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Abstract

Acute respiratory infections (ARIs) are a major cause of morbidity among children.

Respiratory viruses are commonly detected in both symptomatic and asymptomatic

periods. The rates of infection and community epidemiology of respiratory viruses in

healthy children needs further definition to assist interpretation of molecular diagnostic

assays in this population. Children otherwise healthy aged 1 to 8 years were prospectively

enrolled in the study during two consecutive winters, when ARIs peak in New Zealand.

Parents completed a daily symptom diary for 8 weeks, during which time they collected a

nasal swab from the child for each clinical ARI episode. A further nasal swab was collected

by research staff during a clinic visit at the conclusion of the study. All samples were tested

for 15 respiratory viruses commonly causing ARI using molecular multiplex polymerase

chain reaction assays. There were 575 ARIs identified from 301 children completing the

study, at a rate of 1.04 per child‐month. Swabs collected during an ARI were positive for a

respiratory virus in 76.8% (307 of 400), compared with 37.3% (79 of 212) of swabs

collected during asymptomatic periods. The most common viruses detected were human

rhinovirus, coronavirus, parainfluenza viruses, influenzavirus, respiratory syncytial virus,

and human metapneumovirus. All of these were significantly more likely to be detected

during ARIs than asymptomatic periods. Parent‐administered surveillance is a useful

mechanism for understanding infectious disease in healthy children in the community.

Interpretation of molecular diagnostic assays for viruses must be informed by under-

standing of local rates of asymptomatic infection by such viruses.
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1 | INTRODUCTION

Acute respiratory infections (ARIs) represent a major burden on the

health care system. They are the most common cause of illness at all

ages, and globally are a leading cause of death in young children less

than 5 years of age.1,2 They consist of upper respiratory tract infections

including rhinopharyngitis and sinusitis, and more severe lower

respiratory tract infections (LRTIs) such as bronchiolitis and pneumonia.

Viruses cause a large proportion of ARIs,3-6 presenting alone or as

coinfections with other viruses and bacteria in 5% to 10% of cases.7

Influenzaviruses (IFV), human rhinovirus (HRV), respiratory syncytial

virus (RSV), human coronavirus (HCoV), parainfluenza viruses, human
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metapneumovirus (HMPV), human enterovirus (EV), and adenovirus

(ADV), are the most common viral aetiological agents associated with

ARIs.8 Although most respiratory viral infections are mild, they can

potentially cause life‐threatening illness, particularly in high‐risk groups

such neonates, the elderly, and those with chronic respiratory disease.

Advances in molecular diagnosis have made it possible to easily

and quickly identify viruses in people with ARIs, with quantitative

polymerase chain reaction (PCR) now considered by most to be the

reference standard for detection of respiratory viruses over

traditional methods such as viral culture.9 However, the clinical

significance of virus detection is not always clear, as respiratory

viruses are also detected in asymptomatic subjects.10,11 Further

understanding of the role of viral detection in ARIs may improve

clinical decision‐making around infection control and therapy.

Direct comparisons between studies of respiratory virus epidemiol-

ogy can be difficult for a number of reasons. Climatic and social factors

affect the survival and transmission of respiratory viruses, as well as

host mobility and susceptibility.12,13 This results in many viruses having

characteristic seasonal patterns that vary by geographical location.

Reported epidemiology is also affected by study design. Only one‐fifth
of ARIs result in a health care visit,14 meaning that studies focussed on

health care visits tend to overrepresent community‐wide prevalence of

viruses causing more severe symptoms.

Population based surveillance is important in assessing morbidity and

determining the role of viruses in ARIs. Previously in New Zealand, the

Southern Hemisphere Influenza and Vaccine Effectiveness Research and

Surveillance (SHIVERS) project has reported on influenza and other

respiratory viruses in hospitalized patients and those seeking health care

for acute respiratory illness.15,16 The community‐wide epidemiology of

respiratory viruses is less well established. This study determined rates of

virus detection in ARIs, and reports on the epidemiology of respiratory

viruses amongst a community cohort of children in this region.

