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SUMMARY

Despite the increasing burden of community-associated methicillin-resistant Staphylococcus
aureus (CA-MRSA) infections, the risk factors are not well understood. We conducted a
hypothesis-generating study using three parallel case-control studies to identify risk factors for
CA-MRSA and community-associated methicillin-susceptible S. aureus (CA-MSSA) infections.
In the multivariate model, antimicrobial use in the 1-6 months prior to culture was associated
with CA-MRSA infection compared to CA-MSSA [adjusted odds ratio (aOR) 1:7, P=0-07]
cases. Antimicrobial use 1-6 months prior to culture (aOR 1-8, P=0-04), history of boils
(aOR 1-6, P=0-03), and having a household member who was a smoker (aOR 1-3, P=0-05)
were associated with CA-MRSA compared to uninfected community controls. The finding

of an increased risk of CA-MRSA infection associated with prior antimicrobial use highlights
the importance of careful antimicrobial stewardship.
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INTRODUCTION of settings [3, 9-12]. Risk factors for CA-MRSA
infection or colonization identified in outbreaks in-
clude close person-to-person contact, non-intact skin,
suboptimal hygiene, and prior antimicrobial use
[9, 13-16].

Despite the increasing incidence of non-outbreak
CA-MRSA, little is known about risk factors for
CA-MRSA infections in the general population. To
determine risk factors for CA-S. aureus (CA-SA) and
CA-MRSA in the general population, the Minnesota
Department of Health (MDH) initiated a hypothesis-
generating case-control study of CA-SA infections.

Methicillin-resistant Staphylococcus aureus (MRSA)
infections in persons lacking established healthcare-
associated (HA)-MRSA risk factors were first reported
in the 1990s. Community-associated (CA)-MRSA in-
fections have now been observed throughout the USA
[1-3] and worldwide [4, 5] and the burden of disease
has increased rapidly [6, 7]. Outbreaks and clusters of
CA-MRSA infections have been reported in a variety
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In this study we conducted a case-case comparison
of CA-MRSA to CA-methicillin sensitive S. aureus
(MSSA) cases as well as a case-control comparison of
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CA-MRSA cases to matched uninfected community
controls and CA-MSSA cases to matched uninfected
community controls.

METHODS

The MDH established a prospective MRSA surveil-
lance network of 12 hospital sentinel laboratories
in 2000 that has been described elsewhere [17]. Cases
of laboratory-confirmed MRSA were reportable
to MDH and isolates were submitted to the MDH
Public Health Laboratory (PHL). Based on the num-
ber of CA-MRSA cases reported in 2000-2002, seven
sentinel sites that reported at least 10 CA-MRSA
cases per year were targeted for participation in the
study. Four sites agreed to participate in the study;
two paediatric facilities located in the Minneapolis-
St Paul Metropolitan Area and two facilities in
greater Minnesota that serve paediatric and adult
patients. All participating sites serve in-patients, out-
patients, and are reference laboratories for other
clinical practices.

CA-MRSA case-patients were defined as patients
with clinically relevant MRSA infections who lacked
the following established HA-MRSA risk factors
according to the Centers for Disease Control and Pre-
vention (CDC) case definition: MRSA identified after
48 h of admission; history of hospitalization (exclud-
ing infant hospitalization for an uncomplicated birth),
surgery, dialysis, or residence in a long-term care
facility within 1 year prior to the MRSA culture date;
a permanent indwelling catheter or percutaneous
device at the time of culture; or known previous
MRSA infection or colonization. To be eligible for
the study, CA-MSSA cases were required to meet the
same criteria as CA-MRSA cases regarding lack of
HA-MRSA risk factors, with the exception of prior
S. aureus infection.

