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Abstract

Objective—In 2014, the US experienced an outbreak of enterovirus D68 (EV-D68) associated 

with severe respiratory illness. The clinical characteristics associated with severe illness from EV-

D68 during this outbreak compared with the 2009 H1N1 influenza virus outbreak are unknown.

Design and Setting—In this retrospective cohort study, we characterized the clinical features of 

children with EV-D68 admitted to the pediatric ICU between August 1-November 1, 2014 and 

compared them with critically-ill children infected with H1N1 influenza during the pandemic 

admitted between May 1, 2009-January 31, 2010.

Patients—pediatric ICU patients

Interventions—none

Measurements and Main Results—Ninety-seven severely-ill children with EV-D68 

infections were compared with 68 children infected with H1N1 influenza during the 2009 

pandemic. Children with EV-D68 were more likely to have asthma (62% vs 23%, P< 0.001) and 

present with reactive airway disease exacerbations, with greater receipt of albuterol (94% vs 49%) 

and steroids (89% vs 40%, P< 0.0001 for both). While more children with EV-D68 were admitted 

to the ICU compared with H1N1 influenza, they had a shorter hospital length of stay (4 vs 7 days, 

P< 0.0001), with lower intubation rates (7% vs 44%), vasopressor use (3% vs 32%), ARDS (3% 

vs 24%), shock (0% vs 16%) and death (0% vs 12 %, P< 0.05 for all). Compared with children 

with other enteroviruses and rhinoviruses, children with EV-D68 were more likely to have a 

history of asthma (64% vs 45%) or multiple prior wheezing episodes (54% vs 34%, P < 0.01 for 

both).

Conclusions—Critically-ill children with EV-D68 were more likely to present with reactive 

airway disease exacerbations, whereas children with H1N1 influenza were more likely to present 

with pneumonia. Compared to the pandemic H1N1 influenza outbreak, the EV-D68 outbreak 

resulted in more children requiring admission to the ICU, but was associated with less severe 

outcomes.
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Introduction

Enteroviruses (EVs) have been implicated in a variety of illnesses, including hand, foot, and 

mouth disease, herpangina, conjunctivitis, hepatitis, myocarditis, neonatal sepsis, meningitis, 

encephalitis, and acute flaccid paralysis (1). Less commonly, EVs have been associated with 

respiratory disease. EV-D68 is a member of one of four enterovirus species that affect 
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humans. EV-D68 was first isolated in 1962 (2), but until recently it had been reported 

infrequently in the United States. Small clusters of EV-D68 associated with respiratory 

illness, however, were reported in the United States, Europe, and Asia from 2008-2010 (3). 

From August to November 2014, a widespread outbreak of EV-D68 in the United States was 

associated with severe respiratory illness, leading to an increase in pediatric hospitalizations 

(4). The Centers for Disease Control and Prevention (CDC) have reported a total of 1153 

cases of EV-D68-associated respiratory illness in 49 states and the District of Columbia with 

confirmed EV-D68 infection (5), although the number of cases were likely to be grossly 

underestimated due to a lack of widely available testing. It was the largest EV-D68 outbreak 

ever reported.

In order to characterize the clinical presentation and disease burden of EV-D68 during the 

most recent outbreak, we studied the demographics, clinical characteristics and hospital 

course of hospitalized children admitted to the intensive care unit (ICU) with respiratory 

samples that were positive for EV-D68 and compared them with children admitted to the 

ICU during the 2009 H1N1 pandemic. We also compared the clinical characteristics of 

children with EV-D68 infection with children with other entero/rhinovirus infection. The 

H1N1 influenza cohort was selected as the comparison group given that it was also an 

emerging respiratory pathogen at the time of the pandemic (6, 7), was associated with 

significant morbidity, has been well-characterized (8-10), and has global public health 

significance (11).

Materials and Methods

Study population and design

We conducted a retrospective cohort study of children admitted with EV-D68 to Children’s 

Hospital Colorado (CHCO). CHCO is an academic, tertiary care hospital serving Colorado 

and surrounding states. The primary population is the Denver metropolitan area, which has a 

population of approximately 2.5 million people. The hospital has approximately 500 

inpatient beds, 32 ICU beds, 18,000 inpatient admissions and 150,000 emergency 

department and urgent care visits per year.

