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Monitoring of human coronaviruses in Belgian primary care
and hospitals, 2015-20: a surveillance study
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Summary

Background Seasonal human coronaviruses (hCoVs) broadly circulate in humans. Their epidemiology and effect on
the spread of emerging coronaviruses has been neglected thus far. We aimed to elucidate the epidemiology and
burden of disease of seasonal hCoVs OC43, NL63, and 229E in patients in primary care and hospitals in Belgium
between 2015 and 2020.

Methods We retrospectively analysed data from the national influenza surveillance networks in Belgium during the
winter seasons of 2015-20. Respiratory specimens were collected through the severe acute respiratory infection
(SARI) and the influenza-like illness networks from patients with acute respiratory illness with onset within the
previous 10 days, with measured or reported fever of 38°C or greater, cough, or dyspnoea; and for patients admitted to
hospital for at least one night. Potential risk factors were recorded and patients who were admitted to hospital were
followed up for the occurrence of complications or death for the length of their hospital stay. All samples were
analysed by multiplex quantitative RT-PCRs for respiratory viruses, including seasonal hCoVs OC43, NL63, and 229E.
We estimated the prevalence and incidence of seasonal hCoV infection, with or without co-infection with other
respiratory viruses. We evaluated the association between co-infections and potential risk factors with complications
or death in patients admitted to hospital with seasonal hCoV infections by age group. Samples received from week 8,
2020, were tested for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Findings 2573 primary care and 6494 hospital samples were included in the study. 161 (6-3%) of 2573 patients in
primary care and 371 (5-7%) of 6494 patients admitted to hospital were infected with a seasonal hCoV. 0C43 was the
seasonal hCoV with the highest prevalence across age groups and highest incidence in children admitted to hospital
who were younger than 5 years (incidence 9-0 [95% CI 7-2-11-2] per 100 000 person-months) and adults older than
65 years (2-6 [2-1-3-2] per 100000 person-months). Among 262 patients admitted to hospital with seasonal hCoV
infection and with complete information on potential risk factors, 66 (73-3%) of 90 patients who had complications
or died also had at least one potential risk factor (p=0-0064). Complications in children younger than 5 years were
associated with co-infection (24 [36-4%] of 66; p=0-017), and in teenagers and adults (=15 years), more complications
arose in patients with a single hCoV infection (49 [45-0%] of 109; p=0-0097). In early 2020, the Belgian SARI
surveillance detected the first SARS-CoV-2-positive sample concomitantly with the first confirmed COVID-19 case
with no travel history to China.

Interpretation The main burden of severe seasonal hCoV infection lies with children younger than 5 years with co-
infections and adults aged 65 years and older with pre-existing comorbidities. These age and patient groups should be
targeted for enhanced observation when in medical care and in possible future vaccination strategies, and co-
infections in children younger than 5 years should be considered during diagnosis and treatment. Our findings
support the use of national influenza surveillance systems for seasonal hCoV monitoring and early detection, and
monitoring of emerging coronaviruses such as SARS-CoV-2.

Funding Belgian Federal Public Service Health, Food Chain Safety, and Environment; Belgian National Insurance
Health Care (Institut national d’assurance maladie-invalidité/Rijksinstituut voor ziekte-en invaliditeitsverzekering);
and Regional Health Authorities (Flanders Agentschap zorg en gezondheid, Brussels Commission communautaire
commune, Wallonia Agence pour une vie de qualité).

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction

Since its emergence in China in late-2019, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has
resulted in more than 88 million cases of COVID-19 and

more than 1-8 million deaths as of Jan 11, 2021.! Its
devastating worldwide effect on public health and the
economy underscores the threat that members of the
Coronaviridae viral family represent for global health. In
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Research in context

