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Abstract

Context: COVID-19 and influenza coinfection may increase mortality and morbidity during the COVID-19 pandemic. Recognizing
the differences and similarities between COVID-19 and influenza helps us diagnose and treat these 2 diseases. Accordingly, we aimed
to compare virologic, clinical, paraclinical, and radiological features and prophylactic and therapeutic management of SARS-CoV-2
and influenza infections. We also provided an algorithmic approach to the diagnosis and treatment of SARS-CoV-2 and influenza
coinfection in children.

Evidence Acquisition: Electronic databases, including Cochrane Collaboration, PubMed, Google Scholar, and EMBASE, were
searched for the articles published in English language using the following keywords: “influenza virus,” “SARS-CoV-2 virus,” “COVID-
19,” “comparison,” “coinfection,” “management,” “treatment,” “antiviral therapy,” “vaccines,” “children,” and “adults.” Boolean op-
erations (AND and OR) were used to refine the search. No date limitation was applied.

Results: SARS-CoV-2 and influenza are both RNA viruses with different receptors. The reproductive rate of SARS-CoV-2 is higher than
influenza. Patients with SARS-CoV-2 infection, particularly adults, have higher rates of anosmia/ageusia. Organ involvement occurs
more frequently in COVID-19 cases, and multisystem inflammatory syndrome in children (MIS-C) occurs especially in children. Dis-
ease severity, excessive immune response, and mortality are higher in SARS-CoV-2. Radiological peripheral lesions and ground-glass
appearance are characteristic of COVID-19 infection. It is important to rule out influenza and SARS-CoV-2 infection in patients with
respiratory problems during the pandemic. Timely prescription of currently available antiviral drugs is essential.

Conclusions: Treatment of patients suspected of having a coinfection is determined by the patient’s condition and polymerase
chain reaction (PCR) evaluation.
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2. Objectives

In this review article, we aimed to compare virologic,
clinical, paraclinical, and radiological features and pro-
phylactic and therapeutic management of SARS-CoV-2 and
influenza infections. We also provided an algorithmic ap-
proach to the diagnosis and treatment of SARS-CoV-2 and
influenza coinfection in children.

On 31 December 2019, a cluster of pneumonia cases was
reported in Wuhan City, China. The disease, now identi-
fied as COVID-19 (coronavirus disease 2019), spreads fast
and continuously worldwide, with mortality exceeding 4.8
million (1). As the COVID-19 pandemic is evolving continu-
ously, itisimportant to compare this respiratory virus with
other viruses circulating in the community.

Both COVID-19 and influenza are respiratory viruses;
however, there are important differences between them in
terms of their pathogenesis and clinical course. It has been
shown that with the onset of the cold season, there might
be a pathogenic interaction between SARS-CoV-2 and in-
fluenza viruses, leading to an increase in COVID-19 severity
(2, 3). Since influenza is a treatable disease, identifying 2
viruses at the same time can play an important role in our
treatment plan.

3. Evidence Acquisition

3.1. Search Strategy

Electronic databases, including Cochrane Collabora-
tion, PubMed, Google Scholar, and EMBASE, were searched
for the articles published in English language using the
following keywords: “influenza virus,” “SARS-CoV-2 virus,”
“COVID-19,” “comparison,” “coinfection,” “management,”
“treatment,” “antiviral therapy,” “vaccines,” “children,” and
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“adults.” Boolean operations (AND and OR) were used to re-
fine the search. No date limitation was applied. Persian
databases were searched to retrieve information about in-
fluenza and COVID-19 coinfection in Iran.

3.2. Study Selection

We included all study types in our search strategy. NO
“methodological filter” was applied. Articles were selected
for their relevance to the subject (ie, different aspects of
influenza and COVID-19 infections). Citations of retrieved
articles were checked for additional references to improve
our search strategy.

3.3. Data Extraction

Multiple observers were used for independent extrac-
tion. After data acquisition, 113 articles were selected, 7 arti-
cles were duplicated, and 55 were not relevant. We selected
35 original articles, 5 review articles, 1 case series, 4 system-
atic reviews and meta-analyses, 2 guidelines, 1 correspon-
dence, and 2 articles as an algorithm. Data classification
and categorization of findings were performed by a sys-
tematic strategy in a meaningful manner. Figure 1 shows
the reviewed, eligible, included, and excluded articles.

