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Abstract

Background: Biomarkers that can risk-stratify children with influenza virus lower respiratory 

infection may identify patients for targeted intervention. Early elevation of alveolar-related 

proteins in the bloodstream in these patients could indicate more severe lung damage portending 

worse outcomes.

Methods: We used a mouse model of human influenza infection and evaluated relationships 

between lung pathophysiology and surfactant protein D (SP-D), SP-A, and Club cell protein 16 

(CC16). We then measured SP-A, SP-D and CC16 levels in plasma samples from 94 children 

with influenza-associated acute respiratory failure (PICFLU cohort), excluding children with 
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underlying conditions explaining disease severity. We tested for associations between levels of 

circulating proteins and disease severity including the diagnosis of acute respiratory distress 

syndrome (ARDS), mechanical ventilator, intensive care unit and hospital days, and hospital 

mortality.

Results: Circulating SP-D showed a greater increase than SP-A and CC16 in mice with 

increased alveolar-vascular permeability following influenza infection. In the PICFLU cohort, SP-

D was associated with moderate-severe ARDS diagnosis (p=0.01) and with mechanical ventilator 

(r =0.45, p=0.002), ICU (r=0.44, p=0.002), and hospital days (r = 0.37, p=0.001) in influenza 

infected children without bacterial coinfection. Levels of SP-D were lower in children with 

secondary bacterial pneumonia (p=0.01) and not associated with outcomes. CC16 and SP-A 

levels did not differ with bacterial coinfection and were not consistently associated with severe 

outcomes.

Conclusions: SP-D has potential as an early circulating biomarker reflecting degree of lung 

damage caused directly by influenza virus infection in children. Secondary bacterial pneumonia 

alters SP-D biomarker performance.
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INTRODUCTION

The management of children with life-threatening influenza pneumonia might be improved 

by identifying biomarkers that correlate with pulmonary damage, facilitating targeted 

treatment stratified by risk. Surfactant proteins (SP) and other secretory proteins in the lung 

have important homeostatic and immune defense roles. Leakage into the bloodstream from 

damaged alveoli could provide a readout of viral- or inflammatory-mediated lung damage. 

Secretory lung proteins may provide information distinct from systemic cytokines, which 

can have multiple cellular sources both in and outside of the infected lung.

Pulmonary surfactant is made of surface tension-reducing lipids such as 

dipalmitoylphosphatidylcholine, and surfactant proteins. The hydrophilic proteins SP-D 

and SP-A belong to the collectin family, which bind microbial carbohydrates to facilitate 

pathogen clearance by phagocytes as part of the innate immune system and can be directly 

bacteriocidal1-3. SP-A modulates inflammation by regulating macrophage production of 

nitric oxide while SP-D can block proinflammatory mediator production by alveolar stromal 

cells 2,4. SP-D is protective against influenza infection in vitro exerting antiviral activity by 

binding to mannose-rich glycans on hemagglutinin (HA) and neuraminidase (NA) proteins 

on the influenza virus surface 5-8. CC16 is a member of the secretoglobulin family and 

also plays an immunomodulatory role in the lung by maintaining epithelial integrity 9. 

SP-D, SP-A, and CC16 are therefore viable candidate biomarkers for assessing degree of 

pulmonary injury.

Elevated levels of surfactant proteins have been measured in the bloodstream in a variety 

of lung diseases including acute infection, acute respiratory distress syndrome (ARDS), 
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chronic obstructive pulmonary disease (COPD), and idiopathic pulmonary fibrosis (IPF) 
10-15. Serum levels were increased in ARDS across multiple studies in adults and children 
12,16-22 and positively correlated with duration of mechanical ventilation 14. In the case of 

influenza virus infection, Delgado et. al. reported that hospitalized influenza virus-infected 

adult patients with serum levels of SP-D ≥250 ng/mL had an increased risk of mortality 23. 

Reports showed SP-A and CC16 were elevated in influenza-infected adult outpatients 24,25. 

