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SUMMARY

To assess the prevalence and risk factors for colonization with Staphylococcus aureus in inmates
entering two maximum-security prisons in New York State, USA, inmates (N=830) were
interviewed and anterior nares and oropharyngeal samples collected. Isolates were characterized
using spa typing. Overall, 50·5% of women and 58·3% of men were colonized with S. aureus and
10·6% of women and 5·9% of men were colonized with MRSA at either or both body sites.
Of MSSA isolates, the major subtypes were spa type 008 and 002. Overall, risk factors for
S. aureus colonization varied by gender and were only found in women and included younger
age, fair/poor self-reported general health, and longer length of prior incarceration. Prevalence of
MRSA colonization was 8·2%, nearly 10 times greater than in the general population.
Control of epidemic S. aureus in prisons should consider the constant introduction of strains by
new inmates.

Key words: Estimating, methicillin-resistant Staphylococcus aureus (MRSA), molecular
epidemiology, prevalence of disease, risk assessment, Staphylococcus aureus.

INTRODUCTION

In 2010, the number of individuals under custody in
US correctional facilities exceeded 2·3 million [1]
and, considering that more than 600000 prisoners

are released into the community each year [1–3], cor-
rectional facilities are likely to play an integral role in
community health by serving as important reservoirs
for infection [2, 4, 5]. Studies have shown that high-
risk populations such as those incarcerated have
increased incidence of skin and soft tissue infection
associated with methicillin-resistant Staphylococcus
aureus (MRSA) [6–8]. However, it is necessary to
further clarify what factors have contributed to these
increases [6, 7, 9, 10].
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The majority of investigations of MRSA in jails
and prisons have been conducted during outbreaks
[6, 7, 9, 10], but risk factors associated with endemic
colonization in correctional facilities have not been
well defined [8, 11, 12]. Furthermore, there is limited
information on how MRSA and methicillin-sensitive
Staphylococcus aureus (MSSA) strains are introduced
into prison facilities. To address these gaps in knowl-
edge, the present study adds important new infor-
mation on the prevalence of, and risk factors for,
colonization with MSSA and MRSA in inmates
upon entry into two New York State (NYS) maxi-
mum-security prisons.

METHODS

Sample and setting

Participants were inmates entering two NYS
maximum-security prisons, Sing Sing Correctional
Facility and Bedford Hills Correctional Facility, be-
tween 2 November 2009 and 10 January 2011. Sing
Sing, located in Ossining, NY, USA, has the capacity
to house about 1800 male inmates. Bedford Hills,
located in Bedford Hills, NY, USA, has the capacity
to house about 900 female inmates. Bedford Hills is
a reception centre and therefore the majority of
inmates entering this facility come from county and
city jails. In contrast, the majority of inmates entering
Sing Sing are transferred from other NYS prisons.
Jails house inmates awaiting trial and/or sentencing
of <1 year. Prisons are state- or federally operated
facilities housing convicted felons and individuals
with a sentence >1 year [13]. Eligible inmates for
this study were those able to provide informed con-
sent, aged 516 years, and entering the initial intake
process at either facility (i.e. newly entering that fa-
cility). Recidivist inmates at either facility who had
previously been incarcerated were also included.
Participation was voluntary, each participant signed
an informed consent document, and compensation
was not provided. This study was approved by the
Institutional Review Boards of the NYS Depart-
ment of Corrections and Community Supervision
(DOCCS) and Columbia University Medical Center.

Data collection procedure

Data were collected by four trained research associ-
ates from Columbia University. Eighty-nine per cent
of eligible inmates entering Bedford Hills and 80%

of eligible inmates entering Sing Sing provided written
informed consent and agreed to participate in the
study. After obtaining informed consent, anterior
nares and oropharyngeal samples were collected
using rayon-tipped swabs (Becton Dickinson, USA)
and interviews were conducted via a structured
questionnaire.

