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Introduction: Viruses are major aetiological agents of acute respiratory infection in young

children. Although many studies have reported detection and analysis of respiratory viruses in

sporadic cases, there have been few follow-up studies of individuals. The purpose of this study

was to investigate the frequency of respiratory viral infections in a young child and to examine the

duration of viral genome detection in clinical specimens.

Case presentation: A total of 284 nasal swabs were collected during symptomatic (196

specimens) and asymptomatic (88 specimens) periods of respiratory symptoms from a young

female child (from 4 months to 31 months of age, who was admitted to a nursery school at

9 months). Multiplex real-time PCR for 19 respiratory viruses or subtypes was performed. One

hundred and ninety-eight of the tested specimens were virus positive (69.7 %) (symptomatic

periods, 149/196, 76.0 %; asymptomatic periods, 49/88, 55.7 %). Rhinovirus was the most

frequently detected (26 times). Long durations of detection were observed for human coronavirus

NL63 (30 days), rhinovirus (28 days) and human bocavirus 1 (22 days).

Conclusion: Young children living in a group context have a high risk of respiratory virus

infections, especially rhinovirus. In some instances, viral genomes were detectable for about

1 month by PCR.

Keywords: detection duration; frequency; nursery school; respiratory virus infection; young

children.

Introduction

Over 200 serologically or genetically different viruses have
been identified as major aetiological agents of acute
respiratory infections (Heikkinen & Jarvinen, 2003;
Eccles, 2005). Although many viral infections are limited
to the upper respiratory tract, viral infections of the lower
respiratory tract can cause serious symptoms in children
(Henrickson et al., 2004; Pavia, 2011).

Many studies have reported and identified respiratory
viruses in sporadic cases of acute respiratory infection, but
there have been few follow-up studies of individuals with
multiple respiratory virus infections (Martin et al., 2013).

Thus, it is unclear how many types of respiratory viruses
can infect a single person. We conducted a 27-month study
to investigate the frequency of infection of 19 different
respiratory viruses and subtypes in a young child in a
nursery school. We sought to determine the duration of
viral genome detection in clinical specimens using multi-
plex real-time PCR.

Case report

Between November 2010 and January 2013, 284 nasal
swabs were collected from an immunocompetent female
child (no underlying disease with no tobacco smoke
exposure; living with father, mother and one brother
(+3 years of age compared with the index child) in the
same household in a city. The child was 4 months of age at
the start of the study and was admitted to a nursery school
at 9 months of age. The brother was also admitted to the

Abbreviations: HAdV, human adenovirus; HBoV, human bocavirus;
HCoV, human coronavirus; HEV, human enterovirus; HPIV, human
parainfluenza virus; hMPV, human metapneumovirus; HRV, human
rhinovirus; FLUAV, influenza virus A; FLUBV, influenza virus B;
FLUCV, influenza virus C; RSV, respiratory syncytial virus
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same nursery school during the study period. About
15 children were present in the same room, and about
140 children (0–6 years old) were present in the nursery
school.

One hundred and ninety-six swabs were taken during
symptomatic periods when the child showed some clinical
signs such as rhinorrhoea, phlegm, cough and/or fever.
The remaining 88 swabs were collected during asympto-
matic periods. Informed consent was given by the parents
for collection of specimens and analysis of viruses present
in the specimens. Specimens were collected by the parents
in the home and stored at 220 uC before testing. During
the symptomatic period, at least two specimens were
collected each week. When no respiratory symptoms were
observed, a specimen was collected every 1 or 2 weeks.
When specimens collected within 7 days of each other
were consecutively virus positive, the child was judged to
be virus positive for the entire period between sampling.

Viral RNA was extracted using a QIAamp Viral RNA Mini
kit (Qiagen), and cDNA synthesis was performed using
SuperScript III (Life Technologies) as described previously
(Kaida et al., 2011). Multiplex real-time PCR for detection
of respiratory viruses and subtypes comprising human
metapneumovirus (hMPV), respiratory syncytial virus

(RSV) (A and B), human parainfluenza virus types 1–4
(HPIV-1–4), human bocavirus 1 (HBoV1), human cor-
onavirus (HCoV) (229E, OC43, HKU1 and NL63),
influenza virus [A (FLUAV), A (H1N1) 2009, B
(FLUBV) and C (FLUCV)], human adenovirus (HAdV),
human enterovirus (HEV) and human rhinovirus (HRV)
(A, B and C) was performed using a QuantiTect multiplex
PCR kit (Qiagen). Primers and TaqMan probes and PCR
conditions were as described by Kaida et al. (2014).

