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winter seasons (2011-2015) in Canada. Nasopharyngeal swabs were performed on
all patients at the onset of hospital admission for diagnosis of viral infection. Primary
outcomes were 30-day mortality and ICU admissions. Secondary outcomes included
invasive/non-invasive ventilation use.

Results: Among 3931 hospitalized patients with COPD, 28.5% (1122/3931) were
diagnosed with seasonal respiratory viral infection. Viral infection was associated
with increased admission to ICU (OR 1.5, 95% Cl 1.2-1.9) and need for mechanical
ventilation (OR 1.9, 95% Cl 1.4-2.5), but was not associated with mortality (OR 1.1,
95% Cl 0.8-1.4). Patients with respiratory syncytial virus (RSV) were equally likely to
require ICU admission (OR 1.09, 95% Cl 0.67-1.78), and more likely to need non-
invasive ventilation (OR 3.1; 95% Cl 1.8-5.1) compared to patients with influenza.
Interpretation: Our results suggest COPD patients requiring hospitalization for respi-
ratory symptoms should routinely receive viral testing at admission, especially for
RSV and influenza, to inform prognosis, clinical management, and infection control
practices during winter seasons. Patients with COPD will be an important target pop-
ulation for newly developed RSV therapeutics.

Clinical Trial Registration: ClinicalTrials.gov ID: NCT01517191.
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1 | INTRODUCTION

Respiratory viruses are frequently isolated in nasal and sputum sam-
ples from patients experiencing an acute exacerbation of chronic
obstructive pulmonary disease (AECOPD).>™* Previous studies identi-
fied the prevalence of respiratory viruses in 30% to 50% of patients
with AECOPD.2® The most frequently identified viruses were rhinovi-
ruses, respiratory syncytial virus (RSV), and influenza, while seasonal
coronaviruses, human metapneumovirus (hMPV), adenoviruses, and
picornaviruses were isolated less frequently.?®

Influenza infection among hospitalized patients with COPD is
associated with high rates of mortality (10%) and critical illness (17%)
compared with influenza-negative patients, but it is unclear if other
seasonal respiratory viruses are associated with equally poor progno-
ses.>® Studies evaluating the impact of non-influenza respiratory
viruses (NIRVs) among patients with COPD are limited by small sam-
ple sizes (<150 patients), examination of limited viral seasons, mixed
cohorts of hospitalized and outpatients, and viral testing techniques
with variable accuracy.” 1! There are no large prospective studies in
North America which determine the prevalence and impact of sea-
sonal respiratory viral infections among real-world hospitalized
patients with COPD. Further, prior studies have not robustly assessed
the potential differences in morbidity and mortality among viral
pathogens.

Understanding the outcomes associated with respiratory viral
infection among hospitalized COPD patients is important to guide

infection control policy, resource planning, and clinical care; this has

been strongly highlighted by the health system consequences of the
COVID-19 pandemic. Understanding the epidemiology of NIRVs is
also relevant for development and evaluation of new antiviral thera-
peutics and vaccines.*>*3

We aimed to determine the prevalence of respiratory viral path-
ogens among patients with COPD who were hospitalized with acute
respiratory illness during winter seasons, and to study the associa-
tion between respiratory viral pathogens and 30-day mortality and
intensive care unit (ICU) admissions. This study was conducted over
four consecutive winter seasons (2011-2015) in Canada, and
therefore, the impact of the COVID-19 pandemic was not assessed.
We hypothesized that respiratory viral infection would be
associated with both increased mortality and critical illness among
hospitalized patients with COPD, compared with patients without

viral infection.

2 | METHODS

21 | Study design and time frame

We conducted a secondary analysis of a national multicenter prospec-
tive cohort study among hospitalized patients with acute respiratory
illnesses in Canada over four winter seasons, from November 1st to
April 30th annually (2011-2015). Forty-six hospitals across five
provinces participated, representing approximately 10 000 acute care

hospital admissions.
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2.2 | Datasources
We used the infrastructure of the Serious Outcomes Surveillance
(SOS) network: a national prospective hospital-based surveillance pro-
gram to determine and monitor the effectiveness of trivalent influenza
vaccination in preventing influenza-associated hospitalization and
mortality among Canadian adults.**>

The SOS network enrolled consecutive adult patients who were
hospitalized with acute respiratory illnesses including physician-
diagnosed pneumonia, acute exacerbation of COPD or asthma,
unexplained sepsis, respiratory infections, or influenza-like-illness
symptoms (dyspnea, cough, sore throat, myalgia, fever, or delirium).

Study monitors screened admissions to the ICUs and medical
wards to identify eligible study participants and obtained informed
consent. All patients underwent testing for influenza at the time of
hospital admission with a nasopharyngeal (NP) swab, processed by
real-time reverse transcription polymerase chain reaction (RT-PCR) or
direct fluorescent antibody testing (DFA). Viral testing samples were
frozen at —80°C and stored at the Canadian Center for Vaccinology
(CCfV) Laboratory in Halifax, Nova Scotia, Canada.

Patient demographics, past medical history, social habits, clinical

symptoms, hospital course, length of stay, complications arising during

hospitalization, frailty assessments (measured using a previously

),¥¢ and 30-day mortality were collected. The

validated frailty index
SOS study protocol was approved by the research ethics boards of

participating institutions.

2.3 | Inclusion criteria

We included patients in the SOS network who were hospitalized with
acute respiratory illnesses, had an NP swab (with subsequent storage
at the CCfV laboratory), and a history of COPD (defined by documen-
tation on the medical record). Patients who did not have their NP
swab sample stored at the CCfV laboratory were excluded (Figure 1).

