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Community-Acquired Pneumonia Hospitalization among Children
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Objective To describe and compare the clinical characteristics, outcomes, and etiology of pneumonia among
children hospitalized with community-acquired pneumonia (CAP) with neurologic disorders, non-neurologic under-
lying conditions, and no underlying conditions.
Study design Children <18 years old hospitalized with clinical and radiographic CAP were enrolled at 3 US chil-
dren’s hospitals. Neurologic disorders included cerebral palsy, developmental delay, Down syndrome, epilepsy,
non-Down syndrome chromosomal abnormalities, and spinal cord abnormalities. We compared the epidemiology,
etiology, and clinical outcomes of CAP in children with neurologic disorders with those with non-neurologic under-
lying conditions, and those with no underlying conditions using bivariate, age-stratified, and multivariate logistic
regression analyses.
Results From January 2010-June 2012, 2358 children with radiographically confirmed CAP were enrolled; 280
(11.9%) had a neurologic disorder (52.1% of these individuals also had non-neurologic underlying conditions),
934 (39.6%) had non-neurologic underlying conditions only, and 1144 (48.5%) had no underlying conditions. Chil-
drenwith neurologic disorders were older andmore likely to require intensive care unit (ICU) admission than children
with non-neurologic underlying conditions and children with no underlying conditions; similar proportions were
mechanically ventilated. In age-stratified analysis, children with neurologic disorders were less likely to have a path-
ogen detected than children with non-neurologic underlying conditions. Inmultivariate analysis, having a neurologic
disorder was associated with ICU admission for children $2 years of age.
Conclusions Children with neurologic disorders hospitalized with CAP were less likely to have a pathogen
detected and more likely to be admitted to the ICU than children without neurologic disorders. (J Pediatr
2016;173:188-95).

P
neumonia is a leading cause of pediatric hospitalization in the US.1-3 Although children with neurologic
disorders—a diverse spectrum of conditions including epilepsy, neurodevelopmental disorders, and neuromuscular
disorders—comprise a small proportion of the US pediatric population,4-6 this group is particularly vulnerable to
From the 1Influenza Division, 2Epidemic Intelligence
Service; 3National Center on Birth Defects and
Developmental Disabilities, Centers for Disease Control
and Prevention, Atlanta, GA; 4Vanderbilt University
School of Medicine, Nashville, TN; 5Le Bonheur
Children’s Hospital; 6University of Tennessee Health
Science Center, Memphis, TN; 7Emory University School
of Medicine, Atlanta, GA; 8St. Jude Children’s Research
Hospital, Memphis, TN; and 9University of Utah Health
Sciences Center, Salt Lake City, UT

The Etiology of Pneumonia in the Community (EPIC)
study is supported by the Influenza Division in the Na-
tional Center for Immunizations and Respiratory Dis-
eases at the Centers for Disease Control and Prevention
(CDC) through cooperative agreements with each study
site and was based on a competitive research funding
opportunity (Utah: U18IP000491; Nashville:
U18IP000488; and Memphis: U18IP000489). S.A. is
supported by Glaxo Smith Kline. E.A. is supported by
severe complications and death from respiratory failure.7-13 Causes of respiratory
failure in these children are multifactorial and include pulmonary scarring from
recurrent aspiration, ineffective cough, and chest wall or spinal abnormalities
prohibiting maximal chest expansion.9,11,14,15 Specifically, children with neuro-
logic disorders also are at increased risk of complications and death from influ-
enza virus and respiratory syncytial virus (RSV) infection.16-21 However, data
from prospective clinical studies describing community-acquired pneumonia
(CAP) in children with neurologic disorders are limited.

We used data from the Centers for Disease Control and Prevention Etiology
of Pneumonia in the Community (EPIC) study,3 a prospective, multicenter,
population-based, active surveillance study, to describe and compare the
clinical characteristics, outcomes, and pneumonia etiology among children
hospitalized with CAP with neurologic disorders, non-neurologic underlying
conditions, and no underlying conditions.
MedImmune, Roche, and Abbvie. K.A. is supported by
BioFire Diagnostics, Inc (formerly Idaho Technology, Inc)
on grants from the National Institutes of Health (Clinical
Trial NCT01878383). A.P. is supported by Antimicrobial
Therapy Inc, Medscape Inc, and BioFire Diagnostics Inc.
K.E. is supported by Vanderbilt University from Novartis.
The findings and conclusions in this report are those of
the authors and do not necessarily represent the views of
the CDC. The other authors declare no conflicts of in-
terest.

0022-3476/$ - see front matter. Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.jpeds.2016.02.049

CAP Community-acquired pneumonia

EPIC Etiology of Pneumonia in the Community

ICU Intensive care unit

LOS Length of stay

RAD Reactive airway disease

RSV Respiratory syncytial virus
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Methods

From January 1, 2010 to June 30, 2012, children <18 years
old were enrolled in the EPIC study at Le Bonheur Chil-
dren’s Hospital (Memphis, Tennessee), Monroe Carell Jr
Children’s Hospital at Vanderbilt (Nashville, Tennessee),
and Primary Children’s Hospital (Salt Lake City, Utah).3

Informed consent was obtained before enrollment. The
study protocol was approved by the institutional review
boards at each institution and the Centers for Disease Con-
trol and Prevention.

Children admitted to the study hospitals with signs of acute
infection, respiratory symptoms, and chest radiography
consistent with pneumonia within 72 hours of admission
were eligible for enrollment.3 A dedicated study radiologist
at each study hospital independently reviewed chest radiog-
raphy for final determination of radiographic pneumonia.3

Children were excluded if they were recently hospitalized
(<7 days for immunocompetent children, <90 days for immu-
nosuppressed children), enrolled in the EPIC study <28 days
earlier, resided in an extended care facility, had a clear alterna-
tive respiratory diagnosis, were newborns who never left the
hospital, or had any of the following conditions: tracheos-
tomy, cystic fibrosis, cancer with neutropenia, solid organ or
hematopoietic stem cell transplant #90 days earlier, active
graft vs host disease or bronchiolitis obliterans, or HIV with
CD4 cell count <200 cells/mm3 (or CD4% <14%).

