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ARTICLE INFO ABSTRACT

Keywords: We conducted this meta-analysis to determine the proportion of co-infection with influenza viruses in SARS-
COVID-19 CoV-2 positive patients and to investigate the severity of COVID-19 in these patients. We included studies with
SARS-CoV-2 SARS-CoV-2 infection confirmed by qRT-PCR and influenza virus infection (A and/or B) by nucleic acid tests.
Influenza The proportion of co-infection was compared between children and adults, and between critically ill or deceased
Co-infection . . . . . . . .

Molecular patients compared to overall patients. Fifty-four articles were included. The overall proportion of co-infection

was 0.7%, 95%CI = [0.4 — 1.3]. Most influenza co-infections were due to the influenza A virus (74.4%). The
proportion of co-infection with influenza viruses among children (3.2%, 95% CI = [0.9 - 10.9]) was significantly
higher than that in adult patients (0.3%, 95% CI = [0.1 — 1.2]), p-value <0.01. The proportion of co-infection
with influenza viruses among critically ill patients tended to be higher than that in overall patients (2.2%, 95%
CI = [0.3 - 22.4] versus 0.6%, 95% CI = [0.3 — 1.2], respectively, p-value = 0.22). Screening for pathogens in
co-infection, particularly influenza viruses in patients infected with SARS-CoV-2, is necessary. This warrants close
surveillance and investigation of the co-incidences and interactions of SARS-CoV-2 and other respiratory viruses,
which is facilitated by the expansion of syndromic diagnosis approaches through the use of multiplex PCR assays.

1. Introduction

At the end of 2019, an epidemic of severe respiratory in-
fections and pneumonia (known as COVID-19) due to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) began in
Wuhan, China. The World Health Organization (WHO) declared the
global pandemic on 11 March 2020, less than three months after
it first appeared (https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/events-as-they-happen). To date, the pandemic has
not yet been controlled on a global scale.

Bacterial and viral co-infections have been described as a factor as-
sociated with more severe outcomes during pandemic and seasonal in-
fluenza outbreaks [1]. COVID-19 may be overlooked or diagnosed late,
due to co-infections with other respiratory pathogens [2,3]. Since the
onset of the SARS-CoV-2 pandemic, several studies have reported in-
fluenza virus and SARS-CoV-2 co-infection, with most data based on
case reports or case series [4].

The transmissibility, clinical course, and prognosis in patients co-
infected with SARS-CoV-2 and influenza viruses remain unclear. It has

been hypothesised that treatment of influenza with antivirals might im-
prove the outcome of patients co-infected with SARS-CoV-2, although
response to treatment against influenza may differ between patients
with and without co-infection with COVID-19 [3]. Therefore, greater
knowledge on morbidity and mortality in COVID-19 patients co-infected
with influenza viruses is needed.

We conducted this meta-analysis to determine the proportion of co-
infection with SARS-CoV-2 and influenza viruses and investigate the
severity of COVID-19 in these patients.

2. Methods
2.1. Protocol and research strategy

The protocol of this review follows the recommendations established
by the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (http://www.prisma-statement.org).

The following databases were investigated in an at-
tempt to identify all relevant studies published on
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Google  Scholar  (http://scholar.google.fr/), = Web  of  Sci-
ence (https://www.webofknowledge.com/) and PubMed
(http://www.ncbi.nlm.nih.gov/pubmed). The most recent search
was conducted on 15 July 2021. The topic search terms used were the
following:

#1: “SARS-CoV-2” OR “COVID-19”

#2: “influenza virus” OR “influenza viruses”

#3: “co-infection” OR “co-detection”

#4: #1 AND #2 AND #3

2.2. Eligibility criteria

We included published articles that reported the proportion of SARS-
CoV-2 and influenza virus co-infection. Preprints were also included.
Only studies published in English, reporting SARS-CoV-2 infection con-
firmed by real-time reverse transcription-polymerase chain reaction
(qRT-PCR) were included. Only studies reporting influenza virus infec-
tion (A and/or B) by nucleic acid tests were included. . Case reports,
case series, review articles, opinion articles and letters which did not
present original data were excluded, but reference lists were screened
to identify studies that might have been missed by the search.

To compare influenza co-infection in children and adults with SARS-
CoV-2, we separated the included studies into two groups: one involving
children only (<14 years of age) and the other adults only. In studies
conducted both in children and adults, subgroups were individualised.

To evaluate the co-infection effect on the severity of COVID-19, we
separated the included studies into two groups: one conducted on crit-
ically ill or deceased patients only, and the other on all patients, re-
gardless of the severity of the disease. In studies conducted in both non-
severe and severe patients, subgroups were individualised.

2.3. Study selection

After manually removing duplicates, the articles identified through
the initial search were first screened by title and abstract by three in-
dependent researchers (TLD, HVT and GP). The full texts of relevant
articles were examined for inclusion and exclusion criteria (Fig. 1). In
addition, articles without an abstract were included for full-text screen-
ing and assessed at this stage. After screening the abstracts, the full texts
of the articles were assessed for eligibility by the same three researchers
and were selected or rejected for inclusion in the systematic review. Any
discordant results were discussed in a consensus meeting.

2.4. Data collection process and data items

Data extraction forms included information on the type of publica-
tion, the country where patients were sampled, the time period of the
study, the number of patients tested for both SARS-CoV-2 and influenza
viruses, the number of patients who tested positive for SARS-CoV-2, the
number of COVID-19 patients with a co-infection with influenza viruses,
type of sample, and influenza type, if available. A fourth researcher (PC)
checked the article list and data extractions to ensure there were no du-
plicate articles or duplicate information on the same patient and also
resolved discrepancies about study inclusion.

2.5. Assessment of risk for publication bias and statistical approach

We did not evaluate publication bias with funnel plots and statistical
test in this review, as the usefulness of a standard publication bias test
for a meta-analysis has been questioned. Although publication bias may
cause inflated estimates in meta-analyses for studies of treatment effect,
this is an unlikely scenario in this context, because we only reported the
proportion of COVID-19 patients co-infected with influenza viruses.

The meta-analysis was performed using the open-source software R
[R Core team. R: A language and environment for statistical comput-
ing. R foundation for statistical computing, Vienna, Australia, 2020.
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URL: [http://www.r-project.org]. and using a random effects model.
This software made it possible to include dichotomous outcomes (num-
ber of events out of the total). We performed subgroup analyses by group
of patients (adult versus children) and by severity of the studied popu-
lation (critically ill patients or deceased patients versus overall infected
patients with COVID-19). A p-value <0.05 was considered significant.

3. Results
3.1. Study selection and characteristics

The study selection process is presented in the flow-diagram (Fig. 1).
The search algorithm produced 1248 articles from the Google Scholar,
Web of Science and PubMed databases. Nineteen articles were added
from other sources. After removing duplicates, 426 articles were
scanned, based on their title and abstract. A total of 169 articles were
processed for full text screening. Fifty-four articles met the inclusion
criteria and were included in the qualitative synthesis of the systematic
review and meta-analysis (Fig. 1) [5-58].

