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Prevalence of and Risk Factors for Methicillin-
Resistant Staphylococcus aureus Colonization in
HIV Infection: A Meta-Analysis
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Background. Human immunodeficiency virus (HIV)–infected individuals who are colonized with methicillin-
resistant Staphylococcus aureus (MRSA) have increased risk for MRSA infection. We conducted a meta-analysis of
published studies to estimate the prevalence of MRSA colonization in this population.

Methods. We performed a systematic literature review and meta-analysis. The PubMed and Embase databases
were searched and studies reporting prevalence of MRSA colonization among HIV-infected individuals were included.

Results. Among 7940 citations, 32 studies reporting data on 6558 HIV-infected individuals were considered eligible
for our meta-analysis. We found that 6.9% (95% confidence interval [CI], 4.8–9.3) of individuals with HIV infection are
MRSA carriers, with the corresponding figure across North American studies being 8.8% (95% CI, 6.0–12.2). History of
hospitalization during the previous 12 months was associated with a 3.1 times higher risk of MRSA colonization (risk
ratio [RR], 3.11 [95% CI, 1.62–5.98]). Previous or current incarceration was also associated with a higher risk for car-
riage (RR, 1.77 [95% CI, 1.26–2.48]). Current antiretroviral therapy or use of trimethoprim-sulfamethoxazole did not
impact the risk of MRSA carriage (RR, 1.02 [95% CI, .64–1.63] and 1.45 [95% CI, .69–3.03], respectively). Extranasal
screening increased the detection of MRSA colonization by at least 31.6% (95% CI, 15.8–50.0). The added yield from
groin screening was 19.3% (95% CI, 11.5–28.5), from perirectal screening 18.5% (95% CI, 7.4–33.2), and from throat
cultures 17.5% (95% CI, 12.0–24).

Conclusions. Individuals with HIV infection constitute a highly vulnerable population for MRSA colonization, and
prior exposure to hospital or incarceration are significant factors. Nasal screening alone will underestimate the rate of
colonization by at least one-third.
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Methicillin-resistant Staphylococcus aureus (MRSA) in-
fections are a major public health problem, both in
healthcare settings and in the community. MRSA colo-
nization has been linked to infection in many high-risk
populations [1–4], and different strategies of surveil-
lance for colonization and/or decolonization have
been proven effective in decreasing the rate of infections

[5]. Individuals infected with the human immuno- de-
ficiency virus (HIV) have a 6- to 18-fold higher risk of
MRSA infections compared with the general population
[6, 7]. These infections include skin and soft tissue in-
fections (SSTIs), pneumonia, endocarditis, and bacter-
emia and are associated with significant morbidity and
mortality [8, 9]. Although the relative contribution of
colonization in the risk of developingMRSA infection in
HIV-infected individuals is unknown, there is evidence
that infections are associated with previous carriage [10,
11], as in other populations [1–4]. Moreover, HIV-
infected individuals seem to be particularly vulnerable
to MRSA colonization; whether this is due to immune
mechanisms or previous exposures to settings with high
prevalence of infection is debatable [12].

To study the prevalence of MRSA carriage among
HIV-infected individuals and determine the underlying
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basis of the vulnerability of this population to colonization, we
performed a meta-analysis of published studies.

METHODS

Study Selection
A literature search of the PubMed and Embase databases [13]
was conducted up to 3 April 2014. Two authors (F. N. Z.,
I. M. Z.) performed the literature search independently, using
as keywords the following terms: (HIV OR immunodeficiency
OR [human immunodeficiency virus] OR AIDS) AND
(MRSA OR [methicillin-resistant Staphylococcus aureus] OR
Staphylococcus OR [methicillin AND resistant]). Among the
citations extracted, titles and abstracts were reviewed in an at-
tempt to retrieve the clinical studies that reported the prevalence
of MRSA colonization among HIV-infected individuals. Arti-
cles that were relevant by title and abstract were accessed in
full text to determine those that fulfilled the inclusion criteria.
In our analysis, we included both published articles and ab-
stracts from conference proceedings published in Embase.
Finally, reviewing of the reference lists of eligible studies
complemented the search. We performed our review and
meta-analysis in accordance with the MOOSE (Meta-analysis
of Observational Studies in Epidemiology) checklist (Supple-
mentary Table 1) [14].

