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Background. 'We conducted this study to assess the prevalence of viral coinfection in a well characterized cohort of hospitalized
coronavirus disease 2019 (COVID-19) patients and to investigate the impact of coinfection on disease severity.

Methods. Multiplex real-time polymerase chain reaction testing for endemic respiratory viruses was performed on upper
respiratory tract samples from 1002 patients with COVID-19, aged <1 year to 102 years old, recruited to the International
Severe Acute Respiratory and Emerging Infections Consortium WHO Clinical Characterisation Protocol UK study.
Comprehensive demographic, clinical, and outcome data were collected prospectively up to 28 days post discharge.

Results. A coinfecting virus was detected in 20 (2.0%) participants. Multivariable analysis revealed no significant risk factors for
coinfection, although this may be due to rarity of coinfection. Likewise, ordinal logistic regression analysis did not demonstrate a
significant association between coinfection and increased disease severity.

Conclusions. Viral coinfection was rare among hospitalized COVID-19 patients in the United Kingdom during the first 18
months of the pandemic. With unbiased prospective sampling, we found no evidence of an association between viral
coinfection and disease severity. Public health interventions disrupted normal seasonal transmission of respiratory viruses;
relaxation of these measures mean it will be important to monitor the prevalence and impact of respiratory viral coinfections

going forward.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
emerged as a new viral pathogen in China at the end of 2019 and
has since become pandemic with over 626 million confirmed
cases of the associated disease, coronavirus disease 2019
(COVID-19), and approximately 6.5 million deaths worldwide
(up to October 27, 2022) [1]. Evidence from existing studies of
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patients with influenza, respiratory syncytial virus (RSV), and
rhinovirus infections suggest that viral coinfections are associat-
ed with increased disease severity [2-6]. However, data on the
frequency of coinfection in patients with COVID-19 and how
coinfections impact on disease severity are scarce and variable.
Few studies have systematically and prospectively tested for a
broad range of respiratory viruses in a patient cohort with com-
prehensive clinical metadata to allow for analysis of the impact of
viral coinfection on disease severity and clinical outcomes.

Coronavirus disease 2019 public health measures such as
physical distancing, lockdowns, and travel restrictions have re-
sulted in a dramatic reduction in the circulation of other respi-
ratory viruses over the past 2 years [7, 8]. However, as countries
across the world relax restrictions, community transmission of
these viruses will likely rise, as will the risk of viral coinfections
in patients with COVID-19. Understanding the nature, fre-
quency, and impact of coinfections are key to optimize the clin-
ical management of patients, inform vaccination strategies and
best practice in infection prevention and control, in addition to
guiding healthcare service planning and funding.
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In this prospective study, we assessed the prevalence of viral
coinfection in a well characterized cohort of hospitalized pa-
tients with COVID-19 in the United Kingdom (UK) by system-
atically testing upper respiratory tract (URT) samples for a
broad range of respiratory viruses, and we investigated the im-
pact of coinfection on disease severity and clinical outcomes us-
ing comprehensive clinical metadata.

METHODS

Study Setting and Approvals

The International Severe Acute Respiratory and Emerging
Infections Consortium (ISARIC) WHO Clinical Characterisation
Protocol UK (CCP-UK) study is a prospective cohort study that re-
cruited inpatients from hospitals across the UK (National Institute
for Health Research Clinical Research Ne2rk Central Portfolio
Management System ID 14152) and was conducted by the
ISARIC Coronavirus Clinical Characterisation Consortium
(ISARIC4C). Ethics approval was given by the South
Central-Oxford C Research Ethics Committee in England (13/SC/
0149), the Scotland A Research Ethics Committee (20/SS/0028),
and the WHO Ethics Review Committee (RPC571 and RPC572;
April 2013). The study protocol and further details are available on-
line [9].

