts were evaluated. Subsequently,
22 articles with full texts that met the inclusion criteria were
assessed. Then 10 of the remaining 27 articles were excluded,
among which, 1 had no relation to tuberculosis [22], 2 had du-
plicate data [23,24], 2 were not related to the included SNPs
[25,26], and 4 did not present specific data on the included
SNPs genotype [27-31]. Finally, a total of 12 eligible articles
were included in the current meta-analysis [32-43].

The characteristics of each included study are listed in Table 1.
There were 32 case-control studies published from 2004 to
2013. We finally analyzed 14 studies containing 2801 cases
and 2590 controls for rs4986790, 8 studies containing 2137
cases and 1656 controls for rs4986791, 4 studies containing
1103 cases and 1301 controls for rs352139, 3 studies contain-
ing 635 cases and 696 controls for rs187084, and 3 studies
containing 608 cases and 633 controls for rs5743836. Different
genotyping methods, including polymerase chain reaction-re-
striction fragment length polymorphism (PCR-RFLP), TagMan,
DigiTag2, and lllumina GoldenGate genotyping assay were uti-
lized. The genotyping distribution was in agreement with HWE
in all studies. The methodological quality scores of all includ-
ed studies ranged from 7 to 9, with all the studies identified
to be high quality.

Tests of heterogeneity

Significant heterogeneities for rs4986790 were found in the
overall analyses under allelic model and for rs352139 in the
overall analyses under 5 genetic models (Figure 2, Table 2).
After subgroup analysis by ethnicity, for rs4986790, significant
heterogeneities only existed in Asians, and for rs352139 most
of the heterogeneity could be eliminated through ethnicity-
specific analyses. For the other polymorphisms — rs4986791,
rs187084, and rs5743836 — no heterogeneity was found in the
overall analyses using 5 genetic models.
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Table 1. Characteristics of the studies included in the meta-analysis.

P for

Study ID Year Country Ethnicity Case Control HWE Quality
TLR4 rs4986790 AA  AG GG AA AG GG
"""" Newportetal 2004  Gambia Afican 241 62 4 235 58 5 0814 8
"""" Fitnessetal 2004 Malawi  Afican 146 16 O 38 38 0 0629 8
"""" RosasTaracoetal. 2007 Mexico  Caucasian 94 10 O 110 4 0 098 7
"""" Maetal 2007 USA  Afican 281 57 1 157 36 1 0783 8
"""" Maetal 2007  USA  Caucasan 159 20 1 95 14 1 084 7
"""" Maetal 2007  USA  Caucasan 353 22 O 106 8 O 0927 7
"""" Olesenetal 2007 GuineaBissau  African 262 51 2 265 65 7 0459 7
"""" Najmieta. 2010 Inda  Asan 95 34 6 206 44 0 0312 8
"""" Sevarajetal. 2010 India  Asian 153 47 4 151 53 3 0791 8
"""" Sanchezetal 2012 Colombia  Caucasian 429 36 1 270 29 1 0973 9
"""" jahantighetal. 2013 an  Asan 122 2 0 146 3 0 0992 8
"""" Torres-garciaetal 2013 Mexico Caucasian 88 2 0 8 1 0 0989 7
TiR4rsaoseTOl « o m « oa m
"""" Maetal 2007 USA  Afican 325 14 0 178 16 0 08% 8
"""" Maetal 2007  USA  Caucasian 161 18 1 97 12 1 0675 8
"""" Maetal 2007  USA  Caucasan 357 18 O 108 6 O 095 8
"""" Olesenetal 2007 GuineaBissau  Afican 262 51 2 265 65 7 0459 9
"""" Najmieta. 2010  Inda  Asan 105 26 4 206 43 1 0731 7
"""" Sevarajetal. 2010 India  Asan 150 49 4 152 46 5 0798 8
"""" Sanchezetal 2012 Colombia  Caucasian 429 36 1 272 26 1 0905 9
"""" jahantighetal. 2013 kan  Asan 112 10 2 141 7 1 0054 8
TWR9rs3s2139 M AG GG AA AG GG
"""" Kobayashietal 2011  Indonesia  Asan 199 279 59 259 233 68 038 8
"""" Kobayashietal 2011  Vietnamese Asan 123 125 28 232 183 40 0902 8
"""" Tores-Garciaetal 2013 Mexico  Caucasian 23 48 19 14 41 35 0942 7
"""" Yangetal. 2013 China  Asian 70 89 41 68 95 33 1000 8
TiR9rsig7O84 « o m « oa mw
"""" Olesenetal 2007 GuineaBissau  African 25 122 171 21 132 18 0931 8
"""" Sebvarajetal 2010 India  Asan 27 91 75 32 92 8 0718 8
"""" jahantighetal. 2013 an  Asan 10 51 63 8 59 8 082 9
TiR9rss743836 « o m « oa mw
"""" Olesenetal 2007 Guinea-Bissau  African 62 154 104 66 175 101 0818 8
"""" Sebvarajetal 2010 India  Asan 1 20 168 2 32 167 0945 8
"""" Torres-Garciaetal. 2013 Mexico Caucasian O 8 8 O 12 78 0795 7

