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Abstract

Background

Respiratory viruses often have been studied in children with respiratory tract infection (RT]I),
but less knowledge exists about viruses in asymptomatic children. We have studied the
occurrence of a broad panel of respiratory viruses in apparently healthy children attending
day care, taking into account the influence of possible confounding factors, such as age,
clinical signs of respiratory tract infection (RTI), location (day-care section) and season.

Methods

We have studied 161 children in two day-care centers, each with separate sections for
younger and older children, during four autumn and winter visits over a two-year period. A
total of 355 clinical examinations were performed, and 343 nasopharyngeal samples (NPS)
were analyzed by semi-quantitative, real-time, polymerase chain reaction (PCR) tests for
19 respiratory pathogens.

Result

Forty-three percent of all NPS were PCR-positive for > 1 of 13 virus species, with high spe-
cies variation during visits. Rhinovirus 26% (88/343 NPS), enterovirus 12% (40/343) and
parechovirus 9% (30/343) were detected in every visit, and the rates varied in relation to
age, day-care section and season. Ten other viruses were detected in < 3% of the NPS.
Generally, viruses occurred together in the NPS. In 24% (79/331) of the clinical examina-
tions with available NPS, the children had clear signs of RTI, while in 41% (135/331) they
had mild signs, and in 35% (117/331) the children had no signs of RTI. Moreover, viruses
were found in 70% (55/79) of children with clear signs of RTI, in 41% (55/135) with mild
signs and in 30% (35/117) without any signs of RTI (p < 0.001).
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Conclusions

Positive PCR tests for respiratory viruses, particularly picornaviruses, were frequently
detected in apparently healthy children attending day care. Virus detection rates were
related to age, presence of clinical signs of RTI, location in day care and season.

Introduction

The use of sensitive molecular tests such as polymerase chain reaction (PCR) has shown that
several respiratory viruses frequently been detected in children who need hospitalization for
respiratory tract infection (RTI) [1,2]. It has also been documented that children hospitalized
with RTT often have multiple viruses, and that asymptomatic hospital controls may frequently
be positive for respiratory viruses [3-6]. Outside the hospital setting, evidence exists for the
presence of both well-known and recently detected viruses, such as respiratory syncytial virus
(RSV), human rhinovirus (HRV), human metapneumovirus (hMPV) and human bocavirus
(HBoV), in children with RTI [7,8]. However, it is more surprising that even asymptomatic
children outside hospitals may harbor viruses in their airways, as has been recently shown [9-
11]. We aim to study this phenomenon further, and describe the occurrence of a broad panel
of respiratory pathogens in healthy children. Since nearly all Norwegian children attend day
care on a daily basis, we have studied a group of apparently healthy children attending day
care, taking into account the influence of possible confounding factors such as age, clinical
signs of RT1, location in day care and season.

Materials and Methods
Study Population

The study was performed during four visits between March 2012 and February 2014 in two
day-care centers in the city of Trondheim, Norway, with 95% of all toddlers and preschool chil-
dren in Trondheim attended day care during the study period (Statistics Norway 2014). Nor-
wegian children start school at the age of six, and the children included were between the ages
of 1-6.3 years. The number of children in the two day-care centers varied from 110 to 132 at
each visit. The children were organized into five or six sections (the number differed during the
two years), with 6-12 of the youngest children per section, aged 1-3.8 years, and four sections
for the oldest with 16-18 children per section, aged 2.8-6.3 years. In total, 161 children partici-
pated in the study one or more times (median two times, range one to four), which resulted in
368 out of 484 possible (76.0%) inclusions (Fig 1). The majority of included children was both
sampled by a nasopharyngeal sample (NPS) and underwent clinical examination, although
some resisted the collection of NPS or clinical examination after inclusion. With the exception
of one, all children usually stayed 41 hours per week in the day-care center. The inclusion crite-
rion was informed written consent from parents or guardians on behalf of the children for each
study visit. Each child could be included only once during each study visit. The exclusion crite-
rion was previous nasal bleeding. At each inclusion, the parents answered a form of baseline
demographics, household characteristics and medical history. One of four pediatricians con-
ducted a standardized clinical examination of each child during daytime in the day-care area.
The pediatricians classified the children into three groups based on clinical findings: 1. No RTI
with normal findings, 2. Mild RTI with discrete signs of rhinitis, pharyngitis, simplex media
otitis or secretory media otitis, and 3. Clear RTI with significant signs of rhino-pharyngitis,
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Fig 1. Design of the study. Number of included children during each of four study visits and the number of
children being sampled one, two, three or four times.

doi:10.1371/journal.pone.0159196.g001

tonsillitis, purulent media otitis or auscultatory findings from the lower airways. The study was
approved by the Regional Committee for Medical and Health Research Ethics, Mid-Norway,
Norway (no. 2011/2246).

Sampling and Microbiologic Analyses

Nasopharyngeal samples were obtained by flocked swabs (Copan Italia SpA™) and placed
immediately into a 3 ml transport medium (UTM-RT, Copan Italia SpA™). Samples were ana-
lyzed at the Department of Medical Microbiology, St. Olavs Hospital, Trondheim University
Hospital, Trondheim, Norway. In total, 361 NPS were collected, though some samples of poor
quality (n = 18) were excluded. The NPS were analyzed with semi-quantitative, real-time PCR
for 19 respiratory pathogens including human adenovirus (HAdV), HBoV, human coronavirus
(HCoV) OC43, 229E, NL63, human enterovirus (HEV), human parechovirus (HPeV), hMPV,
influenza A virus, influenza B virus, parainfluenza virus (PIV) types 1-4, RSV, HRV, Bordetella
pertussis, Chlamydophila pneumoniae and Mycoplasma pneumoniae. The PCRs were in-house,
real-time assays with TaqgMan probes [12]. The amount of virus in each sample was recorded
semi-quantitatively, and based on the cycle threshold value (Ct-value). Ct-values above 40
were regarded as virus-negative.