CA-MRSA cases were identified by hospital infec-
tion preventionists (IPs) who reviewed medical re-
cords to determine if patients met the CA-MRSA case
definition. Cases were grouped into eight age groups:
0 to <6 months, 6-23 months, 2—4 years, 5-11 years,
12—17 years, 18—40 years, 40—64 years, and >65 years.
Culture sites were grouped into three categories: in-
vasive infections (e.g. blood, joint, bone), skin or soft
tissue infections (SSTIs), and non-SSTI/non-invasive
(e.g. ear, eye, urine). For each CA-MRSA case, IPs
attempted to identify five age-group and culture site-
matched CA-MSSA cases. If a matched CA-MSSA
case could not be identified during the study period
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the CA-MRSA case was excluded from the analysis.
For each CA-MRSA and CA-MSSA case we at-
tempted to obtain three age groups and geographi-
cally matched uninfected community controls; sets
with two controls enrolled were included in the analy-
sis. For cases aged <2 years, birth records were used
to identify potential controls using the same birth date
and zip code as the case. For patients aged >2 years,
controls were ascertained by sequential digit dialling
of telephone numbers. Community controls were re-
quired to meet criteria regarding lack of HA-MRSA
risk factors with the exception of prior S. aureus in-
fections. If more than 250 residential numbers were
called and at least two controls could not be enrolled,
the case was not included in the analysis. The study
continued until 75 sets of participants were enrolled
(i.e. one CA-MRSA case and at least two CA-MRSA
uninfected community controls; one CA-MSSA case
and two CA-MSSA uninfected community controls),
amounting to 6-8 participants per set; only complete
sets were included in the analysis. For cases, enrol-
ment began 1 February 2003 and was completed
15 June 2005 ; community control enrolment began on
1 April 2003 and was completed 30 January 2006.

Cases and controls were interviewed by study
investigators to confirm study eligibility and obtain
information regarding their health history and poten-
tial risk factors. For uninfected community controls,
the matched case’s culture date was used as the refer-
ence date. To determine possible risk factors for
CA-MRSA and CA-MSSA infections, questions were
asked regarding demographic and household charac-
teristics as well as recreational, social, and bathing
practices. Participants were also asked questions
about their health history and the health history of
household members. For participants who were aged
<18 years, highest education level of the parent or
guardian who was interviewed was used as a proxy for
educational level. Participants were asked to identify
their race and ethnicity according to categories used
by the 2000 U.S. Census Bureau.

To obtain antimicrobial histories, participants
were asked to identify their primary healthcare pro-
viders and all other healthcare providers visited in
the 6 months prior to the reference date. Healthcare
providers supplied information on antimicrobial use,
including antimicrobial name and date of prescription
for all antimicrobials prescribed in the relevant time
period. Cases and controls for whom an antimicrobial
history could not be obtained were not included in
the analysis of antimicrobial use but were included
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in the analysis of other risk factors. Antimicrobials
prescribed in the 0—30 days prior to culture were not
included because we did not ascertain the reason for
prescribing and could not exclude the possibility
that the reason for the antimicrobial was treatment
of the index S. aureus infection prior to obtaining
cultures.

Consent was required for participation in the study
for CA-MSSA cases and MSSA isolates, controls
and a separate consent was required to obtain anti-
microbial history. The study was approved by Insti-
tutional Review Boards at the MDH, CDC and
participating hospitals.

Laboratory testing

MDH-PHL confirmed and characterized study iso-
lates received. Identification of S. aureus was con-
firmed with a tube coagulase test (Difco Laboratories,
USA), oxacillin resistance was confirmed using an
oxacillin agar screen test (Becton Dickinson, USA)
and antimicrobial susceptibility testing was performed
by broth microdilution panel (PML Microbiologicals,
USA). All testing was performed in accordance with
Clinical and Laboratory Standards Institute stan-
dards [18, 19].

Molecular typing of isolates was performed by
pulsed-field gel electrophoresis (PFGE) of genomic
DNA after restriction endonuclease digestion with
Smal. PFGE patterns were compared using Bio-
numerics Software (Applied Maths, Belgium) and the
Dice coefficient with optimization of 0-50 % and pos-
ition tolerance of 1-00%. Patterns that had exact
matches of all bands in the range of 70-700 kb were
considered indistinguishable. CA-MRSA isolates at
least 80 % similar to the pulsed-field type (PFT) ref-
erence strain were considered to be part of that PFT
[20, 21].