The questionnaire was designed based on pre-
viously identified risk factors for S. aureus colon-
ization and infection in the community and in
incarcerated populations [6, 8, 11, 14]. Demographic
information, as well as information about medical his-
tory and risk behaviours, was collected. Specifically,
questionnaire items were designed to obtain infor-
mation about type and location of residence, occu-
pation, and use of athletic equipment during the
previous 6 months; sharing of personal items includ-
ing towels, clothing, razors, and soap; and number
of showers taken per week. Items pertaining to medi-
cal history included self-perceived general health;
diagnoses of diabetes, heart condition, pulmonary
condition, kidney disease, liver disease, cancer, HIV/
AIDS, and skin condition (eczema, acne, dermatitis,
psoriasis); history of any skin infection which was
defined as either having answered yes to one of three
questions (i.e. having a skin boil that drained pus,
an insect bite which caused a boil or sore, or having
a skin infection similar to one pictured in the infor-
mation pamphlet that was distributed to the inmates);
history of S. aureus infection; and use of oral or
topical antibiotics, steroids, and nasal spray during
the previous 6 months. Additional items pertaining
to personal history and risk behaviours included
tattoo and piercing history; sexual activity in the pre-
vious 6 months; tobacco consumption and substance
use, including injection drug use; participation in re-
ligious, social, educational, gang-related, and sports
groups; and involvement in fights during the previous
6 months. The original questionnaire was pilot-tested
for 1 month with 51 inmates; based on the pilot test,
items were adjusted for clarity (data collected during
the pilot test were not included in the analysis reported
here).

Microbiological and molecular analyses

Microbiological and molecular characterization of
isolates was carried out as previously described
[15, 16]. Briefly, isolates were enriched in 6% salt
broth overnight in order to maximize bacterial culture
yield. Isolates confirmed as S. aureus using coagulase
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and protein A detection (Murex Staphaurex, USA)
were characterized by spa typing. Ridom Staph Type
software (Ridom GmbH, Germany) was used to com-
pare the isolates [17] and isolates were clustered using
parameters for Based Upon Repeat Patterns (BURP)
as determined by Mellman et al. [18]. Staphylococcal
chromosomal cassette mec typing was performed on
isolates to determine methicillin resistance using mul-
tiplex polymerase chain reaction [16].

Statistical analysis

Because inmates entering the men’s and women’s pris-
ons were representative of two different populations,
separate analyses were performed for each prison.
S. aureus colonization prevalence and potential risk
factors for S. aureus colonization were evaluated at
the individual level; all recovered isolates were in-
cluded in the spa type analysis (and therefore included
more than one isolate per individual for those inmates
colonized in both the nares and oropharynx) and these
were evaluated at the isolate level.

Bivariate analyses were performed to assess differ-
ences in inmate characteristics by S. aureus colon-
ization status using χ2 tests, Fisher’s exact tests or
Student’s t tests, as appropriate. Bivariate analyses
were also conducted to compare colonization rate of
S. aureus and MRSA by sending facility (for those
facilities that had transferred 510 inmates within
the study population). To avoid expressing the associ-
ation in odds ratios, which overestimates the preva-
lence ratio when the outcome is not rare (as is the
case here), adjusted prevalence ratios of S. aureus
colonization by the risk factors of interest and 95%
confidence intervals were estimated using multivari-
able Poisson regression with a robust error variance.
Variables associated with S. aureus colonization at
P40·20 based on bivariate analysis were included in
the multivariable regression analysis, with S. aureus
colonization as the outcome variable. In order to
identify factors associated with overall S. aureus co-
lonization, as well as factors specifically associated
with MRSA colonization, two comparisons were con-
ducted separately: (1) inmates colonized with any
S. aureus were compared with non-colonized inmates,
and (2) inmates colonized with MRSA were compared
with inmates colonized with MSSA.

For the analyses, social group membership was
defined as regularly playing sports with the same
group of inmates, spending time socially with the
same group of inmates, or being in a gang within

the previous 6 months. The distributions of age were
different at the two prisons. Age was included in
the regression analyses in tertiles: 16 to <29 (reference
group), 29 to <43, and 543 years for women, and 17
to <28 (reference group), 28 to <38, and 538 years
for men. All tests were two-sided, and variables were
considered significant at P 40·05 in multivariable
regression analysis. Analyses were conducted using
SAS software version 9.2 (SAS Institute Inc., USA).

