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SUMMARY

Suppurative methicillin-resistant Staphylococcus aureus (MRSA) skin infections are common

and associated with MRSA colonization, but little is known about non-suppurative cellulitis and

its relationship with MRSA colonization in areas endemic for community-associated MRSA.

We prospectively enrolled patients hospitalized for non-suppurative cellulitis (n=50) and

matched controls (n=100) and found S. aureus colonization was similar in cases and controls

(30% vs. 25%, P=0.95). MRSA was uncommon in cases (6%) and controls (3%) (P=0.39). All

MRSA isolates were USA300 by pulsed-field gel electrophoresis. Independent risk factors for

non-suppurative cellulitis were diabetes (OR 3.5, 95% CI 1.4–8.9, P=0.01) and homelessness in

the previous year (OR 6.4, 95% CI 1.9–20.9, P=0.002). These findings suggest that MRSA may

only rarely be causative of non-suppurative cellulitis.

Key words: Epidemiology, methicillin-resistant S. aureus (MRSA), skin infections, staphylococcal
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INTRODUCTION

Cellulitis is a common inflammatory skin and soft

tissue infection that is sometimes accompanied by

purulent collections of pus (abscesses) [1]. Skin and

soft tissue infections are associated with 869 000 hos-

pitalizations annually in the USA [2]. Data from the

National Ambulatory Medical Care Survey found

that ambulatory care visits to emergency departments

and physicians’ offices for abscess/cellulitis infections

had increased 88% from 8.6 million in 1997 to

14.2 million visits in 2005 [3]. The true incidence and

prevalence of cellulitis with and without abscess is

difficult to estimate because the International Classi-

fication of Diseases, Clinical Modification, Ninth

Revision (ICD-9-CM) does not distinguish between

cellulitis and abscess.

Methicillin-resistant Staphylococcus aureus

(MRSA) has become the predominant S. aureus strain

causing community-associated skin infections in

many places in the world, including the USA, with a

prevalence exceeding that of methicillin-susceptible

S. aureus (MSSA) [4, 5]. MRSA skin infections are

common, and in our medical centre [6] and region

(Los Angeles County) [7, 8] and in patients with
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suppurative infection, MRSA colonization is gener-

ally high (31–34%) [9, 10] in contrast to much lower

rates (1.2–3.0%) in the general population [11–14].

Cellulitis is typically caused by S. aureus or group A

streptococci [1] but a recent systematic review of

the literature on the aetiology of non-suppurative

cellulitis demonstrated that S. aureus is the most

commonly identified pathogen and almost twice as

prevalent as group A streptococci [11]. While colon-

ization with S. aureus is a recognized risk factor for

S. aureus infection [12, 13], there are no data specifi-

cally on the relationship between non-suppurative

cellulitis (for which skin cultures are rarely done) and

S. aureus body colonization. Although case-control

studies have found that obesity, previous history of

infection, and homelessness are risk factors for non-

suppurative cellulitis [14–17], none have employed

epidemiological surveys in their investigation or

examined the role of S. aureus body colonization.

Given the frequency of S. aureus in non-

suppurative cellulitis [11] and that MRSA coloniz-

ation is common in patients with suppurative MRSA

skin infection [6, 9, 10, 12, 18], we hypothesized that

patients hospitalized for non-suppurative cellulitis

were more likely to be colonized with S. aureus and

MRSA compared to matched controls. We examined

this association and other hypothesized risk factors of

patients hospitalized for non-suppurative cellulitis

using a prospective case-control design.

METHODS

Study design

The investigation took place at Harbor–UCLA

Medical Center, a 400-bed tertiary-care county hos-

pital, from April 2008 to January 2009. Cases were

identified via daily screening of the emergency de-

partment and urgent-care clinic by research co-

ordinators. Enrolment was further enhanced with

fliers asking emergency-department and urgent-care

clinic personnel to contact the research coordinators

if they saw a new patient with cellulitis. Cases were

eligible for the study if they were being admitted to the

medical centre. All diagnoses of non-suppurative

cellulitis were confirmed by an attending dermatol-

ogist. Patients with skin infections that could be

cultured (e.g. abscess, furuncle, carbuncle) or with

documented or suspected deep or invasive skin infec-

tion (e.g. osteomyelitis, necrotizing fasciitis) were

excluded. Controls were identified by screening

in-patient wards for eligible patients. Two controls

were matched to each case on age (¡5 years), eth-

nicity, and gender. Eligible controls were excluded

from participating if they had an active skin or

S. aureus infection or had been hospitalized for>72 h.

This investigation was approved by the Los Angeles

Biomedical Research Institute at Harbor–UCLA

Medical Center Institutional Review Board.

