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ABSTRACT

BACKGROUND: Data on the outcomes of

noninfluenza respiratory virus (NIRV)
infections among hospitalized adults
are lacking. We aimed to study the bur-
den, severity and outcomes of NIRV
infections in this population.

METHODS: We analyzed pooled patient
data from 2 hospital-based respiratory
virus surveillance cohorts in 2 regions of
Canada during 3 consecutive seasons
(2015/16, 2016/17, 2017/18; n = 2119). We
included patients aged = 18 years who
developed influenza-like illness or pneu-
monia and were hospitalized for manage-
ment. We included patients confirmed
positive for > 1 virus by multiplex poly-
merase chain reaction assays (respiratory
syncytial virus [RSV], human rhinovirus/
enterovirus (hRV), human coronavirus
(hCoV), metapneumovirus, parainfluenza

virus, adenovirus, influenza viruses). We
compared patient characteristics, clinical
severity conventional outcomes (e.g.,
hospital length-of stay, 30-day mortality)
and ordinal outcomes (5 levels: dis-
charged, receiving convalescent care,
acute ward or intensive care unit [ICU]
care and death) for patients with NIRV
infections and those with influenza.

RESULTS: Among 2119 adults who were
admitted to hospital, 1156 patients
(54.6%) had NIRV infections (hRV 14.9%,
RSV 12.9%, hCoV 8.2%) and 963 patients
(45.4%) had influenza (n = 963). Patients
with NIRVs were younger (mean 66.4
[standard deviation 20.4] yr), and more
commonly had immunocompromising
conditions (30.3%) and delay in diagno-
sis (median 4.0 [interquartile range
(IQR) 2.0-7.0] days). Overall, 14.6%

(12.4%-19.5%) of NIRV infections were
acquired in hospital. Admission to ICU
(18.2%, median 6.0 [IQR 3.0-13.0] d),
hospital length-of-stay (median 5.0 [IQR
2.0-10.0] d) and 30-day mortality (8.4%;
RSV 9.5%, hRV 6.6%, hCoV 9.2%) and the
ordinal outcomes were similar for
patients with NIRV infection and those
with influenza. Age > 60 years, immuno-
compromised state and hospital-
acquired viral infection were associated
with worse outcomes. The estimated
median cost per acute care admission
was $6000 (IQR $2000-$16000).

INTERPRETATION: The burden of NIRV
infection is substantial in adults admit-
ted to hospital and associated out-
comes may be as severe as for influenza,
suggesting a need to prioritize thera-
peutics and vaccines for at-risk people.

substantial, leading to many hospital admissions and

deaths, especially among young children and older
adults.? Respiratory viruses are responsible for almost half of
such infections in adults that require in-hospital management;
previous studies estimate that 28%-62% are caused by noninflu-
enza respiratory viruses (NIRVs).2* With some geographical and
seasonal variations, respiratory syncytial virus (RSV), human rhi-
novirus (hRV) and human coronavirus (hCoV) are among the
most frequently identified NIRV infections.”” Most infected

T he global burden of lower respiratory tract infections is

adults develop mild, self-limiting illnesses, but increasing evi-
dence suggest that NIRVs, either alone or with coinfecting bac-
teria, can result in severe pneumonia and death.®® For instance,
RSV has been shown to cause severe respiratory failure, with
fatality rates comparable to or exceeding those observed among
adults admitted to hospital with influenza.l%*2 Data on hRV, hCoV
and other NIRVs are more limited, owing to the lack of accurate
diagnostics and systematic case-finding approaches.”® However,
with the increasing availability of multiplex polymerase chain
reaction (PCR) assays that can simultaneously detect influenza
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and NIRVs, these infections are now readily diagnosed as part of
a syndromic approach in patients who present with acute respi-
ratory illnesses.?”>131* The burden, clinical significance and
impacts of NIRVs on the health care system remain inadequately
characterized.

