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Abstract

An ongoing global outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2; previously temporarily named 2019-nCoV) was reported in Wuhan, China at the end of 2019. SARS-
CoV-2 has become a pandemic and a major public health concern. As of 18 January 2021, the virus has spread all over the
world, resulting in over 99,026 cases in China and more than 95 million cases in another 216 countries. After three months
of efforts, Chinese authorities have managed to control the outbreak by implementing aggressive and effective measures; by
striking contrast, the number of confirmed patients outside China is still rapidly climbing following an exponential growth
trend, especially in some European and American countries. To date, no specific therapeutic drugs still exist for COVID-
19. Therefore, it is of utmost importance to understand the updated comprehensive summary regarding COVID-19, in the
hopes of providing a reference for the intervention and prevention of the COVID-19 epidemic for public health authorities

and healthcare workers around the world.

Abbreviations

COVID-19 Coronavirus disease 2019

WHO World Health Organization

CT Computed tomography

SARS-CoV-2 Severe acute respiratory syndrome corona-
virus 2

ARDS Acute respiratory distress syndrome

PHEIC Public health emergency of international
concern

SARS Severe acute respiratory syndrome

GGO Ground-glass opacity

MERS Middle East respiratory syndrome

TCM Traditional Chinese medicine

S-protein Spike
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Introduction

Since December 2019, a cluster of cases of “unknown viral
pneumonia” linked to a local Huanan seafood wholesale
market was reported in Wuhan, China. Scientists isolated
a novel coronavirus (named Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2)) that was identified as
the cause of the unknown pneumonia in an infected patient
in Wuhan [1]. Subsequently, the WHO officially named the
disease as COVID-19.

Researchers have found that SARS-CoV-2 is closely
linked to bat-derived SARS-like coronaviruses [2, 3], indi-
cating probable animal-to-human transmission. Subse-
quently, more and more studies suggested that SARS-CoV-2
sustained human-to-human transmission [4-6]. A study
indicated that hospital-related spread of SARS-CoV-2 was
doubted in 41% of patients [7]. Furthermore, asymptomatic
infection was suspected as a potential source of infection
[8]. As of 18 January 2021, the ongoing infections have
spread throughout China and numerous countries around
the world [9-13]and have resulted in 99,026 cases in China
and over 95 million cases in 216 other countries. It has over-
whelmingly surpassed SARS and MERS in terms of both the
number of infected cases and the spatial range of epidemic
areas. So far, the accumulative confirmed cases have cur-
rently remained almost constant in China, on 18 January
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2021, 232 cases were confirmed, while there still has been a
striking rise in COVID-19 in other countries, 173,425 new
cases were confirmed in the America and 38,598 in Brazil
on 18 January 2021.

Recently, SARS-CoV-2 has become a pandemic, and
the number of infected people is growing rapidly around
the world. Nevertheless, the epidemic can still be stopped
if nations are willing to take aggressive measures, as did
China, whose current epidemic is under control. In this
paper, we provide the updated comprehensive summary
regarding COVID-19, from etiological characteristics to
intervention and prevention experience from China, in the
hopes of providing a reference for public health authorities
and healthcare workers around the world.

Etiological Characteristics

Coronaviruses, a big family of single-stranded RNA viruses,
can transmit animals and humans and can cause aspiratory,
hepatic, digestive, and neurological diseases [14]. Corona-
viruses are further divided into four genera: alpha-, beta-,
gamma-, and delta-coronaviruses [15]. SARS-CoV-2, as
SARS-CoV in 2002 and MERS-CoV in 2012, belongs to a
separate branch of the B-coronavirus family [1]. SARS-CoV-2
has been indicated to infect human aspiratory epithelial cells
via an interaction between the viral spike (S-protein) and the
angiotensin-converting enzyme 2 receptors on human cells,
in the same manner as SARS-CoV [16]. A number of studies
have shown that SARSCoV2 is most similar to SARS-like
coronaviruses from horseshoe bats collected in Zhoushan,
Zhejiang, with a nucleotide homology of 87.9-98.7% [17,
18], which is higher than SARS-CoV (~79%) and MERS-
CoV (~50%) [2]; this indicates that bats are the most likely
hosts of SARS-CoV-2. Moreover, Xiao et al. [19] found that
one coronavirus isolated from a Malayan pangolin showed
100%, 98.6%, 97.8% and 90.7% amino acid identity with
SARS-CoV-2 in the E, M, N and S genes, respectively,
suggesting that pangolin may be a potential intermediate
host. However, Lam et al. [20] expressed a different view,
in which multiple lineages of pangolin coronavirus and their
analogy to SARS-CoV-2 suggested that pangolins should
be considered possible natural hosts. Shi et al. [21] found
that SARS-CoV-2 replicates poorly in dogs, pigs, chickens,
and ducks, but ferrets and cats were permissive to infection,
moreover, cats were susceptible to airborne transmission.
Additionally, Richard et al. [22] showed that SARS-CoV-2
was transmitted efficiently via direct contact and via the air
between ferrets, 1 to 3 days and 3 to 7 days after exposure,
respectively. To date, there is still no clear understanding
regarding the natural and intermediate host of SARSCoV2,
which warrants further research. What we can learn from
SARS is that identifying the source of SARSCoV2 would

help determine the transmission pattern of zoonosis and thus
containing the ongoing global outbreak.

