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Background. Parainfluenza virus (PIV) is a leading cause of lower respiratory tract infections. Although there are several dis-
tinct PIV serotypes, few studies have compared the clinical characteristics and severity of infection among the individual PIV sero-
types and between PIV and other pathogens in patients with community-acquired pneumonia.

Methods. We conducted active population-based surveillance for radiographically confirmed community-acquired pneu-
monia hospitalizations among children and adults in 8 US hospitals with systematic collection of clinical data and respiratory, 
blood, and serological specimens for pathogen detection. We compared clinical features of PIV-associated pneumonia among 
individual serotypes 1, 2, and 3 and among all PIV infections with other viral, atypical, and bacterial pneumonias. We also 
compared in-hospital disease severity among groups employing an ordinal scale (mild, moderate, severe) using multivariable 
proportional odds regression.

Results. PIV was more commonly detected in children (155/2354; 6.6%) than in adults (66/2297; 2.9%) (P < .001). Other patho-
gens were commonly co-detected among PIV cases (110/221; 50%). Clinical features of PIV-1, PIV-2, and PIV-3 infections were sim-
ilar to one another in both children and adults with pneumonia. In multivariable analysis, children with PIV-associated pneumonia 
exhibited similar severity to children with other nonbacterial pneumonia, whereas children with bacterial pneumonia exhibited 
increased severity (odds ratio, 8.42; 95% confidence interval, 1.88–37.80). In adults, PIV-associated pneumonia exhibited similar 
severity to other pneumonia pathogens.

Conclusions. Clinical features did not distinguish among infection with individual PIV serotypes in patients hospitalized with 
community-acquired pneumonia. However, in children, PIV pneumonia was less severe than bacterial pneumonia.

Keywords.  parainfluenza virus; community-acquired pneumonia; viral pneumonia.

Parainfluenza virus (PIV) is an important respiratory pathogen 
in all age groups, with clinical manifestations ranging from 
mild upper respiratory tract symptoms to complicated lower 
respiratory tract disease and symptoms typically more severe 
in infants and young children than in older children and adults. 
In hospital-based [1–4] and community-based [5–7] surveil-
lance studies, PIV has been identified commonly in infants and 
young children with acute respiratory illness (ARI), while PIV 
prevalence is lower in adults [8]. Older adults, immunocompro-
mised patients, and individuals with underlying comorbidities, 

particularly lung and stem cell transplants, may experience life-
threatening respiratory infections with PIV [6, 9–15].

Human PIV is classified in 4 major serotypes [1–4], and 
each serotype may be associated with specific clinical syn-
dromes, although these have mainly been described in chil-
dren. PIV-3 is typically the most prevalent [16] and is often 
associated with more severe disease, including pneumonia and 
bronchiolitis [17]. PIV-1 and PIV-2 are often associated with 
laryngotracheobronchitis (“croup”), particularly in young chil-
dren. Due to difficulties in isolation and its typical association 
with mild symptoms, PIV-4 has often been excluded from sur-
veillance studies [18–20]. Individual serotypes also have dis-
tinct circulation patterns, with biennial peaks of PIV-1 and 
PIV-2 in the fall of odd and even years, respectively, and the 
highest prevalence of PIV-3 typically occurring annually in the 
summer months [16, 21, 22]. Despite the recognized role of PIV 
in respiratory disease, data are limited regarding the clinical 
features of individual PIV serotype infections in children and 
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adults with radiographically confirmed community-acquired 
pneumonia (CAP).

The Centers for Disease Control and Prevention (CDC) 
Etiology of Pneumonia in the Community (EPIC) study was a 
prospective, multicenter, population-based active surveillance 
study designed to determine the etiology of CAP in hospitalized 
children and adults [23, 24]. We sought to define the clinical 
features and outcomes associated with PIV-associated pneu-
monia (PIV-1, -2, and -3; PIV-4 detections were not assessed) 
in children and adults with radiographically confirmed CAP 
and to compare these among PIV serotypes 1, 2, and 3, as well 
as pneumonia caused by other viruses, atypical bacterial, and 
typical bacterial pathogens.

METHODS

Patient Enrollment and Data Collection

The EPIC study enrolled children (<18 years) and adults from 
January 2010 through June 2012 at 8 hospitals in Chicago, 
Illinois; Memphis, Tennessee; Nashville, Tennessee; and Salt 
Lake City, Utah [23, 24]. Patients were eligible if they were ad-
mitted to a study hospital, resided in a defined study catchment 
area, had acute respiratory symptoms, and had radiographic 
findings compatible with pneumonia confirmed by independent 
study radiologists. Patients were excluded if they were recently 
hospitalized or had severe immunosuppression (human im-
munodeficiency virus [HIV] infection with CD4 count <200/
mm3 or <14%, solid or hematopoietic stem cell transplanta-
tion within 90  days or graft-versus-host disease or bronchio-
litis obliterans, or cancer with absolute neutrophil count <500/
mm3). Detailed inclusion/exclusion criteria are described else-
where [23, 24]. A convenience sample of asymptomatic children 
and adults without respiratory symptoms in the prior 14 days 
were enrolled as controls. They were excluded if they developed 
respiratory symptoms within 14 days postenrollment [25]. The 
study was approved by the institutional review boards at each 
institution and CDC.