24 | Measurements

All NP swab samples were initially tested for influenza virus at the
time of hospitalization.2**> Multiplex PCR testing was not routinely
available at all sites. Viral samples sent to the CCfV laboratory were
thawed from —80°C storage, with 200 pl subjected to a total nucleic
acid (TNA) extraction using a MagNAPure LC 2.0 instrument (Roche

N=4755

Hospitalized Patients with COPD
Tested with NP Swab for Influenza

Winter Seasons 2011-2015

Multiplex PCR testing not done
N=824*

N=3931

NP Swab Samples Tested with
Multiplex PCR for Respiratory Viruses

.

Positive Multiplex Result
N=1122

Negative Multiplex Result
N=2809

\

v

v

¥

Influenza Respiratory Other Viral
Virus Syncytial Respiratory Co-Infection
Virus Viruses
N=696 N=145 N=258 N=23

*824 subjects did not have a frozen NP swab sample available for multiplex PCR testing

FIGURE 1 Patients with chronic obstructive pulmonary disease (COPD) who were hospitalized for infectious respiratory symptoms during
consecutive winter seasons in Canada, 2011-2015
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Diagnostics) with a 100 pl elution, and 10 pl of the TNA was used as
template for each of the three multiplex reactions of the Seeplex®
RV15 OneStep ACE Detection kit (RV15) (Seegene, Inc., Seoul,
Republic of Korea).*”*® Quality control testing in the laboratory iden-
tified no discordance between RV15 PCR testing on fresh and thawed
RSV samples (data pending publication).

RV15 multiplex PCR technology can detect multiple respiratory
viruses from a single NP swab sample, including influenza A/B, RSV
A/B, parainfluenza types 1-4, enterovirus, adenovirus, human metap-
neumovirus (hMPV), rhinovirus, bocavirus, adenovirus, and seasonal
coronaviruses (OC43, 229E/NL63).27-21 Previous studies using multi-
plex PCR assays have demonstrated high sensitivity and specificity
(90% to 100%) compared with standard culture methods.*82%21

2.5 | Primary outcomes

Mortality was ascertained by study personnel who contacted the
patient or patient designate and reviewed the medical record at
30 days after hospital discharge. ICU admission was defined by admis-

sion to an ICU during the index hospitalization.

2.6 | Secondary outcomes
Secondary outcomes included use of invasive mechanical ventilation

or non-invasive ventilation.

2.7 | Analysis

Descriptive statistics including means (£ standard deviation [SD]),
medians (interquartile range [IQR]), and proportions were used to
describe baseline characteristics and clinical outcomes among patients
with positive and negative NP swab results. Fisher’s exact testing was
used to assess differences in baseline data and clinical outcomes
between patients with positive and negative NP swab results.

Unadjusted primary and secondary clinical outcomes were com-
pared between three groups: individuals with influenza A/B, RSV A/B,
and other non-influenza non-RSV respiratory viruses. These groups
were chosen for comparison a priori due to clinical relevance, as there
is currently an approved vaccine and antiviral treatment for influenza,
several vaccines for RSV in testing phases, and no widespread adult
vaccine or therapeutics available for other NIRVs. Clinical outcomes
of mortality and ICU admission have previously been studied among
individuals with COPD and influenza infection.’

We used multivariable logistic regression to determine the associ-
ation between molecular identification of respiratory viruses (positive
NP swab) and outcomes of 30-day mortality, ICU admission, and
mechanical ventilation, when compared with patients with negative
NP swabs.

Subsequent adjusted regression models were used to determine

the association between RSV (with influenza infection as the

reference group) and 30-day mortality, ICU admission, mechanical
ventilation, and use of non-invasive ventilation.

All models were adjusted a priori for age, supplemental home oxy-
gen use, and body mass index <18.5 kg/m? (low BMI).22 Subsequently,
active smoking status, long-term care dwelling, clinical diagnosis of
pneumonia, heart disease, cancer, renal disease, and assisted living
dwelling were included in the models and subjected to backwards var-

iable selection.

3 | RESULTS

3.1 | Patient cohort

Among 4755 patients admitted to hospital with an acute respiratory
illness and comorbid COPD, 3931 (82.7%) had a frozen NP
swab available for testing with RV15 multiplex PCR (Figure 1). In this
cohort, 1122/3931 (28.5%) patients tested positive for a respiratory

virus.

3.2 | Prevalence of respiratory viruses

Figure 2 illustrates the proportion of positive NP swab results and
prevalence of individual respiratory viruses isolated by RV15 PCR
from hospitalized patients with COPD over four consecutive winter
seasons. Influenza A and B were most common (696/3931; 17.7%),
followed by RSV A and B (145/3931; 3.7%), hMPV (85/3931,;
2.1%), and parainfluenza types 1-4 (71/3931; 1.8%). Seasonal
coronaviruses (OC43, 229E/NL63) were less common with
47/3931; 1.2% of total swabs. Rhinovirus, bocavirus, adenovirus,
and enteroviruses were found in the remaining 8% of viral isolates.
Co-infection with two viruses was seen in 23/3931 (0.6%) of
multiplex PCR samples. Among these co-infected samples, influenza
A/B (16/23) and seasonal coronaviruses (12/23) appeared most
frequently (Appendix A).

3.3 | Characteristics and outcomes among patients
with positive and negative viral swabs

Table 1 describes patient characteristics and unadijusted clinical out-
comes by NP swab result at the time of hospital admission. Patients
with positive viral tests were more likely to be living in assisted living
or long-term care facilities (12.5% vs. 10.1% and 8.5% vs. 6.1%,
respectively). Baseline degrees of frailty, proportion of patients
actively smoking, and cardiac comorbidity were similar between
groups.

