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Children attending child care centers (CCCs) are at increased risk for infections, including those caused by
methicillin-resistant Staphylococcus aureus (MRSA). Nasal colonization often precedes infection, and MRSA
colonization has been associated with increased infection risk. Community-associated MRSA (CA-MRSA) has
caused increased MRSA infections in the general population, including children. Little is known about the
frequency of MRSA nasal colonization in young children, particularly in those attending CCCs where disease
transmission is common. We sampled the nares of 1,163 children in 200 classrooms from 24 CCCs in North
Carolina and Virginia to assess S. aureus colonization. MRSA strains were molecularly analyzed for staphy-
lococcal cassette chromosome mec (SCCmec) type, Panton-Valentine leukocidin status, and multilocus se-
quence type. A case-control study was performed to identify risk factors for MRSA colonization. We found that
18.1% children were colonized with S. aureus and 1.3% with MRSA. Molecular analysis of the MRSA strains
identified 47% as CA-MRSA and 53% as health care-associated MRSA (HA-MRSA). Although two centers had
multiple children colonized with MRSA, genotyping indicated that no transmission had occurred within
classrooms. The case-control study did not detect statistically significant risk factors for MRSA colonization.
However, MRSA-colonized children were more likely to be nonwhite and to have increased exposure to
antibiotics and skin infections in the home. Both CA-MRSA and HA-MRSA strains were found colonizing the
nares of children attending CCCs. The low frequency of colonization observed highlights the need for a large
multicenter study to determine risk factors for MRSA colonization and subsequent infection in this highly

susceptible population.

Staphylococcus aureus is a common cause of serious commu-
nity- and health care-associated infections. The numbers of
both community-associated and health care-associated staph-
ylococcal infections have increased in recent decades (295).
Methicillin was introduced into clinical use in 1960, and this
introduction was closely followed by the first reports of methi-
cillin-resistant S. aureus (MRSA), with their resistance arising
through the production of a supplementary penicillin-binding
protein (PBP) known as PBP2a or PBP2’ (40). The prevalence
of health care-associated MRSA (HA-MRSA) infection has
increased dramatically since the mid-1980s (2). In 1974, MRSA
infections accounted for 2% of the total number of S. aureus
infections; in 1995, it was 22%, and in 2004, it was 63% (4).

Beginning in the early 1990s in the United States, case re-
ports and case series documented the increasing problem of
community-associated MRSA (CA-MRSA). At-risk popula-
tions for CA-MRSA have included children, athletes, injection
drug users, military personnel, persons living in correctional
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facilities or shelters, African-Americans, and veterinarians (2).
Published reports using both population-based surveillance
(29) and laboratory-based surveillance (12) have documented
that CA-MRSA infections are more frequent in children, es-
pecially children less than 2 years of age.

Approximately one-third of healthy persons harbor S. aureus
in their nose at any time (14, 21, 22). The nose appears to be
the primary reservoir for replication and spread to other body
areas (26). The fact that colonization precedes infection is
supported by studies that have demonstrated that nasal S.
aureus isolates are often identical to strains later causing clin-
ical infection (38, 39) and that when colonization is eradicated
the risk of clinical infection is reduced (21). The frequency of
nasal colonization with MRSA has been less well described,
but in general it has varied from approximately 1 to 12% (1, 14,
22). However, colonization with MRSA as opposed to methi-
cillin-sensitive S. aureus (MSSA) has been associated with a
4-fold increase in the risk of infection (35).

In the United States in the summer of 2006, approximately
32.2% of the 19 million children younger than 5 years of age
attended a child care center (CCC) or other organized out-of-
home care on a regular basis (37). Of these, approximately
36% attend CCCs, defined as an arrangement where, at any
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one time, there are three or more unrelated preschool-age
children receiving care for more than 4 h a day (37). Children
attending child care centers have an increased risk for a variety
of infections (6, 28) because they are immunologically naive
and vulnerable to infection. Complicating the issue is their
tendency to contaminate the environment with respiratory
tract secretions, urine, and feces, all of which can spread dis-
ease.

