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A B S T R A C T

Aims: During the ongoing COVID-19 outbreak, co-circulation of other common respiratory viruses can poten-
tially result in co-infections; however, reported rates of co-infections for SARS-CoV-2 vary.

We sought to evaluate the prevalence and etiology of all community acquired viral respiratory infections
requiring hospitalization during an ongoing COVID-19 outbreak, with a focus on co-infection rates and clinical
outcomes.
Methods: Over a 10-week period, all admissions to our institution, the largest tertiary hospital in Singapore, were
screened for respiratory symptoms, and COVID-19 as well as a panel of common respiratory viral pathogens were
systematically tested for. Information was collated on clinical outcomes, including requirement for mechanical
ventilation and in hospital mortality.
Results: One-fifth (19.3%, 736/3807) of hospitalized inpatients with respiratory symptoms had a PCR-proven
viral respiratory infection; of which 58.5% (431/736) tested positive for SARS-CoV-2 and 42.2% (311/736)
tested positive for other common respiratory viruses. The rate of co-infection with SARS-CoV-2 was 1.4% (6/
431); all patients with co-infection had mild disease and stayed in communal settings. The in-hospital mortality
rate and proportion of COVID-19 patients requiring invasive ventilation was low, at around 1% of patients; these
rates were lower than patients with other community-acquired respiratory viruses admitted over the same period
(p<0.01).
Conclusion: Even amidst an ongoing COVID-19 outbreak, common respiratory viruses still accounted for a
substantial proportion of hospitalizations. Coinfections with SARS-CoV-2 were rare, with no observed increase in
morbidity or mortality.

1. Introduction

In late 2019, a novel coronavirus, SARS CoV-2, was identified as the
cause of an outbreak of 2019 novel coronavirus (COVID-19) infection in
Wuhan, China; since then, the situation has evolved into a global
pandemic [1]. However, differentiating COVID-19 remains challenging,
as common clinical manifestations of COVID-19, including fever, cough
and dyspnea, are indistinguishable from those caused by other re-
spiratory viruses [2]. Furthermore, even during outbreaks of respiratory
disease caused by a novel pathogen, common respiratory viruses can

still circulate and potentially cause co-infections [3]. However, early
reports suggested that co-infection with SARS CoV-2 and other viral
respiratory pathogens was rare. Estimates of co-infection ranged from
0-3% in some cohorts [1,4,5]; sporadic case reports of co-infection
between SARS CoV-2 and other respiratory pathogens have also been
reported in the literature [6–8]. More recent studies, however, have
reported much higher rates of co-infection, with almost one-fifth of
patients reported to have a concomitant viral coinfection alongside
SARS CoV-2 [9]. Establishing the likelihood of co-infection is crucial, as
continued testing for other respiratory pathogens was endorsed as a
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strategy to aid the evaluation of patients with potential COVID-19 by
identifying an alternative etiology, given the low rates of co-infection
that were initially reported [10,11]. However, this remains con-
troversial given continued uncertainty over the likelihood of co-infec-
tion [9]. Furthermore, maintaining surveillance for common re-
spiratory viruses remains challenging given the relative scarcity of
studies investigating the viral etiology of pneumonia, due to limited
interventions [12]. This challenge is exacerbated by resource limita-
tions experienced during a pandemic, which can overwhelm even well-
resourced hospital systems. Nevertheless, common respiratory viruses
remain a major cause of morbidity and mortality amongst hospitalized
inpatients with respiratory diagnoses. [13]

In Singapore, a Southeast Asian city-state, the first imported case of
COVID-19 was reported in end-January 2020; followed by the first
documented case of local transmission in early February 2020 [14]. By
end-February 2020, the majority of cases were attributed to local
transmission [15]. As part of the national strategy of containment,
heightened vigilance was maintained for all hospital admissions pre-
senting from the community with respiratory symptoms, in order to
detect cases of COVID-19 through enhanced surveillance [16]. At our
institution, the largest tertiary hospital in Singapore, from early Feb-
ruary 2020 all admissions were systematically screened for respiratory
symptoms, and SARS-CoV-2 was tested for along with other common
respiratory viruses. Notably, surveillance for common respiratory
viruses was maintained even during an ongoing COVID-19 pandemic;
this allowed us to evaluate the etiology of community-acquired viral
respiratory infections amongst hospitalized inpatients during an on-
going COVID-19 outbreak, with a focus on the incidence of co-infection
and clinical outcomes.

