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Abstract

Background: Staphylococcus aureus bacteraemia (SAB) causes considerable morbidity and mortality in children.
Despite this, its epidemiology and risk factors are poorly understood, with minimal paediatric clinical trial data
available to guide clinicians in management. We conducted a pilot study to characterise SAB and validate a severity
classification for use in future clinical trials.

Methods: Patients with SAB were prospectively identified at Princess Margaret Hospital for Children (Perth, Western
Australia) from May 2011 to December 2013. Retrospective data were collected from clinical and laboratory records.
Cases were classified based on a priori defined criteria as simple (single or contiguous, peripheral site focus) or complex

antibiotic therapy (43 vs 34 days, p=0.03).

decision making.

(multi-site, deep tissue, no focus or sepsis) and tested against risk factors and markers of severity of infection.

Results: There were 49 cases of SAB (median age 7.7 years), with classification as simple (n =30, 61%) and complex
(n=19, 39%) respectively. There were no deaths or relapses in our cohort. Only 10% of isolates were methicillin
resistant S. aureus (MRSA), and none of these were healthcare-associated. Age, gender, Indigenous status, MRSA and
healthcare-associated infections were not predictive of complex infection. Pre-existing malignancy was a risk factor for
complex infection (p = 0.02). Complex infections were associated with a higher median maximum C reactive protein
(216 mg/L vs 50 mg/L, p =< 0.001), longer median length of stay (42 vs 10 days, p = < 0.001) and longer duration of

Discussion: This is the first attempt to categorise paediatric SAB as simple versus complex, to guide clinicians in

Conclusions: There is a wide spectrum of disease severity in paediatric SAB, with maximum CRP, length of stay, and
duration of therapy greater in those with complex disease. Distinct cohorts with simple and complex courses which
may be a target for future clinical trials have been described.
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Background

Staphylococcus aureus is a gram positive bacteria that
ranges in pathogenicity from skin commensal to invasive
disease [1]. S aureus bacteraemia (SAB) is one of the
most invasive phenotypes, yet the incidence of SAB in
children has been infrequently described. The reported
incidence of SAB in children ranges from 16.9/100,000
population in New Zealand [2] to 37/10,000 hospitalised
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children in the USA [3]. Recently in the largest paediat-
ric SAB cohort, the annual incidence in Australian
children has been confirmed at 8.3/100,000 and New
Zealand children as 14.4/100,000 [4]. SAB is the most
common cause of sepsis contributing to Paediatric In-
tensive Care Unit (PICU) admission [5, 6] and the most
frequent reason for infectious diseases consultation in
Australia, for both children [7] and adults [8].

Despite its high incidence and severity, there are several
evidence gaps concerning paediatric SAB. Whilst factors
contributing to complicated infections in adults have been
described [9], these factors are poorly understood in
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children. There is no high quality paediatric randomised
control trial (RCT) evidence available to guide key manage-
ment principles, including duration of treatment for either
uncomplicated presentations, or more complex cases. A
recent systematic review on intravenous (IV) to oral anti-
biotic step-down choices for a range of infections, included
treatment for SAB [10]. In the review, the authors recom-
mended a total duration of therapy for occult SAB in chil-
dren as 7-14 days (GRADE D-1V) [10]. This low evidence
grading is based on expert opinion only, confirming know-
ledge gaps.

To better characterise the spectrum of SAB ranging
from simple to complex in childhood, we performed a
single-centre study to determine the nature of SAB at
our paediatric institution, with a goal to identify op-
portunities for future trials to guide management of
SAB in children.

Methods

The study setting was Princess Margaret Hospital for
Children, a stand-alone 220 bed children’s hospital serv-
ing as the only tertiary children’s hospital for the state of
Western Australia (WA) with a population of 450,900
children spread over 2.5 million square kilometres
(www.abs.gov.au), last accessed 26 September 2016). We
performed a retrospective chart review of all patients
below 16 years of age admitted to our hospital with SAB
between 1st May 2011 and 31st December 2013. Al-
though our hospital admits patients up to the age of
18 years if they have chronic needs, the majority of
patients over 16 years with SAB would be admitted to
adult hospitals. We have therefore not included this age
group in our study.

