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Background Respiratory viruses are known to cocirculate but
this has not been described in detail during an influenza
pandemic.

Objectives To describe respiratory viruses, including co-infection
and associated attributes such as age, sex or comorbidity, in
patients presenting with influenza-like illness to a community
sentinel network, during the pandemic A(HIN1)pdmo09 in
Ontario, Canada.

Methods Respiratory samples and epidemiologic details were
collected from 1018 patients with influenza-like illness as part of
respiratory virus surveillance and a multiprovincial case—control
study of influenza vaccine effectiveness.

Results At least one virus was detected in 668 (65:6%) of
1018 samples; 512 (50-3%) had single infections and 156
(15:3%) co-infections. Of single infections, the most common
viruses were influenza A in 304 (59-4%) samples of which 275
(90-5%) were influenza A(HIN1)pdm09, and

enterovirus/rhinovirus in 149 (29-1%) samples. The most
common co-infections were influenza A and respiratory
syncytial virus B, and influenza A and enterovirus/rhinovirus.
In multinomial logistic regression analyses adjusted for age, sex,
comorbidity, and timeliness of sample collection, single
infection was less often detected in the elderly and co-infection
more often in patients <30 years of age. Co-infection, but not
single infection, was more likely detected in patients who had a
sample collected within 2 days of symptom onset as compared
to 3-7 days.

Conclusions Respiratory viral co-infections are commonly
detected when using molecular techniques. Early sample collection
increases likelihood of detection of co-infection. Further studies
are needed to better understand the clinical significance of viral
co-infection.

Keywords Co-infection, 2009 pandemic HIN1, respiratory
viruses.
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Background

A novel influenza virus, A(HIN1)pdm09 emerged in April
2009 and spread rapidly, primarily through human-to-
human transmission. Several million people were infected
globally." An important feature of this virus was that it
mostly affected younger people with 60% of patients under
18 years of age, suggesting possible pre-existing immunity
in the elderly due to previous exposure to antigenically
related influenza strains.>’

The assumption made in most pandemic plans before
2009 was that the pandemic virus would be the dominant
circulating respiratory virus.* Few studies performed

extensive respiratory testing beyond influenza during the
pandemic, and fewer still focused on community cases. Ca-
salegno et al. documented cocirculation and co-infection of
A(HIN1)pdm09 with rhinovirus during the pandemic.’
Watanabe et al. found a wide range of etiologic agents were
identified among respiratory samples that were influenza
negative, highlighting the need to diagnose other viral
organisms that can co-circulate with influenza.® Louie et al.
investigated samples from laboratory-confirmed fatal
A(HIN1)pdmo09 cases during the pandemic and bacterial
pathogens were identified in 22 of 77 samples.”

Prior to the 2009 pandemic, respiratory viral co-infection
was reported in 7-27% of respiratory samples submitted
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for viral diagnosis.*'? Higher proportions of influenza A,
respiratory syncytial virus (RSV), parainfluenza viruses, and
rhinovirus, compared with other circulating viruses have
been detected in patients with co-infections.'*™*®

Co-infection has not been fully explored due to
limitations of several studies. Some studies focused on
younger age groups, hospitalized patients or deceased
individuals, which does not represent the general popula-
tion, ¥ 1012151920 Others have utilized a small sample size
or limited their focus to certain viral pathogens, underesti-
mating the role of other viruses in co-infection,”'>!®%2!

This study enrolled community patients presenting with
(ILI) to a community sentinel network, during the influ-
enza pandemic A(HIN1)pdm09 in Ontario, Canada and
documented the profile of respiratory viruses causing ILI
symptoms. This study aimed to describe respiratory viruses
including co-infections and host-associated attributes such
as age, sex, and comorbidity.

