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BACKGROUND: Although Staphylococcus aureus is a major cause of
bloodstream infections, population-based data on these infections in
children are limited.

OBJECTIVE: To describe the epidemiology of S aureus bacteremia in
children.

METHODS: Population-based surveillance for all incident S aureus
bacteremias was conducted among children (18 years of age or
younger) living in the Calgary Health Region (Alberta) from 2000 to
2006.

RESULTS: During the seven-year study, 120 S aureus bloodstream
infections occurred among 119 patients; 27% were nosocomial, 18%
health care associated and 56% community acquired. The annual
incidence was 6.5/100,000 population and 0.094/1000 live births. A
total of 52% had a significant underlying condition, and this was
higher for nosocomial cases. Bone and joint (40%), bacteremia with-
out a focus (33%), and skin and soft tissue infections (15%) were the
most common clinical syndromes. Infections due to methicillin-
resistant S aureus were uncommon (occurring in one infection) and
three patients (2.5%) died.

CONCLUSIONS: S aureus bacteremia is an important cause of mor-
bidity in the paediatric age group. Underlying medical conditions and
implanted devices are important risk factors. Methicillin-resistant
S aureus and mortality rates are low.
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Les infections sanguines a Staphylococcus
aureus chez les enfants : une évaluation en
population

HISTORIQUE : Méme si le Staphylococcus aureus est une cause importante
d’infections sanguines, les données en population de ces infections chez les
enfants sont limitées.

OBJECTIF : Décrire I'épidémiologie de la bactériémie a S aureus chez les
enfants.

METHODOLOGIE : Les chercheurs ont procédé a la surveillance en
population de toutes les bactériémies a S aureus incidentes chez les enfants
(de 18 ans et moins) qui habitaient sur le territoire de la régie régionale de
Calgary, en Alberta, entre 2000 et 2006.

RESULTATS : Pendant I'étude de sept ans, 120 infections sanguines a
S aureus se sont déclarées chez 119 patients. De ce nombre, 27 % étaient
d’origine nosocomiale, 18 % s’associaient aux soins et 56 % étaient
d’origine non nosocomiale. Lincidence annuelle s'élevait a 6,5 cas pour
100 000 habitants et a 0,094 cas pour 1 000 naissances vivantes. Dans
I'ensemble, 52 % des patients étaient atteints d’'une maladie sous-jacente
importante, et cette proportion était plus élevée pour ce qui est des
maladies nosocomiales. Les infections des os et des articulations (40 %),
les bactériémies sans foyer (33 %) et les infections de la peau et des tissus
mous (15 %) étaient les principaux syndromes cliniques. Les infections
causées par le S aureus méthicillinorésistant étaient peu courantes (un cas
seulement), et trois patients (2,5 %) sont décédés.

CONCLUSIONS : La bactériémie a S aureus est une cause importante de
morbidité au sein du groupe d’Age pédiatrique. Les maladies sous-jacentes
et les dispositifs internes constituent des facteurs de risque non négligeables.
Le S aureus méthicillinorésistant et le taux de mortalité sont faibles.

S taphylococcus aureus is recognized as an important cause of inva-
sive disease in children (1,2). It has assumed an increasing
relative importance as an agent of community-acquired outpatient
bacteremia, especially in regions where successful widespread
implementation of infant conjugate vaccines has reduced the inci-
dence of invasive Haemophilus influenzae and Streptococcus pneu-
moniae diseases (3). S aureus is a frequent cause of hospital-acquired
bacteremia, with patients admitted to neonatal and paediatric
intensive care units at the highest risk (4-6). While nosocomial
infections due to methicillin-resistant S aureus (MRSA) have
been recognized in many jurisdictions for decades, in recent years,
severe invasive infections due to MRSA strains have increasingly
been reported (7-11) in patients, including children, without sig-
nificant previous health care exposure. A number of studies
(1,12,13) have been published describing the occurrence, clinical

attributes and outcomes of S aureus bloodstream infections among
children admitted to hospitals. However, studies conducted in
selected hospitals may be biased by referral patterns, and incidence
rates cannot be calculated using these designs (14,15).

Population-based studies that identify all new cases of disease
occurring among residents of a defined population at risk are
optimal for defining the epidemiology of an infectious disease.
However, only a few population-based studies of invasive or bac-
teremic S aureus infections have been conducted (2,16-25). To
our knowledge, only two of these studies — one from Denmark
(18) and the other from New Zealand (25) — have focused on
children. The objective of the present study was to describe the
incidence, clinical features and outcomes associated with S aureus
bacteremia in all children living in a large Canadian health
region from 2000 to 2006.

