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Characterization of Staphylococcus aureus cutaneous
infections in a pediatric dermatology tertiary

health care outpatient facility
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Background: Epidemiology and patterns of antibiotic resistance for Staphylococcus aureus are changing
in the United States.
Objective: We sought to determine the epidemiology and antibiotic susceptibility profiles in S aureus
cutaneous infections in a pediatric dermatology tertiary health care facility in North Carolina.
Methods: We conducted a prospective observational study involving pediatric patients (n = 93, age\18
years) with signs of skin and soft tissue infections seen at a pediatric dermatology clinic between 2005 and
2007.
Results: We analyzed 141 cultures from 93 pediatric dermatology patients. S aureus was recovered from 97
cultures, of which 32% were methicillin-resistant S aureus (MRSA). In the pediatric dermatology clinic,
children with atopic dermatitis accounted for 66% of the cultures; however, the presence of atopy did not
represent a risk factor to acquire MRSA infection (P = .190; odds ratio = 1.643 [95% confidence interval:
0.672-4.014]). In all, 97 cultures were tested for antibiotic susceptibility and demonstrated the following
resistance patterns: penicillin (86%), erythromycin (46%), methicillin (32%), clindamycin (22%), gentamicin
(3%), vancomycin (0%), and trimethoprim-sulfamethoxazole (0%). Of the pediatric dermatology outpatient
MRSA infections, the resistance patterns were as follows: erythromycin (71%), clindamycin (16%),
gentamicin (2%), and trimethoprim-sulfamethoxazole (0%).
Limitations: This study addressed a select population of children in North Carolina and may not
generalize to different clinical settings or regions.
Conclusion: Cutaneous S aureus infections in an outpatient pediatric dermatology tertiary health care facility
demonstrated less resistance than previously reported from inpatient and emergency department settings. In
our population, clindamycin and tetracyclines are still effective antibiotic choices in the majority of MRSA
infections. Local prevalence and susceptibility of community-acquired MRSA as well as individual risk factors
should be considered for diagnosis and treatment. ( J Am Acad Dermatol 10.1016/j.jaad.2009.07.030.)
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S
taphylococcus aureus is a pathogen well
known for causing skin and soft tissue infec-
tions (SSTIs) including furuncles, carbuncles,

cellulitis, and skin abscesses.1 Methicillin-resistant S
aureus (MRSA) was first reported in the 1960s in the
United Kingdom2 and was primarily a nosocomial
pathogen confined to hospitals and long-term care
facilities.2,3 Traditionally, risk factors for nosocomial
(or hospital-acquired [HA]) MRSA infection have
included recent hospitalization, surgery, dialysis,
residence in a long-term care facility, permanent
indwelling catheter, or percutaneous medical de-
vice.4-6 In the late 1980s, MRSA began to present in
healthy children without the traditional health
1
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careeassociated risk factors; however, many of these
children had underlying chronic medical conditions
requiring frequent health care contact and were
classified as having community-onset MRSA.7-9

Then, in the early 1990s, several investigators re-
ported cases of community-acquired (CA) MRSA
infections among children without any predisposing
CAPSULE SUMMARY

d Cutaneous Staphylococcus aureus
infections in an outpatient pediatric
dermatology tertiary health care facility
demonstrated less resistance than
previously reported from inpatient and
emergency department settings.

d Clindamycin is an effective antibiotic
choice in 84% of methicillin-resistant S
aureus infections in the pediatric
outpatient population in North Carolina.

d Tetracyclines are an effective antibiotic
choice in 94% of age-appropriate
methicillin-resistant S aureus infections in
the pediatric outpatient population in
North Carolina.

d Local prevalence and susceptibility of
community-acquired methicillin-resistant
S aureus as well as individual risk factors
should be considered for diagnosis and
treatment.
risk factors or underlying
medical problems.6,10-25

These reports of CA-MRSA
challenged the accepted fact
that MRSA is a pathogen
confined to the hospital en-
vironment.26 Many of the
CA-MRSA isolates were asso-
ciated with crowded living
conditions, involvement in
competitive contact sports,
substance abuse, or child
care attendance.5,13,18,27-29

