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Human metapneumovirus (hMPV) has been
identified previously as a cause of respiratory
outbreaks in adults, including the elderly. The
objective of this study was to document respira-
tory outbreaks that were caused by hMPV in
Ontario, Canada and to identify the various
circulating genotypes during April 2009–Febru-
ary 2012. The majority of the outbreaks that
were part of this study were in adults (>65
years). Total nucleic acid extraction was done on
123 residual anonymized clinical specimens from
51 different respiratory outbreaks. Specimens
were subjected to PCR amplification and Sanger
sequencing targeting the F and G genes of
hMPV. Phylogenetic analysis was performed to
identify genotypes. HMPV accounted for 195
(8.5%) of 2,292 respiratory outbreaks. Genotype
A2b was most prevalent, detected in 28 (54.9%)
of 51 typed hMPV-positive outbreaks. The geno-
type A2b2 that was described recently was also
identified. In earlier reports, subtype A1 was
reported in Canada which was absent in the
specimens typed in this study. This shift in
genotype may be significant in terms of disease
severity, and for any future vaccine consider-
ations. Regular testing for hMPV should be done
as part of outbreak investigation. J. Med. Virol.
87:269–274, 2015. # 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Respiratory outbreaks among the elderly in long-
term care facilities are most commonly associated
with rhinovirus, influenza virus, human metapneu-

movirus (hMPV), and respiratory syncytial viruses
(RSV) [Marchand-Austin et al., 2009]. Recently
hMPV was reported to cause outbreaks in long-term
care facilities in Canada and the USA with attack
rates of 18–70% [Boivin et al., 2007; Louie
et al., 2007; Marchand-Austin et al., 2009; teWierik
et al., 2010]. In Ontario, the proportion of respiratory
illness caused by hMPV is variable, peaking in winter
months, where it causes up to 27% of outbreaks in
the Greater Toronto Area [Marchand-Austin et al.,
2009].
HMPV is a negative-sense single stranded non-

segmented RNA virus that was first reported as a
causative agent of acute respiratory tract infections
(ARIs) in 2001 [van den Hoogen et al., 2001]. It has
been classified into two subtypes, A and B [Huck
et al., 2006], based on differences in nucleotide
sequences and reactivity patterns with monoclonal
antibodies along with in vitro neutralization assays
with subgroup-specific antisera. These two subtypes
were further divided into distinct subgroups A1, A2,
B1, and B2, among which subtype A2 exhibits high-
est diversity [Huck et al., 2006]. Subtypes A2 and B2
have been found to have additional sublineages or
subclusters or clades- A2a, A2b [Huck et al., 2006],
A2b1, A2b2 [Regev et al., 2012], and B2a and B2b
[Carr et al., 2008]. The objective of this study was to
investigate the prevalence and molecular epidemiolo-
gy of hMPV in respiratory outbreaks that occurred

�Correspondence to: Jonathan B. Gubbay, Ontario Agency for
Health Protection and Promotion, 81 Resources Road, Toronto,
Ontario, ON, Canada M9P 3T1.
E-mail: jonathan.gubbay@oahpp.ca

Accepted 20 June 2014

DOI 10.1002/jmv.24024
Published online 5 August 2014 in Wiley Online Library
(wileyonlinelibrary.com).

�C 2014 WILEY PERIODICALS, INC.



between February 1, 2009 and February 29, 2012 in
Ontario, Canada.