Hospitalized children admitted to the ICU with a respiratory specimen positive by real-time 

polymerase chain reaction (RT-PCR) for EV-D68 from August 1, 2014 to November 1, 2014 

were included. Patients during the same time period with respiratory specimens positive for 

other entero-rhinoviruses were included for comparison. Children with a respiratory 

specimen positive by PCR or direct fluorescent antibody (DFA) for the 2009 influenza A 

H1N1 virus admitted to the ICU from May 1, 2009 to January 31, 2010 were used for 

comparison. We focused our analysis on inpatients admitted to the ICU because they 

represented the most severely ill children and our ICU routinely orders respiratory viral 

testing on all children who are admitted with a respiratory illness.

For our EV-D68 cohort, an initial database of children who were positive by RT-PCR for 

rhinovirus or enterovirus from August to November 2014 was generated. The influenza 

H1N1 cohort utilized a dataset that was previously collected for a pandemic influenza study 
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(12). Respiratory specimens submitted for virus testing for both cohorts included 

nasopharyngeal washes, tracheal aspirates and bronchoalveolar lavage specimens.

The electronic medical records of the study cohort were reviewed by the study team. Data 

collected included demographics, clinical characteristics on admission, laboratory and 

radiographic findings, and hospital course.

Testing

During the influenza pandemic period, respiratory specimens were extracted using viral 

RNA kits on a BioRobot EZ1 extractor (Qiagen, Valencia, CA) per manufacturer 

instructions. Respiratory specimens were tested using a multiplex PCR (xTag® respiratory 

virus Panel [RVP], Luminex Molecular Diagnostics, Austin, TX), which identifies 16 

respiratory viruses and subtypes including influenza A (subtypes H1 and H3). During the 

EV-D68 outbreak, samples were initially tested by the FilmArray® Respiratory Panel 

(BioFire Diagnostics, Salt Lake City, UT), a multiplex PCR that detects 17 respiratory 

viruses and subtypes but cannot discriminate between rhinoviruses (RVs) and EVs (13). 

Respiratory samples positive for RV/EV were sent to the CDC Polio and Picornavirus 

Laboratory Branch for EV-D68 testing by an EV-D68 specific real time RT-PCR (14).

Definitions

A diagnosis of asthma was based on prior or current documentation of a diagnosis of 

asthma, history of inhaler use, multiple prior wheezing episodes, or wheezing in the absence 

of viral respiratory infections. Hypoxia was defined as the use of oxygen during 

hospitalization. Acute respiratory distress syndrome (ARDS) was defined as acute onset, 

non-cardiogenic edema with bilateral pulmonary infiltrates on chest radiograph, and a ratio 

of partial pressure of oxygen in arterial blood less than or equal to 200 mm Hg, or requiring 

high peak end expiratory pressure to maintain inspired oxygen levels at non-toxic levels 

(15). Chest radiograph findings were categorized as abnormal if the radiologist documented 

focal or diffuse findings, or normal if no focal or diffuse process was identified. 

Radiographic findings consistent with pneumonia were defined as the presence of 

consolidation, unilateral or bilateral infiltrates, effusion, empyema, abscess, or radiologist 

final interpretation of bacterial pneumonia. Underlying medical conditions included 

underlying chronic pulmonary conditions (including asthma), hemodynamically significant 

cardiac disease, immunosuppressive disorders or therapy, chronic renal or hepatic 

dysfunction, metabolic, rheumatologic or hematologic disease, neurological disorders 

compromising respiratory function, children with global developmental delay and children 

on long-term aspirin therapy (16). Respiratory distress was defined as the presence of 

tachypnea, retractions or accessory muscle use on examination.