Patients were identified prospectively and limited
clinical, treatment and antibiotic resistance phenotype
data were collected and reported to the Australian and
New Zealand Collaboration on Outcomes in Staphylo-
coccal Sepsis (ANZCOSS) surveillance program [11]. In
addition, we then retrospectively retrieved information
on the same patients from drug charts, electronic and
paper medical records regarding risk factors, infection
characteristics and treatment for this pilot cohort. Abo-
riginal and Torres Strait Islander status was collected
with the ANZCOSS data [11].

Definitions

S. aureus bacteraemia was defined by the detection of S.
aureus from blood cultures (BD BACTEC™ Instrumental
Blood Culture System) in the presence of a consistent
clinical illness. Methicillin resistant S. aureus (MRSA)
was confirmed using the cefoxitin screen as previously
defined [11]. Cases were further categorized according
to clinical phenotype into either simple or complex in-
fections. We hypothesised that significant differences in
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treatment and outcomes would be observed between
those with simple or complex infections defined a priori as:

e Complex infections; deep tissue abscesses,
pulmonary infections, infective endocarditis, no
focus of infection, infections resulting in sepsis
(haemodynamic compromise requiring fluid bolus
or inotropes) or PICU admissions, or multiple (=2
sites), non-contiguous sites of infection.

e Simple infections; single site infections or
contiguous sites infected (e.g bone and associated
joint), which were not pre-defined as complex.

As there has been no previous attempt to categorize
SAB in children, our definitions are determined primar-
ily based on clinician experience. Bone and joint infec-
tions were classed as simple if they did not include other
factors pre-defined as complex, as there is evidence for
effective short course IV therapy in these infections [12].
SAB with no focus was defined as complex due to
evidence that it may be associated with worse outcomes
[4, 13]. Device associated infections were defined as
simple if they did not meet other criteria pre-specified as
complex.

The focus of infection was defined by the treating
team as the clinically determined source of the bacter-
aemia. All possible foci were recorded and used to clas-
sify each case as simple or complex and as such, a
patient could have more than one focus. The onset of
infection was classified as i) hospital-acquired if the
positive blood culture was taken >48 h after admis-
sion, ii) community-onset, healthcare-associated if it
was not hospital acquired, but there was a medical
device in situ, or iii) community-acquired if it did not
meet criteria for hospital-acquired or community-on-
set, healthcare-associated [14]. If a medical device was
in situ at the time of SAB, it was defined as device
focussed if identified as such by the treating team.
The highest C-reactive protein (CRP max) value for
the admission was recorded. Time to CRP max was
recorded from the date of the first positive blood cul-
ture to the date of the highest recorded CRP. Antibiotic
data was extracted from patient drug charts, and the
duration of oral antibiotics on discharge were obtained
from the patient record or discharge summary. Antibiotics
given for indications other than SAB were excluded. Em-
piric antibiotics given prior to the return of a positive
blood culture were recorded.

Statistics

Statistical analysis was performed using Stata v 11 (Sta-
tacorp, Texas USA). Descriptive statistics are presented
as frequency and percentages for categorical variables,
and median and interquartile ranges for continuous
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variables. Chi2 or Fishers exact tests were used for cat-
egorical data and the bi-directional Student t-test (para-
metric) or Mann-Whitney test (non-parametric) for
continuous variables. Some variables were logarithmic-
ally transformed for the purpose of statistical analysis.

Results

Forty-nine SAB cases were identified between May 2011
and December 2013. This represented a combined SAB
rate of 1.57/10,000 bed days. Using the pre-specified
definition, 30 (61%) cases were classified as simple and
19 (39%) as complex infections.

