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Abstract

Fever is one of the most important reasons for childhood visits
to emergency departments (EDs) and accounts for approximately 5.4
million ED visits annually in the United States.1–3 Infants 60 days of
age or younger are of greatest concern among febrile children as their
risk of serious bacterial infection is greatest (the current estimates of
prevalence are between 6 - 10%).4,5 Missed bacterial infections in
young febrile infants can result in meningitis, sepsis and death; there-
fore early and accurate identification of bacterial infections is critical.5

Although most febrile children have non-bacterial infections (mostly
viral or presumed viral), some of these infants have serious bacterial
infections (defined here as, bacteremia, urinary tract infection (UTI),
bacterial meningitis, lobar pneumonia, or bacterial enteritis).

Although many pathogens are difficult to culture in the laboratory,
the diagnosis of bacterial and non-bacterial infections in young febrile
infants is largely dependent on culture and/or detection (for example
by rapid diagnostic tests) of the microbial pathogen in the appropri-
ate clinical specimens (for example cerebrospinal fluid, blood, urine, or
respiratory secretions).6 Dependence on cultures to discriminate be-
tween bacterial and non-bacterial infections can be inaccurate, costly,
inconvenient and is often impractical due to the time needed for the
growth of cultures (a minimum of 48 hours).

Advances in techniques for conducting high through-put ribonu-
cleic acid (RNA) analysis have led to a better understanding of the
host-pathogen response during infections. Thus, a novel approach to
distinguish febrile infants infected with bacterial pathogens from those
infected with non-bacterial pathogens is to examine the host response
to infection. Recent data indicate that different pathogens induce dis-
tinct transcriptional “biosignatures” in the RNA of blood leukocytes
that can be reliably measured by microarray analysis. In children with
confirmed bacterial and viral infections, microarray assays in a single
blood sample can discriminate between bacterial and viral infections
with 95% accuracy.7

The Pediatric Emergency Care Applied Research Network (PEC-
ARN)8 evaluates more than 800,000 children annually in its 18 partic-
ipating EDs, including approximately 144,000 children with fever and
at least 4,000 febrile infants 60 days of age or younger. The network
offers the ideal setting to prospectively collect clinical data and blood
samples in a large cohort of febrile infants to identify transcriptional di-
agnostic signatures that may discriminate bacterial from non-bacterial
infections.

The ultimate goal of this project is to incorporate transcriptional
biosignatures into the evaluation of febrile infants in the ED to fa-
cilitate the diagnosis of infants with bacterial and non-bacterial in-
fections. The objectives of the current proposal are to introduce mi-
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croarray technology in PECARN, to demonstrate the ability of this
network to consistently and reliably collect high-quality small volume
blood samples for RNA analysis, to establish diagnostic bacterial and
non-bacterial biosignatures in young febrile infants, and assess the ac-
curacy of procalcitonin in identifying young febrile infants with serious
bacterial infections in the context of a multi-center ED setting.

1 Study Summary

1.1 Specific Aims

Specific Aim 1. To educate and train a core group of PECARN investiga-
tors to conduct research in RNA microarray transcriptional technolo-
gies in febrile infants.

Specific Aim 2. To demonstrate the ability of the PECARN network to
consistently obtain small-volume, high-quality, RNA samples that can
be used for microarray analysis from febrile infants 60 days of age or
younger across multiple participating PECARN EDs.

Specific Aim 3. To define the initial diagnostic “bacterial” and “non-bacterial”
biosignatures using RNA microarray transcriptional technologies in
young febrile infants presenting to the ED.

Specific Aim 4. To conduct limited validation testing of the initial diag-
nostic biosignatures on an independent group of febrile infants pre-
senting to the participating EDs.

Specific Aim 5. To determine the accuracy of procalcitonin (PCT) for
identifying young febrile infants with serious bacterial infections.

1.2 Patient Eligibility

1.2.1 Inclusion Criteria

Patients will be eligible for enrollment if they:

• are 60 days of age or younger; AND

• are febrile with documented rectal temperature ≥ 38 ◦C in the ED OR
have a history of fever (temperature, measured by any route, ≥ 38 ◦C
at home / outside clinic) within 24 hours of ED presentation; AND
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• are being evaluated for serious bacterial infections with screening tests,
as per clinical site current practice, including but not limited to blood
culture.

1.2.2 Exclusion Criteria

Patients will be ineligible for enrollment if ANY of the following is present
or anticipated:

• prematurity (born less than 37 weeks gestational age); OR

• administration of antibiotics within 4 days of ED presentation, OR

• overwhelming clinical sepsis (i.e. requiring emergent interventions such
as endotracheal intubation, use of vasoactive medications or cardiopul-
monary resuscitation) OR

• major congenital abnormality; OR

• inborn errors of metabolism; OR

• congenital heart disease, OR

• chronic lung disease, OR

• disease or medication that would affect the immune system, OR

• indwelling catheters or shunts, OR

• evidence of focal infections such as abscesses, cellulitis, or other focal
infections (otitis media is not an exclusion criterion), OR

• lack of permission from the parent or legally authorized representative
(LAR).

