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Background: Coronavirus disease 2019 (COVID-19), caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2), is an infectious disease with
an unprecedented transmission rate. Considering that there is limited infor-
mation about the prevalence of influenza co-infection among SARS-CoV-2 pos-
itive Iranian patients, and that SARS-CoV-2 co-infection with other respiratory
pathogens complicates its diagnosis, prevention, and treatment, this system-
atic review aimed to evaluate the prevalence of influenza co-infection among
SARS-CoV-2 positive Iranian population to facilitate rapid disease management. .
Materials & Methods:A comprehensive search was conducted in Web of Science,
PubMed, Scopus, and Google Scholar databases using relevant keywords to find all
relevant articles published in English from December 2019 to July 2024. Patients
of various ages with influenza-SARS-CoV-2 co-infection were evaluated. This study
was conducted according to PRISMA (preferred reporting items for systematic re-
views and meta-analyses) guidelines.

Findings: Totally, 631 articles were recognized in electronic databases, among
them nine articles meeting the inclusion criteria were reviewed in this research.
The prevalence of influenza co-infection among SARS-CoV-2 positive patients was
4.38%. The majority of SARS-CoV-2 positive patients were male, while the frequen-
cy distribution of influenza-SARS-CoV-2 co-infection was almost the same in both
sexes. The viral load was the highest in patients aged 18-60 years.

Conclusion: The findings suggest that the prevalence of influenza co-infection
among SARS-CoV-2 positive patients is low. However, the significance of this issue
should not be ignored, and influenza vaccination in high-risk groups including hos-
pitalized patients and the elderly is highly recommended due to the probability of
serious complications.
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Introduction

Coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is an infectious
disease that emerged in December 2019 in
China and rapidly spread worldwide with
an unprecedented transmission pattern
and nonspecific clinical symptoms . The
disease clinical symptoms may include
cough, fever, myalgia, and fatigue [*. Several
studies have reported the co-infection of
SARS-CoV-2 with other pathogens like fungi,
bacteria, and viruses. Co-infection of SARS-
CoV-2 with other respiratory pathogens
complicates its diagnosis, prognosis, and
treatment. These co-infections could lead to
increased symptoms, hospitalization rates,
and mortality rates .. Most co-infections
have been reported to occur with influenza
A/B viruses 1,

Influenza is a highly transmissible
seasonal disease and a global public health
concern caused by influenza viruses of the
Orthomyxoviridae family. It is associated
with a high prevalence of chronic respiratory
syndrome, malnutrition, and cardiovascular
conditions, imposing a high financial and
economic burden on patients ©* . Influenza
viruses are groups into four types, A, B,
C, and D. Influenza A virus (IFV-A) often
causes lethal respiratory diseases, regional
epidemics, and global pandemics due to
circulation among different hosts [ 8, but
influenza B virus (IFV-B) is considered as
the cause of seasonal flu, which is due to its
circulation only among human hosts. The
main clinical symptoms of influenza infection
include loss of appetite, nasal congestion,
chills, myalgia, sore throat, cough, headache,
and fever 119,

Both SARS-CoV-2 and influenza are
transmittablerespiratoryinfectionsthathave
similar clinical symptoms and transmission
modes and require similar public health
guidelines to prevent their spread. They
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are mainly spread through contaminated
surfaces, respiratory droplets, and close
contactand causeabroad spectrum of clinical
manifestations ranging from asymptomatic/
mild cold-like symptoms to serious flu-like
symptoms, pneumonia, and even death. The
co-occurrence of influenza and COVID-19
as two epidemics could occur in the cold
months of the year ''12], Recent studies have
reported immuno-pathological similarities
between SARS-CoV-2 and influenza viruses
(131, Despite these similarities, the treatment
strategies for these two infections are
different. Given that rapid and accurate
detection of etiological agents is critical
for early treatment and patient survival,
several investigations have been performed
worldwide to investigate influenza co-
infection with SARS-CoV-2, but no specific
clinical symptoms have been found to
differentiate influenza from COVID-19 [
which makes differential diagnosis and
treatment more complicated. Studies have
shown that during the COVID-19 pandemic,
the spread of influenza viruses in various
parts of the world decreased significantly
due to people’s adherence to hygiene
principles [15],

Objectives: Several studies worldwide have
investigated the co-infection of SARS-CoV-2
with other respiratory pathogens, particu-
larly influenza A/B viruses. Given that there
is limited information about the prevalence
of influenza co-infection among SARS-CoV-2
positive Iranian patients, and that SARS-
CoV-2 co-infection with other respiratory
pathogens complicates its diagnosis, preven-
tion, and treatment, this systematic review
aimed to evaluate the prevalence of influen-
za co-infection among SARS-CoV-2 positive
[ranian population to facilitate rapid disease
management.

