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Abstract

In December 2019, twenty-seven pneumonia patients with unknown causes orig-

inated in South China seafood market in Wuhan. The virus infection spread rap-

idly and swept through China in less than a month. Subsequently, the virus was

proven a novel coronavirus and named SARS-CoV-2. The outbreak of novel coro-

navirus has been determined as a Public Health Emergency of International Con-

cern (PHEIC) by WHO on January 31, 2020. Similar to other coronaviruses like

the Middle East Respiratory Syndrome (MERS) CoV and Severe Acute Respira-

tory Syndrome (SARS) CoV, the novel coronavirus was reported to spread via

respiratory droplets and close contact from human to human, which means the

virus is highly infectious and dangerous. Unfortunately, till now the virus has

spread to over 200 countries/territories/areas around the world and the Corona-

virus Disease 2019 (COVID-19) outbreak is continuing to grow. Currently, infor-

mation sharing and transparency are essential for risk assessment and epidemic

control in all endemic areas. In this article, we compared SARS-CoV-2 with SARS-

CoV and influenza virus, discussed current researching progress of COVID-19,

including clinical characteristics, pathological changes, treatment measures, and

so on.
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1 | INTRODUCTION

The novel coronavirus has caused many cases of viral pneumonia since

December 2019. WHO announced the official name of the novel

coronavirus-infected disease as “COVID-19” on 11 February, while,

the novel coronavirus was named “SARS-CoV-2” by the International

Virus Classification Commission.1,2 This disaster has swept the whole

China and many countries such as the United States of America, Italy,

Spain, and Germany, and so on. The place with the most serious epi-

demic in China is Hubei province, and up to now, tens of thousands

of people have been infected which occupied 83% of all those people

infected in China. As of 24:00 on April 2, according to the reports

from National Health Commission of 31 provinces and Xinjiang Pro-

duction and Construction Corps, there were 81 620 COVID-19 cases

reported in China and 67 802 cases in Hubei province, among which

50 007 cases in Wuhan. The number of the death cases in Hubei

accounts for almost all of that in China (3203 of 3322 cases).3 The

good news is that since February 12, the number of newly confirmed

cases in China has declined. Up to now (April 2, 2020), the number of

daily newly confirmed and suspected cases in China has dropped

below 50 each (Figure 1). However, it should be noted that with the

COVID-19 outbreak outside of China, there have been imported

cases since February 26 and the number of the cases has been

increasing recently (Figure 1), which is the focus of epidemic preven-

tion and control in China currently.

Recently (till April 2, 2020), the virus has spread to 205 coun-

tries/territories/areas and Europe and Americas have more daily

new cases than other regions (Figure 2). Countries besides China
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with total confirmed COVID-19 cases ranking top 8 are: the United

States of America (187 302), Italy (110 574), Spain (102 136),

Germany (73 522), France (56 261), Iran (Islamic Republic of)

(47 593), The United Kingdom (29 478), and Switzerland (17 070). In

recent days, confirmed COVID-19 cases of the United States of

America, Spain, France have increased rapidly (Figure 3). As of April

2, data from the WHO showed there were a total of 896 450

COVID-19 cases globally, and the reported mortality was approxi-

mately 5.1% (n = 45 526).4

2 | THE DISCREPANCY BETWEEN
CORONAVIRUS AND INFLUENZA VIRUS

On some occasions we can easily obscure the caused diseases of

coronavirus and influenza virus because both of them can lead to cold

and fever clinically. However, they are absolutely different in virus

structure, invasion process, clinical characteristics and the severity of

caused disease. We will summarize the distinction between them

from varied angles.

