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Introduction

Early identification of bacterial infection can be challenging among pediatric patients in the
emergency department (ED), but is the necessary first step in recognizing potential
progression of illness in the continuum of inflammation, sepsis, and septic shock. While
many patients present with signs of systemic inflammation, a small percentage will have
culture confirmed bacterial infection and therefore be at risk for progression of illness within
the sepsis spectrum. In the ED setting, the diagnostic challenge lies in determining which
patients have bacterial infection and require antibiotic therapy or hospital admission.

Recent literature has described successful quality-improvement based interventions
undertaken to improve clinical recognition and treatment of sepsis in the ED(Cruz et al.,
2011, Larsen et al., 2011, Paul et al., 2012). These interventions have improved the
timeliness of early therapy for sepsis and septic shock. In spite of these successes, using
clinical criteria alone may be inadequate for diagnosing a patient with potential sepsis and
may lead to overtreatment. To improve the effectiveness of this approach, there is a need for
adjunct objective measures to rule in or rule out sepsis.

Among adults, lactate is frequently used to aid identification of sepsis and is part of the
guidelines for early goal directed therapy in the ED treatment of septic shock(Rivers et al.,

Corresponding Author: Michelle Eckerle, MD, MPH, Division of Emergency Medicine, ML 2008, Cincinnati Children’s Hospital
Medical Center, 3333 Burnet Ave, Cincinnati, OH 45229-3039, Tel: 513-636-7966; Fax: 513-636-7967, michelle.eckerle@cchmc.org.

Declaration of | nterest
The Cincinnati Children’s Hospital Research Foundation and Hector R. Wong have submitted a patent application for the use of 1L-27

as a sepsis diagnostic biomarker.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eckerle et al.

Methods

Page 2

2001). In pediatric patients, lactate displays good specificity but poor sensitivity in
identifying children with bacterial sepsis(Scott et al., 2012, Reed et al., 2013). The search
for a useful test in the ED setting has led to significant interest in biomarkers to predict
bacterial infection. Procalcitonin (PCT) is thus far the most promising biomarker in this
setting. In most studies, PCT is comparable to or outperforms white blood cell count
(WBC), absolute neutrophil count (ANC) and C-reactive protein (CRP) in the identification
of bacterial infection(Gomez et al., 2012, Haeusler et al., 2013, Hernandez-Bou et al., 2014,
Kasem et al., 2012, Laham et al., 2014, Mahajan et al., 2014), but there is variability among
patient populations(Lin et al., 2012, Manzano et al., 2011).

Recently, interleukin-27 (1L-27) was identified as a novel candidate biomarker for
differentiating bacterial infection from sterile inflammation in critically ill children(Wong et
al., 2012). However, biomarker performance can vary depending on the population studied
and the prevalence of the condition of interest. Therefore, we sought to determine whether
IL-27 would reliably estimate the probability of bacterial infection in the ED setting and
compared IL-27 to PCT.

This is a prospective cohort study performed from January through March 2013. The study
was performed in a large tertiary care, urban pediatric Emergency Department, with an
annual volume of approximately 90,000 visits per year. Subjects from birth-18 years were
eligible for inclusion if the treating clinician ordered cultures of blood, urine and/or
cerebrospinal fluid during the ED visit and residual blood was available for collection from
the clinical laboratory after ED laboratory studies had been performed. The study received
approval from the hospital’s Institutional Review Board and a waiver of consent was
obtained for sample collection. In order to determine eligible patients, an automated daily
report was generated via the hospital’s electronic medical recordlisting all ED patients with
cultures ordered in the previous 24 hours. This comprised the eligible patient population.
Convenience sampling was employed to reach the calculated sample size. The Pl retrieved
and enrolled samples from the clinical lab between days 1-7 after the ED visit. Samples
were not collected on consecutive days during the study period, but on each day of
enrollment, all available blood samples within a 24 hour period were used.. . Enrollment
continued until the calculated sample size was reached.. The samples were then frozen at
-80C.