The methods for data collection, specimen collection,
laboratory testing, and definitions for pathogen detection
have been previously described.3 Data on underlying med-
ical conditions, including neurologic disorders, were
collected through a patient/caregiver interview and medical
chart review. Blood and respiratory samples were collected
from patients and tested for bacterial and viral pathogens
by multiple modalities including bacterial culture, real-
time polymerase chain reaction, and serology with methods
as previously described.3

We identified 3 distinct groups for analysis: children with
neurologic disorders, children with non-neurologic under-
lying conditions, and children with no underlying condi-
tions. We categorized disorders as neurologic disorders
based on literature review.16,22 In addition, we consulted
with a behavior-development pediatrician (G.P.) to assist
with categorizing neurologic disorders. Only those with
possible neurologic sequelae attributable to the neurologic
disorder as indicated from the literature were categorized
as neurologic disorders. We defined neurologic disorders
as a diagnosis of cerebral palsy, developmental delay,
Down syndrome and non-Down syndrome chromosomal
abnormalities, epilepsy, spinal cord abnormalities, and
other neurologic disorders; if a child had a neurologic disor-
der and another non-neurologic underlying condition, he
or she was categorized as having a neurologic disorder.
Non-neurologic underlying conditions included asthma/
reactive airway disease (RAD), other chronic lung disease,
chronic kidney disease, chronic liver disease, congenital
heart disease, diabetes mellitus, immunosuppressive condi-
tions (either because of chronic conditions, medication use,
HIV-infection with CD4 cell count >200 cells/mm3, and
nondermatologic malignancies), and pre-term birth
(in those aged <2 years old, defined as born at <37 weeks
gestation). Those with no underlying conditions were
defined as not having a neurologic disorder or a non-
neurologic underlying condition.

Statistical Analyses
We describe the type and frequency of neurologic disorders
occurring among children hospitalized with CAP and
enrolled in the EPIC study. We compared epidemiologic
and clinical characteristics, outcomes, and pathogens
detected among children with neurologic disorders, non-
neurologic underlying conditions, and no underlying condi-
tions. Our primary outcome of clinical severity was intensive
care unit (ICU) admission. We also examined other clinical
outcomes including hospital length of stay (LOS), ICU
LOS, invasive mechanical ventilation requirement and
duration, receipt of vasopressors within 72 hours of ICU
admission, and death. We performed bivariate and separate
age-stratified analyses comparing the characteristics between
children with neurologic disorders vs non-neurologic under-
lying conditions, and neurologic disorders vs no underlying
conditions. In addition, we conducted subgroup analyses
comparing the clinical outcomes of the subset of children
with neurologic disorders and no other non-neurologic
underlying conditions to the outcomes of children with
non-neurologic underlying conditions and no underlying
conditions; however, for our primary analysis, the neurologic
disorders group includes children with a neurologic disorder
who may also have non-neurologic disorders because there
were few differences in the outcomes between these groups
and because of sample size. We performed multivariable lo-
gistic regression using stepwise elimination to further inves-
tigate clinical outcomes found to be more common among
children with neurologic disorders; covariates for the regres-
sion models were based on significance on bivariate analysis
and epidemiologic or biological plausibility.
Data were analyzed using SAS version 9.3 (SAS Institute,

Cary, North Carolina). The c
2 or Fisher exact tests were

used to compare proportions and the Wilcoxon rank sum
test was used to evaluate distribution differences between
continuous variables. All comparisons were 2-sided, and P
values of <.05 was considered significant.
Results

Over the 2.5-year study period, 2638 (69.4%) of 3803
eligible children were enrolled; among which, 2358
(89.4%) children had radiographic CAP. Two hundred
eighty (11.9%) of 2358 children had a neurologic disorder,
934 (39.6%) had non-neurologic underlying conditions
only, and 1144 (48.5%) had no underlying conditions.
Among the 280 children with neurologic disorders, 146
189
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(52.1%) had another non-neurologic underlying condition.
Table I (available at www.jpeds.com) shows the types and
frequencies of neurologic disorders among children
hospitalized with CAP. Epilepsy was the most commonly
reported neurologic disorder, occurring in 121 (43.2%)
children; 82 (67.8%) of whom had another neurologic
disorder in addition to epilepsy, the most common of
which was cerebral palsy. Down syndrome was reported in
75 (26.8%) children with neurologic disorders.

Children with neurologic disorders were significantly
older (median: 4.2 years, IQR: 1.7-9.8 years) than those
with non-neurologic underlying conditions (median:
2.7 years, IQR: 1.3-6.2 years) and those with no underlying
conditions (median: 1.8 years, IQR: 0.8-4.8 years). Children
with neurologic disorders were significantly more likely
than children with non-neurologic underlying conditions
to have congenital heart disease (30.4% vs 9.3%) and chronic
lung disease (12.5% vs 6.3%) but were less likely to have
asthma/RAD (29.6% vs 74.5%) (Table II).

The presence of respiratory symptoms and fever on presen-
tation was similar among all children, however, compared with
children with non-neurologic underlying conditions and no
underlying conditions, children with neurologic disorders
were significantly more likely to have reported symptoms of
seizures, as well as hypoxia and altered mental status docu-
mented on clinical examination (Table II). Of those with
verified vaccination status, the proportion of children who
received pneumococcal and Haemophilus influenzae type b
vaccination was high in all 3 groups, ranging from 80.1%-
86% (Table II); the proportion of children who received
influenza vaccination was low in all 3 groups but significantly
higher among children with neurologic disorders (41.7%)
than those with non-neurologic underlying conditions
(27.3%) or no underlying conditions (28.7%).

