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Background: The prevalence, symptom course, and shedding in persons infected with the four
most common.human coronavirugekCoV) -229E, HKU1, NL63 and OC4&repoorly
describedObjectives: We estimatetheir prevalence andssociatedymptomsamongcollege
students identified via a social network study dedRgtientsM ethods. We collectedl1-3
samplegn=250 specimengjom 176 participants between October 2012 and January 17, 2013:
participantswith acute respiratory infectio\RI) (coughandbody aches ochills or
fever/feverishnessggndtheir social contactsVirus was detected usirgT-PCR.Results: 30.4%
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(76/25Q of specimensested positive foany virus testednd 4.8% (12/250) were positive for
two or more virusedduman coronaviruse$iCoVs|[22.0%; 55/250]) rhinovirus (7.6%;

19/250), and influenza A (6.4%; 16/250¢re most prevalen8ymptomschanged significantly
over time among ARparticipants with HCoVthe prevalence afough anchills decreasdover

6 days (p=0:04, and p=0.0%kspectively)while runny nose increas over the same period
(p=0.02).HCoV-NL 63 was the most frequent virus detected 6 days following symptom onset
(8.9%),followed by rhinovirus (6.7%onclusions. During a 3-month periodovering a single
seasonHCoVswerecommon, even amorgpcial contactsvithout respiratory symptoms;
specific symptoms may change over the course of H&ss6ciated illness amgere similar to

symptomsdrom, influenza and rhinovirus.

Key Words. acute respiratory infectionpoonavirus, humarinfluenza, human; symptoms
university
Introduction

As demonstrated by the 2012 discovery of the Middle East Respiratory Syndrome
coronavirus (MERSCoV) in Saudi Arabig human coronaviruses continue to emerge and may
becomesignificant public health problemBIERS CoV followedclosely on the2003
identification”of severe acute respiratory syndrome coronavirus (S2d%3.% Bothviruses
originated from animal reservoirs and cause significant mor&liBy contrastfour other
human coronavirus€siCoVs)229E, HKU1, NL63 and OC43already circulate globallyout
generally havelow fatality rat82° Thesefour HCoVsalso are believiéto be derived from
zoonotic sourees, including bats (NL63, 229E), dromedary camels (298Eitle (OC43)
although the origins of HKUflemain uncertain***

The four,HCoVs are linked to common cold symptdrs->*%while HCoV-HKU1 has
less definitivelybeen linked t@astrointestinal symptont$*®HCoV-HKU1 and HCoVNL63
can cause, severe diseasesluding bronchitis, brorugolitis, andor croup among pediatric and
adult hospitalized patients ®*%! However, due to theelativelymild course of iliness in the
majority of‘etherwise healthy individualhese four HCoVare thought to be underreportéd.

Our currentunderstanding of the epidemiologi/HCoV-229E, HCoVHKU1, HCoV-
NL63, and HCoVOC43outside of clinicgs extremely limitel. The prevalenceseverity andco-
occurrence oHCoVswith other respiratory virusese not yeestablished Data are primarily
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from outbreak reportscase studiesnd clinicalstudies focusing predominantly on

children >®#%4ere webegin toaddress thigapby estimatingthe prevalenceshedding
duration, symptom progression, andaletectionwith other respiratory virusesf HCOV-229E,
HKU1, NL63 and OC4Zamong a cohort afollegeaged students.

Methods

We'collecteddemographicglinical dataand throaandanteriornasal specimens from
studentsas partof greviously describethrge social network stydf acute respiratory
infection ARI) amonguniversity student®® Briefly, a total of 59Gtudents livingn one of six
on-campussresidence halls were recruitedugh a chain referral methbdtweenOctober 2012
andJanuary 17, 2013\l participants were asked to identify recent social contacts through
searching a listiof enrolled contacts or through suggestions based on the underlying socia
network on a weekly online survey. For a 10-week period from January 17 until April 9, 2013,
participants experiencing respiratory symptonese asked taomplete an online screening
survey toselfreportillnesssymptoms.

Participans reporting symptoms reéng theARI case definitior{cough plus at least one
of: body aches, chillgyr fever/feverishnessyerescheduled to provide up to three specimens
over a 6eayperiodfollowing ARI onset. In order to reduce the likelihood that any itiness
episodes were linked to the same etiology, symptom-onsetwiatesequired to bet least two
weeks apartor an ARI participant to provide more than one set during the study p&hisd.

allowed ussto"eonsider each iliness episode as an independent event.