F IGURE 1 The daily newly confirmed (divided into local and imported) and suspected COVID-19 cases in China by April 2, 2020

F IGURE 2 Daily confirmed new
COVID-19 cases in WHO regions
outside of China from March 1 to
April 2, 2020
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According to the antigenicity of nucleoprotein and membrane

matrix protein, influenza viruses are mainly divided into three types:

A, B, and C. The structure of influenza virus is just like a sphere with a

diameter of 80 to 120 nm which consists of three parts: envelope,

matrix protein and core. The genetic material in the core called ss-

RNA is responsible for virus replication. Matrix proteins are closely

bound to the outer envelope to protect the core of the virus and

maintain the spatial structure. In fact, there is small amount of mem-

brane proteins (M2) besides matrix protein (M1) in the skeleton. M2

protein has the function of ion channel (mainly Na+ channel) and regu-

lating pH value in membrane. The outer surface is mainly composed

of phospholipid bilayer with two significant kinds of glycoprotein pro-

trusions, hemagglutinin (HA) and neuraminidase (NA),5 the former can

assist the fusion of virus envelope and host cell membrane while the

latter has the ability of hydrolyzing sialic acid to cut off the connection

between them.6,7 Unlike the structure of influenza virus, coronavirus

with a diameter of 60 to 220 nm has the largest genome among all

RNA viruses which has been found currently, it can be divided into

four genera, named α, β, γ, and δ, α-type includes porcine epidemic

diarrhea virus (PEDV), human coronavirus NL63, canine coronavirus

(CCoV), and transmissible gastroenteritis virus (TGEV); β-type corona-

virus includes SARS-CoV, MERS-CoV, mouse hepatitis virus (MHV);

γ-type contains avian infectious bronchitis while the last one includes

parrot coronavirus (PaCoV) and porcine delta-coronavirus (PDCoV).8

There are three types of glycoproteins existed on the surface of the

membrane: spike protein (S), envelope protein (E), and membrane pro-

tein (M), the spike protein will form large protrusions on the virus sur-

face and lead to the crown-like appearance. It is worth mentioning

that the E and M protein participate in virus assembly while the S pro-

tein mediates the entrance of host cells.9

In terms of infective mode, influenza virus is dependent on

clathrin-mediated endocytosis and sialic acids which are distributed

on the host cells and are absolutely important in the entry progress.

HA proteins are used to bind to sialic acids and then genetic mate-

rial penetrates into the target cell through the material transport

channel, combines with the DNA and finally many progeny viruses

are formed.10-13 NA is responsible for catalyzing the hydrolysis of

glycoside bond so that the mature virus particles eventually leave

the host cells and infect new epithelial cells.14-18 Compared with

coronavirus, S protein exists in the form of homologous trimer and

its monomer can be recognized by protease. It is a weapon to attack

invading cells and it can be divided into S1 and S2 subunits.

Between them, the N-terminal S1 subunit consists of four β-rich

domains which are mainly used for receptor recognition; S2 has a

second digestion site, membrane fusion peptide and two heptad

repeat domains, whose main function is to mediate the fusion of

virus envelope and host cell membrane.19 Sialic acids were also con-

siderable in this progress and they produce a marked effect on the

binding of S protein, after which virus penetrates into host cells in a

neutral or low-PH environment, then the nucleocapsid, which

encapsulates genetic material, is allowed to pass through and enter

the cytoplasm to begin replication cycles.20,21 Similarly, it has been

reported that all the coronaviruses rely on clathrin-mediated endo-

cytosis to enter into target cells, the notable difference among vari-

ous coronaviruses depends on whether the S protein is cleaved in

early endosomes or lysosomes.

F IGURE 3 Daily confirmed new
COVID-19 cases in countries outside
of China with total confirmed cases
ranking top 8 till April 2, 2020
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In fact, although the diseases which the two viruses caused have

similar clinical characteristics, symptoms of the flu are relatively mild

result from the little impact on the respiratory tract. Most patients

have high fever, cough and pharyngeal pain, accompanied by head-

ache and systemic pain. However, the coronavirus is much more

infectious due to the huge damage to respiratory tract, not only can it

cause fibrosis in the lungs, but also lead to spleen shrinking, myocar-

dial cell necrosis, hepatobiliary congestion and brain edema. Chest

tightness and dyspnea are common symptoms in patients infected

coronavirus and severe patients developed rapidly into acute respira-

tory distress syndrome, septic shock, metabolic acidosis, and coagula-

tion dysfunction.2 The most terrible sequela is the impairment of

pulmonary repair function caused by pulmonary fibrosis.