Methods
Study population

Data were collected as part of a multiprovincial case—con-
trol sentinel network study that has been described else-
where.?' The sentinel network included 117 sentinels across
the province of Ontario (with a population of 13-4 million)
who volunteered to participate in the study. It was antici-
pated that each sentinel would submit an average of 1-2
samples per week from their clinical practice during the
study period, April 21, 2009 to February 25, 2010. This
period was chosen to span the full pandemic in Ontario.
Eligible patients were Ontario residents, who presented to a
sentinel’s office with influenza-like illness (ILI) within
seven days of symptom onset; number and selection of eli-
gible patients was at the sentinel’s discretion. ILI was
defined as acute onset of fever and cough and one or more
of the following: sore throat, myalgia, arthralgia, headache
or prostration. Standard information was collected includ-
ing date of birth, sex, chronic conditions, symptom onset,
and sample collection date. The main outcome was the
number of respiratory viruses detected per sample. Samples
were categorized as negative, single infection or co-infec-
tion when no virus, one virus, or at least two viruses were
detected, respectively. Age was determined as age at symp-
tom onset and categorized as 0—4, 5-14, 15-29, 30-54, 55—
64, and 65+years. Time to sample collection was calculated
as the difference between sample collection and symptom
onset dates and categorized as less than or equal to two -
days or 3-7 days. Chronic condition was defined as
heart/lung/renal/metabolic/blood/immune conditions or
conditions that compromise the management of respiratory
secretions and increase risk of aspiration and categorized as
yes/no. This study was approved by the University of

Toronto’s Ethics Board and all patients gave verbal consent
to participate.

Viral diagnosis
A nasal or nasopharyngeal sample was collected from each
patient using Starswab® Multitrans collection swab and
transported at 4°C for testing at Public Health Ontario Lab-
oratory (PHOL)-Toronto; in this study, each sample repre-
sents one patient. Viral RNA was extracted directly from
samples using NucliSENS® easyMAG® (BioMérieux, Inc.,
Marcy I'Etoile, France). Samples were tested for influenza A
and influenza B by influenza real-time reverse transcriptase
(rRT)-PCR and also for influenza A, influenza B, enterovi-
rus/rhinovirus, RSV, parainfluenza, adenovirus, coronavirus-
es, and metapneumovirus by a commercial multiplex PCR
method [Luminex Respiratory Viral Panel (Luminex Molecu-
lar Diagnostics, Toronto, ON, Canada) or Seeplex RV
(Seegene USA, Rockville, MD, USA)]. In the event of discrep-
ant results between the two methods, positive results for
influenza A by either method were considered positive.
rRT-PCR was used for subtyping of influenza A samples;
all influenza A specimens were subtyped, but not all
attempts were successful.

Statistical analysis
Statistical analyses were performed using STATA software
version 10.0 (StataCorp, College Station, TX, USA).
Descriptive analyses were conducted to derive the
proportion of single, co-infection and no infection as well
as describe patient characteristics using Chi-Square. Crude
and adjusted multinomial logistic regression were employed
to evaluate any association of single, co-infection and no-
infection with patient characteristics including age, sex,
chronic condition, and time to sample collection. Odds ratios
(OR) with 95% confidence intervals (CI) were calculated.

Results

Respiratory viruses detected

A total of 1018 respiratory samples from 1018 patients with
influenza-like illness were included in this study after
excluding 102 (9-1%) samples that did not meet study
inclusion criteria (Figure 1). At least one respiratory virus
was detected in 668 (65:6%) of the samples. Of the 831
detected viruses, influenza A was the most frequent
accounting for 452 (54:4%) followed by enterovirus/rhino-
virus 194 (23-3%) and RSV 120 (14-4%) (Table 1). Of 452
influenza A viruses, 408 (90-3%) were A(HINI1)pdm09,
two (0-4%) were H3, and 42 (9-3%) could not be subtyped
presumably due to low viral load. Peaks in detection for
influenza A occurred in June and October 2010, for entero-
virus/rhinovirus in September 2010, and for RSV in
October 2010 (Figure 2).

| 560

© 2012 John Wiley & Sons Ltd



Total specimens submitted
n=1120 (100%)

Total specimens excluded
n=102 (9-1%)

Contributed to the
study
Didn’t meet Influenza- like- n=1018 (90-9%)
Illness definition

n=14 (13 %)

Specimen collected more than 7 days
from symptom onset
n=068 (61 %)

No PCR result
n=10 (09 %)

Didn’t meet laboratory submission
requirements 7 = 10 (0:9%)

Figure 1. Study inclusion criteria, April 21, 2009 to February 25, 2010,
sentinel network, Ontario, Canada.