Inclusion/Exclusion Criteria
Studies were considered eligible if they reported the prevalence of
MRSA colonization in nares and/or extranasal sites among indi-
viduals with HIV infection. Studies reporting data exclusively on
pediatric populations were excluded due to the difference in the
behavioral characteristics of adult and pediatric HIV-infected
populations, which could impact the estimated prevalence. A re-
striction to English-language articles was imposed.

Outcomes of Interest
The main outcome of interest was the prevalence of MRSA col-
onization among HIV-infected individuals. This was calculated
by dividing the number of colonized individuals by the total
number of individuals at risk, that is, HIV-infected individuals
who were screened for MRSA carriage. Also, we were interested
in studying the impact of prior hospitalization, current antiretro-
viral therapy, current use of trimethoprim-sulfamethoxazole
(TMP-SMX), illicit drug use, and history of incarceration. More-
over, we studied the added yield of different sites of extranasal
screening on the estimated prevalence of MRSA colonization.

Data Extraction
Two reviewers (F. N. Z., I. M. Z.) independently extracted data
from eligible studies, and discrepancies between reviewers
were resolved by consensus. Among studies that reported the prev-
alence ofMRSA colonization amongHIV-infected individuals, the

extracted data included the study period, the country, the number
of screenings, the setting from which individuals were recruited,
the number of CD4 cells/µL (mean, median, range) and the
viral load, the body sites that were screened, the method of
MRSA isolation, the number of individuals screened, the total
number of colonized individuals, the number of colonized individ-
uals by site screened, and the number of MRSA infections among
colonized and noncolonized individuals. We also extracted infor-
mation on current use of TMP-SMX, use of antiretroviral therapy,
illicit drug use, and history of recent hospitalization and incarcer-
ation among colonized and noncolonized individuals.

Quality Assessment
We rated the methodological quality of included studies using
the Newcastle-Ottawa Quality Assessment Scale (NOS) [15],
which is a “star-based” rating system. Each study included in
the meta-analysis was assessed and scored based on representa-
tiveness of the exposed cohort, ascertainment of exposure,
assessment of outcome, adequacy of follow-up time for out-
comes to occur, and adequacy of follow-up of cohorts. Two re-
viewers (F. N. Z., I. M. Z.) independently assessed the quality of
eligible studies. Each study could get up to 5 stars as some fields
of the NOS—namely, “selection of the non-exposed cohort,”
“demonstration that the outcome of interest was not present
at the start of the study,” and “comparability between
cohorts”—were not applicable for our study. Studies that were
awarded >4 stars were deemed of adequate quality to extract
relevant data. Details of the quality assessment of all eligible
studies are provided in Supplementary Table 2).

Data Analysis
A random effects (RE) analysis was used to calculate the com-
bined prevalence and the 95% confidence intervals (CIs) [16].
To avoid an undue large weight for studies with low or high
prevalence (prevalence close to 0 or 1), we used the double arc-
sine methodology [17], which corrects variance instability and
large study weights related to the use of inverse-variance meth-
od [18]. Statistical heterogeneity was assessed using the τ2 statis-
tic [19], and subgroup and sensitivity analyses were used to
account for potential sources of heterogeneity. The effect of dif-
ferent factors on colonization and the effect of colonization
on ensuing infections were reported as risk ratio (RR) estimates
and RE CIs, with heterogeneity measured by Cochran Q. Small-
study effect was assessed by Egger test [20]. We used the Stata
version 13 software package (StataCorp, College Station, Texas)
for data analysis.

