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Viral Etiology of Acute Lower Respiratory Tract Infections in Hospitalized
Children in Nagasaki, a Regional City of Japan in 2013 to 2015

Background: Acute lower respiratory tract infections (ALRIs) are the most
common disease for hospitalized children in Japan. The aim of this study
was to identify etiological viruses in children hospitalized for ALRIs and to
demonstrate epidemiologic and clinical characteristics in Japan.

Methods: During a 2-year period from February 2013 to January 2015, we
collected nasopharyngeal swab specimens from almost all hospitalized
children with ALRIs in Nagasaki, a regional city of Japan, and its environs.
Viruses were detected by multiplex polymerase chain reaction from these
samples.

Results: We detected one or more viruses from 259 (69%) of 374 patients, 227
(60.9%) of whom were infected with a single virus, 30 (8.0%) with 2, and 2
(0.5%) with 3 viruses. Detected viruses in this study were rhinovirus (46.4%),
respiratory syncytial virus (RSV) (29.7%), human metapneumovirus (6.8%),
parainfluenza virus (5.5%), enterovirus D68 (3.4%), influenza virus (2.7%),
adenovirus (2.4%), bocavirus (2.0%), and Coxsackie virus (1.0%). We detected
a seasonal shift in RSV outbreaks from the 2013-2014 to the 2014-2015
seasons. There was no significant difference in clinical course and severity
among those viruses. Patients with a history of asthma or underlying
diseases were older and more frequently required oxygen therapy than
previously healthy patients.

Conclusions: Viral etiology in hospitalized children with ALRIs in Nagasaki,
Japan was similar to that in many other countries. Enterovirus D68, which
was recently recognized as a causative agent of severe ALRIs, was also
identified in this study area. Severity of ALRIs may depend on underlying

disease rather than type of etiological virus.
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INTRODUCTION

Acute lower respiratory tract infections (ALRIs) are the most important
cause of deaths for children in developing countries and are the most
common cause of hospitalization in developed countries.! 2

A broad range of respiratory viruses is responsible to the mortality
and morbidity. Human rhinovirus (HRV) and respiratory syncytial virus
(RSV) have been widely recognized as common pathogens for ALRIs.3 4
Human metapneumovirus (h(MPV) that was discovered in the Netherland in
2001 and enterovirus (EV)-D68 that prevailed across the USA in 2014 have
been recently recognized as important respiratory pathogens.5 6 These
respiratory viruses have been shown to cause severe respiratory illnesses for
patients with viral co-infections, congenital heart disease, prematurity, or a
history of wheezing/asthma.”® During the outbreak in Japan in 2015,
EV-D68 was reported to cause severe respiratory illness for patients with
asthma exacerbation and associated with acute flaccid paralysis (AFP).9 10, 11

Technologies used to detect those agents may also influence study
results. Multiplex PCR has been reportedly useful to detect a wide range of
viruses and has been wused in many studies,'216 However, their
epidemiological features and clinical impacts may be different among study
areas.!?14 While viral etiology and clinical-epidemiological features have
been repeatedly reported from tropical or subtropical regions in Asia,l5 16
there have been fewer studies from temperate regions in Asia. Furthermore,
most of them were performed in a single core hospital or a research center to
which samples are collected from some affiliated hospitals. Therefore, results
obtained from those studies might not always reflect an actual regional
overview of viral etiology in children hospitalized for ALRIs.

The aim of this study was to identify etiological viruses and to
demonstrate epidemiologic and clinical characteristics of children
hospitalized for ALRIs in two main hospitals that admit almost all pediatric

patients who live in Nagasaki city and its environs, the westernmost part of



Japan. In addition to several sets of multiplex PCR assays, we performed a
supplementary PCR assay for detection of EVs, including EV-D68. Thus, the
results of this study will represent a regional overview of viral etiology as
well as epidemiologic and clinical characteristics of ALRIs in hospitalized

children in Japan.

MATERIALS AND METHODS

Nagasaki City with a population of approximately 430,000, including 15,500
(3.6%) children less than 5 years of age in 2015, is located in the
westernmost part of Japan and has a temperate climate. This prospective
study was performed in the two main hospitals in Nagasaki. One is a
secondary hospital (Nagasaki Harbor Medical Center) that mainly admits
pediatric patients with no underlying disease. The other is a university
hospital (Nagasaki University Hospital) that is responsible for hospital care
of those with some underlying disease. If children who live in Nagasaki city
and its environs need hospital care, almost all of them are admitted in either
of the two hospitals.