The protocol was approved by the Colorado Multiple Institutional Review Board. Data were 

collected and managed using Research Electronic Data Capture (REDCap) tools hosted at 

the University of Colorado (17).
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Statistical analysis

The characteristics of children with EV-D68 infection admitted to the ICU were compared 

with those of children infected with pandemic H1N1 influenza and non EV-D68 EV or RV 

infection. For categorical variables, the frequency and percentages of children in each 

category were calculated. Fisher’s exact or chi-square tests were used to compare categorical 

data; the Wilcoxon rank-sum test was used for continuous variables with non-normal 

distributions. Multivariate logistic regression was used to evaluate the associations between 

patient characteristics and EV-D68 infection. Covariables thought to be clinically important 

were chosen a priori. Adjusted odds ratios and 95% confidence intervals were estimated. 

Analyses were conducted using SPSS, V 22 (IBM, Armonk, New York) and SAS software, 

version 9.4 (SAS Institute Inc, Cary, North Carolina).

Results

There were 222 inpatients admitted to the pediatric intensive care unit (ICU) with 

respiratory specimens that were positive for EV/RV from July 1 to October 30, 2014. Of 

these, 97 (43%) tested positive for EV-D68, representing 37% of patients admitted to the 

ICU with an acute respiratory illness during the same time period. From May 1, 2009 to 

January 30, 2010, 68 children were admitted to the ICU with a respiratory specimen positive 

for H1N1 influenza virus, representing 21.5% of children admitted to the ICU during the 

same time period with an acute respiratory illness. The epidemiologic curves for these two 

cohorts displaying number of cases by week are displayed in Figure 1.

Demographics and co-morbidities

There was a slight male preponderance of children with EV-D68 or H1N1 influenza, with a 

similar median age for both groups. Children with EV-D68 were more likely to have asthma 

compared with children with H1N1 influenza (64% vs 19%), and less likely to have other 

underlying medical conditions excluding asthma (15% vs 65%, P < 0.0001 for both) (Table 

1).

Clinical presentation

Children with EV-D68 were more likely to be admitted due to respiratory distress, compared 

with children with H1N1 influenza. In addition, they tended to present earlier in their illness 

course (median of 1 versus 2.5 days of symptoms prior to admission, P = 0.007). Children 

with EV-D68 had higher rates of shortness of breath/increased work of breathing (90% vs 

60%) and cough (89% vs 74%) than children with H1N1 influenza (P < 0.05 for both). 

Children with EV-D68 were also more likely to present with wheezing (77% vs 25%), 

hypoxia (94% vs 76%) and diminished breath sounds (77% vs 44%), compared to children 

with H1N1 influenza (P< 0.005 for all). Children with EV-D68, however, were less likely to 

present with seizures (5% vs 16%, P = 0.02) and mental status changes (3% vs 19%, P = 

0.0006) (Table 1). All cases of EV-D68 in our cohort were community acquired, and there 

were two cases of nosocomially-acquired H1N1.
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Laboratory values and Radiographic findings

A larger proportion of children with EV-D68 had white cell counts over 10 × 103 cells/μL 

(74% vs 31%, P < 0.0001), with most children having normal C-reactive proteins in both 

groups. There was a lower proportion of children with EV-D68 infection with positive blood 

cultures (9% vs 25%, P = 0.01). A higher proportion of children with EV-D68 had 

radiographic findings consistent with reactive airways disease (69% vs 26%, P < 0.0001), 

with lower rates of consolidation, infiltrates, pleural effusions and other features consistent 

with pneumonia (39% vs 67%, P = 0.001) (Table 1).

Treatment and Hospital Course

There was higher steroid and bronchodilator use among children with EV-D68 (89% vs 40% 

and 94% vs 49% respectively), and lower antibiotic use compared with children with H1N1 

influenza (37% vs 84%, P <0.0001 for all). Children with EV-D68 were more likely to 

receive bilevel positive airway pressure (BiPAP) or continuous positive airway pressure 

(CPAP) (70% vs 31%), and were less likely to be intubated (7% vs 44%), receive ECMO 

(0% vs 6%), have hypotension requiring pressors (3% vs 32%), ARDS (3% vs 24%) and 

shock (0% vs 16%), P < 0.05 for all). Children with EV-D68 had shorter median lengths of 

hospital and ICU stay (4 days vs 7 days, and 2 vs 3 days respectively, P < 0.0001 for both). 

