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Dear Editor

Since the emergence of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) and its subsequent variants of concern
(VOCs), the need for developing an effective vaccine having an ablility
to provide immunity against different VOCs is increasing. The efforts are
now directed to assess currently available vaccines or advocate the need
for booster doses (third and fourth doses). Novel variants of SARS-CoV-
2, such as Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta
(B.1.617.2), and Omicron (B.1.1.529) [1,2], have the potential to
exacerbate the pandemic thanks to their ability to evade immunity
produced through natural infection or vaccination, and these variants
might complicate the current diagnostic strategies and vaccination
programs. In addition, virus mutations can affect diagnostic test accu-
racy. Since the appearance of the SARS-CoV-2 Omicron variant and the
existence of a significant number of mutations in the variant’s genome,
various research groups have expressed concerns regarding the reli-
ability of commercially and in-house designed SARS-CoV-2 specific PCR
tests [3].

During the coronavirus disease 2019 (COVID-19) pandemic, many
studies reported existing coinfections with SARS-CoV-2 like bacteria,
fungi, and viruses [4-6]. SARS-CoV-2 and influenza A virus coinfections
have been reported in several countries [3-7]. Seasonal influenza A
virus (IAV) could exacerbate the challenges and threats that the coro-
navirus pandemic poses to public health, particularly during the winter
months and among individuals at risk of severe disease and hospital
admission. Therefore, the coinfection of these viruses could consider-
ably influence morbidity, mortality, and the demand for healthcare
services.

It was found in recent study that 22.3% of SARS-CoV-2 positive dead
cases in Iran were coinfection with influenza virus [7]. Kim et al. [8]
have used the K18-hACE2 transgenic mouse model to study the patho-
genic and immunological effects of SARS-CoV-2 and IAV H1IN1 coin-
fection. They have reported that SARS-CoV-2/IAV coinfections boosted
immune cell infiltration and inflammatory cytokine levels in bron-
choalveolar lavage fluid (BALF), resulting in severe pneumonia and lung
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injury (Fig. 1). The increased cytokine levels and chemokines have been
postulated as a primary reason for the increased death rate in severely
infected patients with COVID-19. Hence, the coinfections can signifi-
cantly increase hospitalization, hence the mortality rate. Furthermore,
coinfections also resulted in significant lymphopenia in the peripheral
blood, with lower total IgG, neutralizing antibody titers, and CD4" T cell
responses to each virus [8]. Bai et al. [9] have reported increased
SARS-CoV-2 viral load, and more severe lung damage was observed in
mice coinfected with IAV. Additionally, coinfection with HIN1 and
SARS-CoV-2 prolonged the duration of clinical manifestations and pul-
monary damage caused by SARS-CoV-2 in ferrets [10].

Notably, a similar increase in SARS-CoV-2 infectivity was not seen
with various other respiratory viruses, most likely due to IAV’s unique
ability to raise ACE2 expression [9], which could raise a question if IAV
might have played a hidden role in the ferocity of COVID-19 subsequent
surges (Fig. 1). Strikingly, a dramatic decrease in influenza detection has
been observed since March 2020, co-incident with the exponential
global spread of SARS-CoV-2. There was a 99% drop in influenza
isolation over the world. Following the SARS-CoV-2 pandemic, influ-
enza is expected to resurface and circulate once more. Addressing the
COVID-19 pandemic necessitates the accurate application of diagnostic
tests in large quantities, which essentially aid in implementing appro-
priate therapy and preventing further spread. Test availability makes up
the big concern, but test accuracy may constitute a critical problem in
front of the emergence of novel variants of SARS-CoV-2. To shortcut the
efforts that should be done, IAV must be integrated into the COVID-19
diagnostic modalities, not for the present case but the future chal-
lenges as well.

The U.S. Food and Drug Administration (FDA) has approved two
types of rapid diagnostic tests (RDTs) to diagnose SARS-CoV-2 infection:
nucleic acid amplification and antigen-based immunoassay tests to
detect genes and SARS-CoV-2 proteins, respectively. RDTs are valuable
public health tools to detect SARS-CoV-2 variants, and they are pro-
jected to become more generally available in clinics, communities, and
homes in the near future. During development and post-authorization,
however, test developers and health regulators should analyse and
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Fig. 1. Schematic representation of immunological effects of SARS-CoV-2 and IAV coinfection. IAV infection during the COVID-19 can exaggerate the immune cell
infiltration in BALF (Bronchoalveolar Lavage Fluid), leading to enhanced secretion of cytokines and chemokines. In addition, IAV (Influenza A virus) infection
increases the expression of ACE2 (Angiotensin-Converting Enzyme 2) receptors, which provides favourable conditions to SARS-CoV-2, which in turn enhances viral
load. Hence, the coinfection of SARS-CoV-2 with the influenza virus can significantly increase the death rate.

monitor the influence of new variants on Ag-RDTs. RDTs could be used
routinely for homes and places encompass gatherings like schools and
universities.