IDepartment of Paediatrics; 2Department of Microbiology and Infectious Diseases; >Department of Pathology and Laboratory Medicine; *Calgary
Laboratory Services; *Department of Medicine; ®Department of Community and Health Sciences, University of Calgary, Alberta Health Services

(Calgary and Area), Calgary, Alberta

Correspondence: Dr Otto G Vanderkooi, Alberta Children’s Hospital, Room C4-620, 2888 Shaganappi Trail Northwest, Calgary, Alberta T3B 6A8.

Telephone 403-955-7407, fax 403-955-3045, e-mail ovanderk@ucalgary.ca

Accepted for publication April 27, 2010

276 ©2011 Pulsus Group Inc. All rights reserved

Paediatr Child Health Vol 16 No 5 May 2011



METHODS

Base population

The Calgary Health Region (CHR; currently named Alberta
Health Services — Calgary and Area) administers virtually all
medical and surgical care to the residents of Calgary, Airdrie and
a large surrounding area (population 1.2 million; 270,000 are
18 years of age or younger) in the province of Alberta. The region
is serviced by four major acute care centres that are all located in
Calgary. The Alberta Children’s Hospital is the principal acute
tertiary care paediatric institution and admits most children.
Noncritically ill children are also admitted to a paediatric ward at
the Peter Lougheed Centre. Level 2 neonatal special care nurseries
are present at the Peter Lougheed Centre, the Rockyview General
Hospital and the Foothills Medical Centre. High-risk maternity
care is focused at the Foothills Medical Centre, and is supported
by a neonatal intensive care unit. A broad range of services — from
outpatient to acute tertiary care paediatric services — are provided
within the region. Only children requiring open heart or acute liver,
heart or lung transplant surgery are routinely referred elsewhere.
The study population consisted of all children (18 years of age or
younger) living in the CHR who developed bacteremic S aureus
infection between January 1, 2000, and December 31, 2006. The
Conjoint Health Research Ethics Board for the University of
Calgary and the CHR approved the study and waived the require-
ment for individual written informed consent.

Study protocol

An active, population-based surveillance cohort design was used.
The present study was nested within a larger cohort of all S aureus
bacteremias at all ages occurring in the CHR for which the detailed
surveillance methodology has been previously described (16).

In summary, patients with positive blood cultures for S aureus
were identified by the microbiology laboratory. The patients iden-
tified were then linked to the corporate databases of the CHR.
Data extracted from the corporate databases included basic demo-
graphic information, admission and comorbidity diagnoses based
on the International Statistical Classification of Diseases and Related
Health Problems (ICD-10). All admission and comorbidity codes
were included for analysis and were grouped as demonstrated in
the results. No chart review was performed for the study.

Calgary Laboratory Services is a regional laboratory system that
receives more than 95% of all blood samples submitted for culture
from the acute care sites as well as the community setting for the
CHR. Dialysis in a paediatric population is performed as part of
the inpatient nephrology service; therefore, infections associated
with dialysis or the associated central venous catheters would be
captured within the data set.

Bacteremic S aureus infection was defined by its isolation from
at least one set of aseptically obtained blood culture bottles.
Clinical isolates were confirmed as S aureus (Gram stain, colonial
morphology, catalase test and tube coagulase test) and tested for
antimicrobial susceptibility by standard techniques (26,27).
Phenotypic MRSA strains were confirmed as mecA-positive by
polymerase chain reaction assay (or detection of penicillin-binding
protein 2a by latex agglutination). Typing of MRSA strains was
performed using pulse-field gel electrophoresis as previously
described (28).

Residency status was established using the 2003 boundaries of
the CHR (29). Incident cases were defined by the new first isola-
tion of methicillin-sensitive S aureus or MRSA; repeated isolation
of the same organism (methicillin-sensitive S aureus or MRSA)
within 365 days after the first positive culture was deemed to rep-
resent the same incident infection.
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The Centers for Disease Control and Prevention (USA) guide-
lines (30) were used for defining health care association and noso-
comial infections. Nosocomial bacteremias were those for which
the first culture was positive 48 h or more after hospital admission
or within 48 h of discharge. Infections occurring within the first
two days of birth were also classified as nosocomial. Community-
onset infections were those for which the first positive culture was
obtained within 48 h of admission or 48 h or more after discharge
from hospital. A health care-associated community-onset S aureus
bacteremia had at least one of the following: attendance in a spe-
cialized hospital-based clinic or emergency room within the previ-
ous two to 30 days before bloodstream infection; or admitted to a
CHR acute care hospital for two or more days within the previous
90 days before bloodstream infection. Community-acquired infec-
tions were defined as community-onset bacteremias that were not
health care associated. Discharge coding (ICD-10) was used to
determine whether the infection had a primary source (eg, muscu-
loskeletal, soft tissue, intravascular catheter-associated or endo-
vascular infections) compared with a primary bacteremia. Neonatal
infections were defined by positive culture in patients younger
than 30 days of age.