Epidemiology

In the beginning stages of the epidemic, a study by Li et al.
[5] demonstrated that 55% of confirmed cases (425 patients)
were related to the seafood market, unlike only 8.6% of the
subsequent patients. The average incubation period was
5.1 days (95% CI 4.1-7.0), and the infection doubled in size
every 7.4 days. According to the travel history and symp-
toms of 88 patients found outside Wuhan, the average incu-
bation period was evaluated to be 6.4 days (95% CI 5.6-7.7)
[23]. Foreign studies have also shown that the average incu-
bation period of SARS-CoV-2 was 3.6 days (95% CI 1-9)
[24]. Subsequently, Guan et al. reported that the median
incubation period was 4.0 days (interquartile range: 3-7)
in 1099 patients [6]. These estimates will help to provide a
reasonable basis for the isolation and release of patients from
medical observation. Taken together, China currently defines
14 days as a medical observation period.

At present, the estimated value of the mean basic repro-
duction rate (R0O) of COVID-19 is still disputed. In a previ-
ous study, Li et al. [5] evaluated that RO was 2.2 (95% CI
1.4-3.9), according to the mean continuous time interval
of 7.6 days (95% CI 5.3-19). As the epidemic progressed,
the analysis of the epidemiological data of 8866 patients
showed that RO was 3.77 (95% CI 3.51-4.05), based on the
mean continuous time interval of 7 days [25]. Recently,
Li et al. weighed five independent methods and found that
the RO of COVID-19 was 3.39 (95% CI 3.09-3.70) dur-
ing the whole epidemic period, which was higher than that
of SARS [26]. This may be one reason why more than 70
million people have been infected in more than 210 coun-
tries around the world in the last year with the number of
confirmed cases growing rapidly and dramatically [27, 28].
Therefore, in the beginning stages of the epidemic, the value
R0O=2.2 (from 425 patients) may have been underestimated,
as patients were not diagnosed in time due to a lack of medi-
cal resources.

SARS-CoV-2 has become a pandemic, and the number of
infections is increasing dramatically. Epidemiological stud-
ies have indicated that SARS-CoV-2 is mainly spread by
respiratory droplets, and can also be transmitted via direct
or indirect contact with mucous membranes in the nose and
mouth [29]. Furthermore, KIM et al. [30] found that a few
naive indirect contacted confirmed ferrets were positive for
viral RNA, suggesting airborne transmission. In addition,
a considerable number of cases in the incubation period
become a potential source of SARS-CoV-2 infection, as
they exhibit atypical symptoms or are even asymptomatic
[8]. Recently, besides nasopharyngeal swabs, viral RNA was
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also detected in patients’stool samples [31]. Luo et al. [32]
showed that 16% of confirmed cases presented with gastro-
intestinal symptoms, suggesting that the digestive tract could
be a potential SARS-CoV-2 infection route. Furthermore,
positive viral RNA of the newborn at the age of 36 h sug-
gested that SARS-CoV-2 might cause neonatal infection via
mother-to-child transmission, but no reliable evidence is as
yet available to support the possibility of vertical transmis-
sion of COVID-19 infection [33]. Recent studies have also
found that SARS-CoV-2 can be transmitted via the ocular

conjunctival route, which provides important theoretical
support for virus prevention, especially for the protection of
medical workers [34].

Clinical Features and Laboratory Findings

We summarized the clinical features and laboratory find-
ings of cases with COVID-19 from four different studies
(Table 1) [6, 10—12]. Males represented 55.2% (n=_899)

Table 1 Clinical Features and Laboratory Findings from four studies of 1628 patients with SARS-CoV-2 pneumonia in the World [6, 10-12]

Guan et al. [6] (n=1099) Tianetal. [11] (n=262) Chen etal. [12] (n=249) Younget al. [10] (n=18)

