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Abstract: We investigated the proportions of mono vs. mixed infections for human
metapneumovirus (hMPV) as compared to adenovirus (ADV), four types of coronavirus
(CRV), parainfluenza virus (PIV), RSV, and enterovirus/rhinovirus (ERV) in Alberta,
Canada. Using the Data Integration for Alberta Laboratories (DIAL) platform, 26,226
respiratory specimens at ProvLab between 1 July 2009 and 30 June 2012 were selected and
included in the study. Using the Respiratory Virus Panel these specimens tested positive
for one or more respiratory virus and negative for influenza A and B. From our subset
hMPV was the fourth most common virus (n=2,561) with 373 (15%) identified as mixed
infection using DIAL. Mixed infection with hMPV was most commonly found in infants
less than 6 months old and ERV was most commonly found in mixed infection with hMPV
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(230/373, 56%) across all age groups. The proportion of mixed-infection vs.
mono-infection was highest for ADV (46%), followed by CRV 229E (32%), CRV HKU1
(31%), CRV NL63 (28%), CRV OC43 (23%), PIV (20%), RSV (17%), hMPV (15%) and
ERV (13%). hMPV was significantly more likely to be identified in mono infection as
compared with ADV, CRV, PIV, and RSV with the exception of ERV [p<0.05].
Keywords: hMPV; co-infection; testing; epidemiology; respiratory