RESULTS

A total of 426 male and 404 female inmates were
included in the analysis. The majority of inmates
entering the female prison were transferred from city
and county jails (96·3%). The remaining female
inmates were transferred from other prisons. Of the
inmates who were admitted from jails, the largest pro-
portion came from the jail located near Manhattan
(Rikers Island, 37·9%), 33·5% came from eight other
county jails, and 28·5% were admitted from 38 other
jails, each representing <2·2% of the inmates admitted
to the female prison. In contrast, most inmates enter-
ing the male prison were transferred from other pris-
ons (96·7%). Of the inmates who were admitted
from prisons, 63·1% came from a centralized hub
serving as one of the major processing centres for
DOCCS in NYS, 19·8% came from seven other pris-
ons, and 17·1% were admitted from 23 other prisons,
each representing <2·4% of the inmates admitted to
the male prison. The majority of female inmates
were self-described as either non-Hispanic Black
(41·6%) or non-Hispanic White (41·1%); male inmates
were identified as being predominantly non-Hispanic
Black (51·9%) or Hispanic (28·4%) (Table 1).

Prevalence of S. aureus colonization

The total prevalence of S. aureus nasal and/or oro-
pharyngeal colonization in inmates entering prison
was 50·5% for women and 58·3% for men; 10·6%
of women and 5·9% of men were colonized with
MRSA at either or both body sites. Of inmates
colonized at only one site, the prevalence of S. aureus
colonization in the oropharynx was higher than in the
anterior nares (18·3% oropharyngeal and 13·6% nasal
at the women’s prison, and 24·7% oropharyngeal and
15·3% nasal at the men’s prison) (Table 2).
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Table 1. Characteristics of female and male inmates entering prison with and without S. aureus colonization

Females* (N=404)
Total (N=404)
n (%)

S. aureus negative
(n=200) n (%)

MSSA positive
(n=161) n (%)

MRSA positive
(n=43) n (%)

P value† (colonized
vs. not colonized)

P value†
(MRSA vs. MSSA)

Age (years)
16 to <29 130 (32·2) 59 (29·5) 59 (36·7) 12 (27·9) 0·08 0·32
29 to <43 138 (34·1) 63 (31·5) 60 (37·3) 15 (34·8)
543 136 (33·7) 78 (39·0) 42 (26·1) 16 (37·2)

Race/ethnicity
Non-Hispanic Black 168 (41·6) 84 (42·0) 64 (39·8) 20 (46·5) 0·89 0·49
Non-Hispanic White 166 (41·1) 84 (42·0) 68 (42·2) 14 (32·6)
Hispanic 43 (10·6) 19 (9·5) 17 (10·6) 7 (16·3)
Other 27 (6·7) 13 (6·5) 12 (7·5) 2 (4·7)

Level of education
Less than high school 186 (46·0) 85 (42·5) 74 (46·0) 27 (62·8) 0·54 0·10
High school/GED 126 (31·2) 68 (34·0) 49 (30·4) 9 (20·9)
Some college 74 (18·3) 38 (19·0) 32 (19·9) 4 (9·3)
College graduate 18 (4·5) 9 (4·5) 6 (3·7) 3 (7·0)