Social Contacts

Once amRI case was identifiethrough our online screening survey,eanail was
automatically.sent oubtthe individual’snetwork contacts, invitingresumedhealthy” social
contactgo provide a specimefMhe social network was identified through a list of contacts that
each enrollee"generated over the course of the stodial Sontactsvere eligibleif: 1) they had
recent facdo-face contact within the previous calendar wegtk an ARI participant, an@)
werenot anARI participantduring the previous two weekSocial contactghat elected to

provide specimens were schedufedup to threespecimercollections

This article is protected by copyright. All rights reserved



122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

Although healthy social contacts were not experiencing ARI when they were asked to
provide a specimen, some of the social contacts reported symptoms of illness, such as cough or
sneezing, at the time of specimen collectiBhanges in sympton@mnong social contacts were
calculated as thiéme from thefirst specimen collectioto illnessonset. Any scial contact
symptomatien any one or more of tepecimen collectiodayswasdefined as &social
contact with_ symptom$Any social contact remaining healthy @pecimen collectiodays 0, 3,
and 6 vasdefined as a “asymptomatisocial contact

The University of Michigan Institutional Review Board (IRB) (HUM00054432)
approvedithe study protocol and the Centers for Disease Control and Preventroals Hu
Subjects Research Office reviewed and approved deferral to the Univetdighadan’s IRB.

Symptom Assessment

All participants providing specimens reported information on 13 acute symptoms:
abdominal\pain, body aches, chills, cough, diarrhea, ear ache, feverishness, headache, nasal
congestiopyrunny nose, sneezing, sore throat, and von#yngptoms were collectaginga
standardized questionnaire administered by trained staff during the samplgaroilesit, and

severity was reported as: not present, mild, modevatzvere.

Specimen Collection and Testing
For.each ARI iliness participant and invited sociaitest, we aimed to collect up to
three samplessfrom each study participant as follows:

ARI Participants

Day 0 specimer Within 24 hours of illness onset

Day 3 specimer Between 25 and 96 hours after illness onset

Day.6.specimer Between 97 and 144 huafter illness onset
Social Contacts

Day.0'specimer Time of first specimen collected, as close to illness arfsé&RI
contact.as possible
Day 3 specimer Approximately 72 hourafter initial specimen collection

Day 6 specimer Approximately 14ours after initial specimen collection
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152 If a social contact reported symptoms consistent with our ARI definitiony étfeaigh
153 the onlinescreening survegr during specimen collection, they were considered an ARI

154 participant and their next scheduled@peen was consideredday 0 ARI specimen. The

155 collection of any combination ofag 0,day 3, and dy 6 specimens for any participant was
156 defined as.“set” of specimens.

157 Trainedstaff collected specimenseach participant’s residencevabs werdakenfrom
158 two locations:thenteriornares and along the uvula. Bajpecimens werplacedin Copan

159 Universal Transport Medi@CopanMurrieta, Californiajandthenstored at70° C prior to

160 testing

161 All speecimens were tested b8 respiratory virusesopconaviruses 229E, HKU1, NL63,
162 and OC43;-adenovirus; human metapneumovirus (hMPV); influenza A and B; parainfluenza 1,
163 2, and 3; rhinovirus; and respiratory syncytial virus (R$y. all viruses except influenza A/B,
164 aliquots from the throat and nasal $waere combined prior to testing. Influenza A/B testing
165 wasperformedseparately on throat and nasal swabs, anticppants were considered positive
166 for influenzagifeitheswabtested positive.

167 Theumber of specimens collected per episode ranged f®peisetFor each illness
168 episode, prticipantsand each of their social contacts receigadncentive of15 for their first
169 specimen$20 for their second, and $25 for their third specimen within a collection period.
170 Tests for d respiratory viruses wengerformed in the laboratory using regihe reverse
171 transcriptase polymerase chain reaction-fROR). Primers and probes were developed by the
172 Centers forDisease Control and Prevention (C&@) obtained from the Division of Nl

173 Disease, Gastroenteritis, and Respiratory Viruses and the InfluenzabivAsiditional

174  informatioh about the RRCRprocessand RNA/DNA extraction can be found elsewh&rave
175 assessethe type and number gfral pathogens in each of the day 0, 3, and 6 specimens.
176 participaniwasconsidered positive fa particularvirus (or viruses)f at least one of the three