Moreover, Hussain et al30

noted a reservoir of asymp-
tomatic MRSA colonization in
healthy children who lacked
traditional risk factors. In re-
cent years, CA-MRSA has
emerged as an important
pathogen in the community
setting, and its incidence is
on the rise nationwide.31,32

The biology and clinical
picture of CA-MRSA appears
to differ from that of HA-

MRSA.1,9,27,32-38 Antibiotic resistance to methicillin
and other semisynthetic penicillins is conferred to S
aureus by the mecA gene that is located on a mobile
genetic element known as a staphylococcal cassette
chromosome (staphylococcal cassette chromosome
mec). Mec A encodes for penicillin binding protein
2a, which decreases the organism’s affinity for beta-
lactam antibiotics.10 HA-MRSA strains contain staph-
ylococcal cassette chromosome mec I and II, which
are larger and have the capacity for multidrug resis-
tance. However, CA-MRSA strains contain staphylo-
coccal cassette chromosome mec IV, which is much
smaller and does not confer multidrug resis-
tance.2,10,34 In fact, most of the CA-MRSA strains are
susceptible to non-beta-lactam antibiotics such as
trimethoprim-sulfamethoxazole (TMP-SMX) and
clindamycin. CA-MRSA strains also tend to carry
virulence factors such as Panton-Valentine leukoci-
din, which have been associated with SSTIs.10

Although primary treatment of SSTIs continues to
be incision and drainage, the emergence of MRSA as
a community pathogen has complicated the choice
of initial empiric antibiotic therapy.35 Regional anti-
microbial susceptibility patterns and type of clinical
infection should guide initial antibiotic choices.39 As
the epidemiology of SSTIs is continually evolving,
we wanted to characterize the epidemiology and
antibiotic susceptibility profiles of staphylococcal
isolates from pediatric SSTIs in an outpatient tertiary
health care facility in North
Carolina.

METHODS
A prospective observa-

tional study was conducted
between January 2005 and
December 2007. All pediatric
patients (n=93,age\18years)
with signs of skin infection
(pustule, crust, or abscess for-
mation) seen at a pediatric
dermatology clinic between
2005 and 2007 were included.
Microbiological culture from
each lesion was obtained
using a sterile tolyethylene
terephthalateetipped swab
during the visit and trans-
ported to the laboratory in
Stuart transport medium us-
ing a TransPorter device
(HealthLink, Jacksonville,
FL). Specimens were plated
on chocolate, colistin-
nalidixic 5% sheep blood
and MacConkey agars, incubated at 35 8C, and exam-
ineddaily for 3 days. Colonies typical of S aureus were
identified using standard methods. Cefoxitin disk
diffusion screening was used to detect methicillin
resistance. Susceptibility to other antimicrobials was
performed by disk diffusion or in the case of vanco-
mycin by E-test using minimum inhibitory concentra-
tion of greater than 2 �g/mL to indicate reduced
susceptibility to vancomycin. All isolates were tested
by the disk approximation technique for inducible
clindamycin resistance (D-test). Isolates that were
D-test positive were considered to be clindamycin
resistant. Susceptibilities of the outpatient pediatric
dermatology patients were compared with our insti-
tution’s total outpatient antibiograms for the same
period of time.

Univariate (frequencies and percentages for qual-
itative variables and media, measures of central
tendency and dispersion for quantitative variables)
and bivariate (x2) analyses were performed. If the
variables were statistically significant, they were then
tested in a multinomial regression model



Abbreviations used:

CA: community-acquired
ED: emergency department
HA: hospital-acquired
MRSA: methicillin-resistant Staphylococcus

aureus
MSSA: methicillin-sensitive Staphylococcus

aureus
SSTI: skin and soft tissue infection
TMP-SMX: trimethoprim-sulfamethoxazole
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(multivariate analysis) calculating the odds ratio and
confidence intervals. All the analyses were made
using software (SPSS, Version 16.0 for Windows, SPSS
Inc, Chicago, IL) with a significance level of a = 0.05.
RESULTS
We analyzed 141 cultures from 93 patients. A total

of 71 patients had S aureus isolates. In all, 31 patients
had multiple cultures (obtained at different office
visits). Thirteen (42%) of the 31 children with mul-
tiple cultures showed consistent isolates (9 with
methicillin-sensitive S aureus [MSSA]; 4 with
MRSA). Four of the 31 children with multiple cultures
switched isolates from MSSA to MRSA or vice versa.
Demographic breakdown of the patients is pre-
sented in Table I.

