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Background.  Immunocompromised children might be predisposed to serious infections from human coronaviruses (HCoVs), 
including strains OC43, NL63, HKU1, and 229E; however, the virologic and clinical features of HCoV infection in immunocompro-
mised children have not been compared to those in nonimmunocompromised children.

Methods.  We retrospectively analyzed a cohort of children who presented to Seattle Children’s Hospital and in whom HCoV 
was detected by a multiplex respiratory polymerase chain reaction assay of a nasal sample between October 2012 and March 2016. 
Lower respiratory tract disease (LRTD) was defined as possible or definite infiltrate seen in chest imaging, need for oxygen, or 
abnormal lung examination in conjunction with a physician diagnosis of LRTD. We used logistic regression modeling to evaluate 
risk factors for LRTD and LRTD that necessitated oxygen use (severe LRTD), including an immunocompromised state, in children 
with HCoV infection.

Results.  The median ages of 85 immunocompromised and 1152 nonimmunocompromised children with HCoV infection were 
6.3 and 1.6 years, respectively. The prevalence of LRTD and of severe LRTD did not differ greatly between the immunocompromised 
and nonimmunocompromised patients (22% vs 26% [LRTD] and 15% vs 11% [severe LRTD], respectively); however, in a multi-
variable model, an immunocompromised state was associated with an increased likelihood of severe LRTD (adjusted odds ratio, 2.5 
[95% confidence interval, 1.2–4.9]; P = .01). Younger age, having an underlying pulmonary disorder, and the presence of respiratory 
syncytial virus were also associated with LRTD or severe LRTD in multivariable models. The risks of LRTD or severe LRTD did not 
differ among the children with different HCoV strains.

Conclusions.  The presence of a copathogen and host factors, including an immunocompromised state, were associated with 
increased risk for severe LRTD. Recognizing risk factors for severe respiratory illness might assist in risk stratification.

Keywords.  human coronavirus; immunocompromised host; lower respiratory tract disease; respiratory copathogen; respira-
tory polymerase chain reaction (PCR).
 

Human coronaviruses (HCoVs), including severe acute 
respiratory syndrome (SARS) and Middle East respira-
tory syndrome (MERS) coronaviruses, are serious respira-
tory pathogens [1–4]. Four other common strains of HCoV 
(OC43, NL63, HKU1, and 229E) are important causes of 
upper respiratory tract disease and lower respiratory tract 
disease (LRTD) [5, 6]. With the development and widespread 

use of new sensitive molecular diagnostic techniques, such 
as the polymerase chain reaction (PCR) assay [7, 8], we now 
have a better understanding of the human pathogenicity of 
these 4 strains in children [9–11]. However, comprehensive 
analyses of differences in clinical features among the 4 HCoV 
strains in children have been limited because of small sample 
sizes, incomplete strain evaluations, and the potential pres-
ence of respiratory copathogens. Data from a recent study 
suggested that HCoV-related LRTD is associated with high 
rates of oxygen use and death in immunocompromised hosts; 
however, that study included only 1 pediatric patient [12]. 
Immunocompromised children might be predisposed to seri-
ous HCoV infection, as seen with other respiratory viruses 
[13, 14]. The purpose of this study was to compare the clinical 
characteristics of HCoV infection and its outcomes in immu-
nocompromised and nonimmunocompromised children. 
We also investigated host and virologic factors associated 
with LRTD.
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METHODS

Study Design

We retrospectively identified all pediatric patients who presented 
to Seattle Children’s Hospital for acute care and in whom HCoV 
was detected between October 2012 and March 2016. HCoV 
was identified in clinical nasal samples using a multiplex respira-
tory PCR assay (FilmArray [BioFire Diagnostics, Salt Lake City, 
Utah]) that can detect 20 respiratory viral and bacterial agents, 
including 4 HCoV strains (OC43, NL63, HKU1, and 229E) 
[15]. The patients underwent respiratory viral testing as clini-
cally indicated at the time of their evaluation at Seattle Children’s 
Hospital regardless of their immunocompromised status. We 
included only patients who presented with their first episode of 
HCoV infection and excluded patients whose respiratory viral 
tests were performed after hospitalization. Demographic and 
clinical data were collected from the electronic medical data-
base and chart review. This study was approved by the Seattle 
Children’s Hospital Institutional Review Board.