Given that young children are at higher risk for CA-MRSA
and that attendance in a CCC is a well-described risk factor for
respiratory, skin, and gastrointestinal infections, we undertook
the following study of a large sample of children attending
CCCs in North Carolina and Virginia. The goals of our study
were to define the prevalence of MSSA and MRSA nasal
colonization, microbiologically and molecularly characterize
all isolated strains of MRSA, and perform a case-control study
(in which the cases were children colonized with MRSA and
the controls were noncolonized children and children colo-
nized with MSSA) to assess risk factors for MRSA coloniza-
tion.

MATERIALS AND METHODS

Study design. This study was conducted between March 2007 and October
2009. In North Carolina, CCCs were eligible for participation if they were in New
Hanover County and had access to a Child Care Health Consultant or public
health nurse. The 17 centers recruited in North Carolina by the Child Care
Health Consultants were based on their previous working relationship with the
county health department. In Virginia, all Navy CCCs in the Hampton Roads
area were eligible and participated. The inclusion criteria for subjects were as
follows: child is enrolled in a designated CCC, child’s age is between 0 and 5
years, family plans to remain in the CCC throughout the academic year, guardian
signs informed consent and agrees to participate (if selected) in case-control
questionnaire by telephone, and family is English speaking. Colonization was
assessed by use of a nasal swab (see below) obtained by a study nurse or
physician. Demographic information on North Carolina subjects was available
from classroom lists provided by the CCC director but was not obtained in
Virginia due to Navy-specific Institutional Review Board (IRB) requirements.
Classroom- and CCC-level data were provided by the CCC director. Star-rated
licenses ranging from one star (meets minimum qualification) to five stars (ex-
ceeds minimum qualifications) were available for North Carolina CCCs. Star
ratings reflect indicators of a program’s quality based on an objective evaluation
of program standards and staff education (31). All military CCCs in Virginia are
accredited by the National Association of Education of Young Children; this
accreditation corresponds to the highest star rating. Additional demographic
information and risk factors for staphylococcal colonization used in the case-
control study were obtained via a telephone questionnaire of the child’s primary
caregiver.

All subjects from whom a culture was obtained were used in the analysis to
determine the prevalence of colonization by MRSA and MSSA. An evaluation of
risk factors for MRSA colonization was assessed by means of a case-control
study. Cases consisted of all children colonized with MRSA. Two groups of
controls were used: non-staphylococcally colonized children (control group 1)
and children colonized with MSSA (control group 2). The ratio of cases to
controls (cases/control group 1/control group 2) was 1:2:2. Controls were chosen
using a random number generator from all eligible subjects in each control
group.

Consent for CCC participation was obtained from the CCC director. Consent
for subject participation was obtained from the child’s guardian. This study was
approved by the IRB of the University of North Carolina at Chapel Hill and the
Naval Medical Center Portsmouth IRB.

Microbiology. Nasal swabs were collected by swabbing both nares using a
Copan (Brescia, Italy) liquid Stuart minitip transport swab. Swabs were shipped
at ambient temperature via overnight Federal Express to the University of North
Carolina at Chapel Hill for analysis. The swabs were plated to sheep blood agar
and mannitol salt agar plates. Isolates were identified as S. aureus based on a
positive tube coagulase test or a positive BactiStaph (Remel, Lenexa, KS) latex
agglutination test. S. aureus isolates were identified as MRSA using oxacillin
screening agar (Remel) and confirmed using cefoxitin disk diffusion (Becton
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Dickinson, Franklin Lakes, NJ). Susceptibilities of MRSA strains were tested
using Kirby-Bauer disk diffusion for all drugs except daptomycin and vancomy-
cin, which were assessed by Etests (AB bioMérieux, Sweden). All interpretations
were based on CLSI guidelines (7). Antibiotics tested included clindamycin,
daptomycin, doxycycline, erythromycin, gentamicin, levofloxacin, linezolid, tri-
methoprim-sulfamethoxazole, and vancomycin. The D-test was performed to
detect inducible clindamycin resistance; D-test-positive organisms were reported
as clindamycin resistant (19).