Evidence before the study

Overspills of zoonotic coronaviruses, such as severe acute
respiratory syndrome coronavirus (SARS-CoV), Middle East
respiratory syndrome coronavirus, and in 2019, SARS-CoV-2,
have caused severe epidemics or pandemics in the past two
decades. Few studies have investigated the burden of less
pathogenic seasonal human coronaviruses, members of the
same viral family. We searched PubMed from database inception
up until June 19, 2020, using the search terms “seasonal human
coronaviruses 229E 0C43 NL63", which yielded 59 articles in
English. An update of the search from Nov 7, 2020, identified
five additional relevant articles. Most studies focused on the
prevalence of seasonal coronavirus in children using data mainly
collected in primary care settings during one season. We also
searched PubMed on June 19, 2020, using the search terms
"(Severe acute respiratory syndrome coronavirus-2 OR
SARS-CoV-2 OR COVID-19 OR 2019-nCoV) AND (influenza
surveillance)” and obtained 143 articles in English. Two of them
described the use of primary care influenza surveillance for
detection of SARS-CoV-2, one of them retrospectively, while the
other did not report virological confirmation. A new literature
search on PubMed with the same terms was done on

Nov 7, 2020, and yielded more than 250 additional articles in
English, but only 14 were based on data collected through
influenza surveillance systems or emphasising the potential role
of these networks for SARS-CoV-2 monitoring.

Added value of this study
We provide important insights into the epidemiology of
seasonal human coronaviruses 229E, 0C43, and NL63, and

addition to SARS-CoV-2, this family includes two other
highly pathogenic viruses of zoonotic origin that have
previously caused severe global epidemics but have not
achieved continuous transmission in the human
population (SARS-CoV and Middle East respiratory
syndrome coronavirus).' Four other human coronaviruses
(hCoVs) are endemic in humans worldwide (ie, hCoV-
0C43, hCoV-229E, hCoV-NL63, and hCoV-HKU1), typically
follow a seasonal pattern, and are together estimated to be
the second most frequent cause of common cold
worldwide.? Because these seasonal hCoVs are historically
associated with mild disease, their epidemiology and
burden of disease has been poorly characterised.’ Seasonal
hCoVs can, however, also cause severe lower respiratory
tract infections, such as pneumonia or bronchiolitis, which
can lead to further complications requiring hospital
admission and even death, especially in those who are
immunocompromised, infants, and older adults.”

Of the studies assessing seasonal hCoV burden, most
have focused on children and few on healthy adults or
adults at high risk.*” One large study reporting results
from multiple cohorts found that annual infection rates
with 229E and OC43 ranged from 2-8% to 26-0% in

their burden of disease in children and adults in Belgium across
five winter seasons. Our data showed that the main burden of
disease is caused by 0C43 in children younger than 5 years,
where co-infections with other respiratory viruses contribute
significantly to morbidity. Moreover, we analysed the effect of
potential risk factors and showed that pre-existing
comorbidities and, in particular, immunodeficiency are
associated with complications or death from infection with
seasonal human coronaviruses. Our study highlights the
usefulness of national influenza surveillance networks to
monitor seasonal human coronaviruses, as well as to detect the
emergence of zoonotic coronaviruses, such as SARS-CoV-2.

Implications of all the available evidence

The current SARS-CoV-2 pandemic calls attention to the threat
that emerging zoonotic coronaviruses place on global health.
More research is needed to clarify the role of circulating
seasonal coronaviruses in population susceptibility and its
spread. The high burden of seasonal coronaviruses in children
younger than 5 years raises questions about why this age group
is only mildly affected by SARS-CoV-2. Our work also underlines
the importance of considering co-infections and potential risk
factors in the clinical management of patients with seasonal
coronavirus. We show that national influenza surveillance
networks could be leveraged to rapidly incorporate continuous
monitoring of SARS-CoV-2 in the post-pandemic phase and
could be integrated in early warning systems for future
emerging coronaviruses.

healthy adults and that prevalence ranged from 3-3% to
11-1% in patients who were admitted to hospital.” The
same study also reported that asymptomatic infection and
viral co-infection was significantly more common with
229E than with OC43.

