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Abstract

Objective: Sepsis recognition is a clinical challenge in children. We aimed to determine if
peripheral blood gene expression profiles were associated with pathogen type and sepsis severity
in children with suspected sepsis.

Methods: Prospective pilot observational study in a tertiary pediatric emergency department with
a convenience sample of children enrolled. Participants were >56 days and <18 years of age, had
suspected sepsis, and had not received broad spectrum antibiotics in the prior 4 hours. Primary
outcome was source pathogen, defined as confirmed bacterial source from sterile body fluid or
confirmed viral source. Secondary outcome was sepsis severity, defined as maximum therapy
required for shock reversal in the first 3 hospital days. We drew peripheral blood for RNA isolation
at the time of sepsis protocol activation, obtained gene expression measures with the GeneChip™
Human Gene 2.0 ST Array, and conducted differential expression analysis.

Results: We collected RNA samples from a convenience sample of 122 children with suspected
sepsis and 12 healthy controls. We compared the 66 (54%) children with confirmed bacterial or
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viral infection, and found 558 differentially expressed genes, many related to interferon signaling
or viral immunity. We did not find statistically significant gene expression differences in patients
according to sepsis severity.

Conclusions: The study demonstrate feasibility of evaluating gene expression profiling data in
children emergently evaluated for sepsis. Our results suggest that gene expression profiling may
facilitate identification of source pathogen in children with suspected sepsis, which could
ultimately lead to improved tailoring of sepsis treatment and antimicrobial stewardship.

Introduction

Methods

Each year, there are as many as 42,000 children with severe sepsis in the U.S., resulting in
significant morbidity and mortality.1=3 The complex pathophysiology of sepsis, involving
both innate and adaptive immunity, results in circulatory and bio-energetic dysfunction
leading to organ failure.*~” However, identifying which children with common infectious
complaints such as fever will go on to develop severe sepsis is an ongoing challenge in
children, and has been identified as a research priority in pediatric emergency medicine.8°

In addition to appropriate sepsis recognition, timely fluid resuscitation, and vasoactive
therapy when needed, antimicrobial therapy is a cornerstone of sepsis treatment, and
decreased mortality is associated with timely antibiotic treatment appropriate for patients’
bacterial source of infection.1? Timely and accurate identification of pathogen type can
ensure that antibiotics are utilized appropriately, and curtailed when unnecessary.11-13

RNA expression profiling from host peripheral blood has been proposed as a strategy to
advance pathogen-specific diagnostics.1# In this technique, RNA is isolated from whole
blood cells and sequenced, and patterns of gene expression can be discerned. Because
peripheral blood RNA is almost exclusively from white blood cells, this technique allows a
detailed evaluation of the host immune response to infection. Differences in RNA expression
profiles have been observed in bacterial vs. viral infections in febrile young infants® and
children.16 Transcriptomic profiling has also been used to attempt to risk-stratify children
with sepsis in the intensive care unit.1’-19 Previous studies have not involved children with
suspected sepsis prior to initial resuscitation. We present the first transcriptomic study that
evaluates pathogen type and severity of disease in children with suspected sepsis in a
pediatric ED.