IL-27 (EMD Millipore Corporation, Billerica, MA, USA) and PCT (Bio-Rad, Hercules, CA,
USA) protein concentrations were measured in blood samples using a magnetic bead
multiplex platform and a Luminex 100/200 System (Luminex Corporation, Austin, TX,
USA), according to the manufacturers’ specifications. These were the same assays used in
the original pediatric study (Wong et al., 2012).

The ED chart of each subject was reviewed by the PI and all relevant clinical variables and
culture results recorded. Criteria for positive cultures are listed in Table 1. In addition, a list
of conditions was compiled which were determined a priorito be consistent with bacterial
infection (Table 2). The ED diagnosis was recorded and classified as either bacterial or non-
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bacterial based on these criteria. For patients admitted to the hospital from the ED, the
hospital discharge diagnosis was used to determine final diagnosis. The Pl was blinded to
the results of IL-27 and PCT levels during the chart review. All information was entered into
a REDCap database.

Sample size was calculated at 693 subjects based on an estimated 20% prevalence of
bacterial infection as a final diagnosis and assuming a 95% confidence interval. This
calculation assumed a sensitivity of 0.90 a priori, resulting in a margin of error of + .05. To
accomplish the primary study aim, medians and interquartile ranges were calculated and
Mann Whitney rank sum test used to look for differences between groups with and without
bacterial infection. In addition, receiver operating characteristic (ROC) curves were
calculated for IL-27 and PCT, and classification and regression tree (CART) analysis was
performed to determine whether IL-27 was more highly predictive of bacterial infection in
combination with other variables. SigmaStat Software was used for descriptive statistics and
Salford Predictive Modeler v6.6 (Salford Systems, San Diego, CA) was used for CART
analysis. The modeling procedures considered IL-27, PCT, white blood cell (WBC) count,
and age as candidate predictor variables. The modeling procedures did not use weighting or
cost factors.

Primary Analysis

Assays were performed on 678 samples. Clinical characteristics of the subjects are listed in
Table 3. Of the 678 subjects, there were 40 positive cultures. Of these, 31 were urine
cultures, 8 were blood cultures and one was CSF. The subject with positive CSF also had a
positive blood culture (N. meningitidis in both cultures). In addition, charts of those subjects
with negative cultures were reviewedto identify patients with clinical evidence of bacterial
infection. After chart review, an additional 141 patients were classified as having bacterial
infection, for a total of 181 cases (27%). Table 4 lists the frequency of diagnoses consistent
with bacterial infection and associated number of positive cultures. IL-27 levels were
increased in this group compared to those without bacterial infection. Table 5 displays
median IL-27 levels among patients with (culture and/or clinical diagnosis) and without
bacterial infection, which demonstrate a statistically significant difference between the two
groups. A sub-analysis was performed comparing subjects with and without positive culture,
and median IL-27 levels did not show a statistically significant difference between the two
groups (p=0.67). ROC curves were constructed for both IL-27 and PCT, and there was no
significant difference in the AUC between the two (0.62 vs 0.61).

Secondary Analysis

Exploratory analysis of diagnostic subgroups analysis was performed to determine whether
IL-27 correlated with specific types of infection. We focused on pneumonia because this was
the most common diagnosis in this cohort. There were 52 cases of bacterial pneumonia
(defined as focal infiltrate on chest x-ray at some point during the hospital course) and 136
cases of viral respiratory illness. Median IL-27 levels were higher in patients with bacterial
pneumonia compared to patients with viral respiratory illness (2.3 vs 1.4 ng/ml, p <0.001).
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Although the AUC for 1L-27 (0.73) tended to be greater than that of PCT (0.63), the
difference did not reach statistical significance (p = 0.1)

We then performed CART analysis using IL-27, PCT, WBC and age as possible predictor
variables to construct a decision tree to estimate the probability of bacterial pneumonia. The
derived tree is shown in Figure 1. The decision tree incorporates IL-27, PCT and WBC, and
has an AUC of 0.80 (Figure 2), which was significantly greater than that of 1L-27 alone (p =
0.02) and PCT alone (p < 0.001). The diagnostic test characteristics of the decision tree
were: sensitivity 88% (95% C.I. 76 — 95), specificity 59% (50 — 67), positive predictive
value 45% (35 — 55), negative predictive value 93% (85 — 97), positive likelihood ratio 2.1
(1.7 = 2.7), and negative likelihood ratio 0.2 (0.1 — 0.4).

