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Abstract. Some subjects are repeatedly exposed to human immunodeficiency virus (HIV), yet they remain uninfected. This suggests
the existence of host-resistance mechanisms. The current study synthesizes the evidence regarding the association between interleukin
(IL) gene polymorphisms andHIV susceptibility.Medline, Scopus and theWebof Science databaseswere systematically searched, and
a meta-analysis of case–control studies was conducted. Univariate and bivariate methods were used. The literature search identified
42 eligible studies involving 15,727 subjects. Evidence was obtained on eight single-nucleotide polymorphisms (SNPs): IL1A −889
C>T (rs1800587), IL1B +3953/4 C>T (rs1143634), IL4 −589/90 C>T (rs2243250), IL6 −174 G>C (rs1800795), IL10 −592 C>A
(rs1800872), IL10−1082 A>G (rs1800896), IL12B −1188 A>C (rs3212227) and IL28B C>T (rs12979860). The IL1B +3953/4 C>T
variant appears to increase the risk of HIV acquisition, under the assumption of a recessive genetic model (odds ratio (OR): 4.47, 95%
CI: 2.35–8.52). The AA homozygotes of the IL10 -592 C>A SNP had an increased, marginally nonsignificant, risk (OR: 1.39, 95%
CI: 0.97–2.01). It reached, however, significance in subanalyses (OR: 1.49, 95% CI: 1.04–2.12). Finally, the well-studied hepatitis C
virus (HCV) infection IL28B (rs12979860) CT/TT genotypes were associated with a 27% decrease in HIV infection risk, especially in
populations infected withHCV (OR: 0.73, 95%CI: 0.57–0.95). Interleukin signalling is perhaps important inHIV infection and some
interleukin genetic variants may affect the risk of HIV acquisition. Approaches targeting specific genes and genomewide association
studies should be conducted to decipher the effect of these polymorphisms.

Keywords. human immunodeficiency virus; susceptibility; interleukin; gene polymorphism; single-nucleotide polymorphisms;
meta-analysis.

Introduction

Despite decreases in morbidity and mortality of people
infected by human immunodeficiency virus (HIV) (Puhan

Electronic supplementary material: The online version of this article (https://doi.org/10.1007/s12041-018-0907-y) contains supplemen-
tary material, which is available to authorized users.

et al.2010), the disease remains amajor public healthprob-
lem. Without cure or vaccines, and with almost 36.7 mil-
lion HIV-infected individuals worldwide (UNAIDS 2016,
http://www.unaids.org/en/resources/documents/2016/Glo
bal-AIDS-update-2016), prevention is at the top of the
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HIV agenda. Elucidation of aetiological mechanisms that
result inHIV transmission is essential for developing novel
preventive or therapeutic measures.
It is interesting that some subjects remain uninfected in

spite of multiple exposures to HIV, while others become
infecteduponfirst exposure (Jennes et al.2004;Levy2009).
This phenomenon implies the existence of host resistance
to HIV that includes innate and adaptive immune mech-
anisms (Kaur and Mehra 2009; Miyazawa et al. 2009).
Present evidence supports a genetic component in HIV
susceptibility and progression to acquired immune defi-
ciency syndrome (AIDS). The 32 bp deletion in CCR5
(CCR5�32, rs333), the major coreceptor for HIV-1,
results in a truncated protein product that is not expressed
on the cell surface, and yields almost complete protection
against HIV-1 infection in homozygous individuals (Dean
et al. 1996; Samson et al. 1996; Ioannidis et al. 2001).

Cytokines comprise a significant part of the host
immune response (Alfano et al. 2008; Levy 2009). A vari-
ety of polymorphisms in genes that encode cytokines were
identified. Many researchers have examined the associ-
ation of the interleukin (IL) gene polymorphisms with
the risk of HIV acquisition and HIV disease progression
(Nakayama et al. 2002; Wichukchinda and Nakayama
2006; Chatterjee et al. 2009a,b; Naicker et al. 2009; Sobti
et al. 2010a,b; Pontillo et al. 2012), with various findings
with respect to whether IL gene polymorphisms play a
role or not in HIV infection. In an era of massive and
inexpensive gene-sequencing techniques, determination of
genetic risk for HIV infection could be an important tool
for preventive or therapeutic strategies. The aim of the cur-
rent work was to synthesize existing evidence, identify IL
gene variants that affect HIV susceptibility, and explore
the causes of between-studies heterogeneity.

Methods

Eligibility criteria, data sources and search strategy

This systematic review and meta-analysis was conducted
according to the MOOSE guidelines (Stroup et al. 2000),
and thePRISMAstatement (Moher et al. 2010) (see table 1
in electronic supplementary material at http://www.ias.ac.
in/jgenet/). Case–control studies were considered in the
analysis if they had examined the association between
risk of HIV acquisition and polymorphisms in interleukin
genes, and provided sufficient data to estimate an odds
ratio (OR) along with its 95% confidence interval (CI).
We systematically searched Medline, Scopus and the

Web of Science databases using a combination of the fol-
lowing terms: HIV, interleukin, IL, polymorphism and
genotype (last search: September 2015). Irrelevant records
were excluded after the initial screening of titles and
abstracts. Full-text versions of the remaining articles were

evaluated for eligibility. References of eligible publica-
tions and abstracts from conference meetings were also
appraised to identify additional studies for inclusion.

Data extraction and quality assessment

Data extraction was undertaken by two independent
reviewers (Chrissa G. Tsiara and Georgios K. Nikolopou-
los). Any discrepancy was resolved by consensus, referring
to the original article. The following data, if available, were
retrieved from each eligible study: (i) first author’s name,
year of publication, race/ethnicity of participants, geo-
graphic setting, study design; (ii) subjects’ characteristics,
including age, sex and AIDS diagnosis; (iii) genotyping
procedures; (iv) polymorphisms under investigation; and
(v) frequencyof genotypes andalleles in cases and controls.
The quality of primary studies was evaluated based on

clear description of the adopted inclusion criteria and
proper use of statistical methods. Exclusions, however,
if a study was perceived of poor quality or biased were
avoided. Yet, the potential influential role of each study
was explored by rerunning the analysis after the transient
removal of that study.

Statistical analysis

The OR was the metric of choice for the allelic and geno-
typic comparisons between cases and controls. The nor-
mality of the natural logarithms of the ORs was assessed
by the Shapiro–Wilk test. Combined effect estimates were
calculated across different groups (Caucasians,Asians and
mixed/others) and types of controls (HIV seronegatives,
HIV-exposed seronegatives (HES)). Deviations from the
Hardy–Weinberg equilibrium (HWE) were explored by
a χ2 test in control groups (Schaid and Jacobsen 1999).
When violations were detected, sensitivity analysis was
conducted to estimate their impact on the OR.
The between-studies heterogeneity was assessed using

the Cochran’s Q test (Petitti 2000), and quantified with
the I 2 statistic (Higgins et al. 2003). The ORs from pri-
mary studies were synthesized using both fixed-effect and
random-effect methods (DerSimonian and Laird 1986).
Unless stated differently, only random-effect estimates are
presented. The analysis was also performed using a genetic
model-free approachbasedonabivariate pairwise analysis
(Minelli et al. 2005).
The methods of Begg (Begg and Mazumdar 1994) and

Egger (Egger et al. 1997) were used to detect publication
bias. Cumulative meta-analyses were also performed to
detect potential time trends in the effect estimates (Lau
et al. 1992).
All P values were two-tailed. For all tests (except for

heterogeneity), a probability level <0.05 was considered
statistically significant. Stata 12.0 software was used for
all statistical analyses (Stata, College Station, USA).

http://www.ias.ac.in/jgenet/
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Figure 1. Summary of the evidence search and selection process (flowdiagram). *Case–control studies (ofHIV seropositive cases and
HIV seronegative controls) were considered in the analysis, if they had examined the association between the risk of HIV acquisition
and polymorphisms in interleukin genes, and provided sufficient data (interleukin gene polymorphism distributions in cases and
controls) to estimate an OR along with its 95% CI. WoS, Web of Science.