In all cultures, MSSA was noted in 66 (46.8%) and
MRSA was noted in 31 (22%). Of positive S aureus
cultures, MRSA accounted for 32% of all S aureus
isolates. Other isolates are shown in Table II. Within
our institution’s total outpatient S aureus isolates,
54% were MRSA. Antibiotic susceptibilities were
determined in 97 of 141 cultures; negative cultures
and cultures with isolates other than MSSA and MRSA
were not included in our analysis. Resistance pat-
terns are presented in Table III. Resistance patterns
of our institution’s total S aureus outpatient isolates
are presented in Table IV. During the study period,
tetracycline sensitivities were not routinely per-
formed on younger pediatric patients. Of those
tested, 94% of MRSA strains (n = 31) were susceptible
to doxycycline, whereas all MSSA strains (n=38)
were susceptible.

Among the pediatric dermatology cultures, 89
(63.1%) of 141 cultures were obtained from the
extremities, 18 (12.8%) on the scalp, 11 (7.8%) on
the face, 5 (3.5%) on the neck, 4 (2.8%) on the
buttocks, 3 (2.1%) on the abdomen, and 3 (2.1%) in
other locations. Only 5 cultures were sent to the
microbiology laboratory with the clinical diagnosis
of an abscess; all were positive for MSSA. Only 1 of
the 5 patients with clinical abscess carried a diagnosis
of atopic dermatitis. Seasonal distribution was winter
(15.6%), spring (17%), summer (30.5%), and fall
(36.9%).

Atopic dermatitis did not appear to be an inde-
pendent risk factor for the development of MRSA
infection, and patients with atopic dermatitis did not
demonstrate a significantly different resistance pat-
tern to methicillin (P = .190; odds ratio = 1.643 [95%
confidence interval: 0.672-4.014]). In addition, there
was no difference between atopic and nonatopic
patients regarding antibiotic susceptibilities. Of the
patients with atopic dermatitis, 71% of skin cultures
grew S aureus.

A culture from the scalp represented an indepen-
dent risk factor for MRSA infection (P = .005; odds
ratio = 7.097 [95% confidence interval: 1.835-27.442]).
No significant variation in clindamycin resistance
was noted between different years or different sea-
sons. No cases of MRSA were accompanied by
bacteremia or admission to the hospital (data not
shown).

DISCUSSION
Epidemiology of MRSA in pediatric patients

Multiple studies characterizing the prevalence of
MRSA have been conducted during the past several
years as CA-MRSA has become more commonplace
in emergency departments (EDs), inpatient facilities,
and outpatient facilities throughout the United
States. However, few studies address the prevalence
of MRSA in outpatient tertiary care subspecialty
clinics such as ours. Moreover, patterns of antibiotic
susceptibility tend to differ between settings and
geographic locations.

Inpatient departments and ED
Most studies examining the epidemiology of CA-

MRSA have been conducted from tertiary care inpa-
tient facilities and EDs. In these settings, multiple
studies have confirmed the increase in prevalence of
MRSA and the variability in susceptibility profiles of
the organism in different geographic areas.

In a retrospective review, investigators in
Chicago, IL, found an increased prevalence of CA-
MRSA from the period of 1988 to 1990 to the period
of 1993 to 1995 in children with no predisposing risk
factors.15 Studies of children in South Texas and New
England also showed an increased number of CA-
MRSA isolates in children with no predisposing risk
factors.10-12 Kaplan et al32 conducted a prospective
study out of a Texas pediatric hospital from 2001 to
2004 and found the percentage of CA-MRSA in-
creased from 71.5% to 76.4% (95.6% were from
SSTIs), and the rate of clindamycin resistance also
increased. In a hospital in Baltimore, MD, 45% of
pediatric cutaneous S aureus infections were caused



Table I. Demographics of our population

N (%) M (%) F (%) Age\5 y (%) Atopic component (%)

Caucasian 47 (51.6) 24 (51.1) 23 (48.9) 20 (42.6) 24 (51.1)
AA 31 (33.3) 15 (48.4) 16 (51.6) 22 (71) 27 (87.1)
Other* 15 (16.1) 8 (53.3) 7 (46.6) 8 (53.3) 10 (66.6)
Total 93 47 46 50 61

AA, African American; F, female; M, male.