Of the 54 included articles (Table 1), all were peer-reviewed papiers.
Most studies were conducted in China (n= 15), followed by the USA
(12), France (7), Spain (3), Switzerland (2), Saudi Arabia (2), the UK
(1), Singapore (1), Iran (1), Japan (1), Russia (1), Finland (1), Italy (1),
Taiwan (1), Brazil (1), Canada (1), Korea (1), India (1) and Thailand (1).
All studies were conducted in 2020 with the majority before May 2020,
corresponding to the first phase of the COVID-19 pandemic. Forty-nine
articles reported the study dates (Table 1). Of these, 28 (51.9%) were
conducted during the descending phase of the influenza season and 11
(20.4%) were conducted at the end of the influenza season in the related
countries (Supplementary data). Eleven studies lasted < two weeks, 15,
15 and eight lasted respectively from three to five weeks, from six to
ten week and >ten weeks (Table 1). Fifteen studies were conducted in
adults only, nine in children only and one compared the co-infection
in adults and children. Thirty studies were conducted in any classes of
age or did not reported the age of the studied population. Most studies
were conducted on patients at various stages of disease severity, while
five studies were limited to critically ill patients or patients who died.
No eligible study that compared severe versus non-severe COVID-19 co-
infected patients was available.

3.2. Proportion of co-infection with influenza viruses in COVID-19 patients

The proportion of co-infection with influenza viruses in COVID-19
patients varied according to period of study and to countries where stud-
ies were conducted. Table 1 shows the proportion of co-infection with
influenza viruses and SARS-CoV-2 and influenza surveillance informa-
tion related to countries, respectively. This review included 18,021 pa-
tients infected with SARS-CoV-2 who were tested for influenza viruses.
Of them, 143 patients were co-infected. Hence, the overall proportion of
co-infection was 0.7%, 95%CI = [0.4 — 1.3] and heterogeneity (I?) was
87.4%. Most of 143 influenza co-infections were due to the influenza A
virus (106, 74.1%) and 29 cases (20.3%) involved the influenza B virus.
One patient was coinfected with three viruses (SARS-CoV-2, influenza
A virus and influenza B virus). The type of influenza virus was not iden-
tified in nine patients. Influenza A virus subtypes were identified in 23
cases, with HIN1 being the most frequent (38, 77.6%) and H3N2 in 11
cases, (22.4%).

3.3. Proportion of co-infection with influenza viruses in child and adult
COVID-19 patients

The proportion of co-infection in children was 3.2%, 95% CI = [0.9
- 10.9] and that among adult patients was 0.3%, 95% CI = [0.1 - 1.2]
(Fig. 2). The difference was significant with a p-value <0.01 and hetero-
geneity () was 54.0% and 26.0%, respectively.


http://scholar.google.fr/
https://www.webofknowledge.com/
http://www.ncbi.nlm.nih.gov/pubmed

Table 1

Characteristics of included studies.

Reference

Type of study

Country

Period of study

Influenza co-infection in all COVID-19 patients

[5]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[14]

[18]

[19]

[20]

[21]

[22]

[23]

Cross-sectional

Cross-sectional
Retrospective
analysis
Retrospective
cohort
Cross-sectional
Cross-sectional
Cross-sectional
Retrospective
study

Cross-sectional

Retrospective

Cross-sectional

prospective
cohort

Retrospective
cohort
Cross-sectional
Retrospective

cohort

Cross-sectional

Cross-sectional

Retrospective
cohort

Cross-sectional

France

France

USA

China

France

USA

Japan

UK

China

China

USA

Switzerland

China

China

China

China

USA

USA

Thailand

1 March to 30 April 2020

25 January to 29 March
2020

10 March to 23 March
2020

1 January to 20 January
2020

7 February to 22
February 2020

12 March to 15 April
2020

10 March to 7 May 2020
20 February to 30 April
2020

24 January to 29
February2020

1 December 2019 to 16
January 2020

3 March to 25 March
2020

1 January to 29 March
2020

1 January to 1 March
2020

20 January to 1 February
2020

4-28 February 2020

19 January to 26
February 2020

25 March to 22 April
2020
16 March to 20 April
2020

8-31 January 2020

Duration
of study
(week)

13

9
2

3

Number of patients
tested

4,222 patients were
tested for both
SARS-CoV-2 and
influenza viruses
1,423

500

164

161

1,206
7,663 but 1816 were

tested for influenza
viruses

186

12,075

10,194

Number of patients
positive for SARS-CoV-2

643

301

51, but only 46 patients
were tested for influenza
by qPCR

99

13

459

8

836, but only 250 were
tested for influenza
viruses

3

2

115

309/1,816

32
92

354 hospitalised
patients, but only 76
were tested for influenza
viruses

250

1,690

8,990, but only 1,204
patients were tested for
influenza virus

11 hospitalised patients

Number
(proportion, %)
of co-infected
patients

4 (0.6%)

(IAV = 2,

IBV = 2)

5 (1.7%) type of
influenza was
not reported

1 (2.2%) (IAV)
0 (0%)

1 (7.7%) (IAV
HIN1)

3 (0.7%) (IAV)
0 (0%)

0 (0%)

0 (0%)

0 (0%)

1 (0.9%) (IAV)

2 (0.6%) (IAV)

0 (0%)
0 (0%)

0 (0%)

3 (1.2%)
AV = 2,
BV =1)
0 (0%)

1 (0.1%) (JAV)

1 (9.1%) (JAV)

Type of sample

Nasopharyngeal swabs

Upper and lower
respiratory tract samples

Nasopharyngeal swabs

Nasopharyngeal swabs
Nasopharyngeal swabs

Nasopharyngeal swabs
Sputum or
bronchoalveolar

Oropharyngeal swabs

Nasopharyngeal swab,
sputum or
bronchoalveolar lavage
fluid

Nasopharyngeal swabs

Nasopharyngeal/
oropharyngeal swabs

Sputum
Sputum, nasal or throat

swab
Sputum

Sputum or
nasopharyngeal swabs

Nasopharyngeal swabs

Nasopharyngeal,

oropharyngeal swabs
and sputum

Age

Adults and
children

Adults and
children

Adults and
children

Adults
Adults and
children
ND

ND

Adults

ND

Children

Adults and
children
Adults and
children

Adults
Adults and

children
Adults

ND

Adults and
children
ND

Adults

Number (proportion) of
critically ill patients, and
mortality rate

NA

Critically ill = 20% in
overall patients

ND

Critically ill (23%),
mortality (11%)
ND

ND

ND
Mortality (262/836,
31.3%)

ND

ND

ND

Critically ill (67/1966
hospitalized patients,
3.4%)

Critically ill (10/32,
31.3%)

ND

Critically ill (84/354,
23.7%), mortality
(11/354, 3.1%)

Critically ill (8/11
co-infected patients with
respiratory viruses,
72.7%)

ND

ND

Critically ill (0%),
mortality (0%)

(continued on next page)
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Table 1 (continued)

[21]

[25]

[26]

[24]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort
Retrospective
cohort

Cross-sectional

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Cross-sectional

Cross-sectional

Retrospective
Retrospective
Cross-sectional
Prospective
cohort
Retrospective
Cross-sectional