Molecular analyses. DNA extraction was performed as previously described
(34). The presence of Panton-Valentine leukocidin was assessed using real-time
multiplex PCR assays as previously described (13, 30). Staphylococcal cassette
chromosome mec (SCCmec) typing was performed by the method of Oliveira et
al. (32). SCCmec typing classified as indeterminate by the Oliveira et al. method
was performed as described by Boye et al. (3). Multilocus sequence typing
(MLST) was performed and analyzed as outlined by Enright et al. (10, 11).
MRSA strains were defined as health care associated or community associated
based on MLST type cluster analysis along with SCCmec type.

Statistical analyses. All data were entered into a Microsoft Access database.
All analyses were performed using SAS 9.1 (SAS, Cary, NC). Descriptive mea-
sures were compared between the North Carolina and Virginia sites to evaluate
differences between the CCCs in the two states. Logistic mixed models were
fitted at the child level to test for relationships between positive swab status for
MRSA and MSSA and six child-, classroom-, and center-level variables, using
GLIMMIX. A total of 12 models were therefore fit. Odds ratios (OR), 95%
confidence intervals, and P values were calculated. Multivariable models were
not fit because of missing data which would have resulted in listwise deletion of
all cases that contained any missing data. In the case-control study predictor,
variables analyzed included hours per week in a CCC, playing sports, underlying
diseases, chronic skin conditions, previous staphylococcal infections, pet(s) in the
home, military persons or health care workers in the home, ethnicity, and house-
hold income (see Table 4 for complete list). Logistic regression models were fit
for binary (i.e., yes/no) variables, and linear regression models were fit for scale
or continuous variables. F-tests (two degrees of freedom [d.f.]) or x? tests were
used to test for group differences.

RESULTS

Subject and child care center demographics. The study pop-
ulation consisted of 1,163 subjects (811 in North Carolina and
352 in Virginia), from 200 classrooms (131 in North Carolina
and 69 in Virginia) distributed among 24 centers (17 in North
Carolina and 7 in Virginia), who had nasal cultures. Approxi-
mately 40% of children participated, with individual center par-
ticipation ranging from 20% to 58%. Of note, some guardians
did not consent for their child’s participation because the child
was already known to be positive for MRSA. The mean age of
children in North Carolina was 3.3 years (standard deviation
[SD], 1.4). Overall, gender distribution was similar for North
Carolina (51% male) and Virginia (45% male).

Center-level and classroom-level data for the subjects are dis-
played in Table 1. Center-level data include number of class-
rooms per center, center type, percentage of children in center
financially subsidized, and star rating for North Carolina CCCs.
Since the Virginia CCCs were all Navy associated, they were all
government-based centers, while North Carolina centers were
a range of center types. The Virginia CCCs also had a higher
percentage of subjects subsidized (mean, 29%; SD, 49%) than
did North Carolina CCCs (mean, 18%; SD, 19%). Classroom-
level data, including number of children in classroom by age
group and child-to-teacher ratio by age group, were similar for
North Carolina and Virginia classrooms.