Baseline characteristics

The median age was 7.7 years (interquartile range [IQR]
1.4-11 years) (Table 1). Children with complex infec-
tions had a higher median age (8.2 vs 6.4 years), but this
was not significant (p = 0.65). Indigenous children (=5,
10%) were represented evenly, with 3 in the simple and
2 in the complex groups. MRSA strains were isolated in
5 patients (10.2%), of which 4 (13.3%) were in the simple
cohort and 1 (5.3%) in the complex (p = 0.64). All MRSA
isolates were the community-acquired phenotype. Co-
morbidities were common, with 49% having at least one.
Malignancy was the most common co-morbidity affect-
ing almost 20% of the cohort, with 2 (6.7%) of the simple
and 7 (36.8%) of the complex having a haematological or
solid-organ malignancy (p =0.02). Ten children (20.4%)
had a medical prosthetic device in situ at the time of
bacteraemia, and whilst this was higher in the complex
cohort (26.3%) than the simple (16.7%) this was
non-significant (p = 0.48). Community-acquired infections

Table 1 Baseline characteristics and outcomes of interest
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were most common (n=37, 75.5%), followed by
community-onset, healthcare-associated (=7, 14.3%),
and hospital-acquired (n =5, 10.2%). When comparing all
healthcare-associated infections together in simple (1 =6,
20%) and complex (n=6, 31.6%) the difference was
non-significant (p = 0.36).

Focus of infection

Almost two-thirds of children had skeletal infections (#
=31, 63%), with similar numbers represented in the sim-
ple (7 =20, 66.7%) and complex (n =11, 57.9%) cohorts
(Table 2). Skin and soft tissue infection (SSTI) (n = 10,
20.4%) and SAB without a focus (n=9, 18.4%) were
other common presentations. Some patients had mul-
tiple foci, all of which were counted. There were 6 (12%)
cases where a medical device was implicated as a source
of infection, with 5 (16.7%) in the simple cohort and 1
(5.3%) in the complex. There were a further 4 cases
where there was a device in situ at the time of bacter-
aemia which was not implicated as the source. The ma-
jority (n=6, 60%) of devices were surgical vascular
access devices (Broviac, Infusaport etc.). Other com-
mon foci in the complex cohort included pneumonia/
pulmonary septic emboli (n=5, 26.3%) and pyomyosi-
tis (n =4, 21.1%).

Outcomes of interest

There were 7 (14.3%) PICU admissions with a median
stay of 7 days, all pre-specified as complex. No deaths
were observed. The median CRP max was significantly
different between the two cohorts, with a median of
50 mg/L (IQR 22-75 mg/L) for simple and 216 mg/L

Cohort Simple Complex P value
Baseline characteristics
N (%) 49 (100) 30 (61.2) 19 (38.8)
Male 28 (57.1) 16 (53.3) 12 (53.2) 05
Age (years) - Median(IQR) 7.7 (14-11) 64 (14-10.9) 82 (0.5-12.3) 0.68
Indigenous 5(10.2) 3 (10 2 (10.53) 1
MRSA 5(10.2) 4(133) 1(53) 0.64
Healthcare associated 12 (24.5) 6 (20) 6 (31.6) 0.36
Malignancy 9 (184) 2 (6.7) 7 (36.8) 0.02
Device related 10 (204) 5(16.7) 5(26.3) 048
Outcomes of interest — Median (IQR)
Max CRP (mg/L) 61 (34-222) 50 (22-75) 216 (75-251) <0.001
Time to Max CRP (days) 1(0-2) 0 (0-2) 2 (1-3) <001
ID consult = n (%) 32 (65.3) 20 (66.7) 12 (63.2) 038
Length of stay (days) 17 (8-32) 10 (6-24) 42 (16-50) <0.001
Number of antibiotics 4 (3-5) 3(3-4) 5 (3-6) <001
Duration of antibiotics 36 (20-44) 34 (16-39) 43 (24-65) 0.03
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Table 2 Foci of infection