Demographics

Data sources Multiple cities, China Beijing, China Shanghai, China Singapore
Age, median (range) y 47(35-58) 47.5(1-94) 51(36-64) 47(31-73)
> 65 years, No (%) 153(15.1) 48(18.3) NA NA
Male sex, No (%) 637(58.1) 127(48.5) 126(50.6) 9(50)
Severe cases, No (%) 173(15.7) 46(17.6) 22(8.8) 2(11)
Healthcare worker 38(3.5) NA NA NA
Symptoms, No (%)
Fever 975(88.7) 215(82.1) 217(87.1) 13(72)
Cough 745(67.8) 120(45.8) 91(36.5) 15(83)
Shortness of breath 205(18.7) 18(6.9) 19(7.6) 2(11)
Fatigue 419(38.1) 69(26.3) 39(15.7) NA
Myalgia 164(14.9) NA NA NA
Headache 150(13.6) 17(6.5) 28(11.2) NA
Diarrhea 42(3.8) NA 8(3.2) 3(17)
Rhinorrhea 53(4.8) NA 17(6.8) 1(6)
Sore throat 153(13.9) NA 16(6.4) 11(61)
Asymptomatic NA 13(5.0) 7(2.8) 0
Duration of onset to hospitalization =~ NA 45+3.7 4(2-7) >2(50)
Coexisting disorder
Any 261(23.7) NA 90(36.1) 5(28)
Cardiovascular and cerebrovascular ~ 42(3.9) NA 55(21.7) NA

diseases
Hypertension 165(15.0) NA NA 5(27.8)
Diabetes 81(7.4) NA 25(10.0) 2(11.1)
Chronic respiratory diseases 12(1.1) NA 5(2.0) NA
Chronic liver disease 23(2.1) NA 2(0.8) NA
Malignant tumor 10(0.9) NA 1(0.4) 0
Laboratory findings, median (range)
White blood cells (x 10°/L) 4.7(3.5-6.0) NA 4.71(3.80-5.86) 4.6 (1.7-6.3)
Lymphocytes (x 10%/L) 1(0.7-1.3) NA 1.12(0.79-1.49) 1.2 (0.8-1.7)
Platelet count (x 10%/L) 168(132-207) NA NA 159 (116-217)
C-reactive protein (mg/L) >10(481/793,60.7) NA 12(4.4-29.4) 16.3 (0.9-97.5)
Alanine aminotransferase (U/L) >40(158/741,21.3) NA 23(15-33) NA
Aspartate aminotransferase (U/L) >40(168/757,22.2) NA 25(20-33) NA
Lactate dehydrogenase (U/L) >250(277/675,41) NA 229(195-291) 512 (285-796)

Data are n (%), n/N (%), mean (standard deviation) or median (interquartile range)

NA not available
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of patients, and 38 healthcare workers had infections in
Guan’s study [6]. The symptoms of COVID-19 are nonspe-
cific and can range from asymptomatic to acute respiratory
distress syndrome. Wang et al. [35] showed that asympto-
matic carriers were more frequent amongst middle-aged
individuals who had close contact with confirmed patients,
which further increased the difficulty of epidemic inter-
vention and prevention. In these four studies, there were a
total of 1,628 cases; fever was the most common symptom
(87.2%, n =1420), followed by cough (59.6%, n=971),
fatigue (32.7%, n=1527), and atypical symptoms including
diarrhea (3.8%, 3.2%), rhinorrhea (4.8%, 6.8%), and sore
throat (13.9%, 6.4%), reported by Guan et al. [6] and Chen
et al. [12], respectively. Notably, some digestive symp-
toms, including diarrhea, nausea, and vomiting, should
not be overlooked in patients with COVID-19, and clini-
cians should be on high alert [32]. Besides, Dell’Era et al.
[36] found that some infected people even had taste and
smell disorders. Among COVID-19 infections, hyperten-
sion and cardiovascular and cerebrovascular diseases were
the most common coexisting disorders, followed by diabe-
tes. Patients who were transferred to intensive care units
were more possible to have underlying diseases [7] and
significantly longer durations of fever compared to those
that did not require intensive care units [12]. Furthermore,
Liu et al. [37] discovered that pregnant women were more
likely to exhibit atypical clinical findings, which increased
the difficulty of initial diagnosis. Qiu et al. [38] showed
that all 36 children with infections exhibited moderate or
mild symptoms, including asymptomatic cases, resulting
in a dangerously infectious community situation. A mild
respiratory tract infection was frequently the only clinical
feature among the first 18 patients diagnosed with SARS-
CoV-2 infection in Singapore [10]. However, if mild infec-
tions are not timely treated, they are likely to develop into
severe cases and even death.