Chen et al. [9] had managed to develop a dual-mode surfa-
ce-enhanced Raman scattering (SERS)-based aptasensor that can di-
agnose and discriminate SARS-CoV-2 and influenza A/H1N1 at the same
time. On an Au nanopopcorn substrate, DNA aptamers that exclusively
bind to SARS-CoV-2 and IAV/H1IN1 were immobilized together. SERS
signals could be generated in the nanogap of the Au nanopopcorn sub-
strate by Raman reporters (Cy3 and RRX) attached to the terminals of
DNA aptamers. To eliminate errors induced by changes in the mea-
surement environment, the internal standard Raman reporter (4-MBA)
was mounted on the Au nanopopcorn substrate together with aptamer
DNAs. When SARS-CoV-2 or influenza A virus approaches the Au
nanopopcorn substrate, the corresponding DNA aptamer selectively
detaches from the substrate due to the significant binding affinity be-
tween the corresponding DNA aptamer and the virus. As a result, the
related SERS intensity decreases with increasing target virus concen-
tration [11]. Kim et al. [12] have presented a feasible and cost-effective
technique for simultaneously analyzing and identifying respiratory virus
coinfections and the whole SARS-CoV-2 genome with easiness from the
clinical specimens. Savinon-Flores et al. [13] suggested that new
analytical methodologies are necessary to control the adverse re-
percussions associated with zoonotic respiratory viruses. Multiplex as-
says that identify viruses along with their unique biomarkers or
secondary illness biomarkers arising from infection are urgently needed
at the moment.

Some researchers have emphasized the need for designing a multi-
vaccine to encompass SARS-CoV-2 and IAV, or co-administering

COVID-19 and Influenza vaccines, pointing out that concomitant
vaccination appears to be a viable immunization strategy [14].
Co-administering the COVID-19 vaccine with seasonal influenza vaccine
can be a safe and effective strategy to induce a substantial amount of
immune response against both infections at the same time as it does not
require time intervals in between. Recently, Toback et al. [14] did not
report any early safety concerns with the concomitant administration of
a COVID-19 vaccine (NVX-CoV2373) with influenza vaccines (Flucelvax
Quadrivalent; quadrivalent influenza cell-based vaccine for those aged
18-64 years and Fluad; adjuvanted trivalent influenza vaccine for those
65 years or older). The dual immunization of K18-hACE2 mice with
H1N1 and SARS-CoV-2 effectively prevented them from both HIN1 and
SARS-CoV-2 infection [8]. After infection with HIN1 and SARS-CoV-2,
all the vaccinated mice survived. Therefore, co-vaccination against
HIN1 and SARS-CoV-2 could be an effective system for preventing
epidemic-related pneumonia in the coming winters [10]. It was reported
that concurrent seasonal influenza vaccination (quadrivalent influenza
vaccine; QIV-HD: high-dose quadrivalent influenza vaccine) with a
COVID-19 (mRNA-1273) vaccine booster could help to maximize pro-
tection against both infections in people at risk of serious illness and
hospitalization, without noticeable serious adverse events in people
aged 65 and over. Interestingly, intranasal influenza-based boost
vaccination was shown to enhance mucosal and systemic immunity
against SARS-CoV-2 in both the upper and lower respiratory systems,
and also could boost the BioNTech vaccine for improved mucosal im-
munity [15]. Additionally, Bommireddy et al. [16] have designed a
hybrid vaccine for SARS-CoV-2 and influenza viruses, using influenza
virus-like particles (VLP) incorporated by protein transfer with glyco-
sylphosphatidylinositol (GPI)-anchored SARS-CoV-2 S1 RBD fused to
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GM-CSF as an adjuvant. The hybrid vaccine elicited a high antibody
response, protected mice against influenza virus and mouse-adapted
SARS-CoV-2 challenges, and vaccinated mice had significantly low-
ered lung viral titers than naive mice.

Non-pharmaceutical interventions like social isolation, travel and
movement restrictions, and hygiene measures, are largely believed to
have reduced influenza circulation [17]. Early studies disclosed that
SARS-CoV-2 mRNA vaccines showed that they were effective in pre-
venting symptomatic and asymptomatic infection [18]. Additionally,
three mRNA vaccine doses elicit potent variant cross-neutralization,
including Omicron. However, challenges of using the mRNA vaccine
technology to create a four-strain influenza vaccine should not be
underestimated [17]. In both industrialized and low-resource settings,
continuous global development in diagnostic test readiness is needed for
quicker detection of patients, possibly at the point of care, and optimized
prevention and treatment. The testing of seasonal respiratory viruses
should be done in seriously sick people, as other viruses may help with
patient management.

In summary, the long-term diagnostic modalities should be in our
minds, and creating multivalent vaccines as well, through different
strategies as a hybrid vaccine strategy to combat influenza A and SARS-
CoV-2 infections is a promising approach for current and future chal-
lenges that would be caused by several pandemic viruses, such as SARS-
CoV-2 and influenza viruses. Post-authorization evaluation of diagnostic
tests and pharmacovigilance of medicines and vaccines are indispens-
able paths to ensure the accuracy of diagnostic tests, the safety and ef-
ficacy of drugs and vaccines. Designing a dual diagnostic strategy for
detecting SARS-CoV-2 and influenza viruses is a potentially effective
approach, based on the hypothesis that this new coronavirus may
circulate in the future in a seasonal manner like other respiratory vi-
ruses, particularly endemic human coronaviruses. We advocate scien-
tific community adopt a future-thinking strategy that yields science-
based solutions for future challenges through conserving resources
and shortening the battles with pandemic viruses.
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