A total of 198 (69.7 %) specimens were found to be virus
positive. The number of virus-positive samples was higher
during symptomatic periods (149/196; 76.0 %) compared
with during asymptomatic periods (49/88; 55.7 %)
(Fisher’s exact test, P,0.001). Of the 198 virus-positive
specimens, 132 (66.7 %) were positive for a single virus,
whereas the remaining 66 (33.3 %) were positive for more
than one virus type. A slightly higher ratio of multiple/total
virus-positive specimens was collected during the sympto-
matic period (52/149; 34.9 %) than the asymptomatic
period (14/49; 28.6 %) (Fisher’s exact test, P50.486).

A total of 13 viruses and subtypes were detected during the
study period. The total number of detections (co-
detections) of each virus were: HRV, 131(58); HAdV, 36
(24); HBoV1, 32 (24); HEV, 14 (four); HCoV-NL63, 13

Fig. 1. Results of the 27-month follow-up study of respiratory virus infections and the duration of detection. A schematic
distribution of the respiratory viruses and the duration of detection are shown.
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(nine); HCoV-OC43, eight (two); hMPV, eight (four);
FLUCV, seven (five); HPIV-3, seven (two); HCoV-HKU1,
six (two); RSV A, four (one); FLUAV, three (two); and
HPIV-4, three (three). The combinations of viruses co-
detected in 66 samples are shown in Table 1. Only HRV
was detected before the child was admitted to nursery
school (3/24, 12.5 %). The HRV positivity rate increased
after admission to nursery school (128/260, 49.2 %) when
compared with the positivity rate prior to admission
(Fisher’s exact test, P,0.001).

The distribution and duration of virus detection and
clinical signs are shown in Fig. 1. Rhinorrhoea, cough and
fever were recorded at 66.7, 38.8 and 7.3 % of the sampling
dates, respectively. The most frequently detected virus was
HRV (26 occasions), followed by HAdV (four), HBoV1
(four), HEV (three), HCoV-OC43 (two), HCoV-HKU1
(one), HCoV-NL63 (one), hMPV (one), HPIV-3 (one),
HPIV-4 (one), FLUAV (one), FLUCV (one) and RSV A
(one). The longest duration of virus detection was
observed for HCoV-NL63 (30 days). The duration of
detection for the other viruses was as follows: HRV (3–
28 days), HBoV1 (2–22 days), HAdV (7–17 days), HEV
(4–5 days), HCoV-OC43 (5–12 days), FLUCV (11 days),
HPIV-3 (11 days), HCoV-HKU1 (9 days), hMPV
(8 days), RSV A (8 days), FLUAV (6 days) and HPIV-4
(5 days).

Discussion

Although some follow-up studies of respiratory viral
infections have been reported, there are no reports
describing the detection and analysis of 19 different
respiratory viruses from numerous specimens collected
from one person (Martin et al., 2013; Kawabuchi-Kurata
et al., 2014).

The virus positivity rate was higher in specimens collected
after the child was admitted to nursery school (195/260,
75.0 %) than before she was admitted (3/24, 12.5 %)
(Fisher’s exact test, P,0.001). These results indicate a high
risk of respiratory virus infection in young children in a
group context. It has been reported that young children
(,1.5 years of age) in daycare have a higher risk of upper
respiratory virus infections compared with homecare
children (Lu et al., 2004).

HRV was detected most frequently throughout the study
period, suggesting that there is a high risk of infection with
this virus in young children. HRV is already known to be
one of the most frequently detected respiratory viruses in
children (Monto & Sullivan, 1993; Martin, Fairchok et al.,
2013). There are over 100 serotypes of HRV, which would
contribute to the frequent repeated infections in young
children (Bochkov et al., 2011). Recent studies have also
shown that HRV is associated with lower respiratory tract
infections, and it is one of the most important respiratory
tract pathogens (Mackay, 2008). HRV infection may not be
highly associated with fever as it was only present at a low

rate on HRV-single-positive occasions (11.5 %, 3/26). In
fact, in a previous study concerning febrile respiratory
tract infections in Japanese paediatric outpatients, HRV
was detected in 4.6 % of tested specimens, excluding
influenza virus-positive patients (Hara et al., 2014).
Despite being one of the most frequent respiratory virus
infections for young children, most cases only experience
mild symptoms.