Upon admission, Guan et al. showed that leukopenia,
lymphocytopenia, and thrombocytopenia occurred in 33.7%,
83.2%, and 36.2% of cases, respectively, and many infected
patients had elevated levels of C-reactive protein [6]. Zhang
et al. [39] demonstrated that lymphopenia (75.4%) and
eosinopenia (52.9%) were discovered in most patients. Liu
et al. [40] found that patients with severe symptoms exhib-
ited continuous and obvious decreases in lymphocyte counts
and increases in neutrophil counts compared to patients with
mild symptoms. Compared to the mild cases, severe cases
exhibited significant decreases in T cell counts as well as
increases in IL-2, IL-10, IL-6, and IFN-y levels in peripheral
blood. It seems that severe cases have more significant labo-
ratory abnormalities than non-severe cases because of an
obvious immunopathological process caused by a cytokine
storm. Moreover, further research found that the viral clear-
ance ratio was correlated with decreased serum lactate

dehydrogenase and creatine kinase levels; such decreases
may thus indicate that the infection is subsiding [41].

Imaging Findings

Chest computed tomography (CT) plays a vital role in the
early diagnosis of COVID-19 [42, 43]. Herein, we summa-
rized the imaging findings of three studies (Table 2) [44—46].
Upon admission of 225 cases, we found that typical CT find-
ings consisted of bilateral pulmonary ground-glass opac-
ity (84.4%, n=190) and pulmonary consolidation (49.3%,
n=111); lesions were most likely to occur in the right lower
lobe (76.9%, n=173) and left lower lobe (75.6%, n=170),
and most patients had more than two lobes affected. Moreo-
ver, discrete pulmonary nodules, pleural effusion, pulmo-
nary emphysema, pulmonary fibrosis and lymphadenopathy
were rare symptoms [45]. Song et al. [47] showed that 44
of 51 (86%) patients had bilateral lung involvement; in 86%
and 80% of patients, the peripheral and posterior part of
the lungs were involved, respectively, patients older than
50 years old were more likely to have lung consolidation
than patients younger than 50. Caruso et al. [48] discovered
that 93% of confirmed cases had multilobe and posterior
lung involvement; 91% of cases had bilateral pneumonia.

Pan et al. [42] researched the time course of lung changes
on chest CT during recovery from COVID-19, which con-
sisted of the early stage (0—4 days), progressive stage
(5-8 days), peak stage (9—13 days), and absorption stage
(> 14 days). They found that small subpleural ground-glass
opacities grew larger and exhibited crazy-paving patterns
and consolidation up to two weeks after disease onset. After
two weeks, the lesions were slowly absorbed, leaving exten-
sive ground-glass opacity and subpleural parenchymal bands
(the absorption stage). Meanwhile, Ai et al. [49] discovered
that the accuracy rates of chest CT imaging and RT-PCR
assay were 88% (888/1014) and 59% (601/1014) for the
diagnosis of suspected cases with COVID-19, respectively,
indicating that chest CT had a higher sensitivity for diagnos-
ing COVID-19 than initial RT-PCR. However, Yang et al.
[50] expressed a different view, as patients with RT-PCR-
confirmed COVID-19 exhibit normal chest CT findings upon
admission. This indicates that a normal chest CT result could
not preclude COVID-19, especially for cases in the early
stage.

Diagnosis of COVID-19

Diagnosis of COVID-19 needs a comprehensive analysis
of epidemiological history and clinical presentation. Fever
and dry cough were the common symptoms of a SARS-
CoV-2 infection, while upper respiratory symptoms such
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Table 2 Imaging findings at

. Chung et al. [44] Lietal. [45] (n=83) Bernheim
Chest CT from th.ree studies (n=21) et al. [46]
of 225 patients with cpnﬁrmed (n=121)
COVID-19 pneumonia [61-63]

GGO and consolidation

GGO 18(85.7) 81(97.6) 91(75.2)
Consolidation 6(28.5) 53(63.9) 52(43.0)
CT score 9.9(0-19) 5(4-8) 3(0-18)
Frequency of lobe involvement

Right upper lobe 14(67) 62(74.7) 53(44)
Right middle lobe 12(57) 61(73.5) 50(41)
Right lower lobe 16(76) 78(94) 79(65)
Left upper lobe 14(67) 71(85.5) 58(48)
Left lower lobe 14(67) 80(96.4) 76(63)
No. of lobes affected

0 3(14) NA 27(22)
1 1(5) NA 18(15)
2 2(10) NA 14(12)
3 3(14) NA 119)
4 4(19) NA 18(15)
5 8(38) NA 33(27)
Bilateral lung disease 16(76) NA 73(60)
Opacification distribution and pattern

Rounded morphology 7(33) NA 65(54)
Linear opacities 3(14) 54(65.1) 9(7)
Interlobular septal thickening NA 52(62.7) NA
Bronchial wall thickening NA 19(22.9) 14(12)
Crazy-paving pattern 4(19) 30(36.1) 6(5)
Peripheral distribution 7(33) NA 63(52)
Cavitation 0(0) NA 0(0)
Other findings

Discrete pulmonary nodules 0(0) 6(7.2) 0(0)
Pleural effusion 0(0) 7(8.4) 1(1)
Lymphadenopathy 0(0) 7(8.4) 0(0)
Pulmonary emphysema 0(0) NA 2(2)
Pulmonary fibrosis 0(0) NA 0(0)