Pre-existing humoral immunity towards seasonal
hCoVs could affect the response to and spread of
emerging coronaviruses.® Pre-existing data for the
seasonality and cross-reactive immunity of these hCoVs
has been used to model the spread of SARS-CoV-2 in
the post-pandemic period.” High prevalence of serum
IgG (91-100%) and mucosal IgA (8-31%) against the
four seasonal hCoVs was observed in a cohort of
American patients aged 50 years and older with chronic
pulmonary disease, and overall antibody titres were
higher in older (=60 years) than in younger (2140 years)
adults." Besides overall high seroprevalence in the
population, a 2020 retrospective analysis of serum
samples from ten adult men across more than three
decades found that re-infection with all four seasonal
hCoVs occurred frequently 12 months after an infection
and was linked to an intermediate reduction of antibody
concentrations.”
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The objective of the present study was to improve our
understanding of the epidemiology and burden of disease
of seasonal hCoVs in the general population in Belgium.
We used the data obtained from samples collected through
the national surveillance systems of influenza-like illness
and severe acute respiratory infection (SARI) during the
past five influenza seasons. The National Influenza Centre
established multiplex quantitative RT-PCR (RT-qPCR)
testing for respiratory viruses alongside influenza virus in
2015—which includes testing for seasonal hCoVs OC43,
NL63, and 229E—and was further extended to routinely
incorporate SARS-CoV-2 upon its recorded emergence in
early 2020. Here, we estimate the prevalence and burden
of disease from seasonal hCoVs OC43, NL63, and 229E
during the winters of 2015-20 in primary care and
hospitals in Belgium. We further aimed to assess the
capacity of existing surveillance networks for the early
detection and continuous monitoring of emerging
pathogens. We also showed the timely detection of SARS-
CoV-2 during its emergence in Belgium in samples
collected through the influenza surveillance system.

Methods

Study design and data collection

We did a retrospective analysis focusing on seasonal
hCoVs from the surveillance data routinely collected
through the national influenza surveillance networks in
Belgium during the winter seasons (December to April) of
2015-16 to 2019-20 (appendix pp 10-12). Respiratory
specimens collected through these networks were sent to
the National Influenza Centre (Brussels, Belgium), along
with detailed clinicoepidemiological data, such as
information on age, sex, symptoms, and potential risk
factors such as pregnancy or comorbidities (ie, chronic
respiratory diseases, asthma, chronic cardiovascular
diseases, obesity, diabetes, hepatic or renal insufficiency,
immunodeficiency, and neuromuscular disease). Patients
admitted to hospital were followed up for the occurrence
of complications (ie, detection of pneumonia based on
chest radiography, development of acute respiratory
distress syndrome, requirement for respiratory assistance
or for extracorporeal membrane oxygenation, admission
to an intensive care unit), or death from any cause during
hospital admission.

Patients were included in the study population if they
met the following study case definition: acute respiratory
illness with onset within the past 10 days, with measured
or reported fever of 38°C or greater, cough, or dyspnoea, or
a combination of these symptoms, and hospital admission
for at least one night for the patients admitted to hospital.
Samples were excluded if the patient’s date of birth or age
was missing. Furthermore, samples from children (aged
<15 years) received through the general practice (GP)
network were excluded, as they were heavily under-
represented in the sampling strategy.

All authors had full access to the surveillance network
databases, which were used to select the study population.

www.thelancet.com/microbe Vol 2 March 2021

Official statistics on the Belgian national population
counts were obtained from Statbel, the Belgian statistical
office.

Informed consent was obtained from all participants or
their parents or guardians. The study surveillance protocol
was approved by central ethical committees in Brussels,
Belgium (reference AK/12-02-11/4111; Centre Hospitalier
Universitaire St-Pierre in 2011 and Universitair Ziekenhuis
Vrije Universiteit Brussel since 2014) and the local ethical
committees of each participating hospital.

Procedures

Respiratory samples were analysed at the Belgian National
Influenza Centre. Viral nucleic acids were extracted and
in-house multiplex RT-qPCRs were done to detect type A
and B influenza viruses; type 1, 2, 3, or 4 para-
influenzaviruses; type A and B respiratory syncytial
viruses; human metapneumoviruses; adenoviruses;
picornaviruses (Rhinovirus and Enterovirus genera);
specific enterovirus D68; parechovirus; bocavirus; and
seasonal hCoVs OC43, 229E, and NL63. Detection of
SARS-CoV-2 was done with use of the protocol by Corman
and colleagues.” Material used, primer and probe
sequences, and PCR conditions are detailed in the
appendix (pp 8-10).

All samples received through the influenza surveillance
networks in the study period were tested for the presence
of respiratory viruses by the Belgian National Influenza
Centre.