Cross-sectional

Cross-sectional

USA

USA

Russia

China
Singapore

China

France

USA

China

China

China

China

Spain
China

Reunion Island,
France

Finland

Taiwan
Italia

Spain

Switzerland

1 March to 4 April 2020

3 February to 31 March
2020

2 March to 30 April 2020
(set 1) and 5 May to 20
June 2020 (set 2)

21 January to 29
February 2020

5 February to 15 April
2020

20 January to 27
February 2020

26 February to 14
March, 2020

9 March to 30 April2020

27 January to 23
February2020

22 January to 2 February
2020

23 January to 8 February
2020

2-16 March 2020
1-10 February 2020

18 March to 15 April
2020

2 December 2019 to 30
April 2020

February to August 2020

21 January to 7 February
2020

28 February to 22 April
2020

16

2

1

4

21

2

316. Of whom, 270 were
tested for influenza virus
by qPCR and 97 patients
were tested by mNGS
7,864 (set 1) and 4,458
(set 2)

2,188

736

3,669 ill children. But
only 767 patients were
tested for both
SARS-CoV-2 and
influenza virus

57 children

365

213

205

126

5700, but only 1,996
patients were tested for
influenza virus

33

455 were tested for
influenza viruses

24

431

74 infected children. But
only 34 were screened

for influenza viruses
70

101/767

34

257

162

20

41
25

36, but only 31 patients
were tested for influenza
viruses

28, but only 21 were
tested for influenza
viruses

55

989

71

1 (0.1%) (JAV)

0 (0%)

0 (0%)

0 (0%)
0 (0%)

1 (2.9%) (IAV
and IBV)

0 (0%)

1 (1.0%) (JAV)

9 (26.5%)
(IAV = 3,

IBV = 6)

7 (2.7%)

AV = 2,

IBV = 5)

3 (1.9%) (IVA
H3N2)

3 (15.0%)
AV =1,

IBV = 2)

2 (4.9%) (IBV)

2 (8.0%) (IBV)

1 (3.2%) (HIN1)

0 (0%)

0 (0%)
0 (0%)

5 (0.5%)
AV = 4,
IBV = 1)
0 (0%)

Nasopharyngeal swabs

oropharyngeal and/or
nasopharyngeal swab

Nasopharyngeal swabs

Nasopharyngeal swabs
oropharyngeal and/or

nasopharyngeal swab
Nasopharyngeal swabs

Respiratory samples

Nasopharyngeal or
throat swabs

Throat samples
Nasopharynx swabs and

sputum
Pharyngeal swabs

Nasopharyngeal and
throat swabs
Nasopharyngeal swab or
tracheal aspirate

Respiratory samples

Nasopharyngeal swabs
Nasopharyngeal swabs

Respiratory samples

Nasopharyngeal swabs

Adults and
children

Adults

Adults and
children

ND
ND

Children

Adults

Children

Children
Adults and
children
ND

Children

Children
Children

ND

Adults

Adults and
children
ND

ND

Adults (41),
children (30)

2,634 patients with
available clinical data,
Critically ill (373/2,634,
14.2%), mortality
(553/2,634, 21%)

186 were hospitalised,
Critically ill (53/186,
28.5%), mortality
(16/186, 8.6%)

ICU (1.4%), mortality
(1%) in overall patients

ND
Critically ill (16/736,

2.2%)
Critically ill (0%)

Critically ill (11/70,
15.7%), mortality (4/70,
5.7%)

ND

Mortality (0%)

Critically ill (17/257,
6.6%), mortality (0%)
ND

Mortality (0%)

Critically ill (22/365,
6.0%)

Critically ill (2/25, 8.0%)

Critically ill (10/36,
27.8%)

ND

ND
ND

ND

ND

(continued on next page)
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Table 1 (continued)

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[54]

Retrospective
Cross-sectional

Cross-sectional

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Observational
study
Cross-sectional
study
Retrospective
cohort
Retrospective
study

USA
Spain

USA

India

Saudi Arabia

China

Brazil
France
Korea

Canada

25 March to 15 May 7
2020
4-28 March 2020

1 February to 31 May
2020

1 August 2020 to 31
December 2020

11 January 2020 to 1
March 2020

March to December,
2020

25 January to 30 April,
2020

7 to 23 February, 2020

7 March to 28 May, 2020

Influenza co-infection in critically ill or died COVID-19 patients

[54]

[55]

[56]

[57]

[58]

Retrospective
cohort
Retrospective
cohort
Retrospective
cohort

Cross-sectional

Retrospective

USA

KSA

France

USA

Iran

20 March to 31 May 10
2020

13 March to 16 April 5
2020

20 February to 5 March 2
2020
2 March to 20 April 2020 7

17,4746

987

3768

20,054

255627

54
183 but 103 were tested

for influenza viruses
3,757

101

48

408 but only 348
patients were tested for
influenza viruses

418

806

342

6717, but only 1020
patients were tested for
influenza viruses

8

352

92 but only 82 were
tested for influenza
viruses

21

105 died patients

0 (0%)

1 (1.0%) (IAV
H1)

15 (%)

AV = 12,
IBV = 3)

9 (H3N2 = 8,
HIN1 = 1)

17 (35.4%)
(HIN1)

4 (1.1%)
(Influenza A =1,
Influenza B = 3)
6 (1.4%)
(Influenza A)

4 (0.5%)

3 (0.9%)
(Influenza A)

1 (0.1%)
(Influenza A)

1 (12.5%) (IBV)

0 (0%)

0 (0%)

2 (9.5%) (IAV)

23 (21.9%) 1AV
HIN1 =18, IAV
non-HIN1 = 5,
IBV = 0)

Nasopharyngeal swabs

Nasopharyngeal swabs

Upper respiratory tract
samples

Respiratory tract samples

Nasopharyngeal swabs

Respiratory tract samples
Respiratory tract samples
Respiratory tract samples

Respiratory tract samples

Upper and lower
respiratory tract samples
Nasopharyngeal swabs

Nasopharyngeal swabs

Nasopharyngeal swabs

Nasopharyngeal and
throat swabs

Children
Adults

ND

ND

Adult and
Children (1-92
years)

ND

Adults and
children
Adults

ND

ND

Adults
Adults

Adults

Adults

Adults and
children

ND
ND

Mortality (512/3,757,
13.6%)

Mortality (9/92 (9.8%)
in COVID-19 only
patients and 3/9 (33.3%)
in co-infected patients)
14 ICU (6 co-infected)
patients and 34 mild (11
co-infected) patients
Mortality (3, 0.7%)

ND

Mortality (19.1%)

ND

ND

Mortality was not
available
Mortality (32.1%)

Mortality (48.9%)

Mortality (52.4%)

Mortality (100%)

ND: not documented, IAV: influenza A virus, IBV: influenza B virus, ICU: intensive care unit
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Fig. 1. Flow chart.

not meeting inclusion criteria

3.4. Effect of co-infection with influenza viruses on the severity of
COVID-19

The proportion of co-infection in critically ill or deceased patients
was 2.2%, 95% CI = [0.3 — 22.4] and among overall population of co-
infected patients was 0.6%, 95% CI = [0.3 - 1.2] (Fig. 3). The difference
was not significant with a p-value = 0.22 and heterogeneity (I*) was 0%
and 85%, respectively.

