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Study objectives: Fifty percent of positive blood cultures in the pediatric emergency department (ED) are contaminants. We
derived and validated a clinical decision rule discriminating bacteremia from contaminants among children seen in the ED with a
positive blood culture.

Methods: We used 2 cohorts of children with positive blood cultures from a Canadian pediatric ED in 2018 to 2022 (derivation)
and 2023 to 2024 (validation). The primary outcome was bacteremia. Potential predictors of bacteremia were derived from a
literature review and experts’ consensus. We used Classification and Regression Tree models to derive a highly sensitive clinical
decision rule. The validity was assessed by measuring the proportion of children with true bacteremia classified at high or
moderate risk by the clinical decision rule (sensitivity) and the proportion of contaminants classified at low risk (specificity). The
clinical utility was measured by comparing the clinical decision rule to the treating physician’s management.

Results: A total of 747 children, including 368 cases of bacteremia were included in the derivation (total 574; 285 bacteremia)
and validation (total 173; 83 bacteremia) cohorts. The clinical decision rule classifies children into 3 categories (high, moderate,
and low risk) based on 4 criteria. It demonstrated a sensitivity of 99% (95% confidence interval [Cl] 94 to 100) and a specificity of
60% (95% CI 50 to 70) in the validation cohort. Using the clinical decision rule among the 43 children initially discharged in the
validation cohort would decrease the number of hospitalizations from 34 to 21 without missing a true bacteremia.

Conclusion: We created a very sensitive clinical decision rule to identify bacteremia in children with positive blood culture.
Adopting this clinical decision rule could significantly impact health system resources. [Ann Emerg Med. 2025;86:576-585.]
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INTRODUCTION
Background

Fever is the single most common presenting symptom in
children evaluated in the emergency department (ED),
accounting for 20% to 40% of all pediatric ED visits.
Although most children with fever have a viral infection,
some have a bacterial infection including bacteremia, a
potentially life-threatening infection that requires urgent
treatment to avoid sepsis and possible death. For febrile
children with concerning signs of bacteremia, a blood
culture is the diagnostic standard of care.”” A common
complication of obtaining blood cultures is contamination
of the samples, leading to false positive results. Given the

low actual risk of true bacteremia (1% to 2% of blood
cultures) and a contamination probability of 2% to 3% of
blood cultures, studies revealed that 40% to 80% of all
preliminary positive blood cultures conducted in pediatric
EDs are in fact contaminants.”'” This rate has been
reported to be higher among younger children."”

Importance

A preliminary positive blood culture must be evaluated
and acted on quickly to avoid morbidity and mortality. In
most settings, ED staff are notified immediately when a
blood culture collected in the ED becomes positive.
Although the Gram stain is generally available immediately
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Editor’s Capsule Summary

What is already known on this topic

Approximately half of positive blood cultures grow
contaminants rather than bacterial pathogens.

What question this study addressed

Can we identify children with a positive blood
culture who are at low risk for bacteremia?

What this study adds to our knowledge

A 4-factor clinical decision rule had a sensitivity of
99% (1/83) and a specificity of 60% (54/90).
Houw this is relevant to clinical practice

After external validation, implementation of this
clinical prediction rule might reduce hospitalization
for children with contaminated blood cultures.

once the culture becomes positive, the identification of
bacterial species often requires 24 to 48 hours.'”'* This
delay adds to the clinical uncertainty for health care
providers regarding whether the positive result is true
bacteremia or contamination. It can be especially
challenging as many ED patients have already been
discharged when these results are available. To our
knowledge, the Hospital for Sick Children algorithm is the
only published guideline for the management of children
with positive blood culture.'” It was developed from a
consensus of experts to standardize practices and optimize
resource utilization.'” A retrospective study demonstrated
that this algorithm was 100% sensitive to detect children
with bacteremia but showed a specificity of 11% to 26%."”
A subanalysis demonstrated that the application of the
Hospital for Sick Children algorithm would likely have

minimal impact on practice in this single site study.

