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Abstract

Background: Since the outbreak of COVID-19 emerged in Wuhan, China, in December 2019, the epidemic has spread worldwide and posed a great threat to society. 
Despite great achievements in COVID-19 research, few studies have focused on the similarities and differences between SARS-CoV-2 and infl uenza viruses. 

Results: Through a review of the literature on SARS-CoV-2 and infl uenza viruses, we found that infl uenza occurs every year, and infl uenza pandemics occur irregularly. 
The uncomplicated human infl uenza viruses primarily affect the larger airways and rarely the alveoli. However, SARS-CoV-2 mainly involves the deep airways and lungs 
and can cause DAD, leading to severe hypoxemia. In general, SARS-CoV-2 is no less infectious than the infl uenza virus. However, its destructive power to the lungs is no 
less than the avian infl uenza virus. There is currently no clinical vaccine and specifi c inhibitor against SARS-CoV-2.

Conclusions: SASR-CoV-2 damages lung function more severely than the infl uenza virus, with higher morbidity, mortality, and severe disease rates. Controlling the 
source of infection, cutting off the route of transmission, and protecting susceptible populations are critical to the fi ght against SARS-CoV-2.
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Introduction

As of May 27, 2022, data from the World Health Organization 
(WHO) showed 525,467,084 confi rmed cases of COVID-19 
worldwide [1]. Furthermore, as of May 22, 2022, almost one 
billion people in lower-income countries remain unvaccinated. 
Only 57 countries have vaccinated 70% of their population-
almost, all high-income countries [2]. That means that the 
whole world is in battle with SARS-CoV-2. Both COVID-19 and 
infl uenza are characterized by fever and respiratory symptoms 
[3,4]. According to the Law of the people’s Republic of China on 
the Prevention and treatment of Infectious Diseases, COVID-19 
belongs to Class B infectious diseases and is managed in 
accordance with Class A. Although human infection with highly 
pathogenic avian infl uenza also belongs to class B infectious 
diseases, infl uenza belongs to class C. Hence, the prevention 
and control measures and management systems are different. 

Presently, there have been many studies comparing COVID-19 
to previous infl uenza pandemics. To understand how to contain 
the spread of SARS-CoV-2 more effectively, we examined the 
similarities and differences between SARS-CoV-2 and infl uenza 
viruses and discussed six aspects of outcomes, clinical features 
and treatment.

Transmission

Infl uenza virus: At present, the available evidence supports 
the important role of all routes of transmission (droplet, 
aerosol, and contact) in the spread of infl uenza. The problem 
is their relative importance, which will depend on the set 
of circumstances acting at a given time [5], while the avian 
infl uenza virus spreads ineffi ciently from person to person [6].
In the United States, about 5% to 20% of the population gets 
the fl u [7,8] and an estimated 3000 to 49,000 people die of 
infl uenza each year [9], then the case fatality rate (CFR) is much 
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less than 1%, and the mortality rate is even lower. Between 
2010 and 2016, an average of about 8% of Americans contracted 
the fl u each season. And the median value of children 0-17 is 
more than twice that of adults over 65. [8]. And the Centers 
for Disease Control and Prevention (CDC) points out that 
anyone can be infected with infl uenza. People over the age of 
65, people of any age with certain chronic diseases, pregnant 
women, and children under the age of 5 are at high risk of 
severe fl u-related complications [10]. Actually, the infectivity 
and mortality of infl uenza are closely related to specifi c virus 
types and epidemic subtypes. For example, the course of H1N1 
subtype is worse than that of H3N2 subtype, and most infl uenza 
cases need hospitalization with high mortality [11].

SARS-CoV-2

Nowadays, SARS-CoV-2 has spread worldwide as an 
Omicron variant [12]. It is certain that SARS-CoV-2 can be 
transmitted from person-to-person through droplets produced 
by coughing or sneezing or through close contact [13]. SARS-
CoV-2 can also be transmitted in the air through aerosols 
formed during medical treatment [14]. And viral nucleic acid 
can be found in patients’ feces and rectal swabs, making the 
argument that SARS-CoV-2 spread to the mouth through feces 
is convincing [15]. In addition to this, the deposition of virus-
laden aerosols may contaminate objects (eg, fomites) and lead 
to human transmission events [16]. SARS-CoV-2 can directly 
infect human renal tubules and may cause urine transmission 
[17]. Therefore, respiratory droplets and close contact are the 
main ways, and SARS-CoV-2 may be transmitted by aerosols 
if they are exposed to high concentrations of aerosols for a 
long time in a closed environment. Because SARS-CoV-2 can 
be isolated from feces and urine, attention should be paid to 
the aerosol or contact transmission of environmental pollution 
caused by feces and urine [18]. According to the Report of 
the WHO-China Joint Mission on Coronavirus Disease 2019 
(COVID-19), most laboratory-confi rmed cases (77.8%) are 
between 30 and 69 years old. About 80% of cases are mild and 
common, 13.8% are severe, and 6.1% are critical. People at high 
risk of severe illness and death are those over the age of 60 
and those with basic diseases [19].And as of May 27, the crude 
CFR of COVID-19 globally is about 1.20% [1]. In short, current 
COVID-19 epidemic is serious, the proportion of COVID-19 
severe/critical patients is not low, and the dead are mostly 
accompanied by underlying diseases. 

In terms of routes of transmission, both infl uenza virus 
and SARS-CoV-2 can be transmitted through droplets, 
contact, and aerosols, but the fecal and urethral transmission 
of SARS-CoV-2 cannot be ruled out. Children are the most 
susceptible population to catching infl uenza, while child cases 
of COVID-19 seem less [19]. In order to compare infectivity, 
we use a parameter, the basic reproduction number (R0). 
R0 refers to the average expected number of new cases that 
a case will produce in other uninfected people during its 
infectious period [20]. The R0 of SARS-CoV-2 is estimated to 
be 2.2-2.6 [21]. Noteworthy, from the method of calculating 
R0 proposed by Ndaïrou et al, the transmission coeffi cient 
due to super-spreaders is positively correlated with R0 [22]. 