In addition to HRV, HAdV, HBoV1, HEV and HCoV-
OC43 were also detected multiple times. Circulating
viruses may infect the same person repeatedly when young
children live in group contexts. HBoV1 was detected four
times during the study period, and the duration of
detection decreased with repeated infection, which may
have been related to the child’s immunity to HBoV1. The
data also suggest that HBoV1 might exist in a latent state
after infection and be reactivated by other respiratory viral
infections (Jula et al., 2013). A precise genomic analysis of
the HBoV1 strains isolated in this study would enhance
our understanding of the reasons underlying repeated
detection of HBoV1.

Because HAdV and HEV consist of multiple serotypes,
frequent infection may be due to different serotypes. The
reason for repeated detection of HCoV-OC43 is uncertain.

Some viral genomes were detected for approximately
1 month in this study. This result supports previous
reports of long-term viral shedding of HRV, HEV and
HBoV1 (Martin et al., 2010, 2013; Li et al., 2013). To our
knowledge, this is the first report of the long-term
(30 days) detection of HCoV-NL63. Young children have
not yet obtained adaptive immunity to many viruses and
their immature immune systems may lead to a delay in the
elimination of pathogens from the body, thereby resulting
in long-term viral genome detection.

Respiratory viral co-infections in children have been well
documented (Stempel et al., 2009; Zhang et al., 2012). In
addition, many respiratory viruses have been detected in
asymptomatic children (Jartti et al., 2008; Advani et al.,
2012). A follow-up study for a young child in this study
also showed a high proportion of multiple virus-positive
specimens in both symptomatic and asymptomatic peri-
ods, supporting previous findings. However, the effect of
multiple viral infections on the severity of clinical signs is
uncertain as described previously (Goka et al., 2013).

This study was very limited because only one child was
sampled and homecare children were not examined for
comparison. Virus detection by PCR was not always
associated with clinical symptoms, and the effect of
bacterial infections is uncertain. Despite the limitations
of our study, this long-term follow-up research demon-
strated that one young child was infected by many
respiratory viruses when living in a group context. This
study also provides baseline data that demonstrate that
young children have a high risk of respiratory virus infection,
particularly HRV, in nursery schools. A follow-up study of
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more children, with precise viral identification (typing),
analyses of clinical symptoms and a consideration of
bacterial detection, would be helpful to understand respira-
tory infections in young children. Additional epidemiologi-
cal data may also help to prevent severe respiratory virus
infections and facilitate the development of a vaccine(s).

Acknowledgements

This work was supported in part by a Grant-in-Aid for Emerging and
Reemerging Infectious Diseases (H26-Shinko-Ippan-003) from the
Ministry of Health, Labour and Welfare of Japan.

References

Advani, S., Sengupta, A., Forman, M., Valsamakis, A. &
Milstone, A. M. (2012). Detecting respiratory viruses in asymptomatic
children. Pediatr Infect Dis J 31, 1221–1226.

Bochkov, Y. A., Palmenberg, A. C., Lee, W. M., Rathe, J. A.,
Amineva, S. P., Sun, X., Pasic, T. R., Jarjour, N. N., Liggett, S. B. &
Gern, J. E. (2011). Molecular modeling, organ culture and reverse
genetics for a newly identified human rhinovirus C. Nat Med 17,
627–632.

Eccles, R. (2005). Understanding the symptoms of the common cold
and influenza. Lancet Infect Dis 5, 718–725.

Goka, E. A., Vallely, P. J., Mutton, K. J. & Klapper, P. E. (2013). Single
and multiple respiratory virus infections and severity of respiratory
disease: a systematic review. Paediatr Respir Rev doi: org/10.1016/
j.prrv.2013.11.001 [Epub ahead of print]..

