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Abstract: For three years, the novel coronavirus disease 2019 (COVID-19) pandemic, caused by in-
fection of the SARS-CoV-2 virus, has completely changed our lifestyles and prepared us to live with
this novel pneumonia for years to come. Given that pre-existing flu is caused by the influenza A
virus, we have begun unprecedently co-coping with two different respiratory diseases at the same
time. Hence, we draw a comparison between SARS-CoV-2 and influenza A virus based on the gen-
eral characteristics, especially the main variants” history and the distribution of the two viruses.
SARS-CoV-2 appeared to mutate more frequently and independently of locations than the influenza
A virus. Furthermore, we reviewed present clinical trials on combined management against
COVID-19 and influenza in order to explore better solutions against both at the same time.

Keywords: SARS-CoV-2; influenza A; co-treatments; variants; smoking and alcohol use

1. Introduction

In late January 2020, news flooded the world about the outbreak of novel coronavirus
disease 2019 (COVID-19). Swift spread of this new infectious disease disturbed people all
over the world. On 11 March 2020, the World Health Organization (WHO) declared the
pandemic caused by a novel coronavirus, renamed severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), as a public health emergency of international concern. Af-
terwards, this outbreak quickly caused enormous human casualties and global economic
losses, which then aroused global panic [1]. Currently, with the development of various
COVID-19 vaccines, achieving global vaccine coverage has been considered as the major
measure to control the COVID-19 pandemic, providing protection against severe disease
and hospitalization from COVID-19. However, a new heavily mutated SARS-CoV-2 var-
iant known as Omicron has aroused widespread concern on the new waves of infection,
with increased transmissibility and a higher risk of reinfection than before [2]. The sub-
stantially increasing numbers of infections with the Omicron variant around the world
have suggested that the COVID-19 pandemic is far from over [3,4].

Previously, the world has been challenged with four pandemics caused by various
strains of another RNA virus, the influenza virus [5]. Over the past hundred years, influ-
enza A viruses have been the major pathogen causing multiple global outbreaks of acute
respiratory infections, resulting in approximately 50 to 100 million of the world’s popula-
tion dying [6]. The most recent influenza pandemic was caused by the 2009 HIN1 influ-
enza A virus, which has remained with us and is known as annual seasonal influenza.
Taking the continuous antigenic mutations of the influenza virus into consideration, we
presume that the appearance of a new influenza pandemic is highly inevitable [7].
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To better understand the characteristics of and simultaneously cope with the two
pandemics, we have performed a comparative study on SARS-CoV-2 vs. influenza A vi-
rus, regarding the virology, epidemiology, immune response mechanism and the main
variants of the two viruses (Table 1). Environmental risk, such as tobacco and alcohol use,
is considered too. Furthermore, clinical trials on co-intervention against seasonal flu and
COVID-19 are reviewed to provide ongoing efforts for co-intervention.

Table 1. The comparison of the characteristics of influenza A virus and SARS-CoV-2.

Features Influenza A Virus SARS-CoV-2
Timing of the first appearance 1918 December, 2019
Name of pandemic 1918 flu pandemic COVID-19
Confirmed cases About 0.5 billion Over 0.6 billion
Death toll Over 50 million [6] Over 6.5 million [8]

Species of virus

The family of Coronaviridae (genus [3-

The family Orthomyxoviridae CoVs)

Structure

An enveloped, negative-sense and sin- An enveloped, positive-sense and sin-
gle-stranded RNA virus [9] gle-stranded RNA virus [10]

Genome size 13.5 kb 29.9 kb
. Genetic reassortment, point mutations . .
Types of mutations [11] Point mutations

Natural reservoir

Wild waterfowl [12] Unclear (might be bats) [13]

Mode of transmission

Droplet, aerosol, direct contact and Droplet, aerosol, direct contact and “fe-
“fecal-oral” route cal-oral” route

Vulnerable population

The elderly and those with comorbidity

Young healthy adults (12-17 y) [14] [15]

Incubation period

2-14 days (a maximum

1-7 days of 24 days) [16]

Host receptor utilized to entry host The terminal glycosides of sialic acid

cells

7] ACE2 and TMPRSS2 [18]

The protein binding to host recep-

tor

HA The spike protein

The target for neutralizing antibod-

ies

HA and NA [19] RBD and NTD of the spike protein [20]

Hematological parameters

Type I interferon |, neutrophil counts 1

Lymphopenia, CRP 1 [21] and significant lymphopenia [22]

The main variants

H2N?2, H3N2, 2009 HIN1 VOCs (alpha, betCar,ogna)mma, delta, omi-

RNA: ribose nucleic acid; ACE2: angiotensin converting enzyme 2; TMPRSS: transmembrane serine
proteases; HA: hemagglutinin; NA: neuraminidase; RBD: receptor-binding domain; NTD: amino-
terminal domain; CPR: C-reactive protein; VOCs: variants of concern.

2. Virology of Influenza A Virus and SARS-CoV-2

Both influenza A virus and SARS-CoV-2 caused the global pandemics, leading to sig-
nificant health and economic threats. Here, we compare the virology of the two viruses,
including the structure, genome, origin, reservoir, virus entry and genetic mutation.

2.1. Influenza A Virus

Influenza A virus, an enveloped, negative-sense and single-stranded RNA virus, be-
longs to the family Orthomyxoviridae [5]. Influenza A virus has a genome of eight differ-
ent segments encoding eighteen different proteins with specific functions, including the
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envelope proteins hemagglutinin (HA) and neuraminidase (NA), acidic polymerase pro-
teins (PA) and basic polymerase proteins (PB), nucleoprotein (NP), matrix proteins (M)
and non-structural proteins (NS) [7]. Among them, HA and NA play a key role in the viral
attachment to the cellular receptor and release from host cells, respectively, which are also
the primary targets of the neutralizing antibodies [23]. Moreover, influenza A virus is
classified by surface HA and NA glycoproteins, which contain 16 different HA and 9 dif-
ferent NA sub-types [24]. According to the observations of influenza pandemics in the
20th century, only the H1, H2 and H3 sub-types of influenza A viruses have spread among
human as huge threats to global health (human infections from poultry-adapted influenza
A viruses such as H5N1 and H7N9 excepted) [23]. Wild waterfow] has been known for
some time to be the natural reservoir of all influenza A viruses [25]. Human infections
with influenza A viruses are associated with host-switching events occurring in wild wa-
terfowl virus. Specifically, a waterfowl virus can adapt to new mammals or the human
hosts via accumulating point mutations or reassortment with gene segments from a dif-
ferent influenza virus, capable of infecting human respiratory epithelial cells and spread-
ing within the population [26,27].

The first step for influenza A virus entry into the body is the binding of HA to the
terminal glycosides of sialic acid on the surface of respiratory epithelial cells, which initi-
ates the viral endocytosis, followed by the ribonucleic acid (RNA) replication and release
from host cells [17]. Influenza A virus displays a high capacity for antigenic variation,
allowing for the accumulation of single nucleotide mutations in the viral genes because
the reverse transcription polymerase lacks effective function of proofreading the bases [5].
Small changes in envelope glycoproteins due to point mutations in the HA and NA genes
over time are defined as “antigenic drift”, while “antigenic shift” is due to gene reassort-
ment from different influenza virus strains, which may cause a novel global pandemic
due to a lack of population immunity to the new strain [28].

2.2. SARS-COV-2

SARS-CoV-2 was first documented at the end of 2019, and its origin remains debata-
ble [29,30]. Previous sequence analysis showed that SARS-CoV-2 belongs to the B lineage
of the genus 3-CoVs in the family of Coronaviridae, which is an enveloped, single-
stranded, positive-sense RNA virus with a genome size of 29.9 kb, the largest genome
among RNA viruses [31,32]. Previous studies reported that the SARS-CoV-2 genome con-
tains 14 open reading frames (ORFs) that encode about 27 proteins, including spike (S),
envelope (E), membrane (M) and nucleocapsid (N) proteins [7,33]. In addition, a meta-
genomics analysis indicated that SARS-CoV-2 shared 79.5% sequence identity with SARS-
CoV, which caused the outbreak of SARS 20 years ago. In contrast, Shi et al. reported that
there was a 96% similarity of the whole genome shown between SARS-CoV-2 and a bat
CoV [34], hence the bats were considered as the probable nature reservoir of SARS-CoV-
2 [13]. Moreover, pangolins were reported as the possible intermediate hosts which
played a key zoonotic role in the animal-to-human transmission [35]. When SARS-CoV-2
invades host cells, the S proteins bind to angiotensin converting enzyme 2 (ACE2) recep-
tors which are highly expressed on alveolar type II epithelial cells, with the cleavage of S
protein mediated by transmembrane serine proteases 2 and 11D (TMPRSS2,
TMPRSS11D), allowing for fusion between virus and cell membranes, and then virus en-
try [7,36]. Accumulating evidence suggested that missense and synonymous mutations
were considered as the most common mutations for the SARS-CoV-2 genome [33]. Fur-
thermore, particular attention was directed to the mutations of the S protein which was
the main antigen inducing the neutralization antibody after SARS-CoV-2 infection [20,37].

3. Epidemiology of Influenza A Virus and SARS-CoV-2

According to the published literature, SARS-CoV-2 is similar to influenza A virus in
its route of transmission. Current evidence has shown that possible human-to-human
transmission routes of COVID-19 and influenza A include respiratory droplet, aerosol
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transmission and direct contact with contaminated surfaces [38,39]. Thus, people around
a patient coughing, sneezing or talking with others were under a high risk of being in-
fected. Additionally, the positive specimens could be detected in the feces of people in-
fected with COVID-19 or influenza A, suggesting its possibility to spread via the fecal-
oral route too [24,40]. In general, all body fluids and secretions from confirmed cases are
considered infectious [24,41]. Influenza A affects primarily young healthy adults, with a
median age of 12 to 17 years [28]. In contrast, the vulnerable populations of COVID-19
infection mainly included older adults and those in comorbid conditions, with the in-
creased risk of severe cases [42]. As reported, patients infected with influenza A frequently
develop symptoms in a period of 1-7 days of exposure and become infectious about 1 day
before the onset of symptoms [43,44]. Notably, 80% of patients may still be infectious
within 5 days after symptoms resolve [28]. However, the data from previous reports have
indicated that the median incubation period of COVID-19 is about 5 days, 97.5% of all
infections will develop symptoms within 11.5 days [45]. Notably, a study has reported an
unusual COVID-19 case with a 24-day incubation period [46]. It is reported that over one-
third of people around the world were infected with the 1918 influenza virus and esti-
mated deaths due to the 1918 influenza epidemic ranged from 50 to 100 million [14,25]. In
contrast, as of 24 January 2023, the WHO reported that there have been around 0.6 billion
confirmed cases, including 6.7 million deaths from COVID-19. Currently, vaccination
campaigns throughout the world are considered to be the most efficient way to fight the
COVID-19 pandemic through developing a herd immunity [47].