Materials and Methods
Search strategies: The present systematic
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review was performed following PRISMA
(preferred reporting items for systematic
reviews and meta-analyses) guidelines [1¢],
A comprehensive and systematic search
was conducted in Web of Science, PubMed,
Scopus, and Google Scholar electronic
databases to find all articles relevant to the
scope of this research using a combination of
relevant keywords and Boolean operators as
follows: “COVID-19” OR “novel coronavirus
2019” OR “2019 ncov” OR “nCoV” OR “severe
acute respiratory syndrome coronavirus
2” OR “SARSCoV-2” AND “influenza” OR
“influenza virus” OR “flu” OR “flu virus”
AND “co-infection” AND “Iran”. The search
strategy was limited to original scientific
articles published in English during the last
five years from December 2019 to July 2024.
Moreover, the reference lists of the selected
articles were reviewed to prevent missing
relevant studies.

Study selection criteria: All clinical stud-
ies investigating the frequency of influenza
co-infection among SARS-CoV-2 positive Ira-
nian patients were selected. Studies were
then subjected to title, abstract, and full-text
analysis independently by two reviewers for
eligibility considering the inclusion criteria,
and any disagreement was resolved by dis-
cussion. After removing duplicates, irrele-
vant, and ineligible articles, the remaining
studies were subjected to in-depth analysis.
Relevant studies meeting the inclusion cri-
teria were reviewed in this research. The
inclusion criteria were as follows: original
studies, case reports, and case series con-
ducted on Iranian patients co-infected with
laboratory-confirmed SARS-CoV-2 and influ-
enza viruses and published in English from
December 2019 to July 2024. The exclusion
criteria were as follows: studies on the prev-
alence of influenza or SARS-CoV-2 alone, me-
ta-analysis studies, studies with insufficient
data or no access to their full-text, and stud-
ies conducted in other countries.
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Quality assessment and data extraction:
The quality assessment of the selected
articles was performed independently by
two reviewers using a 9-point checklist
provided by the Joanna Briggs Institute (JBI)
(171" and any discrepancies were resolved
by discussion. Items associated with
different sections of the articles, including
introduction, title and abstract, methods,
discussion, results, and other information
were specified. The following data were
collected from the selected studies: first
author’s name; study type; geographic
location; publication date; gender, age,
number, and clinical symptoms of patients
infected with SARS-CoV-2 or co-infected
with both influenza and SARS-CoV-2; and
influenza virus serotype if available. Two
reviewers independently recorded the data
to avoid any bias. If the full text of the articles
was not available, the corresponding author
was contacted via email to request the full
text. After three unanswered emails with
an interval of one week, the related articles
were excluded from the study.

Findings

A total of 631 articles were identified in
Google Scholar (n=328), Scopus (n=259),
PubMed (n=26), and Web of Science (n=18)
electronic databases. After removing dupli-
cate articles, the remaining 358 studies were
subjected to title, abstract, and full-text anal-
ysis for eligibility, leading to the removal of
289 irrelevant and 60 ineligible studies. Fi-
nally, nine articles meeting the inclusion cri-
teria were evaluated in this review, compris-
ing a total of 18069 patients. The literature
search strategy is shown in Figure 1.

The types of studies were as follows: six
retrospective studies, two case reports,
and one case series. Among them, two
studies were conducted in each of the cities
of Tehran, Shiraz, and Mashhad, and one
study was conducted in each of the cities
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Figure 1) Flow chart of the study selection process in this review
of Bojnurd, Isfahan, and Hamadan, which COVID-19-like symptoms 1822 In these

were almost representative of the Iranian
population. Their publication dates ranged

from April 2020 to February

quality assessment scores varied from 4 to
9. PCR (polymerase chain reaction) and RT-
PCR (reverse transcription polymerase chain
reaction) were the most common molecular
techniques used to detect influenza and
SARS-CoV-2 viruses. Almost all studies used