4. Discussion

The co-infection rate varied according to country and period of
study. Influenza viruses circulate all over the world. In temperate re-
gions, influenza is seasonal epidemic disease, occurring typically in
the winter season: from November to April in the northern hemi-
sphere and from April to September in the southern hemisphere
(https://www.who.int/ith/diseases/influenza_seasonal/en/). In tropi-
cal territories, there is no clear seasonal pattern and influenza circu-
lates year-round, albeit typically with several peaks during rainy seasons
(https://www.who.int/ith/diseases/influenza_seasonal/en/). In addi-
tion, the number of COVID-19 cases also varies widely between coun-
tries around the world (https://www.worldometers.info/coronavirus/).
Consequently, the proportion of SARS-CoV-2 and influenza co-infection
varies from country to country. Also because of the seasonal pattern of
influenza, the reported rate of co-infected patients depends on the time

E—

£ Records identified through data- Additional records identified

g base searching through other sources

= (n=1248) (n=19)

=

u

=
—

Records after duplicates removed
(n=426)

o0

=

=

@

g

2 Title and abstract screened

(n=426)
R
Records excluded
F—
(n=257)

2

= Full-text articles assessed for

= eligibility

= (n=169)

Full-text articles excluded,

—
a (n=115)

- Studies included in qualita-

§ tive synthesis

g (n=54)
—

when the study was conducted. Our analysis shows that the actual pro-
portion of co-infections may have been underestimated, because over
70% of included studies were conducted during descending and late
phases of the influenza season in the relevant countries (Supplementary
data).

On other hand, the detection of co-infection with influenza virus (or
other viruses) and SARS-CoV-2 depends on the dynamic of infection of
each pathogen. This adds to the challenge of diagnosing COVID-19, es-
pecially when the patient may test negative for SARS-CoV-2 but positive
for other viruses, and very shortly thereafter turns SARS-CoV-2 positive.
In this case, COVID-19 may be under-estimated, and medical treatment
could be delayed [2,59]. In fact, influenza viruses have shorter mean in-
cubation and viral shedding times than SARS-CoV-2 virus (two days vs.
six days and three days vs. 17 days, respectively) [60-62]. It is likely that
in some patients getting infected with the two viruses simultaneously,
the influenza virus is no longer detectable at the time the SARS-CoV-
2 infection is diagnosed and the time window of co-detectability may
be too short to adequately identify all co-infections with influenza and
SARS-CoV-2 using molecular tests.

Our analysis shows that the proportion of co-infections with in-
fluenza virus in COVID-19 children was significantly higher than in in-
fected adults. In a comparative study by Pigny et al., viral co-infection
(with any viruses) was more frequent in SARS-CoV-2 children than in
adults living in the same household [43]. Although no cases of influenza
virus infection have been found, possibly due to the study being con-


https://www.who.int/ith/diseases/influenza_seasonal/en/
https://www.who.int/ith/diseases/influenza_seasonal/en/
https://www.worldometers.info/coronavirus/

T.L. Dao, V.T. Hoang, P. Colson et al.

Study Events Total

Group = Adult

Alharthy et al. JEGH 0 3520

Arentz et al. JAMA 2 21—
Auvinen et al. ID 0 21—

Blasco et al. JMV 1 103

Chen et al. Lancet 0 9ol

Contou et al. AIC 0 82l

Hughes et al. CMI 0 250

Le Hingrat et al. IORV 4 806K

Li et al. JMV 0 32—

Lvetal Mi 0 76l

Martines et al. EID et al. 1 s ——
Pigny et al. EJP_Adult 0 41—

Pongpirul et al. EID 1 11—
Shah et al. ECM 0 33—

Zayet et al. M 0 7ol

Random effects model 2005 4

Heterogeneity: I~ = 26%, 1~ = 3.9467, p = 175

Group = Children

Jiang et al. CCLM o 2

Pigny et al. EJP_Children 0 30—

Song et al. JAMA 0 54M-

Tagarro et al. JAMA P 2 41—

Wu et al. Pediatrics 1 34—

Xia et al. PP 3 20 ——
Zhang et al. ICHE 1 101

Zhang et al. PlosM 9 34 ——
Zheng et al. CMS 2 25—
Random effects model 341 ==
Heterogeneity: 1° = 54%, ©° = 1.7844, p = 02}

Random effects model 2346 ¢

Heterogeneity: 1> = 60%, ©> = 4.2786, p < 01

ducted during the recession phase of the influenza epidemic in the USA,
this study showed that COVID-19 paediatric patients are at a higher
risk of viral co-infection. Interestingly, despite partial lockdowns with
creches and schools being closed, COVID-19 children were co-infected
with other respiratory viruses while their families were not [43]. In ad-
dition, a higher frequency of viral respiratory co-infections in children
than in adults had been shown in the pre-COVID-19 pandemic [63]. This
suggests that the pathogen infection and co-infection also depend on the
host body.

Although the difference was not statistically significant, the pro-
portion of co-infection in severe COVID-19 patients was three times
higher than in the total population of patients in our analysis. In pre-
vious studies, the clinical presentation in COVID-19 patients coinfected
with influenza viruses was not different to that of patients with a sin-
gle SARS-CoV-2 infection, but the clinical outcome was more severe
among co-infected patients [64-67]. In a comparative study by Ma et
al., conducted on 93 critically ill COVID-19 patients and including 44
deaths, no significant difference was observed in the proportion of co-
infection with influenza virus and SARS-CoV-2 between the two groups:
survivors and non-survivors [64]. However, in patients who died, the in-
cidence of acute cardiac injury was significantly higher in patients who
were co-infected with influenza viruses than in those with SARS-CoV-2
mono-infection (86.4% versus 54.5% respectively, p <0.05) [64]. In an-
other study, Yue et al. showed that patients coinfected with SARS-CoV-2
and influenza B virus were more likely to develop poor outcomes, com-
pared with those with a single SARS-CoV-2 infection and SARS-CoV-2-
influenza A virus co-infection [65]. Stowe et al. analysed the risk of mor-
tality among individuals with COVID-19 and influenza virus co-infection
[67]. Of the 19,256 patients tested, 4,500 were positive for SARS-CoV-
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Fig. 2. Rates of co-infection with SARS-CoV-2
and influenza virus in COVID-19 children and
adult patients.
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2, of whom 58 were co-infected. Their analysis showed that co-infected
patients had a two-fold higher risk of dying than patients only infected
with SARS-CoV-2. The lake of a significant difference in the co-infection
rate according to COVID-19 severity in our analysis can be explained by
the limited number of studies conducted on patients with severe forms
of the disease (only five). Interestingly, the proportion of influenza virus
co-infections was proportional to the mortality rate in the four studies
with available mortality data. In fact, the proportion of co-infections
was 0.1%, 0.6%, 9.5% and 21.9% in studies reporting a mortality rate
of 32.1%, 48.9%, 52.4% and 100%, respectively [55-58].