HWE — Hardy-Weinberg equilibrium.
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A TLR4 54986790 G vs. A
Study ID OR(95(%Cl) % weight
African
Newport et al. 2004 — 1.00(0.70,1.42) 17.71
Fittness et al. 2004 —_— 1.12(0.61,2.03) 676
Ma et al. 2007 TRl 0.88(0.57,1.35) 1279
Olesen etal. 2007 | 0.72(0.50,1.04)  20.19
Subtotal (I-squared=0.0%, p=0.520) 0.88(0.72,1.08)  56.44
Caucasian
Rosas Taraco et al. 2007 2.83(0.87,9.16)  1.05
Maetal. 2007 _— 0.83(0.43,1.62)  5.40
Ma et al. 2007 —_— 0.83(0.36,1.89) 345
Sanchez etal. 2012 - 0.78(0.48,1.27) 1048
2.01(0.18,22.38) 029
) 0.92(0.66,1.29)  20.67

213(137,331) 74
0.94(0.63,1.39)  14.68
)
)

Torres-Garcia et al. 2013 I
Subtotal (I-squared=11.3%, p=0.341
Asian
Najmi et al. 2010 (
—_— (
0.60(0.13,4.82) 078
(

Selvaraj etal. 2010
Jahantigh etal. 2013

PR
Subtotal (I-squared=73.8%, p=0.022) > 1.32(0.99,1.76)  22.88
Overall (I-squared=44.3%, p=0.049) 0.99(0.85,1.15) 100.00

T T
447 224
TLR9 15352139 Gvs. A
Study ID OR(95(%Cl) % weight
Asian
Kobayashi etal. 2011 —-— 1.19(1.00,1.42)  30.41
Kobayashi etal. 2011 T 1.20(0.96,1.51)  27.50
Yang etal. 2013 ] 1.07(0.81,1.42) 2445
Subtotal (I-squared=0.0%, p=0.790) = 1.17(1.03,1.33) 8236
Caucasian
Torres-Garcia et al. 2013 S — 0.57(0.37,0.86) 17.64
Subtotal (I-squared= %, p=) =" 0.57(0.37,0.86)  17.64
Overall (I-squared=72.5%, p=0.023) e 1.02(0.80,1.31) 100.00
Note: Weights are from random effects analysis
374 2.67
E TLR9 155743836 Cvs. T
Study ID OR(95(%Cl) % weight
Olesen etal. 2007 —*—— 0.94(0.76,1.17) 79.8

Selvarajetal. 2010 —

Torres-Garcia et al. 2013 %——

Overall (I-squared=0.0%, p=0.722) <:

0.86(0.52,1.43) 15.51
0.65(0.26, 1.63) 5.40

0.91(0.75,1.11) 100.00

26 3485

TLR4 rs4986791Tvs. C

Study ID OR(95(%Cl) % weight
African !
Ma etal. 2007 —“_:" 0.49(0.24,1.01) 8.57
Olesen et al. 2007 s i 0.70(0.49,1.01) 3032
Subtotal (I-squared=0.0%, p=0381) <——>" 066(0.47,091) 3899
(aucasian !
Ma etal. 2007 | 0.88(0.44,1.78) 7.00
Ma etal. 2007 —‘._ 0.93(0.36,2.36) 3.84
Sanchez et al. 2012 —_— 0.88(0.53,1.44)  13.99
Subtotal (I-squared=0.0%, p=0.995) =< === 0.88(0.61,1.28)  24.82
Asian 3
Najmi et al. 2010 _i_ 1.36(0.85,2.18) 1242
Selvaraj etal. 2010 _:..._ 1.03(0.69,1.53)  20.57
Jahantigh etal. 2013 > 1.9590.83,4.58) 329
Subtotal (I-squared=2.2%, p=0.360) <> 1.23(0.92,1.63)  36.28
Overall (I-squared=36.1%, p=0.141) <t> 0.92(0.76,1.11)  100.00
T : T
219 4.58
TLRI 15187084 Cvs. T
Study ID OR(95(%Cl) % weight
African
Olesen etal. 2007 —_—r 1.07(0.84,137) 4633
Subtotal (I-squared= %, p=) — T 107(084,137) 4633
Asian i
Selvaraj et al. 2010 1.00(0.76,1.33) 3534
Jahantigh etal. 2013 1.19(0.82,1.74) 1833
Subtotal (I-squared=0.0%, p=0.475) -<:> 1.07(0.88,1.34)  53.67
Overall (I-squared=0.0%, p=0.774) <:> 1.07(0.91,1.27)  100.00
573 1.74

Figure 2. Forest plot of allele comparison of rs4986790 and rs4986791 in TLR4 and rs352139, rs187084, and rs5743836 in TLRO.

Meta-analysis results

The association between the included polymorphisms and the
susceptibility to PTB was first analyzed. As shown in Figure 2
and Table 2, no significant association was identified for any
polymorphisms in overall analyses in any genetic model. Next,
we performed subgroup analysis according to ethnicity, and
significant association was still not found between the poly-
morphisms rs4986790, rs187084, and rs573836 and PTB risk
in diverse populations. For TLR4 rs4986791, a significant de-
creased risk was observed in Africans in allele and dominant
models. However, there were only 2 studies that analyzed in
Africans, suggesting the results was not very convincing and
further studied are need to verify the conclusion. For TLR9
rs352139, the association with PTB risk was found to be sig-
nificant in allelic, heterozygote, and dominant models.
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Publication bias

Begg’s funnel plot and Egger’s test were carried out to assess
the publication bias among the selected studies for the poly-
morphisms rs4986790 and rs4986791 in TLR4 and rs352139
in TLR9. Symmetrical funnel plots were obtained in all the ge-
netic models (Figure 3). The Egger’s test was also performed
to provide the statistical evidence of publication bias. The find-
ings showed lack of publication bias for all the included poly-
morphisms among all comparison genetic models except for
TLR9 rs352139 in dominant model (Pﬂegg=0.089, Pfgger=0.002).
No funnel plot or Egger’s test were performed for the associ-
ation between rs187084 and rs5743836 and PTB susceptibil-
ity due to the limited number of included studies.
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Table 2. Summary of pooled ORs in the meta-analysis.

Genotype Studies Comparison model N OR (95%Cl) P M I? (%) P

H

TLR4 rs4986790 Overall Gvs. A 12 1.012 (0.812-1.261) 0.915 R 44.3 0.049

TT+CT vs. CC 3 0.878 (0.595-1.296) 0.513 F 0.0 0.997
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Table 2 continued. Summary of pooled ORs in the meta-analysis.