Results

Description of eligible studies

A summary of the literature search and selection pro-
cess is presented in figure 1 (flow diagram). A total
of 42 studies, involving 8953 HIV seropositives and
6774 HIV seronegatives, were included in the meta-
analysis. Data were provided for the following eight
single-nucleotide polymorphisms (SNPs): IL1A –889C>T
(rs1800587), IL1B+3953/4 C>T (rs1143634), IL4 –589/90
C>T (rs2243250), IL6 –174 G>C (rs1800795), IL10 –592
C>A (rs1800872), IL10 –1082 A>G (rs1800896), IL12B
–1188 A>C (rs3212227) and IL28B C>T (rs12979860)
(table 1). All the studies have assessed the cytokine
gene polymorphisms by using polymerase chain reaction
(PCR). Twenty-one studies were considered, only individ-
uals of Caucasian descend, nine includedAsians, while the
rest evaluated subjects belong to another racial group. The
allelic and genotypic distributions of the IL genes SNPs
are presented in table 2, whereas the results of the meta-
analyses are shown in table 3.

Susceptibility to HIV infection

IL1A -889 C>T (rs1800587): The comparison of allelic
frequencies from four primary studies (Price et al. 1999,
2002; Asensi et al. 2008; Pemberton et al. 2008) failed
to support an association between the mutant T allele
and HIV risk (OR: 1.06, 95% CI: 0.84–1.34). The geno-
typic analysis was not conducted because only two studies
(Asensi et al. 2008; Pemberton et al. 2008) provided the
necessary information.

IL1B +3953/4 C >T (rs1143634): The T versus C allele
contrast included six studies (Price et al. 1999, 2002;Asensi
et al. 2008; Pemberton et al. 2008; Gonçalves et al. 2009;
Pontillo et al. 2012) and yielded an OR of 1.38 (95% CI:
0.87–2.17). The effect estimate became significant (OR:
2.50, 95% CI: 1.48–4.21) in the meta-analysis of two stud-
ies involving Brazilian subjects (Gonçalves et al. 2009;
Pontillo et al. 2012) (figure 2). The synthesis of four stud-
ies (Asensi et al. 2008; Pemberton et al. 2008; Gonçalves
et al. 2009; Pontillo et al. 2012) in the context of a reces-
sive genetic model showed that HIV(+) individuals were



238 Charissa G. Tsiara et al.

T
ab
le

1.
C
ha

ra
ct
er
is
ti
cs

of
th
e
pr
im

ar
y
st
ud

ie
s.

N
um

be
r
of

su
bj
ec
ts

A
ge

a
(y
ea
r)

M
al
es

St
ud

y
C
ou

nt
ry

R
ac
e

C
as
e

C
on

tr
ol

H
IV

(+
)

H
IV

(−
)

C
as
e

C
on

tr
ol

C
yt
ok

in
e

SN
P

A
se
ns
ie
t
al
.(
20
08
)

Sp
ai
n

C
au

ca
si
an

42
.7

40
.6

22
8

10
9

17
7

18
2

IL
1B

+
39
53
/4

C
>
T

C
au

ca
si
an

42
.7

40
.6

22
8

10
9

17
7

18
2

IL
1A

−8
89

C
>
T

C
ha

tt
er
je
e
et

al
.(
20
09
a)

In
di
a

A
si
an

57
.0

58
.1

18
0

35
5

16
0

30
5

IL
4

−5
89
/9
0
C

>
T

G
on

ça
lv
es

et
al
.(
20
09
)

B
ra
zi
l

M
ix
ed

39
.0

39
.4

59
46

37
19

IL
1B

+
39
53
/4

C
>
T

K
w
a
et

al
.(
20
03
)

N
et
he
rl
an

ds
C
au

ca
si
an

N
A

N
A

34
2

73
43

2
N
A

IL
4

−5
89
/9
0
C

>
T

M
ar
ti
n
et

al
.(
20
10
)

U
SA

C
au

ca
si
an

N
A

N
A

12
21

29
1

N
A

N
A

IL
28
B

rs
12
97
98
60

(C
>
T
)

N
ai
ck
er

et
al
.(
20
09
)

So
ut
h
A
fr
ic
a

A
fr
ic
an

N
A

N
A

64
19

5
N
A

N
A

IL
10

−1
08
2
A

>
G

A
fr
ic
an

N
A

N
A

64
19
5

N
A

N
A

IL
10

−5
92

C
>
A

N
ak

ay
am

a
et

al
.(
20
00
)

Ja
pa

n
A
si
an

N
A

N
A

33
9

52
30
7

N
A

IL
4

−5
89
/9
0
C

>
T

N
ak

ay
am

a
et

al
.(
20
02
)

F
ra
nc
e

C
au

ca
si
an

N
A

N
A

42
7

86
33
2

N
A

IL
4

−5
89
/9
0
C

>
T

N
at
te
rm

an
n
et

al
.(
20
07
)

G
er
m
an

y
C
au

ca
si
an

43
.7

45
.2

30
9

31
0

28
0

18
5

IL
6

−1
74

G
>
C

R
al
lo
n
et

al
.(
20
11
)

Sp
ai
n

C
au

ca
si
an

N
A

N
A

29
29

N
A

N
A

IL
28
B

rs
12
97
98
60

(C
>
T
)

R
am

as
er
iS

un
de
r
et

al
.(
20
12
)

In
di
a

A
si
an

N
A

N
A

22
7

20
6

N
A

N
A

IL
10

−1
08
2
A

>
G

Sa
um

oy
et

al
.(
20
08
)

Sp
ai
n

C
au

ca
si
an

42
.0

41
.0

27
3

38
5

19
4

24
9

IL
6

−1
74

G
>
C

E
ri
ks
tr
up

et
al
.(
20
07
)

Z
im

ba
bw

e
A
fr
ic
an

33
.0

33
.0

19
4

17
4

34
42

IL
10

−5
92

C
>
A

A
fr
ic
an

33
.0

33
.0

19
5

17
5

34
42

IL
10

−1
08
2
A

>
G

Ja
bł
on

ow
sk
a
et

al
.(
20
10
)

Po
la
nd

C
au

ca
si
an

34
.7

38
.0

39
71

N
A

N
A

IL
6

−1
74

G
>
C

N
ag
gi
e
et

al
.(
20
12
)

U
SA

,G
er
m
an

y
M
ix
ed

48
.0

43
.0

44
44

39
23

IL
28
B

rs
12
97
98
60

(C
>
T
)

P
em

be
rt
on

et
al
.(
20
08
)

A
us
tr
al
ia

C
au

ca
si
an

N
A

N
A

22
8

60
N
A

N
A

IL
1A

−8
89

C
>
T

C
au

ca
si
an

N
A

N
A

24
2

60
N
A

N
A

IL
1B

+
39
53
/4

C
>
T

C
au

ca
si
an

N
A

N
A

26
2

96
N
A

N
A

IL
12
B

3′
U
T
R

-1
18
8
A

>
C

Po
nt
ill
o
et

al
.(
20
12
)

B
ra
zi
l

A
fr
ic
an

,C
au

ca
si
an

34
.0

29
.0

15
0

15
8

80
72

IL
1B

+
39
53
/4

C
>
T

P
ri
ce

et
al
.(
19
99
)

A
us
tr
al
ia

C
au

ca
si
an

N
A

N
A

33
60

33
N
A

IL
1A

−8
89

C
>
T

C
au

ca
si
an

N
A

N
A

33
60

33
N
A

IL
1B

+
39
53
/4

C
>
T

Sm
ol
ni
ko

va
et

al
.(
20
01
)

R
us
si
a

C
au

ca
si
an

N
A

N
A

71
58

N
A

N
A

IL
4

−5
89
/9
0
C

>
T

So
bt
ie
t
al
.(
20
10
b)

In
di
a

A
si
an

35
.2

36
.2

30
0

30
0

19
3

19
5

IL
12
B

3′
U
T
R

-1
18
8
A

>
C

So
bt
ie
t
al
.(
20
10
a)

In
di
a

A
si
an

35
.2

36
.2

30
0

30
0

19
3

19
5

IL
6

−1
74

G
>
C

A
si
an

35
.2

36
.2

30
0

30
0

19
3

19
5

IL
10

−5
92

C
>
A



Interleukin gene polymorphisms and HIV 239

T
ab
le

1
(c
on
td
)

N
um

be
r
of

su
bj
ec
ts

A
ge

a
(y
ea
r)

M
al
es

St
ud

y
C
ou

nt
ry

R
ac
e

C
as
e

C
on

tr
ol

H
IV

(+
)

H
IV

(−
)

C
as
e

C
on

tr
ol

C
yt
ok

in
e

SN
P

W
ic
hu

kc
hi
nd

a
an

d
N
ak

ay
am

a
(2
00
6)

T
ha

ila
nd

A
si
an

31
.0

N
A

24
6

11
9

N
A

N
A

IL
4

−5
89
/9
0
C

>
T

C
ha

tt
er
je
e
et

al
.(
20
09
b)