3 | THE COMPARISON BETWEEN
SARS-COV-2 AND SARS-COV

According to the study of epidemiological history, Zhou et al found

the initial source of SARS-CoV-2 probably originated from Chinese

Horseshoe Bat. The team obtained the whole genome sequence of

the virus from five early patients. The sequence similarity of the

viruses from five patients reached 99.9%, and the sequence consis-

tency with that of SARS-CoV was 79.5%.2 Then they compared the

SARS-CoV-2 genome with some gene sequences of the coronaviruses

early detected in the laboratory, it was found that the sequence con-

sistency of SARS-CoV-2 and a bat coronavirus (SARSr-CoV-RaTG13)

was as high as 96%. Not long ago, it was reported that the spike gly-

coprotein (S), small envelope protein (E), matrix protein (M), and nucle-

ocapsid protein (N) of a virus isolated from pangolin showed similarity

of 90.4, 100, 98.2, and 96.7% to that of the novel coronavirus, this

means that pangolin is likely to be a potential intermediate host for

the novel coronavirus.22

Coronavirus is a kind of RNA virus with envelope and linear single

positive-strand genome. It is a large class of viruses widely existing in

nature. The genome is about 27 to 32 kb in length, and it is the largest

virus among RNA viruses currently known. Severe Acute Respiratory

Syndrome (SARS) CoV is one of the coronaviruses in the family

coronaviridae.23,24 At first, the source of SARS was locked in civet

cats by experts. But according to more in-depth researches, bats were

found to be the final producers of SARS-CoV.23

It is alarming that there are many similarities between SARS-CoV-

2 and SARS-CoV, such as propagation characteristics, epidemiology,

and acting mechanism, and so on,25-27 both of them can be spread

through respiratory tract, droplets and contact, besides, cold, fever

and cough are all clinical features of the diseases they caused. But

there are still some differences, Wrapp et al28 found that the recep-

tor-binding ability of SARS-CoV-2 is 10 to 20 times stronger than that

of SARS-CoV. Unlike SARS-CoV, SARS-CoV-2-infected patients rarely

showed prominent upper respiratory tract signs and symptoms, indi-

cating that the potential targets of SARS-CoV-2 may be located in the

lower airway.29 It has been generally accepted that the parameter sci-

entists use to determine how easy the virus to spread is known as the

“basic reproduction number,” or R0, it has been reported that R0 of

SARS-CoV-2 is around 2.68 with 2.47 to 2.86 of 95% credible inter-

val, this means although its propagation characteristics are similar to

SARS-CoV, the former is less contagious than the latter.24,30 At pre-

sent, the mortality of COVID-19 in China is 4.1%,3 lower than 9.6% of

SARS reported by WHO.31

4 | THE CLINICAL CHARACTERISTICS,
TRANSMISSION ROUTES OF COVID-19

According to clinical data, the general incubation period of all the

patients is almost 1 to 14 days, among which only one patient has

incubation period of 24 days.32 The clinical manifestations of the

cases including fever, hard breathing, and lungs infiltrative lesions on

chest radiograph.33 It is hard to predict that a few asymptomatic

infections are still contagious, this makes the investigation much more

difficult. Based on the previous results, most of the patients, aged

from 25 to 49 and about 30% were aged from 50 to 64. In fact, the

SARS-CoV-2 is susceptible to all populations, but the elderly and

patients with chronic diseases are more likely to suffer severe condi-

tions after infection because the elderly are not as resistant as young

people due to the degradation of various physiological functions. It is

also worth mentioning that pregnant women and infants are also sus-

ceptible groups, mainly due to their low immunity.34,35 On February 5,

2020, a newborn infant that was delivered by his infected mother dur-

ing the epidemic in Wuhan had been tested positive for SARS-CoV-2,

this reminds us that the virus not only spread by respiratory droplets

and close contact, but also by mother-to-child transmission.35 Mean-

while, it is possible to propagate through aerosols when exposed to

high concentration aerosols for a long time in a closed environment.

