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ABSTRACT

Purpose: Human rhinovirus (HRV) infections can result in lower respiratory tract infections
(LRTIs). We aimed to investigate the characteristics of severe HRV LRTI in young children.
Methods: Medical records were reviewed retrospectively in patients who were hospitalized for
HRV LRTTIs from 2016 to 2020 at the Samsung Medical Center in Seoul, Korea. Patients aged
90 days or older and younger than 5 years were included. Patients with co-infections with other
respiratory pathogens were excluded. Severe HRV LRTI was defined as the following: the need
for high-flow oxygenation, mechanical ventilation, or intensive care unit admission.

Results: A total of 115 cases were identified. The median age was 17 months (range, 3-56
months) and the median hospital days were 4 days (range, 2—31 days). Of the 115 cases, 18
patients (15.7%) developed severe HRV LRTI. The median age was younger in the severe
group compared to the non-severe group (9.5 months vs. 19.0 months, P=0.001). Of 18
patients with severe HRV LRTI, 11 (61.1%) had underlying diseases — chronic lung diseases
accounted for the largest proportion (63.6%). Six patients (33.3%) required mechanical
ventilation. Of note, 7 previously healthy children were diagnosed with severe HRV LRTI.

Of those 7 children, 4 of them were diagnosed with asthma later. When the 115 cases were
divided into previously healthy (n=60) and underlying disease (n=55) groups, severe courses
of HRV LRTI were observed in 11.7% and 20.0% of children, respectively (P=0.219).
Conclusions: HRV can cause severe LRTI even in previously healthy children as well as in
children with comorbidities.
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INTRODUCTION

Human rhinovirus (HRV) is a small, non-enveloped 7.2-kb single-stranded positive-sense
RNA virus that belongs to the family Picornaviridae, genus Enterovirus.Y HRV is the most
common pathogen causing respiratory virus infections (more than 50%) in both adult and
children populations, and frequently causes otitis media and sinusitis.>* HRV is further
divided into 3 species as HRV-A, HRV-B, and HRV-C with more than 150 subtypes.® Due to its
various subtypes, HRV can cause recurrent infections.®

Although most common, HRV has been neglected for several decades since it was considered
to have low virulence and only caused upper respiratory tract infections. However, studies
have reported that HRV infections are the cause of asthma exacerbation, chronic bronchitis,
and serious lower respiratory tract infections (LRTIs), potentially requiring pediatric
intensive care unit (PICU) admission.*"?

HRV is detected throughout the year but is more frequently observed in the spring and
autumn seasons.” During the first 2 years of the coronavirus disease 2019 pandemic with
strict social distancing, most of the respiratory viruses with distinct seasonality such as
influenza and respiratory syncytial virus (RSV) disappeared in the community.'*"> However,
HRV continued to circulate and has become almost the only respiratory virus during this
time.!® The steady detection of HRV in social distancing settings has further highlighted its
clinical significance.

There are abundant studies on respiratory viruses such as influenza, RSV, and adenovirus
that are well-known to cause serious infections. However, few studies have focused on severe
LRTIs caused by HRV in young children.” In this study, we analyzed the data on hospitalized
pediatric patients due to HRV LTRIs to compare the groups depending on severity, multiple
hospitalizations, and follow-up data in certain patients.

MATERIALS AND METHODS

This is a retrospective study that included pediatric patients aged 90 days (3 months) or older
and younger than 60 months who were hospitalized for LRTIs with confirmed HRV infections
from January 2016 to December 2020. Because detection of respiratory virus polymerase
chain reaction (PCR) not always suggest respiratory infections, we intended to distinguish
the true HRV LRTI from shedding or bystanders through inclusion and exclusion criteria.'®

1. Inclusion criteria

Patients with HRV LRTI were identified as those who were admitted for respiratory
symptoms and diagnosed with acute bronchitis (J20.9, J20.6), acute bronchiolitis (J21.9,
J21.88), or pneumonia (J18.9, J12.9) by International Classification of disease-10 (ICD-10)
with the confirmed nasopharyngeal HRV by multiplex respiratory virus PCR (AdvancSur™,
LG Chem, Seoul, Korea). If a patient was re-admitted for HRV LRTI with new respiratory
symptoms and showed a positive HRV PCR test that was performed 21 days or more apart
from the previous test, it was considered as a separate HRV LRTI admission, and counted as
multiple hospitalization.”
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2. Exclusion criteria

