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Abstract

Objectives—To determine whether peak blood PCT measured within 48 hours of pediatric 

intensive care unit (PICU) admission can differentiate severe bacterial infections from sterile 

inflammation and viral infection and identify potential subgroups of PICU patients for whom PCT 

may not have clinical utility.

Study design—This was a retrospective, observational study of 646 critically ill children who 

had PCT measured within 48 hours of admission to an urban, academic PICU. Patients were 

stratified into 6 categories by infection status. We compared test characteristics for peak PCT, C-

reactive protein (CRP), white blood cell count (WBC), absolute neutrophil count (ANC), and 

percentage immature neutrophils (% Imm). The area under the receiver operating characteristic 

curve (AUROC) was determined for each biomarker to discriminate bacterial infection.

Results—The AUROC was similar for PCT (0.73, 95% CI 0.69, 0.77) and CRP (0.75, 95% CI 

0.71, 0.79; p=0.36), but both outperformed WBC, ANC, and % immature neutrophils (p<0.01 for 

all pairwise comparisons). The combination of PCT and CRP was no better than either PCT or 

CRP alone. Diagnostic patterns prone to false-positive and false-negative PCT values were 

identified.
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Conclusions—Peak blood PCT measured close to PICU admission was not superior to CRP in 

differentiating severe bacterial infection from viral illness and sterile inflammation; both PCT and 

CRP outperformed WBC, ANC, and % immature neutrophils. PCT appeared especially prone to 

inaccuracies in detecting localized bacterial central nervous system infections or bacterial co-

infection in acute viral illness causing respiratory failure.
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Difficulty in distinguishing bacterial infections from non-infectious systemic inflammatory 

illness exposes many patients to unnecessary antibiotic therapy in the intensive care unit.1–6 

There remains an unmet need to identify early biomarkers of severe bacterial infections in 

critically ill pediatric patients that can help to optimize antibiotic utilization. Procalcitonin 

(PCT) is an emerging biomarker with demonstrable utility to guide antibiotic utilization in 

adults.7–12 Several trials in adults have shown that serum PCT level is higher with invasive 

bacterial infections than with viral or sterile inflammatory conditions and can help to 

optimize antibiotic utilization without increasing morbidity or mortality.13–15

In critically ill children, however, the utility of PCT to augment early recognition of severe 

bacterial infections compared with routinely available laboratory tests remains unclear. Prior 

pediatric studies have reported mixed results, and few studies have specifically examined the 

use of PCT in the pediatric intensive care unit (PICU).16–19 In some cases, PCT has yielded 

superior test characteristics than routinely used laboratory tests, such as measurement of C-

reactive protein (CRP), white blood cell count (WBC), and percentage immature neutrophils 

(% Imm), but the optimal cut-point reported for PCT to guide clinical decision-making 

remains highly variable across studies.20–24 One common limitation of prior studies has 

been the relatively small sample size of subjects analyzed. Additionally, although few 

diagnostic tests perform universally well in all patient subgroups, prior PICU-based studies 

of PCT have not attempted to consider diagnostic patterns for which PCT testing may have 

more or less clinical utility. Along these lines, one recently published prospective study 

suggested that there may be subgroups of patients in the PICU for whom PCT measurement 

is less useful, but the study but had too few patients to draw firm conclusions.19

We sought to determine if peak blood PCT measured within 48 hours of PICU admission 

could differentiate severe bacterial infections from severe viral illness and systemic sterile 

inflammation and identify potential subgroups of critically ill children for whom PCT may 

not have clinical utility. We hypothesized that a low PCT cut-point may perform as well as 

or better than routinely available laboratory tests to identify PICU patients with a low 

likelihood of bacterial infection who required prolonged treatment with antibiotics, and there 

are identifiable diagnostic patterns of PICU disease that are prone to false-positive and false-

negative PCT results for whom PCT testing may be less useful.

