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Background: Respiratory viral infections are a major cause of morbidity and mortal-
ity worldwide. However, their characterization is incomplete because prevalence es-
timates are based on syndromic surveillance data. Here, we address this shortcoming
through the analysis of infection rates among individuals tested regularly for respira-
tory viral infections, irrespective of their symptoms.

Methods: We carried out longitudinal sampling and analysis among 214 individuals
enrolled at multiple New York City locations from fall 2016 to spring 2018. We com-
bined personal information with weekly nasal swab collection to investigate the
prevalence of 18 respiratory viruses among different age groups and to assess risk
factors associated with infection susceptibility.

Results: 17.5% of samples were positive for respiratory viruses. Some viruses circu-
lated predominantly during winter, whereas others were found year round. Rhinovirus
and coronavirus were most frequently detected. Children registered the highest
positivity rates, and adults with daily contacts with children experienced significantly
more infections than their counterparts without children.

Conclusion: Respiratory viral infections are widespread among the general popula-
tion with the majority of individuals presenting multiple infections per year. The ob-
servations identify children as the principal source of respiratory infections. These
findings motivate further active surveillance and analysis of differences in patho-

genicity among respiratory viruses.
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1 | INTRODUCTION

Traditional estimates of influenza-like infection rates are based on
specimens collected from patients seeking treatment in medical
clinics or emergency departments.’? This surveillance overlooks
the large part of the population who experience asymptomatic in-
fections or choose not to see a doctor. As a result, prevalence esti-
mates of different viruses are skewed toward the most pathogenic
agents, and overall infection rates are likely underestimated. Here,
we supplement traditional surveillance through sampling among
healthy individuals who are tested weekly for multiple respiratory
viruses irrespective of whether they are experiencing respiratory
symptoms. We use this information to quantify the prevalence of
common respiratory viruses within the general population, char-
acterize the seasonality of these viruses, and assess the risk fac-
tors (age, habits, and health conditions) that increase susceptibility
among hosts.

2 | METHODS

2.1 | Cohort composition and survey

We enrolled 214 healthy individuals from different locations in the
borough of Manhattan in New York City. The cohort included chil-
dren attending 2 day cares, along with their siblings and their parents,
teenagers and teachers from a high school, adults working at two
emergency departments (a pediatric ER and an adult ER), and adults
working at a university medical center. The study period spanned
two years between October 2016 and April 2018 with some indi-
viduals enrolled for a single cold and flu season (October-April) and
others for the entire period. At enrollment, individuals were asked
to complete a baseline survey and provide two nasopharyngeal
swab samples (one for each nostril). Following this preliminary step,
two nasopharyngeal samples were collected weekly from each par-
ticipant irrespective of symptoms. The baseline questionnaire com-
pleted at the time of enrollment included information on ethnicity,
general health, daily habits, travel history, and household structure.
Parents provided consent and questionnaire answers for children

enrolled. Details on the participants are summarized in Table 1.

2.2 | Specimen collection and analysis

Two nasopharyngeal samples per participant were collected on a
weekly basis using minitip flocked swabs. Both samples were stored
jointly in 2 mL DNA/RNA Shield (Zymo Research, Irvine, CA) at 4-
25°C for up to 30 days and then stored at -80°C in two aliquots.
Nucleic acids were extracted from 200 uL of sample and 10 uL of
internal control using the EasyMAG NucliSENS system (bioMerieux,
Durham, NC). Samples were then screened for viruses using the eS-
ensor XT-8 respiratory viral panel (RVP; GenMark Dx, Carlsbad, CA),3
a multiplex PCR assay. The RVP system separately detects influenza
A (any subtype, A/HIN1, A/H3N2, A/HIN1pdm2009) and B; RSV A
and B; parainfluenza (PIV) 1, 2, 3, and 4; human metapneumovirus
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(HMPV); human rhinovirus (HRV); adenovirus B/E and C; and coro-
naviruses (CoV) 229E, NL63, OC43, and HKU1. Samples positive
for a particular virus were identified by an electrical signal intensity
of 22 nA/mm? (with the exception of Coronavirus OC43 for which
positive results were identified by an intensity of 225 nA, per manu-
facturer specifications).