Study Participants

Recruitment of COVID-19 cases to the ISARIC WHO
CCP-UK study took place between February 5, 2020 and
February 28, 2022 and has previously been described in detail
[9]. In brief, demographic, clinical, laboratory, therapeutic,
and outcome data were collected for participants with
laboratory-confirmed or highly suspected COVID-19 on a
standardized case report form. Data were uploaded to a
Research Electronic Data Capture Database ([REDCap]
Vanderbilt University, Nashville, TN; hosted by University of
Oxford, Oxford, UK) [10]. A subset of ~2500 participants
gave consent for the collection of biological samples, including
URT swabs, on days 1, 3, 9, and 28 postenrollment. The URT
samples from all time points were not available for every partic-
ipant due to the need to prioritize clinical care. We included
day 1 (or if this was not available, day 3) URT samples only,
and we excluded participants if their day 1 or day 3 samples
were collected more than 14 days after admission or if the par-
ticipant had nosocomial COVID-19, defined as symptom onset
more than 7 days after admission (Figure 1). Participants were
also excluded who were SARS-CoV-2 PCR negative.

Collection and Ribonucleic Acid Extraction of Upper Respiratory Tract
Swabs

Samples were collected from study participants using throat or
nasal swabs that were placed into viral transport medium and
stored at —80°C. Upper respiratory tract samples were inacti-
vated and lysed with NucliSENS Lysis Buffer. Equine arteritis

virus was used as an internal control (IC), which was intro-
duced into the lysis buffer at this stage. Ribonucleic acid
(RNA) extraction was performed using the fully automated
Biomérieux EMAG platform with negative controls included
on each extraction run. Eluates were stored at —80°C before
testing.

Multiplex Respiratory Polymerase Chain Reaction Panel

A validated in-house multiplex real-time polymerase chain re-
action (PCR) panel for respiratory viruses, developed at the
West of Scotland Specialist Virology Centre [11], was used to
test 6 pL of extracted RNA for adenovirus, rhinovirus, RSV A
and B, influenza A and B viruses, parainfluenza viruses 1-4, hu-
man coronaviruses (hCoV) NL63, 229E, and OC43, and human
metapneumovirus. Positive controls for all viral targets, and
negative controls were included in all PCR runs. Reverse tran-
scription (RT)-PCR was performed on an Applied Biosystems
7500 Fast Real-Time PCR System. The following thermal pro-
file was used: a single cycle of RT for 10 minutes at 50°C, 2 min-
utes at 95°C for RT inactivation and deoxyribonucleic acid
polymerase activation, followed by 40 amplification cycles
of 8seconds at 95°C and 30seconds at 60°C each
(annealing-extension step). Data acquisition occurred at the
annealing step of each cycle, and the threshold cycle (Ct) for
each sample was calculated by determining the point at which
the fluorescence exceeded the threshold limit. A Ct of <40 was
considered positive.

Coronavirus Disease 2019 Disease Severity Score

Participants were assigned a disease severity score according to
maximum level of respiratory support required and clinical
outcome. Categories were based on the World Health
Organization (WHO) COVID-19 ordinal scale [12] but re-
stricted to hospitalized patients: (1) no oxygen requirement
(WHO score 3); (2) patient requiring oxygen by face mask or
nasal prongs (WHO score 4); (3) patient requiring high-flow
nasal oxygen or noninvasive ventilation (WHO score 5); (4) pa-
tients requiring mechanical ventilation (WHO score 6/7); and
(5) patients who died within 28 days of admission (WHO
score 8).

Statistical Analysis

Categorical variables are reported as frequencies and percent-
ages. Continuous variables are reported as means and standard
deviations or medians and interquartile range (IQRs) based on
normality. We investigated the association of demographic fac-
tors (age, sex, ethnicity, number of comorbidities, and immune
status), clinical characteristics at admission (symptoms, obser-
vations, laboratory results, and radiology results), disease se-
verity score, and clinical outcomes (admission to critical care,
death with 28 days, and length of stay for survivors), with coin-
fection status using Fisher’s exact test or Kruskal Wallis test, for

2 « OFID « Vink et al

€20z Aenuep G| uo Jasn uopuo 869|100 Alsianiun Agq £2/G/9/1£G0BI0/| L/6/9191e/pljo/wod dnoojwapede//:sdjiy woly papeojumoq



A

Enroliment URT samples from ISARIC 4C
COVID-19 patients in UK
(n=1283)

A4

Exclusion criteria:
1) Nosocomial infection (n = 40)
2) Sample collection >14 days

Patients excluded
—> (n=281)

after admission (n=50)
3) Metadata incomplete (n=191)

Multiplex Respiratory PCR
(n=1002)

Figure 1.
upper respiratory tract.