4. Results

4.1. Virologic Characteristics of Influenza vs SARS-CoV-2

Both SARS-CoV-2 and influenza viruses are enveloped,
single-stranded RNA viruses encapsidated by the nucle-
oprotein. However, they differ in polarity and segmen-
tation of their genomes. SARS-CoV-2 comprises non-
segmented, positive-sense RNA, while the influenza virus
has 8 negative-sense RNA segments. Moreover, SARS-CoV-
2 has only 1 strain, but influenza has 4 strains (A, B, C, and
D) and many subtypes. Using its spike (S) proteins, the
SARS-CoV-2 virus binds to angiotensin-converting enzyme
2 (ACE2) expressed on the epithelia of different organs, in-
cluding the lungs, heart, brain, liver, and intestine. SARS-
Cov-2 RNA is injected into the host cell, and replication of
the genome occurs. In the case of the influenza virus, the
hemagglutinin (HA) surface protein binds to sialic acid lo-
cated on host respiratory epithelial cells. HA binds to sialic
acid, and the virus enters the host cell. Upon entry, viral
RNA is released in host cells, and new virus particles are
copied, synthesized, and released (4).

4.2. Transmissibility, Risk Population, Basic Reproductive Rate,
and Mortality of Influenza vs SARS-CoV-2

The transmission speed is also a point of difference be-
tween the 2 viruses. Compared to COVID-19, influenza has a

shorter incubation period (2 vs 4 - 12 days). The average ba-
sic reproductive number (Ry; defined as the average num-
ber of secondary transmissions from 1 infected person)
of SARS-CoV-2 is 2.5 compared to 2 for the 1918 influenza
pandemic and 1.7 for the 2009 influenza pandemic (5). It
has been shown that newer variants of SARS-CoV-2 (eg, the
B.1.1.7 variant in the United Kingdom) are more transmis-
sible than the previous lineage, but no clear changes in
disease severity have been reported. Children, the elderly,
immunosuppressed patients, and those with chronic med-
ical conditions are the most at risk for severe influenza.
Our current knowledge is that underlying conditions and
old age increase the risk of severe infection in COVID-19 pa-
tients, but children and pregnant women are not at addi-
tional risk (6). The crude mortality ratio (the number of
death reports divided by reported cases) for COVID-19 is
higher than seasonal influenza (2.6% vs. 0.096%) (4).

4.3. Clinical Characteristics of Influenza vs SARS-CoV-2

Influenza and SARS-CoV-2 share similar clinical fea-
tures, making it difficult to distinguish between them
solely based on symptoms. Fever and cough are the 2 most
common symptoms in both seasonal influenza and COVID-
19 (7). However, there are differences regarding the mag-
nitude and frequency of symptoms between seasonal in-
fluenza and COVID-19.

In children, fever, diarrhea or vomiting, headache,
body ache or myalgia, and chest pain were significantly
more frequent in seasonal influenza, but cough and short-
ness of breath had a similar frequency (8). A comparative
study in France showed that fatigue, faintness, diarrhea,
and anosmia/ageusia were significantly more common in
adults with COVID-19, but sputum production and nasal
congestion were more frequent in those with influenza.
Respiratory and other organ involvement are more promi-
nent in COVID-19 cases. Multisystem inflammatory syn-
drome in children (MIS-C) specifically occurs in children
with COVID-19 (9).

4.4. Co-pathogens in Influenza vs SARS-CoV-2

Bacterial, viral, and fungal co-pathogens are com-
monly encountered in viral respiratory tract infections. In
severe influenza, bacterial coinfection rate may reach up
to 20 - 30%, being a major cause of morbidity and mortal-
ity (10, 11). As a result, the American Thoracic Society and
Infectious Diseases Society of America have recommended
initial antibacterial treatment for adults with community-
acquired pneumonia and positive influenza test (12). Ac-
cording to a systematic review and meta-analysis, Strepto-
coccus pneumoniae and Staphylococcus aureus account for
most co-pathogens in influenza; however, other coinfect-
ing bacteria are also reported (13).
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Figure 1. Reviewed, eligible, included, and excluded articles