4. Host Immune Response of Influenza A Virus and SARS-CoV-2
4.1. Innate Immune Response

As an RNA virus, the SARS-CoV-2 innate immune response is similar to that of in-
fluenza A virus [48,49]. The innate immune system, mainly mediated by interferon and as
the first line of defense against virus infection, is characterized by quick reaction but the
lack of specific effects and memory [48-50]. When virus infection initially occurs in the
upper respiratory tract, mucus barriers serve as the first protective layer, consisting of
various defensive compounds, such as mucins and lysozyme secreted by mucosal epithe-
lial cells [51]. After the virus crosses the mucus barriers, pathogen-associated molecular
patterns (PAMPs), containing molecular structures that are found in microbes but not in
hosts, are identified by the host’s pattern recognition receptors (PRRs) including toll-like
receptor (TLR), retinoic acid-inducible gene I (RIG-I) and melanoma differentiation-asso-
ciated gene 5 (MDADJ) [52]. Subsequently, the high expression of various transcription fac-
tors including interferon regulatory factor (IRF) 3 and IRF7 and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) could be observed in the host cells, with abun-
dant expression of interferons and inflammatory cytokines, such as type I/III interferon,
tumor necrosis factor alpha (TNF-a), interleukin (IL)-1 and IL-6 [53,54]. Among them, type
I interferon plays an important role in enhancing the antiviral activity of innate immune
response [55]. The release of various cytokines accompanied by rapid recruitment of in-
nate effector cells in the infection site, such as monocytes, macrophages, neutrophils and
natural killer (NK) cells, limits early viral spread and subsequently facilitates the devel-
opment of adaptive immune response [49,56].

4.2. Adaptive Immune Response

The adaptive immune system develops a highly specific response in the host body,
responsible to viral clearance and establishment of immune memory [50]. Previous stud-
ies have indicated that CD4* T and CD8* T cells and B cells play a key role in adaptive
immunity against virus infection [48,49]. In the influenza A infection, the secretion of in-
terferons in the innate immune response induces the maturation of dendritic cells (DCs)
which serve as the antigen-presenting cells (APCs) [48]. Subsequently, viral antigenic pep-
tides are detected by major histocompatibility complex (MHC) class I/Il molecules on the
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activated APCs and presented to adaptive T lymphocytes via the binding of (MHC) class
I/Il molecules with T-cell receptor (TCR) [48,50], facilitating the activation of naive cluster
of differentiation (CD) 4* and CD8* T cells [49]. Specifically, through MHC class I molecule
binding, CD8* T cells differentiate into cytotoxic T lymphocytes (CTLs) which produce
cytotoxic granules (including perforin and granzymes) and cytokines (e.g., interferon-y
and TNF-a) to induce apoptosis of the virus-infected cells [48]. CD4* T cells primarily dif-
ferentiate into T help 1 (Th1) cells which promote the secretion of antiviral cytokines, such
as interferon-y and IL-2, capable of inhibiting the virus replication [50]. In addition, CD4*
T cells can differentiate into Th2, Th17, regulatory T (Treg) cells and follicular helper T
(Tth) cells [57]. Among them, Tth cells play an important role in promoting B cells to pro-
duce antibodies by directing the formation of germinal centers and providing multiple co-
stimulatory signals [58]. CD4* T cells also assist the generation of effector CD8* T cells as
a result of licensing APCs via the CD40L-CD40 interactions [59,60]. Moreover, non-neu-
tralizing antibodies generated by B cells are indispensable for viral elimination, and influ-
enza A virus-specific antibodies directed to the HA and NA are associated with protective
immunity, with a neutralizing ability [61].

In contrast, the adaptive immune response to SARS-CoV-2 infection is not fully un-
derstood. The present data indicated that SARS-CoV-2 infection is characterized by in-
creased neutrophil counts and significant lymphopenia, in particular severe COVID-19
pneumonia [62]. Lymphopenia implies that the depletion of both CD4* and CD8*T cells
may be associated with virus-induced inhibition of the type I interferon, leading to poor
effector T cells response, especially CD8* T cells” [49,54,63]. In addition, the humoral im-
mune response to SARS-CoV-2 infection is mediated by antibodies against viral surface
glycoproteins—the S proteins and N proteins [64,65]. Previous studies have shown that
these antibodies are detectable about 14 days after SARS-CoV-2 infection [66]. The neu-
tralizing antibodies directed to the receptor-binding domain (RBD) of the S protein are
capable of viral clearance and preventing re-infection [67].

5. Evolution of Influenza A Virus and SARS-CoV-2
5.1. Variants and Sub-Types of Influenza A Virus

Influenza A viruses are categorized into sub-types based on the type of two proteins
on the surface of the viral envelope—HA and NA glycoproteins. Different influenza vi-
ruses encode for different HA and NA proteins. There are 16 known types of HA and 9
known types of NA. Variants are sometimes named according to the host, which mainly
include human flu virus and avian flu virus. As reported, only the H1, H2 and H3 sub-
types of influenza A viruses have been confirmed to spread in humans, which are called
“human flu virus”, such as HIN1, HIN2, H2N2 and H3N2 strains. In addition, some iso-
lates of influenza A virus cause severe disease in domestic poultry, rarely in humans,
which are called “avian flu virus”, such as H5N1, H7N3, H7N7, H7N9 and HI9N?2 strains
(Figure 1A). China saw three flu pandemics within 40 years, and North America had two
in 90 years. In this review, we are concerned primarily with human flu virus, especially
the influenza A viruses causing human influenza pandemics.
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Figure 1. Chronological distribution of influenza A variants and sub-types. (A) Human flu viruses
(in red) and five avian flu viruses (in purple) capable of infecting humans. The different colors on
the world map (from light to deep blue) are here to show the different geographical areas or coun-
tries. The time when the virus first appeared in this world is mapped out. Lowercase letters (a—i)
display the order in which the influenza A viruses appeared. The four human flu viruses (HINI,
H2N2, H3N2, 2009 HI1N1) in bold indicate that they have caused global pandemics, posing a serious
threat to human health. H5SN1 avian flu virus in bold suggests that it arouses global concern as a
potential pandemic threat. (B) The first reporting of 2009 HIN1 virus. The first confirmed cases were
documented in Mexico on 17 March 2009. Then, the human outbreak of 2009 HIN1 virus rapidly
spread to other countries within 2-3 months (from 17 March to 30 May 2009). The six colors of lines
stand for different time periods individually. The twelve dates in bold represent that the virus was
simultaneously showing up in two or more places in the world.

Since 1918, influenza A viruses have caused four human pandemics, suggesting that
influenza viruses pose a continual threat to global health. The 1918 influenza A pandemic,
known as “Spanish influenza”, was caused by an HIN1 influenza A virus strain. The ear-
liest documented case was March 1918 in Kansas, United States (USA). Until now, con-
vincing evidence supporting particular locations of pandemic origin are lacking [25]. As
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reported, this pandemic infected approximately 500 million people and led to over 50 mil-
lion deaths, with high pathogenicity and youth-specific mortality [5,27]. The mortality rate
of the European population is about 1.1%, considerably higher than the mortality rate in
the USA. Previous data in regard to the 1918 pandemic indicated that the majority of
symptomatic patients presented typical influenza and recovered after about 7 days, while
a small group still died from severe pneumonia as a result of the lower respiratory in-
volvement [25]. The origin of the 1918 pandemic virus remains unknown. The analyses of
complete 1918 influenza virus coding sequence have indicated that it was likely derived
from a wild waterfowl influenza A virus which became a new virus strain adapting to
spread in humans through accumulating point mutations [25,68,69]. Since that time, the
1918 HINI1 influenza A virus as a “founder virus” has initiated a new era of influenza A
virus pandemic. The subsequent influenza A pandemics and seasonal epidemics have
been caused by descendants of the 1918 pandemic virus, including the 1957 “Asian influ-
enza” by H2N2, the 1968 “Hong Kong flu” by H3N2 and the 2009 “swine flu” by a novel
HIN1 virus [27]. The descendants of the 1918 HIN1 virus all showed an obviously de-
creased virulence, with relatively lower mortality [26,27].

In 1957, “Asian influenza” caused by an H2N2 influenza A virus strain led to almost
1-4 million deaths worldwide, which displaced the 1918 HIN1 virus and spread among
human from 1957 to 1968. In 2013, the WHO estimated the case fatality rate (CFR) of Asian
flu to be lower than 0.2%. As reported, with the exception of HA, NA and PB1 segments,
the remaining segments in the H2N2 genome were preserved from the 1918 HIN1 strains
[23]. Moreover, the sequence analysis indicated that both H2 and N2 segments were very
similar to avian-derived sequences, with only slight differences in several amino acids,
suggesting that the H2N2 strain was likely generated by reassortment between the 1918
HINI virus and circulating avian influenza virus strains [23,26,70]. In 1968, the H3N2
strain first emerged in Hong Kong, China and completely replaced the H2N2 strain, lead-
ing to about 1 million deaths worldwide [5]. As reported, the death rate from the Hong
Kong flu was lower than most other 20th century pandemics. Additionally, the phyloge-
netic analyses indicated that the H3 segment most likely derived from an avian source
[23]. The most recent influenza A pandemic was caused by a novel HIN1 influenza A
virus in 2009, causing about 0.28 million deaths. The first human outbreak of 2009 HIN1
occurred in Mexico in March 2009, quickly spreading to 62 counties within 2-3 months
(from 17 March 2009 to 30 May 2009) [71]. The times that the first announcements of con-
firmed cases were reported by the countries are marked on the map, suggesting that this
virus might mutate independently of locations per the 27 May reports (Figure 1B). The
2009 HINT1 influenza A virus, a reassortment virus, comprises four different genetic ele-
ments from classical swine, Eurasian swine, human and avian strains of influenza A [72].
In addition, the pathogenicity of the 2009 HIN1 virus was remarkably weaker than that
of the 1918 pandemic virus, which has been spreading as a seasonal flu virus since that
time. Notably, the 2009 HIN1 influenza virus did not replace the circulating H3N2 strain
that has been spreading in humans [70]. Thereby, both the 2009 HIN1 influenza virus and
the H3N2 virus strain have been co-circulating in humans since 2009.

5.2. The Variants of SARS-CoV-2

Accumulating evidence suggested that the more frequently SARS-CoV-2 virus
spreads, the higher the viral mutation rates that can occur. In the start of the COVID-19
pandemic, the possibility of mutations in the SARS-CoV-2 genome was relatively low,
with limited numbers of people infected. However, due to huge numbers of infections
and long-term infections in immunocompromised patients, the variations of SARS-CoV-
2 have been continuously appearing [73]. During late 2020, the WHO recommended the
classification of novel SARS-CoV-2 strains as variants of interest (VOIs) and variants of
concern (VOCs) [74]. VOIs contain genetic changes that are predicted to alter virus char-
acteristics such as transmissibility, disease severity and immune escape, with significant
community transmission or international spread. A VOC is defined as a virus that carries
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multiple mutations compared with the reference genome, with powerful evidence to sup-
port the increased transmissibility, virulence or a decrease in the response to vaccines and
therapies [75,76]. The first report of each new variant is now indicated in the world map
(Figure 2A). According to this map, a dozen different variants of SARS-CoV-2 appeared
in the world within one year, indicating that the viral genome mutated rapidly. We also
found that more than one variant occurred in the same country, such as three different
variants in the USA, and two different variants in Brazil, India and South Africa. We pos-
tulated that this might be related to the wide spread of COVID-19 infection, resulting from
a poor COVID-19 vaccination rates and inadequate preventive measures in these coun-
tries. Therefore, reasonable precautions and expanding vaccine coverage are extremely
important to prevent the mutations of the virus and to effectively control the COVID-19
pandemic. In addition, at the time of this writing, Epsilon (B.1.427 and B.1.429), Zeta (P.2),
Kappa (B.1.617.1), Iota (B.1.526), Mu (B.1.621), Eta (B.1.525), Lambda (C.37) and Theta (P.3)
are considered as previously circulating VOIs, due to the steep decline in circulation of
the variants. Likewise, Alpha (B.1.1.7), Beta (B.1.351.1), Delta (B.1.617.2) and Gamma (P.1)
are designated as previously circulating VOCs, which have been demonstrated to no
longer pose a major added risk to global public health compared to other circulating
SARS-CoV-2 variants such as Omicron (B.1.1.529), a variant first detected in South Africa.