In
di
a

A
si
an

59
.0

58
.0

18
0

35
5

16
0

30
5

IL
10

−1
08
2
A

>
G

A
si
an

59
.0

58
.0

18
0

35
5

16
0

30
5

IL
10

−5
92

C
>
A

K
on

en
ko

v
an

d
Sm

ol
ni
ko

va
(2
00
2)

R
us
si
a

C
as
ca
si
an

N
A

N
A

12
0

52
85

27
IL

4
−5

89
/9
0

M
od

ie
t
al
.(
20
03
)

U
SA

A
fr
ic
an

-A
m
er
ic
an

,C
au

ca
si
an

N
A

N
A

86
5

23
0

N
A

N
A

IL
4

−5
89
/9
0

Sa
ja
di

et
al
.(
20
11
)

U
SA

A
fr
ic
an

-A
m
er
ic
an

47
.9

50
.0

17
2

17
3

91
61

IL
28
B

rs
12
97
98
60

(C
>
T
)

Ja
bł
on

ow
sk
a
et

al
.(
20
12
)

Po
la
nd

C
au

ca
si
an

32
.0

33
.5

33
90

16
56

IL
28
B

rs
12
97
98
60

(C
>
T
)

P
ri
ce

et
al
.(
20
02
)

A
us
tr
al
ia

C
au

ca
si
an

N
A

N
A

70
60

N
A

N
A

IL
1A

−8
89

C
>
T

C
au

ca
si
an

N
A

N
A

70
60

N
A

N
A

IL
1B

+
39

53
/4

C
>
T

C
au

ca
si
an

N
A

N
A

82
10
0

N
A

N
A

IL
12
B

−1
18
8
A

>
C

Sh
in

et
al
.(
20
00
)

U
SA

M
ix
ed

N
A

N
A

37
7

72
37

7
72

IL
10

−5
92

C
>
A

W
an

g
et

al
.(
20
04
)

U
SA

A
fr
ic
an

-A
m
er
ic
an

,H
is
pa

ni
c

N
A

N
A

31
9

25
8

N
A

N
A

IL
4

−5
89
/9
0
C

>
T

A
fr
ic
an

-A
m
er
ic
an

,H
is
pa

ni
c

N
A

N
A

32
1

25
8

N
A

N
A

IL
6

−1
74

G
>
C

A
fr
ic
an

-A
m
er
ic
an

,H
is
pa

ni
c

N
A

N
A

41
5

33
4

N
A

N
A

IL
10

−1
08
2
A

>
G

A
fr
ic
an

-A
m
er
ic
an

,H
is
pa

ni
c

N
A

N
A

32
1

25
8

N
A

N
A

IL
10

−5
92

C
>
A

A
vi
hi
ng

sa
no

n
et

al
.(
20
14
)

T
ha

ila
nd

A
si
an

N
A

N
A

94
13

6
N
A

N
A

IL
28

B
rs

12
97

98
60

(C
>
T
)

B
ur
lo
ne

et
al
.(
20
13
)

It
al
y

C
au

ca
si
an

48
.0

58
.0

75
11
2

64
50

IL
28
B

rs
12
97
98
60

(C
>
T
)

D
iL

el
lo

et
al
.(
20
13
)

Sp
ai
n

C
au

ca
si
an

41
.5

42
.3

31
4

10
9

25
1

91
IL

28
B

rs
12
97
98
60

(C
>
T
)

G
re
be
ly

et
al
.(
20
12
)

C
an

ad
a,

A
us
tr
al
ia

C
au

ca
si
an

41
.6

31
.0

31
56

32
35

IL
28
B

rs
12
97
98
60

(C
>
T
)

N
eu
ka

m
et

al
.(
20
13
)

Sp
ai
n

C
au

ca
si
an

41
.0

43
.0

16
0

62
13
4

49
IL

28
B

rs
12
97
98
60

(C
>
T
)

Y
ua

n
et

al
.(
20
12
)

U
SA

M
ix
ed

N
A

N
A

25
8

N
A

N
A

IL
28

B
rs

12
97

98
60

(C
>
T
)

St
en
kv

is
t
et

al
.(
20
13
)

Sw
ed
en

C
au

ca
si
an

51
.0

48
.0

13
10
0

11
48

IL
28
B

rs
12
97
98
60

(C
>
T
)

R
am

ez
an

ie
t
al
.(
20
15
)

Ir
an

A
si
an

36
.0

N
A

70
31

41
N
A

IL
10

−1
08
2
A

>
G

A
si
an

36
.0

N
A

70
31

41
N
A

IL
10

−5
92

C
>
A

K
al
la
s
et

al
.(
20
15
)

E
st
on

ia
C
au

ca
si
an

30
.0

N
A

17
2

66
9

13
3

15
IL

10
−1

08
2
A

>
G

C
au

ca
si
an

30
.0

N
A

17
2

66
9

13
3

15
IL

10
−5

92
C

>
A

C
or
ch
ad

o
et

al
.(
20
13
)

Sp
ai
n

C
au

ca
si
an

49
.5

N
A

88
51

75
N
A

IL
10

−5
92

C
>
A

F
re
it
as

et
al
.(
20
15
)

B
ra
zi
l

M
ix
ed

39
.0

29
.0

21
6

29
4

13
0

19
1

IL
10

−1
08
2
A

>
G

39
.0

29
.0

21
6

29
4

13
0

19
1

IL
6

−1
74

G
>
C

Z
er
em

sk
ie
t
al
.(
20
13
)

U
SA

A
fr
ic
an

-A
m
er
ic
an

,
H
is
pa

ni
c,
C
au

ca
si
an

46
.7

50
.5

11
3

22
2

81
15
1

IL
28
B

rs
12
97
98
60

(C
>
T
)

a
M
ea
n
or

m
ed
ia
n;

H
IV
,h

um
an

im
m
un

od
efi
ci
en
cy

vi
ru
s;
SN

P,
si
ng

le
-n
uc
le
ot
id
e
po

ly
m
or
ph

is
m
;I
L
,i
nt
er
le
uk

in
.



240 Charissa G. Tsiara et al.

T
ab
le

2.
A
lle
lic

an
d
ge
no

ty
pi
c
fr
eq
ue
nc
ie
s
of

in
te
rl
eu
ki
n
SN

P
s.

G
en
ot
yp

e
fr
eq
ue
nc
y

A
lle
le
fr
eq
ue
nc
y

H
W
E
te
st

C
yt
ok

in
e

SN
P

St
ud

y
H
IV

(+
)

H
IV

(−
)

H
IV

(+
)

H
IV

(−
)

(P
va
lu
e)

IL
1A

−8
89

C
>
T

C
C

C
T

T
T

C
C

C
T

T
T

C
T

C
T

A
se
ns
ie
t
al
.(
20
08
)

11
7

87
24

57
43

9
32
1

13
5

15
7

61
0.
81

P
em

be
rt
on

et
al
.(
20
08
)

12
9

80
19

33
24

3
33
8

11
8

90
30

0.
74

P
ri
ce

et
al
.(
19
99
)

24
4

5
52

14
90

30
P
ri
ce

et
al
.(
20
02
)

71
69

66
54

IL
1B

+
39

53
/4

C
>
T

C
C

C
T

T
T

C
C

C
T

T
T

C
T

C
T

A
se
ns
ie
t
al
.(
20
08
)

13
4

75
19

72
35

2
34
3

11
3

17
9

39
0.
51

G
on

ça
lv
es

et
al
.(
20
09
)

43
8

8
35

10
1

94
24

80
12

0.
56

P
em

be
rt
on

et
al
.(
20
08
)

15
1

86
5

36
23

1
38
8

96
95

25
0.
43

P
ri
ce

et
al
.(
19
99
)

22
8

3
52

14
95

25
P
ri
ce

et
al
.(
20
02
)

81
59

64
56

Po
nt
ill
o
et

al
.(
20
12
)

57
62

31
10
6

44
8

17
6

12
4

25
6

60
0.
30

IL
4

−5
89
/9
0
C

>
T

C
C

C
T

T
T

C
C

C
T

T
T

C
T

C
T

W
ic
hu

kc
hi
nd

a
an

d
N
ak

ay
am

a
(2
00
6)

12
87

14
7

11
1

38
1

48
19
0

C
ha

tt
er
je
e
et

al
.(
20
09
a)

12
2

53
5

22
9

11
1

15
29
7

63
56
9

14
1

0.
74

K
w
a
et

al
.(
20
03
)

