
Meta Analysis

Risk factors for
methicillin-resistant
Staphylococcus aureus
colonization and infection
in patients with human
immunodeficiency virus
infection: A systematic
review and meta-analysis

Xuefei Hu1, Keao Hu2, Yanling Liu1,
Lingbing Zeng1, Niya Hu1, Xiaowen Chen1 and
Wei Zhang3

Abstract

Objective: To investigate the potential factors affecting methicillin-resistant Staphylococcus aureus

(MRSA) colonization and infection in patients with human immunodeficiency virus (HIV)

infection.

Methods: A systematic search of publications listed in electronic from inception up to August

2020 was conducted. A random-effects model was used to calculate odds ratio (OR) with 95%

confidence interval (CI).

Results: A total of 31 studies reporting 1410 MRSA events in 17 427 patients with HIV infection

were included. Previous hospitalization (OR 1.80; 95% CI 1.37, 2.36), previous antibiotic therapy

(OR 2.69; 95% CI 2.09, 3.45), CD4þ count (OR 1.79; 95% CI 1.41, 2.28), Centers for Disease

Control and Prevention classification of stage C (OR 2.66; 95% CI 1.80, 3.93), skin lesions (OR

2.02; 95% CI 1.15, 3.55), intravenous device use (OR 2.61; 95% CI 1.59, 4.29) and an MRSA
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colonization history (OR 6.30; 95% CI 2.50, 15.90) were significantly associated with an increased

risk of MRSA colonization and infection. Antiretroviral therapy (OR 0.71; 95% CI 0.50, 0.99) and

current antibiotic use (OR 0.13; 95% CI 0.05, 0.32) were significantly associated with a reduced

risk of MRSA colonization and infection.

Conclusion: MRSA colonization and infection in HIV-infected patients is associated with a

number of risk factors.
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Introduction

The prevalence of methicillin-resistant
Staphylococcus aureus (MRSA) infection

has been increasing globally. The

infection-causing staphylococci could be a

harmless commensal or a potentially life-
threatening pathogen.1,2 MRSA infections

range from localized skin and soft-tissue

infections to disseminated blood stream

infections, which result in substantial

healthcare costs, morbidity and mortali-
ty.3–5 At present, the association of

MRSA colonization with human immuno-

deficiency virus (HIV) infection is of partic-

ular interest because of the association of
morbidity and mortality with MRSA in

patients with HIV infection.6 The potential

reasons for this are that bacterial infections

have been considered the most prevalent

events affecting patients with HIV
infection and that MRSA possesses impor-

tant virulence factors and frequently

acquires resistance to various antibiotics.7

Although several studies have illustrated
MRSA prevalence and severity in

patients with HIV infection, the factors pre-

disposing such patients to MRSA coloniza-

tion and infection have not been illustrated
well.7–13

A previous systematic review explored

the potential factors associated with

MRSA at the time of admission to hospital

or an intensive care unit.14 It included

29 studies and identified that the potential

risk factors included previous hospitaliza-

tion, nursing home exposure, the history

of exposure to healthcare-associated

pathogens, congestive heart failure, diabe-

tes mellitus, pulmonary disease, immuno-

suppression and renal failure.14A previous

systematic review of nine studies with high

methodological quality (level A) indicated

that antimicrobial use and previous hospi-

talization were independent risk factors for

MRSA colonization in patients with HIV

infection.15 However, these systematic

reviews were not restricted to patients with

HIV infection and did not perform quanti-

tative analysis.14,15 Identifying the potential

risk factors for MRSA colonization and

infection is particularly important in

patients with HIV infection; however,

these risk factors remain to be definitively

determined. Therefore, a systematic review

and meta-analysis was performed to

explore the potential risk factors for

MRSA colonization and infection in

patients with HIV infection.
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Materials and methods

Data sources and search strategy

A systematic search of publications listed in

electronic databases (PubMedVR , EMBASE

and the Cochrane Library) from inception

up to August 2020 was conducted using the

following key words or Medical Subject

Heading terms: (“human immunodeficiency

virus” OR “immunodeficiency” OR

“immunocompromised” OR “HIV”

OR “AIDS”) AND (“Staphylococcus” OR

“Staphylococcus aureus” OR “methicillin-

resistant Staphylococcus aureus” OR

“MRSA” OR “resistant bacterial

infection”) AND “human”. Studies report-

ing the risk factors for MRSA colonization

and infection in patients with HIV infection

were included in this analysis. There were

no restrictions based on language or status.

Corresponding authors were contacted to

obtain additional data if the reported data

were insufficient. A manual review of refer-

ences from the selected articles was under-

taken to identify any other eligible studies.

The Preferred Reporting Items for

Systematic Reviews and Meta-Analysis

Statement (PRISMA; 2009) guidelines

were followed to perform and report this

systematic review and meta-analysis.16

Selection criteria

A study was included if it met all of the

following inclusion criteria: (i) Patients:

patients with HIV infection; (ii) Exposure:

the identified factors were reported in �3

studies; (iii) Outcome: MRSA colonization

and infection, reported effect estimates, or

the reported data could be translated into

odds ratio (OR) and 95% confidence inter-

val (CI); and (iv) Study design: cross-

sectional, case–control and cohort studies.

Studies designed as case reports, case series

or reviews, and those involving animal

models, were excluded. Two reviewers

(X.H. & W.Z.) independently screened the

eligible studies based on the title, abstract

and full text of each study. Any inconsisten-

cy in the data obtained by the two reviewers

was settled by a third reviewer (K.H.) by

reading the full text of the article.