1. Introduction
Respiratory tract infections are a global public health concern and in Canada is the eighth leading
cause of death in 2009 [1]. Human metapneumovirus (hMPV) is an RNA virus belonging to
Paramyxoviridae family. The virus was identified by researchers in the Netherlands in 2001 as an
important cause of respiratory infections that affect all age groups [2]. A study from Saskatchewan,
Canada by Liu et al. [3], using ELISA showed that seroprevalence for hMPV approaches 99% by
young adulthood. This virus can affect any age group but several studies have shown that hMPV is a
leading cause in lower respiratory tract infections in children [4-6] but it also affects the elderly [7].
Clinical manifestations are similar to Respiratory Syncytial Virus (RSV) primarily leading to
pneumonia and bronchiolitis [8]. In Canada, outbreaks associated with hMPV have been reported in
Alberta, British Columbia and Quebec mainly in long term and senior care facilities [9-11]. Other
common respiratory viruses in these settings include influenza A (FLUA), influenza B (FLUB),
parainfluenza virus (PIV), enterovirus/rhinovirus (ERV), adenovirus (ADV), and coronavirus (CRV),
which all can cause lower respiratory tract infections [12,13].
Provincial Laboratory for Public Health (ProvLab) in Alberta provides testing for all respiratory
virus pathogens for the province of Alberta and surrounding Northern Territories (excluding Yukon) of
Canada. The diagnostic testing algorithm for respiratory virus at ProvLab changed during the 2009
H1N1 pandemic. From April 2009, respiratory specimens arriving at ProvLab were screened by an inhouse real-time reverse-transcriptase (RT)-PCR for influenza A [14]. Specimens that were positive for
influenza A were also subtyped for seasonal H3, seasonal H1 and pandemic H1N1 (2009) genes by
RT-PCR. A cost effective approach was adopted in June 2009, to only test specimens negative for both
influenza A and B by either singleplex or multiplex real time PCR assays using the Respiratory Virus
Panel (RVP) classic assay, a multiplexed assay which detects multiple respiratory viral pathogens
including FLUA, FLUB, PIV, ERV, ADV, 4 types of CRV, RSV, and hMPV [15]. Exceptions to this
testing policy include samples submitted from a provincial influenza-like-illness surveillance program
(Tarrant Viral Watch) and some samples from patients with severe illness and admission to the
intensive care units.
In Alberta, a unique platform was developed for laboratory-based surveillance called Data
Integration of Alberta Laboratories (DIAL). DIAL is a secure web based platform, which is used to
extract, interpret, collate and analyze respiratory virus testing data from ProvLab, Laboratory
Information System (LIS) in real time [16]. DIAL has an automatic engine that extracts raw
specimen-based laboratory data from ProvLab LIS, including patient demographics, information of
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physician and submitting agencies, and test data for specific targets. The second and most important
component of DIAL is a built-in Automated Interpretation Engine (AIE) which provides clinically
relevant interpretation and final target-specific classifications for each specimen. Finally, DIAL also
has an analytical engine which allows users to select and create specific data sets for various targets by
different factors, e.g., patient demographics, geographic distribution, time periods, testing methods and
perform different types of analysis including graphical presentations, tables, maps, rate calculation and
trending analysis. In the case of respiratory specimens from ProvLab, DIAL’s AIE was designed to
assign positive and negative classifications for each respiratory virus as well as a summary
classification that classifies each specimen as: 1) only positive for one specific virus, 2) mixed
infection with more than one respiratory virus or 3) negative for all respiratory viruses. Using these
final classifications, positive and negative specimens for each virus can easily be selected in DIAL for
further analysis.
In this study we used DIAL to select specimen-based data and investigated the proportions of mono
vs mixed infections for hMPV as compared to ADV, CRV, ERV, PIV and RSV for a period of three
years, 1 July 2009 to 30 June 2012. In order to create a uniform dataset for this study, we excluded all
samples that tested positive for influenza A or B by the in-house real-time PCR assays and included
only samples that had undergone RVP testing.
2. Results and Discussion
Using DIAL, 36,824 specimens were identified as positive for one or more respiratory virus during
the study period. A total of 10,598 were excluded from this study with 9,340 tested positive for
influenza A, 1,065 for influenza B, 7 for both influenza A and B and 185 specimens not tested by RVP
even though they were negative for influenza. For the 26,226 RVP positive specimens included in the
study, 10,042 (38%) were received between July 2009 and June 2010, 8,450 (32%) between July 2010
and June 2011 and 7,734 (30%) between July 2011 and June 2012. Mixed infection (having more than
one virus identified) was found in 2,330 (9%) specimens and 23,896 (91%) had mono-infection
(having only one virus identified). The majority of the specimens were collected from the upper
respiratory tract as nasopharyngeal/nasal/throat swabs or nasopharyngeal aspirates 84% (n=22,013),
12% (n=3076) as respiratory samples with unspecified source, 4% (n=917) were from the lower
respiratory tract e.g., endotracheal aspirates or bronchaveolar lavage, and remaining as unknown
sample types and a few tissues and sterile body fluid.
The age distribution of specimens submitted and tested positive for hMPV is summarized in
Table 1. The highest number of specimens received was from patients less than 6 months old and the
proportion of specimens tested positive for hMPV ranged from 4–19% among the different age groups
(p<0.001, Chi Square test). Overall, mixed infection was detected in 15% of specimens tested positive
for hMPV. Using specimens from the youngest age group (less than six months old) as the reference
age group, there was significant difference for the proportion of mixed hMPV infection among the
various age groups (p<0.05, Binary Logistic Regression) (Table 1). Mixed infection with hMPV was
most commonly found in specimens from patients younger than six months and rarely in specimens
submitted from older than 70 years old.
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Among the 373 specimens with mixed infections with hMPV, the three most commonly found virus
was ERV, RSV and PIV, which also were the three most common viruses detected in all the specimens
(Table 2). In comparison with ADV, four types of CRV, PIV, and RSV, hMPV had a significantly
lower proportion of mixed infection specimens [χ2 with Bonferroni’s correction, p=<0.05] and there
was no significant difference of mixed infection comparing hMPV and ERV [χ2 with Bonferroni’s
correction, p=0.06].
The age distribution of virus found in mixed infection with hMPV is summarized in Table 3. ERV
was the most commonly found virus in hMPV mixed infection across all age groups.
Peak hMPV activity was observed in February 2010, June 2011 and November 2011, whereas peak
ERV activity was found in the month of September in three consecutive years (2009, 2010 and 2011)
(Figure 1). Specimens with mixed infection with these two viruses followed the trend and circulatory
pattern of hMPV.
Table 1. Age distribution of specimens tested positive for metapneumovirus (hMPV) using
Respiratory Virus Panel (RVP) and the number and % of mixed infection with hMPV.

Age groups
Unknown
Less than 6 months
6 months to 1 year
1 year
2 years
3 years
4 years
5 to 9 years
10 to 19 years
20 to 29 years
30 to 39 years
40 to 49 years
50 to 59 years
60 to 69 years
70 to 79 years
80 to 89 years
90 to 105 years

Number of
specimens
tested
(n=26,226)
83
5636
3398
4282
1808
1066
671
1386
1167
1026
1091
999
1224
996
595
562
236

Number of
specimens tested
positive for
hMPV
(%) (n=2,561)
13 (16)
389 (7)
350 (10)
467 (11)
203 (11)
141 (13)
88 (13)
153 (11)
58 (5)
43 (4)
82 (8)
105 (11)
116 (10)
110 (11)
102 (17)
104 (19)
37 (16)

Number of
specimens with
mixed hMPV
infection
(n=373)
5*
90
75
75
34
19
8
19
8
4
5
8
8
13
0
2
0

% with Mixed
infection
38 *
23 †
21
16 †
17
14 †
9†
12 †
14
9
6†
8†
7†
12 †
0†
2†
0†

* 13 specimens with unknown age group, of which five had mixed hMPV infection, were excluded
from the binary logistic regression analysis.
† Using less than six months old as the reference age group, p<0.05 comparing mono versus mixed
infection for hMPV among the age groups (Binary Logistics Regression).
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Table 2. Number and proportion of positive and mixed infection for the nine respiratory viruses and the frequency of the eight viruses
identified in specimens with mixed infection with hMPV.