oropharyngeal /nasopharyngeal

detect these viruses. Overall, the incidence
rate of influenza co-infection among SARS-
CoV-2 positive patients ranged from 0.12 [2°
to 33% 2 in the reviewed studied. Among
the nine reviewed studies, two studies
investigated SARS-CoV-2 co-infection with
various respiratory viruses, which were
not our target, and only co-infection with

influenza was evaluated [% 23,

Of the nine eligible articles, five articles
evaluated not only the prevalence of influ-

enza-SARS-CoV-2 co-infection b

symptoms and prevalence of SARS-CoV-2
infections
ing influenza) among 15713 patients with

and non-SARS-CoV-2
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2023. The

swabs to

studies, males were more likely to be in-
fected with SARS-CoV-2 and non-SARS-
CoV-2 viruses, including influenza, while
sex distribution between co-infected pa-
tients was not substantially different. Most
of the SARS-CoV-2, non-SARS-CoV-2, and
co-infected patients were in the age range
of 18 to 60 years. However, patients with
non-SARS-CoV-2 infections (<18 and 18-60
years) seemed to be younger than patients
with SARS-CoV-2 infection (18-60 and >60
years). In these studies, 12835 cases were
infected with non-SARS-CoV-2 viruses, with
2101 influenza cases specifically reported
in three studies comprising a total of 15061
patients [18 1922 Also, 2839 patients were in-
fected with SARS-CoV-2 virus, of whom 197
cases were co-infected with both influenza

and SARS-CoV-2 pathogens. Among these

ut also the

(includ-

five reviewed studies, three studies did not
report the gender of their co-infected cases
(n=4) 20221 Table 1 shows descriptive data
of SARS-CoV-2 and non-SARS-CoV-2 cases in
these five reviewed studies. The remaining
four studies reported only the symptoms
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and prevalence of influenza-SARS-CoV-2
co-infection among a total of 2356 labora-
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tory-confirmed COVID-19 patients, of whom
31 cases were co-infected with both influen-

Table 1) Descriptive characteristics of SARS-CoV-2 and non-SARS-CoV-2 cases reported in five of the nine
reviewed studies.

SARS-CoV-2 (+)

Male/ Female

Non-SARS-CoV-2/

Male/ Female

SHUIES N N/ N Influenza N N/N sl
Rezaee Non-SARS-CoV-2: 6338/ 5325
et al. 18] 2409 1195/ 1214 11668 Vs. 14,116
' Influenza: 2004 1198/ 806
. NR
Alborfgl 46 23/ 23 Non-SARS-CoY—Z. 38 Vs, g4
etal. ] Influenza: 3
0/3
. 61/ 45
Veisi Non-SARS-CoV-2:106
etal. 2 = 48/ 43 Influenza: NR b= 197
NR
— ) Mostly female
Ellam;1 203 Mostly male Non-SARS-CoY—Z. 252 Vs, 455
etal. 21 Influenza: NR
NR
, NR
T o
' ' 50/ 44

NR: not reported, IFV-A: influenza virus A, IFV-B: influenza virus B

Table 2) Descriptive characteristics of co-infected patients in all nine reviewed studies included in this research

Publication SARS-  SARS-CoV-2 (+) Male/ Influenza
Studies Date/ Province/ CoV-2 & Female Virus QAS

Study Type City +) Influenza (+) N (%)/ Serotype

y N N (%) N (%) N
Rezaee 2023/ 95 (49.74)/
et al. (8 Retrospective aeden 2400 1 (7:92] 96 (50.26) e 7
Alborzi 2022/ 0 (0)/ _
etal. [ Retrospective Telnre =9 Z () 2 (100) s S
Veisi 2022/
et al. 20 Retrospective et o1 101 NR NR 6
Eilami 2021/ . )
ot al. 21 Retrospective Shiraz 203 1(0.49) NR IFV A: 1 4
Pourmomen 2023/ Golestan,
et al. (2% Retrospective ~ Gorgan 20 a2 NR NR 6
Hashemi 2021/ 14 (60.86)/ )
ot al. B3 Retrospective  Mashhad 105 23 (21.9) 9(3013) [FVA:23 9
Hashemi 2020/ . 1(50)/ .
ot ol 4 Casereport  Boinurd 600 2 (0.33) 1 (50) IFVA:2 9
Heshmat-
Ghahdarijani 2z Isfahan 1639 2 (0.12) 1L (st [FV B: 2 7
- Case report 1 (50)
et al. (2%
Khodamoradi 2020/ . 3(75)/ .
et al. (26 Case series Shiraz 12 4 (33.33) 1(25) IFV A: 4 7
114 (39.53)/ IFVA:32

ozl D 22E 110 (38.19)  IFVB:2

NR: not reported, IFV-A: influenza virus A, IFV-B: influenza virus B, QAS: quality assessment score
.3 co-infection are shown in Table 2-Demographic characteristics of patients with influenza-SARS-CoV
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za and SARS-CoV-2 viruses 232, Most of the
co-infected patients in these four reviewed
studies were male and belonged to the age
group above 60 years.