Data are n (%) and median (IQR)

GGO ground-glass opacities, NA not available

as rhinorrhea were rare [6]. Furthermore, chest CT find-
ings of COVID-19 presented multilobe involvement with
typical ground-glass opacity and/or consolidation [51].
Finally, nasopharyngeal swabs with positive viral RNA
remain the gold standard for the diagnosis of COVID-19
[52]. However, asymptomatic infections or normal chest
CT findings followed by diagnosis can also often occur.
In addition, RNA tests can also produce initially false
negative results due to low viral load or the method of
collecting nasopharyngeal swab specimens, so samples
should be taken multiple times to confirm COVID-19
[53]. Besides, the serological testing of anti-SARS-CoV-2
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immunoglobulin G (IgG) and/or IgM was widely used as a
complement method in the diagnosis of COVID-19 [54].
Yu et al. [55] further discovered that different specimens
had different viral loads in the different stages of infection,
and the average viral load in sputum was confirmed to be
significantly higher than in nasal swabs and throat swabs.
Furthermore, the sputum sample viral load in the recov-
ery stage was significantly lower than that in the early
and progressive stages. As such, the eventual diagnosis
of COVID-19 should be determined by a comprehensive
analysis of CT imaging and blood test results.
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Treatment

COVID-19 is a completely new disease that nobody knows
how to treat it at first. Patients are generally on bed rest,
maintained with a constant internal environment, receive
supportive treatment and enough energy, and their vital
signs are closely monitored. Up to now, over 1000 clinical
studies have been conducted to treat COVID-19 infections
in the world, including antiviral drugs, anti-inflammato-
ries, corticosteroids, immunosuppressive agents and tra-
ditional Chinese medicine, and so on.

Antiviral Drugs

Although no antiviral treatment for COVID-19 has been
proven effective, the antiretroviral drug lopinavir-ritonavir
has been proposed [13], as it was previously effective in
treating SARS and MERS [56, 57]. As these two viruses
belong to the same branch as SARS-CoV-2, lopinavir-rito-
navir may be effective against COVID-19. Cao et al. [58]
found that no benefit was observed with lopinavir-ritonavir
treatment beyond standard care in hospitalized patients
with severe COVID-19. From the UK RECOVERY trial,
1616 patients were randomly allocated to receive lopina-
vir-ritonavir and 3424 patients to receive usual care, the
results indicated that lopinavir-ritonavir was not supported
in the treatment of hospitalized COVID-19 patients [59].
In another retrospective cohort study, arbidol combined
with lopinavir-ritonavir had a better curative effect than
only lopinavir-ritonavir in the treatment of COVID-
19-induced pneumonia, this suggested that arbidol may
be superior to lopinavir-ritonavir for COVID-19 patients
[60]. However, in a retrospective study, Lian et al. [61]
found that arbidol may not accelerate SARS-COV-2 clear-
ance and improve prognosis in non-ICU patients, the effi-
cacy of arbidol needs further evaluation. Furthermore, the
anti-HIV drug nelfinavir is a potent inhibitor of cell fusion
caused by the SARS-CoV-2, which need further study as
an antiviral against COVID-19 infections [62]. Ianevski
et al. [63] found that combinations of nelfinavir with amo-
diaquine was effective against seven SARS-CoV-2 strains.
Moreover, favipiravir is a nucleoside drug used to block
virus replication to suppress the effect of the virus, in a
nonrandomized trial, a significant reduction in the median
time to viral clearance using favipiravir was observed.
However, patients were also treated with interferon-alb,
which makes it hard to estimate the antiviral effect of favi-
piravir, further trials need to be carried out to assess the
efficacy of favipiravir against COVID-19 [64].
Meanwhile, Wang et al. [65] found that remdesivir, a
novel nucleotide analog drug, could inhibit SARSCoV2

infection in vitro. Subsequently, the first case of SARS-
COV-2 infection was given intravenously with remdesi-
vir in the United States, most of the symptoms quickly
subsided [31]. Sanville et al. [66] also used remdesivir to
treat COVID-19 patients, which resulted in positive out-
comes. In a recent study, a cohort of patients hospitalized
for severe COVID-19 who were treated with compassion-
ate-use remdesivir, clinical improvement was observed
in 36 of 53 patients (68%) [67]. These findings are only
retrospective descriptive studies, which are insufficient
to support the clinical application of remdesivir. Other
well-designed randomized trials of remdesivir treatment
have also produced results. Beige et al. [68] suggested that
patients treated with remdesivir had less time to recover
than those treated with placebo. In another randomized
clinical trial, at day 11, moderate COVID-19 patients in
the 5-day Remdesivir group had a better clinical improve-
ment than those receiving standard treatment [69].

