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Influenza is a highly known contagious viral infection that has been responsible for the death of many people in history

with pandemics. These pandemics have been occurring every 10 to 30 years in the last century. The most recent global

pandemic prior to COVID-19 was the 2009 influenza A (H1N1) pandemic. A decade ago, the H1N1 virus caused 12,500

deaths in just 19 months globally. Now, again, the world has been challenged with another pandemic. COVID-19 and

influenza viruses have very similar signs, and symptoms may explain the similar origin. According to a recent World

Health Organization survey, the COVID-19 attack and disease burden in children have been much lower than influenza

outbreaks, and the secondary household attack rate has also been low. This is in stark contrast to reports of the virus

spreading quickly in enclosed spaces like hospitals or cruise ships, as well as a high prevalence of healthcare-associated

infections.
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1. Virology and Structural Characteristics
1.1. Coronavirus (COVID-19)

Coronavirus belongs to the family of Coronaviridae. Coronaviridae is a family of enveloped, positive-strand RNA viruses

that infect amphibians, birds, and mammals . The virus’s genome size is between 26 to 32 kB, which is considered

among the viruses with the most extensive RNA. These viruses have two different surface proteins that are named after

their external features . Coronaviridae family is divided into two subfamilies, including Coronavirinae and Torovirinae.

The Coronavirinae subfamily is composed of four well-known genera (i.e., alpha coronavirus (α-coronavirus), beta

coronavirus (β-coronavirus), gamma coronavirus (γ-coronavirus,) and delta coronavirus (δ-coronavirus)). Human diseases

are associated with the genera alpha coronavirus and beta coronavirus, while those belonging to the genera gamma

coronavirus and delta coronavirus cause disease in animals. COVID-19 as SARS-CoV (Severe Acute Respiratory

Syndrome) and MERS-CoV (Middle East Respiratory Syndrome) belong to the beta coronavirus genus, while HCoV-NL63

and HCoV-229E belong to the alpha coronavirus genus . Coronavirus can infect mammals and birds by triggering

various lethal diseases .

COVID-19 is the seventh coronavirus known to infect humans, and its clinical symptoms are similar to influenza A, ranging

from asymptomatic or mild through severe disease and death. The COVID-19 genome is 50% and 79%, the same as

MERS-CoV and SARS-CoV, respectively. The Coronaviruses belong to the enveloped, non-segmented, single-stranded

RNA, positive-sense viruses whose genome size is 26–32 kB (nearly 30 kB). Two important ORFs were found in the

COVID-19 genome. They are ORF1a and ORF1b, with the potential to encode 16 non-structural proteins (NSP),

constituting almost two-thirds of the viral genome.

Moreover, the remaining one-third of the COVID-19 genome encodes structural and accessory proteins. Diverse structural

proteins including S (spike), M (membrane), N (nucleocapsid), and E (envelope) were identified in the COVID-19 virion.

These structural proteins are critical mediators in cell attachment and entrance, genome replication, and pathogenicity

and finally promote infection .

The highly glycosylated COVID-19 S protein comprises two subunits called S1 and S2 (Figure 1). S1 with a receptor-

binding domain (RBD) plays a crucial role in cell entrance and tissue tropism by binding to ACE2 on the host cell.

Furthermore, a polybasic cleavage site (PRRAR) recognized by the prototype proprotein convertase furin was identified at

S protein. This pre-processing gives an unusual feature to COVID-19 that significantly increases tissue tropism and

transmissibility .
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Figure 1. The structural characteristics of Coronavirus.

Moreover, TMPRSS2 is a transmembrane serine protease that facilitates cleavage at the S1-S2 boundary and

downstream cell fusion. N protein appears to be directly bound to the RNA genome and involved in ribonucleoprotein

construction, which functions in cell fusion and entrance. Furthermore, N protein functioning as a cell cycle inhibitor was

determined by cell cycle studies. M protein is involved in ribonucleoproteins formation and is considered a key mediator of

inflammatory responses in the host, whereas virion formation and viral pathogenicity are triggered by E protein . COVID-

19 genomic RNA has also been demonstrated to contain a 5’-cap structure and a 3’-polyadenylation tail, essential for

directing the COVID-19 genomic RNA translation into a structural and non-structural protein. Additionally, stem-loop

structures within 5’-UTR and a leader sequence of the COVID-19 genome are essential for transcription and replication.

