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Abstract Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) has posed a signiﬁcant threat to global health. It caused a total of 80 868 conﬁrmed cases and 3101
deaths in Chinese mainland until March 8, 2020. This novel virus spread mainly through respiratory droplets and
close contact. As disease progressed, a series of complications tend to develop, especially in critically ill patients.
Pathological ﬁndings showed representative features of acute respiratory distress syndrome and involvement of
multiple organs. Apart from supportive care, no speciﬁc treatment has been established for COVID-19. The
efﬁcacy of some promising antivirals, convalescent plasma transfusion, and tocilizumab needs to be investigated by
ongoing clinical trials.
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Introduction

The epidemiology of COVID-19

Currently, coronavirus disease 2019 (COVID-19) poses a
signiﬁcant threat to global health. World Health Organization (WHO) has declared this outbreak as a “public health
emergency of international concern” on January 31, 2020.
Within the ﬁrst two months of the outbreak, the epidemic
spread rapidly around the country and the world. As of
March 8, 2020, a total of 80 868 conﬁrmed cases and 3101
deaths had been reported in Chinese mainland by National
Health Commission of China, and 90 other countries are
affected. COVID-19 as an emerging disease, has unique
biological characteristics, clinical symptoms, and imaging
manifestations, though considerable progress has been
made on the clinical management. This article will
summarize the epidemiological, etiological, clinical,
pathological, and radiological characteristics of COVID19 and review the latest advancements in the treatment.

Epidemic curves reﬂect that this epidemic may be a mixed
outbreak pattern, with early cases suggestive of a
continuous common source, potentially at Huanan Seafood
Wholesale Market (HSWM), and later cases suggestive of
a propagated source as the virus began to be transmitted
from person to person [1]. A retrospective analysis on the
ﬁrst 425 patients with conﬁrmed COVID-19 showed that
during the early stages of this outbreak, the basic
reproduction number R0 was estimated to be 2.2 [2].
Another modeling study estimated that the R0 for COVID19 was 2.68 [3]. Considering the strict prevention and
control measures implemented by the Chinese government, a phase-adjusted estimation of epidemic dynamics
assumed that the effective reproduction number R0 was 3.1
at the early phase of the epidemic, and could be gradually
decreased [4].
Of the ﬁrst 99 laboratory-conﬁrmed patients, 49 (49%)
had been exposed to HSWM, which was reported to be the
possible initial source of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) [5]. A Shenzhen family
cluster without exposure history to Wuhan markets or wild
animals also proved the possibility of person-to-person
transmission [6]. Another family cluster of patients
provided evidence that asymptomatic carriers may also
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be potential sources of SARS-CoV-2 infection [7].
Evidence has recently been obtained to suggest transmission along a chain of 4 generations [8].
SARS-CoV-2 spread mainly through respiratory droplets or close contact. While in the later stage of infection,
the virus is also detectable in anal swabs, suggesting the
possibility of oral-fecal route transmission [9]. Signiﬁcant
environmental contamination by patients carrying SARSCoV-2 through respiratory droplets and fecal shedding
suggests that the environment serves as a potential medium
of transmission and supports the requirement for strict
adherence to environmental and hand hygiene [10].
Currently, there is no clear evidence of infection caused
by vertical transmission or aerosol transmission.