Data collection and quality assessment

The data from the retrieved studies were

independently extracted by two reviewers

(Y.L. & L.Z.) in a standard data abstrac-

tion form. Any disagreement was resolved

by discussion until a consensus was

reached. Data on the selected variables col-

lected from each study included the follow-

ing: the first author’s surname, publication

year, country, study design, sample size,

MRSA colonization and infection events,

mean age, male proportion, sample type,

dominant strain, adjusted factors and

reported outcomes.
The methodological quality of each indi-

vidual study was assessed by using the

Newcastle–Ottawa Scale (NOS), which is a

comprehensive and partially validated scale

for assessing the quality of observational

studies.17 The starring system of NOS is

based on selection (4 items), comparability

(1 item) and outcome (3 items); and ‘star

system’ ranges from 0 to 9 stars.17 The qual-

ity assessment was independently per-

formed by two reviewers (X.H. & W.Z.)

and any conflicts between the reviewers

were settled by an additional reviewer (N.

H.) by reading the full text of the retrieved

articles.

Statistical analyses

All analyses were performed using StataVR

software (version 10.0; Stata Corporation,

College Station, TX, USA). The effect esti-

mates regarding the risk factors for MRSA

colonization and infection were assigned as

OR and 95% CI for each study and the

pooled analyses were performed using

Hu et al. 3



a random-effects model.18,19 The heteroge-
neity across the included studies was
assessed using the I2 and Q statistic; and sig-
nificant heterogeneity was defined as
I2> 50% or PQ statistic< 0.10.20,21 The stabil-
ity of pooled conclusions for factors
reported in �10 studies was assessed using
sensitivity analysis through the sequential
exclusion of individual studies.22 Subgroup
analyses for these factors were evaluated
based on country, study design and reported
outcomes, and the differences among the
subgroups were assessed using the interac-
tion P-test, which assumes that the data dis-
tribution met the t-test criteria.23Publication
bias for the factors reported in �10 studies
were assessed using the funnel plot, Egger’s
test24 and Begg’s test.25 The P-value for
pooled results was two-sided and the inspec-
tion level was 0.05.

Results

In total, 5743 articles were identified from
the initial electronic database searches and
3143 were retained after the removal of
duplicate articles. A further 2971 articles
were excluded because of irrelevant titles
or abstracts and the remaining 172 were
used for further full-text evaluations. Of
these articles, 141 were further excluded
because of unreported risk factors
(n¼ 63), factors in <3 studies (n¼ 52),
unreported MRSA events (n¼ 17) or
review or meta-analysis (n¼ 9). Reviewing
the reference lists of the remaining studies
did not yield any new eligible studies as all
relevant studies had already been included
during the database searches. A total of
31 studies, representing a total of
17 427 patients with HIV infection, were
selected for the final meta-analysis.26–56

The details of the literature search and
study selection are summarized in a
PRISMA flow diagram (Figure 1).

The baseline characteristics of the
included studies and recruited patients are

presented in Table 1.26–56 Of the 31 includ-
ed studies, eight had a cohort design, 17 had
a cross-sectional design and the remaining
six studies had a case–control design. These
studies reported a total of 1410 MRSA col-
onization events and the events of MRSA
colonization and infection that occurred in
each study ranged from 6 to 252. Of the
studies, five were conducted in Europe,
15 in North or South America, five in
Africa and the remaining six in Asia. In
total, 20 studies reported the crude data
and the remaining 11 reported adjusted
effect estimates. The quality of the included
studies was assessed using the NOS, which
rated 5 stars to 17 studies and 4 stars to the
remaining 14 studies (Table 2).

A total of 18 studies reported sex differ-
ence as a risk factor for MRSA coloniza-
tion and infection in patients with HIV
infection.27,32,34,36,38–42,44–49,52,53,56 No sig-
nificant difference was noted between
males and females regarding the risk of
MRSA colonization and infection in
patients with HIV infection (OR 0.91;
95% CI 0.77, 1.07; P¼ 0.247; Figure 2)
and nonsignificant heterogeneity across
the included studies was detected
(I2¼ 10.8%; P¼ 0.326). When the study
conducted by Popovich 2013 was exclud-
ed,41 sensitivity analysis suggested men
with HIV infection had a lower risk of
MRSA colonization and infection than
females with HIV infection (Figure 3A).
The results of pooled analyses in all sub-
groups were consistent with those of the
overall analysis and only nonsignificant dif-
ferences between males and females
remained (Table 3). No significant publica-
tion bias for sex difference as a risk factor
for MRSA colonization and infection was
detected (P-value for Egger’s test, 0.665;
P-value for Begg’s test, 0.880; Figure 4A).

In total, 14 studies reported previous
hospitalization as a risk factor for MRSA
colonization and infection in patients
with HIV infection.29,31,32,34–36,38,45–48,50–52
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Previous hospitalization was associated

with an increased risk of MRSA coloniza-

tion and infection (OR 1.80; 95% CI 1.37,

2.36; P< 0.001; Figure 5) and significant

heterogeneity was found across the included

studies (I2¼ 68.3%; P< 0.001). This con-

clusion was robust and not altered by the

sequential exclusion of individual studies

(Figure 3B). Although the results of sub-

group analyses were consistent with those

of the overall analysis in most subgroups,

previous hospitalization was not associated

with the risk of MRSA colonization and

infection for pooled studies conducted in

Asia (Table 3). Although Begg’s test results

revealed no significant publication bias

for previous hospitalization (P¼ 0.324),

Egger’s test results showed potential signif-

icant publication bias for previous hospital-

ization as a risk factor for MRSA

colonization and infection (P¼ 0.008;

Figure 4B). This conclusion was not altered

after adjusting for the potential publication

bias using the trim-and-fill method.57

A total of 16 studies reported previous

antibiotic therapy as a risk factor for

MRSA colonization and infection in patients

with HIV infection.27–29,32,35–38,40,43,47,50–53,56

Figure 1. Flow diagram of eligible studies showing the number of citations identified, retrieved and included
in the final meta-analysis to identify potential risk factors for methicillin-resistant Staphylococcus aureus
(MRSA) colonization and infection in patients with human immunodeficiency virus infection.