2. Methodology

2.1. Institutional setting and study period

Singapore General Hospital (SGH) is the largest public tertiary
hospital in Singapore, with 1785 beds. On average, almost 2000 cases
of pneumonia are admitted through the emergency department (ED)
each year, or around 36 patients a week [17]. Over a 10-week period
from 5th February to 15th April 2020, all admissions were system-
atically screened for respiratory symptoms; if patients had respiratory
symptoms on admission or within 72 h of admission, they were ad-
mitted to a “respiratory surveillance ward”, RSW, where COVID-19 was
tested for [18]. Patients admitted into the RSW would only be trans-
ferred out if COVID-19 tests were negative on 2 consecutive occasions,
done at least 24 h apart [11].

2.2. Sampling and detection of respiratory viruses

All patients with respiratory symptoms (cough, rhinorrhea, dys-
pnea) or radiological manifestations compatible with pneumonia on
chest imaging had oropharyngeal specimens taken via Dacron-tipped
swabs within 24 hours of admission to the RSW; if oropharyngeal
sampling was not feasible, other respiratory specimens, such as sputum,
nasopharyngeal or bronchoalveolar lavage specimens were obtained.
Respiratory specimens were tested for SARS-CoV-2 RNA. This was done
by qualitative real-time reverse transcription polymerase chain reaction
(RT-PCR) testing. Viral RNA was first isolated from patient’s orophar-
yngeal swab samples and RT-PCR was performed targeting E gene and
ORF1b-nsp14 for SARS-CoV-2 [19,20]. At our institution, if the first
sample was negative for SARS-CoV-2 RNA, a second specimen was sent
for repeated testing 24 h from the first one. If primary physicians as-
sessed that a viral syndrome could not be excluded as a cause of the
patient’s respiratory symptoms (e.g. normal procalcitonin, lympho-
penia), respiratory specimens were also processed in parallel for a
common panel of viral respiratory pathogens via respiratory virus (RV)
multiplex PCR testing. This was performed using the Seegene Anyplex II

RV16 Detection Multiplex PCR kit (Seegene, Korea). This assay si-
multaneously detected 16 types of human respiratory viral pathogens
(influenza A and B, human parainfluenza virus (HPIV) 1/2/3/4, re-
spiratory syncytial virus (RSV) subtypes A and B, human metapneu-
monvirus (hMPV), human coronavirus (HCoV) (229E/NL63/OC43),
rhinovirus A/B/C, enterovirus, adenovirus and human bocavirus
(HboV) 1/2/3/4.

2.3. Co-infection and clinical outcomes

Co-infection was defined as a positive result for 1 or more re-
spiratory viral pathogens on PCR testing. At the point of admission to
the RSW, basic demographic information including age, ethnicity, and
gender were obtained. Basic biochemical results on admission, in-
cluding leukocytosis, leukopenia, raised serum lactate dehydrogenase
(LDH), and procalcitonin levels were also obtained. The following
cutoffs were used for biochemical results: leukopenia,< 4.0 × 109 /L;
leukocytosis, > 10 × 109/L; raised LDH,> 245 U/L; raised procalci-
tonin,> 0.25 ng/ml. Results of chest imaging at the point of admission
were also obtained, with pneumonia being defined as the presence of a
compatible clinical syndrome and presence of infiltrates on the chest
radiograph. Information was collected on the following outcomes: re-
quiring intensive care/high-dependency care during hospitalization,
length of hospitalization (days), and in-hospital mortality.