Virological characteristics of SARS-CoV-2
SARS-CoV-2 is the causative pathogen of COVID-19,
identiﬁed as the seventh type of coronavirus to infect
humans [11]. Six other kinds of coronaviruses are known
to cause human disease, including severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome coronavirus (MERS-CoV) with
high mortality rate [12]. According to the genome
characteristics, coronavirus is separated into four genera:
α-CoV, β-CoV, γ-CoV, and δ-CoV [12]. Deep sequencing
revealed that this novel coronavirus isolated from lower
respiratory tract samples of patient with COVID-19
belongs to β-CoV [11].
Coronavirus has the appearance of crown under electron
microscopy. They are enveloped viruses with a singlestrand, positive-sense RNA genome, which is the largest
known genome for an RNA virus [13]. All coronaviruses
share the same genome organization and expression
pattern, with two large overlapping reading frames
(ORF1a/b) which encode 16 nonstructural proteins,
followed by ORFS for four major structural proteins:
spike (S), envelope (E), membrane (M), and nucleocapsid
(N) [13]. The SARS-CoV-2 protein also contains eight
accessory proteins [14]. Spike protein plays an essential
role in binding to receptors and is critical for determining
host tropism and transmission capacity. It is functionally
divided into S1 domain and S2 domain, responsible for
receptor binding and cell membrane fusion respectively.
The receptor binding domain (RBD) of β-CoV is
commonly located in the C-terminal domain of S1 [15].
A team analyzed the cryogenic electron microscopy (CryoEM) structure of the SARS-CoV-2 spike protein and found
that it has 10 to 20-fold higher binding afﬁnity to human
angiotensin-converting enzyme 2 (ACE2) than SARSCoV does [16].
Phylogenetic analysis of the evolution history showed
that SARS-CoV-2 shared a closer sequence homology
toward the genomes of SARS-CoV than to that of MERS-
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CoV [17]. SARS-CoV-2 is highly similar to a bat
coronavirus RaTG13, with an overall genome sequence
identity of 96.2% [18], indicating that bat, which was
discovered to be the natural reservoir host of various
SARS-related coronaviruses [19], may also be the original
host of SARS-CoV-2. The intermediate host in the process
of transmission remains uncertain.

Clinical characteristics
Clinical manifestation
COVID-19 has an incubation period of 1–14 days, mostly
ranging from 3 to 7 days [20]. The most common
symptoms in mild to moderate patients are fever, fatigue,
and dry cough, followed by other symptoms including
headache, nasal congestion, sore throat, myalgia, and
arthralgia [5,21–23]. A minority of patients had gastrointestinal symptoms, such as nausea, vomiting, and
diarrhea, especially in children. In the study of 1099
COVID-19 patients, 43.8% cases presented fever at onset
of illness and the percentage further increased to 88.7%
during following hospitalization [24]. Notably, fever may
occasionally be absent from elderly persons or immunocompromised ones.
A part of patients may progress to shortness of breath,
usually in the second week of the illness, and might be
accompanied by or progress to hypoxemia [25,26]. For
patients presenting tachypnea, chest indrawing, or inability
to feed or drink, severe pneumonia should be considered.
In 10% to 20% of severe patients, the respiratory injury
will inevitably develop into acute respiratory distress
syndrome (ARDS) during 8–14 days of the illness, deﬁned
as partial pressure of oxygen (PaO2) to fraction of inspired
oxygen (FiO2) ratio lower than 300 mmHg, as well as
resultant non-cardiogenic pulmonary edema and mechanical ventilation [24,25,27]. ARDS, as the main cause of
respiratory failure, is associated with high morbidity and
mortality. Risk factors for developing into severe to critical
cases include advanced age, underlying comorbidities such
as hypertension, diabetes, cardiovascular disease, and
cerebrovascular disease [23,25,26].
As disease progresses, a series of complications tend to
occur, especially in critically ill patients admitted to ICU,
including shock, sepsis, acute cardiac injury, acute kidney
injury, and even multi-organ dysfunction [23,24,26].
Patients may manifest altered mental status, low oxygen
saturation, reduced urine output, weak pulse, cold
extremities, low blood pressure, and mottled skin. Besides,
patients with acute cardiac injury would present tachycardia or bradycardia. Critically ill ones may also suffer
acidosis and increased lactate [23–25]. Current studies
reported the peak value of temperature in non-survivors of
COVID-19 was signiﬁcantly higher than that in survivals
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during hospitalization [23,24]. Thus, patients presenting
hyperthermia and chill should exclude the possibilities of
co-infection with bacteria or other pathogens. Attentions
should be paid to prevent hospital-acquired pneumonia
(HAP) in critical cases and ventilator-associated pneumonia (VAP) in those receiving mechanical ventilation.
Coagulopathy and thrombocytopenia are also common
complications for COVID-19 infection, which increase the
risk of hemorrhage and thrombosis. Mottled skin, petechial
or purpuric rash, appearance of black stool or hematuresis
could be found in some cases. Patients with the syndrome
of persistent hypoxemia, chest pain, pre-syncope or
syncope, and hemoptysis should be suspected of having
pulmonary thromboembolism (PTE) [28]. The manifestation of limb pain, swelling, erythema, and dilated superﬁcial veins should be suspected of deep vein thrombosis
(DVT). Nearly 20% of patients had abnormal coagulation
function, and most of severe and critical patients presented
coagulation disorders and had the tendency to develop into
disseminated intravascular coagulation (DIC) [5,25,26].
Radiological and pathological features
In the early stage of infection, the involved lung lobe
presented obvious alveolar edema, proteinaceous exudates,
and reactive pneumocyte hyperplasia, accompanied by
mild inﬂammatory inﬁltration [29]. On gross examination,
the whole lung showed bronzing surface and diffuse
congestive appearance, with partly hemorrhagic necrosis,
as same as the cut surfaces. On histological examination,
the typical manifestations were extensive proteinaceous
and serous exudation in the alveolar, hyaline membrane
formation, and inﬂammatory inﬁltration with multinucleated syncytial cells. Type II alveolar epithelial cells
showed extensive hyperplasia, and some presented
necrosis and desquamation. Viral inclusions could be
identiﬁed in epithelium and macrophage. Besides, alveolar
septal vessels manifested congestion with alveolar edema.
The inﬁltration of monocytes and lymphocytes in alveolar
cavity and microthrombosis were prominent. Some parts
showed alveolar exudate organization and pulmonary
interstitial ﬁbrosis. With a fraction of desquamation of
mucosal epithelium, bronchi were covered by mucus even
mucus plug [20,30,31].
In addition, other organs also suffered pathological
damage to some extent [20]. The atrophic spleen showed
signiﬁcantly reduced lymphocytes, focal hemorrhage and
necrosis, and macrophage hyperplasia. With degeneration
and necrosis of cardiomyocytes, a small number of
monocytes, lymphocytes, and/or neutrophils were inﬁltrated in the myocardial interstitium. Protein exudation was
seen in renal glomerulus and within hyaline cast, and renal
tubular epithelium degenerated and desquamated. Besides,
hepatocytes degeneration, necrosis, and inﬂammatory
inﬁltration also occurred. The brain presented congestion,

