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ABSTRACT

Coronaviruses have caused serious Severe Acute Respiratory Syndrome (SARS), Middle East 
Respiratory Syndrome (MERS), and Coronavirus Disease 2019 (COVID-19) outbreaks, and 
only remdesivir has been recently indicated for the treatment of COVID-19. In the line of 
therapeutic options for SARS and MERS, this study aims to summarize the current clinical 
evidence of treatment options for COVID-19. In general, the combination of antibiotics, 
ribavirin, and corticosteroids was considered as a standard treatment for patients with 
SARS. The addition of this conventional treatment with lopinavir/ritonavir, interferon, 
and convalescent plasma showed potential clinical improvement. For patients with MERS, 
ribavirin, lopinavir/ritonavir, interferon, and convalescent plasma were continuously 
recommended. However, a high-dose of corticosteroid was suggested for severe cases only. 
The use of lopinavir/ritonavir and convalescent plasma was commonly reported. There was 
limited evidence for the effect of corticosteroids, other antiviral drugs like ribavirin, and 
favipiravir. Monoclonal antibody of tocilizumab and antimalarial agents of chloroquine 
and hydroxychloroquine were also introduced. Among antibiotics for infection therapy, 
azithromycin was suggested. In conclusion, this study showed the up-to-date evidence of 
treatment options for COVID-19 that is helpful for the therapy selection and the development 
of further guidelines and recommendations. Updates of on-going clinical trials and 
observational studies may confirm the current findings.
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INTRODUCTION

The outbreak of new coronavirus (as termed severe acute respiratory syndrome coronavirus 
2 [SARS-CoV-2]) has posed a threatened condition for global health. Since the first case 
was reported in Wuhan, China in December 2019, it has spread to 215 countries all over the 
world with more than one million cases and 56,986 deaths by April 4, 2020. The coronavirus 
disease 2019 (COVID-19) pandemic is speedily expanded, and flows of investigations are 
tensely ongoing. Sanders et al. has reported a comprehensive review of repurposed and 
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investigational drugs as well as adjunctive therapies for the treatment of COVID-19 [1]. The 
interim guidelines on antiviral therapy for COVID-19 have been also recently published [2]. 
Given that not all of the drugs that have in vitro and in vivo are benefit on humans [3], we take 
our focus on clinical evidence only. Additionally, since the increasing number of publications 
regarding COVID-19, new updates are required for appropriate information. In particular, 
remdesivir has been recently approved for the treatment of COVID-19 in many countries. The 
reminder of adverse events for treatment of antimalarial drugs was also covered in our study [4]. 
Furthermore, for studies that examined the effect of the same treatment on the same disease 
outcome, we applied a random-effects model to obtain the pooled estimate of the association. 
Therefore, in this review, we highlighted some of the latest information of SARS-CoV-2, 
compared to that of middle east respiratory syndrome coronavirus (MERS-CoV) and SARS-CoV, 
and provided recommendations for COVID-19 management from multiple points of view.

VIROLOGY

The novel coronavirus (SARS-CoV-2) belongs to the subgenus sarbecovirus of 
betacoronavirus. Full-genome sequencing and phylogenetic profiling analysis revealed that 
shared 79.6% and 50% sequence identity to 2 types of human coronaviruses, SARS-CoV 
and MERS-CoV respectively [5]. Notably, it is highly similar to bat corona virus (BatCoV) 
RaTG13 with 96.1% sharing genome sequence identity [6]. This finding suggested that bats 
are likely the primary source of the COVID-19 virus. On the other hand, given the fact that the 
structure of the receptor-binding domain of S protein of 2019-nCoV is 99% similar to that of 
coronavirus isolated from pangolin, it is hypothesized that pangolin is also possible reservoir 
hosts of SARS-CoV-2 [7].

The SARS-CoV-2 has been shown to use angiotensin-converting enzyme 2 (ACE2) as 
functional receptors for cell entry [6]. This is relatively similar to previous findings of the 
way SARS-CoV attack the human body [8]. Moreover, recent studies have found that the 
modified S protein of SARS-CoV-2 has a significantly higher affinity for ACE2 and is 10- to 
20-fold more likely to bind to ACE2 in human cells than the S protein of the previous SARS-
CoV [9]. This higher affinity may give the easier human-to-human spread of the virus and 
consequently contribute to a higher estimated transmission rate (R0) for SARS-CoV-2 than 
the previous SARS virus. The Ro of SAR-CoV-2 is between 1.4 and 2.5, according to the World 
Health Organization (WHO) statement [10] and between 2.24 and 3.58 in other research. For 
comparison, the R0 for SARS is 1.3 and that of MERS was 2 in the early stage of pandemics.