Patients with ALRIs who were admitted to the pediatric
department at either of the two hospitals during a 2-year period from
February 2013 to January 2015 were eligible for this study. Those who
stayed in neonatal intensive care unit (NICU) or whose guardians did not
give informed consent were excluded from this study.

ALRI was defined as acute onset of wet cough, wheeze, or
respiratory distress symptoms, with or without fever at the time of
admission. Chest radiography was performed in all hospitalized patients
with ALRIs at admission. Pneumonia was defined as the presence of alveolar
consolidation on the chest radiographs (CXR), which were read by
pediatricians in the hospitals.

Nasopharyngeal swabs (NPSs) were collected from enrolled patients
within 24 hours of hospital admission, placed in viral transport media, and
stored at -80°C in the laboratory at Nagasaki University Hospital. We
extracted viral nucleic acids using a QIAamp viral RNA Mini Kit (QIAGEN
Inc., Valencia, CA).



The following 4 sets of multiplex PCR assays were performed for
each sample to detect the following 13 respiratory viruses: (Set-1) RSV,
influenza A/B virus (FIuAV/FluBV), and hMPV; (Set-2) parainfluenza virus
(PIV) types 1-4; (Set-3) HRV and human coronavirus OC43/229E (HCoV);
and (Set-4) adenovirus (AdV) and human bocavirus (HBoV). The details of
the multiplex PCR assays were published elsewhere.17 18

Samples negative for the above 4 sets of multiplex PCR assays were
screened for genus EV by using another set of RT-PCR that targets the
5'-noncoding region (5'-NCR). The specific primer pair, DK001 (forward 5
CAAGCACTTCTGTTTCCC) and DKO004 (reverse 5
CACGGACACCCAAAGTAGT), was utilized as previously described.19. 20
Amplicons of the PCR products were run on 2% agarose gel for confirmation.
EV 5'-NCR PCR-positive samples were purified with Exo-SAP-IT (Thermo
Fisher Scientific, Waltham, MA, USA), and subjected to sequencing reactions
by using BigDye terminator ver.1.1 (Applied Biosystem, Foster City, CA,
USA). Nucleotide sequence analysis was performed with 3730 DNA
Analyzer (Applied Biosystem, Foster City, CA, USA). Nucleotide sequences
of EV 5'-NCR were aligned and edited using ClustalW algorism implemented
within MEGA ver 6.0.21 The nucleotide sequences of 5-NCR positive cases
were determined as EV-D68, HRV, and ge (CV) for the closest EV
species-match through BLAST search
(https://blast.ncbi.nlm.nih.gov/Blast.cgi).

Patient information and clinical data were extracted from medical
chart. We statistically compared clinical features and severity between
patients with no detectable virus and those infected with one of the top five
viruses. Based on the past medical history, patients with any detectable
virus were classified into the following three groups: previously healthy
patients, those with a history of asthma, and those with underlying diseases
other than asthma. Underlying diseases included genetic syndrome,
congenital heart disease, gastroesophageal reflex disease, congenital
tracheal stenosis, immunodeficiency, premature birth, and severe mental
and physical disabilities. We compared disease severity among those patient

groups.



Statistical analyses were computed using JMP Pro 12 (SAS
Institute Inc., Cary, NC). Clinical feature and severity of patients according
to viral etiology were compared using the logistic regression analysis.
Clinical features and severity of patients according to the past medical
conditions were compared using the chi-square test for categorical variables
and using the student’s t-test for continuous variables. Statistical
significance was defined as Pvalue <0.05.

Guardians of all study subjects gave written informed consent for
enrollment of this study. This study was approved by the institutional review
boards of Nagasaki Harbor Medical Center and Nagasaki University
Hospital, Nagasaki, Japan.

RESULTS

During the study period, 601 and 366 patients were hospitalized in Nagasaki
Harbor Medical Center and Nagasaki University Hospital, respectively. A
total of 373 patients (259 in Nagasaki Harbor Medical Center and 114 in
Nagasaki University Hospital) were enrolled in the study. Their median age
was 15 months (interquartile range 6-34), and 193 (52%) were male. Among
them, 230 (61.7%) patients were positive in the first multiplex PCR. Out of
142 patients who were negative in the first PCR, 36 patients were positive in
the second EV 5-NCR PCR. However, virus species was not identified in 7 of
them by sequencing; therefore, they were regarded as patients with no
detectable virus (Figure 1). Eventually, 259 (69.4%) of 373 patients had one
or more viruses: 227 (60.9%) of whom were infected with a single virus, 30
(8.0%) had two, and 2 (0.5%) had three viruses.