24
3

89
10

55
16

2
57
5

10
9

12
6

20
0.
61

N
ak

ay
am

a
et

al
.(
20
00
)

44
15
7

13
8

5
22

25
24
5

43
3

32
72

1.
00

N
ak

ay
am

a
et

al
.(
20
02
)

31
5

98
14

63
21

2
72
8

12
6

14
7

25
1.
00

Sm
ol
ni
ko

va
et

al
.(
20
01
)

39
26

6
35

17
6

10
4

38
87

29
0.
15

K
on

en
ko

v
an

d
Sm

ol
ni
ko

va
(2
00
2)

65
47

8
31

20
1

17
7

63
82

22
0.
42

W
an

g
et

al
.(
20
04
)

29
3

34
5

25
1

26
5

C
C

C
T
+
T
T

C
C

C
T
+
T
T

C
T

C
T

M
od

ie
t
al
.(
20
03
)

41
6

44
9

10
8

12
2

IL
6

−1
74

G
>
C

G
G

G
C

C
C

G
G

G
C

C
C

G
C

G
C

N
at
te
rm

an
n
et

al
.(
20
07
)

11
4

13
5

60
99

15
0

61
36
3

25
5

34
8

27
2

0.
82

Sa
um

oy
et

al
.(
20
08
)

10
8

11
4

51
18
2

15
4

49
33
0

21
6

51
8

25
2

0.
08

Ja
bł
on

ow
sk
a
et

al
.(
20
10
)

23
15

1
41

29
1

17
61

11
1

31
0.
16

So
bt
ie
t
al
.(
20
10
a)

16
1

94
45

15
2

10
6

42
41
6

18
4

41
0

19
0

0.
00

F
re
it
as

et
al
.(
20
15
)

14
2

70
4

18
4

96
14

35
4

78
46
4

12
4

0.
73

W
an

g
et

al
.(
20
04
)

55
5

87
43
8

78
IL

10
−5

92
C

>
A

C
C

C
A

A
A

C
C

C
A

A
A

C
A

C
A

N
ai
ck
er

et
al
.(
20
09
)

24
23

17
97

80
18

71
57

27
4

11
6

0.
86

E
ri
ks
tr
up

et
al
.(
20
07
)

80
71

43
68

81
25

23
1

15
7

21
7

13
1

1.
00

So
bt
ie
t
al
.(
20
10
a)

36
13
7

12
7

34
14
6

12
0

20
9

39
1

21
4

38
6

0.
32

C
ha

tt
er
je
e
et

al
.(
20
09
b)

67
74

39
16
3

14
1

51
20
8

15
2

46
7

24
3

0.
03

R
am

ez
an

ie
t
al
.(
20
15
)

31
35

4
16

11
4

97
43

43
19

0.
40

K
al
la
s
et

al
.(
20
15
)

11
3

49
10

40
5

23
2

32
27
5

69
1,
04
2

29
6

1.
00

C
or
ch
ad

o
et

al
.(
20
13
)

43
38

7
24

21
6

12
4

52
69

33
0.
75

W
an

g
et

al
.(
20
04
)

42
0

22
2

32
1

19
5

C
C

C
A
+
A
A

C
C

C
A
+
A
A

C
A

C
A

Sh
in

et
al
.(
20
00
)

20
7

17
0

50
22



Interleukin gene polymorphisms and HIV 241

T
ab
le

2
(c
on
td
)

G
en
ot
yp

e
fr
eq
ue
nc
y

A
lle
le
fr
eq
ue
nc
y

H
W
E
te
st

C
yt
ok

in
e

SN
P

St
ud

y
H
IV

(+
)

H
IV

(−
)

H
IV

(+
)

H
IV

(−
)

(P
va
lu
e)

IL
10

−1
08
2
A

>
G

A
A

A
G

G
G

A
A

A
G

G
G

A
G

A
G

N
ai
ck
er

et
al
.(
20
09
)

37
22

5
88

80
27

96
32

25
6

13
4

0.
21

R
am

as
er
iS

un
de
r
et

al
.(
20
12
)

96
12
0

11
13
3

68
5

31
2

14
2

33
4

78
0.
37

E
ri
ks
tr
up

et
al
.(
20
07
)

10
0

73
22

76
82

17
27
3

11
7

23
4

11
6

0.
50

C
ha

tt
er
je
e
et

al
.(
20
09
b)

10
0

60
20

18
3

14
1

31
26
0

10
0

50
7

20
3

0.
60

F
re
it
as

et
al
.(
20
15
)

12
3

79
14

15
9

11
1

24
32
5

10
7

42
9

15
9

0.
46

R
am

ez
an

ie
t
al
.(
20
15
)

28
32

10
13

15
3

88
52

41
21

1.
00

K
al
la
s
et

al
.(
20
15
)

62
78

32
19
6

33
2

14
1

20
2

14
2

72
4

61
4

1.
00

W
an

g
et

al
.(
20
04
)
(H

is
pa

ni
c)

27
61

6
39

33
4

11
5

73
11
1

41
0.
56

W
an

g
et

al
.(
20
04
)
(m

ix
ed
)

41
3

22
9

37
0

14
6

IL
12

B
−1

18
8
A

>
C

A
A

A
C

C
C

A
A

A
C

C
C

A
C

A
C

So
bt
ie
t
al
.(
20
10
b)

13
5

15
9

6
14
1

15
0

9
42
9

17
1

43
2

16
8

0.
00

P
em

be
rt
on

et
al
.(
20
08
)

15
5

91
16

68
24

4
40
1

12
3

16
0

32
0.
29

P
ri
ce

et
al
.(
20
02
)

10
7

57
13
8

62
IL

28
B

rs
12

97
98

60
(C

>
T
)

C
C

C
T

T
T

C
C

C
T

T
T

C
T

C
T

M
ar
ti
n
et

al
.(
20
10
)

44
6

58
6

18
9

10
5

13
6

50
14
78

96
4

34
6

23
6

0.
63

R
al
lo
n
et

al
.(
20
11
)

13
11

5
18

10
1

37
21

46
12

1.
00

N
ag
gi
e
et

al
.(
20
12
)

15
13

16
11

28
5

43
45

50
38

0.
07

Sa
ja
di

et
al
.(
20
11
)

27
87

58
20

95
58

14
1

20
3

13
5

21
1

0.
05

Ja
bł
on

ow
sk
a
et

al
.(
20
12
)

17
12

4
19

55
16

46
20

93
87

0.
06

A
vi
hi
ng

sa
no

n
et

al
.(
20
14
)

83
10

1
11
6

14
6

17
6

12
24
6

26
0.
00

B
ur
lo
ne

et
al
.(
20
13
)

34
29

12
39

60
13

97
53

13
8

86
0.
23

D
iL

el
lo

et
al
.(
20
13
)

18
0

12
1

13
62

41
6

48
1

14
7

16
5

53
1.
00

G
re
be
ly
et

al
.(
20
12
)

18
9

4
24

27
5

45
17

75
37

0.
76

N
eu
ka

m
et

al
.(
20
13
)

59
76

25
23

29
10

19
4

12
6

75
49

1.
00

St
en
kv

is
t
et

al
.(
20
13
)

6
6

1
44

52
4

18
8

14
0

60
0.
03

Z
er
em

sk
ie
t
al
.(
20
13
)

34
55

24
66

11
9

37
12
3

10
3

25
1

19
3

0.
22

C
C

C
T
+
T
T

C
C

C
T
+
T
T

C
T

C
T

Y
ua

n
et

al
.(
20
12
)

13
12

0
8



242 Charissa G. Tsiara et al.

T
ab
le

3.
T
he

re
su
lt
s
of

m
et
a-
an

al
ys
es

re
ga

rd
in
g
th
e
as
so
ci
at
io
n
of

in
te
rl
eu
ki
n
ge
ne

SN
P
s
w
it
h
H
IV

-1
su
sc
ep
ti
bi
lit
y.

