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Background:  Human  rhinoviruses  (HRVs)  are a  well-recognized  cause  of  long-term  care  home  (LTCH)
outbreaks  of respiratory  illness.  However,  there  are  limited  data  on  the  molecular  epidemiology  of  the
HRV  types  involved.
Objectives:  To  determine  whether  a large  respiratory  outbreak  in a LTCH  was  caused  by a single  type  of
HRV,  and  to  describe  the  clinical  impact  of  the  outbreak.
Study  design:  Nasopharyngeal  swabs  were  collected  from  residents  with  one  or  more  of the  following:
fever,  cough,  rhinitis,  or congestion.  Specimens  were  interrogated  by multiplex  PCR using the  ResPlex  II
assay.  Samples  positive  for HRV  were  then  submitted  for genotyping  by  partial  sequence  analysis  of the
5′ untranslated  (UTR)  and  viral  protein  (VP)  1 capsid  regions.
Results:  Of  71 screened,  56  residents  were positive  for a HRV  during an outbreak  that  lasted  5.5  weeks;
27  healthcare  workers  also  had  respiratory  symptoms.  Three  residents  were  transferred  to  hospital  and

2 died.  Seven  units  in  two wings  of the  LTCH  were  affected,  resulting  in 3152.5  resident  unit  closure  days.
Three  different  HRV  genotypes  were  identified,  although  HRV-A1  dominated.
Conclusions:  This  large  outbreak  of  HRVs  among  residents  and  healthcare  workers  in  a LTCH  was associ-
ated  with  substantial  resident  and  staff morbidity  as  well  as significant  unit  closures.  Multiple  types
of  HRV  were  implicated  but an  HRV-A1  type dominated,  warranting  further  investigation  into  viral
determinants  for virulence  and  transmission.
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1. Background

Outbreaks of respiratory illness in long-term care homes
(LTCHs) are responsible for significant morbidity and mortal-
ity [1–3]. An array of pathogens have been implicated [4], but
until recent years, rhinoviruses (formerly known as human rhi-
noviruses), or HRVs, have not featured prominently in testing. With
the widespread use of molecular diagnostic assays, several HRV-
associated LTCH outbreaks have been reported [5–9].

HRVs, members of the Picornaviridae family of RNA viruses, are
a well-recognized cause of the common cold and are responsible
for a substantial proportion of asthma and chronic obstructive pul-

monary disease (COPD) exacerbations [10]. In addition, HRVs have
been implicated in severe lower respiratory tract disease, including
bronchiolitis and pneumonia [11–14]. In recent years, important
insights have been gained into the diversity of rhinoviruses and
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Table 1
5′ UTR and VP1 partial sequence analysis primers for HRV genotyping.

Primer Sequence (5′–3′)

5′ UTR primers [32,33]
5′ UTR forward CAAGCACTTCTGTTTCCC
5′ UTR reverse CACGGACACCCAAAGTAGT

VP1 primers [34]
VP1 A/C external forward GTATTAAATGAAGTTHTGSHDGTNCC
VP1 A/C external reverse CATCATATCCATCATARAACATRTARTA
VP1 A internal forward TTAGATGCTGCTGAAACNGGNCAYAC
VP1 C internal forward AATGCTCTGGCTGCTDTRGARATWGGDG
VP 1A/C internal reverse TGGTGCCCCTGGTGGNACRWACAT
VP1 B external forward GATGAATTGGAAGAAGTCATTRTYGANAAA
VP1 B external reverse CATCATCATGTGAGTAACCATCATARAA
56 S. Mubareka et al. / Journal of 

he spectrum of disease they cause [15–18]. Currently, there are 3
ecognized species of HRVs: A, B and C, and these include approx-
mately 100 prototypic genotypes. Viruses within this group were
lso classified based upon host receptor binding- Intercellular
dhesion Molecule (ICAM)-1 (major group) vs. low density lipopro-

ein (LDL, minor group)- and reactivity to capsid-binding antiviral
ompounds types 1(A) vs. 2(B) [19–22]. Diversity is attributed in
art to the error rate of the viral RNA polymerase which is esti-
ated at 3.4 × 10−4 errors/nucleotide/cycle over the entire open

eading frame [23]. Recombination resulting in new types has also
een described [24,25].