Studies have reported variable rates of coinfection
among COVID-19 patients. A study from Singapore re-
ported no coinfection in COVID-19 patients, while 50%
of COVID-19 non-survivors had coinfections in China (14,
15). The overall bacterial coinfection rate in COVID-19
patients was reported as 7%; the commonest bacteria
were Mycoplasma pneumoniae, Pseudomonas aeruginosa,
and Haemophilus influenzae. However, Legionella pneu-
mophila, S. aureus, S. pneumoniae, and Chlamydophila pneu-
moniae are also frequently reported (16). In a study from
China, 39 organisms were studied in hospitalized patients
with COVID-19, and in 94.2% of cases, 24 co-pathogens were
identified. Streptococcus pneumoniae was the most com-
mon, followed by H. influenzae and Klebsiella pneumoniae.
The proportion of bacterial, fungal, and viral coinfection
was higher in severe cases (17). According to a recent sys-
tematic review and meta-analysis, the overall viral coinfec-
tion rate in COVID-19 patients was 3% (18).

In addition to the respiratory syncytial virus and
influenza A virus (which are the commonest coinfect-
ing viruses), rhinovirus/enterovirus, adenovirus, parain-
fluenza, metapneumovirus, and influenza B virus have also
been reported in patients with COVID-19 (8, 9). Viremia
with Epstein-Barr virus (EBV), cytomegalovirus (CMV), and
human-herpes virus-6 (HHV-6) were respectively reported
in 15%, 82%, and 22% of COVID-19 patients admitted to
the intensive care unit (ICU), with EBV viremia associated
with longer ICU admission (19). Less commonly, fungal
pathogens such as Candida albicans, Aspergillus flavus, A.
fumigatus, and C. glabrata were detected in samples taken
from COVID-19 patients (16, 18).
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4.5. Disease Severity in Influenza vs SARS-CoV-2

The pathogenesis of influenza A infection occurs in 2
stages. The first stage, which lasts for 1- 3 days, is character-
ized by increased inflammation and determines the peak
viral titer. In the second stage, the disease may progress
to acute respiratory distress syndrome (ARDS) and even
death but at lower rates compared to COVID-19. As a highly
pathogenic human coronavirus, SARS-CoV-2 can cause se-
vere lower respiratory tract infection and ARDS; it can also
damage other organs, including the gastrointestinal tract,
brain, thyroid, skeletal muscle, heart, and lymph nodes,
especially in older patients (> 65 years old). Moreover, it
may cause an excessive immune response named cytokine
storm, which in turn may facilitate viral entry into host
cells by enhancing the infiltration of non-neutralizing an-
tiviral proteins (20).

4.6. Imaging in Influenza vs SARS-CoV-2

Due to its higher resolution and the ability to provide
anatomic details, chest computed tomography (CT) is con-
sidered a valuable tool in the diagnosis of viral pneumo-
nia, including COVID-19 and influenza. The sensitivity of
chest CT in detecting COVID-19 at initial presentation is
estimated as 56 - 98%, higher than reverse transcriptase-
polymerase chain reaction (RT-PCR); thus, chest CT can be
used in patients who have negative RT-PCR in the initial
presentation (21, 22). However, CT features of COVID-19 can
also be detected in other viral pneumonia (eg, influenza),
making it difficult to distinguish them radiologically (23).
Bai et al reported that radiologists could not differentiate
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COVID-19 from other viral pneumonia in about 26% of cases
based on chest CT findings (24).

Although bilateral ground-glass opacity (GGO) and
multifocal consolidation are considered the radiologic
hallmarks of COVID-19, they can be similarly found in in-
fluenza and SARS-CoV-2 (24, 25). However, lesions are pre-
dominantly peripheral and more located within the lobes
in COVID-19, while they are more widespread in influenza.
Crazy-paving pattern and well-defined reticular changes
were more reported in COVID-19, while pleural effusion,
pneumothorax, pneumomediastinum, and centrilobular
or “tree-in-bud” nodules are less reported (25).