Children with neurologic disorders were significantly less
likely to have a respiratory pathogen detected (69.4%)
compared with children with non-neurologic underlying
conditions (84.4%) and those with no underlying conditions
(81.4%) (Table III). RSV was identified significantly less
frequently in children with neurologic disorders (17.6%)
compared with both children with non-neurologic
underlying conditions (27.8%) and no underlying
conditions (30.7%). Adenovirus also was significantly less
commonly detected among children with neurologic
disorders (5.4%) vs those with non-neurologic underlying
conditions (12.9%) and no underlying conditions (11.2%).
In addition, rhinovirus was significantly less commonly
detected among children with neurologic disorders (24.8%)
compared with children with non-neurologic underlying
conditions (35.5%) but was similarly detected among
children with no underlying conditions (22.2%). The
proportions of bacterial detections were similar among all 3
groups except for Streptococcus pneumoniae, which was
similar among children with neurologic disorders (1.9%)
and non-neurologic underlying conditions (2.1%) but
significantly more commonly detected in children with no
underlying conditions (5.1%). In age-stratified analysis, the
190
frequency of any pathogen detection decreased with
increasing age in all comparison groups (Table IV;
available at www.jpeds.com).
Children with neurologic disorders were significantly more

likely to have longer hospital LOS compared with children
with non-neurologic underlying conditions and no underlying
conditions. Children with neurologic disorders were signifi-
cantly more likely to be admitted to the ICU (36.4%) than
those with non-neurologic underlying conditions (19.8%)
and no underlying conditions (18.4%) (Table V). Table VI
(available at www.jpeds.com) shows the characteristics of
children hospitalized with CAP admitted to the ICU. The
proportion of children requiring invasive mechanical
ventilation was similar in all 3 groups (28.1%-38.1%) as was
the proportion of children with documented receipt of
vasopressors within 72 hours of ICU admissions (5.4%-
9.5%). In age-stratified analysis, children with neurologic
disorders still were significantly more likely to have hospital
LOS >3 days and be admitted to the ICU compared with
children with non-neurologic underlying conditions or no
underlying conditions but the odds of those outcomes
increased with older age (data not shown). Of the 3 deaths
among children hospitalized with CAP; 1 was a child with a
neurologic disorder and 2 were children with no underlying
conditions. In a subgroup analysis of the clinical outcomes
comparing a subset of children with neurologic disorders
without other non-neurologic underlying conditions with
children with non-neurologic underlying conditions and no
underlying conditions, children with only neurologic
disorders and no other underlying conditions still had
longer hospital LOS and were more likely to require ICU
admission, but there were no significant differences found in
ICU LOS or requirements for or duration of invasive
mechanical ventilation (Table VII; available at www.jpeds.
com), similar to findings in the main analysis.
Because children with neurologic disorders (with and

without other non-neurologic underlying conditions) were
more likely to require ICU admission, we developed multi-
variable logistic regression models for the outcome of ICU
admission which included the presence of a neurologic disor-
der; asthma/RAD; congenital heart disease; chronic lung dis-
ease; age group; race/ethnicity; report symptoms of seizures;
presence of hypoxia; and tachypnea. Because age group was
determined to be an effect modifier with neurologic disorders
(P value <.01), we also created separate regression models
stratified by age group; we excluded asthma/RAD from the
<2-year-old age group because of the uncertainty of accurate
diagnosis at that age. Using a stepwise elimination method,
race/ethnicity and reports symptoms of seizures documented
in the medical record fell out of the model and were removed
from all final models. In separate multivariable logistic
regression models stratified by age group, which included
the presence of a neurologic disorder, asthma/RAD (in the
2- to 4-year-old and 5- to 17-year-old age groups only),
congenital heart disease, chronic lung disease, hypoxia, ta-
chypnea, and the following interaction terms: neurologic dis-
order and congenital heart disease, congenital heart disease
Millman et al
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Table II. Characteristics of children hospitalized with CAP with and without neurologic disorders

Characteristics

Group 1 Group 2 Group 3 P value

Any neurologic
disorder (n = 280)

No. (%)

Non-neurologic
underlying condition
(n = 934) No. (%)

No underlying
condition (n = 1144)

No. (%)
Group
1 vs 2

Group
1 vs 3

Male 160 (57.1) 524 (56.1) 607 (53.1) .76 .22
Race/ethnicity
Non-Hispanic white 137 (48.9) 314 (33.6) 488 (42.7) <.01 .06
Non-Hispanic black 66 (23.6) 420 (45.0) 295 (25.8) <.01 .45
Hispanic 62 (22.1) 132 (14.1) 258 (22.6) <.01 .88
Other 15 (5.4) 68 (7.3) 103 (9.0) .26 .05

Age groups
<2 y 79 (28.2) 389 (41.7) 587 (51.3) <.01 <.01
2-4 y 72 (25.7) 246 (26.3) 277 (24.2) .84 .60
5-17 y 129 (46.1) 299 (32.0) 280 (24.5) <.01 <.01

Insurance status
Public 177 (63.2) 637 (68.2) 654 (57.2) .12 .07

Parent’s education
Some college or more 179 (63.9) 557 (59.6) 676 (59.1) .20 .14

Non-neurologic underlying condition
Any non-neurologic underlying condition 146 (52.1) 934 (100) NA <.01 NA
Congenital heart disease 85 (30.4) 87 (9.3) NA <.01 NA
Asthma/RAD 83 (29.6) 696 (74.5) NA <.01 NA
Chronic lung disease 35 (12.5) 59 (6.3) NA <.01 NA
Preterm birth (<37 wk) 26/79 (32.9) 192/389 (49.4) NA <.01 NA
Immunosuppressive condition 12 (4.3) 27 (2.9) NA .25 NA
Other conditions* 14 (5.0) 43 (4.6) NA .78 NA

Vaccination receipt status†

H influenzae type B vaccine 183/213 (85.9) 543/631 (86.1) 534/625 (85.4) .96 .86
Pneumococcal vaccine 142/167 (85.0) 487/577 (84.4) 462/577 (80.1) .72 .71
Influenza vaccine 111/266 (41.7) 230/844 (27.3) 271/943 (28.7) <.01 <.01

Social factors
Lives in household with smoker 81/278 (29.1) 361/929 (38.9) 388/1137 (34.1) <.01 .11
Daycare attendance 41/202 (20.3) 253/757 (33.4) 287/961 (29.9) <.01 <.01

Reported symptoms
Cough 255 (91.1) 898 (96.2) 1077 (94.1) <.01 .06
Fever 251 (89.6) 851 (91.1) 1053 (92.1) .46 .19
Shortness of breath 197 (70.4) 710 (76.0) 750 (65.6) .06 .13
Vomiting/nausea 114 (40.7) 518 (55.5) 651 (56.9) <.01 <.01
Diarrhea 64 (22.9) 253 (27.1) 401 (35.1) .16 <.01
Seizures 47 (16.8) 10 (1.1) 19 (1.7) <.01 <.01