MRSA prevalence. Overall, 210 children (18.1%) were col-
onized with S. aureus. Of these, 195 (16.8% of total) were
colonized with MSSA while 15 (1.3% of total) were colonized
with MRSA (Table 2). The proportions were not different
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TABLE 1. Subject and child care center demographics”
Result for location
Result for both locations
Parameter North Carolina Virginia
n Mean SD Min Max n Mean SD Min Max n Mean SD Min Max
Age (yr) 549 33 1.4 <1 5 549 3.3 14 <1 5
Gender
Male 414 160 574
Female 386 153 539
Unknown 11 39 50
Avg no. of classrooms/center 17 7.7 2.8 4 13 7 99 6.9 1 21 24 83 4.4 21
Center type
Church operated 3 0 3
Government 0 7 7
Other nonprofit 2 0 2
Profit, franchise 2 0 2
Profit, independent 9 0 9
Work site, employer provided 1 0 1
Star rating 14 39 1.1 1 5 14 39 1.1 1 5
Subsidized children/center 17 18% 19% 0% 56% 7 29% 49% 0% 100% 24 21% 30% 0% 100%
No. children/classroom
Birth to 12 mo 109 9.2 1.7 4 12 30 8.3 3.0 4 16 139 8.1 2.7 4 16
1to2yr 97 10.5 2.9 5 18 61 109 23 10 20 158 10.5 3.1 5 20
2to3yr 140 149 3.9 8 20 77 147 36 10 21 217 139 33 8 21
2to4yr 12 26.0 0.0 26 26 12 26.0 0.0 26 26
3to4yr 137  16.7 4.5 10 25 37 21.0 20 18 24 174  16.6 4.7 10 25
3toSyr 98 224 2.6 16 24 98 20.9 4.2 12 24
4to5yr 161 19.8 6.7 10 34 19 240 0.0 24 24 180 17.8 6.3 9 34
5to 6yr 29 183 5.6 12 27 29 172 5.1 12 27
Child/teacher ratio
Birth to 12 mo 109 4.5 0.7 3 5 30 4.0 0.0 4 4 139 44 0.7 3 5
1to2yr 97 5.5 1.2 4 9 37 5.0 0.0 5 5 134 5.3 1.0 4 9
2to3yr 76 7.8 1.3 6 9 77 6.6 0.8 5 7 153 7.2 1.2 5 9
2to4yr 12 9.0 0.0 9 9 12 9.0 0.0 9 9
3to4yr 137 9.3 1.9 7 17 37 120 00 12 12 174 9.9 2.0 7 17
3toSyr 98 10.9 3.1 5 14 98 10.9 3.1 5 14
4to5yr 172 111 2.9 6 17 19 120 00 12 12 191 112 2.7 6 17
5to 6yr 29 115 3.3 8 15 29 115 33 8 15

“ Min, minimum; Max, maximum.

between North Carolina (MSSA, 16.8%; MRSA, 1.4%) and
Virginia (MSSA, 16.8%; MRSA, 1.1%) subjects.

MRSA was isolated from children attending 10 different
CCCs. Eight centers had one positive child each, one center
(A) had four positive children, and one center (B) had three
positive children. Center A children were found in two class-
rooms (two children each), and center B positivity involved
three different classrooms (one child each). However, no trans-
mission within classrooms was documented (see below).

Analysis of center-level and classroom-level variables based
on subject colonization status (i.e., noncolonized, MSSA col-
onized, and MRSA colonized) is shown in Table 2. MSSA-
colonized subjects were older (P < 0.001). However, there was
no other statistically significant characteristic associated with
MRSA or MSSA colonization. Although not reaching statisti-
cal significance, the child-to-teacher ratio of the MSSA-colo-
nized classrooms was lower (P = 0.08), but the number of
children in the classrooms of MSSA-colonized children (mean,
16.3; SD, 6.4) was higher (P = 0.14) than the number of

children in classrooms of noncolonized children (mean, 15.4;
SD, 6.1). The number of children in MRSA-colonized class-
rooms was higher as well (mean, 16.3; SD, 5.2). The MRSA-
colonized children more often came from centers with a higher
percentage of subsidized children (MRSA, 39%; MSSA, 21%;
noncolonized, 20%), but this did not reach statistical signifi-
cance (OR, 4.76, P = 0.15).

MRSA molecular analyses and antibiotic susceptibility pat-
terns. The 15 MRSA isolates were analyzed for SCCmec type,
Panton-Valentine leukocidin (PVL) status, antibiotic suscep-
tibilities, and multilocus sequence type (Table 3). The se-
quence type determined by MLST was used to define strains as
either CA-MRSA or HA-MRSA based on their clonal com-
plex (CC). Of the 15 MRSA strains, 7 (47%) were CA-MRSA
(CC8,n = 6,and CC97,n = 1) and 8 (53%) were HA-MRSA
(CCS5). The five CC8 CA-MRSA isolates were PVL positive
and SCCmec type 1V, and the CC97 isolate was PVL negative
and SCCmec type IV. The eight CC5 HA-MRSA isolates were
PVL negative (n = 8) and SCCmec types II (n = 2) and IV
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FIG. 1. Cluster analysis of MRSA isolates. Shown is a dendrogram displaying the relatedness of MRSA strains isolated from children attending
childcare centers. Two clusters are evident that separate CA-MRSA isolates from HA-MRSA isolates. ST, sequence type; SLV, single locus

variant.