Definitions

HCoV-related LRTD was defined as abnormal lung examina-
tion results (tachypnea, retraction, wheezing, crackles, or coarse 
breath sounds), new possible or definite pulmonary infiltrates 
found in chest imaging, or need for supplemental oxygen in 
conjunction with a physician diagnosis (eg, bronchiolitis, pneu-
monia) at the time of presentation [16]. Physical findings and 
oxygen use within 24 hours and chest imaging within 48 hours 
of presentation were included in the analyses. Severe LRTD was 
defined as LRTD that necessitated oxygen use. We defined an 
immunocompromised state as the presence of primary immu-
nodeficiency or receipt of chemotherapy for treatment of hema-
tologic malignancy or solid tumor, chronic immunosuppressive 
therapy, solid organ transplant, or hematopoietic cell transplant 
[13]. Nonimmunocompromised children could have other 
types of underlying disorders, as previously described [9, 16]. 
Any virus or bacteria in nasal samples detected by multiplex 
respiratory PCR at presentation was considered to be a respira-
tory copathogen. Other coinfections were determined by chart 
review and microbiologic results obtained within 48 hours of 
presentation. In immunocompromised children, the highest 
daily steroid doses and lowest cell counts in the 2 weeks before 
HCoV infection were recorded.

Statistical Analysis

Demographic and clinical characteristics of immunocompro-
mised and nonimmunocompromised patients were summa-
rized using counts and percentages or medians and ranges, 
as appropriate. The primary outcomes were LRTD and severe 
LRTD. To evaluate associations with virologic and host factors, 
we calculated 95% confidence intervals (CIs) for the percent-
ages of patients in risk-factor categories with each primary 

outcome and performed bivariate logistic regression modeling 
for each outcome and covariate. Associations between immu-
nocompromised status and primary outcomes were estimated 
using bivariate and multivariable logistic regression modeling. 
Logistic regression modeling was used for exploratory analy-
ses to investigate associations between the primary outcomes 
and cell counts in the immunocompromised patients and to 
assess how adjusting for demographic and clinical factors 
affected the estimated association between viral strain and 
the primary outcomes. Covariates in the multivariable mod-
els included sex, age (<1, 1–5 years, or >5 years), presence of 
an underlying pulmonary disorder (yes or no), and presence 
of a respiratory copathogen (HCoV only, respiratory syncytial 
virus [RSV], or non-RSV). To investigate interactions between 
the HCoV strain and other respiratory copathogens, we cal-
culated 95% CIs for the percentage of patients with LRTD in 
groups defined by viral strain and the presence of a non-HCoV 
copathogen (yes or no). All tests were 2 sided, and we used an 
α level of .05 without correction for multiple testing. Analyses 
were performed using Stata 12.1 (Stata Corp, College Station, 
Texas).

RESULTS

Patient and Viral Characteristics

We identified 1308 patients with a first episode of HCoV 
infection. After excluding 71 patients whose respiratory viral 
tests were performed after hospitalization, 1237 patients were 
included in the final analyses. Of these, 85 were immuno-
compromised and 1152 were nonimmunocompromised. 
Demographic characteristics and clinical presentation of these 
patients are listed in Table 1. Demographic characteristics were 
similar between the immunocompromised and nonimmuno-
compromised groups with the exception of median age, which 
was higher among the immunocompromised children (6.3 vs 
1.6 years). The proportions of underlying disorders (other than 
an immunocompromised state) and site of initial presenta-
tion were similar. Patients with a hematologic malignancy or 
solid tumor made up the largest proportion of immunocom-
promised children (51%), followed by solid organ transplant 
recipients (19%).

At the time of presentation, no respiratory symptoms were 
noted in 140 (11%) children; however, the majority of these 
patients (107 [76%] of 140)  had a history of fever. The sea-
sonal frequencies of each HCoV strain are shown in Figure 1. 
All strains were present from December through March, 
and cocirculation of all 4 strains was seen every year. OC43 
was the most common strain except in the 2015–2016 sea-
son, when HKU1 was the most common. It is notable that 2 
strains were detected in 31 (2.5%) patients and 3 strains were 
detected in 2 (0.2%) patients (Table 1) at presentation. The dis-
tributions of strains between the immunocompromised and 
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nonimmunocompromised children were similar (Table  1). 
Respiratory copathogens were detected more commonly in the 
nonimmunocompromised group than in the immunocompro-
mised group (31% vs 22%, respectively), mostly because of the 
increased detection of respiratory syncytial virus (RSV) (13% vs 
6%, respectively) (Figure 2).

The main acute illness diagnoses for children in the immu-
nocompromised and nonimmunocompromised groups are 
listed in Supplementary Table 1. Upper respiratory tract infec-
tion was the most common diagnosis in immunocompromised 
(36%) and nonimmunocompromised (46%) children.