177 specimenswithimn illnessepisode had positiveRT-PCR result

178
179 Satigtical Analysis
180 We usedrisher's exact tesend ttests to compare demographic differences between

181 study participants providing and not providing specimasasyell aghe virus prevalence
182 between three groups: 1) ARI participants, 2) social contacts with sympnoin33 healthy
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social contactsSymptomswvere analyzeds present or absent, exceptdough, whichasa
requiredsymptom forthe ARI casealefinition, wasdefined as absemtild compared to
moderate/svere.To assess chang@ symptoms oveime, wecomparedhe proportion of
participants who reported each symptom on day 0, 3, &dech illness episodeesting for
trends by virugvith the CochrarArmitage test. We assessed the change in illness symptoms
over the 6-day.period separately for ARI participants (with a defined sympteet-date) and
social contacts'with symptoms (with no defined symptom-onset @ate)to sample size
constraints, the‘four human coronaviruseseeembined for symptom analysill statistical

analysesvere calculated using SAS 10.1 (Cary, NC).

Results

Of the 590 enrolled participants/6 (29.8%)provided specimenas an ARI participant,
a social contact, or doth an ARI participant and social contact. A total of 250, se¢s
collection of 1 to 3 specimens over an iliness episageecollected: 81/176 (46.0%)
participantsspravided 96 sets of specimens after meeting the ARI caséaefird/176 (39.8%)
participants provided 88 sets of specimens as social contacts; and 25/17pgpastidi4.2%)
provided'66,sets of specimens (31sset an ARI case and 35 sets as social contacts); 115 ARI
reports were eligible for specimen collection, of those 96/115 (83.5%) provided mapeai
mean of 1.6 specimens were collected perGampared to enrolled students who did not report
ARI or did'not provide specimers a social contadhose providing specimens were slightly
older (19.5wears vs. 19.1 years; p=0.0006),gadnts who were less watucated (p=0.04),
andwereless:likely to have receiveal2011/12 seasonal influenza vaccine (37.7% vs. 51.2%;
p=0.01) (Table 1).

Virus Prevalence

Half (127/250; 50.8%f the specimersetswerefrom ARI participants 78 (31.2%)from
social contaet'with symptoms, and 45 (18.086)n asymptomatisocial contact®Overall 76
(30.4%) of'the 258ets were positivéor at least one of the 13 viruses included inamgaya
total of 101 virusesvereidentified (11 dual infectionspnetriple infection) The overall
prevalence of virus from ARI participants was 46.5%, compared to 28.3% for smiatts
with symptoms (p=0.01), and 13.3% for asynmp&tic social contacts §0.001). The most
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214  common virusdentifiedwasHCoV-NL63 (10.0%; 25/250), followed by rhinovirus (7.6%;

215 19/250), influenza A (6.4%; 16/250), and RSV (3.2%; 8)2B0luenza A was the only virus

216 that appeared statistically significanthore frequently irARI caseghan social contacts with

217 symptoms or asymptomatic social contacts (ARI participants 10.286¢isl contact with

218 symptoms 2:6%, p=0.05hough not bateen ARI participantand asymptomatic social

219 contacts 2.2%,p=0.12No specimens tested positive for parainfluengaable 3.

220

221  Viral Co-Detection

222 The overall prevalence of atetection(i.e., detection of > 1 virus per illness episoite)
223  our populationmwas 4.8% (12/250) (Table B)ere were 11 twwirus caletectios and onériple
224  codetection‘inour population (positive for HCoV-HKUL, influenza A, and rhinovirus).

225 Rhinovirus occurred most frequently as det@ctedagent (8/12 specimens; 66.7%), while

226 HCoV-NL63 was present in 50% of thed=iectedspecimens (6/12). The viral positive counts in
227 any one group were too small to draw conclusions about the statistical associations between
228 codetectiomandiclinical symptoms.