There was no mortality among children with EV-D68 in our cohort, whereas 12% of 

children with H1N1 influenza died (Table 2).

Multivariate analyses

In adjusted analyses, there were higher odds of wheezing, shortness of breath or increased 

work of breathing (among children with asthma) (OR 15.3, [95% CI 1.3-1179.4]), CPAP/

BiPAP use (OR 5.1, [95% CI 2.6-10.1]), as well as bronchodilator (OR 9.0 [95% CI 

3.3-24.6]) and steroid use (OR 6.74, [95% CI 2.8-16.0]) associated with EV-D68 infection. 

There were lower odds of mental status changes (OR 0.12, [95%CI 0.04-0.6]) and antibiotic 

use (OR 0.2, [95% CI 0.1-0.6]) with EV-D68 infection. Additionally, children with EV-D68 

had a shorter length of stay in the ICU compared with children with H1N1 influenza when 

holding asthma, underlying medical conditions and findings consistent with pneumonia 

constant (Table 3).

Comparison of children with EV D-68 vs. other enteroviruses or rhinoviruses

A separate univariate analysis comparing children with EV-D68 with children with other 

EV/RV infections was conducted, limited to those with respiratory symptoms admitted to 

the ICU (Table 4). Children with EV-D68 were more likely to have a history of asthma (64% 

vs 45%), multiple prior wheezing episodes (54% vs 34%), or a history of inhaler use (64% 

vs 45%, P < 0.01 for all). Children with non-EV-D68 EV/RV were more likely to have a 

family member with asthma than children with EV68 (55% vs 34%), yet were less likely to 

have a prior history of wheezing (47% vs 69%, P < 0.05 for both). Children with non EV-

D68 EV/RV admitted to the ICU were more likely to be intubated (21% vs 5%, P =0.002). 

Children with EV-D68 were also more likely to have received bronchodilators (95% vs 

71%), continuous albuterol (83% vs 43%), terbutaline (17% vs 5%), magnesium (61% vs 

28%) or steroids (89% vs 69%) (P < 0.01 for all).
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Discussion

Our study of children admitted to the ICU with EV-D68 infection demonstrated a higher 

volume of patients, and a higher proportion of children presenting earlier in their illness 

course with acute reactive airway disease exacerbations compared with influenza H1N1 

during the 2009 pandemic. While their presentation was severe, and more patients with EV-

D68 were admitted to the ICU, they had decreased morbidity, with lower rates of 

pneumonia, ARDS, intubation, vasopressor use, ECMO use, and shorter median length of 

stay in the ICU and hospital. There was no mortality associated with these patients. Our 

findings indicate substantial morbidity associated with EV-D68, but alert the clinician to a 

different presentation and course from H1N1, requiring alternative treatment and resource 

considerations.

In 2014, clinicians, public health officials and the media made several comparisons between 

the EV-D68 outbreak and the 2009 H1N1 influenza pandemic (18, 19): both were caused by 

novel respiratory pathogens resulting in nationwide outbreaks, occurring over a relatively 

short period of time with a high disease burden (11, 20). Many facilities implemented 

strategies that had been recommended for influenza pandemic preparedness, including 

enhanced precautions, visitor restrictions, staff surges and additional triage mechanisms 

(21). As these two outbreaks had many features in common and similar approaches were 

instituted, we compared the characteristics of critically ill children between these two 

cohorts. Despite their perceived similarities, however, our findings demonstrate marked 

differences between these two respiratory virus outbreaks, in terms of risk factors, 

presentation, and outcomes.

While children with asthma are considered at increased risk for influenza-related 

complications compared with healthy children (16), in our study in an ICU population, 

children with EV-D68 infections had a higher proportion of asthma diagnoses and earlier 

presentations with reactive airway disease than children with H1N1 influenza infections. 