Number of samples

Live| pum Sﬂemeld
Ashhe\d

Le\cesler Nomn

Mitton Keyries

e Y
London
. [ ]
%y Snulnemmo:. %
L

Study Design. (A) Study flow chart. (B) Location of study sites. COVID-19, coronavirus disease 2019; PCR, polymerase chain reaction; UK, United Kingdom; URT,

categorical and continuous non-parametric variables, respec-
tively. P<.05 was considered statistically significant.
Immunocompromise was classified as clinician defined or
those receiving immunosuppressive therapy before hospital ad-
mission. Comorbidities were defined as those listed in the 4C
Mortality Score [13].

Multivariable logistic regression analyses were used to seek
associations between coinfection status and critical care admis-
sion or death, adjusting for the following variables (chosen a
priori): age, sex, number of comorbidities, immune status,
and timepoint within the study. Timepoint was defined as dif-
ference in days between the date of sample collection and the
date of the earliest sample in the study, that is, February 5,
2020. Ordinal logistic regression analysis was used to investi-
gate any association between coinfection status and disease se-
verity score. All analyses were performed using R version 4.1.1
using the Tidyverse, finalfit, and MASS packages with model di-
agnostics performed using PResiduals and sure packages.

Patient Consent Statement

Ethics approval for the study protocol and informed consent
forms was given by the South Central-Oxford C Research
Ethics Committee in England (13/SC/0149), the Scotland A
Research Ethics Committee (20/SS/0028), and the WHO
Ethics Review Committee (RPC571 and RPC572; April 2013).
Patient’s written informed consent was obtained for the collec-
tion of biological samples. All study documents are available at
https://isaric4c.net/protocols. The study is registered with
ISRCTN https://www.isrctn.com/ISRCTN66726260.

RESULTS

This analysis included URT samples from 1002 participants ad-
mitted to 36 UK hospitals between February 5, 2020 and June
11, 2021 (Figure 1). The median participant age was 60 years
(IQR, 49-72) and 622 (62.1%) were male (Table 1).
Twenty-two (2.2%) participants were under 18 years of age.
Five hundred ninety-six (59.4%) participants had 1 or more co-
morbidities (Table 1); the commonest comorbidities being di-
abetes (24.2%) and chronic cardiac disease (19.3%). One
hundred sixty-nine participants (16.9%) were immunocom-
promised either due to underlying disease or immunosuppres-
sant medication (Table 1).

Median duration of symptoms at admission was 7 days (IQR,
3-10) (Supplementary Table 1); most frequently reported
symptoms on admission were cough (79.2%), fever (76.0%),
and shortness of breath (74.0%), and 60.4% (247 of 409) of ad-
mission chest x-rays revealed pulmonary infiltrates (Table 1).
Median duration from symptom onset to sample collection
was 9 days (IQR, 6-13). Three hundred eighty-seven (38.7%)
participants were admitted to critical care with 263 (26.3%)
participants requiring mechanical ventilation. Overall, 171 par-
ticipants (16.9%) died and the median length of hospital admis-
sion for those discharged alive was 8 days (IQR, 5-16)
(Table 1). All severity score groups were well represented in
the patient cohort (Table 1).

A respiratory virus other than SARS-CoV-2 was detected in
20 (2.0%) patients with COVID-19. Rhinovirus and parainflu-
enza virus 4 were each identified in 4 (0.4%) participants, hCoV
NL63 and parainfluenza virus 2 were identified in 3 participants
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Table 1. Demographics, Physiological, and Laboratory Parameters at Admission, and Clinical Outcomes for Cohort of 1002 COVID-19 Patients