1.3 Summary of Study

Enrolled infants will have up to 2 mls of whole blood obtained during the
same venipuncture necessary for obtaining the screening blood tests needed
to evaluate the febrile infant in the ED. This sample will be split into a 1.0 ml
RNA sample, which will be stored and shipped to the Bioinformatics Core
at the Baylor Institute for Immunology Research (Dallas, TX) for further
processing; and the remaining available 1.0 ml PCT sample, which will be
stored and shipped to the Hemostasis Reference Laboratory, Inc. (Ontario,
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CA). The samples will be identified only with a study ID number and the
RNA sample may also be labeled with a study tube barcode. Some sites
may be unable to collect the PCT sample in which case only 1 ml of blood
will be collected and will be used for the RNA sample.

Clinical data will be sent to the CDMCC at the University of Utah,
and the data will be de-identified to produce an analytical database. This
database will be used to provide clinical correlation with the microarray and
PCT results.

1.4 Anticipated Recruitment and Study Duration

In the first year of the study, each clinical site will collect 1 to 3 blood sam-
ples. In years two and three, each clinical site will screen and enroll eligible
infants until they obtain approximately 25-150 blood samples per year. It
is anticipated that 20 to 22 sites will participate in the study, so the antici-
pated total number of samples that will be collected is 2,250 over the initial
three year accrual period. In years 4 and 5, the target sample collection
is an additional 1,000 samples per year. In year 6, additional patients will
be enrolled in order to reach the targeted rate of serious bacterial infec-
tion within the sample size. Therefore, a total target sample collection of
approximately 4,800 samples will be obtained over the entire study period.

2 Background and Significance

Fever without a source is an important reason for childhood visits to the ED,
and accounts for 15% of all visits in infants 60 days of age or younger.1–3

Most of these febrile infants (with fever defined as rectal temperatures ≥
38 ◦C ) will have a non-bacterial cause of fever. Most of these infants are
clinically indistinguishable from those with serious bacterial infections when
they first present to the ED.

2.1 Current Approach to the Febrile Infant

Traditional risk stratification strategies (including those which involve clini-
cal and laboratory evaluation) have been largely derived from three prospec-
tive studies, commonly referred to as the Rochester, Philadelphia and Boston
criteria.5 These strategies have been evaluated extensively and components
of each have been endorsed for incorporation into guidelines for the evalua-
tion of febrile infants by a consensus panel of experts in the early 1990’s.9

These guidelines recommend laboratory evaluation (blood tests, urine tests,
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chest radiographs and lumbar puncture for cerebrospinal fluid analysis),
hospitalization, and empiric treatment with antibiotics for a subset of the
youngest infants at highest risk for serious bacterial infections, until bacte-
rial cultures are reliably negative (minimum of 48 hours).

The introduction of two protein conjugate bacterial vaccines (the Hemo-
philus influenzae type b and pneumococcal vaccines [PCV7]) has dramat-
ically altered the evaluation of febrile children older than 3 months of
age.10,11 The impact of these vaccines is substantially less in young infants
due to the timing of vaccine administration. Because the risk of serious
bacterial infections in the youngest febrile infants remains high (estimated
as 8.8% (95% CI 7.2,10.6) in infants younger than 30 days and 7.3% (95%CI
6.2,8.5%) in those 30-60 days old,4,5 experts continue to recommend labo-
ratory screening for serious bacterial infections in this age group.12

In the meantime, the use of rapid viral detection technologies is changing
management strategies.13–18 Documentation of specific viral infections has
been shown to decrease, but not eliminate the risk of serious bacterial in-
fections in young febrile infants. For example, the prevalence of bacteremia
and meningitis is lower in febrile infants with documented respiratory syn-
cytial virus (RSV) infections than in those without such infections (1.1%
vs. 2.3%); unfortunately, the risk of serious bacterial infections was not
negligible.19,20 The addition of biomarkers such as C-reactive protein, pro-
calcitonin and interleukins to routine screening tests for detecting serious
bacterial infections has been unsuccessful in improving the clinician’s abil-
ity to evaluate and manage febrile infants.21–28 However, these biomarkers
have not been studied in large infant populations, and recent studies suggest
that PCT may be useful in identifying serious bacterial infections in other
populations.22,23,25–27

2.2 Assessing the Host Response to Infection

Recent evidence indicates that different microbial pathogens induce specific
host responses that can be identified using microarray assays in leukocytes.7

These host response patterns are known as “transcriptional signatures” or
“molecular biosignatures.” The use of microarray techniques for measuring
the host response to the infecting microbe is a novel diagnostic strategy that
should be prospectively evaluated. This strategy shifts the paradigm in the
diagnosis of infectious diseases from pursuing the direct identification of the
pathogen to examining the host response as the source of a unique disease
biosignature, and accurately identifying the pathogen from the biosigna-
ture.6,7, 29,30
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2.3 Transcriptional Patterns in Respiratory Infections