Statistical Analyses

The y or a Fisher’s Exact Test were used to compare differences in proportions, and continu-
ous but not normally distributed data were analyzed by use of a Kruskal-Wallis test. The Monte
Carlo simulation test described by Hope was used to test whether respiratory pathogens
occurred independently of each other among children, using the algorithm by Patefield [13,14].
The test compared the observed distribution of the number of pathogens in a nasopharyngeal
sample, with a distribution based on the assumption that pathogens occurred independently of
each other and conditional on their observed frequencies. The test was based on 2,000 simula-
tions of the null hypothesis. Following the rejection of the null hypothesis (see Results), the
same approach was subsequently used to test whether the distribution of pathogens among
day-care sections and sampling times could account for the general tendency of respiratory
pathogens to occur together in NPS. In addition, in the latter test, the null distribution was con-
ditional on the distribution of pathogens among day-care sections and sampling times. Hope’s
test was further used to test in pairs whether the three most common pathogens, HEV, HPeV

PLOS ONE | DOI:10.1371/journal.pone.0159196 July 19,2016 3/183



el e
@ ) PLOS ‘ ONE Respiratory Viruses and Children Attending Day Care

and HRV, occurred independently of each other. The sequential Bonferroni method was also
used to control the familywise Type I error rate in these three tests [15]. The occurrence in NPS
of the same three respiratory pathogens was analyzed in an explorative manner using general-
ized linear mixed-effect models with logit link functions [16]. Day-care sections and sampling
times (seasons) were included in the logistic models as random explanatory variables, while the
children’s age in months and the occurrence of other viruses (coded as a binary variable) were
included as fixed variables. The “top-down” approach recommended by Diggle et al. was fol-
lowed, in which the random part of models was first determined based on the “beyond optimal
model”, before obtaining the minimal adequate model by selecting among the candidate’s fixed
parts [17,18]. Model selection was based on the Akaike information criterion (AIC) [19]. The
same approach was followed in order to study whether clinical findings were related to the
occurrence of HRV, which was the virus most frequently found in the NPS. Day-care sections
and sampling times (seasons) were again included as random explanatory variables, whereas
the occurrence of HRV and children’s age were included as fixed variables. The response vari-
able was the occurrence of clear findings of RTI coded as a binary variable, with mild and no
RTI findings as the reference category. Moreover, statistically significant values were defined as
p<0.05 (two-sided), and IBM SPSS Statistics 22 and R version 3.2.2 were used in the statistical
analyses [20]. The R-package Ime4 was used in the GLMM-modelling [21].

Results
Viral Findings

NPS were collected in 343 out of the 368 inclusions (93.2%). Overall, 149 (43%) of the samples
were PCR-positive for virus, varying from 34% (25/74) to 56% (55/99) at each study visit
(Table A in S1 File). There was a large variation in pathogen detections during the four visits
(Fig 2), and only HEV, HPeV, and HRV were detected at all visits. HRV was the most frequent,

HAdV
HBoV
HCoV

HEV
Influenza A
Influenza B
hMPV
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Fig 2. Viral findings at each study visit. Percent nasopharyngeal samples that were positive for each of 11
virus types (genotypes of HCoV and PIV not shown). Nasopharyngeal samples were collected at four
different sampling times.

doi:10.1371/journal.pone.0159196.g002
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detected in 88 out of 343 samples (26%), varying from 16% (12/74) to 39% (39/99) at each
visit, while HEV was detected in 12% (40/343) and HPeV in 9% (30/343). Ten other viruses
were each detected in < 3%, including HAAV (n = 6) and HBoV (n = 8), and none was positive
for HCoV-OC43, PIV 2 and 3, Bordetella pertussis, Chlamydophila pneumoniae or Mycoplasma
pneumoniae.

One virus was detected in 31% (106/343) of the NPS, and two or more viruses were detected
in 12% (43/343) (Table A in S1 File). NPS with multiple viruses (> 2 viruses) were more fre-
quent than expected if the viruses were randomly and independently distributed among NPS,
while single virus samples were less frequent than expected (x* = 21.6, p = 0.0045). Thus, there
was a general tendency that viruses occurred together in NPS, although this tendency was not
due to the uneven occurrence of viruses among day-care sections and sampling times (Figs 2
and 3, x* = 30.2, p = 0.0020). The co-detection of other viruses appeared in 30 out of 88 HRV-
positive samples (34%). The corresponding figures for HEV and HPeV were even higher (23
co-detections out of 40 HEV-positive samples (58%) and 20 co-detections out of 30 HPeV-pos-
itive samples (67%)) (Table A in S1 File). HPeV was positively associated with both HEV (=
10.7, p = 0.0020) and HRV (y* = 5.4, p = 0.021), while HEV and HRV did not occur more
often together than expected by chance (3 = 1.1, p = 0.34). In addition, several of the less fre-
quent virus types, e.g. HBoV, hMPV and PIV, seemed to be positively associated with other
viruses (Table B in S1 File).