Clinical findings
Chest indrawing 149/276 (54.0) 542/925 (58.6) 587/1135 (51.7) .17 .50
Tachypneaz 144/270 (53.3) 546/875 (62.4) 569/1083 (52.5) .01 .82
Hypoxiax 138/278 (49.6) 334/926 (36.1) 424/1136 (37.3) <.01 <.01
Altered mental status 26/266 (9.8) 22/924 (2.4) 10/1129 (0.9) <.01 <.01
Hypotension{ 9/280 (3.2) 8/931 (0.9) 9/1133 (0.8) <.01 <.01
Illness onset to hospital admission, d (median, IQR) 3 (1-6) 3 (1-5) 4 (2-6) .58 <.01

NA, not applicable.
*Other condition includes chronic kidney disease, diabetes mellitus, chronic liver disease, and history of splenectomy.
†Based on verified vaccine information. For all 3 vaccines, vaccination is considered received if given$2 wk prior to admission. For H influenzae type B vaccine, this was based on 1459/1469 (99%)
children$19 mo for whom information was available; vaccinated was defined as having received $3 doses H influenzae type B vaccine. For pneumococcal conjugate vaccine, this was based on
1272/1280 (99%) of children 19 mo to 12 y for whom information was available; vaccinated was defined as having received$3 pneumococcal vaccine doses. For influenza vaccine, this was based
on 2053/2084 (99%) children$6 mo for whom information was available; vaccinated was defined as having received$1 influenza vaccine dose during season. An influenza season was defined as
September 1 to August 31 of the concurrent year.
zTachypnea is defined as$60 breaths per min in infants <2 mo;$50 breaths per min in infants$2 mo to <12 mo;$40 breaths per min in children$1 y to <5 y; and$25 breaths per min in$5 y
to <18 y.
xHypoxia is defined as an oxygen saturation <92% on presentation or the receipt of any supplemental oxygen on presentation.
{Hypotension is defined as a systolic blood pressure <60 mm Hg in infants <1 mo; <70 mm Hg in infants$1 mo to <1 y; <70 mm Hg + (2 mm Hg * age in y) in children$1 y to <10 y; and <90 in
children $10 y.
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and hypoxia, asthma/RAD and hypoxia, asthma/RAD and ta-
chypnea, neurologic disorder and chronic lung disease,
asthma/RAD and chronic lung disease, hypoxia and chronic
lung disease, tachypnea and chronic lung disease, and hypox-
ia and tachypnea; none of the interactions in the age-
stratified multivariate models was significant. In the final
multivariate models, we found the presence of a neurologic
disorder remained significantly associated with ICU admis-
Community-Acquired Pneumonia Hospitalization among Children
sion among children $2 years but not among children
<2 years (Table VIII).
Discussion

Children with neurologic disorders hospitalized with CAP
were older and more likely to have congenital heart or lung
with Neurologic Disorders 191



Table III. Detection of pathogens* among children hospitalized with CAP comparing children with and without
neurologic disorders among those with samples available for pathogen detection

Microbiologic organisms

Group 1 Group 2 Group 3 P value

Any neurologic
disorder (n = 261)

No. (%)

Non-neurologic
underlying condition
(n = 886) No. (%)

No underlying
condition (n = 1075)

No. (%) Group 1 vs 2 Group 1 vs 3

Any pathogen detection 181 (69.4) 748 (84.4) 875 (81.4)† <.01 <.01
Single viral detection 108 (41.4) 455 (51.4) 448 (41.7) <.01 .93
Viral-viral co-detection 38 (14.6) 195 (22.0) 228 (21.2) <.01 .02
Single bacterial detection 21 (8.0) 43 (4.9) 99 (9.2) .05 .06
Bacterial-viral co-detection 14 (5.4) 48 (5.4) 93 (8.7) .97 .08
Bacterial-bacterial co-detection 0 (0) 7 (0.8) 5 (0.5) NA NA

Specific viral detections
Human rhinovirus 63/254 (24.8) 309/871 (35.5) 234/1054 (22.2) <.01 .37
RSV 46 (17.6) 246 (27.8) 330 (30.7) <.01 <.01
Human metapneumovirus 40 (15.3) 107 (12.1) 138 (12.8) .17 .29
Parainfluenza 1, 2, 3 viruses 15 (5.8) 49 (5.5) 87 (8.1) .89 .20
Adenovirus 14 (5.4) 114 (12.9) 120 (11.2) <.01 <.01
Influenza A/B viruses 14 (5.4) 54 (6.1) 81 (7.5) .66 .22
Coronavirusesz 11/254 (4.3) 52/871 (6.0) 47/1054 (4.5) .32 .93

Specific bacterial detections
Mycoplasma pneumoniae 24/254 (9.5) 58/871 (6.7) 96/1054 (9.1) .13 .87
S pneumoniae 5 (1.9) 19 (2.1) 55 (5.1) .82 .03
Viridans streptococcus 2/248 (0.8) 5/825 (0.6) 7/1026 (0.7) .67 .69
Streptococcus pyogenes 1 (0.4) 5 (0.6) 10 (0.9) 1.00 .70
Chlamydophila pneumoniae 1/254 (0.4) 5/871 (0.6) 6/1054 (0.6) 1.00 1.00
Haemophilus influenzae 1/248 (0.4) 2/825 (0.2) 6/1026 (0.6) NA NA
Methicillin-susceptible Staphylococcus aureus 1/248 (0.4) 2/825 (0.2) 2/1026 (0.2) NA NA
Methicillin-resistant Staphylococcus aureus 0/248 (0) 3/825 (0.4) 14/1026 (1.4) NA NA
Other Gram-negative organisms 0/248 (0) 4/825 (0.5) 5/1026 (0.5) NA NA