Genotype Studies Comparison model

CC+CTvs. TT 3 0850 (0.649-1.112) 0.235 F 0.0 0.818

P, — P value of heterozygote.

Sensitivity analysis rs4986790 and rs4986791 in TLR4 and rs352139 in TLR9 by

deleting each study once in every genetic model, and we ar-
Sensitivity analysis was performed to examine the influence of  rived at almost the same results (Figure 4 and data not shown).
any individual study on the pooled ORs for the polymorphisms
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A TLR4 rs4986790 G vs. A
Begg’s funnel plot with pseudo 95% confidence limits
2-
2 et .
2
0 5 | 15
S.e.of: logor 1
TLR4 rs4986791T vs. C
Begg’s funnel plot with pseudo 95% confidence limits
14
.54
=
g 09 ’ .
-5 N
-1
0 2 : 6
S.e.of: logor 1
C TLR9 1s352139 Gvs. A
Begg’s funnel plot with pseudo 95% confidence limits
51
B "
-5
0 J 2
S.e.of: logor 1

Figure 3. Publication bias analysis for rs4986790 and rs4986791
in TLR4 and rs352139, rs187084, and rs5743836 in
TLRY in allele model.

Discussion

In the present meta-analysis, we pooled a total of 32 case-
control studies to evaluate the association of rs4986790 and
rs4986791 polymorphisms in TLR4 and rs352139, rs187084,
and rs5743836 polymorphisms in TLR9 with PTB susceptibility,
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A TLR4 rs4986790 G vs. A

Meta-analysis fixed effects estimates (exponential form)
Study ommited
Newport et al. 2004 1

Fittness et al. 2004 | |

Rosas Taraco et al. 2007 | o |

Ma et al. 2007 I |

Ma etal. 2007 | |

Maetal. 2007 I |

Olesen etal. 2007 ! |

Najmi etal. 2010 |

Selvaraj et al. 2010 !

Sanchezetal. 2012 I |

Jahantigh etal. 2013

Torres-Garcia et al. 2013
0.77 0.85 0.99 115 125

B TLR4 rs8986791 T vs. C

Meta-analysis fixed effects estimates (exponential form)
Study ommited
Ma etal. 2007 |

Ma etal. 2007 [

Ma etal. 2007 !

Olesen et al. 2007

Najmi et al. 2010 !

Selvaraj et al. 2010

Sanchezetal. 2012

Jahantigh etal. 2013

070  0.76 0.92 1.1 1.26
C TLR9rs352139 Gs. A
Meta-analysis fixed effects estimates (exponential form)
Study ommited
Kobayashi etal. 2011 |
Kobayashi etal. 2011 | |
Torres-Garcia et al. 2013 | |
Yangeetal. 2013 | |
1
0.88 0.98 110 1.24 133

Figure 4. Sensitivity analysis for rs4986790 and rs4986791 in
TLR4 and rs352139 in TLR9 in allele model.

and found that none the included polymorphisms were associ-
ated with PTB risk in overall analysis under all 5 genetic mod-
els. After subgroup analysis according to ethnicity, we found
that TLR4 rs4986791 and TLR9 rs352139 might contribute to
PTB infection in Africans and Asians, respectively.
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Both innate and adaptive immune responses determine the
development and outcomes of PTB. Toll-like receptors, in-
cluding TLR4 and TLR9, have been considered to be involved
in response to M. th. TLR4 can recognize lipopolysaccharide,
mycobacterial cell wall components, and heat-labile soluble
mycobacterial factor to initiate the innate responses against
tuberculosis, while TLR9 can recognize unmethylated CpG mo-
tifs in bacterial DNA and is essential for cellular responses to
mycobacterial CpG DNA [44]. It has been reported that TLR2
or/and TLR9 deficiency makes mice susceptible to M. tb infec-
tion [17]. TLR4 and TLR9 activation is essential for the mainte-
nance of M. tb Ag elicited pulmonary granulomatous response;
however, the underlying mechanism is unknown. A series of
SNPs have been identified, including rs4986790 (Asp299Gly,
+896A>G) and rs4986791 (Thr399lle, +1196C>T) in TLR4 and
rs187084 (C-1486T), rs5743836 (C-1237T), rs352139 (G+1174A),
and rs352140 (G+2848A) in TLR9 in different ethnicities (45).
Rs4986790 and rs4986791 polymorphisms in TLR4 are the
most widely studied and have been implicated in several dis-
eases, including carcinomas. Rs187084 and rs5743836 poly-
morphisms of TLR9 are located within the putative promoter
region of the gene that may influence the transcriptional regu-
lation of the TLR9 gene by altering the binding of transcription
factors. In contrast, rs352139 and rs352140 in the introns may
affect mRNA splicing and/or enhance TLR9 gene transcription.