Unadjusted 30-day mortality was similar between groups with
positive and negative NP swabs (7.5% vs. 7.0%, p = 0.69), while there
was more admission to the ICU and need for mechanical ventilation
among patients with positive swabs (16.5% vs. 12.5%, p = 0.001 and
9.4% vs. 5.7%, p < 0.001, respectively).
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Adenovirus,
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FIGURE 2 Distribution of respiratory viruses identified by RV15 polymerase chain reaction (PCR) from hospitalized adults with chronic
obstructive pulmonary disease (COPD) over four consecutive winter seasons, n = 3931 individuals. Note: Seasonal coronaviruses include strains
0C43, 229E/NL63. Co-infections with multiple viruses are detailed in Appendix A.

3.4 | Clinical outcomes among patients with
COPD, influenza, RSV, and other respiratory viral
infections

Table 2 describes unadjusted clinical outcomes among hospitalized
patients with COPD with positive NP swabs for influenza A/B, RSV,
and other non-influenza, non-RSV respiratory viruses.

Unadjusted 30-day mortality rates were highest among patients
infected with influenza (8.5%), and lowest among RSV-infected indi-
viduals (2.8%), p = 0.04. ICU admission rates were equal among those
infected with influenza and RSV (17.8% vs. 17.9%), p = 0.15.

Use of mechanical ventilation was highest among the influenza
infected group compared with others (p = 0.004), while use of non-
invasive ventilation was highest among RSV-infected individuals
(p =0.001).

3.5 | Adjusted association between respiratory
viral infection and death, ICU admission, and
mechanical/non-invasive ventilation

Respiratory viral infection (positive NP swab) was not associated with
significant increase in mortality (OR 1.1, 95% Cl 0.8-1.4) after adjust-
ment for age, low BMI, home oxygen use, heart disease, cancer, renal
disease, and admission from a long-term care dwelling. However, viral
infection was associated with ICU admission (OR 1.5, 95% Cl 1.2-
1.9), and with mechanical ventilation (OR 1.9, 95% Cl 1.4-2.5) in

adjusted models (ICU model adjusted for age, low BMI, home oxygen
use, renal disease, active smoking, and clinical diagnosis of pneumonia;
Mechanical ventilation model adjusted for age, low BMI, home oxygen
use, admission from assisted living dwelling, active smoking, and clini-
cal diagnosis of pneumonia).

Table 3 describes the association between RSV infection and
mortality and ICU admission (compared with influenza infection).
After adjustment for age, low BMI, use of supplemental home oxygen,
and admission from long-term care, hospitalized patients with COPD
and molecular identification of RSV were less likely to die (OR 0.24;
95% Cl 0.07-0.81), but equally likely to require ICU admission
(OR 1.09; 95% Cl 0.67-1.78) compared with individuals infected with
influenza. Other non-influenza and non-RSV viral infections (including
seasonal coronaviruses) were less likely to result in ICU admission
(OR 0.64; 95% C1 0.41-0.98).

Hospitalized patients with RSV and those with other NIRVs were
more likely to require non-invasive ventilation (RSV OR 3.05; 95% CI
1.82-5.11) compared with patients with influenza in adjusted analyses
(Appendix B).

4 | DISCUSSION

Our analysis of a national multicenter prospective cohort of hospital-
ized COPD patients over four consecutive winter seasons produced
four important findings; first, seasonal respiratory viral infections are

common in this population during winter seasons, and individuals with
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TABLE 1 Baseline characteristics among hospitalized patients with COPD who were tested for respiratory viruses with RV15 multiplex PCR

during 2011-2015 winter seasons, n = 3931

Positive NP swab

Negative NP swab

Variable N = 1122 N = 2809 p value
Age (mean + SD) in years 73 +12.37 73+ 11.34 0.86
Age strata (n, %)

50-64 years 250 (22.3) 592 (21.1) 0.05

65-75 years 319 (28.4) 907 (32.3)

>75 years 517 (46.1) 1247 (44.3)
Female sex (n, %) 561 (50) 1372 (48.8) 0.53
BMI kg/m? < 18.5 (n, %) 73(7.01) 293 (11.1) <0.001
Active smoking (n, %) 348 (32.8) 825 (29.6) 0.32
Heart disease (n, %) 587 (52.3) 1563 (55.6) 0.06
Kidney disease (n, %) 161 ) 496 (17.7) 0.01
Immunocompromised state (n, %) 249 (22.2) 602 (21.4) 0.61

Malignancy? (n, %) 245 (21.8) 653 (23.3) 0.34

Rheumatic disease (n, %) 74 (6.6) 242 (8.6)

HIV (n, %) 5(0.45) 19 (0.68)
Use of home oxygen (n, %) 150 (13.4) 535(19.1) <0.001
Assisted living dwelling prior to admission (n, %) 140 (12.5) 282 (10.1) 0.03
Long-term care dwelling prior to admission (n, %) 95 (8.5) 170 (6.1) 0.007
Baseline frailty index® (median IQR) 0.22 (0.15-0.3) 0.23 + (0.16-0.3) 0.37
Unknown (n, %) 362 (32.3) 728 (25.9)
Influenza vaccination status

Vaccinated (n, %) 700 (65.8) 1887 (68.9) 0.06

Not vaccinated (n, %) 364 (34.2) 848 (31)

Unknown (n, %) 58 (5.17) 74 (2.6)
Clinical diagnosis of pneumonia (n, %) 435 (38.8) 1430 (50.9) <0.001
Admitting diagnosis of COPD exacerbation (n, %) 584 (52.05) 1306 (46.49) 0.002
30-day mortality (n, %) 84 (7.5) 222 (7.9) 0.69
Admission to intensive care (n, %) 185 (16.5) 350 (12.5) 0.001
Mechanically ventilated (n, %) 105 (9.4) 158 (5.7) <0.001
Use of non-invasive ventilation (n, %) 135 (14.1) 322 (12.9) 0.34

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; IQR, interquartile range; NP,

nasopharyngeal; PCR, polymerase chain reaction; SD, standard deviation.