Statistical analysis

Analysis was performed using Stata version 9.2 (Stata Corp, USA).
Non-normally distributed variables were reported as medians with
interquartile ranges (IQRs), and compared using the rank-sum test
for pairs or the median test for multiple groups. Differences in pro-
portions among categorical data were assessed using Fisher’s exact
test for pairwise comparisons and the y? test for multiple groups.
The overall incidence, and age- and sex-specific incidences of bac-
teremic S aureus infection were calculated by dividing the number
of incident cases by the regional population. The neonatal infec-
tion rate was also calculated per 1000 live births. Differential risks
among different population subgroups were expressed as incidence
rate ratios with 95% Cls. For all statistical comparisons, P<0.05
was deemed to represent statistical significance.

RESULTS
During the seven-year study, 120 bacteremic S aureus infections
occurred among 119 patients; 32 (27%) were classified as noso-
comial, 21 (18%) as health care associated and 67 (56%) as com-
munity acquired.

Incidence

The annual incidence of bacteremic infection was
6.5/100,000 population. Ten neonates (two within the first
six days of life) developed S aureus bacteremia yielding a rate
of 0.094/1000 live births. The incidence of invasive bacteremic
disease in children varied from year to year (Figure 1). The
occurrence of S aureus bloodstream infection also demonstrated
considerable monthly variability. While no clear seasonal trend
was evident for community-acquired or health care-associated
infections, most nosocomial infections (n=25 [78%]) occurred
during the second half of the year.

The median age of the patients was 6.6 years (IQR 1.0 to
11.2 years) and 68 (57%) were boys. The risk for developing
S aureus bacteremia was related to age, with the risk being
highest in the neonatal period (younger than 30 days)
(124.8 cases/100,000 population), abruptly dropping at one to
23 months (14.0 cases/100,000 population) and through later
childhood (3.7 to 5.5 cases/100,000 population at two to
17 years). Overall, boys were at a modestly increased risk (inci-
dence rate ratio 1.54 [95% CI 1.03 to 2.32]; P=0.03), but this
excess risk was attributable to a two- to threefold increased
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Figure 1) Annual incidence of Staphylococcus aureus bacteremia accord-
ing to mode of acquisition in children living in the Calgary Health Region
(Alberta), 2000 to 2006. CA Community acquired; HCA Health care-

associated community onset; NA Nosocomial acquired; yr Year

risk in the younger groups compared with the two-year-old and
older adolescent age groups, with no excess risk observed for the
three- to nine-year-old age group.

Among the 10 neonatal infections, all were nosocomial, with
the exception of one patient who developed a health care-associated
S aureus bacteremia in the community at 29 days of age. Beyond the
neonatal age group, there was a significant relationship between age
and location of acquisition (P=0.03). For patients between 30 days
and four years of age (n=39), nosocomial (n=14 [36%]) and
community-acquired cases (n=16 [41%]) predominated. Older chil-
dren and young adolescents five to 14 years of age (n=52) mainly
had community-acquired disease (n=40 [77%]), with only
seven (13%) and five (10%) cases being nosocomial and health care
associated. In the oldest age group of 15 to 17 years (n=9),
three (33%) were community acquired, five (56%) were health care
associated and one (11%) was nosocomial.

Clinical characteristics
Clinical information was available for the 110 cases (92%) admitted
to one of the four major regional hospitals. Approximately one-half
of the patients (n=57 [52%]) had at least one significant underlying
condition, and this was significantly higher for nosocomial (25 of
31 [81%]) and health care-associated (17 of 20 [85%]) cases com-
pared with community-acquired cases (15 of 59 [25%]; P<0.0001).
There was also a significant (P=0.001) inverse relationship observed
between age and the presence of comorbid conditions; nine of
10 neonates (90%), 25 of 39 (64%) patients 30 days to four years of
age, and 23 of 61 (38%) patients five years of age and older had a
comorbid condition associated with their bacteremia.