The most frequently detected virus was HRV (n = 136), followed by
RSV (n = 87), hAMPV (n = 20), PIV (n = 16), EV-D68 (n = 10), FluV (n = 8),
AdV (n=17), BoV (n=6), and CV (n = 3). HCoV was not detected in this study.
The breakdown of 16 PIVs was as follows: genus respirovirus (PIV1, n = 4;
PIV3, n = 7) and genus rubulavirus (PIV2, n = 1; PIV4, n = 3).

Figure 2 shows the seasonal distribution of the top five viruses (HRV,
RSV, hMPV, respirovirus [PIV1, PIV3] and EV-D68) detected in this study.
HRV was detected throughout the year except for the midwinter around



February. RSV was epidemic in the winter of 2013 and in the summer to fall
of 2014. hMPV was detected in a cluster around the spring of 2013, but
otherwise irregularly. Respirovirus (PIV1, PIV3) was detected mainly during
the spring to fall of 2014. EV-D68 was detected in the spring and early fall of
2013 and in October 2014.

Clinical features and severity were compared between patients with
no detectable virus and those with any detectable virus or those with either
of the above top five viruses (Table 1). Patients with any detectable virus
more frequently had a history of asthma (18.8 vs 6.9%, p<0.001), required
oxygen supplement (52.8 vs 40.9%, p=0.025) and less frequently developed
pneumonia (44.0 vs 61.7%, p=0.001) than those with no detectable virus.
There was no significant difference in age, the presence of underlying
diseases and the length of hospital stay regardless of whether virus was
detected or not. Three patients with no detectable virus, but no patient with
any detectable virus, needed management in ICU. Two of them had severe
mental and physical disabilities with tracheostomy, and the other was a
five-month-old infant born with extremely low birth weight.

RSV-positive patients were younger (median age: 8.5mth vs
15.5mth, P < 0.001) and less frequently had underlying diseases (13.5 vs
25.4%, P < 0.001) than those with no detectable virus. HRV or EV-D68
infected patients had a history of asthma more frequently than those
infected with other viruses. A significantly lower proportion of RSV-infected
patients were diagnosed with pneumonia, and higher proportion required
oxygen supplement. There were some differences in the previous history of
asthma, the presence of underlying diseases, diagnosis of pneumonia and
requirement of oxygen supplement but there were no differences in the
length of hospital stay and PICU stay between patients with no detectable
virus and those with the respective viruses. There was no fatal case during
the study period.

We compared disease severity among three patient groups:
previously healthy patients, those with a history of asthma, and those with
underlying diseases other than asthma. (Table 2). Patients with a history of

asthma or underlying diseases were older and more frequently required



oxygen therapy than those previous healthy. The length of hospital stay was
significantly longer in patients with underlying diseases than in other

patient groups (median 7 days vs 5 days P < 0.001).

DISCUSSION
In this study, we detected one or more viruses from approximately 70% of
patients, similarly to previous studies from Europe, East Asia, and
Southeast Asia.12 1516, 22, 23 We observed an unexpected shift of RSV outbreak
and detected EV-D68 in the study period before EV-D68-associated AFP
attracted attention of pediatricians in Japan.

HRV was the most frequently detected virus from children
hospitalized for ALRIs in our study as well as previous studies.1? 16, 23,24 [n
the temperate climate zones, such as this study site, HRV is detected
throughout the year, especially in spring and fall.25 We also detected HRV in
all seasons, but less frequently in midwinter. Many studies reported
association of HRV with wheeze or asthma in children.26. 27 Similarly, we
observed that patients infected with HRV more frequently had a history of
asthma than patients with no detectable virus, although this study did not
specifically investigate the association of respiratory viruses with asthma
exacerbation.