2 | METHODS

2.1 | Study population and enrolment

As part of a He Kainga Oranga Housing and Health Research

Programme funded by the Health Research Council of New Zealand,

the Rhinovirus study was conducted to examine the impacts of

bedroom temperature on young children's respiratory health in the

greater Wellington region (Central Wellington, Porirua, Lower Hutt,

Upper Hutt), New Zealand. Ethical approval was received from the

Health and Disability Ethics Committee (12/CEN/60). Participants

were recruited by recontact via letter from a previous study,17 self‐
referral by parents from posters in medical facilities, from popular

press articles, referral by friends and family, or by electronic

messaging to district health board mailing lists.

A screening questionnaire was used to determine the eligibility of

children aged 1 to 8. Of 372 children screened for participation, 305

were recruited for the study. This was made up of 138 children from a

previous study,17 while the remaining 167 participants replied to

advertising via staff email for the local district health boards, via posters

and through referral from family and friends. There were 50 of 372

participants deemed ineligible for various reasons including that they

slept in more than one bedroom, the bedroom was already heated, or

they were going away for more than 2 weeks during the study period.

Before commencement of the study 17 of 372 participants withdrew,

while 4 of 305 participants commenced the program but were later

excluded after failing to comply with study conditions. The remaining

cohort for analysis was 301 children, consisting of 37 aged 1 year, 50

aged 2 years, 72 aged 3 years, 93 aged 4 years, and 49 children aged 5

years or older.

Children were progressively enrolled and commenced the 8 week

study during May to October 2013 and April to October 2014. At the

beginning of the study period, participants were visited in their homes

where researchers obtained written consent and a record of current

and previous health using a standard questionnaire. Parents were

trained to recognize respiratory symptoms, and were instructed to keep

a daily symptom diary for 8 weeks. A modified Jackson (1958) severity

score was used to construct the symptom diary. Symptoms tracked

included sneezing, sore throat, runny nose, cough, fevers, aches or pains,

unwell/off‐color, and wheezing. Each symptom was graded on a 0 to 3

severity scale, with 0 being no symptoms, 1 being mild symptoms, 2

moderate symptoms, and 3 severe symptoms. Researchers also trained

parents in the collection of nasal swabs (FLOQ pediatric swabs, COPAN

UTM transport media, COPAN Diagnostics Inc., Murrieta, CA) which

were to be taken when visible mucus was first produced during

episodes of respiratory symptoms, and then stored upright in the

participantʼs freezer until collection at the end of the study. At the

conclusion of the study period all participants were again visited in their

homes, where symptom diaries and nasal swabs were collected, and a

final nasal swab was taken by researchers. Swabs were transported

frozen and stored at −80°C at the University of Otago, Wellington.

Frozen swabs were transported to Virology Research Laboratory,

Prince of Wales Hospital, Sydney at the end of each viral season.

2.2 | Detection of respiratory viruses

Samples were extracted and tested for 15 respiratory viruses most

commonly causing ARI. These were IFV‐A and ‐B, HRV, RSV, PIF1‐4,
HCoV‐OC43, HCoV‐229E and HCoV‐NL63, HMPV, EV, human

bocavirus (HBoV), and AdV using the EasyScreen Respiratory Virus

Detection Kit (Genetic Signatures, Sydney, Australia) according to

manufacturerʼs instructions.

The picornaviruses (HRV‐A, HRV‐B, HRV‐C, and EV) were identified

by initial multiplex testing followed by specific testing of all samples for

the presence of HRV using the SensiFAST OneStep RT‐PCR Mix kit

(BioLine, London,UK).18 The HRV were typed using amplification of the

VP4/VP2 region of the genome on all samples testing positive by reverse

transcription polymerase chain reaction (RT‐PCR). This was performed

using the SensiFAST OneStep RT‐PCRMix kit (BioLine) and the AmpliTaq

Gold PCR kit (Thermo Fisher Scientific, Waltham, MA) in the first and

second rounds of nested PCR, respectively, as previously described.18

Sequences were compared to the NCBI nonredundant nucleotide (nr/nt)

database using the Basic Local Alignment Search Tool (BLAST) on the
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NCBI website (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and genotype

assigned according to the closest identifying sequence.

Details of primers used in detection of respiratory viruses are

included in the supplementary material (Table S1).

2.3 | Definitions and statistical analysis

Any period in which participants had a multi‐day cumulative

symptom score ≥4, with a single day symptom score ≥2 was

defined as an ARI episode. The end of an ARI episode was marked

by three consecutive symptom‐free days. A symptom score

correction (daily baseline score of −1) was applied to participants

who were considered to have background rhinitis. This included

children who had (i) rhinitis symptoms (runny nose or sneezing)

for ≥49 of the 56 study days, (ii) no more than 7 days with no

symptoms, or (iii) 7 or more days of only rhinitis symptoms.