Sample Collection and Laboratory Testing

In CAP cases, sera, blood, and nasopharyngeal/oropharyn-
geal (NP/OP) swabs were routinely obtained as soon as pos-
sible after enrollment. Convalescent sera were collected 3–10 
weeks later when possible. Serology for PIV-1, -2, and -3; ade-
novirus (AdV); human metapneumovirus (hMPV); influenza 
A/B; and respiratory syncytial virus (RSV) was performed using 
CDC-developed indirect immunoglobulin G (IgG) enzyme im-
munoassays on acute and convalescent sera [23, 24, 26]. Due 
to antigenic cross-reactivity among PIV 1–3, serological data 
from all 3 serotypes were analyzed in aggregate [26]. The NP/
OP swabs were tested by a CDC-developed polymerase chain 
reaction (PCR) assay [27] for detection of PIV-1, -2, and -3; 
hMPV; AdV; coronaviruses 229E, HKU1, NL63, and OC43 

(CoV); human rhinovirus (HRV); influenza A/B viruses; RSV; 
Chlamydophila pneumoniae; and Mycoplasma pneumoniae 
in cases and controls. We did not test for PIV-4 by serology 
or PCR.

Pleural fluid (PF), endotracheal (ET) aspirates, and 
bronchoalveolar (BAL) specimens, if obtained for clinical 
care, were also evaluated. Urine was collected from adults, and 
sputum was obtained in patients with productive cough. Only 
samples collected 72 hours or earlier after admission were in-
cluded, except for PF (up to 7 days after admission) [23, 24]. 
Blood, PF, sputum, ET, and BAL specimens were cultured using 
standard techniques. Bacterial real-time PCR was performed 
on PF for all ages [28] and on whole blood for Streptococcus 
pneumoniae and Streptococcus pyogenes in children [29]. For 
adults, Legionella pneumophila and S. pneumoniae urinary an-
tigen testing was performed. Legionella PCR was performed on 
sputum [24].

Pneumonia Definitions

Parainfluenza virus–associated pneumonia was defined as 
pneumonia with PIV virus detection by NP/OP swab PCR and/
or a 4-fold or greater increase in PIV antibody titer between 
acute and convalescent sera. Some patients with PIV-associated 
pneumonia also had co-detections with other pathogens. PIV-
only pneumonia was defined as detection of only the single 
virus by either PCR or serology.

Other viral pneumonia was defined as pneumonia with at 
least 1 other virus detected (hMPV, RSV, AdV, CoV, influenza, 
or HRV; inclusive of co-detections of >1 of these viruses) by 
NP/OP swab PCR and/or a 4-fold or greater increase in anti-
body titer between acute and convalescent serum specimens 
without co-detection of PIV or typical or atypical bacteria.

Atypical bacterial pneumonia included pneumonia in which 
C.  pneumoniae, M.  pneumoniae, or L.  pneumophila was de-
tected by NP/OP swab PCR or urinary antigen detection but 
without typical bacteria or viruses detected. Bacterial pneu-
monia was defined as pneumonia with detection of typical bac-
teria by blood, ET, BAL, PF culture, or PF PCR in any patient; 
bacterial detection by whole-blood PCR in children; or bacte-
rial detection by urinary antigen testing or sputum culture in 
adults [23, 24]. Patients in the “bacterial-only” category had 
only typical bacteria detected without atypical bacteria or any 
virus detected.

Outcomes: Disease Severity and Length of Stay

For children and adults, severity was categorized according to 
the following mutually exclusive hierarchy: (1) severe pneu-
monia, defined by in-hospital death, need for extracorporeal 
membrane oxygenation, acute respiratory distress syndrome, 
shock, and/or invasive mechanical ventilatory support; (2) 
moderate pneumonia, defined by intensive care unit (ICU) 
admission without meeting criteria for severe pneumonia; 
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and (3) mild pneumonia, which included all other hospital-
ized patients who did not require ICU admission [30]. We 
defined length of stay (LOS) as time from admission to hos-
pital discharge (hours).

Statistical Analysis

Pediatric and adult analyses were performed separately. We 
compared clinical features and seasonality of detection in 
patients with PIV-1–, PIV-2–, and PIV-3–associated pneu-
monia, as distinguished by PCR (serology did not allow 
such distinction). Next, we compared features of PIV-only 
pneumonia, including all PIV cases identified by either PCR 
or serology and excluding co-detections with other patho-
gens, with those with other viral (sole or with co-detection 
of hMPV, RSV, AdV, CoV, influenza, or HRV), bacterial-only, 
atypical-only pneumonia, and pneumonia with no pathogens 
detected. These categories were mutually exclusive. Viral-
bacterial, viral-atypical, atypical-bacterial, and viral-viral 
co-detections including PIV were excluded. Comparisons 
among these etiologic categories were limited to patients 
with at least 1 specimen available for both viral and bacterial 
pathogen detection.