?Malignancy refers to cancer that was treated in the previous 5 years (n = 1 missing value).
bFrailty index is the number of health deficits divided by the total number of deficits measures. It is a score between 0 and 1, where 0.2 represents a frail

individual, and higher scores represent increasing degrees of frailty.'*

COPD who reside in long-term care or assisted living facilities were
more likely to test positive at hospital admission. Second, RSV and
hMPV are the most frequent respiratory viruses identified during win-
ter seasons, after influenza. Third, after accounting for important con-
founding factors, hospitalized patients with COPD and respiratory
viral infections have 50% greater odds of ICU admission and 90%
greater odds of needing mechanical ventilation compared with those
with negative viral tests. Finally, RSV infection is associated with
significant morbidity among COPD patients (when compared with
individuals with influenza infection), with increased ICU admission

and need for non-invasive ventilation.

While influenza is the most prevalent virus (63% of all patients
with a positive multiplex PCR test), RSV accounts for the largest por-
tion of non-influenza respiratory viral infections among hospitalized
patients with COPD (145/1099 positive multiplex PCR tests, 13.2%),
followed by hMPV (85/1099, 7.7%). Our findings echo those from a
small retrospective study among 379 patients with COPD, where the
rate of symptomatic RSV illness was 11% and half of those patients
required medical attention.?®> A systematic review of eight observa-
tional studies (747 patients) also identified a high mean weighted
prevalence of respiratory viruses using PCR techniques (34.1%),
although non-hospitalized patients with COPD exacerbation were
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TABLE 2 Unadjusted clinical outcomes among hospitalized patients with COPD who tested positive for influenza, RSV, and other respiratory

viruses during winter seasons, 2011-2015, n = 1099

Influenza A/B RSV A/B Non-Influenza, non-RSV Respiratory viruses
N = 696 N = 145 N = 258 p value
Primary outcomes (n, %)
30-day mortality (n, %) 59 (8.5) 4(2.8) 17 (6.6) 0.04
Admission to intensive care (n, %) 124 (17.8) 26 (17.9) 33(12.8) 0.15
Secondary outcomes (n, %)
Mechanically ventilated (n, %) 79 (11.4) 13 (9.0) 12 (4.7) 0.004
Use of non-invasive Ventilation? (n, %) 67 (11.2) 30 (23.6) 36 (16.8) 0.001

Note: Twenty-three patients who were co-infected with multiple respiratory viruses were excluded to avoid double-counting.

Abbreviation: RSV, respiratory syncytial virus.

?Non-invasive ventilation outcome: 158/1099 (14.4%) patients were missing outcome data.

TABLE 3 Adjusted association between respiratory viral
pathogens (vs. influenza) and mortality and ICU admission among
hospitalized patients with COPD and a positive RV15 multiplex PCR
test during winter seasons 2011-2015

Odds ratio for
30-day mortality

Odds ratio for
ICU admission

Predictor

RSV infection vs. influenza
infection

Non-influenza, non-RSV,
viral infection vs.
influenza infection

Age
BMI < 18.5 kg/m?
Use of home oxygen

Admission from long-term

(95% Cl)
0.24 (0.07-0.81)

0.90 (0.49-1.64)

1.06 (1.03-1.08)
1.79 (0.79-4.08)
3.32(1.86-5.93)
2.66 (1.38-5.14)

(95% Cl)
1.09 (0.67-1.78)

0.64 (0.41-0.98)

0.98 (0.97-0.99)

1.02 (0.51-2.03)
1.67 (1.07-2.62)

care dwelling

Clinical diagnosis of 1.78 (1.27-2.49)
community acquired

pneumonia

Current tobacco smoking 1.53(1.05-2.23)

Note: The reference variable is influenza infection (for RSV and other non-
influenza, non-RSV respiratory viral infections). Variables including age,
BMI, use of home oxygen, and admission from long-term care were forced
into the model for mortality because of clinical significance. Clinical
diagnosis of community acquired pneumonia and current tobacco smoking
status were tested in the model and removed by backwards selection
methods due to non-significance. Age, BMI, and use of home oxygen were
forced into the ICU model because of clinical significance. Clinical
diagnosis of community acquired pneumonia (CAP), current smoking
status, and admission from long-term care were tested in the model, with
CAP and smoking status remaining in the model after backwards selection
methods.

Abbreviations: BMI, body mass index; Cl, confidence interval; ICU,
intensive care unit; RSV, respiratory syncytial virus.

also included in the analysis.® This review identified picornaviruses
(rhinovirus and enterovirus) to be most common (17.4%), followed by
influenza (7.1%) and RSV (5.3%).2 Our study, with a fivefold greater
number of hospitalized patients, found significantly higher rates of

influenza (63% vs. 7%) and RSV infection (13% vs. 5%), and did not
identify rhinoviruses in significant proportions. It is possible the differ-
ences in our findings are due to a temporal effect, as the systematic
review included studies conducted between 2001 and 2008, whereas
our study was conducted from 2011-2015. Further, the systematic
review included non-hospitalized patients, while our study included
only hospitalized patients with COPD. Finally, prior observational
studies did not account for seasonal biases which can affect viral
prevalence.?*?> For example, human rhinoviruses are most prevalent
during the autumn and spring seasons, while our study was conducted
during winter seasons only.?®

Individuals with a positive viral test at the time of hospitalization
were more likely to be residing in assisted living or long-term care
homes, likely reflecting increased risk of virus exposure and host sus-
ceptibility (frail individuals). This has significant implications for infec-
tion control practice and policy among care homes for vulnerable
individuals. A recent survey performed prior to the COVID-19 pan-
demic assessed infection prevention practices among personnel in
long-term care and found that only 46% of staff surveyed could
describe the correct use of infection control precautions, and 42% of
respondents reported working while ill2” Further, 54% of staff
reported that staying home while ill was difficult due to institutional
policy.?” Addressing infection control policy and practice in care
homes will likely have a significant impact on the burden of hospitali-
zations and morbidity among vulnerable individuals with chronic lung
disease. The current COVID-19 pandemic has underscored this issue
as novel coronavirus infections among staff are associated with
deaths among care home residents.?®

