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Background. This study: (1) describes the viral etiology of respiratory illness by prospectively collecting weekly
symptom diaries and nasal swabs from families for 1 year, (2) analyzed data by reported symptoms, virus, age, and
family composition, and (3) evaluated the duration of virus detection.

Methods. Twenty-six households (108 individuals) provided concurrent symptom and nasal swab data for 4166
person-weeks. The FilmArray polymerase chain reaction (PCR) platform (BioFire Diagnostics, LLC) was used to
detect 16 respiratory viruses. Viral illnesses were defined as ≥1 consecutive weeks with the same virus detected
with symptoms reported in ≥1 week.

Results. Participants reported symptoms in 23% and a virus was detected in 26% of person-weeks. Children
younger than 5 years reported symptoms more often and were more likely to have a virus detected than older
participants (odds ratio [OR] 2.47, 95% confidence interval [CI], 2.08–2.94 and OR 3.96, 95% CI, 3.35–4.70, respec-
tively). Compared with single person households, individuals living with children experienced 3 additional weeks of
virus detection. There were 783 viral detection episodes; 440 (56%) associated with symptoms. Coronaviruses,
human metapneumovirus, and influenza A detections were usually symptomatic; bocavirus and rhinovirus detec-
tions were often asymptomatic. The mean duration of PCR detection was ≤2 weeks for all viruses and detections of
≥3 weeks occurred in 16% of episodes. Younger children had longer durations of PCR detection.

Conclusions. Viral detection is often asymptomatic and occasionally prolonged, especially for bocavirus and
rhinovirus. In clinical settings, the interpretation of positive PCR tests, particularly in young children and those
who live with them, may be confounded.

Keywords. infectious diseases; respiratory viruses; rhinovirus; children; PCR.

Respiratory illnesses, often caused by viral infections,
are among the most important causes of morbidity
and mortality worldwide [1]. Viral infections produce

a range of symptoms from mild to life threatening,
though some infections can be asymptomatic [2–6].As-
sociations between viruses and symptoms in different
populations remain to be elucidated. Studies of the eti-
ology and epidemiology of respiratory illness conducted
in clinical settings may be biased toward identification
of more severe infections, while those in community
settings should better represent the full spectrum of
viral infection.

During the last century, several landmark surveil-
lance studies quantified respiratory illness in US com-
munities. The earliest, conducted in 1921–1924 in
Hagerstown, Maryland, captured respiratory illness as
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part of a broader study of acute and chronic illness and did not
include testing for viral pathogens [7]. Later studies in Cleve-
land, Ohio (1948–1957) [8] and in Tecumseh, Michigan
(1965–1969) [9, 10] enrolled households prospectively, collected
symptoms through diaries, phone calls, and home visits, and
obtained samples for serologic and culture-based analyses for
viral and bacterial pathogens during illness episodes. The
Virus Watch program in New York (1961–1965) enrolled families
with young children and collected fecal and respiratory specimens
every 2 weeks from index persons within households regardless of
symptoms [11]. The Virus Watch study detected viruses from
both symptomatic and asymptomatic individuals, though in up
to 93% of illness episodes, no virus was isolated [12].

The ability to detect viruses improved with the availability of
the polymerase chain reaction (PCR), and many new viruses
have been discovered [13–15]. The use of more sensitive meth-
ods has led to increased appreciation of asymptomatic viral
infections and prolonged shedding.

The objectives of the Utah Better Identification of Germs-
Longitudinal Viral Epidemiology (BIG-LoVE) study were to:
(1) Describe the epidemiology of respiratory illness and respira-
tory viral detections by PCR through weekly collection of nasal
swabs and symptom diaries from all household members for
1 year, (2) analyze data by reported symptoms, virus, age, and
family composition, and (3) evaluate the duration of virus
detection.

METHODS

Human Subjects Protection
The University of Utah Institutional Review Board approved
this study. All participants provided informed consent.

Study Population and Surveillance Procedures
The Utah BIG-LoVE study was a 52-week prospective investi-
gation of households between August 2009 and August 2010.
This period included the second wave of the 2009 H1N1 influ-
enza pandemic [16].