Statistical analysis

The prevalence of seasonal hCoVs OC43, NL63, and
229E infection was estimated by sex and by defined age
group (04, 5-14, 15-64, and =65 years), across all five
winter seasons from 2015 to 2020 in each patient group.
Differences in sex and age group distribution between
patients with seasonal hCoV infection as compared with
infection with other respiratory viruses was determined
using Pearson’s ¥2 test (appendix p 12). A p value of less
than 0-05 was considered statistically significant.

To estimate the burden of disease of seasonal hCoV
infection, the study group was narrowed down to the
patients who had a positive seasonal-hCoV RT-qPCR test
result. Incidence estimates were calculated per
100000 person-months, per seasonal hCoV and season in
each patient group. They were calculated for single
seasonal hCoV infections as well as for seasonal hCoV
infection with co-infection with other respiratory viruses
by age group across all five winter seasons.

To obtain the denominator, the catchment populations
of the hospital sentinel system and GP sentinel system
were calculated by age group across the five analysed
seasons (2015-20), based on WHO recommendations for
seasonal influenza (appendix pp 10-11).* To obtain the
person-month, the number of weeks during each
surveillance season was multiplied by 7 days and divided
by the mean number of days in a month during the winter

For Statbel see https://statbel.

fgov.be/en

See Online for appendix
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A

3168 samples from primary care submitted to the National
Influenza Centre during winter seasons 2015-20

595 not eligible
86 no information on birth date
orage)
411 age <15 years
98 did not meet the case definition

A

2573 samples from eligible patients

2410 samples from coronavirus-negative
patients
2 samples from patients with
multiple coronavirus infections

A

161 samples from patients with single coronavirus infection

B

8931 samples from patients admitted to hospital submitted
to the National Influenza Centre during winter
seasons 2015-20

2437 not eligible
2253 samples not collected
within 10 days of symptom
onset
g 15 no information on birth date
orage
169 did not meet the case
definition

A

6494 samples from eligible patients

6118 samples from coronavirus-negative
patients
5 samples from patients with
multiple coronavirus infections

A 4

371 samples from patients with single coronavirus infection

109 samples from patients with
> incomplete follow-up on
complications

A

262 samples from patients with coronavirus infection and
documented status of complications or death

Figure 1: Study profile

During the winter seasons from 2015-16 to 2019-20, respiratory specimens
from primary care (A) and patients admitted to one of the six sentinel hospitals
(B) with acute respiratory infections were routinely collected through the
corresponding sentinel surveillance networks in Belgium and submitted to the
National Influenza Centre to be tested for the presence of respiratory viruses by
multiplex PCR assay.

period (divided by a mean of 30 days per month during
the winter period). The 95% CIs of all incidence estimates
were calculated using the Rothman-Greenland method.”

The study group was further narrowed down to include
only the patients admitted to hospital with complete
information on follow-up. The proportion of compli-
cations was determined by age group, taking into account
the presence or absence of potential risk factors or co-
infections. Pearson’s y2 test and Fisher’s exact test were
used to compare differences in potential risk factors or co-
infection between patients with and without compli-
cations (appendix p 12). Pearson’s 2 test for trend was
used to assess an association between the number of
potential risk factors and the occurrence of complications.
A p value of less than 0-05 was considered statistically
significant. All data analyses and visualisations were done
in R Studio, version 3.6.3 (appendix p 12).

Role of the funding source

The funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. All authors had full access to all the data in the
study and had final responsibility for the decision to
submit for publication.

Results

3168 samples from primary care and 8931 samples from
patients admitted to hospital were submitted to the
National Influenza Centre in Belgium during the winter
seasons (December to April) of 2015-16 up until 2019-20.
Of those, 2573 (81-2%) of 3168 primary care and
6494 (72-7%) of 8931 hospital samples had complete
information on patient age, met the study case definition,
and were included in the seasonal hCoV study population
(figure 1).