While influenza infections are highly prevalent and associated
with death and critical illness, hospitalized patients with COPD and
RSV infection also experience morbidity; 24% of patients with RSV
infection required non-invasive ventilation (vs. 11% with influenza),
and 18% required ICU admission. Once in the ICU, half of patients
with RSV required mechanical ventilation. The burden and impact of
RSV among hospitalized patients with COPD is not well established in
robust prospective studies, although our findings are supported by

smaller studies of RSV-related outcomes in elderly individuals.?”~2
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We observed a lower mortality rate (4/145, 2.8%) among RSV positive
compared with influenza positive individuals. However, a significantly
larger proportion of RSV-infected patients received non-invasive ven-
tilation (23.6% with RSV vs. 11.2% with influenza), which may have
influenced the likelihood of survival in the context of
underlying COPD.

To our knowledge this is the largest prospective cohort study
(>3000 patients) demonstrating the prevalence and impact of non-
influenza respiratory viral infections among hospitalized patients with
COPD. Data were collected over multiple consecutive winter seasons
which limits biases introduced by differences in seasonal viral preva-
lence and strain virulence. We used an active case finding strategy
whereby each enrolled patient meeting broadly defined inclusion cri-
teria received a viral swab upon hospital admission.}**> This limits
underdetection and biases introduced by analyzing patients who were
swabbed for clinical reasons only (i.e.,, confounding by indication,
where patients who are more ill receive viral testing but are also more
likely to test positive and have poor clinical outcomes). An active case
finding strategy also provides a real-world assessment of respiratory
viral prevalence in this population. Finally, we harnessed the infra-
structure of the CCfV to test thawed nasal swab samples with multi-
plex PCR technology (gold standard) to identify non-influenza
respiratory viral pathogens.

Our study has several limitations. The diagnosis of COPD was
ascertained from the medical record, and not by spirometry data.
COPD s likely underdiagnosed at the population level and enrolling
patients with COPD documented on the medical record likely under-
represents rather than over-represents this population.>>3* We did
not have access to lung function data, however supplemental oxygen
use and low BMI were use as clinical surrogates for severe lung dis-
ease.??3> Although several winter seasons were included, it is possible
that some viruses were underrepresented during our study periods if
they circulated during the non-winter seasons (such as rhinoviruses).
A recent study suggests that the timing and duration of influenza and
RSV epidemics may differ, with influenza epidemics occurring O-
3 months later than RSV epidemics in temperate regions.>® According
to the Public Health Agency of Canada’s surveillance data, the major-
ity of common respiratory viruses are most prevalent during the win-
ter season; therefore, it is unlikely we missed a significant portion of
viral isolates.®”*® We did not have widespread sputum samples for
bacteria available in the cohort; however, we adjusted our analyses
for a clinical diagnosis of pneumonia, to account for the effect of a
concurrent bacterial infection. Lastly, frozen NP swabs were not avail-
able for multiplex PCR testing from 824 patients (17%) in our cohort
of hospitalized patients with COPD. We could not include these
patients in the analysis and therefore the potential impact of a selec-
tion bias remains unknown.

In conclusion, seasonal respiratory viral infections among hospi-
talized patients with COPD are associated with a 50% increase in
odds of ICU admission and 90% increase in odds of mechanical venti-
lation. Our findings suggest that RSV is an important pathogen in this

vulnerable population and supports PCR testing for both influenza and

RSV infection in all patients with COPD who are hospitalized for
respiratory illness during winter seasons to inform clinical care,
prognostication, infection control practice, and treatment. New and
ongoing RSV antiviral treatment and vaccine studies'?*3374° should
include COPD patients to determine whether anti-RSV therapeutics
can reduce exacerbation frequency, hospitalization, morbidity, and
mortality.

ACKNOWLEDGMENTS

We are grateful to the SOS network staff who collected data and
processed viral testing samples. We also thank Dr. Philippe
Fullsack for assistance with initial data review and Ms. Julie Lawson
and Ms. Naazish Shariff for assistance with preparation of the

manuscript.

CONFLICT OF INTEREST

SM, LY, JL, DM, ME, SDA, GGA, AJF, and AA have no conflicts of
interest related to this work to disclose. TH reports grants from GSK
and grants from Pfizer, during the conduct of the study. MKA reports
grants from Canadian Institutes of Health Research, grants from Pub-
lic Health Agency of Canada, and grants from GSK, during the conduct
of the study and grants from Sanofi, grants from GSK, grants from Pfi-
zer, grants from Canadian Frailty Network, personal fees from Sanofi,
personal fees from Pfizer, and personal fees from Immunovaccine
Technologies, outside the submitted work. SAM reports grant and
clinical trials funding from GSK, Merck, Pfizer and Sanofi, and pay-
from GSK, Pfizer, and Merck outside the
submitted work.

ments Sanofi,

AUTHOR CONTRIBUTIONS

SM, SAM, MKA, TH, JL, LY, AA, and SDA conceived the study design.
SAM, MKA, LY, DM, and ME had direct access to the SOS network
data. TH, JL, DK, and ME directed and supervised the processing of
multiplex PCR samples. LY and SM conducted and reviewed the initial
data analysis. SM drafted the initial manuscript; all authors critically
reviewed the analysis and final manuscript and agreed to submit the
manuscript for publication.

GUARANTOR
SM, SAM, and MKA are responsible for the content of the

manuscript.