MATERIALS AND METHODS

The study was conducted from April 1, 2009 to
February 29, 2012. A standardized process exists for
conducting respiratory outbreak testing in Ontario
that involves coordinated efforts between Ontario’s
public health units, institutions, and Public Health
Ontario Laboratories. When an institution or medical
officer reports two or more cases of respiratory
illness, an outbreak investigation may be initiated by
a public health investigator and respiratory speci-
mens are submitted to Public Health Ontario Labora-
tories for respiratory viral testing. Public Health
Ontario Laboratories provides this outbreak testing
for institutions such as daycares, special care facili-
ties, long-term care facilities, hospitals, psychiatric,
and correctional facilities. Nasopharyngeal swabs or
bronchoalveolar lavage specimens are tested for out-
break investigations based on Public Health Ontario
Laboratories testing algorithm, which consists of real
time reverse transcriptase polymerase reaction (rRT-
PCR) for influenza A and B followed by subtyping
of at least one specimen for influenza positive out-
breaks. Multiplex respiratory viral PCR that targets
a number of viruses including hMPV is also per-
formed. Molecular testing was performed on the first
six specimens submitted from each outbreak during
the first 2 years of the study and the first four speci-
mens during the final influenza season (November
2011 to February 2012). Commencing in November
of each influenza season (defined as October 1 to
April 30), an in-house influenza A and B PCR based
on CDC protocols, and influenza subtyping based on
CDC or in-house assays was performed [Duncan
et al., 2011]. In addition, MRVP [(Seeplex RV or
Seeplex RV15ACE; Seegene, Seoul, Korea) or Lumi-
nex xTAG respiratory viral panel (Luminex Molecu-
lar Diagnostics, Toronto, Canada)] were used to test
for adenovirus, human coronaviruses, rhinovirus/
enterovirus, influenza A and B, hMPV, parainfluenza
1-4, and RSV. During the final influenza season
(November 2011–February 2012), only influenza-
negative samples were tested by Multiplex respirato-
ry viral PCR.
A proportion of test-positive and test-negative

specimens are stored for possible further laboratory-
based surveillance. This study was exempt from
University of Toronto’s Ethic Review Board as left
over anonymous specimens were analyzed further
as part of a surveillance program that supports
Ontario’s Ministry of Health and long-term care.
Detailed clinical information is not routinely provided
to Public Health Ontario Laboratories, so was not
available for the patients included in this study.
A subset of 123 hMPV-positive specimens from 51

different long-term care facility outbreaks was retro-
spectively genotyped to understand the molecular

epidemiology of the virus in Ontario. Typing was
done on available residual stored specimens with
sufficient volumes for further molecular analysis.
Specimens were retrieved from 51 outbreaks; 3 out-
breaks were from 2008 to 2009 influenza season
(February–April 2009), 5 from 2009 spring/summer
season (May–September 2009), 15 from 2009 to 2010
influenza season (October 2009–April 2010), 20 from
2010 to 2011 influenza season (October 2010–
April 2011), 2 from the 2011 spring/summer season
(May–September 2011), and 6 from 2011 to 2012
influenza season (October 2011–February 2012) (Sup-
plementary Table S1). There was one fatal case
and eight intensive care unit admissions from nine
different outbreaks among the patients with samples
genotyped.
Briefly, total nucleic acid was extracted from 200ml

of stored frozen specimen using Nuclisens easy MAG
extraction system (bioMerieux Canada Incorporation,
St. Laurent Quebec, Canada). RT-PCR amplification
was conducted using primers targeting a 940 bp
region of the G gene [Ludewick et al., 2005] and a
780bp region of the F gene [van den Hoogen et al.,
2004]. Amplicons were sequenced using the Big Dye
v3.1 cycle sequencing kit (Applied Biosystems, Foster
City, CA) using the same primers used for amplifica-
tion. Multiple sequence alignments of the Ontario
hMPV strains and hMPV sequences accessed from
GenBank for the G gene and F gene were performed
by BioEdit (version 7.1.19). Reference sequences were
downloaded from GenBank for the various subtypes
(sublineages). Reference sequences for the F gene
subtype A2b2 that was described recently were
kindly provided by Dr. Michal Mandelboim; Chaim
Sheba Medical Center, Israel (shown as HMPVG578
and HMPV S5335 in Fig. 2). Phylogenetic analysis
for the F gene was done using the reference sequen-
ces as provided by Dr. Mandelboim which have been
previously used to refer to A2b2 [Regev et al., 2012].
Phylogenetic analysis was performed by constructing
neighbor-joining trees and each tree topology was
statistically analyzed by bootstrapping (1,000 repli-
cates) using Molecular Evolutionary Genetic Analysis
(MEGA 5.0) software [Tamura et al., 2011]. Sequen-
ces of hMPV isolates obtained from this study were
submitted to GenBank under accession numbers
(KC709690-KC709792, KC795605-KC795682 for G-gene
and KC709690-KC709781 for F-gene sequences.).