Furthermore, the transcription regulatory sequence (TRS) located throughout the COVID-19 genome is one of the most

distinguishing characteristics of COVID-19 and plays a crucial role in transcription regulation (Figure 2) .

Figure 2. An in-depth look into the structure of the Covid-19 spike glycoprotein.

1.2. Influenza A (H1N1)

The influenza virus has several antigens divided into three types of influenza A, B, C based on the antigenic disparity

between nucleoprotein and protein matrix . Based on the surface structure, hemagglutinin and neuraminidase, the B

and C types of the influenza virus have merely one serotype , while the influenza A virus has 16 serotypes based on

hemagglutinin and nine serotypes based on neuraminidase. In this vein, it should be stated that the highest incidence of

the flu in humans is caused by the influenza A virus . This virus can infect mammals and birds, including horses, pigs,

and various species of poultry as well as humans .

The influenza A virus is a dangerous virus with a single-stranded, eight-piece RNA genome whose genetic structure lends

itself to modification. Genetic mutations may be of minor nature, that may result in a local influenza epidemic in winters

due to the widespread viruses, or a more extensive nature, that may give rise to the emergence of a novel virus creating

more severe pathogenesis and causing a global epidemic . Antigenic shifts occur only in influenza A and refer to the

emergence of a new influenza virus that allows human-to-human transmission. In this context, international travel is a

serious global health threat and should be restricted . Influenza A genetic material is packaged into eight negative-

sense single-stranded RNA in an enveloped virus. Neuraminidase (NA), hemagglutinin (HA), and less frequently, the

matrix 2 (M2) protein are central membrane structural proteins in influenza A. Additionally, the matrix 1 (M1) protein is

located beneath the membrane and is surrounded by eight vRNAs that exist as separate viral ribonucleoprotein (vRNP)

complexes. In addition, M1 is a key mediator in viral morphology and is important for cell membrane binding. Among other

structural proteins, HA is the main contributing factor in influenza A infection. In other words, HA with terminal sialic acid

(SA) residues bind to sialylated receptors on the potential host cells .
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2. Epidemiology
2.1. Epidemiological Prospective of COVID-19

China was the first country to report a case, and it had a higher morbidity and mortality rate than the rest of the world.

Furthermore, up to 16 March 2020, Iran, with 14,991 patients, was the third country with the highest reported cases after

China and Italy . However, since 28 March, the United States has seen more than 590,000 COVID-19 patients and

24,000 deaths, far above the number of cases reported. COVID-19 cases are rising every day in Brazil, with the number

of positive cases expected to exceed . As of February 2021, more than one-hundred million confirmed cases worldwide

of COVID-19 had been reported to the World Health Organization .

Following the increasing rate of the incidence and the global spread of the virus, the WHO issued a declaration on 30

January 2020, announcing the outbreak of the new coronavirus as the sixth cause of public health emergency of

international concern, regarded as a threat not only to China but to all countries. Before this new coronavirus, the WHO

had announced the last public health emergency for the outbreak of influenza H1N1 in 2009. The WHO officially named

the new coronavirus COVID-19 on 11 February 2020 ; on the same day, the International Committee on Virus

Taxonomy (ICTV) changed the name of the virus that causes this disease from 2019-nCoV to SARS-COV-2 .

2.1.1. Death Rate by Age Group

The death rate and the probability of dying if infected by the virus are highly variable by age in COVID-19. The exploration

of mortality rate by age in COVID-19 disclosed age-dependent mortality, and most deaths were recorded in patients older

than 50 years. Furthermore, according to a new study conducted by UK researchers using data from mainland China, the

average mortality rate of COVID-19 is 0.66%, rising sharply to 7.8% in people over 80 and falling to 0.0016% in children

aged nine and younger. They also discovered that about one out of every five people over the age of 80 infected with

COVID-19 would likely need hospitalization, compared to only 1% of people under 30 . A study by Eduardo estimated

the real-time case rate across different age groups by gender in Latin America (Table 1) .

Table 1. Ratio of COVID-19′s cases, deaths, and morbidity according to different age groups.

