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Abstract

Objective: The relationship between interleukin-8 (IL8) �251A/T polymorphism and tubercu-

losis (TB) risk remains controversial. Therefore, the present meta-analysis was performed by

retrieving relevant studies from the available literature.

Methods: We comprehensively searched three databases to identify eligible literature on the

relationship of IL8 �251A/T polymorphism with TB risk, calculated pooled odds ratios (OR) with

95% confidence intervals (CI), and subsequent evaluated the heterogeneity and publication bias.

Results: We found that IL8 �251A/T polymorphism increased TB risk (AA vs. TT: OR¼ 2.86,

95%CI: 1.46–5.60; AT vs. TT: OR¼ 1.64, 95%CI: 1.15–2.34; dominant model: OR¼ 1.88, 95%CI:

1.24–2.86; recessive model: OR¼ 1.77, 95%CI: 1.17–2.69). Subgroup analyses based on race

revealed that the IL8 �251A/T polymorphism might be associated with the risk of TB in

African but not Asian individuals.

Conclusion: The IL8�251A/T polymorphismmight be related to the risk of TB. Nevertheless, large-

scale studies should be performed to confirm the role of IL8 �251A/T polymorphism on TB risk.
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Introduction

Tuberculosis (TB), an infectious disorder

caused by Mycobacterium tuberculosis

(MTB), is recognized as a major cause for

Department of Tuberculosis, Hangzhou Red Cross

Hospital, Hangzhou, China

Corresponding author:

Haibo Hua, Department of Tuberculosis, Hangzhou Red

Cross Hospital, 310003, Hangzhou, China.

Email: huahaibodoc@tom.com

Journal of International Medical Research

48(5) 1–9

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060520917877

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0001-6003-8527
mailto:huahaibodoc@tom.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520917877
journals.sagepub.com/home/imr


single infection source–associated mortality
worldwide.1 Nevertheless, the precise etiol-
ogy and pathogenesis of TB remain unclear.
The World Health Organization has esti-
mated that about one-third of the global
population is burdened with TB infection,
but only 10% of infected individuals will
develop clinical disease.2 A number of fac-
tors can cause infection risk and disease
progression of TB, including malnutrition,
smoking, diabetes, alcohol use, socioeco-
nomic status, and environmental pollu-
tion.3 Moreover, an increasing number of
studies have shown the vital role of diverse
genetic factors on host vulnerability to
TB.4,5

Interleukin 8 (IL-8), an inflammatory
cytokine of the chemokine superfamily
with functional and structural correlation,
was first discovered in 1987.6 It has been
shown to participate in the promotion of
early host defense responses. The effects of
IL-8 on human TB have become a particu-
lar research hotspot globally. Pathological
as well as clinical observations have
revealed obvious elevations of IL-8 levels
in cerebrospinal fluid, bronchoalveolar
lavage fluid, and tuberculous pleural exu-
date.7–9 Additionally, some studies have
shown higher plasma levels of IL-8 in
patients who die from TB compared with
levels in survivors.10 The generation and
release of IL-8 by structure cells as well as
leukocytes has been further revealed in
response to MTB or its components.11

The IL-8 gene (IL8) is located on chro-
mosome 4q13-q21, and comprises 4 exons,
3 introns, and a proximal promoter
region.12 A common single nucleotide poly-
morphism (SNP) has been identified at
locus �251, in the promoter region, with
subsequent studies showing a correlation
between the IL8 �251A/T polymorphism
and IL-8 secretion or protein expression.13

A previous meta-analysis demonstrated
that the IL8 �251A/T polymorphism was
correlated with tumor risk.14

The relationship of IL8 �251A/T poly-
morphism with TB risk has been reported

in various studies, but with varied outcomes
across studies.15–19 Case–control studies
with relatively limited sample size might

be inadequate to comprehensively illustrate
a complex relationship because of their

insufficient statistical power. In contrast,
meta-analysis is a useful method for analyz-
ing complicated data from case–control

studies. Herein, this meta-analysis aimed
to explore the association of IL8 �251A/T

polymorphism with TB risk by collecting all
relevant and accessible articles currently
available.