SN
P

C
on

tr
as
t

R
ac
e

St
ud

ie
s

H
IV

(+
)
/H

IV
(−

)
O
R

(9
5%

C
I)

P
va
lu
e

I-
sq
ua

re
d
(%

)
E
gg

er
’s
te
st
(P

va
lu
e)

IL
1A

−8
89

C
>
T

T
ve
rs
us

C
al
le
le

A
ll

4
55

9/
28

9
1.
06

(0
.8
4,

1.
34

)
0.
60

0.
0

0.
33

C
au

ca
si
an

4
55
9/
28
9

1.
06

(0
.8
4,

1.
34
)

0.
60

0.
0

IL
1B

+
39

53
/4

C
>
T

T
ve
rs
us

C
al
le
le

A
ll

6
78

2/
49

3
1.
38

(0
.8
7,

2.
17

)
0.
17

79
.3

0.
31

C
au

ca
si
an

4
57
3/
28
9

1.
08

(0
.8
1,

1.
45
)

0.
59

25
.3

O
th
er
/m

ix
ed

2
20

9/
20

4
2.
50

(1
.4
8,

4.
21

)
0.
00

43
.6

T
T
ve
rs
us

C
T
+
C
C

(r
ec
es
si
ve

m
od

el
)

A
ll

4
67

9/
37

3
4.
47

(2
.3
5,

8.
52

)
0.
00

0.
0

0.
59

C
au

ca
si
an

2
47
0/
16
9

3.
13

(0
.9
0,

10
.9
2)

0.
07

3.
7

O
th
er
/m

ix
ed

2
20

9/
20

4
5.
12

(2
.4
0,

10
.9
4)

0.
00

0.
0

T
T
+
C
T
ve
rs
us

C
C
(d
om

in
an

t
m
od

el
)

A
ll

4
67

9/
37

3
1.
53

(0
.8
2,

2.
83

)
0.
18

78
.5

0.
54

C
au

ca
si
an

2
47
0/
16
9

1.
15

(0
.7
7,

1.
71
)

0.
49

14
.0

O
th
er
/m

ix
ed

2
20

9/
20

4
2.
13

(0
.7
8,

5.
81

)
0.
14

75
.4

IL
4

−5
89
/9
0
C

>
T

T
ve
rs
us

C
al
le
le

A
ll

8
20

44
/1
05

3
1.
01

(0
.8
8,

1.
15

)
0.
93

0.
0

0.
98

C
au

ca
si
an

4
96
0/
26
9

1.
14

(0
.8
8,

1.
48
)

0.
32

0.
0

A
si
an

3
76
5/
52
6

0.
84

(0
.6
8,

1.
05
)

0.
12

0.
0

O
th
er
/m

ix
ed

1
31

9/
25

8
1.
11

(0
.8
8,

1.
41

)
0.
36

–
T
T
ve
rs
us

C
T
+
C
C

(r
ec
es
si
ve

m
od

el
)

A
ll

6
14

79
/6
76

0.
84

(0
.5
5,

1.
28

)
0.
43

0.
0

0.
07

C
au

ca
si
an

4
96
0/
26
9

1.
19

(0
.5
7,

2.
52
)

0.
64

0.
0

A
si
an

2
51
9/
40
7

0.
72

(0
.4
3,

1.
19
)

0.
20

0.
0

T
T
+
C
T
ve
rs
us

C
C
(d
om

in
an

t
m
od

el
)

A
ll

7
23

44
/9
06

0.
99

(0
.8
2,

1.
18

)
0.
89

0.
0

0.
45

C
au

ca
si
an

5
15
71
/4
21

1.
02

(0
.8
0,

1.
29
)

0.
53

0.
0

A
si
an

2
51
9/
40
7

0.
84

(0
.5
9,

1.
20
)

0.
34

0.
0

O
th
er
/m

ix
ed

1
25

4/
78

0.
72

(0
.3
4,

1.
54

)
0.
40

–
IL

6
−1

74
G

>
C

C
ve
rs
us

G
al
le
le

A
ll

6
14

58
/1
61

8
1.
35

(0
.8
8,

2.
06

)
0.
17

92
.2

0.
12

C
au

ca
si
an

3
62
1/
76
6

2.
30

(0
.9
2,

5.
76
)

0.
07

96
.4

A
si
an

1
30
0/
30
0

0.
95

(0
.7
5,

1.
22
)

0.
71

–
O
th
er
/m

ix
ed

2
53

7/
55

2
0.
85

(0
.6
8,

1.
07

)
0.
16

0.
0

C
C
ve
rs
us

G
C
+
G
G

(r
ec
es
si
ve

m
od

el
)

A
ll

5
11

37
/1
36

0
1.
09

(0
.7
7,

1.
54

)
0.
63

39
.3

0.
60

C
au

ca
si
an

3
62
1/
76
6

1.
24

(0
.8
6,

1.
78
)

0.
24

22
.6

A
si
an

1
30
0/
30
0

1.
08

(0
.6
9,

1.
71
)

0.
73

–
O
th
er
/m

ix
ed

1
21

6/
29

4
0.
38

(0
.1
2,

1.
16

)
0.
09

–
C
C
+
G
C
ve
rs
us

G
G

(d
om

in
an

t
m
od

el
)

A
ll

5
11

37
/1
36

0
0.
97

(0
.7
8,

1.
20

)
0.
75

38
.5

0.
84

C
au

ca
si
an

3
62
1/
76
6

1.
03

(0
.6
9,

1.
54
)

0.
87

62
.4

A
si
an

1
30
0/
30
0

0.
89

(0
.6
4,

1.
22
)

0.
46

–
O
th
er
/m

ix
ed

1
21

6/
29

4
0.
87

(0
.6
0,

1.
26

)
0.
46

–
IL

10
−5

92
C

>
A

A
ve
rs
us

C
al
le
le

A
ll

8
13

89
/2
03

3
1.
10

(0
.9
2,

1.
31

)
0.
31

58
.5

0.
72

C
au

ca
si
an

2
26
0/
72
0

0.
88

(0
.6
8,

1.
14
)

0.
34

0.
0

A
si
an

3
55
0/
68
6

1.
17

(0
.9
3,

1.
48
)

0.
17

35
.4



Interleukin gene polymorphisms and HIV 243

T
ab
le

3
(c
on
td
)

SN
P

C
on

tr
as
t

R
ac
e

St
ud

ie
s

H
IV

(+
)
/H

IV
(−

)
O
R

(9
5%

C
I)

P
va
lu
e

I-
sq
ua

re
d
(%

)
E
gg

er
’s
te
st
(P

va
lu
e)

O
th
er
/m

ix
ed

3
57

9/
62

7
1.
19

(0
.7
9,

1.
79

)
0.
39

80
.7

A
A

ve
rs
us

A
C
+
C
C

(r
ec
es
si
ve

m
od

el
)

A
ll

7
10

68
/1
77

5
1.
39

(0
.9
7,

2.
01

)
0.
08

56
.4

0.
85

C
au

ca
si
an

2
26
0/
72
0

1.
02

(0
.5
5,

1.
89
)

0.
94

0.
0

A
si
an

3
55
0/
68
6

1.
19

(0
.7
5,

1.
88
)

0.
46

52
.1

O
th
er
/m

ix
ed

2
25

8/
36

9
2.
35

(1
.1
4,

4.
83

)
0.
02

60
.2

A
A
+
A
C
ve
rs
us

C
C
(d
om

in
an

t
m
od

el
)

A
ll

8
14

45
/1
84

7
1.
15

(0
.9
1,

1.
45

)
0.
25

42
.7

0.
43

C
au

ca
si
an

2
26
0/
72
0

0.
83

(0
.6
0,

1.
13
)

0.
23

0.
0

A
si
an

3
55
0/
68
6

1.
24

(0
.9
4,

1.
65
)

0.
12

0.
0

O
th
er
/m

ix
ed

3
63

5/
44

1
1.
37

(0
.8
6,

2.
19

)
0.
19

60
.8

IL
10

−1
08
2
A

>
G

G
ve
rs
us

A
al
le
le

A
ll

8
14

45
/2
18

3
1.
03

(0
.8
1,

1.
31

)
0.
80

77
.8

0.
86

C
au

ca
si
an

1
17
2/
66
9

0.
83

(0
.6
5,

1.
05
)

0.
13

–
A
si
an

3
47
7/
59
2

1.
30

(0
.7
8,

2.
17
)

0.
31

81
.6

O
th
er
/m

ix
ed

4
79

6/
92

2
0.
94

(0
.6
8,

1.
29

)
0.
69

75
.9

G
G

ve
rs
us

A
G
+
A
A

(r
ec
es
si
ve

m
od

el
)

A
ll

8
12

18
/2
00

1
1.
00

(0
.7
8,

1.
29

)
0.
97

0.
0

0.
43

C
au

ca
si
an

1
17
2/
66
9

0.
86

(0
.5
6,

1.
31
)

0.
47

–
A
si
an

3
47
7/
59
2

1.
46

(0
.9
0,

2.
38
)