Polymerase chain reaction (PCR) was used to
determine the presence of Panton—Valentine leuko-
cidin (PVL), toxic shock syndrome toxin—1 (TSST-
1), and staphylococcal enterotoxin genes SEA, SEB,
SEC, SED, SEK, and SEQ. One loopful of culture
from TSA blood agar plate or glycerol stock was
added to 200ul DNAzol (Molecular Research
Corporation, USA) solution and boiled for 15 min.
The suspernatant was transferred to a Qiagen PCR
Purification column, and the manufacturer’s instruc-
tions were followed. An iCycler (Bio-Rad, USA)
thermocycler was used for amplification with the
following conditions: 95°C for 15 min, 35 cycles
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of 95°C for 1 min, 52 °C for 1 min and 72 °C for
1 min, with a final extension at 72 °C for 10 min. PCR
primers for PVL [22], SEA-D [23], SEK [24], SEQ [25]
and TSST-1 [23] were as previously described. A
TSST-1 primer sequence was designed to include
more recently published sequences. The TSST-1 pri-
mer sequence was 5-ATT CCT TAG GAT CTA
TGC GTA T-3". The PCR products were analysed
by electrophoresis with 2% agarose gels and viewed
with ethidium bromide stain.

Statistical methods

Three separate analyses were conducted: (1) com-
parison of CA-MRSA cases to matched CA-MSSA
cases; (2) comparison of CA-MRSA cases to matched
CA-MRSA community controls; and (3) comparison
of CA-MSSA cases to matched CA-MSSA com-
munity controls. Univariate analysis evaluated the
difference between CA-MRSA and CA-MSSA iso-
lates using Epi Info version 6.04d (CDC, USA) and
were not analysed as matched sets.

Multivariate stepwise conditional logistic re-
gression of potential risk factors was conducted using
SAS version 9.1 (SAS Institute Inc., USA) PrROC GLM.
First, a stepwise model was analysed to determine
which confounding socio-economic variables to con-
trol for in the model with possible risk factors. Socio-
economic variables included were income, education,
and race (white vs. non-white). After evaluating fit,
income and education variables were grouped and
included in the multivariate model as continuous
variables. Socio-economic variables with an a of
<0-10 were entered into the model to analyse risk
factors. Possible risk factors with an a of <0-10 in the
univariate analysis and interaction terms were further
tested in the second multivariate model, again using
stepwise conditional logistic regression.

RESULTS

During the study period, a total of 246 CA-MRSA
cases were identified as eligible through medical re-
cord review. One hundred and sixty CA-MRSA cases
were enrolled in the study and completed interviews;
42 (17%) CA-MRSA cases could not be reached,
22 (9%) cases refused study participation, and
an additional 22 (9%) cases were reclassified as
HA-MRSA after answering study eligibility ques-
tions. Interviews were completed with 90 CA-MSSA
cases. Because consent was obtained by participating
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Table 1. Demographic, recreational, and household characteristics of CA-MRSA and CA-MSSA cases, and

uninfected controls

CA-MRSA CA-MSSA
CA-MRSA CA-MSSA community community
cases (n=75) cases (n="75) controls (n=226) controls (n=212)
Characteristic No. (%) No. (%) No. (%) No. (%)
Male 32 (43) 29 (39) 88 (39) 90 (43)
Non-white race 25 (33) 14 (19) 23 (10) 33 (16)
Hispanic 7(09) 7(9) 10 (4) 3(1)
< High school education* 35(47) 17 (22) 49 (22) 44 (21)
Annual household income <US$30000 36 (48) 19 (26) 50 (22) 26 (12)
Median household members per bedroom 17 12 12 12
Swam in the ocean 3(4) 12 (23) 35(15) 28 (13)
Participated in a team sport 12 (16) 15 (20) 59 (26) 50 (23)
Participated in football or wrestling 9(12) 79) 38 (17) 33 (16)
Lived in a group setting for >2 weeksT 6 (8) 0 4(2) 2(1)
Dog in the home 18 (24) 32 (43) 95 (42) 85 (40)
Attended childcare] 18 (56) 21 (60) 28 (29) 44 (47)
Reported sharing towels§ 25 (33) 14 (19) 65 (29) 55 (26)
Used antimicrobial soap§ 26 (35) 29 (38) 84 (37) 66 (31)
Smoker in the household§ 37 (49) 19 (25) 57 (25) 55 (26)
Job in healthcarel|| 4 (16) 6 (24) 15 (21) 17 (27)

* If participant is aged < 18 years, highest level of education of parent/guardian.
1 Group settings included shelters, military barracks, dormitories, and prisons.