2.4. Statistical analysis

Differences in proportions were compared using chi-square test. IBM
SPSS Statistics for Windows, Version 21.0 was used for analysis.

2.5. Ethics approval

As this was a descriptive study based on surveillance data collected
by the hospital’s Epidemic/Pandemic Readiness Taskforce and only
aggregate data was collected without patient identifiers, ethics ap-
proval was not required under our hospital’s Institutional Review Board
guidelines.

3. Results

3.1. Etiology of community-acquired viral respiratory infections amongst
hospitalized inpatients

Over a 10-week period during an ongoing COVID-19 outbreak, there
were a total of 3807 admissions with respiratory symptoms on admis-
sion; the admission numbers doubled over the study period, from 316
admissions in week 1 to 659 admissions in week 10 (Fig. 1a). All pa-
tients were tested for COVID-19; almost three-quarters of admissions
with respiratory symptoms (75.2%, 2862/3807) had a concurrent re-
spiratory specimen processed for other respiratory viruses as well, given
clinician suspicion of a potential viral etiology. Almost one-fifth
(19.3%, 736/3807) of hospitalized inpatients with respiratory symp-
toms on admission were found to have a PCR-proven viral respiratory
infection; of which 58.5% (431/736) tested positive for SARS-CoV-2
and 42.2% (311/736) tested positive for 1 or more other respiratory
viruses. While the numbers of admissions attributed to common re-
spiratory viruses remained fairly steady at a median of 30.5 admissions
per week over the 10-week period, the number of admissions for
COVID-19 increased from 5 cases in week 1 to 210 cases by week 10
(Fig. 1b). Of those who tested positive for other common respiratory
viruses (Fig. 1c), the most common alternative etiology identified was
rhinovirus (41.8%, 130/311), followed by influenza (14.4%, 45/311)
and other coronaviruses (10.2%, 32/311). The number of admissions
attributable to each common respiratory virus remained fairly stable
over the 10-week period (Fig. 1d).
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3.2. Co-infection rates and clinical outcomes

Amongst hospitalized inpatients with a PCR-proven community-
acquired viral respiratory infection, 2.85% (21/736) had coinfections.
A small minority (1.4%, 6/431) of patients positive for SARS-CoV-2 also
tested positive for other viruses (3 rhinovirus, 2 parainfluenza, 1 other
coronavirus) (Fig. 2). In contrast, 4.8% (15/311) of patients positive for
other respiratory viruses had coinfections with more than one common
respiratory virus. Patients positive for SARS-CoV-2 had lower odds of
coinfection (1.4% vs. 4.8%, OR = 0.27, 95%CI = 0.11–0.72,
p<0.001) compared to those positive for other respiratory viruses.
The clinical details of patients with COVID-19 and coinfections with
other viral respiratory pathogens are found in Table 1. Of note, all were
foreign workers staying in a congregate setting (dormitories), and the
majority (83.3%, 5/6) were contacts of a confirmed case of COVID-19
that shared accommodation or a workplace with them. All presented
with upper respiratory tract infections. All cases of COVID-19 co-in-
fections made a full recovery and did not progress to pneumonia, re-
quire supplemental oxygen or intubation and mechanical ventilation.