4.7. Coinfection of Influenza and SARS-CoV-2

Cases of influenza and COVID-19 coinfections have been
reported in adults from Iran, Spain, China, Germany, Japan,
and the USA (26). Although severely ill COVID-19 patients
can have concomitant infections with viral and bacterial
agents, coinfection with influenza accounts for a higher
proportion of deaths (27).

Advanced technology can be used to detect SARS-CoV-
2 and influenza coinfection. Direct fluorescent antibody
(DFA) was used to screen COVID-19 patients for influenza
virus but had a lower sensitivity and specificity than RT-
PCR (26). However, RT-PCR can produce false-negative or
false-positive results due to factors such as personnel skills
in performing technical procedures and laboratory stan-
dards. Multiplex PCR is recommended in high-risk pa-
tients with coinfection to decide anti-influenza treatment,
butitis notavailable in low-income countries (28). The rea-
sons for rare dual or multiple concurrent viral infections
are recourse competition, use of common receptors, in-
oculum size differences, and viral interference (29). Cur-
rently, there are no reports focusing on the significance
of elevation of inflammatory markers in influenza and
COVID-19 coinfection. In small series, it was found that
there was no direct relationship between coinfection and
disease severity, and there might be other reasons affecting
the outcome of patients with dual infection (30, 31).

4.8. Antiviral Treatment in Influenza vs SARS-CoV-2

Antiviral treatment for influenza is recommended in
hospitalized children with severe or complicated diseases
or those at risk of complications. There are various ef-
fective medications used to treat influenza A (pandemic
strain 2009 HiN1) and B, including baloxavir (an inhibitor
of mRNA synthesis) and neuraminidase inhibitors (eg, os-
eltamivir, peramivir, and zanamivir) preventing the virion
release from the host cells (32, 33). Amantadine (an in-
hibitor of influenza AM2 ion channels) is no longer recom-
mended for the treatment of influenza due to drug resis-
tance (32).

Different antiviral drugs have been used in COVID-19,
including remdesivir, favipiravir, atazanavir, and lopinavir-
ritonavir (34). Despite the lack of data in the treatment
of children with COVID-19, remdesivir is preferred in the
critical phase of the disease. The triphosphate form of
remdesivir (RDV-TP) is used as a substrate in many RNA-
dependent RNA polymerase complexes and inhibits RNA
synthesis in coronavirus. Lopinavir-ritonavir is a protease
inhibitor used for the HIV treatment regimen in children
but is not recommended for routine use given its unfavor-
able pharmacodynamics (35). Hydroxychloroquine, a po-
tential antiviral drug, blocks the sialic acid receptors, re-
stricts PH-mediated S protein cleavage at the ACE2 binding
site, and prevents cytokine storm. The efficacy of this drug
in COVID-19 infection is not clear and has not been licensed
for treatment (36).

4.9. Prophylaxis in Influenza vs SARS-CoV-2

Chemoprophylaxis significantly diminishes illness
among contacts with confirmed influenza cases; however,
itisimportant to consider immunization as a primary way
of protection (37). Chemoprophylaxis is recommended
in immunocompromised and unimmunized children
(those at high risk of complications during the 2 weeks
after influenza immunization). In children at high risk of
complications, their family members and close contacts
should also receive chemoprophylaxis when circulating
strains of the influenza virus are not matched by vaccine
strains. Post-exposure prophylaxis is indicated in the first
48 hours of exposure with a confirmed or suspected case
of influenza 1 day before symptom onset until 24 hours
after fever in children at high risk for influenza compli-
cations; the most commonly used drugs are oseltamivir
and zanamivir (38). Since there is a lack of data on the
efficacy of antiviral drugs in the management of COVID-19
in children, no drug is recommended for its prophylaxis.
Initiating treatment in the early stages of the disease is
the only way to prevent complications in patients with
COVID-19 infection (35).