One or more viruses were detected in 55% (83/152) of the NPS from sections with young
children, compared to 35% (66/191) of the samples from older children (p < 0.001). The fol-
lowing virus species were only detected in sections with young children: RSV, PIV-1, hAMPV,
and HCoV-NL63.

According to the GLMM analysis, the occurrence of HEV-positive NPS varied randomly
among combinations of sections and sampling times (Fig 3A); this means that the occurrence
of HEV varied from zero to approximately 80% between sections, but it was not the same sec-
tions that had a low or high prevalence each time. The probability of HEV-positive NPS
decreased with an increasing age of children (z-test: z = -2.4, p = 0.016), and increased with the
presence of other viruses (z-test: z = 2.8, p = 0.005). The median age of the HEV positives was
28 months (interquartile range (IQR) 19.3-34.0). Nearly similar results were obtained when
modelling the occurrence of HPeV. It varied randomly among sampling times (Fig 3B),
decreasing with the increasing age of children (z-test: z = -4.1, p = 0.001), and increasing mar-
ginally with the presence of other viruses (z-test: z = 1.7, p = 0.090). The median age of the
HPeV positives was 22.5 months (IQR 17.0-30.3). The occurrence of HRV also varied ran-
domly among combinations of sections and sampling times (Fig 3C). There was also a positive
effect of the presence of other viruses (z-test: z = 2.0, p = 0.044); however, the presence of HRV
was not related to the age of the children (likelihood ratio test: > = 0.6, df = 1, p = 0.428). Com-
pared to the HEV and HPeV positives, the HRV positives had a higher median age of 35.5
months (IQR 21.0-54.0).

Clinical Findings

In 355 of the 368 inclusions, a clinical examination was performed (96%). NPS were collected
from 331 of the examined children, among whom 24% (79/331) had clear findings of a RTT,
41% (135/331) had mild findings and 35% (117/331) had normal findings (Table 1). The base-
line characteristics of the children (n = 331) showed that children with a clear RTI were youn-

ger and more frequently reported to have more than four upper RTIs per year, compared to
those with a mild RTT and no RTT findings (Table 1).
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Fig 3. Occurrence of picornaviruses. Percent positive nasopharyngeal samples (NPS) for human
enterovirus (HEV) (A), human parechovirus (HPeV) (B) and human rhinovirus (HRV) (C) at four different
study visits (sampling times) and in each of 10 day-care sections, six young children sections (blue colors)
and four older children sections (red colors). One of the young children sections was not sampled in
November 2013 and February 2014.

doi:10.1371/journal.pone.0159196.g003
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Table 1. Baseline characteristics of children at 331 inclusions in the study.

Characteristics

Age, month, median (IQR)
0-2 years

2-4 years

4-6.2 years

Male gender

Young children section
Older children section
Parental reports received*
Premature < 36 GA
Siblings > 1

Pets

> 1 parents smoking
Vaccination

Antibiotic treatment last 6 months
>4 upper RTI per year
Allergy

Asthma

Eczema

Epilepsy

Heart disease

Other chronic diseases

No RTI (n =117) Mild RTI (n = 135) Clear RTI (n = 79) P

51 (41-62) 35 (25-53) 30 (18-47) <0.001
8(7) 30 (22) 28 (35) <0.001%*
41 (35) 60 (44) 32 (41)

68 (58) 45 (33) 19 (24)

73 (62) 75 (56) 53 (67) 0.224
20 (17) 71 (53) 51 (65) <0.001***
97 (83) 64 (47) 28 (35)

92 (79) 114 (84) 64 (81) 0.489
11 (12) 8 (7) 4 (6) 0.342
79 (86) 83 (73) 42 (66) 0.010
24 (26) 25 (22) 12 (19) 0.546
9 (10) 11 (10) 7 (11) 0.959
92 (100) 114 (100) 63 (98) NA

4 (4) 16 (14) 7 (11) 0.068
13 (14) 23 (20) 20 (31) 0.034
10 (11) 10 (9) 8 (13) 0.722
7 (8) 8(7) 5 (8) 0.977
12 (13) 13 (11) 12(19) 0.382
0 1(1) 1(2) NA

0 0 1(2) NA
1(1) 1(1) 0 NA

Data presented as absolute numbers and percent in parenthesis, except from age in months and IQR (interquartile range).
*The number of parental reports received are basis (100%) when calculating percent for all variables except age, gender, Young children section and Older
children section. P-values calculated with x2 test, except Kruskal-Wallis test for comparing median age.

**Comparing all three age categories.

***Comparing Young children section with Older children section.
GA, gestational age. NA, not applicable. RTI, respiratory tract infection.