229

230 Persistenceof Virus Shedding Over Time

231 Among ARI participantsthe prevalence of all viruseletectedlecreaseftom time of

232 symptom onset to follow-up. Influenza A (16.9%) was the most frequently detected virus on the
233 day of illness onset, followed by HCoV-NL63 (15.3%). Human coronavirus NL63 was the most
234  frequent virus'detected 6 days following illness onset (8.9%), followed by rhinovirus)(6.7%
235 Parainfluenzawiruses 1 and 2 were not detected in any spedioiletsed from ARI

236 participanty Table 4)

237

238  Symptoms Present During Specimen Collection

239 Of the 127 participants with ARI, 56 provided a specimen on day 0, 98 provided a
240 specimen.on'day 3, and 90 provided a specimen on day 6. The most frequent symptoms on day 0
241 were moderate/seveceugh (87.5%) and sore throat (83.98y.day 3 the most frequent

242 symptoms werenoderate/severeough (80.6%), nasal congestion (73.5%), and runny nose
243 (72.4%). Finally, six days following illness onset, the most frequent symptoms veale na

244  congestion and runny nose (both 73.3%y (LA).
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Of the 78 social contacts with symptoms, 78 provided a specimen on day 0, 67 on day 3,
and 60 on day 6. The most frequent symptaorsss thé&-day specimen collectiaime frame
were runny nose (43.4% on day 0, 43.3% on day 3, and 50.0% on dayrsal congestion
(39.5% on day 0, 41.8% on day 3, and 45.0% on dakyi§)L8).

Looking. over all the specimens collected in a set, 67.2% (203 out of 302 social contact
specimens) of specimens collected from social contacts were associated withcaideast
symptom and"32.8% (98 out of 302 social contact specimens) were associated with no

symptoms.

Change in symptoms over time

AmongrARI participants wittHCoV andmultiple specimens (n=19), the most common
symptom within\24 hours of symptom onset was moderate/severe cough (12/12; 100%),
followed by sore throat (11/12; 91.7%) and nasal congestion (9/12; 75.0%k days
following symptom onset, moderate/severe cough (17/18; 94.4%) and sore throat (15/18; 83.3%)
werethe moestecommon symptoms. Six days following symptom onset, the most common
symptomsamong ARI patients with HCoV wereinny nose (187; 94.1%) and nasal
congestion.(147; 82.%4%). Moderate/severe coudp = 0.04), chills (p = 0.01), artteadache (p
= 0.03)deereased in prevalence from dago day 6. Only the reports of rhinitis (p = 0.02)
increased over theday period(Fig 2A).

For ARI patients with influenza A and multiple specimens (n=h®gderate/severe
cough atvas'the most prevalent symptalaring the iliness episode, followed by sore throat on
day 0 and'nasal congestion and runny nose on days 3 and 6 of the illness. Body aches (p=0.02)
and feverishness (p=0.02) were the only symptoms with a significant difference in the prevalence
of symptans over timeKig 2B).

Among. ARI participants with rhinovirus and multiple specimens Jns&sal congestion
was present.inall participants at all three collection times. Runny nose was the second most
common symptom, decreasing over the illness period from 100% on day 0 to6/dadf% after
symptom onset}iere were no significant changes in the prevalence of sympiaensime
among ARI participants with rhinovirygig 2C).

Symptomsamong social contactgerecompared at day 0, 3, andd HCoV (n=9
participants) as this was the most prevalent type of virus identified in this group.
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276 Moderate/severe cough, nasal congestionsanel throatvere the most frequent sytoms on

277 day 0 and day 3 of specimen collecti@mx days after the initial specimen collectiomsal

278 congestion (37.5%; 3/8) was the most common symptom, followsdreyhroat (25%; 2/8)

279 among HCoVpasitive social contacts with symptoni$here were no symptoms with significant
280 changes inthprevalence over time among HCgpWsitivesocial contacts with symptomsig

281 3A).

282

283 Discussion

284 There are fevprospective nomlinic-basedstudiesdescribingthe epidemiology of

285 human corenaviruses 229E, HKU1, NL63 and OC43 and the changes in symptoms over time.
286 Amongthe'otherwise healthyoung adults with ARl symptoms and a sample of their social
287 contacts participating in this studyring a single season winter seashe prevalence of the

288 four HCoVs combined was 19.7% amamecimens from participantgth ARI, 14.1%% among
289 social contacts with symptoms, and 6.7% among asymptomatic social coDtaetectionof

290 viruses wastfound in 12 specimens collected during the study period, includitrgplene

291 codetectiowith'HCoV-HKUL1, influenza A, and rhinovirus. Influenza A was the most

292 commonly.detected virummong specimens collecttdm ARI participants, while HCoV-NL63
293 was the meost frequent virus detected 6 days following illness onset. We found that

294 moderate/seve coughghills, and headach#ecreaset frequency over the 6-day period

295 among students witHCoV infections while runny nose increased in frequency over the 6-day
296 period; ro similarfrequency trends were observed ameygptomaticsocial contactsvith

297 HCoV. Whilesstatistically significant differences were observed between patients providing
298 specimens and participants not providing specimens in age and parental education, the
299 significantly higher portion of patients not providing specimens with a sekisdinenza

300 vaccination,status is likely of concern for interpretation. The differgmotestially suggest that
301 receiving a.vaccination decreased the likelihood of providing a specimen during our study, an
302 area to notesfor future studies with a voluntspgcimen collection component.