A recent genetic analysis of 103 SARS-CoV-2 genomes revealed that there are two major types of 
viruses, namely L and S [11]. The L type, which might be more aggressive, is accounted for 70% 
and the percentage of S type, considered as an ancestral and less aggressive version, is 30%. The 
research also suggested that human intervention may affect virus evolution and emphasized the 
need for more comprehensive data of genomes sequences and clinical characteristics.

CLINICAL FEATURES

1. Incubation
The incubation period for SAR-CoV is thought to be between 2 - 10 days [12] and for MERS-
CoV is typically approximately 5 days (range 2 - 14 days) [13]. The median incubation period 
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of COVID-19 was estimated to be within a range of 2 – 14 days, though it might be extended 
by 24 days [14]. It is concerned that the longer time of incubation may lead to a high rate of 
asymptomatic and may also facilitate the spread of infection. On the other hand, shorter 
incubation periods have associated with greater severity as well as a higher risk of death in 
coronavirus infections [15, 16]. However, no statistically significant difference is founded in 
incubation times amongst SARS-CoV-2, SARS-CoV, and MERS-CoV mainly because of the 
limitation of available data [17].

2. Presentation
It was stated that many cases are likely asymptomatic, and the presentation of symptoms has 
a varied spectrum from mild to extremely severe [18]. The largest cohort of more than 44,000 
persons with COVID-19 from China indicated that the degree of illness can range from mild 
to critical [19]. The rates for mild to moderate and severe are 81% and 14% respectively [19]. 
Critical symptoms including respiratory failure, shock, or multi-organ system dysfunction 
accounted for 5% and about 49% of these critical cases lead to death [19].

Fever and cough were the most common symptoms whereas gastrointestinal symptoms and 
headache are less presented [20]. Similar findings were confirmed by an analysis of 1,099 
laboratory-confirmed cases, which showed that fever was observed in 87.9% of cases and 
cough in 67.7% [21]. In severe and critical cases, patients with SARS-CoV-2 may develop acute 
respiratory distress syndromes with cytokine storms and become worsen in a short period [22]. 
These would lead to multiple organ failure and death without appropriate intervention [23]. 

The current case fatal rate (CFR) for COVID-19 is 2.6% base on a summary report from more 
than 72,528 confirmed cases in China [23] and is 3.4% according to the announcement of 
WHO in March 2020 [24]. Even though this number is lower than that of SARS and MERS, 
which are 9.6% and 34.4%, respectively, COVID-19 still has caused more total deaths due to 
the emerging number of cases. Severe illness and the poor outcome can occur in any health 
condition of any age, but it is mainly associated with old age or underlying medical co-
morbidities, including, cardiovascular disease, diabetes mellitus, hypertension, chronic lung 
disease, cancer, chronic kidney disease.

TREATMENT OPTIONS FOR SARS-CoV INFECTION

Stockman et al. systematically reviewed the effect of anti-viral agents, corticosteroids, 
interferon (IFN) type I, and convalescent plasma or immunoglobulin [25]. However, the 
efficacy and safety of agents have been controversial. While some individual studies reported 
possible harmful effects, the others have still been inconclusive. In the current study, we 
shifted our interest into the treatment plan for patients who were hospitalized and diagnosed 
with SARS.

Ribavirin which is a guanosine analogue has been demonstrated to have antiviral activity 
against a broad range of DNA and RNA viruses [26]. In clinical practice, it has been mostly 
used in the treatment of respiratory syncytial virus infection, chronic hepatitis C infection, 
viral hemorrhagic fevers, and several other severe and life-threatening viral infections [26]. 
In a prospective cohort study on the Hong Kong population, initial SARS patients were 
given antibiotics for pneumonia and oseltamivir for influenza infection [27]. If the fever 
remained after 2 days from hospitalization, patients were given ribavirin in the combination 
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with a low dose of prednisolone or hydrocortisone. High dose of methylprednisolone for 3 
consecutive doses up to 6 doses were given after day 3 - 4 if fever persisted or lung shadow 
increased. Ribavirin and a low dose of corticosteroid were continuously given up to a max 
of 12 days until the resolution of lung opacity was completed. The combination of broad-
spectrum antibiotics, ribavirin, and corticosteroids was also used to treat patients in other 
observational studies [28, 29].