The underlying comorbid conditions included congenital
heart disease (16%), neoplastic disease (9%), bone marrow

TABLE 1

transplant (2%), asthma (5%) and diabetes (1%). Ten neonatal
cases represented 10% of cases (all nosocomial), of which six cases
were complicated by prematurity and five cases by an extremely
low birth weight.

Bone and joint infections, bacteremia without a focus, and
soft tissue infections were the most common clinical syndromes
observed (Table 1). Endovascular, and bone and joint infections
occurred more commonly in older children (P=0.005) (Table 1).
The focus of infection was also related to the location of acqui-
sition (P<0.001), with bone and joint infections, soft tissue
infections and endovascular infections (endocarditis, conduit
infections, septic thrombophlebitis or infected intravascular clots)
predominantly community acquired, and respiratory and bacter-
emia without a focus either nosocomial or health care associated
(Table 1). Only three patients were diagnosed with toxic shock
syndrome, all of which were community-acquired disease in boys
10 to 12 years of age. Two of these infections involved endocard-
itis with metastatic complications and the other was a bacteremia
without a focus in a cancer patient.

Microbiology

Detailed susceptibility testing results were available for all but
one (n=109) of the incident infections for which clinical informa-
tion was available. Only one infection was caused by MRSA and
was a health care-associated bone and joint infection. The CHR’s
local antibiogram in 2006 demonstrated the presence of MRSA in
8% of S aureus isolates. Five isolates (5%) demonstrated reduced
susceptibility to trimethoprim/sulfamethoxazole, 13 (12%) to
erythromycin, two (2%) to ciprofloxacin and one (1%) to genta-
micin. Clindamycin susceptibility was not available because it is
not reported in invasive isolates. No isolates were resistant to
rifampin or linezolid.

Hospital course and outcome

The overall median length of stay in hospital was 12.2 days (IQR
6.9 to 27.0 days). The median time from admission to develop-
ment of nosocomial bacteremia was 13.4 days (IQR 6.1 to
24.7 days). All cases were admitted for treatment, although an
unknown number were outpatients when the blood culture was
drawn. The median length of stay following diagnosis of an
S aureus bloodstream infection was significantly (P<0.0001) longer
for nosocomial (38.0 days [IQR 17.1 to 91.9 days]) compared with
health care-associated (11.7 days [IQR 8.7 to 14.9 days]) and
community-acquired (9.6 days [IQR 6.8 to 13.9 days]) infections.
Three of 120 patients (2.5%) with an S aureus bacteremia infec-
tion died before discharge from hospital, for an overall annual
mortality rate of 0.2/100,000 population. The proportion of
patients requiring critical care could not be determined.

Clinical diagnosis and correlates of Staphylococcus aureus bacteremia in 110 children in the Calgary Health Region

(Alberta), 2000 to 2006

Primary focus of infection n (%) Age, years, median (IQR) Comorbidity, n (%) NA, n (%) HCA, n (%) CA, n (%)
Bone and joint 44 (40) 9.2 (5.8-13.2) 9 (20) 4(9) 6 (14) 34 (77)
Skin and soft tissue 16 (15) 3.6 (1.7-11.1) 7 (44) 5(31) 1(6) 10 (63)
Endovascular 5(5) 12.4 (10.6-13.7) 3 (60) 0 (0) 0(0) 5 (100)
Lower respiratory 3(3) 1.7 (0.1-2.9) 3 (100) 2 (67) 1(33) 0 (0)
Intra-abdominal or pelvic 3(3) 8.7 (0.1-14.0) 1(33) 0 (0) 1(33) 2 (67)
Ear, nose and throat 2(2) 0.3 (0.1-0.5) 1 (50) 1 (50) 1 (50) 0 (0)
Central nervous system 1(1) 0.1 1 (100) 1 (100) 0 (0) 0 (0)
No focus 36 (33) 3.4 (0.2-8.3) 30 (83) 18 (50) 10 (28) 8 (22)

CA Community acquired; HCA Health care-associated community onset; NA Nosocomial acquired
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DISCUSSION
S aureus is an important pathogen in the paediatric population.
The results of the present study provide important contemporary
information regarding the epidemiology of this pathogen in the
paediatric population of a large Canadian city.