RESULTS

The initial database search identified 1889 publications in
PubMed (1958–2014) and 6051 in Embase (1950–2014). The
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date of our last access to the databases was 3 April 2014. Sixty-
nine studies were assessed in full text, and 35 were considered
suitable for our analysis. Fifteen studies were excluded because
they did not perform screening for MRSA colonization, 8 be-
cause they did not specify howmany strains of S. aureus isolated

in colonized individuals were methicillin resistant, 7 because
they did not report extractable data on colonization among
the HIV-infected subpopulation, 2 because they reported data
exclusively on pediatric populations, and 2 because they were
case-control studies. The review of the reference lists of full-text

Figure 1. Flow diagram of meta-analysis. Abbreviations: EMBASE, excerpta medica database; HIV, human immunodeficiency virus; MRSA, methicillin-
resistant Staphylococcus aureus.
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Table 1. Characteristics of Eligible Studies

Study, First Author Publication Year Location Setting Screening Method No.a no. (%)b Dominant Strain Quality Score

Europe
Oliva [S1] 2013 Italy Outpatient ID clinic N C 68 2 (2.9) NR 5

Outpatient ID clinic N C 63 0 (0.0) NA

Joore [S2] 2013 Netherlands Outpatient MSM in STI clinic N, T, P C 42 1 (2.38) Spa-type t064 4
Giuliani [S3] 2010 Italy Outpatient MSM in HIV clinic N C 104 0 (0.0) NA 4

Seybold [S4] 2009 Germany Outpatient ID clinic N C 100 2 (2.0) NR 5

Sissolak [S5] 2002 Austria Within 48 h of admission N C 47 0 (0.0) NA 4
Weinke [S6] 1992 Germany Outpatient and hospitalized N, T C 136 0 (0.0) NA 5

North America (US, Canada)

Popovich [S7] 2013 Indiana, US Within 72 h of hospitalization N, A, G, P, T, W C 374 76 (20.3) USA300 5
Farley [S8] 2013 Maryland, US Within 72 h of hospitalization N, A, W C 68 10 (14.7) USA300 4

Peters [S9] 2013 Georgia, US Outpatient HIV clinic N, G C 600 79 (13.2) USA300 5

Popovich [S10] 2012 Indiana, US Outpatient HIV clinic N C 458 50 (10.9) USA300 4
Schechter-Perkins [S11] 2011 Massachusetts, US ED N, G, P, T, W, S C 11 4 (36.4) USA300 5

Crum-Cianflone [S12] 2011 California, US Outpatient military HIV clinic N, A, G, T, P NR 312 7 (2.2) USA300 (in total) 5

Washington, D.C., US Outpatient military HIV clinic N, A, G, T, P NR 169 10 (5.9)
Texas, US Outpatient military HIV clinic N, A, G, T, P NR 44 4 (9.1)

Virginia, US Outpatient military HIV clinic N, A, G, T, P NR 25 1 (4.0)

Alexander [S13] 2011 New York, US Dialysis center N C 15 1 (6.67) NR
Mermel [S14] 2010 Ohio, US Inpatient N C 161 5 (3.1) USA300 (in total) 5

Maryland, US Outpatient N C 494 78 (15.8)

Madariaga [S15] 2009 Nebraska, US Outpatient HIV clinic N, P C 100 2 (2) NR 4
Antoniou [S16] 2009 Toronto, Canada Outpatient clinic MSM N, P C 298 4 (1.3) USA300 4

Shet [S17] 2009 New York, US Outpatient HIV clinic N, A C 107 18 (16.8) USA300 5

Farley [S18] 2008 Maryland, US Within 24 h from arrest N, W C 30 4 (13.3) NR 4
Cenizal [S19] 2008 Texas, US Outpatient HIV clinic N, A C 146 15 (10.3) USA300 5

Hidron [S20] 2005 Georgia, US Within 48 h of hospitalization N C 81 14 (17.3) NR 5

Miller [S21] 2003 New York, US Community former and
current drug users

N C 193 8 (4.2) NR 4

Klein [S22] 1997 New York, US Outpatient dermatology N, A, W C 33 0 (0) NA 4

Raviglione [S23] 1990 New York, US Within 24 h of hospitalization N C 64 3 (4.7) NR 5