Microorganisms 2023, 11, 580 9 of 25

A  d.Alpha (B.1.1.7)
o ~ September.2020

h. lota (B.1.526)
November 2020

w

—~——

n. Omicron (XBB.1.5) L ). b.Zeta (P2)g
October 2022 ;g‘,)r April 2020

I. Mu (B.1.621) : i. Eta (B.1.525) R Ay o™
January 2021 / N)ecember 2020 ) ' - f Kappa (B.1.617.1)40 S &
/% o Gamma (P1) 1 ) October 20208 h O
j. Lambda (C.37) [ &/ ' »w—_ |
December 2020 |/ i ki / -1
i} c. Beta (B.1.351) m. Omicron (B.1.1.529)
W May 2020 November 2021

The number of countries and regions affected by the variant

0-10 1020 30-60 80-90 100-150 150-200 >200

1Dec 2Dec 3Dec 5Dec 6Dec 9Dec 11 Dec 12Dec 13 Dec 14 Dec 16 Dec 17 Dec 18 Dec 19 Dec 20 Dec

6 Jan

7 Jan

[ 0511 November 2021
[ 25-30 November 2021
[ 01-05 December 2021
[l 06-14 December 2021

[l 16-20 December 2021 O =
I 06-07 January 2022 8 Nov 9Nov 11 Nov 25 Nov 26 Nov 27 Nov 28 Nov 29 Nov 30 Nov

Figure 2. Chronological distribution of SARS-CoV-2 variants. (A) SARS-CoV-2 evolution. Different
countries are presented via the colors on the world map (from light to deep blue). We delineate the
time when different SARS-CoV-2 variants first appeared in this world on this map, displaying
months using 3-letter acronyms. The figure uses letters of the Greek alphabet for naming variants
of interest (VOIs) and variants of concern (VOCs), with Pango lineage for naming SARS-CoV-2 ge-
netic lineages. Lowercase letters (a—n) display the order in which the SARS-CoV-2 variants ap-
peared. The seven colors of line and font each represent the number of countries affected by the
variant. The five variants in bold are currently circulating VOC (Omicron) and previously circulat-
ing VOCs (Alpha, Beta, Gamma and Delta). (B) SARS-CoV-2 Omicron variant’s first reporting. Ac-
cording to the WHO, Omicron variant, as the only currently circulating VOC, was first documented
in South Africa on 8 November 2021, which continued to sweep the world within 2-3 months (No-
vember 2021-January 2022). The six colors of line stand for different time periods individually. The
ten dates in bold represent that Omicron variant was simultaneously showing up in two or more
places in the world.
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The Alpha variant, also known as B.1.1.7, was initially identified in the United King-
dom (UK) in September 2020, which might be associated with the prolonged infection of
an immunocompromised host [77]. Compared to the reference strain, it has eight key S
protein mutations, three of which play a key role in increasing the infectivity of B.1.1.7,
including N501Y, H69/V70 deletion and P681H/R. The N501Y mutation occurs in the RBD
of the S protein, responsible for promoting the virus binding to the host ACE2 receptors
[78]. The Beta variant, also known as B.1.351, was first detected in South Africa in May
2020 and contains nine mutations in the S protein. Among the nine spike mutations, the
N501Y (shared with Alpha variant), E484K and K417N mutations are in the RBD, resulting
in the enhanced binding affinity for ACE2 and immune evasion of the virus [79]. In No-
vember 2020, the Gamma variant, also known as P.1, is a branch of the B.1.1.28 lineage
which was first documented in Brazil. It contains 12 mutations in S gene, including three
RBD mutations—N501Y (shared with the Alpha and Beta variants), E484K (shared with
the Beta variants), K417T and five amino-terminal domain (NTD) mutations (L18F shared
with Beta) [80]. Both RBD and NTD in the S protein are the targets of neutralizing anti-
bodies, implying that a high portion of monoclonal antibodies, including these with the
Food and Drug Administration (FDA) Emergency Use Authorizations (EUA), might fail
to efficiently neutralize the P.1 variant [78,81]. The Delta variant, also known as B.1.617.2,
was first identified in Maharashtra, India on the 5th October 2020. B.1.617.2 has seven
mutations in the S protein, including P681R shared with the alpha variant, and two dif-
ferent mutations within the RBD (L452R, T478K) which are associated with increased
transmission and reduced antibody neutralization [77]. As reported, Delta is more conta-
gious compared with other previously known variants [82], leading to the second wave
of massive infections in India, as well as rapidly replacing the Alpha variant in the UK
and USA [80]. As the time of writing this article, the above four SARS-CoV-2 variants have
been considered as previously circulating VOCs by the WHO as a result of no longer pos-
ing a major added risk to global public health.

On 26 November 2021, a new variant named Omicron (B.1.1.529) has been designated
as a VOC by the WHO, raising public concerns on the new wave of infection due to its
high infectivity and partial vaccine escape [83]. Omicron initially was identified in South
Africa on 21 November 2021, and then rapidly swept to 208 countries, becoming the glob-
ally dominant variant as well as the only currently circulating VOC [84]. As shown in
Figure 2B, Omicron variant spread rapidly around the world within 2-3 months (Novem-
ber 2021-January 2022), indicating that this virus could mutate simultaneously at various
locations, as per the data for 27 November-3 December and 13 and 16 December. The var-
iant was reported to appear in different countries on the same day. For example, on 2
December 2021, Omicron was first identified in seven different countries, which might be
related to a recent travel history to the area of Omicron variant (such as South Africa and
Nigeria) or indicate independent mutations. According to the African Medical Associa-
tion, Omicron is seven times more infectious than the Delta variant, but the number of
reported deaths in Africa has continued to decline, indicating that the new variant devel-
oped a lower virulence [85]. As reported, the number of mutations in the genome of the
Omicron variant is significantly larger than that of other VOCs [77]. Notably, 32 mutations
have been identified in the S protein which the virus utilizes to enter host cells and is
targeted by neutralizing antibodies [86]. Fifteen of these mutations locate at RBD of the S
protein, which are associated with the higher affinity to the ACE2, leading to increased
infectivity and partial resistance to the neutralizing antibody induced by COVID-19 vac-
cines [87]. Recent studies have indicated that the Omicron variant has caused an increase
in cases of reinfections around the world, in particular in South Africa where only 7.5% of
people have been vaccinated [88,89]. Increasing reports of breakthrough infections caused
by Omicron variants have aroused public concerns about the efficacy of existing vaccines
[86]. The present findings have suggested that two doses of vaccine provide limited pro-
tection against symptomatic infection caused by the Omicron variant because protection
wanes over time [90-92]. Thereby, a third or a booster dose of vaccine have been advised
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to increase the neutralizing activity of the Omicron variant [93]. Accumulating evidence
from case—control studies implicated that three doses of mRNA vaccine significantly in-
creased protection against the Omicron variant [91,94]. In addition, effective containment
of the Omicron variant also emphasizes the importance of combining vaccination with
individual prevention measures, such as masks, hand washing and social distancing [89].

6. The Effect of Smoking and Alcohol Use on Influenza A and COVID-19

Previous studies have implicated the adverse impact of tobacco dependence and
heavy drinking on influenza A infections. As reported, a higher risk of hospital admis-
sions after influenza infections might occur in smokers [95,96]. In addition, chronic alcohol
use can increase the severity of influenza virus infections by impairing the immune func-
tion of the lungs [97,98]. Likewise, increasing data have suggested that unhealthy mental
behaviors might be associated with the increased incidence and poor outcomes of COVID-
19.

6.1. COVID-19 and Tobacco Abuse

Some published studies have discussed that tobacco smoke may affect the outcomes
of COVID-19, indicating that smokers were at an increased risk of infection, hospitaliza-
tion, severe disease and death from COVID-19 [99-105]. ACE2 and TMPRSS2 receptors
were utilized by SARS-CoV-2 to gain entry to host mucosa and replicate in nasal and
bronchial epithelial respiratory cells. Both of them were over-expressed in smokers and
former smokers [106-108], which was recognized as a contributing factor associated with
the increased susceptibility to COVID-19 infection [99]. Furthermore, a meta-analysis by
Stanton et al. assessed 19 peer-reviewed papers with a total of 11,590 patients with
COVID-19. The results suggested that smokers were more likely to experience the pro-
gression of COVID-19 than non-smokers, resulting from the adverse effects of smoking
on pulmonary immune function [101]. Increasing evidence suggested that cigarette smoke
decreased the immune defensive function of respiratory cells [109], with the occurrence
of peribronchitis, fibrosis and the damage of airway epithelium [110]. As a result, smokers
were more vulnerable to COVID-19 pneumonia, as well as a higher prevalence of compli-
cations [102,106,111,112]. In addition, tobacco exposure resulting in poor outcomes of
COVID-19 probably was related to worsening the inflammatory process of COVID-19 in-
fection [112]. This view was also supported by the data from a clinical study on 200
COVID-19 patients, which reported the higher level of neutrophil counts, C-reactive pro-
tein and neutrophil-lymphocyte ratio in current smokers and former smokers [113]. No-
tably, smoking habit also was recognized as an additional risk factor for the lower level of
antibodies after COVID-19 vaccination [114]. On the other hand, an observational study,
including 17,666 COVID-19 patients aged 20-89 years in Japan suggested that the poor
progression of COVID-19 was not connected with smoking itself, but the smoke-related
comorbidities [115]. Due to the fear of the poor outcomes of COVID-19 infection caused
by smoking behavior, an increase in the number of smokers trying to reduce or quit smok-
ing has been observed during the COVID-19 pandemic [116,117].

6.2. COVID-19 and Alcohol Addiction

With the outbreak of COVID-19 in December 2019, many countries adopted urgent
lockdown measures to reduce the spread of SARS-CoV-2. During lockdown, there was
plenty of coverage of the pandemic crisis, including the increased number of new COVID-
19 infections and deaths from critical COVID-19, which raised fears of unknown disease
around the world. Furthermore, long-term social isolation, unemployment and economic
recession from COVID-19 and lockdown measures have an adverse impact on people’s
mental health, including increased risk of anxiety, depressive mood, fear, boredom and
psychological pressures [118-121]. All of these mental problems can result in excessive
alcohol use [122-125], which is widely seen as a response to stress [126]. As reported, an



Microorganisms 2023, 11, 580

12 of 25

increase in alcohol consumption has been observed during the COVID-19 pandemic
[123,125,127]. The data from a cross-sectional survey of American adults recruiting 832
participants have shown that a third of participants (34.1%) admitted at least one binge
drinking day compared to pre-COVID-19 (26.2%) [128] and sixty percent of participants
reported increased alcohol use [123]. Additionally, COVID-19 lockdown may cause a re-
lapse of alcohol use disorders (AUD) or high-risk drinking, which will increase the inci-
dence of alcohol-related adverse consequences, with long-term bad effects on social health
[124,129,130].