To address this gap, we analyzed the relative frequencies,
patient characteristics, location of acquisition (community or
hospital), severity and clinical outcomes of patients with NIRV
and influenza infections diagnosed by multiplex PCR in a cohort
of adults admitted to hospital in 2 large Canadian health care
centres during a 3-year surveillance period. The associated
health care resource use was also estimated.

Methods

Study population and data source

We analyzed individual patient data from 2 hospital-based,
respiratory virus surveillance cohorts. We included adults aged
18 years or older who developed symptoms of influenza-like
illness or pneumonia, were admitted to hospital for manage-
ment in Edmonton (University of Alberta Hospital) or Toronto
(Sunnybrook Health Sciences Centre) and tested positive for
1 or more influenza or noninfluenza respiratory viruses by mul-
tiplex PCR. There were no clinical exclusion criteria. We
included data from November to April in 2015/16, 2016/17 and
2017/18. Both sites are university-affiliated, publicly funded,
tertiary care hospitals with more than 880 and 1300 beds,
respectively. Both study hospitals’ Infection Prevention & Con-
trol programs have been conducting prospective surveillance
for all respiratory viral infections in adults admitted to hospital
since 2014. As part of routine care, inpatients with symptoms
of influenza-like illness or pneumonia, regardless of time of
admission, are tested for viral causes using a multiplex PCR
assay. Positive cases are identified by Infection Prevention &
Control on a daily basis to ensure prompt implementation of
appropriate isolation precautions and outbreak detection.>¢
Research team members extracted and verified data from sur-
veillance data sets and electronic medical records at each site,
using identical variable definitions, which we then combined
into a central database for analysis.’>! We removed all identi-
fying patient information from the data sets and analyzed only
deidentified data.

Study variables

We studied the following clinical variables: age and sex; underly-
ing immunocompromising conditions; time of symptom onset;
location of infection acquisition; times of hospital admission, dis-
charge or transfer to a convalescent hospital for continuing care;
times of intensive care unit (ICU) admission and discharge;
requirement for respiratory support; and in-hospital death from
any cause within 30 days of admission (for infections that were
acquired in the community) and of diagnosis (for all cases).’®
Patients who were considered immunocompromised included
transplant recipients, those on immunosuppressants (including
long-term corticosteroids), patients undergoing chemotherapy
and patients with neutropenia, active malignancy or acquired

immunodeficiency. We classified infections as “hospital-
acquired” (i.e., onset of infection > 3 d postadmission) or
“community-acquired.”¢

We analyzed laboratory variables, including virus type and
subtype, specimen type, time of specimen collection and assay
turnaround time. We also analyzed data on bacterial or fungal
pathogens identified by culture of blood and respiratory samples
collected while in hospital (Appendix 1, available at www.cmaj.
ca/lookup/doi/10.1503/cmaj.201748/tab-related-content).

Virologic assays

Clinical samples used for virologic diagnosis included upper
(nasal or nasopharyngeal swabs) and lower (bronchoalveolar
lavage, bronchial wash or aspirate, endotracheal aspirates)
respiratory tract specimens. At both study sites, testing was per-
formed using the Respiratory Viral Panel or the Respiratory
Pathogens Panel (Luminex Molecular Diagnostics), which identify
influenza A (with H1,,,, and H3 subtypes) and B viruses, respira-
tory syncytial virus (RSV A and B), parainfluenza viruses (PIV 1-4);
human rhinovirus/enterovirus (hRV), human coronaviruses (hCoV
HKU1, 0C43, NL63, 229E), human metapneumoviruses (hMPV),
adenovirus (AdV) and human bocavirus (hBoV). Sample process-
ing, laboratory methods and analytical performances have been
described.'>*® The assay cannot distinguish between rhinovi-
ruses and enteroviruses; however, available data show that,
unlike for children, target detection in adults admitted to hospi-
tal rarely represent enteroviruses, especially outside of the sum-
mer months.®2°We defined noninfluenza respiratory viruses
(NIRVs) as the viral pathogens detected by the multiplex PCR
panel (RSV, hRV, hCoV, PIV, hMPV, AdV, hBoV), except the influ-
enza A and B viruses.