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1111/irv.13050.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID

Sunita Mulpuru "= https://orcid.org/0000-0001-6214-0613


https://publons.com/publon/10.1111/irv.13050
https://publons.com/publon/10.1111/irv.13050
https://orcid.org/0000-0001-6214-0613
https://orcid.org/0000-0001-6214-0613

10 | WILEY.

MULPURU ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

Wedzicha JA, Seemungal TAR. COPD exacerbations: defining their
cause and prevention. Lancet. 2007;370(9589):786-796. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/17765528

Zwaans WAR, Mallia P, van Winden MEC, Rohde GGU. The rele-
vance of respiratory viral infections in the exacerbations of chronic
obstructive pulmonary disease—a systematic review. J Clin Virol.
2014;61(2):181-188. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/25066886

Mohan A, Chandra S, Agarwal D, et al. Prevalence of viral infection
detected by PCR and RT-PCR in patients with acute exacerbation of
COPD: a systematic review. Respirology. 2010;15(3):536-542.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/20415983
Clark TW, Medina M, Batham S, Curran MD, Parmar S,
Nicholson KG. Adults hospitalised with acute respiratory illness
rarely have detectable bacteria in the absence of COPD or pneumo-
nia; viral infection predominates in a large prospective UK sample.
J Infect. 2014;69(5):507-515. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/25108123

Mulpuru S, Li L, Ye L, et al. Effectiveness of influenza vaccination on
hospitalizations and risk factors for severe outcomes in hospitalized
patients with COPD. Chest. 2019;155(1):69-78. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0012369218327259
Koul PA, Khan UH, Asad R, et al. Contribution of influenza to acute
exacerbations of chronic obstructive pulmonary disease in Kashmir,
India, 2010-2012. Influenza Other Respi Viruses. 2015;9(1):40-42.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/25524051
Rohde G, Wiethege A, Borg |, et al. Respiratory viruses in exacerba-
tions of chronic obstructive pulmonary disease requiring hospitalisa-
tion: a case-control study. Thorax. 2003;58(1):37-42. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
1746460&tool=pmcentrez&rendertype=abstract

Kherad O, Bridevaux P-O, Kaiser L, Janssens J-P, Rutschmann OT. Is
acute exacerbation of COPD (AECOPD) related to viral infection
associated with subsequent mortality or exacerbation rate? Open
Respir Med J. 2014;8:18-21. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=4009736&tool=
pmcentrez&rendertype=abstract

Greenberg SB, Allen M, Wilson J, Atmar RL. Respiratory viral infec-
tions in adults with and without chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med. 2000;162(1):167-173. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/10903237

Ko FWS, Ip M, Chan PKS, et al. Viral etiology of acute exacerbations
of COPD in Hong Kong. Chest. 2007;132(3):900-908. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17573516

Tan WC, Xiang X, Qiu D, Ng TP, Lam SF, Hegele RG. Epidemiology
of respiratory viruses in patients hospitalized with near-fatal asthma,
acute exacerbations of asthma, or chronic obstructive pulmonary dis-
ease. Am J Med. 2003;115(4):272-277. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S000293430300353X

Killikelly A, Tunis M, House A, Quach C, Vaudry W, Moore D. Over-
view of the respiratory syncytial virus vaccine candidate pipeline in
Canada. Canada Commun Dis Rep. 2020;46(04):56-61. Available
from: https://www.canada.ca/content/dam/phac-aspc/documents/
services/reports-publications/canada-communicable-disease-report-
ccdr/monthly-issue/2020-46/issue-4-april-2-2020/ccdrv46i04a01-
eng.pdf

DeVincenzo J, Cass L, Murray A, et al. Safety and antiviral effects of
nebulized PC786 in a respiratory syncytial virus challenge study.
J Infect Dis. 2022;225(12):2087-2096. Available from: https://
academic.oup.com/jid/advance-article/doi/10.1093/infdis/jiaa716/
5995608

McNeil S, Shinde V, Andrew M, et al. Interim estimates of 2013/14
influenza clinical severity and vaccine effectiveness in the prevention
of laboratory-confirmed influenza-related hospitalisation, Canada,

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

February 2014. Euro Surveill. 2014;19(9):20729 Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24626207

McNeil SA, Andrew MK, Ye L, et al. Interim estimates of 2014/15
influenza vaccine effectiveness in preventing laboratory-confirmed
influenza-related hospitalisation from the Serious Outcomes Surveil-
lance Network of the Canadian Immunization Research Network,
January 2015. Euro Surveill. 2015;20(5):21024 Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25677052

Rockwood K, Song X, MacKnight C, et al. A global clinical measure of
fitness and frailty in elderly people. CMAJ. 2005;173(5):489-495.
Available from: http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=1188185&tool=pmcentrez&rendertype=abstract
LeBlanc JJ, EISherif M, Mulpuru S, et al. Validation of the Seegene
RV15 multiplex PCR for the detection of influenza A subtypes and
influenza B lineages during national influenza surveillance in hospital-
ized adults. J Med Microbiol. 2020;69(2):256-264. Available from:
https://www.microbiologyresearch.org/content/journal/jmm/10.
1099/jmm.0.001032

Bibby DF, McElarney I, Breuer J, Clark DA. Comparative evaluation
of the seegene seeplex RV15 and real-time PCR for respiratory virus
detection. J Med Virol. 2011 Aug;83(8):1469-1475. Available from:
http://doi.wiley.com/10.1002/jmv.22125

Boivin G, Coté S, Déry P, De Serres G, Bergeron MG. Multiplex real-
time PCR assay for detection of influenza and human respiratory
syncytial viruses. J Clin Microbiol. 2004;42(1):45-51. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
321675&tool=pmcentrez&rendertype=abstract