Table 2 shows the prevalence of influenza
co-infection among SARS-CoV-2 positive
patients in all nine reviewed studies. Overall,
228 patients with influenza-SARS-CoV-2 co-
infection were identified in all nine reviewed
studies with varying levels of completeness
of demographic and clinical information.
According to the results, the prevalence of
influenza co-infection was 4.38% (n=228)
among 5195 SARS-CoV-2 positive patients.
Most of the co-infected cases were caused
by influenza A virus. The prevalence of co-
infection was higher in patients aged 18-60
and over 60 years than in patients younger
than 18 years, respectively. The frequency
distribution of co-infection was almost the
same in both sexes.

Among the reviewed studies, only five
studies reported the clinical symptoms of
co-infected patients & 1% 2426 Dyspnea was
the most common symptom reported in all
five studies, followed by fever, headache, and
cough, respectively. Less common symptoms
reported in some of the five reviewed
studies were chest pain, sweating, chills,
and gastrointestinal symptoms, respectively.
In some studies, hypertension, diabetes
mellitus, heart disease, renal disorders, and
asthma were reported as the most common

Table 3) Demographic characteristics of co-infected
patients in this review

SARS-CoV-2 (+)

. & Influenza (+) Percentage
Variable N=228 (%)
N

Male 114 50
Sex

Female 110 48.24

<18 12 5.26
Age 18-60 149 65.35

> 60 67 29.38

*The gender of four co-infected cases was unclear.
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underlying diseases among co-infected
patients; however, due to insufficient data
in the reviewed articles, it was not possible
to precisely evaluate clinical symptoms and
underlying diseases.

Discussion

The prevalence of SARS-CoV-2, particular-
ly during cold seasons, might increase the
incidence of SARS-CoV-2 co-infection with
other respiratory pathogens. The transmis-
sion mechanisms, clinical symptoms, and
seasonal prevalence of influenza and SARS-
CoV-2 viruses are often similar. Thus, co-in-
fection of SARS-CoV-2 with influenza viruses
could occur and increase the seriousness of
COVID-19 infection and the risk of mortality
among high-risk groups . The present re-
search evaluated the prevalence of influenza
co-infection among SARS-CoV-2 positive Ira-
nian patients. All the studies evaluated in this
research employed molecular techniques to
verify the presence of influenza and SARS-
CoV-2 pathogens. Overall, the incidence rate
of influenza co-infection among SARS-CoV-2
positive patients was 4.38%. The low prev-
alence of influenza-SARS-CoV-2 co-infection
might be a result of preventive measures
taken to combat COVID-19 disease.

Most of the SARS-CoV-2 and non-SARS-
CoV-2 patients in the reviewed studies
were male and in the age range of 18 to 60
years. The frequency of co-infection was
also higher in patients aged 18 to 60 years,
followed by people over 60 years. However,
the frequency distribution of co-infection
was almost the same in both sexes. In a
meta-analysis of influenza-SARS-CoV-2
co-infection, Dadashi et al. (2021) also
reported that the frequency of co-infection
was higher among patients over 50 years of
age [, Akhtar et al. (2021) in Bangladesh
also showed that people over 60 years of age
were at higher risk of developing COVID-19;
in their study, males were more likely to
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be infected with SARS-CoV-2 than females,
these results are in line with the present
study findings 27, Although studies have
shown no substantial difference in gender
and age between COVID-19 and influenza
patients 281, the mortality and severity of
COVID-19 disease have been shown to be
higher in male patients 2%