PCR, polymerase chain reaction.
*Results reflect pathogen detection based on sampling and pathogen definitions previously described.3 Proper sampling methodology was defined for bacterial detections as blood culture or whole
blood PCR or pleural fluid culture or PCR or endotracheal aspirate culture or bronchoalveolar lavage culture results and for viral detections as a nasopharyngeal/oropharyngeal swab PCR or viral
serology results.
†Histoplasma capsulatum was detected in 2 patients.
zIncludes coronaviruses 229E, HKU1, NL63, and OC43.
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disease than children without neurologic disorders. Children
with neurologic disorders were more likely to have hospital
LOS >3 days and require ICU admission than those without
neurologic disorders but were similarly likely to require inva-
sive mechanical ventilation or vasopressors within 72 hours
of ICU admission. On multivariate age-stratified analysis
controlling for congenital heart disease, asthma/RAD,
tachypnea and hypoxia, having a neurologic disorder re-
mained associated with ICU admission among children
$2 years old. Overall, differences in pathogen detection in
Table V. Clinical outcomes among children hospitalized with

Outcomes

Group 1

Neurolog
disorder

(n = 280) No

Hospital LOS (d, median, IQR) 4 (2-7
Hospital LOS >3 d 154 (55
ICU admission 102 (36
ICU LOS (d, median, IQR) 3 (2-7
ICU LOS >3 d 49/102 (48
Invasive mechanical ventilation 34/102 (33
Ventilator (d, median, IQR) 3 (1-8
Ventilator >4 d 13/34 (38
Documented receipt of vasopressors within 72 h of ICU admission 7/102 (6.9
Death 1 (0.4

192
children with neurologic disorders were largely age-specific
but a lower proportion of children with neurologic disorders
had a respiratory pathogen detected compared with those
without neurologic disorders.
In our study population of 2358 children hospitalized with

CAP, 11.9% had a neurologic disorder. Children with neuro-
logic disorders comprise a small proportion of the US pedi-
atric population, but the heterogeneity of the disorders limit
a single prevalence estimate. The estimated prevalence of ep-
ilepsy is 390 per 100 000 children and cerebral palsy is 240 per
CAP with and without neurologic disorders

Group 2 Group 3 P value

ic

. (%)

Non-neurologic
underlying condition
(n = 934) No. (%)

No underlying
condition

(n = 1144) No. (%)
Group
1 vs 2

Group
1 vs 3

) 3 (2-4) 4 (2-4) <.01 <.01
.0) 304 (32.6) 368 (32.2) <.01 <.01
.4) 185 (19.8) 210 (18.4) <.01 <.01
) 2 (1-5) 2 (1-5) .04 .04
.0) 66/185 (35.7) 86/210 (41.0) .04 .24
.3) 52/185 (28.1) 80/210 (38.1) .36 .41
) 4 (1-8) 4 (2-7) .79 .52
.2) 25/52 (48.1) 36/80 (45.0) .10 .22
%) 10/185 (5.4%) 20/210 (9.5) .62 .43
) 0 (0) 2 (0.2) NA NA

Millman et al



Table VIII. Age-stratified multivariate models of select clinical characteristics among children hospitalized with CAP
with ICU admission as the outcome

Clinical characteristics

aOR (95%) CI

Age <2 y (n = 963) Age 2-4 y (n = 523) Age 5-17 y (n = 687)

Neurologic disorder 1.0 (0.5-1.8) 2.8 (1.4-5.5) 3.6 (2.2-5.9)
Asthma/RAD NA* 1.9 (1.2-3.0) 1.4 (0.9-2.1)
Congenital heart disease 1.5 (0.8-2.8) 0.9 (0.4-2.3) 1.0 (0.5-2.1)
Chronic lung disease 2.3 (1.1-4.7) 2.0 (0.8-4.6) 0.8 (0.3-2.6)
Hypoxia† 2.9 (2.2-4.0) 3.6 (2.2-5.8) 4.2 (2.7-6.4)
Tachypneaz 0.9 (0.7-1.3) 1.9 (1.1-3.1) 2.0 (1.2-3.2)

*Asthma/RAD excluded from the <2 year age group because of the uncertainty of accurate diagnosis at that age.
†Hypoxia is defined as an oxygen saturation <92% on presentation or the receipt of any supplemental oxygen on presentation.
zTachypnea is defined as$60 breaths per min in infants <2 mo;$50 breaths per min in infants$2 mo to <12 mo;$40 breaths per min in children$1 y to <5 y; and$25 breaths per minute in
$5 y to <18 y.
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100 000 children.4 The estimated prevalence of birth defects
range from a prevalence of 0.8-3.5 per 100 000 live births
for disorders such anencephaly, spina bifida, encephalocele,
and chromosomal abnormalities except for Down syndrome,
which is more common (14.5 per 100 000 live births).6

Despite being uncommon in the general population, children
with neurologic disorders have been reported to account for
5.3% of all pediatric hospitalizations.13 In a study using US
claims data, investigators found that 11% of children hospi-
talized with respiratory infections had neurologic disor-
ders.22 This is nearly identical to the proportion of children
with neurologic disorders seen in our study.

Compared with children with non-neurologic underlying
conditions and children with no underlying conditions,
children with neurologic disorders in our study were older
and more often had coexisting congenital heart disease
(30.4%) and chronic lung disease (12.5%). This reflects
the burden of chronic disease and medical complexity in
this population.8-10

Overall, children with neurologic disorders were more
likely to require ICU admission, our primary outcome of se-
vere illness. However, onmultivariate analysis the association
between neurologic disorder and ICU admission remained
only for children$2 years of age. The reasons for this finding
are not entirely clear and the EPIC dataset did not include
reason for ICU admission. However, there are several
possible reasons for this finding. First, it is possible that there
was increased disability with increasing age or related to spe-
cific neurologic disorders, but we do not have detailed neuro-
logic or functionality information in the EPIC dataset to
assess this hypothesis. Second, it is possible that younger chil-
dren with certain neurologic disorders, which were included
in the case definition (such as epilepsy or developmental
delay), may not have been fully diagnosed and, therefore,
were not formally classified as having a neurologic disorder.
Third, it is possible that children with neurologic disorders
may have increasing disability with age because of their
neurologic disorder alone (eg, impaired cough reflex) such
that they were admitted to the ICU for aspiration risk and
increased monitoring or treatment such as suctioning. Lastly,
clinicians may have been more likely to admit all children
younger than 2 years regardless of any underlying medical
Community-Acquired Pneumonia Hospitalization among Children
condition to the ICU for a respiratory admission for
increased monitoring or treatment, thus, the effect of having
a neurologic disorder would be decreased in this younger age
group.
Although ICU admission has not previously been specif-