Participants were recruited from the University of Utah campus
community. Individuals and families with or without children
were eligible. All household members were included. Households
that included individuals with immune-compromising conditions
were excluded as they have different risks for viral infection and
shedding [17].

Symptom Diaries
One adult in each household was trained and completed all sur-
veys including an initial questionnaire describing the family de-
mographics, health histories, occupation(s), and child care or
school participation and all weekly online symptom diaries
for each family member on the same day as nasal sample

collection throughout the study. The symptom diary document-
ed by the household reporter the occurrence on any day in the
past week of: (1) fever, nasal congestion, cough, wheeze, or gas-
trointestinal symptoms; (2) any missed child-care, school, or
work; (3) medical care for respiratory illness; (4) hospitalization
for respiratory illness; and (5) influenza immunization. If fam-
ilies failed to report data, a reminder email was sent and the
study coordinator contacted the family. Data reported >7 days
after the scheduled date were excluded. All survey data were
time stamped and archived in the Department of Pediatrics
Data Coordinating Center in a HIPAA (Health Insurance Por-
tability and Accountability Act), HITECH (Health Insurance
Technology for Economic and Clinical Health), and FISMA
(Federal Information Security Management Act) compliant
database.

Nasal Sampling
A weekly anterior nares swab specimen was obtained for all
household members regardless of symptoms. A research coor-
dinator instructed participants to self-collect nasal secretions
using a flocked swab (Copan Diagnostics, Inc., Murrieta,
California) and taught parents how to collect specimens from
younger children [18–20]. Self-collection is sensitive for most
respiratory viruses [21, 22]. After sampling, swabs were placed
in a sterile tube without media for home refrigerator storage
until returned to the study coordinator within 1–3 days of
collection. Sampling differed from the Food and Drug Admin-
istration (FDA) validated nasopharyngeal swab in viral trans-
port media for the FilmArray test.

Viral Testing
Samples were stored at −80°C prior to testing. We used a devel-
opmental version of the FilmArray RP multiplex respiratory
virus panel (BioFire Diagnostics, Salt Lake City, Utah) to detect
adenovirus, human bocavirus, coronaviruses HKU1, NL63,
OC43, and 229E, enterovirus, influenza A (including subtype
identification for H1, H3, and A/H1N1pdm09), influenza B,
human metapneumovirus, parainfluenza viruses 1–4, respirato-
ry syncytial virus, and rhinovirus [23, 24]. Sample lysis, nucleic
acid purification, nested-multiplexed PCR, and amplicon analysis
were performed in a closed pouch using the FilmArray instru-
ment; internal controls were included for each sample. For this
study, enteroviruses were distinguished from rhinoviruses using
separate validated singleplex PCR (BioFire Diagnostics).

Definitions and Statistical Analyses
Households were characterized by size and the presence of chil-
dren. The age of participants was determined at enrollment.
Analyses were performed for 4 age groups, 0–4, 5–17, 18–39,
and 40–59 years, chosen to represent preschool and school
aged children and early and mid-adulthood.
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We defined several types of episodes (Supplementary Table 1).
Data were collected weekly and analyzed as person-weeks. Illness
weeks were defined as a week in which symptoms were reported
in the symptom diary, regardless of virus detection. Because
symptoms and infections can span several weeks, we defined
an illness episode as ≥1 consecutive weeks in which symptoms
were recorded. Viral detection episodes were defined as ≥1 con-
secutive weeks in which the same virus was detected and classi-
fied as symptomatic or asymptomatic.

Symptoms associated with individual respiratory viruses were
compared with the χ2 or Fisher exact test. The Mann–Whitney
U test was used to compare continuous variables. Quasi-Poisson
and binomial generalized linear models were constructed to de-
termine whether household characteristics were associated with
the number and duration of viral detection episodes and the
presence or absence of symptoms. Odds ratios (OR) and 95%
confidence intervals (95% CI) are presented for all regression
analyses. All reported P-values are 2-sided. All statistical analy-
ses were performed in R 3.1.1 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Description of the Study Cohort
The cohort included 26 households with 105 individuals at ini-
tiation. Three infants were born during the study providing a
final cohort of 108 individuals ranging in age from 1 day to
57 years (Table 1).