Self-perceived general health
Excellent or good 315 (78·0) 162 (81·0) 121 (75·2) 32 (74·4) 0·15 0·92
Fair or poor 89 (22·0) 38 (19·0) 40 (24·8) 11 (25·6)
Chronic skin condition 86 (21·3) 45 (22·5) 30 (18·6) 11 (25·6) 0·56 0·31
Antibiotic use (past 6 months) 154/402 (38·3) 77/199 (38·7) 56/160 (35·0) 21 (48·8) 0·88 0·10
Shared personal items 69 (17·1) 26 (13·0) 35 (21·7) 8 (18·6) 0·03 0·65
52 Showers per day 130 (32·2) 60 (30·0) 50 (31·1) 20 (46·5) 0·35 0·06
Skin infection (ever) 75 (18·6) 33 (16·5) 30 (18·6) 12 (27·9) 0·29 0·18
Skin Infection (past 6 months) 29/403 (7·2) 10/199 (5·0) 14 (8·7) 5 (11·6) 0·10 0·56
Used athletic equipment (past 6 months) 61 (15·1) 33 (16·5) 23 (14·3) 5 (11·6) 0·44 0·80
Member of a social group (past 6 months) 33/372 (8·9) 11/181 (6·1) 19/149 (12·8) 3/42 (7·1) 0·07 0·42
Fights (past 1 month) 13/376 (3·5) 5/184 (2·7) 6/150 (4·0) 2/42 (4·8) 0·58 0·68
Incarcerated for 56 months 129 (31·9) 53 (26·5) 57 (35·4) 19 (44·2) 0·02 0·29

P
revalence

and
risk

factors
for

S
taphylococcus

aureus
colonization
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Table 1. (cont.)

Males* (N=426)
Total (N=426)
n (%)

S. aureus negative
(n=175) n (%)

MSSA positive
(n=226) n (%)

MRSA positive
(n=25) n (%)

P value† (colonized
vs. not colonized)

P value†
(MRSA vs. MSSA)

Age (years)
17 to <28 143 (33·6) 54 (30·9) 81 (35·8) 8 (32·0) 0·11 0·51
28 to <38 135 (31·7) 50 (28·6) 74 (32·7) 11 (44·0)
538 148 (34·7) 71 (40·6) 71 (31·4) 6 (24·0)

Race/ethnicity
Non-Hispanic Black 221 (51·9) 93 (53·1) 117 (51·8) 11 (44·0) 0·97 0·78
Non-Hispanic White 35 (8·2) 14 (8·0) 19 (8·4) 2 (8·0)
Hispanic 121 (28·4) 49 (28·0) 64 (28·3) 8 (32·0)
Other 49 (11·5) 19 (10·9) 26 (11·5) 4 (16·0)

Level of education
Less than high school 183 (43·0) 70 (40·0) 101 (44·7) 12 (48·0) 0·68 0·03
High school/GED 176 (41·3) 78 (44·6) 93 (41·1) 5 (20·0)
Some college 43 (10·1) 18 (10·3) 21 (9·3) 4 (16·0)
College graduate 24 (5·6) 9 (5·1) 11 (4·9) 4 (16·0)

Self-perceived general health
Excellent or good 346/422 (82·0) 143/173 (82·7) 186/224 (83·0) 17 (68·0) 0·77 0·07
Fair or poor 76/422 (18·0) 30/173 (17·3) 38/224 (17·0) 8 (32·0)
Chronic skin condition 76 (17·8) 30 (17·1) 39 (17·3) 7 (28·0) 0·75 0·19
Previous antibiotic use (past 6 months) 74/423 (17·4) 39/174 (22·3) 29/224 (13·9) 6 (24·0) 0·03 0·13
Shared personal Items 38 (8·9) 13 (7·4) 24 (10·6) 1 (4·0) 0·37 0·48
51 Shower per day 171 (40·1) 73 (41·7) 91 (40·3) 7 (28·0) 0·58 0·23
Skin infection (ever) 57/424 (13·4) 27/174 (15·5) 27/225 (12·0) 3 (12·0) 0·30 1·00
Skin infection (past 6 months) 14/425 (3·3) 8/175 (4·6) 4/225 (1·8) 2 (8·0) 0·22 0·13
Used athletic equipment (past 6 months) 264 (62·0) 109 (62·3) 143 (63·3) 12 (48·0) 0·91 0·14
Member of a social group (past 6 months) 50/403 (12·4) 18/165 (10·9) 31/215 (14·4) 1/23 (4·4) 0·45 0·33
Fights (past month) 18/411 (4·4) 11/171 (6·4) 7/217 (3·2) 0/23 (0) 0·09 1·00
Incarcerated for 56 months 321/423 (76·0) 141/173 (81·5) 159/225 (70·7) 21 (84·0) 0·02 0·16

MRSA, Methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; GED, Graduate Educational Development.
* Denominators are shown for missing data.
† Significant P values (P 40·05) are in bold italics.