ically evaluated among children hospitalized with CAP, the
increased risk of ICU admission has previously been reported
among children with neuromuscular disorders but hospital-
ized with specific viral infections. Wilkesmann et al20 re-
ported that children with neuromuscular conditions
hospitalized with RSV were more likely to require ICU
admission than those without neuromuscular conditions
(45% vs 10%). Chaves et al23 found that among children hos-
pitalized with influenza, children with neuromuscular disor-
ders were more likely to have ICU admissions or death
compared with those without neuromuscular conditions
(11% vs 3%). Previous studies have highlighted the dispro-
portionate number of episodes of respiratory failure and
deaths in children with neurologic disorders hospitalized
with influenza or RSV infections.16,18,20,24,25 We found that
children with neurologic disorders required invasive me-
chanical ventilation with the same frequency as children
with non-neurologic underlying conditions and children
with no underlying conditions. Because we comprehensively
and prospectively evaluated children hospitalized with CAP
directly, we did not identify cases through preferential testing
or severity criteria which may have contributed to the differ-
ences between our study and the various previously pub-
lished studies.
Overall, in each age group, respiratory pathogens were

significantly less frequently detected in children with neuro-
logic disorders compared with children with non-neurologic
underlying conditions. Although the reasons for these differ-
ences are unclear and warrant further investigation, there are
several possible explanations. More frequent aspiration
without a discernible pathogen but still with clinical and
radiographic pneumonia, may have contributed to the lower
frequency of pathogen detection among children with neuro-
logic disorders; the EPIC study did not systematically collect
sputum or endotracheal aspirate specimens in the children to
further assess this possibility.9,11,14,15 It is also possible that
because pathogens were less frequently detected in older
with Neurologic Disorders 193
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children overall,3 that the finding of fewer pathogens detected
in children with neurologic disorders may be related to their
older age compared with children with non-neurologic un-
derlying conditions and no underlying conditions. Interest-
ingly and specifically rhinovirus, adenovirus, and RSV were
all less frequently detected in children with neurologic disor-
ders compared with children with non-neurologic medical
conditions, of which asthma/RAD was most common;
although we did not further stratify by underlying medical
condition, these viruses have been associated with asthma
and RAD in previous studies.26,27 Importantly, respiratory
virus detections were more common than bacterial detec-
tions among children with neurologic disorders, as was also
true for all other children hospitalized with CAP. In addition,
the frequency of co-detections and specific pathogens de-
tected were generally similar in all 3 groups.

Per the Advisory Committee on Immunization Practices
guidelines, all children >6 months of age and older should
receive an annual influenza vaccination.28 Although our
analysis demonstrated that children with neurologic disor-
ders were more likely to have received influenza vaccination
compared with children with no underlying condition
(41.7% vs 28.7%), this is well below the Healthy People
2020 target (70%) for annual pediatric influenza vaccina-
tion.29-31 This finding highlights that clinicians should
strongly support influenza vaccination in these children.
The Advisory Committee on Immunization Practices also
recommends pneumococcal vaccination in children,32

coverage of which was high in our study, including among
children with neurologic disorders.

These findings are subject to several limitations. First, data
on the functional status of children enrolled in the EPIC
study were not collected. Thus, we were unable to classify
the degree of disability or ability to manage secretions caused
by different neurologic disorders and the potential impact on
outcomes. Similarly, we acknowledge that the neurologic dis-
orders group is heterogeneous, but we used definitions that
have been reported previously. In addition, in the assessment
of specific disorders, although our numbers were small in any
1 group, the clinical outcomes of the overall population of
children with neurologic disorders and those of the subset
of children with neurologic disorders and no other comor-
bidities were similar. Second, children with preexisting tra-
cheostomy were excluded from this study, which may have
excluded some of the children who are most severely neuro-
logically compromised who have the highest risk for pneu-
monia. Third, aspiration can occur frequently in children
with neurologic disorders,14,15,33 and it is possible that the
lower proportion of pathogens detected in children with
neurologic disorders was related to aspiration pneumonia
when an etiologic agent was not detected. Sputum samples
were not collected routinely in the children, and very few
endotracheal aspirates were obtained in our study. Fourth,
although we used a comprehensive array of diagnostic
methods, detection of a pathogen does not necessarily denote
causation.3 Fifth, we did not have data on the use of nonin-
vasive positive pressure ventilation, thus, we are unable to
194
describe all potential forms of respiratory support that may
have been used during hospitalization. Sixth, the threshold
and reasons for ICU admission vary among clinicians and in-
stitutions and, thus, have limitations as a marker for severity.
Although we did not collect information on reason for ICU
admission, we did find that most children admitted to the
ICU had tachypnea, hypoxia, or altered mental status; how-
ever, there may be other factors, including clinician prefer-
ences or other nonclinical factors, for which we did not
account. Finally, our study sites were tertiary care children’s
hospitals, and the array of neurologic disorders and overall
medical complexity in these patients may differ from those
seen in nonreferral centers. This may have had a limited ef-
fect, however, because patients with more complex neuro-
logic disorders would likely be referred to specialty centers
regardless of the acute illness.13

We demonstrated that children $2 years old with neuro-
logic disorders were more likely to require ICU admission af-
ter controlling for asthma/RAD, congenital heart disease,
hypoxia, and tachypnea. Overall, when stratified by age, the
proportion of children with a detected pathogen was lower
among children with neurologic disorders compared to chil-
dren without neurologic disorders. Given the high propor-
tion of and increased risk of severe illness among children
with neurologic conditions hospitalized with CAP in our
study, our findings underscore the vulnerable nature of chil-
dren, the need for immunization in this population, and the
requirement for comprehensive respiratory care in this
vulnerable population. n

We thank the children and families who graciously consented to partic-
ipate in the EPIC study.
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Table I. Neurologic disorders among children
hospitalized with CAP (n = 280)

Neurologic disorders* No. (%)