The prognostic value of these proteins in children with influenza virus infection is unclear 
19,26.

An optimal biomarker would have robust mechanistic justification, and would be easily 

measured in the circulation following lung damage, be associated with the degree of 

respiratory failure, and be predictive of time to recovery. We first used a murine model to 

understand the mechanistic relationship of SP-D, SP-A and CC16 with lung injury. We then 

tested the association of these protein levels in peripheral blood of children with laboratory 

confirmed influenza virus lower respiratory tract infection admitted to the pediatric intensive 

care unit (PICU), assessing their relationship with disease severity and clinical outcomes.

MATERIALS AND METHODS

Murine influenza infection model

We used a well-characterized non-lethal infection model of young (6-8 week old) female 

Balb/c mice inoculated intranasally with 1000 pfu influenza A/PuertoRico/8/34 H1N1 virus 

(PR8) in 50 ul Dulbecco’s Modified Eagle Medium (DMEM) or DMEM alone. Mice 

were anesthetized by intraperitoneal injection of Ketamine (75-80 mg/kg) and Xylazine 

(7.5-15 mg/kg), and maintained on an appropriate heating pad. Once anesthesia was 

confirmed, mice were manually restrained and the inoculum was administered via hand 

pipette. Mice were elevated on a vertical stand for a few minutes post-delivery to ensure 

the inoculum did not leak out. Following inoculation, mice were monitored until fully 

recovered from anesthesia and breathing normally. Mice were weighed daily as a measure 

of morbidity. Blood was collected through cardiac puncture under a surgical plane of 

anesthesia (confirmed by the absence of hind-toe pinch reflex). Mice were euthanized 

by thoracotomy under isoflurane. Bronchioalveolar lavage (BAL) was performed post-

euthanasia by instilling a total of 1 ml of PBS into the lung by syringe and subsequently 

withdrawing fluid for collection, with recovery of approximately 900 ul BAL. Following 

centrifugation for 5 min at 3000rpm, BAL supernatants were harvested for ELISA. 

Lungs were collected following BAL and weighed as a metric of lung inflammation, and 

weights were correlated with severity and distribution of findings by histopathology (data 

not shown), as has been described for other influenza models 27,28. Increased albumin 

concentration in BAL fluid is a measure of increased alveolar-vascular permeability and 

lung edema, and correlates increased BAL fluid total protein or IgM in this model. Since 

~90% of the PBS instilled into the lung was consistently recovered, the residual PBS 

did not confound lung weight measurements. Lungs were snap frozen using dry ice and 

stored at −80 °C to preserve RNA integrity prior to isolation. RNA was then isolated for 

quantitative RT-PCR (qRT-PCR). Plasma was collected for ELISA. Studies were approved 

by the Institutional Animal Care and Use Committee at Genentech, Inc. and were conducted 
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in compliance with the regulations of the Association for Assessment and Accreditation of 

Laboratory Animal Care.

Mouse lung viral load.—Lungs were homogenized in 2 mL DMEM in M-tubes 

(gentleMACS, Miltenyi Biotec) and RNA isolated from 100 uL in duplicate using the 

Qiagen RNeasy Mini Kit per manufacturer’s instructions. Equivalent volumes of lung 

homogenates were used to achieve equal tissue loading into the cDNA synthesis and PCR 

reactions. cDNA was synthesized with the SuperScript III First Strand RT Kit (Invitrogen) 

and qPCR performed using primers and probe specific for influenza A M1 gene (details 

in the online supplement). Reverse transcription was performed on purified influenza A/

PuertoRico/8/1934 virus RNA (ViraPur) with a known 50% tissue culture infective dose 

(TCID50) concentration to generate a standard curve for qRT-PCR assays. Lung viral load 

was quantitated by extrapolation of unknown Ct values from the A/PR/8/1934 standard 

curve, using the average of the Ct values from both lung eluate samples for final TCID50-

equivalent genomes calculation.