Subjects and Sample Collection

We recruited study subjects prospectively at the Children’s Hospital of Philadelphia (CHOP)
ED between June 1, 2014 and November 30, 2016 using a convenience sample of eligible
subjects with suspected sepsis and control subjects. We included subjects if they were
between 57 days and 18 years of age and had suspected sepsis, defined as treatment
according to an existing institutional protocol, as previously described.20 Briefly, children
are treated on the sepsis protocol if they have meet criteria for a-d described here: a.
abnormal vital signs for age, b. concern for infection, c. abnormal perfusion, mental status,
orunderlying high risk condition, andd. clinician concern for possible septic shock. We
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have demonstrated previously that this method identifies >96% of children with septic
shock.20 We excluded subjects if they received broad spectrum antibiotics within 4 hours
prior to study eligibility. Control subjects were children with ages between 57 days and 18
years who had an intravenous line (V) placed for orthopedic fracture reduction, had no
fever or infection in the week prior to enrollment, and had not received any antibiotics in the
2 weeks prior to enrollment as determined by parental report. Controls were selected from
this population because they are the most common cohort in the ED to require a IV
placement for a non-infectious indication. We determined antibiotic timing cutoffs used for
exclusion a priori based on biologic plausibility. We collected peripheral blood samples
during the subjects” ED visit (1ml if <1 year of age, 3ml otherwise) using Tempus blood
RNA tubes (Thermo Fisher Scientific) and stored samples at —80°C within 24 hours of
collection. Additional bacterial cultures and laboratory tests including viral testing were
conducted at the discretion of the treating clinical team. We obtained demographic and
clinical information from subjects’ electronic health records?. Clinical variables included
age, race, ethnicity, sex, complex chronic conditions?2, pediatric intensive care unit (PICU)
admission, need for invasive mechanical ventilation, white blood cell count (WBC), platelet
count, venous lactate level, c-reactive protein (CRP), and procalcitonin. The CHOP
Institutional Review Board approved the study under a waiver of consent for RNA sample
collection. We attempted to approach guardians after admission but within 72 hours to
consent to continue in the study and allow clinical data collection (except when explicity
requested by treating team not to approach due to ongoing critical medical managements). If
patients/families did not consent, the blood sample associated with that patient was
discarded and not included in further analysis. (diagram in Figure 1) We adhered to
Strengthening of Reporting of Observational studies in Epidemiology (STROBE guidelines)
in reporting these results.

Sample Size Discussion

Microarray experiments are distinct from traditional biomedical studies where investigators
typically test one or a few hypotheses. In microarray studies, each treatment or group
comparison involves the testing of every gene on the chip, which in this case numbers more
than 20,000. In these studies, novel strategies have been developed to facilitate statistical
analysis. The term “Expected Discovery Rate” (EDR) is analogous to study power. Expected
discovery rate is defined as the average power for all genes for which the null hypothesis is
false in an experiment and can be interpreted as the expected proportion of genes that are
truly differentially expressed that will appear to be differentially expressed in the assay.23
Microarray studies are also affected by multiple testing issues, so that one must consider
both the alpha (a) level cut-off as well as the expected proportion of genes that are true
positives. This is defined as the “False Discovery Rate” (FDR). Permutation formulas which
include analysis of EDR, FDR, and a can be used to estimate sample size in microarray
studies. These elements have been incorporated into a PowerAtlas”, which allows
investigators to search a database of previously published microarray studies with similar
characteristics to one’s proposed study in order to estimate sample size.23 Perusal of this
database yielded several studies with characteristics similar to our proposed design which
used a range of 7—15 patients per experimental group.24-26 We thus enrolled 12 control
subjects, and estimated that the enrolled sample size would yield at least 12 patients with
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bacterial infections, 12 patients with viral infections, and 12 patients with the highest level
of shock severity.

Determination of Infectious Pathogens

We determined type of infectious pathogen by medical record review and defined according
to the following categories: bacterial. confirmed bacterial pathogen isolated from sterile
body fluid; viral positive viral testing from any body fluid; other. co-infections, suspected
bacterial infection (e.g., treatment with a full course of antibiotics for pneumonia or skin/soft
tissue infection in the absence of an identified organism) and/or fungal infections; no source:
none of the above.