Characteristics n All Patients Coinfected Not Coinfected P Value®
Sex - Female 1001 379 (37.9) 8 (40.0) 371 (37.8) .820
- Male 622 (62.1) 12 (60.0) 610 (62.2)
Age (years) - <18 993 22 (2.2) 1(5.0) 21(2.2) 157
-18-35 59 (5.9) 2(10.0 57 (5.9)
-36-50 190 (19.1) 1(5.0) 189 (19.4)
-51-70 442 (44.5) 12 (60.0) 430 (44.2)
->70 280 (28.2) 4 (20.0) 276 (28.4)
Median (IQR) 60.0 (49.0 to 72.0) 61.5(51.81069.2) 60.0 (49.0 to 72.0) .893
Ethnicity - White 935 739 (79.0) 17 (89.5) 722 (78.8) 945
- Black 64 (6.8) 1(5.3) 63 (6.9)
- South Asian 55 (5.9) 0(0.0) 55 (6.0)
- Other 50 (5.3) 1(56.3) 49 (56.3)
- East Asian 18(1.9) 0(0.0) 18 (2.0)
- Arab 6 (0.6) 0(0.0) 6(0.7)
- West Asian 2(0.2) 0(0.0) 2(0.2)
- Asian 1(0.1) 0(0.0) 1(0.1)
Number of Comorbidities - 0 1002 406 (40.5) 10 (50.0) 396 (40.3) .266
-1 315 (31.4) 3(15.0 312 (31.8)
->2 281 (28.0) 7 (35.0) 274 (27.9)
Median (IQR) 0.5(0.0t0 2.0 1.0 (0.0 to 2.0) 1.0 (0.0 to 2.0 759
Immunocompromise - No 1002 833 (83.1) 15 (75.0) 818 (83.3) .361
- Yes 169 (16.9) 5(25.0) 164 (16.7)

Observations
Temperature (°C) 938 37.4(36.7 t0 38.2) 37.6 (36.9 t0 38.2) 37.4 (36.7 t0 38.2) .559
Heart rate (beats/min) 953 92.0 (80.0 to 107.0) 96.0 (80.5 to 103.5) 92.0 (80.0 to 107.0) 917
Respiratory rate (breaths/min) 939 22.0 (18.0 to 26.0) 19.0 (18.0 to 28.0) 22.0(18.8 t0 26.0) 443

Laboratory Results
White cell count (x10° cells/L) 631 7.2 (5.1t09.4) 9.8(6.56t011.2) 7.1(6.11t09.3) 132
Neutrophil count (x10° cells/L) 610 53(3.6t07.7) 8.0 (4.1t09.9) 5.3(3.6t07.6) 122
Lymphocyte count (x10° cells/L) 610 0.9(0.7t01.3) 1.0(0.8t0 1.2) 0.9(0.7t0 1.3) 976
CRP (mg/L) 572 92.0 (41.4 t0 182.5) 76.0 (41.0 t0 226.0) 93.0 (41.8 t0 182.0) .876

Radiology
CXR infiltrates 409 247 (60.4) 6 (66.7) 241 (60.2) 1.000

Clinical Interventions and Outcomes
Oxygen required at admission 913 354 (38.8) 9 (47.4) 345 (38.6) .480
Severity score 914 914

1—no oxygen requirement 184 (20.1) 3(16.7) 181 (20.2)
2—supplementary oxygen only 256 (28.0) 6 (33.3) 250 (27.9)
3—noninvasive ventilation/HFNO 169 (18.5) 2 (11.1) 167 (18.6)
4—invasive ventilation 144 (15.8) 3(16.7) 141 (15.7)
5—death within 28 days 161 (17.6) 4(22.2) 157 (17.5)

Median (IQR) 2.5(2.0t0 4.0) 3.0(2.0t0 4.0) 3.0(2.0t0 4.0) 748
Critical care admission 999 387 (38.7) 9 (45.0) 378 (38.6) .644
Death in hospital 968 171 (17.7) 4(21.1) 167 (17.6) .760
Length of stay in days (survivors) 776 8.0 (5.0 to 16.0) 10.0 (6.5 t0 11.2) 8.0 (5.0 to 16.0) .688

Abbreviations: COVID-19, coronavirus disease 2019; CRP, C-reactive protein; CXR, chest radiograph; HFNO, high-flow nasal oxygen; IQR, interquartile range; min, minutes.

NOTE: Data are n (%) or median (IQR) unless otherwise stated.
“Fisher's exact test.

(0.3%), hCoV OC43 was each identified in 2 participants, and
influenza B virus, parainfluenza virus, human metapneumovi-
rus, and RSV were detected in 1 participant each (Figure 2A).
No cases of coinfection with more than 1 additional virus
were detected. Participants with viral coinfection were all
admitted before mid-May 2020 (Figure 2B). All cases of

rhinovirus coinfection were detected during March 2020, and
the diversity of coinfecting viruses diminished with time
(Figure 2C).