Data analysis

The main analyses compared patient outcomes of NIRV and
influenza virus infections. We performed subgroup analyses for
the most common viruses, RSV and hRV. Building on our earlier,
single-centre study on the burden and significance of hCoV infec-
tions,'® we also analyzed outcomes of patients with hCoVs in this
cohort. Although these coronaviruses are distinct from the pan-
demic pathogen, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), such results may provide a broader perspective
on human coronavirus diseases.?*? We reported frequency dis-
tribution of patient characteristics. We analyzed conventional
severity and outcome indicators, namely requirement for respi-
ratory support, ICU admission, survivors’ length-of-stay in hospi-
tal and 30-day mortality.

Owing to the diverse clinical trajectories of adults admitted to
hospital with respiratory viral infections, we further analyzed
outcomes using an ordinal scale method.'>?* The scale com-
prised 5 mutually exclusive clinical status groups, ranked in
ascending order of severity: discharged home, receiving continu-
ing care at a convalescent hospital, receiving care in an acute
care hospital, receiving ICU care and death. We performed ordi-
nal regression to compare outcomes between patients with NIRV
and influenza infections at 30 days after diagnosis. We analyzed
potential confounders as covariates in the model, including age,
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immunocompromised state and location of infection acquisition.
These variables were found to be significant predictors of clinical
status in univariate analyses. We calculated proportional odds
ratios (OR) and 95% confidence intervals (Cl) for each vari-
able.’>? We also performed a secondary analysis to compare
patient clinical status at 15 days after diagnosis.

We estimated the health care resource use associated with
the index, acute hospital admission because of NIRV or influenza
virus infections. We assigned a cost for each unit of resource,
including cost-per-day in a medical ward and in the ICU, and cal-
culated the cost of admission for each patient according to the
duration of stay in the medical ward or ICU. The unit cost was
based on 2016 data from the Canadian Institute of Health Infor-
mation, inflated to cost in 2018, according to the Canadian Con-
sumer Price Index.?*?> The median (interquartile range [IQR]) cost
per admission, rounded to the nearest thousand, was reported
for the NIRV and influenza patient groups. Both survivors and
nonsurvivors were included in the analyses; patients with
hospital-acquired viral infections and those with convalescent
hospital stays were not included.

Ethics approval
Ethical approval for data collection was obtained from the insti-
tutional review boards of the participating sites.

Results

Over the 3 study seasons, the 2 hospitals performed more than
7900 tests in adults (in 2015/16, 2016/17 and 2017/18, 1311, 1282
and 1599 tests were performed at site 1, and 1007, 1163 and 1545
were performed at site 2, respectively), with overall positivity rates
of 27%-35%. After excluding duplicate or repeat samples, those
positive for bacterial targets and those from nonadmitted
patients, we analyzed data from 1014 eligible cases from the
Edmonton site and 1105 from the Toronto site. Overall, we ana-
lyzed data from 2119 adult inpatients.