Clinical samples

SP-D, SP-A, and CC16 were measured in plasma samples collected within 72 hours of 

PICU admission from children (≤18 years old) with influenza virus lower respiratory 

tract infection. Children were enrolled at 24 sites across the Pediatric Acute Lung Injury 

and Sepsis Investigators (PALISI) Pediatric Intensive Care Influenza (PICFLU) Network 

from March 2009 through May 2016. All had confirmed influenza A or B virus by 

PCR on a respiratory sample and available biobanked plasma samples. Children with 

chronic severe respiratory, cardiac, immune or other disorders that could predispose to 

severe influenza virus infection were excluded. Additional details of the PICFLU study 

methods were previously published 29. The institutional review board for human studies 

approved the protocol (Immune Response to Severe Influenza Infection in Children, protocol 

#X08-11-0534) and informed written consent was obtained from at least one parent or 

guardian. Blood was drawn from indwelling catheters or from venipuncture when clinical 

laboratory draws were scheduled. Blood volumes taken for research purposes were minimal 

and adjusted downward for patient age.

The Pediatric Risk of Mortality (PRISM) III Score was used to assess illness severity upon 

admission to the PICU 30. No pediatric-specific definition for moderate to severe acute 

respiratory distress syndrome (ARDS) was available at the time of initial study enrollment 

and we wanted to reflect diffuse disease, so the Berlin Criteria were used with acute onset of 

hypoxia (ratio of arterial oxygen partial pressure to fractional inspired oxygen (PaO2/FiO2) 

of ≤ 200) with bilateral infiltrates on chest radiograph and no evidence of left heart failure 
31. Vasopressor-dependent septic shock was defined as receiving dopamine greater than 5 

μg/kg/min and/or any epinephrine or norepinephrine 32. Bacterial co-infections were defined 

as the growth of an organism from the endotracheal, blood, and/or pleural fluid within 72 

hours of PICU admission, as previously described 33.
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Biomarker measurements

The ELISA measurements were performed as per manufacturer’s protocol. Mouse ELISAs. 

Mouse SP-D (Cat # 028248) and SP-A (Cat # 028239) from USBiological Life Sciences 

and mouse CC16 (Cat# EKU03200) ELISA was purchased from Biomatik. Mouse albumin 

ELISA (Cat# E90-134) was from Bethyl Laboratories, Inc. Human SP-A, SP-D and CC16 

were also measured by ELISAs (BioVendor). Human ELISAs. The plasma sample collected 

closest to study enrollment was measured using the following assays. Human SP-D (Cat 

# RD194059101) SP-A (Cat# RD191139200R) and CC16 (Cat# RD191022200) kits were 

obtained from BioVendor and ELISA measurements were performed as per manufacturer’s 

protocol. Plasma was diluted 11-fold for SP-D measurement and diluted 25-fold for CC16 

measurement, and the final OD was measured at 450 nm using Synergy 2 plate reader from 

BioTek. Proteins are reported in absolute concentrations (pg/mL or ng/mL plasma).

Statistical analysis

Statistical tests were performed on log10 transformed clinical data for a normal distribution. 

Unpaired Student’s t test or one-way ANOVA with Holm-Sidak’s multiple comparisons 

test were performed where indicated, comparing uninfected (day 0) with 8 infected 

time points. Non-parametric Spearman rank correlation coefficients were calculated for 

continuous variables using Prism and R. Reported p values are unadjusted for testing of 

multiple biomarkers. Area under the receiver operating characteristics curves (AUROC) 

were calculated using Prism software and the biomarker cutoff was calculated using 

Youden’s index J (J = sensitivity + specificity-1 is maximized).

RESULTS

SP-D correlation with lung injury

We first evaluated the relationships between disease correlates and plasma or lung surfactant 

protein levels in a murine influenza virus infection model. As shown in Figure 1, influenza 

A viral loads were detectable in the lung between days 2-11, peaked at day 4, and 

were no longer detectable by day 14 post-infection (Figure 1A). The concentration of 

bronchoalveolar lavage (BAL) albumin, a metric of alveolar-vascular permeability, began 

increasing at day 4 and was significantly elevated between days 7-14 (Figure 1B). Increased 

lung weight, which correlates with influenza-associated inflammation as assessed by 

histopathology 28, had slightly later kinetics, with elevation observed between days 9-28 

(Figure 1C). Body weight loss, a metric of overall morbidity, was observed between days 

4-11, reached the nadir at day 9 and returned to baseline levels by day 14 (Figure 1D).