In clinical practice, it might be difficult to distinguish patients with SARS infection and 
non-SARS community-acquired pneumonia, suspected SARS cases were normally initiated 
to be given antibiotics to support the confirmation of SARS cases with non-response to 
the antibiotic therapy, and to ensure the completed eradication of any bacteria [30, 31]. 
Empirical therapy with broad-spectrum antibiotics such as fluoroquinolone (levofloxacin) 
and macrolides (azithromycin [AZM] or clarithromycin) were recommended [30, 31]. 
Antibiotics could be used for a longer duration of two to six days to follow the effect on the 
overall clinical improvement, fever, or radiographic evidence of disease and confirm there 
was no evidence of pneumonia infection detected by serologic analysis and urinary antigen 
detection [32, 33]. Antibiotics could be also given until there was a confirmed diagnosis of 
SARS or during the 14-day treatment course [29]. Ribavirin was offered at the dose of 8 mg/
kg every 8 hours for intravenous route or 1.2 g every 8 hours by oral [32]. While intravenous 
corticosteroids with a normal dose (hydrocortisone 4 mg/kg daily, or 200 mg every 8 h for 
10 days) were followed by oral corticosteroids with a decreasing maintenance dose (methyl 
prednisolone 240 to 320 mg daily, or prednisolone 1 mg/kg for 5 days, 0.5 mg/kg for 3 days, 
and 0.25 mg/kg for 3 days) in most of the studies [28, 33], the reverse order was provided 
in a prospective study of 138 patients [27]. A recent meta-analysis of 13 trials reported that 
corticosteroids significantly decreased the mortality risk by 42% among patients with 
severe pneumonia (RR = 0.58, 95% CI = 0.40 - 0.84), but not among patients without severe 
pneumonia (RR = 0.95, 95% CI = 0.45 - 2.00) [34]. However, overall mortality reduction 
was not achieved for adjunct corticosteroid among patients hospitalized with community-
acquired pneumonia in a meta-analysis using individual patient data [35]. Given that 
the efficacy data for the comparison effect between intervention and control groups was 
unavailable, corticosteroids were not routinely given together with ribavirin in a retrospective 
study of 229 Singapore SARS cases [36]. Administering ribavirin was observed to be not 
associated with the risk of death (RR = 1.03, 95% CI = 0.44 - 2.42), after adjusting for sex, 
age, lactate dehydrogenase, corticosteroid and antibiotic use [36].

It was reported in the WHO meeting that an anti-HIV drug named lopinavir/ritonavir (LPV/r) 
could have the mortality risk reduction among patients with SARS. There were no deaths 
among 34 patients who received LPV/r combined with ribavirin, whereas 10% of 690 patients 
who received ribavirin alone had died at the 30 days from the onset of symptoms [37]. 
However, the mortality rate was not significantly different between two groups (P = 0.052). 
In another retrospective matched cohort study of Hong Kong SARS patients, the standard 
treatment of ribavirin and corticosteroid was provided to patients at the initial time of SARS 
confirmation [38]. LPV/r (lopinavir 400mg and ritonavir 100 mg every 12 hours) was added 
to standard treatment as initial therapy, or it was given without ribavirin as a rescue therapy 
[38]. Combination with LPV/r as the initial therapy significantly reduced the mortality on day 
21, compared with ribavirin and corticosteroids alone (1/44 death in LPV/r arm and 99/634 
deaths in the control arm, P <0.05) [38]. A similar treatment plan was conducted in another 
retrospective study of 152 patients [39]. The risk of acute respiratory stress syndrome or death 
was significantly lower in LPV/r group than control group (2.4% vs. 28.8%, P <0.05) [39].
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Interferons (IFNs) have been known as important glycoprotein that can inhibit viral 
replication [40]. In an open-label study of 22 SARS patients, oral prednisone 50 mg or 
intravenous methylprednisolone 40 mg was given every 12 hours [41]. IFN alfa-1 was provided 
with an increasing dose from 9 μg/d to 15 9 μg/d during 2 to 10 days of the treatment [42]. A 
combination of IFN alfa-1 and corticosteroid significantly decreased disease-related impaired 
oxygen saturation and creatinine kinase levels, compared with corticosteroid alone [42].