*Includes Latino, Asian, and Native American.
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by MRSA and 84% of those were CA. Of those CA-
MRSA strains, 98% were susceptible to TMP-SMX and
94% were susceptible to clindamycin.31 Within our
total inpatient (non-intensive care department) S
aureus isolates, 56% were MRSA with 97% sensitive
to TMP-SMX. Johnson et al40 also noted an increase
in CA-MRSA infections in a rural tertiary care chil-
dren’s hospital in Kentucky from 2004 to 2005. In this
population, 90% of CA S aureus infections were
SSTIs, and greater than 95% were susceptible to
TMP-SMX.

Pallin et al41 analyzed data from a representative
sample of US ED visits from 1993 to 2005 and found
the number of ED visits for SSTIs increased during
that time period paralleling the emergence of CA-
MRSA. These authors noted a nearly 3-fold increase
in the annual number of ED visits for SSTIs. In
addition, antibiotics with activity against CA-MRSA
were prescribed with greater frequency. A study
from two pediatric EDs in distinct geographic areas
also showed an increase in the prevalence of CA-
MRSA in pediatric patients presenting with SSTIs.
Hasty et al33 noted 22% of bacterial cultures were
positive for CA-MRSA, and 80% of those cultures
were obtained from abscesses. Analysis of pediatric
patients without frequent health care contact pre-
senting to an ED in Chicago, IL, found 26.4% of
children were colonized with S aureus and 8.3% of
those were MRSA.13
Outpatient
In the outpatient setting as well, CA-MRSA prev-

alence is on the rise, further complicating diagnosis,
treatment, and prevention of SSTIs. In an adult
outpatient dermatology clinic, 53% of S aureus
cultures were MRSA. In this population, CA-MRSA
occurred more frequently in men and most often in
the lower extremities.5 An outpatient pediatric der-
matology clinic reported a series of 8 case reports of
CA-MRSA, all of which were SSTIs, and 3 were
patients with atopic dermatitis.42 Pediatric patients
may also be reservoirs of asymptomatic colonization
for MRSA. One pediatric outpatient facility in
Chicago, IL, noted 24.4% of children were colonized
with S aureus with 2.5% of those isolates MRSA.30 In
2004, MRSA accounted for 23.8% of SSTIs in US
pediatric outpatients in contrast to Canada and
Germany (\2%), France (4%), and Italy (6.9%).43

In our pediatric dermatology clinic, 22% of all
cultures (and 32% of S aureus cultures) were positive
for MRSA compared with 54% of all outpatient S
aureus cultures at our institution.

Demographic characteristics
Fridkin et al4 examined the incidence of CA-MRSA

in 3 distinct communities (Baltimore, MD; Atlanta,
GA; and Minneapolis, Minnesota) and noted signifi-
cantly higher incidence of CA-MRSA in children
younger than 2 years and among African Americans
in Atlanta, GA. In a pediatric health care facility in
Minneapolis, MN, CA-MRSA infections were more
likely than HA-MRSA infections to be from a SSTI
(80% compared with 59%) and to be from an ethnic
minority group (82% vs 55%).44 In our pediatric
dermatology outpatient population, MRSA was
higher in female patients and in African American
children, but not statistically significant in compari-
son with other sex/race groups. The majority of our
MRSA cultures were obtained from extremities
(18/31, 58%) and scalp (9/31, 29%), with scalp
location being a significant risk factor for MRSA.