RSV was the second most common virus detected in this study. RSV
frequently causes severe ALRI that requires hospitalization in young
children.28 29 In this study, patients infected with RSV were significantly
younger, and less frequently diagnosed with pneumonia. RSV disease
typically prevails between fall and winter in the temperate climate regions,+
29 as we observed in the 2013-2014 season. Interestingly, however, an RSV
outbreak peaked in August and September in the 2014-2015 season. The
outbreak is demonstrated by 5 identified cases (Figure 2). A similar shift in
RSV outbreak has been observed among many regions in Japan, except for
Hokkaido and Okinawa, thereafter.30 In Hokkaido, the northernmost part of
Japan located at the boundary of a cool-temperate zone to subarctic zone,

there is no apparent seasonal pattern and RSV is detected slightly but



continuously all year round. In Okinawa, the southernmost part of Japan

located at a subtropical zone, RSV outbreak is observed in summer similarly

to other subtropical or tropical countries.3! 32 Altheugh-itisnet-elear—-why

FluV, an important respiratory pathogen, has been frequently
detected in hospitalized children in Asial6 22.23; however, it was detected in

only 8 patients (five for FluA and three for FluB) in this study, while FluVs

circulated in Nagasaki as usual. In Japan, most children with influenza
receive precise diagnosis by rapid detection of FluV antigen and start
neuraminidase inhibitor treatment within 24 h after the onset of illness. It
was reported that early treatment with neuraminidase inhibitors widely
implemented in Japan had probably reduced the number of severe and fatal
cases of HIN1/09-associated disease.33 That may also contributed to much
fewer hospitalized cases in this study than in other studies in Asia.

hMPV was the third common virus detected in this study. Previous
studies have reported that hMPV was prevalent during late winter and
spring in temperate climates.34 35 In this study, however, we detected hMPV
between May and August in 2014; therefore, the outbreak pattern may vary
from year to year.

PIVs are also important respiratory viruses,36 37 and each type of
PIVs has different clinical and epidemiological features. PIV-3 is usually the
most common in hospitalized children with ALRIs,37 as in our study.

HCoV was not detected in this study. It might be partly because our
PCR sets only targeted HCoV-OC43 and HCoV-229E, but not HCoV-NL63
and HCoV-HKU1. Since there is annual variation in the circulation of the
respective HCoV strains,38 it is possible that HCoV-NL63 or HCoV-HKU1
prevailed in this study period.

EV-D68, once recognized as only a rare respiratory virus,3? has been
increasingly reported to cause severe respiratory illness worldwide since
around 2010.40 Moreover, it has been associated with AFC since 2014.41, 42
Kaida et al. firstly reported EV-D68 upsurge in 2010 and re-emergence in
2013 and 2015 in Osaka City, Japan.43 Nationwide EV-D68 outbreak



occurred in the fall of 2015 when the number of hospitalized children for
asthma exacerbation and treated with mechanical ventilation in ICU were
increased.l® However, epidemiological features and clinical impacts of
EV-D68 in Japan before 2015 remain largely unknown. Therefore, we tried
to detect EV-D68 among the first PCR-negative samples. EV-D68 was
detected in 10 patients (nine positive for EV-D68 only and one positive for
EV-D68 and HRV), mainly in the early fall of 2013. There was no case of AFP
reported in the study sites during this study period, although three patients
were diagnosed with AFP in our hospital in the fall of 2015.44
EV-D68-positive patients had a history of asthma frequently in this study
but none of them needed ICU management, as previously reported during
the outbreak in the fall of 2015.9 10

In this study, severity of ALRISs, such as the diagnosis of pneumonia,
the median length of hospital stay, requirement of oxygen supplement, and
ICU management, were influenced by medical background, but not virus
detection results, as previously reported.45 46

This study has some limitations. First, this study did not considered
that effect of bacterial infections. The multiplex PCRs used did not target
bacterial pathogens that can cause severe ALRIs by themselves or in
conjunction with viral pathogens.8. 28 We collected few blood cultures in this
study, since blood cultures in patients with ALRI were rarely positive. Thus,
it was unclear to what extent bacterial pathogens contributed to clinical
course in this study. Second, PCR can detect both etiological and
non-etiological viruses.4” 48 Since we used nasopharyngeal sample for the
testing, we were not able to confirm whether or not the detected viruses were
the etiological agents. Third, patients with no detectable virus necessarily
had no virus, even several sets of multiplex PCRs are unable to
comprehensively detect all respiratory viruses. Fourth, the second PCR to
detect EV was tested only for the first multiplex PCR-negative patients. It is
likely that some patients who were positive in the first multiplex PCR also
got infected with EV. Lastly, we were unable to analyze the significance of
interstitial pneumonia that most likely caused by viruses, since it was