A retrospective study reported the effect of convalescent plasma in 80 SARS patients [43]. 
Patients were given convalescent at the volume of 279.3 ml (range, 160 – 640 ml), which is 
similar to the volume giving to patients with Ebola hemorrhagic fever [43]. The treatment 
with convalescent plasma plus methylprednisolone before day 14 showed a better outcome 
than those given after day 14 (58.3% vs. 15.6%, P <0.001) but the mortality was comparable 
(6.3% vs. 21.9%, P = 0.08) [43]. In another retrospective study, the discharge rate by day 22 
in patients treated with convalescent plasma at the volume of 200 – 400 ml significantly 
higher than those treated with corticosteroids (77.8% vs. 23%, P = 0.004) [44]. Furthermore, 
immunoglobulin also had potential treatment effects in severe SARS patients in some 
studies [45, 46].

TREATMENT OPTIONS FOR MERS-CoV INFECTION

Given the effectiveness of agents that were used in the treatment of SARS, Momattin et 
al. suggested the therapeutic schedule for oral ribavirin, LPN/r, peginterferon alfa-2a, and 
convalescent plasma as possible therapies for patients diagnosed with MERS [47]. Ribavirin 
was suggested with the dose adjustment (2,000 mg loading dose then 1,200 mg every 8 hours 
for 4 days, then 600 mg every 8 hours for 4 - 6 days) [47] but the doses were still higher than 
those given to SARS patients. A similar treatment schedule with SARS for LPV/r (lopinavir 
400 mg/ ritonavir 100 mg twice daily for 10 days) with or without ribavirin was proposed [47]. 
According to the guidance of the Korean Society of Infectious Disease and Korean Society 
for Antimicrobial Therapy, antiviral drugs were recommended to be administered as soon as 
possible for 10 to 14 days [48]. Additionally, pegylated IFN alfa-2a 1.5 μg/kg once per week for 
2 weeks was considered to administer MERS patients [47]. The combination of ribavirin and 
IFN was often observed in retrospective studies [49, 50]. In a cohort study of 44 Saudi Arabia 
patients, the survival rate after 14 days in the intervention group (oral ribavirin for 8 - 10 
days and subcutaneous pegylated IFN alfa-2a 180 μg per week for 2 weeks) was significantly 
higher than the comparison group (70% vs. 29%, P = 0.004), but no change after 28 days 
[49]. The mortality in patients treated with IFN alfa-2a and those treated with IFN beta-1a was 
comparable (85% vs. 64%, P = 0.24) [50]. Furthermore, convalescent plasma 300 - 500 ml 
could be given to patients with severe MERS infection that was refractory to antiviral drugs 
[47, 48]. Moreover, high-dose methylprednisolone could be used when the fever persisted, 
respiratory failure or radiological findings worsened and a step-down dosing schedule was 
recommended [48].

CURRENT EVIDENCE FOR COVID-19 TREATMENT OPTIONS

In the line of therapeutic options for SARS and MERS infections, we summarized current 
evidence of the above-mentioned drugs in the treatment of COVID-19 and discussed the 
recently recommended treatments.
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1. Ribavirin and interferon
Although ribavirin and IFN alfa had been widely used in the outbreak of SASR in Hong Kong, 
the appropriate dose of ribavirin was recommended to be considered carefully because of its 
hematologic toxicity [51]. The combination of ribavirin and IFN in an observational study 
of 349 patients with MERS did not significantly reduce the mortality on day 90 (HR = 1.03, 
95% CI = 0.73 - 1.44) or enhance MERS clearance (HR = 0.65, 95% CI = 0.30 - 1.44) [52, 53]. 
However, intravenous ribavirin 500 mg 2 - 3 times daily and inhaled IFN alfa 5 million U was 
still suggested as one of the standard treatments according to Chinese guidelines [17, 53]. 
Nevertheless, ribavirin and IFN alfa were not mentioned in other institutional guidelines.