Several studies have been performed
worldwide to investigate the co-infection of
SARS-CoV-2 with influenza viruses. However,
these studies have reported substantially
different findings. In a study by Kim et al.
(2020) in California, 116 out of 1206 patients
were infected with SARS-CoV-2, among them
only one patient was co-infected with both
SARS-CoV-2 and influenza type A viruses
(0.9%) BY% A meta-analysis of 11 studies
found a prevalence of 0.8% for influenza co-
infection among COVID-19 patients ™. In
another investigation by Wu et al. (2020),
only one out of 201 SARS-CoV-2 positive
patients was co-infected with influenza A
virus (0.5%) B! In another study by Ding et
al. (2020), 5 out of 115 SARS-CoV-2 positive
patients were co-infected with influenza
(4.34%) 32 In contrast to these studies
reporting a low prevalence of influenza co-
infection, the incidence rate of co-infection
has been reported to be high in some other
studies. For example, Alosaimietal. (2021) in
Saudi Arabia reported a prevalence of 35.4%
(n=17) for influenza co-infection among
48 ICU and non-ICU SARS-CoV-2 positive
patients 33, In another research, 64 out of
128 hospitalized COVID-19 patients (50%)
were co-infected with influenza viruses,
among them 84.4% (n=54) and 15.6%
(n=10) were co-infected with influenza A
and B viruses, respectively 3%,

The difference in the frequency of co-
infection in different countries and regions
could be attributed to differences in the
study population, underlying conditions of
patients, seasonal and geographic variation,
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study period, methods used, preventive
and control strategies applied, and targeted
pathogens.

In this study, most of the co-infected cases
were caused by influenza A virus. This could
be attributed to the higher prevalence of in-
fluenza type A virus **l. Among the reviewed
studies, two studies investigated SARS-
CoV-2 co-infection with various respiratory
pathogens. Hashemi et al. (2021) evaluated
the co-infection of SARS-CoV-2 with various
respiratory pathogens in 105 SARS-CoV-2
positive dead cases in North Khorasan using
PCR and RT-PCR. Co-infection of SARS-CoV-2
with influenza was found in 22.3%, with re-
spiratory syncytial virus (RSV) and bocavi-
rus (BoV) in 9.7%, with parainfluenza virus
(PIV) in 3.9%, with human metapneumovi-
rus (hMPV) in 2.9%, and with adenovirus
(AdV) in 1.9% of SARS-CoV-2-positive dead
patients 23, In another study by Veisi et al.
(2022), among 91 COVID-19 patients, 17 pa-
tients were co-infected with other respirato-
ry pathogens as follows: one (1.09%) with
each of AdV, BoV, PIV, IFV-B, and HKU-1; two
(2.19%) with RSV; three (3.29%) with NL63;
and seven (7.69%) with hMPV. According to
the results, hMPV was the most common
pathogen among both SARS-CoV-2-negative
and SARS-CoV-2-positive patients [2%,

[t should be noted that co-infection of SARS-
CoV-2 with other respiratory pathogens
might have been underestimated in some
regions due to false-negative results or lack
of hospitalization and home treatment due
to increased public awareness of personal
protection guidelines, including self-
isolation, social distancing, hand washing,
mask wearing, etc. The findings suggest
that other respiratory viruses should be
considered in COVID-19 patients, as it seems
that co-infection with other respiratory
viruses could complicate disease diagnosis
and treatment. Therefore, more extensive
viral testing is needed to identify the exact
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etiological agents in COVID-19 patients,
especially for clinical decision-making.
This research like other studies had some
limitations, including the small number of
studies on this topic in Iran and the small
sample size. Due to insufficient data in the
reviewed articles, it was not possible to
precisely evaluate clinical symptoms of co-
infected cases as well as underlying diseases
and influenza vaccination coverage, which
might have affected the results. In addition,
only published studies were included in this
review, which may potentially underestimate
the true incidence rate of co-infection.
Incomplete data in some studies may lead
to detection bias. It is recommended that
further studies with larger sample sizes
be conducted in Iran to precisely evaluate
influential factors such as underlying
diseases and vaccination coverage, which
play an important role in the occurrence of
concurrent infections.

Conclusion

The findings suggest that the prevalence
of influenza co-infection among SARS-CoV-
2-positive patients is low. The most likely
reason for this finding could be compliance
with personal hygiene principles, especially
during the pandemic, leading to a significant
reduction in the prevalence of other respira-
tory pathogens. However, the importance of
this issue should not be ignored, and influ-
enza vaccination in high-risk groups includ-
ing the elderly and hospitalized patients is
highly recommended due to the probability
of serious complications.
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