Table 1. Frequency of detected respiratory viruses among 1018
respiratory samples tested, April 21, 2009 to February 25, 2010,
sentinel network, Ontario, Canada

Counts Total

Virus detected n (%) n (%)

Influenza A/(H1N1)pdm09 408 (49-1)

Influenza A/H3 2 (0-2)

Influenza A/not subtyped 42 (5:1)

Influenza A subtotal 452 (54-4)
Enterovirus/rhinovirus 129 (15-5)

Human Rhinovirus 65 (7-8)

Enterovirus/rhinoviruses subtotal 194 (23-3)
Respiratory Syncytial A 12 (1-4)

Respiratory Syncytial B 108 (13-0)

Respiratory Syncytial subtotal 120 (14-4)
Parainfluenza 1 19 (2:3)

Parainfluenza 2 9 (11)
Parainfluenza 3 15 (1-8)
Parainfluenza 4 3 (04)

Parainfluenza subtotal 46 (5-5)
Coronavirus 229E/NL63" 4 (0-5)

Coronavirus HKU1 1(0-1)
Coronavirus OC43 4 (0-5)

Coronavirus subtotal 9(1-1)
Adenovirus 6 (0-7) 6 (0-7)
Human metapneumovirus 4 (0-5) 4 (0-5)

Total viruses detected 831 (100) 831 (100)

“Include Coronavirus 229 E and Coronvairus 229E/NL63.

A single virus was detected in 512 (50-3%) samples. Of
these, 304 (594%) were influenza A and 208 (40:6%)
were other respiratory viruses, the most common being

Community-acquired respiratory viruses

enterovirus/rhinovirus, detected in 149 (29-1%) samples
(Table 2). Peaks for single infection occurred in June and
September 2009, which were mainly due to the increase
in influenza A and enterovirus/rhinovirus, respectively
(Figure 3).

Viral co-infection was detected in 156 (15-3%) of the
samples of which 149 (95-5%) were dual infections and
seven (4:5%) triple infections. One hundred and forty-
eight (94:9%) of the co-infections were combination of
A(HIN1)pdm09 and another respiratory virus and eight
(51%) were non-influenza combinations. The most com-
mon co-infections were influenza A/RSV B and influenza
A/enterovirus/rhinovirus, responsible for 64:1% and
21-8% of co-infections, respectively (Table 3).The highest
proportion of co-infection was detected in October,
corresponding with peak activity of influenza A and RSV
(Figure 3).

Patient characteristics
The median age of patients in the study was 23 years with a
range of 3 months—96 years of age (Table 4). The highest
proportion of single and co-infections was observed in
children 5-14 and 0-4 years of age, respectively. The pro-
portion of those with no infection detected steadily
increased with age, peaking at the elderly, aged 65 years and
over (Figure 4). Females were overrepresented, comprising
599 (58:8%) of the patients included in this study. Patients
with no-infection, single infection, and co-infection did not
differ with regards to sex. Two hundred and nineteen
(21-6%) patients had a chronic condition. Of these, 37-4%
had no virus detected, 44-8% had single infections, and
17-8% had co-infections, whereas among the 795 partici-
pants without comorbidities, the distribution was 33-6%,
51-8%, and 14-6%, respectively; however, that was not sta-
tistically significant (Table 4). The median number of days
from symptom onset to sample collection was two with a
range of 0-7 days. Five hundred and eighty-two (57-2%)
and 436 (42:8%) samples were collected within 2 days and
3-7 days, respectively. Of the 582 samples collected within
2 days of onset, 32°9% had no virus detected, 48:5% had
single infections, and 18:6% had co-infections, whereas
among those collected within 3-7 days, the distribution was
36:3%, 52:8%, and 11%, which was statistically significant.
In crude and adjusted multinomial logistic regression,
patients with single and co-infections were compared to
those with no infection. Compared to the elderly, patients
under 65 years of age were more likely to have a single
infection; the highest likelihood was observed in children
5-14 years of age (Table 5). Patients under 30 years of age
were more likely to have co-infections compared with
patients 65 and over; this was most evident in the 0—4 age
group. Presence of a chronic condition did not increase the
likelihood of single infection but increased the likelihood
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co-infection is presented in Figure 3.