4.10. Vaccines in Influenza vs SARS-CoV-2

The influenza vaccine, made and supplied based on
the genetic changes of the inactivated, split, and live-
attenuated virus, has been administered annually for a
long time (32). SARS-CoV-2 vaccines are developed by
whole-microbe (live-attenuated, inactivated, and viral vec-
tor vaccines), sub-unit, and genetic (DNA and RNA vac-
cines) approaches (39). New platforms such as DNA and
RNA vaccines are employed in a licensed vaccine for the
first time. DNA vaccines consist of a target gene and mam-
malian expression promotors in plasmid DNA. They need
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electroporators as special delivery devices to reach the nu-
cleus, be transcribed into mRNA, and generate protein
to stimulate the immune response (40). RNA vaccines,
the first vaccines produced for SARS-CoV-2, act by directly
translating RNA into the target protein in the cell cyto-
plasm. They need very low temperatures, which may com-
plicate their storage (41).

To date, 26.3% of the world population has received at
least 1 dose of a COVID-19 vaccine, and 3.66 billion doses
have been administered globally, with 29.89 million doses
administered each day. Only 1% of people in low-income
countries have received at least 1 dose (42). In Iran, a total
of 6.53 million doses have been administered, accounting
for 2.6% of the population (43).

4.11. Management of Patients with Suspected Influenza and
COVID-19 Coinfection

Specific therapy of COVID-19/influenza coinfection de-
pends on the severity of the disease. Influenza patients at
risk of complications should be hospitalized and treated
with oseltamivir before the test, regardless of the pos-
sibility of coinfection with COVID-19. Treatment of pa-
tients with COVID-19 includes isolation, supportive care,
oxygen or assisted ventilation, antivirals, antibiotics, im-
munomodulators, and anticoagulants (44). The severity
of the disease is directly related to the severity of the cy-
tokine storm. Intravenous immunoglobulin (IVIG), cor-
ticosteroid pulse, hemoperfusion, dexamethasone, and
other corticosteroids have been tried to control the dis-
ease, reporting contradictory results. However, dexam-
ethasone has been found to reduce mortality in those who
need assisted ventilation or supplemental oxygen (45).

Remdesivir was approved for the treatment of COVID-
19 in hospitalized adult and pediatric patients (more than
40 kg and > 12 years). The emergency use authorization
allows remdesivir to be used for the treatment of sus-
pected and confirmed COVID-19 in hospitalized patients
more than 3.5 kg (46). Favipiravir has an effective con-
centration against SARS-CoV-2 infection and is considered
an oral formulation for the treatment of mild to moder-
ate COVID-19 in the outpatient setting. This drug reduces
the viral load and improves radiological and clinical out-
comes (47). Interferons have been used in combination
with other drugs or alone in the treatment of COVID-19
(48).

4.12. Approach to a Child with Symptoms Compatible with Both

COVID-19 and Influenza

Influenza and COVID-19 coinfection is not necessarily
associated with an increase in disease severity in mild to
moderate cases, but it is important to know that influenza
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is treatable. The efficacy of influenza vaccines is 40 to 60%;
thus, adherence to hygienic protocols, including hand-
washing, social distancing, and using a mask, are effec-
tive preventative measures (49). Figure 2 is an individual-
ized algorithmic approach to the management of children
suspected of influenza and COVID-19 coinfection based on
clinical manifestation, disease process, response to treat-
ment, and complications.

(1) Suspected cases of COVID-19: Cough, fever, and 3 or
more symptoms of fatigue, headache, myalgia, sore throat,
nasal running, shortness of breath, anorexia, nausea, vom-
iting, diarrhea, and loss of consciousness AND residency
or work in places with a high risk of transmission during
14 days before the beginning of symptoms, residency or
travel to places with community transmission during 14
days before the beginning of symptoms OR severe acute
respiratory illness (SARI), including acute respiratory in-
fection needed for the hospital admission. Probable cases
of COVID-19: Suspected cases with clinical criteria and his-
tory of contact with confirmed or probable cases OR sus-
pected cases with radiological findings compatible with
COVID-19 OR patients with a history of anosmia or ageusia
(with any cause) OR patients with progressive pneumonia
not responding to appropriate treatment OR death with-
out confirmed reasons in a patient with respiratory dis-
tress and contact with confirmed or probable cases AND
negative or unknown PCR results. Suspected cases of in-
fluenza: At least 2 of the following factors: Fever over
38°C, cough, runny nose, sore throat in the influenza sea-
son with or without diarrhea, vomiting, abdominal pain,
headache, or irritability with no confirmed reason. Prob-
able cases of influenza: Suspected cases of influenza in
the cold season AND a history of close contact with proba-
ble/confirmed influenza cases 4 days before the beginning
of the illness OR negative or unknown PCR results. Con-
firmed cases of COVID-19 or influenza: Patients with a posi-
tive PCR test for SARS-CoV-2 or influenza (50).