Goals of This Investigation

We aimed to derive and validate a clinical decision rule
to discriminate bacteremia from contaminants among
children who had a positive blood culture performed in the
ED. Our ultimate goal was to develop a clinical decision
rule that would more effectively reduce unnecessary care for
children with blood culture contaminants, thereby
supporting physicians managing positive blood culture
results in pediatric patients.

METHODS
Study Design and Setting

This study follows Transparent Reporting of a
multivariable prediction model for Individual Prognosis or

Diagnosis, Strengthening the Reporting of Observational
Studies in Epidemiology, and REporting of studies
Conducted using Observational Routinely-collected health
Data guidelines.'*"® We included 2 cohorts of children
selected at a single tertiary-care pediatric university-affiliated
hospital in Montréal, Canada selected at 2 time periods. In
the derivation (retrospective) cohort, we included children
evaluated in a previous study aiming to evaluate the Hospital
for Sick Children algorithm among patients evaluated at our
ED between January 2018 and December 2022."
Following the derivation of the clinical decision rule, we
collected a validation cohort composed of children evaluated
at the same ED between January 2023 and May 2024.

Participants

We included all children under 18 years of age who had a
positive blood culture obtained in the ED. We excluded
duplicates of positive blood cultures (ie, if a patient had 2 positive
blood cultures during the same visit, only the first was included).
In the validation cohort, we excluded children transferred from
another facility who had received intravenous antibiotics prior to
transfer to minimize the impact of antibiotics administered
before blood culture sampling at our center.

Outcomes

The primary outcome, presence of true bacteremia
versus contaminant, was defined in a 2-step process
described previously.'” In brief, the first step initially
classified the blood culture as true positive, equivocal or
contaminant based on the pathogen identified in the final
culture.® For equivocal or presumed contaminant, we
assessed the medical chart, considering factors such as a
second positive culture in a sterile sample (eg, blood,
cerebrospinal, or synovial fluid), the physician’s final
diagnosis (eg, contamination), or given treatment (eg,
antibiotics for immunocompromised patients).

Independent Variables

We identified 18 independent variables from a literature
review and a consensus of local experts in pediatric
emergency, microbiology, infectious diseases, and
pediatrics. Risk factors potentially associated with a higher
risk of true bacteremia included demographics (age [years]
and sex), factors related to the patient (eg,
immunosuppression, sickle cell disease, prosthetic device or
central line, vaccinal status, chronic heart or kidney
problem, and past history of bacteremia), factors related to
the symproms (eg, presence of fever at index visit,
persistence of fever at follow-up, vital signs at triage of the
index visit, musculoskeletal pain, chest pain, travel outside
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North America in the past month, and at index visit),
factors related to blood test at index visit (eg, absolute
neutrophile count, C-reactive protein levels, and
procalcitonin levels), and factors related to the preliminary
results (eg, time to positivity from blood sampling until
positivity alarm and Gram stain).

Procedure

We identified patients using the institutional
microbiological database. The chart review was performed
using standardized methodology.'”** A case report form
was created before data extraction and used to collect all
pertinent information by trained members of the research
team. These raters were medical students and physicians, all
co-authors of the current study.

We applied 2 different strategies to handle missing data,
depending on the variable in question. When no
information was recorded, we interpreted this as a negative
response for the following variables as one would expect
this to be charted in case of positivity: (1) recent travel
history, (2) history of chronic medical conditions, and (3)
suspected endocarditis or osteoarticular infection. Raters
were instructed to classify any child whose medical record
mentioned a limp, refusal to use a limb, or musculoskeletal
pain as a suspected case of osteoarticular infection.
Conversely, for variables concerning vaccination status,
presence of fever, and blood test results, a lack of
documentation was treated as missing data. However, our
previous study demonstrated very low proportion (<1%)
of missing data for the required independent variables.'”
There were no missing data for all other variables.

We assessed inter-rater reliability by reviewing a random
sample of 10% of charts in duplicate. However, the
primary outcome, contamination versus true bacteremia,
was evaluated in duplicate for all patients, with
discrepancies resolved by consensus. At least one physician
specialized in pediatric emergency medicine or pediatric
infectious disease was involved for each case.