The relative frequencies of NIRV infections (n = 1156, 54.6%)
and influenza virus infections (n = 963, 45.4%) identified during
3 consecutive seasons are depicted in Figure 1. Among the for-
mer, the most commonly identified viruses were hRV (n = 315,
14.9%) and RSV (n =274, 12.9%), followed by hMPV (n =206, 9.7%)
and hCoV (n = 174, 8.2%). Mixed viral infections were identified in
2.0% of cases (n = 43; 12 involved a hCoV). The seasonal peak
activity observed for influenza virus and RSV infections were con-
sistent with the population surveillance data; this was not appar-
ent for other NIRVs such as hRV (Appendix 1). The baseline char-
acteristics of patients with NIRV and influenza virus infections, as
well as their clinical severity and outcomes, are described in
Table 1. Patients with NIRV infections were significantly younger
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Figure 1: Frequency distribution of influenza viruses and noninfluenza respiratory viruses (NIRVs) detected in 2119 adults admitted to hospital. Note:
The frequency of all influenza viruses was 45.4%, including influenza A (H3N2), influenza A (H1N1), influenza B and untyped influenza A (not shown,
1.3%). The frequency of all NIRVs was 54.6%, including human rhinovirus/enterovirus (hRV), respiratory syncytial virus (RSV), human metapneumovirus
(hMPV), human coronavirus (hCoV), parainfluenza viruses (PIV), adenovirus (AdV) or bocavirus (hBoV), and mixed viruses. The identified hCoV strains
(including those in mixed infections) were: 0C43 (n = 89), NL63 (n = 46), 229E (n =30) and HKU1 (n =21).
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Table 1: Baseline characteristics, severity and outcomes of 2119 adults admitted to hospital with confirmed NIRV and

influenza virus infections

No. (%) of No. (%) of No. (%) of No. (%) of No. (%) of
patients with patients with patients with patients with patients with
influenza* NIRV* RSV* hRV* hCoV* p

Variable n=963 n=1156 n=274 n=315 n=174 valuet
Age, yr

Mean + SD 68.8+18.4 66.4+20.4 69.4 +18.5 61.9+21.4 66.4 +20.3 0.005

Median (IQR) 72.0(58.0-84.0)  69.0(54.0-83.0)  72.0 (61.0-82.5)  66.0 (45.0-80.0)  68.5(55.8-83.3)  0.030
Sex, male 472 (49.1) 559 (48.4) 127 (46.4) 162 (51.4) 83 (47.7) 0.728
Immunocompromiseds 208 (25.1) 276 (30.3) 64 (28.8) 84 (34.4) 40 (27.4) 0.016
Pregnant femalef 21 (4.4) 33(5.8) 4(2.8) 12 (8.5) 8 (4.7) 0.322
Illness onset to diagnosis, median 3.0 (2.0-6.0) 4.0 (2.0-7.0) 4.0 (2.0-7.0) 3.0 (2.0-7.0) 3.0 (2.0-7.0) 0.016
(IQR), d§
LRT samples for diagnosis§ 45 (4.7) 69 (6.0) 3(1.1) 19(6.1) 8(4.6) 0.187
Hospital-acquired infection§ 131 (13.6) 169 (14.6) 34 (12.4) 41 (13.0) 34 (19.5) 0.504
Respiratory support9 181 (18.8) 243 (21.1) 56 (20.7) 60 (19.2) 34 (19.5) 0.182
ICU admission 159 (16.5) 210(18.2) 50 (18.2) 50 (15.9) 30(17.2) 0.317
ICU length-of-stay, median (IQR), d 6.0 (3.0-13.3) 6.0 (3.0-13.0) 6.0 (3.0-9.0) 7.0 (2.5-14.5) 5.0 (2.8-8.3) 0.902
Bacterial isolates™™

Blood samples 19(3.7) 52 (4.5) 11 (4.0) 17 (5.4) 9(5.2) 0.443

Respiratory samples 22 (4.3) 256 (22.2) 46 (16.8) 74 (23.5) 30(17.2) <0.001
Hospital length-of-stay, median 4.0 (2.0-9.0) 5.0 (2.0-10.0) 5.0 (3.0-9.0) 4.0 (2.0-8.0) 4.0 (2.0-10.0) 0.041
(IQR), dTt
30-day mortality from admissiontt 45 (5.4) 77 (7.8) 20 (8.3) 19 (6.9) 11(7.9) 0.043
30-day mortality from diagnosistt 62 (6.5) 98 (8.4) 26 (9.5) 21 (6.6) 16 (9.2) 0.077