Our study found that critically-ill children with EV68 were more likely to have and present 

with asthma than critically-ill children with H1N1, and that this association is more 

commonly observed in the setting of EV-D68 infection compared with other enteroviruses, 

as our study identified higher rates of asthma and albuterol use in children with EV-D68 

compared with children with other EV or RV infections, similar to findings in another report 

(22).

EV-D68 shares characteristics with human RVs, which may account for its unique 

presentation compared with other EVs. Such characteristics include acid lability and 

growing more efficiently at lower temperatures (23). Human RVs are also a well-known 

trigger for asthma exacerbations, secondary to changes in airway responsiveness including 

stimulation of bronchial epithelial cells to produce pro-inflammatory chemokines and 

cytokines and increasing epithelial cell-derived nitric oxide synthesis (24, 25). Among the 

respiratory viruses detected in patients with asthma exacerbations, RVs are the most 

frequently implicated pathogens (26-30). The similarity between RVs and EV-D68 may 

explain the increased tendency for children in our EV-D68 cohort to present with airway 

exacerbations.
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The association of EV-D68 among critically-ill children with asthma or reactive airways 

disease may also account for the more acute presentation in our cohort, and decreased 

overall morbidity. Compared to those with H1N1 influenza, children with EV-D68 had a 

shorter median duration of illness symptoms prior to admission, with a higher proportion 

presenting with acute respiratory features such as hypoxia, tachypnea, wheeze and 

diminished breath sounds. This may be due to more accelerated clinical deterioration from 

virus-triggered bronchospasm, and rapid reversibility from therapies received. Children with 

H1N1 influenza, in contrast, were more likely to develop secondary pneumonia, or ARDS, 

with a more gradual course and a mortality rate of 12%. As a consequence of these different 

disease manifestations, children with EV-D68 had shorter length of stay in the ICU and 

hospital, and were less likely to require intubation. In addition, they had lower rates of 

complications such as hypotension, mental status changes, pulmonary hemorrhage, ARDS, 

renal failure and shock in children with EV-D68 compared with H1N1 influenza. Thus, 

while their initial presentation appeared more severe, children with EV-D68 had faster 

recovery and fewer complications, most likely reflecting differences in underlying disease 

processes.

The differences in morbidity between the two cohorts might be explained, in part, by the 

differences in tropism between the two viruses. Animal models have demonstrated that 

H1N1 influenza infection is associated with an early and sustained inflammatory response 

(31), with evidence that lung injury caused by the virus increases susceptibility to further 

insult by bacterial superinfection (32). It has also been shown that a mutation in the 

hemagglutinin gene of H1N1 influenza leads to its ability to infect ciliated bronchial cells of 

the lower respiratory tract, and this cell tropism has the potential to increase the severity of 

illness (33-35). In contrast, EV-D68 has a higher affinity for receptors of the upper 

respiratory tract than the lower respiratory tract (36). The pathophysiology of severe 

infection with EV-D68 remains unknown, and most likely involves additional factors other 

than the distribution of viral receptors.

Our study has several limitations. Our data is from a single center, and does not represent the 

entire spectrum of disease, but is limited to those with more severe illness. Although we 

used a standardized data collection form, clinical evaluations were collected retrospectively 

and may have differed depending on the individual providers who were caring for these 

children. Some of our findings may represent changes in standard practice between the two 

study periods. Since our study population was focused on children admitted to the ICU, our 

sample size is small, precluding the adjustment for several confounders in our multivariate 

analyses, and the exploration of risk factors associated with ICU admission. We are also 

unable to determine rates of infection with EV-D68 in our population due to a lack of 

standardized testing among all hospitalized patients.