We evaluated how changes in circulating surfactant proteins levels correlated with the 

observed kinetics of viral load (days 2-11), morbidity (weight loss between days 4-11), 

followed by compromised lung integrity (days 7-14). SP-D, SP-A, and CC16 could 

be detected in mouse plasma and BAL. SP-D showed the largest increased plasma 

concentration following influenza virus infection, with a >6-fold increase from pre-infection 

levels, which peaked on day 4 and remained significantly elevated through day 9 (Figure 

2A). Plasma levels of SP-A and CC16 modestly decreased at day 2 and increased <2-fold 

at later time points (days 14-28) subsequent to maximal lung permeability (Figure 2A). The 
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murine model permitted assessment of how viral infection could alter the pool of surfactant 

protein expressed in the lung, by quantifying BAL protein levels. BAL SP-D levels were 

rapidly increased by day 2 following influenza virus infection, with a 10-fold elevation in 

BAL by day 4 and remaining significantly elevated through day 28 (Figure 2B). In contrast, 

CC16 protein levels were 4-fold lower in BAL between days 2-11 (Figure 2B). SP-A protein 

expression in BAL also decreased at day 2 but returned to pre-infection levels at subsequent 

time points (Figure 2B).

SP-D in pediatric influenza infection

The characteristics of the 94 children admitted to the PICU with influenza A or B 

virus-related lower respiratory tract infection are listed in Table 1. The majority (78%) 

were infected with influenza A virus and over half tested positive for the 2009 pandemic 

H1N1 strain. The median duration from the start of symptoms to presentation was 3 days 

(interquartile range 2, 5 days). There were 6 deaths (4%) and almost half of the children 

(48%) met ARDS criteria. Baseline viral load in tracheal aspirates or nasopharyngeal 

swabs were not associated with poor clinical outcomes (p>0.05, data not shown). A large 

proportion of the children were also diagnosed with bacterial co-infection (52%, n=49), 

most commonly from Staphylococcus aureus (n=33), with other bacteria listed at the bottom 

of Table 1. Children with influenza virus and bacterial co-infection were more severe in 

their illness upon admission as assessed by PRISM III score and were more frequently on 

extracorporeal membrane oxygenation (ECMO) support compared to children with a low 

suspicion of bacterial coinfection (Table 1). Additional viruses were detected in 19 (20%) 

of patients, and did not differ by bacterial co-infection status and were not associated with 

higher illness severity.

SP-D was the only biomarker associated with presence of bacterial co-infection (p=0.007), 

with bacterially co-infected children having a lower median level of SP-D than non-

coinfected patients (Figure 3). Therefore, only for SP-D we evaluated associations separately 

by co-infection status. Strong associations between plasma SP-D and clinical outcomes were 

observed only in influenza virus-infected children without diagnosed bacterial co-infection 

(Figure 4 and Table S1). SP-D correlated with admission PRISM III severity score and 

the median level was higher in children diagnosed with moderate-severe ARDS (Figure 

4A-B). Clinical outcome associations included longer durations of mechanical ventilation, 

ICU stay, and hospitalization (Figure 4C-E). Only one child without bacterial coinfection 

died, precluding evaluation of mortality. In contrast, none of the associations between SP-D 

and clinical severity were significant in children with bacterial co-infection (Figure 4F-J, 

Table S1). We calculated area under the receiver operating characteristics curves (AUROC) 

and biomarker cutoffs that maximize combined sensitivity and specificity were calculated 

for AUROC p<0.05. Similar SP-D cutoffs predicted death (entire cohort: 125 ng/mL SP-