3

edema, and degeneration of some neurons. Meanwhile,
microthrombosis could be found in multiple organs.
Radiological images play an important role in the
diagnosis and providing guidance for treatment. Guan
et al. found that 86.2% of patients manifested abnormalities in chest CT images, of whom more than 75% had
bilateral lung involvement, mainly with peripheral and
diffused distribution [24]. Patients of different severity
presented signiﬁcant different lesions on chest CT (Fig. 1).
Mild patients manifested unilateral and focal ground-glass
opacity (GGO) which gradually develops to bilateral or
multilobular lesions. As the disease progressed further,
GGOs evolved to consolidation lesions, presenting mixpattern or pure consolidation, with the latter being more
common in critically ill patients admitted to ICU [5,25,32].
Consistent with the interstitial involvement in viral
pneumonia, Zhao et al. suggested that 48.5% of CT
images manifested reticular patterns, and 28.7% presented
interlobular septal thickening [33]. Unlike inﬂuenza
pneumonia, which usually exhibited unilateral GGO and
signiﬁcant solid nodules, only 6% of COVID-19 patients
had solid nodules [32,34,35]. Moreover, other lesions
included adjacent pleura thickening, vascular enlargement,
bronchial wall thickening, traction bronchiectasis, air
bronchogram, pericardial effusion, etc. [32,33,36].
Follow-up of CT scan could help to monitor disease
changes and evaluate therapeutic effects [32]. Some
dynamic images ﬂuctuate repeatedly, and showed coexistence of absorption of primary lesions and emergence of
new ones. During disease deterioration, increased number
of or enlarged lesions could be observed in radiological
imaging, and part of them even developed into a “white
lung” with diffusely involved lung [37].
Laboratory examinations
A majority of COVID-19 patients showed normal
leucocyte count, and nearly one third had leucopenia
[21,24]. Lymphocytopenia, as one of the most typical
laboratory abnormalities, was present in 83.2% of patients,
with an even higher proportion in severe ones [24,26]. In
addition, previous studies also revealed that increased Ddimer level and prolonged prothrombin time were also
common features of COVID-19, especially for severe
patients [24–26]. Meanwhile, SARS-CoV-2 might damage
liver and myocardium to some extent, showing elevated
levels of aminotransferase, creatine kinase, and myoglobin
with diverse degrees, as well as increased troponin in
critical patients [5,23,25]. A few patients had renal
dysfunction, presenting increased serum creatinine or
blood urea nitrogen [5].
As for infection-related serum biomarkers, our studies
have reported that most of patients had increased
concentration of C-reactive protein, interleukin-6 (IL-6),
and erythrocyte sedimentation rate [5]. Likewise, Huang
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Fig. 1 Chest CT of COVID-19 patients with different severity. (A) A 57-year-old man with mild COVID-19 showed unilateral and slight
GGO. (B) A 52-year-old male patient classiﬁed into moderate type exhibited multifocal and bilateral GGO with sub-pleural distribution.
(C) In a 26-year-old man with severe COVID-19, bilateral and multifocal lesions were observed with a combination of pure GGO, mixed
GGO, and consolidation. (D) In a 50-year-old critically ill women, chest CT showed bilateral massive shadows of high density and GGO,
accompanied by air bronchogram sign.