1 Number (%) for participants aged <9 years only.

§ Reference period of 1 year prior to culture date for cases and 1 year prior to culture date of matched case for community

controls.

I Reference period 5 years prior to culture date for case and 5 years prior to culture date of matched case for community

controls; number (%) for participants aged > 16 years only.

hospitals prior to MDH contacting CA-MRSA cases,
the total number of potentially eligible CA-MSSA
cases who refused participation or were lost to follow-
up was unknown. Eighty-five CA-MRSA cases and
15 CA-MSSA cases were enrolled in the study but
were not included in the analysis because 75 sets were
already identified and controls were not obtained for
these cases.

A total of 75 sets that included 75 CA-MRSA cases,
75 CA-MSSA cases, and 438 uninfected community
controls (226 CA-MRSA community controls and
212 CA-MSSA community controls), were analysed.
Eighty percent of cases had SSTIs, 13% had non-
SSTI/non-invasive infections and the remaining 7 %
of cases had invasive infections. The average age of
CA-MRSA cases was 24 years (range 8 days to 87
years); 48% of cases were identified by paediatric
hospitals; age group-matched CA-MSSA cases and
controls had an average age of 22 years (range 7 days
to 95 years).

Results of demographic, recreational and house-
hold characteristics for study participants are
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reported in Table 1. Antimicrobial use history in the
6 months prior to culture date (or reference date
for community controls) were obtained from health-
care providers for 97 % of CA-MRSA cases, 93 % of
CA-MSSA cases, 75% of uninfected CA-MRSA
community controls, and 73% of uninfected CA-
MSSA community controls. Responses to medical
history questions are displayed in Table 2.
Non-white race and other socio-economic variables
were found to be associated with staphylococcal
infections. CA-MRSA cases were more likely to be
non-white race, have lower educational levels, lower
household incomes, and an increased number of
household members per bedroom than CA-MSSA
cases or uninfected CA-MRSA community controls.
CA-MRSA infections were also found to be associ-
ated with certain household practices and character-
istics compared to CA-MRSA cases and community
controls. CA-MSSA cases were more likely to be
non-white, have Hispanic ethnicity, have lower in-
comes, attend childcare or have lived in group settings
than were uninfected CA-MSSA community controls.
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Table 2. Clinical characteristics of CA-MRSA and CA-MSSA cases, and uninfected controls
CA-MRSA CA-MSSA
CA-MRSA CA-MSSA community community
cases (n=75) cases (n=175) controls (n=226) controls (n=212)

Characteristic No. (%) No. (%) No. (%) No. (%)
Antimicrobial history obtained 73 (97) 70 (93) 167 (75) 154 (73)
Antimicrobial 1-6 months 23 (32) 12 (17) 23 (14) 30 (19)

prior to culture*
History of skin problems 38 (41) 32 (42) 56 (25) 44 (21)
History of boils 8(11) 1(1) 2(1) 1(<1)
History of eczema 10 (13) 11 (15) 28 (12) 17 (8)
History of asthma 10 (13) 14 (19) 27 (12) 15 (8)
Hospitalized in past 5 years 12 (16) 20 (27) 47 (21) 49 (23)
Household member 8 (11) 5() 19 (9) 15 (8)

history of MRSA
Household member history 20 (27) 24 (32) 63 (30) 47 (22)

of skin problems
Household member 6 (8) 0 3(1) 0

history of boils
Household member had 21 (28) 11 (15) 35(15) 32 (15)

surgery in past year
Household member hospitalized 27 (36) 16 (21) 41 (18) 36 (17)

in past year

* For community controls, culture date of the matched case was used as the reference date.