Materials and methods

Publication search

We searched PubMed, Web of Science, and

the Chinese National Knowledge
Infrastructure (CNKI) databases (including
publications from 2000 to 2019) using the

following keywords and subject terms:
‘‘interleukin-8’’ or ‘‘IL-8,’’ ‘‘polymor-

phism’’ or ‘‘allele,’’ and ‘‘tuberculosis.’’
References of the included studies were
also screened. For literature with overlap-

ping data, studies with the largest sample
sizes were selected. Moreover, references

from primary or review literature were
manually screened to identify additional
related studies. Figure 1 shows the

PRISMA flow chart of excluded and
included studies.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) case-
control studies assessing the correlation

between IL8 �251A/T polymorphism and
TB risk; (2) subjects clinically diagnosed
with TB; and (3) populations with accessi-

ble odds ratio (ORs) with 95% confidence
intervals (CI) or sufficient information to
calculate OR and CI. However, studies
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were eliminated if they lacked control or

usable information.

Data extraction

All possible articles were independently

reviewed by two investigators, followed by

data extraction. Discrepancy was settled by

discussion with another investigator. The

following data were retrieved from every

paper: region, number of cases and con-

trols, first author, genotype frequencies in

cases and controls, publication year, and

evidence for Hardy-Weinberg equilibrium

(HWE) in controls.

Statistical analysis

The chi-square goodness-of-fit test was used
to assess the HWE of controls in every
study. The correlation strength of the IL8
�251A/T polymorphism with TB risk was
assessed by ORs along with 95% CIs calcu-
lated separately for the codominant model
(AA vs TT; AT vs TT), the dominant model
(AAþAT vs TT), and the recessive model
(AA vs ATþTT). The I2 test was used to
determine the effect of heterogeneity; I2,
ranging from 0% to 100%, indicates the
proportion of inter-study variability that
could be attributed to heterogeneity instead
of random chance. A value of I2> 50% was

Figure 1. PRISMA flow chart of included and excluded studies.
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suggestive of heterogeneity and the applica-

tion of a random-effects model; otherwise, a

fixed-effects model was used. In addition,

sensitivity analysis was conducted by

removing a single study and analyzing the

remaining data. Begg’s funnel plot was used

to assess publication bias. STATA version

12.0 (Stata Corporation, College Station,

TX, USA) was used for statistical analyses.

A P-value <0.05 implied statistical

significance.

Results

Characteristics of included studies

As shown in Figure 1, we identified 344

studies exploring the correlation of IL8

�251A/T polymorphism with TB vulnera-

bility. Of these, five articles with seven case–

control studies met the inclusion criteria,

including 1,355 controls and 1,292 cases

for pooled analysis.15–19 The study features

are given in Table 1. In brief, all included

studies were published in English. The

source of controls was mostly healthy indi-

viduals. The HWE test performed on geno-

type distribution of the controls was

consistent with HWE except for the study

of Ma et al.15 In terms of race, two studies

included Asian populations, two included

African populations, one included

Caucasians, and one was a mixed
population.

Meta-analysis

The major outcomes of this pooled analysis
are shown in Table 2, and the correlation of
IL8 �251A/T polymorphism with TB risk
is shown in Figure 2 in the form of forest
plots. Our study revealed that IL8 �251A/T
polymorphism significantly enhanced TB
risk (AA vs. TT: OR¼ 2.86, 95%CI: 1.46–
5.60, P¼ 0.00); AT vs. TT: OR¼ 1.64, 95%
CI: 1.15–2.34, P¼ 0.02; dominant model:
OR¼ 1.88, 95%CI: 1.24–2.86, P¼ 0.00;
recessive model: OR¼ 1.77, 95%CI: 1.17–
2.69, P¼ 0.02). Because of the possible
effects of confounding factors on overall
outcomes, a subgroup analysis was carried
out. By race stratification, we showed that
IL8 �251A/T polymorphism was related to
TB in Africans (AA vs. TT: OR¼ 3.02,
95%CI: 1.47–6.20, P¼ 0.05; AT vs. TT:
OR¼ 1.79, 95%CI: 0.60–5.38, P¼ 0.02;
dominant model: OR¼ 1.86, 95%CI:
0.64–5.41, P¼ 0.02; recessive model:
OR¼ 1.37, 95%CI: 0.91–2.06, P¼ 0.53)
but not in Asians. When stratified by
HWE, the results remained unchanged
after exclusion of non-HWE studies,
indicating significance of the meta-
analysis results (AA vs. TT: OR¼ 2.77,
95%CI: 1.26–6.10, P¼ 0.00; AT vs.

