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Introduction

Abstract

Background Bacterial infection with Staphylococcus aureus is a common complication of
atopic dermatitis (AD). The incidence of community-acquired methicillin-resistant S. aureus
infection (MRSA) in the AD population is unknown.

Objectives This study aimed to assess the prevalence of S. aureus and MRSA in pediatric
patients with AD, to compare disease severity, and to characterize the clonal diversity of
the isolates.

Methods We carried out a prospective, cross-sectional study of 200 patients with AD.
The severity of AD was defined as mild, moderate, or severe depending on a composite
AD severity score. A swab was taken from the nares of each patient and another from
affected skin or folds. Genotyping of all S. aureus isolates was conducted by polymerase
chain reaction (PCR) amplification of the S. aureus protein A (spa) gene.

Results According to the severity score, 66.5% of subjects were ranked as having mild
AD, 29.5% as having moderate and 4% as having severe AD. Staphylococcus aureus
colonization was seen in 61.5% of all patients, represented by 43.7% of skin swabs and
48% of nares swabs. Only one of the isolations represented MRSA. Older age and higher
AD severity scores were associated with S. aureus colonization (P = 0.03 and P < 0.001,
respectively). No significant associations were noted for attendance at day care, family
members with frequent skin infections, or family members working in healthcare. Isolates
from spa CC015 were cultured in 19.2% of patient samples. The single MRSA culture
showed a new spa type that belonged to CC127.

Conclusions The results of this study confirm a high rate of S. aureus colonization of
pediatric patients with AD. The low rate of MRSA requires further proof from larger
prospective studies.

skin barrier, skin infection, and environmental factors.’
Although there is currently no cure for AD, a multi-

Atopic dermatitis (AD) is the most common inflammatory
skin condition in pediatric patients, affecting 5-20% of
children worldwide.” In Canada, its prevalence is approx-
imately 8.5%.* Atopic dermatitis usually presents at an
early age, with pruritus, xerosis, and dermatitis, and has
a chronic, relapsing course.”* Moderate to severe AD has
an impact on the quality of life of affected patients and
their families as a result of associated sleep disturbances,
psychological distress, and financial burden.?

The pathogenesis of AD involves interactions between
susceptible genes, immunological factors, defects in the
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modal treatment strategy is helpful in alleviating symp-
toms of the disease and normalizing the lives of affected
patients and their families.®

Patients with AD are highly susceptible to cutaneous
bacterial, viral, and fungal infections. Bacterial infection
with Staphylococcus aureus is the most common compli-
cation of AD. The incidence of community-acquired
methicillin-resistant S. aureus infection (CA-MRSA) in the
pediatric population with AD is increasing, mirroring the
increase in the general population. A recent study of pedi-
atric patients with AD in the USA showed that 80% were
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carriers of S. aureus and 13% were colonized with
MRSA.” There are no Canadian prevalence data for
MRSA available to date; however, from clinical experi-
ence, we expect to find a lower incidence of MRSA in the
Canadian pediatric AD population.

The objectives of this study were to determine the prev-
alence of MRSA and S. aureus colonization in the pediat-
ric AD population, and to evaluate the genotypic
diversity of the S. aureus isolates.

Materials and methods

This paper reports a prospective, cross-sectional study
conducted in the Dermatology Clinic, Hospital for Sick Children,
Toronto, between October 2008 and February 2009. The study
was approved by the institution’s Research Ethics Board. The
Dermatology Clinic is a tertiary referral center with 7000 annual
visits, 50% of which consist of new and follow-up visits for AD.
Patients, aged one month to 18 years, with a diagnosis of AD
made by a pediatric dermatologist, were approached to
participate in the study. Patients were included if they and/or
their guardians signed a consent/assent form.

Patients were excluded from the study if they had another
chronic dermatological condition in which the skin barrier is
compromised (e.g. psoriasis, ichthyosis, seborrheic dermatitis,
epidermolysis bullosa, etc.), if they had a diagnosis of any other
chronic condition that increases the risk for MRSA colonization
(e.g. cystic fibrosis, immunodeficiency, asthma, diabetes, etc.),
if they had used oral or IV antibiotic treatment in the previous
two weeks, if they had a history of hospitalization, surgery,
dialysis or residence in a long-term facility in the past year, and
if they had an indwelling catheter or a percutaneous device at
the time of enroliment.