METHODS

We performed a retrospective, observational study of all patients age 29 days to 21 years 

admitted to a 55-bed PICU at an academic medical center between August 1, 2012, and 
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February 15, 2014. Patients were included if blood PCT was sent as part of routine care 

within 48 hours of PICU admission, and the maximum measured PCT within this timeframe 

was utilized. For patients with multiple PICU admissions, only data from the first episode 

were included. We also excluded patients with superficial (i.e., non-invasive) bacterial 

infections, those transferred from another unit or hospital with established antibiotic therapy 

for >48 hours, or those whose final infection status could not be determined because of 

transfer out to another institution before all diagnostic testing was complete. This study was 

approved by the Institutional Review Board at The Children’s Hospital of Philadelphia, and 

a waiver of consent was granted.

Study design and data collection followed published guidelines for chart reviews.25 A review 

of the electronic medical record was completed for all eligible patients. Demographics, 

comorbid conditions, duration of hospitalization, and laboratory and microbiologic data 

were collected, and any missing data were noted. Recognizing that patients may come to 

attention at different timepoints in their courses of illness, the maximum values of PCT, 

CRP, and WBC within 48 hours prior to and 48 hours after PICU admission were recorded 

as (measured) biomarker peaks. The absolute neutrophil count (ANC) and % Imm 

corresponding to the highest WBC also were recorded. Severity of illness was determined by 

the Pediatric Risk of Mortality (PRISM)-III and Pediatric Index of Mortality (PIM)-2 

scores.26,27 Definitions of types of infections were adapted from guidelines by the Centers 

for Disease Control and Prevention (CDC) and the National Healthcare Safety Network 

(NHSN).28 All data were recorded onto a standardized case report form using the web-based 

Research Electronic Data Capture (REDCap) system.29 The case-report form, a glossary of 

terms, and a coding sheet for infection categorization were developed with collaborative 

input from all study group members. Four abstractors (AJL, ACD, ARD, KAO) were trained 

to collect data and categorize patients in a similar manner.

Patients were classified into one of six mutually exclusive categories of infection (Table I; 

available at www.jpeds.com): (1) no infection; (2) viral infection; (3) suspected bacterial 

infection without shock; (4) documented bacterial infection without shock; (5) bacterial 

infection with shock (bacterial septic shock); and (6) septic shock without definitive 

microbiologic evidence of bacterial infection (“culture-negative septic shock”). Patients 

categorized as having no infection had no pathogenic organisms identified and no imaging 

suggestive of infection. Patients with viral infection had either an identified viral pathogen or 

a documented strong suspicion of viral infection without concurrent bacterial infection. 

Criteria for bacterial infection without shock included a clinical syndrome consistent with a 

likely bacterial infection, with (for documented infection) or without (for suspected 

infection) isolation of a bacterial or fungal pathogen from a sterile site.28 For example, most 

patients with pneumonia who did not have shock were categorized as suspected bacterial 

infection without shock. Patients with bacterial septic shock had a documented bacterial or 

fungal pathogen and met criteria for severe sepsis or septic shock.30 Culture-negative septic 

shock included patients with suspected infection (including documented viral infection) 

without isolation of a bacterial or fungal pathogen but who met criteria for severe sepsis or 

septic shock. Although culture-negative septic shock likely included some patients with 

undocumented bacterial infection, we a priori determined to analyze this group separately 

from documented bacterial septic shock because it was not possible to differentiate these 
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patients from non-bacterial (eg, viral) septic shock and because their severity of illness 

justified empiric antibiotic administration regardless of pathogen.7,20

Inter-rater reliability testing was undertaken to ensure congruent classification of infection. 

Fifteen charts were randomly selected for all abstractors to review. The mean percent 

agreement across all abstractors to determine the infection category was 83% (Kappa 0.71). 