CA-MRSA and CA-MSSA cases more frequently re-
ported a history of skin problems and boils compared
to community controls; CA-MRSA infections were
also associated with having an antimicrobial pre-
scribed in the 1-6 months prior to culture compared
to both CA-MSSA cases and community controls
(Table 3).

Multivariate analyses of CA-MRSA cases com-
pared to CA-MSSA cases and community controls
were adjusted for income and education (Table 4).
In both models, history of antimicrobial use in the
1-6 months prior to the reference date was associated
with CA-MRSA cases compared to CA-MSSA cases
and uninfected CA-MRSA community controls. Ad-
ditionally, CA-MRSA cases were more likely to have
a history of boils and have a smoker in the home than
were uninfected CA-MRSA community controls.
When adjusted for race, a history of skin problems
was associated with an increased risk of CA-MSSA
infection compared to uninfected CA-MSSA com-
munity controls.

MDH received isolates for 69 (92 %) of CA-MRSA
cases and 53 (71 %) of CA-MSSA cases. Culture site
of isolates received was similar to the distribution
of culture sites in all cases. Of the CA-MRSA iso-
lates received, 77% were from SSTIs, 17% from
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non-SSTI/non-invasive sites and 6% from invasive
sites; of the CA-MSSA isolates received 81 % were
from SSTIs, 15% from non-SSTI/non-invasive sites
and 4% from invasive sites. Molecular differences
were observed between CA-MRSA and CA-MSSA
isolates and the distribution of PFTs and toxin genes
for CA-MRSA and CA-MSSA isolates are shown
in Tables 5 and 6, respectively. Forty-nine (71 %)
CA-MRSA isolates carried genes for PVL and SEQ
compared to two (3%) CA-MSSA isolates (OR
41-2, P<0-01). Thirty-one (45 %) CA-MRSA isolates
carried genes for PVL, SEQ, and SEK whereas only
one (2 %) CA-MSSA isolate carried these toxin genes
(OR 432, P<0-01). TSST-1 and SEB toxins were
less likely to be present in CA-MRSA isolates com-
pared to CA-MSSA isolates (OR 0:04, P<0-01 and
OR 0-20, P=0-04, respectively). Only three (4%)
CA-MRSA isolates did not contain any of the toxin
genes tested; 14 (26%) CA-MSSA isolates did not
contain any of the toxin genes tested (OR 0-03,
P<0-01).

Seventy percent (48/69) of CA-MRSA isolates were
USA300 (n=30) or USA400 (n=18), PFTs that are
typically associated with CA-MRSA, compared to
11% (6/54) of CA-MSSA isolates. For CA-MRSA
and CA-MSSA isolates combined, USA300 and
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Table 3. Univariate analysis results for CA-MRSA and CA-MSSA cases, and uninfected controls

CA-MRSA cases vs. CA-MRSA cases vs. CA-MSSA cases vs.

CA-MSSA cases CA-MRSA CC CA-MSSA CC
OR P value OR P value OR P value

Non-white race 2-8 <0-01 4-4 <0-01 2:4 0-03
Hispanic 1-0 1-00 04 0-11 9-0 0-01
< High school education* 30 <0-01 31 <001 1-1 0-73
Household annual income <US$30000 3-8 <0-01 4-4 <0-01 2:4 0-03
Household members per bedroom 2-1 <0-01 19 <0-01 1-4 0-67
Swam in the oceant 02 0-05 11 0-31 1-0 093
Participated in a team sportf} 13 0-53 12 0-39 12 0-53
Lived in a group settingti 0 0-99 39 0-02 1-0 0-97
Dog in the home 06 0-02 0-6 0-01 09 0-69
Attended childcaret 1-1 0-71 1-3 0-01 0-8 0-40
Shared towelsT 2-4 0-04 1-1 0-40 1-1 0-78
Used antimicrobial soap¥ 1-0 0-62 1-0 0-72 1-1 0-42
Household member in childcaret§ 0-8 048 07 0-37 1-1 0-53
Household member is a smokerf 2:0 <0-01 20 <0-01 1-1 0-47
Job in healthcarel|| 1-3 0-71 Und. Und. Und. Und.
Antimicrobials 1-6 months prior to culture 22 0-05 29 <0-01 09 0-68
History of skin problemst 1-1 0-79 1-1 0-01 1-8 <0-01
History of boilst 87 0-04 132 <001 2-8 0-46
History of eczemat 09 0-81 1-0 0-83 20 0-10
History of asthma 0-7 0-38 1-1 0-75 2-8 0-01
Household member with surgeryf 1-5 0-05 1-0 0-92 10 1-0
Household member hospitalized 0-8 0-35 07 0-25 1-0 0-83