Epilepsy 121 (43.2)
Down syndrome 75 (26.8)
Cerebral palsy 57 (20.4)
Developmental delay 43 (15.4)
Chromosomal abnormalities† 34 (12.1)
Spinal cord injury or abnormality 21 (7.5)
Other neurologic disorders* 75 (26.8)
Hydrocephalus 10 (13.3)
Hypotonia 7 (9.3)
Muscular dystrophy 6 (8.0)
Microcephaly 5 (6.7)
Periventricular leukomalacia 5 (6.7)
Metabolic disorders 4 (5.3)
Agenesis of the corpus callosum 4 (5.3)
Ischemic encephalopathy 4 (5.3)
Spinal muscular atrophy type 1 and 2 4 (5.3)
Neurofibromatosis 4 (5.3)
Static encephalopathy 4 (5.3)
Autism 3 (4.0)
Smith-Magenis syndrome 3 (4.0)
Spastic quadriplegia 3 (4.0)
Intraventricular hemorrhage 2 (2.7)
Holoprosencephaly 2 (2.7)
Chiari malformation 2 (2.7)
Fetal alcohol syndrome 1 (1.3)
Ganglioglioma 1 (1.3)
Langerhans cells histiocytosis CNS disease 1 (1.3)
Myasthenia gravis 1 (1.3)
Motor neuron disease 1 (1.3)
Craniosynostosis 1 (1.3)

CNS, central nervous system.
*Disorders are not mutually exclusive, and children may have more than 1 neurologic disorder.
†Excluding Down syndrome.
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Table IV. Detection of pathogens*,† among children hospitalized with CAP stratified by age in children with and without
neurologic disorders among those with samples available for pathogen detection

Microbiologic organisms

Group 1 Group 2 Group 3 P value

Any neurologic
disorder, No. (%)

Non-neurologic
underlying condition,

No. (%)

No underlying
condition,
No. (%)

Group
1 vs 2

Group
1 vs 3

Any pathogen detection
<2 y 53/71 (74.7) 327/366 (89.3) 482/543 (88.8) <.01 <.01
2-4 y 50/66 (75.8) 201/232 (86.6) 216/261 (82.8) .03 .19
5-17 y 78/124 (62.9) 220/288 (76.4) 177/271 (65.3) <.01 .64

Specific viral detections
Human rhinovirus

<2 y 23/69 (33.3) 118/361 (32.7) 146/533 (27.4) 1.0 .30
2-4 y 16/65 (24.6) 74/228 (32.5) 52/258 (20.2) .29 .43
5-17 y 24/120 (20.0) 117/282 (41.5) 36/263 (13.7) <.01 .12

RSV
<2 y 19/71 (26.8) 146/366 (39.9) 242/543 (44.6) .04 <.01
2-4 y 15/66 (22.7) 77/232 (33.2) 72/261 (27.6) .10 .42
5-17 y 12/124 (9.7) 23/288 (8.0) 16/271 (5.9) .57 .18

Human metapneumovirus
<2 y 14/71 (19.7) 48/366 (13.1) 79/543 (14.6) .14 .25
2-4 y 12/66 (18.2) 41/232 (17.7) 40/261 (15.3) .92 .57
5-17 y 14/124 (11.3) 18/288 (6.3) 19/271 (7.0) .08 .15

Parainfluenza 1, 2, 3 viruses
<2 y 2/71 (2.8) 22/366 (6.0) 48/543 (8.8) .40 .08
2-4 y 5/66 (7.6) 13/232 (5.6) 25/261 (9.6) .56 .61
5-17 y 8/124 (6.5) 14/288 (4.9) 14/271 (5.2) .51 .61

Adenovirus
<2 y 5/71 (7.0) 81/366 (22.1) 90/543 (16.6) <.01 .04
2-4 y 5/66 (7.6) 24/232 (10.3) 23/261 (8.8) .50 .75
5-17 y 4/124 (3.2) 9/288 (3.1) 7/271 (2.6) 1.0 .75

Influenza A/B viruses
<2 y 1/71 (1.4) 16/366 (4.4) 39/543 (7.2) .33 .07
2-4 y 5/66 (7.6) 12/232 (5.2) 12/261 (4.6) .55 .35
5-17 y 8/124 (6.5) 26/288 (9.0) 30/271 (11.1) .38 .15

Coronavirusesz

<2 y 3/69 (4.4) 24/361 (6.7) 27/533 (5.1) .60 1.0
2-4 y 3/65 (4.6) 17/228 (7.5) 13/258 (5.0) .58 1.0
5-17 y 5/120 (4.2) 11/282 (3.9) 7/263 (2.7) 1.0 .53

Specific bacterial detections
Mycoplasma pneumoniae

<2 y 0/69 (0) 12/361 (3.3) 8/533 (1.5) .23 .61
2-4 y 2/65 (3.1) 7/228 (3.1) 20/258 (7.8) 1.0 .27
5-17 y 22/120 (18.3) 39/282 (13.8) 68/263 (25.9) .25 .11

S pneumoniae
<2 y 1/71 (1.4) 11/366 (3.0) 20/543 (3.7) .70 .49
2-4 y 0/66 (0) 4/232 (1.7) 19/261 (7.3) .58 .02
5-17 y 4/124 (3.2) 4/288 (1.4) 16/271 (5.9) .25 .26

Viridans streptococcus
<2 y 0/68 (0) 3/348 (0.9) 5/525 (1.0) 1.0 1.0
2-4 y 1/63 (1.6) 1/212 (0.5) 1/250 (0.4) .41 .36
5-17 y 1/117 (0.9) 1/265 (0.4) 1/251 (0.4) .52 .54

Streptococcus pyogenes
<2 y 0/71 (0) 3/366 (0.8) 5/543 (0.9) 1.0 1.0
2-4 y 0/66 (0) 1/232 (0.4) 4/261 (1.5) 1.0 .59
5-17 y 1/124 (0.8) 1/288 (0.4) 1/271 (0.4) .51 .53

Chlamydophila pneumoniae
<2 y 0/69 (0) 2/361 (0.6) 1/533 (0.2) 1.0 1.0
2-4 y 1/65 (1.5) 1/228 (0.4) 2/258 (0.8) .40 .49
5-17 y 0/120 (0) 2/282 (0.7) 3/263 (1.1) 1.0 .56

H influenzae
<2 y 0/68 (0) 2/348 (0.6) 6/525 (1.1) 1.0 1.0
2-4 y 1/63 (1.6) 0/212 (0) 0/250 (0) .23 .20
5-17 y 0/117 (0) 0/265 (0) 0/251 (0) 1.0 1.0