Table 2. Number and percent of viruses detected as single
infections, April 21, 2009 to February 25, 2010, sentinel network,
Ontario, Canada

Counts Total
Single infection viruses n (%) n (%)
Influenza A 27 (5:3)
Influenza (H1N1)pdm09 275 (53-7)
Influenza A/H3 2 (0:4)
Influenza A subtotal 304 (59-4)
Enterovirus/rhinovirus 116 (22-7)
Human rhinovirus 33 (64)
Enterovirus/rhinovirus subtotal 149 (29-1)
Parainfluenza 1 12 (2:3)
Parainfluenza 2 5 (1-0)
Parainfluenza 3 11 (2:1)
Parainfluenza 4 3 (06)
Parainfluenza subtotal 31 (6-1)
Respiratory Syncytial A 9 (1-8)
Respiratory Syncytial B 3 (0-6)

Respiratory Syncytial subtotal 12 (2-4)

Coronavirus 229E/NL63" 4 (0-8)
Coronavirus HKU1 1(0-2)
Coronavirus OC43 2 (0-4)

Coronavirus subtotal 7 (1-4)
Adenovirus 5 (1-0) 5 (1-0)
Human Metapneumovirus 4 (0-8) 4 (0-8)

Total viruses detected 512 (100) 512 (100)

“Includes Coronavirus 229 E and Coronavirus 229E/NL63.

of co-infection; this did not achieve significance. Co-infec-
tion was more likely detected in patients who had samples
collected within 2 days as compared to 3-7 days; this did
not apply for those with single infections. There was no sex
difference.

Figure 2. Number of detection of the most
common respiratory viruses by month of
symptom onset, April 21, 2009 to February
25, 2010 sentinel network, Ontario, Canada.
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Figure 3. Frequency of single infection and co-infections by month of
symptom onset, April 21, 2009 to February 25, 2010, sentinel network,
Ontario, Canada.

Discussion

In this study, 66% of samples tested during the 2009 pan-
demic in Ontario had at least one virus detected and 15%
had co-infections. These findings are consistent with reports
from other studies with the range of co-infection reported
from 7-27%.%'> However, positivity and co-infection rates
vary widely between studies. There are various reasons for
this finding: firstly, detection methods differ notably
between studies, which impacts sensitivity, specificity and
other technical parameters; secondly, viruses targeted differ
from one study to another as does the study population.*!
This study was conducted during the influenza pandemic
A(HIN1)pdm09 which was associated with an increased
number of samples submitted and high detection of
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Table 3. Number and percent of viruses detected in samples where
co-infection was identified, April 21, 2009-February 25, 2010

sentinel network, Ontario, Canada

Co-infection viruses

Counts n (%)

Influenza A" /Respiratory Syncytial B

Influenza A/Enterovirus/rhinovirus’

Parainfluenza 1/Enterovirus/rhinovirus

Influenza A/Enterovirus/rhinovirus /Respiratory
Syncytial

Influenza A/Parainfluenza 3

Influenza A/Parainfluenza 1/Enterovirus/rhinovirus

Influenza A/Parainfluenza 2

Respiratory Syncytial/Coronavirus OC 43

Influenza A/Adenovirus

Influenza A/Respiratory Syncytial A

Influenza A/Respiratory Syncytial B /Parainfluenza 2

Parainfluenza 2/Parainfluenza 3

Total

100 (64-1)
34 (21-8)

5(3-2)
4 (2:6)

3(1:9)
2 (1-3)
2(1-3)
2(1-3)
1 (0:6)
1 (0:6)
1 (0:6)
1(0-6)

156 (100)

“All influenza A samples were influenza A/(H1N1) pdm09 except 15
samples which were unable to subtype due to low viral load.
TEnterovirus/rhinovirus includes human rhinovirus and enterovirus/r-

hinovirus.

Community-acquired respiratory viruses

700

600

500

40:0

30:0

Frequency

10-0 | -

0-0 T T T T T
04 5-14 15-29 30-54 55-64 65+

Age group (years)

[—e—Ssingle infection —m— Coinfection —#— No virus detected |

Figure 4. Age distribution of patients by virus detection status, April
21, 2009 to February 25, 2010, sentinel network, Ontario, Canada.