Hu et al. 5



T
a
b
le

1
.
M
aj
o
r
ch
ar
ac
te
ri
st
ic
s
o
f
th
e
3
1
st
u
d
ie
s
se
le
ct
e
d
fo
r
th
e
m
e
ta
-a
n
al
ys
is
to

id
e
n
ti
fy

p
o
te
n
ti
al
ri
sk

fa
ct
o
rs

fo
r
m
e
th
ic
ill
in
-r
e
si
st
an
t
St
ap
hy
lo
co
cc
us

au
re
us

(M
R
SA

)
co
lo
n
iz
at
io
n
an
d
in
fe
ct
io
n
in

p
at
ie
n
ts

w
it
h
h
u
m
an

im
m
u
n
o
d
e
fic
ie
n
cy

vi
ru
s
in
fe
ct
io
n
(H

IV
).
2
6
–
5
6

St
u
d
y

C
o
u
n
tr
y

St
u
d
y
d
e
si
gn

Sa
m
p
le

si
ze

P
o
si
ti
ve

sa
m
p
le

M
e
an

ag
e
,

ye
ar
s

M
al
e
,
%

T
yp
e
o
f
sa
m
p
le

D
o
m
in
an
t
M
R
SA

st
ra
in

A
d
ju
st
e
d
fa
ct
o
rs

Si
ss
o
la
k
2
0
0
2
2
6

A
u
st
ri
a

C
ro
ss
-s
e
ct
io
n
al

4
7

2
0

4
0
.2

8
5
.1

N
ar
e
s

N
A

C
ru
d
e

Tu
m
b
ar
e
llo

2
0
0
2
2
7

It
al
y

C
o
h
o
rt

1
2
9

4
1

3
4
.6

6
5
.9

B
lo
o
d

N
A

C
ru
d
e

M
cD

o
n
al
d
2
0
0
3
2
8

C
h
in
a

C
o
h
o
rt

1
6
2

9
3
5
.0

9
2
.0

N
ar
e
s

N
A

C
ru
d
e

V
ill
ac
ia
n
2
0
0
4
2
9

Si
n
ga
p
o
re

C
ro
ss
-s
e
ct
io
n
al

1
9
5

6
N
A

N
A

N
ar
e
s

N
A

C
ru
d
e

M
at
h
ew

s
2
0
0
5
3
0

U
SA

C
o
h
o
rt

3
4
5
5

1
2
6

3
9
.0

8
6
.0

A
ll

N
A

R
ac
e
o
r
e
th
n
ic
it
y
an
d
H
IV

tr
an
sm

is
si
o
n
ri
sk

fa
ct
o
rs

D
ra
p
ea
u
2
0
0
7
3
1

It
al
y

C
as
e
–
co
n
tr
o
l

5
2
5
7

2
8

4
3
.0

7
4
.0

W
o
u
n
d
,
b
lo
o
d
,

re
sp
ir
at
o
ry

an
d

sk
in

N
A

A
ge

at
e
n
ro
lm
e
n
t

C
e
n
iz
al
2
0
0
8
3
2

U
SA

C
ro
ss
-s
e
ct
io
n
al

1
4
6

1
5

4
2
.0

8
3
.6

N
ar
e
s,
ax
ill
a

U
SA

3
0
0
/S
C
C
-m

e
c

ty
p
e
IV

C
ru
d
e

P
ad
o
ve
ze

2
0
0
8
3
3

B
ra
zi
l

C
o
h
o
rt

1
1
1

6
9

3
6
.9

6
2
.2

N
ar
e
s

N
A

C
ru
d
e

C
o
tt
o
n
2
0
0
8
3
4

So
u
th

A
fr
ic
a