Comparing clinical outcomes, amongst patients with community-
acquired viral respiratory infections, there were 8 in-hospital mor-
talities over the period, one of which was COVID-19 related; the rest
were attributable to other respiratory viruses (3 rhinovirus, 1 influenza,
1 adenovirus, 1 parainfluenza, 1 bocavirus). The in-hospital mortality
rate for COVID-19 was 0.23% (1/431), compared to 1.62% (7/311) for

those with other respiratory viruses; COVID-19 had lower odds of in-
hospital mortality (OR = 0.10, 95%CI = 0.01–0.83, p = 0.01).
Amongst patients with community-acquired viral respiratory infections,
2.17% (16/736) of patients required intubation and mechanical venti-
lation over the study period; five of which were COVID-19 related; the
rest were attributable to other respiratory viruses (3 rhinovirus, 3 other
coronaviruses, 2 influenza, 2 parainfluenza, 1 RSV). Only 1.2% (5/431)
of patients with COVID-19 required intubation and mechanical venti-
lation over the study period, compared to 3.53% (11/311) for those
with other respiratory viruses. Individuals infected with COVID-19 had
lower odds of requiring mechanical ventilation compared to those with
other respiratory viruses (1.2% vs. 3.53%, OR = 0.32, 95%CI = 0.11-
0.93, p = 0.04).

4. Discussion

During a 10-week period of an ongoing COVID-19 outbreak with
community transmission, all patients admitting with respiratory
symptoms were isolated on arrival to rule out SARS-CoV-2 and the
majority were concurrently tested for other common respiratory
viruses. This allowed a more accurate estimate of the burden of co-
infection between SARS-CoV-2 and other common respiratory viruses,
particularly as testing was done in a systematic fashion over a sustained
period. In line with early reports from China and elsewhere, the burden
of co-infection detected in our population was low. The rate of co-

Fig. 1. Epidemiology of hospitalised inpatients with community-acquired viral respiratory infections during an ongoing COVID-19 outbreak, over a 10 week period
in a Singaporean tertiary hospital.
A: All admissions with concomitant respiratory symptoms; suspected viral cause of respiratory symptoms; and PCR-proven viral respiratory infections over a 10-week
period (5th February-15th April 2020) in an acute tertiary hospital.
B: All admissions for PCR-proven viral respiratory infections over a 10-week period (5th February-15th April 2020) in an acute tertiary hospital (SARS-CoV-2 vs.
other respiratory viruses).
C: Breakdown of PCR-proven viral respiratory infections, by etiology (non-SARS-CoV-2).
D: Breakdown of other PCR-proven viral respiratory infections (non-SARS-CoV-2), by week.
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infection with SARS-CoV-2 was 1.4%, similar to the rates of 0–3% re-
ported in other cohorts [1,4,5]. While other studies cited co-infection in
up to one-fifth of patients [9], this could potentially be due to spatio-
temporal variation in viral epidemiology. In particular, in our cohort all
cases of community-acquired viral co-infections with SARS-CoV-2 oc-
curred amongst patients living in communal settings. Increased odds of
viral respiratory infection have been associated with increased numbers
of co-habitants [12]. Of note, the majority of co-infected individuals
also reported ongoing outbreaks of COVID-19 in their accommodations.
Previously, identification of co-circulation of human metapneumovirus
and SARS-associated coronavirus during a nosocomial SARS outbreak
raised the possibility of significant interaction; it was postulated that
upper respiratory symptoms caused by one pathogen might enhance the
dispersal of another through aerosol generation and contribute to in-
creased infectivity [3]. However, co-infection did not appear to trans-
late into increased morbidity or mortality. All individuals in our cohort
with SARS-CoV-2 and other coinfections had mild disease; none re-
quired supplemental oxygen or intubation and mechanical ventilation.
This is in keeping with other reports suggesting that patients with
COVID-19 and coinfections did not have a more severe prognosis [1].
Common respiratory viruses account for a significant proportion of
hospitalizations and remain a significant contributor to in-hospital
mortality and morbidity [12,13], even during an ongoing COVID-19
outbreak. Notably, in our cohort, the in-hospital mortality rate and
proportion of COVID-19 patients requiring invasive ventilation was
low, at around 1% of patients; these rates were even lower than patients
with other community-acquired respiratory viruses admitted to our
institution over the same time period. While much higher rates of in-
vasive ventilation and in-hospital mortality have been reported in other
cohorts of COVID-19 patients [1,2,21], this is likely attributed to the
continued functioning of our healthcare system and aggressive strategy
of containment employed in Singapore over the time period of the study
[14–16], in which all patients with COVID-19 were initially admitted to
hospital, regardless of disease severity.