Gender proportion of COVID-19 cases

Age (Years) 10 20 30 40 50 60 70 80

Male (%) 47.5 50 52.8 52.3 51.8 53 49.7 39.2

Female (%) 52.5 50 47.2 47.7 48.2 47 50.3 60.8

Gender proportion of COVID-19 deaths

Age (Years) 10 20 30 40 50 60 70 80

Male (%) 65 63.9 65.5 64.6 67.1 64.22 60.7 46.9

Female (%) 35 36.1 34.5 35.4 32.9 35.8 39.3 53.1

Gender proportion of COVID-19 morbidity

Age (Years) 10 20 30 40 50 60 70 80

Male (%) 0.94 3.17 4.16 3.38 3.32 3.02 2.55 2.85

Female (%) 1.08 3.22 3.67 2.93 2.84 2.36 2.04 2.56

2.1.2. Death Rate by Gender Ratio

A sex bias with males > females was reported for COVID-19 by national case fatality rates (CFRs). Furthermore, SS

Bhopal et al. examined the mortality ratio per 100,000 cases and concluded a higher fetal death rate among men than

among women . The most likely reasons for the variations found are hypotheses focused on risk factors that vary with

sex and age. Differences in the profession, lifestyle (including smoking and alcohol consumption), physical comorbidities,

and drugs are all examples. Rather than the science of genders, these theories are based on social and cultural

considerations. Age, sex, and the previously listed risk factors, as well as gene expression and epigenetics, would all

need to be taken into account when developing genetic bases . Male sex is gradually being identified as a risk factor

for COVID-19-related disease and death. Male dominance in COVID-19 mortality can be seen in almost all countries with

sex-disaggregated records, in which males have a 1.7-fold higher chance of death than females . Gender has a

significant effect on immune cell transcriptomes; age affects immune cells or even the immune system differently based

on sex. Aging causes a decrease in the proportion of naive T cells, which is more noticeable in males, while B cells

decline mainly in males just after the age of 65. Between the ages of 62 and 64, male immune cells undergo abrupt and

drastic changes in epigenetic landscape, resulting in an accelerated immunosenescence phenotype characterized by
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increased innate proinflammatory gene expression and lower gene expression related to adaptive immunity, which may

potentially predispose older males to hyperinflammation and poor adaptive immunity .

2.1.3. Death Rate by Health Conditions

Various underlying diseases have also been associated with an increased death rate. According to the Chinese Center for

Disease Control and Prevention, respiratory infections, cardiovascular diseases, diabetes, cancers, and hypertension are

major contributing factors for the increased death rate by COVID-19. Furthermore, an extensive cohort analysis of over 17

million people was held by EJ Williamson et al. to identify the clinical factors associated with COVID-19 related deaths.

They identified hypertension as the most common comorbidity among COVID-19 related deaths. Their result can also be

used for developing a predictive model .

2.2. Epidemiological Prospective of Influenza A (H1N1)

Influenza strikes at different intensities every year. Its epidemiological trend is influenced by a number of factors, namely

the virus’s antigenic properties, transmissibility, and community susceptibility . This virus can change the antigen

properties of surface glycoproteins, hemagglutinin, and neuraminidase regularly. Major changes in these proteins are

called ‘antigenic change’, and minor changes are called ‘antigenic shift’. Epidemics of influenza A are followed by

antigenic variations, while local outbreaks are caused by antigenic modifications .

The influenza A virus caused several pandemics in the 20th century, so that millions of people have died from this virus in

the last century . The influenza A/H1N1 virus was first reported in April 2009 in Mexico and some states of the US. It

was then rapidly spread in most countries, so that the WHO announced its pandemic in June 2009 . Studies in

Portugal  and Saudi Arabia  showed that the influenza A/H1N1 virus spread was 54.40% and 28.4%, respectively.

This virus has been created from the simultaneous infection of pigs by the prevailing influenza A subtypes and the

simultaneous amplification and shift of its genome, which has caused it to be more pathogenic than the other seasonal

subtypes 

2.2.1. Death Rate by Age Group

COVID-19 and influenza A pandemic differ in the age profile of critically ill patients and patients who die. The age

distribution of morbidity during the 1918, 1957, 1968, and 2009 H1N1 pandemics was close to that of seasonal epidemics,

with the majority of patients being under 60 years old. However, the percentage of under-60s among influenza deaths was

significantly higher during the 2009 pandemic (peak 20 years) than seasonal epidemics . In addition, based on an

analysis of 153 influenza-associated deaths younger than five years old, N Bhat et al. suggest that the average influenza-

related mortality rate for children was 0.21 deaths per 100,000, with the highest rate for children under the age of six

months with a general reduction as they grew older .