The highest proportion of coinfected participants was found
in individuals under 18 years, with the lowest proportion in
those aged 35-50 years, although these differences were not

4 « OFID « Vink et al

€20z Aenuep G| uo Jasn uopuo 869|100 Alsianiun Agq £2/G/9/1£G0BI0/| L/6/9191e/pljo/wod dnoojwapede//:sdjiy woly papeojumoq



A B

400~

300~

Frequency

Frequency
g

\/ F’I\/ 4 NL63 P\\/ 2 OC43 F\ B hMF’\/ P\\/ 3 RS Jan ‘2020 Jul éDZD
Coinfecting Virus

Figure 2.

Date of Sample

Coinfection Status Coinfecting Virus
I cointected W Fus
[ Notcoinfected ] nwey
| KLY

*1 B nues
B ocss
e
[ evs
[ e

Frequency

| || ‘ [ rsv
11
- Il__ll_ SR - ) I III

Jan 2021 Jul 2021 Feb 2020 Mar 2020 Apr 2020 May 2020 Jun 2020
Date of Sample

(A) Etiology of coinfection; coinfecting viruses detected by multiplex polymerase chain reaction in cohort of 1002 hospitalized COVID-19 patients. (B) Coinfection

status of samples collected, by month. (C) Coinfecting viruses by month of detection. Flu B, influenza B virus; hMPV, human metapneumovirus; hRV, human rhinovirus; PIV-1—

4, para-influenza viruses 1-4; RSV, respiratory syncytial virus.

significant (Figure 3). Age (median 61.5 years [coinfected] vs
60.0 years [monoinfected], P=.89), sex (60.0% vs 62.2%
male, P=.82), number of comorbidities (median 0.5 vs 1.0,
P =.76), or immune status (25.0% vs 16.7% immunocompro-
mised, P=.36) among COVID-19 patients did not differ by co-
infection status (Table 1). Univariable and multivariable
analysis demonstrated that the timing of SARS-CoV-2 infec-
tion within the pandemic was significantly associated with
the risk of coinfection (adjusted odds ratio [aOR], 0.97; 95%
confidence interval [CI], .95-.99; P=.03) (Figure 3) as would
be expected given that all cases of coinfection were detected be-
fore mid-May 2020. No other significant risk factors for coin-
fection were identified (Figure 3).

Presenting symptoms and laboratory test results on admis-
sion did not differ significantly between monoinfected and co-
However, participants with viral
P=.13)
(Supplementary Table 1) and had a higher median white cell count
(9.8 vs 7.1 x10°cells/L, P=.13), driven by a higher neutrophil
count (8.0 vs 5.3 x10°cells/L, P=.12) (Table 1). There was no ob-
served difference in disease severity (median severity score 2.5 vs
3.0, P=.75), critical care admission (45.0% vs 38.6%, P=.64),
death (21.0% vs 17.6%, P=.76), or the length of hospital admis-
sion for those discharged alive (8 vs 10 days, P=.69), between
the 2 groups (Table 1).

Male sex was associated with admission to critical care (aOR,
1.81; 95% CI, 1.36-2.40; P<.001) (Figure 4A), whereas age
greater than 70 years showed an inverse association (aOR,
0.47; 95% CI, .27-.83; P=.009). No association was seen be-
tween coinfection status and critical care admission (aOR,
1.21; 95% CI, .47-3.07; P=.69).

Male sex, age >50 years, and increasing number of comor-

infected participants.
coinfection reported wheeze more often (18.8% vs 7.8%,

bidities were all associated with increased mortality in

univariate and multivariate analysis (Figure 4B). However, viral
coinfection had no impact on mortality (aOR, 1.17; 95% CI,
.31-3.65; P=.80).

Ordinal logistic regression analysis demonstrated a signifi-
cant association between male sex (OR, 1.80; 95% CI, 1.41-
2.30; P<.001), increasing age (OR, 1.01; 95% CI, 1.00-1.02;
P =.02), and the presence of 1 comorbidity (OR, 1.43; 95%
CI, 1.15-1.79; P=.001) with increasing disease severity score
(Table 2, Supplementary Table 2, and Supplementary
Figure 1), but viral coinfection did not show this association

(OR, 1.14; 95% CI, .61-2.14; P=.68).