Note: hCoV = human coronavirus, hRV = human rhinovirus, ICU = intensive care unit, IQR = interquartile range, LRT = lower respiratory tract, NIRV = noninfluenza respiratory virus,

RSV = respiratory syncytial virus, SD = standard deviation.
*Unless indicated otherwise.

tComparison between all NIRV and influenza patients (y? test, Mann-Whitney U test and Student t test were used, whenever appropriate).

fImmunocompromised patients (n = 1738) included recipients of transplant, patients on immunosuppressants (including long-term corticosteroids), patients undergoing
chemotherapy and patients with neutropenia, active malignancy or acquired immunodeficiency. Pregnant female reflects the frequency among female subjects only.

§lliness onset to diagnosis is defined as the time between illness onset and diagnostic specimen collection; the onset date was undetermined in about 23.8% of cases. The median
time interval between admission and diagnostic specimen collection for patients with hospital-acquired infections was 12 (IQR 4-24) days. Lower respiratory tract (LRT) includes
patients for whom samples were required to establish the diagnosis, which included bronchoalveolar lavage, bronchial wash or aspirate and endotracheal aspirates.

YRespiratory support includes patients who required intubation and mechanical ventilation, noninvasive ventilation (e.g., bilevel positive airway pressure), high-flow oxygen therapy
(HFOT) and extracorporeal membrane oxygenation (ECMO). Data on supplemental oxygen use was available from 1 centre (n = 628; influenza 68.0%, NIRV 63.6%, p > 0.05).

**Bacterial isolates includes cases with = 1 bacterial pathogens identified in cultures of blood or respiratory samples (Appendix 2).

ttHospital length-of-stay was calculated for survivors with community-acquired infections (n = 1681). Thirty-day mortality from admission includes only patients with community-
acquired infections (n = 1817). Thirty-day mortality from diagnosis includes all 2119 patients. Thirty-day mortality of patients admitted to the ICU was 16.4% and 21.0% among influenza
(n=159) and NIRV (n = 210) patients, respectively (92% of ICU admissions occurred on day 1-2 of hospitalization); mortality of non-ICU cases was 4.5% and 5.7%, respectively.

(mean 66.4 [standard deviation (SD) 20.4] yr v. 68.8 [SD 18.4] yr),
more frequently had underlying immunocompromising condi-
tions (30.3% v. 25.1%) and more often experienced delay in diag-
nosis (median 4.0 [IQR 2.0-7.0] d v. 3.0 [IQR 2.0-6.0] d from illness
onset) than patients with influenza. Overall, 14.6% of NIRV infec-
tions were acquired in hospital (RSV 12.4%, hRV 13.0%, hCoV
19.5%; hCoV v. influenza, p = 0.047). The median time interval
between admission and diagnosis among these patients was
12 (IQR 4-24) days.

A substantial proportion of patients with NIRV infections
required respiratory support (21.1%) and ICU care (18.2%), with a
median ICU stay of 6.0 (IQR 3.0-13.0) days. In 22.2% of patients with
NIRV infections, 1 or more bacterial or fungal pathogens were iso-
lated from respiratory samples (Appendix 2, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.201748/tab-related-content).

For the entire cohort, including both community- and hospital-
acquired NIRV infections, the 30-day mortality from time of diagno-
sis was 8.4% (RSV 9.5%, hRV 6.6%, hCoV 9.2%). The 30-day mortal-
ity from time of admission was 7.8% for patients with
community-acquired NIRV infections. The median hospital length
of stay among survivors was 5.0 (IQR 2.0-10.0) days. These results
were generally comparable to those observed among patients with
influenza (Table 1). Kaplan-Meier analyses showed no overall dif-
ference in survival between patients with NIRV infections and those
with influenza (Figure 2A and 2B). A subgroup analysis showed a
trend toward lower survival in patients with hCoV infections, com-
pared with influenza A (log-rank test, p = 0.096).