Data collection

A standardized instrument that used items from a

previously published investigation of risk factors for

skin infections was used to assess risk factors for

cellulitis [4]. Based on data suggesting that nasal col-

onization alone is insensitive for detecting S. aureus

body colonization [6], we collected nasal and inguinal

culture swabs to test for the presence of S. aureus

from cases and controls.

Microbiological tests and molecular analysis

Culture swabs were transported immediately to the

microbiology laboratory and enriched in trypticase

soy broth with 7% sodium chloride overnight

at 35 xC. The broth was subcultured to BBL

CHROMagar S. aureus and MRSA plates (BD

Diagnostics, USA) and incubated aerobically for 24 h

at 35 xC. Isolates were confirmed as S. aureus by the

catalase test and StaphAureux test (Remel, USA).

MRSA isolates, confirmed using CHROMagar

MRSA plates, were subcultured twice for purity.

DNA was extracted, digested with SmaI, and sub-

jected to pulsed-field gel electrophoresis (PFGE) as

previously described [19]. DNA profiles were analysed

using GelCompar software (Applied Maths, USA)

and a reference database from the Centers for Disease

Control and Prevention (CDC) containing the USA

type strain patterns was used to assign the pulsed-field

type (PFT).

Data analysis

Bivariate analysis was used to compare variables from

the risk-factor questionnaire hypothesized to be as-

sociated with non-suppurative cellulitis in cases and

controls. Bivariate analyses were assessed using odds

ratios (OR) adjusted for 2:1 matching of controls to

cases, 95% confidence intervals (CI), and the associ-

ated P values. All variables with a P value f0.20 in

the bivariate analysis were included in a multivariate

S. aureus colonization and cellulitis 607

https://doi.org/10.1017/S0950268810001408 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268810001408


logistic regression analysis predicting cellulitis using

standard modelling procedures [20]. Multicollinearity

for the logistic regression model was assessed by con-

dition indices andvariance decomposition proportions

using a macro developed for use with the SAS system.

Backwards elimination was performed using the

Likelihood Ratio test to find the best model. Models

were examined for goodness of fit using the Hosmer–

Lemeshow statistic. All variables were considered sig-

nificant at the a=0.05 level. Data analyses were per-

formed using SAS version 9.1.3 (SAS Institute, USA).

RESULTS

In total, 185 patients were enrolled (Fig. 1). Some

enrolled patients were excluded from analysis for the

following reasons : 29 cases were deemed as non-

cellulitis skin conditions by the attending dermatol-

ogist ; two cases had concomitant abscesses; one case

was enrolled twice (the second instance was excluded

from analysis) ; and three controls were incorrectly

matched and not used in the analysis.

The data for 50 non-suppurative cellulitis cases

along with 100 matched controls were analysed. The

mean age of cases was 40 years (median 42 years,

range 2–83 years), 58% were male, and 56% were

Hispanic, 16% of cases were African-American,

16% were Caucasian, and 12% were of other race/

ethnicity. A representative case is shown in Figure 2.

The results for the bivariate analysis are summar-

ized in Table 1. Thirty percent (15/50) of cases and

25% (25/100) of controls were colonized with S. aur-

eus (P=0.51). MRSA colonization was 6% (3/50) in

cases and 3% (3/100, OR 2.0, 95% CI 0.41–10.0,

P=0.39) in controls. In the bivariate analysis, dia-

betes (OR 3.3, 95% CI 1.4–7.8), use of antibiotics in

the previous 12 months (OR 4.0, 95% CI 1.003–16.0),

and homelessness in the previous 12 months (OR 6.3,

95% CI 2.1–19.3) were all found to be associated

with cellulitis (Pf0.05). Previous cellulitis was more

common in cases (11/50, 22%) compared to controls

(1/100, 1%) (we were unable to calculate ORs due to

81 patients
enrolled with

suspected
cellulitis*

103 patients
enrolled

as controls

2 patients
excluded

from analysis
(concomitant
abscess)    

