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A B S T R A C T

Background: The World Health Organization has highlighted the need for improved surveillance and under-
standing of the health burden imposed by non-influenza RNA respiratory viruses. Human coronaviruses (CoVs)
are a major cause of respiratory and gastrointestinal tract infections with associated morbidity and mortality.
Objectives: The objective of our study was to characterize the epidemiology of CoVs in our tertiary care centre,
and identify clinical correlates of disease severity.
Study design: A cross-sectional study was performed of 226 patients admitted with confirmed CoV respiratory
tract infection between 2010 and 2016. Variables consistent with a severe disease burden were evaluated in-
cluding symptoms, length of stay, intensive care unit (ICU) admission and mortality.
Results: CoVs represented 11.3% of all positive respiratory virus samples and OC43 was the most commonly
identified CoV. The majority of infections were community-associated while 21.6% were considered nosocomial.
The average length of stay was 11.8 days with 17.3% of patients requiring ICU admission and an all-cause
mortality of 7%. In a multivariate model, female gender and smoking were associated with increased likelihood
of admission to ICU or death.
Conclusion: This study highlights the significant burden of CoVs and justifies the need for surveillance in the
acute care setting.

1. Background

Human coronaviruses (CoVs) are a significant cause of community-
acquired respiratory tract infections. The symptoms associated with
CoV infection were first described over four decades ago [1], and can
range from relatively mild upper- to more severe lower- respiratory
tract infections with increased severity in certain patient populations
[1,2]. It has been reported that immunocompromised patients, parti-
cularly hematopoietic cell transplant recipients, are at increased risk of
lower respiratory tract infections, prolonged viral shedding and mor-
tality, often comparable to what is seen with influenza virus [3,4]. Si-
milar to other non-influenza respiratory viruses, CoVs are still relatively
understudied despite being a common cause of hospital- and commu-
nity-acquired respiratory infection [5,6].

There is currently a paucity of Canadian data on the burden of

disease imparted by endemic CoVs, and their contribution to nosoco-
mial respiratory virus outbreaks. This is likely due to the fact that la-
boratories may not routinely identify CoVs, and they are not generally
reportable to public health agencies. Thus, the World Health
Organization (WHO) has highlighted the need for improved epide-
miological surveillance and a better understanding of the health burden
imposed by CoVs, as well as other non-influenza RNA respiratory
viruses [7].

Four types of endemic CoVs are in current circulation, OC43, 229E,
HKU1, and NL63. Recent findings demonstrate a seasonality for CoV
infections, with peak numbers being observed in the winter months [2].
However, this data is based on nationally-reported findings from the
United States, and may not reflect local or national epidemiology in
Canada. Moreover, the receptor-binding domain of the glycoprotein of
229E has undergone adaptation over the last 50 years [8], suggesting

https://doi.org/10.1016/j.jcv.2020.104338
Received 10 October 2019; Received in revised form 19 March 2020; Accepted 25 March 2020

⁎ Corresponding author at: Department of Laboratory Medicine and Molecular Diagnostics, Division of Microbiology, Sunnybrook Health Sciences Centre, Toronto,
ON, Canada.

E-mail address: samira.mubareka@sunnybrook.ca (S. Mubareka).

Journal of Clinical Virology 126 (2020) 104338

1386-6532/ © 2020 Published by Elsevier B.V.

T

http://www.sciencedirect.com/science/journal/13866532
https://www.elsevier.com/locate/jcv
https://doi.org/10.1016/j.jcv.2020.104338
https://doi.org/10.1016/j.jcv.2020.104338
mailto:samira.mubareka@sunnybrook.ca
https://doi.org/10.1016/j.jcv.2020.104338
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcv.2020.104338&domain=pdf


that ongoing viral evolution may influence which strains predominate
from year to year. This is further supported by phylogenetic data ex-
amining OC43 isolates, which showed that the circulating genotypes in
southeast Asia changed over time [9]. A recent study in the midwestern
USA reported frequent identification of HKU1, whereas a separate study
from China reported OC43 to be more prevalent [10,11]. Therefore,
determining the regional prevalence is important to understand the
burden of these infections.

2. Objectives

In acute care hospitals, much of the focus in diagnostics has been
placed on influenza and respiratory syncytial virus (RSV) because of the
severe infection and poor outcomes of hospitalized patients, yet the
burden of CoV in acute care is not well studied. Most hospitals do not
routinely test for CoV resulting in gaps in our clinical and epidemiologic
understanding of this virus. The predictors of severe infection are well
known for CoV associated with acute respiratory syndromes (eg. Middle
East Respiratory Syndrome CoV, Severe Acute Respiratory Syndrome
CoV), yet few studies have identified these predictors for the more
common four circulating CoV strains such as OC43, 229E, HKU1 and
NL63 [12,13]. The primary objective of this study was to describe the
burden of CoV among patients admitted to an acute care hospital in
Toronto, Canada over a six-year period, and identify the predictors of
severe disease.