Co-infection cases with other respiratory pathogens (virus or bacteria) were excluded.
Co-infection was defined as positive for HRV by PCR and positive for at least one other
respiratory pathogen by nucleic acid amplification tests, cultures, or serology tests. For
Mycoplasma pneumoniae antibodies, patients with a single titer of 1:640 or higher, or a
subsequent 4-fold increase were considered to have a positive result.’ HRV detection after
48 hours of hospitalization were excluded considering nosocomial infection. Pediatric cancer
patients, who had C00-D49 code of ICD-10, were also excluded.

Patients who were admitted to the PICU or received high-flow oxygenation therapy at the
general ward were classified into the severe group. The remaining patients were grouped into
the non-severe group. Information for clinical manifestations and outcomes was obtained

by medical records. Comparisons between groups were made using the chi square test or
Fisher’s exact test, using STATA (Statacorp LLC, College Station, TX, USA) and GraphPad
Prism 10 (GraphPad Software, San Diego, CA, USA). The diagnosis of asthma was based on
clinical diagnosis by pulmonologists and allergists. This study was approved by the Samsung
Medical Center Institutional Review Board (SMC 2022-04-067).

RESULTS

1. Patient characteristics

A total of 115 episodes of HRV LRTT hospitalization in 102 patients were identified. The
median age at admission was 17 months (range, 3-56 months), 67.0% of the patients (77/115)
were male, and patients who had underlying diseases accounted for 47.8% (55/115) of the
episodes. The median hospital stay was 4 days (range, 2—31 days).

Among the 115 episodes, 18 episodes (15.7%) were classified into the severe group. Table 1
shows the clinical characteristics of the severe and non-severe groups. The median age of
the severe group was younger than the age of the non-severe group (9.5 vs. 19.0 months,
P=0.001). Patients in the severe group underwent longer hospital stays compared to the non-
severe group (8.5 days vs. 4 days, P<0.001). There was no difference in the proportion of the
male gender (77.8% vs. 64.9%, P=0.415) or underlying diseases (61.1% vs. 45.4%, P=0.219)
between the 2 groups.

2. Age distribution and severity
The age distribution of the patients was further examined in Fig. 1. Among the 115 episodes,
two-thirds (80/115) of the patients were younger than 24 months of age. The proportion for

Table 1. Characteristics of the patients with severe or non-severe courses of human rhinovirus lower respiratory
tract infections in young children

Variables Total Non-severe Severe P-value®
Admission 115 (100) 97 (84.3) 18 (15.7)

Age (mon) 17 (3-56) 19.0 (3-56) 9.5 (4-32) 0.001
Male sex 67.0 (77/115) 65.0 (63/97) 77.8 (14/18) 0.415
Hospital day 4(2-31) 4 (2-31) 8.5 (4-20) <0.001
Underlying disease, % (No.) 47.8 (55/115) 45.4 (44/97) 61.1 (11/18) 0.219

Values are presented as number (%) or (range) unless otherwise indicated.

*Between the non-severe group and severe group.

TUnderlying disease: chronic lung disease, asthma, tracheolaryngomalacia, cardiac anomaly, neurologic disorder,
syndromic disease or anomaly.
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Fig. 1. Age distribution of the hospitalized children with human rhinovirus lower respiratory tract infection. Two-
thirds of the hospitalized patients were under 24 months of age with increased rates of severe courses in the
younger age group.

the severe group was higher in patients younger than 12 months of age compared to those
12 months or older (33.3% [11/33] vs. 8.4% [7/82], P<0.001). In children 36 months or older,
none of them were classified in the severe group.

3. Underlying diseases and severity

Further analysis of groups with or without underlying disease is shown in Fig. 2. Among

the 115 episodes, 55 episodes (47.8%) occurred in patients with underlying diseases. The
proportion of severe courses was 11.7% (7/60) for previously healthy children and 20%
(11/55) for patients with comorbidities. However, this finding was not statistically significant
(P=0.219).