In cases where multiple swabs were taken during a single ARI

episode, only the first swab taken was included in analysis. The exception

to this was if a new virus was detected in subsequent swabs, or if swabs

were taken >30 days apart.

Risk ratio (RR) was calculated as the proportion of samples

positive for a virus with ARI symptoms divided by the proportion of

samples negative for a respiratory virus with ARI symptoms.

3 | RESULTS

3.1 | Community cohort characteristics

There were 16856 child‐days of symptom observed and a total of 612

nasal swabs collected from the 301 participants. There were 575 ARIs

identified (Table 1). Nasal swabs were received from 400 of 575 of these

episodes (69.6%). In addition, 212 swabs were taken when children were

asymptomatic, most of which were performed during the clinical visit by

researchers at the conclusion of the study.

Due to inclusion of children from a previous study of wheezing,

those with asthma were highly represented within our cohort (33.6%).

Overall, children with asthma displayed a small increase in the rate of

ARIs per child‐month (1.13 vs 1.00) compared with nonasthmatics

(Table S2), but this increase was not significant (P = 0.057).

3.2 | Virus detection

Of the 400 swabs taken during an ARI, 307 (76.8%) were positive for a

virus. During an ARI, detection of respiratory viruses in nasal swabs was

highest amongst the youngest age group (1 year old), and decreased to

age 4 (Table 1). During ARIs, multiple viruses were codetected in 37

(9.3%) swabs.

The most commonly detected viruses in samples collected during ARI

were HRV (52.8%), HCoV (11.0%), parainfluenza virus (PIF) (6.0%), IFV

(4.5%), RSV (3.8%), and HMPV (3.5%). These were all significantly more

likely to be associated with ARI episodes than asymptomatic detection

(Table 2). AdV was detected with similar frequency in both ARI (3.3%)

and asymptomatic samples (3.8%), while detection of HBoVwas relatively

low in both groups. Detection of any virus and codetection of viruses

were both significantly associated with swabs collected during ARI

episodes.

Sequencing was performed on 193 of a possible 284 picornavirus

positive samples (68.0%). Rhinovirus strains HRV‐A and HRV‐C were

significantly associated with ARI episodes (Table 2).

Overall, detection of individual viruses was similar between

asthmatic and nonasthmatic children in swabs taken during an ARI

(Table S3). HRV‐B (P = 0.042) and RSV (P = 0.034) were significantly

over represented in asthmatics during ARIs.

3.3 | Monthly distribution of ARIs and viruses

ARIs were most frequent in May (1.39), which was also the month in

which the least data was collected. This was followed by June (1.22),

TABLE 1 Participant information and prevalence of viral detections by age

Age group

All participants 1 2 3 4 ≥5

Enrolled 301 37 50 72 93 49

Sex, M (%) 173 (57.5) 21 (56.8) 28 (56.0) 51 (70.1) 49 (52.7) 24 (49.0)

ARI

n (per child‐month) 575 (1.04) 72 (1.06) 102 (1.12) 143 (1.08) 173 (1.01) 85 (0.95)

Swabs collected, n 400 54 70 101 112 63

Viral detections, n (%) 307 (76.8) 48 (88.9) 57 (81.4) 81 (80.2) 77 (68.8) 44 (69.8)

Codetections, n (%) 37 (9.3) 7 (13.0) 8 (11.4) 6 (5.9) 15 (13.4) 1 (1.6)

Asymptomatic

Swabs collected, n 212 20 33 51 72 36

Viral detections, n (%) 79 (37.3) 9 (45.0) 12 (36.4) 22 (43.1) 22 (30.6) 14 (38.9)

Codetections, n (%) 11 (5.2) 2 (10.0) 3 (9.1) 2 (3.9) 2 (2.8) 1 (2.8)

Abbreviation: ARI, acute respiratory infections.
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August (1.21), and July (1.07). The rate of ARIs steadily decreased

following the winter season (Figure 1).

HRV was the predominant virus detected in each month, and was

most prevalent in late‐winter and spring (Figure 1). HCoV and RSV

had peaks during early winter, while AdV peaked in spring. IFV and

HMPV were most prevalent in July, but were also detected in other

months. PIF was detected consistently throughout study months,

although not in May.