Cho CH, Chulten B, Lee CK, et al. Evaluation of a novel real-time RT-
PCR using TOCE technology compared with culture and Seeplex
RV15 for simultaneous detection of respiratory viruses. J Clin Virol.
2013 Aug;57(4):338-342. Available from: https://linkinghub.elsevier.
com/retrieve/pii/S1386653213001546

Mahony JB, Petrich A, Smieja M. Molecular diagnosis of respiratory
virus infections. Crit Rev Clin Lab Sci. 2011;48(5-6):217-249. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/22185616

Celli BR, Cote CG, Marin JM, et al. The body-mass index, airflow
obstruction, dyspnea, and exercise capacity index in chronic obstruc-
tive pulmonary disease. N Engl J Med. 2004;350(10):1005-1012.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/14999112
Mehta J, Walsh EE, Mahadevia PJ, Falsey AR. Risk factors for respira-
tory syncytial virus illness among patients with chronic obstructive
pulmonary disease. COPD. 2013;10(3):293-299. Auvailable from:
http://www.ncbi.nlm.nih.gov/pubmed/23536980

Hutchinson AF, Ghimire AK, Thompson MA, et al. A community-
based, time-matched, case-control study of respiratory viruses and
exacerbations of COPD. Respir Med. 2007;101(12):2472-2481. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/17822891

Papi A, Bellettato CM, Braccioni F, et al. Viral pathogens in acute
exacerbations of chronic obstructive pulmonary disease. Intern Emerg
Med. 2008;50(4):1114-1121. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/15845430

Monto AS. The seasonality of rhinovirus infections and its implica-
tions for clinical recognition. Clin Ther. 2002;24(12):1987-1997.
Available from: https://linkinghub.elsevier.com/retrieve/pii/
50149291802800935

O'Neil CA, Kim L, Prill MM, et al. Preventing respiratory viral trans-
mission in long-term care: knowledge, attitudes, and practices of
healthcare personnel. Infect Control Hosp Epidemiol. 2017;38(12):
1449-1456. Available from: https://www.cambridge.org/core/
product/identifier/S0899823X1700232X/type/journal_article
Fisman DN, Bogoch |, Lapointe-Shaw L, McCready J, Tuite AR. Risk
factors associated with mortality among residents with coronavirus
disease 2019 (COVID-19) in long-term care facilities in Ontario,
Canada. JAMA Netw Open. 2020;3(7):e2015957 Available from:
http://www.ncbi.nlm.nih.gov/pubmed/32697325


http://www.ncbi.nlm.nih.gov/pubmed/17765528
http://www.ncbi.nlm.nih.gov/pubmed/25066886
http://www.ncbi.nlm.nih.gov/pubmed/25066886
http://www.ncbi.nlm.nih.gov/pubmed/20415983
http://www.ncbi.nlm.nih.gov/pubmed/25108123
http://www.ncbi.nlm.nih.gov/pubmed/25108123
https://linkinghub.elsevier.com/retrieve/pii/S0012369218327259
http://www.ncbi.nlm.nih.gov/pubmed/25524051
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1746460&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1746460&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4009736&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4009736&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4009736&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/10903237
http://www.ncbi.nlm.nih.gov/pubmed/17573516
https://linkinghub.elsevier.com/retrieve/pii/S000293430300353X
https://linkinghub.elsevier.com/retrieve/pii/S000293430300353X
https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2020-46/issue-4-april-2-2020/ccdrv46i04a01-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2020-46/issue-4-april-2-2020/ccdrv46i04a01-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2020-46/issue-4-april-2-2020/ccdrv46i04a01-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2020-46/issue-4-april-2-2020/ccdrv46i04a01-eng.pdf
https://academic.oup.com/jid/advance-article/doi/10.1093/infdis/jiaa716/5995608
https://academic.oup.com/jid/advance-article/doi/10.1093/infdis/jiaa716/5995608
https://academic.oup.com/jid/advance-article/doi/10.1093/infdis/jiaa716/5995608
http://www.ncbi.nlm.nih.gov/pubmed/24626207
http://www.ncbi.nlm.nih.gov/pubmed/25677052
http://www.ncbi.nlm.nih.gov/pubmed/25677052
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1188185&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1188185&tool=pmcentrez&rendertype=abstract
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001032
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001032
http://doi.wiley.com/10.1002/jmv.22125
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=321675&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=321675&tool=pmcentrez&rendertype=abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386653213001546
https://linkinghub.elsevier.com/retrieve/pii/S1386653213001546
http://www.ncbi.nlm.nih.gov/pubmed/22185616
http://www.ncbi.nlm.nih.gov/pubmed/14999112
http://www.ncbi.nlm.nih.gov/pubmed/23536980
http://www.ncbi.nlm.nih.gov/pubmed/17822891
http://www.ncbi.nlm.nih.gov/pubmed/15845430
http://www.ncbi.nlm.nih.gov/pubmed/15845430
https://linkinghub.elsevier.com/retrieve/pii/S0149291802800935
https://linkinghub.elsevier.com/retrieve/pii/S0149291802800935
https://www.cambridge.org/core/product/identifier/S0899823X1700232X/type/journal_article
https://www.cambridge.org/core/product/identifier/S0899823X1700232X/type/journal_article
http://www.ncbi.nlm.nih.gov/pubmed/32697325

MULPURU ET AL.