Table 1. Study selection and subject characteristics of included studies in meta-analysis.

First author Year Country Ethnicity Cases Controls

Genotypes

for cases

Genotypes

for controls
P for HWE

TT, AT, AA TT, AT, AA

Ma15 2003 USA Caucasian 106 107 23, 55, 28 42, 50, 15 0.98

Ma15 2003 USA African 180 167 8, 59, 113 23, 50, 94 0.00

Cooke16 2004 Gambia African 363 320 287, 69, 7 260, 57, 3 0.95

Yang17 2010 China Asian 167 167 33, 86, 48 68, 79, 20 0.69

Lindenau18 2014 Brazil Mixed 38 58 11, 19, 8 30, 24, 4 0.79

Ma19 2016 China Asian 438 536 144, 219, 75 188, 260, 88 0.91

HWE, Hardy–Weinberg equilibrium.
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TT: OR¼ 1.479, 95%CI: 1.07–2.07,
P¼ 0.05; dominant model: OR¼ 1.72,
95%CI: 1.13–2.63, P¼ 0.00; recessive
model: OR¼ 2.01, 95%CI: 1.14–3.55,
P¼ 0.01).

Publication bias

To assess whether our findings were stable,
sensitivity analysis was conducted by
sequentially omitting a single study at a
time. Pooled ORs were not significantly
affected by any individual study
(Figure 3). Begg’s funnel plot was used to
assess the potential publication bias in the
available literature. The shape of funnel
plots did not reveal any evidence of funnel
plot asymmetry (Figure 4).

Discussion

IL-8, a member of chemokine family,
mainly participates in initiating and ampli-
fying acute and chronic inflammatory pro-
cesses.20 Thus, it is feasible to speculate that
variations in the IL8 gene might regulate
TB risk. The relationship of IL8 �251A/T

polymorphism with TB susceptibility was

first reported in 2003 and was subsequently

shown in different populations. Nevertheless,

the outcomes remained inconsistent, without

consensus on the relationship of IL8 �251A/

T with TB risk, even within populations.

Because it is rarely possible to determine

the effects of a gene polymorphism on

TB based on a single study with a relatively

small sample size, the present meta-

analysis was conducted by retrieving all eligi-

ble studies to more accurately assess the

correlation between IL8 polymorphism and

TB risk.
In total, 1,292 cases and 1,355 controls

were included to analyze whether IL8

�251A/T polymorphism was correlated

with TB risk, revealing significant associa-

tion of IL8 �251A/T polymorphism with

TB risk. Subgroup analysis by ethnicity

demonstrated that the IL8 �251A/T poly-

morphism was correlated with TB risk in

Africans but not in Asians, suggesting a

possible role of ethnic differences in genetic

backgrounds and the environment in which

Table 2. Summary ORs and 95%CI of IL8 polymorphisms and TB risk.

Test of heterogeneity Test of association

Subgroup Genetic model Effects model I2 (P-value) OR (95%CI)

Overall AA vs TT Random 76.9% (0.00) 2.86 (1.46–5.60)

AT vs TT Random 62.8% (0.02) 1.64 (1.15–2.34)

Dominant model Random 75.7% (0.00) 1.88 (1.24–2.86)

Recessive model Random 62.1% (0.02) 1.77 (1.17–2.69)

Asian AA vs TT Random 93.1% (0.00) 2.29 (0.53–9.85)

AT vs TT Random 82.3% (0.02) 1.52 (0.76–3.04)

Dominant model Random 90.6% (0.00) 1.71 (0.69–4.25)

Recessive model Random 89.2% (0.00) 1.72 (0.62–4.74)

African AA vs TT Fixed 0.0% (0.05) 3.02 (1.47–6.20)

AT vs TT Random 80.8% (0.02) 1.79 (0.60–5.38)

Dominant model Random 81.9% (0.02) 1.86 (0.64–5.41)

Recessive model Fixed 0.0% (0.53) 1.37 (0.91–2.06)