A(HIN1)pdm09. Not surprisingly, influenza was the
primary virus detected in June and October 2010; however,
other viruses dominated for other months during both
influenza pandemic waves (Figure 2). This demonstrates
the importance of monitoring circulating respiratory
viruses when advising clinicians to prescribe antivirals

empirically during a pandemic.

Table 4. Characteristics of patients and timing of specimen collection and testing, April 21, 2009 to February 25, 2010, sentinel network,

Ontario, Canada

No virus detected Single infection Co-infection Chi-square
Patient characteristics n (%) n (%) n (%) Overall number P-value
Patients n = 350 (34-4) n =512 (50-2) n =156 (15-3) n=1018
Age category (years)
0-4 28 (27°5) 51 (50-0) 23 (22-5) 102 <0-001*
5-14 44 (22-3) 115 (58:4) 38 (19:3) 197
15-29 85 (30-1) 148 (52-3) 50 (17-7) 283
30-54 121 (40-7) 145 (48-8) 31 (10:4) 297
55-64 34 (44-2) 38 (494) 5 (6'5) 77
65+ 38 (61:3) 15 (24-2) 9 (14-52) 62
Median (Range) 34 (0-92) 20 (0-96) 18 (0-88) 23 (0-96)
Sex
Female 207 (34-6) 303 (50-6) 89 (14-9 599 0-8
Male 143 (34-1) 209 (49-9) 67 (16:0 419
Chronic Condition
No 267 (33:6) 412 (51-8) 116 (14-6) 795 04
Yes 82 (37:4) 98 (44-8) 39 (17-8) 219
Unknown 1 (25-0) 2 (50:0) 1 (25-0) 4
Time to specimen collection** (days)
0-2 192 (32-9) 282 (485) 108 (18-6) 582 <0-01*
3-7 158 (36:3) 230 (52-8) 48 (11-0) 436
Median (Range) 2 (0-7) 2 (0-7) 2 (0-7) 2 (0-7)
*P-value <0-05 is considered significant.
**Time to specimen collection = Collection date-symptom onset date.
© 2012 John Wiley & Sons Ltd 563 |
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Table 5. Crude and adjusted odds ratio of patient characteristics by infection status using no infection as the reference (n = 1014)"

Single infection
n =512 (50:2%)

Co-infection

n = 156 (15:3%)

Number
Patient of patients Crude OR Adjusted Crude OR Adjusted
characteristics  n = 1014 n (%) OR (95%Cl) OR (95%Cl) n (%) OR (95%Cl) OR (95%Cl)
Age category
(years)

65+ 62 15 (24-2)  1-00 1-00 9(14:5) 1-00 1-00

0-4 102 51 (50-0) 461 (2:16-9-81)* 4-83 (2-:22-10:48)* 23 (22:6) 3-46 (1:39-863)*  4-38 (1-64-11-67)*

5-14 197 115 (584) 662 (3:31-13-21)*  7-03 (3-44-14-35)* 38 (19:3) 3:64 (1-:56-8-50)*  4-79 (1:91-12-:03)*

15-29 283 148 (52-3)  4-41 (2:29-8-48)* 4-56 (2-32-8-96)* 50 (17-7) 2-48 (1-10-5-56)*  3-32 (1-38-7-98)*

30-54 297 145 (48-8)  3-03 (1-59-5-78)* 3-:01 (1-56-5-80)* 31 (10-4) 1-08 (0-47-2-47) 1-32 (0-55 -3-18)

55-64 77 38 (494) 2-83 (1:32-6-02)* 2-83 (1-32-6-07)* 5 (6'5) 0-62 (0:18-2-03) 0-73 (0-21-2-49)
Sex

Male 419 209 (49-9) 1-00 1-00 67 (16:0)  1-00 1-00

Female 599 303 (50-6) 0-99 (0-75-1-31) 0-86 (0-64-1-15) 89 (14-8)  1-08 (0:74-1-59) 0-82 (0-55-1-23)
Chronic condition

N 795 412 (51-8) 1-00 116 (14-6) 1-00

Y 219 98 (44-8) 0-77 (0:55-1-07) 1-02 (0-71-1-45) 39 (17-8) 1-09 (0:70-1-69) 1-56 (0-98-2:51)*
Time to specimen

collection (days)
3-7 days 436 230 (527) 1-00 1-00 48 (11-:0)  1-00 1-00
0-2 days 582 282 (48-5)  1-00 (0-76-1-32) 093 (0-68-1-21) 108 (186)  1-85(1-24-2-76)* 166 (1-12-2-50)*

OR, odds ratio; Cl, confidence interval.