OR, Odds ratio; CC, uninfected community control; Und, undefined.

* If participant is < 18 years old, highest level of education of parent/guardian.

1 In the year prior to culture or reference date.

1 Group settings included shelters, military barracks, dormitories, and prisons.

§ Number (%) for participants aged <9 years only.

I Reference period 5 years prior to culture date for case and 5 years prior to culture date of matched case for community
controls; number (%) for participants aged > 16 years only.

USAA400 isolates were more likely to contain the PVL
gene (OR 74:6, P<0-:01 and OR 7-8, P<0-01, re-
spectively) compared to other isolates. USA400 iso-
lates were more likely than other isolates to have
genes for SEA and SEC toxins (OR 30-0, P<0-01 and
OR 572-3, P<0-01); whereas USA300 isolates were
less likely to contain genes for SEA or SEC toxins
(OR 0, P<0-01 for both toxins) and less likely to
contain the TSST-1 toxin gene (OR 0, P=0-02).
USA100 and USA200 isolates, PFTs that are typi-
cally associated with HA-MRSA strains, were less
likely than isolates of other PFTs to contain PVL
genes (OR 0-01, P<0-01 for both genotypes).
USA100 isolates were more likely to contain SED
toxin genes (OR 8:2, P<0-01) than isolates from
other PFTs and USA200 isolates were more likely to
have SEA (OR 39, P=0-05) and TSST-1 toxin genes
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(OR 51:0, P<0-01) compared to isolates from other
PFTs.

DISCUSSION

To the best of our knowledge, this is the first risk-
factor study of S. aureus infection in non-outbreak
cases that compared CA-MRSA and CA-MSSA in-
fections and used two control groups to analyse
potential risk factors associated with CA-MRSA and
CA-MSSA infections. We found that CA-MRSA in-
fections were associated with prior antimicrobial use
compared to both CA-MSSA cases and uninfected
community controls. To provide further support for
the association between prior antimicrobial use and
CA-MRSA infection, prior antimicrobial use was
not associated with CA-MSSA when compared to
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Table 4. Multivariate analysis results for CA-MRSA and CA-MSSA cases, and uninfected controls

CA-MRSA cases vs. CA-MRSA cases vs. CA-MSSA cases vs.

CA-MSSA cases* CA-MRSA CC* CA-MSSA CCt

aOR P value aOR P value aOR P value
Antimicrobials 1-6 months prior to culture 17 0-07 1-8 0-04 — —
History of boils] — 1-6 0-03 — —
Household member smoker — 1-3 0-05 — —
History of skin problems] — — — 15 <0-01

aOR, Adjusted odds ratio; CC, uninfected community control; n.s., not significant defined as P> 0-10.

* Controlled for income and education.
1 Controlled for race.
1 In the year prior to culture or reference date.