0.
12

0.
0

O
th
er
/m

ix
ed

4
56

9/
74

0
0.
89

(0
.5
9,

1.
34

)
0.
59

0.
0

G
G
+
A
G

ve
rs
us

A
A

(d
om

in
an

t
m
od

el
)

A
ll

8
12

18
/2
00

1
1.
05

(0
.7
2,

1.
53

)
0.
78

82
.2

0.
65

C
au

ca
si
an

1
17
2/
66
9

0.
73

(0
.5
2,

1.
05
)

0.
09

–
A
si
an

3
47
7/
59
2

1.
34

(0
.6
1,

2.
95
)

0.
47

87
.5

O
th
er
/m

ix
ed

4
56

9/
74

0
0.
97

(0
.5
8,

1.
62

)
0.
92

78
.3

IL
12

B
−1

18
8
A

>
C

C
ve
rs
us

A
al
le
le

A
ll

3
64

4/
49

6
1.
17

(0
.9
3,

1.
47

)
0.
19

21
.4

0.
37

C
au

ca
si
an

2
34
4/
19
6

1.
35

(0
.9
9,

1.
84
)

0.
05

0.
0

A
si
an

1
30
0/
30
0

1.
02

(0
.8
0,

1.
32
)

0.
85

–
IL

28
B
(r
s1
29

79
86

0)
T
ve
rs
us

C
al
le
le

A
ll

12
22

99
/1
42

4
0.
95

(0
.8
3,

1.
08

)
0.
44

16
.9

0.
91

C
au

ca
si
an

7
18
63
/7
49

0.
91

(0
.7
4,

1.
12
)

0.
39

38
.3

A
si
an

1
94
/1
36

0.
64

(0
.3
2,

1.
31
)

0.
23

–
O
th
er
/m

ix
ed

4
34

2/
53

9
1.
04

(0
.8
5,

1.
27

)
0.
35

0.
0

T
T
ve
rs
us

C
T
+
C
C

(r
ec
es
si
ve

m
od

el
)

A
ll

12
22

99
/1
42

4
1.
11

(0
.8
4,

1.
47

)
0.
44

25
.4

0.
31

C
au

ca
si
an

7
18
63
/7
49

0.
95

(0
.7
3,

1.
25
)

0.
73

0.
0

A
si
an

1
94
/1
36

0.
23

(0
.0
3,

1.
97
)

0.
18

–
O
th
er
/m

ix
ed

4
34

2/
53

9
1.
51

(0
.8
5,

2.
68

)
0.
15

50
.6

T
T
+
C
T
ve
rs
us

C
C
(d
om

in
an

t
m
od

el
)

A
ll

13
23

24
/1
43

2
0.
80

(0
.6
4,

1.
01

)
0.
06

35
.3

0.
07

C
au

ca
si
an

8
19
10
/8
78

0.
74

(0
.5
2,

1.
06
)

0.
10

61
.8

A
si
an

1
94
/1
36

0.
77

(0
.3
5,

1.
69
)

0.
51

–
O
th
er
/m

ix
ed

5
32

8/
50

0
0.
81

(0
.5
4,

1.
21

)
0.
30

8.
0

SN
P,

si
ng

le
nu

cl
eo
ti
de

po
ly
m
or
ph

is
m
;H

IV
,h

um
an

im
m
un

od
efi
ci
en
cy

vi
ru
s;
O
R
,o

dd
s
ra
ti
o;

C
I,
co
nfi

de
nc
e
in
te
rv
al
;I
L
,i
nt
er
le
uk

in
.



244 Charissa G. Tsiara et al.

Figure 2. Effect of the IL1B +3953/4 (rs1143634) T variant on
HIV-1 susceptibility: results from individual studies and ran-
dom-effects meta-analysis (forest plot). OR, odds ratio; CI,
confidence interval.

4.5 times as likely to carry the TT genotype as HIV
seronegatives (OR: 4.47, 95%CI: 2.35–8.52) (figure 3). For
this comparison, there was no evidence of heterogeneity or
publication bias (table 3). The studies of Price et al. (1999,
2002) presented data only on allele frequencies and were
thus excluded from this analysis.

IL4 –589/90 C >T (rs2243250): The allelic contrast that
involved eight publications (Nakayama et al. 2000, 2002;
Smolnikova et al. 2001; Konenkov and Smolnikova 2002;
Kwa et al. 2003; Wang et al. 2004; Wichukchinda and
Nakayama 2006; Chatterjee et al. 2009a) suggested no
association between T allele and risk for getting HIV
(OR: 1.01, 95% CI: 0.88–1.15). The analysis of genotypes
yielded similar results under the assumption of either a
recessive (Nakayama et al. 2000; Smolnikova et al. 2001;
Konenkov and Smolnikova 2002; Nakayama et al. 2002;
Kwa et al. 2003; Chatterjee et al. 2009a) or a dominant
model of inheritance (Nakayama et al. 2000, 2002; Smol-
nikova et al. 2001; Konenkov and Smolnikova 2002; Kwa
et al. 2003; Modi et al. 2003; Chatterjee et al. 2009a)
(OR: 0.84, 95% CI: 0.55–1.28; and OR: 0.99, 95% CI:
0.82–1.18, respectively). The Begg test indicated the exis-
tence of publication bias in the TT versus CT and CC
comparison (P = 0.024).

IL6 –174 G >C (rs1800795): In total, six studies (Wang
et al. 2004; Nattermann et al. 2007; Saumoy et al. 2008;
Jabłonowska et al. 2010; Sobti et al. 2010a; Freitas et al.
2015) provided data on allelic distributions. The pooled
OR of C versus G allele was 1.35 (95% CI: 0.88–2.06) and
there was evidence of substantial between-studies hetero-
geneity (I 2= 92.2%). The genotypic contrasts resulted in

Figure 3. Effect of the IL1B +3953/4 C>T (rs1143634) poly-
morphism on HIV-1 susceptibility, in the context of a recessive
geneticmodel: results from individual studies and random-effects
meta-analysis (forest plot).

Figure 4. Effect of the IL28B (rs12979860) (C>T) polymor-
phism on HIV-1 susceptibility, in the context of a dominant
genetic model: results from individual studies and random-ef-
fects meta-analysis (forest plot). No data were provided on HIV
exposure levels for the HIV(−) subjects (controls) included in
the subgroup analysis of 11 studies. However, all participants of
these studies were positive for HCV (except the study of Sajadi et
al (2011), in which only the control group was infected by HCV).
Given the common routes of HIV and HCV transmission, the
control groups of these studies include individuals at high risk of
HIV infection. HES, HIV-exposed seronegatives.

nonsignificant results.ThepooledORremainednonsignif-
icant for all contrasts after excluding the one study (Sobti
et al. 2010a) with HWE violation (P < 0.01).
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IL10 –592 C >A (rs1800872): Nine studies addressed the
potential involvement of this polymorphism in HIV sus-
ceptibility (Shin et al. 2000; Wang et al. 2004; Erikstrup
et al. 2007; Chatterjee et al. 2009b; Naicker et al. 2009;
Sobti et al. 2010a; Corchado et al. 2013; Kallas et al.
2015; Ramezani et al. 2015). There was a deviation from
HWE in one report (Chatterjee et al. 2009b) (P= 0.03).
The perallelic OR (A versus C) was 1.10 (95% CI: 0.92–
1.31). The AA versus AC and CC comparison (Erikstrup
et al. 2007; Naicker et al. 2009; Chatterjee et al. 2009b;
Sobti et al. 2010a; Corchado et al. 2013; Kallas et al. 2015;
Ramezani et al. 2015) resulted in a marginally nonsignif-
icant estimate (OR: 1.39, 95% CI: 0.97–2.01) (table 3).
After excluding the studies of either Ramezani et al. (2015)
or Corchado et al. (2013) in the context of sensitivity anal-
ysis to test the effect of removing studies one at a time on
the overall estimate, the summary of ORs became signifi-
cant (OR: 1.49, 95%CI: 1.04–2.12; and OR: 1.48, 95%CI:
1.02–2.16, respectively). Subgroup analysis of HES con-
trols (Chatterjee et al. 2009b; Naicker et al. 2009; Kallas
et al. 2015) also supported an increased HIV risk for AA
homozygotes (OR: 2.38, 95%CI: 1.24–4.55). The synthesis
of studies including individuals of Asian descent (Chat-
terjee et al. 2009b; Sobti et al. 2010a; Ramezani et al.
2015) failed to confirm an association (OR: 1.19, 95% CI:
0.75–1.88). Under the assumption of a dominant genetic
model, the genotypic comparison (AA and AC versus CC
genotypes) (Shin et al. 2000; Erikstrup et al. 2007; Chat-
terjee et al. 2009b; Naicker et al. 2009; Sobti et al. 2010a;
Corchado et al. 2013; Kallas et al. 2015; Ramezani et al.
2015) and the subgroup analysis of studies with HES con-
trols (Shin et al. 2000; Chatterjee et al. 2009b; Naicker
et al. 2009; Kallas et al. 2015) yielded nonsignificant esti-
mates (OR: 1.15, 95% CI: 0.91–1.45; and OR: 1.23, 95%
CI: 0.68–2.21, respectively). The exclusion of the study
with deviation fromHWE (Chatterjee et al. 2009b) yielded
non-significant results.