In addition, Zhang et al. conducted an animal model study on simul-
taneous or sequential co-infection with influenza A(HIN1)pdm09 and
SARS-CoV-2 [68]. Their results showed that co-infected hamsters had a
more severe disease than hamsters infected with a single virus. Simul-
taneous co-infection lowered SARS-CoV-2 loads in the respiratory tract
but was associated with delayed resolution of lung damage. Moreover,
co-infected hamsters had lower levels of the SARS-CoV-2 neutralising
antibody in the serum and longer SARS-CoV-2 shedding in oral swabs
[68]. These results suggest an interaction effect between the two viruses
compared to mono-infection with SARS-CoV-2.

Our study has some limitations. First, seven out of 54 studies were
conducted on fewer than 20 patients. Furthermore, a high heterogeneity
was also observed across all studies and all subgroup analyses (divided
by age of the population studied or severity of patients). The high vari-
ance between studies in our meta-analysis may be due to methodolog-
ical factors, clinical factors, sample size, and particularly to the period
of time when the studies were conducted, as the rate of co-infection de-
pends on the rate of epidemiological co-incidence of the viruses [5]. This
is important, because influenza is a seasonal infection in many regions.
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Fig. 3. Rates of co-infection with SARS-CoV-2
and influenza virus in total population of pa-
tients and in critically ill or deceased patients.
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While there are more than 108 vaccines in clinical develop-
ment for COVID-19 (https://www.who.int/publications/m/item/draft-
landscape-of-covid-19-candidate-vaccines), only a few vaccines have
been licensed by WHO. After 20 months of the pandemic, the value of
therapeutics against COVID-19 remains controversial. In contrast, an-
tivirals and vaccines are available for influenza. Influenza vaccines re-
duce not only hospitalisation due to influenza infections but may possi-
bly also reduce their subsequent impact on COVID- 19 mortality. How-
ever, access to influenza vaccination as well as to COVID-19 vaccina-
tion is not identical around the world. In any case, individual non-
pharmaceutical preventive measures should be improved. It is notewor-
thy that cases of the influenza decreased dramatically following the ap-
plication of control measures against COVID-19 [69,70], as confirmed
by the national surveillance data presented here (Supplementary data).
It is very difficult to confirm whether this decrease is related to the inter-
action between pathogens or to the effectiveness of preventive measures
against COVID-19. Since the future of the epidemics is unpredictable,
close surveillance and investigation of the co-incidences and interactions
of SARS-CoV-2 and other respiratory viruses, including influenza viruses
is needed. An expansion of syndromic diagnosis approaches through the
use of multiplex PCR assays is definitely also required [71].

Ethical approval

NA.

Consent to participate

NA.

Consent to publish

NA.

Authors’ contribution

Conceptualisation: Thi Loi Dao, Van Thuan Hoang, Philippe Gautret

Methodology: Thi Loi Dao, Van Thuan Hoang, Matthieu Million,
Philippe Gautret

Data collection: Thi Loi Dao, Van Thuan Hoang

Formal analysis and investigation: Thi Loi Dao, Van Thuan Hoang,
Philippe Colson, Matthieu Million, Philippe Gautret

Writing original draft and preparation: Thi Loi Dao

Writing — review and editing: Van Thuan Hoang, Philippe Colson,
Matthieu Million, Philippe Gautret

Supervision: Philippe Gautret

Funding

No funding.

Availability of data and materials

The datasets generated during and/or analysed during the current
study are available in the manuscript.

Declarations of interest

None.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jcvp.2021.100036.

Journal of Clinical Virology Plus 1 (2021) 100036

References

[1] C Joseph, Y Togawa, N. Shindo, Bacterial and viral infections associated
with influenza, Influenza Other Respir. Viruses 7 (Suppl 2) (2013) 105-113,
doi:10.1111/irv.12089.

[2] X Wu, Y Cai, X Huang, X Yu, L Zhao, F Wang, et al., Co-infection with SARS-CoV-
2 and influenza A virus in patient with pneumonia, China, Emerg. Infect. Dis. 26
(2020) 1324-1326, doi:10.3201/eid2606.200299.

[3] A D’Abramo, L Lepore, C Palazzolo, F Barreca, G Liuzzi, E Lalle, et al., Acute res-

piratory distress syndrome due to SARS-CoV-2 and Influenza A co-infection in an

Italian patient: mini-review of the literature, Int. J. Infect. Dis. 97 (2020) 236-239,

doi:10.1016/j.1jid.2020.06.056.

B Davis, AN Rothrock, S Swetland, H Andris, P Davis, SG. Rothrock, Viral and atyp-

ical respiratory co-infections in COVID-19: a systematic review and meta-analysis,

J. Am. Coll. Emerg. Phys. Open (2020), doi:10.1002/emp2.12128.

C Boschi, VT Hoang, A Giraud-Gatineau, L Ninove, J-C Lagier, B La Scola, et al.,

Coinfections with SARS-CoV-2 and other respiratory viruses in Southeastern France:

a matter of sampling time, J. Med. Virol. (2020), doi:10.1002/jmv.26692.

S Burrel, P Hausfater, M Dres, V Pourcher, C-E Luyt, E Teyssou, et al., Co-infection

of SARS-CoV-2 with other respiratory viruses and performance of lower respiratory

tract samples for the diagnosis of COVID-19, Int. J. Infect. Dis. 102 (2020) 10-13,

doi:10.1016/j.1jid.2020.10.040.

EM Castillo, CJ Coyne, JJ Brennan, CA. Tomaszewski, Rates of coinfection with other

respiratory pathogens in patients positive for coronavirus disease 2019 (COVID-19),

J. Am. Coll. Emerg. Phys. Open (2020), doi:10.1002/emp2.12172.

[8] N Chen, M Zhou, X Dong, J Qu, F Gong, Y Han, et al., Epidemiological and

clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in

Wuhan, China: a descriptive study, Lancet North Am. Ed. 395 (2020) 507-513,

doi:10.1016/50140-6736(20)30211-7.

K Danis, O Epaulard, T Bénet, A Gaymard, S Campoy, E Botelho-Nevers, et al., Cluster

of coronavirus disease 2019 (COVID-19) in the French Alps, Clin. Infect. Dis. 71

(2020) 825-832 2020, doi:10.1093/cid/ciaa424.

[10] A Hazra, M Collison, J Pisano, M Kumar, C Oehler, JP. Ridgway, Coinfections with
SARS-CoV-2 and other respiratory pathogens, Infect. Control Hosp. Epidemiol. 41
(2020) 1228-1229, doi:10.1017/ice.2020.322.

[11] Y Hirotsu, M Maejima, M Shibusawa, K Amemiya, Y Nagakubo, K Hosaka, et al.,
Analysis of Covid-19 and non-Covid-19 viruses, including influenza viruses, to de-
termine the influence of intensive preventive measures in Japan, J. Clin. Virol. 129
(2020) 104543, doi:10.1016/j.jcv.2020.104543.

[12] S Hughes, O Troise, H Donaldson, N Mughal, LSP. Moore, Bacterial and fungal
coinfection among hospitalized patients with COVID-19: a retrospective cohort
study in a UK secondary-care setting, Clin. Microbiol. Infect. 26 (2020) 1395-1399,
doi:10.1016/j.cmi.2020.06.025.