Among the primary care patients, 87 (3-4%) of
2573 tested positive for OC43, 39 (1-5%) for 229E, and
35 (1-4%) for NL63, with 161 (6-3%) positive for a single
seasonal hCoV (figure 1, appendix p 1). Of the primary
care patients with a single seasonal hCoV infection,
143 (88-8%) of 161 were 15-64 years old and 18 (11-2%)
were 65 years or older (table 1). Of the patients admitted
to hospital, 196 (3-0%) of 6494 tested positive for OC43,
91 (1-49) for 229E, and 84 (1-3%) of 6494 for NL63, with
371 (5-7%) positive for a single seasonal hCoV (appendix
p 1). Of patients admitted to hospital with a single
seasonal hCoV infection, 147 (39-6%) of 371 were
younger than 15 years, 74 (19-9%) were 15-64 years, and
150 (40-4%) were aged 65 years and older (table 1).

The distribution of age groups between patients admitted
to hospital with a single seasonal hCoV infection and
patients who were seasonal hCoV-negative was significantly
different (x2 p=0-019; table 1). In particular, the proportion
of children younger than 5 years who were admitted to
hospital and were seasonal hCoV-positive (137 [36-9%)] of
371) was higher than among those who were seasonal
hCoV-negative (1888 [30-9%)] of 6118; x2 p=0-017).

43 (26-7%) of 161 primary care patients and 161 (43 -4%)
of 371 patients admitted to hospital with seasonal hCoV
infection were co-infected with other respiratory viruses

www.thelancet.com/microbe Vol 2 March 2021
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Figure 2: Incidence of seasonal hCoV infections in Belgium, 2015-20, per season and age group

The incidence of three circulating seasonal hCoV species (0C43, NL63, and 229E) in patients in primary care (A)
and hospital (B) per 100 000 person-months was calculated by winter season across all ages (A and B), and by
age group across five winter seasons, taking into account infection with single seasonal hCoV species only or
co-infection with other respiratory viruses (C and D). For incidence point estimates and 95% Cls, see appendix
(pp 3-5). hCoV=human coronavirus.
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(table 1). Co-infection was more common in patients
infected with 229E than in those infected with NL63 or
OC43 (table 1). In primary care and hospital patients aged
15 years or older, influenza virus was the most common
co-infection for all three seasonal hCoVs (appendix p 2).
Among patients admitted to hospital, children younger
than 5 years carried the highest proportion of co-infections,
which most frequently included respiratory syncytial
viruses, picornaviruses, and adenovirus (appendix p 2).
The incidence of seasonal hCoV infections in primary
care or in patients admitted to hospital varied between
seasons and seasonal hCoV species (figure 2A, B).
Among patients admitted to hospital, the incidence of

NL63 infections remained similar from year to year for
the five seasons assessed, whereas 229E and OC43
showed increases in incidence for the winter seasons of
2016-17 and 2018-19 (appendix p 3).

In patients in primary care, when looking at the overall
incidence from 2015 to 2020, OC43 infections had the
highest incidence. The incidence of infection for all three
seasonal hCoVs was less than 0-5 in patients aged
15-64 years and less than 0-3 for those aged 65 years or
older (figure 2C, appendix pp 4-5). The incidence for
infections with seasonal hCoVs only was equal to or
higher than that for co-infections with other respiratory
viruses, for all age groups and all seasonal hCoVs, except
for 229E in adults aged 65 years or older.

Among children admitted to hospital aged younger than
5 years, the highest burden was associated with OC43,
followed by NL63, with incidence greater than 5-0
(figure 2D, appendix pp 4-5). Co-infections contributed
notably to the burden of disease in children younger than
5 years, constituting more than half of the incidence
estimates for all seasonal hCoVs investigated. Among
adults admitted to hospital aged 65 years and older, the
highest burden was associated with OC43, followed by
229E, with incidence of infection greater than 1.7 The
incidence of infection for patients aged 5-14 years admitted
to hospital and those aged 15-64 years were less than 0-3
for all three seasonal hCoVs (figure 2D, appendix pp 4-5).

Complete follow-up of complications or death during
hospital admission was available for 262 (70-6%) of
371 patients who were infected with a seasonal hCoV
(figure 1B). Overall, 90 (34-4%) of 262 adults developed
complications or died (table 2). The most common
complications were pneumonia, requirement for
respiratory assistance, and intensive care unit transfer.
Acute respiratory distress syndrome and death were less
common, and extracorporeal membrane oxygenation was
not required for any patient. Seven (4-7%) of 149 teenagers
and adults (aged =15 years) and one (1-0%) of 105 children
aged younger than 5 years died (table 2). The only
complication recorded among children aged 5-14 years
was pneumonia (in four [50%] of eight children).