South America
Reinato [S24] 2013 Brazil Within 24 h of hospitalization N C 169 10 (5.9) NR 5

Padoveze [S25] 2008 Brazil Outpatient HIV center N C 111 0 (0.0) NA 5

Padoveze [S26] 2001 Brazil Outpatient HIV center N C 126 48 (38.1) NR 5
Inpatient N C 52 14 (26.9)
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articles did not add any additional studies. Five studies con-
tained partially overlapping data and they were included only
once, with an effort to include the maximum amount of
relevant information, leaving 32 studies for the final analysis
(Figure 1). The references of eligible studies are provided in
the Supplementary Appendix.

The characteristics of eligible studies are summarized in
Table 1. All studies were prospective or cross-sectional except
for one [21], which reported both cross-sectional and retrospec-
tive data. The total study population was 6558 individuals, of
whom 4436 individuals were attending outpatient clinics and
1941 individuals were screened within 72 hours of hospitalization
or in the emergency department. There was 1 study reporting
data on 15 HIV-infected individuals attending a dialysis center,
1 reporting data on 30 newly arrested individuals (within 24
hours), and 1 reporting nonstratified data on hospitalized persons
and individuals attending an outpatient clinic (n = 136). The in-
cluded studies were published from 1990 to 2013 and reported
data on 6558 individuals screened from 1988 to 2012. Fifteen
of 32 studies reporting data on 4517 individuals were published
after 2010. Seventeen studies (53%) were conducted in North
America, 6 in Asia, 6 in Europe, and 3 in South America. All
studies used culture methods to isolate MRSA. All studies were
deemed of adequate quality regarding the outcome of interest
and were included in the meta-analysis (Supplementary Table 2).

The combined prevalence of MRSA colonization among
HIV-positive individuals was estimated to be 6.9% (95% CI,
4.8–9.3; τ2 = 0.067). The Egger test yielded no evidence of
small-study effects (bias −1.39; P = .17). When data from stud-
ies conducted exclusively in North America were separately an-
alyzed, the pooled prevalence was estimated to be 8.8% (95% CI,
6.0–12.2; τ2 = 0.051), and again there was no evidence of publi-
cation bias (−0.60; P = .56). Ten of 17 studies conducted in
North America also reported the strain of the isolated MRSA.
All of them identified USA300 as the most prevalent strain.
Among individuals attending outpatient clinics in North Amer-
ican studies, the pooled prevalence of MRSA colonization was
lower (7.0% [95% CI, 4.1–10.6]) than among individuals
screened upon their admission to the hospital (13.5% [95%
CI, 6.2–23.0]), but the difference did not reach statistical signifi-
cance (P = .12). Across European studies (560 individuals), the
prevalence was found to be 1.0% (95% CI, .3–2.2), whereas
across Asian studies (n = 1757), the corresponding figure was
5.8% (95% CI, 2.8–9.8) (Table 2).

Based on 5 studies that reported stratified data on hospitali-
zation during the previous 12 months among 1787 colonized
and noncolonized individuals with HIV infection, we estimated
that individuals hospitalized in the preceding year have a 3.1
times higher risk of being colonized compared with nonhospi-
talized individuals (RR, 3.11 [95% CI, 1.62–5.98]; Figure 2).
Moreover, based on 4 studies that reported stratified data forTa
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Table 2. Summary Estimates of Included Studies

MRSA Colonization Prevalence Studies (Arms) No.a % Combined Effect (95% CI) τ2 P Value

All studies 32 (38) 6558 6.9 (4.8–9.3) 0.067

Geographic region
North America 17 (21) 3783 8.8 (6.0–12.2) 0.051 Ref

Europe 7 (7) 560 1.0 (0.3–2.2) 0.005 .01

Asia 6 (6) 1757 5.8 (2.8–9.8) 0.028 .30
Setting (among North American studies)

Outpatient 10 (13) 2979 7.0 (4.1–10.6) 0.046 Ref

On hospital admission 6 (6) 759 13.5 (6.2–23.0) 0.079 .12

Abbreviations: CI, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus; Ref, reference.
a Number of patients who were screened for MRSA colonization.