We observed an overall S aureus bacteremia incidence of
5.9/100,000 in the paediatric population (younger than 18 years
of age) and a neonatal incidence of 0.094/1000 live births. A simi-
lar incidence has been demonstrated among children in Denmark
(8.4 cases/100,000 children) (18), Finland (five cases/100,000 chil-
dren) (21) and the United States (2.3 cases/100,000 children)
(31). A similar incidence has also been demonstrated in children
younger than one year of age in Australia and New Zealand
(0.08 cases/1000 live births) (4). Maori and Pacific Islander popu-
lations, in a New Zealand cohort (25), had significantly higher
rates of disease. Our region has an invasive S aureus rate similar to
that of other nondisadvantaged populations. The reason for the
predominance of nosocomial infections in the second half of the
year is unclear.

S aureus represented the third most commonly isolated blood
culture organism (12%) in the paediatric CHR population from 2000
to 2006, following Streptococcus viridans (23%) and S pneumoniae
(16%), with a prevalence similar to Escherichia coli (32). The propor-
tion was significantly higher in the nosocomial and health care-
associated groups. Our 12% nosocomial prevalence was similar to an
Israeli cohort (5,32). Similarly, in a United States hospital-based
surveillance study (6), S aureus represented 9.2% of all isolates.

Case fatality rates in staphylococcal bacteremia are signifi-
cant. Our study demonstrated a case fatality rate of 2.5%
(0.2 deaths/100,000 population). In the paediatric case series as
well as population-based studies (1,12,18,21,25), case fatality is
reported to be between 1% and 11%. Higher rates of case fatality
have been described in the context of MRSA, disadvantaged
populations and young neonates (4,18,25). This is consistent
with the much higher case fatality rate in adults of 25% in our
region and 15% to 30% elsewhere (2,16,21).

Invasive staphylococcal disease is associated with the risk fac-
tors in 25% to 89% of children (1,4,10,12,18,25,31). Our popula-
tion demonstrated the peak incidence in the neonatal period, as
described above, with an increased risk in male children (RR 1.5),
most notably in the neonatal age group, with 57% of children in
the population having significant underlying conditions. The
breakdown of illnesses, representing risk factors, in our population
mirrors that of the literature.

The prevalence of congenital heart defects of 16% in our popu-
lation is significantly higher than the prevalence of 10.6 cases of
major general heart defects per 100,000 live births in a Canadian
birth cohort (33). The incidence rates of cancer in Canadian chil-
dren was quoted by Howard et al (34) to be 144.2/1,000,000 chil-
dren, again suggesting an increased risk for S aureus bacteremia in
this population, with a prevalence of 9% in our study.

Clinical presentations of illness in our paediatric patients
presenting with S aureus bacteremia revealed that bone and joint
infections, followed by skin and soft tissue infections were the most
common. This is similar to several other paediatric cohorts (18,25).
No focus of infection was identified in approximately one-third
of our patients. An Australian case series (1) also demonstrated
bone and joint infections in 59% of otherwise healthy children,
with endocarditis being a rare event in 1.4% of children compared
with 30% of adults. The population with no identified focus of
infection in our study was similar to the New Zealand data if one
combines rates for their patients with no identified focus and those
with intravascular catheter infections (27%); unfortunately, our
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administrative database does not reliably capture the presence of
indwelling venous catheters. However, our rate of “no identified
focus” is significantly less than the “unknown primary focus” group
in the Denmark data (50% to 80%) (18,25).

MRSA is being reported with increasing frequency in many
jurisdictions including Great Britain, Taiwan and the United States.
In a Chicago jurisdiction, MRSA increased from 10/100,000 admis-
sions to 259/100,000 admissions, while other studies demonstrated
an increased number of cases during their surveillance (9-11,35).
MRSA was an uncommon problem in our study.

A limitation of using administrative data is that they do not
allow for case follow-up and, thus, sequelae related to S aureus
bacteremia cannot be determined. The exact length of treatment
(intravenous portion followed by oral step down) cannot be deter-
mined. It is possible that not all potential risk factors associated
with invasive staphylococcal infection would be identified using
administrative data; in particular, the presence of an indwelling
central venous catheter might not be reliably captured via ICD-10
coding.

S aureus infection continues to be a significant disease in the
paediatric population. Children with underlying risk factors,
including central venous access devices, malignancies and chronic
illnesses, continue to be at increased risk for this serious infection.
Although a significant number of children were identified without
a focus of infection, it remains essential that the focus is aggres-
sively investigated because a large majority of staphylococcal bac-
teremias are secondary. Fortunately, the mortality rate associated
with invasive staphylococcal illnesses in children remains much
lower than in adults. The epidemiology of disease continues to
change, and if the experience in other jurisdictions holds true, a
changing pattern of disease will emerge as MRSA becomes a more
significant problem.
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