Households included single individuals (N = 4) and families
ranging in size from 3 to 8 persons (N = 22, mean 4.2 persons).
In 22/26 (85%) households there was at least 1 child, and 12/26
households (46%) included at least 1 child ≤5 years.

Return of Study Materials
There were 5391 potential person-weeks of observation. Partic-
ipants submitted 4506 nasal swabs (84%) and returned 4550
symptom diaries (84%). Both were submitted for 4246 weeks
(79%). Data were late for 80, leaving 4166 (77%) person-
weeks for analysis (Supplementary Table 2).

Symptom Weeks and Illness Episodes
Overall, participants reported symptoms in 962/4166 (23%)
weeks (Supplementary Table 3). Children younger than 5
years were more likely to report symptoms (271/710 [38%]
weeks) than older children and adults (691/3457 [20%] weeks;
OR 2.47; 95% CI, 2.08–2.94; P < .0001) and were more likely to
report more severe symptoms such as fever and wheezing.

The 962 weeks with symptoms included 544 distinct illness
episodes with symptoms present in a mean of 2.0 consecutive
reporting weeks (range 1–23 weeks). Participants experienced
a mean of 5.0 (range 1–12) respiratory illness episodes per

person per year (pp/py). Children younger than 5 had more ill-
ness episodes (mean of 6.1 pp/py) compared with children 5–17
(5.3 pp/py), adults 18–39 (4.6 pp/py), and adults older than 40
(4.1 pp/py) (P = .02 for trend). The number of illness episodes
was not associated with the size of the household (P = .6); how-
ever, the presence of children in the household was associated
with more illness episodes (OR 2.29, 95% CI, 1.11–5.87; P = .05).

Of 544 illness episodes, 324 (60%) had a virus detected in ≥1
weeks. Illness episodes in which a virus was detected were no
more likely to be associated with missed school and/or work
(P = .2) or healthcare visits (P = .2) than episodes in which no
virus was detected.

Viral Detection by Week
Avirus was detected in participants during 1064/4166 (26%) per-
son-weeks. Participants reported symptoms in 45% (481/1064).

Age was associated with viral detection. Children younger
than 5 were virus positive in 358/710 (50%) of weeks and

Table 1. Demographic and Clinical Information for the Study
Cohort

Demographic Variables N (%)

Adults (≥18 y) 48 (44)

18–39 26 (24)
40–59 22 (20)

Children (<18 y) 60 (56)

0–4 21 (19)
5–17 39 (36)

Males 57 (53)

Race/ethnicity
White, Non-Hispanic 88 (81)

White Hispanic 3 (3)

Asian 2 (2)
Mixed race 5 (5)

Unreported 10 (9)

Occupation of adults (N = 48)
Healthcare worker 11 (23)

Teacher 1 (2)

Out of home participation of children (N = 60)
Child care 10 (17)

School 38 (63)

Clinical variables
Missed daycare, school, or work for symptoms 54 (50)

Medical care for any symptomatic episode 32 (30)

Emergency department visit for symptomatic episode 2 (2)
Hospital admission 0 (0)

Any influenza immunization 67 (62)

Seasonal injectable 45 (42)
Seasonal inhaled 16 (15)

2009 H1N1 injectable 15 (14)

2009 H1N1 inhaled 21 (19)
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children 5–17 years were positive in 402/1597 (25%) of weeks,
both significantly more commonly than adults (304/1859 [16%]
of weeks; OR 5.20, 95% CI, 4.28–6.33 and OR 1.72, 95% CI,
1.45–2.04, respectively) (Figure 1A and Table 2).

Viral detection was more common in larger families (Fig-
ure 1B). When compared with single person households, individ-
uals living in households with 1or more children experienced
3.09 (95% CI, 1.29–10.07) additional weeks of viral detection
per person (P = .04).

Rhinovirus was the most commonly detected virus, present
in 694 weeks (17%), accounting for 65% of all virus positive
weeks. Overall, 100/108 participants (93%) had rhinovirus de-
tected in at least 1 weekly sample. Rhinovirus, bocavirus, and
the coronaviruses accounted for 1056 (99%) of the virus positive
weeks (Table 2).