Risk Factors for LRTD and Severe LRTD

Younger age, male sex, presence of an underlying pulmonary dis-
order, and detection of a respiratory copathogen, particularly RSV, 
were associated with an increased likelihood of LRTD or severe 
LRTD in bivariate logistic regression models (Table 2). With the 
exception of male sex, these predictors remained statistically 
significant in a multivariable logistic regression model (Table 3). 
Compared to the presence of HCoV only, RSV was associated 
with more than 5 times the risk of LRTD and severe LRTD in the 
multivariable model (adjusted odds ratios [aORs], 7.7 [95% CI, 
5.2–11.4] and 5.9 [95% CI 3.7–9.3], respectively). The presence of 
an underlying pulmonary disorder was the next-strongest risk fac-
tor, with aORs of 5.9 (95% CI, 4.1–8.5) for LRTD and 4.5 (95% CI, 
2.9–6.9) for severe LRTD. The prevalence of LRTD and of severe 
LRTD did not differ greatly between the immunocompromised 
and nonimmunocompromised patients (22% vs 26% and 15% vs 
11%, respectively), but after adjusting for demographic and clini-
cal covariates, an immunocompromised state was associated with 
an increased likelihood of severe LRTD (aOR, 2.5 [95% CI, 1.2–
4.9]; P = .01). Nine children were defined as having severe LRTD 
on the sole basis of their need for oxygen.

In unadjusted logistic regression models, the risks of 
LRTD and severe LRTD did not differ among the children 
with different HCoV strains (Table 2); this lack of association 
remained after adjusting for demographic and clinical covari-
ates (P = .16 and .12, respectively). Among nonimmunocom-
promised patients, the prevalence of LRTD was consistently 

Table 1.  Demographics and Clinical Presentation of Patients With 
Human Coronavirus Infection

Characteristics

Immunocompromised 
Children (N = 85)  
(n [%] or Median 

[Range])

Nonimmunocompromised 
Children (N = 1152)  
(n [%] or Median  

[Range])

Demographic

  Female 39 (46) 515 (45)
  Age (y) 6 (1–21) 2 (0–20)
  Age categories
    <1 y 3 (4) 429 (37)
    1–5 y 30 (35) 502 (44)
    >5 y 52 (61) 221 (19)
  Ethnicity
    Non-Hispanic 62 (73) 907 (79)
    Hispanic 21 (25) 203 (18)
    Unknown 2 (2) 42 (4)
  Underlying disorder(s) 32 (38) 438 (38)
    Pulmonary 13 (15) 226 (20)
    Renal/gastrointestinal 13 (15) 154 (13)
    Neuromuscular 8 (9) 113 (10)
    Metabolic/genetic 6 (7) 84 (7)
    Cardiovascular 2 (2) 56 (5)
    Prematuritya 1 (1) 38 (3)
    Hematology 0 (0) 18 (2)
  Reason for immunocompromised state
    Solid organ transplant 16 (19) —
    Hematopoietic cell transplant 10 (12) —
    Hematologic malignancy/ 

solid tumor
43 (51) —

    Chronic use of immunosuppressive 
agents

10 (12) —

    Primary immunodeficiency 6 (7) —
  Initial treatment location
    Emergency department 70 (82) 798 (69)
    Urgent care center 1 (1) 200 (17)
    Clinic 5 (6) 43 (4)
    Outside hospital 9 (11) 111 (10)
Clinical presentation
  Fever 63 (74) 852 (74)
  Cough 53 (62) 864 (75)
  Sore throat or rhinorrhea 61 (72) 871 (76)
  No respiratory symptoms 15 (18) 125 (11)
  Wheeze 8 (9) 144 (13)
  Abnormal respiratory signs or examina-

tion other than wheezeb

17 (20) 384 (33)

  Abnormal findings in chest imaging 12/31 (39) 101/361 (28)
  Bacteremia or candidemia 4 (5) 10 (1)
  Human coronavirus strain(s)c

    OC43 33 (39) 562 (49)
    NL63 23 (27) 311 (27)
    HKU1 23 (27) 256 (22)
    229E 10 (12) 54 (5)
  Respiratory copathogen(s)
    Human coronavirus onlyd 66 (78) 797 (69)
    RSV present 5 (6) 151 (13)
    Copathogens other than RSV 14 (16) 204 (18)
  White blood cell count > 1000 × 106 

cells/Le

53/77 (69) —

  Absolute neutrophil count > 500 × 106 
cells/Le

51/74 (69) —

  Absolute lymphocyte count > 300 × 106 
cells/Le

52/74 (70) —

Characteristics

Immunocompromised 
Children (N = 85)  
(n [%] or Median 

[Range])

Nonimmunocompromised 
Children (N = 1152)  
(n [%] or Median  

[Range])

  Absolute monocyte count > 300 × 106 
cells/Le

34/74 (46) —

Abbreviation: RSV, respiratory syncytial virus.
aThis child had a gestational age of ≤34 weeks.
bDyspnea, tachypnea, retraction, stridor, crackles, or coarse breath sound.
cThe number of patients (1237) did not equal the sum of detections for each human coronavirus strain (1272) 
because of the detection of multiple strains in some subjects. At the time of presentation, 2 strains were 
detected in 31 patients, and 3 strains were detected in 2 patients.
dPatients with multiple human coronavirus strains were included in this category.
eLowest counts in the 2 weeks before the first human coronavirus detection.