Most patients admitted to hospital with seasonal hCoV
infection and who had complications or died had at least
one potential risk factor (66 [73-3%] of 90), such as
chronic cardiac disease, chronic respiratory disease, or
immunodeficiency, among others (table 3). However,
24 (23-8%) of 101 patients without any potential risk
factor had complications or died (table 2). We found that
having a potential risk factor was associated with
developing complications or the patient dying (p=0-0064;
table 3). Specifically, immunodeficiency was associated
with complications or death (p=0-0028; table 3). We also
observed an increased risk of complications or death with
an increase in the number of potential risk factors (x2 test
for trend p=0-041).

33 (36-7%) of 90 patients admitted to hospital who had
complications or died were co-infected with a seasonal
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Any complication Pneumonia Respiratory Intensive care  Acute respiratory Death
ordeath assistance unit distress
syndrome
Patients admitted with complete follow-up 90 (34-4%) 64 (24-4%) 37 (14-1%) 19 (7:3%) 9 (3-4%) 8 (3-1%)
data (n=262)
Per age group, years
0-4 (n=105) 29 (27-6%) 17 (16-2%) 13 (12-4%) 2(1-9%) 3(2:9%) 1(1.0%)
5-14 (n=8) 4 (50-0%) 4 (50-0%) 1(12:5%) 0 0
15-64 (n=48) 24 (50-0%) 18 (37:5%) 9(18-8%) 7 (14-6%) 4(8:3%) 2(4-2%)
265 (n=101) 33(327%) 25 (24-8%) 14 (13-9%) 10(9:9%) 2(2:0%) 5(5:0%)
Potential risk factor
Yes (n=161) 66 (41-0%) 46 (28-6%) 27 (16-8%) 17 (10-6%) 8 (5:0%) 6 (3-7%)
No (n=101) 24 (23-8%) 18 (17-8%) 10 (9:9%) 2 (2:0%) 1(1-0%) 2(2:0%)
Co-infection
Single seasonal hCoV plus other (n=110) 33 (30-0%) 21(19-1%) 14 (12:7%) 4(3-6%) 1(0-9%) 1(0-9%)
Single seasonal hCoV (n=152) 57 (37-5%) 43 (28:3%) 23 (15-1%) 15(9:9%) 8 (53%) 7 (4-6%)
Data are n (%). Complications or death are not mutually exclusive. hCoV=human coronavirus.
Table 2: Complications or death in patients admitted to hospital with seasonal hCoV infection in Belgium, 2015-20

hCoV and other respiratory viruses (table 2). In children
younger than 5 years, five (12-8%) of 39 with single
seasonal hCoV infection versus 24 (36-4%) of 66 co-
infected with a seasonal hCoV and other respiratory
viruses developed complications (x2 p=0-017). By
contrast, in patients aged 15 years or older, 49 (45-0%) of
109 with a single seasonal hCoV infection versus eight
(20%) of 40 co-infected with a seasonal hCoV and
other respiratory viruses developed complications (x2
p=0-0097; appendix p 6).

Upon the emergence of SARS-CoV-2 in Europe, the
Belgian National Influenza Centre implemented the RT-
qPCR protocol to test samples collected through the
routine primary care and hospital surveillance systems
for the presence of the virus. The first positive samples
were detected in week 10 for hospital and week 11 for
primary care surveillance. Samples were assessed
for SARS-CoV-2 from week 8 for hospitals and week 9
for primary care. Prevalence of SARS-CoV-2-positive
samples rose quickly, from 1-3% (two of 156) to 52-9%
(83 of 157) in weeks 10-13 in hospital samples and from
18-2% (eight of 44) to 27-3% (six of 22) in weeks 11-12
in primary care samples, before surveillance was
interrupted by the measures taken by the Belgian
authorities to contain the spread of the virus. The
number of GP visits by epidemiological week revealed a
double peak, with a first peak at week 5 (influenza) and a
second peak at week 12 (SARS-CoV-2; appendix p 7).