We adjusted comparisons among PIV serotypes and be-
tween PIV and other etiologic categories by age, sex, and 
race using binary logistic or multinomial logistic regression 
for categorical variables or linear regression for continuous 
variables. Multivariable proportional odds regression was 
performed to evaluate the association between etiologic 
category and clinical disease severity using the 3-level or-
dinal outcome scale described above [31]. Multivariable 
proportional hazards regression was performed to evaluate 
the association between pneumonia etiologic category and 
time to hospital discharge (LOS) [32]. Covariates for the 
multivariable regression models included study site, year, age, 
race, sex, insurance status, influenza and pneumococcal vac-
cination history, antibiotic use prior to admission, duration 
of symptoms prior to admission, cigarette smoke exposure, 
and presence of an underlying comorbidity. For all subjects, 
comorbidities were assessed using medical record abstraction 
and included chronic kidney or liver disease, neurologic dis-
order, diabetes mellitus, immunosuppression, HIV infection 
with CD4 count greater than 200/mm3, and splenectomy. For 
children, comorbidities also included asthma/reactive airway 
disease, chromosomal disorders, and preterm birth (chil-
dren <2 years of age). For adults, comorbidities also included 
chronic lung or chronic heart disease. We accounted for po-
tential aggregation of observations at the hospital level using 
the Huber-White method for variance estimation in the re-
gression models [33]. Analyses were conducted in Stata ver-
sion 14.2 (StataCorp LLC, College Station, TX); P values less 
than or equal to .05 were considered statistically significant.

RESULTS

Parainfluenza Virus–Associated Pneumonia

Among 4651 patients with radiographic confirmation of pneu-
monia, PIV was detected by NP/OP PCR and/or serologic 
testing in 155 of 2354 children (6.6%) and 66 of 2297 adults 
(2.9%); this difference was significant (P < .001; data not shown 
in tables).

Among these 221 cases, 176 (80%) were detected by PCR. 
Among 1823 with acute and convalescent PIV serologies per-
formed, 87 (5%) had a 4-fold or greater increase in PIV titers, 
and 42 of 221 (19%) PIV cases were identified by both PCR and 
serology.

In 111 of 221 (50%) PIV cases, PIV was the sole pathogen 
detected. Other viruses were commonly co-detected with PIV 
(82/221; 37%), including HRV (13%), RSV (12%), and AdV 
(11%). Bacterial pathogens were co-detected with PIV in 36 
of 221 cases (16%). PIV was detected significantly less com-
monly in control children (14/726; 2%) and adults (0/262) than 
in children and adults with pneumonia (P < .001 and P = .005, 
respectively).

Serotype-specific Parainfluenza Virus–Associated Pneumonia

Among detections by PCR (n = 176), PIV-3 was the most com-
monly detected serotype in both children (81/121; 67%) and 
adults (28/55; 51%) (Tables  1 and 2). PIV-1 and PIV-3 were 
co-detected in 2 subjects; both were younger than 2  years of 
age. Among serotype-specific detections by PCR, other patho-
gens were co-detected in PIV-1, PIV-2, and PIV-3 cases in 15 
of 27 (56%), 17 of 42 (40%), and 47 of 109 (43%) instances, 
respectively.

An immunocompromising condition was present in 3 of 155 
(2%) children and 21 of 66 (32%) adult cases of PIV-associated 
pneumonia (1/6 [17%] PIV-1, 9/21 [43%] PIV-2, 8/28 [29%] 
PIV-3 among 55 cases in which serotype determined).

Parainfluenza Virus–Associated Pneumonia Seasonality

In 2010, peak PIV detections occurred in May–June (Figure 1), 
while in 2011, peak detections occurred in March–May. In both 
2010 and 2011, increases in PIV activity in children tended to 
precede increases in activity in adults. PIV-2 and PIV-3 peaks 
occurred annually, with peak detections of PIV-3 typically 
occurring in the spring, while PIV-1 peaked only in late 2011 
(Supplementary Figure 1).

Clinical Features of PIV-1, PIV-2, and PIV-3 Infections, Adjusted for Age, 
Sex, and Race

After exclusion of 2 instances of PIV-1 and PIV-3 co-detection, 
we compared patient characteristics and clinical features of 
PIV-1, -2, and -3 infections in children and adults. Children 
with PIV-3–associated pneumonia were significantly younger 
than children with PIV-1–associated and PIV-2–associated 
pneumonia; 62% of PIV-3 detections occurred in children 
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younger than 2 years, compared with 29–32% of PIV-1 and 
PIV-2 detections (Table  1). Cough occurred significantly 
more commonly in children with PIV-1 and PIV-3 than in 
PIV-2 detections (P  =  .03), and rhinorrhea occurred most 
commonly in PIV-3 detections (P =  .04). Other clinical fea-
tures and radiographic features did not differ significantly 
between groups. Mild disease occurred in 68% of PIV-1, 76% 
of PIV-2, and 86% of PIV-3 pneumonia cases in children 
(P = .064).

In adults with PIV detected by PCR (n = 55), age was similar 
among PIV-1, PIV-2, and PIV-3 infections (Table 2). There were 

no differences in the proportion of patients with fever, cough, 
dyspnea, wheezing, oxygen requirement, or radiographic fea-
tures between the PIV-1, PIV-2, and PIV-3 groups. Mild disease 
occurred in 67% of PIV-1, 76% of PIV-2, and 68% of PIV-3 
pneumonia cases in adults (P = .54).