Two swabs were taken from each study subject, one from
the nares and one from an open area of the skin; in patients
with intact skin, the second swab was taken from a body fold.
All samples were sent to the Hospital for Sick Children’s
microbiology laboratory for culture and sensitivity. Genotyping
of all S. aureus isolates was conducted by polymerase chain
reaction (PCR) amplification of the repetitive X-region of the
S. aureus protein A (spa) gene.® Nucleotide sequence
determination was performed by the Robarts Research
Institute London Regional Genomics Centre at the University
of Western Ontario. Automated spa type analysis was
performed through access to the eGenomics server, courtesy
of Dr. Barry Kreiswirth. The spa types identified by eGenomics
were converted to numerical codes using the European spa
type database server (spa.ridom.de) and assigned to
previously determined spa-clonal complexes (spa-CC) that
were constructed by BURP (based upon repeat) analysis of
the repetitive X-region of the spa gene.®'® Cross-referencing
with existing online databases that describe the S. aureus
genotype and antibiotic resistance/susceptibility and the
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published hypervirulent genotypes of CA-MRSA was
performed.

Data collected included information on demographic data
(age, gender), prior use of antibiotics, the existence of family
members working in healthcare facilities, and the existence of
frequent skin infections in family members. In addition, a
composite AD severity score (0-25) was designed. This was
based on information on age at diagnosis of AD, frequency of
use of topical medications, frequency of use of systemic
antibiotics, hospital admissions, and patient/family impressions
of disease severity. Mild AD was defined by a score of 0-12,
moderate AD by a score of 13-18, and severe AD by a score
of as > 19 (Table 1).

Statistical analysis

Continuous variables were reported as means with standard
deviations (SDs) and analyzed using analysis of variance
(ANOVA). Categorical data were reported as percentages and
analyzed using Chi-squared test. A P-value of < 0.05 was
considered significant. The analysis was conducted using
MINITAB software Version 9 (Minitab, Inc., State College, PA,
USA).

Table 1 Scoring a composite score for severity of atopic
dermatitis

Characteristic Score
Age at diagnosis
< 2 months 5
2-12 months 3
> 1 year 1
Frequency of topical treatments in the past year
b.i.d./t.i.d., year round 5
Once daily, year round 4
b.i.d./t.i.d. for flare-ups several times per year 3
Few times per week, year round 2
Few times per month, year round 1
Need for oral antibiotics in the past year
Every month 5
Few times per year 4
Once 3
Never 0
Admissions for flare-up in the past year
Several 5
One 3
None 0
Family assessment of disease severity
Severe 5
Moderate 3
Mild 1

Maximum score: 253 scores of 19—25, 13—18 and o-12 indicate
severe, moderate and mild disease, respectively.
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Table 2 Breakdown of atopic dermatitis composite severity score

Severity score parameters Score Total n (%) MSSA+ n (%) MSSA- n (%) P-value
Age at diagnosis
< 2 months 5 52 (26) 30 (24) 22 (29) 0.755
2-12 months 3 105 (53) 65 (53) 40 (52)
> 1 year 1 43 (21) 28 (23) 15 (19)
Frequency of topical treatments in the past year
b.i.d./t.i.d., year round 5 106 (53) 74 (60) 32 (42) 0.078
Once daily, year round 4 26 (13) 15 (12) 11 (14)
b.i.d./t.i.d. for flare-ups several times per year 3 48 (24) 26 (21) 22 (29)
Few times per week, year round 2 14 (7) 6 (5) 8 (10)
Few times per month, year round 1 6 (3) 2(2) 4 (5)
Need for oral antibiotics in the past year
Every month 5 0 (0) 0 (0) 0 (0) < 0.001
Few times per year 4 29 (14) 26 (21) 3 (4)
Once 3 32 (16) 24 (20) 8 (10)
Never 0 139 (70) 73 (59) 66 (86)
Admissions for flare-up in the past year
Several 5 2 (1) 1(1) 1(1) 0.487
One 3 7 (3) 6 (5) 1(1)
None 0 191 (96) 116 (94) 75 (98)
Family assessment of disease severity
Severe 5 38 (19) 31 (25) 7 (9) 0.003
Moderate 3 88 (44) 56 (46) 32 (42)
Mild 1 74 (37) 36 (29) 38 (49)

MSSA, methicillin-susceptible Staphylococcus aureus.