C
ro
ss
-s
e
ct
io
n
al

2
0
3

3
4

1
.3

5
2
.7

N
as
o
p
h
ar
yn
x

N
A

A
ge
,
st
ag
e
,
se
x
,
im
m
u
n
o
lo
gi
ca
l

an
d
w
e
ig
h
t
fo
r
ag
e
-Z
-s
co
re

Sh
e
t
2
0
0
9
3
5

U
SA

C
as
e
–
co
n
tr
o
l

1
0
7

1
8

3
7
.5

N
A

N
ar
e
s,
ax
ill
a

U
SA

3
0
0
/S
C
C
-m

e
c

ty
p
e
IV
,
Sp
a-
ty
p
e
1

C
ru
d
e

R
am

se
tt
y
2
0
1
0
3
6

U
SA

C
o
h
o
rt

2
1
9

7
2

4
3
.0

6
3
.5

N
ar
e
s

U
SA

3
0
0

C
ru
d
e

G
iu
lia
n
i
2
0
1
0
3
7

It
al
y

C
ro
ss
-s
e
ct
io
n
al

1
0
4

2
4

3
8
.3

1
0
0
.0

N
ar
e
s

N
A

C
ru
d
e

C
ru
m
-C

ia
n
flo

n
e

2
0
1
1
3
8

U
SA

C
ro
ss
-s
e
ct
io
n
al

5
5
0

2
2

4
2
.0

9
3
.3

N
ar
e
s,
ax
ill
a,
gr
o
in
,

p
e
ri
an
al
,
p
re
re
ct
al

an
d
th
o
ra
x

U
SA

3
0
0
/

SC
C
-m

ec
-t
yp
e
IV

A
ge
,
e
th
n
ic
it
y
an
d
cl
in
ic
al
si
te

Si
b
e
rr
y
2
0
1
2
3
9

U
SA

C
ro
ss
-s
e
ct
io
n
al

1
8
1
3

1
4

1
8
.0

4
5
.0

N
ar
e
s

N
A

C
ru
d
e

K
ya
w

2
0
1
2
4
0

Si
n
ga
p
o
re

C
as
e
–
co
n
tr
o
l

2
9
6

1
5

4
3
.4

8
6
.8

N
ar
e
s,
ax
ill
a,
gr
o
in
,

p
e
ri
an
al
an
d
th
o
ra
x

N
A

Ly
m
p
h
o
m
a,
C
D
4
,
h
o
u
se
h
o
ld

m
em

b
e
r,
h
o
sp
it
al
iz
e
d
,
p
re
s-

e
n
ce

o
f
p
e
rc
u
ta
n
e
o
u
s
d
ev
ic
e
,

p
n
e
u
m
o
n
ia
an
d
ag
e

P
o
p
o
vi
ch

2
0
1
3
4
1

U
SA

C
ro
ss
-s
e
ct
io
n
al

3
7
4

7
6

4
4
.4

7
5
.0

N
ar
e
s,
ax
ill
a,
gr
o
in
,

p
e
ri
n
eu
m
,
p
re
re
ct
al
,

th
o
ra
x
an
d
w
o
u
n
d

U
SA

3
0
0

Se
x
,
ra
ce
,
e
th
n
ic
it
y,
in
ca
rc
e
ra
ti
o
n

e
x
p
o
su
re
,
te
m
p
o
ra
ry

h
o
u
si
n
g,

ill
ic
it
d
ru
g
u
se
,
ag
e
an
d
re
si
-

d
e
n
ce

in
a
n
u
rs
in
g
h
o
m
e
o
r

lo
n
g-
te
rm

ca
re

fa
ci
lit
y
in

th
e

p
as
t
ye
ar

(c
o
n
ti
n
u
e
d
)