D, AUROC=0.76, p=0.03) or identified ARDS (entire cohort: 134 ng/mL, AUROC=0.62, 

p=0.04; no bacterial co-infection: 162 ng/mL, AUROC 0.71, p=0.02). SP-D concentrations 

in this range also identified shock and ECMO with maximal sensitivity and specificity in the 

entire cohort.
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Levels of CC16 in plasma samples collected within the first few days of PICU admission in 

the PICFLU cohort did not differ by bacterial coinfection (Figure 3B). They were weakly 

associated with diagnosis of ARDS (p=0.04), which usually was present upon PICFLU 

admission or by day 2, and admission illness severity PRISM III score (r=0.38, p=0.006). 

Elevated CC16 was not prognostic in survivors for duration of ventilation, hospitalization, 

or days in PICU (Table S1). CC16 plasma levels were highest in the 6 children (6.4% of 

cohort) that died (AUROC=0.87, 95% CI 0.76-0.98, p=0.002). Five of the six children who 

did not survive were co-infected with methicillin-resistant S. aureus and were supported on 

ECMO for lung failure from necrotizing pneumonia.

Serum SP-A levels were not significantly associated with any metric of clinical severity in 

the entire population or subdivided by bacterial co-infection status (Table S1). SP-D, SP-A 

and CC16 levels were not associated with viral strain (Table S1), gender, or ethnicity.

DISCUSSION

Murine and pediatric data confirm that SP-D is a potential biomarker for the degree of 

lung damage caused by influenza virus. In the non-lethal mouse model, SP-D showed 

the largest magnitude of increase between days 4-9 compared with SP-A and CC16; this 

increase coincided with compromised lung integrity and increased inflammation and viral 

load. The decreases in SP-A and CC16 at day 2, and increases on or after day 14, were 

inconsistent with increases in serum levels reflecting leakage from lung epithelial cells 

following infection. In the mice, we measured protein levels from the lungs, which is not 

possible to accurately measure in the children. The lung pool of SP-D showed the largest 

increase following viral infection compared with SP-A and CC-16. In the children with 

influenza critical illness, only circulating SP-D was a prognostic biomarker for prolonged 

clinical course. Elevated plasma SP-D was associated with moderate-severe ARDS and was 

prognostic for longer durations of mechanical ventilation, hospitalization and ICU stay. 

These associations were not due to increased influenza viral load and were attenuated in 

patients with secondary bacterial pneumonia. Elevated CC16 was associated with overall 

degree of lung injury and disease severity in the cohort, but was more strongly associated 

with bacterial coinfection.

Circulating surfactant proteins have been associated with acute lung injury 11,12,17 and 

chronic lung diseases such as COPD 34, but not specifically in influenza critical illness. Our 

murine results are consistent with other murine studies showing elevated pulmonary levels 

of SP-D in the BAL of influenza virus-infected mice at day 3 35 and increased BAL and 

serum protein levels in mice following LPS or bleomycin exposure 36. SP-D was similarly 

observed to be more associated with ARDS and respiratory disease severity than CC16 in 

intubated patients in a large clinical trial (PASS). In PASS, high serum SP-D predicted a 

lower likelihood of ventilated patients to recover respiratory function within 28 days 37. 

Although mortality is lower in children with influenza pneumonia compared to that adults 

with lung failure, our findings are consistent in the association with prolonged clinical 

course. High serum SP-D is also associated with severity of other viral lung infections such 

as bronchiolitis resulting from respiratory syncytial virus (RSV) infection, a common cause 
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of hospitalization in infants 38. The association of higher CC16 with ARDS is consistent 

with observations in adult populations 17,39-41.

This study also highlights the importance of diagnostic microbiological cultures, as bacterial 

co-infection confounded the prognostic value of SP-D for severe clinical outcomes when 

the subgroups were analyzed separately. Comparing lung and serum SP-D levels in mouse 

models of influenza virus infection with and without bacterial co-infection could provide 

insight on how co-infection could impact the extent of lung damage or loss of SP-D-

producing cells, however mice are more resistant to bacteria commonly coinfecting children. 