Determination of Shock Status and Sepsis Severity

We determined sepsis severity by medical record review by trained investigators as
previously described, with established inter-rater reliability for each element of organ
dysfunction as measured by Kendall’s co-efficient of concordance.?” Briefly, abstractors
were trained in pre-study sessions using the established instrument described above. Each
reviewed 3 pilot cases prior to full chart abstraction, and achieved 100% agreement with
sepsis severity on these cases before abstraction began. As the same investigator reviewed
records for both infectious pathogen and sepsis severity, these reviews were not blinded to
additional outcomes. We defined septic shock using International Consensus Criteria
modified by removing the requirement for treatment with 40 ml/kg of crystalloid fluid
before shock determination,28 and compared samples from children with shock vs. no shock.
These criteria remain the current definition of septic shock in children, despite the adoption
of Sepsis-3 definitions for adults.2% We further classified samples by degree of sepsis as
follows: vasgpressor-responsive shock. septic shock resolved after treatment with vasoactive
agents, including dopamine, epinephrine, or norepinephrine; fluid responsive shock. septic
shock resolved after receipt of crystalloid fluid only; no shock: no septic shock. We
determined shock status daily for the first 3 hospital days, and the worst value during this
time period was used.

Descriptive Statistics

We used R software for statistical analyses.30 We assessed differences among demographic
and clinical variables between groups with chi-squared tests for categorical variables and
Kruskal-Wallis tests for continuous variables. We treated lab test results as categorical
variables using the following a priori determined clinically relevant cut-off thresholds: white
blood cell count >15,000/mm3, procalcitonin >0.5 ng/ml, c-reactive protein > 3.0 mg/dL, or
venous lactate > 4 mmol/dL).

Gene Expression Microarray Sample Preparation and Analysis

We isolated and sequenced RNA from all study subjects. We extracted whole peripheral
blood RNA using Tempus Spin RNA Isolation Kit (Thermo Fisher Scientific). We measured
RNA quality with an Agilent 2100 Bioanalyzer (Agilent Technologies). Genome-wide gene
expression measures were obtained using the Affymetrix GeneChip™ Human Gene 2.0 ST
array, with standard quality assurance methods. Children with absolute neutrophil counts
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<1000 were excluded from the analysis given insufficient RNA. We analyzed raw intensity
data using the RAVED pipeline (https://github.com/HimesGroup/raved) with steps that
included obtaining quality metrics of raw intensity data using outlier scoring methods
adapted from the arrayQualityMetrics R package,3! considering microarray scan date as a
batch variable via principal component analysis, and processing raw intensities using robust
multi-array average (RMA) with the o/igo R package.32 We performed differential
expression analysis with the /immaR package,33 while using the Benjamini-Hochberg
approach to correct for multiple comparisons made. We annotated microarray probes to
official gene symbols using the hgu133plus2.db Bioconductor annotation package.3!
Microarray data is available in the Gene Expression Omnibus (GEQO) under accession
GSE119217. We compared the following groups to identify expression patterns related to
infectious pathogen type: 1) confirmed bacterial pathogen vs. control, 2) confirmed viral
pathogens vs. control, and 3) confirmed bacterial vs. viral pathogens. Groups compared
related to shock status were: 1) shock vs. no shock, 2) shock vs. control, and 3) no shock vs.
control. Additionally, we compared vasopressor-responsive shock to fluid responsive shock
to ensure shock status results were not driven by sepsis severity groups. We did not observe
any appreciable microarray batch effects according to scan date [eFigure 1]. We included
age (as a continuous variable) and sex as covariates in all differential expression analyses, as
is typical in microarray experiments to account for their expected influence on gene
expression. We used white blood cell count as an additional covariate in differential
expression analyses to partially adjust for differences in cell composition of whole blood.
We used a priori cut-offs of fold change >2 and adjusted p < 1 x 10 ~ to identify the top
differentially expressed genes. We used the NIH Database for Annotation, Visualization and
Integrated Discovery (DAVID) to perform gene ontological category enrichment analysis
and functional annotation clustering. (options and annotation categories listed in the legend
of eTable2)