DISCUSSION

Viral coinfections were rare (2%) in our multicenter cohort of
hospitalized COVID-19 patients recruited during the first 18
months of the pandemic in the UK, with coinfection associated
with a variety of respiratory viruses. This is the first study of this
size to systematically test hospitalized COVID-19 patients for a
broad range of respiratory viruses and as such provides a more
accurate picture of viral coinfections among inpatients during
this period.

All coinfections were detected in participants admitted be-
fore mid-May 2020, with the majority detected in March
2020, and the diversity of viruses detected falling through
April and May 2020. This coincides with the introduction of
strict public health measures in the UK, including a national
lockdown that came into force on March 23, 2020, and corre-
lates with the dramatic decline in the detection of these viruses
by national surveillance programs between mid-March and
mid-April 2020 [14]. Rhinovirus was the most frequently iden-
tified coinfecting virus in our cohort and was also the most
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Figure 3. Risk groups for coinfection. Multivariable logistic regression analysis adjusted odds plot. Cl, confidence interval; OR, odds ratio.

ubiquitous virus in the UK in February and early March 2020
[14].

The reported prevalence of viral coinfection in published
studies [15-40] vary greatly from 0.5% [17, 32] to 57.3% [22],
with our finding of 2% at the lower end of this range. The ma-
jority of existing studies identified a prevalence of less than 8%.
Studies that reported higher prevalence did not test participants
systematically [16, 22, 25, 27, 33, 35, 40], tested solely for influ-
enza [16, 22], used serological methods [22], restricted testing
to participants that died [25], or had small study numbers
(<500) [22, 25, 27, 33, 35, 40]. With the exception of one study
[39], testing for respiratory viruses other than SARS-CoV-2
was carried out at physician discretion or restricted to patients
admitted to critical care due to capacity limitations [16].
Consequently, bias towards testing those with severe disease
is likely an important confounder. Le Hingrat et al [39] tested
all patients hospitalized with influenza-like illness at a
“COVID-19 first line hospital” in Paris, France, between
January 25 and April 30, 2020, for SARS-CoV-2 and a broad
range of other respiratory viruses, and identified coinfection
in 6% (49 of 806) of patients, but it was a single-center study
over a shorter time period.

Prepandemic viral coinfections were known to be more com-
mon in children [41], particularly the under 5-year-olds. A total
of 2.2% of our participants were under 18, but this group

showed the highest prevalence of viral coinfection (4.5%).
This suggests that a similar pattern may be seen in
COVID-19 viral coinfection.

However, no significant patient factors, symptoms, or labo-
ratory results were identified as associated with viral coinfec-
tion. This illustrates the inability to distinguish between
monoinfected and coinfected patients clinically and the need
for broad syndromic respiratory viral testing.

Our study showed associations between previously identified
risk factors for severe COVID-19 disease, such as male sex and
increasing age [9], and admission to critical care or death; how-
ever, we did not show such an association with coinfection.
This may be due to the low prevalence of coinfected patients
identified in our study.

The strength of our study comes from being a large multi-
center prospective study with comprehensive clinical metadata
encompassing a broad study period. In addition, we used a gold
standard diagnostic test, which detects a broad range of endem-
ic respiratory pathogens and is in routine use in the clinical set-
ting, to test for coinfection in a systematic and unbiased
manner.

Disentangling the effect of public health measures on virus
circulation from potential direct interactions between viruses
is difficult. Interactions between cocirculating respiratory vi-
ruses can influence patterns of infection at a population level
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Figure 4. Multivariable logistic regression analysis adjusted odds ratio plots. (4) Risk factors for critical care admission. (B) Risk factors for mortality.