2.2.2. Death Rate by Sex Ratio

In most nations, males and females have equal case fatality rates for avian influenza. Human A (H7N9) cases, on the

other hand, have a high degree of sex inequality, with males over 50 years of age having a slightly higher mortality rate

. In this background, T Paskoff et al. studied sex-based variations in mortality during the 1918 influenza pandemic on

the island of Newfoundland in 2018 and discovered that mortality rates were generally equivalent in both sexes .

Contrary, adult males (15–44 years of age) in the United States and 12 other countries died at greater rates during the

1918 H1N1 pandemic .

2.2.3. Death Rate by Health Conditions

C Rodríguez-Rieiro et al. in Spain identified a close association between comorbidity and influenza mortality rate. They

also introduced asthma as the most prevalent risk factor among those with pH1N1-related ICU admission . Additionally,

N Bhat revealed that underlying diseases, such as neuromuscular disorders and chronic pulmonary disease, could

increase childhood mortality from influenza .

3. Transmission and Replication
3.1. Transmission and Replication of COVID-19

3.1.1. Transmission

Transmission efficiency was approved as a critical factor in the epidemiology of newly evolved viruses such as influenza A

and COVID-19. Transmission modes, including nasal and oral droplets, indirect contacts, and a lesser degree, touching a
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surface with the virus on it, are accepted in COVID-19. Pharyngeal shedding is very high during the first week of

symptoms and could enhance the risk of transmission. In addition, the presence of COVID-19 in stools and wastewater

suggests its fecal-oral transmission. During the incubation cycle, Qun Qian et al. report clear signs of successful COVID-

19 replication in a patient’s rectum, which may clarify COVID-19’s fecal–oral transmission .

Asymptomatic and pre-symptomatic transmission, a typical characteristic of infectious diseases, is possible in COVID-19

and contributes to its outbreak. Bai et al. reports a confirmed laboratory COVID-19 case without any clinical sign and

suggests that asymptomatic cases could transmit COVID-19 . In addition, Chen Yi et al. indicated that the infection

rates of symptomatic and asymptomatic infections among close contacts were 6.30% and 4.11%, respectively . This

novel finding suggests the asymptomatic transmission of COVID-19. Growing evidence reveals that due to interaction

mechanisms, the transmission and epidemiology of COVID-19 are dependently associated with influenza (Figure 3). ACE-

2 overexpression resulting from a viral respiratory infection, in particular, influenza, was identified recently . The study

of M Domenech de Cellès et al. with a focus on the impact of influenza on COVID-19 transmission indicated that the

transmission of COVID-19 has increased 2–2.5-fold in influenza co-circulating. This novel finding highlights the inevitable

effects of influenza vaccination on COVID-19 mortality and transmission .

Figure 3. Epidemiological comparison of Influenza A and COVID-19.

A number of days between virus infection and the onset of clinical manifestation are known as the incubation period. The

incubation period is a key element in determining the quarantine period and could necessarily reduce epidemic size. The

incubation period is around 14 days for COVID-19, meaning that a 14-day quarantine period is required for the complete

absence of disease among healthy individuals exposed to the virus .

3.1.2. Replication

Specific coronavirus spike (S) protein binding to the appropriate cellular entry receptors initiates coronavirus infection.

Upon cell entrance, ORF1a and ORF1b are immediately translated into non-structural proteins. Here, prior to the

replication process explanation, we describe the biological function of each NSP in the context of COVID-19

pathogenesis.

The C-terminal domain of COVID-19 nsp1 triggers translational inhibition by sterically blocking the ribosomal mRNA

channel entry site in 43S pre-initiation complex, free 40S subunits non-translating 80S ribosomes. 5′ UTR of COVID-19

with a complex secondary structure efficiently promotes translation under a low ribosome. Therefore, upon COVID-19

infection, host protein production switches to viral protein synthesis . Compared to other NSPs, nsp2 shows maximum

sequence variability among coronaviruses, so it was believed that nsp2 protein coevolved in parallel with the hosts to

obtain host-specific functions. Nsp2 and nsp3 are involved in RTC formation. Nsp3, through its post-translational activity,

affects the host protein’s overall structure and; therefore, suppresses the host’s innate immune response .
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A cytoplasmic double-membrane vesicle, required for COVID-19 replication, is induced by the cooperation of nsp4 and

nsp3. Nsp5, also called 3C-like protease, or the main protease is thought to engage in synthesizing viral proteins and

several nonstructural viral proteins through its protease activity. Moreover, nsp5 prevents interferon I signaling processes

through cleavage of STAT 1 transcription factor . By influencing autophagic proteins, including PIK3C3 and ATG5, nsp6

serves as an autophagy-inducing protein. Nsp8, in cooperation with nsp7, forms a heterodimer structure and confers