Blood leukocytes carry biosignatures that can be used to differentiate infec-
tions caused by various pathogens. Gene expression profiles were obtained
for 95 pediatric patients admitted to the hospital with infections caused by
a variety of pathogens including: Influenza A virus (n=18), Gram-negative
(Escherichia coli n=32) or Gram-positive (Staphylococcus aureus n=29
and Streptococcus pneumoniae n=16) bacteria. Data were acquired using
Affymetrix U133A GeneChips (22,283 probe sets). This analysis identified
137 genes, known as classifier genes, that allow discrimination between pa-
tients with infections caused by different pathogens. When these classifier
genes were used in a different group of 27 pediatric patients with pneu-
monia and 7 healthy children, the pathogens causing the infection in these
patients were correctly identified. In Figure 1 on the facing page, there are
four prototypical expression signatures: healthy controls were clearly distin-
guishable from those children with acute infections. A second signature was
associated with samples from patients with Influenza A infection (including
interferon-inducible genes) and was clearly different from a third signature,
which characterized bacterial infections caused by S. aureus and S. pneu-
moniae (including neutrophil-associated genes). Three samples belonging
to the influenza A group and one from the S. aureus group were character-
ized by a fourth signature (marked with asterisk), which combined elements
of the previous ones, suggesting the possibility of a co-infection caused by
both a viral and a bacterial pathogens. These results clearly demonstrate
that blood leukocyte transcriptional patterns can distinguish the different
microbial pathogens in patients presenting with similar symptoms.

2.4 Class Prediction Analysis to Discriminate Bacterial In-
fection

Class prediction analysis has been used to identify tumor markers for can-
cer prognosis.31,32 We have implemented this strategy to select blood tran-
scriptional signatures to differentiate patients with acute infections caused
by viral vs. bacterial infections. We identified 35 genes with the best ability
to discriminate patients with influenza A virus infection from patients with
bacterial infection caused by either E. coli or S. pneumoniae (Figure 2 on
the next page, left panel).7 These 35 classifier genes were then tested in
a second group of 37 patients. The 37 children were classified with 95%
accuracy: one patient was misclassified and one patient was indeterminate
in class prediction (Figure 2 on the facing page, right panel).
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Figure 1: Hierarchical clustering of 137 discriminative genes in 34 individuals
(27 patients with pneumonia and 7 age-matched healthy controls).

Figure 2: Gene expression on U133A GeneChips. Left: Set of 35 genes that
discriminates patients with acute Influenza A infection (Green) and bacterial
infections (Red). Right: the classifier genes were tested in an independent
set of patients.
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Figure 3: Disease specific fingerprints in patients with infectious diseases.

2.5 Disease Specific Biosignatures

To simplify interpretation of the large amount of data from microarray anal-
yses, we have developed a novel strategy based on transcriptional modules
(i.e. sets of co-expressed genes). The modules were extracted from an ex-
tensive patient transcriptional database (239 samples x 44,000 transcripts)
using a custom unsupervised mining algorithm. The samples were obtained
from 8 cohorts of patients with a wide range of disorders. Therefore modules
contain little noise (because the probability for multiple transcripts to fol-
low a defined expression pattern across hundreds of samples only by chance
is very small), and are not disease-specific. When this analytical strategy
is applied to patients presenting with different febrile illnesses, it allows a
very accurate discrimination of patients with a number of different bacterial
and viral infections. The disease fingerprints that are generated using this
approach permit a much easier readout to distinguish between viral and
bacterial pathogens, and will facilitate implementation of this technology in
the ED. (Figure 3).

2.6 Significance of Present Study

The application of transcriptional microarray techniques to a large-scale
multi-center network poses a number of theoretical and technical challenges.33

The more obvious challenges include training PECARN investigators and
staff to properly handle samples and maintain them in a cold environment,
obtaining small volume blood samples in the “chaotic” ED environment,
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verifying the quality of the RNA in these samples after shipping to a cen-
tral laboratory, and confirming that we can identify diagnostic “bacterial”
and “non-bacterial” biosignatures in young febrile infants presenting to the
ED. The relative value of biomarker measurements, such as procalcitonin,
compared with microarray signatures and clinical findings needs to be rig-
orously assessed. This study addresses each of these specific challenges, and
will continue to position PECARN for future molecular studies that will
contribute to improving pediatric emergency care.

3 Specific Aims

Specific Aim 1. To educate and train a core group of PECARN investiga-
tors to conduct research in RNA microarray transcriptional technolo-
gies in febrile infants.

Specific Aim 2. To demonstrate the ability of the PECARN network to
consistently obtain small-volume, high-quality, RNA samples that can
be used for microarray analysis from febrile infants 60 days of age or
younger across multiple participating PECARN EDs.

Specific Aim 3. To define the initial diagnostic “bacterial” and “non-bacterial”
biosignatures using RNA microarray transcriptional technologies in
young febrile infants presenting to the ED.

Specific Aim 4. To conduct limited validation testing of the initial diag-
nostic biosignatures on an independent group of febrile infants pre-
senting to the participating EDs.

Specific Aim 5. To determine the accuracy of procalcitonin (PCT) for
identifying young febrile infants with serious bacterial infections.

4 Patient Eligibility

4.1 Inclusion Criteria

Patients will be eligible for enrollment if they:

• are 60 days of age or younger; AND

• are febrile with documented rectal temperature ≥ 38 ◦C in the ED OR
have a history of fever (temperature, measured by any route, ≥ 38 ◦C
at home / outside clinic) within 24 hours of ED presentation; AND
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• are being evaluated for serious bacterial infections with screening tests,
as per clinical site current practice, including but not limited to blood
culture.