2.3 | Statistical analysis

Analyses were conducted using the total number of positive sam-
ples, as well as the number of illness events. We defined an illness
event as a group of consecutive weekly swab specimens for a given
individual that were positive for the same virus (allowing for a 1-week
gap to account for false negatives and temporary low shedding).

The impact of population-based variables on virus positivity or
illness event rates was assessed using ANOVA and logistic regres-
sion. The chi-squared statistic was also used to assess pairwise dif-
ferences. The participants were divided into four groups as follows:
children (under 10 years of age), teenagers, adults with daily contact
with children (parents and PEDS ER doctors), and adults without
daily contact with children. For this analysis, only the 192 partici-
pants who contributed at least six separate pairs of nasopharyngeal
samples were included.

3 | RESULTS

A total of 4215 samples were collected and analyzed. Among them,
737 (17.5%) tested positive for one or more of the respiratory vi-
ruses. Seventy-two samples tested positive for multiple viruses
(10% of the positive tests). Across time, between 10% and 25% of
the samples tested positive each week, this overall rate of positivity
did not exhibit a trend or seasonality.

Rhinovirus and coronavirus were the most frequently identified
viruses, present in 408 and 188 samples (55% and 25% of the positive
samples), respectively, followed by adenovirus (11%), RSV (5%), influ-
enza (5%), parainfluenza virus (4%), and HMPV (3%). Among these
viruses, influenza, RSV, coronavirus, and HMPV were most prevalent
in the winter months and had no documented incidence during the
summer months. In contrast, rhinovirus, adenovirus, and parainflu-
enza circulated throughout the entire study period (the temporal dis-
tribution is showed in Figure 1 and Supplementary Figure S1).

We compared the results among the following four cohort
groups: children, teenagers, adults with daily contact with children,
and adults without daily contact with children. Children presented a
significantly higher number of co-infections than the other groups:
16% of positive results among children were positive for more than
one virus vs 0%, 2%, and 6%, respectively, for teenagers, adults
without children, and adults with children (significantly higher for
the children, P < 0.0001).

The percentage of tests that were positive differed significantly
among the groups: 36% for children, 15% for teenagers, 17% for the
adults with children, and only 7% for adults without children. The
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odds of testing positive for children were six times higher than the
odds of testing positive for adults without daily contacts with chil-
dren (see Supplementary Figure S2 for raw numbers across the dif-
ferent locations and Table S1 for results of logistic regression). The
analysis of viral events also confirmed a significant difference across
groups, with children exhibiting the highest number of viral events
and adults without children the lowest. Comparison of the number
of viral events among the four groups is shown in Figure 2, together
with P-values for pairwise comparisons (Table 2).

We tested the effect of several baseline factors on the normal-
ized number of infections. Gender, presence of pre-existing respi-
ratory conditions (any condition, but also separately asthma and
allergy), choice of public vs private means of transportation, and self-
identification with Hispanic ethnicity did not have a significant asso-
ciation with the number of infections. In contrast, age group, living
with other children, and self-identification with American Indian race
had a significant effect on the number of infections per 10 test (P-
values respectively 0, 0.05, and 0.01). Note that the majority (73%)

of people self-identifying as American Indian were children.

TABLE 1 Demographics of the study cohort

The distribution of viruses found across the different age groups
was similar, with coronavirus and rhinovirus accounting for 70% to
82% of positive results. Children and adults with daily contacts with
children had similar distributions of infecting pathogens, with higher
percentages of adenovirus and parainfluenza than the other groups
(Figure 3). Multiple subsequent infections with the same virus were
frequently identified for HRV and coronavirus in all groups and for
adenovirus among the children. In particular, multiple infections
with rhinovirus were documented for 30% of the participants, with a

maximum of 7 separate HRV events within a year.