When categories of infection were conservatively grouped by presence or absence of 

bacterial infection (i.e., no infection and viral infection versus bacterial with/without shock 

and culture-negative septic shock), the mean percent agreement increased to 87%. Following 

consensus review, agreement of the final assigned infection category reached 100%. Because 

inter-rater reliability for infection category did not reach 100% until after consensus review, 

abstractors continued to flag any cases for which the category of infection was not clear 

during the remainder of the chart review process. Regular meetings were held to monitor 

overall performance and to establish final categorization by consensus agreement for all 

cases with uncertainty. In total, 24% of patients were reviewed for consensus agreement. 

Abstractors were blinded to PCT values during chart abstraction, categorization, and 

consensus review. PCT values were separately provided by the institution’s Department of 

Biomedical and Health Informatics. Other laboratory values, including CRP and WBC, were 

directly abstracted from the medical record by the chart reviewer after determination of 

infectious categorization.

PCT was measured at the discretion of the clinical team, using the VIDAS B.R.A.H.M.S. 

PCT assay (Biomerieux) in the hospital’s clinical laboratory.

Statistical Analyses

Analysis was performed using Stata Version 13.1 (StataCorp, College Station, TX). 

Summary statistics are reported as medians with interquartile ranges (IQR) for continuous 

variables and compared with the Wilcoxon rank-sum, test of trend, or Kruskal-Wallis tests. 

Categorical variables are reported as proportions and analyzed using chi-squared or Fisher’s 

exact tests. Receiver operating characteristic (ROC) curves were constructed by comparing 

patients with bacterial infection (suspected or documented bacterial infection with/without 

shock and culture-negative septic shock) with those with no infection or viral infection. 

Comparison of the area under the ROC curves (AUROC) was performed by generating 

linear predictions following separate logistic regression models with bacterial infection as 

the outcome and either a single biomarker alone or several biomarkers as independent 

variables.31,32 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV), positive likelihood ratio, and negative likelihood ratio at various cut-

points were determined, with the best cut-points a priori defined to maximize sensitivity and 

NPV in order to minimize the number of false-negative results (ie, patients for whom 

antibiotics could be incorrectly withheld). P-values ≤0.05 were significant.

Because the clinical utility of PCT could be optimized if subgroups were identified for 

which PCT testing was prone to false-positive or -negative results, we performed a 

qualitative exploration of patients with outlier PCT values in each infection category. This 

was a post-hoc exploratory analysis done after infection category was established and PCT 

values were unblinded. For patients with no infection or viral infection, false-positive PCT 
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values greater than 1.5 times the upper quartile were considered extreme outliers. For 

patients with bacterial infection with or without shock or culture-negative shock, false-

negative PCT values less than the identified optimal cut-point of 0.1 ng/mL were considered 

outliers. We used a more strict definition of outliers for false-negatives because we 

considered stopping antibiotics for a patient with a bacterial infection to be a more 

substantial error than continuing empiric antibiotics in a patient without a bacterial infection.

RESULTS

Of the 5,521 PICU admissions within the study period, 667 patients met initial inclusion 

criteria. Twenty-one patients underwent full chart review but subsequently were excluded 

following determination of non-invasive (superficial) bacterial infections18, leaving 646 

patients for the final analysis (Figure 1; available at www.jpeds.com).

Patients were categorized as having no infection (n=188), viral infection (n=162), suspected 

bacterial infection without shock (n=89), documented bacterial infection without shock 

(n=48), bacterial septic shock (n=61), and culture-negative septic shock (n=98). Patient 

characteristics by infection category are shown in Table II. Patients in each group had 

similar pre-PICU hospital length of stays, suggesting that infections were predominantly 

community-acquired.

The maximum (peak) PCT was the first available value for 596 patients (92.3%), and in 545 

patients (84.4%) the peak PCT was sent within the 12 hours before through 24 hours after 

PICU admission. The median PCT for patients with no infection (0.22 [IQR 0.05–1.70] 

ng/mL) was not different from those with viral infection (0.33 [0.07–1.45] ng/mL; p=0.16). 