The seasonality of viral detection varied (Supplementary
Figure 1). Influenza peaked in the fall of 2009, corresponding
with the peak of the H1N1 pandemic in Utah [25].

Virus Positive Illness and Virus Positive Asymptomatic Episodes
There were 783 viral detection episodes (mean 7.3 pp/py); a sin-
gle virus was detected in 560 (72%). Children younger than 5
years had more viral detection episodes (12.1 pp/py) than
school-aged children (7.5 pp/py), adults 18–39 (6.3 pp/py),

and adults older than 40 (3.3 pp/py) (P < .001 for trend). Larger
family size was associated with more virus detection episodes
(Supplementary Table 4).

Of 783 viral detection episodes, 440 (56%) were associated
with symptoms (Supplementary Table 5). Viral detection epi-
sodes were more likely to associated with symptoms among
children younger than 5 than among older children and adults
(69% vs 50%; OR 2.21, 95% CI, 1.68–2.92; P < .001). Symptom
frequency varied by virus (Figure 2A). Influenza A, human
metapneumovirus and the coronaviruses HKU1 and OC43
were most frequently associated with symptoms (76%, 83%,
64%, and 61% of the episodes, respectively). Bocavirus and rhi-
novirus detection episodes were less often symptomatic (46%
and 56%, respectively). Symptomatic bocavirus episodes were
more common in children younger than 5 years and in adults
18–39 years (56%) than in older children and adults (14%)
(P < .001). Rhinovirus episodes were more often symptomatic
in children younger than 5 years (67%) than in all other age
groups (51%) (P = .003).

The mean duration of all viral detection episodes was
1.7 weeks (range 1–12 weeks), with 646 episodes (83%) detected
in ≤2 weeks and 137 (17%) in ≥3 weeks (Figure 2B and Supple-
mentary Table 6). Viral detection episodes were longer in chil-
dren younger than 5 years (mean 1.9 weeks) than in other age

Figure 1. A, The mean number of weeks with 1 or more viral detections per person during 1 year as a function of age. B, The number of weeks with 1 or
more viral detections in the household over 1 year stratified by the number of children residing in the household.
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groups (1.6–1.7 weeks) (P = .005). Of 137 episodes ≥3 weeks,
most were due to rhinovirus or bocavirus (82%).

DISCUSSION

These findings from a household-based surveillance study pro-
vide a detailed view of respiratory viruses. Participants experi-
enced a mean of 5 respiratory illnesses per year and reported
symptoms in 23% of weeks. A virus was detected in more
than one quarter of weekly samples. Strikingly, children youn-
ger than 5 years had respiratory symptoms in 38% of weeks and
a virus detected in 50% of weekly samples. The presence of chil-
dren in the household was associated with an increased likeli-
hood of viral detection. Rhinovirus was the most commonly
detected virus and 93% of the cohort had rhinovirus detected
at least once. Obtaining data weekly from symptomatic and
asymptomatic individuals provides insights for determining
the relevance of viruses detected from nasal samples in clinical
settings. A significant proportion (55%) of weekly viral detec-
tions and viral detection episodes (44%) were asymptomatic.
In 17% of episodes, a virus was detected for ≥3 weeks. These
asymptomatic and prolonged detections may confound the
interpretation of positive PCR tests for some respiratory viruses
in clinical settings.

The Utah BIG-LoVE study extends findings from studies
conducted in the 20th century and demonstrates significant

differences. The overall rates of respiratory illness of approxi-
mately 5 pp/py and the pattern of decreasing rates with increas-
ing age are similar to earlier studies [8]. However, our detection
of viruses during approximately 60% of respiratory illnesses is
higher than in previous studies. These differences are likely
due to enhanced detection of viruses using highly multiplexed
PCR. In the 1966 Virus Watch publication, no virus was detect-
ed in 86%–93% of illness episodes [12]. A more recent study of
households by Monto et al used PCR and detected a virus in
47%–63% of acute respiratory illnesses [26]. Our rate of detec-
tion was higher, perhaps because the Monto study tested for
fewer viruses than the BIG-LoVE study, and did not test for bo-
cavirus, the second most frequently detected virus in our cohort
[26]. The illness episodes in our cohort without a viral etiology
may have been due to known or unknown viruses not detected
by the FilmArray system, bacterial infections, or noninfectious
causes.