It is not clear whether alcohol use plays a role in the outcomes of COVID-19 pneu-
monia. Previous studies suggested that alcohol consumption was not significantly associ-
ated with COVID-19 severity and hospitalization [131,132]. However, a recent retrospec-
tive cohort study involving 44 centers of the National COVID Cohort Collaborative indi-
cated that a higher prevalence of hospitalization and higher mortality have been found in
COVID-19 patients with AUD. They had more comorbidities, including cirrhosis, hyper-
tension and chronic obstructive pulmonary disease (COPD) compared to those without
AUD [133]. It is well known that these comorbidities can adversely affect the outcomes of
COVID-19. The mechanism underlying the link between alcohol use and COVID-19 in-
fections is still elusive but plausible [134]. Notably, heavy drinking has been proved to
affect pulmonary innate immunity and increase airway inflammation, such as excessive
cytokine production, thereby reducing defense against COVID-19 infection [135]. In addi-
tion, chronic alcohol abuse is an additional risk factor for developing acute respiratory
distress syndrome (ARDS), which is associated with critical COVID-19 [136].

7. Leftover Effects for the Influenza A and COVID-19

Undoubtedly, seasonal influenza adds up to a huge burden of global disease, with
highly cumulative morbidity and mortality worldwide, especially for the elderly and chil-
dren under five years [137]. The history of influenza pandemics has shown that a new one
will occur inevitably at some point in the future. It is still not possible to predict the timing
or the severity of next influenza pandemic, but the improvement of global preparedness
is so crucial to reduce the deaths and social disruption caused by the next pandemic. No-
tably, increased efforts for global influenza surveillance are necessary for us to detect the
emergence of novel viruses with pandemic potentials. Furthermore, the development of
broadly protective influenza vaccines capable of inducing cross-protective and lasting im-
munity against different influenza viruses is also considered as a priority to strengthen
the capacity of public health systems [138].

What is worse is that the COVID-19 pandemic remains far from over, and is leading
to lasting effects on different aspects of society, including lifestyle, communication,
healthcare, public health, economy, education, etc. First, wearing a mask is the most es-
sential need for a long time. Meanwhile, most schools adopted close management, which
decreased the risk of spreading of the virus in schools and super-spread events. However,
this measure can have an adverse effect on the children and the youth in terms of physical
and mental health. Additionally, in order to control the rapid international spread of the
virus, a sharp decline has been shown in the amount of international travel and interna-
tional flights. In addition, manufacturing shutdown has caused an unavoidable global
economy recession, requiring a long recovery period. During the COVID-19 crisis, the
large-scale unemployment has caused high stress for middle-class families and vulnerable
groups around the world, which can aggravate potential social inequality [139]. On the
other hand, for the front-line medical workers, the risk of exposure to the newly confirmed
cases will remain for a long time. Furthermore, during the COVID-19 pandemic, medical
care was focused on patients infected with SARS-CoV-2; primary and social care were
mainly provided by telephone, which might lead to an aggravation of the condition in
patients living with mild cognitive decline and dementia [140].
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8. Co-Management of Seasonal Influenza and COVID-19

For the coming 2023-2024 influenza season, continued transmission of SARS-CoV-2
will raise a great challenge to healthcare resources and concerns about the overall severity
of the next influenza. Therefore, enhanced preparedness to reduce the overall burden of
influenza and COVID-19 infections is necessary for us to cope with the co-occurrence of
seasonal influenza and COVID-19. The specific measures of the combined administration
against the two different diseases include availability of rapid diagnostics, rational thera-
peutic regimens and increased combined vaccination against influenza and COVID-19.
Many clinical trials are aiming at co-management of influenza and COVID-19. As of mid-
dle December 2022, we downloaded more than 100 clinical trials about the co-administra-
tion of influenza and COVID-19 from the three major registries [141]. After removal of
duplicates, 57 of them were sorted out and classified by diagnostic, therapy and preven-
tion (Table 2). Thirteen of them (22.8%) were designated to booster the development of
the diagnostics of influenza and COVID-19. Twelve (21%) were associated with therapeu-
tic methods and two (3.5%) were involved in drug prophylaxis. In addition, 24 of them
(42%) evaluated the safety and immunogenicity of co-administration of the influenza and
COVID-19 vaccines.
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Table 2. Clinical trials on combined administration against COVID-19 and influenza.
Type of Intervention Method Mechanism Phase Age (Years) EnrollmentStatus Country Trails Number [ref]
Diagnostics
Child, adult, older
’ ’ 2472 1 i T051637.
Lateral flow test: antibodies with n/a adult Completed  United States NCT05163730
Panbio™ COVID-19/ Flu gold nanoparticles attach to any 14-100 (child, adult, o .
665 R t United States NCT05354115
A&B Rapid Panel SARS-CoV-2 antigens present in wa older adult) ectuitng futed otates
h 1 hil It, ol -
the sample n/a Child, adult, older 1531 NO’F}./etre n/a NCT05630365
adult cruiting
hil It, ol
Antigen test Antigen—antibody interaction = n/a aC dtlllctll adult; older 440,000  Completed n/a NCT05087355
- > .
qRT-PCR Fluo're:scent reporter sequence- Ja >18 (adult, older 2000 Enr.olh.ng by Belgium NCT04527614
specific DNA probes adult) invitation
n/a 18-80 (adult, older Recruiting ~ Mexico NCT04499378
adult)
M ing X- tt tions b 18-80 (adult, old
Diagnostic test Thoracic CT _easuring A-ray avenuations by o (adult, older 483 Completed n/a NCT04933994
different tissues inside the body adult)
n/a 18-80 (adult, older 100 Unknown Sta_Mexico NCT04497311
adult) tus
Maximize spatial resolution: a
narrow slice width (usually 1-2
mm) and a high spatial resolu- .
4-80 (chil 1
HRCT tion image reconstruction algo- n/a 80 (child, adult, 130 Completed  Egypt NCT04433039
. . . older adult)
rithm are used, field of view is
minimized so as to minimize the
size of each pixel
Chest X-rays and per- . . .
forming Al algorithms  Convolutional neural networks n/a aCctlltlllliL adult, older 200 ler;known sta- g::fd King- NCT04313946

on images
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Quantifying IgA and IgG from . . .
Active, not re-United King NCT04568044

Serology test plasma and/or serum using n/a 18-60 (adult) 128 o
ELISA cruiting dom
COVID-19 antigen and . . . . .
_ > _
antibody tests, and influ- - nugen-antibody interaction, = 218 (adult, older oo/ Active, NOLIe: 144 States NCT04682132
. detecting IgM and IgG markers adult) cruiting
enza rapid test
Cluster analysis of nasal air sam- >18 (adult, older NCT04282135
MCC IMS ples n/a adult) 76 Completed  Germany [142,143]
. . S
n/a ::(ffzcrligtslc compart Retrospective comparison n/a ;(fﬂ(f)dult' older 157 Completed  France NCT04941092
Therapies
Immunomodulatory effects: reg-
L I S
Biological LMSCs ulating innate and specificim- 218 (adult, older ) Recruiting  United States NCT04629105
mune cells and reducing inflam- adult)
matory response
AVMO0703 (D - ing late- i f
MO0703 ( ’ exame Suppressing ate.stage interferon >18 (adult, older Not yet re-
thasone sodium phos-  type I programs in severe 1 adult) 16 cruitin n/a NCT04366115
phate) COVID-19 patients i
. . Protecting human airway epithe-
DAS181 (Sial f >1 1t, ol k -
5181 (Sialidase fusion ;. - oainst influenza virus in- 2 8 (adult, older Unknownsta- . NCT04298060
Drug protein) . adult) tus
fection
>1 1t, ol k -
ACE inhibitor Decreasing the levels of ACE2 in n/a - dil(f)du tolder 4 20508 EI; nownsta- NCT04322786
cells might help in fighting Child adult. older
ACE inhibitor/ARB COVID-19 infection n/a e acduil, O1G€T o574 Recruiting ~ Spain NCT04367883
United King-
g 18-60 (adult) 32 Completed - 0 8 NCT04351542
Avurveda Traditional herbal supplement: dom
yurvi . . o
supportive care n/a 18-60 (adult) 18 Completed g;‘fd King- NcT04345549
Diet 1 t
ietary Supplemen ABBC1 (symbiotic com- .. . .
bination of Beta-glucans Train immunity: avoiding harm- >18 (adult, older
& ful overreactions after vaccina- n/a - § 72 Completed  Spain NCT04798677

and selenium- and zinc- adult)
. . L. tion
enriched probiotics)
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Device

Behavioral

Dietary Supplement

Prevention

Behavioral

n/a

Vaccination

ECMO

Healthy lifestyle

Vitamin D

Reminder

Nudge

Persuasion
VEPMP intervention

Observing natural his-
tory of systemic and na-
sal mucosal immunity af-

ter vaccination

Measuring vaccine effec-

tiveness
Flu-MMR vaccines

Bivalent BNT162b2
/qIRV (22/23)/QIV

Cardiopulmonary bypass: tem-
porarily drawing blood from the
body to allow artificial oxygena-
tion of the red blood cells and re- n/a
moval of carbon dioxide

n/a

Cross-sectional survey n/a

Reducing the replication of vi- N
ruses, inducing the expression of
ACE2, regulating the immune

/a

n/a
system

n/a

Reducing vaccine hesitancy n/a

n/a
n/a

n/a
Prospective cohort study

n/a

Stimulating the body’s adaptive !

influenza and COVID-19 immunity

combination vaccine

mRNA-1073 (COVID-
19/influenza) vaccine

1,2

>18 (adult, older
adult)

18-80 (adult, older
adult)

18-99 (adult, older
adult)

18-90 (adult, older
adult)

>18 (adult, older
adult)

>18 (adult, older
adult)

>6 Months (child,
adult, older adult)
18-51 (adult)

>65 (older adult)

>18 (adult, older
adult)

>18 (adult, older
adult)
>19 (adult, older
adult)

18-64 (adult)

50-70 (adult, older
adult)
18-75 (adult, older
adult)

100

308

1287

41

877

97,000

4152
3245

150

2400

2000

180

642

550

Completed

Completed

Completed

Terminated

Active, not re-
cruiting

Recruiting

Recruiting

Completed
Withdrawn

Recruiting

Not yet re-
cruiting

Recruiting

Not yet re-
cruiting

Completed

Active, not re-
cruiting

n/a

Italy

Germany
Mexico

United States

United States

Australia

United States
United States

United States

France
Brazil
n/a
Australia

United States

NCT05353725

NCTO05080933 [144]

NCT04653727 [145]
NCT04810949

NCT04596657

NCTO05586165

NCT05613751

NCT04160975
NCT04761692

NCT04794829

NCT05582239
NCT05401448
NCT05596734
NCT04961541

NCT05375838
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High-dose QIV/COVID-
19 mRNA vaccine

qNIV vaccine/SARS-
CoV-2 rS vaccine/Matrix-
M™ adjuvant
Tetravalent influenza vi-
rus lysis vaccine/recom-
binant new coronavirus
vaccine (CHO cell) group
SARS-CoV-2 mRNA vac-
cine/QIV
Ad26.COV2.S/influenza
vaccine

BNT162b2/SIIV

HZ su/QIV/mRNA-1273

Ad26.COV2.S and influ-
enza vaccines

Influenza and COVID-19
combination vaccine
COVID-19 inactivated
vaccine/QIV/PPV23
SARS-CoV-2 inactivated
vaccine and QIV
COVID-19 vaccine and
PPV23/1IV4

Combined immunization
of COVAX and
PPV23/1IV4

COVID-19 vaccine/IIV4 +
PPV23

mRNA COVID-19/IIV4

>65 (older adult)