4 | DISCUSSION

Respiratory viruses are the most common cause of infection among
the general population. Every year, they cause millions of illnesses,
thousands of hospitalizations and deaths,* and impose a significant
economic burden on health care systems.® Respiratory viral in-

fections are highly contagious, and the lack of a vaccine (with the

Children Parents Teenagers Teachers Peds ED Adult ED Medical Center All Cohorts
n% n% n% n% n% n% n% n%

Enrolled 35(16.4) 20(9.3) 42 (19.6) 15(7.0) 22(10.3) 11(5.2) 69 (32.2) 214 (100)
Total samples 1016 (24.1) 524(12.4) 361 (8.6) 248 (5.9) 537 (12.7) 103 (2.4) 1426 (33.8) 4215 (100)
Years (% per cohort)

One 8(22.9) 8(40.0) 33(78.6) 7 (46.6) 11 (50.0) 0(0) 15(21.7) 82(38.3)

Two 10 (28.6) 6(30.0) 9(21.4) 1(6.7) 2(9.1) 11 (100) 41 (59.4) 80 (37.4)

Both 17 (48.5) 6(30.0) 0(0) 7 (46.6) 9 (40.9) 0(0) 13(18.9) 52(24.3)
Gender (% per cohort)

Male 17 (48.6) 3(15.0) 27 (64.3) 8(53.3) 7(31.8) 4(36.4) 27(39.1) 93 (43.5)

Female 18 (51.4) 17 (85.0) 15(35.7) 7(46.7) 15(68.2) 7(63.6) 41 (59.4) 120 (56.0)

Transgender 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(1.5) 1(0.5)
Age

Range 0-9 24-43 14-18 24-38 24-61 25-63 20-63 0-63

Median 3 33 14 27 39 33.5 26 25
Hispanic (% per cohort)

Yes 25(71.4) 8(40.0) 20 (47.6) 2(13.3) 1(4.5) 0(0) 12 (17.4) 68(31.8)

No 10 (28.6) 10 (50.0) 21 (50.0) 13 (86.7) 21(95.5) 11 (100) 57 (82.6) 143 (66.8)

Don’t know 0(0) 2(10.10) 1(2.4) 0(0) 0(0) 0(0) 0(0) 3(1.4)
Race (% per cohort)

White 3(8.6) 4(20.0) 1(2.4) 9 (60.0) 18(81.8) 5(45.5) 37 (53.6) 77 (36.0)

African 3(8.6) 2(10.0) 21 (50.0) 4(26.7) 0(0) 2(18.2) 4(5.8) 36 (16.8)

American
Asian 3(8.6) 3(15.0) 2(4.8) 1(6.7) 3(13.6) 3(27.3) 21(30.4) 36(16.8)
American 19 (54.2) 5(25.0) 1(2.4) 0(0) 0(0) 0(0) 1(1.5) 26(12.1)
Indian

Other Pacific 0(0) 0(0) 1(2.4) 0(0) 0(0) 0(0) 0(0) 1(0.5)

Other or mixed 7 (20.0) 6(30.0) 10 (23.8) 1(6.7) 0(0) 1(9.0) 5(7.2) 30 (14.0)

Don’t know 0(0) 0(0) 6(14.3) 0(0) 1(4.6) 0(0) 1(1.5) 8(3.7)
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FIGURE 1 A, Positive (color) and negative (white bars) samples aggregated by week. The weekly distribution for each age group is shown
in the Supporting information. B, Time series highlighting the distinction between viruses with and without a seasonal pattern. Weekly
positive results for each virus are normalized on the total number of tests collected within the week. Fewer samples were collected in

late spring and summer. The spikes in prevalence of coronavirus in May and July are likely artifacts due to the lower numbers of samples
collected
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exception of influenza) and absence of long-lasting immunity favors
the continued recurrence of outbreaks of these pathogens. Despite
this ubiquitous circulation, very little is known about the prevalence
of these infections among the global population, as the available es-
timates are based on syndromic surveillance (eg, in the United States,
the CDC-based National Respiratory and Enteric Virus Surveillance
System (NREVSS) and FLUVIEW'?) and prospective studies are usu-
ally restricted to groups at risk.