Hara, M., Takao, S., Shimazu, Y. & Nishimura, T. (2014). Three-year
study of viral etiology and features of febrile respiratory tract
infections in Japanese pediatric outpatients. Pediatr Infect Dis J 33,
687–692.

Heikkinen, T. & Jarvinen, A. (2003). The common cold. Lancet 361,
51–59.

Henrickson, K. J., Hoover, S., Kehl, K. S. & Hua, W. (2004). National
disease burden of respiratory viruses detected in children by
polymerase chain reaction. Pediatr Infect Dis J 23, S11–18.

Jartti, T., Jartti, L., Peltola, V., Waris, M. & Ruuskanen, O. (2008).
Identification of respiratory viruses in asymptomatic subjects:
asymptomatic respiratory viral infections. Pediatr Infect Dis J 27,
1103–1107.

Jula, A., Waris, M., Kantola, K., Peltola, V., Soderlund-Venermo, M.,
Hedman, K. & Ruuskanen, O. (2013). Primary and secondary human
bocavirus 1 infections in a family, Finland. Emerg Infect Dis 19,
1328–1331.

Kaida, A., Kubo, H., Takakura, K., Sekiguchi, J., Yamamoto, S. P.,
Kohdera, U., Togawa, M., Amo, K., Shiomi, M., Ohyama, M. & other
authors (2014). Associations between co-infecting respiratory viruses
in children with acute respiratory infections. Jpn J Infect Dis (in
press).

Kaida, A., Kubo, H., Takakura, K., Togawa, M., Shiomi, M.,
Kohdera, U. & Iritani, N. (2011). Molecular epidemiology of human
rhinovirus C in patients with acute respiratory tract infections in
Osaka City, Japan. Jpn J Infect Dis 64, 488–492.

Kawabuchi-Kurata, T., Misaki, T., Suehiro, Y., Komano, A. J., Kase, T.
& Takahashi, K. (2014). Longitudinal study on respiratory viral co-
infections in the presence or absence of clinical manifestation in
infants aged 0–2 years. Jpn J Infect Dis 67, 216–220.

Li, J., Lin, C., Qu, M., Li, X., Gao, Z., Zhang, X., Liu, Y., Huang, Y.,
Wang, X., Jia, L. & other authors (2013). Excretion of enterovirus 71
in persons infected with hand, foot and mouth disease. Virol J 10, 31.

Lu, N., Samuels, M. E., Shi, L., Baker, S. L., Glover, S. H. &
Sanders, J. M. (2004). Child day care risks of common infectious
diseases revisited. Child Care Health Dev 30, 361–368.

Mackay, I. M. (2008). Human rhinoviruses: the cold wars resume. J
Clin Virol 42, 297–320.

Martin, E. T., Fairchok, M. P., Kuypers, J., Magaret, A., Zerr, D. M.,
Wald, A. & Englund, J. A. (2010). Frequent and prolonged shedding of
bocavirus in young children attending daycare. J Infect Dis 201,
1625–1632.

Martin, E. T., Fairchok, M. P., Stednick, Z. J., Kuypers, J. &
Englund, J. A. (2013). Epidemiology of multiple respiratory viruses
in childcare attendees. J Infect Dis 207, 982–989.

Monto, A. S. & Sullivan, K. M. (1993). Acute respiratory illness in the
community. Frequency of illness and the agents involved. Epidemiol
Infect 110, 145–160.

Pavia, A. T. (2011). Viral infections of the lower respiratory tract: old
viruses, new viruses, and the role of diagnosis. Clin Infect Dis 52
(Suppl. 4), S284–S289.

Stempel, H. E., Martin, E. T., Kuypers, J., Englund, J. A. & Zerr, D. M.
(2009). Multiple viral respiratory pathogens in children with
bronchiolitis. Acta Paediatr 98, 123–126.

Zhang, G., Hu, Y., Wang, H., Zhang, L., Bao, Y. & Zhou, X. (2012).
High incidence of multiple viral infections identified in upper
respiratory tract infected children under three years of age in
Shanghai, China. PLoS One 7, e44568.

Frequency of respiratory virus infection

http://jmmcr.sgmjournals.org 5


	Fig 1
	TABLE_
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21