50-80 (adult, older

adult)

>18 (adult, older
adult)

>60 (adult, older
adult)

>18 (adult, older
adult)

18-64 (adult)
>18 (adult, older
adult)

>18 (adult, older
adult)

>18 (adult, older
adult)

>18 (adult, older
adult)

18-59 (adult)

>18 (adult, older
adult)

>18 (adult, older
adult)

>18 (adult, older
adult)

>12 (child, adult,
older adult)

278

2300

300

861
1134
1546

1100

3000

3000

480

1133

1404

1200

450

Completed  United States NCT04969276 [146]

Not yet re-

o Australia
cruiting

Recruiting China

Withdrawn n/a

Active, not re-
cruiting
Completed  Australia
Active, not re-
cruiting

Ongoing Netherlands

Completed China
Recruiting ~ China
Completed  China
Completed China

Active, not re- _ .
. China
cruiting

Recruiting ~ China

United States

United States

NCT05519839

NCT05107375

NCT04848467

NCT05091307
NCT05310084
NCT05047770

2021-003953-43

NCT05499351

NCT05298800

NCT04801888

NCT04790851 [147]

NCT05079152

NCT05480436

Recruiting ~ United States NCT05028361
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. .\ Russian Fed-
Influenza vaccination 4 >65 (older adult) 200 Recruiting eration NCT05232292
i

VID-1 i >1 It, ol
COVID-19 vaccine and 5 8 (adult, older ¢ Completed  Netherlands 2021-002186-17
influenza vaccine adult)
influenza, SARS-CoV-2

’ >1 It, ol

and pneumococcal vac- 6 a dil(f)du t older 1000 Ongoing Austria 2021-002789-42
cinations
Infl VID-1
nfluenza and COVID-19 n/a 18-60 (adult) 1500 Recruiting  Australia  NCT05110911
combination vaccine
Flu vaccine n/a 18-64 (adult) 37 Completed  United States NCT04579588

ref: completed study published; n/a: not applicable; qRT-PCR: reverse transcription-polymerase chain reaction; DNA: deoxyribonucleic acid; CT: computed to-
mography; Ig: immunoglobulin; ELISA: enzyme-linked immunosorbent assay; Al: artificial intelligence; HRCT: high-resolution computed tomography; MCC
IMS: multicapillary ion mobility spectrometry; ARDS: acute respiratory distress syndrome; LMSCs: longeveron mesenchymal stem cells; ACE: angiotensin con-
verting enzyme; ARB: angiotensin receptor blockers; ECMO: extracorporeal membrane oxygenation; MMR: measles, mumps and rubella; qJIRV: modRNA quad-
rivalent influenza vaccine; QNIV: quadrivalent hemagglutinin nanoparticle influenza vaccine; rS: recombinant spike; QIV: quadrivalent influenza vaccine; HZ su:
herpes zoster subunit; PPV23: 23-valent pneumococcal polysaccharide vaccine; IIV4: quadrivalent inactivated influenza vaccine; COVAX: inactivated SARS-CoV-

2 vaccines (vero cell); SIIV: seasonal inactivated influenza vaccine.
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Only few studies have obtained results and five of which have published the data. A
German trial proposed a new rapid test using ion mobility spectrometry coupled with a
multicapillary column (MCC-IMS) which could quickly detect influenza A and COVID-
19 infections through the breath, providing a fast and non-invasive method for screening
of infectious pathogens [142,143]. Another study targeted the extracorporeal membrane
oxygenation (ECMO) for ARDS related to influenza and COVID-19. The results indicated
that unadjusted 60-day mortality after ECMO initiation was higher in patients infected by
COVID-19 than influenza A, probably due to older age and longer hospital stay in
COVID-19 patients [144]. In addition, the initial results from a USA clinical trial supported
the co-administration of a high-dose quadrivalent influenza vaccine (QIV) and the third
dose of SARS-CoV-2 mRNA vaccine in adults. The study findings showed that 22 days
after vaccination, unsolicited adverse events were reported for 17.0% of participants in the
co-administration group, 14.4% of participants in the SARS-CoV-2 mRNA vaccine group
and 10.9% of participants in the QIV group. No serious adverse events or deaths occurred
in the three groups. In addition, among the three groups, few differences have been ob-
served in the geometric mean titre (GMT) of the neutralizing antibodies against influenza
A and SARS-CoV-2 [146]. Similarly, a Chinese study recruiting 1152 participants also in-
dicated that the seroconversion rate and GMT of SARS-CoV-2 neutralizing antibodies in
the co-administration group was similar to those in the SARS-CoV-2 vaccine group. The
results suggested that the co-administration of the inactivated SARS-CoV-2 vaccine and
QIV is safe and reliable [147]. Such findings indicated that expanding vaccination cover-
age via reducing vaccine hesitation and friendly reminders is important for us to prepare
for the flu season during the COVID-19 pandemic.

9. Conclusions

During the past two years, the reports of the COVID-19 have been updated continu-
ously. The current information indicates that SARS-CoV-2 may mutate more frequently
than the influenza virus. In addition, we summarized the ongoing clinical trials on co-
intervention against COVID-19 and influenza, intending to provide a better understand-
ing of co-containing the two pandemics.

Author Contributions: Conceptualization, X.W. and N.X,; validation, X.W., J.L. and Z.L.; data col-
lection, X.W., J.L., H.L. and X.H.; writing—original draft preparation, X.W.; writing —review and
editing, H.L., X.H. and Z.L.; supervision, Z.L. and N.X.; project administration, N.X.; funding acqui-
sition, N.X. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China (NSFC)
grant funded by Chinese government (No. 81873782 and No. 82271278),.2019 Wuhan Huanghe Tal-
ents Program, 2020 Wuhan medical research project (No. 2020020601012303), 2021 Hubei Youth
Top-notch Talent Training Program and 2022 Outstanding Youth Project of Natural Science Foun-
dation of Hubei province (all to N.X).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: We thank Qinwei Yu and Guiying Kuang from Wuhan Red Cross Hospital for
their technical support with respect to data collection and validation.

Conflicts of Interest: The authors declare no conflict of interest.

1. Nicola, M.; Alsafi, Z.; Sohrabi, C.; Kerwan, A.; Al-Jabir, A.; losifidis, C.; Agha, M.; Agha, R. The socio-economic implications of the
coronavirus pandemic (COVID-19): A review. Int. J. Surg. 2020, 78, 185-193.

2. del Rio, C,; Omer, S.B.; Malani, P.N. Winter of Omicron-The Evolving COVID-19 Pandemic. JAMA 2022, 327, 319-320.

3. Singhal, T. The Emergence of Omicron: Challenging Times Are Here Again! Indian ]. Pediatr. 2022, 89, 490-496.



Microorganisms 2023, 11, 580 20 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.
25.
26.
27.

28.
29.

30.

31.

32.

33.

34.

Leung, K.; Lau, E.; Wong, C.; Leung, G. M.; Wu, J. T. Estimating the transmission dynamics of SARS-CoV-2 Omicron BF.7 in
Beijing after adjustment of the zero-COVID policy in November-December 2022, Nat. Med. 2023. doi: 10.1038/s41591-023-02212-

y.
Abdelrahman, Z; Li, M.; Wang, X. Comparative Review of SARS-CoV-2, SARS-CoV, MERS-CoV, and Influenza A Respiratory
Viruses. Front. Immunol. 2020, 11, 552909.

Johnson, N.; Mueller, J. Updating the accounts: Global mortality of the 1918-1920 “Spanish” influenza pandemic. Bull Hist. Med.
2002, 76, 105-115.

Khorramdelazad, H.; Kazemi, M. H.; Najafi, A.; Keykhaee, M.; Zolfaghari, E. R.; Falak, R. Inmunopathological similarities be-
tween COVID-19 and influenza: Investigating the consequences of Co-infection. Microb. Pathog. 2021, 152, 104554.

WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 24 January 2023).

Lee, N.; Le Sage, V.; Nanni, A. V; Snyder, D. ].; Cooper, V. S; Lakdawala, S. S. Genome-wide analysis of influenza viral RNA and
nucleoprotein association. Nucleic Acids Res. 2017, 45, 8968-8977.

Zhu, N.; Zhang, D.; Wang, W.; Li, X;; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.et al. A Novel Coronavirus from
Patients with Pneumonia in China, 2019. N. Engl. ]. Med. 2020, 382, 727-733.

Dugan, V. G,; Chen, R;; Spiro, D. J.; Sengamalay, N.; Zaborsky, J.; Ghedin, E.; Nolting, J.; Swayne, D. E.; Runstadler, ]. A.; Happ,
G. M.et al. The evolutionary genetics and emergence of avian influenza viruses in wild birds. PLoS Pathog. 2008, 4, e1000076.
Reid, A.H.; Taubenberger, J.; Fanning, T. Evidence of an absence: The genetic origins of the 1918 pandemic influenza virus. Nat.
Rev. Microbiol. 2004, 2, 909-914.

Zhang, L.; Shen, F. M.; Chen, F.; Lin, Z. Origin and Evolution of the 2019 Novel Coronavirus. Clin. Infect. Dis. 2020, 71, 882-883.
Taubenberger, ].K.; Morens, D.M. 1918 Influenza: The mother of all pandemics. Emerg. Infect. Dis. 2006, 12, 15-22.

Zhou, F; Yu, T; Du R; Fan, G; Liu, Y,; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
Salzberger, B.; Buder, F.; Lampl, B.; Ehrenstein, B.; Hitzenbichler, F.; Holzmann, T.; Schmidt, B.; Hanses, F. Epidemiology of
SARS-CoV-2. Infection 2021, 49, 233-239.

Kumlin, U.; Olofsson, S.; Dimock, K.; Arnberg, N. Sialic acid tissue distribution and influenza virus tropism. Influenza Other
Respir Viruses 2008, 2, 147-154.

Zhang, H.; Penninger, ]. M.; Li, Y.; Zhong, N.; Slutsky, A. S. Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor:
Molecular mechanisms and potential therapeutic target. Intensive Care Med. 2020, 46, 586-590.

La Gruta, N. L.; Kedzierska, K.; Stambas, J.; Doherty, P. C. A question of self-preservation: Inmunopathology in influenza virus
infection. Immunol. Cell Biol. 2007, 85, 85-92.

Liu, L.; Wang, P.; Nair, M. S; Yu, J.; Rapp, M.; Wang, Q.; Luo, Y.; Chan, J. F.; Sahi, V.; Figueroa, A.et al. Potent neutralizing
antibodies against multiple epitopes on SARS-CoV-2 spike. Nature 2020, 584, 450—456.

Hattatoglu, D.G,; Yildiz, B.P. Comparison of clinical and biochemical features of hospitalized COVID-19 and influenza pneu-
monia patients. . Med. Virol. 2021, 93, 6619-6627.

Wu, C.; Chen, X;; Cai, Y.; Xia, J.; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du Cet al. Risk Factors Associated with Acute
Respiratory Distress Syndrome and Death in Patients with Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern.
Med. 2020, 180, 934-943.

Reid, A.H.; Taubenberger, ].K. The origin of the 1918 pandemic influenza virus: A continuing enigma. J. Gen Virol. 2003, 84 Pt 9,
2285-2292.