Li, et al elaborated on a COVID-19 super-spreader who was 
misdiagnosed before the operation to show that the existence 
of super-spreaders greatly contributes to the spread of SARS-
CoV-2 [23]. And the occurrence of super communication events 
promotes spread [24].  While the median R0 value of seasonal 
infl uenza is 1.28, and that of several infl uenza pandemics over 
the past 100 years is 1.46 [25]. Furthermore, SARS-CoV-2 can 
display transmissibility and lethality of a particularly deadly 
pandemic virus, second only to the pandemic infl uenza virus of 
1918 [26,27]. Overall, except for the infl uenza pandemic, SARS-
CoV-2 is more contagious, with higher CFR (Table 1).

Pathogenesis

Infl uenza virus: Infl uenza virus (IV) is encapsulated by 
two kinds of surface glycoprotein hemagglutinin (HA) and 
neuraminidase (NA). HA is the main antigen of neutralizing 
antibodies, and the infectivity of infl uenza depends on the 
cleavage of HA by specifi c host proteases [4,28].

The infl uenza virus invades the host by recognizing the 
sialic acid of surface molecules through HA proteins. The HAs 
of human infl uenza viruses preferentially bind to receptors 
molecule of -2,6-linked sialic acid while avian and equine 
infl uenza viruses bind to -2,3-linked sialic acid preferentially 
[29]. The distribution of these receptors in different tissues 
refl ects the target cells and attack tendency of the virus 
[30]. The main receptors distributed on the epithelial cells of 
the nasal mucosa, paranasal sinuses, pharynx, trachea, and 
bronchi are -2, 6-linked sialic acid, which is also expressed 
on epithelial cells of the terminal and respiratory bronchioles. 
And -2,3-linked sialic acid is distributed on the surface of 
non-ciliated cuboidal bronchiolar cells at the junction between 
the respiratory bronchiole and alveolus and type II alveolar 
epithelial cells(AT2s) [6]. Therefore, human-derived viruses 
bound extensively to epithelial cells in the bronchi and, but less 
widely to alveolar cells, while avian viruses do the opposite.

Infl uenza virus invades airway epithelial cells and replicates, 
triggering the release of cytokines and chemokines, which 
can promote the recruitment of blood-derived infl ammatory 
cells. That is, infl uenza can change the composition of the 
monocyte-derived alveolar macrophages (AMs) population 
and recruit more AM populations, in which BM-derived cells 
can also gather in the lungs. This kind of cell population is 
likely to be Ly6Chi monocytes. The migration of this kind 
of cells from bone marrow is mediated by CC-chemokine 

Table 1: Comparison of routes of transmission and epidemiological data of Infl uenza 
Virus and SARS-CoV-2.

Infl uenza Virus SARS-CoV-2
Mode of 

transmission
Droplet, aerosol, and 

contact
Droplet, aerosol, and contact (main); fecal-

oral route and urethral route

R0

Seasonal 
infl uenza

Infl uenza 
pandemics 2.2-2.6

1.28 1.46
Main age 

range
Children 30 to 69 years old

CFR < 1% 1.20%*
R0: reproductive number; CFR: case fatality rate.
* obtained on May 27, 2022
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receptor 2(CCR2) and regulated by bone marrow stromal 
cells, which perceive circulating microbial molecules and 
produce CC-chemokine ligand 2(CCL2). In addition, infl uenza-
experienced alveolar epithelial cells can also produce CCL2, to 
facilitate the traffi cking of monocytes. This indicates that in 
addition to mediating the recruitment of monocytes from bone 
marrow to the bloodstream, CCR2 help recruits monocytes to 
the infected lungs or lymph nodes that drain infected sites, 
trigger virus-specifi c CD8+T cells, thus limiting further growth 
and invasion of the virus, and starting viral clearance [31,32]. 
The above contents are consistent with Lin’s claim that most 
infl ammatory cells in infl uenza-infected lungs come from 
CCR2+ monocytes, which are the predominant cause of lung 
immunopathology and mortality [33]. Therefore, the activation 
of AMs and the initiation of infl ammatory cell recruitment 
affect the regression of infl ammation and virus clearance, 
causing virus-induced pathology and mortality [33,34]. 
Meanwhile, the recruitment of CCR2-dependent monocytes is 
at the core of prolonged antibacterial protection after infl uenza 
virus clearance and clinical rehabilitation. At a month post-
infl uenza, recruited macrophages transcriptionally resemble 
monocytes and provide prolonged antibacterial protection 
through increased production of IL-6 and other mechanisms. 
However, only monocytes recruited during the period of acute 
infl uenza sustained a phenotype of increased IL-6 production. 
After 2 months of infl uenza, the recruited AM population of 
the lungs is abundant, but transcriptionally and functionally 
similar to resident AMs and no longer provides protection. 
Thus, it can be seen that respiratory infection can change the 
AM population through monocyte-derived recruited cells and 
thus constantly alter pulmonary immunity [31]. 