doi:10.1371/journal.pone.0159196.t001

Association between Viral and Clinical Findings

Seventy percent (55/79) of the children with clear signs of a RTT had one or more viruses in the
NPS, compared to 41% (55/135) in those with mild findings and 30% (35/117) in those without
aRTI (p < 0.001) (Table 2). Among the children with a clear RTT and positive NPS, 45% (25/
55) were younger than 2 years old (Table 2). HRV was the most frequently detected virus in all
clinical groups, varying from 41% (32/79) in the clear RTI group, to 24% (32/135) in the mild
group, and 18% (21/117) in children without a RTT (p = 0.001) (Table 2). The Ct-values for
HRYV in NPS were not significantly different between the groups (data not shown). The mini-
mal adequate model from the GLMM analysis of the occurrence of clear findings of a RTI
included positive effects of the occurrence of HRV (z-test: z = 3.0, p = 0.002, and Table 2) and
negative effects of children’s increasing age (z-test: z = -3.2, p = 0.001), together with random
effects of combinations of day-care sections and sampling times. HEV and HPeV were also
detected in all three groups, and most frequently in those with a clear RTT (p = 0.003 and 0.005,
respectively, Table 2). GLMM analyses of the occurrence of a clear RTT with the presence of
HEV or HPeV were inconclusive (data not shown). A few children (n = 12) had influenza
viruses A/B, among whom nine had clear signs of a RTI (Table 2). Only 14 children had hAMPV
(n=4),RSV (n=1) or PIV (n = 9), where 11 had mild or clear signs of a RTT. Multiple viruses
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Table 2. Viral Findings in 331 inclusions in which children had no, mild or clear findings of a respiratory tract infection (RTI).

Viral findings |Total |No RTI Mild RTI Clear RTI No vs Mild RTI p- | Mild vs Clear RTI p- | No vs Clear RTI p- | All groups p-
(n=117) (n=135) (n=79) value value value value
Virus negative 186 82 (70) 80 (59) 24 (30) 0.157* <0.001* <0.001* <0.001*
(56)
SV positive 102 25(21) 43 (32) 34 (43)
(31)
MV positive 43(13) | 10 (9) 12 (9) 21 (27)
Positive any 145 35 (30) 55 (41) 55 (70) 0.074 <0.001 <0.001 <0.001
virus (44)
Age 0-2years 43 (30) 4(11) 14 (26) 25 (45) 0.016** 0.063** 0.001** 0.001**
Age 2-4 years |53 (36) | 11 (31) 26 (47) 16 (29)
Age 4-6.2 49 (34) | 20 (57) 15 (27) 14 (25)
years
HEV 40 (12) {9 (8) 13 (10) 18 (23) 0.587 0.008 0.003 0.003
HPeV 29(9) |6(5) 9(7) 14 (18) 0.607 0.012 0.004 0.005
HRV 85 (26) | 21 (18) 32 (24) 32 (41) 0.264 0.010 <0.001 0.001
HAdV 6 (2) 0 (0) 5 (4) 1(1) 0.063 0.417 0.403 NA
HBoV 8(2) 3(3) 0(0) 5(6) 0.099 0.006 0.272 NA
HCoV 7 (2) 3(3) 3(2) 1(1) 1.0 1.0 0.649 NA
Influenza A 9(3) 2(2) 1(1) 6 (8) 0.598 0.011 0.063 NA
Influenza B 3(1) 0 (0) 0 (0) 3(4) NA 0.049 0.064 NA
hMPV 4(1) 0(0) 3(2) 1(1) 0.251 1.0 0.403 NA
PIV 9 (3) 3(3) 2(1) 4 (5) 0.666 0.196 0.443 NA
RSV 1(0) 0 (0) 1(1) 0(0) 1.0 1.0 NA NA

Data presented as absolute numbers and percentage in parenthesis. P-values using x? test or Fischer’s Exact Test. RTI, respiratory tract infection. SV,
single virus. MV, multiple viruses, with >2 viruses. NA, not applicable.

*Comparing Virus negative, SV positive and MV positive.

**Comparing all three age categories.

doi:10.1371/journal.pone.0159196.t002

were detected in 27% (21/79) of NPS from children with a clear RTT, compared to 9% (12/135)
in those with mild and 9% (10/117) with normal findings (p < 0.001) (Table 2 and Table C in
S1 File).

Parental Reported Symptoms

Based on information collected from the parents, 84% (54/64), 65% (74/113) and 45% (40/89)
of the children with clear, mild or no clinical signs of RTI had respiratory symptoms at the
examination time or two weeks prior. Among the 55% (49/89) without reported symptoms
and with normal findings, still 24% (12/49) had one or more viruses: HCoV-229E (n = 1),
HEV (n =2), HPeV (n = 3) and HRV (n = 8).

Discussion

We detected one or more respiratory viruses in four out of 10 Norwegian children attending
day care. All children participated in daily activities, but nevertheless one-fourth had clear
signs of an ongoing RT1I by clinical examination, and approximately four out of ten had milder
signs of RT1. Although those with clear signs had the highest virus detection rate (70%), one-
third was still virus positive and without any clinical signs. Hence, our findings indicate that
apparently healthy day-care children may harbor respiratory viruses and have clinical signs of
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an upper RTI, and even children without clinical signs may be virus positive. It is well-known
that young children frequently have symptomatic RTIs, so it is not surprising that children
sometimes may also have a RTT with few symptoms when they attend day care [22,23].

Picornaviruses were the most frequently detected viruses during all four sampling times,
whereas RSV, influenza virus and other significant pathogens were identified in less than one-
fifth of the picornaviruses, and primarily in those with clear RTTs. One out of four visits to the
day-care centers occurred during a RSV epidemic, which might explain that only one child had
RSV. However, it may be possible that RSV more often causes severe disease and sick leave
from day care. Rhinovirus appeared most frequently, but enterovirus and parechovirus were
also common. Combinations of day-care sections (younger or older children) and sampling
times (seasons) were the most important factors in determining the occurrence of picornavi-
ruses. At any given sampling time, there was a large variation in the frequencies of the three
picornaviruses among the various sections, and for most of the sections, there was a large varia-
tion at different sampling times. These observations may be relate to the fact that most respira-
tory viruses are epidemic and easily spread among children who are cared for in separate
sections [24]. Indeed, this phenomenon was most common in the sections for the youngest
children, who—in particular—are known to challenge good hygiene in day-care centers.