4.2 Exclusion Criteria

Patients will be ineligible for enrollment if ANY of the following is present
or anticipated:

• prematurity (born less than 37 weeks gestational age); OR

• administration of antibiotics within 4 days of ED presentation, OR

• overwhelming clinical sepsis (i.e. requiring emergent interventions such
as endotracheal intubation, use of vasoactive medications or cardiopul-
monary resuscitation) OR

• major congenital abnormality; OR

• inborn errors of metabolism; OR

• congenital heart disease, OR

• chronic lung disease, OR

• disease or medication that would affect the immune system, OR

• indwelling catheters or shunts, OR

• evidence of focal infections such as abscesses, cellulitis, or other focal
infections (otitis media is not an exclusion criterion), OR

• lack of permission from the parent or legally authorized representative
(LAR).

4.3 Inclusion of Women and Minorities

Study subjects in this project are all infants. The gender, ethnic and racial
composition of patients enrolled in all PECARN studies is a function of the
underlying referral population at the clinical centers selected by the Mater-
nal and Child Health, Emergency Medical Services for Children (EMSC)
Program to participate in the network. During this study, the Central Data
Management and Coordinating Center (CDMCC) will monitor patient ac-
crual by race, ethnicity, and gender. If necessary, additional recruitment
efforts will be made at specific centers to ensure that the aggregate patient
sample contains appropriate gender and minority subsets.
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4.4 Anticipated Recruitment and Study Duration

In the first year of the study, each clinical site will collect 1 to 3 blood sam-
ples. In years two and three, each clinical site will screen and enroll eligible
infants until they obtain approximately 25-150 blood samples per year. It
is anticipated that 20 to 22 sites will participate in the study, so the antici-
pated total number of samples that will be collected is 2,250 over the initial
three year accrual period. In years 4 and 5, the target sample collection
is an additional 1,000 samples per year. In year 6, additional patients will
be enrolled in order to reach the targeted rate of serious bacterial infec-
tion within the sample size. Therefore, a total target sample collection of
approximately 4,800 samples will be obtained over the entire study period.

5 Study Methods

Specific Aim 1. To educate and train a core group of PECARN investiga-
tors to conduct research in RNA microarray transcriptional technolo-
gies in febrile infants.

PECARN investigators and study coordinators will receive training in con-
junction with an already scheduled Steering Committee meeting. This train-
ing will include a review of molecular biology as it pertains to this study,
explanation of the importance of maintaining a continuous cold temperature
for samples, and thorough discussion of the ethical issues that are raised by
microarray studies. The training will enable the successful implementation
of the remaining objectives of this study, as well as preparing PECARN for
future studies involving genomics and proteomics.

Specific Aim 2. To demonstrate the ability of the PECARN network to
consistently obtain small-volume, high-quality, RNA samples that can
be used for microarray analysis from febrile infants 60 days of age or
younger across multiple participating PECARN EDs.

After the initial training, the Bioinformatics Core will ship the special tubes
for RNA storage (Baby Tempus, Applied Biosystems, Foster City, CA) to
each participating PECARN site. These tubes will be used to collect and
store blood samples from eligible participants. Although only 2-3 samples
will be obtained from each site for this specific aim (i.e. a total of 50 samples
to establish quality of RNA), the Bioinformatics Core will ship 5 tubes to
each site, so that replacements are available in case of sample loss due to
spillage or tube breaks.
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Blood samples will be collected during routine venipuncture for standard
evaluation of febrile infants at the participating centers of this study (which
may vary from site to site). After informed consent, one extra ml of blood
will be withdrawn and stored (between – 20 to – 80 ◦C ) in special tubes
(for high-quality RNA storage) at each site until at least 2-3 samples are
available for transport to the Bioinformatics Core. All participating sites
must have access to appropriate storage facilities (including freezers that
can store blood samples between – 20 to – 80 ◦C ).

Shipped samples will be processed and evaluated for quality at the Bioin-
formatics Core. The RNA will be extracted following the established pro-
tocols in the Bioinformatics Core and the quality of the RNA will be as-
sessed. Only blood samples with satisfactory RNA will be included in the
analysis. Approximately 50 samples will be run on the gene chips to deter-
mine whether they yield consistent results. On the basis of the experience
of several ongoing multi-center and international studies conducted by the
Bioinformatics Core using the newly adapted protocol for RNA extraction,
our goal is that > 90% of samples will produce high-quality RNA that is
adequate for microarray analysis.

Specific Aim 3. To define the initial diagnostic “bacterial” and “non-bacterial”
biosignatures using RNA microarray transcriptional technologies in
young febrile infants presenting to the ED.

Each participating site will screen and enroll eligible infants using the same
method as described earlier. The blood samples will be stored at the ap-
propriate temperature, and will be shipped to the Bioinformatics Core in 2
separate batches per year from each participating ED. It is anticipated that
≈ 1,050 samples per year will be collected. From samples collected during
Years 2 and 3, the CDMCC will identify, from clinical laboratory results,
all infants with proven bacterial infections, and all infants with proven viral
infections. In addition, a similar number of infants with negative laboratory
studies will be identified. The CDMCC will randomly select between 20 and
50 infants in each group, and will provide a list of samples to the Bioinfor-
matics Core for analysis with gene chips. Additional random lists may be
provided by the CDMCC upon request for further signature development.