[42]. For example, it has been suggested that the circulation of
rhinovirus delayed the spread of pandemic HIN1 influenza A
virus in France in 2009 [43], whereas Nickbakhsh et al [42]
demonstrated both positive and negative correlations in preva-
lence between different pairs of viruses even after key alterna-
tive drivers of infection such as patient age and seasonal
variability were taken into account. Cellular interactions be-
tween respiratory viruses during coinfection are likely to result
in interlinked patterns of infection at a population level. Several
mechanisms of viral interference have been suggested, includ-
ing the direct blockade of viral entry receptors, viral competi-
tion for host cell resources, and the viral induction of
immune responses that protect against infection by other virus-
es [44]. Replication of SARS-CoV-2 in human respiratory epi-
thelial cells has been shown to be inhibited by coinfection with
rhinovirus [45], and the interferon response induced by rhino-
virus infection has been implicated in protecting against subse-
quent infection with influenza A [44].

Before COVID-19, viral coinfection had been implicated in
exacerbating disease severity [2-6, 46]. However, our study
did not demonstrate a significant association between viral co-
infection and COVID-19 severity. Although the systematic
testing of patients in our study circumvented the selection
bias reported in other studies towards increased propensity to
test for other respiratory viruses in those with severe disease

[38], the small numbers of participants with coinfections will
have affected our ability to assess the impact of coinfection
on disease severity and identify patient characteristics (risk fac-
tors) associated with coinfection.

Animal models of SARS-CoV-2 and influenza A coinfection
have demonstrated enhanced disease severity [47, 48], as have 3
large studies of influenza coinfection in COVID-19 patients al-
beit in cohorts that were not systematically tested for endemic
respiratory viruses [15, 16, 38]. We did not detect any coinfec-
tion with influenza A in our cohort, thus we could evaluate the
impact of influenza coinfection on disease severity in
COVID-19.

The unrestricted cocirculation of SARS-CoV-2 with other
respiratory viruses is expected to result in a higher incidence
of viral coinfections in COVID-19 patients. If coinfections
are to become more frequent, then ongoing studies are needed
to ascertain the optimal management for these patients.
Corticosteroids are recommended in COVID-19 patients re-
quiring supplemental oxygen [49]; a recent Cochrane review
showed that corticosteroid treatment is associated with in-
creased risk of mortality and hospital-acquired infection in pa-
tients with influenza infection [50]; however, the best approach
for coinfected patients is currently unknown.

Our study has several limitations. First, the small numbers of
coinfections detected impacted our ability to identify statistical
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Table 2. Ordinal Logistic Regression Analysis of Risk Factors for Increasing COVID-19 Disease Severity Score

Potential risk factor OR 2.5% Cl 97.5% CI P Value
Coinfection: Yes 1.140 .608 2.135 P=.681
Sex: Male 1.801 1.412 2.298 P<.001
Age (years) 1.009 1.002 1.017 P=.017
Number of comorbidities: 1 1.433 1.149 1.788 P=.001
Number of comorbidities: 2+ 0.908 741 1.114 P=.356
Immunocompromised: Yes 1.104 .886 1.377 P=.376
Timing of sample collection (days since collection of first patient sample) 0.996 .994 .998 P<.001

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; OR, odds ratio.

differences between coinfected and monoinfected groups and
between those coinfected with different viruses. There was het-
erogeneity in the interval between symptom onset and when
enrollment samples were taken, with a median of 9 days. This
could have resulted in the misclassification of participants as
having no coinfection if shedding of coinfecting virus had
stopped before sampling. Sampling earlier in the course of in-
fection would provide the most accurate measure of coinfection
rates and identify true coinfection as opposed to secondary in-
fection. Moreover, the absence of longitudinal samples pre-
cluded any analysis of the effect of the order in which
infections were acquired. Finally, our cohort of COVID-19 pa-
tients were recruited predominantly from the first wave of the
pandemic. Only a small proportion of samples (8%, 83 of 1002)
were collected between July 2020 and June 2021, which will
have restricted our ability to detect coinfections during this
period.

CONCLUSIONS

A low prevalence of viral coinfection was observed in hospital-
ized COVID-19 patients in the UK during the first 18 months
of the pandemic, likely due to strict COVID mitigation mea-
sures. However, as these measures are relaxed, and variants
continue to evolve, we are seeing a resurgence in endemic respi-
ratory virus circulation. Ongoing respiratory viral surveillance
is vital to characterize the interactions between SARS-CoV-2
and endemic respiratory viruses, such as influenza and RSV,
and to ascertain the frequency of viral coinfection and its im-
pact on disease severity and healthcare utilization.
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