Sequence analysis of clinical HRV isolates have shed some light
n the molecular epidemiology of the virus. Among pediatric popu-
ations, HRV species A and C have been associated with severe
isease more frequently than species B [17,18,26,27]. Investigation
f a LTCH outbreak in the United States in 2003 with unusu-
lly high morbidity and mortality revealed a rhinovirus species A
as responsible [6]. Phylogenetic analysis of 4 HRV outbreaks in
ntario, Canada implicated both HRV A and C [8].

. Objectives

The objective of this investigation was to study the molecular
pidemiology of a large and protracted (5.5 week) outbreak of HRVs
mong 56 residents with laboratory-confirmed HRV infections in

 LTCH. Our goals were to determine whether multiple HRV types
ere involved and to describe the impact of the outbreak.

. Study design

.1. Epidemiological investigation and specimen collection

The LTCH involved in the outbreak investigation is a 535-bed
eteran’s center, consisting of two wings and 17 units with an aver-
ge of 32.5 residents/unit. There are several communal areas, and
esidents frequently interact on outings outside the LTCH.

As part of ongoing daily surveillance for respiratory tract infec-
ions among residents, nursing personnel collected nasopharyngeal
NP) swabs (COPAN diagnostics, Murrieta, CA) from LTCH resi-
ents within 24 h of developing one or more of the following: fever
temperature of 38 ◦C or greater), new or worse cough, rhinitis, or
ongestion. Nucleic acid was extracted from the NP swabs using the
Z1 Advanced XL, (Qiagen, Toronto, ON), and tested for 18 respi-
atory viruses using ResPlex II version 2 (Qiagen) Monday–Friday
ithin 24 h of receiving the specimen. Additional investigations

nd management were at the discretion of the treating physician.
linical data including bacterial culture results, antibiotic use, and
hest radiography were retrospectively abstracted from electronic
ecords. Ethics approval for chart reviews and viral genotyping from
linical specimens was obtained from the Sunnybrook Research
nstitute’s Ethics Board.

Symptomatic residents were placed on droplet and contact pre-
autions. This included the use of gown, gloves, eye protection, and
urgical mask for healthcare providers and visitors, re-enforcement
f hand hygiene practices, as well as restricted movement whereby
solated residents remained in their rooms and did not partici-
ate in group activities. Duration of precautions was dependant
n symptom duration in accordance with provincial Best Practices
uidelines [28]. Repeat testing was performed only when clinically
ndicated and not required to discontinue precautions.

The following criteria were used to declare a unit outbreak:

wo or more non-roommate nosocomial cases of acute respiratory
nfection caused by the same virus on the same unit in a 48 h
eriod; units were closed when an outbreak was declared. The
apid turnaround time of the ResPlex II assay permitted timely
VP1 B internal forward GAGAGCTTCTTGGGTAGAKCNGCNTGTGT
VP1 B internal reverse GGTGCACCTGGAGGTACATACATRGCYTG

declarations of outbreaks and efficient institution of outbreak
measures. Sampling was not performed on units where no symp-
tomatic cases were identified. Healthcare workers (HCWs) were
not subjected to active surveillance, but were required to self-
assess, remain off work if respiratory symptoms were present, and
report to occupational health. NP swabs were not obtained from
ill staff, thus characterization of viral types responsible for HCW
infections was not possible.

3.2. Sequencing

The ResPlex II was  used to identify samples positive for
enterovirus/rhinovirus. These were subsequently submitted for
sequencing using the the 5′ untranslated region (UTR) and viral
capsid protein (VP) 1 regions. These regions were selected for their
stability and diversity respectively (Table 1). The 5′ UTR contains
areas which are broadly conserved [29] and this region has also
been sequenced for household transmission studies [30]. However,
the 5′ UTR also contains recombination hot spots and at times does
not resolve species A from C, thus it is not recommended as a
sole means for typing [31]. The capsid protein VP1 tends to have
regions of variability [23], thus sequence data was examined from
this region as well.