Features of Parainfluenza Virus–Associated Infections Compared With 
Other Viral, Bacterial, and Atypical Infections Adjusted for Age, Sex, 
and Race

In children, after exclusion of co-detections across pathogen 
groups, the presence of underlying comorbidities was signif-
icantly more common in children with PIV (48%) and other 

Table 1. Select Characteristics of Hospitalized Children With PIV-1, PIV-2, and PIV-3 Pneumonia Including Co-detections With Other Pathogens

PIV-1 (n = 19) PIV-2 (n = 21) PIV-3a (n = 79) Pb

Female sex 8 (42) 7 (33) 36 (46) .578

Median (IQR) age, m  37 (21–95) 53 (23–89)  20 (10–39) .013*

Age group    .051

 <2 y 6 (32) 6 (29) 49 (62)  

 2–4 y 6 (32) 6 (29) 19 (24)  

 5–9 y 4 (21) 6 (29) 7 (9)  

 10–17 y 3 (16) 3 (14) 4 (5)  

Race/ethnicity    .087

 Hispanic 2 (11) 8 (38) 22 (28)  

 Non-Hispanic black 4 (21) 4 (19) 33 (42)  

 Non-Hispanic white 9 (47) 7 (33) 19 (24)  

 Other 4 (21) 2 (10) 5 (6)  

Any underlying comorbidityc 9 (47) 6 (29) 31 (39) .298

Asthma 6 (32) 3 (14) 24 (30) .155

Symptom duration prior to admission, d 4 (2–8) 3 (2–4) 3 (2–6) .754

Clinical presentation     

 Fever/feverish 18 (95) 21 (100) 72 (91) .505

 Cough 19 (100) 15 (71) 75 (95) .032*

 Dyspnea 12 (63) 12 (57) 48 (61) .757

 Retractions 9 (47) 8 (38) 28 (35) .538

 Wheezing 8 (42) 3 (14) 31 (39) .116

 Rhinorrhea 13 (68) 12 (57) 68 (86) .040*

 Oxygen requirement 13 (68) 11 (52) 46 (58) .578

Radiographic features    .648

 Single lobar 6 (32) 7 (33) 11 (14)  

 Multilobar 3 (16) 3 (14) 21 (27)  

 Other consolidation 0 (0) 0 (0) 3 (4)  

 Other infiltrate 9 (47) 11 (52) 34 (43)  

 Mixed infiltrate 1 (5) 0 (0) 10 (13)  

Empyema 3 (16) 4 (19) 6 (8) .613

Length of stay, median (IQR), h 61 (38–104) 79 (39–101) 68 (44–95) .051

Severity    .064

 Mild 13 (68) 16 (76) 68 (86)  

 Moderate 2 (11) 1 (5) 9 (11)  

 Severe 4 (21) 4 (19) 2 (3)  

Co-detected with ≥1 other pathogen 11 (58) 11 (52) 35 (44) .470

Data are presented as n (%) unless otherwise indicated; N = 119. 

Abbreviations: IQR, interquartile range; PCR, polymerase chain reaction; PIV, parainfluenza virus.

*Significant, P < .05.
aIndividual serotypes detected and distinguished by PCR; excludes cases of co-detection of >1 PIV serotype (n = 2).
bComparisons adjusted for age, sex, and race as appropriate.
cAny comorbidity including asthma, congenital heart disease, diabetes, chronic renal disease, chronic liver disease, immunosuppression, splenectomy, prematurity (assessed if <2 years), 
neurological disorder.
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viral (51%) pneumonia than in those with bacterial pneumonia 
(27%; P <  .001) (Table 3). Certain clinical features also varied 
by pathogen type. Wheezing occurred more commonly in PIV 
(46%) and other viral infections (49%) than in bacterial pneu-
monia (12%; P <  .001). Abdominal pain occurred more com-
monly in bacterial (41%) and atypical (45%) pneumonia than 
in pneumonia associated with PIV (21%) or other viral (17%) 
pathogens (P  =  .002). Only 3% of PIV and 6% of other viral 
infections were classified as severe, compared with 29% of bac-
terial infections (P < .001).

In adults, significant differences in certain clinical fea-
tures were observed between PIV and other etiologic groups 

(Table  4). Wheezing was more commonly seen among pa-
tients with PIV (46%) and other viral (41%) pneumonia 
than among those with bacterial (27%) and atypical (19%) 
pneumonia (P  <  .001). The majority of PIV infections 
were associated with radiographic patterns characterized 
as “other infiltrate,” while in all other etiologic categories, 
the majority of infections were associated with a single or 
multilobar infiltrative pattern (P = .008). Ten percent of PIV 
and 8% of other viral infections were classified as severe, 
compared with 26% of bacterial infections, 10% of pneu-
monia with no pathogen detected, and 3% of atypical infec-
tions (P < .001).