RESULTS

Public Health Ontario Laboratories tested 7,575
specimens submitted by various institutions from
2,292 Ontario outbreaks from April 1, 2009 to
February 29, 2012. Four hundred thirty-six speci-
mens collected from 195 (8.5%) of the outbreaks
were positive for hMPV. The majority of outbreaks
(61.3%) occurred in long-term care facilities fol-
lowed by retirement homes (3.2%), hospitals (1.8%),
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psychiatric hospitals (0.75%), camps (0.2%), daycares
(0.4%), and schools (0.69%). However, locations for
31.9% of outbreaks were not known as the informa-
tion was not provided on the laboratory requisitions
at the time of specimen submission. All patients
showed signs and symptoms of acute respiratory
illness, which is a prerequisite prior to submitting
respiratory specimens for laboratory investigation.

The mean and median age of hMPV-positive pa-
tients in these outbreaks was 80.7 and 85 years,
respectively. Most hMPV positivity was observed in
winter and spring each year (Fig. 1). During
the immediate period following the second wave of
the 2009 influenza A (H1N1) pandemic (December
2009–April 2010), an increased prevalence of hMPV
infections was observed, detected in 66 (21%) of 311

Fig. 1. Human metapneumovirus (hMPV) percent positivity among all respiratory outbreak
specimens tested at Public Health Ontario from April 2009 to February 2012. Panel A: hMPV
percent positivity along with influenza A virus, respiratory syncytial virus, and rhinovirus/
enterovirus percent positivities. Panel B: hMPV percent positivity along with parainfluenza
virus, adenovirus, human coronavirus and influenza B percent positivities.
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outbreaks tested. During the study the predominant
viral pathogen detected in all laboratories testing at
Public Health Ontario Laboratories was rhinovirus/
enterovirus, followed by influenza A, RSV, hMPV,
parainfluenza, human coronaviruses, and influenza
B. During November 2009–March 2010, the percent-
age of specimens positive for influenza A or rhino-
virus/enterovirus was very low, while the percent
positivity for RSV, hMPV, and parainfluenza was
high.
During the influenza season, delineated as October 1

to April 30 of the following year, hMPV was detected
in 4 (2%) outbreaks during the 2008–2009 season,
60 (30.8%) during the 2009–2010 season, 77 (39.5%)
during the 2010–2011 season, and 22 (11.3%) for the
2011–2012 season until February 28, 2012. During
the spring/summer season, delineated as May 1
to August 31, hMPV was identified in 14 (7%)
outbreaks in 2009, 10 (5%) in 2010, and 8 (4%) in
2011. Table S1 gives more information on the out-
breaks that were genotyped in terms of the number
of the patients that were exposed, ill, and the
number of hMPV-positive cases confirmed by labora-
tory testing.
Phylogenetic analysis confirmed the existence of

both genotypes A and B in Ontario during February
2009 to February 2012 (Fig. 2). Interestingly, geno-
type A2b further subdivided into A2b1 and A2b2
clades using G gene sequence data (Fig. 2). Similar
phylogenetic tree topology was obtained by analyzing
the F gene using the maximum likelihood method,
where genotype A2b could again be further subdi-
vided to A2b1 and A2b2. Similar observations were
reported earlier by [Regev et al., 2012] using only
F gene sequences.
Of the 51 hMPV associated outbreaks genotyped,

34 (67%) were type A and 17 (33%) were type B. Four
outbreaks had specimens belonging to two different
sublineages but belonging to the same subtype of A or
B. Sublineage A2b1 was identified in 19 (34.5%) out-
breaks, 9 (16.3%) were sublineage A2b2, 8 (14.3%) were
sublineage A2a, 9 (16%) were sublineage B1, and 10
(17.8%) were sublineage B2 (Supplementary Table S1).