et al. observed similar phenomenon and proposed that ICU
patients might suffer severe cytokine storms, with a
overproduction of IL-7, IL-10, GCSF, IP10, MCP1,
MIP1A, and TNF-α, etc. [25]. Multi-drug resistant
Acinetobacter baumannii and Klebsiella pneumoniae
have been isolated in COVID-19 patients [5,23]. Other
identiﬁed microorganisms included Pseudomonas aeruginosa, Aspergillus ﬂavus, Aspergillus fumigatus, Candida
albicans, and Candida glabrata [5,23].

result of acute phase. Although antibody detection was
simple, rapid, and inexpensive, it is still not widely used
due to inherent limitations, for example, false-negativity
resulted from the existence of window period, noncomparable sensitivity and speciﬁcity with PT-PCR,
absence of exclusion criteria making it a diagnosis tool
only.

Treatment
Diagnostic testing for COVID-19
Antiviral agents
Laboratory conﬁrmed COVID-19 patients had positive
results on real-time reverse transcriptase polymerase chain
reaction (RT-PCR) of nasal and pharyngeal swab, sputum,
blood, faeces, and urine specimens [25]. The collected
clinical specimens need to be transported to designated
laboratories promptly, and extracted for RNA correctly,
followed by RT-PCR detection with primers and probes of
appropriate sequences [25]. The value of cycle threshold
(Ct) was the criterion to determine the detection result,
with less than 37 being deﬁned as negative, above 40 as
positive and a medium load (37–40) calling for conﬁrmation by retesting [2].
The detection of SARS-CoV-2 speciﬁc IgM and IgG
antibodies can also be used for diagnosis [20]. COVID-19
infection could be determined with one of the following
criteria: positive speciﬁc IgM, the transformation of
speciﬁc IgG from negative to positive, a 4-fold increase
in IgG titer during recovery period compared with the

These is no speciﬁc antiviral treatment which has been
proven to be effective for COVID-19. Combinations of
over three antivirals are not suggested. Current treatment
options are mainly based on previous experience showing
clinical beneﬁts in treating inﬂuenza, Ebola, MERS,
SARS, and other viral infections. It is reported that most
of COVID-19 patients received antiviral therapy in China
[5,21,25], and here we will introduce some commonly
used drugs.
Ribavirin is representative of nucleoside analogs. The
combination of ribavirin and recombinant interferon, a
broad spectrum antiviral agent, showed augmentation
effect in inhibiting MERS-CoV replication and reduced
doses of both ribavirin and interferon [38]. However, most
of clinical experiences in MERS patients come from
limited case reports and observational studies, making the
quality of evidence for ribavirin and interferon treatment

Min Zhou et al.