29 patients
excluded (non-
cellulitis skin
conditions†)

50 cases with
cellulitis†

100
controls‡  

3 patients
excluded

(incorrectly
matched)

35/50 (70%)
not S. aureus

colonized

15/50 (30%)
S. aureus
colonized

75/100 (75%)
not S. aureus

colonized

25/100 (25%)
S. aureus
colonized

185 patients
enrolled in the
investigation 

1 patient’s 2nd 
observation 

excluded because 
enrolled twice

Fig. 1. Enrolment of subjects for prospective case-control study. * Diagnosed by the treating physician in the emergency

department or urgent-care clinic. #Determined by the attending dermatologist. $Matched by age, race/ethnicity, and gender
(see text for details).

Fig. 2. Representative patient with non-suppurative cellu-

litis (of the foot).
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the sparse data in the individual strata). Using an

unmatched analysis, previous cellulitis was a predic-

tor of acute non-suppurative cellulitis (OR 28.7, 95%

CI 3.6–229.6).

When examining predictors of S. aureus coloniz-

ation, we found no significant interaction between

S. aureus colonization and diabetes, antibiotic use, or

homelessness. In the multivariate logistic regression

model of cellulitis, diabetes (OR 3.5, 95% CI 1.4–8.9,

P=0.01) and homelessness (OR 6.4, 95% CI

1.9–20.9, P=0.002) were found to be independently

associated with non-suppurative cellulitis.

We recovered eight MRSA isolates for PFGE

typing [from three cases (n=4) and from three con-

trols (n=4), Table 1] and all isolates were strain type

USA300 (Fig. 3). The two patients with MRSA

Table 1. Bivariate analysis of non-suppurative cellulitis cases compared to controls

Variable All (%)
Cases (%)
n=50

Controls (%)
n=150

Adjusted OR
(95% CI) P value

Nasal colonization

Any S. aureus 37 (24) 12 (24) 25 (25) 0.97 (0.44–2.2) 0.95
MRSA 3 (2) 2 (4) 1 (1) 4.0 (0.4–44.1) 0.26

Inguinal colonization
Any S. aureus 14 (10) 7 (15) 7 (7) 2.3 (0.77–7.1) 0.14

MRSA 5 (3) 2 (4) 3 (3) 2.0 (0.3–14.2) 0.49

Nasal or inguinal colonization
Any S. aureus 40 (27) 15 (30) 25 (25) 1.2 (0.6–2.7) 0.51
MRSA 6 (4) 3 (6) 3 (3) 2.0 (0.41–10.0) 0.39

Education

Did not complete high school 66 (44) 24 (50) 42 (42) Ref.
Completed high school 41 (27) 13 (27) 28 (28) 0.81 (0.33–2.0) 0.64
Some college 25 (17) 4 (8) 21 (21) 0.36 (0.10–1.3) 0.11
Completed college 16 (11) 7 (15) 9 (9) 1.1 (0.32–3.9) 0.87

Comorbidities

Diabetes 37 (25) 19 (38) 18 (18) 3.3 (1.4–7.8) 0.007

HIV infected 0 (0) 0 (0) 0 (0) – –
Eczema or psoriasis 10 (7) 3 (6) 7 (7) 0.86 (0.22–3.3) 0.82

Housing density

Mean¡S.D. 1.8¡0.91 1.8¡0.79 1.7¡0.96 0.96 (0.60–1.5) 0.85
Median (range) 1.6 (0.3–6.0) 1.8 (0.3–4.0) 1.5 (0.5–6.0)

In the previous 12 months
Previous cellulitis infection 12 (8) 11 (22) 1 (1) –* 0.99

Use of antibiotics 9 (6) 6 (12) 3 (3) 4.0 (1.0–16.0) 0.0499

Hospitalization 46 (31) 14 (29) 32 (32) 0.87 (0.42–1.8) 0.71
Surgery 23 (15) 9 (18) 14 (14) 1.4 (0.54–3.6) 0.52

Long-term care facility 4 (3) 2 (4) 2 (2) 2.0 (0.28–14.2) 0.49
Homelessness 20 (13) 14 (29) 6 (6) 6.3 (2.1–19.3) 0.001