Virus
Enterovirus/Rhinovirus
Respiratory Syncytial virus
Parainfluenza virus
Human Metapneumovirus
Adenovirus
Coronavirus NL63
Coronavirus 229E
Coronavirus OC43
Coronavirus HKU1

Number of specimens
tested positive by virus
(Total number of
specimens tested =
26,226*)
14322
5959
3296
2561
1317
381
349
293
263

Number of
specimens with
mixed infection by
virus
(%)
1811 (13)
1020 (17)
656 (20)
373 (15)
606 (46)
105 (28)
110 (32)
67 (23)
82 (31)

Number of
specimens found in
mixed infections with
hMPV
(n=373)
230 †
48 †
47 †
Not applicable
35 †
29 †
15 †
7†
2†

* Influenza A and B positive samples and samples not tested by RVP were excluded from the analysis
† Some specimens in these subsets had more than one virus identified as co-existing with hMPV

% of virus found in
mixed infections with
hMPV
(n=373)
56
12
11
Not applicable
9
7
4
2
1
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Table 3. Age distribution of respiratory virus found in mixed virus infection with hMPV.
Distribution of virus found in specimens with mixed hMPV
infections

Age groups
Less than 6 month
6 month to 1 year
1 year
2 years
3 years
4 years
5 to 9 years
10 to 19 years
20 to 29 years
30 to 39 years
40 to 49 years
50 to 59 years
60 to 69 years
70 to 79 years
80 to 89 years
90 to 105 years

Number of
specimens with
mixed infection
with hMPV
(n=368*)
90 †
75 †
75 †
34 †
19 †
8†
19 †
8†
4
5
8
8
13 †
0
2
0

ERV
60
46
52
16
13
6
9
3
4
2
3
2
9
NA
1
NA

RSV
16
7
10
5
3
0
0
2
0
0
2
1
1
NA
0
NA

PIV
6
6
9
6
3
2
8
1
0
2
1
1
1
NA
1
NA

ADV
8
9
8
7
0
1
0
0
0
1
0
0
0
NA
0
NA

CRV
HKU1
9
10
4
1
1
0
1
1
0
0
1
1
0
NA
0
NA

* Five specimens with unknown age group were not tabulated
† Some specimens in these subsets had more than one virus identified as co-existing with hMPV