Subject Characteristics

We screened 351 patients with suspected sepsis in the appropriate age range for eligibility,
and obtained gene expression data for 122 eligible subjects as well as 12 controls. Full
enrollment diagram is depicted in Figure 1. We did not observe any statistically significant
differences for sex or race/ethnicity between cases and controls, although controls were
older (Table 1). Sixty-nine (57%) cases had at least one complex chronic condition, of which
neuromuscular condition was the most common, while controls had none. Subjects with
confirmed bacterial infection were more likely to have elevated CRP and to be admitted to
the PICU than those with viral infection, while the distributions of age, sex, race/ethnicity,
and presence of comorbid conditions were not significantly different between these two
groups (Table 2). Sepsis patients had similar characteristics according to shock severity
status, except for an expected difference in PICU admission rate, with all those requiring
vasopressor therapy having a PICU admission, as well as 73% of those with shock
responding to fluid therapy without vasopressor, vs. 37% of patients with no shock (Table
el).
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Gene Expression Differences by Pathogen Type

Comparison of gene expression levels between children with confirmed viral vs. bacterial
infection identified 558 differentially expressed probes with an adjusted p-value <0.05
(Figure 2A). Expression differences for children with confirmed viral infection vs. controls
and confirmed bacterial infection vs. controls are shown in eFigure 2. Of the probes
differentially expressed between children with a pathogen infection vs. controls, 5 probes
were shared between children with confirmed viral or bacterial pathogen vs. controls (Figure
2B). Nearly half (263 of 558 genes) of the significantly differentially expressed genes in
viral vs. bacterial infection were also significantly differentially expressed in viral infection
vs. controls, while only 3 overlapped with the differentially expressed genes in bacterial
infection vs. controls (Figure 2B).

To focus on genes that most distinguished viral from bacterial infection, we selected probes
with an adjusted p-value <104 and an absolute log, fold-expression change >1.2 for at least
one of the three comparisons considered in Figure 1 (eTable 2 in the Supplement). Probes
meeting these criteria were found for viral vs. bacterial (h=30) and viral vs. control (n=36)
comparisons, but not for bacterial vs. control. Twenty-five probes met the criteria with
similar effect size and significance in both the viral vs. bacterial and viral vs. control
comparisons. Consistent with this overlap, hierarchical clustering of samples according to
expression levels for the set of 30 probes in eTable 2 that differed between viral vs. bacterial
infection showed that the expression pattern that distinguishes viral from bacterial infection
tends to also distinguish viral infection from absence of sepsis (Figure 2C).

Ontological category enrichment analysis using the 263 genes that had an adjusted p-value
<0.01 for differential expression in children with viral vs. bacterial infection identified six
annotation clusters with enrichment scores >2.5. Gene Ontology categories related to viral
infection, including response to virus, interferon-gamma-mediated signaling pathway, and
double-stranded RNA binding (eTable 3 in the Supplement). A gene-based literature search
for the function of the more stringently selected set of top viral vs. bacterial infection genes
(adjusted p-value <10~ and absolute log, fold-expression change >1.2) found that most
were interferon-pathway genes that respond to a broad range of viruses (eTable 4 in the
Supplement).15

Repeating the differential expression analysis while adjusting for total peripheral WBC
counts as a covariate found that although the number of significantly expressed genes (i.e.,
with adjusted p-value <0.05) was reduced from 558 to 490, the ranks of top probes were
similar according to statistical significance, and the Pearson correlation coefficient of g-
values between adjusted and unadjusted results was 0.92. Thus, the expression signatures
identified in patients infected with viral vs. bacterial pathogens was not likely due to gross
differences in white blood cell-type count.

Gene Expression Differences According to Shock Status and Sepsis Severity

Significant gene expression differences were observed between sepsis patients without shock
vs. controls (Figure 4A) and between sepsis patients with shock vs. controls (Figure 4B). No
significant differences in gene expression levels were observed between sepsis patients with
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shock vs. without shock (Figure 3D). A greater number of differentially expressed genes
were found in patients without shock (2,681) than with shock (2,118) vs. controls, but an
overlapping set of 1,550 probes significantly changed in both conditions (Figure 4D).
Inspection of results for the probes with adjusted p-value <10~* and absolute log; fold-
expression change >1.2 for at least one of the three comparisons considered in Figure 4,
found that top gene expression changes in sepsis patients with and without shock vs.
controls were consistent (i.e., similar effect size and significance), and thus, reflect sepsis
status, rather than shock status (eTable 4 in the Supplement). Comparison of subgroups
within shock: vasopressor-responsive to fluid-responsive shock subjects yielded no
significant differences in gene expression.