[13] Y-H Ji, T Qi, Y Ding, Q Ruan, Y-P. Ma, Pathogenic analysis of suspected COVID-19
patients in a SARS-CoV-2 non-epidemic area of China, Eur. Rev. Med. Pharmacol.
Sci. 24 (2020) 9196-9201, doi:10.26355/eurrev_202009_22871.

[14] S Jiang, P Liu, G Xiong, Z Yang, M Wang, Y Li, et al., Coinfection of SARS-CoV-2
and multiple respiratory pathogens in children, Clin. Chem. Lab. Med. 58 (2020)
1160-1161, doi:10.1515/cclm-2020-0434.

[15] D Kim, J Quinn, B Pinsky, NH Shah, 1. Brown, Rates of co-infection between
SARS-CoV-2 and other respiratory pathogens, JAMA 323 (2020) 2085-2086,
doi:10.1001/jama.2020.6266.

[16] K Leuzinger, T Roloff, R Gosert, K Sogaard, K Naegele, K Rentsch, et al., Epi-
demiology of severe acute respiratory syndrome coronavirus 2 emergence amidst
community-acquired respiratory viruses, J. Infect. Dis. 222 (2020) 1270-1279,
doi:10.1093/infdis/jiaa464.

[17] Z Li, Z Chen, L-D Chen, Y-Q Zhan, S-Q Li, J Cheng, et al., Coinfection with SARS-
CoV-2 and other respiratory pathogens in patients with COVID-19 in Guangzhou,
China, J. Med. Virol. 92 (2020) 2381-2383, doi:10.1002/jmv.26073.

[18] D Lin, L Liu, M Zhang, Y Hu, Q Yang, J Guo, et al., Co-infections of SARS-CoV-2 with
multiple common respiratory pathogens in infected patients, Sci. China Life Sci. 63
(2020) 606-609, doi:10.1007/s11427-020-1668-5.

[19] Z Lv, S Cheng, J Le, J Huang, L Feng, B Zhang, et al., Clinical characteris-
tics and co-infections of 354 hospitalized patients with COVID-19 in Wuhan,
China: a retrospective cohort study, Microbes Infect. 22 (2020) 195-199,
doi:10.1016/j.micinf.2020.05.007.

[20] L Ma, W Wang, JM Le Grange, X Wang, S Du, C Li, et al., Coinfection of SARS-
CoV-2 and other respiratory pathogens, Infect. Drug Resist. 13 (2020) 3045-3053,
doi:10.2147/IDR.S267238.

[21] BW Massey, K Jayathilake, HY. Meltzer, Respiratory microbial co-infection with
SARS-CoV-2, Front. Microbiol. 11 (2020), doi:10.3389/fmicb.2020.02079.

[22] MD Nowak, EM Sordillo, MR Gitman, AEP. Mondolfi, Coinfection in SARS-CoV-2
infected patients: where are influenza virus and rhinovirus/enterovirus? J. Med.
Virol. 92 (2020) 1699-1700, doi:10.1002/jmv.25953.

[23] WA Pongpirul, JA Mott, JV Woodring, TM Uyeki, JR MacArthur, A Vachiraphan,
etal., Clinical characteristics of patients hospitalized with coronavirus disease, Thai-
land, Emerg. Infect. Dis. 26 (2020) 1580-1585, doi:10.3201/eid2607.200598.

[24] S Richardson, JS Hirsch, M Narasimhan, JM Crawford, T McGinn, KW Davidson,
et al., Presenting characteristics, comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York City area, JAMA 323 (2020) 2052-
2059, doi:10.1001/jama.2020.6775.

[25] SJ Shah, PN Barish, PA Prasad, A Kistler, N Neff, J Kamm, et al., Clinical features,
diagnostics, and outcomes of patients presenting with acute respiratory illness: a ret-
rospective cohort study of patients with and without COVID-19, EClinicalMedicine
27 (2020) 100518, doi:10.1016/j.eclinm.2020.100518.

[26] KS. Sharov, Adaptation of a Russian population to SARS-CoV-2: asymp-

[4

=

[5

—

[6

=

[7

—

[9

[}


https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://doi.org/10.1016/j.jcvp.2021.100036
https://doi.org/10.1111/irv.12089
https://doi.org/10.3201/eid2606.200299
https://doi.org/10.1016/j.ijid.2020.06.056
https://doi.org/10.1002/emp2.12128
https://doi.org/10.1002/jmv.26692
https://doi.org/10.1016/j.ijid.2020.10.040
https://doi.org/10.1002/emp2.12172
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1093/cid/ciaa424
https://doi.org/10.1017/ice.2020.322
https://doi.org/10.1016/j.jcv.2020.104543
https://doi.org/10.1016/j.cmi.2020.06.025
https://doi.org/10.26355/eurrev_202009_22871
https://doi.org/10.1515/cclm-2020-0434
https://doi.org/10.1001/jama.2020.6266
https://doi.org/10.1093/infdis/jiaa464
https://doi.org/10.1002/jmv.26073
https://doi.org/10.1007/s11427-020-1668-5
https://doi.org/10.1016/j.micinf.2020.05.007
https://doi.org/10.2147/IDR.S267238
https://doi.org/10.3389/fmicb.2020.02079
https://doi.org/10.1002/jmv.25953
https://doi.org/10.3201/eid2607.200598
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1016/j.eclinm.2020.100518

T.L. Dao, V.T. Hoang, P. Colson et al.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

tomatic course, comorbidities, mortality, and other respiratory viruses - a
reply to Fear versus Data, Int. J. Antimicrob. Agents 56 (2020) 106093,
doi:10.1016/j.ijjantimicag.2020.106093.

Y Si, Z Zhao, R Chen, H Zhong, T Liu, M Wang, et al., Epidemiological surveillance
of common respiratory viruses in patients with suspected COVID-19 in Southwest
China, BMC Infect. Dis. 20 (2020) 688, doi:10.1186/512879-020-05392-x.

LE Wee, KKK Ko, WQ Ho, GTC Kwek, TT Tan, L. Wijaya, Community-acquired viral
respiratory infections amongst hospitalized inpatients during a COVID-19 outbreak
in Singapore: co-infection and clinical outcomes, J. Clin. Virol. 128 (2020) 104436,
doi:10.1016/j.jev.2020.104436.

Q Wu, Y Xing, L Shi, W Li, Y Gao, S Pan, et al, Coinfection and
other clinical characteristics of COVID-19 in children, Pediatrics 146 (2020),
doi:10.1542/peds.2020-0961.

S Zayet, NJ Kadiane-Oussou, Q Lepiller, H Zahra, P-Y Royer, L Toko, et al., Clinical
features of COVID-19 and influenza: a comparative study on Nord Franche-Comte
cluster, Microbes Infect. 22 (2020) 481-488, doi:10.1016/j.micinf.2020.05.016.
Zhang DD, Acree ME, Ridgway JP, Shah N, Hazra A, Ravichandran U,
et al. Characterizing coinfection in children with COVID-19: a dual cen-
ter retrospective analysis. Infect. Control Hosp. Epidemiol.undefined/ed:1-3.
https://doi.org/10.1017/ice.2020.1221.

C Zhang, J Gu, Q Chen, N Deng, J Li, L Huang, et al., Clinical and epidemiological
characteristics of pediatric SARS-CoV-2 infections in China: a multicenter case series,
PLoS Med. 17 (2020) 1003130, doi:10.1371/journal.pmed.1003130.