There was a general tendency that viruses occurred together, independent of the influence
of sections and sampling times. For instance, the detection of HPeV was associated with both
the presence of HEV and HRV, whereas HEV and HRV were related to other viruses, but not
to each other. Similarly, others reported that some virus combinations may appear more fre-
quently than others in both children with and without RTI, and that co-infections with viruses
may not be random in children with RTI [25-28]. Martin et al. showed that during the progress
of a RTT in children, more respiratory viruses may appear [26]. Our data revealed that children
with a clear RTT often had frequent upper RTTs during the six months prior to the inclusion in
the study, and therefore might have a higher risk of being PCR positive for more than one
viruses simultaneously, which is due to possible long-term viral excretion after clinical
recovery.

HRV was detected at every sampling time, and was the most common virus. HRV occurred
in both the sections of younger and older children, and varied randomly among combinations
of sections and sampling times. Children with HRV-positive NPS had increased probability of
a clear RTI. Consequently, in this study, HRV was the likely cause of many RTIs in children
outside of a hospital, as has been shown by others [22,26,29-31]. However, we also detected
HRYV in nearly one-fifth of the children without clinical findings of a RT1, while others have
detected HRV in asymptomatic children, which is more difficult to explain [9-11,30]. Peltola
et al. examined various HRV strains and found that a minor fraction of HRV infections in chil-
dren may be asymptomatic, and it has also been suggested that HRV PCR tests may persist as
positive up to several weeks after clinical recovery [32,33]. Hence, our HRV detection in chil-
dren without clinical findings can be a result of the carriage of virus after the recovery of symp-
toms or a newly acquired asymptomatic infection. We found that several children with HRV
and clear signs of RTT attended day care and were apparently healthy, which could suggest that
HRYV in other cases may also cause very mild changes that are hard to detect at all. Recent data
have shown that HRV-positive children with and without symptoms developed different sys-
temic immune responses, which support that HRV detection may not always indicate symp-
tomatic HRV infection [34].

HPeV in children has previously been examined only in a few studies, with low detection
rates from 1.6% to 2.1% in hospitalized children with RTI, but in a group of asymptomatic
young children van den Berg recently detected HPeV in 9% [27,35,36]. Serological studies have
documented that most Finnish children may be infected with HPeV1 (83%) and HPeV2 (91%)
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before the age of five years [37]. HPeV3 is strongly related to sepsis-like disease and encephali-
tis, though not RTI, in infants [38]. In the present study, HPeV and HEV were often detected
in the same children, attending sections for young children. This co-variation and possible con-
founding eliminated our possibility to prove that HPeV and HEV were actually related to RTI
among the youngest children.

We only detected a few HBoV-positive samples in children with a clear RTI, as well in chil-
dren who had no signs of RTI, and adenovirus appeared mostly in children with a mild RTT.
Recent evidence support that HBoV may cause acute RTI, and adenovirus is a well-known
cause of RTI [3,39]. However, it has also been shown that these viruses in particular may some-
times be detected for a long time in the airways, either due to prolonged excretion or due to the
re-activation of a latent infection, and all three mechanisms may explain our findings [40,41].

To describe complex microbiology, we collected seasonal samples in both the fall and winter
periods in two consecutive years. The day-care section was also considered, and turned out to
be an important predictor of virus occurrence. Nasopharyngeal sampling is unpleasant and
challenging to perform in apparently healthy children outside health institutions. However, we
managed to collect NPS from more than 90% of the inclusions. Ideally, more samples from
each child, using a stricter longitudinal design, might have had advantages over the present
cross-sectional approach, but in real-life frequent sampling was not possible to attain. A major
strength of the study is that pediatricians clinically examined all children, and their findings
were used in the classification. Most studies on respiratory viruses and RT1s in day-care set-
tings have relied on parental information of children’s symptoms. Nonetheless, we found a
poor correlation between symptoms and clinical signs. Others have similarly shown that symp-
toms are not entirely accurate in predicting an upper RTT in children [42]. On the other hand,
the clinical entities of a mild and clear RTI, which were used in our classification, have not
been validated. Each study visit was performed three-12 months apart, which is a long time
from an epidemic and clinical perspective and, therefore, the analyses were not adjusted for
repetitive data.

In conclusion, this study showed that 43% of apparently healthy children attending day care
had one or more viruses in NPS, varying from 30% in children with no clinical findings to 70%
in those with clear findings of a RTI. Picornaviruses were most frequently detected. Lastly, the
viral occurrences were related to age, clinical signs of RTI, location in day care and sampling
times (seasons).

Supporting Information

S1 File. Table A. Number virus in nasopharyngeal samples collected at four study visits, and
number of nasopharyngeal samples with multiple virus (MV). Table B. Virus combinations in
43 nasopharyngeal samples with multiple virus. Table C. Virus combinations in 43 nasopha-
ryngeal samples with multiple viruses, in children with clear, mild or no respiratory tract infec-
tion (RTI).

(DOCX)

Acknowledgments

We are grateful to the children and their parents for participating in the study. Thank you also
to the leaders and staff of the day-care centers, in addition the nurses from the Department of
Pediatrics, St. Olavs Hospital, Trondheim University Hospital: Barbro Medas, Eli Dahl, Guro
Karlsholm, Wenche Hihjem, Ragnhild Widere and Caroline Gallefoss, all of whom collected
nasopharyngeal samples.