As for infl uenza virus-specifi c CD4+ and CD8+T cells, they 
can recognize a variety of viral antigens, including HA and 
internal proteins, in which the surface hemagglutinin (HA) 
expressed on the surface of infl uenza virus mainly induces 
CD4+response, while CD8+ response is mainly targeted at 
virus internal proteins, resulting in protective immunity and 
cross-reaction with a variety of infl uenza viruses, which are 
important in resisting IV infection [35]. The pre-existence of 
CD4+T cells is associated with lower virus shedding and less 
severe disease outcomes. Moreover, CD4+T cells can secrete 
IFN-to promote antiviral immune response, obtain cytotoxic 
functions, and clear infected cells through cytokine-mediated 
and perforin/granzyme-dependent mechanisms [36-41]. 
CD4+T cells are also important to induce and maintain virus-
specifi c CD8+T cell-mediated immunity [42-45]. On the other 
hand, CD8+ cytotoxic T lymphocytes (CTL) induce apoptosis 
through the release of perforin and granzyme B and the 
interaction of Fas/Fas ligands, to identify and kill infected 
cells and thus preventing more progeny virus from being 
generated. Besides, activated CD8+T cells can also produce pro-
infl ammatory cytokines, such as IFN-, which inhibit viral 
replication[37]. It is worth mentioning that the production of 
virus-neutralizing antibodies by B cells is considered to be the 
best correlate of protection against IV infection [46]. Overall, 
infected cells can be killed through viral cytopathic effect and 
immune response to virus infection can also result in cell death 
and tissue damage [47].

SARS-CoV-2

SARS-CoV-2 has at least four classical structural proteins: 
Spike (S) protein, Envelope (E) protein, Membrane (M) protein, 
and Nucleocapsid (N) protein [48].

SARS-CoV-2 is structurally similar to SARS-CoV and has 
a similar receptor-binding domain structure (RBD), so they 
may share similar pathogenesis [49]. There is overwhelming 
evidence that the main mechanism of virus invasion into host 
cells is endocytosis, and clathrin-dependent endocytosis and 
cathepsin-mediated S protein cleavage are key steps for viral 
entry and infection [50]. Coronavirus mainly binds to specifi c 
cell surface receptors through the functional unit S1 of RBD, 
and S2 fuses the cell and virus membrane to make the virus 
genome enter the host cell. The RBD of SARS-CoV-2 has a 
higher affi nity binding to its receptor than SARS-CoV [49]. 
Therefore, SARS- CoV-2 may endocytosis through binding 
to angiotensin-converting enzyme 2(ACE2) on the surface 
of host cells, then enter the target cells and eventually cause 
infection [50,51]. ACE2 was expressed in AT2s, cardiomyocytes, 
arteriovenous endothelial cells, arterial smooth muscle 
cells, renal tubular epithelial cells, bladder urothelial cells, 
esophageal epithelial cells, and stratifi ed epithelial cells, bile 
duct cells, absorptive intestinal cells of ileum and colon [49,52-
55]. Notably, key mutations in the RBD of SARS-CoV-2 Spike 
create additional close contacts with ACE2, which correlate 
with higher binding affi nity and possibly increased infectivity 
[51]. After invading host cells, coronavirus replicates actively 
and triggers infl ammatory responses through various signal 
pathways. Firstly, cytotoxic T lymphocytes and NK cells in 
COVID-19 patients are necessary to trigger appropriate anti-
viral responses [56], in which CD8+T cell plays a crucial role in 
the pathogenesis [21]. Once into the tissue cells, viral peptides 
are delivered to CD8+ cytotoxic T cells through the class I 
major histocompatibility complex (MHC) proteins. After being 
activated, CD8+T cells develop virus-specifi c effector T cells 
and memory T cells, then CD8+ cytotoxic T cells can dissolve 
the tissue cells infected by the virus [36]. Moreover, type I 
IFN can enhance the cytotoxicity of CD8+T cells [57]. And the 
delayed kinetics of virus clearance is the trigger. The delayed-
type I interferon response is important in the pathogenesis 
of SARS, which may result in early and rapid replication of 
the virus in the airway and alveolar epithelial cells, causing 
plenty of epithelial and endothelial cell apoptosis and vascular 
leakage. Besides, the activation of this signal pathway induces 
the widespread expression of the interferon-stimulating gene 
(ISG) and attracts infl ammatory monocytes-macrophages 
(IMM), neutrophils, dendritic cells, and natural killer cells 
into the lungs [21,58,59]. Meanwhile, Th1 type response is 
the key to controlling SARS-CoV and may be true for SARS-
CoV-2 [21]. In a short time, the virus and viral particles are 
recognized by antigen-presenting cells, and viral peptides 
are delivered to CD4+T cells through MHC-Class-II molecules 
[36]. Finally, proinfl ammatory cytokines and chemokines 
are greatly released [21]. The uncontrolled release of pro-
infl ammatory mediators suggests the existence of a “cytokine 
storm”, also known as cytokine release syndrome(CRS), a 
common immunopathological mechanism [58]. As mentioned 
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before, SARS-CoV-2, like SARS-CoV, can increase the secretion 
of IL-1b, IFN- , IP-10, MCP-1, IL-4, and IL-10, etc [60], which 
may be related to a “cytokine storm”. The emergence of the 
“cytokine storm” causes the immune system of the body to 
respond quickly, killing the virus with suicidal attacks, while 
also causing damage to blood vessels and organs, tissues and 
cells [61-63]. In addition, many patients had lymphocytopenia 
[3], which may indicate the existence of functional exhaustion 
of cytotoxic lymphocytes, and the collapse of antiviral immune 
function contributes to the pathogenesis and severity of 
COVID-19. 

In the early stage of SARS-CoV infection, active viral 
replication, viral-mediated down-regulation, and shedding of 
ACE2 and host antiviral response cause a primary infl ammatory 
response. The occurrence of secondary infl ammation begins 
with the production of adaptive immunity and the emergence 
of neutralizing antibodies (NAb). Although adaptive immunity 
and neutralizing antibodies can further reduce viral replication, 
they can trigger violent infl ammation, resulting in serious tissue 
damage. When the neutralizing antibody activity produced 
by patients in the early stage of infection is lower than the 
optimal level, causing the virus not to be completely cleared, 
which may cause persistent viral replication and infl ammation 
through antibody-dependent-enhancement(ADE) [64]. When 
the neutralizing antibody binds to S protein in vivo, it can bind 
to the FcR receptor expressed on monocytes/macrophages 
[65], causing secondary infl ammatory reactions.