Jail/incarceration 20 (14) 5 (11) 15 (15) 0.61 (0.87–1.9) 0.35
Drug use 43 (30) 14 (32) 29 (29) 1.3 (0.5–3.3) 0.62

Behaviour
Participated in contact sports 7 (6) 3 (8) 4 (4) 3.0 (0.50–17.9) 0.23
Re-wore clothing without washing 123 (83) 38 (78) 85 (86) 0.61 (0.67–1.4) 0.24
Wore unwashed clothing 64 (43) 21 (43) 43 (43) 1.0 (0.48–2.1) 0.99

Wore someone else’s unwashed clothing 12 (8) 7 (14) 5 (5) 2.8 (0.89–8.8) 0.08
Used a towel someone else used 34 (23) 10 (20) 24 (24) 0.78 (0.33–1.9) 0.57
Shared razors 15 (10) 5 (10) 10 (10) 1.0 (0.32–3.2) 0.99

Gets skin cuts/scrapes/abrasions 86 (58) 27 (55) 59 (60) 0.85 (0.41–1.8) 0.67

OR, Odds ratio ; CI, confidence interval ; Ref., reference group; –, cannot be calculated.
Bold values indicate statistically significant variables.
Not all subjects answered all questions.

* Data too sparse to be calculated.
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cultured from their nasal and inguinal areas yielded

indistinguishable strains.

DISCUSSION

Cellulitis is a common clinical problem resulting in

substantial clinical morbidity, hospitalization, and

cost. In our prospective matched case-control study,

we found that S. aureus colonization is present in

30% of patients with non-suppurative cellulitis. This

percentage is similar to that of the general population

[21] and was not significantly different from our con-

trol population. No significant association was found

between cellulitis and either S. aureus or MRSA col-

onization of the nares or inguinal region. Diabetes

and homelessness were significant risk factors for

non-suppurative cellulitis.

Our study was performed in an area of MRSA en-

demicity where most suppurative skin infections are

caused by MRSA [4–6]. The lack of association be-

tween non-suppurative cellulitis and either S. aureus

or MRSA colonization was not consistent with our

a priori hypothesis. Our findings are potentially in-

consistent with current thought regarding the patho-

genesis of soft tissue infections, i.e. that soft tissue

infections are frequently preceded by S. aureus col-

onization [12, 22, 23]. Colonization findings in our

patients with non-suppurative cellulitis may be dis-

tinct from that of suppurative skin infections for

several reasons. The most common aetiology of non-

suppurative cellulitis remains unknown, as investi-

gations using needle aspirations and punch biopsies of

cellulitis usually find no culturable pathogens [11].

However, in suppurative skin infections, a swab cul-

ture will usually (>75%) reveal a bacterial infection

and most commonly, S. aureus [5]. It is possible

that S. aureus colonization may not precede non-

suppurative skin infections such as cellulitis. Alter-

natively, the aetiology of culturable, suppurative

cellulitis is different from non-culturable, non-

suppurative cellulitis and the latter is infrequently

caused by S. aureus, despite this being the most com-

monly culturable pathogen [11] (i.e. non-S. aureus

pathogens are much more difficult to isolate).

Although not sampled in this study, S. aureus

pharyngeal colonization is more common than pre-

viously recognized [24–26] and may be important in

the pathogenesis of S. aureus infections. Of interest, a

recent matched case-control study of non-suppurative

cellulitis in Finland found that <10% of cellulitis

cases were pharyngeally colonized with S. aureus. The

investigators also found a significant difference be-

tween case (7%) and control (0%) pharyngeal colon-

ization with group G Streptococcus (Pf0.04) [27].

However, there was no examination of risk factors or

nasal or inguinal colonization in that investigation.

In our study, non-suppurative cellulitis was inde-

pendently associated with diabetes and homelessness.

However, three other prospective case-control in-

vestigations, conducted in Europe and focusing only

on lower-limb non-suppurative cellulitis, did not find

an association between cellulitis and diabetes [14, 15,

17]. A retrospective case-control study from the USA,

which also focused on lower-limb cellulitis, found

a significant association between non-suppurative

cellulitis and homelessness [16]. Our investigation

appears to be the first study to find an association

between diabetes and non-suppurative cellulitis, al-

though other studies have found associations between

diabetes and suppurative soft tissue infections [28, 29].