Table 2. Select Characteristics of Hospitalized Adults With PIV-1, PIV-2, and PIV-3 Pneumonia Including Co-detections With Other Pathogens

PIV-1 (n = 6) PIV-2 (n = 21) PIV-3a (n = 28) Pb

Female sex 1 (17) 9 (43) 11 (39) .415

Median (IQR) age, y 52 (47–70) 63 (51–77) 59 (51.5–72) .337

Age group    .719

 18–49 y 3 (50) 4 (19) 3 (11)  

 50–64 y 1 (17) 7 (33) 14 (50)  

 65–79 y 2 (33) 6 (29) 5 (18)  

 ≥80 y 0 (0) 4 (19) 6 (21)  

Race/ethnicity    .732

 Hispanic 1 (17) 0 (0) 4 (14)  

 Non-Hispanic black 1 (17) 7 (33) 12 (43)  

 Non-Hispanic white 4 (67) 13 (62) 10 (36)  

 Other 0 (0) 1 (5) 2 (7)  

Any underlying comorbidityc 5 (83) 19 (90) 23 (82) .776

Symptom duration prior to admission, d 4.5 (0–5) 3 (1–5) 3 (2–7.5) .439

Clinical presentation     

 Fever/feverish 4 (67) 17 (81) 23 (82) .306

 Cough 6 (100) 20 (95) 28 (100) .438d

 Dyspnea 5 (83) 17 (81) 22 (79) .712

 Wheezing 1 (17) 8 (38) 12 (43) .541

 Rhinorrhea 3 (50) 11 (52) 16 (57) .773

 Sore throat 3 (50) 8 (38) 10 (36) .904

 Oxygen requirement 3 (50) 9 (43) 16 (57) .488

Radiographic features    .785

 Single lobar 0 (0) 7 (33) 4 (14)  

 Multilobar 1 (17) 5 (24) 9 (32)  

 Other consolidation 1 (17) 0 (0) 2 (7)  

 Other infiltrate 4 (67) 8 (38) 13 (46)  

 Mixed infiltrate 0 (0) 1 (5) 0 (0)  

Empyema 0 (0) 5 (24) 2 (7) .268

Length of stay, median (IQR), d 2.5 (1–7) 2 (2–5) 2.5 (2–6) .774

Severity    .542

 Mild 4 (67) 16 (76) 19 (68)  

 Moderate 1 (17) 1 (5) 6 (21)  

 Severe 1 (17) 4 (19) 3 (11)  

Co-detected with ≥1 other pathogen 2 (33) 6 (29) 10 (36) .957

Data are presented as n (%) unless otherwise indicated; N = 55. 

Abbreviations: IQR, interquartile range; PCR, polymerase chain reaction; PIV, parainfluenza virus.
aIndividual serotypes detected and distinguished by PCR.
bComparisons adjusted for age, sex, and race as appropriate.
cAny comorbidity including chronic lung disease, chronic heart disease, diabetes, chronic renal disease, chronic liver disease, immunosuppression, splenectomy, neurological disorder.
dP value unadjusted, calculated using Fisher’s exact text due to small sample size.
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Clinical Severity and Length of Stay in Parainfluenza Virus–Associated 
Pneumonia Compared With Other Pathogens

In multivariable regression analysis in children, compared with 
PIV-associated pneumonia, bacterial pneumonia was associated 
with increased odds of more severe disease (odds ratio [OR], 
8.42; 95% confidence interval [CI], 1.88–37.80) (Figure  2A). 
However, odds of more severe disease did not significantly 
differ between PIV (reference) and other viruses (adjusted OR 
[aOR], 1.96; 95% CI, .55–6.97), atypical bacterial pathogens 
(aOR, .87; 95% CI, .49–1.54), or pneumonia with no pathogen 
detected (aOR, 2.28; 95% CI, .79–6.55). Compared with PIV-
associated pneumonia, bacterial pneumonia (adjusted hazard 
ratio [aHR], .36; 95% CI, .24–.54) and pneumonia with no path-
ogen detected (aHR, .78; 95% CI, .67–.91) were associated with 
longer LOS (lower rate of discharge) (Figure 3A). The LOS for 
other viral (aHR, .83; 95% CI, .66–1.05) and atypical bacterial 
(aHR, .91; 95% CI, .57–1.45) pneumonia were similar to PIV 
pneumonia (reference).

In adults, compared with PIV (reference), odds of more 
severe disease did not significantly differ among those with 
pneumonia associated with other viruses (OR, 1.07; 95% 
CI, .45–2.52), atypical bacteria (OR, .79; 95% CI, .18–3.44), 
or pneumonia with no pathogen detected (OR, 1.13; 95% 
CI, .58–2.20) (Figure  2B). Bacterial pneumonia was asso-
ciated with increased odds of severe disease (OR, 3.78; 95% 
CI, .89–16.11) compared with PIV but CIs overlapped 1.0. 
However, LOS differed significantly among groups, with other 
viral (aHR, .77; 95% CI, .63–.95), bacterial (aHR, .39; 95% CI, 
.26–.58), and pneumonia with no pathogen detected (aHR, 
.72; 95% CI, .57–.90) associated with longer LOS (Figure 3B) 
compared with PIV.