Patients with suspected and documented bacterial infection without shock had slightly 

higher median PCT levels (1.51 [0.41–4.04] and 0.91 [0.10–10.80] ng/mL, respectively; 

p<0.05 for comparisons with both no infection and viral infection), and those in shock had 

the highest median PCT values (7.16 [2.21–42.28] and 3.22 [0.36–24.93] ng/mL, 

respectively for bacterial septic shock and culture-negative septic shock; p<0.05 for pairwise 

comparisons with no infection, viral infection, and suspected and documented bacterial 

infection without shock). Values for PCT, CRP, WBC, ANC, and % Imm are shown in Table 

III. Only CRP and % Imm demonstrated a similar stepwise increase across infection 

category as PCT. PCT values by site and category of infection are shown in Figure 2.

Figure 3 shows the ROC curves for each individual biomarker to discriminate between 

patients with no infection and viral infection versus suspected or documented bacterial 

infection with/without shock and culture-negative septic shock. The AUROC was similar for 

PCT (0.73, 95% CI 0.69, 0.77) and CRP (0.75, 95% CI 0.71, 0.79; p=0.36). The AUROC for 

WBC, ANC, and % Imm was lower than either PCT or CRP (p<0.01 for all pairwise 

comparisons between PCT or CRP and WBC, ANC, and % Imm). The combination of PCT 

and CRP offered no additional benefit, with an AUROC of 0.76 (95% CI 0.72, 0.80; p=0.12 

compared with PCT alone, p=0.07 compared to CRP alone). Table IV (available at 

www.jpeds.com) shows the test characteristics of select cut-points for PCT, CRP, and PCT

+CRP to discriminate bacterial infection. The highest sensitivity and NPV for PCT occurred 

at a cut-point of 0.1 ng/dL. Although PPVs and positive likelihood ratios are overall low for 
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PCT (in isolation and in combination with CRP), a PCT cut-point of 0.1 ng/mL yielded a 

clinically-relevant negative likelihood ratio of 0.3 as a solitary biomarker and of 0.1 when 

used in combination with CRP <0.8 mg/dL to exclude bacterial infection. Table V (available 

at www.jpeds.com) demonstrates the differential ability of PCT, CRP, WBC, ANC, and % 

Imm to discriminate no/viral infection from documented and suspected bacterial infections. 

PCT had an AUROC of 0.73 (95% CI 0.67, 0.79) for documented and 0.73 (95% CI 0.68, 

0.77) for suspected bacterial infections.

In a post-hoc exploratory analysis, outliers were examined to identify potential subgroups 

for whom PCT may have limited clinical utility (Figure 2, B). For patients with no infection, 

PICU admission following surgery, trauma, cardiac arrest, immunomodulatory therapy with 

chimeric antigen T lymphocytes33 or for acute kidney injury (AKI) or dehydration 

accounted for the 25 of the 33 (76%) false-positive PCT outliers. Ten of the 25 false-positive 

PCT outliers with viral infection were intubated due to respiratory failure, and an additional 

five patients received high-flow nasal cannula (HFNC) or non-invasive positive pressure 

ventilation. Patients with surgical site infections, bone infections, viral pneumonitis with 

clinical suspicion of bacterial superinfection, and ventriculoperitoneal (VP) shunt infections 

accounted for 11 of the 17 (65%) false-negative PCT outliers for bacterial infection without 

shock.