3. Study design

3.1. Design and setting

This cross-sectional study was performed at Sunnybrook Health
Sciences Centre, a tertiary-care hospital with over 1300 total beds
serving acutely ill and rehabilitating patients as well as long-term care
residents. Institutional ethics approval was obtained (REB#066-2017).

3.2. Study participants and viral identification

The study participants included admitted patients ≥17 years of age
who tested positive for a CoV infection between January 1st 2010 and
December 31st 2016. Outpatients and residents of the affiliated long-
term care facility were excluded. Viral test results were obtained from
nasopharyngeal (NP), mid-turbinate (MT) swabs, and bronchoalveolar
lavages (BALs) tested as part of routine care for respiratory viruses
using multiplex PCR (xTAG RVP, xTAG RVP FAST v2 or RPP, Luminex).
Viral targets in this assay included: influenza viruses A & B, RSV,
adenovirus, rhinovirus/enterovirus, human metapneumovirus, parain-
fluenza viruses type 1–4 and coronavirus species OC43, 229E, NL63 and
HKU1. Demographic and clinical data were obtained for all patients
meeting inclusion criteria. Cases were considered to be community-
acquired if they were diagnosed within 72 h of admission and noso-
comial if they were diagnosed ≥72 h after admission [14]. Lower re-
spiratory tract involvement was defined as radiographic evidence of
acute disease, determined on review of radiology reports.

3.3. Statistical analysis

Dependent (outcome) variables were those associated with severity
and burden of disease. These included: number of symptoms, presence
or absence of fever, need for oxygen therapy or intubation, chest
radiography changes, isolation of bacteria by conventional culture,
admission to an intensive care unit (ICU), number of days spent in the
ICU, antimicrobial and antiviral use, length of stay in hospital and
death. Independent variables included coronavirus strain (OC43 vs.
non-OC43), gender, smoking status (not a smoker, previously a smoker,
current smoker), and age. The age variable was converted into a cate-
gorical variable with three categories including: less than 60 years of

age, patients between 61 and 80 years of age, and patients over 80 years
of age. The Chi-squared/Fisher's exact test, Kruskal Wallis, Mann-
Whitney and unpaired T-tests were used to assess the presence of sta-
tistically significant correlations between dependent and independent
variables. Statistically significant correlations were included in uni-
variable logistic or non-parametric regression analyses to evaluate the
predictive ability of the independent variable. A bivariate and a mul-
tivariate logistic regression analysis were also performed including the
following variables: age, smoking status (current or previous smoker vs.
non-smoker), viral strain (OC43 vs. non-OC43), nosocomial vs. com-
munity acquired infection, gender, and number of comorbidities (3 or
more vs. less than 3). Statistical analysis was performed using SAS
University Edition (SAS Institute, Cary, NC, USA).

4. Results

4.1. Coronavirus infections

During the study period, 5038 samples were positive for a re-
spiratory virus of which 11.3 % (n = 569) were positive for CoV re-
presenting the third most frequently identified pathogen after influenza
viruses and rhinoviruses/enteroviruses (Fig. 1a). It was noted that in-
fections were identified year-round, but the peak number of cases oc-
curred between November and February each year (data not shown).
The number of CoV infections increased between 2010 and 2016
(Fig. 1c). From these samples, 226 patients met study inclusion criteria.
Amongst the CoVs, the most frequently identified strain was OC43,
representing 50 % (n = 285) of CoVs, followed by 229E (22.3 %, n =
127), HKU1 (13.9 %, n = 79) and NL63 (13.7 %, n = 78) (Fig. 1b).

4.2. Study participant demographics

The age of patients spanned from 18 to 99 years old and the median
age was 77 (Table 1). Additionally, the distribution of cases was similar
between males and females (44.7 % vs. 55.3 %).

As shown in Table 1, comorbidities were common amongst our
cohort, with vascular, cardiac and pulmonary comorbidities being the
most frequently reported. Only 3.1 % of patients were current smokers,
and 12.8 % were former smokers.