And because novel coronavirus can be isolated from feces and urine,

attention should be paid to the spread of aerosols or contacts caused

by environmental pollution by feces and urine.36,37

5 | THE PATHOLOGICAL CHANGES
IN COVID-19

According to the “Diagnosis & Treatment Scheme for Novel Coronavi-

rus Pneumonia (Trial) 7th Edition”38 enacted by the National Health

Commission of the People's Republic of China on March 3, 2020,

Lung is the main target organ of COVID-19, accompanied by multiple

organ injuries as follows (Figure 4):

1. Lung: There were different degrees of consolidation. The blood ves-

sels of alveolar septum were congested and edematous, mononu-

clear, and lymphocytic infiltration and intravascular transparent

thrombosis can be seen. Some alveoli exudates were organized and

pulmonary interstitial fibrosis was observed. Under the electron

microscope, coronavirus particles were found in the bronchial muco-

sal epithelium and cytoplasm of type II alveolar epithelial cells. Immu-

nohistochemical staining showed that novel coronavirus antigen was
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positive in some alveolar epithelial cells and macrophages, and novel

coronavirus DNA was detected positive by RT-PCR.

2. Spleen, hilar lymph nodes, and bone marrow: The spleen was signifi-

cantly reduced. Macrophages proliferated and phagocytosis was

observed in spleen. The number of lymphocytes was significantly

reduced, and the number of CD4 + T and CD8 + T cells in spleen

and lymph nodes was decreased. The number of bone marrow cell

lines decreased.

3. Heart and blood vessels: Degeneration and necrosis of myocardial

cells can be seen. Part of the vascular endothelium shed, inflamma-

tion and thrombosis occurred.

4. Liver and gallbladder: Volume increased, dark red. Hepatocyte

degeneration, focal necrosis with neutrophil infiltration were

observed; gallbladder was highly filled.

5. Kidney: Protein exudate can be seen in glomerular balloon cavity,

renal tubular epithelial degenerated and exfoliated, transparent

tubular type occurred. Interstitial hyperemia, microthrombosis, and

focal fibrosis can be seen.

6. Other organs: Congestion and edema of brain tissue and degenera-

tion of some neurons were observed. Focal necrosis was seen in the

adrenal gland. The epithelium of esophagus, stomach, and intestines

were denatured, necrotic, and exfoliated in different degrees.

These results suggest that: (a) We should pay attention to protect

the function of other related organs while giving respiratory support

to patients, especially those with respiratory crisis. (b) We need to

focus on the patients' immune system and take necessary measures

to restore their immune function. (c) Pathological analysis of COVID-

19 shows that it can cause systemic small vessel disease, including

severe bleeding and microthrombosis in the lung, heart, and kidney. It

reminds us to attach importance to the lesions of small blood vessels,

reduce the formation of microthrombosis, and prevent the embolism

of large blood vessels.

6 | THE EXAMINATIONS, DIAGNOSTIC
CRITERIA AND TREATING MEASURES
OF COVID-19

The examinations currently involved in COVID-19 are39,40:

1. Take the fasting vein blood and send it to the laboratory to check

the blood routine, blood biochemistry and detect the serum

inflammatory factors (IL-1 β, IL-2R, IL-6, TNF-α, IL-8, and IL-10) by

enzyme-linked immunosorbent assay. Recent research has found

F IGURE 4 Multiple organ injuries after SARS-CoV-2 infected human organisms
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that ICU patients had higher plasma levels of IL2, IL7, IL10, GSCF,

IP10, MCP1, MIP1A, and TNFα.

2. Based on the CT imaging findings from patients with COVID-19,

the typical features are summarized as follows: (a) Ground-Glass

Opacity, GGO; (b) Multiple peripheral Ground-Glass Opacity;

(c) Pulmonary patchy GGO with segmental pulmonary consolida-

tion; (d) Diffuse Ground-Glass Opacity with bronchial inflation

sign; (e) Large area consolidation shadows of both lungs with

lobules Interstitial thickening.41,42

3. At present, coronavirus IgM antibody rapid detection kit was

developed by academician Nanshan Zhong and his team. Colloidal

gold immunochromatography was applied and only one drop of

blood can be used to obtain the test results within 15 minutes, and

the positive bands can still be detected after the patients' plasma is

diluted 500 to 1000 times. Compared with RT-PCR, this approach

is much more efficient and sensitive.