6 Journal of International Medical Research



T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

St
u
d
y

C
o
u
n
tr
y

St
u
d
y
d
e
si
gn

Sa
m
p
le

si
ze

P
o
si
ti
ve

sa
m
p
le

M
e
an

ag
e
,

ye
ar
s

M
al
e
,
%

T
yp
e
o
f
sa
m
p
le

D
o
m
in
an
t
M
R
SA

st
ra
in

A
d
ju
st
e
d
fa
ct
o
rs

O
liv
a
2
0
1
3
4
2

It
al
y

C
o
h
o
rt

6
3

1
6

4
6
.7

6
1
.9

N
ar
e
s

N
A

C
ru
d
e

E
ve
re
tt
2
0
1
4
4
3

U
SA

C
as
e
–
co
n
tr
o
l

4
6

2
6

4
6
.0

7
6
.0

N
ar
e
s

N
A

C
ru
d
e

V
ya
s
2
0
1
4
4
4

U
SA

C
o
h
o
rt

7
9
4

6
3

3
0
.0

9
3
.8

N
ar
e
s

N
A

C
ru
d
e

Fa
rl
ey

2
0
1
5
4
5

U
SA

C
ro
ss
-s
e
ct
io
n
al

5
0
0

7
7

N
A

6
6
.0

N
ar
e
s

N
A

Se
x
u
al
o
ri
e
n
ta
ti
o
n
,
ra
ce
,
C
D
4

co
u
n
t,
p
ro
p
hy
la
x
is
,
n
u
m
b
e
r
o
f

se
x
p
ar
tn
e
rs
,h
an
d
s-
o
n
jo
b
an
d

e
d
u
ca
ti
o
n

L
e
m
m
a
2
0
1
5
4
6

E
th
io
p
ia

C
ro
ss
-s
e
ct
io
n
al

4
0
0

2
4

1
0
.0

5
6
.0

N
ar
e
s

N
A

C
ru
d
e

G
e
b
re
m
e
d
h
n
2
0
1
6
4
7

E
th
io
p
ia

C
ro
ss
-s
e
ct
io
n
al

2
4
9

6
3
5
.0

3
0
.1

N
ar
e
s
an
d
th
o
ra
x

N
A

C
ru
d
e

V
ie
ir
a
2
0
1
6
4
8

B
ra
zi
l

C
as
e
–
co
n
tr
o
l

1
1
7

3
2

1
2
.5

4
1
.0

N
ar
e
s

Sp
a
ty
p
e
s
t0
0
2
/S
T
5

an
d
t3
1
8
/S
T
3
0

C
ru
d
e

O
la
le
k
an

2
0
1
6
4
9

N
ig
e
ri
a

C
ro
ss
-s
e
ct
io
n
al

1
8
7

5
1

4
0
.7

1
9
.8

N
ar
e
s

N
A

A
ge
,
se
x

Fa
rl
ey

2
0
1
7
5
0

U
SA

C
ro
ss
-s
e
ct
io
n
al

7
7

2
8

5
0
.7

4
9
.4

N
ar
e
s,
p
e
ri
n
eu
m

an
d

w
o
u
n
d

N
A

C
ru
d
e

A
le
x
an
d
er

2
0
1
7
5
1

In
d
ia

C
o
h
o
rt

1
9
4

4
9

4
3
.0

5
5
.7

N
ar
e
s

N
A

C
ru
d
e

R
e
id

2
0
1
7
5
2

B
o
ts
w
an
a

C
ro
ss
-s
e
ct
io
n
al

4
0
4

2
5
2

4
3
.0

2
7
.2

N
ar
e
s

N
A

C
ru
d
e

R
e
gi
n
a
P
e
d
ro
sa

So
ar
e
s
2
0
1
8
5
3

B
ra
zi
l

C
ro
ss
-s
e
ct
io
n
al

1
5
7

2
2

4
1
.5

6
7
.5

N
ar
e
s

SC
C
-m

e
c-
ty
p
e
V

C
ru
d
e

H
ir
o
ta

2
0
2
0
5
4

Ja
p
an

C
as
e
–
co
n
tr
o
l

1
3
2

7
6

3
9
.6

9
7
.7

N
ar
e
s

N
A

A
ge
,
M
SM

,
C
D
4
t
ce
ll
co
u
n
t,

p
la
sm

a
H
IV
-1

R
N
A
le
ve
l,
u
se

o
f
in
te
gr
as
e
in
h
ib
it
o
rs
,
h
is
to
ry

o
f
ac
q
u
ir
e
d
im
m
u
n
o
d
e
fic
ie
n
cy

sy
n
d
ro
m
e
,
ti
m
e
o
f
SS
T
I
o
n
se
t

an
d
SS
T
I
si
te
s

P
o
p
o
vi
ch

2
0
2
0
5
5

U
SA

C
ro
ss
-s
e
ct
io
n
al

3
8
6

8
0

3
7
.6

1
0
0
.0

N
ar
e
s,
th
ro
at

an
d

b
ila
te
ra
l
in
gu
in
al
ar
e
a

U
SA

3
0
0

R
ac
e
/e
th
n
ic
it
y,
in
je
ct
io
n
d
ru
g
u
se

in
th
e
p
as
t
ye
ar
,
re
ce
iv
e
s
H
IV

ca
re

at
cl
in
ic
an
d
cu
rr
e
n
t
sk
in

in
fe
ct
io
n

H
su

2
0
2
0
5
6

C
h
in
a

C
ro
ss
-s
e
ct
io
n
al

5
5
3

1
9

4
1
.2

9
6
.0

N
ar
e
s

SC
C
-m

e
c-
ty
p
e
s
II
IA
,

IV
an
d
V
T

Se
x
,
in
je
ct
io
n
d
ru
g
u
se
r,
m
al
e
-

to
-m

al
e
se
x
,
sm

o
k
in
g,
H
C
V

ca
rr
ie
r,
ca
n
ce
r
an
d
an
ti
b
io
ti
c

u
se

w
it
h
in

th
e
p
as
t
1
ye
ar

N
A
,
n
o
t
av
ai
la
b
le
;
SC

C
,
st
ap
hy
lo
co
cc
al
ch
ro
m
o
so
m
e
ca
ss
et
te
;
M
SM

,
m
e
n
h
av
in
g
se
x
w
it
h
m
e
n
;
SS
T
I,
sk
in

an
d
so
ft
-t
is
su
e
in
fe
ct
io
n
;
H
C
V,

h
e
p
at
it
is
C

vi
ru
s.

Hu et al. 7



T
a
b
le

2
.
T
h
e
N
ew

ca
st
le
–
O
tt
aw

a
Sc
al
e
(N

O
S)

ra
ti
n
g
fo
r
th
e
in
d
iv
id
u
al
st
u
d
ie
s
in
cl
u
d
e
d
in
th
e
m
e
ta
-a
n
al
ys
is
to