DISCUSSION

While PIV is recognized as an important etiology of respiratory 
illnesses in children, our findings underscore the importance 
of PIV as an etiology of pneumonia requiring hospitalization 
in both children and adults. In our study, PIV-associated pneu-
monia was associated with similar severity to other pathogens, 
except in children, in whom it was associated with reduced se-
verity relative to bacterial pneumonia. We also found that clin-
ical features varied little between PIV serotypes among cases 
of CAP. There was substantial overlap in presenting signs and 
symptoms of PIV infections and other etiologies, limiting the 
ability of clinical characteristics to reliably distinguish among 
pathogens at hospital admission.

In children younger than 5 years in the recent international 
Pneumonia Etiology for Child Health (PERCH) Study, PIV (in-
cluding PIV-4) was among the 5 most common pathogens in 
5 of 7 sites, detected in 12% of pneumonia cases and 5.9% of 
controls [4, 34]. Differences in populations and selection cri-
teria between the PERCH study, which enrolled cases of World 
Health Organization–defined severe/very severe pneumonia, 
and our study should be considered when comparing detection 
estimates [35, 36].

Other studies among adults hospitalized with PIV-associated 
pneumonia have reported similar prevalence, ranging from 
0.2% to 11% [7, 37, 38]. PIV is well known to cause severe in-
fections in immunocompromised adults, and increasingly rec-
ognized to contribute to exacerbations of chronic obstructive 
pulmonary disease or congestive heart failure, while PIV infec-
tion in healthy adults is generally mild [7, 39, 40]. Our findings 
were consistent with these patterns, as the majority of adults 

Figure 1. Seasonality of parainfluenza pneumonia.
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Table 3. Select Characteristics of Hospitalized Children With Only Parainfluenza Virus–Associated Pneumonia Compared With Other Viral, Bacterial, 
and Atypical Pneumonia

PIV-only  
Pneumonia  

(n = 67)

Other Viral  
Pneumoniaa  
(n = 1342)

Bacterial-only 
Pneumonia  

(n = 41)

Atypical-only 
Pneumonia 
(n = 133)

No Pathogen 
Detected  
(n = 416) Pb

Female sex 26 (39)  640 (48) 14 (34) 51 (38) 178 (43) .010*

Median (IQR) age, m 33 (14–63) 22 (10–49) 55 (16–104) 104 (67–140) 57.5 (18–114.5) <.001*

Age group      <.001*

 <2 y 26 (39) 711 (53) 11 (27) 10 (8) 118 (28)  

 2–4 y 23 (34) 358 (27) 12 (29) 19 (14) 92 (22)  

 5–9 y 12 (18) 184 (14) 12 (29) 52 (39) 113 (27)  

 10–17 y 6 (9) 89 (7) 6 (15) 52 (39) 93 (22)  

Race/ethnicity      <.001*

 Hispanic 16 (24) 273 (20) 7 (17) 19 (14) 55 (13)  

 Non-Hispanic black  27 (40) 497 (37) 7 (17) 21 (16) 144 (35)  

 Non-Hispanic white 20 (30) 457 (34) 24 (59) 87 (65) 194 (47)  

 Other 4 (6) 115 (9) 3 (7) 6 (5) 23 (6)  

Received influenza vaccine 24 (36) 493 (37) 9 (22) 41 (31) 151 (36) .473

Received PCV or PPSV 58 (87) 1182 (88) 33 (80) 91 (68) 326 (78) .953

Daycare attendance (<6 y)c 21 (40) 377 (33) 7 (30) 10 (29) 68 (28) .571

Any underlying comorbidityd 32 (48) 683 (51) 11 (27) 54 (41) 204 (49) <.001*

Asthma 25 (37) 497 (37) 8 (20) 37 (28) 119 (29) <.001*

Household smoke exposure 19 (28) 515 (38) 16 (39) 34 (26) 126 (30) .101

Symptom duration prior to admission, d 3 (1–6) 3 (1–5) 4 (2–8) 7 (5–9) 3 (1–7) <.001*

Antibiotics prior to admission 12 (18)  291 (22) 13 (32) 73 (55) 121 (29) <.001*

Clinical presentation       

 Fever/feverish 66 (99) 1218 (91) 39 (95) 124 (93) 375 (90) .278

 Cough 65 (97) 1295 (96) 37 (90) 127 (96) 371 (89) <.001*

 Dyspnea 41 (61) 978 (73) 31 (76) 82 (62) 271 (65) <.001*

 Retractions 26 (39) 644 (48) 18 (44) 32 (24) 163 (39) .007*

 Wheezing 31 (46) 655 (49) 5 (12) 33 (25) 115 (28) <.001*

 Rhinorrhea 51 (76) 1017 (76) 22 (54) 54 (41) 222 (53) <.001*

 Abdominal pain 14 (21) 231 (17) 17 (41) 60 (45) 121 (29) .002*

 Ear pain 10 (15) 296 (22) 7 (17) 27 (20) 66 (16) .251

 Sore throat 20 (30) 356 (27) 15 (37) 63 (47) 141 (34) .973

 Oxygen requirement 36 (54) 894 (67) 24 (59) 85 (64) 209 (50) <.001*

WBC count >15 × 103 19 (28) 329 (25) 22 (54) 24 (18) 184 (44) <.001*

Radiographic features      <.001*

 Single lobar 18 (27) 257 (19) 14 (34) 35 (26) 139 (33)  