Discussion

IL-27 has previously been shown to have >90% specificity and positive predictive value for
bacterial infection in critically ill children admitted to the intensive care unit. This study
tested the ability of 1L-27 to estimate the probability of bacterial infection among ED
patients. We found that there was a statistically significant difference between median I1L-27
concentrations when comparing those with (culture positive and/or clinical diagnosis) and
without bacterial infection. However, the IL-27 concentrations overlap substantially between
the two groups, which in this large and diverse population may be difficult to interpret
clinically. However, given that this is a novel candidate biomarker with relatively unknown
characteristics, it was necessary to begin with broad inclusivity so that initial test
characteristics in the ED population could be identified.

Among the subpopulation of patients with focal infiltrate on chest radiograph, we found that
these subjects had significantly higher levels of IL-27 when compared with study patients
meeting criteria for viral respiratory illness (at least one of cough, rhinorrhea or difficulty
breathing). While the results of this analysis are limited given that chest radiographs were
not obtained on all patients with viral respiratory illness, the differentiation between viral
and bacterial lung infection represents a common diagnostic dilemma in the ED. Therefore,
the results of this exploratory analysis may warrant further study. Our findings are in
contrast to the previously published study which found that, in adults, IL-27 was not
predictive of sepsis among patients with a lung source of infection(Wong et al., 2013).
However, other studies have shown increased IL-27 to correlate with lung infection and
inflammation, so the finding is biologically plausible (Cao et al., 2014, Xu et al., 2013).

Of interest, among the variables of IL-27, PCT, WBC and age incorporated for CART
analysis, IL-27 emerged as the first level decision rule. We note that the highest probability
of focal infiltrate on chest x-ray was in patients with both a high 1L-27 and a high PCT
value. We also note that the decision tree has a high sensitivity, which could be considered
ideal for the ED setting. Finally, the high negative predictive value and low negative
likelihood ratio indicate that the decision tree could be an effective “rule out” test for
bacterial infection, resting on the premise that focal infiltrate on chest x-ray may be more
likely to be consistent with bacterial pneumonia. These assertions require prospective,
independent testing.
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Defining positive cases of bacterial infection when evaluating diagnostic biomarkers remains
a major challenge. If one uses culture results as the gold standard, there is a high likelihood
that a substantial number of true positive cases will be misclassified as false negatives.
Alternatively, using clinical criteria to define positive cases that are otherwise culture
negative carries the risk of false positive classifications.

This was designed as an exploratory study to measure the performance of IL-27 as a
diagnostic biomarker for bacterial infection in a heterogeneous pediatric ED cohort. Because
of the relatively low prevalence of positive blood, urine or cerebrospinal fluid cultures, we
defined bacterial infection to include conditions generally considered bacterial in origin.
Although eligible samples were identified prospectively, using retrospective chart review to
classify the diagnoses may limit the accuracy of this classification. In addition, to classify
bacterial pneumonia, a definition of focal infiltrate on chest radiograph was used. Focal
infiltrate is generally accepted as being more likely to be bacterial in origin (Korppi et al.,
1993), but because the study was conducted during the winter months with a high incidence
of viral respiratory infections, there is uncertainty as to whether the focal infiltrate is viral or
bacterial in origin, particularly among children younger than 1 year of age(Kiekara et al.,
1996).