303 Ourprevalene estimates are higher than estimatesforeviously conducted study

304 examining these four HCoVs in adult and asymptomatic populations, potentially due to the close
305 contact within the residence halls.addition, our focus on ARI participants and their social
306 contacts did not include individuals living in residence halls that did not have coritaetnwi
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ARI participant. As such, our reported prevalence estimates among social contacts of ARI cases
only are likely higher than they would be among a similar population without known ARI

contact. In that retrospective study conducted over 9 years in Sdo Paulo, Brazédytience of
HCoVstested byRT-PCRwas8% among 50 adults living in the community with influetika-
illness?® An.additional 50 asymptomatic adults were tested, and no positive E@minens
weredetectedBy contrast, we found that 8«of our asymptomatic contacts were positive for
HCoVs"A'household studihat used similar RPCR methodsonducted ovethe sameperiod

as our study‘isoutheast Michigafound a prevalence of ¥%of HCoVsamong individuals with

ARI, but they did not examine the prevalence amongARheontacts™

Theshigh prevalence of HCoV, compared to the 12 other viruses in our testing panel,
could be attributed to the timing of our study. Human coronaviruses are most frequently found
during December through May, and lotegm cohort studies suggest a cyclical pattern in the
presence of the four HCoVs over multiple yedrdowever, without multiyear data, we are
unable todeterminewhether thehigh prevalence of the HCoMsund was due tthe cyclical
nature of thewirus or a result tgfsting ill individuals inclose quarterdJnpublished data from
pilot study ‘eonducted among an independent sample of 574 students followed from February-
April 2012 resulted in few patients with ARI providing specimens (25), but we fagndilar
prevalencdor HCoVs (16%; 4/25) in a similar young adult population (unpublistzd
availablefrom corresponding author upon requeBt)rther longterm annual studies of HCoVs
in thiscommunityare needetb determinavhether there is a seasoerfiect orwhetherthere is
consisterlyshigher prevalence among young adults in the university setting.

A total-of 4.8% (12/2500f specimens wergositive with more than one virus, and
coronaviruses wer®und in 44% of the detected cetection Due to the small sample size, we
were unable to assess which characteristics contributeddetection, including thene
individual withthree detected viruseSther clinicbased studies, predominantly among children,
havereportedthe occurrence afodetected viruse$®?”**However, studies outside of the
clinical setting are raréA study of healthy preschoalgedchildren inAustraliareported twice
the prevalence of cietection(56%), but thie sample size was smaller (t8) and young
children tend tdvave higher ratesf respiratory illnesshan young adults These studies
suggest that vl codetection is frequent in children. In contrast to these studiesudur st
designed allowed for multiple samples taken from the same participant, potentially increasing the
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likelihood that we would find individuals positive for multiple viruses. @lleco-viral

infection appears to be less commons among university students compared to younger age
individuals. More research is needed on adults to determine risk fdotars-infectionsamong
relatively healthy individuals with developed immunetegss.

HCoV-NL63 and rhinovirus had the highest proportion of specimens positive aftes ilines
onset. A study.€xamining the viral load of HCoV in children in a daycare setting found an
averagashedding duration of 6.4 days, with a range of 2.8-10.1 Haysile a previous
rhinoviruschallenge study reported patients shedding for at least 4 days, suggedtimjnms
are not unusual. However, unlike challergstudies, we were unabledefinitely determine the
date of infection or adequately sample among patients without symptoms. As such, th
interpretation of symptoms over time and detection of virus over time are different for this
communitybased study ther than a controlled setting. These findings could influence infection
control practices in schoglas well as elsewhere in the communi#pwever, unlike challenge
studies, we were unable to definitely determine the precise date of infection or eaengle
participantwithout symptoms. As such, the interpretation of symptoms overrtaraegection
of virus over time are different for this communiigsed study rather than a controlled setting.