id
e
n
ti
fy
p
o
te
n
ti
al
ri
sk

fa
ct
o
rs

fo
r
m
e
th
ic
ill
in
-

re
si
st
an
t
St
ap
hy
lo
co
cc
us

au
re
us

co
lo
n
iz
at
io
n
an
d
in
fe
ct
io
n
in

p
at
ie
n
ts

w
it
h
h
u
m
an

im
m
u
n
o
d
e
fic
ie
n
cy

vi
ru
s
in
fe
ct
io
n
.2
6
–
5
6

St
u
d
y

Se
le
ct
io
n

C
o
m
p
ar
ab
ili
ty

O
u
tc
o
m
e

N
O
S

R
e
p
re
se
n
ta
ti
ve
n
e
ss

o
f
th
e
e
x
p
o
se
d

co
h
o
rt

Se
le
ct
io
n

o
f
th
e

n
o
n
-e
x
p
o
se
d

co
h
o
rt

A
sc
e
rt
ai
n
m
e
n
t

o
f
e
x
p
o
su
re

D
e
m
o
n
st
ra
ti
o
n

th
at

o
u
tc
o
m
e
s

w
as

n
o
t
p
re
se
n
t

at
st
ar
t
o
f
st
u
d
y

C
o
m
p
ar
ab
ili
ty

o
n
th
e
b
as
is

o
f
th
e
d
e
si
gn

o
r
an
al
ys
is

A
ss
e
ss
m
e
n
t

o
f
o
u
tc
o
m
e

A
d
e
q
u
at
e

fo
llo
w
-u
p

d
u
ra
ti
o
n

A
d
e
q
u
at
e

fo
llo
w
-u
p

ra
te

Si
ss
o
la
k
2
0
0
2
2
6

–
*

*
–

*
*

–
–

**
**

Tu
m
b
ar
e
llo

2
0
0
2
2
7

–
*

*
*

*
*

–
–

**
**
*

M
cD

o
n
al
d
2
0
0
3
2
8

–
*

*
*

*
*

–
–

**
**
*

V
ill
ac
ia
n
2
0
0
4
2
9

–
*

*
–

**
*

–
–

**
**
*

M
at
h
ew

s
2
0
0
5
3
0

*
–

*
–

*
*

–
–

**
**

D
ra
p
e
au

2
0
0
7
3
1

*
*

*
–

*
*

–
–

**
**
*

C
e
n
iz
al
2
0
0
8
3
2

–
*

*
–

**
*

–
–

**
**
*

P
ad
o
ve
ze

2
0
0
8
3
3

–
*

*
*

*
*

–
–

**
**
*

C
o
tt
o
n
2
0
0
8
3
4

–
*

*
–

**
*

–
–

**
**
*

Sh
e
t
2
0
0
9
3
5

–
*

*
–

*
*

–
–

**
**

R
am

se
tt
y
2
0
1
0
3
6

–
*

*
*

*
*

–
–

**
**
*

G
iu
lia
n
i
2
0
1
0
3
7

–
*

*
–

*
*

–
–

**
**

C
ru
m
-C

ia
n
flo

n
e
2
0
1
1
3
8

*
*

*
–

*
*

–
–

**
**
*

Si
b
e
rr
y
2
0
1
2
3
9

–
*

*
–

*
*

–
–

**
**

K
ya
w

2
0
1
2
4
0

–
*

*
–

**
*

–
–

**
**
*

P
o
p
o
vi
ch

2
0
1
3
4
1

–
*

*
–

*
*

–
–

**
**

O
liv
a
2
0
1
3
4
2

–
*

*
*

*
*

–
–

**
**
*

E
ve
re
tt
2
0
1
4
4
3

–
*

*
–

*
*

–
–

**
**

V
ya
s
2
0
1
4
4
4

–
*

*
*

*
*

–
–

**
**
*

Fa
rl
ey

2
0
1
5
4
5

–
*

*
–

*
*

–
–

**
**

L
e
m
m
a
2
0
1
5
4
6

–
*

*
–

*
*

–
–

**
**

G
e
b
re
m
e
d
h
n
2
0
1
6
4
7

–
*

*
–

**
*

–
–

**
**
*

V
ie
ir
a
2
0
1
6
4
8

–
*

*
–

*
*

–
–

**
**

O
la
le
k
an

2
0
1
6
4
9

–
*

*
–

**
*

–
–

**
**
*

Fa
rl
ey

2
0
1
7
5
0

–
*

*
–

*
*

–
–

**
**

(c
o
n
ti
n
u
e
d
)

8 Journal of International Medical Research



The pooled result indicated that previous
antibiotic therapy was associated with an
increased risk of MRSA colonization and
infection (OR 2.69; 95% CI 2.09, 3.45;
P< 0.001; Figure 6) and nonsignificant het-
erogeneity was detected among included
studies (I2¼ 19.5%; P¼ 0.231). Sensitivity
analysis indicated the pooled conclusion
was stable after excluding any particular
study (Figure 3C). Subgroup analyses
revealed the negative effect of previous anti-
biotic therapy on the risk of MRSA coloni-
zation and infection in most subgroups;
however, previous antibiotic therapy was
not associated with this risk when pooled
with the results obtained from a study con-
ducted in Europe (Table 3). No significant
publication bias for previous antibiotic
therapy as a risk factor for MRSA coloni-
zation and infection was detected (P-value
for Egger’s test, 0.417; P-value for Begg’s
test, 0.192; Figure 4C).

In total, 15 studies reported the CD4þ
count for the risk of MRSA colonization
and infection in patients with HIV infec-
tion.26,30,31,33,36,38–40,44,45,47,48,51–53 A low
CD4þ count was associated with an
increased risk of MRSA colonization and
infection (OR 1.79; 95% CI 1.41, 2.28;
P< 0.001; Figure 7) and a potential signif-
icant heterogeneity was detected across the
included studies (I2¼ 39.7%; P¼ 0.057).
The results of sensitivity analysis showed
that the pooled conclusion did not change
after the sequential exclusion of any indi-
vidual study (Figure 3D). Subgroup analy-
ses showed that low CD4þ count was not
associated with an MRSA colonization and
infection risk when pooled with studies con-
ducted in Asia or studies with a case–con-
trol design (Table 3). Although Begg’s test
results indicated no significant publication
bias (P¼ 0.843), Egger’s test results
revealed a potential publication bias for
CD4þ count as a risk factor for MRSA
colonization and infection (P¼ 0.043)
(Figure 4D). The pooled conclusionT
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remained unaltered after adjusting for pub-

lication bias using the trim-and-fill

method.57

Eight and seven studies reported that

highly active antiretroviral therapy

(HAART) and antiretroviral therapy

(ART), respectively, were associated with

an MRSA colonization and infection risk

(Figure 8).26,28–33,35,37–39,44,45,53 ART was

associated with a reduced risk of MRSA

colonization and infection (OR 0.71; 95%

CI 0.50, 0.99; P¼ 0.041), whereas HAART

was not associated with this risk (OR 0.86;