Cunha, B.A. Swine Influenza (HIN1) pneumonia: Clinical considerations. Infect. Dis. Clin. N. Am. 2010, 24, 203-228.
Taubenberger, ] K.; Morens, D.M. The 1918 Influenza Pandemic and Its Legacy. Cold Spring Harb. Perspect. Med. 2020, 10, a038695.
Morens, D. M.; Taubenberger, J. K.; Harvey, H. A.; Memoli, M. J. The 1918 influenza pandemic: Lessons for 2009 and the future.
Crit. Care. Med. 2010, 38 (Suppl. S4), e10—e20.

Taubenberger, ] K.; Kash, ].C.; Morens, D.M. The 1.1918 influenza pandemic: 100 years of questions answered and unanswered.
Sci. Transl. Med. 2019, 11, eaau5485.

Sullivan, S. J.; Jacobson, R. M.; Dowdle, W. R.; Poland, G. A. 2009 HINT1 influenza. Mayo. Clin. Proc. 2010, 85, 64-76.

Frutos, R.; Javelle, E.; Barberot, C.; Gavotte, L.; Tissot-Dupont, H.; Devaux, C. A. Origin of COVID-19: Dismissing the Mojiang
mine theory and the laboratory accident narrative. Environ. Res. 2022, 204 Pt B, 112141.

Segreto, R.; Deigin, Y.; McCairn, K; Sousa, A.; Sirotkin, D.; Sirotkin, K.; Couey, J. J.; Jones, A.; Zhang, D. Should we discount the
laboratory origin of COVID-19? Environ. Chem. Lett. 2021, 19, 2743-2757.

Atzrodt, C. L.; Maknojia, I.; McCarthy, R.; Oldfield, T. M.; Po, J.; Ta, K.; Stepp, H. E.; Clements, T. P. A Guide to COVID-19: A
global pandemic caused by the novel coronavirus SARS-CoV-2. FEBS J. 2020, 287, 3633-3650.

Sharma, A.; Ahmad, F.I.; Lal, S.K. COVID-19: A Review on the Novel Coronavirus Disease Evolution, Transmission, Detection,
Control and Prevention. Viruses 2021, 13, 202.

Rahimi, A.; Mirzazadeh, A.; Tavakolpour, S. Genetics and genomics of SARS-CoV-2: A review of the literature with the special
focus on genetic diversity and SARS-CoV-2 genome detection. Genomics 2021, 113 Pt 2, 1221-1232.

Zhou, P.; Yang, X. L.; Wang, X. G,; Hu, B.; Zhang, L.; Zhang, W.; Si, H. R;; Zhu, Y,; Li, B.; Huang, C. L.et al. A pneumonia
outbreak associated with a new coronavirus of probable bat origin. Nature 2020, 579, 270-273.



Microorganisms 2023, 11, 580 21 of 25

35.

36.

37.

38.

39.
40.
41.

42.
43.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Abdullahi, I. N.; Emeribe, A. U.; Mustapha, J. O.; Fasogbon, S. A.; Ofor, L. B.; Opeyemi, I. S.; Obi-George, C.; Sunday, A. O,;
Nwofe, J. Exploring the genetics, ecology of SARS-COV-2 and climatic factors as possible control strategies against COVID-19.
Infez. Med. 2020, 28, 166-173.

Hartshorn, K.L. Innate Immunity and Influenza A Virus Pathogenesis: Lessons for COVID-19. Front. Cell Infect. Microbiol. 2020,
10, 563850.

Piccoli, L.; Park, Y. J.; Tortorici, M. A.; Czudnochowski, N.; Walls, A. C.; Beltramello, M.; Silacci-Fregni, C.; Pinto, D.; Rosen, L.
E.; Bowen, ]. E.et al. Mapping Neutralizing and Inmunodominant Sites on the SARS-CoV-2 Spike Receptor-Binding Domain
by Structure-Guided High-Resolution Serology. Cell 2020, 183, 1024-1042.e21.

van Doremalen, N.; Bushmaker, T.; Morris, D. H.; Holbrook, M. G.; Gamble, A.; Williamson, B. N.; Tamin, A.; Harcourt, J. L.;
Thornburg, N. J.; Gerber, S. Let al. Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N. Engl. ]. Med.
2020, 382, 1564-1567.

Teunis, P.F.; Brienen, N.; Kretzschmar, M.E. High infectivity and pathogenicity of influenza A virus via aerosol and droplet
transmission. Epidemics 2010, 2, 215-222.

Han, Y.; Yang, H. The transmission and diagnosi.is of 2019 novel coronavirus infection disease (COVID-19): A Chinese perspec-
tive. J. Med. Virol. 2020, 92, 639-644.

Patel, M.; Dennis, A.; Flutter, C.; Khan, Z. Pandemic (H1N1) 2009 influenza. Br. ]. Anaesth. 2010, 104, 128-142.

Guan, W.J.; Zhong, N.S. Clinical Characteristics of Covid-19 in China. Reply. N. Engl. ]. Med. 2020, 382, 1861-1862.

Vasin, A. V.; Temkina, O. A.; Egorov, V. V.; Klotchenko, S. A.; Plotnikova, M. A ; Kiselev, O. I. Molecular mechanisms enhancing
the proteome of influenza A viruses: An overview of recently discovered proteins. Virus Res. 2014, 185, 53-63.

Dawood, F. S;; Jain, S.; Finelli, L.; Shaw, M. W.; Lindstrom, S.; Garten, R. J.; Gubareva, L. V.; Xu, X,; Bridges, C. B.; Uyeki, T. M. Emer-
gence of a novel swine-origin influenza A (HI1N1) virus in humans. N. Engl. ]. Med. 2009, 360, 2605-2615.

Lauer, S. A.; Grantz, K. H.; Bi, Q.; Jones, F. K.; Zheng, Q.; Meredith, H. R.; Azman, A. S.; Reich, N. G,; Lessler, ]. The Incubation
Period of Coronavirus Disease 2019 (COVID-19) From Publicly Reported Confirmed Cases: Estimation and Application. Ann.
Intern. Med. 2020, 172, 577-582.

Galastri, F. L.; Valle, L.; Affonso, B. B.; Silva, M. J.; Garcia, R. G.; Junior, M. R.; Ferraz, L.; de Matos, G.; de la Cruz, S. F.; Nasser,
F. COVID-19 complicated by pulmonary embolism treated with catheter directed thrombectomy. Vasa 2020, 49, 333-337.
Redwan, E.M. COVID-19 pandemic and vaccination build herd immunity. Eur. Rev. Med. Pharmacol. Sci. 2021, 25, 577-579.
Chen, X, Liu, S.; Goraya, M. U.; Maarouf, M.; Huang, S.; Chen, J. L. Host Inmune Response to Influenza A Virus Infection.
Front. Immunol. 2018, 9, 320.

Mistry, P.; Barmania, F.; Mellet, J.; Peta, K.; Strydom, A.; Viljoen, I. M.; James, W.; Gordon, S.; Pepper, M. S. SARS-CoV-2 Variants,
Vaccines, and Host Immunity. Front. Immunol. 2021, 12, 809244.

Nussing, S.; Sant, S.; Koutsakos, M.; Subbarao, K.; Nguyen, T.; Kedzierska, K. Innate and adaptive T cells in influenza disease.
Front. Med. 2018, 12, 34—47.

Linden, S. K.; Sutton, P.; Karlsson, N. G.; Korolik, V.; McGuckin, M. A. Mucins in the mucosal barrier to infection. Mucosal.
Immunol. 2008, 1, 183-197.

Schultze, J.L.; Aschenbrenner, A.C. COVID-19 and the human innate immune system. Cell 2021, 184, 1671-1692.

Hiscott, J.; Lin, R.; Nakhaei, P.; Paz, S. MasterCARD: A priceless link to inna.ate immunity. Trends Mol. Med. 2006, 12, 53-56.
Triggle, C. R,; Bansal, D.; Ding, H.; Islam, M. M.; Farag, E.; Hadi, H. A; Sultan, A. A. A Comprehensive Review of Viral Char-
acteristics, Transmission, Pathophysiology, Immune Response, and Management of SARS-CoV-2 and COVID-19 as a Basis for
Controlling the Pandemic. Front. Immunol. 2021, 12, 631139.

Randall, R.E.; Goodbourn, S. Interferons and viruses: An interplay between induction, signalling, antiviral responses and virus
countermeasures. J. Gen. Virol. 2008, 89 Pt 1, 1-47.

Kindler, E.; Thiel, V. SARS-CoV and IFN: Too Little, Too Late. Cell Host Microbe 2016, 19, 139-141.

Zhu, ].; Yamane, H.; Paul, W.E. Differentiation of effector CD4 T cell populations (*). Annu. Rev. Immunol. 2010, 28, 445-489.
Swain, S.L.; McKinstry, K.K,; Strutt, T.M. Expanding roles for CD4(+) T cells in immunity to viruses. Nat. Rev. Immunol. 2012,
12, 136-148.

Bennett, S. R.; Carbone, F. R.; Karamalis, F.; Flavell, R. A.; Miller, J. F.; Heath, W. R. Help for cytotoxic-T-cell responses is medi-
ated by CD40 signalling. Nature 1998, 393, 478-480.

Schoenberger, S. P.; Toes, R. E.; van der Voort, E. I; Offringa, R.; Melief, C. J. T-cell help for cytotoxic T lymphocytes is mediated
by CD40-CD40L interactions. Nature 1998, 393, 480—483.

van de Sandt, C.E.; Kreijtz, ] H.; Rimmelzwaan, G.F. Evasion of influenza A viruses from innate and adaptive immune responses.
Viruses 2012, 4, 1438-1476.

Chen, Y.; Klein, S. L.; Garibaldi, B. T.; Li, H.; Wu, C.; Osevala, N. M.; Li, T.; Margolick, J. B.; Pawelec, G.; Leng, S. X. Aging in
COVID-19: Vulnerability, immunity and intervention. Ageing Res. Rev. 2021, 65, 101205.

Cox, R.].; Brokstad, K.A. Not just antibodies: B cells and T cells mediate immunity to COVID-19. Nat. Rev. Immunol. 2020, 20,
581-582.

Burbelo, P. D.; Riedo, F. X.; Morishima, C.; Rawlings, S.; Smith, D.; Das, S.; Strich, ]. R,; Chertow, D. S.; Davey, R. T.; Cohen, J. I.
Sensitivity in Detection of Antibodies to Nucleocapsid and Spike Proteins of Severe Acute Respiratory Syndrome Coronavirus
2 in Patients with Coronavirus Disease 2019. J. Infect. Dis. 2020, 222, 206-213.



Microorganisms 2023, 11, 580 22 of 25

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.
93.

Cohen, K. W.; Linderman, S. L.; Moodie, Z.; Czartoski, J.; Lai, L.; Mantus, G.; Norwood, C.; Nyhoff, L. E.; Edara, V. V.; Floyd,
K.et al. Longitudinal analysis shows durable and broad immune memory after SARS-CoV-2 infection with persisting antibody
responses and memory B and T cells. Cell Rep. Med. 2021, 2, 100354.

O’Connell, P.; Aldhamen, Y.A. Systemic innate and adaptive immune responses to SARS-CoV-2 as it relates to other corona-
viruses. Hum. Vaccin. Immunother. 2020, 16, 2980-2991.

Suthar, M. S.; Zimmerman, M. G.; Kauffman, R. C.; Mantus, G.; Linderman, S. L.; Hudson, W. H.; Vanderheiden, A.; Nyhoff, L.;
Davis, C. W.; Adekunle, O.et al. Rapid Generation of Neutralizing Antibody Responses in COVID-19 Patients. Cell Rep. Med.
2020, 1, 100040.