Ourfindings ofpersistentlyhigh prevalence of runny nose over thdesr period in ARI
cases with\HCo\torresponds with common symptoms found in historical challenge studies of
these viruse® However, we were unable to find any other studies presenting a change in
symptoms observed over time for the four globally circulating HCoVs outside of human
challenge trials. The statistically significant decreasmirgh, chills, and headached increase
in runny nosesover the 6-day period for Hi€oV observed in our studsuggest that symptoms
changesignificantly over the course of natural infection, making it difficult to delineate between
viral etiologies associated with common ARhe similarity of our findings with those of
another study.conducted in the region during the same $&asggestshat university students
were under similar regional viral pressure. Due to the low level of severe ikoessning for
these viruses'in aniversitysetting does not seem necessétywever, it does seem likely that
increased testing in the university setting, even among those with mild symptonts resuli
in a high number of viruses detected. Future studies would help to confirm the regu#ts of
study over multiple seasons to assess long-term trends that were not observed dauimgrihe
study, conducted over a singleason.
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Because weiseda chainreferralmethodology for enrollment, our study pdgtion was
not randorty recruited It is unlikely that this would bias the estimates of viral prevalence among
those with ARI; however, it is possildleat theestimatedor viral prevalencdrom healthy
contacts may be elevated compareth®oprevalencéound in the general

population.Additionally, prevalence estimates include samples that were taken at up to three

timepoints within the first 6 days of illness, providing a greater opportunity to identify virus

positive'samples'compared to other study designs. Further, our testing for vireswas not

exhaustivethe13 viruses includedere selected for threfrequency of appearanes upper
respiratory virugsin the population, as well @iseir clinical importanceHowever additional
respiratorysvirusemay have been preseas a resulthenumber of cdetected viruses
identified in‘this study iikely underestimated-inally, seasonalitynay have influenced our
findings. By recruiting and testing patients Januapyl of 2012, we were more likely to see
respiratory viruses compared to other circalgtiiruses?

HCoVs are common, even among those without respiratory sympssmdspecific
symptomssmay. change over the course of an illtlegsan mirror symptoms ranging from
influenza to rhinovirusFurthersocial contact studies are neededommunity settingso better
understand.the epidemiology aglthical significance of cdetectionwithin largeprospective
studies helgng touncover important transmission characteristics that could inform measures for
addressing more deadly coronavirus outbreaks in the community setting, should they emerge.
Funding: This work was supported by the Centers for Disease Control and Prevemtan [G
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Table 1: Demographic Information for the 590 Participants Enrolled in the eX-FLU Study.

Participants Providing Participants Not Providing
Specimens (N=176) Specimens (N=414) p-value

Male 75 (42.6) 160 (41.9) 0.87
Age; Mean, SD 19.5 (1.2) 19.1 (0.9) 0.0009
Race 0.36

White 110 (64.7) 254 (68.7)

Black 13 (7.7) 34 (9.2)

Other 47 (27.7) 82 (22.2)
Parental Education 0.04

<College 43 (25.0) 62 (16.7)

College 49 (28.5) 99 (26.6)

>College 80 (46.5) 211 (56.7)
Seasonal Influenza-Vaccinatiol
2012-13 58 (37.7) 104 (51.2) 0.01

This article is protected by copyright. All rights reserved



Table2: Prevalenceof RT-PCR Viral Detection Among 176 Participants with 250 Specimen Sets Using
Symptom Status from the eX-FLU Study in the University Setting
Social Contacts

P p-value
valué”
o _ _ ARI vs.
- ; ARI Participant With Symptoms Asymptomatic ARI vs.
Identified Virus _ Asympt
n=127 n=78 n=45 SC with )
s ) omatic
mpto
ymp sc
ms
HCoV-229E 5 3.9% 2 2.6% 1 22% 0.71 1.00
HCoV-HKU1 1 0.8% 2 2.6% 0 0.0% 0.56 1.00
HCoV-NL63 17 13.4% 6 7.7% 2 44%  0.26 0.16
HCoV-0OC43 4 3.1% 1 1.3% 0 0.0% 0.65 0.57
Influenza A 13 10.2% 2 2.6% 1 2.2%  0.05 0.12
Influenza B 2 1.6% 0 0.0% 0 0.0% 0.53 1.00
Adenovirus 2 1.6% 1 1.3% 0 0.0% 1.00 1.00
Human Metapneumaovirus 4 3.1% 1 1.3% 1 22%  0.65 1.00
Parainfluenza1 0 0.0% 1 1.3% 0 0.0% 0.38 --
Parainfluenza 2 0 0.0% 0 0.0% 0 0.0% -- --
Parainfluenza 3 1 0.8% 4 5.1% 0 0.0% 0.07 1.00
Respiratory Syncytial Virus 6 4.7% 2 2.6% 0 0.0% 0.71 0.34
Rhinovirus 13 10.2% 4 5.1% 2 4.4%  0.30 0.36
Any detected virus 59 46.5% 22 28.2% 6 13.3% 0.01 0.00006