Results

Clinical and demographic data

Two hundred patients met the inclusion criteria and were
enrolled in the study. A total of 56.5% (113/200) of sub-
jects were male. The mean = SD age of the patients was
5.0 = 4.1 years. The mean = SD severity score of the
study patients was 171.0 = 3.6 (maximum score of 25).
According to severity scores for the 200 subjects, 133
(66.5%) were ranked as having mild AD, 59 (29.5%) as
having moderate AD, and eight (4.0%) as having severe
AD. Table 2 shows the AD score breakdown in the study
subjects. The score showed that antibiotic use was signifi-
cantly higher in patients with methicillin-susceptible
S. aureus infection (MSSA) (P < o.0o1) and that family
assessments of disease severity were significantly higher in
colonized  patients versus non-colonized  patients
(P = 0.003).

A total of 26 of the 200 enrolled patients (13.0%)
reported having used antibiotics for their AD (excluding
during the previous month). Of the 200 subjects, 64
attended daycare (32%). Only 22 (11%) patients had a
family member working in a healthcare scenario. Fre-
quent skin infections in family members were reported in

only one of the study subjects (0.5%).
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Microbiological characteristics

Skin swabs were taken in 199 patients, a fold swab in
one, and nose swabs in all patients. Staphylococcus aureus
was reported in 87 of 199 (43.7%) skin swabs. Only one
of the 87 positive swabs for S. aureus indicated MRSA
(0.5%). The only fold swab taken was negative for
S. aureus. Of the 200 nose swabs, 96 (48%) were positive
for S. aureus and none were positive for MRSA. A
comparison of MSSA-positive patients (7 = 123) with
MSSA-negative patients (7 = 77) showed no significant
differences in gender (P = 0.88), daycare attendance
(P = 0.69), or the existence of family members working
in healthcare (P = 0.83). However, a significant difference
was seen with regard to mean age, with older age being
more commonly associated with MSSA colonization
(P = 0.03). In addition, higher AD severity scores were
seen in MSSA patients (P < o.0o1) (Table 3).

Genotypic analysis

We found that six established spa-CCs accounted for
79% of the S. aureus isolates obtained from 120 pediatric
AD patients (Table 4). The multilocus sequence typed
(MLST)-CCs that associate with each spa-CC group
are provided for cross-reference. Isolates from 23 of
(ST45), and

120 (19.2%) patients were spa-CCors
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Table 3 Comparison of MSSA-colonized versus non-colonized
atopic dermatitis population

MSSA+ MSSA- P-value
Age, years, mean (SD) 5.5 (4.3) 4.2 (3.7) 0.03
Male gender, % 56.9 55.8 0.88
AD score, mean (SD) 11.8 (3.7) 9.7 (2.9) < 0.001
Daycare attendance, % 34.2 28.6 0.69
Health care workers in the family, % 11.4 104 0.83

MSSA, methicillin-susceptible Staphylococcus aureus; AD,
atopic dermatitis; SD, standard deviation.

spa-CCoo8 (ST8), spa-CCos5 (ST5) and spa-CCr27 (STt
and ST97) were each identified in 16 of 120 (13.3%)
patients. The least abundant of the major clusters was
spa-CCor2, identified in eight of 120 patients, corre-
sponding to MLST-CC3z0. Moreover, spa-CCo4s
included isolates from five patients with spa type tooz.
The single MRSA identified in our study possessed a new
spa type associated with spa-CCr27.

Discussion

This study, the largest prospective study in the pediatric
AD population, provides further evidence of the high
prevalence of S. aureus and reassurance of the low preva-
lence of MRSA in the Canadian AD pediatric population.
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Rate of colonization by MSSA

The rate of S. aureus colonization in normal individuals
is estimated to be §-30%, with anterior nares and inter-
triginous areas being the most common sites."""* The
loss of integrity of the skin barrier seen in patients with
AD makes the stratum corneum more susceptible to
colonization by S. aureus. In addition, AD patients may
have increased bacterial adhesion, defective bacterial
clearance, and decreased innate immune response.*?
reported that
carriage in AD patients is as high as 80-97.5%.7"4"¢
This is higher than the 61.5% found in our study; the
difference may in part be explained by geographical
factors, a lower prevalence of S. aureus colonization in
the Canadian population, or overestimations of true