Figure 2. Forest plot of included studies. Relative risk estimates of methicillin-resistant Staphylococcus aureus colonization among previously hospitalized
patients (A) and previously incarcerated patients (B). Abbreviations: CI, confidence interval; RR, risk ratio.
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colonized and noncolonized individuals with history of incar-
ceration (1325 individuals), we found that individuals with
history of incarceration are 77% more likely to be MRSA
colonized compared with patients without (RR, 1.77 [95% CI,
1.26–2.48]; Figure 2). Current antiretroviral therapy (RR, 1.02
[95% CI, .64–1.63]), current use of TMP-SMX (RR, 1.45
[95% CI, .69–3.03]), or illicit drug use (RR, 1.26 [95% CI,
.73–2.19]) was not observed to be associated with increased
risk of MRSA colonization. Of note, only 1 of the studies includ-
ed in the subanalysis of the impact of prior TMP-SMX use on
the risk of MRSA colonization reported data on the resistance
patterns of isolated MRSA strains from patients who had previ-
ously received this antibiotic. In this study, all MRSA isolates
among recipients of TMP-SMX (6 patients) were resistant to
this antibiotic. Finally, there was a possible increased risk for
colonization among patients with a history of syphilis (RR,
2.98 [95% CI, .95–9.34]), but this did not reach statistical signif-
icance (Supplementary Figure 1). Across the included studies,
we were not able to estimate the impact of HIV stage (CD4
count, viral load) on the risk of MRSA colonization because
studies reported stage of disease instead of absolute CD4
or viral load counts and used different cutoffs or provided the
relative effects or mean values of CD4 and viral load without
providing raw data. Individual study data regarding this associ-
ation are described in Supplementary Table 3. More specifically,
1 study conducted in Europe, 6 studies conducted in North
America, and 4 studies conducted in Asia examined the risk
of MRSA colonization based on the disease stage of the study
population. Among them, 5 studies found that MRSA carriage
is independent of CD4 count, whereas 6 concluded that lower
CD4 counts increase the risk of MRSA colonization.

Across the included studies, 7 reported concurrent data on
screening nares and extranasal body sites in the same study
population. Four of these were conducted in the United States,
2 in Singapore, and 1 in the Netherlands. Studies were conduct-
ed between 2007 and 2012 and included data on 2876 HIV-
infected individuals. Two of the studies screened individuals
on admission to the hospital; the other 5 screened subjects dur-
ing outpatient visits. Testing for MRSA carriage at extranasal
body sites increased detection of MRSA carriage in all but 1
study [22]. The number of MRSA carriers by extranasal testing
increased by 31.6% (95% CI, 15.8–50.0). The studies also pro-
vided data on individuals colonized at individual extranasal
body sites with negative nasal screening. Five studies reported
on individuals with positive perirectal screening, 4 each on in-
dividuals with positive groin and throat screening, 2 on individ-
uals with positive axilla screening, and 1 on individuals with
positive wound screening. Screening of the groin identified
19.3% (95% CI, 11.5–28.5) more colonized individuals than
screening nares alone and perirectal screening identified
18.5% (95% CI, 7.4–33.2), whereas the corresponding figure
for throat cultures was 17.5% (95% CI, 12.0–24.0). Of note is
that 1 study could not be included in the analysis as no patient
was colonized in the nares, and exclusively extranasal coloniza-
tion was studied [23] (Table 3).

DISCUSSION

Our meta-analysis showed that 6.9% of individuals infected
with HIV are MRSA carriers, an estimation that is as high as
that reported among high-risk populations, such as patients
on chronic dialysis (6.2%) [1] and patients admitted to the

Table 3. Individual Study Data for Extranasal Colonization

Author Population
Prevalence

(Any Body Site)
Prevalence
(Nasal)

Prevalence
(Exclusive Extranasal) Throat Rectum Groin Axilla Wound

Popovich [S7] On admission to hospital
(within 72 h)

76/374 45/374 31/374 9/374 17/374 12/374 5/374 2/374

Crum-Cianflone
[S12]

Outpatient clinic 22/550 18/550 4/550 2/550 1/550 1/550 0/550 . . .