“Four patients were missing chronic condition information and were removed from the adjusted multinomial logistic regression model.

Despite the higher prevalence of enterovirus/rhinovi-
rus (23:4%) than RSV (14:5%), co-infection with A(HIN1)
pdmO09/RSV was more common than A(HINI)pdm09/
enterovirus/rhinovirus, accounting for 64-1% and 22-8% of
the co-infections, respectively. This may reflect the younger
age of patients infected by A(HIN1)pdm09, who were
therefore also at greater risk of RSV. In addition, RSV
cocirculated with A(HINI1)pdm09 more than enterovi-
rus/rhinovirus, which peaked before the second wave (Fig-
ure 2). There may also be preferential interactions among
certain pathogens; viral interactions were not assessed in
this study.”” When other respiratory samples positive for
enterovirus/rhinovirus were further evaluated at our
laboratory, they all were confirmed as rhinovirus, not
enterovirus.**

Single infection was more commonly detected in those
less than 65 years of age. It is known that respiratory
infections are more common in children for several rea-
sons, including an immature immune system, lack of pre-
existing immunity particularly to new emerging viruses,
and greater viral exposure opportunities.'"'®*> Younger
patients shed higher levels of virus when infected and also
may be brought for medical care earlier than older
patients, facilitating detection in these groups.”® In addi-
tion, lower detection of single and co-infection in elderly

may be explained by pre-existing immunity to

A(HIN1)pdm09 and other respiratory viruses.”> Co-infec-
tion was more common in persons less than 30 years of
age as compared to older adults. These data are congruent
with findings from a previously published study where
co-infection was more likely in younger than older
adults.'”® The combined effect of predominance of
A(HIN1)pdm09 and the greater likelihood of infection
with other respiratory viruses among younger ages likely
explains our age-related findings of co-infection during
the pandemic, which may not be generalizable to a typical
influenza season.

The presence of comorbidities did not increase the likeli-
hood of having a single infection but increased the likeli-
hood of co-infections; this did not achieve statistical
significance. Patients with chronic conditions are at higher
risk of severe disease and consequently may be more likely
to seek medical care.’® Selection bias is unlikely to influ-
ence these results as the proportion of patients with
comorbidities was similar (21-5%) to that in Ontario’s
population (20-3%).>’

Sample collection within 2 days of symptom onset was
found to independently increase the likelihood of detecting
a viral co-infection but not single infection. Long et al.
reported an inverse relationship between duration of symp-
toms and viral detection rate due to greater viral shedding
earlier in the disease process.''
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This study was designed to examine circulating viruses
and co-infection. The presence of more than two viruses in
the same sample may not always indicate clinical infection.
As viruses may be detected in asymptomatic patients, it is
impossible to determine which viruses caused symptoms.
Previous studies suggest co-infection may manifest higher
disease severity, which may shorten the time to medical
care and viral detection; disease severity was not assessed in
the current study.'””® As viral-bacterial co-infections also
occurred during the pandemic, it will be interesting for fur-
ther studies to investigate their characteristics and impact
on disease severity.”**’

In summary, A(HIN1)pdm09 was frequently detected
among community patients with ILI. However, other
respiratory viruses cocirculated with A(HIN1)pdm09 dur-
ing the pandemic, reinforcing the need to test for other
viral agents even during a pandemic to appropriately guide
clinical treatment decisions. Viral diagnosis, primarily
A(HIN1)pdm09, was made more often in patients less than
65 years of age. Viral co-infection was commonly detected
in this study and was most likely detected in individuals
less than 30 years of age. Earlier sample collection improves
the detection of viral co-infections. Understanding the con-
tribution of other circulating respiratory pathogens during
a pandemic may lead to improved individual diagnosis and
recommendations for community-based clinicians, and
more effective prevention and treatment of respiratory
infections, including use of influenza antivirals.
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