Table 5. USA genotypes of CA-MRSA and
CA-MSSA isolates

Table 6. Toxin profiles of CA-MRSA and
CA-MSSA isolates

CA-MRSA CA-MSSA CA-MRSA CA-MSSA
isolates isolates isolates isolates
(n=69) (n=53) Odds P (n=069) (n=53) Odds P
Genotype No. (%) No. (%) ratio value Toxin No. (%) No. (%) ratio value
USA100 11 (16) 1(2) 2742  <0-01 PVL 53 (77) 7 (13) 21-8 <001
USA200 0 12 (23) 0 <0-01 TSST-1 1(1) 15 (28) 04 <0-01
USA300 30 (43) 4(8) 94 <001 SEA 17 (25) 11(21) — n.s.
USA400 18 (26) 2(4) 90 <0-01 SEB 2 (3) 7 (13) 02 0-04
USAS500 5(7) 24 — n.s. SEC 17 (25) 1(2) 170  <0-01
USA600 0 4 (8) 0 0-03 SED 14 (20) 4(8) — n.s.
USA700 0 1(2) — n.s. SEK 40 (58) 19 (36) 25 0-03
USAS800 4 (6) 0 — n.s. SEQ 50 (73) 8 (15) 148 <001
PFGE not 1(1) 27 (51) 0-01 <0-01
in a USA PVL, Panton—Valentine leukocidin; TSST-1, toxic shock
genotype syndrome toxin-1; SE, staphylococcal enterotoxin; n.s., not

n.s., Not significant.

uninfected community controls. This was in contrast
to a history of skin problems, which was a risk factor
for both CA-MRSA and CA-MSSA infections. It is
possible that prior antimicrobial use might provide
positive selective pressure for MRSA strains.

Prior antimicrobial use as a risk factor for CA-
MRSA has been examined by other studies. However,
because of differences in the populations studied,
control groups, and methods it is difficult to compare
findings. Studies from outbreak settings have found
that prior antimicrobial use was associated with
CA-MRSA infection and CA-MRSA colonization
[13—15]. However, these studies examined risk factors
for CA-MRSA outbreak-related infections in de-
fined populations. A few studies have been performed
comparing prior antimicrobial use in CA-MRSA
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significant.

cases to CA-MSSA cases. A study in Los Angeles
County found no association between prior anti-
microbial use and CA-MRSA but did find that recent
incarceration (Los Angeles County was experiencing
a large county jail outbreak at the time) and use of
illicit drugs increased risk [26]. Although our study
and the Los Angeles County study are similar in
ascertaining cases through outpatient clinics and
hospitals, the populations of these studies differ. Los
Angeles County excluded paediatric cases from their
primary analysis, whereas almost half of our cases
(and controls) were children. Because other studies
have found associations between CA-MRSA and
incarceration and drug use [26-28], participants in
our study were questioned regarding incarceration
and drug use, but no participants reported exposure
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to either. A case-control study conducted by Texas
Children’s Hospital in Houston comparing CA-
MRSA to CA-MSSA infections did not find prior
antimicrobial use to be associated with CA-MRSA ;
however, antimicrobial history was ascertained by
parent/guardian interview only [29]. Other studies
with methods similar to those used here have ob-
served associations between prior antimicrobial use
and CA-MRSA infections compared to CA-MSSA
infections [30, 31] and CA-MRSA infections to un-
infected controls [32].

Although both CA-MRSA and CA-MSSA cases
were more likely than uninfected community controls
to be non-white and have lower household incomes,
CA-MRSA cases were more likely to have these
demographic features. The reasons for these differ-
ences are unknown but they have been demonstrated
in previous studies [27, 29, 30, 32].

Having a smoker in the home was significantly
associated with CA-MRSA infection compared to
uninfected CA-MRSA community controls in the
multivariate model. Passive exposure to cigarette
smoke has been observed as a risk factor for bacterial
infections [33]. Maternal smoking has previously been
identified as a risk factor for CA-MRSA colonization
in patients in intensive-care nurseries [34]. How-
ever, there are notable differences between our study
population and intensive-care nursery patients and
findings from one study may not be generalizable
to the other. Other studies of S. aureus colonization
have found higher colonization rates in participants
who are smokers and participants passively exposed
to cigarette smoke [35, 36], thought to be due to
changes in the respiratory mucosa. Having a house-
hold member who was a smoker rather than the par-
ticipant’s smoking habits may have been associated
with CA-MRSA in our study because of the high
proportion of participants who are young children
and are therefore unlikely to be smokers themselves.
The association between household smoking and
CA-MRSA needs further study, particularly because
we did not observe any association between CA-MSSA
and household smoking.