3.2.1. 5′ UTR region
RT-PCR for the 5′ UTR region was  performed with a one-step

RT-PCR reaction using the Titan One Tube RT-PCR System (Roche
Diagnostics, Laval, QC) according to manufacturer’s instructions. A
25 �L reaction consisted of 1X buffer, 200 �M of each dNTP, 0.6 �M
of each forward and reverse primer (see Table 1) [32,33], 5 mM
DTT, and 0.5 �L of the reverse transcriptase/AMV enzyme mixture.
PCR cycling conditions on a GeneAmp 9700 Thermocycler (Applied
Biosystems, CA) are as follows: 50 ◦C for 30 min, 94 ◦C for 2 min, 30
cycles of 94◦ for 2 s, 55 ◦C for 15 s with a final extension at 68 ◦C
for 5 min. The amplified products were visualized on a 2% 0.5X TBE
agarose gel, then purified using the Qiaquick gel extraction kit (Qia-
gen). Sequencing of approximately 390 bp in both directions was
performed by the Hospital for Sick Children’s Sequencing Facility
(TCAG), Toronto, ON. Multiple sequence alignment and cluster anal-
ysis were performed using BioNumerics version 6.6 (Applied Maths,
Austin TX, USA).

3.2.2. VP1 region
First strand cDNA was  reverse transcribed from 5 �l of extracted

total nucleic acid using random hexamer primers (Life Technolo-

gies) with MMLV  Reverse Transcriptase according to manufac-
turer’s instructions. Five microlitres of cDNA was amplified using
VP1 A/C or B external primer sets [34] (Table 1) with the HotStarTaq
DNA polymerase kit (Qiagen). The following final concentrations
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Fig. 1. Epidemic curve of HRV outbreak in a Veteran’s LTCH. Number of laboratory-
confirmed HRV-infected residents by HRV type and ill staff (data available for 21
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Table 2
Characteristics of affected residents.

Characteristic

Male, n (%) 52 (92.9)
Average age in years (min–max) 88.8 (61–98)
Symptoms, n (%)

Fever 11 (19.6)
Cough 44 (78.6)
Rhinitis 38 (67.9)
Pharyngitis/hoarseness 5 (8.9)
Congestion 13 (23.2)

3  or more symptoms, n (%) 9 (16.1)
Average duration of isolation, days (range) 7.35 (4–17)
Patients who  had specimens submitted for any

bacterial culture, n (%)
10 (17.9)

Number of positive bacterial cultures 2
Patients who  underwent chest radiography, n (%) 18 (32.1)
Number of chest X-rays with new abnormalities*, n 9
Patients who  received antibiotics, n (%) 19 (33.9)
Patients transferred to acute care setting, n 3
Deaths, n 2
taff who reported a respiratory illness) by day during the outbreak. NP swabs were
ot  obtained from staff, thus no sequencing is available for those cases.

ere used in a 25 �l reaction: 1X of 10X PCR Buffer, 200 �M of each
NTP, 0.5 �M forward and reverse primer, and 2.5 units of HotStar-
aq DNA polymerase. External PCR cycling conditions on the PTC
00 Thermocycler (MJ  Research) were as follows: 95 ◦C for 15 min,
0 cycles of 95 ◦C for 30 s, 50 ◦C for 30 s, and 72 ◦C for 30 s with a final
xtension of 72 ◦C for 5 min. Five microlitres of the first PCR product
ere subjected to two separate internal amplifications using A for-
ard, C forward primers and an identical A/C reverse primer. Five
icrolitres of the B external reaction was subjected to an internal

mplification with B-specific primers. The second PCRs were per-
ormed under the same conditions as stated above except for an
nnealing temperature of 55 ◦C. Amplified product was  resolved
n a 2% agarose gel and purified using Purelink® PCR Purifica-
ion kit (Life Technologies). Sequencing of approximately 340 base
airs was performed in both directions using the internal primers
t the Institute for Molecular Biology and Biotechnology (MOBIX),
cMaster University, Hamilton, ON using ABI BigDye terminator

hemistry, on a 3730 DNA Analyzer (Applied Biosystems).