efﬁcacy very low [39]. It is recommended to administer
ribavirin by intravenous infusion in combination with
inhaled interferon-α or oral lopinavir/ritonavir in the 5th
version guideline on COVID-19 diagnosis and treatment
issued by Chinese National Health Commission [20].
Notably, ribavirin is not suggested by military medical
team coming to Hubei [40] and interferon-α inhalation is
worried to increase the risk of virus-containing aerosol
production and airway stimulation.
Lopinavir/ritonavir is a combination of a protease
inhibitor and a booster used for the treatment of human
immunodeﬁciency virus (HIV) infection. Currently, randomized controlled trials for the efﬁcacy of a combination
of lopinavir/ritonavir with interferon-α in mild to moderate
patients (ChiCTR2000029387) and severe to critical
patients with COVID-19 (ChiCTR2000029308) are in
progress.
Remdesivir, a novel nucleotide analog RNA polymerase
inhibitor, is considered as the most promising antiviral
drug for the treatment of COVID-19. It showed broad
spectrum antiviral activities, from inhibition of human and
zoonotic coronavirus (including SARS-CoV-2 [41] as well
Ebola virus) in vitro, to prophylactic and therapeutic
effects in animal model of MERS-CoV and SARS-CoV
infection [42,43]. The ﬁrst COVID-19 patient identiﬁed in
the United States was given remdesivir without obvious
adverse reactions. Two trials on efﬁcacy of remdesivir
have been launched in China among mild to moderate
patients (NCT04252664) and severe to critical patients
(NCT04257656) infected with SARS-CoV-2.
Neuraminidase inhibitors (NAIs), such as oral oseltamivir and intravenous peramivir, showed substantial clinical
improvement in treating inﬂuenza patients [44]. Oseltamivir was widely used for suspected and conﬁrmed COVID19 patients in China [26], however, there is no exact
evidence that supports its application.
A research team from Zhejiang University reported that
abidol has the potential to inhibit SARS-CoV-2, which was
previously used for inﬂuenza. There is a multicenter,
randomized, and controlled trial (ChiCTR2000029573) to
evaluate the efﬁcacy of abidol and lopinavir/litonavir,
either alone or in combination with a new type of
interferon, Novaferon.
Corticosteroids
According to current WHO interim guidance on COVID19 management [27], corticosteroids were not recommended as routine therapy unless indicated for another
reason, because possible harms and higher risk of mortality
attributed to corticosteroids therapy have been identiﬁed
by studies on other coronaviruses and inﬂuenza.
An epidemiological study conducted in Wuhan observed
a larger percentage of patients receiving corticosteroids in
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ICU groups when compared with non-ICU groups (6
(46%) vs. 3 (11%); P = 0.013), while we still cannot
determine the effects of corticosteroids due to the limited
sample size [25]. According to the latest guidelines issued
by National Health Commission of China (version 7) [20]
and the interim guidance of WHO [27], when SARS-CoV2 infection is suspected, corticosteroids should be
recommended to use with caution. New Coronavirus
Infection Diagnosis and Treatment Scheme (Trial Version)
published by Military Support Hubei Medical Team also
put forward that for mild to moderate COVID-19 patients,
corticosteroids should not be given principally and highdose corticosteroid pulse therapy was not recommended.
Only patients presenting ongoing deterioration in oxygenation index, or rapid progression of radiological ﬁndings,
or excessive activation of immune responses, will be
considered to use short-term corticosteroid therapy within
10 days of illness onset. Seven designated hospitals in
Zhejiang Province gave patients corticosteroids when they
showed increased resting respiratory rate ( > 30 breaths/
minute), drop in oxygen saturation ( < 93%) on room air,
or multi-lobular progression ( > 50%) on imaging within
48 h [21]. Timely and appropriate use of corticosteroids
combined with ventilator support should be considered for
severe patients to prevent progression to ARDS [30].
The pharmacologic use of corticosteroids in COVID-19
treatment should vary with severity [20,40]. For severe
cases, it is suggested to start at a dose of 40 to 80 mg/day
methylprednisolone and slowly taper over 7 to 10 days,
and some suggested for a shorter period of 3 to 5 days. For
critically ill cases, a starting dose of 80 to 160 mg/day
methylprednisolone, following a slow withdrawal within 7
to 10 days is considered.
Antimicrobial therapy
It is widely recognized that many patients, especially
critically ill patients were susceptible to secondary
infections. Patients receiving corticosteroids had increased
risks of developing HAP due to the immunosuppression
effects, and those who received mechanical ventilation
were susceptible to VAP. The latest guidelines issued by
National Health Commission of China for the diagnosis
and treatment of COVID-19 infection (version 7) [20]
advise against inappropriate and unnecessary use of
antimicrobial therapy, especially combination of broadspectrum antibiotics. If the sputum or blood specimens
showed a clear evidence of etiology or the PCT levels
increased, administration of antimicrobial agents should be
considered.
As shown in a study of 99 patients with COVID-19,
Acinetobacter baumannii, Klebsiella pneumoniae, and
Aspergillus ﬂavus were simultaneously cultured in one
patient. Meanwhile, one case of fungal infection was
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attributed to Candida glabrata and three cases of fungal
infection were caused by Candida albicans [5].
When selecting antimicrobial agents for initial empiric
treatment, in addition to the local epidemiological data of
HAP/VAP pathogens, imaging features of pulmonary
lesions should also be taken into account [45].
As for fungal infections, voriconazole is recommended
for the treatment of Aspergillus infections, while ﬂuconazole is more suitable for Candida spp. infections. When
patients are suspected with Pneumocystis pneumonia,
sulfamethoxazole and caspofungin should be promptly
administrated [45].