X Zhu, Y Ge, T Wu, K Zhao, Y Chen, B Wu, et al.,, Co-infection with res-
piratory pathogens among COVID-2019 cases, Virus Res. 285 (2020) 198005,
doi:10.1016/j.virusres.2020.198005.

H Zhou, C Li, T Hu, T Liu, N Ni, W Chen, et al.,, Total infectomes of
162 SARS-CoV-2 cases using meta-transcriptomic sequencing, J. Infect. (2020),
doi:10.1016/j.jinf.2020.12.004.

W Xia, J Shao, Y Guo, X Peng, Z Li, D. Hu, Clinical and CT features in pediatric
patients with COVID-19 infection: different points from adults, Pediatr. Pulmonol.
55 (2020) 1169-1174, doi:10.1002/ppul.24718.

A Tagarro, C Epalza, M Santos, FJ Sanz-Santaeufemia, E Otheo, C Moraleda, et al.,
Screening and severity of coronavirus disease 2019 (COVID-19) in children in
Madrid, Spain, JAMA Pediatr. (2020), doi:10.1001/jamapediatrics.2020.1346.

F Zheng, C Liao, Q Fan, H Chen, X Zhao, Z Xie, et al., Clinical characteristics of
children with coronavirus disease 2019 in Hubei, China, Curr. Med. Sci. (2020) 1-6,
doi:10.1007/s11596-020-2172-6.

N Allou, K Larsen, A Dubernet, N Traversier, L Masse, E Foch, et al., Co-infection in
patients with hypoxemic pneumonia due to COVID-19 in Reunion Island, Medicine
(Baltimore). 100 (2021) 24524, doi:10.1097/MD.0000000000024524.

R Auvinen, H Nohynek, R Syrjanen, J Ollgren, T Kerttula, J Méntyl4, et al., Compar-
ison of the clinical characteristics and outcomes of hospitalized adult COVID-19 and
influenza patients - a prospective observational study, Infect. Dis. (Lond.) 53 (2021)
111-121, doi:10.1080/23744235.2020.1840623.

H-Y Chung, M-J Jian, C-K Chang, J-C Lin, K-M Yeh, C-W Chen, et al., Novel dual
multiplex real-time RT-PCR assays for the rapid detection of SARS-CoV-2, influenza
A/B, and respiratory syncytial virus using the BD MAX open system, Emerg. Microbes
Infect. 10 (2021) 161-166, doi:10.1080,/22221751.2021.1873073.

L Bordi, E Nicastri, L Scorzolini, A Di Caro, MR Capobianchi, C Castil-
letti, et al.,, Differential diagnosis of illness in patients under investiga-
tion for the novel coronavirus (SARS-CoV-2), Italy, Euro Surveill. 25 (2020),
doi:10.2807/1560-7917.ES.2020.25.8.2000170.

C Garcia-Vidal, G Sanjuan, E Moreno-Garcia, P Puerta-Alcalde, N Garcia-Pouton,
M Chumbita, et al., Incidence of co-infections and superinfections in hospitalized
patients with COVID-19: a retrospective cohort study, Clin. Microbiol. Infect. 27
(2021) 83-88, doi:10.1016/j.cmi.2020.07.041.

F Pigny, N Wagner, M Rohr, A Mamin, P Cherpillod, KM Posfay-Barbe, et al., Vi-
ral co-infections among SARS-CoV-2-infected children and infected adult household
contacts, Eur. J. Pediatr. (2021), doi:10.1007/s00431-021-03947-x.

X Song, M Delaney, RK Shah, JM Campos, DL Wessel, RL. DeBiasi, Comparison of
clinical features of COVID-19 vs Seasonal influenza A and B in US children, JAMA
Netw. Open 3 (2020) e2020495, doi:10.1001/jamanetworkopen.2020.20495.

ML Blasco, J Buesa, J Colomina, MJ Forner, MJ Galindo, J Navarro, et al.,
Co-detection of respiratory pathogens in patients hospitalized with Coron-
avirus viral disease-2019 pneumonia, J. Med. Virol. 92 (2020) 1799-1801,
doi:10.1002/jmv.25922.

P Schirmer, C Lucero-Obusan, A Sharma, P Sohoni, G Oda, M. Holod-
niy, Respiratory co-infections with COVID-19 in the Veterans Health Ad-
ministration, 2020, Diagn. Microbiol. Infect. Dis. 100 (2021) 115312,
doi:10.1016/j.diagmicrobio.2021.115312.

A Agarwal, M Agarwal, A Sharma, R. Jakhar, Impact of influenza A co-infection
with COVID-19, Int. J. Tuberc. Lung Dis. 25 (2021) 413-415, doi:10.5588/ijtld.
21.0086.

B Alosaimi, A Naeem, ME Hamed, HS Alkadi, T Alanazi, SS Al Rehily, et al., Influenza
co-infection associated with severity and mortality in COVID-19 patients, Virol. J.
18 (2021) 127, doi:10.1186/512985-021-01594-0.

10

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Journal of Clinical Virology Plus 1 (2021) 100036

S Chen, Q Zhu, Y Xiao, C Wu, Z Jiang, L Liu, et al., Clinical and etiological analysis
of co-infections and secondary infections in COVID-19 patients: an observational
study, Clin. Respir. J. (2021), doi:10.1111/crj.13369.

AKA Eisen, JS Gularte, M Demoliner, VM de Abreu Goés Pereira, FH Heldt, M Filippi,
et al., Low circulation of Influenza A and coinfection with SARS-CoV-2 among other
respiratory viruses during the COVID-19 pandemic in a region of southern Brazil, J.
Med. Virol. 93 (2021) 4392-4398, doi:10.1002/jmv.26975.

Q Le Hingrat, D Bouzid, C Choquet, O Laurent, F-X Lescure, J-F Timsit, et al., Viral
epidemiology and SARS-CoV-2 co-infections with other respiratory viruses during
the first COVID-19 wave in Paris, France, Influenza Other Respir. Viruses 15 (2021)
425-428, doi:10.1111/irv.12853.

KH Roh, YK Kim, S-W Kim, E-R Kang, Y-J Yang, S-K Jung, et al., Coinfections with
respiratory pathogens among COVID-19 patients in Korea, Can. J. Infect. Dis. Med.
Microbiol. 2021 (2021) 6651045, doi:10.1155/2021/6651045.

NC Marshall, RM Kariyawasam, N Zelyas, JN Kanji, MA. Diggle, Broad res-
piratory testing to identify SARS-CoV-2 viral co-circulation and inform di-
agnostic stewardship in the COVID-19 pandemic, Virol. J. 18 (2021) 93,
doi:10.1186/512985-021-01545-9.

RB Martines, JM Ritter, E Matkovic, J Gary, BC Bollweg, H Bullock, et al., Pathology
and pathogenesis of SARS-CoV-2 Associated with Fatal Coronavirus Disease, United
States, Emerg. Infect. Dis. 26 (2020) 2005-2015, doi:10.3201/eid2609.202095.