CRV
229E
2
2
1
2
0
0
1
2
0
0
1
3
1
NA
0
NA

CRV
OC43
0
1
1
0
0
0
1
0
0
0
0
0
4
NA
0
NA

CRV
NL63
0
0
1
0
0
1
0
0
0
0
0
0
0
NA
0
NA
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Figure 1. Monthly distribution of hMPV and ERV along with mixed infection with these
two viruses.
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The objective of this study was to describe mono and mixed infections of hMPV in our jurisdiction
for a three year period. All specimen data was acquired using ProvLab’s DIAL application and we
were able to identify that hMPV was more likely to occur in mono infection (85%) than mixed (15%).
The results in this study were similar to a previous pilot study in Alberta which identified hMPV
mixing with other pathogens in 15% of specimens (118/778) [17]. In other populations, namely
hospitalized patients, mixed hMPV infections were in the minority.
Our study also determined that in hMPV mixed infections, the pathogen most likely to co-exist with
hMPV is ERV (56%). In contrast, other studies have identified RSV as the leading cause of mixed
infection with hMPV [18-20]. There may be several reasons for the difference in findings including the
type of diagnostic assays used and the detection of various respiratory targets, clinical setting, patient
age, and timing of specimen collection. Many studies have focused on populations mostly consisting
of hospitalized pediatric patients and these studies have shown that RSV was the leading pathogen
identified in these young children who were between 16 months to 14 years old [21-23].
In contrast, our study examined all age groups, including community-based and hospital-based
specimens. ERV and hMPV remained closely linked across all age groups. Mixed infection with
hMPV was most commonly found in the age group less than 6 months old. Moreover, ERV was still
the dominant virus found to be mixed with hMPV. Our data set included specimens collected during
the second phase of 2009 H1N1 pandemic in Alberta and Northern Territories, which made up of more
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than one third of the specimens included in this study. We found 62% of the samples between July
2009 and June 2010 tested positive for ERV, significantly higher than that found in the other two time
periods, July 2010 to June 2011 (49%) and July 2011 to June 2012 (51%) (p<0.001, Binary Logistic
Regression). Other studies have also shown that during the pandemic ERV was a very common
circulating virus followed by CRV [22,24,25]. Moreover, this linkage between ERV and hMPV could
also be due to the inclusion of a very large group of viruses identified as ERV since RVP could not
distinguish between various strains of rhinovirus and enterovirus. There might also be factors related to
host immune responses and viral infection kinetics [26-29]. We have only examined the seasonality of
hMPV and ERV and the mixed infection between these two viruses because of the relatively lower
number of hMPV mixed infections for the other six viruses. Annual variations in peak hMPV activity
was observed in our study with one of the peak months occurring in the summer of 2011, which was
different from other studies in various Canadian provinces showing peaks of hMPV in the winter
(January to April) [30-32]. As expected, the mixed infection of hMPV and ERV followed the
circulatory pattern of hMPV but differed from ERV.
Although our findings have shown some trends with hMPV and its ability to exist as mono versus
mixed infection, there are some important limitations in this study. Firstly, influenza A and B positive
samples were excluded mainly because ProvLab does not routinely test influenza positive specimens
for hMPV since the pandemic 2009. Excluding influenza viruses from our database may have
impacted viral co-infection rates identified in our study. On the other hand, a recent study in England
showed a lower prevalence of influenza A (H1N1) in patients positive for hMPV, ADV, RSV, PIV and
rhinovirus with statistical significance for this relationship with hMPV and rhinovirus [32].
Another limitation was that the analysis by age group was based on specimen-based data only with
duplicate samples from some individuals. Moreover, only limited information is usually provided on
the requisition submitted with the specimens so we were not able to study clinical manifestations of
mono-infection versus mixed infections and explore different settings
Despite the limitations stated, this study has considerable public health implications. This study
helps us better understand the frequency of hMPV mono versus mixed infection over a period of three
years. Better understanding of what mechanisms or conditions support mono versus mixed infections
and the difference in clinical presentations and prognosis is needed. The prevalence of this virus
supports research efforts to develop vaccine strategies which may become available in the future [33].
This also brings us to question whether testing algorithms at ProvLab need to be changed to better
understand the interaction between hMPV and influenza A and B. Since hMPV has been shown to be
an important pathogen, it should be included in ongoing surveillance and public health strategies.
Enhanced surveillance programs will help us better understand hMPV-associated diseases and
maintain our awareness of trends in mono and mixed infections.
3. Experimental Section
ProvLab provides respiratory virus testing for the province of Alberta and surrounding Northern
Territories (excluding Yukon) of Canada. Since June 2009, all respiratory specimens arriving at
ProvLab was screened by an in-house (RT)-PCR for influenza A [14]. Specimens tested positive for
influenza A were also subtyped for seasonal H3, seasonal H1 and pandemic H1N1 (2009) genes by
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RT-PCR. A multiplex assay to detect both influenza A and B was implemented in February 2010.
Only specimens tested negative for both influenza A and B were tested using the RVP classic assay, a
multiplexed assay which detects multiple respiratory viral pathogens including FLUA, FLUB, PIV,
ERV, ADV, four types of CRV, RSV, and hMPV [14]. Exceptions to this testing policy included
samples submitted from a provincial influenza-like-illness surveillance program (Tarrant Viral Watch)
and some samples from patients with severe illness and admitted to the intensive care units. Specimens
tested by RVP and tested positive for one or more respiratory virus excluding influenza A and B
between July 2009 and June 2012 identified using the DIAL application was included in this study.
DIAL provided classification of the specimens by each respiratory virus target as well as mono versus
mixed infection. DIAL also allowed a user to select specimens based on the type of testing and over
various geographic and time periods and age groups.
Statistical analysis of the proportion of mono versus mixed infections for the different virus was
performed using Pearson Chi-squared (χ2) test with Bonferroni’s adjustment for multiple analyses.
The proportion of hMPV as mixed infection by age group and ERV positive specimens by analysis of
age group and time periods was analyzed using binary logistic regression. The SPSS software version
20.0 (IBM® SPSS® Statistics, IBM Corp., USA) was used for statistical analysis with the level of
significance set at p<0.05.
4. Conclusions
In this study we used DIAL to provide user-defined data sets of respiratory virus testing data and
found that over a period of 3 years, July 2009 to June 2012, hMPV is significantly more likely to be
identified in mono infection (86%) as compared with ADV, four types of CRV, PIV, and RSV with the
exception of ERV. The three viruses most likely to be found in mixed infection with hMPV in this
study were ERV, PIV and RSV with a higher proportion of mixed infection found in young infants.
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