Among patients who were previously healthy, 5 patients were diagnosed with asthma later
(after discharge from HRV LRTI). The median age of asthma diagnosis was 25 months (range,
14-34 months) and the median time interval from the HRV LRTI to asthma diagnosis was
one month (range, 0.2-15 months).

Total LRTI admission
(n=115)

|

Underlying disease

at admission
No (healthy) Yes
n=60 (52.2%) n=55 (47.8%)

Severe
12%;:

Severe
20%

Non-severe Non-severe

88% 80%

Fig. 2. Clinical course of HRV LRTI in patients with or without underlying diseases. More than 10% of HRV LRTI
hospitalization led to severe courses, even in healthy children.
Abbreviations: LRTI, lower respiratory tract infection; HRV, human rhinovirus.

https://doi.org/10.14776/piv.2023.30.€17 14



PEDIATRIC
INFECTION
Human Rhinovirus Lower Respiratory Tract Infections in Children & VACCINE

https://piv.or.kr

4. Multiple hospitalizations and severity

Ten patients were hospitalized twice or more for HRV LRTI, with a median interval of 251

days (range, 21-497 days) between admissions. When these 10 patients were compared with

the 93 patients who were hospitalized only once, the patients with multiple hospitalizations
experienced a higher rate of severe courses (50.0% [5/10] vs. 14.1% [13/92], P=0.0142). All cases
of severe courses occurred during the patients’ initial admission for HRV LRTI. Among the
patients with multiple hospitalizations, 6 had underlying diseases, 5 of which were chronic lung
diseases. Four patients did not exhibit an underlying disease at the time of hospitalization, but 3
of them (75%) were diagnosed with asthma later during the follow-up period.

5. Patients with severe courses

Out of the 115 hospitalizations, 18 patients (15.7%) with severe courses were further analyzed
with findings shown in Table 2. Fifteen patients received PICU care, while 3 patients received
high-flow oxygenation therapy at the general ward. Six patients (33.3%, 6/18) required a
mechanical ventilator with no fatal cases.

Among these 18 patients, 11 patients had comorbidities. Seven patients (7/11, 63.6%)

had underlying chronic lung diseases, most commonly bronchopulmonary dysplasia or
bronchiolitis obliterans. Of note, there were 4 patients (4/18, 22.2%) without any underlying
diseases at the time of hospitalization but were later diagnosed with asthma.

DISCUSSION

In this study, among the children hospitalized due to HRV LRTTs, approximately 15% of

the children exhibited severe clinical courses including PICU care or high-flow oxygenation
therapy. None of the children 36 months or older developed a severe course. Although there
was no statistical significance, the tendency for a higher rate of having underlying diseases
was observed to be almost double in the severe group. It is noteworthy that even in healthy
children with HRV LRTI, 11.7% of them had severe clinical courses.

Table 2. Characteristics of the patients in the severe group (n=18)

Severe (n=18) No. (%)
Ward
Cared at PICU 15 (83.3%)
Cared at GW with high flow oxygenation 3 (16.7%)
Respiratory support (highest setting)
Mechanical ventilation 6 (33.3%)
High-flow oxygenation 10 (55.6%)
Oxygen 2 (11.1%)
Prognosis
Improved 18 (100%)
Deceased 0 (0%)
Underlying disease
No 7 (38.9%)
Yes 11 (61.1%)
Chronic lung (BPD, BO) 7 (63.6%)
Laryngomalacia 1(9.1%)
Cardiac anomaly 1(9.1%)
Others” 2 (18.2%)