HFNC

Anticoagulant

For severe patients with respiratory distress or hypoxemia
that cannot be alleviated after standard oxygen therapy,
NIV can also be considered with close surveillance
[24,26]. Dangers et al. considered that changes in dyspnea
could be used as a variable to predict the failure of noninvasive ventilation [48]. If the patient continuously
deteriorates or the respiratory rate cannot be improved
after a short time (about 1–2 h), timely tracheal intubation
and invasive ventilation are required [49]. Notably,
patients with hemodynamic instability, multiple organ
failure or abnormal mental status should not receive noninvasive ventilation.
Lung protection ventilation strategies (small tidal
volume, limited plateau pressure, and permissive hypercapnia) are suggested to be adopted in invasive mechanical
ventilation to reduce ventilator-related lung injury [50].
Compared with NIV, invasive mechanical ventilation can
more effectively improve the pulmonary ventilation
function and respiratory mechanics of patients with acute
respiratory failure. It can effectively increase the SaO2
level and is more conducive to lower the plasma BNP level
[51]. However, invasive mechanical ventilation requires
tracheotomy, or oral/nasal tracheal intubation to establish
an artiﬁcial airway, which is very likely to cause damage to
patients, such as mediastinal emphysema, ventilatorrelated lung injury, and other related complications, such
as reduced swallowing function, gastresophageal reﬂux,
infections, etc. What’s more, invasive mechanical ventilation also increases the risk of secondary infections
transmitted by aerosol particles [52].

In clinical practice, nearly 20% of patients with COVID-19
are found to have abnormal coagulation function, and
almost all severely and critically ill patients presented
coagulation disorders [5,25,26]. In view of no relevant
experience for reference, anticoagulation should be given
with great caution in patients with DIC though microthrombosis was observed in lung, liver, and other organs
by autopsy. When patients exhibit a bleeding tendency or
when surgical treatment is needed, platelet transfusion or
administration of fresh-frozen plasma is recommended to
correct coagulopathies analogs [46].
Low molecular weight heparin (LMWH) can be used for
drug prevention. As for subjects with clinical manifestations, clinicians need to be alert to the occurrence of PTE,
initiate the diagnostic procedures, and develop corresponding treatment strategies based on risk stratiﬁcation.
Considering the risk of disease transmission and the false
positive results caused by the presence of lung lesions, the
diagnosis of PTE by pulmonary ventilation-perfusion
imaging is not recommended.
If the critically ill patients cannot take examination due
to speciﬁc conditions and the infectivity of COVID-19, it is
recommended to perform anticoagulant therapy for
patients without contraindications. If the condition is lifethreatening and bedside echocardiography indicates new
onset of right ventricular volume overload or pulmonary
hypertension, thrombolytic therapy or other cardiopulmonary support treatments, such as extracorporeal membrane oxygenation (ECMO) can be initiated with the
patient’s full informed consent.
Oxygen therapy
For mild to moderate patients with hypoxemia, nasal
catheters and masks and even high-ﬂow nasal cannula
oxygen therapy (HFNC) are advised. While for severe and
critical patients with respiratory distress, HFNC, noninvasive mechanical ventilation (NIV) or invasive mechanical ventilation, and even ECMO should be considered.