DISCUSSION

PCT in critically ill patients is more likely to be used as a guide to discontinue unnecessary 

empiric antibiotics in the absence of a microbiologically-proven bacterial infection than as a 

diagnostic biomarker for to initiate antibiotic therapy. Nonetheless, a clear understanding of 

the test characteristics of PCT and scenarios prone to false interpretation of results is 

necessary to optimize use of PCT in critically ill children. In this relatively large study of 

PCT in critically ill children, we found that maximum measured PCT level drawn close to 

PICU admission was not superior to CRP measurement in differentiating severe bacterial 

infection from viral illness and sterile inflammation, but was better than WBC, ANC, and % 

Imm for this purpose. Overall, PCT yielded moderately useful test characteristics to rule out 

bacterial infection with a clinically-relevant negative likelihood ratio using a cut-point of 0.1 

ng/mL. However, recurring patterns of false-negative and false-positive PCT values suggest 

that test characteristics of PCT could be optimized with a more selective use of this 

biomarker in the PICU.

There has been notable heterogeneity of PCT test characteristics among prior studies of 

critically ill children,. In 175 patients, Hatherill et al reported a higher AUROC for PCT 

(0.96) than CRP or WBC (0.83 and 0.51, respectively) for the identification of septic shock. 

Similarly, in 94 PICU patients, Rey et al found PCT yielded a higher AUROC (0.91) than 

CRP (AUROC 0.75) or WBC (0.53) to diagnose septic shock. However, neither of these 

studies analyzed PCT for differentiation of bacterial from non-bacterial infection.20,24 In our 

study, PCT outperformed several routinely available laboratory tests to identify PICU 

patients with a low likelihood of bacterial infection, but there was no a clear benefit of PCT 

over CRP to differentiate bacterial infection from viral illness or sterile inflammation.
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Mandell et al reported that PCT may be even less useful than CRP at PICU admission for 

early identification of culture-positive bacterial infection.19 Although that study was 

performed prospectively, only 33% (n=107) of eligible patients were included in the primary 

analysis, and most of the patients with incorrect PCT classification were false-positive rather 

than false-negative results (ie, PCT was more useful to “rule-out” rather than “rule-in” 

bacterial infection). Also, patients were categorized without regard to shock by Mandell et al 

and 25.7% of patients without bacterial infection required inotropic support. As PCT is 

elevated in culture-negative septic shock (as reported in our study and by Anand et al)7, this 

approach likely contributed to higher PCT levels in many patients categorized as low 

suspicion for bacterial infection. Finally, 50% of patients in the “no bacterial infection” 

group required mechanical ventilation, a subgroup for whom we also found PCT to have a 

high rate of false-positive results in our study. Notably, the only two patients reported with 

bacterial infection with false-negative PCT <0.05 ng/mL both had brain abscesses without 

shock, similar to the low PCT values observed in our study in patients with localized central 

nervous system (CNS) infections. Taken together, the prior study by Mandell et al supports 

our findings that PCT may not be superior to CRP in critically ill children and that PCT in 

isolation may be inaccurate to diagnose bacterial co-infection in patients in the PICU with 

acute viral illness causing respiratory failure or to rule out localized CNS infections.

The optimal cut-point identified in our study was PCT ≤0.1 ng/mL to rule out bacterial 

infection. This cut-point was selected to optimize sensitivity, NPV, and negative likelihood 

ratio to minimize false-negative results that could lead to antibiotics being discontinued 

inappropriately. Notably, although a proposed PCT cut-point of 0.1 ng/mL is lower than the 

commonly suggested value of 0.5 ng/mL, much of the literature supporting this higher PCT 

cut-point for bacterial infections relied on an early-generation PCT assay with a lower limit 

of detection of 0.5 ng/mL.16 Other studies using a more sensitive assay similar to our study 

also have identified lower cut-points to rule-out bacterial infection.14,34,36 Although 

combining PCT with CRP did not offer a statistical advantage over either biomarker alone, 

using both PCT <0.1 ng/mL and CRP <0.8 mg/dL did yield slightly more favorable test 

characteristics to rule out bacterial infection. However, one would expect sensitivity to 

increase with the application of two serially performed tests. Ultimately, to determine 

whether the low PCT cut-point suggested by our data (with or without CRP) can truly help 

to guide antibiotic utilization, specific investigation in prospective studies is required.