Anti-inflammatories

Cortegiani et al. [70] summarized six studies and 23 ongoing
clinical trials in China, and demonstrated that chloroquine
was effective in restricting the replication of SARS-CoV-2
in vitro, but the clinical data were insufficient. In an observa-
tional study involving 1376 patients, the results showed that
hydroxychloroquine was not associated with a significant
reduction or increase in the risk of intubation composite end-
points or death [71]. Besides, preliminary findings suggested
that the higher chloroquine dosage should not be recom-
mended for critically ill patients with COVID-19 because of
its potential safety hazards on a Randomized Clinical Trial
[72]. Moreover, on one retrospective multicenter cohort
study, patients hospitalized with COVID-19, treatment with
hydroxychloroquine, azithromycin, compared with either
treatment, or both, was not significantly associated with dif-
ferences in in-hospital mortality [73]. Besides, on June 15,
2020, the US Food and Drug Administration (FDA) revoked
the emergency authorization for chloroquine and hydroxy-
chloroquine for the treatment of some COVID-19 patients
due to poor efficacy and side effects. Drugs can cause serious
adverse cardiac reactions and other potential side effects, and
the known and potential risks of drug use outweigh the ben-
efits. Besides, relevant studies have found that chloroquine
and hydroxychloroquine have no significant antiviral effect
on SARS-COV-2 infection in rhesus monkeys or human lung
cells, and these studies do not support the use of hydroxy-
chloroquine and chloroquine in the treatment of COVID-19
infected infections [74, 75]. Aditionally, Baron et al. [76]
suggested that teicoplanin may potentially treat COVID-19
patients, as it had exhibited efficacy in inhibiting the ini-
tial stage of the MERS-CoV viral cycle in human cells. In
a cohort of 21 patients, infections were complementarily
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treated with teicoplanin, none of the patients had adverse
effects related to teicoplanin administration. The role of
teicoplanin in the treatment of SARS-CoV-2 is required to
further clinical investigation [77].

Corticosteroids

Meanwhile, corticosteroids have received worldwide atten-
tion as a potentially effective treatment for COVID-19,
Angus et al. [78] showed that among patients with severe
COVID-19, treatment with a 7-day fixed-dose course of
hydrocortisone or shock-dependent dosing of hydrocorti-
sone, compared with no hydrocortisone, resulted in 93%
and 80% probabilities of superiority with regard to the odds
of improvement in organ support-free days within 21 days.
Tomazini et al. [79] also found that among patients with
COVID-19 and moderate or severe ARDS, use of intra-
venous dexamethasone plus standard care compared with
standard care alone resulted in a statistically significant
increase in the number of ventilator-free days over 28 days,
so corticosteroids are now a standard of therapy in severely
ill patients with COVID-19 based on the RECOVERY trial.

Immunosuppressive Agents

Moreover, some clinical trials on the efficacy of immuno-
suppressive agents in the treatment of COVID-19 are being
investigated. In one randomized clinical trial, researchers
showed that participants who received colchicine had statis-
tically significantly improved time to clinical deterioration
[80]. Cao et al. [81] found significant chest computed tomog-
raphy improvement, a faster recovery from lymphopenia,
and favorable side-effect profile in the ruxolitinib group were
encouraging and informative to future trials to test efficacy
of ruxolitinib in a larger population. Stone et al. [82] found
that tocilizumab was not effective for preventing intubation
or death in moderately ill hospitalized patients with Covid-
19 in a randomized, double-blind, placebo-controlled trial.

Traditional Chinese Medicine

Furthermore, traditional Chinese medicine (TCM) has
played an extremely important role in the fight against
COVID-109. In the third version COVID-19 treatment guide-
lines, the Chinese authorities announced that TCM was one
of the recommended therapeutic options for COVID-19. In
China, more than 30 TCM formulae were used in Hubei to
fight the COVID-19. For example, in a multicenter, pro-
spective, randomized controlled trial in confirmed cases
with COVID-19, the recovery rate was significantly higher
in treatment group with Lianhuaqingwen capsules (4 cap-
sules, thrice daily) compared with control group (91.5%
vs. 82.4%), the rate of improvement in chest computed
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tomographic images (83.8% vs. 64.1%) and clinical cure
(78.9% vs. 66.2%) in treatment group was also higher than
control group [83]. In total, TCM has been used in 91.5% of
confirmed COVID-19 cases in China. Clinical observation
showed that the total effective rate of TCM reached over
90%. TCM can effectively alleviate symptoms, reduce the
development of mild and normal to severe, improve the cure
rate, reduce the death rate, and promote the recovery of the
body during the convalescent period (http://www.gov.cn/
xinwen/2020-03/23/content_5494694 .htm).