Taubenberger, J. K.; Reid, A. H.; Lourens, R. M.; Wang, R;; Jin, G.; Fanning, T. G. Characterization of the 1918 influenza virus
polymerase genes. Nature 2005, 437, 889-893.

Tumpey, T. M; Basler, C. F.; Aguilar, P. V.; Zeng, H.; Solorzano, A.; Swayne, D. E.; Cox, N. J.; Katz, ]. M.; Taubenberger, J. K.;
Palese, P.et al. Characterization of the reconstructed 1918 Spanish influenza pandemic virus. Science 2005, 310, 77-80.

Sutton, T.C. The Pandemic Threat of Emerging H5 and H7 Avian Influenza Viruses. Viruses 2018, 10, 461.

Mena, I; Nelson, M. I.; Quezada-Monroy, F.; Dutta, J.; Cortes-Fernandez, R.; Lara-Puente, J. H.; Castro-Peralta, F.; Cunha, L. F;
Trovao, N. S.; Lozano-Dubernard, B.et al. Origins of the 2009 HIN1 influenza pandemic in swine in Mexico. Elife 2016, 5, e16777.
Arias, C. F.; Escalera-Zamudio, M.; Soto-Del, R. M. L.; Cobian-Guemes, A. G; Isa, P.; Lopez, S. Molecular anatomy of 2009
influenza virus A (HIN1). Arch. Med. Res. 2009, 40, 643-654.

Tregoning, J. S.; Flight, K. E.; Higham, S. L.; Wang, Z.; Pierce, B. F. Progress of the COVID-19 vaccine effort: Viruses, vaccines
and variants versus efficacy, effectiveness and escape. Nat. Rev. Immunol. 2021, 21, 626—636.

Tracking SARS-CoV-2 Variants (who.int). Available online: https://www.who.int/activities/tracking-SARS-CoV-2-variants (ac-
cessed on 24 January 2023).

Fernandes, Q.; Inchakalody, V. P.; Merhi, M.; Mestiri, S.; Taib, N.; Moustafa, A. E. D.; Bedhiafi, T.; Raza, A.; Al-Zaidan, L.;
Mohsen, M. O.et al. Emerging COVID-19 variants and their impact on SARS-CoV-2 diagnosis, therapeutics and vaccines. Ann.
Med. 2022, 54, 524-540.

Otto, S. P.; Day, T.; Arino, J.; Colijn, C.; Dushoff, J.; Li, M.; Mechai, S.; Van Domselaar, G.; Wu, J.; Earn, D.et al. The
origins and potential future of SARS-CoV-2 variants of concern in the evolving COVID-19 pandemic. Curr. Biol. 2021, 31, R918-
R929.

McLean, G.; Kamil, J.; Lee, B.; Moore, P.; Schulz, T. F.; Muik, A.; Sahin, U.; Tureci, O.; Pather, S. The Impact of Evolving SARS-
CoV-2 Mutations and Variants on COVID-19 Vaccines. mBio 2022, 13, €0297921.

Raman, R; Patel, K.J.; Ranjan, K. COVID-19: Unmasking Emerging SARS-CoV-2 Variants, Vaccines and Therapeutic Strategies.
Biomolecules 2021, 11, 993.

Tegally, H.; Wilkinson, E.; Giovanetti, M.; Iranzadeh, A.; Fonseca, V.; Giandhari, J.; Doolabh, D.; Pillay, S.; San, E. ].; Msomi, N.et
al. Detection of a SARS-CoV-2 variant of concern in South Africa. Nature 2021, 592, 438-443.

Tao, K.; Tzou, P. L.; Nouhin, J.; Gupta, R. K,; de Oliveira, T.; Kosakovsky, P. S; Fera, D.; Shafer, R. W. The biological and clinical
significance of emerging SARS-CoV-2 variants. Nat. Rev. Genet. 2021, 22, 757-773.

McCallum, M.; De Marco, A.; Lempp, F. A; Tortorici, M. A,; Pinto, D.; Walls, A. C.; Beltramello, M.; Chen, A.; Liu, Z.; Zatta, F.et al. N-
terminal domain antigenic mapping reveals a site of vulnerability for SARS-CoV-2. Cell 2021, 184, 2332-2347 .e16.

El-Shabasy, R. M.; Nayel, M. A.; Taher, M. M.; Abdelmonem, R.; Shoueir, K. R.; Kenawy, E. R. Three waves changes, new variant
strains, and vaccination effect against COVID-19 pandemic. Int. ]. Biol. Macromol. 2022, 204, 161-168.

Gao, S.J.; Guo, H,; Luo, G. Omicron variant (B.1.1.529) of SARS-CoV-2, a global urgent public health alert! J. Med. Virol .2022, 94,
1255-1256.

Kannan, S. R.; Spratt, A. N.; Sharma, K.; Chand, H. S.; Byrareddy, S. N.; Singh, K. Omicron SARS-CoV-2 variant: Unique features
and their impact on pre-existing antibodies. ]. Autoimmun. 2022, 126, 102779.

Quarleri, J.; Galvan, V.; Delpino, M.V. Omicron variant of the SARS-CoV-2: A quest to define the consequences of its high mu-
tational load. Geroscience 2022, 44, 53-56.

Haque, A.; Pant, A.B. Mitigating Covid-19 in the face of emerging virus variants, breakthrough infections and vaccine hesitancy.
J. Autoimmun. 2022, 127, 102792.

Saxena, S. K.; Kumar, S.; Ansari, S.; Paweska, J. T.; Maurya, V. K,; Tripathi, A. K.; Abdel-Moneim, A. S. Characterization of the
novel SARS-CoV-2 Omicron (B.1.1.529) variant of concern and its global perspective. J. Med. Virol. 2022, 94, 1738-1744.

Araf, Y.; Akter, F,; Tang, Y. D.; Fatemi, R.; Parvez, M.; Zheng, C.; Hossain, M. G. Omicron variant of SARS-CoV-2: Genomics,
transmissibility, and responses to current COVID-19 vaccines. |. Med. Virol. 2022, 94, 1825-1832.

Karim, S.; Karim, Q.A. Omicron SARS-CoV-2 variant: A new chapter in the COVID-19 pandemic. Lancet 2021, 398, 2126-2128.
Hoffmann, M.; Kruger, N.; Schulz, S.; Cossmann, A.; Rocha, C.; Kempf, A.; Nehlmeier, I.; Graichen, L.; Moldenhauer, A. S,;
Winkler, M. S.et al. The Omicron variant is highly resistant against antibody-mediated neutralization: Implications for control
of the COVID-19 pandemic. Cell 2022, 185, 447-456.e11.

Andrews, N.; Stowe, J.; Kirsebom, F.; Toffa, S.; Rickeard, T.; Gallagher, E.; Gower, C.; Kall, M.; Groves, N.; O'Connell, A. M.et
al. Covid-19 Vaccine Effectiveness against the Omicron (B.1.1.529) Variant. N. Engl. ]. Med. 2022, 386, 1532-1546.

Burki, T.K. Omicron variant and booster COVID-19 vaccines. Lancet Respir. Med. 2022, 10, e17.

Chenchula, S.; Karunakaran, P.; Sharma, S.; Chavan, M. Current evidence on efficacy of COVID-19 booster dose vaccination
against the Omicron variant: A systematic review. J. Med. Virol. 2022, 94, 2969-2976.



Microorganisms 2023, 11, 580 23 of 25

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Accorsi, E. K,; Britton, A.; Fleming-Dutra, K. E.; Smith, Z. R; Shang, N.; Derado, G.; Miller, J.; Schrag, S. J.; Verani, J. R. Associ-
ation Between 3 Doses of mRNA COVID-19 Vaccine and Symptomatic Infection Caused by the SARS-CoV-2 Omicron and Delta
Variants. JAMA 2022, 327, 639-651.

Han, L,; Ran, J.; Mak, Y. W.; Suen, L. K; Lee, P. H.; Peiris, ].; Yang, L. Smoking and Influenza-associated Morbidity and Mortality:
A Systematic Review and Meta-analysis. Epidemiology 2019, 30, 405-417.

Wang, J.; Li, Q.; Xie, J.; Xu, Y. Cigarette smoke inhibits BAFF expression and mucosal immunoglobulin A responses in the lung
during influenza virus infection. Respir. Res. 2015, 16, 37.

Meyerholz, D. K.; Edsen-Moore, M.; McGill, J.; Coleman, R. A.; Cook, R. T.; Legge, K. L. Chronic alcohol consumption increases
the severity of murine influenza virus infections. J. Immunol. 2008, 181, 641-648.

Zacharias, Z.R.; Legge, K.L. Chronic Ethanol Consumption Reduces Existing CD8 T Cell Memory and Is Associated with Le-
sions in Protection against Secondary Influenza A Virus Infections. J. Immunol. 2019, 203, 3313-3324.

Van Zyl-Smit, R.N.; Richards, G.; Leone, F.T. Tobacco smoking and COVID-19 infection. Lancet Respir. Med. 2020, 8, 664—665.
Russo, P.; Bonassi, S.; Giacconi, R.; Malavolta, M.; Tomino, C.; Maggi, F. COVID-19 and smoking: Is nicotine the hidden link?
Eur. Respir. ]. 2020, 55, 2001116.

Patanavanich, R.; Glantz, S.A. Smoking Is Associated With COVID-19 Progression: A Meta-analysis. Nicotine Tob. Res. 2020, 22,
1653-1656.

Simons, D.; Shahab, L.; Brown, J.; Perski, O. The association of smoking status with SARS-CoV-2 infection, hospitalization and
mortality from COVID-19: A living rapid evidence review with Bayesian meta-analyses (version 7). Addiction 2021, 116, 1319-
1368.

Alharthy, A.; Aletreby, W.; Faqihi, F.; Balhamar, A.; Alaklobi, F.; Alanezi, K.; Jaganathan, P.; Tamim, H.; Alqahtani, S. A.;
Karakitsos, D.et al. Clinical Characteristics and Predictors of 28-Day Mortality in 352 Critically Ill Patients with COVID-19: A
Retrospective Study. J. Epidemiol. Glob. Health 2021, 11, 98-104.

Puebla, N. D.; Watts, A.; Seashore, J.; Polychronopoulou, E.; Kuo, Y. F.; Sharma, G. Smoking and risk of COVID-19 hospitaliza-
tion. Respir. Med. 2021, 182, 106414.

Li, J; Long, X,; Zhang, Q.; Fang, X.; Li, N.; Fedorova, B.; Hu, S,; Li, J.; Xiong, N.; Lin, Z. Tobacco smoking confers risk for severe
COVID-19 unexplainable by pulmonary imaging. J. Intern. Med. 2021, 289, 574-583.

Gallo, O. Risk for COVID-19 infection in patients with tobacco smoke-associated cancers of the upper and lower airway. Eur.
Arch. Otorhinolaryngol. 2021, 278, 2695-2702.

Almeida-da-Silva, C.; Matshik, D. H.; Liu, K.; Ojcius, D. M. Cigarette Smoke Stimulates SARS-CoV-2 Internalization by Activat-
ing AhR and Increasing ACE2 Expression in Human Gingival Epithelial Cells. Int. ]. Mol. Sci. 2021, 22, 7669.

Liu, A;; Zhang, X.; Li, R.; Zheng, M,; Yang, S.; Dai, L.; Wu, A.; Hu, C.; Huang, Y.; Xie, M.et al. Overexpression of the SARS-CoV-
2 receptor ACE2 is induced by cigarette smoke in bronchial and alveolar epithelia. J. Pathol. 2021, 253, 17-30.