Analysis

We initially measured the inter-rater agreement of the
chart review using the Kappa statistic for categoric
variables, and intraclass correlation coefficient for
continuous variables in 10% of the charts for each
cohort.”>** All variables with a Kappa score or intraclass
correlation coefficient higher than 0.6 were considered
reliable and adequate to be involved in further analysis.

We calculated the prevalence of each independent
variable for the total sample and for each group. Then, we
derived the clinical decision rule using Classification and

Regression Tree (CART) models to distinguish true
bacteremia and contamination cases.”” Our aim was to
develop a highly sensitive clinical decision rule to correctly
identify bacteremia while minimizing false positives. We
used the “rpart” package in R for the analysis, which uses
machine learning for the automation of the processes of
learning from the data and creating predictive models.
Continuous variables were examined, and transformations
were considered to optimize model performance. There was
no imputation performed for missing variables because we
expected them to be very low.

The initial CART model was fitted using the derivation
cohort. The model’s performance was evaluated using 10-fold
cross-validation procedure, and an optimal complexity
parameter was selected as it controls the size of the tree by
pruning it to prevent overfitting. We tested different loss
matrices to further optimize the model. The loss matrix was
used to assign different costs to misclassifications. In our case,
a false negative (identifying a bacteremia as a contaminant)
was more costly than false positives (identifying a contaminant
as a bacteremia). The ratio of false positive to false negative
was 40 using the loss matrix (0, 1, 40, and 0).

We validated the rule in a new cohort of children by
measuring the proportion of children with true bacteremia
who were classified at high or moderate risk by the clinical
decision rule (sensitivity) and the proportion of
contaminants that were classified at low risk by the rule
(specificity). The clinical utility was evaluated by comparing
the clinical decision rule to the treating physician’s
management in participants who were discharged home at
the index visit. For this, we performed 2 analyses:

In children with true bacteremia, we compared the
proportion of children who would have been categorized at
high or moderate risk according to the clinical decision rule
(sensitivity) to the proportion of children with bacteremia
who received intravenous antibiotics and/or were hospitalized
in real-life practice. In children with contamination, we
compared the proportion of children classified at low risk
according to the clinical decision rule (specificity) to the
proportion of children with contamination who did not
receive any intravenous antibiotics nor were hospitalized. We
calculated the number needed to treat, defined as the number
of children who would need to be managed using the clinical
decision rule to prevent one hospitalization. We also
calculated the number needed to harm, defined as the
number of children in whom the clinical decision rule would
prevent a hospitalization despite the presence of bacteremia.
Finally, we compared the clinical decision rule and the
Hospital for Sick Children algorithm for their clinical utility.
For all these analyses, we reported the differences and the
95% confidence interval (CI).
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Table 1. Baseline demographics of the participants.

Derivation Validation
N=574 N=173
Bacteremia Contaminants Bacteremia Contaminants

Variables 285 (49.7%) 289 (50.3) 83 (48.0) 90 (52.0%)
Sex, men, n (%) 154 (54) 158 (55) 49 (59) 45 (50)
Median age in mo (1% and 3¢ quartiles) 42 (7 and 108) 16 (2 and 55) 32 (11 and 98) 24 (3 and 71)
Vaccination status, n (%)

Has received > 1 dose of vaccine 224 (79) 194 (67) 66 (80) 59 (66)

Has received < 1 dose of vaccine 60 (21) 94 (33) 16 (19) 29 (32)

Unknown 1 1 1 2
Risk factor, n (%) 139 (49) 119 (41) 36 (43) 47 (52)

Any internal device 11 (4) 61 (21) 19 (23) 9 (10)

Immunocompromised 53 (19) 28 (10) 10 (12) 7 (8)

History of bacteremia 28 (10) 6 (2) 9 (11) 4 (4)

Sickle cell disease 8(3) 14 (5) 4 (5) 6 (7)

Heart malformation 15 (5) 3 (1) 8 (10) 3(3)

Age<3 mo 49 (17) 79 (27) 10 (12) 26 (29)
Fever at initial visit, n (%)

No 23 (8) 48 (17) 5 (6) 21 (23)

Yes 260 (91) 241 (83) 78 (94) 69 (77)