MRSA in children with atopic dermatitis
Children with atopic dermatitis are deficient in

antimicrobial peptides such as human beta-
defensin-3 and cathelicidins, which render them
more susceptible to infections with organisms such
as S aureus.45 Therefore, one might reasonably
conclude the incidence of MRSA infections is
increased in those children with atopic dermatitis;
few studies address this specific issue. Gong et al46

examined children with atopic dermatitis in China
and found an increased colonization rate with S
aureus in these patients that correlated directly
with eczema severity. Investigators in a South
Korean clinic noted a 75.4% incidence rate of S
aureus colonization in children with atopic derma-
titis with 18.3% CA-MRSA.47 In another study, 22%



Table II. Microbiology of skin infections caused by
Staphylococcus aureus and other bacteria

Cultures (n = 141) Percentage

MSSA 66 46.8
MRSA 31 22
Gram-negative rods 3 2.1
Enterococcus species 1 0.7
Coagulase-negative

Staphylococcus
13 9.2

Streptococcus species 5 3.5
Diphtheroids 2 1.4
Mix flora 5 3.5
Skin flora 15 10.6

MSSA, Methicillin-sensitive Staphylococcus aureus; MRSA,

methicillin-resistant Staphylococcus aureus.

Table III. Patterns of resistance in pediatric
dermatology patients infected by Staphylococcus
aureus

MSSA (n = 66) MRSA (n = 31) Total (n = 97)

Penicillin 52 (78.8%) 31 (100%) 83 (85.6%)
Methicillin 0 (0%) 31 (100%) 31 (32%)
Erythromycin 23 (34.8%) 22 (70.5%) 45 (46.4%)
Clindamycin 16 (24.2%) 5 (16.1%) 21 (22%)
Gentamicin 1 (1.5%) 1 (1.5%) 2 (2.1%)
Vancomycin 0 (0%) 0 (0%) 0 (0%)
TMP-SMX 0 (0%) 0 (0%) 0 (0%)

MRSA, Methicillin-resistant Staphylococcus aureus; MSSA,

methicillin-sensitive Staphylococcus aureus; TMP-SMX,

trimethoprim-sulfamethoxazole.

Table IV. Patterns of resistance of our institution’s
outpatient Staphylococcus aureus isolates

MSSA MRSA Total

Penicillin 80% 100% 81%
Methicillin 0% 100% 54%
Erythromycin 37% 93% 67%
Clindamycin 24% 34% 29%
Gentamicin 1% 3% 2%
Vancomycin 0% 0% 0%
TMP-SMX 3% 2% 2%

MRSA, Methicillin-resistant Staphylococcus aureus; MSSA,

methicillin-sensitive Staphylococcus aureus; TMP-SMX,

trimethoprim-sulfamethoxazole.
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of the children with moderate to severe atopic
dermatitis had nares colonized with S aureus,
suggesting this area may be an important reser-
voir.48 In a retrospective study in children with
atopic dermatitis, the prevalence of MRSA in-
creased in children older than 5 years.49 In our
study, 23 (74%) of 31 MRSA cultures were obtained
from children who had an atopic component;
however, we did not find a statistical difference
between atopy and MRSA versus non-MRSA infec-
tion (P = .190). Because very few of our cultures
were from clinically diagnosed abscesses, it is
possible that the incidence of MRSA in our patients
with atopic dermatitis is actually higher, and they
sought medical care elsewhere (ie, local ED) for
emergent management.

Antibiotic susceptibility and resistance
patterns

Although incision and drainage is the primary
treatment for uncomplicated skin and soft tissue
abscesses, patients who do not improve or those
who have large lesions ([5 cm), systemic symptoms,
or an immunocompromised state should receive
appropriate antibiotic therapy.4,28,50 As CA-MRSA
becomes more commonplace in outpatient settings,
clinicians need to be aware of antibiotic resistance
patterns in their community.

Although CA-MRSA is genetically distinct from
multidrug-resistant health careeassociated MRSA, it
is not yet known whether the antibiotic susceptibil-
ities of CA-MRSA are relatively universal and stable.51