Samet, ].M. Tobacco Products and the Risks of SARS-CoV-2 Infection and COVID-19. Nicotine Tob. Res. 2020, 22 (Suppl. S52),
593-595.

Almirall, J.; Gonzalez, C. A.; Balanzo, X.; Bolibar, I. Proportion of community-acquired pneumonia cases attributable to tobacco
smoking. Chest 1999, 116, 375-379.

Sokolovsky, A. W.; Hertel, A. W.; Micalizzi, L.; White, H. R.; Hayes, K. L.; Jackson, K. M. Preliminary impact of the COVID-19
pandemic on smoking and vaping in college students. Addict. Behav. 2021, 115, 106783.

Sifat, A. E.; Nozohouri, S.; Villalba, H.; Vaidya, B.; Abbruscato, T. ]J. The Role of Smoking and Nicotine in the Transmission and
Pathogenesis of COVID-19. ]. Pharmacol. Exp. Ther 2020, 375, 498-509.

Cetin, K.N. The effect of smoking on COVID-19-linked biomarkers in hospitalized patients with COVID-19. |. Clin. Lab. Anal.
2021, 35, €23983.

Watanabe, M.; Balena, A.; Tuccinardi, D.; Tozzi, R.; Risi, R.; Masi, D.; Caputi, A.; Rossetti, R.; Spoltore, M. E.; Filippi, V.et al.
Central obesity, smoking habit, and hypertension are associated with lower antibody titres in response to COVID-19 mRNA
vaccine. Diabetes Metab. Res. Rev. 2022, 38, €3465.

Matsushita, Y.; Yokoyama, T.; Hayakawa, K.; Matsunaga, N.; Ohtsu, H.; Saito, S.; Terada, M.; Suzuki, S.; Morioka, S.; Kutsuna, S.et al.
Smoking and severe illness in hospitalized COVID-19 patients in Japan. Int. ]. Epidemiol. 2022, 51, 1078-1087.

Brown, C. The relationship between COVID-19-specific health risk beliefs and the motivation to quit smoking: A UK-based
survey. Drug Alcohol Depend. 2021, 227, 108981.

Jackson, S. E.; Garnett, C.; Shahab, L.; Oldham, M.; Brown, J. Association of the COVID-19 lockdown with smoking, drinking
and attempts to quit in England: An analysis of 2019-2020 data. Addiction 2021, 116, 1233-1244.

Guignard, R.; Andler, R.; Quatremere, G.; Pasquereau, A.; du Roscoat, E.; Arwidson, P.; Berlin, I.; Nguyen-Thanh, V. Changes
in smoking and alcohol consumption during COVID-19-related lockdown: A cross-sectional study in France. Eur. ]. Public Health
2021, 31, 1076-1083.

Gavurova, B.; Khouri, S.; Ivankova, V.; Kubak, M. Changes in Alcohol Consumption and Determinants of Excessive Drinking
During the COVID-19 Lockdown in the Slovak Republic. Front. Public Health 2021, 9, 791077.

Wolf, ].P.; Freisthler, B.; Chadwick, C. Stress, alcohol use, and punitive parenting during the COVID-19 pandemic. Child. Abuse
Negl. 2021, 117, 105090.



Microorganisms 2023, 11, 580 24 of 25

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.
137.

138.

139.

140.

141.

142.

143.

144.

145.

Wardell, J. D.; Kempe, T.; Rapinda, K. K;; Single, A.; Bilevicius, E.; Frohlich, ]. R.; Hendershot, C. S.; Keough, M. T. Drinking to
Cope During COVID-19 Pandemic: The Role of External and Internal Factors in Coping Motive Pathways to Alcohol Use, Soli-
tary Drinking, and Alcohol Problems. Alcohol. Clin. Exp. Res. 2020, 44, 2073-2083.

Nesoff, E. D.; Gutkind, S.; Sirota, S.; McKowen, A. L.; Veldhuis, C. B. Mental health and economic stressors associated with high-
risk drinking and increased alcohol consumption early in the COVID-19 pandemic in the United States. Prev. Med. 2021, 153,
106854.

Grossman, E.R.; Benjamin-Neelon, S.E.; Sonnenschein, S. Alcohol Consumption during the COVID-19 Pandemic: A Cross-Sec-
tional Survey of US Adults. Int. . Environ. Res. Public Health 2020, 17, 9189.

Sugarman, D.E.; Greenfield, S.F. Alcohol and COVID-19: How Do We Respond to This Growing Public Health Crisis? J. Gen.
Intern. Med. 2021, 36, 214-215.

Charles, N. E.; Strong, S. J.; Burns, L. C.; Bullerjahn, M. R.; Serafine, K. M. Increased mood disorder symptoms, perceived stress,
and alcohol use among college students during the COVID-19 pandemic. Psychiatry Res. 2021, 296, 113706.

Irizar, P.; Jones, A.; Christiansen, P.; Goodwin, L.; Gage, S. H.; Roberts, C.; Knibb, G.; Cooke, R.; Rose, A. K. Longitudinal asso-
ciations with alcohol consumption during the first COVID-19 lockdown: Associations with mood, drinking motives, context of
drinking, and mental health. Drug Alcohol Depend. 2021, 226, 108913.

Jacob, L.; Smith, L.; Armstrong, N. C.; Yakkundji, A.; Barnett, Y.; Butler, L.; McDermott, D. T.; Koyanagi, A.; Shin, J. I.; Meyer, J.et
al. Alcohol use and mental health during COVID-19 lockdown: A cross-sectional study in a sample of UK adults. Drug Alcohol
Depend. 2021, 219, 108488.

Kranzler, HR.; Soyka, M. Diagnosis and Pharmacotherapy of Alcohol Use Disorder: A Review. JAMA 2018, 320, 815-824.

The, L.G.H. Alcohol-related harm during the COVID-19 pandemic. Lancet Gastroenterol. Hepatol. 2021, 6, 511.

Killgore, W.; Cloonan, S. A.; Taylor, E. C.; Lucas, D. A; Dailey, N. S. Alcohol dependence during COVID-19 lockdowns. Psychi-
atry Res. 2021, 296, 113676.

Rao, S.; Baranova, A.; Cao, H.; Chen, J.; Zhang, X.; Zhang, F. Genetic mechanisms of COVID-19 and its association with smoking
and alcohol consumption. Brief. Bioinform. 2021, 22, bbab284.

Hamer, M.; Kivimaki, M.; Gale, C. R.; Batty, G. D. Lifestyle risk factors, inflammatory mechanisms, and COVID-19 hospitaliza-
tion: A community-based cohort study of 387,109 adults in UK. Brain Behav. Immun. 2020, 87, 184-187.

Bailey, K. L.; Sayles, H.; Campbell, J.; Khalid, N.; Anglim, M.; Ponce, J.; Wyatt, T. A.; McClay, J. C.; Burnham, E. L.; Anzalone,
A.et al. COVID-19 patients with documented alcohol use disorder or alcohol-related complications are more likely to be hospi-
talized and have higher all-cause mortality. Alcohol Clin. Exp. Res. 2022, 46, 1023-1035.

Lin, Z. Mechanisms for substance use disorders in COVID-19. Mol Psychiatry 2021, 26, 4568-4569.

Bailey, K. L.; Wyatt, T. A.; Katafiasz, D. M.; Taylor, K. W.; Heires, A. ].; Sisson, ]. H.; Romberger, D. J.; Burnham, E. L. Alcohol
and cannabis use alter pulmonary innate immunity. Alcohol 2019, 80, 131-138.

Saengow, U.; Assanangkornchai, S.; Casswell, S. Alcohol: A probable risk factor of COVID-19 severity. Addiction 2021, 116, 204-205.
Xu, Z.-W.; Li, Z.-].; Hu, W.-B. Global dynamic spatiotemporal pattern of seasonal influenza since 2009 influenza pandemic.
Infect. Dis. Poverty 2020, 9, 2.

Wei, C. J.; Crank, M. C,; Shiver, J.; Graham, B. S.; Mascola, J. R.; Nabel, G. J. Next-generation influenza vaccines: Opportunities
and challenges. Nat. Rev. Drug Discov 2020, 19, 239-252.

Von Wachter, T. Lost Generations: Long-Term Effects of the COVID-19 Crisis on Job Losers and Labour Market Entrants, and
Options for Policy. Fisc. Stud. 2020, 41, 549-590.

Barguilla, A.; Fernandez-Lebrero, A.; Estragues-Gazquez, I.; Garcia-Escobar, G.; Navalpotro-Gomez, I.; Manero, R. M.; Puente-
Periz, V.; Roquer, J.; Puig-Pijoan, A. Effects of COVID-19 Pandemic Confinement in Patients with Cognitive Impairment. Front.
Neurol. 2020, 11, 589901.

Home—ClinicalTrials.gov. Available online: https://clinicaltrials.gov/ (accessed on 16 January 2023).

Steppert, C.; Steppert, I; Sterlacci, W.; Bollinger, T. Rapid detection of SARS-CoV-2 infection by multicapillary column coupled
ion mobility spectrometry (MCC-IMS) of breath. A proof of concept study. J. Breath Res. 2021, 18;15(2). doi: 10.1088/1752-
7163/abebca. .

Steppert, C.; Steppert, I; Bollinger, T.; Sterlacci, W. Rapid non-invasive detection of Influenza-A-infection by multicapillary
column coupled ion mobility spectrometry. J. Breath Res. 2020, 15, 011001.

Fanelli, V.; Giani, M.; Grasselli, G.; Mojoli, F.; Martucci, G.; Grazioli, L.; Alessandri, F.; Mongodi, S.; Sales, G.; Montrucchio, G.et
al. Extracorporeal membrane oxygenation for COVID-19 and influenza HIN1 associated acute respiratory distress syndrome:
A multicenter retrospective cohort study. Crit. Care 2022, 26, 34.

Jeitler, M.; Erehman, A.; Koppold, D. A.; Ortiz, M.; Jerzynski, L.; Stockigt, B.; Rotter, G.; Blakeslee, S.; Brinkhaus, B.;
Michalsen, A.et al. Self-care and lifestyle interventions of complementary and integrative medicine during the COVID-19
pandemic-A cross-sectional study. Front. Med. 2022, 9, 1033181.



Microorganisms 2023, 11, 580 25 of 25

146. Izikson, R.; Brune, D.; Bolduc, ]. S.; Bourron, P.; Fournier, M.; Moore, T. M.; Pandey, A.; Perez, L.; Sater, N.; Shrestha, A.et al.
Safety and immunogenicity of a high-dose quadrivalent influenza vaccine administered concomitantly with a third dose of the
mRNA-1273 SARS-CoV-2 vaccine in adults aged >/=65 years: A phase 2, randomised, open-label study. Lancet Respir Med. 2022,
10, 392-402.

147. Chen, H.; Huang, Z.; Chang, S.; Hu, M.; Lu, Q.; Zhang, Y.; Wang, H.; Xiao, Y.; Wang, H.; Ge, Y.et al. Inmunogenicity and safety
of an inactivated SARS-CoV-2 vaccine (Sinopharm BBIBP-CorV) coadministered with quadrivalent split-virion inactivated in-
fluenza vaccine and 23-valent pneumococcal polysaccharide vaccine in China: A multicentre, non-inferiority, open-label, ran-
domised, controlled, phase 4 trial. Vaccine 2022, 40, 5322-5332.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