Missing information 2 0 0 0
Traveled out of North America or Europe in the last 2 mo, n (%) 24 (8) 5 (2) 9 (11) 3(3)
Median absolute neutrophile count (109/L) (first and third quartiles) 6.8 (3.5 and 11.7) 4.6 (2.6 and 7.8) 6.5 (4.3 and 13.5) 4.5 (2.6 and 8.8)
Median CRP level (ng/mL)* 54 (23 and 118) 14 (3 and 43) 99 (46 and 180) 9 (1 and 35)
(first and third quartiles)
Disposition at index visit, n (%)

Discharged home 60 (21) 104 (36) 14 (17) 29 (32)

Follow-up at day center 21 (7) 33 (11) 14 (17) 11 (12)

Hospitalization 205 (72) 152 (53) 55 (66) 50 (56)
Suspicion of osteoarticular infection, n (%) 51 (18) 9(3) 15 (18) 2(2)
Suspicion of endocarditis at first visit, n (%) 5(2) 1 (0.3) 4 (5) 1(1)

Median time for Gram positivity in h (first and third quartiles)
Gram stain’

Gram positive cocci in clusters

Gram positive cocci in chains

Gram positive cocci in pairs

Gram negative bacilli

Gram positive bacilli

Others

*Not measured in 237 patients.
TTotal higher than 100% as some may be multiple.

14 (12 and 18.8)

90 (32)
69 (24)
6 (2)
111 (39)
3 (1)

6 (2)

19 (17 and 25.5)

197 (68)
34 (12)
12 (4)
7(2)

53 (18)
2(1)

14 (13 and 17)

28 (34) 53 (59)
20 (24) 13 (14)
3 (4) 3 )
34 (41) 2(2)
0 18 (20)
0 2(2)

Sample Size

We expected that 500 participants included in the
derivation cohort would provide more than 250 cases of
. . . 810 s
bacteremia based on previous studies. This allows the

analysis of up to 25 potential risk factors, using a rule of 10
patients with the outcome for each independent
variable.”®”” A sample size of 170 patients in the validation
phase was expected to provide at least 80 cases of true
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bacteremia and contaminants, which provides narrow
confidence intervals for sensitivity (expected 100%; 95%
CI 95 to 100) and specificity (worst case scenario 50%;
95% CI 39 to 51).

The institutional Research Ethics Boards of CHU
Sainte-Justine evaluated the project (Project 2023-4918).
Because of the retrospective design, a waiver of consent was
granted for this project.

RESULTS

A total of 487,222 children were evaluated in the ED
during the derivation (n=375,428) and validation
(n=111,794) phases in whom 38,541 blood cultures were
performed (29,279 in the derivation and 9,262 in the
validation cohort). Among them, 747 (1.9%) children
fulfilled the inclusion or exclusion criteria, and all were
included in the analysis in the derivation (n=574) and
validation (n=173) cohorts. There were 368 (49.3%)
children with a true bacteremia and 379 (50.7%) with
contaminated samples. Baseline demographics of these
patients are provided in Table 1. In brief, the median age
was 25 months, and 207 (27.7%) were discharged home at
the index visit. Children discharged home at the index visit
were younger (median age: 24 versus 26 months) and less
frequently had an identified risk factor (37 versus 49%).
The most common pathogenic bacteria were Staphylococcus
aureus (n=93; 25.3%), Escherichia coli (n=58; 15.8%) and
Streptococcus pneumoniae (n=33; 9.0%). The most
common contaminant was Staphylococcus epidermidis
(n=95; 25.1%).

We evaluated in duplicate 81 (11.5%) charts
demonstrating good inter-rater reliability with Kappa scores
or intraclass correlation coefficients higher than 0.60 for all
variables (Table E1, available at http://www.annemergmed.
com). There were no missing data for all variables except
vaccination status (n=5), fever at triage (n=2) and C-
reactive protein level (n=237; 32%). Because of the large
proportion of missing data for C-reactive protein levels, it
was not included as a potential predictor.