4.3. Clinical data

Community-acquired infections accounted for 78.3 % (n = 177) of
cases, and nosocomial infections accounted for 21.6 % (n = 49).
Symptoms included cough (48.6 %, n = 110), shortness of breath (SOB)
(37.1 %, n = 84), and fever (29.6 %, n = 67). Furthermore, 81 % of
patients had a chest X-ray performed within 24 h of presentation, and
the majority of individuals (57.3 %, n = 130) demonstrated acute
radiographic changes. Hematology and biochemistry laboratory in-
vestigations indicated 30.9 % (n = 70) had elevated white blood cell
counts. Additionally, 38.9 % (n = 88) of patients had decreased lym-
phocytes counts (Table 1). Bacterial co-infections were noted in 7.1 %
of patients, and viral co-infections were detected in 3.9 % of patients,
and in both groups no clear pathogen predominated (Tables 1 & 2 ). The
average length of stay in hospital was 13 days (range 1−354 days), and
17.3 % required admission to the ICU with a mean duration of 11.8
days (range 1–240 days). All-cause mortality was 7%.

4.4. Predictors of severe infection

The predictor variables associated with severe disease outcomes are
presented in Table 3. Patients with OC43 had 2-fold odds of requiring
O2 or intubation compared to non-OC43 strains, while no difference in
mortality or ICU admission was found based on CoV strain. Increased
age was associated with increased numbers of symptoms, comorbid-
ities, and radiographic changes. A bivariate analysis identified both

R. Kozak, et al. Journal of Clinical Virology 126 (2020) 104338

2



nosocomial acquisition (OR 2.25; CI 1.089–4.655; p-value 0.02) and
female gender (OR 0.485; CI 0.248−0.948, p-value 0.03) as being as-
sociated with ICU admission and/or mortality. The multivariate model
passed the test for co-linearity, and indicated that female gender was
significantly associated with ICU admission and/or mortality (OR 0.45;
95 % CI, 0.23−0.90; p = 0.02) as was smoking status (OR 0.30; 95 %
CI, 0.084–1.06; p = 0.06, while strain type, co-morbidities, age and
nosocomial-acquisition were not associated with ICU admission or
mortality.

5. Discussion

This cross-sectional study spanning 6-years suggests that CoV ac-
counts for an important burden of respiratory infection, representing 1
out of 9 viral respiratory infections, with a propensity to cause lower-
respiratory tract infection and severe outcomes. Notably, all-cause
mortality and risk of ICU admission were similar to rates reported for
influenza and RSV [15,16].

Our findings indicate that CoV is not a benign infection among those
who are hospitalized, and is similar to available data elsewhere.
Garbino and colleagues found that 31 % of patients in their cohort were
admitted to the ICU, and noted an all-cause mortality of 10 %. Lower-
respiratory tract infections (LRTIs) are the fourth leading cause of
mortality globally, and characterizing the epidemiology of respiratory
viruses is a necessary first step to reducing the burden of disease [7].

Predictors of severe outcome including need for ICU admission or
mechanical ventilation have been described for MERS-CoV, but there is
a paucity of data on other CoVs [12,17]. In our cohort smoking pre-
dicted ICU admission and/or mortality, which is similar to what was
reported in a prior study on patients infected with HKU1 CoV [18] The
impact of gender on outcomes of CoV, as determined by our multi-
variate analysis is in contrast with what is reported for MERS CoV. With
other coronaviruses including MERS-CoV, there is often a pre-
dominance of male cases [19,20]. However, females represented the
majority of CoV infections in our cohort, and our analysis indicated that
female gender was associated with more severe outcome. This finding
differs from what has been reported for SARS-CoV patients in Singapore
[21], and MERS-CoV 17] where male gender was predictive of poor
outcomes. Interestingly, our bivariate analysis indicated that nosoco-
mial acquisition was associated with poor prognosis. Similar findings

Fig. 1. Respiratory viruses identified during the study period (A) Viruses identified during the study period as a percentage of the total number of respiratory
viruses. (B) Percentages of each coronavirus species identified during the study period. (C) Total number of isolates for each coronavirus species identified by year.

Table 1
Cohort characteristics.