Methicillin-susceptible S aureus
<2 y 0/68 (0) 1/348 (0.3) 0/525 (0) 1.0 1.0
2-4 y 0/63 (0) 0/212 (0) 1/250 (0.4) 1.0 1.0
5-17 y 1/117 (0.9) 1/265 (0.4) 1/251 (0.4) .52 .54

(continued )
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Table IV. Continued

Microbiologic organisms

Group 1 Group 2 Group 3 P value

Any neurologic
disorder, No. (%)

Non-neurologic
underlying condition,

No. (%)

No underlying
condition,
No. (%)

Group
1 vs 2

Group
1 vs 3

Methicillin-resistant S aureus
<2 y 0/68 (0) 2/348 (0.6) 7/525 (1.3) 1.0 1.0
2-4 y 0/63 (0) 1/212 (0.5) 3/250 (1.2) 1.0 1.0
5-17 y 0/117 (0) 0/265 (0) 4/251 (1.6) 1.0 .31

PCR, polymerase chain reaction.
*Results reflect pathogen detection based on sampling and pathogen definitions previously described.3 Proper sampling methodology was defined for bacterial detections as blood culture or whole
blood PCR or pleural fluid culture or PCR or endotracheal aspirate culture or bronchoalveolar lavage culture results and for viral detections as a nasopharyngeal/oropharyngeal swab PCR or viral
serology results.
†Histoplasma capsulatum was detected in 2 patients.
zIncludes coronaviruses 229E, HKU1, NL63, and OC43.

Table VI. Characteristics of children hospitalized with CAP with and without neurologic disorders admitted to the ICU

Characteristics

Group 1 Group 2 Group 3 P value

Any neurologic
disorder (n = 102)

No. (%)

Non-neurologic
underlying condition
(n = 185) No. (%)

No underlying
condition (n = 210)

No. (%)
Group
1 vs 2

Group
1 vs 3

Male 55 (53.9) 110 (59.5) 114 (54.3) .36 .95
Race/ethnicity
Non-Hispanic white 46 (45.1) 74 (40.0) 97 (46.2) .40 .86
Non-Hispanic black 29 (28.4) 66 (35.7) 32 (15.2) .21 <.01
Hispanic 20 (19.6) 30 (16.2) 59 (28.1) .47 .05
Other 7 (6.9) 15 (8.1) 22 (10.5) .87 .30

Age groups
<2 y 27 (26.5) 87 (47.0) 140 (66.7) <.01 <.01
2-4 y 23 (22.6) 43 (23.2) 37 (17.6) .67 .30
5-17 y 52 (51.0) 55 (29.7) 33 (15.7) <.01 <.01

Non-neurologic underlying condition
Any non-neurologic underlying condition 53 (52.0) 185 (100) NA
Congenital heart Disease 39 (38.2) 17 (9.2) NA <.01 NA
Asthma/RAD 30 (29.4) 130 (70.3) NA <.01 NA
Chronic lung disease 15 (14.7) 20 (10.8) NA .33 NA
Pre-term birth (<37 wk) 8/27 (29.6) 46/87 (52.9) NA .03 NA
Immunosuppressive condition 2 (2.0) 5 (2.7) NA 1.0 NA
Other condition* 1 (1.0) 8 (4.3) NA .12 NA

Reported symptoms
Cough 90 (88.2) 174 (94.1) 193 (91.9) .08 .30
Fever 85 (83.3) 161 (87.0) 187 (89.1) .39 .16
Shortness of breath 79 (77.5) 153 (82.7) 156 (74.3) .28 .54
Vomiting/nausea 26 (25.5) 97 (52.4) 117 (55.7) <.01 <.01
Altered mental status 34 (33.3) 46 (24.9) 60 (28.6) .13 .39
Diarrhea 26 (25.5) 39 (21.1) 65 (31.0) .39 .32
Seizures 17 (16.7) 3 (1.6) 5 (2.4) <.01 <.01

Clinical findings
Chest indrawing 67/101 (66.3) 159/184 (86.4) 155/208 (74.5) <.01 .13
Tachypnea† 65/99 (65.7) 121/178 (68.0) 118/197 (59.9) .69 .34
Hypoxiaz 68/101 (67.3) 111/185 (60.0) 131/210 (62.4) .22 .39
Altered mental status 15/93 (16.1) 15/180 (8.3) 7/202 (3.5) .05 <.01
Hypotensionx 7/102 (6.9) 5/183 (2.7) 5/208 (2.4) .12 .07
Illness onset to hospital admission, d (median,

IQR)
2 (1-5) 2 (1-4) 3 (2-5) .98 .09

NA, not applicable.
*Other condition includes chronic kidney disease, diabetes mellitus, chronic liver disease, and history of splenectomy.
†Tachypnea is defined as$60 breaths per min in infants <2 mo;$50 breaths per min in infants$2 mo to <12 mo;$40 breaths per min in children$1 y to <5 y; and$25 breaths per min in$5 y
to <18 y.
zHypoxia is defined as an oxygen saturation <92% on presentation or the receipt of any supplemental oxygen on presentation.
xHypotension is defined as a systolic blood pressure <60 mm Hg in infants <1 mo; <70 mm Hg in infants$1 mo to <1 y; <70 mm Hg + (2 mm Hg * age in y) in children$1 y to <10 y; and <90 in
children $10 y.
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Table VII. Subgroup analysis of clinical outcomes among children hospitalized with CAP with neurologic disorders with
no other non-neurologic underlying conditions compared with children without neurologic disorders

Outcomes

Group 1A Group 2 Group 3 P value

Neurologic disorder
and no other

underlying condition,
n = 134

Non-neurologic
underlying condition,

n = 934

No underlying
condition,
n = 1144

Group
1A vs 2

Group
1A vs 3

Hospital LOS >3 d 70 (52.2) 304 (33.6) 368 (32.2) <.01 <.01
ICU admission 49 (36.6) 185 (19) 210 (18.4) <.01 <.01
ICU LOS >3 d 23/49 (46.9) 66/185 (35) 80/210 (41) .15 .44
Invasive mechanical ventilation 21/49 (42.9) 52/185 (28) 80/210 (38.1) .05 .54
Ventilator LOS >4 d 7/21 (33.3) 25/52 (48.1) 36/80 (45.0) .25 .34
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