Our study provides detailed clinical characterization of severe EV-D68 infection in children 

and how it can be distinguished from influenza. Our findings have several important 

implications. Our study highlights that a singular approach to respiratory viral emerging 

diseases and outbreaks may not be sufficient, as during the EV-D68 outbreak there was a 

need to utilize different therapeutic approaches and preparedness strategies than those 

implemented for H1N1 influenza. This included increased need for staffing to administer 
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medications such as albuterol, ensuring an adequate supply of respiratory equipment, in 

particular biPAP, CPAP, early steroid and albuterol use, and judicious use of antibiotics given 

the lower rates of pneumonia. Secondly, our findings support targeted parent and patient 

education efforts during such an outbreak, such as stressing asthma control and hygienic 

measures. Finally, if EV-D68 becomes endemic and/or continues to cause periodic 

outbreaks, given the high morbidity and burden of disease documented in this study, further 

research will be needed in the areas of therapeutic interventions, including development of 

antivirals, and preventive strategies such as vaccine development.
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Keypoints

Our study demonstrated a high volume of morbidity and reactive airway disease 

exacerbations among children infected with EV-D68, but the spectrum of illness was less 

severe compared to illness in influenza A H1N1-infected children during the pandemic 

period.
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Figure 1. 
Children with EV-D68 (2014) and H1N1 influenza (2009-2010) virus admitted to the ICU at 

Children’s Hospital Colorado by date of illness onset.

y axis is number of children admitted to the ICU, x-axis is CDC week; black line represents 

children with EV-D68 and dotted line represents children with H1N1 influenza.

The CDC week is the week of the epidemiologic year for which the National Notifiable 

Diseases Surveillance System (NNDSS) disease report is assigned by the reporting local or 

state health department for the purposes of disease incidence reporting and publishing. 

Values for CDC week range from 1 to 53, although most years consist of 52 weeks.
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Table 1

Sociodemographic and clinical characteristics, laboratory and radiographic findings of children admitted to 

Children’s Hospital Colorado ICU with EV-D68 from August to November, 2014 compared with H1N1 

Influenza May 2009 to January 2010 (N = 165)

EV-D68 N = 97 H1N1 influenza N = 68 P valuea

Demographics

Male sex, n (%) 63 (65) 44 (65) 0.97

Age, years; median, (IQR) 7 (4, 12) 8 (4, 13) 0.66b

Co-morbidities

Asthma, n (%) 62 (64) 13 (19) <.0001

Anyc excluding asthma, n (%) 15 (15) 51 (65) <.0001

Symptoms

Number of days of symptoms prior to admission, days; median (IQR) 1 (1, 2) 2.5 (1, 5) 0.007d

Fever, n (%) 35 (36) 54 (79) <.0001

Nausea, n (%) 3 (3) 13 (19) 0.0006

Abdominal Pain, n (%) 2 (2) 7 (10) 0.03b

Shortness of breath or increased work of breathing, n (%) 87 (90) 41 (60) <.0001

Cough, n (%) 86 (89) 50 (74) 0.01

Sore throat, n (%) 20 (21) 7 (10) 0.08

Seizures, n (%) 5 (5) 11 (16) 0.02

Mental Status changes, n (%) 3(3) 13 (19) 0.0006

Signs

Respiratory distress, n (%) 92 (95) 49 (72) <.0001

Wheezing, n (%) 75 (77) 17 (25) <.0001

Hypoxia, n (%) 91 (94) 52 (76) 0.0013

Tachypnea, n (%) 72 (74) 40 (59) 0.04

Diminished breath sounds, n (%) 75 (77) 30 (44) <.0001

Laboratory values

White cell count > 10 × 103 cells/μL, n (%) (n=109) 35 (74) 19 (31) <.0001

Platelets ≤ 100 × 103 cells/μL, n (%) (n=108) 1 (2) 9 (15) 0.04b

C-Reactive Protein ≥ 4 mg/dL, n (%) (n=42) 2 (22) 16 (48) 0.26b

Another virus on respiratory PCR 13 (13) 11 (16) 0.84

Blood culture positivee 9 (9) 17 (25) 0.01

Bacterial culture positive (excluding blood culture) 1 (1) 5 (7) 0.08

Radiographic findings, n (%)