Change in clinical status among patients with NIRV and influ-
enza virus infections over a 30-day period is depicted in Figure 3. At
15 days after diagnosis, 71.4% of patients with NIRV infections were
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A) AlLNIRV v. IV infections (log-rank, p = 0.076) B) Specific NIRV v. IV infections (log-rank, p = 0.248)

A
m
(72}
1.0 1.0+ ;
P
(9]
o
0.9 0.9
® ®
2 2
< <
3 0.8 — v 3 0.8 — v
. — NIRV & — RSV
2 2 — hRv
® ® — hCoV
3 074 S 0.7
£ £
=] =
(%) O
0.6 0.6
0.5 0.5
0 10 20 30 0 10 20 30
Time from diagnosis, d Time from diagnosis, d

Figure 2: Kaplan-Meier survival analysis in adults admitted to hospital with (A) all noninfluenza respiratory virus (NIRV) infections and (B) specific NIRV infec-
tions, compared with influenza virus (IV) infections. Note: hRV = human rhinovirus/enterovirus, RSV = respiratory syncytial virus, hCoV = human coronavirus.
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Figure 3: Ordinal outcome (clinical status) changes over 30 days since diagnosis (at baseline, day 15 and day 30) among adults inpatients with
noninfluenza respiratory virus (NIRV) and influenza virus (IV) infections. Note: ICU = intensive care unit.
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Table 2: Ordinal outcomes of 2119 adult inpatients with NIRV and influenza infections*

No. of
patients with No. (%) in No. (%) in No. (%) No.
clinical status No. (%) convalescent acute inICU (%)
Infection available discharged hospital care hospital care care died p valuet
At15d
Influenza 962 711 (73.9) 52 (5.4) 122 (12.7) 29 (3.0) 48 (5.0) =
NIRV 1154 824 (71.4) 41 (3.6) 166 (14.4) 47 (4.1)  76(6.6) 0.034
RSV 273 198 (72.5) 6(2.2) 40 (14.7) 10 (3.7) 19 (7.0) 0.058
hRV 314 230 (73.2) 9(2.9) 44 (14.0) 12 (3.8) 19 (6.1) 0.256
Other NIRVst 524 368 (70.2) 26 (5.0) 72(13.7) 22(42)  36(6.9) 0.151
At30d
Influenza 961 753 (78.4) 80 (8.3) 55 (5.7) 11(1.1) 62 (6.5) =
NIRV 1154 898 (77.8) 56 (4.9) 82 (7.1) 20(1.8)  98(8.4) 0.185
RSV 273 215 (78.8) 9(3.3) 19 (7.0) 4(1.5) 26 (9.5) 0.193
hRV 314 257 (81.8) 11 (3.5) 19 (6.1) 6(2.0) 21 (6.6) 0.757
Other NIRVst 524 395 (75.4) 33(6.3) 38(7.3) 9(1.7) 49 (9.4) 0.161

Note: hRV = human rhinovirus, ICU = intensive care unit, NIRV = noninfluenza respiratory virus, RSV = respiratory syncytial virus.

*Ordinal regression was performed to compare the 5-level ordinal outcomes at 15 days and 30 days since diagnosis. Age, immunocompromised state and location
of infection acquisition (shown to be significant in univariate analyses) were included as covariates in each model. Analyses limited to community-acquired
infections showed no significant difference between virus groups; the variable “sex” was also insignificant (data not shown). For hCoV, the ordinal outcomes at

30 days were as follows: 81.6% discharged, 3.4% in convalescent hospital care, 4.6% in acute hospital care, 1.1% in ICU care and 9.2% died.

tCompared with influenza.