4 | DISCUSSION

There is a need for improved population data regarding respiratory

viruses in children, particularly in the Southern Hemisphere. This is the

first study assessing the epidemiology of an extended range of

respiratory viruses in a community cohort of healthy children in New

Zealand. Infection with respiratory viruses was common in both

symptomatic and asymptomatic children, and this study demonstrated

TABLE 2 Acute viral respiratory infections, asymptomatic viral detections, and risk ratios for respiratory viruses

Swabs taken during ARI n = 400, n (%) Swabs taken outside of ARI n = 212, n (%) RR (95% CI), P value

Any virus detected 307 (76.8) 79 (37.3) 1.22 (1.13‐1.31), <0.0001

All HRVa 211 (52.8) 65 (30.7) 1.17 (1.07‐1.28), 0.0004

HRV‐A 83 (20.8) 29 (13.7) 1.13 (1.00‐1.28), 0.0466

HRV‐B 13 (3.3) 4 (1.9) 1.17 (0.89‐1.53), 0.2543

HRV‐C 48 (12.0) 8 (3.8) 1.31 (1.16‐1.48), <0.0001

IFV 18 (4.5) 0 (0.0) 1.53 (1.44‐1.62), <0.0001

HCoV 44 (11.0) 6 (2.8) 1.35 (1.20‐1.51), <0.0001

RSV 15 (3.8) 2 (0.9) 1.35 (1.12‐1.62), 0.0013

HMPV 14 (3.5) 1 (0.5) 1.43 (1.23‐1.65), <0.0001

PIF 24 (6.0) 5 (2.4) 1.27 (1.06‐1.51), 0.0085

AdV 13 (3.3) 8 (3.8) 0.95 (0.67‐1.33), 0.7545

HBoV 1 (0.25) 3 (1.4) 0.38 (0.07‐2.09), 0.2674

EV 7 (1.8) 1 (0.5) 1.34 (1.02‐1.75), 0.033

Codetection 37 (9.3) 10 (4.7) 1.20 (1.03‐1.41), 0.0222

Abbreviations: AdV, adenovirus; CI, confidence interval; EV, human enterovirus; HBoV, human bocavirus; HCoV, human coronavirus; HRV, human

rhinovirus; IFV, influenzaviruses; PIF, parainfluenza virus; RSV, respiratory syncytial virus.

Note. Count of individual viruses includes codetections.

Bold values indicate significant < 0.05.
aNot all HRV specimens could be genotyped.

F IGURE 1 Relative monthly prevalence of respiratory viruses throughout the year in the sampled cohort. Columns represent individual
viruses as a proportion of total monthly viral detections. Black line indicates the rate of acute respiratory infections per child‐month, while the

red line specifies the amount of data collected for each month. AdV, adenovirus; CoV, coronavirus; EV, human enterovirus; HBoV, human
bocavirus; HMPV, human metapneumovirus; HRV, human rhinovirus; IFV, influenzaviruses; PIF, parainfluenza virus; RSV, respiratory syncytial
virus
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the utility of home‐collected swabs to profile these viral infections in

the community.

The frequency of ARIs throughout the study period was 1.04

per child‐month, and when a sample was available, a respiratory

virus was detected in 76.8% of illnesses. For studies of

community surveillance, virus positive rates for children with

ARIs or defined influenza‐like illness range from approximately

39% to 80%.3-5,14,19 A previous analysis of Australian preschool

aged children with a comparable design detected a virus in 74%

of samples.4 Children in the current study had a relatively high

frequency of ARIs over the 7 month winter period of 1.04 per

child‐month, compared to the Australian study where a peak of

0.87 was reported for June (winter). These relatively high

frequencies were true of children with asthma (1.12) and those

without asthma (1.00).

The proportion of ARIs associated with a virus‐positive swab in

this population declined with age. Children 1 year of age were positive

for a respiratory virus in 88.9% of samples taken during an ARI,

compared to 69.8% in participants aged greater than or equal to 5

years age. A similarly designed household surveillance study showed

that weekly detections of viruses in young (aged <5) and older (aged 5‐
17) children were significantly more frequent than in adults.20 In the

current study swabs were taken at the onset of illness, when viral load

reportedly peaks for some respiratory viruses.21 It is possible that this

method is more likely to detect viruses associated with ARI than other

studies obtaining weekly swabs. Sample sizes of each virus detected

here were too small to compare individual viruses between age

groups. However, a multi‐country community surveillance study has

previously shown that with the exception of influenza, prevalence of

individual respiratory viruses was highest in younger children.3 The

rates of ARI per child‐month were similar between age groups,

suggesting that other factors such as development of allergy may play

a more significant role than age in acute respiratory health.