There are limitations to this study. First, the

patients were enrolled from a single centre and find-

ings may not be generalizable to other populations.

However, the patient population at our institution is

similar to many community hospitals and is ethnically

diverse. Second, we also relied on patients to self-

report risk factors. Patients may be reticent to ac-

knowledge less socially acceptable risk factors such

as incarceration, substance use or high-risk sexual

behaviour. Nevertheless, in a previous investigation at

this institution using this instrument, risk factors that

may be considered socially undesirable were signifi-

cantly associated with MRSA risk [4], suggesting that

the survey has validity and limited bias. Third, we did

not examine pharyngeal colonization in our study.

However, the increased yield from determining phar-

yngeal S. aureus colonization in addition to nasal and

Strain

USA100
USA800
1068 - Inguinal

1166 - Inguinal
1023 - Inguinal

1067 - Inguinal
1079 - Inguinal
1132 - Inguinal
USA300
USA700
USA500
USA600
USA1000
USA400
USA1100
USA200

1166 - Nasal

1023 - Nasal

1009080706050

Fig. 3. Pulsed-field gel electrophoresis of MRSA isolates
from cases of non-suppurative cellulitis and uninfected

controls, and profiles of reference MRSA strains (in bold).
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inguinal colonization is not well understood. Fourth,

our controls were chosen from hospitalized patients,

which may suggest that controls were not selected in-

dependently of exposure to S. aureus. Nevertheless,

this concern is mitigated because patients with active

skin or S. aureus infection or who had been in the

medical centre for >72 h were ineligible to be con-

trols. Additionally, there were no significant differ-

ences between cases and controls in hospitalization in

the previous 12 months (29% vs. 32%, P=0.71).

There are many strengths to our investigation. First,

while almost all other studies on S. aureus colonization

and skin infections group together non-suppurative

cellulitis with abscesses or other suppurative pro-

cesses, we focused on investigating the association

between colonization and non-suppurative (bland)

cellulitis. If the pathogenesis of non-suppurative

cellulitis is different from suppurative skin infections

as suggested by other studies [30], then distinguishing

risk factors for non-suppurative cellulitis will be im-

portant in understanding the distinct pathogenesis of

this infection. Second, while many other studies

focus solely on colonization of the anterior nares, we

screened for colonization at the anterior nares and the

inguinal region, increasing the sensitivity of S. aureus

detection [6]. A third strength of our investigation is

that controls were matched at a 2:1 frequency on age,

gender, and ethnicity. This increases the statistical

efficiency of the investigation compared to other case-

control studies [31]. Fourth, a dermatologist con-

firmed all cases of cellulitis for this investigation.

Between 20% and 35% of patients admitted to the

hospital with cellulitis are misdiagnosed by treating

physicians and actually have non-infectious processes

(such as stasis dermatitis, contact dermatitis, or non-

specific dermatitis) [32]. In our study, 29/81 patients

admitted for cellulitis were excluded due to mis-

classification of diagnosis (i.e. they were given an in-

correct diagnosis of cellulitis). Given the limitations of

accurately diagnosing cellulitis, our method probably

significantly minimized case misclassification.

In conclusion, we found that despite MRSA being

the predominant cause of suppurative skin infections

at our centre [4] and MRSA colonization being com-

mon (37%) in hospitalized patients with suppurative

MRSA skin infections [6], MRSA colonization is un-

common in patients with non-suppurative cellulitis

(6% in the current study). Further, the low level of

MRSA colonization in cases of non-suppurative

cellulitis was similar to that of controls and the

general population [21, 33, 34]. This suggests that

MRSA may not be a common cause of non-

suppurative cellulitis. If this hypothesis is proven,

empirical therapy of non-suppurative skin infections

may not require anti-MRSA therapy. Other studies of

cellulitis aetiology in areas of MRSA endemicity as

well as investigations of S. aureus colonization and

risk factors in patients with non-suppurative cellulitis

would help further to clarify the pathogenesis of non-

suppurative cellulitis. Hopefully such findings will

lead improved interventions to prevent and treat this

common skin infection.
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