Abnormal CXR, n (%) 72 (92) 58 (89) 0.52

Airways disease, n (%) 50 (69) 15 (26) <.0001

Findings consistent with pneumoniaf, n (%) (n=130) 28 (39) 39 (67) 0.0013

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rao et al. Page 15

a
Chi Square unless otherwise specified

b
Wilcoxon Rank Sum Test

c
any comorbidity includes: underlying chronic pulmonary conditions, hemodynamically significant cardiac disease, immunosuppressive disorders 

or therapy, chronic renal or hepatic dysfunction, metabolic, rheumatologic or hematologic disease, neurological disorders compromising respiratory 
function, children with global developmental delay and children on long-term aspirin therapy.

d
Fisher’s Exact test

e
Excluding organisms commonly associated with contamination

f
Findings consistent with pneumonia were defined as: consolidation, unilateral, bilateral infiltrates, effusion, pneumonia, empyema, abscess
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Table 2

Treatment and hospital course for children admitted to the Children’s Hospital Colorado ICU with EV-D68 

from August to November, 2014 compared with H1N1 Influenza, May 2009 to January 2010 (N=165)

EV-D68 N = 97 H1N1 influenza N = 68 P valuea

Treatment

Oxygen therapy duration, days; median (IQR) (n=136) 3 (2, 5) 7 (3,13) <.0001b

Antibiotics, n (%) 36 (37) 57 (84) <.0001

Steroids, n (%) 86 (89) 27 (40) <.0001

Bronchodilators, n (%) 91 (94) 33 (49) <.0001

Hospital Course

Length of stay, days; median (IQR) 4 (3, 6) 7 (4, 23) <.0001b

PICU length of stay, days; median (IQR) 2 (1, 3) 3 (2, 10) <.0001b

Hypotension requiring pressors, n (%) 3 (3) 22 (32) <.0001

Intubation, n (%) 7 (7) 30 (44) <.0001

BiPAP or CPAPc, n (%) (n=164) 68 (70) 21 (31) <.0001

ECMOd, n (%) 0 (0) 4 (6) 0.03e

Cardiovascular complications other than hypotension, n (%) 1 (1) 4 (6) 0.16e

Neurological complications, n (%) 2 (2) 2 (3) 1.0e

ARDSf, n (%) 3 (3) 16 (24) <.0001

Shock - any organs involved in hypoperfusion, n (%) 0 (0) 11 (16) <.0001e

Death, n (%) 0 (0) 8 (12) 0.0006e

a
Chi Square unless otherwise specified

b
Wilcoxon Rank Sum Test

c
BiPAP – bilevel positive airway pressure, CPAP – Continuous positive airway pressure

d
ECMO- Extracorporeal membrane oxygenation

e
Fisher’s Exact test

f
ARDS- Acute respiratory distress syndrome
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Table 3

Multivariate associations between children admitted to Children’s Hospital Colorado Intensive Care Unit, 

August to November 2014 with EV-D68 infection compared with H1N1 influenza infection (N=165)

Unadjusted Odds Ratios 
(95% Confidence 

Intervals)

Adjusted Odds Ratios 
(95% Confidence 

Intervals)

Symptoms

 Days of symptoms prior to admissiona 0.9 (0.8-1.0) 1.1 (1.0-1.2)

 Shortness of breath or increased work of breathing among those with history of 

asthmab (n=75)

38.1 (3.9-369.0) 15.3 (1.3-179.4)

 Shortness of breath or increased work of breathing among those without history 

of asthmab (n=90)

1.9 (0.8-4.9) 1.8 (0.6-4.8)

 Seizuresc 0.3 (0.1-0.9) 0.9 (0.2-3.5)

 Mental status changesd 0.1 (0.04-0.5) 0.2 (0.04-0.6)

Signs

 Wheezinge 10.2 (4.9-21.1) 7.4 (3.1-17.7)

 Hypoxiaf 4.7 (1.7-12.7) 3.4 (1.0-11.4)

Treatment

 Oxygen therapy durationg (n=110) 0.9 (0.8-0.9) 0.9 (0.9-1.0)

 Antibioticsg (n=130) 0.1 (0.1-0.2) 0.2 (0.1-0.6)

 Steroidsh 11.9 (5.4-26.3) 6.7 (2.8-16.0)