It is clear that CA-MRSA has an antibiogram that is
quite distinct from HA-MRSA. Clindamycin suscepti-
bility is much more frequent in CA-MRSA, and these
organisms are universally susceptible to TMP-SMX.
Resistance is variable to erythromycin with most
studies showing macrolide resistance of greater than
80%. The CA-MRSA organism also tends to be highly
sensitive to doxycycline as well. Resistance to pen-
icillins is presumed to be independent of the devel-
opment of macrolide resistance.52 Nosocomial
strains of MRSA tend to be uniformly resistant to
macrolides and clindamycin, making vancomycin
the drug of choice.53,54 However, multiple studies of
children around the country presenting in different
clinical settings have shown CA-MRSA to have dif-
ferent resistance patterns (Table V). In our popula-
tion, 29% and 84% of MRSA strains were susceptible
to erythromycin and clindamycin, respectively. Of
cultures tested for tetracycline susceptibility (n = 69),
the majority (94% of MRSA and 100% of MSSA) were
susceptible to doxycycline, similar to the institution’s
antibiogram for all patients regardless of patient
location. In addition, all strains of MRSA at our center
were susceptible to TMP-SMX. Within our institution,
MRSA sensitivity is similar for inpatients and outpa-
tients, except for clindamycin (inpatient 44%; outpa-
tient 66%).

Clindamycin can be a good alternative for treating
CA-MRSA, but inducible clindamycin resistance is an
emerging problem in areas with significant



Table V. Antibiotic susceptibilities for methicillin-resistant Staphylococcus aureus in different geographic areas

Susceptibilities, %

Study Location Group Setting Clindamycin Gentamicin Erythromycin Tetracycline

TMP-

SMX

Fridkin
et al4 (2005)

Atlanta, GA;
Baltimore, MD;
Minneapolis,
Minnesota

Children
and adults

Inpatient/
outpatient

87 97 11 89 97
85 93 12 61 83
88 93 47 91 99

Herold
et al15 (1998)

Chicago, IL Children Inpatient 76 96 32 ND 100

Dietrich
et al10 (2004)

Providence, RI Children Inpatient/
outpatient

74 100 48 67 100

Fergie and
Purcell12 (2001)

Texas Children Inpatient/
outpatient

92 ND 22 54 98

Naimi
et al38 (2003)

Minneapolis, MN Children
and adults

Inpatient/
outpatient

83 94 44 93 95

Hussain
et al6 (2000)

Chicago, IL Children Inpatient 70 90 60 ND 90

Campbell
et al55 (2003)

Kentucky Children Inpatient/
outpatient

67 ND 22 ND 97

Kaplan
et al32 (2005)

Texas Children Inpatient/
outpatient

95 ND 3 ND

Hasty
et al33 (2007)

South East
Southern California

Children ED 98 98 2 ND 100
96 100 0 74 100

Johnson
et al40 (2007)

Kentucky Children Inpatient/
outpatient

98 100 0 98 96

Chen
et al31 (2006)

Baltimore, MD Children Inpatient/
outpatient/ED

91 ND 4 69 96

Groom
et al17 (2001)

Rural
Midwest

Children
and adults

Inpatient/
outpatient

98 98 72 100 100

Current
study (2008)

North Carolina Children Outpatient 84 98 29 ND 100

ED, Emergency department; ND, not determined; TMP-SMX, trimethoprim-sulfamethoxazole.
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erythromycin resistance. Erythromycin resistance
methylase genes A and C encode for a protein that
induces a conformational change in ribosomal RNA
preventing clindamycin binding. The D-zone test is a
marker for inducible clindamycin resistance.2,50 It
has been proposed that clinicians can use erythro-
mycin resistance as a marker for inducible clinda-
mycin resistance.2,10,31 Among our institution’s
culture, this approach is not accurate as only 6% of
CA-MRSA demonstrated inducible clindamycin re-
sistance. Clinicians should depend on standard op-
erating laboratory procedure of inducible resistance
by D-testing, a well-established test in the clinical
microbiology laboratory.

Given the results of this study, we have contin-
ued the practice of starting cephalexin in non-
penicillin allergic patients with signs of cutaneous
infection. Penicillin-allergic patients are initially
treated with oral clindamycin or doxycycline (de-
pending on age). When cultures and sensitivities are
available, antibiotics are adjusted if resistance to the
first antibiotic is present and signs of infection
persist.
CONCLUSION
CA-MRSA has become an increasingly common

pathogen in outpatient pediatric tertiary care facili-
ties. Outpatient pediatric dermatology cultures dem-
onstrate relatively low MRSA incidence compared
with national reports and among our institution’s
outpatient isolates. Clindamycin, tetracyclines, and
TMP-SMX continue to be effective antibiotic agents
within our population. Regional resistance patterns
have implications in management and treatment.
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