RNA-binding capacity to nsp12. Nsp9 is required for binding coronavirus replication complex to RNA. Nsp10, an essential

cofactor for 2′ O-ribose methyltransferase (Nsp16) and guanine-N7 methyltransferase (Nsp14) activation, assists in the

methylation of mRNAs guanosine cap to promote transcription, splicing, polyadenylation, and nuclear export of viral

mRNA. Nsp11 displays endo-ribonuclease activity that has a major impact on the viral life cycle . Nsp12, an RNA-

dependent RNA polymerase (RdRp), functions primarily in COVID-19 genome replication and transcription . Nsp13,

Helicase (Hel) or Nucleoside-triphosphatase (NTPase), facilitates RNA folding in the presence of NTPs and plays a crucial

role in replication . Nsp14 and nsp16, which stand for N-7- and 2-Oʹ-methyltransferase, respectively, are involved in the

viral RNAs capping so that they are required for immune protection against host pattern recognition receptors (PRR), such

as IFIT1. Notably, COVID-19 nsp13 (helicase), nsp14 (exonuclease), and nsp15 (endoribonuclease) were found to be

highly effective viral interferon antagonists . In conclusion, it is worth mentioning that NSPs are promising therapeutic

targets for antiviral drug development.

Viral replication organelles (RO) are generally distinct functional structures indicated to function as ideal platforms for viral

RNA synthesis. Double-membrane vesicles (DMVs) are the RO’s most abundant component and the central hubs for

COVID-19 genome synthesis. By protecting the viral genome from innate immune sensors stimulated by dsRNA, DMVs

create an appropriate condition for viral RNA synthesis. Newly synthesized viral RNA translocation from the DMVs to the

cytosol is mediated by multiprotein complexes that span both DMV membranes. Therefore, these channels are critical for

the COVID-19 life cycle. DMV molecular pores are principally made up of nsp3, nsp4, and nsp6 .

RTC contains nsp12-nsp7-nsp8 function in COVID-19 genome replication and transcription. COVID-19 replication is a

complex process that involves RNA synthesis, proofreading, and capping. The COVID-19 genomic replication begins with

the full-length negative-sense genomic synthesis that serves as a template to make a new positive-sense genomic RNA.

In this context, the negative-strand synthesis is initiated by RdRp protein binding to the 3’ end of the genome in a process

stimulated by 3’ end RNA secondary structures and sequences. Then, RdRp selects and binds to an appropriate

nucleoside triphosphate (NTP) via the formation of phosphodiester bonds, so nucleotide incorporation results in the 3’ end

of the nascent RNA extension. Processivity is critical for successful COVID-19 genome replication. Nsp7/nsp8 protein

through interaction with the RNA backbone bestows high processivity on RdRp. The increased mutation rate in RNA virus

replication is correlated with enhancing diversity in viral genomic sequence. Nsp14 provides a 3′–5′ exonuclease activity

that assists RNA synthesis with a unique RNA proofreading function. Following replication, COVID-19 genomes need to

undergo capping at their 5’ end and polyadenylation at their 3’ end. This process is similar to those that take place in

eukaryotic cells, but COVID-19 genome capping and polyadenylation occur in the cytoplasm. Several momentous

biological activities, including host immune response evasion, mRNA translation, and stability, have been reported for the

final viral RNA cap .