A Alharthy, W Aletreby, F Faqihi, A Balhamar, F Alaklobi, K Alanezi, et al., Clin-
ical characteristics and predictors of 28-day mortality in 352 critically ill pa-
tients with COVID-19: a retrospective study, J. Epidemiol. Glob. Health (2020),
d0i:10.2991 /jegh.k.200928.001.

D Contou, A Claudinon, O Pajot, M Micaélo, P Longuet Flandre, M Dubert,
et al, Bacterial and viral co-infections in patients with severe SARS-CoV-2
pneumonia admitted to a French ICU, Ann. Intensive Care 10 (2020) 119,
doi:10.1186/513613-020-00736-x.

M Arentz, E Yim, L Klaff, S Lokhandwala, FX Riedo, M Chong, et al., Characteristics
and outcomes of 21 critically ill patients with COVID-19 in Washington State, JAMA
323 (2020) 1612, doi:10.1001/jama.2020.4326.

SA Hashemi, S Safamanesh, H Ghasemzadeh-Moghaddam, M Ghafouri, A. Azimian,
High prevalence of SARS-CoV-2 and influenza A virus (H1N1) coinfection in dead
patients in Northeastern Iran, J. Med. Virol. (2020), doi:10.1002/jmv.26364.

TL Dao, VT Hoang, P. Gautret, Recurrence of SARS-CoV-2 viral RNA in recovered
COVID-19 patients: a narrative review, Eur. J. Clin. Microbiol. Infect. Dis. 40 (2021)
13-25, doi:10.1007/5s10096-020-04088-z.

Coronavirus disease (COVID-19): similarities and differences with influenza
n.d. https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-
similarities-and-differences-with-influenza (accessed March 10, 2021).

LLH Lau, BJ Cowling, VJ Fang, K-H Chan, EHY Lau, M Lipsitch, et al., Viral shedding
and clinical illness in naturally acquired influenza virus infections, J. Infect. Dis. 201
(2010) 1509-1516, doi:10.1086,/652241.

M Cevik, M Tate, O Lloyd, AE Maraolo, J Schafers, A. Ho, SARS-CoV-2, SARS-
CoV, and MERS-CoV viral load dynamics, duration of viral shedding, and infec-
tiousness: a systematic review and meta-analysis, Lancet Microbe 2 (2021) e13-e22,
doi:10.1016/52666-5247(20)30172-5.

Y Mandelia, GW Procop, SS Richter, S Worley, W Liu, F. Esper, Dynamics and pre-
disposition of respiratory viral co-infections in children and adults, Clin. Microbiol.
Infect. 0 (2020), doi:10.1016/j.cmi.2020.05.042.

S Ma, X Lai, Z Chen, S Tu, K. Qin, Clinical characteristics of critically ill patients
co-infected with SARS-CoV-2 and the influenza virus in Wuhan, China, Int. J. Infect.
Dis. 96 (2020) 683-687, doi:10.1016/.ijid.2020.05.068.

H Yue, M Zhang, L Xing, K Wang, X Rao, H Liu, et al., The epidemiology and clinical
characteristics of co-infection of SARS-CoV-2 and influenza viruses in patients during
COVID-19 outbreak, J. Med. Virol. 92 (2020) 2870-2873, doi:10.1002/jmv.26163.
Y Cheng, J Ma, H Wang, X Wang, Z Hu, H Li, et al., Co-infection of influenza
A virus and SARS-CoV-2: a retrospective cohort study, J. Med. Virol. (2021),
doi:10.1002/jmv.26817.

Stowe J, Tessier E, Zhao H, Guy R, Muller-Pebody B, Zambon M, et al. In-
teractions between SARS-CoV-2 and influenza and the impact of coinfection on
disease severity: a test negative design. MedRxiv 2020:2020.09.18.20189647.
https://doi.org/10.1101/2020.09.18.20189647.

AJ Zhang, AC-Y Lee, JF-W Chan, F Liu, C Li, Y Chen, et al., Co-infection by severe
acute respiratory syndrome coronavirus 2 and influenza A(H1IN1)pdmO09 virus en-
hances the severity of pneumonia in golden Syrian hamsters, Clin. Infect. Dis. (2020),
doi:10.1093/cid/ciaal747.

D Wu, J Lu, Y Liu, Z Zhang, L. Luo, Positive effects of COVID-19 con-
trol measures on influenza prevention, Int. J. Infect. Dis. 95 (2020) 345-346,
doi:10.1016/}.1jid.2020.04.009.

S-C Kuo, S-M Shih, L-H Chien, CA. Hsiung, Collateral benefit of COVID-19 control
measures on influenza activity, Taiwan, Emerg. Infect. Dis. 26 (2020) 1928-1930,
doi:10.3201/eid2608.201192.

P Ramanan, AL Bryson, MJ Binnicker, BS Pritt, R. Patel, Syndromic panel-
based testing in clinical microbiology, Clin. Microbiol. Rev. 31 (2018),
doi:10.1128/CMR.00024-17.


https://doi.org/10.1016/j.ijantimicag.2020.106093
https://doi.org/10.1186/s12879-020-05392-x
https://doi.org/10.1016/j.jcv.2020.104436
https://doi.org/10.1542/peds.2020-0961
https://doi.org/10.1016/j.micinf.2020.05.016
https://doi.org/10.1371/journal.pmed.1003130
https://doi.org/10.1016/j.virusres.2020.198005
https://doi.org/10.1016/j.jinf.2020.12.004
https://doi.org/10.1002/ppul.24718
https://doi.org/10.1001/jamapediatrics.2020.1346
https://doi.org/10.1007/s11596-020-2172-6
https://doi.org/10.1097/MD.0000000000024524
https://doi.org/10.1080/23744235.2020.1840623
https://doi.org/10.1080/22221751.2021.1873073
https://doi.org/10.2807/1560-7917.ES.2020.25.8.2000170
https://doi.org/10.1016/j.cmi.2020.07.041
https://doi.org/10.1007/s00431-021-03947-x
https://doi.org/10.1001/jamanetworkopen.2020.20495
https://doi.org/10.1002/jmv.25922
https://doi.org/10.1016/j.diagmicrobio.2021.115312
https://doi.org/10.5588/ijtld.\penalty -\@M 21.0086
https://doi.org/10.1186/s12985-021-01594-0
https://doi.org/10.1111/crj.13369
https://doi.org/10.1002/jmv.26975
https://doi.org/10.1111/irv.12853
https://doi.org/10.1155/2021/6651045
https://doi.org/10.1186/s12985-021-01545-9
https://doi.org/10.3201/eid2609.202095
https://doi.org/10.2991/jegh.k.200928.001
https://doi.org/10.1186/s13613-020-00736-x
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.1002/jmv.26364
https://doi.org/10.1007/s10096-020-04088-z
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-similarities-and-differences-with-influenza
https://doi.org/10.1086/652241
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.1016/j.cmi.2020.05.042
https://doi.org/10.1016/j.ijid.2020.05.068
https://doi.org/10.1002/jmv.26163
https://doi.org/10.1002/jmv.26817
https://doi.org/10.1093/cid/ciaa1747
https://doi.org/10.1016/j.ijid.2020.04.009
https://doi.org/10.3201/eid2608.201192
https://doi.org/10.1128/CMR.00024-17