Limitations

There are several limitations to this study. First, it was a single center study with a relatively
small sample size, and thus, generalizability outside a tertiary care specialty center with a
complex patient population is limited. Second, we enrolled a convenience sample of
subjects, and thus our findings may not be representative of all children with suspected
sepsis. Of note, this convenience sample also excludes patients for whom samples were
collected and later discarded due to caregiver refusal or failure to obtain consent for clinical
data collection. However, the clinical data of our cohort compared to the entire suspected
sepsis population at CHOP was similar in terms of age, gender, presence of comorbidity, and
proportion requiring ICU care.20 Third, because we isolated RNA from whole blood, the
expression signatures observed could represent differences in cell types, rather than gene
expression. Although this concern is minimized because adjustment for WBC count did not
change our results, we cannot entirely account for cell type-specific differences. Although
this distinction is not critical when using whole blood as a diagnostic biomarker, it is critical
to understand the biological mechanisms that are reflected in the gene expression changes
observed. Fourth, this study represents RNA collected at one time point and does not
account for duration of symptoms, thus we could not detect if RNA expression patterns
change over time or if time of presentation relative to illness onset influenced expression
patterns. However, as our goal was to evaluate gene expression profiles at the time of patient
presentation, prior to therapeutic interventions, this information has its own import in
emergency medicine evaluations. Finally, as these techniques and analytic platforms are
relatively new, it is possible that some of the differences we found compared to previously
published work were due either to differences in the gene chip or analytic platform utilized.

This study also had limitations related to pathogen and outcome determination. We were
unable to perform comprehensive viral testing on all subjects, thus it is possible that there
are some patients with undetected viral infections. Although this certainly could bias our
results, this strategy has been utilized before in similar studies,1® and was not financially
feasible in this study. Additionally, investigators reviewed medical records comprehensively
and, were thus, not blinded to sepsis severity and pathogen determination or vice versa.
Because sepsis severity is clinically distinct from pathogen (ie a patient can have bacteremia
with or without septic shock), this is unlikely to have a large effect on our results. Second,
and related, is that the large gene expression differences identified based on pathogen type
could obscure differences based on sepsis severity because patients in each sepsis severity
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category had a mixture of pathogen types. One sensitivity analysis that could help to address
this issue of multiple group comparisons is to further adjust g values for the 6 potential
patient groups. Because the most significant genes identified had g values on the order of
1076, the observed differences would still hold. Finally, although we have enrolled a
heterogeneous group of patients with different ages, comorbidities, and timing of
presentation which may limit our abilities to identify molecular mechanisms due to gene
expression differences, this heterogeneity precisely describes the group of patients in which
advanced diagnostic decisions must be made in the emergency department, and thus is an
appropriate group to derive and validate gene expression based diagnostic tools.

Discussion

We present the first effort to characterize gene expression profiles of children with suspected
sepsis in an emergency setting, demonstrating the feasibility of collecting high quality RNA
samples from potentially critically ill pediatric patients prior to any emergent care
resuscitation efforts. Although this study involved a relatively small sample size from a
convenience sample of patients, we were able to identify gene expression patterns that
distinguished samples according to viral vs. bacterial pathogen type. We did not observe
significant gene expression changes according to shock status or sepsis severity.