Table 1.  Continued
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higher for patients coinfected with a non-HCoV respiratory 
pathogen regardless of HCoV strain (Figure  3). Among the 
immunocompromised patients, the prevalence of LRTD did 
not appear to be affected by the presence of a copathogen, 
regardless of the HCoV strain, although small sample sizes 
resulted in wide CIs. The prevalence of LRTD seemed some-
what higher with beta-coronaviruses (OC43 and HKU1) than 
with alpha-coronaviruses (NL63 and 229E); however, this 
result did not reach statistical significance (Supplementary 
Figure 1).

Of 66 immunocompromised children who did not present 
with LRTD, 2 developed LRTD within 4 days of presentation. 
Three nonimmunocompromised patients died within 28 days 
of presentation; 2 of those deaths might have been associ-
ated with HCoV infection. The first of these 2 deaths was of 
a 4-month-old boy with a history of diffuse hypotonia who 

was admitted for acute-on-chronic respiratory failure in the 
setting of severe LRTD associated with HCoV strain OC43. 
On day 24 of admission, care was withdrawn because of his 
underlying disorder and poor clinical course. The second of 
these deaths was of a 7-year-old boy with a history of severe 
asthma who suffered from cardiopulmonary arrest, likely in 
the setting of status asthmatics associated with HCoV strain 
229E. Care was withdrawn on day 3 of admission in response 
to his brain death, respiratory failure, and multiple organ 
failure.

A white blood cell count was ordered for 77 of the immuno-
compromised patients in the 2 weeks before HCoV detection, 
and neutrophil, lymphocyte, and monocyte counts were mea-
sured for 74 of them. Cell counts were not found to be asso-
ciated with LRTD or severe LRTD in the multivariable model 
(Supplementary Table 2).

Figure 2.  Respiratory copathogens in children with human coronavirus infection. Two respiratory copathogens were detected in 33 patients, and 3 were 
detected in 1 patient.

Figure 1.  Seasonal frequencies of human coronavirus strains, Seattle Children’s Hospital, 2012–2016.
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Other Outcomes

The frequencies of outcomes other than LRTD and severe 
LRTD in the immunocompromised and nonimmunocompro-
mised groups are listed in Supplementary Table 3. The rate of 
hospitalization in immunocompromised children was higher 
than that in nonimmunocompromised children (58% vs 39%, 
respectively); however, the rates of hospitalization that resulted 
from respiratory distress were similar between the 2 groups 
(15% vs 20%, respectively). Of the hospitalized patients, febrile 
illness accounted for approximately half of the indications 

for hospitalization in the immunocompromised children (24 
[49%] of 49)  but only 12% (53 of 444)  in the nonimmuno-
compromised children. In 53 children who were hospitalized 
for febrile illness (including 16 patients with febrile neutrope-
nia), no other etiology for fever other than respiratory viruses 
was discovered, and the majority of these patients (48 [91%] of 
53) received antibiotic treatment. Fever was the only symptom 
in 5 immunocompromised children with febrile neutropenia 
and in 8 nonimmunocompromised children during their entire 
hospitalization.

Table 2.  Bivariate (Unadjusted) Associations Between Primary Outcomes and Demographic and Clinical Covariates (N = 1237)

Covariates

Children With LRTD Children With Severe LRTD

% of LRTD (95% CI) OR (95% CI) P % of severe LRTD (95% CI) OR (95% CI) P

Age .01 .55

  <1 y (reference) 29 (25–33) 10 (8–13)

  1–5 y 28 (24–32) 1.0 (0.7–1.3) .70 12 (10–15) 1.2 (0.8–1.8)

  >5 y 19 (15–24) 0.6 (0.4–0.8) <.01 10 (7–14) 1.0 (0.6–1.6)

Sex

  Male (reference) 29 (26–33) 11 (8–13)

  Female 23 (19–26) 0.7 (0.6–0.9) .01 11 (9–14) 1.1 (0.8–1.6) .64

Underlying pulmonary disorder(s)

  No (reference) 21 (19–24) 8 (7–10)

  Yes 48 (41–54) 3.4 (2.6–4.6) <.01 22 (17–28) 3.2 (2.2–4.7) <.01

Immunocompromised state

  No (reference) 26 (24–29) 11 (9–13)

  Yes 22 (15–32) 0.8 (0.5–1.4) .41 15 (9–24) 1.5 (0.8–2.8) .18

HCoV strain(s) .30 .18

  OC43 only (reference) 25 (22–29) 10 (8–13)

  NL63 only 26 (21–31) 1.0 (0.8–1.4) 10 (7–13) 1.0 (0.6–1.5)

  HKU1 only 30 (25–36) 1.3 (0.9–1.8) 13 (9–18) 1.3 (0.8–2.1)

  229E only 29 (19–41) 1.2 (0.7–2.1) 19 (11–30) 2.1 (1.1–4.3)