. Results

.1. Outbreak investigation

Seven units met  unit outbreak criteria; there were six other units
here HRVs circulated but did not meet these criteria. However,

ases from all units are included in this investigation and consti-
ute part of the facility outbreak. The duration of the outbreak was
.5 weeks spanning three months (end of August to beginning of
ctober) (Fig. 1). Seventy-one residents met  criteria for screening
uring this period. Three patients were positive for parainfluenza

 virus, and fifty-six were positive for HRVs, two of whom were co-
nfected with coronavirus 229E. The need for ongoing precautions
or residents with negative NP swabs was re-assessed on an individ-
al basis. These residents were not considered part of the outbreak.
he attack rate (number of exposed with laboratory-confirmed HRV
nfection divided by the total number of residents) for HRVs was
3%.

The majority of affected residents were male (Table 2), which
s consistent with the demographic of this particular LTCH. Cough

as the most commonly reported symptom (80.4%). Two residents

rew Staphylococcus aureus in their sputum; all other bacterial cul-
ures were negative. Approximately one-third of patients received
ntibiotics and one-third underwent chest radiography. Of the nine
esidents who had chest X-ray abnormalities, seven had changes
* Including pulmonary edema, bronchitis, pleural effusion, opacities, and consol-
idation.

potentially associated with infection, including bronchitis, pleural
effusion, opacities, and consolidation. Three affected residents
were transferred to an acute care setting during the outbreak. One
individual was transferred for acute respiratory distress and pos-
sible upper gastrointestinal bleed; he expired within 48 h. Another
individual presented with respiratory distress and sepsis. He
subsequently developed signs of heart failure and expired. A third
individual with a history of frequent falls was transferred to acute
care for assessment after a fall occurring five days after his NP swab
was positive for HRV; he was transferred back to the residence.

Twenty-seven HCWs experienced a respiratory illness during
the outbreak, including 18 nurses, two physiotherapists, one physi-
cian, and six other healthcare workers. Number of sick days was
available for 24 HCWs and the average was  6.6 (range 0–17)
days. Common symptoms included cough (N = 24, 89%), sore throat
(N = 16, 59%), fever (N = 13, 54%), and nasal congestion (N = 12, 44%).
Twenty-one (78%) experienced 3 or more symptoms.

Seven out of 17 units were closed to new admissions during the
outbreak period; there was a total of 97 unit closure days (average
13.9, range 7-27 days per unit) and 3152.5 resident unit closure
days (average 450.4 and range 227.5-877.5 days per unit).

4.2. Molecular epidemiology

Partial sequence analysis of the 5′ UTR and VP1 regions was
performed on HRVs from 55 residents. Analysis demonstrated that
several types of HRVs were involved in the outbreak, with a pre-
dominant HRV-A1 virus (Fig. 2). VP1 sequences from the clinical
isolates were 98% identical to HRV-A1 sequences deposited in Gen-
Bank and not sufficiently divergent to constitute a new variant [35].
Initially, an HRV-A21 virus circulated in one of the nursing units.
This was  rapidly replaced by the dominating HRV-A1 virus. Analy-
sis revealed one discrepancy where 5′ UTR sequencing identified an
HRV species B (86-like), but an HRV-A1 virus by VP1 sequencing.
Three HRVs identified only to species level by 5′ UTR were iden-
tified more specifically as HRV-A1 by VP1 sequencing. Otherwise
sequencing by both methods was consistent. A single HRV-C species
was found by analysis of both regions.