The potential for an early and accurate mechanism to identify bacterial sepsis in pediatric
ED patients carries important implications for appropriately targeting therapy as well as
antibiotic stewardship. To that end, our current, and prior studies by others, have sought to
identify peripheral blood biomarkers as a strategy to advance pathogen diagnostics and
therapy.15:16:36-39 Among the previous studies that have proposed gene expression
signatures for pathogen diagnostics is one by Herberg and colleagues, who described a two-
transcript host RNA signature based on /F/44L and FAMB89A that identified bacterial
infection diagnosis in febrile children,® and was later validated in febrile young infants.41
Consistent with their findings, /F/44L was among our 30 top differentially expressed
transcripts; we were unable to validate FAM89A because this gene was not represented on
our gene expression microarray. While the Herberg study differed from ours, as they
investigated children with febrile illness regardless of clinician concern for sepsis and
included a large number of children with meningococcal disease, replication of /F/44L
suggests that its ability to distinguish viral illness is generalizable and supports our own
findings.

Another proposed classifier by Sweeney ef al. was based on a meta-analysis of several
publicly available datasets.*2 After identifying a seven-gene signature composed of /F/27,
JUP, LAX1, HK3, TNIP1, GPAAIand CTSB that robustly discriminated bacterial from
viral infections, they used a metascore of the genes’ expression levels to create an antibiotic
decision model that could be used for diagnostic purposes. Of their seven genes, only two
(/FI27and JUP) were significantly differentially expressed between children with viral vs.
bacterial infections in our study. Because the Sweeney meta-analysis included several
heterogeneous individual studies consisting of children and adults with diverse clinical
conditions, the lack of full generalizability to our study may reflect differences in study
designs.
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In addition to searching for potential diagnostic biomarkers, gene expression studies offer
hypotheses for understanding biological mechanisms underlying disease. Our study, as well
as efforts such as those by Herberg ef al. and Sweeney et al., have consistently found that
most significant pathogen-type differences in gene expression are in viral immunity genes,
including interferon signaling (e.g., /F/27, IFIT1)*3 and (anti-)viral immune response (e.g.,
IFI44L, OAS1, OAS2, OAS3).16:37.3843 Thjs shared ontological enrichment, along with the
observation that the gene expression signature separating viral-infection samples from
controls is stronger than that separating bacterial-infection samples from controls suggests
that the robust gene expression signatures are driven by viral infection.

We did not identify significant gene expression differences based on sepsis severity. In
previous studies, Wong and colleagues were able to identify significant changes in RNA
expression among critically ill children with sepsis that are associated with clinical
outcomes.*44% Specifically, they identified patterns of RNA expression associated with
increased mortality and differential response to steroid therapy.*6 Importantly, Wong’s work
has focused on using RNA expression patterns as predictors of complicated clinical course,
not as a predictor of infectious pathogen. An additional difference in recruitment between
the studies by Wong and ours is that we enrolled children with suspected sepsis upon
presentation to the ED, while Wong enrolled children on arrival to the PICU after initial
resuscitation was complete. Future studies from large multicenter cohorts with numbers
sufficient to evaluate classes of sepsis severity across individual pathogen types, may
elucidate these patterns more clearly. In addition, collection of samples from well appearing
children with fever, may enable the identification of expression changes across a broader
range of sepsis severity levels. It is important to note that our main comparison was a nested
analysis between sepsis patients with and without shock. We checked the difference between
shock vs. control and no shock vs. control to confirm that the two sepsis groups had
significant changes compared to healthy individuals. We did not compare all sepsis patients
(N=122) versus the control group precisely because the demographic/clinical differences
between groups would make results difficult to interpret. We controlled for age and sex in
the differential expression analysis, and this yielded similar results as the unadjusted ones.
We did not adjust for race because 8 cases had missing values and there were no Asian
subjects among controls. While this is certainly a limitation, the proportions across
remaining categories were comparable, and thus, expression results were not dependent on
this confounder. Therefore, it is unlikely that the significant differences of shock vs. control
and no shock vs. control were due to demographic differences