In a post-hoc qualitative exploration of patients with outlier PCT values, we identified 

several diagnostic patterns for which PCT may have limited clinical utility including patients 

with viral respiratory failure and localized CNS infections. It is important to note that, given 

the post-hoc exploratory nature of this analysis, these findings are preliminary and require 

validation in subsequent targeted studies. However, identification of subgroups for whom 

PCT may have limited utility does not necessarily diminish the overall value of PCT as a 

biomarker of severe bacterial infection. Rather, we believe that such limitations of PCT 

should be incorporated into the design of future prospective studies to optimize PCT in 

PICU patients.

Our study has several limitations. First, because there is no “gold standard” for identifying 

bacterial infections, some patients may have been categorized incorrectly. This has been a 
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common criticism of prior studies, and we thus took several measures to limit potential 

misclassification bias, including detailed chart review, inter-rater reliability testing across 

chart abstractors, and liberal use of a consensus review process that required universal 

agreement for final infectious categorization. Any remaining misclassification should have 

biased our results toward the null and diminished the overall performance of PCT in 

differentiating true bacterial infection from non-bacterial illness. Second, in this 

retrospective study only 12% of PICU admissions had PCT testing available during the 

study period, raising concern for potential selection bias. It is possible that PCT may have 

been used to confirm bacterial infections more often than to assist with diagnostic 

uncertainty. Consequently, prospective validation of our proposed PCT cut-points therefore 

is necessary. Third, the differential kinetics of PCT and CRP relative to infection onset was 

not considered in our study. Prior studies have shown that PCT rises faster and peaks earlier 

than CRP following bacterial infections, which may be important when considering the 

differential utility of these two biomarkers at PICU admission.16 That the initial PCT value 

was the maximum recorded in over 92% of patients supports a clinically pragmatic role for 

this biomarker early in the course of diagnostic evaluation. Finally, our data reflect the 

experience of a single institution, and we acknowledge the need for a multicenter study to 

provide a more broadly generalizable relationship between PCT and bacterial infection in 

subgroups of critically ill children.

PCT was more useful to “rule out” rather than to identify infection, but caution should be 

used in interpreting PCT in critically ill children with acute viral illness causing respiratory 

failure or with localized central nervous system (CNS) infections because high PCT did not 

consistently indicate bacterial co-infection in critical viral illnesses nor did low PCT rule out 

all CNS infections.
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% Imm Percentage immature neutrophils

ANC Absolute Neutrophil Count

AUROC Area under the ROC curve

CRP C-reactive protein

NPV Negative Predictive Value

PCT Procalcitonin

PICU Pediatric Intensive Care Unit

ROC Receiver operating characteristic
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Figure 1. 
(online). Flow diagram of patient selection for analysis.
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Figure 2. 
A, PCT level (on logarithmic scale) by site of bacterial infection. Cardiac includes 

endocarditis, myocarditis, and pericarditis. Upper respiratory tract infection includes 

tracheitis. Other infection includes rickettsial infections and toxic shock syndrome. B, PCT 

by category of infection, with outliers noted in dashed boxes. Bacterial without shock 
includes suspected and documented infections. Shock includes bacterial and culture-negative 

septic shock. Description and number (n) of outliers are noted above each box plot. Abd, 

abdominal; AKI, acute kidney injury; CNS, central nervous system; CONS, coagulase-
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negative Staphylococcus; GU, genitourinary; HFNC, high flow nasal cannula; LRT, lower 

respiratory tract; MSK, musculoskeletal; NIPPV, noninvasive positive pressure ventilation; 

SIRS, system inflammatory response syndrome; Tx, treatment; URT, upper respiratory tract; 

UTI, urinary tract infection; VP, ventriculoperitoneal.
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Figure 3. 
ROC curves for biomarkers values within 48 hours of PICU admission to predict need for 

antibiotics. Data are presented as AUROC, 95% CI. There was no difference in the AUROC 

between PCT and CRP (p=0.36). p>0.01 for all pairwise comparisons of PCT or CRP with 