Focus of infection, N (%) Cohort Simple Complex
N = 49 (100) 30 (100) 19 (100)
SSTI 10 (204) 9 (30 1(53)
Osteomyelitis 21 (42.9) 14 (46.7) 7 (36.8)
Hip/Pelvis 7 (143) 5(16.7) 2 (10.5)
Upper limb 4(8.2) 2 (6.7) 2 (10.5)
Lower limb 10 (204) 5(16.7) 5(26.3)
Septic Arthritis 10 (204) 6 (20) 4(21.0)
Hip 5(10.2) 4(13.3) 1(5.3)
Knee 3(6.1) 1(3.3) 2 (10.5)
Elbow 2(4.1) 1(33) 1(53)
Pyomyositis 8 (16.3) 3 (10) 5(26.3)
Sepsis syndrome 8 (16.3) NA 8 (42.1)
Pulmonary septic emboli 3(6.1) NA 3(15.8)
Pneumonia 2 (4.1) NA 2 (10.5)
Empyema 1(2.04) NA 1(53)
Infective endocarditis 1(2.0) NA 1(5.3)
Thrombus 240 NA 2 (10.5)
Deep tissue abscess 1(20) NA 1(5.3)
No focus 9 (184) NA 9 (47.4)
Device focussed 6(12.2) 5(16.7) 1(5.3)
Broviac/Hickman 10 1(33) 0(0)
Portacath 1(2.0) 1(3.3) 0 (0)
Orthopaedic device 240 2(6.7) 0 (0)
PICC 1(2.0) 133) 0(0)
PIVC 1(20) 0(0) 1(53)
Device associated 10 (20.4) 5(16.7) 5 (26.3)
Broviac/Hickman 3(6.1) 1(33) 2 (10.5)
Portacath 3(6.7) 1(33) 2 (105)
Orthopaedic device 240 2(6.7) 0 (0)
PICC 1(2.0) 1(33) 0(0)
PIVC 120 0(0) 1(53)

PICC Peripherally Inserted Central Catheter, PIVC Peripherally Inserted
Venous Cannula

(IQR 75-251 mg/L) for the complex cohort (p = < 0.001).
There was a significant difference in the time to CRP
max, with a median of 0 days (IQR 0-2 days) in the sim-
ple and a median of 2 days (IQR 1-3 days) in the com-
plex cohort (p=<0.01). The median length of stay
overall was 17 days (IQR 8-32 days), with significantly
shorter hospitalisation in the simple cohort (median
10 days, IQR 6-24 days) compared to the complex (me-
dian 42 days, IQR 16-50 days) (p = <0.001). An infec-
tious diseases (ID) consult was requested in two thirds
of the patients, with no evidence of increased consult-
ation due to complexity. No readmissions due to SAB
were observed within 90 days.
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Antibiotics

Antibiotic prescribing varied markedly. Antibiotic regi-
mens were frequently adjusted (median 4 different anti-
biotics, IQR 3-5) with more antibiotics recorded for the
complex cohort (median 5, IQR 3-6) compared to a me-
dian of 3 (IQR 3-4) for the simple (p =<0.01). There
was also wide variation in total antibiotic treatment dur-
ation, with a median of 34 days (IQR 16-39) for simple,
and 43 days (IQR 24-65) for complex (p=0.03). The
most commonly used antibiotics were Flucloxacillin (n
=45, 91%) followed by Vancomycin (n =31, 63%). Initial
vancomycin use was much more frequent in the com-
plex cohort (n=16, 84.2%) to empirically cover for
MRSA, despite the MRSA rate being approximately 10%.
This may be another marker consistent with more com-
plicated features at presentation.

Discussion

In this single-centre pilot study, we classified SAB in
children into broad clinical categories to aid the paedia-
trician in thinking about their patients, and shown
significant differences between these groups, including
CRP max, duration of hospitalisation, total number and
duration of antibiotics. This study is the first to our
knowledge to categorize SAB in children according to
complexity, which is an essential first step when consid-
ering clinical trials in both simple (e.g. the role of short
course therapy) and complex SAB (e.g. the role of com-
bination therapy).