HWE AA vs TT Random 73.8% (0.00) 2.77 (1.26–6.10)

AT vs TT Random 55.4% (0.05) 1.49 (1.07–2.07)

Dominant model Random 52.3% (0.00) 1.72 (1.13–2.63)

Recessive model Random 57.5% (0.01) 2.01 (1.14–3.55)

OR, odds ratio; 95%CI, 95% confidence interval; IL8, interleukin 8 gene; TB, tuberculosis.
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they lived. Only one paper studied a
Caucasian population, and further studies
on Caucasians are need to clarify
these results. Distribution of alleles
deviating from HWE might contribute to
inter-study heterogeneity; however, sub-
group analysis by including studies
conforming to HWE did not change our

conclusions, indicating that our outcome
was robust. Sensitivity analysis was per-
formed by removal of single studies
and analyzing the remaining data. These
results revealed that our meta-analysis
was realistic and believable. There was no
evidence of publication bias. Because the
eligible study number was small in this

Figure 2. Forest plot for meta-analysis of the association between the IL8 �251A/T polymorphism and TB
risk. Data points and horizontal lines indicate ORs and 95%CI, respectively; diamonds indicate I2 values. IL8,
interleukin 8 gene; TB, tuberculosis; OR, odds ratio; CI, confidence interval.
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meta-analysis, these results need further
investigation.

The mechanism underlying the correla-
tion between IL8 �251A/T polymorphism

and TB risk remains unclear. The IL8
�251A allele is directly related to enhanced
IL-8 transcription ability.21 IL-8 is generat-
ed in the lungs in response to MTB

Figure 3. Sensitivity analysis of the association between the IL8 �251A/T polymorphism and TB risk. IL8,
interleukin 8 gene; TB, tuberculosis; CI, confidence interval.

Figure 4. Begg’s funnel plot analysis to detect potential publication bias for IL8–251A/T polymorphism. IL8,
interleukin 8 gene; TB, tuberculosis; logOR, logarithm of the odds ratio; s.e., standard error.
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infection. The highly secreted IL-8 might

promote inflammation by promoting apo-

ptosis of polymorphonuclear leukocytes.22

Moreover, the enhanced expression of

IL-8 attracts excessive leukocytes to the

location of the lesion, causing massive

tissue destruction by producing elastases,

proteases, and free radicals.15

This meta-analysis has certain limita-

tions. First, it was based on six studies

with relatively small sample sizes, which

reduces the statistical power, especially for

subgroup analysis. Second, because of the

lack of detailed information, such as sub-

typing of TB, in individual studies, we

were unable to conduct additional sub-

group analyses to adjust for these possible

confounding factors. Third, we only select-

ed articles published electronically in three

databases; therefore, some pertinent articles

not included in these databases or unpub-

lished articles with negative results may

have been missed. Finally, gene–environ-

ment and gene–gene interactions were not

considered in this study.
This meta-analysis demonstrated that

IL8�251A/T polymorphism might enhance

TB risk. Nevertheless, well-designed and

large-scale studies in line with the

HWE test are warranted to confirm these

outcomes.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Haibo Hua https://orcid.org/0000-0001-6003-

8527

References

1. Dara M, Acosta CD, Melchers NV, et al.

Tuberculosis control in prisons: current sit-

uation and research gaps. Int J Infect Dis

2015; 32: 111–117.
2. Bloom BR and Small PM. The evolving rela-

tion between humans and Mycobacterium

tuberculosis. N Engl J Med 1998; 338:

677–678.
3. Antonucci G, Girardi E, Raviglione MC,

et al. Risk factors for tuberculosis in HIV-

infected persons. A prospective cohort

study. The Gruppo Italiano di Studio

Tubercolosi e AIDS (GISTA). JAMA

1995; 274: 143–148.
4. Yim JJ and Selvaraj P. Genetic susceptibility

in tuberculosis. Respirology 2010; 15:

241–256.
5. Zhen LB, Sun YP, Chen YY, et al. IL-18

polymorphisms and tuberculosis susceptibil-

ity: a meta-analysis. Afr Health Sci 2019; 19:

1311–1320.
6. Baggiolini M, Dewald B and Moser B.