®ARI: Acute respiratory illness consists of a cough plus at least one of: body aches, chills, and fevel

PP.value calculated using Fisher's exact test
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Table 3: Frequency of 12 L aboratory-identified Codetected Viruses within a Single Specimen among 250
Specimen Sets Collected from the eX-FLU Study in the University Setting

Human Coronaviruses

229E NL63 0C43 Influenza A RSV Rhinovirus
Identified Virus

HCoV-229E -- 2 0 0 0 1
HCoV-NL63 -- 0 1 1 2
HCoV-0OC43 -- 0 0 1
Influenza A - 0 1
Respiratory Syngytial ~ )
Virus

Rhinovirus --

%0ne specimen tested positive for HCoV-HKU1, influenza A, and rhinovirus
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Table 4: Persistence of Virus Detection by RT-PCR among 127 Specimen Sets from Participantswith
ARI®from the ex-FLU Study in the University Setting.

Day 0 (n=59) Day 3 (n=98) Day 6 (n=90)
Identified Virug Vlr.a.l % Positive Vlr.a.l % Positive Vlr.a.l % Positive
Positive Positive Positive
HCoV-229E 2 3.4% 4 4.1% 1 1.1%
HCoV-HKU1 1 1.7% 0 0.0% 0 0.0%
HCoV-NL63 9 15.3% 15 15.3% 8 8.9%
HCoV-0OC43 2 3.4% 2 2.0% 3 3.3%
Influenza A 10 16.9% 10 10.2% 3 3.3%
Influenza B 2 3.4% 1 1.0% 1 1.1%
Adenovirus 2 3.4% 1 1.0% 1 1.1%
Human Metapneumovirus 0 0.0% 2 2.0% 2 2.2%
Parainfluenza 3 0 0.0% 1 1.0% 1 1.1%
Respiratory Syncytial Virus 3 5.1% 4 4.1% 3 3.3%

Rhinovirus 7 11.9% 10 10.2% 6 6.7%

®ARI: acute respiratory illness is defined as a cough plus at least one additional symptom: body aches,
and feverishness

®No ARI participants tested positive for parainfluenza 1 or parainfluenza 2
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Figure 1A: Frequency of Symptoms Present Among ARI® Participants (N=127) on Day 0 (n=56

specimens), Day 3 (n=98 specimens), and Day 6 (n=90 specimens)
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Figure 1B: Frequency of Symptoms Present among Social Contacts with Symptoms (N=78) on Day 0

(n=78 specimens), Day 3 (n=67 specimens), and Day 6 (n=60 specimens) following the I nitial Specimen
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Figure 2A: Frequency of Symptoms Present among 19 ARI? Participants Positive for at L east One of the

Four HCoVson Day 0 (n=12), Day 3 (n=18) and/or Day 6 (n=16) Following |lIness Onset"®
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Figure 2B: Frequency of Symptoms Present among 12 ARI® Participants Positive for Influenza A on Day

0 (n=10), Day 3 (n=12) and/or Day 6 (n=10) Following IlIness Onset"*
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Figure 2C: Frequency of Symptoms Present among Nine (ARI® Participants Positive for Rhinovirus on
Day 0 (n=7), Day 3 (n=8) and/or Day 6 (n=7) Following IlIness Onset”
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®ARI: Acute Respiratoery lliness defined as@ugh plus at least one additional symptom: body aches, chills, and
feverfeverishness
Cough is defined.as moderate or severe vs. mild or absent; all other symptoms wepeesiémgior absent.

‘P-values calculated by the Cochran—Armitage test for trend over the day 0, 3, and érspecim
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1 Figure3: Frequency of Symptoms Present among Nine Social Contact Participants Positive for at L east
2 Oneof the Four HCoVson Day 0 (n=9), Day 3 (n=9), and/or Day 6 (n=8) Following Initial Specimen
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