Madariaga [S15] Outpatient clinic 2/100 2/100 0/100 . . . . . . 0/100 . . . . . .

Peters [S9] Outpatient clinic 79/600 66/600 13/600 . . . . . . 13/600 . . . . . .

Chowa [S27] On admission to the
hospital

96/914 74/96 22/96 12/96 12/96 NA NA . . .

Kyawa [S28] Outpatient clinic 15/296 12/296 3/296 2/296 1/296 NA NA . . .

Joore [S2] Outpatient STD clinic-
MSM

1/42 0/42 1/42 . . . 1/42 . . . . . . . . .

The references of eligible studies are provided in the Supplementary Appendix.

Abbreviations: MSM, men who have sex with men; NA, not applicable; STD, sexually transmitted disease.
a Studies performed nares, axilla, and groin swabbing.
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intensive care unit (7.0%) [3]. Prior hospitalization and prior or
current incarceration are significantly associated with MRSA
colonization, and nasal screening alone underestimates the
rate of colonization by at least one-third. This estimated preva-
lence of MRSA carriage is worrisome given the high rate [24–
27] and morbidity [8] of MRSA infections in this population.
Importantly, individuals hospitalized during the previous 12
months have a 3.1 times higher risk of MRSA carriage com-
pared with nonhospitalized individuals. This association high-
lights the importance of the contact with the healthcare system
in this population. Among our studies, the most commonly iso-
lated strain was USA300, which is a community-acquired strain.
However, this strain is nowadays increasingly prevalent also in
the healthcare setting [28].

Previous or current incarceration was also found to increase
the risk of MRSA colonization among HIV-infected individu-
als. Crowding; rationed access of inmates to soap, water, and
clean laundry; delays in diagnosis of skin and soft tissue infec-
tions; and sharing linen, soap, or clothing are some of the fac-
tors that have been suggested to account for high MRSA
colonization of inmates [29]. Jails and prisons have been char-
acterized as settings with increased prevalence of MRSA and
other drug-resistant organisms that are spread primarily by
person-to-person contact even among non-HIV-infected indi-
viduals [30, 31]. This led the Federal Bureau of Prisons, as well
as different states’ departments of justice and public health, to
develop guidelines specifically for the control of MRSA trans-
mission in correctional facilities [32]. The implementation of
these policies had inconclusive results in different facilities
[33, 34]. Because our study focused on HIV-infected individu-
als, we cannot provide any comparisons on the prevalence of
MRSA among prisoners with and without HIV. However,
HIV infection has been previously shown to be independently
associated with an increased risk of MRSA carriage in correc-
tional facilities [35]. Of note, the variation in the time frame
of incarceration reported in the individual studies did not
allow an estimation of how long the increased risk for MRSA
colonization persists.

Antiretroviral therapy is proven to reverse some of the immu-
nologic abnormalities that may render HIV-infected individuals
vulnerable to MRSA colonization and infection, and several
studies have examined its association with the rate of MRSA
carriage with inconclusive results [36]. Also, trimethoprim-
sulfamethoxazole (TMP-SMX) has antistaphylococcal activity.
However, our meta-analysis could not find an association be-
tween either current antiretroviral therapy or TMP-SMX with
the estimated MRSA carriage. It should be noted here that in-
dividuals who receive antiretroviral therapy and TMP-SMX
prophylaxis might have a lower CD4 count than those who
do not receive therapy, and this may increase their risk of
MRSA colonization. Because our RR estimates are unadjusted

for the CD4 count, the possibly protective effect of antiretroviral
therapy and TMP-SMX prophylaxis on MRSA carriage might
be lost due to the difference in the CD4 count.