3.2. Transmission and Replication of Influenza A

3.2.1. Transmission

Several possible routes, including nasal and oral droplets and indirect contact, have been approved for Influenza A

transmission. Indirect contact refers to transmission via a fomite, an object like a doorknob or toy, contaminated with the

infectious virus. Additionally, airborne virus transport on microscopic particles, or the so-called aerosolized fomites, is also

considered for Influenza A transmission . Unlike COVID-19, effective transmission of influenza has not been observed

in truly asymptomatic people. The incubation period is around 1.4 days for Influenza A, meaning that a 1.4 day quarantine

period is required for the complete absence of disease among healthy exposed individuals . Additionally, reproduction

number (R0), an epidemiological transmission index in infectious diseases, is around 1.5 and 3 for influenza A and

COVID-19, respectively .

This finding indicates that COVID-19 is more transmissible than influenza A. Indeed, different policies are required to

control these diseases.

3.2.2. Replication

Each vRNP comprises viral RNA (vRNA), viral polymerase, and a number of nucleoproteins (NP) molecules in influenza

A. Two distinct conserved regions in 5′ and 3′ UTRs mediate the helical hairpin formation and allow RNA-dependent RNA

polymerase (RdRp) to bind to vRNA. Contrary to most RNA-containing viruses, influenza viruses are transcribed and

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]



replicate in the nucleus. In this context, following the cytoplasmic appearance of the vRNA, the nucleocytoplasmic

transport system, including importin-α and importin-β, detects nuclear localization signal (NLS) and transport vRNA into

the nucleus. RdRp, as a heterotrimeric enzyme with three subunits, including PB1, PB2, and PA, plays a central role in

replication and transcription. It is worth noting that many viruses exploit the perturbation of cell cycle progression to create

a favorable condition for virus replication. RhoA kinase can potentially promote G1/S phase transition through pRb

phosphorylation. By binding to and inhibiting NS1, H1N1 non-structural protein 1 (NS1) induces cell cycle arrest and

favors cell condition for virus replication .

Two-step replication of influenza is initiated by complementary RNA synthesis (cRNA). In other words, prior to vRNA

replication, vRNA is transcribed to cRNA. Following cRNA synthesis, newly synthesized nucleoprotein (NP) molecules and

a single copy of the viral polymerase bind to cRNA to assemble into a cRNP. In a similar manner to cRNA synthesis,

cRNA in cRNP acts as a template for vRNA production. In a sequence identical to cRNP formation, newly synthesized

vRNA binds to accessory proteins, forming vRNP. Then, the influenza virus NS2 mediates vRNP nuclear export . H1C

as a member of the histone H1 family mediates intra-chromosome compaction. Besides, H1C promotes IFN-β production

through IRF3 nuclear transportation. It was ascertained that H1C affects influenza virus replication by interaction with

NS2. An extensive study by M Jin et al. demonstrated better replication of the H1N1 influenza virus in H1C knockout A549

cells than the wild-type A549 cells. As such, H1C plays a key role in H1N1 influenza host adaptation 

Notably, recent exploration by Liping Song et al. disclosed the relationship between miRNA and H1N1 influenza

replication. Using a 3’-UTR reporter assay and virus proliferation analysis in MDCK cells, they identified putative miRNA

complementary sequence in the influenza virus genome. They found that miR-323, miR-491, and miR-654 play a crucial

role against influenza A infection via binding to the PB1 gene and, subsequently, inhibiting influenza A replication .

4. Clinical Manifestation
4.1. Clinical Manifestation of COVID-19

Twelve surface receptors of COVID-19, including ACE2, were determined by Gu et al. Among them, ASGR1 and

KREMEN1 govern COVID-19 infection independently, so they may be specific receptors COVID-19 infection. These

multiple host cell surface receptors enable COVID-19 to infect numerous body organs. Hence, COVID-19 patients present

highly variable clinical symptoms in the clinic. Notably, no specific clinical signs that could reliably distinguish between

COVID-19 and other viral respiratory infections have been reported. Most COVID-19 patients are mildly ill and experience

flu-like upper respiratory symptoms, such as cough, shortness of breath, fever, dryness, fatigue, and so on. However,

some patients may progress to acute respiratory distress syndrome, metabolic acidosis, or coagulation dysfunction and

should receive mechanical ventilation and support in an intensive care unit (ICU) . In addition, COVID-19 is

associated with gastrointestinal symptoms, such as diarrhea, vomiting, or abdominal pain during the early phases of the

disease (see Table 2 for a list of main symptoms). In the following section, we clarify the pathogenesis of COVID-19 in

several organs.

Table 2. A comparative analysis of the principal features in COVID-19 and Influenza A(H1N1).