488
D
.
V
.
M
ukherjee

and
others

https://doi.org/10.1017/S0950268813001544 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0950268813001544


Factors associated with S. aureus colonization

Frequency of S. aureus colonization did not vary by
sending facility for either men or women (data not
shown). Race/ethnicity and level of education did
not differ significantly between female or male in-
mates who were or were not colonized with S. aureus.
Based on bivariate analysis, self-reported risk factors
for S. aureus colonization varied between male and
female inmates (Table 1). Female inmates who were
colonized with S. aureus upon entry to prison were
more likely to report being incarcerated for at least
6 months (P=0·02) and sharing personal items
(P=0·03) such as hair brushes, combs, clothing,
towels, deodorant, footwear, and nail clippers.
Colonized female inmates were also more likely to
report being in a social group (P=0·07). In the multi-
variable regression analysis, incarceration for at least
6 months was associated with S. aureus colonization
(P=0·008) in female inmates. In addition, colonized
female inmates were younger (P=0·04) and were
more likely to report fair/poor general health
(P=0·02) (Table 3).

Male inmates colonized with S. aureus were less
likely to report being incarcerated for at least 6 months
(P=0·02) and to report taking oral antibiotics in the
previous 6 months (P=0·03), but those associations
were not significant when evaluated using multivari-
able regression analysis (data not shown).

Factors associated with MRSA colonization

Although MRSA colonization was not significantly
associated with any individual sending facility for
men or women, the prevalence of MRSA colonization
was greater in female inmates admitted to Bedford
Hills from the major jail in the NY City metropolitan
area (Rikers Island), compared to female inmates
admitted from all other jails sending 510 female
inmates (P=0·07). No variation in MRSA coloniza-
tion by sending facility was found for men.

Differences in self-reported risk factors were not
statistically significant for incoming female inmates
who were colonized with MRSA compared to those
who were colonized with MSSA. Female inmates
colonized with MRSA were more likely to report
taking at least two showers per day while incarcerated
(P=0·06). Multivariable regression analysis, however,
showed no statistically significant associations be-
tween MRSA colonization and risk characteristics in
women entering prison.

In bivariate analyses for men, higher education
and fair/poor general health were significantly associ-
ated with MRSA colonization (P=0·03, P=0·07,
respectively). As for women, no risk characteristics
were found to be significantly associated with
MRSA colonization when evaluated using multi-
variable regression analysis.

Table 2. Prevalence of S. aureus colonization among
inmates entering prison

Female*
(N=404)
n (%)

Male*
(N=426)
n (%)

Colonized with S. aureus
(MSSA and MRSA)
Nares only 55 (13·6) 65/425 (15·3)
Oropharynx only 74/403 (18·3) 105/425 (24·7)
Both nares and
oropharynx

75/403 (18·6) 78/424 (18·4)

Total 204 (50·5) 248/425 (58·3)

Colonized with MRSA
Nares only 11 (2·7) 10/425 (2·4)
Oropharynx only 14/403 (3·5) 11/425 (2·6)
Both nares and
oropharynx

18/403 (4·4) 4/425 (0·9)

Total 43 (10·6) 25/425 (5·9)

MRSA, Methicillin-resistant Staphylococcus aureus; MSSA,
methicillin-sensitive Staphylococcus aureus.
* Denominators are shown for missing data.

Table 3. Multivariable Poisson regression for S. aureus
colonization (MRSA and MSSA) in female inmates
entering prison

Risk factors for
S. aureus colonization*

Prevalence ratio
(95% CI) P value†

Age (years)
16–28 Reference
29–42 1·02 (0·82–1·27) 0·85
5 43 0·76 (0·58–0·98) 0·04