Previous publications have S. aureus

prevalences in previous studies caused by smaller sample
sizes.7" 4 1°

Another notable difference from previous studies is that
older patients were more likely to be S. aureus carriers
than younger patients (mean = SD age 5.5 + 4.3 years in
the MSSA group versus 4.2 = 3.7 years in the non-
colonized group; P = 0.03). This suggests that S. aureus
may play a more significant role in the inflammatory cas-
cade seen in the older patients; therefore, the eradication
of colonized status may reduce the severity and frequency
of flare-ups. Staphylococcus aureus maintains skin inflam-
mation by the production of toxins that act as superanti-
gens, eliciting a strong immune response that stimulates T
cells, macrophages, and eosinophils.*>*7 A correlation

Table 4 Major spa-CC groups and associated MLST-CC designations of Staphylococcus aureus isolates (n = 95) from pediatric

atopic dermatitis patients

spa-CC spa types, n MLST-CC
spa-CC015 (n = 23) t004, t031, t050 (n = 3), t065 (n = 6), t116, 1132, 1180, t589, t772, 908, 11321, t4506, t5497, t5599, CC45
new1?; 09-02-16-34-13-17-34-16, new2; 09-34-17-13-16-13
spa-CC008 (n = 16) t008 (n = 5), t304, t400 (n = 2), 1656, t701 (n = 2), t723, 1818, new3; 11-19-12-21-17-34-24-34-22-25-24 CC8
new4; 11-10-21-17-34-24-34-17-34-24-34-22-25
new5; 11-19-12-NEW-17-34-24-34-22-25
spa-CC045 (n = 16) t002 (n = 5), 1045, t105, 1179, t442 (n = 2), t548 (n = 2), 1688 (n = 2), 11265, news; CC5
26-23-17-34-NEWP-20-17-12-17-17-16
spa-CC084 (n = 16) t084 (n = 5), t091, t094, t335, 1346, t491, t547, 1774, 11204, 11243, 11492, new?7; CC15/7
07-23-12-34-NEW-12-12-23-02-12-23
spa-CC127 (n = 16) t127 (n = 2), 1189 (n = 3), 1267 (n = 3), t359 (n = 2), t1046, 12188, t2883, 13798 CC1/97
new8°; 07-23-12-20-12-21-17-34-34-34-33-34; new9; 07-23-12-21-17-34-13-34-33-34
spa-CC012 (n = 8) t012 (n = 2), 1318, t338 (n = 2), t342, 1433, new10; 08-16-02-16-02-25-02-16-02-25-17-24-24 CC30

“New spa types are defined by numerical spa cassette codes, identified by the Ridom spa server.

"When a new spa cassette code contains a previously unknown cassette, the cassette is identified as NEW.
“This new spa type was associated with the only MRSA strain identified.

MLST-CC, multilocus sequence typed clonal complex; MRSA, methicillin-resistant Staphylococcus aureus.
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between the severity of AD and colonization with S. qur-
eus as a mechanism for aggravating skin lesions has been
previously demonstrated.”®>° A study by Farajzadeh
et al.*" showed that 90% of severe cases and 66.7% of
mild cases of AD had S. aureus colonization, suggesting
that the more severe the dermatitis, the higher the rate of
colonization (P = o0.05); this study evaluated severity
using the SCORing Atopic Dermatitis (SCORAD)
index.** Our study substantiated this finding (11.8% in
the MSSA+ group versus 7.9% in the MSSA- group;
P < o.001), which again underscores the significance of
S. aureus eradication as part of the management of AD.
Of interest, a recent study of healthy infants found that
colonization by S. aureus at the age of six months and/or
frequent colonization by S. aureus in the first year of life
are associated with the development of AD and its sever-
ity in young children.*?

MRSA prevalence

The incidence of MRSA in this study was very low, at
only 0.5% of affected patients. In Canada, MRSA was
first reported in 1981.** National surveillance has taken
place since 1995, and the rate of MRSA increased from
one detection per 100 S. aureus colonizations in 1995 to
six detections per 100 S. aureus colonizations in 1999.*3
A study of 104 patients conducted at the Hospital for
Sick Children showed that the number of new MRSA
cases has increased annually in a linear fashion since
2000, initially as a result of hospital acquired-MRSA
(HA-MRSA) but from 2002 as a result of CA-MRSA.*®
However, despite the trend data, the true prevalence of
MRSA in Canada is still unknown.