To sum up, corticosteroids, remdesivir and traditional
Chinese medicine have shown to be clinically effective
against COVID-19 in clinical trials so far. Lopinavir-rito-
navir, chloroquine and hydroxychloroquine were initially
promising are no longer being used because of lack of effi-
cacy from clinical trials. Tocilizumab was not effective for
preventing death in moderately ill hospitalized COVID-
19 patients. The efficacy of arbidol, favipiravir, teicopla-
nin, ruxolitinib and colchicine are still undergoing further
evaluation.

Vaccine

Vaccination is the most effective method for a long-term
strategy for prevention and control of COVID-19 in the
future. As of January 18, 2021, more than 214 vaccine
candidates for COVID-19 had been reported and over 50
vaccine candidates were under clinical evaluation to treat
COVID-19 around the world. At present, 15 vaccines from 5
technical routes are in clinical trials in China, and 6 of them
are undergoing phase III clinical trials according to proce-
dures and standards. Chen et al. [84, 85] has developed the
world’s first recombinant coronavirus vaccine (AD5-NCOV)
and completed phase I and II clinical trials, 4 weeks after
vaccination, 99.5% of the subjects to produce specific anti-
bodies, 89% of the subjects had a specific cellular immune
response, the phase I and II clinical trials in general has
reached the expected results. Chen’s team started phase III
clinical trials of the COVID-19 vaccine in September this
year in Mexico and expect to see preliminary phase III clini-
cal results in three to six months. Besides, the Pfizer vaccine
entered phase III trials on July 27, 43,538 people partici-
pated in the phase III trial, the results of the phase III clini-
cal trial showed that a two-dose regimen of Pfizer vaccine
(BNT162b2) conferred 95% protection against COVID-19
among people over the age of 16 [86]. On 2 December, the
UK government announced that it had approved the Pfizer
COVID-19 vaccine for its citizens, making the UK the first
country in the world to do so, subsequently, the Pfizer vac-
cine was approved in Canada, the United States, Singapore
and other countries. Besides, the Moderna vaccine entered
phase III clinical trials on 27 July, and has enrolled roughly
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30,000 people, making it the world’s first phase III clinical
COVID-19 mRNA vaccine. On November 6, a preliminary
Moderna data show that the immunization is 94% effective
and seems to prevent severe infections, on the basis of an
analysis of 95 cases in its ongoing phase III efficacy trial. Of
these, 90 were in the group that received a placebo injection
and 5 had received the vaccine, which equates to an efficacy
of 94.5% [87]. On December 18, the US Food and Drug
Administration (FDA) approved an emergency license for
Moderna COVID-19 vaccine, the second COVID-19 vaccine
to be approved in the US, following Pfizer vaccine. In addi-
tion, in an interim analysis of four randomised controlled
trials in South Africa, Brazil, and the UK, they found that
the efficacy of the Oxford vaccine (AZD1222) was 62.1%
(in participants who received two standard doses) and 90.0%
(in participants who received a low dose followed by a
standard dose). Overall vaccine efficacy across both groups
was 70.4% [88]. On December 30, the Oxford vaccine was
officially approved for clinical use by the Medicines and
Healthcare Products Regulatory Agency (MHRA). This is
the second COVID-19 vaccine approved for use in the UK,
after the Pfizer vaccine. Furthermore, On December 30,
developed by Beijing biotechnology company COVID-19
vaccine phase III clinical trial data showed that the vaccine
effectiveness was 79.34%, the data meet the world health
organization-related technical standard, the vaccine has been
approved by the State Food and Drug Administration for
conditional marketing (http://www.bjbpi.com/news_list.asp?
id=787). We expect more effective vaccines to be put on the
market to fight the pandemic.

Intervention and Prevention Experience
from China

At present, China’s epidemic prevention and control efforts
have achieved steady success. To sum up, the stage of fight-
ing the epidemic can be divided into the following four
stages. In the first stage, at the end of December 2019, a
case of pneumonia of unknown cause was discovered in
Wuhan. The Chinese government immediately reported the
outbreak and took prompt action to carry out etiological and
epidemiological investigations.