  Multiple 15 (7–31) 0.5 (0.2–1.4) 12 (5–27) 1.3 (0.4–3.7)

Respiratory copathogen(s)a <.01 <.01

  HCoV only (reference) 19 (16–22) 8 (6–10)

  RSV present 62 (54–69) 6.9 (4.8–9.9) <.01 29 (22–36) 4.8 (3.1–7.4) <.01

  Copathogens other than RSV 30 (24–36) 1.8 (1.3–2.6) <.01 11 (7–15) 1.4 (0.9–2.3) .19

Abbreviations: CI, confidence interval; OR, odds ratio; HCoV, human coronavirus; LRTD, lower respiratory tract disease; RSV, respiratory syncytial virus.
aPatients with multiple HCoV strains are included in this category.

Table 3.  Multivariable Logistic Regression Analyses for Primary Outcomes (n = 1237)

Covariates

LRTD Severe LRTD

OR (95% CI) P OR (95% CI) P

Age categories (vs <1 y) <.01 .29

  1–5 y 0.6 (0.4–0.8) 0.8 (0.5–1.2)

  >5 y 0.3 (0.2–0.5) 0.6 (0.3–1.1)

Female 0.8 (0.6–1.1) .13 1.3 (0.9–1.9) .15

Underlying pulmonary disorder 5.9 (4.1–8.5) <.01 4.5 (2.9–6.9) <.01

Immunocompromised state 1.5 (0.8–2.8) .17 2.5 (1.2–4.9) .01

Respiratory copathogen(s) (vs HCoV onlya) <.01 <.01

  RSV present 7.7 (5.2–11.4) 5.9 (3.7–9.3)

  Copathogen(s) other than RSV 1.8 (1.3–2.6) 1.4 (0.8–2.3)

Abbreviations: CI, confidence interval; HCoV, human coronavirus; LRTD, lower respiratory tract disease; OR, odds ratio; RSV, respiratory syncytial virus.
aPatients with multiple HCoV strains are included in this category.
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DISCUSSION

With the widespread use of molecular diagnostic techniques, the 
epidemiology and clinical features of 4 common HCoV strains 
(OC43, NL63, HKU1, and 229E) in children have increasingly 
been reported [17–21]. However, few large systematic studies 
have addressed host and viral factors for severe respiratory ill-
ness caused by HCoV, and even fewer data describing outcomes 
in immunocompromised children are available. In this study, we 
evaluated the risk factors for LRTD and severe LRTD in a large 
cohort of pediatric patients, including a significant number of 
immunocompromised children. Younger age and presence of 
an underlying pulmonary disorder, a respiratory copathogen 
(especially RSV), and an immunocompromised state were asso-
ciated with increased risk of LRTD or severe LRTD in multi-
variable models. Striking seasonality was found; all 4 strains 
were present predominantly from December through March 
every year, and clinical outcomes among patients infected with 
each of the 4 strains were similar.

The expansion of immunocompromised populations has 
raised concern about whether these patients are at risk for 
severe HCoV respiratory tract disease [22, 23]. Recent data sug-
gested a significant association between HCoV-related LRTD 
and a need for respiratory support and increased risk of death 
in immunocompromised adults [12]. Previous pediatric studies 
of HCoV infection have included small numbers of immuno-
compromised children [10, 24, 25]; few data from studies that 
focused specifically on this high-risk population exist. In our 
study, an immunocompromised state was associated with a 

higher risk of severe LRTD after we adjusted for clinical and 
virologic covariates. This observation is important, because 
HCoVs are highly prevalent in immunocompromised hosts [25, 
26], and our finding might be informative for risk stratification 
and interventional studies in this vulnerable population.

In this study, we also found that younger age, presence of an 
underlying pulmonary disorder, and detection of a respiratory 
copathogen were associated with LRTD or severe LRTD. The 
age distributions in the immunocompromised and nonimmu-
nocompromised groups differed. We assume that the broader 
age distribution in the immunocompromised group reflects the 
overall age distribution of the immunocompromised popula-
tion, although these data were not available to us. A prospective 
longitudinal cohort study examined the effect of 3 HCoV strains 
on children younger than 5 years and found a substantial bur-
den of LRTD, especially in children younger than 2 years [27]. 
Lee and Storch [9] characterized clinical features of hospital-
ized children younger than 5 years infected with HCoV strains 
OC43 and NL63. The presence of congenital heart disease and 
a chronic respiratory disorder was associated with severe dis-
ease. These reports are consistent with our findings. The overall 
rates of respiratory copathogens in our study (22% in immuno-
compromised children and 31% in nonimmunocompromised 
children) are lower than those of previous studies in children 
(35%–75%) [9, 28–30]. Conflicting data regarding the clinical 
implications of detecting multiple respiratory viruses exist. In 
children, detection of multiple viruses has been associated with 
less-severe disease [31], but the opposite result was reported for 
adults [32]. The specific combination of respiratory copathogens 