Derivation

We identified 4 variables permitting to stratify the risk of
bacteremia in children with positive blood culture
(Figure 1). Using these 4 variables, we created a clinical
decision rule to classify children with positive blood culture
into 3 categories: high, moderate and low risk (Figure 2).
Children at high risk of bacteremia were identified based on
the initial Gram stain. In the absence of high-risk Gram
stain criteria, children were classified at moderate risk if
they had 1 of 3 “moderate” risks factors (culture positive in

less than 17 hours; internal devices; suspicion of
osteoarticular infection). Children without any of the
previous 4 criteria were classified at low risk. In the
derivation set, 255 children were classified at high risk of
whom 203 (79.6%; 95% CI 74.2 to 84.1) had bacteremia,
131 were in the moderate risk category with 81 (61.8; 95%
CI 53.3 to 70.1) bacteremia, whereas only 1 (0.5%; 95%
CI 0 to 3.4) of 188 children at low risk had bacteremia
(Table 2). This patient was a 14-year-old boy transferred
from another facility for a known Staphylococcus aureus
bacteremia. He had already received antibiotics before
transfer but a blood culture collected in our ED detected
the same bacteria after 21 hours of culture.

Validation

The validation cohort included 173 children of whom 74
were classified at high risk, 44 at moderate risk and 55 at low
risk (Table 2). There were 56 (76%; 95% CI 65 to 84) cases
of bacteremia in the high-risk group, 26 (59%; 95% CI 44
to 72) cases in the moderate-risk group, and 1 (2%; 95% CI
0 to 10) in the low-risk group, leading to a sensitivity of 99%
(94% to 100%) and a specificity of 60% (50 to 70). Only
one patient was misclassified as having a contaminant while
having a true bacteriemia. This patient was 3 months old
and was already admitted for pulmonary empyema, for
which the blood culture grew Staphylococcus aureus.

The clinical utility of the clinical decision rule was
evaluated among the 43 children who were initially
discharged from the ED in the derivation cohort (Figure 3).
In this sample, using the rule would have led to 21
hospitalizations per day center follow-ups (instead of 33). It
would also increase the number of patients discharged
home without antibiotics from 10 to 22 for an absolute
difference of 28% (95% CI 7 to 45). This finding translates
to a number needed to treat of 4 (95% CI 3 to 15).
Moreover, the reduction in hospitalizations did not increase
the risk of missing true bacteremia cases, given a sensitivity
0f 100% (95% CI 78 to 100) and a corresponding number
needed to harm of infinity (95% CI 12 to infinity). This
was also better than for the Hospital for Sick Children
algorithm who would have suggested hospitalization or day
center follow-up in 30 patients while allowing discharge
home without antibiotics in 13 children without missing a
true bacteremia for a difference of 20.93% (95% CI 0.22
to 39.30) (Figure E1, available at http://www.

annemergmed.com).

LIMITATIONS

Our study has some limitations. First, the derivation and
validation phases were conducted in the same setting. To
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Does the Gram stain show? Yes Bacteremia
Gram negative bacteria - " N=203/255 (80%)
Gram positive in pair/chain
l No (n=319)
Yes i
Culture positive in less than 17 hours I— Bacteremia
N=55/89 (62%)
No (n=230)

v

Yes Bacteremia

Internal device (picc-line, heart prosthesis, etc.
b P ) N=10/18 (56%)

No (n=212)
Suspicion of osteo-articular infection L Bacteremia
P N=8/24 (33%)
No
Bacteremia

N=1/188 (0.5%)

Figure 1. Cart model to stratify risk of bacteremia (derivation).

be widely accepted, external validation followed by impact  bacteremia during COVID-19 period.”* " However, given
analysis will be needed. The derivation of the cohort during  the 7-year recruitment period, the impact of pandemic-

the coronavirus disease 2019 (COVID-19) period may related restrictions was limited to a relatively short
have affected the proportion of bacteremia as previous timeframe. The use of a retrospective design does not allow
studies reported conflicting results regarding the risk of the evaluation of the clinical acceptability of the rule. This

The clinical decision rule for bacteremia

Yes
l No
Any of the following criteria? Moderate risk: 60% bacteremia
¢ Culture positive in less than 17 hours Yes * Return to ED for assessment
* Internal device (picc-line, heart * Repeat blood culture
prosthesis, etc.) e Strongly consider IV antibiotics
* Suspicion of osteo-articular infection * Hospitalization vs. day center
l No

Low risk: < 1% bacteremia

* Phone follow-up

* Provide return ED advices

* Inform of potential for another phone call
when bacteria is identified

Figure 2. The clinical decision rule to stratify the risk of bacteremia in children with positive blood culture.
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Table 2. Distribution of the children according to their risk of bacteremia.