For the purposes of this specific aim we will classify febrile infants into
two groups. Those with:

Bacterial infections: As defined by a positive bacterial culture of the
blood, CSF or urine.
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Non bacterial infections: As defined by negative bacterial cultures of the
blood, CSF and urine.

On the basis of our previous studies,7 a minimum 20 samples of proven
bacterial infections and 20 with non-bacterial infections (see Section 5.2 on
page 20 for discussion of study power) will be required to define the diag-
nostic biosignatures. We will process as many samples as are available, up
to 50 in each group. It is important to clarify that the goal of this specific
aim is not to define signatures for the different bacterial infections such as
bacteremia, meningitis or UTI, or for specific pathogens causing these infec-
tions. Rather, the objective is to define the “common bacterial infection”
signature, which will be different than the “non-bacterial” signature. As we
increase our accrual of enrolled infants and biologic samples in subsequent
years and are able to analyze a larger number of samples, we will define
more specific signatures such as those for UTI, bacteremia and meningitis,
as well as pathogen-specific (bacterial and viral) signatures.

Specific Aim 4. To conduct limited validation testing of the initial diag-
nostic biosignatures on an independent group of febrile infants pre-
senting to the participating EDs.

The CDMCC will identify, from samples that were not analyzed for the
previous specific aim, and from samples collected in Years 4 through 6, all
infants with proven bacterial and viral infections, and will provide a list of
samples to the Bioinformatics Core for processing. The Bioinformatics Core
will test the diagnostic biosignatures obtained in the previous specific aim.
The Bioinformatics Core will not know the clinical information for these
specimens; this will validate the accuracy with which the initial biosignatures
are able to classify these unknown “test” samples.

In contrast to the “training set” of samples used to identify the diag-
nostic biosignatures, the “test set” does not need to include an equivalent
number of patients in each group. Accordingly, we plan to perform two
different validation analyses. In the initial validation, we will analyze equal
numbers of samples between the two groups, for example 20 bacterial and
20 non-bacterial infections. In the second validation, we will simulate a
more realistic situation in which frequencies of bacterial and non-bacterial
infections in the sampled groups are similar to the frequencies among all
samples; accordingly we plan to run samples from at least 20 bacterial and
100 non-bacterial infections. This limited validation will provide a very
early assessment of the potential diagnostic value of this methodology for
evaluation of young febrile infants in the EDs across the network.
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As we conduct this study, we expect to identify a small number of pa-
tients with “mixed signatures” (as shown in Figure 1 on page 11), reflect-
ing bacterial and other non-bacterial components. This may represent co-
infections. We plan to better define these cases as we advance the project
in subsequent years and obtain the necessary funding to analyze a larger
number of samples. However, the goal of the present project is to identify
microarray-based diagnostic signatures that do not miss bacterial infections
that require antibiotic therapy. Thus, in this limited validation, the Bioin-
formatics Core will classify the mixed signature group with the bacterial
group.

Samples that have been stored, but have not been analyzed during this
project, will be kept for a maximum period of 10 years, to be analyzed at a
later time as additional funding becomes available for the project. In order
to refine the biosignatures it will be necessary to analyze as many of these
samples as possible. Samples will not be used for any purposes unrelated
to the long term goals of this study. If the initial results indicate that the
study should not be continued, all samples from this study will be destroyed
as per standard laboratory practices.

Specific Aim 5. To determine the accuracy of procalcitonin (PCT) for
identifying young febrile infants with serious bacterial infections.

We will evaluate the test characteristics of PCT for identifying febrile infants
with serious bacterial infections and compare these test characteristics to
those of traditional screening tests for SBI. In these analyses, we will use
both the currently used reference standard for SBI (positive cultures) as
well as the RNA diagnostic biosignatures for SBI. We will also evaluate the
laboratory data from standard screening tests accumulated during routine
evaluation of the study patients.

We will calculate the sensitivity, specificity, predictive values, and like-
lihood ratios for white cell count (CBC), absolute neutrophil count (ANC),
band count (BC), band to neutrophil ratio, and procalcitonin (PCT) for
identifying SBI in young febrile infants, defined by both positive cultures
and bacterial biosignature.

Bacteremia Rate Review in Population not Enrolled into the Study:
The intent of this review is to get a better estimate of the rate of bacteremia
over the study period in infants ≤ 60 days of age who are not enrolled in
the study. Personnel at each study site will screen emergency department
(ED) patient visit logs or laboratory logs to identify infants who presented
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to the ED during the study period and who had blood cultures obtained in
the ED. Patients previously enrolled with a positive blood culture will not
be included in this review. Sites will then upload all de-identified positive
blood culture reports into an electronic data collection repository and these
reports will have a unique study identification number (ID).

The de-identified, uploaded reports will be reviewed by designated study
investigators to determine bacteremia rates. This review will be conducted
a minimum of 2 times during the course of the study.

Serious Bacterial Infection (SBI) Review: A few select sites will per-
form a more detailed retrospective review of the overall Serious Bacterial
Infection (SBI) rates at their sites. SBI is defined here as bacteremia, uri-
nary tract infection (UTI), or bacterial meningitis. These sites will perform
a comprehensive review of patient records to ensure eligibility. Patients pre-
viously enrolled with positive culture reports will not be included in this
review.