It is clearly demonstrated that there is a high degree of
variability in SAB phenotype, and an according variabil-
ity in management, with simple infections receiving
median 34 antibiotic days and 10 hospital days, com-
pared to 43 and 35 days respectively for complex infec-
tions. The extended duration of antibiotics is consistent
with skeletal infection comprising almost two-thirds of
both groups, for which the recommended duration of
antibiotics is 3—4 weeks [10].

Whilst SAB severity and mortality risks have been well
defined in adults [15], there are limited data to guide
classification in children. Indeed, the a priori definition
of complexity was determined by clinician experience,
and then confirmed using markers such as CRP max,
duration of hospital stay and treatment. This is import-
ant as children with SAB rarely die, making death a
non-discriminatory outcome for clinical trials. Mortality
in children is much lower than adults with SAB, with
rates of around 5% [4, 16—18] vs 20% [15] respectively,
reported. Our small cohort had no deaths attributed to
SAB. Therefore, we used surrogate outcome markers of
complexity including treatment duration, length of stay
and CRP max to test our phenotypic definition of simple
versus complex infections, each of which proved signifi-
cant. Larger multi-centred studies are needed to confirm
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these findings and increase our knowledge of factors as-
sociated with morbidity and mortality in children.

By the time SAB is confirmed at 48 h, the CRP max
may help identify children with simple (CRP max <
75 mg/L) and complex (CRP max>=75 mg/L) infec-
tions. This time point is important in paediatrics, as
prior studies of bone and joint infections confirmed the
efficacy of 3 days of intravenous antibiotics followed by
step down to oral antibiotics [12]. The ability to use
CRP to differentiate at 48 h between simple and com-
plex SAB gives the clinician some reassurance that in a
patient with a CRP below 75 mg/L, step down to oral
antibiotics may be a safe option. This finding would
need to be supported by further, prospective studies with
lager patient populations, however, as finding early
predictors of ultimate clinical outcome is challenging in
SAB we have reported this finding to guide clinicians in
their clinical practice.

The difference in antibiotic use between groups was
significant both in number and duration. The treatments
were generally longer than expected, particularly for
simple SAB. In addition, a large number of different
antibiotics were prescribed during the course of treat-
ment in both groups. This finding may be explained by
the gradual detection over the first few days of hospital-
isation of different foci of infection. However, even in
the simple group the number of antibiotic switches was
surprising. Multiple antibiotic exposures may result in
increasing antimicrobial resistance and cost. The num-
bers of antibiotics may be excessive, and this was during
a period prior to the initiation of guidelines for empiric
treatment of SAB, introduced as part of the antimicro-
bial stewardship bundle that commenced in November
2013. Furthermore, ID consults for SAB were added as a
mandatory activity in July 2015 and all hospital-acquired
SAB were investigated with a root cause analysis from
January 2015. In the current environment of global fears
regarding antibiotic resistance [19], any trend towards
over-use of antimicrobial therapy is worth highlighting,
and positions infectious disease specialists ideally to help
target therapy more effectively.

In Australia, Indigenous children have been reported
to have increased rates, but not worse outcomes from
SAB [4]. We were not able to detect differences in Indi-
genous status between simple and complex SAB. This
may be due to small numbers, however the duration of
the study capturing children throughout the whole state
(which has the second highest proportion of Indigenous
children at 6.8% (www.abs.gov.au, last accessed 26 Sep-
tember 2016)), suggests that this was a representative
sample. This is reassuring in supporting the evidence
that outcomes for Indigenous children in Australia are
not worse than other ethnic groups for SAB, despite
their rates being slightly higher [6].
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Despite widespread use of vancomycin amongst this
small cohort, the 10% MRSA rate was lower than re-
ported elsewhere. Other studies have shown between 15
and 34% of methicillin resistance in similar populations
[17, 18], and 13.2% nationally, albeit with a gradient
from north (higher) to south (lower) Australia [4].
Whilst MRSA has been shown to be associated with in-
creased mortality and nosocomial infections in children
[13, 18] we had a high proportion of children with
complex SAB infections despite our low rate of MRSA
isolates, and MRSA was not over-represented in the
complex group.