Human chemokines: an update. Annu Rev

Immunol 1997; 15: 675–705.
7. Dlugovitzky D, Rateni L, Torres-Morales A,

et al. Levels of interleukin-8 in tuberculous

pleurisy and the profile of immunocompetent

cells in pleural and peripheral compartments.

Immunol Lett 1997; 55: 35–39.
8. Sadek MI, Sada E, Toossi Z, et al.

Chemokines induced by infection of mono-

nuclear phagocytes with mycobacteria and

present in lung alveoli during active pulmo-

nary tuberculosis. Am J Respir Cell Mol Biol

1998; 19: 513–521.
9. Mastroianni CM, Paoletti F, Rivosecchi

RM, et al. Cerebrospinal fluid interleukin

8 in children with purulent bacterial and

tuberculous meningitis. Pediatr Infect Dis J

1994; 13: 1008–1010.
10. Friedland JS, Hartley JC, Hartley CG, et al.

Inhibition of ex vivo proinflammatory

cytokine secretion in fatal Mycobacterium

tuberculosis infection. Clin Exp Immunol

1995; 100: 233–238.
11. Lin Y, Zhang M and Barnes PF. Chemokine

production by a human alveolar epithelial cell

line in response toMycobacterium tuberculosis.

Infect Immun 1998; 66: 1121–1126.

8 Journal of International Medical Research

https://orcid.org/0000-0001-6003-8527
https://orcid.org/0000-0001-6003-8527
https://orcid.org/0000-0001-6003-8527


12. Modi WS, Dean M, Seuanez HN, et al.
Monocyte-derived neutrophil chemotactic
factor (MDNCF/IL-8) resides in a gene clus-
ter along with several other members of the
platelet factor 4 gene superfamily. Hum

Genet 1990; 84: 185–187.
13. Hull J, Thomson A and Kwiatkowski D.

Association of respiratory syncytial virus
bronchiolitis with the interleukin 8 gene
region in UK families. Thorax 2000; 55:
1023–1027.

14. Wang Z, Liu Y, Yang L, et al. The polymor-
phism interleukin-8 -251A/T is associated
with a significantly increased risk of cancers
from a meta-analysis. Tumour Biol 2014; 35:
7115–7123.

15. Ma X, Reich RA, Wright JA, et al.
Association between interleukin-8 gene
alleles and human susceptibility to tubercu-
losis disease. J Infect Dis 2003; 188: 349–355.

16. Cooke GS, Campbell SJ, Fielding K, et al.
Interleukin-8 polymorphism is not associat-
ed with pulmonary tuberculosis in the
Gambia. J Infect Dis 2004; 189: 1545–1546;
author reply 1546.

17. Yang BF, Zhang B, Song HM, et al. A
paired case-control study on interleukin-
8 gene polymorphisms and susceptibility to

pulmonary tuberculosis. Chinese Journal of

Disease Control & Prevention 2010; 14:

1036–1039.
18. Lindenau JD, Guimar~aes LS, Friedrich DC,

et al. Cytokine gene polymorphisms are

associated with susceptibility to tuberculosis

in an Amerindian population. Int J Tuberc

Lung Dis 2014; 18: 952–957.
19. Ma Y, Liu YH, Zhang ZG, et al. Interleukin

8 gene polymorphisms are not associated

with tuberculosis susceptibility in the

Chinese population. Biomed Environ Sci

2016; 29: 158–161.
20. Campa D, Hung RJ, Mates D, et al. Lack of

association between -251 T>A polymor-

phism of IL8 and lung cancer risk. Cancer

Epidemiol Biomarkers Prev 2005; 14:

2457–2458.
21. Taguchi A, Ohmiya N, Shirai K, et al.

Interleukin-8 promoter polymorphism

increases the risk of atrophic gastritis and

gastric cancer in Japan. Cancer Epidemiol

Biomarkers Prev 2005; 14: 2487–2493.
22. Alemán M, Garc�ıa A, Saab MA, et al.

Mycobacterium tuberculosis-induced activa-

tion accelerates apoptosis in peripheral

blood neutrophils from patients with active

tuberculosis. Am J Respir Cell Mol Biol

2002; 27: 583–592.

Hu et al. 9


	table-fn1-0300060520917877
	table-fn2-0300060520917877