PLOS ONE | DOI:10.1371/journal.pone.0159196 July 19,2016 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0159196.s001

@’PLOS ‘ ONE

Respiratory Viruses and Children Attending Day Care

Author Contributions

Conceived and designed the experiments: NM SAN HD. Performed the experiments: NM SAN
LHS SK AS HD. Analyzed the data: NM BP HD. Contributed reagents/materials/analysis tools:
NM SAN LHS SK AS HD. Wrote the paper: NM BP SAN LHS SK AS HD.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

Jartti T, Soderlund-Venermo M, Hedman K, Ruuskanen O, Makela MJ. New molecular virus detection
methods and their clinical value in lower respiratory tract infections in children. Paediatr Respir Rev.
2013; 14:38—-45. doi: 10.1016/j.prrv.2012.04.002 PMID: 23347659

Calvo C, Pozo F, Garcia-Garcia ML, Sanchez M, Lopez-Valero M, Perez-Brena P, et al. Detection of
new respiratory viruses in hospitalized infants with bronchiolitis: a three-year prospective study. Acta
Paediatr. 2010; 99: 883-887. doi: 10.1111/j.1651-2227.2010.01714.x PMID: 20163373

Christensen A, Nordbg SA, Krokstad S, Rognlien AG, Dgliner H. Human bocavirus in children: mono-
detection, high viral load and viraemia are associated with respiratory tract infection. J Clin Virol. 2010;
49: 158-162. doi: 10.1016/}.jcv.2010.07.016 PMID: 20833582

Nokso-Koivisto J, Kinnari TJ, Lindahl P, Hovi T, Pitkaranta A. Human picornavirus and coronavirus
RNA in nasopharynx of children without concurrent respiratory symptoms. J Med Virol. 2002; 66: 417—
420. PMID: 11793396

Mansbach JM, Piedra PA, Teach SJ, Sullivan AF, Forgey T, Clark S, et al. Prospective multicenter
study of viral etiology and hospital length of stay in children with severe bronchiolitis. Arch Pediatr Ado-
lesc Med. 2012; 166: 700-706. PMID: 22473882

da Silva ER, Pitrez MC, Arruda E, Mattiello R, Sarria EE, de Paula FE, et al. Severe lower respiratory
tract infection in infants and toddlers from a non-affluent population: viral etiology and co-detection as
risk factors. BMC Infect Dis. 2013; 13: 41. doi: 10.1186/1471-2334-13-41 PMID: 23351117

Wong-Chew RM, Espinoza MA, Taboada B, Aponte FE, Arias-Ortiz MA, Monge-Martinez J, et al. Prev-
alence of respiratory virus in symptomatic children in private physician office settings in five communi-
ties of the state of Veracruz, Mexico. BMC Res Notes. 2015; 8:261. doi: 10.1186/s13104-015-1239-0
PMID: 26108920

Martins RB, Carney S, Goldemberg D, Bonine L, Spano LC, Siqueira M, et al. Detection of respiratory
viruses by real-time polymerase chain reaction in outpatients with acute respiratory infection. Memorias
Do Instituto Oswaldo Cruz. 2014; 109: 716-721. PMID: 25317699

Rhedin S, Lindstrand A, Rotzen-Ostlund M, Tolfvenstam T, Ohrmalm L, Rinder MR, et al. Clinical utility
of PCR for common viruses in acute respiratory illness. Pediatrics. 2014; 133: €538-545. doi: 10.1542/
peds.2013-3042 PMID: 24567027

van der Zalm MM, van Ewijk BE, Wilbrink B, Uiterwaal CS, Wolfs TF, van der Ent CK. Respiratory path-
ogens in children with and without respiratory symptoms. J Pediatr. 2009; 154: 396—400. doi: 10.1016/
j.jpeds.2008.08.036 PMID: 18823911

Singleton RJ, Bulkow LR, Miernyk K, DeByle C, Pruitt L, Hummel KB, et al. Viral respiratory infections
in hospitalized and community control children in Alaska. J Med Virol. 2010; 82: 1282—1290. doi: 10.
1002/jmv.21790 PMID: 20513097

Kristoffersen AW, Nordbo SA, Rognlien AG, Christensen A, Dollner H. Coronavirus causes lower respi-
ratory tract infections less frequently than RSV in hospitalized Norwegian children. Pediatric Infectious
Disease Journal. 2011; 30: 279-283. PMID: 21057374

Hope ACA. A Simplified Monte Carlo Significance Test Procedure. Journal of the Royal Statistical Soci-
ety Series B-Statistical Methodology. 1968; 30: 582-598.

Patefield WM. Algorithm AS159. An efficient method of generating r x ¢ tables with given row and col-
umn totals. Applied Statistics. 1981; 30: 91-97.

Holm S. A Simple Sequentially Rejective Multiple Test Procedure. Scandinavian Journal of Statistics.
1979; 6:65-70.

Zuur AF. Mixed effects models and extensions in ecology with R. New York, NY: Springer. 2009; xxii,
574 p.p.

Diggle PJ, Heagerty P, Liang KY, Zeger SL. The analysis of Longitudinal Data. Second edition: Oxford
University Press; 2002.

Crawley MJ. The R book. Chichester, England; Hoboken, N.J.: Wiley. viii, 942 p.p; 2007.