5. Discussion
Genotyping revealed that this large LTCH HRVs outbreak was
associated with three HRV genotypes. In contrast, partial sequence
analysis of viruses revealed single types were responsible for LTCH
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ig. 2. Dendrogram of HRV 5′ UTR partial sequence analysis using the neighbor-
oining method. Poliovirus (GenBank M12197) was  used as the out-group.

utbreaks reported in the literature [6,8,32]. Among household
embers, multiple types of HRVs have been shown to co-circulate

imultaneously [30]. This is the first study we are aware of where
ultiple HRV genotypes have been implicated in a LTCH outbreak.
P1 region sequencing provided better resolution and was able to

enotype 3 HRVs which were only identified to the species level
y 5′ UTR sequencing. Recombination cannot be ruled out in the
ase of the type identified as a species B by 5′ UTR analysis without
l Virology 58 (2013) 455– 460

further sequencing. In this outbreak, genotyping also revealed the
dominant type was a HRV-A1, which is a minor receptor binding
and antiviral group 2 reactive type. With respect to pathogenicity,
HRVs species A and C have been implicated more in clinical disease
and severity compared to species B [17,26,27,36]. In addition, it
has been proposed that HRV types possessing type 2 (or B) antivi-
ral binding sites may  cause more clinical disease [21]. The mean
viral loads of a subset of samples from this outbreak were compa-
rable to those of children and university students; these data have
been published elsewhere [37].

Genotyping also revealed aspects of transmission dynamics
which would have otherwise been overlooked. The HRV 21-like
virus circulated early in the outbreak among residents on units
where the general level of activity tends to be lower. Thus, resi-
dents infected with HRV-A21 virus may  have been more likely to
remain on their units, limiting the spread of this type. The more
extensive spread of HRV-A1 may  have been due to host char-
acteristics such as level of activity, as opposed to a viral fitness
advantage. Unfortunately, there are no animal models in which
to study transmission dynamics and compare dispersion fitness
of HRVs. At this point it is not known whether HRV genotypes
differ with respect to transmission efficiency or optimal mode of
transmission. Past human experimental work and epidemiologi-
cal studies suggest that fomites and droplet aerosols are routes
for transmission of HRVs, though there are conflicting data regard-
ing the contribution of fomites to transmission [38–42]. Of note,
effective transmission may  not be linked to a highly virulent pheno-
type [43], since less symptomatic hosts are more likely to interact
with susceptibles, facilitating dispersion. We  speculate this may
partially explain the extent of this outbreak in this highly vulnera-
ble population. It is important to also consider the possibility that
patients with cognitive impairment may  not observe infection con-
trol precautions to the same extent as other residents, potentially
facilitating the spread of the virus. Finally, it is well-recognized
that HRVs frequently infect HCWs [44] and HCWs have been impli-
cated in the spread of HRVs in other settings such as a neonatal
intensive care unit [45]. Infected HCWs circulating between units
and wings may  account for the rapid and widespread dispersion
of the HRV-A1 type, underscoring the importance for HCWs to
observe healthy workplace policies and remain at home when
unwell.

There were several limitations to this study. The outbreak
investigation would have been enhanced by confirmation and
characterization of HCWs’ HRV types. In addition, the size of the
outbreak may  be underestimated: individuals with subclinical dis-
ease would not have been screened, and some individuals who
were screened may  have had suboptimal samples. The genotypes
of viruses infecting asymptomatic residents are unknown and may
differ; it is also not possible to consider the role asymptomatics
may  have had in viral transmission.

In summary, we describe a large outbreak of HRVs involving
56 residents and 27 staff in a LTCH. Genotyping clinical speci-
mens confirmed three viral types were involved, two of which
co-circulated and one, the HRV-1A, dominated. This study provides
further evidence of the impact of HRV outbreaks in LTCH residents,
and highlights the importance of effective infection prevention and
control. Finally, we  conclude that genotyping is an excellent tool to
further our understanding of transmission dynamics and virulence.
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