These sites will review blood, urine and CSF culture reports, both pos-
itive and negative, and upload the de-identified positive reports into an
electronic data collection repository. Sites may also be requested to upload
urinalysis results in cases where the urine culture results are unclear and
additional relevant clinical data is needed. Patient records previously up-
loaded during the bacteremia review will be eligible as part of this review,
but will not have blood culture reports uploaded a second time. All reports
will be de-identified and have a unique study identification number (ID).

The reports and other relevant clinical data provided will be reviewed by
designated study investigators to determine the rate of SBI at these select
sites. This review will be conducted a minimum of 2 times during the course
of the study.

5.1 Analytical Strategy

The overall principle for the analyses is to use an initial group of patients to
identify the diagnostic biosignatures by comparing 20 to 50 positive cases
(in this study bacterial infections) to a similar number of matched-controls
(in this study the non-bacterial infections). This initial group of cases and
controls is known as the “training set” and will be used to generate the
initial diagnostic biosignature. The accuracy of this diagnostic biosignature
will then be evaluated in a blinded fashion using an independent group
of patients, known as “test set” in which the accuracy of transcriptional
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biosignatures will be compared to the reference standard bacterial cultures
and viral testing.

Three different strategies of biomarker discovery will be used for the
identification of the diagnostic signatures:

1. Class prediction algorithms (such as K-Nearest Neighbors) will be
used to identify sets of genes discriminating bacterial infections vs.
non-bacterial infections by direct comparison between the groups as
illustrated in Figure 2 on page 11.7

2. Class prediction will also be carried out on a module-by-module basis.
Profiles obtained from patients with bacterial infections will be com-
pared with patients with nonbacterial infections, as shown in Figure 3
on page 12.30

3. Alternatively, markers will be identified through the analysis of pat-
terns of significance across datasets. The main advantage of this ap-
proach is that it can be used to compare diseases across multiple
datasets, each being analyzed in relation to an existing healthy ref-
erence. This has allowed us to identify blood transcriptional markers
that are exquisitely disease specific, differentiating for instance pa-
tients with a non-infectious disease such as systemic arthritis from a
number of confounding infectious diseases that cause similar symp-
toms.34

5.2 Sample Size and Power Analysis

Traditional hypothesis testing approaches will not be used in this pilot study
and therefore specific power calculations are not included. Our proposed
sample size assumes that “effect sizes” (differences in biosignature patterns
between subjects with “bacterial” and “non-bacterial infections”) are of the
magnitudes encountered in our previous microarray studies.7 In those stud-
ies, a minimum of 20 infants per group (“bacterial” and “non-bacterial infec-
tions”) were required to identify the diagnostic biosignatures.7 Because the
scope of this study is to analyze a limited number of samples and although
we aim at a 90% sensitivity and specificity, we will be unable to precisely
define the test characteristics (i.e. sensitivity, specificity, with narrow CI)
of the signatures with the anticipated numbers of bacterial infections. This
further underscores the need for collecting approximately 2,250 samples in
the initial three year pilot project and expanding the available samples by
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accruing up to 2,800 additional samples in years 4, 5, and 6 in order to bet-
ter define pathogen-specific biosignatures as we have done in our previous
studies in hospitalized children.7

6 Data Management

Clinical data will be collected at the time of enrollment, including the Yale
Observation Scale35 and final results of laboratory tests that were obtained
as part of the evaluation of the febrile infant will be obtained from the hos-
pital laboratory and/or the infant’s medical record. We will also collect the
disposition information from the infant’s medical record. For patients who
did not have a lumbar puncture and CSF culture done in the ED and are
discharged home we will follow up by telephone to collect information on
any return visit made within the 7 days following their initial ED discharge.
If the patient made a return visit we will collect the results of any labora-
tory test performed during that visit from the patient’s medical record. The
information needed for the bacteremia rate review will be obtained from
emergency department (ED) patient visit logs or laboratory logs. Informa-
tion needed for the more comprehensive SBI review will be obtained from
the infant’s medical record.

Data will be entered into an electronic data capturing system (EDCS)
used by the PECARN CDMCC. The Study Coordinator may choose to print
hard copy forms to use as worksheets. If used, the paper worksheets should
be retained at the clinical center in a locked file cabinet within a locked
office until the study is complete and all PECARN publications have been
accomplished. These paper worksheets will be subject to site monitoring
reviews (see Section 7 on page 23).

The following data elements will be obtained and recorded when a patient
is enrolled into the study, and when the laboratory results are available:

1. Study ID Number

2. Date of Enrollment

3. Date of Birth

4. Gender

5. Race

American Indian or Alaska Native A person having origins in any
of the original peoples of North and South America, including
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Central America, and who maintains tribal affiliation or commu-
nity attachment.

Asian A person having origins in any of the original peoples of the
Far East, Southeast Asia, or the Indian subcontinent, including,
for example, Cambodia, China, India, Japan, Korea, Malaysia,
Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American A person having origins in any of the
black racial groups of Africa.

Native Hawaiian or Other Pacific Islander A person having ori-
gins in any of the original peoples of Hawaii, Guam, Samoa, or
other Pacific Islands.