Discussion

In this study, we made use of the national influenza GP
(influenza-like illness) and hospital (SARI) surveillance
networks to assess the epidemiology and the burden of
seasonal hCoVs in Belgium in the past five winter seasons
(2015-20). We also provided evidence of the usefulness of
influenza surveillance networks for the early detection
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Patients with Patientswho had  x*p value
documented statusof  complications or
complications or death  died (n=90)
(n=262)
Any potential risk factor 161 (61-5%) 66 (73-3%) 0-0064
Potential risk factor by age group, years
0-4 23(8-8%) 11 (12:2%)
5-14 4 (1:5%) 2(2:2%)
15-64 42 (16:0%) 21(233%)
265 92 (35:1%) 32(35:6%)
Number of potential risk factors per patient 0-041*
One comorbidity 61 (23:3%) 25 (27-8%)
Two comorbidities 41 (15-6%) 18 (20-0%)
Three or more comorbidities 40 (15-3%) 15 (16-7%)
Type of potential risk factor
Chronic cardiac disease 6 (25:2%) 23 (25-6%) 0-17
Chronic respiratory disease 5(17-2%) 18 (20-0%) 0-071
Immunodeficiency 1(15-6%) 21(23-3%) 0-0028
Renal insufficiency 6 (13-7%) 13 (14-4%) 0-22
Diabetes 8 (10:7%) 10 (11-1%) 0-30
Neuromuscular disease 22 (8-4%) 10 (11-1%) 0-072
Obesity 2 (4-6%) 3(33%) 1.0t
Asthma 13 (5-0%) 6 (6:7%) 0-101
Hepatic insufficiency 9 (3-4%) 5(5:6%) 0-052t
Pregnancy 3(11%) 1(11%) 0-571
Data are n (%) unless otherwise specified. *Test for trend. tFisher’s exact test.
Table 3: Potential risk factors among patients admitted to hospital with seasonal coronavirus and
association with complications or death in Belgium, 2015-20

and monitoring of emerging coronaviruses such as
SARS-CoV-2.

The most common seasonal hCoV detected over the
past five winters in Belgium was OC43, responsible for
the highest burden of disease in children younger than
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5 years and adults aged 65 years and older. OC43 and 229E
showed a biennial peak in cases over the study period. For
all five winter seasons, the incidence of seasonal hCoV
infections was low among adult patients admitted to
hospital, and higher among children admitted to hospital
who were aged younger than 5 years. Similar patterns of
seasonality and age distribution have been reported in
other European and North American populations.*”

We found that almost half of patients older than
15 years with a single seasonal hCoV infection had a
complication or died. This finding is not in line with the
common belief that seasonal hCoVs cause mild infections
and suggests that their burden of disease is worth
investigating. We observed that complications in children
admitted to hospital aged younger than 5 years with
seasonal hCoV infection were significantly associated
with co-infections with other respiratory viruses,
highlighting the interest of manifold diagnostic tools,
such as multiplex RT-qPCR. In patients older than
15 years, we also detected a high rate of co-infection with
influenza viruses. A crucial role for co-infections in the
severity of COVID-19 has been proposed, but is not well
described thus far.* Co-infection with SARS-CoV-2 and
influenza viruses during the 2020-21 winter season has
been discussed as a serious threat to public health.”

Nevertheless, surveillance reports from the USA and
countries in the southern hemisphere (Australia, Chile,
and South Africa) indicated relatively litle influenza
activity during the COVID-19 epidemic, probably due to
changes in health-care-seeking behaviours, surveillance
capacity, and widespread implementation of mitigation
measures.” The possibility of interference of SARS-CoV-2
with influenza virus circulation needs to be further
investigated.