Patient Description
Median age (yrs)in years (Interquartile Range, N) 77 (58−86, 225)
Female, n (%) 124 (55, 225)
Symptoms & Signs
Fever, n (%) 67 (29.6)
Cough, n (%) 110 (48.6)
Sore throat, n (%) 14 (6.2)
Congestion/rhinorrhea, n (%) 29 (12.8)
Difficulty breathing/SOB, n (%) 84 (37.1)
Chest Pain, n (%) 19 (8.4)
Diarrhea, n (%) 13 (5.7)
Nausea/vomiting, n (%) 14 (6.1)
Altered level of consciousness, n (%) 20 (8.7)
CXR changes, n (%) 13 (57.3)
Comorbidities
Pulmonary, n (%) 67 (29.6)
Cardiac, n (%) 101 (44.7)
Vascular 115 (50.9)
Current or former smoker 36 (15.9)
Bacterial co-infection 16 (7.1)
Viral co-infection 9 (3.9)
Biochemistry
White blood cells (x10E9/L), median, IQR, N 8.7 (6.7−11.5, 209)
Lymphocytes (x10E9/L), median, IQR, N 1.05 (0.7−1.5, 198)
Platelets (x10E9/L), median, IQR, N 199 (152−261.5, 208)
Creatinine (umol/L), median, IQR, N 77.5 (58−96, 188)
White blood cells > 10 (x10E9/L) 70 (30.9)
White blood cells < 4 (x10E9/L) 18 (7.9)
Lymphocytes > 4 (x10E9/L) 2 (0.8)
Lymphocytes < 1 (x10E9/L) 88 (38.9)
Outcomes
Length of stay in hospital – days, median (IQR) 4 (2−10.5)
Patients requiring intubation, n (%) 11 (7)
Patients requiring non-invasive positive pressure

ventilation, n (%)
13 (8.84)

ICU admissions, n (%, N) 39 (17.3 %)
Average length of stay in ICU in days (Interquartile

Range)
11.8 (range 1−354)

All-cause mortality, n (%) 16 (7%)

Data are median where indicated and N = total number of patients where
values were available.
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have been noted for infections with MERS CoV, where acquisition of the
virus in the hospital was predictor of 72 h mortality in a multivariate
analysis of cases in Saudi Arabia [13].

Our findings indicate that there is heterogeneity in circulating
strains, as OC43 and 229E were more prevalent than NL63 or HKU1.
Previous studies have similarly shown OC43 and 229E account for up to
approximately 30 % of common colds [22], and our data indicate that
approximately 70 % of coronavirus infections in our cohort were due to
these two strains. More recent four-year prevalence data from military
personnel in the USA revealed season-to-season variability where OC43
and 229E alternated as the most common strain identified [23]. Other
studies have highlighted prevalence of a particular strain, often
showing variation between locations and patient populations (eg.
transplant vs. non-transplant; inpatient vs. ICU etc) [3,10,11,23]. Se-
quencing analysis by Lau and colleagues of clinical isolates of OC43
suggested recombination may play a role in the generation of novel CoV
genotypes [24]. This highlights the importance of determining the local
epidemiology, and suggests that genomic sequencing of isolates may be
a necessary next step to investigate genetic changes over time. Inter-
estingly, there is increasing reports of both co-infections with multiple
respiratory viruses and viral and bacterial pathogens, and data sug-
gesting this may be associated with more severe disease [25–28]. In our
cohort bacterial co-infections were only identified in 7.9 % of in-
dividuals, and viral co-infections in 3.1 %; both of which are lower than
what has been reported by other groups [28,29], and we did not have
sufficient numbers to investigate any correlations with disease severity.
However, this is an area where additional studies are needed.

Our study has several important limitations. We only included pa-
tients who presented to the hospital for acute care, thus representing a
subset of the most ill patients with CoV infection in the community.
Furthermore, it cannot be discounted that higher number of positives
were seen during influenza season due to heightened testing of re-
spiratory viruses during this time of year. Importantly, our study did
not include asymptomatic or subclinical cases or non-CoV controls,
which makes it challenging to identify determinants of severity relative
to these other populations. Moreover, as data emerges on the associa-
tion of CoVs with central nervous system sequalae, future studies
should investigate the incidence of strokes, and seizures in cases of CoV
infection [30]. The number of patients receiving extracorporeal mem-
brane oxygenation should also be considered in subsequent studies.
Since our assay was not quantitative we are unable to determine the

role of viral load in influencing disease severity, although it has been
noted by others that viral load did not correlate with outcome [31].
Furthermore, we did not include biomarkers associated with liver
function. It has been reported that elevated ALT was associated with
adverse outcomes in patients infected with SARS [32], and further in-
vestigation is necessary to determine the prognostic value in other CoV
infections. Finally, the relatively small numbers of cases of each strain
(e.g. OC43, 229E, HKU1, NL63) prevented separate analysis of any
potential effects of individual strains on patient outcome.

Our study describes burden and risk factors associated with disease
severity in patients infected with CoV at a single urban healthcare
centre. At present there is likely an under-reporting of CoV infections in
Canadian hospitals, as many laboratories do not routinely test for these
pathogens. Collectively, this study highlights the significant burden of
CoVs and justifies the need for surveillance in the acute care setting.
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