Figure 3.  Proportions (square markers) and 95% confidence intervals (bars) of lower respiratory tract disease according to human coronavirus strain and 
immunocompromised status.
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might be important. In this study, we found that compared to 
HCoV alone, the odds of LRTD or severe LRTD were much 
higher in children with RSV coinfection than in those with 
coinfection with a non-RSV copathogen. This result was likely 
driven by the higher pathogenicity of RSV, as indicated by pre-
vious studies [9, 28]. Higher rates of severe LRTD in patients 
with HCoV plus a copathogen were also found in another pedi-
atric study; RSV accounted for half of the copathogens [19].

Although there is increased recognition of the 4 common 
strains of HCoV as being pathogenic, a consensus view on 
the clinical differences among them has not been established 
because of limited sample sizes, the presence of unexamined 
strains, and the frequent presence of respiratory copathogens 
in previous reports. To our knowledge, ours is the largest study 
to have investigated the associations between particular HCoV 
strains and clinical outcomes in children. Neither LRTD nor 
severe LRTD was associated with a particular HCoV strain 
after we adjusted for covariates, including presence of respira-
tory copathogens. We were not able to show a particular effect 
of strain type in the subset analysis of immunocompromised 
children, although our data do not suggest an effect on acquisi-
tion or disease severity. We did find marked seasonality of the 
HCoV strains, with higher rates of detection for all 4 strains 
in winter but much lower rates in the other seasons of every 
year. This effect was not driven by testing bias, because our 
institution uses multiplex PCR testing for respiratory pathogens 
year-round. The overall seasonality trend is consistent with that 
shown in other reports [10, 27, 33].

In our study, 19 immunocompromised and 34 nonimmuno-
compromised children admitted for febrile illness regardless of 
respiratory symptoms were not found to have a febrile source 
other than HCoV and a respiratory copathogen. The major-
ity of these patients received antibiotics as treatment. In other 
pediatric studies, respiratory viruses, including HCoV, were 
detected by PCR frequently in febrile children without localiz-
ing signs [9, 13]. Furthermore, respiratory viral infection was 
implicated recently as playing a possible etiologic role in febrile 
neutropenia, although the detection of respiratory viruses 
seemed to be associated more with the presence of respira-
tory symptoms [34, 35]. Differentiating active infection from 
asymptomatic shedding is clinically challenging, especially in 
high risk populations. Future studies that clarify the role of 
respiratory viruses in patients with fever without a source or 
with febrile neutropenia might provide useful information for 
decreasing the rates of hospitalization and antibiotic usage.

The main limitations of this study are the retrospective 
observational nature of the analyses and the relatively small size 
of the immunocompromised cohort. Prolonged shedding of 
respiratory viruses, including HCoV, in asymptomatic immu-
nocompromised and nonimmunocompromised children has 
been well described [36–38]. Two recent large prospective stud-
ies of symptomatic patients with respiratory viruses compared 

to asymptomatic controls suggested that most of the HCoV 
detections were associated with symptomatic illness [11, 39]. 
Nonetheless, the presence of HCoV does not necessarily indi-
cate its etiologic role in clinical symptoms. Furthermore, testing 
bias by the attending physician was still possible despite the fact 
that we investigated only patients who visited our institution for 
acute care. However, most physicians would have a lower thresh-
old for testing (ie, for less severe presentations) in a population 
at high risk; thus, the positive relationship between an immuno-
compromised state and severe LRTD would be weakened rather 
than accentuated. Therefore, a testing bias would be unlikely to 
alter our interpretation of the role of the immunocompromised 
state. Last, we were not able to evaluate the viral load in respi-
ratory samples because of the nature of multiplex respiratory 
PCR test.

In summary, we found an association between virologic 
and host factors, including an immunocompromised state, and 
an increased risk of serious HCoV-related LRTD in children. 
LRTD was associated with the presence of a non-HCoV respi-
ratory copathogen, especially RSV, but not with a particular 
HCoV strain. Given the universal distribution of HCoVs, rec-
ognition of risk factors for severity of respiratory illness might 
assist in patient risk stratification. Additional studies are war-
ranted. Differentiating active respiratory virus infection from 
asymptomatic shedding in febrile patients might be useful in 
decision making around antibiotic use.
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Notes
Acknowledgments.  We thank Jennifer Phillips for database services 

and Katherine Carson for assistance with chart review.
Financial support.  This work was supported by a Pediatric Infectious 

Diseases Society fellowship award funded by Horizon Pharma (to C. O.), 
the National Institutes of Health (grants K24HL093294 [to M.  B.], K23 
AI114844 [to A. W.], and T32HD00723332 [to C. O.]), and the National 
Center for Advancing Translational Sciences of the National Institutes of 
Health under award UL1 TR000423 (to M. C. B.).