95% CI 0.57, 1.32; P¼ 0.495). A significant

heterogeneity was detected for ART

(I2¼ 49.6%; P¼ 0.064), but nonsignificant

heterogeneity was detected for HAART

(I2¼ 20.1%; P¼ 0.270).
Six and seven studies reported the asso-

ciation of Centers for Disease Control and

Prevention (CDC) classification and viral

load, respectively, with the risk of

MRSA colonization and infection
(Figure 9).26,27,30–32,34,37,44,48,49,53,54 The

CDC classification of stage C was associat-

ed with an increased risk of MRSA coloni-
zation and infection (OR 2.66; 95% CI

1.80, 3.93; P< 0.001), whereas the viral

load was not associated with this risk (OR

1.64; 95% CI 0.95, 2.83; P¼ 0.075). No het-
erogeneity was detected for CDC classifica-

tion of stage C (I2¼ 0.0%; P¼ 0.516),

whereas significant heterogeneity was

detected for viral load (I2¼ 61.1%;
P¼ 0.017).

The number of studies that reported the

association of current antibiotic use, skin
lesions, intravenous device use, current tri-

methoprim–sulfamethoxazole (TMP–SMX)

use, and an MRSA colonization history

with the risk of MRSA colonization and
infection was three, four, four, eight, and

Figure 2. Association of sex difference with the risk of methicillin-resistant Staphylococcus aureus coloni-
zation in patients with human immunodeficiency virus infection. OR, odds ratio; CI, confidence
interval.27,32,34,36,38–42,44–49,52,53,56
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six, respectively (Figure 10).26–29,32–35,37,38,
40,47,48,51,55 Skin lesions (OR 2.02; 95% CI
1.15, 3.55; P¼ 0.015), intravenous device
use (OR 2.61; 95% CI 1.59, 4.29;
P< 0.001) and an MRSA colonization his-
tory (OR 6.30; 95% CI 2.50, 15.90;
P< 0.001) were associated with an
increased risk of MRSA colonization and
infection, whereas the current use of anti-
biotics was associated with a reduced risk of
MRSA colonization and infection (OR
0.13; 95% CI 0.05, 0.32; P< 0.001). The
current use of TMP–SMX was not associ-
ated with an MRSA colonization and infec-
tion risk (OR 1.48; 95% CI 0.81, 2.69;
P¼ 0.203). Significant heterogeneity was
detected for an MRSA colonization history
(I2¼ 72.9%; P¼ 0.002), but not for current

antibiotic use (I2¼ 0.0%; P¼ 0.399), skin

lesions (I2¼ 0.0%; P¼ 0.706), intravenous
device use (I2¼ 0.0%; P¼ 0.553) and cur-

rent TMP–SMX use (I2¼ 39.7%;

P¼ 0.114), across the included studies.

Discussion

From 31 studies, the present meta-analysis

analysed data from a total of 1410 MRSA
events in 17 427 patients with HIV infec-

tion. The current findings suggest that pre-

vious hospitalization, previous antibiotic

therapy, CD4þ count, CDC classification
stage C of HIV, skin lesions, intravenous

device use and an MRSA colonization his-

tory increase the risk of MRSA coloniza-
tion and infection, whereas ART and the

Figure 3. Sensitivity analyses: (a) sensitivity analysis for the role of sex difference on the risk of methicillin-
resistant Staphylococcus aureus (MRSA) colonization inhuman immunodeficiency virus infection (HIV)-
infected patients; (b) sensitivity analysis for the role of previous hospital admission on the risk of MRSA
colonization in HIV-infected patients; (c) sensitivity analysis for the role of previous antibiotic therapy on the
risk of MRSA colonization in HIV-infected patients; (d) sensitivity analysis for the role of CD4þ count on the
risk of MRSA colonization in HIV-infected patients.
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current use of antibiotics reduce the risk of
MRSA colonization and infection. The
association between previous hospitaliza-
tion and MRSA colonization and infection
risk varied when stratified by country,
study design, and reported outcomes,
whereas that between CD4þ count and
MRSA colonization and infection risk
varied when stratified by study design and
reported outcomes.

A previous systematic review performed
reported that the overall prevalence of
MRSA colonization was 6.9% in patients
with HIV infection.58 Previous hospitaliza-
tion within 12 months and previous or cur-
rent incarceration were associated with an
increased risk of MRSA colonization,
whereas current ART and TMP–SMX use
were not associated with this risk.58 A pre-
vious study reported that the prevalence of
MRSA in patients with HIV infection was
7%, with the highest prevalence observed in
Southeast Asia (16%), second highest in the
Americas (10%) and the lowest in Europe
(1%).59 Moreover, they reported that pre-
vious MRSA infection, hospitalization in
the previous year and antibiotic use
increased the risk of MRSA colonization
in these patients.59 However, these two pre-
vious studies did not address whether the
pooled results vary based on country,
study design and reported outcomes.58,59

Therefore, the present study aimed to iden-
tify the comprehensive risk factors for
MRSA colonization and infection in
patients with HIV infection.