In a word, human infl uenza virus attachment in the trachea 
and bronchi was more abundant than in the bronchioles 
and alveoli. In alveoli, the virus attached more to type I 
pneumocytes than to AT2s and rarely to alveolar macrophages. 
However, the avian infl uenza virus is mainly attached to 
the alveoli (preferentially attached to AT2s) and bronchioles 
[66]. Excessive pulmonary infl ammation and lung tissue 
injury during infl uenza virus infection are mainly due to the 
interactions of the virus with host cells, particularly those of 
the macrophage lineage. In the lungs, SARS-CoV-2 is mainly 
attached to the AT2s expressing ACE2 to trigger the cascaded 
amplifi ed infl ammation through various innate immune 
responses, T and B cell immunity, and antiviral neutralizing 
antibody responses (Table 2).

Laboratory examination 

Infl uenza virus: Most patients with infl uenza/avian 
infl uenza have normal or slightly decreased leukocyte count 
and decreased lymphocyte count, which may be accompanied by 

changes in other non-specifi c indexes [67,68]. Of note, however, 
that lymphopenia is a clear risk factor for severe infl uenza and 
may contribute to the early differential diagnosis of infl uenza 
A/H1N1 pandemic [69,70]. And low levels of circulating CD8+T 
effector and central memory cells are related to the severity of 
infl uenza [71]. At present, the main methods to detect virus 
antigens are immunochromatography (IC) and direct/indirect 
immunofl uorescence (DFA/IFA). The more sensitive etiological 
examination is nucleic acid amplifi cation technology (NAAT), 
which is mainly used for nucleic acid detection, and includes 
end point PCR and reverse transcription-polymerase chain 
reaction (RT-PCR). However, the detection of infl uenza virus 
RNA or nucleic acid through these tests does not necessarily 
mean the detection of live viruses or ongoing viral replication 
[10,72]. Serological diagnosis of infl uenza is based on the 
detection of a four-fold or greater rise in specifi c antibody 
titers in paired serum samples, measured by hemagglutination 
inhibition test(HIA), enzyme immunoassay(EIA), complement 
fi xation, and neutralization tests [4]. And serological tests of 
infl uenza infection require paired acute and convalescent sera. 
Since infl uenza infection generally represents reinfection, the 
detection of infl uenza-specifi c antibodies on a single serum 
sample cannot diagnose recent infection [73].

SARS-CoV-2

Studies demonstrate that the absolute value of lymphocytes 
in patients with COVID-19 is signifi cantly decreased, especially 
in severe patients [3,74-77]. And the level of cytokines in 
ICU patients is higher than that in non-ICU patients [60]. 
Therefore, the decrease in lymphocyte counts and the increase 
in CRP can be used as reference indexes to diagnose COVID-19, 
while CD3+T, CD4+T, and CD8+T lymphocytes count and the 
level of cytokines are related to the severity of the disease and 
can be used to predict the severity [76,77]. Studies indicate 
that CD4+ and CD8+ T cells in acute COVID-19 patients(≥55 
years old) have a lower capacity to produce IFN- and IL-
2, and impaired T cell activation of dendritic cells (DCs) 
may compromise optimal adaptive immune responses [78]. 
Notably, CD8+T cells tended to be an independent predictor for 
COVID-19 severity and treatment effi cacy [79]. The serological 
diagnosis of COVID-19 requires that the serum SARS-CoV-2 
specifi c IgM antibody and IgG antibody are positive, or specifi c 
IgG antibody changes from negative to positive, or the level 
in the convalescent stage is four times higher than that in the 
acute stage. The detection of serological antibodies can be one 
of the diagnostic bases for suspected cases [18]. Molecular 
diagnosis of SARS-CoV-2 by RT-PCR in  respiratory specimens 

Table 2: The pathogenesis of Infl uenza Virus and SARS-CoV-2.
Infl uenza Virus SARS-CoV-2

Pathogenic ligand HA Spike protein 

Dominant receptor
Human infl uenza virus Avian and equine infl uenza virus

ACE2
α-2,6-linked sialic acid α-2,3-linked sialic acid

Distribution of 
receptors

Epithelial cells of the nasal mucosa, paranasal 
sinuses, pharynx, trachea bronchi, and terminal and 

respiratory bronchioles

non-ciliated cuboidal bronchiolar cells at the 
junction between the respiratory bronchiole and 

alveolus and AT2s

AT2s, cardiomyocytes, arteriovenous 
endothelial cells, and so on

Mechanism of 
infl ammation

Interactions of the virus with host cells, particularly those of the macrophage lineage.
Apoptosis, pyroptosis, down-regulation of 

ACE2, exfoliation of ACE2, and cytokine storm
HA: hemagglutinin; ACE2: angiotensin-converting enzyme II; AT2s: type II alveolar epithelial cells; 
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is considered the gold standard method. There are also some 
rapid antigen test kits available for screening symptomatic and 
asymptomatic patients and their contacts [80].