Respiratory symptoms were present one quarter of the time.
Children younger than 5 were most likely to have symptoms
and were more likely to report fever or wheezing than older chil-
dren or adults, similar to other longitudinal studies [8, 10, 26].
Despite the frequency of symptoms and viral detections, only
30% of participants sought medical care, <2% had contact
with an emergency department, and none were hospitalized.
Because most symptomatic viral episodes are managed at
home, studies performed in hospital settings alone are likely

Table 2. Viral Detection Weeks by Age Group and Virus Type

Respiratory Virus

0–4 y
(N = 21)
710 wk
(%)

5–17 y
(N = 39)
1597 wk

(%)

18–39 y
(N = 26)
1004 wk

(%)

40–59 y
(N = 22)
855 wk
(%)

All Ages
(N = 108)
4166 wk

(%)

Any virusa 358 (50) 402 (25) 210 (21) 94 (11) 1064 (26)

Adenovirus 9 (1) 3 (0.2) 2 (0.2) 0 (0) 14 (0.3)
Bocavirus 100 (14) 27 (2) 74 (7) 9 (1) 210 (5)

Coronavirus HKU1 4 (0.6) 10 (0.6) 6 (0.6) 7 (0.8) 27 (0.6)

Coronavirus NL63 0 (0) 3 (0.2) 0 (0) 0 (0) 3 (0.1)
Coronavirus OC43 21 (3) 16 (1) 12 (1) 9 (1) 58 (1)

Coronavirus 229E 18 (3) 22 (1) 12 (1) 12 (1) 64 (2)

Enterovirus 4 (0.6) 1 (0.1) 1 (0.1) 0 (0) 6 (0.1)
Human metapneumovirus 8 (1) 7 (0.4) 3 (0.3) 0 (0) 18 (0.4)

Influenza A 9 (1) 23 (1) 7 (1) 4 (0.5) 43 (1)

Influenza B 3 (0.4) 6 (0.4) 0 (0) 1 (0.1) 10 (0.2)
Parainfluenza virus 1 2 (0.3) 6 (0.4) 0 (0) 3 (0.4) 11 (0.3)

Parainfluenza virus 2 0 (0) 0 (0) 1 (0.1) 0 (0) 1 (0.1)

Parainfluenza virus 3 3 (0.4) 4 (0.3) 1 (0.1) 0 (0) 8 (0.2)
Parainfluenza virus 4 3 (0.4) 1 (0.1) 0 (0) 0 (0) 4 (0.1)

Respiratory syncytial virus 9 (1) 11 (0.7) 4 (0.4) 2 (0.2) 26 (0.6)

Rhinovirus 240 (34) 292 (18) 112 (11) 50 (6) 694 (17)

a More than 1 virus may have been detected during individual weeks.
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Figure 2. The distribution of viral detection episode lengths stratified by virus. A, Darker shading indicates symptomatic viral detection episodes and
lighter shading indicates asymptomatic viral detection episodes. B, Filled circles represent individual viral detection episodes and the solid black lines depict
the mean duration for each virus. Note: The horizontal axes for bocavirus and rhinovirus extend from 1 to 12 weeks, whereas for all other respiratory viruses
the horizontal axes extend from 1 to 5 weeks. Abbreviations: HMPV, human metapneumovirus; RSV, respiratory syncytial virus.
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to give biased views of the overall prevalence and impact of
respiratory viral illness.

Viruses were detected in one quarter of weekly samples, re-
gardless of symptoms. Children younger than 5 years had virus-
es detected in 50% of all weeks tested. Other studies have
documented high rates of virus detection in young children
with acute respiratory infection [27] and in asymptomatic chil-
dren [17, 28–30]. Detection of a respiratory virus was more
common in adults aged 18–39 than in older adults. This may
be partially explained by the fact that many in this age group
were parenting young children. Family size was also associated
with illness frequency and viral detection, in accord with other
studies [8, 26].