IL10 –1082 A >G (rs1800896): Eight studies (Wang et al.
2004;Erikstrup et al. 2007;Chatterjee et al. 2009b;Naicker
et al. 2009; Ramaseri Sunder et al. 2012; Freitas et al. 2015;
Kallas et al. 2015; Ramezani et al. 2015) evaluated the role
of this polymorphism in relation to HIV risk. All con-
trasts (G versus A allele, GG versus AG andAA genotype,
GG and AG versus AA genotype) yielded nonsignificant
results (OR: 1.03, 95% CI: 0.81–1.31; OR: 1.00, 95% CI:
0.78–1.29;OR: 1.05, 95%CI: 0.72–1.53, respectively).Het-
erogeneitywas absent only in the analysis ofGGversusAG
and AA.

IL12B –1188 A >C (rs3212227): The statistical synthe-
sis of three studies (Price et al. 2002; Pemberton et al.
2008; Sobti et al. 2010b) yielded a nonsignificant perallelic
effect estimate (OR: 1.17, 95% CI: 0.93–1.47). The pooled
OR remained nonsignificant after excluding the studywith
violation of HWE (Sobti et al. 2010b). Data on genotype
frequencies were unavailable.

IL28B C >T (rs12979860): The influence of the IL-28B
(rs12979860) T variant was assessed in 13 studies (Mar-
tin et al. 2010; Rallon et al. 2011; Sajadi et al. 2011; Yuan
et al. 2012; Grebely et al. 2012; Jabłonowska et al. 2012;
Naggie et al. 2012; Burlone et al. 2013; Stenkvist et al.
2013; Zeremski et al. 2013; Di Lello et al. 2013; Neukam
et al. 2013; Avihingsanon et al. 2014). Deviation from the
HWE was present in two of them (Stenkvist et al. 2013;
Avihingsanon et al. 2014) (P = 0.03; P < 0.01, respec-
tively). The pooled OR of T versus C allele was 0.95 (95%
CI: 0.83–1.08). Similarly, the contrasts of genotypes failed
to reach significance. The exclusion of either the study of
Stenkvist et al. (2013) orAvihingsanon et al. (2014) or both
of them resulted in nonsignificant results in all the con-
trasts. However, in a subgroup analysis of 11 studies that
involved subjects (cases and controls) infected by HCV
(Sajadi et al. 2011; Grebely et al. 2012; Jabłonowska et al.
2012; Naggie et al. 2012; Yuan et al. 2012; Burlone et al.
2013; Di Lello et al. 2013; Neukam et al. 2013; Stenkvist
et al. 2013; Zeremski et al. 2013; Avihingsanon et al. 2014)
and assuming a dominant genetic model, the combined
OR suggested a protective role of the T variant against
HIV (OR: 0.73, 95% CI: 0.57–0.95) (figure 4). The pro-
tective effect of IL28B (rs12979860) T was also observed
when we were excluding, each time, one of the two studies
of Martin et al. (2010) or Rallon et al. (2011) with HES
controls that were not considered in the aforementioned
subgroup analysis (OR: 0.76, 95% CI: 0.58–1.00; and OR:
0.78, 95%CI: 0.63–0.98, respectively). Therewasmoderate
heterogeneity in some analyses.

Bivariatemeta-analysis: Pooling the studies that addressed
the IL1B +3953/4 C>T (rs1143634) polymorphism using
the genetic model-free bivariate approach produced, as in
univariate analysis, a significant OR for the TT versus the
CC contrast (OR: 4.48, 95%CI: 1.85–10.86). The bivariate
technique supported a recessive model of inheritance in
agreement with the univariate results.
The bivariate method also confirmed the protective

effect of the IL28B (rs12979860) T variant based on data
from 11 studies that had recruited people with HCV. In
particular, the summary OR for CT versus CC was 0.69
(95% CI: 0.51–0.93). Importantly, the bivariate approach
supported the protective role of this polymorphism in
overall analysis (13 studies), regardless the subjects’ risk
factors, and suggested a dominant genetic model (CT ver-
sus CC, OR: 0.76, 95% CI: 0.59–0.99).

Discussion/conclusions

Evidence from 42 studies, involving 8953 HIV seroposi-
tives and 6774 HIV uninfected individuals, was made in
an attempt to investigate the association betweenHIV sta-
tus and eight interleukin gene polymorphisms: IL1A−889
C>T (rs1800587), IL1B +3953/4 C>T (rs1143634), IL4
−589/90 C>T (rs2243250), IL6 −174 G>C (rs1800795),
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IL10 −592 C>A (rs1800872), IL10 −1082 A>G (rs1800
896), IL12B −1188 A>C (rs3212227) and IL28B C>T
(rs12979860). Under the assumption of a recessive model
of inheritance, the IL1B +3953/4 C>T (rs1143634) and
the IL10 −592 C>A (rs1800872) variants were related
to an increased risk of being HIV positive. On the other
hand, both univariate and bivariate approaches showed
the well-studied HCV infection IL28B (rs12979860) T
variant, according to a dominant genetic model, proba-
bly decreases the likelihood of HIV acquisition, especially
in populations infected with HCV.
Elucidation of HIV transmission is important to create

protective tools and define new targets for drug devel-
opment. HIV susceptibility, however, is the result of a
complex interplay among the virus, the host and the envi-
ronment. Gene polymorphisms can influence some host
components of the infection process including parts of
the immune response. Cytokines, which are important
regulators of the inflammatory homeostasis, are prime
candidates involved in HIV pathogenesis (Fellay 2009;
Levy 2009).
Our meta-analysis evaluated IL gene polymorphisms

and led to a couple of biologically reasonable findings.
The T allele of the IL1B +3953/4 C>T SNP that increases
HIV risk was associated with elevated IL1B production
(Pociot et al. 1992). This proinflammatory cytokine was
reported to enhance HIV replication and found at height-
ened levels in HIV-infected individuals (Poli et al. 1994).
IL10 is a pleiotropic cytokine that can repress proinflam-
matory responses (Mosser 2008; Ouyang et al. 2011).
Through its immuno-inhibitory and anti-inflammatory
activities and, in particular, by suppressing the production
of molecules like TNF-α or by preventing cell matu-
ration, IL10 was shown to inhibit HIV replication in
macrophages/monocytes (Weissman et al. 1994; Chang
et al. 1996). TheAallele at the 592 position in the promoter
region of the IL10 gene was associated with reduced IL10
production (Crawley et al. 1999).

The IL28B gene on chromosome 19 encodes inter-
feron lambda 3 (IFNλ3), which belongs to type III
interferons (Sheppard et al. 2003; Ank et al. 2006; Li
et al. 2009; Bellanti et al. 2012). Based on their molec-
ular structure, type III interferons are grouped in the
IL-10 superfamily, but functionally they are related to
type I interferons (Lange and Zeuzem 2011). Periph-
eral blood mononuclear cells (PBMCs) and dendritic
cells are main producers of IFNλ3. The biological prop-
erties of IFNλ3 include antiviral, antiproliferative and
immunoregularory functions in a variety of cells. It was
also found to inhibit in vitro HCV (Li et al. 2009; Bel-
lanti et al. 2012). IFNλ3 induces interferon-stimulated
genes (ISG) expression, but also enhances adaptive immu-
nity (Morrow et al. 2009). A recent study reported that
IFNλ3 has anti-HIV function by activating the Janus
kinase (JAK)/signal transducer and activator of transcrip-
tion (STAT)-mediated innate immunity in macrophages

(Liu et al. 2012). Another study has shown that IFNλ2,
which is almost identical to IFNλ3, inhibits HIV infec-
tion and suppresses replication inmacrophages (Hou et al.
2009). However, one study (Serra et al. 2008) has given
opposite results: therewas increasedHIVuptake and repli-
cation in human PBMCs and C8166 T cells treated with
IFNλ2.