Reports of coinfections with SARS-CoV-2 and other respiratory pa-
thogens have been used to argue against the utility of routine testing for
non–SARS-CoV-2 respiratory pathogens during the COVID-19

pandemic, as a positive result for other respiratory pathogens does not
exclude SARS-CoV-2 [9,22] and hospital resources are strained during
an ongoing outbreak. While effective interventions for viral respiratory
infections remain limited (eg. neuraminidase inhibitors for influenza),
maintaining surveillance for common respiratory viruses may be of
value in specific circumstances. In hospitals with large numbers of
COVID-19 patients and limited numbers of single rooms, cohorting
COVID-19 patients together may be a consideration. However, de-
pending on the co-infection rate, it is possible that co-circulation of
COVID-19 and other respiratory viruses may result in subsequent no-
socomial outbreaks if such cohorting occurs [3]. Additionally, the
COVID-19 outbreak has necessitated the introduction of various infec-
tion control interventions, such as enhanced cohorting, better distan-
cing, and usage of personal protective equipment, in order to mitigate
nosocomial spread [18]. These interventions likely have potential to
reduce transmission of not just COVID-19, but also other respiratory
viruses as well [23]. Given the in-hospital morbidity and mortality as-
sociated with viral respiratory infections, the ongoing COVID-19 out-
break affords a valuable opportunity to assess the effectiveness of these
interventions, as screening for respiratory viral infection reduces risk of
transmission to hospitalized inpatients [24]. However, to assess the
effectiveness of interventions, surveillance is necessary to establish a
baseline.

Our study has the following limitations. Being a single-centre study,
differences in reported co-infection rates may be accounted for by
spatiotemporal variations in viral epidemiology. To address this, we
maintained surveillance for community-acquired respiratory viral in-
fections over a 10-week period, to account for potential fluctuations
that might occur in studies of shorter duration. Additionally, while
seasonality is a well-known factor in outbreaks of viral respiratory in-
fection in temperate countries, our study was conducted in a hospital in
Singapore, a tropical country. Local studies have shown that while
seasonality does exist, consistent seasonal variations are mainly ob-
served only in limited numbers of pathogens [25]. This study focused
on hospitalized inpatients; hospitalized inpatients may not represent
the true burden of disease in the community. However, given the ag-
gressive strategy of containment employed in Singapore [14–16], over

Fig. 2. Distribution of co-infections between respiratory viruses.

L.E. Wee, et al. Journal of Clinical Virology 128 (2020) 104436

4



the study period all patients with COVID-19 were admitted initially to
hospital, regardless of disease severity. Hence, the co-infection rate
reported in this study may be more representative, given that we de-
tected coinfections solely in patients with mild disease, and exhaustive
in-hospital testing was conducted for all suspected COVID-19 cases
regardless of disease severity.

In conclusion, even amidst an ongoing COVID-19 outbreak,
common respiratory viruses still accounted for a substantial proportion
of hospitalizations over a 10-week study period. Co-infections between
SARS-CoV-2 and other viral respiratory pathogens were rare and oc-
curred mainly in individuals with mild disease staying in congregate
settings; there was no increase in morbidity or mortality associated with
co-infections. The in-hospital mortality rate and proportion of COVID-
19 patients requiring invasive ventilation was low, at around 1% of
patients; these rates were even lower compared to patients with other
community-acquired respiratory viruses admitted over the same time
period. Continued surveillance for other respiratory pathogens during
an ongoing COVID-19 outbreak remains important, in order to identify
the rate of co-infection, assess the burden of disease and evaluate the
effectiveness of subsequent interventions.
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