Because the entry criteria included any patient with cultures ordered by the treating
clinician, a broad sample was collected. In practice, biomarkers are most often used to help
the clinician determine the probability of infection at the point of care, prior to knowing
culture results. For patients presenting with clinically apparent infection, such as UTI
diagnosed on urinalysis or cellulitis apparent on physical exam, clinicians would be unlikely
to require a biomarker to help in diagnosis and management.

Conclusions

IL-27 has the potential to serve as a diagnostic biomarker for bacterial infection in ED
patients. In this initial heterogeneous and highly inclusive study population, the overlap in
IL-27 levels makes the result less likely to be clinically useful. Because there is a
statistically significant association between increased IL-27 concentrations and bacterial
infection, however, this biomarker deserves further targeted study in populations in which
diagnostic testing in the ED setting would be most helpful. The correlation between bacterial
pneumonia and I1L-27 levels, as compared with viral lung infection, also requires further
study.

Acknowledgments

The authors wish to acknowledge Terri Byczkowski, PhD, Cincinnati Children’s Hospital Medical Center, Division
of Emergency Medicine, for her assistance with study design, sample size calculation and manuscript review.

This research was supported by NIH Grants RO1GM099773 and R0O1GM108025, and an Innovation Grant from the
Cincinnati Children’s Hospital Research Foundation.

Biomarkers. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eckerle et al.

Page 6

References

Cao J, Wang D, Xu F, Gong Y, Wang H, Song Z, Li D, Zhang H, Li D, Zhang L, Xia Y, Xu H, Lai X,
Lin S, Zhang X, Ren G, Dai Y, Yin Y. Activation of IL-27 signalling promotes development of
postinfluenza pneumococcal pneumonia. EMBO Mol Med. 2014; 6:120-40. [PubMed: 24408967]

Cruz AT, Perry AM, Williams EA, Graf JM, Wuestner ER, Patel B. Implementation of goal-directed
therapy for children with suspected sepsis in the emergency department. Pediatrics. 2011;
127:e758-66. [PubMed: 21339277]

Gomez B, Bressan S, Mintegi S, Da Dalt L, Blazquez D, Olacirequiti I, De La Torre M, Palacios M,
Berlese P, Ruano A. Diagnostic value of procalcitonin in well-appearing young febrile infants.
Pediatrics. 2012; 130:815-22. [PubMed: 23109682]

Haeusler GM, Carlesse F, Phillips RS. An updated systematic review and meta-analysis of the
predictive value of serum biomarkers in the assessment of fever during neutropenia in children with
cancer. Pediatr Infect Dis J. 2013; 32:€390-6. [PubMed: 23673421]

Hernandez-Bou S, Trenchs V, Alarcon M, Luaces C. Afebrile very young infants with urinary tract
infection and the risk for bacteremia. Pediatr Infect Dis J. 2014; 33:244-7. [PubMed: 24356255]

Kasem AJ, Bulloch B, Henry M, Shah K, Dalton H. Procalcitonin as a marker of bacteremia in
children with fever and a central venous catheter presenting to the emergency department. Pediatr
Emerg Care. 2012; 28:1017-21. [PubMed: 23023470]

Kiekara O, Korppi M, Tanska S, Soimakallio S. Radiological diagnosis of pneumonia in children. Ann
Med. 1996; 28:69-72. [PubMed: 8932509]

Korppi M, Kiekara O, Heiskanen-Kosma T, Soimakallio S. Comparison of radiological findings and
microbial aetiology of childhood pneumonia. Acta Paediatr. 1993; 82:360-3. [PubMed: 8318803]

Laham JL, Breheny PJ, Gardner BM, Bada H. Procalcitonin to predict bacterial coinfection in infants
with acute bronchiolitis: a preliminary analysis. Pediatr Emerg Care. 2014; 30:11-5. [PubMed:
24365727]

Larsen GY, Mecham N, Greenberg R. An emergency department septic shock protocol and care

guideline for children initiated at triage. Pediatrics. 2011; 127:€1585-92. [PubMed: 21576304]