1Other NIRVS include human metapneumovirus, human coronavirus, parainfluenza viruses, adenovirus or bocavirus.

discharged and 3.6% were receiving continuing care at a convales-
cent hospital; 18.5% were still receiving care in acute care wards or
in ICUs, and 6.6% had died. At 30-days after diagnosis, the propor-
tions were 77.8%, 4.9%, 8.9% and 8.4%, respectively. The changes
were comparable to those observed for patients with influenza.
Ordinal regression showed that the outcomes of patients with NIRV
infections 30 days after diagnosis were not significantly different
from those with influenza (OR 1.17, 95% Cl 0.93-1.48) (Table 2).
Immunocompromised state (OR 1.40, 95% Cl 1.08-1.82), hospital-
acquired infection (OR 3.49, 95% Cl 2.65-4.61) and older age
(61-80 yr: OR 1.63, 95% Cl 1.04-2.55; > 80 yr: OR 2.22, 95% CI 1.42-
3.48, compared with younger age groups < 60 yr) predicted worse
clinical outcomes for both patient groups in the final model. We
found the clinical status of patients with NIRV infections at 15 days
postdiagnosis to be slightly worse than that of patients with influ-
enza (OR 1.27,95% Cl 1.02-1.57; Table 2).

The overall median cost for patients admitted to hospital with
acute NIRV or influenza infections was estimated to be $6000 (IQR
$2000-$15000) per acute care hospital admission. Patients admitted
to ICU and non-ICU wards cost $29000 ($17000-$58000) and $5000
($2000-$10000), respectively. There was no significant difference in
costs accrued by patients with NIRV (56000 [IQR $2000-$16000]) and
influenza ($6000 [IQR $2000-$13000]) infections (Appendix 3, avail-
able at www.cmaj.ca/lookup/doi/10.1503/cma;j.201748/tab-related
-content). In the participating hospitals, as about 300 patients (NIRV
and influenza infections combined) were admitted during each sea-
sonal peak, the estimated median health care cost attributable to
hospital admissions for viral lower respiratory tract infections was
around $1814000 (IQR $725000-$4352000) per hospital per season.

Interpretation

In this two-centre, multiseason cohort of adults admitted to hos-
pital with laboratory-confirmed viral acute respiratory tract
infections, NIRV infections were more frequently (54.6%) identi-
fied than influenza viruses (45.4%). Respiratory failure necessi-
tating ventilatory support developed in about one-fifth (21.1%)
of patients with NIRV infections; one-quarter required prolonged
hospital stay > 10 days (median 5, IQR 2-10 d); and 8.4% (6.4%-
9.5%) died within 30 days of diagnosis. These findings show that
clinical status changes for patients with NIRV infections were
comparable to patients with influenza. The associated costs of
hospital admission were substantial.

The strengths of our study include its 2-centre, multiseason
design, collective analyses of NIRVs, large sample size and com-
prehensive outcome evaluation using conventional and ordinal
scale methods, with influenza as a comparator. Consistent with
other studies using a syndromic testing approach, we found that,
collectively, NIRVs are at least as common as influenza in adults
admitted to hospital for viral respiratory infections, suggesting
substantial disease burden in this unique population.*8° We
also found that the clinical course and outcomes of patients
admitted to hospital with NIRV infections are generally compar-
able to those of patients with influenza, leading to substantial
morbidity and deaths.10-1226-32 Patients with NIRV infections were
younger, but more commonly had underlying conditions. Host
factors, including immunocompromised state, advanced age and
infection acquired during hospital care for other conditions (i.e.,
comorbidities), independently predicted adverse outcomes.
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Unlike for influenza, effective vaccines and antiviral treatment or
prophylaxis are currently unavailable for these patients at high
risk of severe NIRV infection, which, alongside other emerging
data highlights an important research gap.-1%3 Notably, a sub-
stantial proportion (15%-20%) of NIRV infections were found to
be acquired in hospital. The initial mild symptoms, insidious
onset and progression®?2 and the long delay to receive viro-
logic test results in clinical practice (1-2 d; Appendix 4, available
at www.cmaj.ca/lookup/doi/10.1503/cmaj.201748/tab-related
-content),’3 are barriers to case identification and prompt isola-
tion. Multimodal infection control bundles to address potential
transmission routes and strategies for rapid case detection
should be further optimized. 31113133435