(2) Systolic blood pressure < 2 SD or < 5th percentile
for age AND 2 or 3 of the following factors: Tachycardia or
bradycardia (heart rate > 160/min or < 90/min in infants
under 1year and heart rate >150 or < 70 in older children),
capillary refill > 2 seconds, weak pulse, tachypnea, cold
extremities, petechiae or purpura, hyper or hypothermia,
oliguria, and raised serum lactate.

(3) The negative pressure isolation room is desired. If
not possible, separate beds with a distance of 2 m and sep-
arate equipment (eg, pulse oximeter).

(4) Routine and specific tests to assess organ involve-
ment and MIS-C, imaging, in the case of gastrointestinal
symptoms treat dehydration and follow for subsequent
symptoms and signs. CT scans can detect SARS-CoV-2 from
influenza—but not in all cases. Tests are requested for pa-
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Child suspected with COVID-19 or flu
infection (1) in cold season

|

- Severe respiratory distress

- Neurologic involvement

- Unstable hemodynamic status (2)
- Gl tractinvolvement

- MiIS-C

- Moderate to severe
pneumonia with or without

Transfer to ICU (3)
Respiratory support

Start supportive and
specific treatment
Treatment of MIS-C if
needed

PCR for COVID19 and
influenza, laboratory test
and Chest CT scan/XRay (4)
Investigate and tract any

PCR for COVID-19 and Flu,

Lab test and Chest CT

scan/XRay(4)
other organ involvement -

- Flu-like illness

Supportive treatment of flu

Self-isolation at home
v
l \ 4 l
COVID-19+ COVID-19- COVID-19 - COVID-19+
flu+(5) flu-(6) flu+(7) flu-(8)

Figure 2. Approach to a child with symptoms compatible with COVID-19 or influenza
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tients according to the organ involvement and the likeli-
hood of MIS-C (51).

(5) Confirmed coinfection: PCR tests for influenza and
SARS-CoV-2 are positive. Interferon J 1afinterferon [ 1b, 5
to 7 doses every other day plus oseltamivir for 5 days or
favipiravir for 7-10 days. If separation is possible, patients
should be admitted to COVID-19 and influenza rooms. Post-
exposure prophylaxis is necessary according to the Iranian
influenza algorithm for certain groups : (1) cases at high
risk of influenza complications after 2 weeks of vaccina-
tion, (2) cases who cannot receive influenza vaccine be-
cause of complications, (3) cases with severe immune de-
ficiencies that may not respond to influenza vaccine, and
(4) family members/close contacts, health-care profession-
als, and children who are at high risk for complications
when circulating influenza viruses are not matched with
seasonal strains of influenza vaccine (50, 51).

(6) If PCR tests for influenza and SARS-CoV-2 are both
negative, a definite diagnosis cannot be made based on
clinical and paraclinical findings. It is recommended to
treat the patient as COVID-19. PCR for influenza and COVID-
19 should be repeated.

(7) If the PCR test is positive for influenza and negative
for COVID-19, retesting for COVID-19 is done, and the pa-
tient is treated as an influenza case. In patients with pos-
sible influenza and/or SARS-Cov 2 infection, treatment can
be started before the test results are ready.

(8) If the PCR test is positive for COVID-19 and negative
for influenza, the patient should be treated as a COVID-19
case (51).

5. Conclusions

Based on what has been reported, we concluded that
due to the importance of influenza, it is very important to
identify it in COVID-19 patients. Influenza has its own treat-
ment and prophylaxis plan, and if these 2 infections coin-
cide, the treatment plan will change. The severity of coin-
fection depends on various factors, some of which are re-
lated to the characteristics of the host and the characteris-
tics and behaviors of the virus. Guidelines for simultane-
ous treatment of these 2 diseases can help us to better con-
trol, especially in the cold season when this coinfection is
more likely to occur.
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