General health
Fair/poor Reference
Excellent/good 0·78 (0·63–0·96) 0·02

Incarceration for 56 months 1·30 (1·07–1·57) 0·008

CI, Confidence interval;MRSA,methicillin-resistant Staphy-
lococcus aureus; MSSA, methicillin-sensitive Staphylococcus
aureus.
* Only significant findings are presented here. The adjusted
multivariable regression model also included shared per-
sonal items, skin infection within the past 6 months, and
social group membership.
† Significant P values (P 40·05) are in bold italics.
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spa-type analysis

Overall, 90 MRSA isolates from both prison facilities
had 26 different spa types; these were further classified
using BURP analysis into eight spa clonal complexes
(CCs); one isolate was not spa typable (Fig. 1).
spa-CC008 was the most common spa-CC identified
at both prisons, with spa type 008 (USA300) and
USA300-related strains accounting for 64·3% of
nasal and 75·0% of oropharyngeal MRSA isolates in
women, and 71·4% of nasal and 73·3% of oropharyn-
geal MRSA isolates in men. In addition, spa-CC002
was another common spa-CC at the women’s prison,
with spa type 002 (USA100) and USA100-related
strains accounting for 20·7% of nasal and 21·9% of
oropharyngeal MRSA isolates in women.

Increased genetic diversity was observed for MSSA
isolates. Overall, 521 MSSA isolates from both prison
facilities were found to have 173 different spa types,
and BURP analysis was used to further classify iso-
lates into 11 spa-CCs, four clusters with no spa type
founder, and 26 singletons (representing 13 unique
spa types). Ten MSSA isolates (representing eight
unique spa types) were excluded from the analysis
because they contained fewer than five repeats; 16
MSSA isolates were not spa typable. The most com-
mon spa-CCs at both facilities were spa-CC008
(17·5% nasal and 10·8% oropharyngeal MSSA isolates
in women, 19·7% nasal and 15·4% oropharyngeal
MSSA isolates in men), spa-CC002 (14·4% nasal

and 19·8% oropharyngeal MSSA isolates in women,
13·9% nasal and 20·4% oropharyngeal MSSA isolates
in men) and spa-CC084 (24·7% nasal and 30·6%
oropharyngeal MSSA isolates in women, 13·9%
nasal and 25·3% oropharyngeal MSSA isolates in
men). However, the distribution of other common
spa-CCs varied according to colonization site and
facility (data not shown).

DISCUSSION

This study provides a comprehensive analysis of
prevalence and risk factors for colonization with
S. aureus of incoming prisoners at one male and one
female maximum-security prison in NYS. These
findings extend, and are consistent with, our pre-
viously reported findings of disparate nasal and
oropharyngeal S. aureus colonization in incoming
prisoners [15]. Although several studies have described
risk factors and prevalence of S. aureus colonization in
incarcerated populations, the majority of those studies
were conducted in jails, and the studies conducted in
jails and prisons were limited to outbreak settings
[6, 7, 9, 11, 19].

In the present study, the prevalence of S. aureus
nasal colonization was similar to that reported in
earlier studies in the community and correctional
facilities [8, 11, 12, 15, 20]. Moreover, when nasal
and oropharyngeal colonization were combined, the
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Fig. 1. Diversity of spa clonal complexes (CCs) for (A) nasal methicillin-resistant Staphylococcus aureus (MRSA) isolates
from the women’s prison (n=29); (B) oropharyngeal MRSA isolates from the women’s prison (n=32); (C) nasal MRSA
isolates from the men’s prison (n=14); (D) oropharyngeal MRSA isolates from the men’s prison (n=15). Based Upon
Repeat Patterns (BURP) analysis was used to classify 26 spa types into eight spa-CCs.
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prevalence of S. aureus was higher than what has been
found in the community. This may reflect differences
in sampling and/or processing of samples. The preva-
lence of MRSA colonization in inmates was high and
exceeded that in the community, which has previously
been estimated to be 1–1·5% [21]. Moreover, we found
that colonization with S. aureus was higher in females
than males and that risk factors for MSSA or MRSA
colonization varied between male and female inmates.