 Multilobar 14 (21) 288 (21) 15 (37) 26 (20) 104 (25)  

 Other consolidation 2 (3) 87 (6) 2 (5) 4 (3) 19 (5)  

 Other infiltrate 25 (37) 614 (46) 8 (20) 58 (44) 126 (30)  

 Mixed infiltrate 8 (12) 96 (7) 2 (5) 10 (8) 28 (7)  

Empyema 4 (6) 72 (5) 27 (66) 28 (21) 77 (19) <.001*

Length of stay, median (IQR), h 61 (38–88) 65 (43–102) 160 (87–240) 58 (41–88) 62.5 (38–108) .004*

Severity      <.001*

 Mild 60 (90) 1066 (79) 23 (56) 120 (90) 327 (79)  

 Moderate 5 (7) 194 (14) 6 (15) 12 (9) 55 (13)  

 Severe 2 (3) 82 (6) 12 (29) 1 (1) 34 (8)  

Data are presented as n (%) unless otherwise indicated; N = 1999. 

Abbreviations: AdV, adenovirus; CoV, coronavirus; hMPV, human metapneumovirus; HRV, human rhinovirus; IQR, interquartile range; PCV, pneumococcal conjugate vaccine; PIV, parainflu-
enza virus; PPSV, pneumococcal polysaccharide vaccine;; RSV, respiratory syncytial virus; WBC, white blood cell.

*Significant for heterogeneity among the groups, P < .05.
a Other viral pneumonia was defined as pneumonia with ≥1 other virus detected (hMPV, RSV, AdV, CoV, influenza, or HRV, inclusive of co-detections of >1 of these viruses).
bcomparisons adjusted for age, sex, and race as appropriate.
cAny comorbidity including asthma, congenital heart disease, diabetes, chronic renal disease, chronic liver disease, immunosuppression, splenectomy, prematurity (assessed if <2 y), neu-
rological disorder. Immunosuppression was present as a comorbidity in 2/67 (3%) PIV infections.
dDaycare attendance recorded for children less than 6 years of age (total n = 1478, PIV n = 53, other viral n = 1126, bacterial n = 23, atypical n = 35, no pathogen detected n = 241 children 
<6 y).
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hospitalized with PIV-associated pneumonia exhibited an un-
derlying comorbidity.

We also observed that increases in PIV pneumonia in children 
preceded increases in PIV pneumonia in adults, suggesting that 
children may transmit PIV to adults [41]. The highest prevalence 

of PIV-3 infections occurred in the late spring–summer in 2010 
and 2011. Small numbers of PIV-1 and PIV-2 cases and our rel-
atively brief observation period, capturing only 2 complete cal-
endar years, limited clear establishment of seasonal patterns for 
these serotypes with typical biennial circulation patterns [16, 21].

Table 4. Select Characteristics of Hospitalized Adults With Only Parainfluenza Virus–Associated Pneumonia Compared With Other Viral, Bacterial, and 
Atypical Pneumonia

PIV-only  
Pneumonia  

(n = 39)

Other Viral  
Pneumoniaa  

(n = 478)

Bacterial-only 
Pneumonia 
(n = 169)

Atypical-only 
Pneumonia 

(n = 74)

No Pathogen  
Detected  
(n = 1389) Pb

Female sex 18 (46) 274 (57) 84 (50) 32 (43) 694 (50) .031*

Median (IQR) age, y 58 (50–72) 55 (44–70) 61 (50–71) 51 (38–64) 58 (47–71) .002*

Age group      .021*

 18–49 y 9 (23) 166 (35) 38 (22) 34 (46) 402 (29)  

 50–64 y 15 (38) 146 (31) 60 (36) 22 (30) 494 (36)  

 65–79 y 8 (21) 104 (22) 50 (30) 13 (18) 304 (22)  

 ≥80 y 7 (18) 62 (13) 21 (12) 5 (7) 189 (14)  

Race/ethnicity      .147

 Hispanic 3 (8) 58 (12) 14 (8) 13 (18) 134 (10)  

 Non-Hispanic black 15 (38) 185 (39) 54 (32) 23 (31) 557 (40)  

 Non-Hispanic white 20 (51) 215 (45) 97 (57) 38 (51) 636 (46)  

 Other 1 (3) 20 (4) 4 (2) 0 (0) 62 (4)  

Received influenza vaccine 13 (33) 192 (40) 59 (35) 24 (32) 529 (38) .368

Received PPSV 17 (44) 187 (39) 65 (38) 24 (32) 524 (38) .949

Any underlying comorbidityc 36 (92) 365 (76) 141 (83) 43 (58) 1099 (79) .007*

Current smoker 13 (33) 136 (28) 48 (28) 18 (24) 346 (25) .583

Symptom duration prior to admission, d 3 (2–6) 4 (2–7) 3 (1–7) 5 (3–7) 4 (1–8) .089