difficult to standardize interpretation of radiographic findings, such as



ground-glass opacity and reticular shadow characteristic of interstitial

pneumonia in this study.49

In conclusion, this two-year surveillance showed an overview of viral etiology,
epidemiologic and clinical characteristics in children hospitalized for ALRIs
in a regional city in Japan. HRV was most frequently detected virus among
patients. An unexpected shift of RSV outbreak was observed in this study
period. EV-D68 was detected in this study period before EV-D68-associated
AFP attracted attention to pediatricians. Severity of ALRIs seemed to
depend on the presence of underlying disease rather than type of respiratory

virus detected.
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FIGURE LEGENDS
Fig. 1 Flow chart of the study for the detection of viral pathogens
1st PCR indicates 4 sets of multiplex RT-PCR or PCR for the detection of HRV,
RSV, hMPV, PIV1-4, FluA/BV, AdV, BoV, and HCoV (OC43/229E).
2nd PCR indicates EV 5-NCR PCR for the detection of genus enterovirus.
Sequencing of 2rd PCR amplicons revealed EV-D68, CV or HRV in 29 cases,

but failed to identify species in 7 cases.



Fig. 2 Monthly distribution of the 5 major viruses in Japan between
February 2013 and January 2015 in hospitalized children with ALRT
disease.

Case numbers in each month are shown for HRV, RSV, hMPV, respirovirus
(PIV1, PIV3) and EV-D68.
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Table 1. Clinical Feature and Severity of Patients According to Viral Etiology

. _ Detected as a single virus
No virus Any virus —
HRV RSV hMPV EV-D68 Respirovirus
n=114 n =259
n =107 n="74 n=14 n=9 n==o6
Age, median months (IQR)  15.5 (7-32) 16 (6-35) 24 (10-41) 8.5 (2-16)¢ 33 (14-51) 38 (29-51) 13 (9-20.75)
History of asthma (%) 8 (6.9) 46 (18.8)2 22 (20.6)¢ 3(2.8) 3(2.8) 5 (55.6)k 2(33.3)
Underlying disease (%) 29 (25.4) 50 (19.3) 24 (22.4) 10 (13.5)h 3(21.4) 1(11.1) 1(16.7)
Pneumonia (%) 71 (61.7) 114 (44.0> 49 (45.8)f 28 (26.1)i 10 (71.4) 6 (66.7) 5(83.3)
O2 supplement (%) 47 (40.9) 137 (52.8)¢ 53 (49.5) 44 (59.5)i 7 (50.0) 3(33.3) 3 (50.0)
Length of hospital stay,
8 _ P Y 5 (4-6) 5 (4-7) 5 (4-7) 6 (4-7) 5 (4-7) 5 (5-6) 6 (5.25-6.25)
median days IQR)
PICU stay (%) 3 (2.6) 0d
Death 0

PICU, pediatric intensive care unit. IQR, interquartile range.

Pvalues, based on comparison with patients with no detectable virus, were calculated by Logistic regression analysis.

a P<0.001.» P=0.001.c P=0.025.4 P=0.013.¢ P<0.001.f P=0.019. ¢ P<0.001.» P=0.032.1 P=0.001.1 P=0.005.k P<0.001.



Table 2. Clinical Features and Severity of Patients with any Detectable Virus According to Pre-Existing Medical Conditions

. o ) Previously healthy = History of asthma Underlying diseases
Virus positive patients P
n =168 n=41 n=>50
Age, median months (IQR) 11 (3-24) 34 (24-53) <0.001 26.5 (11-43) <0.001
Pneumonia (%) 72 (42.9) 16 (39.0) 0.656 26 (52.0) 0.254
Oz supplement (%) 66 (39.3) 28 (68.3) 0.001 43 (86.0) <0.001
Length of hospital stay,
g _ P Y 5 (4-6) 5 (4-7) 0.198 7 (6-10) <0.001
median days IQR)
PICU stay (%) 0 0 NA 0 NA

IQR, interquartile range. PICU, pediatric intensive care unit. NA, not available.
Pvalues, based on comparison with previously healthy patients, were calculated by Pearson chi-square. Median age and length of

hospital stay was calculated by Mann-Whitney U test.



Figure 1. Flow chart of the study for the detection of viral pathogens
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Figure 2. Monthly distribution of the 5 major viruses 2013-2015
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