Although in the current state, RNA expression-based testing cannot be performed in a
sufficiently timely manner to influence ED decision making, these techniques are on the
horizon and have the potential to impact emergency care in coming years. Once these
techniques are in place, it may be possible to use these assay types to appropriately tailor
antimicrobial therapy and/or ensure appropriate disposition for patients based on risk of
organ dysfunction. Although our current system of ED based sepsis recognition works well,
with 96% sensitivity, assays such as RNA based tools could bring objectivity to some of the
currently clinician based subjective elements and enhance generalizability. In addition, these
novel tools, particularly those that incorporate both clinical and biomarker variable types,
may improve differentiation of patients who require early treatment to avert poor outcome
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from those who would have improved without aggressive treatment. Alternately, pathogen
based testing could be employed in the inpatient setting in antibiotic stewardship efforts to
appropriately curtail unnecessary antibiotic use. Perhaps even more importantly, this type of
detailed gene expression information could help to guide the use specific targeted therapies
as they are developed, and thus could form the foundations of molecular precision medicine
in the ED.

In conclusion, we identified gene expression changes that distinguished children with
suspected sepsis infected with confirmed bacterial vs. viral pathogen types. Before it can be
used as a diagnostic biomarker, larger independent studies are needed to validate this
expression signature and to increase our ability to understand classes of sepsis severity
across individual pathogen types.
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Gene Expression Differences According to Pathogen Type. A) Volcano plot of gene
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differential expression in children with confirmed viral vs. confirmed bacterial infections.
The y-axis corresponds to the negative log (base 10) of adjusted P-values while the x-axis

corresponds to the log (base 2) of the fold change of difference between categories.

Differentially expressed genes according to an adjusted p-value <0.05 are colored in red. B)
Venn diagram of the differential expressed genes from three two-group comparisons of

children infected by bacterial pathogens vs. controls (green), children infected by viral

pathogens vs. controls (orange), and children infected by viral pathogens vs. by bacterial
pathogens (purple). C) Heatmap and dendrogram of 30 prioritized differential expressed

genes in children infected by viral pathogens vs. by bacterial pathogens. Differentially

expressed genes were selected according to an adjusted p-value <10~4 and an absolute log2
fold change >1.2. Hierarchical clustering is based on the Euclidean distance between the

probe intensities.
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Figure 3.
Gene Expression Differences According to Shock Status. A) Volcano plots of gene

differential expression in children with no shock vs. controls, B) children with shock vs.
control, and C) children with shock vs. with no shock. The y-axis corresponds to the
negative log (base 10) of adjusted P-values while the x-axis corresponds to the log (base 2)
of the fold change of difference between categories. Differentially expressed genes
according to an adjusted p-value <0.05 are colored in red. D) Venn diagram of the
differential expressed genes from three two-group comparisons of children with no shock vs.
controls (green), children with shock vs. controls (orange), and children with shock vs. no
shock (purple).
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Table 1.

Subject Characteristics. Overall characteristics of children enrolled in the study. For each category, N (%) are
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shown.

Sepsis | Controls
N=122 N=12
91% 9%
Age
57 days - <1 year 7(5.7) 0 (0)
1 year - <5 years 39 (32) 0 (0)
5 years - <13 years 39 (32) 9 (75)
> 13 years 37 (30) 3(25)
Sex
Female 67 (55) 6 (50)
Race/Ethnicity
Black/African American 24 (20) 2(17)
Non-Hispanic White 53 (43) 8 (67)
Hispanic 24 (20) 2(17)
Asian 13 (11) 0(0)
Missing 8(7) 0(0)
Payor
Medicaid 50 (41) -
Private 67 (55) -
Self-pay 4(3) -
Any Complex Chronic Condition | 69 (57) 0 (0)
Malignancy 13 (11) 0 (0)
Hematologic/Immune 14 (11) 0 (0)
Respiratory 6 (5) 0 (0)
Gastrointestinal 7 (6) 0 (0)
Metabolic 11 (9) 0 (0)
Neuromuscular 34 (28) 0 (0)
Cardiovascular 13 (11) 0 (0)
Renal 8(7) 0 (0)
Other Congenital 11 (9) 0 (0)
Laboratory Test Results
WBC > 15 27 (22) -
Platelet < 100 38(31) -
Lactate > 4 9(7) -
CRP>3 62 (51) -
Procal > 0.5 61 (50) -
Invasive Ventilation 11(9) -

Ann Emerg Med. Author manuscript; available in PMC 2021 June 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Balamuth et al.