community-associated S. aureus infections (40). However, the
epidemiology and microbiology of CA-MRSA and HA-MRSA
strains have differed (8). CA-MRSA has involved younger pa-
tients and caused predominantly skin and soft tissue infections,
while HA-MRSA has involved older patients who have typical
health care-associated risk factors (e.g., indwelling catheter or
percutaneous device). CA-MRSA strains have most commonly
been SCCmec type IV and Panton-Valentine leukocidin posi-
tive, while HA-MRSA strains have most commonly been
SCCmec types 1, II, and III and Panton-Valentine leukocidin
negative. However, recent studies describing CA-MRSA strains
in the hospital setting (17, 27, 33) suggest that clinical presen-
tation and epidemiologic risk factors are no longer sufficient to
reliably define molecular strain types.

CA-MRSA infections have been demonstrated to be more
common in children, especially children less than 2 years of age
(12). Outbreaks of MRSA have been noted in CCCs (18), and
CCC attendance has been identified as a risk factor for CA-
MRSA infections in the United States (9). Only limited infor-
mation is available regarding the prevalence of colonization of
healthy children attending CCCs in the United States. Single
child care center prevalence studies have reported frequencies
of MRSA colonization in children of 1.2% (2 of 164) (36) and
6.7% (7 of 104) (15). These results are similar to the 2.5% (3
of 122) (16) and 1.7% (5 of 291) (5) frequencies of MRSA
colonization found in healthy children attending outpatient
pediatric clinics in Chicago and to the 0.9% prevalence in
children in Boston communities (24).

Since all previous studies of MRSA colonization in children

attending CCCs in the United States were single center based
and small, we undertook our study to further define the prev-
alence of MRSA colonization, characterize the MRSA strains,
and determine the risk factors for colonization. Our study of
1,163 subjects from 200 classrooms in 24 centers revealed that
overall 18.1% were colonized with S. aureus and 1.3% were
colonized with MRSA. The frequency of nasal colonization
was lower than the 31.1% reported among 1,192 children un-
der 5 years of age attending child care centers in Brazil but
similar to the 1.2% frequency of MRSA colonization (23). The
prevalence we determined may also be underestimated since
some potential subjects had already been identified as MRSA
positive and did not consent for participation in our study.
Importantly, our study which used molecular typing did not
reveal evidence of person-to-person transmission of MRSA
strains within classrooms. This is in contrast to the transmis-
sion observed by Hewlett et al. in a single university-based
facility (15).

The molecular analysis of the colonizing MRSA strains re-
vealed that six isolates were both PVL positive and SCCrmec type
1V, which is the classic molecular definition of CA-MRSA. Of
those that were PVL negative (n = 9), only two were SCCmec
type II—the molecular classification for HA-MRSA. When
multilocus sequence typing with subsequent cluster analysis
was applied (Fig. 1), the identification of one CA-MRSA strain
was PVL negative and six HA-MRSA strains were SCCmec
type IV. The latter isolates are likely related to the USA 800
pediatric clone. Interestingly, there was no difference in pro-
portions of children with a history of hospitalization (Table 4)
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TABLE 4. Case-control study