The rs12979860 C>T polymorphism located 3 kb up-
stream of the IL-28B gene was studied in HCV infection.
The link, however, between this variation and IFNλ3 sig-
nalling is poorly understood. One study has shown that in
the setting of chronic HCV infection, nonCC genotypes
exhibited higher intrahepatic level of ISG expression than
the CC genotype (Urban et al. 2010). Another research
found higher serum IFNλ3 levels in rs12979860 C car-
riers than in TT homozygotes (Langhans et al. 2011).
Despite the limited knowledge about the functional role
of the IL28B (rs12979860) C>T polymorphism, previous
research has consistently showed that individuals car-
rying the TT or the CT genotypes are less likely than
CC persons to spontaneously clear HCV and respond
to peginterferon/ribavirin treatment (Thomas et al. 2009;
Chen et al. 2012; Duggal et al. 2013; Hajarizadeh et al.
2013; Mangia et al. 2013; Yang et al. 2013; Zheng et al.
2013; De Re et al. 2014; Grebely et al. 2014; Gupta
et al. 2014). Yet, these associations were not observed in
HCV-infected or reinfected men who have sex with men
(MSM) (Ingiliz et al. 2014; Seaberg et al. 2015). In addi-
tion, although the CC genotype is associated with initial
viral control (Hajarizadeh et al. 2015), chronically HCV-
infected CC homozygotes had higher HCV RNA levels
than those with CT/TT genotypes (Uccellini et al. 2012;
Grady et al. 2015). The CT/TT genotypes were related to
milder hepatic damage in HIV/HCV coinfected patients
and in genotype 3 HCV infections (de la Fuente et al.
2013; Ydreborg et al. 2013). In a study of 264 HIV/HCV
coinfected individuals, participants with CC homozygos-
ity experienced a 54% increase in mortality compared
to those with the TT genotype (Clausen et al. 2012).
It seems that immune responses potentially triggered by
the C allele increase the chances of spontaneous and
treatment-induced resolution ofHCV, but also result, over
the long-term, in negative histological features of chronic
HCV.
In this regard, the current meta-analysis detected a

potential protective role of the otherwise known as unfavo-
urable for HCV CT/TT genotypes. Taken into account
that are mentioned above, we can hypothesize that the
IL28B (rs12979860) C>T polymorphism may have a dif-
ferential impact across population groups and conditions,
including susceptibility toHIV infection. For example, the
less pronounced adaptive immune response induced by
CT/TT genotypes that makes HCV clearance less likely,
creates at the same time an unfavourable environment
for HIV to establish itself in human hosts. Or the intra-
cellular upregulation of ISG by CT/TT genotypes that
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could exhaust the interferon pathway and result in poor
response to exogenously administered interferon (Urban
et al. 2010), may, on the other hand, lead to an intracel-
lular anti-HIV state that does not favour HIV infection.
As a matter of fact, a strong and rapid type I ISG
upregulation was observed in acute infections of nonhu-
man primates by simian immunodeficiency virus (SIV)
(Jacquelin et al. 2009). Given the limited understanding
of the underlying mechanisms, the potential linkage dis-
equilibrium between the studied and other IL-28B gene
variations (Kobayashi et al. 2012; Bibert et al. 2013), and
the likely biases of case–control studies, it would help to
further study the role of T carriers in HIV acquisition
risk.
The genetic basis of host susceptibility to infectious

diseases has received enormous attention (Fellay et al.
2009; Jallow et al. 2009; Davila et al. 2010; Thye et al.
2010). The interest is growing, while ushering in the era of
genomewide association studies (GWAS). Some GWAS
have focussed on viral load control or HIV disease pro-
gression identifying polymorphisms that explain a small
portion of the observed variation among HIV-infected
individuals (Fellay et al. 2007; Dalmasso et al. 2008; Le
Clerc et al. 2009; Pereyra et al. 2011; van Manen et al.
2012). Other GWAS were conducted on HIV-1 corecep-
tor usage or on HIV susceptibility without significant
results after correction for multiple testing (Salanti et al.
2007; Joubert et al. 2010; Lingappa et al. 2011; Petro-
vski et al. 2011; Lane et al. 2013; McLaren et al. 2013;
Henrich et al. 2014). However, promising results were
also published. A GWAS and a two-stage meta-analysis
provided evidence of a strong genetic correlation with
HIV acquisition for the rs6996198 T>C polymorphism
on chromosome 8 (the T allele reduces HIV risk) (Limou
et al. 2012). Another GWAS on sex workers found that
the minor allele of a guanine–cytosine polymorphism
(rs1552896) in an intron of the Fras1-related extracellular
matrix protein 1 (FREM1) gene was related to resistance
to HIV infection (Luo et al. 2012). In another GWAS,
an intronic polymorphism (rs4878712) in the FREM and
PDZ domain containing 1 (FRMPD1) gene, met criteria
for multiple testing—though it did not reach the GWAS
significance in meta-analyses—and was associated with
HIV acquisition (Johnson et al. 2015). Gene expression
analyses provided biological evidence for the protective
effect of the rs4878712 G allele (Johnson et al. 2015).
Quite recently, new associations between HIV acquisi-
tion and variants in zinc-ribbon domain containing 1
(ZNRD1) and bone marrow stromal cell antigen 2 (BST2)
genes were also reported (An et al. 2014; Hancock et al.
2016).

Generally, although important work was done over
the recent years, to date, only variants in CCR5 gene
were proven to significantly influence HIV acquisition and
paved the way to entry inhibitors (Dean et al. 1996; Sam-
son et al. 1996; Ioannidis et al. 2001). Whole genome

sequencing (WGS) is expected to illuminate the genetic
part of the HIV infection process. Till then, it seems that
approaches of targeting gene variants with higher a priori
relevance toHIV acquisition (Bigham et al. 2014) and new
GWAS are necessary in assuring the representativeness of
IL gene polymorphisms and other candidate regions on
the genotyping kit, and the power to detect low frequency
variants and genetic factors with small relative risks. Sec-
ondarily, in-depth analyses or meta-analyses of GWAS
data would also be useful. All these approaches may help
to identify additional variants that fail to meet the strin-
gent criteria of multiple testing correction.
This evidence synthesis has limitations. In many anal-

yses, the number of eligible studies was small decreasing
statistical power and compromising our confidence to the
results. Also, we cannot rule out the possibility that the sig-
nificant estimates of our analyses are the result of multiple
comparisons. Further, no meta-analytic method can cor-
rect inherent biases of primary research. Considering the
IL1B +3953/4 C>T polymorphism, for instance, among
the four studies in the recessive model analysis, only one
specifically investigated the role of this genetic trait in
HIV susceptibility. The other three studies focussed on
different outcomes including periodontal disease, HIV-
associated dementia and lipodystrophic syndrome (Asensi
et al. 2008; Pemberton et al. 2008; Gonçalves et al.
2009). Similarly, for the IL28B (rs12979860) polymor-
phism, the data were retrieved from HIV/HCV coinfected
populations in 11 of 13 studies. Therefore, selection or
other biases and confounding may have impacted on
the results. Of course, on the other hand, the analy-
ses on HIV/HCV populations perhaps allowed the use
of comparable control groups in terms of HIV expo-
sure levels. Given the common routes of transmission
for HIV and HCV (e.g., injecting drug use), the con-
trol groups consisted of individuals at high HIV risk,
which limits misclassification of low exposure individuals
as HIV resistant and, consequently, increases statisti-
cal power. In an attempt to minimize potential sources
of errors, we expanded our search to identify stud-
ies not appeared in common databases (Ioannidis and
Trikalinos 2005), we performed publication bias tests,
and we searched, through cumulative syntheses, for early
extreme findings that could overestimate or underesti-
mate the true genetic effects (Ioannidis and Trikalinos
2005).

In conclusion, this meta-analysis supports the potential
importance of interleukins in HIV infection risk sug-
gesting that the IL1B +3953/4 (rs1143634) T variant is
associated with increased risk of HIV acquisition, while
the IL28B (rs12979860) T variant seems to reduce the risk
of HIV infection. However, further investigation is war-
ranted. The current meta-analytic evidence should direct
the conduct of new research (includingGWAS) involving a
largewell-defined populationwith a clear phenotype and a
special focus on these SNPs. People who inject drugs could
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be a good candidate group for the IL28B (rs12979860)
C>T polymorphism. Meta-analyses of GWAS data can
follow.
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