Potential conflicts of interest.  M. C. B. received research support and 
served as a consultant for Gilead Sciences, Merck, Ansun Bioscience, and 
Aviragen Therapeutics and served as a consultant for Humabs Biomed; and 
J.  A. E.  received research support from GlaxoSmithKline, Gilead, Pfizer, 
MedImmune, Novavax, and Chimerix and served as a consultant for Gilead 
Sciences, Inc. All other authors: No reported conflicts of interest. All authors 
have submitted the ICMJE Form for Disclosure of Potential Conflicts of 
Interest. Conflicts that the editors consider relevant to the content of the 
manuscript have been disclosed. declare no relevant conflict of interest.

References
1.	 Arabi YM, Arifi AA, Balkhy HH, et al. Clinical course and outcomes of critically ill 

patients with Middle East respiratory syndrome coronavirus infection. Ann Intern 
Med 2014; 160:389–97.

2.	 Leung GM, Hedley AJ, Ho LM, et al. The epidemiology of severe acute respiratory 
syndrome in the 2003 Hong Kong epidemic: an analysis of all 1755 patients. Ann 
Intern Med 2004;141:662–73.



28  •  JPIDS  2019:8  (March)  •  Ogimi et al

3.	 Chan JW, Ng CK, Chan YH, et al. Short term outcome and risk factors for adverse 
clinical outcomes in adults with severe acute respiratory syndrome (SARS). 
Thorax 2003; 58:686–9.

4.	 Cho SY, Kang JM, Ha YE, et al. MERS-CoV outbreak following a single patient 
exposure in an emergency room in South Korea: an epidemiological outbreak 
study. Lancet 2016; 388:994–1001.

5.	 Cherry JD, Harrison GJ, Kaplan SL, Hotez PJ, Steinbach WJ. Feigin and Cherry’s 
Textbook of Pediatric Infectious Diseases, 7th ed. Philadelphia: Elsevier/Saunders; 
2014.

6.	 Greenberg SB. Update on human rhinovirus and coronavirus infections. Semin 
Respir Crit Care Med 2016; 37:555–71.

7.	 Arens MQ, Buller RS, Rankin A, et  al. Comparison of the Eragen multi-code 
respiratory virus panel with conventional viral testing and real-time multi-
plex PCR assays for detection of respiratory viruses. J Clin Microbiol 2010; 
48:2387–95.

8.	 Caliendo AM. Multiplex PCR and emerging technologies for the detection of 
respiratory pathogens. Clin Infect Dis 2011; 52 Suppl 4:S326–30.

9.	 Lee J, Storch GA. Characterization of human coronavirus OC43 and human 
coronavirus NL63 infections among hospitalized children <5 years of age. Pediatr 
Infect Dis J 2014; 33:814–20.

10.	 Dominguez SR, Robinson CC, Holmes KV. Detection of four human coronavi-
ruses in respiratory infections in children: a one-year study in Colorado. J Med 
Virol 2009; 81:1597–604.

11.	 Self WH, Williams DJ, Zhu Y, et al. Respiratory viral detection in children and 
adults: comparing asymptomatic controls and patients with community-acquired 
pneumonia. J Infect Dis 2016; 213:584–91.

12.	 Ogimi C, Waghmare AA, Kuypers JM, et al. Clinical significance of human coro-
navirus in bronchoalveolar lavage samples from hematopoietic cell transplant 
recipients and patients with hematologic malignancies. Clin Infect Dis 2017; 
64:1532–9.

13.	 Chu HY, Renaud C, Ficken E, et al. Respiratory tract infections due to human 
metapneumovirus in immunocompromised children. J Pediatric Infect Dis Soc 
2014; 3:286–93.

14.	 Chu HY, Chin J, Pollard J, et al. Clinical outcomes in outpatient respiratory syn-
cytial virus infection in immunocompromised children. Influenza Other Respir 
Viruses 2016; 10:205–10.

15.	 Xu M, Qin X, Astion ML, et  al. Implementation of filmarray respiratory viral 
panel in a core laboratory improves testing turnaround time and patient care. Am 
J Clin Pathol 2013; 139:118–23.

16.	 Chu HY, Englund JA, Strelitz B, et al. Rhinovirus disease in children seeking care 
in a tertiary pediatric emergency department. J Pediatric Infect Dis Soc 2016; 
5:29–38.

17.	 Arden KE, Nissen MD, Sloots TP, Mackay IM. New human coronavirus, 
HCoV-NL63, associated with severe lower respiratory tract disease in Australia. J 
Med Virol 2005; 75:455–62.

18.	 Dijkman R, Jebbink MF, Gaunt E, et al. The dominance of human coronavirus 
OC43 and NL63 infections in infants. J Clin Virol 2012; 53:135–9.