The study was conducted during the winter/spring seasons

of 2 consecutive years. Consistent with previous reports in the

Southern Hemisphere RSV peaked in this pediatric population in early

winter.4,22 Interestingly, we found a similar pattern for detection of

HCoV. It has recently been reported in China that while overall HCoV

infection is most prevalent in winter, HCoV subtypes display different

epidemic patterns.23 As only a small number of HCoVs were detected

(n = 50), we did not distinguish between subtypes when reporting our

results. Influenza was detected from June to October and peaked in

July. A limitation was that no data were collected for the summer and

autumn periods, capturing only the times of highest respiratory virus

activity. This may account for the low detection of AdV, HBoV, and EV

in comparison to other year‐round epidemiological studies.24 A year‐
round analyses may also allow for investigation of phenomena such as

the February back to school HRV peaks.25

Our study differs from a previous NZ‐based analysis of viruses in

hospitalized children with LRTI,22 where relatively high rates of RSV

(39%) and HMPV (7%) were detected. In our community‐based study,

incidence of these viruses was considerably lower. Previous groups

have reported that RSV and HMPV rarely occur in asymptomatic

subjects,11,26,27 suggesting that detection of these viruses is almost

always of clinical relevance. IFV may be present in people with few or

no symptoms. However, the duration and copy number of viral

shedding is considerably lower in these cases,28 and further research

is needed to understand the contribution of asymptomatic detection

to community transmission. In the present study, we found these

viruses in very few samples of asymptomatic subjects, and demon-

strated these three viruses (and others) to be significantly associated

with ARIs.

Respiratory viruses were detected in a large proportion of swabs

taken during asymptomatic periods (37.3%), with the vast majority of

these detections caused by HRV. This is unsurprising as HRVs were

the most frequently detected virus overall, and have been commonly

detected in asymptomatic children before.11 It has previously been

unclear whether subtypes of HRV have varying clinical impact on

their hosts, with studies of healthy,5 and asthmatic18 children

reporting no differences in symptom risk between HRV subtypes.

Our data, along with another recent study19 suggest that HRV‐A and

HRV‐C subtypes are significantly more likely to cause symptoms

related to ARI. In our study HRV‐B, AdV, and HBoV were detected

similarly in samples from both ARI episodes and asymptomatic

periods. While their corresponding risk ratios are not considered

significant, the number of detections of these viruses is relatively

small, and a larger analysis would be required to rule out the clinical

significance of detecting HRV‐B, AdV and HBoV in ARIs.

The effect of viral coinfection on respiratory disease severity

in children has not been well established. A number of studies

have found increased hospitalizations, longer length of stay in

hospital, and higher mortality when two or more respiratory

viruses were detected.29-31 However, others report no associa-

tion between viral coinfection and clinical outcomes32,33 includ-

ing a systematic review of 43 such publications.34 In this study we

found a codetection was observed in 9.3% of total virus

detections during ARIs, which is similar to rates reported

previously.4 We also codetected viruses in a small number of

swabs collected during asymptomatic periods, and show that

codetections are significantly more likely to be associated with

ARIs. Our sample size for codetection of viruses is relatively

small, and larger studies have demonstrated a more significant

association.19

Respiratory viruses cause significant morbidity, particularly for

infections with IFV and RSV, and especially in children with

underlying chronic respiratory disease. Our parent‐administered

surveillance of healthy children provides insight into the community

epidemiology of respiratory viruses during the winter and spring

seasons in New Zealand. This cohort demonstrates infection with

viruses, particularly HRV, is common in symptomatic and asympto-

matic children. More than one‐third of swabs taken when children

were asymptomatic were positive for a virus, although specific

viruses (HRV‐A, HRV‐C, IFV, HCoV, RSV, HMPV, PIF, and EV) are

more likely to be associated with symptomatic ARIs. This suggests

pathogenesis of infection differs between viruses, and indicates the

need for further biomarkers of pathology in these infections.
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