White A person having origins in any of the original peoples of Eu-
rope, the Middle East, or North Africa.

Other (provide text) Should provide text description.

Stated as Unknown Explicitly stated as unknown.

6. Ethnicity

• Hispanic or Latino

• Not Hispanic or Latino

• Stated as Unknown

7. Duration of fever

8. Blood culture

9. Yale Observation Scale

10. CBC and differential (if obtained)

11. Urinalysis (if obtained)

12. Urine culture (if obtained)

13. Cerebrospinal fluid cell count, glucose, protein, Gram stain, and cul-
ture (if obtained)

14. Other bacterial cultures (if obtained)

15. Viral studies (if obtained)

16. C-reactive protein (if obtained)
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17. Procalcitonin (if obtained)

18. Interleukins (if obtained)

19. Chest radiograph (if obtained)

• Positive for pneumonia

• Negative for pneumonia

20. Disposition

21. Telephone Follow-up (if applicable)

When the subject is enrolled in the EDCS, a study number will be au-
tomatically provided to the clinical site. Blood samples will be labeled with
the study ID number and the study tube barcode. No clinical data will
accompany the blood samples.

The CDMCC will recode the dates of enrollment and birth to calcu-
late the subject’s age, in days, and the resulting analytical database fulfills
the definition of a de-identified database according to HIPAA definitions.
This activity (recoding the dates to calculate age) is done under Business
Associate Agreements with each clinical site (see Section 8.5 on page 27).

7 Training and Site Monitoring

PECARN investigators and study coordinators will receive training in con-
junction with an already scheduled Steering Committee meeting. This train-
ing will include a review of molecular biology pertaining to this study, ex-
planation of the importance of maintaining a continuous cold temperature
for samples, and thorough discussion of the ethical issues that are raised by
microarray studies. The training will enable the successful implementation
of the remaining objectives of this study, as well as preparing PECARN for
future studies involving genomics and proteomics.

Training sessions were conducted at the beginning of years 2 and 3 en-
rollment to review lessons learned and to reemphasize study procedures.
Additional training will be provided in years 4, 5, and 6, as needed.

PECARN investigators and study coordinators will be trained to use
the EDCS for entry of clinical data for this study. The EDCS is already in
use in PECARN studies, and training will focus on the specific data screens
developed for this study.

Site monitoring visits will be performed by staff from the CDMCC,
PECARN Nodal Administrators or designee, to ensure that all regulatory

Protocol Version 2.3
Version Date: September 24, 2012

The EMSC Pediatric Emergency Care Applied Research Network



Page 24 of 32 Protocol 022 (Mahajan, Ramilo, Kuppermann)

requirements are being met and to monitor the quality of the data collected.
The first site monitoring visit is anticipated toward the end of Year 1, and
site monitoring will occur in subsequent years. During site monitoring vis-
its, patient forms and original source documents will also be inspected. The
primary criterion for data element verification is identification in the source
document, which is the medical record. Thus, the medical record, either
hard copy file or access to electronic medical record system, must be avail-
able for review by the site monitor. In addition, the site monitor will inspect
the laboratory facilities that are used for processing, storing, and shipping
the specimens in this study.

Remote site monitoring will also be performed by CDMCC staff to verify
selected data elements. This will require the clinical site staff to locate the
relevant source document, make a copy, de-identify the material with a black
marker, and send the copy to the CDMCC via FAX server, email or secured
mail where the information will be compared with data stored in the EDCS.
Remote monitoring reports will be distributed to the study investigators and
coordinators. The documents will be retained in accordance with Federal
requirements (see Section 9 on page 27).

8 Human Subjects

This study requires approval of the Institutional Review Board (IRB) at
every participating clinical site and the CDMCC at the University of Utah.
The CDMCC will track IRB approval status at every clinical site, and will
not permit enrollment of infants without documentation of initial and on-
going approval from each site’s IRB.

8.1 Obtaining Permission for Participation

The parents or legally authorized representative (LAR) of infants who are
eligible for this study will be provided with information about the study,
including the potential risks and benefits, and written permission will be
obtained for participation of the infant in the study.

Waiver of Consent/HIPAA for Bacteremia/SBI Retrospective Re-
view: We request a waiver of consent and HIPAA authorization for the two
(bacteremia and serious bacterial infection) retrospective reviews as these
procedures are observational in nature, with minimal risk to the patient.
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8.2 Potential Risks and Benefits

There are no major risks associated with participating in this study. Blood
sampling will be carried out during a venipuncture that is already required
as part of the evaluation of the febrile infant, and no separate venipuncture
will be performed to enable participation in this study. A potential risk is
disclosure of confidential clinical information, or perceived association of the
gene expression data with an identifiable individual.

Measurement of RNA expression with microarray technology does not
permit identification of an individual, in contrast to DNA sequencing. In
fact, processing samples for this study destroys the DNA present in the blood.
Thus, the analysis, and storage of RNA samples in this study poses no risk
to individuals participating in the study.

There are no potential benefits for subjects who participate in this study.
The results of microarray analyses will not be available during the manage-
ment of the infant, and will not be available to the clinical site. The results
of the study are intended to lead to improved methods for accurate diagnosis
of febrile infants in the future.