 Bronchodilatorsh 16.1 (6.2-41.7) 9.0 (3.3-24.6)

 BiPAP or CPAPi (n=164) 5.1 (2.6-10.1) 6.1 (2.5-14.9)

Hospital coursej

 Hospital length of stay, days (n=130)

  3-4 days vs 1-2 days 0.9 (0.3-2.6) 1.7 (0.5-6.6)

  5-6 days vs 1-2 days 0.5 (0.1-1.8) 0.6 (0.1-2.7)

  ≥1 week vs 1-2 days 0.2 (0.1-0.5) 0.3 (0.1-1.3)

 ICU length of stay, daysl (n=125)

  3-4 days vs 1-2 days 0.4 (0.2-1.0) 0.4 (0.1-1.1)

  5-6 days vs 1-2 days 0.7 (0.2-2.7) 0.7 (0.2-3.1)

  ≥1 week vs 1-2 days 0.1 (0.05-0.3) 0.2 (0.1-0.7)

a
Adjusted for UMC, asthma, fever

b
History of asthma modifies the relationship between SOB/WOB and diagnosis, so stratum-specific estimates adjusted for non-asthma UMC are 

shown.

c
Adjusted for history of seizures

d
Adjusted for neurological disorder

e
Adjusted for age, asthma
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f
Adjusted for asthma, UMC

g
Adjusted for UMC, asthma, CXR findings consistent with pneumonia

h
Adjusted for asthma

i
BiPAP – bilevel positive airway pressure, CPAP – Continuous positive airway pressure

j
Adjusted for asthma, underlying medical condition not asthma and findings consistent with pneumonia
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Table 4

Demographics, clinical characteristics and treatment of children with respiratory symptoms admitted to 

Children’s Hospital Colorado ICU with EV-D68 compared with other enterovirus/rhinovirus infections from 

August to November 2014 (N=181)

Other EV/RV N = 86 EV-D68 N = 95 P valuea

Sociodemographic characteristics

 Age, years; median (IQR) 3 (1, 8) 7 (4,12) <.0001b

 Male sex 51 (59) 62 (65) 0.41

Risk factors, n (%)

 Personal history asthma 39 (45) 61 (64) 0.01

 Eczema 1 (1) 3 (3) 0.62c

 Allergies 4 (5) 3 (3) 0.71c

 Family history asthma 47 (55) 32 (34) 0.005

  First degree relative 30 (35) 40 (42) 0.32

  Not first degree relative 5 (6) 18 (19) 0.008

 No history of wheezing 46 (53) 29 (31) 0.002

 Prior wheezing before 3 years of age 13 (15) 13 (14) 0.78

 Multiple prior wheezing episodes 29 (34) 51 (54) 0.007

 Wheezing apart from respiratory illness 6 (7) 5 (5) 0.63

 History of inhaler use (n=177) 38 (45) 59 (64) 0.0095

Treatment/intervention/Outcomes, n (%)

 Hospital length of stay, days; median (IQR) (n=180) 4 (3, 6) 4 (3, 5) 0.30b

 ICU length of stay, days; median (IQR) 2 (1, 3) 2 (1, 3) 0.14b

 Intubated 18 (21) 5 (5) 0.002

 BiPAPd 36 (42) 43 (45) 0.65

 CPAPe 37 (43) 47 (49) 0.38

 HHFO2
f 35 (41) 24 (25) 0.03

 Bronchodilators 61 (71) 90 (95) <.0001

 Continuous albuterol 37 (43) 79 (83) <.0001

 Terbutaline 4 (5) 16 (17) 0.009

 Magnesium 24 (28) 58 (61) <.0001

 Antibiotics 39 (45) 34 (36) 0.19

 Steroids 59 (69) 85 (89) 0.0005

a
Chi Square unless otherwise specified

b
Fisher’s Exact test

c
Wilcoxon Rank Sum Test

d
BiPAP – bilevel positive airway pressure
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e
CPAP – Continuous positive airway pressure

f
HHFO2- Heated High Flow Oxygen
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