The functional evidence supports that TLR4 and TLR9 are ge-
netic components in the risk of PTB, and the association of
several SNPs with PTB susceptibility has been determined.
However, the recent studies on TLR4 and TLR9 gene polymor-
phisms with PTB sociability are still contradictory because
a single case-control study only provides a small test pow-
er due to a limited sample size. In this study, we performed
a systematic search in several electronic databases, including
PubMed, Web of Science, CNKI, and Wanfang database, on
the association of TLR4 and TLR9 polymorphisms with PTB up
to December, 2014. Finally, 16 articles with a total of 32 case-
control studies containing a total of 14 160 participants were
enrolled in this meta-analysis. After pooling independent anal-
yses, we did not find any associations of TLR4 and TLR9 poly-
morphisms with the susceptibility to PTB overall under all the
genetic models. However, further subgroup analysis suggest-
ed TLR4 rs4986791 was correlated with PTB risk in Africans
under allelic and dominant models, and TLR9 rs352139 poly-
morphism was correlated with PTB risk in Asians under allel-
ic, heterozygote, and dominant models.
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Recently, several genome-wide association studies have been
performed to indentify the SNPs that influence PTB suscepti-
bility [46,47]. However, no polymorphisms in TLR4 and TLR9
were identified to be significantly related to PTB risk, which
might due to sample size, ethnicity, or geographical limitations.
Unfortunately, we could obtain the genotype frequencies in
the GWAS studies related to the polymorphisms in TLR4 and
TLR9. To the best of our knowledge, the present study is the
most recent meta-analysis to address the association of TLR4
polymorphisms and PTB risk. In a previous meta-analysis that
enrolled the articles related to TLR4 polymorphism and PTB
risk up to February 2012, the researchers found no associa-
tion between TLR4 rs4986790 and rs4986791 polymorphism
and PTB; however, subgroup analysis were not performed. In
the present meta-analysis, we included the related studies up
to December 2014 and verified the conclusions. Furthermore,
we performed subgroup analysis according to ethnicity and
found a decreased risk of PTB in Africans who harbor rs4986791
polymorphism, although there were few enrolled studies, sug-
gesting more attention should be paid to the association of
rs4986791 and PTB risk. In contrast, this is the first meta-anal-
ysis to investigate the association of TLR 9 polymorphisms
with PTB susceptibility. There are some limitations in our me-
ta-analysis that should be considered. Firstly, the number of
the included studies limited further analysis and made the re-
sults tentative. Secondly, we did not perform an evaluation of
potential interactions such as polymorphism-polymorphism,
gene-gene, and gene-environment due to the lack of sufficient
data. Further well-designed case-control studies with larger
sample sizes focusing on diverse populations should be con-
ducted to confirm the results.

Conclusions

Our comprehensive conclusion from the current meta-analy-
sis is that TLR4 rs4986791 might correlate with the decreased
risk of PTB in Africans, and TLR9 rs352139 polymorphism
might associate with the increased risk of PTB in Asians, but
rs4986790, rs187084, and rs5743836 were not independent
risk factors for PTB susceptibility.
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