Malignancy, a risk factor for SAB in adults [20], was
the only significant risk factor at baseline for complex
infections. Children with malignancy have a higher use
of central venous access devices resulting in central line
associated blood stream infection [21, 22] and have sig-
nificant iatrogenic immunosuppression [22] making this
observation unsurprising. Our cohort showed relatively
low rates of hospital-acquired (10.2%) or healthcare-as-
sociated (14.3%) infections when compared to 29% and
20% respectively in other studies [4]. These groups com-
bined together were not found to be associated with
complex infections and none were MRSA.

Despite a large number of patients with a medical de-
vice in situ at the time of SAB (20.4%), we had low rates
of device-focussed SAB (12.2%). This is consistent with
other studies which have shown rates of venous catheter
associated infections between 3.3-11% [17, 18, 23], al-
though rates of up to 60% have been reported [13].

Bone and joint infection was the most common focus
affecting almost 40% of the children. This is compar-
able to rates of 12-37% in other studies [4, 18, 23].
Whilst 18.4% of our cohort had no focus for their in-
fection, other articles have reported rates as high as
35% [13, 23], making this the most common cause of
SAB in their studies. The relatively high proportion of
patients with no focus is significant as some studies
have shown increased mortality in this group [4, 13].
As such, we had categorized this phenotype of infec-
tion as complex. It should be noted that it is not
clear whether the increased mortality rate is a true
reflection of the severity of SAB with no focus, or
due to other associated factors such as MRSA infec-
tions, an occult source, or delays in treatment. We
note patients with malignancy made up a significant
proportion of our patients with SAB with no focus (n
=7, 77.8%), many of whom had a medical device in
situ as a possible source of infection not clinically de-
termined or recorded.

There are several limitations to our study. This small,
pilot study was conducted retrospectively from patient
files and electronic records with only 49 cases identified.
Due to this low number, it is not possible to draw
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definite conclusions about some groups, including Indi-
genous patients and MRSA bacteraemia. As the study
was retrospective, we were unable to type the S. aureus
isolates. Due to the paucity of pre-existing data, we de-
fined our cohorts based on phenotypic characteristics ra-
ther than performing regression analysis. The significant
difference of outcome measures across the two groups
gives weight to this definition as being clinically appro-
priate. In addition, clinicians are interested in defining
these groups early in the admission — all of our points of
significance are recorded later in the admission, with the
exception of CRP max being at median 2 days in com-
plex patients. In this pilot study, we were exploring our
ability to differentiate between simple and complex SAB,
a distinction that we are familiar with clinically, but do
not as yet have the algorithms or diagnostic tools to de-
scribe. In this exploratory, retrospective audit, we did
not seek ethical approval to contact patients to ascertain
long term outcomes which would be a point of interest
for future studies. We also did not collect data on com-
bination therapy, including the use of lincosamides
alongside beta lactams, in cases of complex SAB.

Conclusion

Our data supports the hypothesis that children with > 1
focus of infection, admission to the PICU, or x-ray
changes consistent with necrotising pneumonia have a
more complex disease profile warranting closer investi-
gation and management; however, this conclusion needs
to be further investigated prospectively. Our classifica-
tion of complex SAB which included 40% of patients is
conservative. Despite this, we were able to detect differ-
ences between the two cohorts which will be useful in
future studies.

This study highlights the potential clinical utility of
CRP max on day 2 as an early predictor of complex and
severe SAB in children, which needs further validation
in larger cohort studies. It also demonstrates a likely
overuse of antimicrobials across both groups, albeit prior
to antibiotic stewardship interventions. Further studies
are necessary to better define risk factors and outcomes
for complex SAB and to determine the effective design
of RCT’s to establish a solid evidence base for treatment
of SAB in children.
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