Measurement of SP-D in larger clinical cohorts with a spectrum of bacterial strains is 

necessary to evaluate how differences in clinical severity could explain the relationship 

between serum SP-D levels and bacterial co-infection observed in this cohort. Recently, 

Dahmer et al. reported that SP-D was not associated with pediatric ARDS in a cohort 

of children with acute respiratory failure, one third with pneumonia caused by a variety 

of pathogens 26, consistent with data from this study that SP-D was not significantly 

associated with ARDS when influenza-bacterial co-infections were included. Their study 

used a definition of pediatric ARDS with unilateral infiltrates, whereas our study required 

bilateral lung disease. They also reported that SP-D was associated with ARDS severity 26, 

suggesting that the association of elevated SP-D with poor prognosis observed in influenza 

virus infection extends to other etiologies.

Strengths of this study include a rigorously characterized pediatric cohort that was free of 

preexisting severe underlying lung disease. The cohort was recruited from multiple U.S. 

centers. Despite this, the cohort is of moderate size, including only 94 children. Influenza-

related death was uncommon, but almost half of the children had moderate-severe ARDS 

and 17% were supported on extracorporeal life support. Although the data are consistent 

for SP-D for influenza-infected children and mice without bacterial coinfection, we did 

not have a mouse model of influenza-bacterial coinfection for reasons outlined above. We 

unfortunately were unable to accurately measure the more hydrophobic surfactant proteins 

SP-B and SP-C in mouse or human samples, thus limiting our ability to evaluate other 

potentially relevant surfactant protein biomarkers 20. Future studies could compare the 

prognostic value of SP-D with other potential biomarkers of lung injury, such as sRAGE. 

Because biomarker levels were not associated with viral strain, ethnicity, or gender in 

univariate analyses, we did not adjust analyses for these variables. We could not assess 

the relationship between SP-D and body-mass index as many children were too young and 

height was often missing 42.

In summary, both murine and human data support SP-D as a potential biomarker of the 

degree of lung damage from influenza virus. Aside from supportive care and influenza 

antivirals, there are no therapies shown to improve outcomes of patients with severe 

influenza-associated respiratory failure. Given that a future influenza pandemic is inevitable, 

SP-D may be a useful biomarker for stratifying patients by disease severity for interventional 

trials to test future therapies.

Chakrabarti et al. Page 8

Pediatr Pulmonol. Author manuscript; available in PMC 2023 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Relationships between viral load, lung integrity and inflammation, and morbidity in the 

mouse influenza A virus PR8 infection model. A. Lung viral load quantified by qRT-PCR; 

viral genomes are shown as Log10 TCID50 equivalent copies/genomes. Assay detection 

limit indicated by dotted line. B. BAL albumin concentration as an indication of lung 

integrity. C. Lung weight as an indication of lung inflammation. D. Body weight loss as 

a measure of overall morbidity. Body weight at time of infection is indicated by dotted 

line. Means are shown for n=6 mice per time point. ** p<0.01 (One-way ANOVA, Day 0 

(uninfected) compared with 8 infected time points, adjusted p values indicated). Data are 

representative of 2 independent experiments. Day 0 = uninfected.
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Figure 2. 
Surfactant protein levels in mice infected with influenza virus in 2A. Plasma and 2B. 

Bronchoalveolar lavage (BAL). Means are shown for n=6 mice per time point. * p<0.05, 

** p<0.01 (One-way ANOVA, Day 0 (uninfected) compared with 8 infected time points, 

adjusted p values indicated). Data are representative of 2 independent experiments.
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Figure 3. 
Median levels of SP-D (3A), but not CC16 (3B) or SP-A (3C) differ in influenza infected 

children with (n=49) and without (n=45) bacterial co-infection using unpaired t test.
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Figure 4. 
SP-D is associated with clinical severity only in PICFLU pediatric influenza virus-infected 

patients without bacterial co-infection. Panels A-E: Influenza-infected children without 

bacterial co-infection (n=45, 1 death); Panels F-J: Influenza-bacterial co-infection (n=49, 

5 deaths). PRISM III admission disease severity score (4A, 4F) and acute respiratory distress 

syndrome (ARDS) (4B, 4G). Outcomes include days of mechanical ventilator support in 

survivors (4C, 4H), hospital length of stay (LOS) in hours (4D, 4I), pediatric intensive care 

unit (ICU) hours (4E, 4J), Spearman correlation (r) and p values from unpaired t tests are 

indicated.
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Table 1.