HFNC can provide accurate oxygen concentration and a
certain positive airway pressure to promote alveolar
expansion to improve oxygenation and respiratory distress
[47]. However, according to expert consensus on the use
of HFNC for COVID-19, patients with cardiac arrest,
weak spontaneous breathing, PaO2/FiO2 < 100 mmHg,
PaCO2 > 45 mmHg and pH < 7.25 and upper airway
obstruction are contraindicated.
NIV or invasive mechanical ventilation

Continuous renal replacement therapy (CRRT)
For critical patients, CRRT can support organ function,
reduce cytokine storms and maintain internal environment
stability [53]. Three clinical studies showed that the
incidence of AKI in patients with COVID-19 was 3% to
7%, and 7% to 9.0% were treated with CRRT. In ICU, the
rate of CRRT application was 5.6% to 23.0% and reached
as high as 66.7% to 100% in patients with AKI [5,26,54].
CRRT is recommended for patients who exhibit AKI
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indications (hyperkalemia, acidosis, pulmonary edema,
severe sodium ion disorders) or patients with CKD who
have not undergone hemodialysis. During septic shock,
CRRT can effectively remove inﬂammatory mediators and
signiﬁcantly improve hemodynamics. When ARDS
appears in combination with multiple organ dysfunction
syndrome (MODS), early CRRT is recommended [55].
CRRT combined with the treatment of ECMO may remove
cytokines, reduce the activity of macrophages and
monocytes, and better preserve lung parenchyma.
Convalescent plasma therapy for COVID-19
Some studies reported that early convalescent plasma
treatment for inﬂuenza and SARS-CoV infection is
associated with decreased viral load and reduction in
mortality [56], however, the studies were heterogeneous
and of low quality. The WHO deemed convalescent
plasma transfusion as the most promising therapy for
MERS-CoV infection, while the efﬁcacy remained inconclusive, with a lack of adequate clinical trials [56–58].
Since the virological and clinical characteristics among
SARS, MERS, and COVID-19 were comparable [59],
convalescent plasma could have immunotherapeutic
potential in COVID-19 treatment and further investigations are needed to prove its safety and efﬁcacy.
One possible explanation for the efﬁcacy of convalescent plasma therapy is that the neutralizing antibodies from
convalescent plasma might suppress viremia [60], so
understanding the antibody response during the course of
SARS-CoV-2 infection could provide strong empirical
support for the application of convalescent plasma therapy.
A study reported that on day 5 after treatment, an increase
of viral antibodies can be seen in nearly all patients, IgM
positive rate increased to 81%, whereas IgG positive rate
increased to 100%, which was considered as a transition
from earlier to later period of infection [9]. Preliminary
study has showed that patients who have recovered from
COVID-19 with a high neutralizing antibody titer and
could provide a valuable source of the convalescent
plasma.
Plasma transfusion may cause adverse effects, so
convalescent plasma therapy is recommended as a last
resort to improve the survival rate of severe patients with
COVID-19. The optimal dose and treatment time point, as
well as the therapeutic indications of convalescent blood
products in COVID-19 remain uncertain, which need to be
further investigated in randomized clinical studies.
Tocilizumab
Tocilizumab is a humanized IgG1k monoclonal antibody
which can speciﬁcally bind soluble or membrane-type IL-6
receptors (Sil-6R and Mil-6R), and has been widely used in
the treatment of autoimmune diseases such as rheumatoid
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arthritis [61], adult-onset Still’s disease [62], and large
vessel vasculitis [63]. For COVID-19 infection, clinical
studies have shown that serum levels of inﬂammatory
mediators in severe patients are signiﬁcantly higher than
those in common patients [25]. Excessive immune
responses can trigger cytokine storms and cause damage
to multiple target organs. Recent guidelines also point that
a progressive rise in IL-6 may be a clinical warning
indicator for the deterioration of COVID-19. A domestic
research team found that tocilizumab can block the
signaling pathways of two key inﬂammatory factors, IL6 and GM-CSF, and reduce the inﬂammatory response. A
multicenter, randomized, controlled clinical study has been
coducted to evaluate the efﬁcacy and safety of tocilizumab
in the treatment of moderate patients at high risk to develop
into severe and critical patients (registration number:
ChiCTR2000029765). For patients with elevated IL-6
levels, the efﬁcacy of tocilizumab can be expected.

Conclusions
In this review, we gave an overview of epidemiological,
etiological, clinical, pathological, and imaging characteristics of COVID-19 and introduced the latest advancements in the treatment. This novel virus spread mainly
through respiratory droplets and close personal contact. A
series of complications tend to develop during disease
progression, especially in critically ill patients. Pathological studies of autopsy showed typical presentations of
acute respiratory distress syndrome and involvement of
multiple organs. Apart from supportive care, no speciﬁc
treatment has been established for COVID-19. The
efﬁcacy of some promising antivirals, convalescent plasma
transfusion, and tocilizumab needs to be further validated
by ongoing clinical trials.
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