Sepsis | Controls
N=122 N=12
91% 9%
PICU Admission 63 (52) -
Infectious Pathogen
Definite viral 38 (31) -
Definite bacterial 28 (23) -
Other ™ 22(18) .
No source 34 (28) -
Shock Severity
No shock 81 (66) -
Fluid responsive 30 (25) -
Vasopressor responsive 11 (9) -

*
Other includes suspected infection(s), fungal infection, definite co-infections

PICU: pediatric intensive care unit
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Table 2.
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Characteristics of Subjects According to Pathogen Status. Overall characteristics of children with a confirmed
viral or bacterial infection. For each category, N (%) are shown. For variables with statistically significant
differences between children with viral and bacterial infections, results are in italics with P-values reported.

Bacterial | Viral OR (95% ClI)
N=28 N=38
28% 38%
Age
57 days - <1 year 1(4) 1(3) reference
1 year - <5 years 6 (21) 17 (45) | 2.8(-2.3,4.4)
5 years - <13 years 12 (43) 11(29) | 09(-34,3.2)
> 13 years 9(32) 9(24) | 1.0(-33,3.3)
Sex
Female 14 (50) | 22(58) | 1.4(-0.7,1.3)
Race/Ethnicity
Black/African American 5 (18) 8(21) reference
Non-Hispanic White 14 (50) 19 (50) 0.9(15,1.1)
Hispanic 4 (14) 4(11) | 06(-23,1.3)
Asian 3(11) 4(11) | 0.8(-2.1,18)
Missing 2(7) 3(8)
Payor
Medicaid 8(29) 20 (53) reference
Private 18(64) | 18(47) | 0.4(-2.00.1)
Self-pay 1(4) 0(0) NA
Any Complex Chronic Condition 15 (54) 19 (50) | 0.9(-1.1,0.8)
Malignancy 2(7) 4(11) 15(-1.3,25)
Hematologic/Immune 4 (14) 5(13) 0.9(-15,1.4)
Respiratory 2(7) 2 (5) 0.7 (-25,1.9)
Gastrointestinal 2(7) 2 (5) 0.7 (-2.5,1.9)
Metabolic 5 (18) 2(5) | 0.3(-3.4,03)
Neuromuscular 8 (29) 7(18) 0.6 (-1.8,0.6)
Cardiovascular 2(7) 4(11) 15(-1.3,2.5)
Renal 4 (14) 1(3) | 02(-48,02)
Other Congenital 1(4) 5(13) 4.1(-05,4.4)
Laboratory Test Results
WBC > 15 7 (25) 4(11) | 03(-25,04)
Platelet < 100 11(39) | 11(29) | 1.6(-05,1.7)
Lactate > 4 1(4) 38 | 2.3(-13,3.9)
CRP>3 21(75) | 1642 | 02¢32-07)
Procalcitonin > 0.5 17 (61) 21(55) | 0.5(-2.0,0.5)
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Bacterial Viral OR (95% CI)
N=28 N=38
28% 38%
Invasive Ventilation 4(14) 1(3) 0.2 (-4.8,0.2)
PICU Admission 18(64) | 20(53) | 0.4(-1.5,05)
Shock Severity
No shock 17 (61) 28 (74) reference
Fluid responsive 9(32) 10 (26) 0.7 (-1.5,0.7)
Vasopressor responsive 2(7) 0(0) NA

PICU: pediatric intensive care unit
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