Most of the existing literature focuses on young children because
acute respiratory infections are a leading cause of childhood hospi-
talization and mortality worldwide.®” Early life respiratory viral infec-
tions, principally due to rhinovirus and RSV, have been shown to be
associated with the development of recurrent wheezing and asthma
in infants and children.®° Conversely, the impact of these infectious
agents on healthy adults and the role of asymptomatic infections on
transmission dynamics have not been properly investigated. A recent
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study found high levels of asymptomatic respiratory infection among
an ambulatory adult population in New York City.**

The work presented here is part of larger project attempting to
document the prevalence of respiratory viral infections among dif-
ferent strata of the population, with a specific focus on the environ-
mental, demographic, and genetic factors affecting susceptibility,
symptomology and transmission. Here, we have shown that respira-
tory virus infections are present among all age groups, with almost
all participants presenting with at least one viral infection per year
and an overall rate of 17.5% of positivity among all collected samples.
Infection appeared to be strongly connected with age, with young
children presenting more than double the number of infections of
other age groups. Adults with daily contact with children (parents
and pediatric doctors) also had a higher number of infections than
their counterparts without daily contact with children. Moreover, the
distribution of respiratory virus infections for parents and pediatric
doctors was very similar to the distribution observed in the children.
These observations suggest children are a principal source of respira-
tory infection and confirm earlier studies that found day cares to be
optimal environments for transmission.'2*® Self-identification with
American Indian or Alaskan native race was also a factor influenc-
ing the number of respiratory viral infections. This association was
likely due to the non-mixed nature of our population, as nearly all of
the participants self-identifying as Alaskan native or American Indian
were children or parents from one of the day care settings. Children
were also associated with a higher risk for co-infection than adults
and teenagers, as has also been shown in earlier studies. !

A larger variety of viruses was found in children and their close
contacts; however, rhinovirus and coronaviruses were the most
frequently identified viral respiratory pathogens in all age groups.
Together, these two viruses accounted for more than 70% of pos-
itive results. The presence of multiple subsequent infections with
the same virus in many individuals suggests short-lasting immunity
or potential low cross-immunity among multiple co-circulating sero-
types of the same pathogen. Previous studies on HRV report up to
20 different rhinovirus types (among more than one hundred known)
circulating in a community during one season. Further, the prevail-
ing strains can differ widely between locations, across seasons, and
switch almost completely from year to year.15

Our estimates of incidence rates differ markedly from those
built on syndromic surveillance data.}*” Among patients seeking
care, some viruses like influenza are overrepresented and others,
like coronaviruses, profoundly underrepresented. This asymmetry is
likely due to the different pathogenicity of the viruses causing respi-
ratory infections and underscores the importance of using of non-
syndromic surveillance data to capture the true overall prevalence of
respiratory virus infection within the general population.

A limitation of this study is the low frequency of sampling in late
spring/summer months, due to decreased participation of the en-
rolled individuals. Despite the lower number of samples collected
during these months, seasonal and non-seasonal patterns are clearly
identifiable. Some viruses (influenza, RSV, coronavirus and HMPV)
had a distinct peak during winter months, whereas others circulated
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year round. Such assessment of seasonality for different pathogens
is important for planning vaccination and control strategies and to
understand the dynamics of transmission.

Future work should involve analyses of differences in pathoge-
nicity among respiratory viruses, as well as the impact of genetic, de-
mographic, and environmental features on pathogenicity. Moreover,
longitudinal sampling coupled with information on symptomology
should be used to analyze the impact of asymptomatic infections

and the role of asymptomatic carriers on transmission dynamics.
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