Abbreviations: PICU, pediatric intensive care unit; GW, general ward; BPD, bronchopulmonary dysplasia; BO,
bronchiolitis obliterans.
*Hypoxic ischemic encephalopathy, Treacher-Collins syndrome.
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Since the observation that experimental HRV infections could cause LRTI symptoms, HRV
has also been regarded as a pathogen that could cause LRTI in humans.?” In addition, with
the availability of multiplex respiratory virus PCR, HRV has become more readily identified
as a cause for LRTL.2? Several studies have reported the clinical significance of HRV in
adults, which reported that HRV infections in adults were associated with the exacerbation
of underlying lung diseases and even mortality, especially in elderly patients.??* Another
study reported that in-hospital mortality was comparable to that of influenza in patients with
malignancies, HIV, immunosuppressant therapy, and transplantation.? In addition, there
have been several studies conducted on HRV LRTI in hematopoietic cell transplant (HCT)
recipients and its negative impact on HCT outcomes including increased mortality.*2® In
immunocompetent adults, cases of severe respiratory symptoms due to HRV infections have
been reported.?3°

In children, HRV began to receive attention as a possible LRTI pathogen in the 1980s and
1990s.%2%3) In retrospective studies from the United States and Canada, hospitalization

and emergency department visits of children resulting from HRV infections were reported,
increasing awareness of HRV LRTI."**"3) There have been also reports on HRV LRTI in
immunocompetent children.?**¥ It has been shown that even previously healthy children

can be hospitalized due to HRV LRTI. A study from the United States demonstrated that
among patients who were hospitalized due to HRV-only LRTI, patients without comorbidities
accounted for 54.2% of the study population.® Similarly, in our study, 52.2% of the
hospitalized patients due to HRV LRTI had no history of any comorbidities. Previous studies
reported that among the children without underlying diseases hospitalized due to HRV LRTI,
a significant proportion of patients developed a severe disease course. A study conducted

in Turkey reported that 32.6% of 46 HRV LRTI hospitalized children without underlying
diseases received PICU care.?¥ In our study, 11.7% of 60 patients without underlying diseases
exhibited severe courses (cared in the PICU or received high-flow oxygenation therapy in

the general ward). Although there is some difference in the proportion of the severe groups
between the 2 studies, both studies demonstrated that a significant proportion of healthy
children (11.7-32.6%) had progression to a severe course during HRV LRTI hospitalization.

A prospective study from the United States analyzed the HRV species and reported that
HRV-A and HRV-C were associated with acute respiratory infection hospitalization and
serious illness outcomes in children less than 5 years of age.® Another study from Australia
for children admitted to the PICU for acute respiratory illnesses reported that HRV-C was
the most common HRYV species followed by HRV-A.'” Our study is limited since we did not
perform additional sequencing studies on the viruses.

HRYV infections are a well-known cause of acute exacerbations in patients with asthma.>®
HRV-infected respiratory epithelium cells can promote the release of Th2 cytokines by

Th2 cells and type 2 innate lymphoid cells.*” HRV-C species have been reported to be most
related to acute exacerbations of acute asthma.?®*) HRV infections in asthma patients
require more attention since acute asthma exacerbations can be life-threatening. Of note, in
our study, 4 out of the 7 (57%) previously healthy children with severe courses of HRV LRTI
were later diagnosed with asthma. Therefore, when patients without underlying diseases
require respiratory support for HRV LRTI, careful follow-ups should be considered even after
recovery. Additional investigations including checking the patient’s and family members’
medical histories and consulting with an allergist are needed.”'V

https://doi.org/10.14776/piv.2023.30.e17 116
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Patients who were hospitalized multiple times for HRV LRTI may have been infected with
different subtypes of the rhinovirus each time they were hospitalized.*” In our study, 10
patients underwent multiple hospitalizations due to HRV LRTI and half of them experienced
a severe course during hospitalization. It was noteworthy that 3 out of 4 patients (75%)
underwent multiple hospitalizations for HRV LRTI without underlying diseases and

developed asthma later. Therefore, close follow-ups and monitoring may be required when a
healthy child is repeatedly admitted for HRV LRTI.

Our study has limitations. Due to the small sample size, statistical significance could not be
demonstrated even though the proportion of patients with comorbidities was almost twice
as high in the severe group compared to the non-severe group. It has been suggested that the
clinical manifestations of HRV infections vary depending on the species.®” However, because
of the retrospective nature of the study, we did not perform the sequencing to analyze the
viral factors.

In conclusion, although HRV is the most common and is well-known to cause mild upper
respiratory symptoms, the potential of worsening clinical courses should be considered
whenever children under 5 years of age are hospitalized for LRTIs.
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