Interestingly, extranasal testing identified additional MRSA-
colonized individuals in all but 1 study (which had identified
only 2 colonized individuals out of 100 screened) among
those that provided stratified data [22]. More specifically, extra-
nasal screening increased the number of individuals identified
as carriers by 31.6%, which means that for almost every 3 car-
riers, 1 will be missed if extranasal sites are not screened. This
estimation might even underestimate the actual prevalence of
extranasal colonization as not all studies included in this suba-
nalysis screened all the available extranasal sites. Due to limited
data, it was not possible to estimate the benefit of combining
multiple extranasal body-site screenings. This high prevalence
of extranasal colonization probably indicates that nasal mupir-
ocin ointment alone might not be able to effectively decolonize
the carriers, highlighting the importance of the chlorhexidine
bathing in this population. The fact that groin and perirectal
screening provided significant additional yield for MRSA de-
tection over nares screening (19.3% and 18.5%, respectively)
is particularly interesting given that 26%–40% of SSTIs among
HIV-infected individuals are reported to be located in the
buttocks/scrotum/anogenital region [6, 37]. Additional clinical
studies should examine the association of the site of coloniza-
tion with the site of SSTI.

Of note is that only 16 of the 32 studies (50%) included in our
meta-analysis included screening of extranasal sites in their pro-
tocol, and this might have underestimated the burden of MRSA
colonization in this population. Also, only culture methods
were used among the included studies, which are reported to
have lower sensitivity compared with polymerase chain reaction
[38]. Finally, our estimates combine data from different settings,
countries, and years, and our results may not apply to the indi-
vidual center where local epidemiology has the most significant
role. Indeed, we found that there was limited or absent MRSA
colonization among HIV-infected individuals across the 7 stud-
ies with 560 individuals that were conducted in Europe, but
further studies are needed to confirm this low estimated
prevalence.

Among the studies included in our meta-analysis, 2 reported
stratified data on MRSA infections among colonized and non-
colonized individuals [10, 11]. In these studies, 68% and 100%
of reported MRSA infections were among previously identified
carriers and the colonizing isolates always matched clinical iso-
lates. The possible association of colonization with infection
and the identified increased burden of MRSA carriage among
HIV-infected individuals raise concerns about whether screen-
ing and/or decolonization policies should be applied in clinical
practice, as in high-risk hospitalized populations. In the outpa-
tient setting, there is no straightforward answer to the efficacy of
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active surveillance for colonization and decolonization in reduc-
ing the rate of infections, as well as to the best policy regarding
frequency of screening [39]. Approaches should be tested in
clinical studies taking into account the high rate of extranasal
colonization that was found in our study. Subpopulations
with high-risk characteristics for MRSA infection in addition
to HIV infection (eg, intravenous drug use), as well as patients
with increased risk for colonization (eg, previously hospitalized
or incarcerated patients), might benefit more from screening
and/or decolonization and should be the first targets in such
clinical outpatient studies. In the meantime, current communi-
ty-associated MRSA prevention strategies seem to be of high
importance [39]. In the hospital setting, it might be prudent
to consider including HIV-infected individuals in the popula-
tions routinely screened on hospital admission. Decolonization
for some individuals, as well as strict compliance with infection
control policies, might be of significant help given the vulnera-
bility of this population to both colonization and infection.

CONCLUSIONS

In this study, HIV-infected individuals were found to have high
prevalence of MRSA colonization, with a significant proportion
of carriage being detected exclusively in extranasal sites. We
also found strong evidence that MRSA colonization is mainly re-
lated to previous exposure to settings with high prevalence of
MRSA, such as hospitals, jails, and prisons and weaker evidence
regarding the association with high-risk sexual behaviors. Given
that HIV-infected individuals are at increased risk for MRSA in-
fection and that colonization has been associated with infection,
these findings emphasize the need for evaluation and implemen-
tation of MRSA prevention strategies that focus on this highly vul-
nerable population. In this effort, specific attention should be
drawn to the important burden of colonization in extranasal sites.
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