The most frequently identified NIRVs were RSV and rhinovi-
ruses.’” Respiratory syncytial virus can cause pneumonia, acute
bronchitis or bronchiolitis and acute exacerbation of underlying
airway disease in adults, leading to respiratory failure.®** Similar
to a recent report,’? we observed trends toward worse clinical
status and higher fatality in patients with RSV than among those
with influenza. For rhinoviruses, emerging evidence from patho-
genesis and clinical studies suggest their roles in acute exacerba-
tion of airway diseases and pneumonia in immunocompromised,
as well as immunocompetent adults.®%23° Qur data further
showed an association of rhinovirus infections with adverse out-
comes comparable to influenza. Human metapneumovirus and
coronaviruses are the other NIRVs most frequently identified in
adults admitted to hospital, as reviewed elsewhere.®*27:3 |imited
data on metapneumovirus described wheezing, dyspnea and
pneumonia, frequently without fever, in older adults with comor-
bidities, as well as institutional outbreaks.®*3! In this study, 16%
of NIRV infections were hCoVs (including OC43, NL63, 229E and
HKU1, in descending frequency); 19.5% of patients with hCoV
infections developed respiratory failure, with a trend toward
higher fatality than influenza (9.2% v. 6.5%). These findings are
consistent with the findings of our previous single-centre study
(ICU admission 17%, fatality 7%),'® and a smaller study on
patients admitted to hospital with hCoV (n = 29; dyspnea 45%,
ICU admission 31%).3¢ Moreover, almost 20% of hCoV infections
were hospital-acquired, a higher rate than for other viruses. Data
on hospital transmission are few,>? but substantial household
secondary attack rates of hCoV NL63 (12.6%) and OC43 (10.6%)
have recently been described.?? Further research on hCoV trans-
mission and its pathogenic behaviour in susceptible people is
necessary.>26-28

Data on the economic burden and health care cost of NIRV
infections is limited compared with influenza.’™*° We found that
the median cost of an admission to hospital for NIRV infection is
around $6000 per admission (IQR $2000-$16000), comparable to
the cost for an influenza admission. The cost of 150 NIRV-related
admissions in each season would be nearly 1 million dollars,
which is likely an underestimation as we are unable to include
detailed expenditures (e.g., investigations, medications), conva-
lescent care and hospital-acquired viral infections in the calcula-
tion, limited by study design. A more comprehensive, prospec-
tive evaluation has been planned to better inform future health
care planning.

Limitations

We were unable to address the relative risks for admission to
hospital with NIRVs. Despite our testing efforts,> it remains pos-
sible that some cases of lower respiratory tract viral infection-
were undetected if a nonrespiratory condition was the cause of
admission.'®* Qur surveillance programs did not include
interseasonal periods (May-October); nevertheless, current data
show that RSV and hCoV, among other viruses (except hRV), gen-
erally follow a seasonal pattern in temperate climates.10222%32
The role of underlying comorbidities and the pathophysiology of
severe manifestations warrant further study. We reported high
frequencies of bacterial and fungal pathogens, isolated from
respiratory samples of patients with NIRV infections (22% v. 4%j;
Table 1; Appendix 2) suggesting secondary infections, but further
evaluation was limited by our study design.1%* Our results, while
likely generalizable to larger, regional acute care centres, are not
generalizable to pediatric populations, longer-term care centres
or rural health care settings.

Conclusion

NIRV infections account for a substantial proportion of the dis-
ease burden among adults admitted to hospital with respiratory
tract infections. They are associated with severe clinical out-
comes, similar to influenza. Our findings highlight unmet needs
and research gaps in therapeutics and vaccines for people at
high risk of NIRV infection.
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