Antibiotics prior to admission 6 (15) 91 (19) 18 (11) 16 (22) 293 (21) .026*

Clinical presentation       

 Fever/feverish 31 (79) 352 (74) 112 (66) 64 (86) 909 (65) <.001*

 Cough 38 (97) 451 (94) 134 (79) 68 (92) 1190 (86) <.001*

 Dyspnea 31 (79) 386 (81) 126 (75) 49 (66) 1085 (78) .049*

 Wheezing 18 (46) 198 (41) 45 (27) 14 (19) 342 (25) <.001*

 Rhinorrhea 20 (51) 241 (50) 61 (36) 16 (22) 473 (34) <.001*

 Abdominal pain 6 (15) 104 (22) 36 (21) 10 (14) 279 (20) .440

 Ear pain 6 (15) 71 (15) 17 (10) 11 (15) 152 (11) .267

 Sore throat 15 (39) 187 (39) 46 (27) 21 (28) 358 (26) <.001*

 Oxygen requirement 17 (44) 272 (57) 112 (66) 35 (47) 717 (52) .033*

WBC count >15 × 103 3 (8) 98 (21) 66 (39) 14 (19) 343 (25) <.001*

Radiographic features      .008*

 Single lobar 6 (15) 131 (27)  50 (30) 36 (49) 375 (27)  

 Multilobar 9 (23) 126 (26) 48 (28) 20 (27) 372 (27)  

 Other consolidation 2 (5) 25 (5) 13 (8) 1 (1) 56 (4)  

 Other infiltrate 20 (51) 167 (35) 47 (28) 10 (14) 492 (35)  

 Mixed infiltrate 2 (5) 29 (6) 11 (7) 7 (9) 94 (7)  

Empyema 4 (10) 28 (6) 34 (20) 6 (8) 105 (8) <.001*

Length of stay, median (IQR), d 2 (2–5) 3 (2–5) 6 (3–11) 3 (2–4) 3 (2–6) <.001*

Severity      <.001*

 Mild 31 (79) 382 (80) 88 (52) 63 (85) 1093 (79)  

 Moderate 4 (10) 58 (12) 37 (22) 9 (12) 164 (12)  

 Severe 4 (10) 38 (8) 44 (26) 2 (3) 132 (10)  

Data are presented as n (%) unless otherwise indicated; N = 2149. 

Abbreviations: AdV, adenovirus; CoV, coronavirus; hMPV, human metapneumovirus; HRV, human rhinovirus; IQR, interquartile range; PIV, parainfluenza virus; PPSV, pneumococcal polysac-
charide vaccine; RSV, respiratory syncytial virus; WBC, white blood cell.

*Significant for heterogeneity among the groups, P < .05.
aOther viral pneumonia was defined as pneumonia with ≥1 other virus detected (hMPV, RSV, AdV, CoV, influenza, or HRV; inclusive of co-detections of >1 of these viruses).
bComparisons adjusted for age, sex, and race as appropriate.
cAny comorbidity including chronic lung disease, chronic heart disease, diabetes, chronic renal disease, chronic liver disease, immunosuppression, splenectomy, neurological disorder. 
Immunosuppression was present as a comorbidity in 15/39 (38%) PIV infections.
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Although the clinical features of PIV-1, PIV-2, and PIV-3 
pneumonia varied little, our study did not include the full 
spectrum of respiratory conditions associated with PIV, such 
as laryngotracheobronchitis or bronchiolitis, in which more 
serotype variation may be seen [16, 17]. Nevertheless, even in 
this multicenter study with relatively frequent PIV detections, 
the low number of sole detections of PIV limited our ability to 
compare serotypes, particularly in adults.

Our study has several strengths, including active sur-
veillance, use of multiple modes of diagnostic testing, and a 
rigorous CAP case definition. The study also has several lim-
itations. Community-acquired pneumonia is not the most 
commonly associated respiratory syndrome with PIV infec-
tion; thus, these findings may not represent the full spectrum 
of clinical manifestations of overall PIV infection. Lower 
respiratory tract specimens were infrequently obtained, and 
many patients were lacking convalescent sera. These diag-
nostic tests have limited sensitivity, particularly for bacterial 
detection. There was some discordance between PCR and se-
rologic test results in our study, which may be explained by 
several factors, including limited sensitivity of the PCR or 
serological tests, timing of nasal or serum sample collection 
relative to illness onset, or the presence of heterotypic anti-
bodies resulting in a false-positive antibody response [26, 42]. 
Antibiotic use preceded hospitalization in nearly one-quarter 
of subjects, which may have reduced the yield of bacterial cul-
tures, likely underestimating the prevalence of bacterial pneu-
monia [43]. Finally, we did not test for PIV-4.

In summary, PIV infections were relatively common in 
children and less common in adults hospitalized with radio-
graphically confirmed CAP. We found few differences among 
pneumonia cases by PIV serotype and no clinical characteristics 

Figure 2. Proportional odds regression of severity (mild, moderate, severe) by 
pathogen type (reference: PIV) among (A) children and (B) adults. Abbreviations: CI, 
confidence interval; PIV, parainfluenza virus.

Figure 3. A, Cumulative incidence of hospital discharge (children). B, Cumulative incidence of hospital discharge (adults). Abbreviation: PIV, parainfluenza virus.
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were identified that could reliably distinguish PIV from other 
pathogen types at presentation. The severity of PIV-associated 
pneumonia was similar to severity of pneumonia cases associ-
ated with other viruses in both children and adults.
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