WILEY

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ackerson B, Tseng HF, Sy LS, et al. Severe morbidity and mortality
associated with respiratory syncytial virus versus influenza infection
in hospitalized older adults. Clin Infect Dis. 2019;69(2):197-203.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/30452608
Falsey AR, Hennessey PA, Formica MA, Cox C, Walsh EE. Respira-
tory syncytial virus infection in elderly and high-risk adults. N Engl J
Med. 2005;352(17):1749-1759. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/15858184

Loubet P, Lenzi N, Valette M, et al. Clinical characteristics and out-
come of respiratory syncytial virus infection among adults hospital-
ized with influenza-like illness in France. Clin Microbiol Infect. 2017;
23(4):253-259.  Available  from: http://www.ncbi.nlm.nih.gov/
pubmed/27903461

Nam HH, Ison MG. Respiratory syncytial virus infection in adults.
BMJ. 2019;366:15021 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/31506273

Bednarek M, Maciejewski J, Wozniak M, Kuca P, Zielinski J. Preva-
lence, severity and underdiagnosis of COPD in the primary care set-
ting. Thorax. 2008;63(5):402-407. Available from: http://www.ncbi.
nim.nih.gov/pubmed/18234906

O'Donnell DE, Aaron S, Bourbeau J, et al. Canadian Thoracic Society
recommendations for management of chronic obstructive pulmonary
disease—2007 update. Can Respir J. 2007;14(Suppl B):5B-32B. Avail-
able from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=2806792&tool=pmcentrez&rendertype=abstract

Lacasse Y, Tan A-YM, Maltais F, Krishnan JA. Home oxygen in
chronic obstructive pulmonary disease. Am J Respir Crit Care Med.
2018;197(10):1254-1264. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/29547003

Li Y, Reeves RM, Wang X, et al. Global patterns in monthly activity
of influenza virus, respiratory syncytial virus, parainfluenza virus, and
metapneumovirus: a systematic analysis. Lancet Glob Heal [Internet].
2019;7(8):e1031-e1045. Available from: https://linkinghub.elsevier.
com/retrieve/pii/S2214109X19302645

Public Health Agency of Canada. FluWatch. Available from: http://
www.phac-aspc.gc.ca/fluwatch/

Public Health Agency of Canada. Respiratory virus detections in
Canada. Available from: http://www.phac-aspc.gc.ca/bid-bmi/dsd-
dsm/rvdi-divr/index-eng.php

DeVincenzo JP, McClure MW, Symons JA, et al. Activity of oral ALS-
008176 in a respiratory syncytial virus challenge study. N Engl J Med.
2015;373(21):2048-2058. Available from: http://www.nejm.org/
doi/10.1056/NEJMo0al1413275

DeVincenzo J, Tait D, Efthimiou J, et al. Placebo-controlled, respira-
tory syncytial virus human challenge study of the antiviral efficacy,
safety, and pharmacokinetics of RV521, an inhibitor of the RSV-F
protein. Antimicrob Agents Chemother. 2019;64(2):e01884-19.
Available from: https://aac.asm.org/content/64/2/e01884-19

How to cite this article: Mulpuru S, Andrew MK, Ye L, et al.
Impact of respiratory viral infections on mortality and critical
iliness among hospitalized patients with chronic obstructive
pulmonary disease. Influenza Other Respi Viruses. 2022;16(6):
1172-1182. doi:10.1111/irv.13050

APPENDIX A: Co-infected NP swab samples among 1122 patients
with positive multiplex PCR results, n = 23

Viruses N =23 %
Boca/P4 1 4.35
Cor 1/hMPV 1 4.35
Cor 1/Influenza A 2 8.70
Cor 1/Influenza B 3 13.04
Cor 1/RSV A 1 4.35
Cor 1/RSV B 1 4.35
Cor 2/Ent 1 4.35
Cor 2/Influenza A 2 8.70
Cor 2/Influenza B 1 4.35
Ent/Influenza A 1 4.35
hMPV/P2 1 4.35
Influenza A/Influenza B 1 4.35
Influenza A/Rhinov 1 4.35
Influenza A/RSV B 2 8.70
Influenza B/P1 1 4.35
Influenza B/P4 2 8.70
Rhinov/RSV B 1 4.35

Note: These 23 patients were excluded from the analysis due to co-
infection. Given the small sample size of 23/1122 (2%), we did not include
co-infections as a separate predictor variable in the regression models.
Abbreviations: Boca, bocavirus; hMPV, human metapneumovirus; RSV
A/B, respiratory syncytial virus A/B; Rhinov, rhinovirus; Ent, Enterovirus;
Cor 1/2, seasonal coronaviruses OC43, 229E/NL63; P1-P4, parainfluenza
types 1-4.
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APPENDIX B: Adjusted association between respiratory viral pathogens (vs. influenza) and need for mechanical ventilation and non-invasive

ventilation among hospitalized patients with COPD and a positive RV15 multiplex PCR test during winter seasons 2011-2015

Predictor Odds ratio for mechanical ventilation (95% Cl)
RSV infection vs. influenza infection 0.88 (0.47-1.67)

Non-influenza, non-RSV, viral infection vs. influenza infection 0.36 (0.19-1.68)

Age 0.98 (0.96-0.99)

BMI < 18.5 kg/m? 0.84 (0.32-2.21)

Use of home oxygen 1.57 (0.88-2.80)

Clinical diagnosis of community acquired pneumonia 2.06 (1.34-3.16)

Current tobacco smoking 1.66 (1.04-2.66)

Predictor Odds ratio for non-invasive ventilation (95% Cl)
RSV infection vs. influenza infection 3.05(1.82-5.11)

Non-influenza, non-RSV, viral infection vs. influenza infection 1.62 (1.01-2.60)

Age 0.98 (0.96-1.00)

BMI < 18.5 kg/m? 1.09 (0.50-2.37)

Use of home oxygen 2.56 (1.56-4.18)

Current tobacco smoking 2.03(1.30-3.17)

Note: The reference variable is influenza infection (for RSV and other non-influenza, non-RSV respiratory viral infections). Variables including age, BMI, and
use of home oxygen were forced into the model because of clinical significance. Clinical diagnosis of community acquired pneumonia, current smoking
status, and admission from long-term care were tested in the model and subjected to backwards selection methods.
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