Community acquired-MRSA is genotypically distinct
from HA-MRSA; it preferentially infects children and
young adults, and its spectrum of disease is similar to that
of MSSA. Generally, CA-MRSA is susceptible to clindamycin
and less often shows resistance to other non-B-lactam anti-
biotics.>” Atopic dermatitis patients are rarely admitted to
hospital and are therefore more likely to become colonized
or infected with CA-MRSA. Community-acquired MRSA
can carry a gene encoding Panton-Valentine leukotoxin
(PVL), which has been associated with severe or fatal
infections in otherwise healthy children and adults.*®733
In addition, more than 50% of PVL-positive MRSAs are
resistant to mupirocin,>* which has changed the way
MRSA-colonized patients are managed. Knowing the
genotypic traits of the MRSA isolates has direct implica-
tions for clinical management.

In the USA, where CA-MRSA is now the most common
pathogen cultured from patients with skin and soft-tissue
infections in emergency departments,?>3¢ the colonization
rate of AD patients is as high as 18.3%.3” The higher rate
of MRSA in the AD population may reflect higher overall
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prevalence rates and/or different management strategies,
such as antibiotic use. Our data do not support the cur-
rent management strategies employed regarding choices
of empiric therapies in AD patients requiring oral antibi-
otics, including cephalexin, before culture results become
available.

Spa-CCors5 was most frequently encountered (19.2%)
in the pediatric AD population, including spa type too4,
which is associated with the CA-MRSA-1 strain of
hospital-associated MRSA that is epidemic in Canadian
hospitals.>® Although spa-CCo4s5 (STs) represents a
minor group associated with nasal carriage,”??*° it was
one of the major spa-CCs associated with pediatric AD
patients. Spa-CCog45 accounted for 13.3% of isolates,
including five with spa tooz, which is associated with the
CA-MRSA-2 strain of epidemic HA-MRSA in Canadian
hospitals,>® known globally as either USAtoo or the
“pediatric clone” of S. aureus.**** Spa-CCoo8 accounted
for 13.3% of isolates, among which spa too8 was most
common (1 = §); this spa type defines the CA-MRSA-10
strain of CA-MRSA in Canada, and USA3o00, the major
cause of CA-MRSA infections in the USA. Therefore,
although the spa types and clonal complexes identified in
association with pediatric AD overlap with common HA-
and CA-MRSA, these have not yet become entrenched
within the significant sector of the population afflicted
with AD. Just one other study conducted spa typing of
S. aureus isolates from AD patients (7 = 35) but did not
report the predominance of spa-CCory identified in our
study.*? However, that study identified spa t189 as being
most frequently encountered (1 = 7, 19%), and we identi-
fied spa t189 in three isolates belonging to spa-CCr27,
which accounted for 13.3% of total isolates. Importantly,
the spa-CCr127 group contained the only MRSA we iden-
tified, and the sequence of spa cassettes from this strain
resembled spa types in the spa-CCr27 group (i.e. t267
and t359) associated with MLST-ST974* (Table 4). ST97
S. aureus is usually of animal origin,**™#° but has recently
CA-MRSA
humans.45™4® Potentially, this is a newly emergent strain
of CA-MRSA. In our study, the least abundant strain was
spa-CCor2, which is a major lineage associated with both

been reported as in both animals and

nasal carriage and invasive bloodstream infections.”>*>4%>5°

Our study had several limitations. Although the low
rate of MRSA found in our sample is reassuring, estab-
lishing true prevalence data would require a much larger
sample. We designed a new AD score that we thought
would give a much better longitudinal assessment of
disease severity based on direct (frequency of topical appli-
cation) and indirect (admissions to hospital) indicators
and patient and family perspectives than the existent AD
scores. The lack of previous validation may have inter-
fered with the accuracy of our severity data. In addition,
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our data cannot be generalized to other Canadian prov-
inces or to primary care settings.

The results of this study confirmed a high rate of colo-
nization by S. aureus in pediatric AD patients, which was
associated with more severe AD and older age. Conse-
quently, we anticipate that the infants in our study, who
had less severe manifestations of the disease but were
colonized by S. aureus, will exhibit a progression of dis-
ease severity throughout childhood. The management
implication for infants with AD is that S. aureus coloniza-
tion should be determined and eradication attempted
whenever possible. The reassuringly low MRSA rate
found in this study requires further proof from larger
prospective studies conducted in multiple settings.
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