Imaging examination

Infl uenza virus: The imaging fi ndings of mild infl uenza 
may have no obvious abnormality, or only pulmonary 
texture thickening and disorder (Figure 1a) [81]. The most 
common imaging manifestation of infl uenza complicated 
with pneumonia is interstitial changes (Figure 1b) [11,82], 
mostly bilateral reticulonodular opacity with or without 
focal consolidation, usually in the lower lobes and 
peribronchovascular zone of bilateral lungs [83,84]. Oliveira 
et al found that the most common radiological abnormalities 
of seasonal infl uenza were bilateral diffuse interstitial/
alveolar infi ltration [85]. And the most common pulmonary 
X-ray fi ndings of severe H1N1 patients in ICU are ground-
glass opacities(GGO) and consolidations, followed by reticular 
structures, which are mainly seen in bilateral lungs, lower and 
middle lung fi elds, and often involve more than 3 lung regions. 
The more severe patients are, the higher the incidence of GGO 
and consolidation, and the more lung areas involved [86,87].In 
addition, the main imaging manifestations of avian infl uenza 
are GGO and consolidations (Figure 1c), which can be focal, 
multifocal, or diffuse, and are changing fast, spreading rapidly, 
and absorbing slowly, with or without centrilobular nodules, 
pseudocavitation, emphysema, and lymphadenopathy. Of 
note, compared with severe infl uenza pneumonia, the extent 
and degree of lung imaging of H7N9 avian infl uenza are more 
severe [68,88-90]. Briefl y,  the main imaging manifestation 
of infl uenza pneumonia is bilateral interstitial/alveolar 
infi ltration, with or without consolidation, which can display 
GGO, and is related to the severity of the disease and can be 
used to predict the prognosis (Figure 1), but the normal imaging 
fi ndings in the early stage cannot rule out the possibility of 
infl uenza or poor prognosis [87,91,92]. 

SARS-CoV-2

The typical lung images of COVID-19 showed bilateral 
patchy shadows and GGO [3,75-77]. The most common 
manifestations in the initial stage of COVID-19 were simple 

GGO, GGO with reticular and/or interlobular septal thickening, 
and GGO with consolidation. Most of these manifestations are 
patchy or nodular lesions, mainly involving interstitial lobules. 
The lesions were characterized by multifocal distribution in the 
middle and lower part of the lung and in the posterior part of 
the lung. Complete consolidation is relatively rare [77,93].

Notably, the proportion of involvement of both lungs and 
the lower lobe in the right lung in severe patients was higher 
than that in non-severe patients[76]. Their imaging fi ndings 
showed bilateral diffuse consolidation shadow, which could 
progress to “white lungs” [94]. This shows that with the 
progress of the disease, the lesions can be fused into tablets, 
and pulmonary aggravation and repair can coexist [77]. 
Therefore, consolidation lesions can serve as a sign of disease 
progression or more serious diseases [93]. And there are some 
typical signs of COVID-19, such as the “pleural parallel sign”, 
“halo sign”, “reverse-halo sign” and vascular sign which are 
helpful for imaging diagnosis [94]. Besides, studies suggest 
that the prevalence of acute pulmonary embolism in patients 
with COVID-19 is high [95], so angiography can show bilateral 
main pulmonary arteries fi lling defects and peripheral GGO, 
and so on [96, 97].

In conclusion, CT fi ndings of COVID-19 showed mixed 
and multiple types of pulmonary parenchyma and interstitial 
involvement, and typical images showed bilateral multiple 
patchy GGO and/or consolidation shadows (Figure 2). Most of 
the lesions were distributed along with the bronchovascular 
bundle or dorsolateral or subpleural [77,93,98,99]. Moreover, 
the imaging fi ndings are related to the severity of the disease, 
which is helpful to judge the severity of patients and evaluate 
the prognosis [100].

Thus, in  terms of imaging fi ndings, COVID-19 is similar to 
those of avian infl uenza and more severe than infl uenza (Table 
3).

Pathological fi ndings

Infl uenza virus: Respiratory tract and lungs: The 
pathology caused by infl uenza viruses in humans depends on 
the virulence of the source of infection and host responses; 
Uncomplicated human infl uenza virus infection can cause 

 
Figure 1: Chest CT images of infl uenza and avian infl uenza. a) Male, 16 years old, a patient with mild A/H1N1 infl uenza who was admitted to hospital because of “fever and 
cough for 2 days” with a body temperature of 39.50C. Bedside X-ray fi lm only showed that the texture of the right lower lung increased and thickened, but no abnormality 
was found in the rest [81]. b) Male, 63 years old, a patient with H1N1 pneumonia who had a fever and cough for 2 days with chills. Chest CT showed increased lung texture, 
thickening with increased cord-like and reticular density, peribronchoascular interstitial thickening and interlobular septal thickening, and fl occulent ground glass-like 
increased density can be seen [82]. c) Male, 56 years old, a patient infected with H7N9, who had a fever for 7 days. CT scan showed multiple patchy ground-glass opacities 
in both lungs, the boundary was unclear, and lung consolidation was accompanied [89].
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transient tracheobronchitis, the early stages of the disease 
often demonstrate tracheobronchitis and bronchiolitis, airway 
walls congestion, monocytes infi ltration, and epithelial cell 
degeneration. When the disease aggravates, parenchymal 
change shows typical diffuse alveolar damage (DAD) with 
hyaline membrane formation, accompanied by varying degrees 
of alveolar edema and/or hemorrhage, interstitial and lacunar 
infi ltration, and vessel thrombosis. Repair-related changes, 
such as the proliferation of fi broblasts can be observed in the 
long course of the disease [83,104-106]. Furthermore, concrete 
pathological manifestations caused by infl uenza viruses also 
vary from type and subtype. Low-virulence viruses mainly 
cause infl ammation, hyperemia, and necrosis of mucosal 
epithelial cells in larger airways (trachea, bronchus, and 
bronchioles), while high-virulence viruses(such as H5N1) tend 
to infect alveolar macrophages and pneumocytes, which can 
cause DAD [107].