Lin SG, Hou TY, Huang DH, He SY, Lin YD, Zhang LY, Hsieh PS. Role of procalcitonin in the
diagnosis of severe infection in pediatric patients with fever and Neutropenia—a systemic review
and meta-analysis. Pediatr Infect Dis J. 2012; 31:e182-8. [PubMed: 22592515]

Mahajan P, Grzybowski M, Chen X, Kannikeswaran N, Stanley R, Singal B, Hoyle J JR, Borgialli D,
Duffy E, Kuppermann N. Procalcitonin as a Marker of Serious Bacterial Infections in Febrile
Children Younger Than 3 Years Old. Acad Emerg Med. 2014; 21:171-179. [PubMed: 24673673]

Manzano S, Bailey B, Gervaix A, Cousineau J, Delvin E, Girodias JB. Markers for bacterial infection
in children with fever without source. Arch Dis Child. 2011; 96:440-6. [PubMed: 21278424]

Paul R, Neuman MI, Monuteaux MC, Melendez E. Adherence to PALS Sepsis Guidelines and
Hospital Length of Stay. Pediatrics. 2012; 130:273-80. [PubMed: 22753559]

Reed L, Carroll J, Cummings A, Markwell S, Wall J, Duong M. Serum lactate as a screening tool and
predictor of outcome in pediatric patients presenting to the emergency department with suspected
infection. Pediatr Emerg Care. 2013; 29:787-91. [PubMed: 23823254]

Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E, Tomlanovich M, Early
Goal-Directed Therapy Collaborative, G. Early goal-directed therapy in the treatment of severe
sepsis and septic shock. N Engl J Med. 2001; 345:1368-77. [PubMed: 11794169]

Scott HF, Donoghue AJ, Gaieski DF, Marchese RF, Mistry RD. The utility of early lactate testing in
undifferentiated pediatric systemic inflammatory response syndrome. Acad Emerg Med. 2012;
19:1276-80. [PubMed: 23167859]

Wong HR, Cvijanovich NZ, Hall M, Allen GL, Thomas NJ, Freishtat RJ, Anas N, Meyer K, Checchia
PA, Lin R, Bigham MT, Sen A, Nowak J, Quasney M, Henricksen JW, Chopra A, Banschbach S,
Beckman E, Harmon K, Lahni P, Shanley TP. Interleukin-27 is a novel candidate diagnostic
biomarker for bacterial infection in critically ill children. Crit Care. 2012; 16:R213. [PubMed:
23107287]

Wong HR, Lindsell CJ, Lahni P, Hart KW, Gibot S. Interleukin 27 as a sepsis diagnostic biomarker in
critically ill adults. Shock. 2013; 40:382-6. [PubMed: 23903853]

Biomarkers. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Eckerle et al.

Xu F, LiuQ, Lin S, Shen N, Yin Y, Cao J. IL-27 is elevated in acute lung injury and mediates
inflammation. J Clin Immunol. 2013; 33:1257-68. [PubMed: 23842867]

Biomarkers. Author manuscript; available in PMC 2017 July 01.

Page 7



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eckerle et al.

Page 8

ROOT N =188

Bacterial Pneumonia # Rate

NO 136 0.723
YES 5210277
|
Bacterial Pneumonia # Rate Bacterial Pneumonia # Rate
NO 66 0.917 NO 70110.603
YES 6 0083 YES 46 0.397
| ' 1 TN5
Bacterial Pneumonia # Rate Bacterial Pneumonia # Rate
NO 53 0.746 NO 17 0.378
YES 18 0.254 YES 28 0.622
| | . TN4
Bacterial Pneumonia # Rate Bacterial Pneumonia # Rate
NO 26 0.839 NO 27 0.675
YES 5 0.161 YES 13 0.325
TN2 | ' | TN3
Bacterial Pneumonia # Rate Bacterial Pneumonia # Rate
NO 14 1.000 NO 12 0.706
YES 0 0.000 YES 5 0.294