DISCUSSION

This study shows the molecular epidemiology and
the genetic variability of hMPV circulating in Ontario
during February 2009–February 2012. The circula-
tion pattern of hMPV is similar to previous reports,
which document hMPV infections occurring through-
out the year but peaking epidemiologically 1 or
2 months later than that observed for RSV as
reported by Schildgen et al. [2011] and observed in
this study during the 2009–2010 influenza season
(Fig. 1). Though both hMPV subgroups A and B were
found in the hMPV outbreaks analyzed in Ontario,
the prevalence of genotype A2b (56.8%) was high, as
documented in other recent reports [Li et al., 2012;
Velez Rueda et al., 2013]. In addition to these

Fig. 2. Phylogenetic trees of 80 representative Ontario hMPV
strains from 51 respiratory outbreaks constructed from (A) the
variable region of the G gene, and (B) partial F gene sequences.
Phylogenetic sequence analysis was performed using representa-
tive sequences from different outbreaks and 100% identical
sequences were removed. Multiple sequence alignments and
phylogenetic trees were constructed using Clustal W and neigh-
bour-joining algorithm running within MEGA 5.05 software.
Tree topology was supported by bootstrap analysis with 1,000
pseudo-replicate datasets. Bootstrap values greater than 50 are
shown at the branch nodes. Reference sequences are in bold text.
Ontario strains have been numbered using the following format:
ON-OB-YY-OBN-SS where ON¼Ontario, OB¼ outbreak, YY¼
year of outbreak, OBN¼ representative number assigned to
an outbreak and SS – representative specimen. Non-outbreak
specimens have been referred simply as ON-YY-SS.
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reports, A2b lineage has been recently detected in
Germany and Japan [Ishiguro et al., 2004], India
[Agrawal et al., 2011], China [Li et al., 2012], and
Argentina [Velez Rueda et al., 2013], which may
reflect an increasing prevalence of genotype A2b.
None of the specimens tested were found to be A1
subtype, which was the most common genotype
detected in a previous Canadian study conducted
during the 2001–2002 season that did not include
any Ontario specimens, where it was identified in
57.5% of hMPV specimens [Bastein et al., 2003].
Recent reports from other investigators (that includ-
ed partial or total F or partial or total G gene
sequences) have also reported not detecting A1
subtype after 2006 in Quebec, Canada [Papenburg
et al., 2013], Austria [Aberle et al., 2010], Argentina
[Velez Rueda et al., 2013], New York state [Lamson
et al., 2012] or Cambodia [Arnott et al., 2010]. HMPV
genotype A2b were found in almost all the years
covered by these studies.
A major limitation in this study was the unavail-

ability of a substantial number of outbreak specimens
for genotyping spanning the 3 years. Therefore, it
cannot be concluded if any particular lineage was
more prevalent during a particular season. While
genotype A2 was evenly spread across the province,
genotype B was mostly documented in the Greater
Toronto Area, London, Hamilton, and Niagara.
Vicente et al. [2006] observed greater clinical severity
associated with genotype A than genotype B in
children. However, in the current study correlation
between disease severity and genotype could not be
assessed as limited clinical data was available.

CONCLUSIONS

Through this study the presence of multiple
lineages of hMPV circulating in Ontario during
February 2009–February 2012 could be confirmed.
Furthermore, the study established the presence of a
novel sublineage A2b2 in Ontario using both F gene
and G gene sequences that was reported recently
[Regev et al., 2012]. These results suggest continuous
monitoring of the molecular epidemiology of hMPV
is needed. HMPV is difficult to grow in culture and is
very fastidious [Boivin et al., 2007]; hence the present
outbreak testing method at Public Health Ontario
Laboratories, using multiplex PCR, was found to be
useful in identifying hMPV.
This study illustrates the potential of hMPV as a

cause of respiratory outbreaks in adults and seniors.
The symptoms presented by hMPV are usually
indistinguishable from common respiratory virus
agents such as RSV, influenza and rhinovirus/entero-
virus. There are presently no vaccines against hMPV
and no treatment is available that is directed against
this virus. Further studies dedicated to subtyping,
viral evolution, phylodynamics, and how hMPV over-
comes immunity selection will aid in developing more
therapeutic and prophylactic treatments against

hMPV. Further studies dedicated to correlating
hMPV genotype and disease severity will enhance
understanding of the epidemiology of this virus and
may assist with outbreak management.
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SUPPORTING INFORMATION

Additional supporting information may be found in
the online version of this article at the publisher’s
web-site.
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