Other organs

Studies show that there is viremia in human infl uenza virus 

infection, which may cause the brain, heart, and other organs 
to be affected, but this has yet to be studied[105, 108-110].On 
the other hand, when infl uenza virus infection causes acute 
respiratory distress syndrome(ARDS) to develop into multiple 
organ dysfunction syndromes (MODS), the liver, kidney, 
central nervous system, gastrointestinal, blood, and cardiac 
systems are most commonly affected. Therefore, when other 
organs/systems are involved, pathological changes can present 
encephalopathy, myocarditis, myositis or myopathy, and so on. 
Moreover, infl uenza virus RNA in infl amed myocardium can be 
identifi ed in some cases [105,110-112].

All infl uenza viruses infect the respiratory epithelium from 
the nasal cavity to the bronchioles [107]. Non-fatal infl uenza 
virus infection mainly involves the upper respiratory tract 
and trachea, leading to the occurrence of seasonal infl uenza. 
However, fatal infl uenza is usually characterized by pneumonia 
involving alveoli, which can cause respiratory failure [92,105].

SARS-CoV-2

Respiratory tract and lungs: The lungs showed consolidation 

 

Figure 2: Chest CT fi ndings of patients with COVID-19 [98]. a) Common type, male, 33 years old, bilateral consolidation and ground-glass opacities, and nodules in the 
lower lobe of the right lung with peripheral “halo sign”; b) Severe type, female, 65 years old, bilateral multiple patchy ground-glass opacities, interlobular septum thickening, 
showing “crazy-paving pattern”; c) Critical type, female, 69 years old, consolidation in the posterior part of both lungs with the air bronchogram.

Table 3: Summary of imaging examination, pathological fi ndings, and treatment of Infl uenza Virus and SAR-CoV-2.
Infl uenza Virus

SARS-CoV-2
Infl uenza Avian Infl uenza

Imaging 
examination

Main fi ndings
Mostly no obvious abnormality, or only 

pulmonary texture changes+

Rapidly progressive GGO and 
consolidations 

Bilateral multiple patchy GGO and/or 
consolidations

Main
Distribution

In the lower lung zone,
peribronchovascular zone of bilateral 

lungs

Multi-lobular and multi-segmental 
involvement of bilateral lungs, in the 

lower lung zone

Multifocal distribution in the middle and lower 
part of the lung and in the posterior part of 

the lung.

CTPA _*
Filling defects in bilateral segmental and 

subsegmental branches of pulmonary 
arteries when pulmonary embolism occurs

Pathological 
fi ndings

respiratory tract and 
lungs

(Low-virulence viruses)
Infl ammation, hyperemia, and necrosis of 

larger airways mucosal epithelial cells

(High-virulence viruses)
Alveolar macrophages and 

pneumocytes are infected and can 
cause DAD

Deep airways and lungs infected, can cause 
DAD 

other organs/systems
Brain, heart, and other organs can be affected through viremia, the liver, kidney, 
central nervous system, gastrointestinal, blood, and cardiac systems are most 

easily be affected when MODS exists

Spleen, bone marrow, myocardium, 
cardiovascular, liver, kidney, esophagus, and 

gastrointestinal tract can be involved

Treatment
Vaccine Mature vaccines Mature vaccines#

Drugs Oseltamivir phosphate, zanamivir, peramivir, balosavir marboxil,
Ritonavir, molnupiravir, fl uvoxamine, paxlovid 

and monoclonal antibodies# 
GGO: Ground-Glass Opacities; CTPA: dual-energy pulmonary computed tomography angiography; DAD: Diffuse Alveolar Damage;
+ Can present with bronchopneumonia, cryptogenic organizing pneumonia (COP), and acute interstitial pneumonia (AIP), infl uenza complicated with pneumonia is mainly 
characterized by GGO, consolidations, or nodules in the center of the lobule[84];
*Infl uenza infection is not associated with an increased risk of acute pulmonary embolism, and the results of CTPA related to infl uenza infection are rare. [101];
#The current mature new crown vaccine is diffi  cult to resist the new coronavirus variant. Many antiviral drugs have shown good therapeutic effects, while there is no simple 
oral antiviral drug for COVID-19 patients [102,103]. 
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in varying degrees. With the naked eye, the lung can be 
viewed with gray-white lesions and dark red bleeding [113]. 
Ackermann’s study found that the average weight of COVID-19 
lungs was signifi cantly higher than that of healthy people and 
lower than that of patients with infl uenza pneumonia [114]. 

The early pathological manifestations of COVID-19 were 
pulmonary edema, obvious protein exudation, vascular 
hyperemia, focal pneumocytes reactive proliferation, and 
patchy infl ammatory cell infi ltration, accompanied by 
infl ammatory cluster fi brin-like substance and multinucleated 
giant cell formation [115]. With the development of 
the disease, the lungs may show DAD and perivascular 
lymphocyte infi ltration. Moreover, there were more ACE2 
positive lymphocytes in alveolar epithelial cells and capillary 
endothelial cells in COVID-19 and infl uenza pneumonia than 
in healthy people [114]. As for angiocentric infl ammation 
and thrombosis, COVID-19 presents unique features of them, 
such as severe vascular endothelial injury and endothelial 
cell membrane destruction related to intracellular SARS-
CoV-2 virus. Meanwhile, like infl uenza pneumonia, COVID-19 
can present extensive fi brin thrombosis and thrombosis, 
accompanied by microvascular lesions and alveolar-capillary 
occlusion in the lungs. The incidence of microthrombus in 
alveolar capillaries was 9 times higher than that in infl uenza, 
while the number of thrombus in venule behind pulmonary 
capillaries less than a diameter of 1 mm was signifi cantly lower 
than that in infl uenza. Specifi cally, the lungs of COVID-19 can 
not only generate neovascularization through conventional 
sprouting but also through intussusceptive angiogenesis, both 
of which are stronger than infl uenza. And the higher degree 
of pulmonary endothelialitis and thrombosis in patients with 
COVID-19 may be related to the observed relative frequency of 
sprouting and intussusceptive angiogenesis [114]. Consistent 
with the above, many studies showed that COVID-19 patients 
have coagulopathy, and COVID-19-related coagulopathy is a 
combination of mild diffuse intravascular coagulation(DIC) 
and localized pulmonary thrombotic microangiopathy, which 
may cause organ dysfunction [116,117].