Characteristics High Risk Moderate Risk Low Risk Sensitivity* Specificity*
Derivation (n) 255 131 188

Bacteremia, n (%) 203 (79.6%) 81 (61.8%) 1 (0.5%) 0.996 (0.98-1.00) 0.64 (0.59-0.70)
Contaminant n (%) 42 (17) 50 (38) 187 (99)

Validation (n) 74 44 55

Bacteremia n (%) 56 (76%) 26 (59%) 1 (2%) 0.99 (0.94-1.0) 0.60 (0.50-0.70)
Contaminant n (%) 18 (24) 18 (41) 54 (99)

Patients discharged at index visit (n) 16 5 22

Bacteremia (%) 13 (81%) 1 (20%) 0 (0%) 1.00 (0.79-1.00) 0.76 (0.58-0.88)
Contaminant n (%) 3 (19) 4 (80) 22 (100)

*Positivity was defined by all patients at high or moderate risk.

is especially important considering that our clinical decision
rule had a sensitivity of 99% and some might expect that a
clinical decision rule for predicting true bacteremia should
be 100% sensitive. However, most guidelines in pediatric
emergency medicine do not reach 100% sensitivity. For

example, the PECARN head trauma rule has a sensitivity of
97% for identifying clinically important traumatic brain

injury and the American Academy of Pediatrics guidelines
have sensitivity of 95% to detect invasive bacterial infection
among febrile infants.”"”* Even though the 4 components
of the rule are simple and demonstrate limited subjectivity

Discharged home

with Gram stain being technician dependent, it would be
important to test usage of the rule in real-life setting and to
see if clinicians can apply it correctly. The definition of
what constitutes a bacteremia may be subjective in some
situations. This is why it was evaluated in duplicate and
demonstrated a high inter-rater reliability. There were
many patients for whom C-reactive protein level was not
measured and this could not be used in the derivation of
the rule. It is possible that this information would have
improved the criterion validity of the rule. Also, missing
information regarding some predictors (eg, travel or

Hospitalization

Day centre

Real-life clinical
management

R RRR
# & &R &

& & ® R
& &R RR
& & ®RA
& &R AR
L\

Suggested

management
of the clinical
decision rule

Fassk | NRRAA
rans | | RRARA

’I\ = bacteremia

II\ = contaminant

& ®RRR

Figure 3. Clinical management of the 43 patients initially discharged at the moment of positive blood culture.
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suspicion of endocarditis) was classified as negative and this
may have lowered our capacity to find an association.
Generalizing the clinical decision rule to a large age range
also carries limitations and it should be validated in a larger
sample to account for all age groups. Finally, we did not
measure the impact of use of the clinical decision rule for
admitted patients. This would need to be evaluated in
future studies as positive blood cultures commonly lead to
repeated blood tests.

DISCUSSION

Using 2 retrospective cohorts from the same hospital,
including a total of 368 bacteremia and 379 contaminated
blood samples, we developed a very sensitive clinical
decision rule to stratify the risk of true bacteremia versus
contaminants in children with a positive blood culture.
This rule classifies children into 3 risk categories, including
high, moderate, and low, based on 4 criteria. The
distribution of the patients and proportion of bacteremia in
each category were similar in the derivation and the
validation phases of the study. More importantly, only one
of the 83 cases of bacteremia was classified at low risk,
which leads to a sensitivity of 99% in the validation cohort.
Furthermore, the clinical utility of the rule was
demonstrated, as its application could have reduced the
number of hospitalizations without increasing the number
of missed cases.