In the second stage, that was, the outbreak period, began
in late January, 2020. SARS-CoV-2 infection has been
legally classified as a category B infectious disease but has
been managed as a category A infectious disease by the Chi-
nese authorities. With the number of confirmed cases rising
rapidly across the country, China has adopted a key strategy
to stop the spread of the virus. Wuhan as a largest city in
central China (> 11 million inhabitants), the epicenter of
the COVID19 outbreak, and was locked down in an effort to
curb rapid transmission on 23 January 2020, the lockdown

of Wuhan’s public transportation, including trains, buses,
subway, and airport, was also enforced to prevent the spread
of the outbreak. Subsequently, other cities in Hubei prov-
ince took similar measures, 30 other provinces also launched
public health emergency response measures, many other cit-
ies also implemented the unprecedented intervention, and
these effective experiences could improve public health
response against the pandemic on global levels [89, 90]. At
the same time, citizens leaving Wuhan must report to the
local government and were required to be quarantined in
designated places for 14 days. Due to the increasing num-
ber of infected cases in Wuhan, the medical resources in
Hubei province were seriously insufficient; at the critical
moment, the Chinese government has arranged more than
40,000 medical workers to support Hubei province [91]. At
the same time, the Chinese government quickly constructed
two designated hospitals (Huoshenshan and Leishenshan
hospital) which could provide a total of over 2,000 beds
for severe patients and more than a dozen Fangcang shelter
hospitals for mild patients. Fangcang shelter hospitals quar-
antined thousands of confirmed cases, provided considerate
medical services, and achieved an important triage func-
tion; it proved that the Fangcang shelter hospitals were the
main reason for the success of epidemic prevention, other
countries confronting the COVID-19 infection should also
consider using Fangcang shelter hospitals as part of their
public health response [92, 93].

For each individual, to further cut off potential transmis-
sion routes, Chinese authorities applied communitywide
containment measures to reduce personal interactions; resi-
dents were asked to stay at home, and crowded areas such
as schools and shopping malls were closed. Furthermore, all
close contacts of confirmed patients and suspected patients
were required for forced isolation in special places and
received medical observation for 14 days. Due to the pos-
sibility of RNA tests turning positive again, the discharged
patients were transferred to designated places to receive
medical observation for another 14 days before returning
home.

In the third stage, since late March, the number of newly
confirmed cases in Wuhan has been reduced to zero, and
the epidemic in China has achieved initial success. Sub-
sequently, the control measures for leaving Wuhan were
lifted, and the number of COVID-19 patients in hospitals
in Wuhan was cleared, which marked that the spread of
COVID-19 in Wuhan, the main battlefield in China, was
basically interrupted. In order to find out Wuhan current
situation of COVID-19, the Wuhan government decided to
start novel Coronavirus nucleic acid screening for 10 mil-
lion citizens within two weeks, screening results found no
new symptomatic cases and 300 asymptomatic cases, and
no positive cases were detected among 1,174 close contacts
of asymptomatic cases, therefore, five to eight weeks after
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the lockdown ended, the infection rate of SARS-COV-2 in
Wuhan was very low [94].

In the fourth stage, since 29 April 2020, the epidemic
situation in China has been sporadic on the whole, imported
cases from abroad have been basically brought under con-
trol, and the epidemic prevention and control across the
country has entered a normal state. For example, confirmed
cases have been found in Beijing, Qingdao, Shanghai, Xin-
jiang and Inner Mongolia one after the other; once there
were confirmed cases in a locality, the local government
will conduct nucleic acid tests for all personnel in the area,
it took Qingdao five days to conduct nucleic acid tests on
7.5 million people in the city, full and thorough screening
of possible infections.

On the whole, China’s response to the epidemic has been
successful, this is due to strict epidemic prevention measures
and people’s trust in the government. It proved that the early
adoption of strict measures was of great significance for the
control of COVID-19 outbreak, which could avoid local
outbreaks caused by imported cases. But even when a local
epidemic occurs, adopting high-intensity intervention and
prevention measures in time, early detection and treatment of
cases, suspected cases and close contacts to take strict medi-
cal quarantine and management, monitoring and screening
of people who have moved in from the worst-affected areas,
minimize public gathering activities, and also can effectively
control the spread of the epidemic.

Conclusions

SARS-CoV-2 has become a pandemic, the number of
infected people is still increasing rapidly, especially in some
European and American countries. After three months of
efforts, the epidemic in China has been effectively con-
trolled, confirming that containment is viable. Other coun-
tries should take action immediately to reduce the spread of
COVID-19. To date, the SARS-CoV-2 outbreak has lasted
for a year, many issues remain unclear regarding COVID-19.
First, the outbreak was first declared in Wuhan; however,
this does not mean the source was there, and further inves-
tigation is needed. Second, it is unclear whether discharged
patients can regain COVID-19 positivity and thus infectiv-
ity. Third, asymptomatic infections can transmit the disease,
but the length and strength of the infectious period are to
be determined, which is the focus and difficulty of formu-
lation of containment measures at the present stage. The
mechanism by which the virus causes asymptomatic infec-
tions and can still be transmitted is still unclear and requires
further research. Finally, specific antiviral drugs are still
not available and exist a lot of uncertainty about COVID-19
pneumonia. Although the domestic outbreak has been effec-
tively controlled, the imported cases from abroad pose a new

@ Springer

challenge to China. Thus, each of us still needs to be vigilant
and not let down to prevent a second outbreak.
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