As in other longitudinal studies of households, rhinovirus
was the most commonly detected virus in the BIG-LoVE house-
holds [5, 26]. Rhinovirus detection was ubiquitous, with every
household and 93% of all participants positive for rhinovirus
at least once during the year. Of the 416 rhinovirus detection
episodes, 44% were asymptomatic. Rhinovirus detection was
more likely to be asymptomatic with increasing age. Among
children younger than 5 years, 67% of rhinovirus detections
were associated with symptoms, which was higher than older
children and adults (51%) but lower than the 86% recently
reported by Peltola [31].

After rhinovirus, bocavirus and the coronaviruses OC43,
229E, and HKU1 were the most commonly detected viruses.
Bocavirus is relatively newly described, and the clinical rele-
vance of detection is incompletely understood [32]. Bocavirus
has been detected in infants and children with and without re-
spiratory symptoms [27, 33, 34]. In our cohort, bocavirus infec-
tions often were asymptomatic; however, this varied with age.
Symptomatic bocavirus detections were much more commonly
identified among children younger than 5 and adults 18–39
years. Bocavirus is not routinely sought in clinical care and is
not reported in the FDA-cleared FilmArray RP panel. We
detected coronaviruses, recognized causes of upper and lower
respiratory illness including life-threatening infections [14, 15,
35], in all age groups. The majority (56%) of coronavirus epi-
sodes were symptomatic, suggesting that coronavirus infection
may be an underrecognized cause of respiratory tract infection.

The detection of viruses from asymptomatic individuals may
confound the interpretation of PCR-based diagnostic tests in
the clinical setting [3, 29]. The BIG-LoVE cohort, with weekly
sample collection regardless of symptoms is informative. Most
episodes of virus detection were brief with a mean ≤2 weeks.
However, the association with symptoms varied by age and
virus. Detections of human metapneumovirus, influenza A,
and the parainfluenza viruses were strongly associated with
symptoms (>75% for all viruses). In the clinical setting, detec-
tion of these viruses is likely associated with the illness under
evaluation. In contrast, approximately half of the episodes of

bocavirus and rhinovirus were asymptomatic, and prolonged
asymptomatic detection occurred in 14% and 22% of episodes,
respectively. Others have reported prolonged detection of boca-
virus of up to 28 days [34]. The mean duration of rhinovirus
detection by PCR in 1 study was 10.1 and 11.4 days for immune
competent adults and children respectively [17]. Another study
demonstrated rhinovirus detection for >30 days in approxi-
mately 5% of children younger than one year [36]. Therefore,
although bocavirus and rhinoviruses may cause both upper
and lower respiratory infection, the association of a single pos-
itive test with clinical illness is uncertain, especially in young
children or adults exposed to them in the home.

This study has several limitations. First the cohort was drawn
from a single university community that may not be generaliz-
able to different geographic or socioeconomic settings.
Although additional data from other regions are needed to
complement our findings, our results are similar to other longi-
tudinal cohorts. Second, we used self-collected nasal swab spec-
imens, which were stored at home for up to 3 days. This may
have resulted in lower detection rates. In spite of this, we were
able to detect a virus in 60% of respiratory symptom episodes,
which is higher than in other longitudinal studies [8, 10, 26].
Third, in 28% of viral detection episodes, more than 1 virus
was detected, limiting our ability to ascribe symptoms to individ-
ual viruses. An analysis of dual detection episodes is ongoing.
Fourth, we have not completed sequencing of the rhinoviruses.
It is possible that longer detection episodes may have included
sequential infections with different rhinoviruses [31]. Finally,
we did not collect serologic data, which limits our ability to asso-
ciate viral detections with illness symptoms.

In spite of these limitations, we are able to draw several con-
clusions. Respiratory viruses are frequently detected in young
children and in those who share their households. Viral detec-
tion is often asymptomatic and occasionally prolonged, espe-
cially for bocavirus and rhinovirus. Therefore, in clinical
settings, the interpretation of positive PCR for some viruses,
especially in young children and those who live with them
may be confounded.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
provided by the author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.
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