19.	 Gerna G, Campanini G, Rovida F, et al. Genetic variability of human coronavirus 
OC43-, 229E-, and NL63-like strains and their association with lower respiratory 
tract infections of hospitalized infants and immunocompromised patients. J Med 
Virol 2006; 78:938–49.

20.	 Lau SK, Woo PC, Yip CC, et al. Coronavirus HKU1 and other coronavirus infec-
tions in Hong Kong. J Clin Microbiol 2006; 44:2063–71.

21.	 Talbot HK, Crowe JE Jr, Edwards KM, et al; New Vaccine Surveillance Network. 
Coronavirus infection and hospitalizations for acute respiratory illness in young 
children. J Med Virol 2009; 81:853–6.

22.	 Renaud C, Campbell AP. Changing epidemiology of respiratory viral infections 
in hematopoietic cell transplant recipients and solid organ transplant recipients. 
Curr Opin Infect Dis 2011; 24:333–43.

23.	 Weigt SS, Gregson AL, Deng JC, et al. Respiratory viral infections in hematopoi-
etic stem cell and solid organ transplant recipients. Semin Respir Crit Care Med 
2011; 32:471–93.

24.	 Srinivasan A, Gu Z, Smith T, et al. Prospective detection of respiratory pathogens 
in symptomatic children with cancer. Pediatr Infect Dis J 2013; 32: e99–e104.

25.	 Trombetta H, Faggion HZ, Leotte J, et  al. Human coronavirus and severe 
acute respiratory infection in southern Brazil. Pathog Glob Health 2016; 110: 
113–8.

26.	 Milano F, Campbell AP, Guthrie KA, et al. Human rhinovirus and coronavirus 
detection among allogeneic hematopoietic stem cell transplantation recipients. 
Blood 2010; 115:2088–94.

27.	 Talbot HK, Shepherd BE, Crowe JE Jr, et al. The pediatric burden of human coro-
naviruses evaluated for twenty years. Pediatr Infect Dis J 2009; 28:682–7.

28.	 Kristoffersen AW, Nordbø SA, Rognlien AG, et  al. Coronavirus causes lower 
respiratory tract infections less frequently than RSV in hospitalized Norwegian 
children. Pediatr Infect Dis J 2011; 30:279–83.

29.	 Kuypers J, Martin ET, Heugel J, et al. Clinical disease in children associated with 
newly described coronavirus subtypes. Pediatrics 2007; 119:e70–6.

30.	 Nunes MC, Kuschner Z, Rabede Z, et al. Clinical epidemiology of bocavirus, rhi-
novirus, two polyomaviruses and four coronaviruses in HIV-infected and HIV-
uninfected South African children. PLoS One 2014; 9:e86448.

31.	 Martin ET, Kuypers J, Wald A, Englund JA. Multiple versus single virus respira-
tory infections: viral load and clinical disease severity in hospitalized children. 
Influenza Other Respir Viruses 2012; 6:71–7.

32.	 Crotty MP, Meyers S, Hampton N, et al. Epidemiology, co-infections, and out-
comes of viral pneumonia in adults: an observational cohort study. Medicine 
(Baltimore) 2015; 94:e2332.

33.	 Gaunt ER, Hardie A, Claas EC, et al. Epidemiology and clinical presentations of the 
four human coronaviruses 229E, HKU1, NL63, and OC43 detected over 3 years 
using a novel multiplex real-time PCR method. J Clin Microbiol 2010; 48:2940–7.

34.	 Söderman M, Rhedin S, Tolfvenstam T, et al. Frequent respiratory viral infections 
in children with febrile neutropenia—a prospective follow-up study. PLoS One 
2016; 11:e0157398.

35.	 Suryadevara M, Tabarani CM, Bartholoma N, et al. Nasopharyngeal detection of res-
piratory viruses in febrile neutropenic children. Clin Pediatr (Phila) 2012; 51:1164–7.

36.	 Prill MM, Iwane MK, Edwards KM, et  al; New Vaccine Surveillance Network. 
Human coronavirus in young children hospitalized for acute respiratory illness 
and asymptomatic controls. Pediatr Infect Dis J 2012; 31:235–40.

37.	 Singleton RJ, Bulkow LR, Miernyk K, et al. Viral respiratory infections in hospital-
ized and community control children in Alaska. J Med Virol 2010; 82:1282–90.

38.	 Srinivasan A, Flynn P, Gu Z, et al. Detection of respiratory viruses in asympto-
matic children undergoing allogeneic hematopoietic cell transplantation. Pediatr 
Blood Cancer 2013; 60:149–51.

39.	 Byington CL, Ampofo K, Stockmann C, et  al. Community surveillance of res-
piratory viruses among families in the Utah Better Identification of Germs-
Longitudinal Viral Epidemiology (BIG-LoVE) study. Clin Infect Dis 2015; 
61:1217–24.