David and colleagues found that inmates jailed
for >2 months were significantly more likely to be
colonized with MRSA compared to individuals who
spent <2 months in jail [8]. In our study, the length
of incarceration was significantly associated with
S. aureus colonization in female inmates only. The
association may reflect the fact that the women’s
prison is a reception centre where newly admitted
inmates come from jails as opposed to other prisons.
Since Bedford Hills serves as the only reception centre
in NYS for female inmates admitted into the prison
system from jails, length of previous incarceration
for women in jail may explain its observed positive
association with MRSA colonization [14]. In contrast,
the male prison predominately receives inmates who
have been within the prison system; the length of pre-
vious incarceration for men was typically time spent
in other prisons. Additionally, prevalence of MRSA
colonization was higher in female inmates from
Rikers than from all other jail facilities, suggesting
that jails may vary in their potential to serve as reser-
voirs. Jail facilities house inmates awaiting trial with
short sentences while prison houses individuals that
have been convicted and sentenced for long periods
of time [13]. On average the turnover rate for a
1000-bed jail is 36 times per year admitting a total
population of 36000 inmates. In contrast, for a
1000-bed prison, the turnover rate is usually 750
beds per year, totalling a population of 1750 inmates
[22]. These findings suggest that because of the short
sentences and rapid turnover, jails are a likely reser-
voir for MSSA or MRSA colonization and infection.

Previous research in jails has shown that inmates
colonized with S. aureuswere more likely to be younger
[11, 23]. In our study younger age of women was also
associated with S. aureus colonization. Earlier studies
in jails and the community suggest that particular
race/ethnicities may have increased rates of colon-
ization and infection with MRSA [11, 24, 25]. In this
study, however, race/ethnicity was not associated
with colonization. Compared with other studies [6, 8,
11, 14], we identified fewer risk factors for MSSA or

MRSA colonization, possibly because a large pro-
portion of inmates in the current study already had a
number of risk factors such as poor hygiene, illicit
drug use, prior incarceration, and crowded living situ-
ations [4, 12, 26].

Moreover, spa type 008 (USA300), the most
common strain associated with MRSA infection and
colonization in the community, was also the most
common subtype of MRSA isolates in both pris-
ons. Also, in the women’s prison, spa type 002
(USA100), a frequent nosocomial pathogen, was
another common strain. Taken together, this suggests
the potential for transmission of spa type 008
(USA300) and spa type 002 (USA100) strains into
and within prisons by newly admitted inmates from
the community. There is also the potential for
MRSA to be reintroduced into the community by
the prison inmates being released or paroled.

One limitation of this study is that data regarding
potential risk factors were self-reported. While it
may have been possible to verify some data using
prison medical records, such records were not consist-
ently available for all inmates and some medical
records had not been maintained for a sufficient
period of time. Nevertheless, inmates’ responses were
unlikely to differ according to colonization status.
Therefore, misclassification would have been non-
differential thereby leading to an underestimate
of the association between inmate characteristics and
S. aureus colonization.

A second limitation is the cross-sectional design; it
was not possible to ensure that the exposures (inmate
characteristics) preceded the outcome (colonization
with MSSA and/or MRSA). False negative results
may have occurred in the assessment of the role of
some risk factors which were less common and our
statistical power was limited. Last, detection of transi-
ent MSSA or MRSA carriers could have been missed
despite sampling of the nares and oropharynx.
Although these body sites are generally accepted as
appropriate areas to obtain samples, evidence is
mounting to suggest the importance of other body
sites, especially for spa type 002 (USA300), to obtain
an accurate colonization profile. Reservoirs for MSSA
or MRSA colonization may be located in other areas
of the body such as the groin and axilla [27–30].

Detection and prevention strategies to reduce infec-
tions caused by S. aureus may be improved by target-
ing those at highest risk of colonization. The overall
prevalence of MRSA colonization in inmates in this
study (8·2%) was nearly 10 times greater than in the
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general population [21]. Furthermore, risk factors
for S. aureus colonization upon entry into prison
were found to vary by gender. Control of epidemic
S. aureus in prisons will have to take into account
the constant introduction of these strains by newly
entering inmates. Future studies will need to evaluate
the transmission dynamics of S. aureus within the
correctional setting because of the high prevalence of
S. aureus colonization in inmates entering prison.
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