We asked extensive questions about the healthcare
exposures of study participants and their household
members. After controlling for socio-economic vari-
ables, we did not find an association between health-
care exposures and CA-MRSA infection. Other
variables found to be associated with CA-MRSA in
a univariate analysis were not associated using a
multivariate model.
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It is notable that 69 % of the strains associated with
CA-MRSA cases in our study were USA300 and
USA400, which contain PVL. Although the site of
infection was matched, most of the MSSA strains we
evaluated did not contain PVL. The specific role of
PVL in S. aureus disease is currently an area of in-
tensive research. Although PVL has a known associ-
ation with skin abscesses [17, 37, 38], its role and the
role of other staphylococcal toxins in the virulence
of CA-MRSA strains such as USA300 is still being
evaluated [39]. Sixteen percent of isolates classified
as CA-MRSA were USA100, which is typically as-
sociated with HA-MRSA [17]. This highlights the
difficulty of defining CA-MRSA by epidemiological
criteria as CA-MRSA strains are now often ident-
ified in healthcare settings and healthcare-associated
strains are increasingly identified in patients meeting
CA-MRSA criteria [12, 40].

A self-reported history of skin problems was as-
sociated with both CA-MRSA and CA-MSSA infec-
tions compared to community controls. However,
unlike other studies [41], we did not find specific
skin problems associated with either CA-MRSA or
CA-MSSA. This may be because cases reported their
current infection as a history of skin problems or be-
cause our definition of skin problems lacked speci-
ficity.

Our study has several limitations. First, the study
was designed to be hypothesis-generating, not hypo-
thesis-testing. Numerous potential risk factors were
tested and specific details were not obtained for
each risk factor. For example, we did not collect the
reason, dose or duration of antimicrobial prescribed
or if the patient filled and completed the prescription.
We did ascertain the type of the antimicrobial pre-
scribed; however, our study did not have enough
statistical power to determine if certain antimicrobial
classes other than f-lactams were associated with
CA-MRSA (e.g. macrolides) and if other classes were
not. We also limited the analysis to antimicrobials
used 1-6 months prior to culture, excluding those
prescribed within 30 days of culture because anti-
biotics given at that time may have been used to treat
the current staphylococcal infection. However, ex-
cluding that time period did not allow us to evaluate
it. Because the study was intended to be hypothesis-
generating and the sample size was relatively small,
further study of risk factors found to be associated
with CA-MRSA should be conducted. Most infec-
tions were SSTIs, and although the distribution of
infection sites in our study is similar to that seen
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elsewhere for CA-MRSA [42, 43], our results are not
generalizable to cases with invasive infections.

Conclusions regarding differences between CA-
MRSA and CA-MSSA and community controls
may be limited. Persons with recent S. aureus infec-
tions may be more likely to remember previous skin
problems or providers seen in the 6 months before
their infection and this may have influenced results.
Because fewer CA-MRSA and CA-MSSA community
controls than cases permitted us to obtain antimicro-
bial history, antimicrobial use may be underreported
in community controls. However, there were no sig-
nificant differences in the proportion of CA-MRSA
community controls and CA-MSSA community con-
trols for whom we obtained antimicrobial history. We
do not have information on patients with CA-MSSA
infection who did not consent to have their records
released to MDH or information on households
who refused participation as community controls.
Participation bias may have influenced our findings,
especially with respect to associations between socio-
economic factors and the risk of infection.

Over the past decade, CA-MRSA has evolved from
an emerging infection to one that is commonly seen in
all healthcare practice settings and in patients in all
socio-economic strata. Although treatment options
are available, there is evidence that resistance to ad-
ditional antimicrobial classes is emerging [43-45].
If this trend continues, providing effective treat-
ment will become increasingly difficult. Judicious
antimicrobial use must continue to be emphasized
in clinical care and clinicians as well as the public
need ongoing education about the risks of inappro-
priate use of antimicrobials. In addition, continued
emphasis on optimal hygiene and wound care to
prevent transmission of all pathogens should be
encouraged.
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