8.3 Protection Against Risks

The risk of disclosure of confidential clinical data is minimized by keeping
identifiable information at the clinical site in locked offices, and by mini-
mizing identifying information stored in the EDCS at the CDMCC. Patient
names and medical record numbers will not be sent to the CDMCC at the
University of Utah, and will not be entered into the EDCS. The only link-
age between the final analytical clinical data and the gene expression data
will be the study ID number. The analytical clinical database will con-
tain no patient identifiers and will fulfill the definition of a de-identified
dataset as defined by the Health Insurance Portability and Accountability
Act (HIPAA). This analytical database will be the only one available for the
analysis of the current and future derivative studies.

8.4 Data Security

The CDMCC at the University of Utah has a dedicated, locked server room
within its offices, and the building has 24 hour on-site security guards. The
data coordinating center has a state-of-the-art computer infrastructure and
coordinates its network infrastructure and security with the Health Sciences
Campus (HSC) information systems at the University of Utah. This pro-
vides the data coordinating center with effective firewall hardware, auto-
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matic network intrusion detection, and the expertise of dedicated security
experts working at the University. Network equipment includes three high-
speed switches and two hubs. User authentication is centralized with two
Windows 2003 domain servers. Communication over public networks is en-
crypted with virtual point-to-point sessions using secure socket layer (SSL)
or virtual private network (VPN) technologies, both of which provide at least
128 bit encryption. The EDCS, eRoomTM (used for communication about
the study) and other web applications use the SSL protocol to transmit data
securely over the Internet.

Direct access to CDMCC computers is only available while physically
located inside the data coordinating center offices, or via a VPN client.
All network traffic is monitored for intrusion attempts, security scans are
regularly run against our servers, and our IT staff are notified of intrusion
alerts. Security is maintained with Windows 2003 user/group domain-level
security. Users are required to change their passwords every 90 days, and
workstations time out after 10 minutes of inactivity. All files are protected
at group and user levels; database security is handled in a similar manner
with group level access to databases, tables, and views in Microsoft SQL
Server.

The investigators and staff of the data coordinating center are fully com-
mitted to the security and confidentiality of all data collected for PECARN
studies. All personnel at the data coordinating center at the University of
Utah have signed confidentiality agreements concerning all data encountered
in the center. Violation of these agreements may result in termination from
employment at the University of Utah. In addition, all personnel involved
with data coordinating center data systems have received Human Subjects
Protection and HIPAA education.

The Bioinformatics Core at Baylor Institute for Immunology Research
(BIIR) is equipped with a data center which has been designed to provide
a secure, high availability, computing environment. It is equipped with
5 brand new IBM servers and an 11 Terabyte IBM storage area network
(SAN) server, expandable to 60 Terabytes (2 x 64 bit Intel Xeon Dual
Core 2.8GHz/800MHz servers with fiber optic connection to the SAN). Data
storage is fully redundant and mirrored to off-site servers. This setup in-
sures data safety while minimizing downtime in the event a hardware failure
should occur. In this study, no identifiable clinical information about study
subjects will be sent to or stored at the Bioinformatics Core.
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8.5 Health Insurance Portability and Accountability Act

Registration of research subjects in the EDCS used by the CDMCC at the
University of Utah requires a date of birth, race, ethnicity, and gender.
These demographic data are held in database tables that are separate from
coded research data (including clinical data). These demographic data are
required for Federal reporting purposes to delineate subject accrual by race,
ethnicity, and gender.

Additional potential identifying information includes the date of admis-
sion, date of discharge and birth date. Staff at the CDMCC will use these
dates to calculate patient age. The analytical data sets (used for study
analyses and archived at the end of the study) will be de-identified, and will
exclude these specific dates.

The data coordinating center produces the de-identified research data
sets that will be used for all analyses in this project. Since the raw data
includes potential identifiers, such as dates of birth and admission, all sites
have been offered a Business Associate Agreement (BAA) with the Uni-
versity of Utah. The BAA explains that the data coordinating center is
producing the de-identified data using the data submitted by the site, and
the University of Utah assumes responsibility to preserve the confidentiality
of the original data. Copies of executed Business Associate Agreements are
maintained at the data coordinating center in Utah.

Patient identification at the HEDA site is present in subject study files, in
order to enable auditing of data quality, and contact information is recorded
in order to accomplish telephone follow-up. These data will not be sent to
the data coordinating center, but will be retained in locked filing cabinets
in locked offices in the HEDA itself. These records should be retained un-
til the study data have been completely cleaned, data lock has occurred,
and all primary and secondary publications have been completed. In ac-
cordance with Section 9, these records will be retained for at least 3 years
after completion of the research. At that time, all records with identifying
information will be destroyed.

9 Record Retention

For federally funded studies subject to the Common Rule, records relating to
the research conducted shall be retained for at least 3 years after completion
of the research. Completion of the research for this protocol should be
anticipated to include planned primary and secondary analyses, as well as
subsequent derivative analyses. Completion of the research also includes
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additional enrollment of subjects and processing of additional samples, if
funding becomes available for these activities. Finally, completion of the
research also entails completion of all publications relating to the research.
All records shall be accessible for inspection and copying by authorized
representatives of the regulatory authorities at reasonable times and in a
reasonable manner [45 CFR §46.115(b)].
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