Our study must be put in its context. To our
knowledge, this is the first clinical decision rule to be
developed using a rigorous methodology, rather than
relying solely on expert opinion to discriminate bacteremia
from contaminants in children with positive blood culture.
A previous study evaluating the Hospital for Sick Children
algorithm in this context reported a sensitivity of 100% and
specificity of 11% when applied to all patients and 26%
when applied to patients who were discharged at the index
visit. ~ In comparison, our clinical decision rule had a
sensitivity of 99.6% but a much better specificity at 65%
for the same cohort in the derivation phase and in the
validation cohort. There are variables included both in the
Hospital for Sick Children algorithm and our clinical
decision rule like the Gram stain findings, presence of a
central line or suspicion of osteoarticular infection.
However, presumed high-risk factors of the Hospital for
Sick Children algorithm “age younger than 3 months old”
and “sickle cell disease” were associated to lower risk of
bacteremia and were not included in our clinical decision
rule improving its specificity. Factors included in our rule
are in agreement with previous studies evaluating
independent variables potentially useful in differentiating

contamination from bacteremia. These included time to
positivity and type of bacteria on the Gram stain,*'>'*3%
We are unaware of a clinical decision rule for positive blood
cultures in adults. In 2012, Elzi et al’® reported that adults
with coagulase-negative staphylococci blood infection with 3
systemic inflammatory response syndrome criteria or 2
criteria and a central line were at lower risk of
contamination.

Considering the absence of a more robust option, this
clinical decision rule should be used to guide clinicians
managing children who had a positive blood culture in the
ED. The use of the clinical decision rule would have
numerous clinical impacts. In patients who were discharged
at the initial ED visit one unnecessary hospitalization
would be avoided for every 4 patients managed using the
clinical decision rule. This reduces unnecessary testing and
antibiotics in a subset of patients as false positive blood
cultures lead to unnecessary testing, antibiotic overuse and
hospitalization.”””>*® These have significant financial
impacts on families (work absenteeism, transportation, etc)
and on the health care system, as each ED visit has been
estimated to cost more than 1,200 USD in the United
States and Canada and each hospitalization cost between
5,000 and 13,000 USD.””** Improving discrimination
will also decrease pain and anxiety caused by repeated,
unnecessary blood testing and intravenous insertion which
is identified as the most traumatic medical procedure by
hospitalized children.’*** Furthermore, antibiotic overuse
has been identified as an important factor contributing to
antibiotic resistance.”’ Equally important, the use of the
rule can ensure identification of children with bacteremia
leading to increased safety for this population and offer
health care professionals an evidence-based diagnostic
approach to evaluating cases of potential bacteremia.

The clinical utility of our findings should be interpreted
in light of recent advancements in microbiology, allowing
rapid identification of bacteria or yeasts directly from
positive blood culture media, without awaiting a pure
culture on agar media. Several protocols using matrix-
assisted laser desorption or ionization time-of-flight
(MALDI-TOF) mass spectrometry have been
published.%’47 This technology has been shown to decrease
time to identification of bacteria, which can be performed
immediately after Gram stain.’*" However, despite its
promise, MALDI-TOF has shown variable accuracy in
rapid bacterial identification, ranging from 33% to
95%.%*" Other recent advancements in diagnostics
involve the use of multiplex polymerase chain reaction
technology such as the BioFire Blood Culture
Identification Panel.’” This panel has demonstrated the
ability to identify 88% to 91% of bacterial pathogens from
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positive blood cultures.”>> However, similar to MALDI-
TOF limitations, these molecular technologies are costly
and not yet implemented in the majority of clinical
laboratories. Therefore, for several years to come, we think
that this clinical decision rule will still be useful in settings
with no access to rapid identification methods or during
shifts when this service is not offered (eg, night and
weekends) or for all those cases where these technologies
failed to provide a specific microorganism name and the
ED clinician has to decide whether the patient has to come
back for follow-up or not.

In conclusion, we developed a sensitive clinical decision
rule to identify true bacteremia among children seen in the
ED with a preliminary positive blood culture. The use of
this clinical decision rule will decrease the number of
unnecessary testing and antibiotics in a subset of patients
while ensuring treatment for children at high risk of true
bacteremia. Next steps should be to evaluate the validity of
the rule and its clinical utility in multiple settings.
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