Other organs

Except for pulmonary lesions, SARS-COV-2 also involves 
many organs such as immune organs, cardiovascular 
system, liver, and kidney. The pathology of the spleen 
showed a signifi cant decrease in the number of lymphocytes, 
degeneration, and necrosis. The number of three-line cells 
in bone marrow can reduce to different degrees [118]. bAs for 
the heart, cardiomyocytes can be deformed and necrotic, and 
the cardiovascular system can show chronic damage [119]. Xu 
et al found that SARS-COV-2 may cause liver injury through 
direct cytopathic effect and/or immunopathological effect 
caused by excessive infl ammatory response [120]. Therefore, 
hepatocyte degeneration and focal necrosis can be seen in the 
liver, and bile thrombus can be seen in the bile duct. There 
transparent thrombus in the glomerular capillaries and protein 
exudate presents in the renal glomerular sac lumen. And renal 
tubular epithelial can degenerate and exfoliate. Importantly, 
SARS-CoV-2 was not detected in all of the above issues. The 

mucosal epithelium of the esophagus, stomach, and intestine 
degenerated, necrotic, and exfoliated to different degrees 
[17,18,118].

Briefl y, endothelial injury, micro-angiopathy, 
angiogenesis, and coagulopathy help to distinguish the lung 
pathology of COVID-19 from that of equal severe infl uenza, 
and the pathological manifestations of COVID-19 are more 
serious than those of infl uenza, the severity is more similar 
to avian infl uenza, which can involve deep airway and alveoli. 
This explains why avian infl uenza and COVID-19 can present 
severe pneumonia, easily causing signifi cant hypoxemia and 
respiratory failure [121,122] (Table 3). 

Clinica l features and treatment

Infl uenza: The clinical manifestations of infl uenza are 
characterized by various systemic symptoms, such as fever, 
chills, and a series of respiratory symptoms. However, since 
infl uenza viruses usually only affect larger airways, the 
infection is mild. Patients with A/H1N1 infl uenza usually show 
infl uenza-like symptoms and may have complications such as 
pneumonia. A few patients progress rapidly, underlying chronic 
lung disease worsens, lung function decreases, hypoxemia, 
acute lung injury (ALI)/ARDS, respiratory failure, MODS, and 
so on [4,82,123,124]. Moreover, non-respiratory complications 
are rare but can be devastating, which result from the infl uenza 
virus or invasive bacteria while compromised with infl uenza 
[125]. And life-threatening H1N1 infl uenza can manifest 
characteristics of macrophage activation syndrome(MAS)/
haemophagocytic lymphohistocytosis(HLH), including 
hyper infl ammation, pancytopenia, coagulopathy, and liver 
dysfunction, but the frequency and pathologic basis of these 
fi ndings remain undefi ned [126]. Of note, avian infl uenza 
also presents with fever and respiratory symptoms, but it can 
worse rapidly, and carries a high risk of death [121,127]. For 
the infl uenza epidemic, routine vaccination is recommended 
[125]. Most people who are otherwise healthy and have the fl u 
do not need antiviral drugs. Currently, the CDC recommends 
four FDA-approved antiviral drugs, including oseltamivir 
phosphate, zanamivir, peramivir, and balosavir marboxil, 
and recommends timely treatment for infl uenza-infected 
or suspected infl uenza-infected people, and who are at high 
risk of serious fl u complications, such as people with asthma, 
diabetes or heart disease [10].

SARS-CoV-2

The most common symptoms of COVID-19 were fever, 
cough, fatigue, and myalgia [60,100]. In fact, COVID-19 initially 
presents with “fl u-like” symptoms and then progresses to 
life-threatening systemic infl ammation and multiple organ 
dysfunction [128]. It is worth noting that SARS-CoV-2 infection 
can show fi ve different phenotypes, the most common and 
benign phenotype is phenotype 1, mainly characterized 
by fever, headache, or mild respiratory symptoms and no 
hypoxemia. Phenotype 2, which accounts for 80% of inpatients, 
is characterized by hypoxemia or small opacities on chest 
X-ray, while phenotype 3 presents more severe hypoxemia and 
higher respiratory frequency. Phenotype 4 is characterized by 
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severe hypoxemia requiring mechanical ventilation. Phenotype 
5 is the late stage of ALI. Thus, each phenotype should have a 
corresponding treatment scheme, which will be more helpful 
for clinicians and researchers to optimize the treatment 
of patients and improve their prognosis [129]. In addition, 
Gattinoni et al. divide covid-19 pneumonia into Type L featured 
by Low Elastance, Low ventilation-to-perfusion ratio, Low 
lung weight, and Low recruit ability, and Type H featured by 
High elastance, High right-to-left shunt, High lung weight 
and High recruitability [130]. However, this classifi cation needs 
to be studied [131]. As for complications, it was mentioned 
earlier that patients with COVID-19 have coagulati on 
abnormalities and a high incidence of thromboembolism [132]. 
Accordingly, Tang et al found that coagulation abnormalities, 
especially markedly elevated D-dimer and fi brin degradation 
product(FDP) are common in deaths with COVID-19 [133]. And 
the level of D-dimer is a good index for predicting venous 
thromboembolism(VTE) in patients with severe COVID-19 
[134], showing that severe COVID-19 is often complicated 
with coagulopathy and abnormal coagulation parameters are 
associated with poor prognosis [133]. Besides, severe COVID-
19-associated pneumonia may exhibit features of systemic 
hyper-infl ammation designated under the umbrella term of 
MAS or “cytokine storm”, also known as secondary HLH [135]. 
COVID-19 mortality may be due to virus-activated cytokine 
storm or fulminant myocarditis [136]. It can be seen that for 
treatment, in addition to recommending the use of monoclonal 
antibodies against spike protein for immune interventions, we 
can also target CRS cytokines for immunotherapy. So far, it 
has been found that immunoglobulin and plasma therapy can 
improve the prognosis of COVID-19 patients, while scientifi c 
and systemic antiviral strategies are still being studied [137-
139]. 