Result for group

Parameter P Negative (control) MSSA MRSA
n % Mean SD n % Mean SD n % Mean SD
Age (yr) 0.37 30 4.5 1.3 30 5 1.6 15 4.5 1.4
Males 0.65 14 47 14 47 9 60
Time (h/day) in child care center” 0.68 16 34.4 11.2 10 34.7 11.8 9 30.2 15.5
Sport participation (h/wk) 0.66 30 1 1.6 30 1.2 1.8 15 0.7 1.7
Underlying disease 0.47 2 7 1 3 2 13
Hospitalization 1.00 4 13 4 13 2 13
Antibiotics 0.09 20 67 25 83 14 93
Chronic skin condition 0.10 2 7 7 23 3 20
Skin infections 0.37 10 33 13 43 8 53
Eczema 0.62 6 20 7 23 5 33
History of staphylococci 0.11 3 10 0 0 1 7
Pet(s) (cat, dog, or rodent) 0.23 18 60 23 77 11 73
Single-family home 0.84 26 87 25 83 12 80
Home on military base or military 0.83 10 33 8 27 4 27
person in home
Health care worker in home 0.06 11 37 3 10 2 13
Skin infections in home 0.13 5 17 7 23 7 47
No. of people in household 0.71 30 4 1 30 3.8 1.1 15 4.1 1.0
<12 yr old 30 1.9 0.8 30 1.7 0.6 15 1.7 0.5
12-18 yr old 30 0.2 0.5 30 0.3 0.7 15 0.3 0.6
>18 yr old 30 2 0.3 30 1.9 0.4 15 2.1 0.7
No. of rooms in home 0.45 30 7.5 1.7 30 7.3 22 15 6.7 22
Ethnicity 0.07
White 24 80 27 90 9 60
Nonwhite 6 20 3 10 6 40
Household income 0.61
<$50,000 5 17 7 23 5 33
$50,001-$75,000 9 30 7 23 5 33
$75,001-$100,000 11 37 7 23 1 7
>$100,000 5 17 9 30 4 27

“ Number of hours at the time of case-control questionnaire.

among those who were molecularly classified as CA-MRSA
versus HA-MRSA. Our study suggests that the terms “com-
munity associated” and “health care associated” no longer
apply in the CCC setting based on their traditional epidemio-
logic definitions (20). Similarly, molecular typing beyond
SCCmec and PVL determination is necessary to accurately
categorize MRSA strains and therefore the types of infections
they are likely to cause (e.g., CA-MRSA and skin and soft
tissue infections).

Multiple factors have been associated with CA-MRSA
infection, including participation in contact sports, pet own-
ership, concurrent skin and soft tissue infections, and close
contact (in the same household) with a person colonized or
infected with MRSA. Our case-control study was not able to
demonstrate any risk factors specific for MRSA colonization in
our study population. However, this was likely due to our small
number of colonized subjects. If the data from our study and
that conducted in Brazil are generalizable to the United States,
then determining risk factors for MRSA colonization would
require an enormously larger study. Based on our MRSA
prevalence of 1.3%, we would need 3,909 subjects to detect
an odds ratio of 2.0 and over 12,000 subjects to detect an
odds ratio of 1.5.

Additional potential limitations of the current study should
be acknowledged. First, the participation rate among eligible
children was 40%, which may make it difficult to generalize our
results to a larger population of healthy children. However, the
cross-section analysis of children enrolled in each center was
demographically representative of the center in general based
on center-level demographic data obtained (data not shown).
Another limitation was the difference in demographic infor-
mation obtained in children enrolled in North Carolina versus
those enrolled in Virginia due to IRB-specific guidelines. This
resulted in the lack of demographic information available for
Virginia children making it impossible to compare the popu-
lation of children in North Carolina and Virginia and to ana-
lyze the relationship between age and colonization status in
Virginia, unless the subject was in the case-control study. Due
to missing data for some of the variables, only bivariate asso-
ciations could be analyzed in both the prevalence data and the
case-control study (Tables 2 and 4).

In summary, we have demonstrated that approximately 1%
of young children attending child care centers are colonized
with MRSA. We did not document any person-to-person
transmission of MRSA strains within classrooms. We were
unable to statistically document risk factors associated with
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MRSA colonization but were limited by the small number of
colonized children. It will be important for much larger mul-
ticenter studies to be performed to identify risk factors asso-
ciated with MRSA colonization and subsequent infection in
this highly susceptible population.
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