Akaike H. A Bayesian analysis of the minimum AIC procedure. Annals of the Institute of Statistical
Mathematics. 1978; 30: 9-14.

PLOS ONE | DOI:10.1371/journal.pone.0159196 July 19,2016 11/183


http://dx.doi.org/10.1016/j.prrv.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/23347659
http://dx.doi.org/10.1111/j.1651-2227.2010.01714.x
http://www.ncbi.nlm.nih.gov/pubmed/20163373
http://dx.doi.org/10.1016/j.jcv.2010.07.016
http://www.ncbi.nlm.nih.gov/pubmed/20833582
http://www.ncbi.nlm.nih.gov/pubmed/11793396
http://www.ncbi.nlm.nih.gov/pubmed/22473882
http://dx.doi.org/10.1186/1471-2334-13-41
http://www.ncbi.nlm.nih.gov/pubmed/23351117
http://dx.doi.org/10.1186/s13104-015-1239-0
http://www.ncbi.nlm.nih.gov/pubmed/26108920
http://www.ncbi.nlm.nih.gov/pubmed/25317699
http://dx.doi.org/10.1542/peds.2013-3042
http://dx.doi.org/10.1542/peds.2013-3042
http://www.ncbi.nlm.nih.gov/pubmed/24567027
http://dx.doi.org/10.1016/j.jpeds.2008.08.036
http://dx.doi.org/10.1016/j.jpeds.2008.08.036
http://www.ncbi.nlm.nih.gov/pubmed/18823911
http://dx.doi.org/10.1002/jmv.21790
http://dx.doi.org/10.1002/jmv.21790
http://www.ncbi.nlm.nih.gov/pubmed/20513097
http://www.ncbi.nlm.nih.gov/pubmed/21057374

@’PLOS ‘ ONE

Respiratory Viruses and Children Attending Day Care

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

R Core Team. R: A Language and Environment for Statistical Computing. Vienna: R Foundation for
Statistical Computing; 2015.

Bates D, Machler M, Bolker BM, Walker SC. Fitting Linear Mixed-Effects Models Using Ime4. Journal of
Statistical Software. 2015; 67: 1-48.

Fairchok MP, Martin ET, Chambers S, Kuypers J, Behrens M, Braun LE, et al. Epidemiology of viral
respiratory tract infections in a prospective cohort of infants and toddlers attending daycare. J Clin Virol.
2010; 49: 16-20. doi: 10.1016/j.jcv.2010.06.013 PMID: 20650679

Lambert SB, Allen KM, Druce JD, Birch CJ, Mackay IM, Carlin JB, et al. Community epidemiology of
human metapneumovirus, human coronavirus NL63, and other respiratory viruses in healthy pre-
school-aged children using parent-collected specimens. Pediatrics. 2007; 120: €929-937. PMID:
17875651

Chu HY, Kuypers J, Renaud C, Wald A, Martin E, Fairchok M, et al. Molecular epidemiology of respira-
tory syncytial virus transmission in childcare. J Clin Virol. 2013; 57: 343-350. doi: 10.1016/j.jcv.2013.
04.011 PMID: 23684816

Brunstein JD, Cline CL, McKinney S, Thomas E. Evidence from multiplex molecular assays for complex
multipathogen interactions in acute respiratory infections. J Clin Microbiol. 2008; 46: 97—102. PMID:
17977985

Martin ET, Fairchok MP, Stednick ZJ, Kuypers J, Englund JA. Epidemiology of multiple respiratory
viruses in childcare attendees. J Infect Dis. 2013; 207: 982—-989. doi: 10.1093/infdis/jis934 PMID:
23288925

van den Bergh MR, Biesbroek G, Rossen JW, de Steenhuijsen Piters WA, Bosch AA, van Gils EJ, et al.
Associations between pathogens in the upper respiratory tract of young children: interplay between
viruses and bacteria. PLoS One. 2012; 7: e47711. doi: 10.1371/journal.pone.0047711 PMID:
23082199

Greer RM, McErlean P, Arden KE, Faux CE, Nitsche A, Lambert SB, et al. Do rhinoviruses reduce the
probability of viral co-detection during acute respiratory tract infections? Journal of Clinical Virology.
2009; 45:10—-15. doi: 10.1016/j.jcv.2009.03.008 PMID: 19376742

De Freitas Souza L, Goncalves Ramos E, Carvalho F, Ribeiro Guedes V, Souza L, Rocha C, et al. Viral
respiratory infections in young children attending day care in urban Northeast Brazil. Pediatric Pulmo-
nology. 2003; 35: 184-191. PMID: 12567386

Kusel M, De Klerk N, Holt P, Kebadze T, Johnston S, Sly P. Role of respiratory viruses in acute upper
and lower respiratory tract illness in the first year of life: A birth cohort study. Pediatric Infectious Dis-
ease Journal. 2006; 25: 680-686. PMID: 16874165

Ruohola A, Waris M, Allander T, Ziegler T, Heikkinen T, Ruuskanen O. Viral etiology of common cold in
children, Finland. Emerging Infectious Diseases. 2009; 15: 344-346. PMID: 19193292

Jartti T, Lehtinen P, Vuorinen T, Koskenvuo M, Ruuskanen O. Persistence of rhinovirus and enterovirus
RNA after acute respiratory iliness in children. J Med Virol. 2004; 72: 695-699. PMID: 14981776

Peltola V, Waris M, Osterback R, Susi P, Ruuskanen O, Hyypia T. Rhinovirus transmission within fami-
lies with children: Incidence of symptomatic and asymptomatic infections. Journal of Infectious Dis-
eases. 2008; 197: 382—-389. doi: 10.1086/525542 PMID: 18248302

Heinonen S, Jartti T, Garcia C, Oliva S, Smitherman C, Anguiano E, et al. Rhinovirus Detection in
Symptomatic and Asymptomatic Children: Value of Host Transcriptome Analysis. Am J Respir Crit
Care Med. 2015.