Infl uenza occurs almost every season, and many people 
around the world have established immunity to seasonal 
infl uenza strains. And there are mature vaccines to help the 
body develop immunity to infl uenza, and good progress has 
been made in antiviral therapy [28]. Convalescent plasma has 
also been proved to be useful in the treatment [140-142]. As for 
COVID-19, although a lot of clinical trials on various antiviral 
drugs, traditional Chinese medicine and vaccines have been 
launched, and some may have satisfactory results [143-147]. As 
of May 27, 2021, China has administered more than 3.3 billion 
doses of the novel coronavirus vaccine [148]. However, studies 
have shown that even vaccinated people can become infected 
with new coronavirus variants, so further research is needed on 
specifi c inhibitors of SARS-CoV-2 [103] (Table 3). With regard 
to the prognosis of COVID-19, studies have shown that age 
and male are independent risk factors for death [149]. A study 
also claimed that most of the critically ill patients were elderly 
men, and the mortality rate in intensive care units requiring 
mechanical ventilation and high levels of PEEP was 26% [150]. 
In addition, the presence of various SARS-CoV-2 strains and 
immune system dysfunction leading to the possibility of a 
recurrence of COVID-19. Combined with the experience of 
fi ghting SARS and MERS, for example, discharged SARS patients 
should still be isolated at home, and MERS patients should be 
discharged with strict viral nucleic acid testing procedures 

[151]. Therefore, the control of discharge criteria should be 
cautious, it is not recommended that COVID-19 patients who 
meet the discharge criteria discharge immediately [152,153], 
and discharging should not be regarded as the end point of 
fi ghting the virus. Reasonable and scientifi c long-term follow-
up strategies are necessary for coronavirus control [151].

Conclusion

As is known, infl uenza occurs every year, and infl uenza 
pandemics occur irregularly. It is precise because of this that 
we know more about infl uenza viruses. Unlike highly virulent 
viruses, uncomplicated human infl uenza viruses mainly affect 
larger airways and rarely affect alveoli. However, SARS-CoV-2 
mainly involves deep airways and lungs, which can cause DAD, 
resulting in severe hypoxemia. It can be seen that SASR-CoV-2 
has more severe damage to lung function, and a higher rate of 
disability, mortality, and severe illness. 

From the six aspects of transmission, pathogenesis, 
laboratory tests, imaging tests, pathological fi ndings, and 
clinical features and treatment, it can be inferred that SARS-
CoV-2 is no less contagious than the infl uenza virus. Moreover, 
the destructive power of SARS-CoV-2 is no less than that of the 
avian infl uenza virus. What is worse, because of the emergence 
of SARS-CoV-2 mutants, vaccination cannot resist the attack 
of the virus[12]. Moreover, according to epidemiological data 
search and literature review, there is no specifi c inhibitor 
against SARS-CoV-2. Due to this, we could realize that we 
are not as good at dealing with SARS-CoV-2 as we are with 
infl uenza virus and the top priority is to prevent the further 
spread of SASA-CoV-2. Meanwhile, the WHO is constantly 
updating the latest prevention and control strategies, 
emphasizing that prevention is more important than treatment 
at this stage. To prevent and control emerging infectious 
diseases COVID-19, the most classic method (three principles) 
is the most effective. Firstly, control the source of infection. 
Such as rapid identifi cation of cases, rapid, effective, and strict 
detection and isolation of confi rmed and suspected patients, 
and comprehensive identifi cation, tracking, and quarantine 
of contacts. Secondly, cut off the routes of transmission. For 
example, work suspension, school suspension and traffi c 
restrictions, attention to hand hygiene, and respiratory hygiene 
etiquette. Thirdly, protect the susceptible. As the crowd is 
generally susceptible to SARS-CoV-2, governments restrict 
the unnecessary travel of residents, advise people to keep 
a certain distance from each other, and recommend people 
improve their own immunity, so as to protect the susceptible 
population [154]. So far, many countries have gradually taken 
relevant preventive measures to protect the public. From the 
point of view of epidemic control, we should recognize that it 
is necessary to take early action and implement comprehensive 
public health measures. As for the “herd immunity” policy, it 
is diffi cult to implement because general immunity is diffi cult 
to obtain, and the vaccines currently used in clinical work 
are diffi cult to help establish effective immunity due to the 
continuous emergence of virus variants. 

Currently, the epidemic is still severe. The epidemic 
prevention war is continuing. Each country is at different 
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stages of the outbreak. The anti-epidemic experience of 
various countries and the strategies published by WHO are 
still constantly updated. Real-time tracking of research and 
epidemiology will help us learn more about SARS-CoV-2. 
Although many treatments and experiences have been 
proposed, the only measure that is feasible at present seems 
to be strict isolation of the general population. Although many 
treatments and experiences have been proposed, the confi rmed 
feasible measure seems to be strict quarantine measures for the 
general population. However, as containment measures were 
achieved relatively successfully, we at least could recognize 
that controlling the source of infection, cutting off the routes 
of transmission, and protecting susceptible populations is 
the key to fi ghting SARS-CoV-2. At the same time, we should 
continue to focus on vaccine development and research of 
antiviral drugs.
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