Here, we report that potential risk factors were
significantly associated with adverse outcomes in seasonal
hCoV infections. In particular, we saw a strong association
in individuals who were immunocompromised. However,
we did not observe clear evidence for an association with
comorbidities described to increase the risk for severe
COVID-19, such as respiratory system disease, cardio-
vascular disease, obesity, and diabetes.”” Regarding the
association of immunodeficiency with COVID-19 severity,
current data indicate that the nature of the immuno-
deficiency could be decisive and more studies are needed.*

Exposure to seasonal hCoVs has the capacity to elicit
cross-reactive humoral and cellular immunity to SARS-
CoV-2, as was shown especially for OC43, another member
of the betacoronavirus genus.”?” We found that OC43 is
the most prevalent seasonal hCoV in Belgium and causes
the highest burden of disease in populations such as
young children and older adults who are vulnerable to
severe disease. Overall, our data indicate that children can
be highly susceptible to infection with seasonal hCoVs. It
has been speculated that cross-reactive immunity acquired
during childhood infections with seasonal hCoVs could
underlie the low incidence of SARS-CoV-2 infections in

children in the current pandemic.”® The precise role of
children in SARS-CoV-2 transmission needs to be further
clarified, but it could have a large effect on infection
prevention and control measures, such as closure of
schools and nurseries. Improved serological assays and
population-wide seroprevalence studies of seasonal hCoV
exposure are needed to assess the population immunity
towards coronaviruses and the possible role in the spread
of SARS-CoV-2. For example, the influenza surveillance
networks could be extended to regularly collect blood
samples, as is already implemented in Russia, to establish
background seroprevalence of antibodies directed against
seasonal hCoVs, as well as extended serosurveillance for
SARS-CoV-2.”

The first known SARS-CoV-2 case in Belgium without
travel history to China was confirmed on March 1, 2020,
the same week that the first detected case within the
SARI surveillance was collected, and 1 week before
detection within the influenza-like illness surveillance.
Our study confirms that influenza surveillance networks
are valuable tools for timely detection of SARS-CoV-2,
and can be used for its monitoring should there be
persistent endemic, post-pandemic circulation, possibly
even seasonal resurgence.

The main limitation of this study is that the full
spectrum of seasonal hCoV infections was not captured.
At the moment, no protocol has been established for
routine testing for HKU-1 at the Belgian National
Influenza Centre and we therefore cannot infer anything
on its circulation in Belgium. Nickbakhsh and colleagues
reported a very low overall prevalence of 0-3% for HKU-1
among patients with respiratory illness in Scotland, which
later led to the discontinuation of testing for HKU-1.” In
addition, the current surveillance is only done during the
winter months and therefore does not capture seasonal
hCoV circulation during the rest of the year. The burden
of mild disease caused by seasonal hCoVs, assessed
through the influenza-like illness network, is likely to be
underestimated in our study. Although the participating
GPs were well distributed within the country to match the
population density, only two samples per week per GP
were collected through this network, with a sampling bias
towards younger adults. In addition, the case definition
for enrolment in the influenza-like illness surveillance is
supposedly stringent for influenza (ie, fever and cough or
dyspnoea), which is in agreement with our data for co-
infection. Moreover, the network has insufficient reliable
data for children seeking primary care, as there is currently
no paediatric surveillance system for influenza in
Belgium. By contrast, the burden of severe illness
associated with seasonal hCoV is likely to be appropriately
assessed in our study, as the Belgian SARI surveillance
system covers the full age range of the entire population
and captures a total of 10% of the Belgian population
from all three regions of the country, with an exhaustive
enrolment of the patients responding to the case
definition.
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To conclude, we showed that the national networks
implemented for the surveillance of influenza viruses are
valuable tools to estimate the burden of respiratory
viruses, such as seasonal hCoVs. Co-infections in young
children and potential risk factors are important elements
in seasonal hCoV disease severity and should be
considered for prevention, diagnosis, and treatment.
More information on the relationship between influenza
viruses and SARS-CoV-2 is needed to assess the possibility
of successive epidemics as well as the clinical effect of co-
circulation. Therefore, a common surveillance system
could prove useful. We suggest that influenza surveillance
systems, especially the SARI network, could be used as a
tool for the surveillance of seasonal hCoVs and the
continued surveillance of SARS-CoV-2 in the post-
pandemic period. Moreover, their maintenance during
future winter seasons is crucial, and even beyond, if
SARS-CoV-2 circulation establishes itself outside of the
winter season. Widening of the case definition could aid
in the inclusion of other circulating respiratory viruses
and could lead to an improved estimation of their true
burden of disease. The potential role of pre-existing
immunity towards seasonal hCoVs in the burden and
severity of COVID-19 remains to be elucidated. To this
aim, surveillance schemes including serology in addition
to virology could be considered and broadly implemented.
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