Piralla A, Furione M, Rovida F, Marchi A, Stronati M, Gerna G, et al. Human parechovirus infections in
patients admitted to hospital in Northern Italy, 2008—-2010. J Med Virol. 2012; 84: 686—690. doi: 10.
1002/jmv.23197 PMID: 22337310

Harvala H, Robertson I, McWilliam Leitch EC, Benschop K, Wolthers KC, Templeton K, et al. Epidemi-
ology and clinical associations of human parechovirus respiratory infections. J Clin Microbiol. 2008;
46: 3446-3453. doi: 10.1128/JCM.01207-08 PMID: 18753351

Westerhuis B, Kolehmainen P, Benschop K, Nurminen N, Koen G, Koskiniemi M, et al. Human pare-
chovirus seroprevalence in Finland and the Netherlands. J Clin Virol. 2013; 58:211-215. doi: 10.1016/
j.jcv.2013.06.036 PMID: 23891146

Skram MK, Skanke LH, Krokstad S, Nordbo SA, Nietsch L, Dollner H. Severe parechovirus infection in
Norwegian infants. Pediatr Infect Dis J. 2014; 33: 1222-1225. PMID: 25093976

Christensen A, Dollner H, Skanke LH, Krokstad S, Moe N, Nordbo SA. Detection of spliced mRNA from
human bocavirus 1 in clinical samples from children with respiratory tract infections. Emerg Infect Dis.
2013; 19:574-580. doi: 10.3201/eid1904.121775 PMID: 23628409

PLOS ONE | DOI:10.1371/journal.pone.0159196 July 19,2016 12/183


http://dx.doi.org/10.1016/j.jcv.2010.06.013
http://www.ncbi.nlm.nih.gov/pubmed/20650679
http://www.ncbi.nlm.nih.gov/pubmed/17875651
http://dx.doi.org/10.1016/j.jcv.2013.04.011
http://dx.doi.org/10.1016/j.jcv.2013.04.011
http://www.ncbi.nlm.nih.gov/pubmed/23684816
http://www.ncbi.nlm.nih.gov/pubmed/17977985
http://dx.doi.org/10.1093/infdis/jis934
http://www.ncbi.nlm.nih.gov/pubmed/23288925
http://dx.doi.org/10.1371/journal.pone.0047711
http://www.ncbi.nlm.nih.gov/pubmed/23082199
http://dx.doi.org/10.1016/j.jcv.2009.03.008
http://www.ncbi.nlm.nih.gov/pubmed/19376742
http://www.ncbi.nlm.nih.gov/pubmed/12567386
http://www.ncbi.nlm.nih.gov/pubmed/16874165
http://www.ncbi.nlm.nih.gov/pubmed/19193292
http://www.ncbi.nlm.nih.gov/pubmed/14981776
http://dx.doi.org/10.1086/525542
http://www.ncbi.nlm.nih.gov/pubmed/18248302
http://dx.doi.org/10.1002/jmv.23197
http://dx.doi.org/10.1002/jmv.23197
http://www.ncbi.nlm.nih.gov/pubmed/22337310
http://dx.doi.org/10.1128/JCM.01207-08
http://www.ncbi.nlm.nih.gov/pubmed/18753351
http://dx.doi.org/10.1016/j.jcv.2013.06.036
http://dx.doi.org/10.1016/j.jcv.2013.06.036
http://www.ncbi.nlm.nih.gov/pubmed/23891146
http://www.ncbi.nlm.nih.gov/pubmed/25093976
http://dx.doi.org/10.3201/eid1904.121775
http://www.ncbi.nlm.nih.gov/pubmed/23628409

el e
@ ) PLOS ‘ ONE Respiratory Viruses and Children Attending Day Care

40. Wagner JC, Pyles RB, Miller AL, Nokso-Koivisto J, Loeffelholz MJ, Chonmaitree T. Determining Persis-
tence of Bocavirus DNA in the Respiratory Tract of Children by Pyrosequencing. Pediatric Infectious
Disease Journal. 2016; 35:471-476. PMID: 26766144

41. Garnett CT, Talekar G, Mahr JA, Huang W, Zhang Y, Ornelles DA, et al. Latent species C adenoviruses
in human tonsil tissues. Journal of Virology. 2009; 83: 2417-2428. doi: 10.1128/JV1.02392-08 PMID:
19109384

42. TaylorJA, Weber WJ, Martin ET, McCarty RL, Englund JA. Development of a symptom score for clini-
cal studies to identify children with a documented viral upper respiratory tract infection. Pediatr Res.
2010; 68: 252—-257. PMID: 20520584

PLOS ONE | DOI:10.1371/journal.pone.0159196 July 19,2016 13/13


http://www.ncbi.nlm.nih.gov/pubmed/26766144
http://dx.doi.org/10.1128/JVI.02392-08
http://www.ncbi.nlm.nih.gov/pubmed/19109384
http://www.ncbi.nlm.nih.gov/pubmed/20520584