This current meta-analysis identified sev-
eral risk factors for MRSA colonization
and infection in HIV-infected patients,
including previous hospitalization, previous
antibiotic therapy, CD4þ count, CDC clas-
sification of stage C, skin lesions, intrave-
nous device use and an MRSA colonization
history. Several reasons could explain these
results. First, previous hospitalization could
increase interactions with other potentially
infected patients as well as healthcare staffT
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and contact with materials contaminated

with MRSA. Secondly, a higher frequency

of antibiotic exposure could accelerate the

progression of antimicrobial resistance.60,61

Thirdly, CD4þ count reflects the severity of

immunodeficiency, which could increase the

susceptibility to MRSA colonization and

infection. Fourthly, CDC classification of

stage C was significantly associated with

the severity of infection in these patients;

the susceptibility to MRSA colonization

and infection was stronger in patients with

a CDC classification of stage C than those

with a CDC classification of stage A or B.

Fifthly, skin lesions are significantly associ-

ated with infection and antibiotic exposure.

Sixthly, the use of intravenous devices could

increase the risk of MRSA colonization.62

Finally, a previous MRSA colonization his-

tory was associated with persistent coloni-

zation in nares or other body sites.63,64

This current meta-analysis found that

ART and current antibiotic use were asso-

ciated with a reduced risk of MRSA colo-

nization and infection. The potential reason

for this is likely associated with the reduced

Figure 4. Funnel plots: (a) funnel plot for the role of sex difference on the risk of methicillin-resistant
Staphylococcus aureus (MRSA) colonization inhuman immunodeficiency virus infection (HIV)-infected
patients; (b) funnel plot for the role of previous hospital admission on the risk of MRSA colonization in HIV-
infected patients; (c) funnel plot for the role of previous antibiotic therapy on the risk of MRSA colonization
in HIV-infected patients; (d) funnel plot for the role of CD4þ count on the risk of MRSA colonization in HIV-
infected patients.
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Figure 5. Association of previous hospitalization with the risk of methicillin-resistant Staphylococcus aureus
colonization in patients with human immunodeficiency virus infection. OR, odds ratio; CI, confidence
interval.29,31,32,34–36,38,45–48,50–52

Figure 6. Association of previous antibiotic therapy with the risk of methicillin-resistant Staphylococcus
aureus colonization in patients with human immunodeficiency virus infection. OR, odds ratio; CI, confidence
interval.27–29,32,35–38,40,43,47,50–53,56
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NOTE: Weights are from random effects analysis
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Figure 7. Association of CD4þ count with the risk of methicillin-resistant Staphylococcus aureus
colonization in patients with human immunodeficiency virus infection. OR, odds ratio; CI, confidence
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infection severity in these patients, which

could be attributed to ART and the current

use of antibiotics. However, sex difference,

HAART use, viral load and current TMP–

SMX use did not affect the risk of MRSA

colonization and infection in patients with

HIV infection. These results could be

explained by the number of included stud-

ies, adjusted factors, statistical power and

the reliability of results reported by each

study. Although most of the pooled conclu-

sions were stable, male patients with HIV

infection potentially had a lower prevalence

of MRSA colonization and infection than

female patients. This could be explained by

the sex difference in the prevalence of

MRSA colonization and infection among

patients with HIV infection.

This current meta-analysis observed that

the country affected the association of pre-

vious hospitalization and study design or

reported outcomes affected that of previous

hospitalization and CD4þ count with the

risk of MRSA colonization and infection.

In addition, previous hospitalization and

CD4þ count did not affect the risk

of MRSA colonization and infection

for pooled studies conducted in Asia.

Moreover, CD4þ count was not associated

with the risk of MRSA colonization and

infection in pooled case–control studies.

This could be because the number of studies

in these subgroups was smaller than

expected, whereas the pooled 95% CI was

broad and nonsignificant associations were

observed. Finally, the definition of MRSA

NOTE: Weights are from random effects analysis
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Figure 9. Association of Centers for Disease Control and Prevention (CDC) classification and viral
load with the risk of methicillin-resistant Staphylococcus aureus colonization in patients with human
immunodeficiency virus infection. OR, odds ratio; CI, confidence interval.26,27,30–32,34,37,44,48,49,53,54
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colonization and infection varies, which

could affect the potential risk factors

(Table 2).
This current meta-analysis had the fol-

lowing limitations: (i) the included studies

had cohort, case–control and cross-

sectional designs; causality could not con-

structed, and uncontrolled selection, recall

or other biases were not assessed; (ii) most

studies reported the results of crude data

and these results were not adjusted with

potential covariates, which could affect the

risk of MRSA colonization and infection;

(iii) the heterogeneity for several factors

were not fully explained by sensitivity and

subgroup analyses; (iv) the study was not

registered in PROSPERO and the transpar-

ency of the current study was restricted; and

(v) the inherent limitations of traditional

meta-analysis based on published articles,

including publication bias, and the

analysis based on pooled data prevented

the performance of more detailed stratified

analyses.

Figure 10. Association of current antibiotic use, skin lesions, intravenous device use, current trimetho-
prim–sulfamethoxazole (TMP–SMX) use and a history of methicillin-resistant Staphylococcus aureus (MRSA)
colonization with the risk of MRSA colonization in patients with human immunodeficiency virus infection.
OR, odds ratio; CI, confidence interval.26–29,32–35,37,38,40,47,48,51,55
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In conclusion, the findings of this current
meta-analysis provide a comprehensive list
of risk factors for MRSA colonization and
infection in patients with HIV infection.
These risk factors include previous hospital-
ization, previous antibiotic therapy, CD4þ
count, CDC classification of stage C, skin
lesions, intravenous device use and an
MRSA colonization history. The potential
protective factors were ART and the cur-
rent use of antibiotics. The results of this
current meta-analysis should be verified by
further large-scale prospective studies.
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