Feature COVID-19 Influenza A(H1N1) References

Epidemiology
and

Transmission

Fecal-oral transmission Proved Not proved

Age composition Most patients were older than 50 Most patients were
younger than 60  

Transmission mode Asymptomatic/
symptomatic Symptomatic

Reproduction number 3 1.5

Incubation period 4.9 1.4

Treatment

Anti-viral drug N3/ebselen/Remdesivir Oseltamivir and
zanamivir

CP therapy * *

Vitamin D * *

MSC therapy * Not effective
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Feature COVID-19 Influenza A(H1N1) References

Diagnosis

CRISPR-based SHERLOCK
technique * Not develop

qPCR * *

Gut microbiome * *

Lymphopenia * *

CT scan
Ground-glass opacities have
frequently been placed in the
periphery of lower lobes

Ground-glass
opacities has a central,
peripheral, or random
distribution

Clinical
manifestation

Acute lung injury * *

Cardiovascular * *

Gastrointestinal

diarrhea * *

nausea * *

vomiting * *

Molecular
biology

Receptor for virus-cell
entrance ACE2 Sialic acid receptor

Genetic material Just one positive-sense single-
stranded RNA

Eight negative-sense
single-stranded RNA

Location of replication DMV (cytoplasm) Nucleus

* These things are ongoing as it’s a current issue and now these are usable.

4.1.1. Cardiovascular

ACE2 is a membrane-bound aminopeptidase that plays a crucial role in the cardiovascular and immune systems .

ACE2 mediates COVID-19 entrance into specific host cells by binding to COVID-19 spike protein . It was recently

disclosed that people who suffer from cardiovascular disease experience a more severe disease than normal individuals

due to ACE2 upregulation . Thus, cardiovascular comorbidity contributes to elevated COVID-19 mortality. Furthermore,

there is accumulating evidence that COVID-19 itself could trigger cardiovascular disorders, including venous

thromboembolism, myocardial injury, and acute coronary syndrome (ACS). Cardiac troponin I is a cardiac regulatory

protein that signals myocardial necrosis. Qing Deng et al. recognized elevated expression of Cardiac troponin I in COVID-

19 patients during hospitalization.

Additionally, cardiac troponin I level was significantly higher in severe cases than in non-severe cases. In this manner,

COVID-19 could function as a potential contributing factor to the development of myocardial damage . Together, these

data support bidirectional causation between COVID-19 and the cardiovascular system.

4.1.2. Gastrointestinal (GI)

ACE2 expression is greatly more abundant in the human and mouse small intestine than all other organs, such as lungs.

In addition, coordinated action of TMPRSS2 and TMPRSS4 significantly increases COVID-19 infection in human small

intestinal enterocytes. GI symptoms, including diarrhea, nausea, and vomiting, occur in COVID-19 patients, but the most

frequent symptom is the lack of appetite. The incidence of gastrointestinal complaints was greater in 19 patients

hospitalized in medical units and intensive care units (ICU) than in patients observed solely in the emergency care unit

. Besides, M. Aziz et al. investigated the role of GI symptoms in predicting the severity of COVID-19. They indicated

that GI symptoms, especially diarrhea, is associated with worse outcome . All these findings suggest that COVID-19 is

actively involved in GI tract infection.

4.1.3. Lung

Ling Leng et al. used a comprehensive proteome study and bioinformatics analysis to discover proteomic profiles of

COVID-19-infected human lung tissues. In the COVID-19 lung tissue, ferroxidase ceruloplasmin (CP), which is associated

with the peroxidation of Fe (II) transferrin to Fe (III) transferrin, was significantly elevated resulting in increased oxygen

intake, which affected normal relaxed breathing. Increased SLC4A1 expression was also found in COVID-19 lung tissue,

which resulted in a malfunction of gas exchange in the lungs as well as urinary acidification. SFTPB is associated with the
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development of lamellar bodies in the alveoli as well as the removal of surface tension. The COVID-19 lung tissue

displayed a significant decrease in SFTPB. In addition, COVID-19 lung tissues have a high level of activation of the non-

canonical NF-B/NFKB2 pathway, which is a central mediator in cytokine and chemokine synthesis. It is worth noting that

the non-canonical NF-B/NFKB2 pathway has never been confirmed to be activated during cytokine storms caused by

other respiratory viruses, including influenza .