All confirmed patients were clinically typed according to the

“Diagnosis & Treatment Scheme for Novel Coronavirus Pneumonia

(Trial) 7th Edition”,38 the specific classification is as follows:

1. Mild cases: the clinical symptoms were mild, and there was no sign

of pneumonia on chest image;

2. Ordinary cases: the patients with fever, respiratory diseases, and

other symptoms, pneumonia manifested on chest image;

3. Severe cases: (a) Respiratory distress, RR ≥ 30 times/min; (b) In

resting state, oxygen saturation ≤93%; (c) Partial pressure of

arterial blood oxygen (PaO2)/oxygen concentration (FiO2)

≤ 300 mm Hg (1 mm Hg = 0.133 kPa); (d) Pulmonary imaging

showed that the lesions progressed more than 50% within 24 to

48 hours;

4. Critical cases: (a) Respiratory failure, require mechanical ventilation;

(b) Shock; (c) Failure of other organs, require ICU monitoring and

treatment.

Early warning indicators of severe and critical cases: (a) Progres-

sive decline of peripheral blood lymphocytes; (b) Progressive increase

of peripheral blood inflammatory factors such as IL-6 and C-reactive

protein; (c) Progressive increase of lactate; (d) Rapid progress of pul-

monary diseases in a short period of time.

There are currently no specific drugs for COVID-19, but the

good news is that several medicines have been proven effective

and are ready for clinical treatment.36,43 For example, some

patients eased after taking oseltamivir. Lopinavir/Ritonavir which is

used for Acquired Immune Deficiency Syndrome (AIDS) treatment,

was very effective in slowing down the progress of disease.44

Remdesivir is a drug developed by GILD for anti-Ebola virus infec-

tion. Vitro experiments showed that the drug had a good inhibition

on the novel coronavirus and with a good safety profile, and it also

achieved a successful treatment in one patient in the United States.

Remdesivir has been used on Phase III clinical treatment in Wuhan

(NCT04252664).45 Furthermore, nucleoside analogues, neuramini-

dase inhibitors, peptide (EK1), arbidol, chloroquine, RNA synthesis

inhibitors (such as TDF and 3TC), specific monoclonal antibody of

SARS-CoV (CR3022) were also found have anti-virus effect. Not

long ago, Nanshan Zhong found that using the plasma of the cured

patients to import into the severe patients is a useful strategy,38

which had been applied to treating SARS since 2003.

In addition, in view of cytokine storm is an important node in

COVID-19 patients transforming from mild to severe and critical ill-

ness, and is also a cause of death in severe and critical cases. “Diagno-

sis & treatment scheme for novel coronavirus pneumonia (Trial) 7th

Edition”38 recommended for patients with extensive lung disease and

severe lung disease, and those with elevated IL-6 level detected in the

laboratory can be treated with an IL-6 receptor blocker named

tocilizumab. More promisingly, a multicenter, randomized controlled

trial for the efficacy and safety of tocilizumab in the treatment of

novel coronavirus pneumonia (COVID-19) is ongoing in China

(ChiCTR2000029765).

7 | CONCLUSION

At present, the novel coronavirus is spreading all over the world,

WHO declared coronavirus a pandemic on March 11. The United

States of America, Italy, Spain, Germany, and some other countries

are seriously affected. The total number of confirmed cases of the

United States of America, Italy and Spain have exceeded that of

China. The severity of the epidemic has been upgraded, and the diffi-

culty of fighting the epidemic has been raised since COVID-19

became a pandemic. Although experimental study has made a break-

through, there is still limited knowledge for the progress of SARS-

CoV-2 researching, the development of effective drugs and vaccines

are still in their infancy, so it is urgent to develop many more effective

testing approaches, preventive measures, and treatment plans. Fur-

thermore, we should wash hands frequently, maintain social distanc-

ing and practice respiratory hygiene. Secondly, if we have fever,

cough and difficulty breathing, seek medical care early.46
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