WBC, ANC, and %Imm.
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Table 1

Criteria for categorization

Infection Category Definition

No infection

• No pathogenic organisms identified on bacterial/fungal cultures or viral studies

• No imaging suggestive of infection

• Low suspicion for infection based upon written documentation in medical record

Viral infection

• Negative bacterial/fungal cultures

• No imaging suggestive of bacterial infection (e.g., lobar pneumonia or abscess)

• Identified viral pathogen or strong suspicion of viral infection based upon written 
documentation in medical record

• Does not meet criteria for severe sepsis/septic shock

Suspected bacterial infection 
without shock

• Clinical syndrome consistent with likely bacterial infection based upon CDC/NHSN 

definitionsa

○ Suspected pneumonia:

1. At least 1 of the following on CXR: new or 
progressive and persistent infiltrate, 
consolidation, cavitation, or pneumatoceles that 
is not clearly atelectasis per attending radiologist 
AND

2. At least 3 of the following: fever or hypothermia 
(>38.4°C or <36.5°C) with no other recognized 
cause, leukopenia (< 4,000 WBC/mm3) or 
leukocytosis (≥ 15,000 WBC/mm3), new onset 
purulent sputum or change in character of 
sputum or increased respiratory secretions, new 
onset or worsening cough or dyspnea or apnea or 
tachypnea, rales or bronchial breath sounds, or 
worsening gas exchange (hypoxemia or 
increased oxygen requirements)

○ Suspected UTI: positive dipstick for leukocyte esterase and/or nitrite 
OR pyuria (≥10 white blood cells/mm3) OR bacteria on Gram stain in 
the setting of at least 2 of the following: fever (>38°C), urgency, 
dysuria, urinary frequency, or suprapubic tenderness

• No isolation of bacterial or fungal pathogen from sterile site

• Does not meet criteria for severe sepsis/septic shock

Documented bacterial 
infection without shock

• Clinical syndrome consistent with likely bacterial infection based upon CDC/NHSN 

definitionsa

○ Definite pneumonia:

1. Pneumonia read on CXR AND

2. Positive culture from blood or pleural fluid OR 
positive mycoplasma PCR

○ Definite UTI: ≥105 colony-forming units per mL of bacteria (no more 
than 2 species) from urine culture in the setting of at least one of the 
following: fever (>38°C), urgency, dysuria, urinary frequency, or 
suprapubic tenderness

• With isolation of bacterial or fungal pathogen from sterile site

• Does not meet criteria for severe sepsis/septic shock

Bacterial infection with shock 
(bacterial septic shock)

• Clinical syndrome consistent with bacterial infection based upon CDC/NSHN 
definitions

• Documented bacterial or fungal pathogen from sterile site
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Infection Category Definition

• Meets criteria for severe sepsis/septic shock as defined by IPSCC criteriab

Culture-negative septic shock

• Strong clinical suspicion for invasive bacterial, fungal, or viral infection based upon 
written documentation in medical record

• Negative bacterial/fungal cultures

• Meets criteria for severe sepsis/septic shock as defined by IPSCC criteria

CDC=Centers for Disease Control and Prevention, NHSN=National Healthcare Safety Network, CXR=chest x-ray, UTI=urinary tract infection, 
IPSCC=International Pediatric Sepsis Consensus Conference

a
Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health care-associated infection and criteria for specific types of 

infections in the acute care setting. American journal of infection control. 2008;36(5):309–332.

b
Goldstein B, Giroir B, Randolph A, International Consensus Conference on Pediatric S. International pediatric sepsis consensus conference: 

definitions for sepsis and organ dysfunction in pediatrics. Pediatric critical care medicine: a journal of the Society of Critical Care Medicine and the 
World Federation of Pediatric Intensive and Critical Care Societies. 2005;6(1):2–8.
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