Characteristics, clinical course and complications of critically ill children infected with influenza virus with or 

without a bacterial co-infection (n=94)

All Patients
n=94

Influenza - No
Bacterial Co-

infection
n=45

Influenza -
Bacterial Co-

infection 
†

n=49

P-value

Male 60 (63.8) 29 (64.4) 31 (63.3) 0.9

Hispanic Ethnicity 19 (20.2) 10 (22.2) 9 (18.4) 0.6

Race  0.7

 White 70 (74.5) 32 (71.1) 38 (77.6)

 Black 17 (18.1) 9 (20.0) 8 (16.3)

 Mixed/Other 7 (7.5) 4 (8.9) 3 (6.1)

Age, years 6.6 (2.5, 12.0) 5.7 (2.1, 9.9) 8.2 (3.3, 12.6) 0.1

Baseline Health Status  

 Previously Healthy 58 (61.7) 23 (51.1) 35 (71.4) 0.04

 Asthma/Asthma Medications 18 (19.2) 12 (26.7) 6 (12.2) 0.08

 Other Underlying Respiratory Disorder 5 (5.3) 3 (6.7) 2 (4.1) 0.6

 Other Underlying Condition 20 (21.3) 12 (26.7) 8 (16.3) 0.2

Influenza Virus Type  

 Influenza A 73 (77.7) 37 (82.2) 36 (73.5) 0.3

  Influenza A(H1N1)pdm09 38 (40.4) 20 (44.4) 18 (36.7)

  Influenza A H3N2 32 (34.0) 15 (33.3) 17 (34.7)

  Influenza A Seasonal H1 1 (1.1) 0 (0) 1 (2.0)

  Influenza A Other 2 (2.1) 2 (4.4) 0 (0)

 Influenza B 22 (23.4) 9 (20.0) 13 (26.5) 0.5

Time to Presentation, days n=91 3 (2, 5) n=45 2 (1, 4) n=46 3 (2, 5) 0.2

Secondary Complications  

 Extracorporeal Life Support 16 (17.0) 2 (4.4) 14 (28.6) 0.002

 Moderate-Severe ARDS 45 (47.9) 18 (40.0) 27 (55.1) 0.1

 Shock Requiring Vasopressors 54 (57.5) 22 (48.9) 32 (65.3) 0.1

Illness Severity & Outcomes  

 PRISM III Score 7.5 (3.0, 16.0) 5 (3, 9) 11 (5, 21) 0.002

 Duration Mechanical Ventilation, hours 137.4 (67.5, 271.0) 133.5 (90.0, 213.0) 143 (62, 356) 0.7

 Duration PICU stay, hours 192.5 (103.0, 340.0) 174 (113, 297) 236 (103, 389) 0.3

 Hospital Mortality 6 (6.4) 1 (2.2) 5 (10.2) 0.2

 Ventilator Free Days 22.2 (15.2, 25.2) 22.3 (18.5, 24.3) 22.0 (12.8, 25.4) 0.8

†
Bacterial infections MRSA (n=12), MSSA (n=21), Group A Streptococcus (n=3), Pneumococcus (n=2), Haemophilus influenzae (n=2), Other 

(n=9)

Data are number (%) of children or median (interquartile range).

PRISM III Score: Pediatric Risk of Mortality Score; ARDS: acute respiratory distress syndrome

Ventilator Free Days: Days alive and free of mechanical ventilation up to 28 days
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