Figure 1. CART Analysisfor the Diagnosis of Bacterial Pneumonia (Secondary Analysis)
The CART-derived decision tree for estimating the probability of bacterial pneumonia, based

on IL-27, PCT, and WBC count. Each node provides the total number of subjects in the
node, the IL-27-, PCT-, or WBC-based decision rule, and the number of patients with and
without bacterial pneumonia, with the respective probabilities. Terminal nodes (TN) 1 and 2
are low bacterial pneumonia probability nodes (probability 0.000 to 0.083). Terminal nodes
3 and 4 are intermediate bacterial pneumonia probability nodes (probability 0.294 to 0.325).
Terminal node 5 is a high bacterial pneumonia probability node (probability 0.622). To
calculate the diagnostic test characteristics, all subjects in the low probability terminal nodes
(n = 86) were classified as predicted no bacterial pneumonia, whereas all subjects in the
intermediate and high probability terminal nodes (n = 102) were classified as predicted
bacterial pneumonia.
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Figure 2. AUC for CART versus|L-27 or PCT Alonefor Diagnosis of Bacterial Pneumonia
(Secondary Analysis)

ROC:s for the decision tree, IL-27 alone, and PCT alone for patients with bacterial
pneumonia. The AUC for the decision tree was significantly greater than the AUCs for IL-27

alone and PCT alone (p < 0.05).
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Table 1

Positive Culture Criteria

CSF: any bacteria cultured from CSF

Urine: > 50,000 colony forming units (CFU)/mL with a single organism AND =5-10 WBC on urinalysis OR fever >38°C/history of fever at
home

Blood: growth of pathogenic bacteria: S pneumoniae, Staphylococcus aureus, group A Streptococcus, Enterococcus species, Neisseria
meningitidis, Enterobacteriaciae, Salmonella species, Moraxella catarrhalis, Pseudomonas species, H influenzae, Campylobacter species,
Escherichia coli
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Diagnoses classified as bacterial infection

1

© 00 N o a0 b W N

=
o

pneumonia, defined as focal infiltrate on chest radiograph
empyema

osteomyelitis

septic arthritis

lymphadenitis

abscess

soft tissue infection/cellulitis

appendicitis

pharyngitis

otitis media
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Table 3

Baseline Characteristics of Subjects

| Bacterial I nfection | No Bacterial Infection

N | 181 | 497
Median age years (interquartile range (IQR)) | 3.2(1-9.3) | 6.5 (1.1-14.3)
# males (%) | 78 (43) | 202 (41)
Any comorbidity (%) 56 (31) 156 (31)

Immunosuppressed (%) 12 (6) 33(7)

Malignancy/bone marrow transplant (%) 6 (3) 30 (6)
Disposition

Admit ICU (%) 11 (6) 28 (6)

Admit floor (%) 135 (75) 200 (40)

Home (%) 35(19) 269 (54)

Biomarkers. Author manuscript; available in PMC 2017 July 01.

Page 12



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Eckerle et al.

Frequency of Diagnoses

Table 4

Total number (%)

Number positive cultures

Pneumonia 57 (31)

Cellulitis/soft tissue infection | 36 (20)

Urinary tract infection 31(17) 31, urine
Otitis media 18 (10)

Abscess 14 (8)

Appendicitis 11 (6)

Sepsis/septic shock 5(3) 5, blood
Pharyngitis 5(3)

Osteomyelitis 2(1) 2, blood
Meningitis 1(0.6) 2, CSF and blood
Septic arthritis 1(0.6)

Total 181 40
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Table 5
Median IL-27 and Procalcitonin Levels
Bacterial infection | No bacterial infection p-value AUC for discriminating bacterial infection
N=180 N=495 Bacterial infection vs. no from no bacterial infection (95% C.1.)
Median (IQR) Median (IQR) bacterial infection
1L-27 ng/mL 1.7(1.2-2.6) 1.3(0.8-2.1) <0.001 0.61 (0.56 — 0.65)
PCT ng/mL 8.6 (7.3-10.1) 7.7(56-9.2) <0.001 0.62 (0.57 - 0.67)
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