4.2. Clinical Manifestation of Influenza A (H1N1)

Influenza A has been recognized as a major contributing factor in acute respiratory tract infection. Additionally, pharyngitis,

dyspnea, diarrhea, nausea/vomiting, headache, shortness of breath, runny nose/rhinorrhea, Sore throat, and myalgia are

also frequently seen in influenza A patients . On the other hand, high detection of influenza A (H1N1) in myocardial and

pericardial tissues and fluid implies a causal relationship between influenza A (H1N1) and myocarditis . It has been

confirmed that influenza A (H1N1) viruses infect and subsequently induce GI cell death via sialic acid (SA)–α 2, 6–

galactose (Gal)-terminated saccharides . A Riquelme et al. retrospectively conducted a study on the prevalence of GI

clinical symptoms in Chilean influenza A (H1N1) patients. They observed 72 patients with vomiting (14.3%), 147 patients

with diarrhea (29.4%), and 182 patients (36.4%) with nausea. Besides, gastrointestinal symptoms were observed in one

out of four influenza A (H1N1) patients in a similar study in North America .

Notably, a significant accumulation of viral replicative intermediate agents such as dsRNAs after infection with influenza A

(H1N1) were noticed, which were recognized by innate immune receptors such as membrane-bound TLR3 and cytosolic

RIG1-like receptors (MDA5, RIG-1, and LGP2). MDA5 appears to be a Runx3 inducer, which is intriguing. Cell apoptosis

is thought to be a cellular process that effectively clears virus-infected cells, thereby acting as a powerful tool for the

prevention of virus spreading. An excessive amount of uncontrolled apoptosis can trigger pulmonary tissue damage and

lung dysfunction, which would increase morbidity and mortality. Runx3 is known to modulate the H1N1 influenza-induced

host airway epithelial cell apoptosis. Runx3 overexpression in airway somatic cells, induced by H1N1 influenza infection,

aggravates the disease severity by promoting host cell apoptosis and tissue injury .

We finally investigate two important questions as to viral infection as follows:

4.2.1. How Obesity Impacts Viral Infections?

COVID-19 has a greater effect on ACE2 expression in adipose tissue than in lung tissue, which is a significant target

tissue. Obese people have more adipose tissue, which means they have more ACE2-expressing cells and, as a result,

obesity can increase infection susceptibility and a risk factor for COVID-19-related mortality . In a systematic review of

the literature, J Siqueira et al. determined a close association between increasing BMI and deterioration in clinical

outcome. They concluded that obesity led to higher levels of hospitalization, poor outcomes, and increased mortality in

COVID-19 infected patients .

Additionally, a close correlation was recently found between obesity and the risk of intensive care unit (ICU) admission

and hospitalized patients with influenza A (H1N1) infection. L. Fezeu indicated that severely obese influenza A (H1N1)

patients had a twofold higher risk of mortality and ICU admission compared with influenza A (H1N1) patients who were not

severely obese .

4.2.2. Why Women Have Less Tendency to Be Affected by Viral Infections?

A growing body of evidence suggests that many variations exist between men and women in the immune response to

infection. Data from hospitals worldwide disclosed that respiratory system diseases, such as those triggered by acute viral

infections, are more prevalent in men (25%) than in women. The presence of two X chromosomes in women affects the

immune system even if one is inactive. Several immune system components, including TLR7, FOXP3, CD40L, TLR8, and

CXCR3, are affected by the X chromosome and can be upregulated in women and impact the response to viral infections.

It has been proposed that the X chromosome encodes several immune regulatory genes, and they could trigger lower

viral load levels, inflammation, and death after viral infection in females than in males. The TLR7 gene located on the X

chromosome is expressed in numerous immune system cells, such as B cells, macrophages, dendritic cells, and

circulating monocytes. TLR7 plays a critical role in single-strand RNA virus recognition via inducing anti-COVID-19

antibodies and generating pro-inflammatory cytokines, including IL-1 and IL-6 family members. As such, the TLR7

overexpression in women is associated with enhanced resistance to viral infections .

Furthermore, plasma levels of ACE2 were compared in 1485 men and 537 women with heart disease from two different

cohorts. It was discovered that men had higher plasma ACE2 levels than women. The study indicates that the variation in

plasma ACE2 can explain the intensity of COVID-19 in men .
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