However, findings from a recent multicenter randomized trial in Hong Kong reported that 
combination of ribavirin 400 mg every 12 h, three doses of 8 million units of IFN beta-1, 
and LPV/r 400/100 mg was observed to have shorter duration of viral shedding (HR = 4.37, 
95% CI = 1.86 - 10.24) and hospital stay (HR = 2.72, 95% CI = 1.20 - 6.13) than the treatment 
with LPV/r alone [54]. Additionally, adverse events including nausea, diarrhea, increased 
alanine aminotransferase, hyperbilirubinaemia, sinus bradycardia, and fever were not 
significantly different between two groups (P >0.05) [54]. However, our pooled estimates of 
three individual studies [55-57] did not find the significant improvement of clinical outcomes 
among patients treated with LPV/r (pooled RR = 1.37, 95% CI = 0.95 – 1.99, Fig. 1).

2. Remdesivir
Remdesivir is another anti-hepatitis C virus drug-like ribavirin that can bind to COVID-19 
RNA dependent RNA polymerase [58]. It was used in the treatment of the first COVID-19 
patient in the United States (US) [51, 59]. Intravenous remdesivir was given from day 7 and 
no adverse reactions were associated with the infusion [59]. Remdesivir was initially used in 
the treatment for the other three patients during 4 - 10 days until the respiratory symptoms 
were improved [60]. However, the efficacy and safety of remdesivir have not been confirmed 
because there was no comparison group and the treatment response might be affected by the 
probable presence of unmeasured confounding factors such as corticosteroids [60]. Findings 
from a recent randomized controlled trial of 237 patients from ten centers in China (April 30, 
2020) reported remdesivir had no clinical improvement (HR = 1.23, 95% CI = 0.87 - 1.75) than 
placebo [61]. However, the finding suggested the potential effect of remdesivir vs. placebo 
among those treated within 10 days of symptoms [61]. Additionally, preliminary data from 
1,063 patients participating in the Adaptive COVID-19 Treatment Trial (April 29, 2020), which 
was launched by the National Institute Allergy and Infectious Disease in the US, showed that 
the time to recovery in patients received remdesivir was significantly 31% faster than those 
received placebo (P <0.001) [62]. The mortality rate in the remdesivir group was 11.6%, 
compared with 8.0% in the placebo group (P = 0.059) [62]. Consideration of the scientific 
evidence of efficacy and safety, the US Food and Drug Administration issued an emergency 
use authorization for intravenous remdesivir in the treatment of severe patients in the US 
since May 1, 2020.
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NOTE: Weights are from random effects analysis 0.5 2 6

RR (95% CI) Weight (%)

1

Cao et al.
Hu et al.
Li et al.

Overall (I2 = 33.8%, P = 0.22)

1.35 (0.91 – 2.01) 46.00
2.42 (1.10 – 5.36) 17.92
1.06 (0.65 – 1.73) 36.07

1.37 (0.95 – 1.99) 100.00

Figure 1. Meta-analysis of the association between lopinavir/ritonavir and clinical improvement in COVID-19 patients.
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3. Lopinavir/ritonavir
The combination of anti-human immunodeficiency virus drugs - lopinavir and ritonavir - 
and ribavirin has shown to have some activities against SARS and MERS and become one 
of the potential therapies for the treatment of COVID-19 [51]. It was reported that the third 
COVID-19 case of Korea was received LPV/r 400/100 mg twice daily from day 10 to day 19 
and the viral load decrease was observed from day 11 [63]. Another case report from China 
revealed that the addition of LPV/r 800/200 mg daily might be related to the improvement of 
clinical symptoms after failing with methylprednisolone and IFN therapies [64]. In a report 
of 18 Singapore cases, five patients were administered LPV/r 400/100 mg twice daily and two 
of them obtained the viral shedding within 2 days of the treatment [65]. However, only one 
patient completed the 14-day treatment course due to the progression of adverse events [65].

Recently, Cao et al. conducted a randomized open-label trial of 199 hospitalized patients 
with a confirmed diagnosis of COVID-19 to compare the efficacy and safety of oral LPV/r 
400/100 mg twice daily plus standard of care vs. standard of care alone [55]. The treatment 
with LPV/r for 14 days did not show any differences in terms of time to clinical improvement 
(HR = 1.24, 95% CI = 0.90 - 1.72), but it was 1 day shorter in the LPV/r group (HR = 1.39, 
95% CI = 1.00 - 1.91) in the modified intention-to-treat analysis [55]. The 28-day mortality 
was not significantly different between groups (19.2% for LPV/r group vs. 25.0% for control 
group, P = 0.32) [55]. Despite non-significant findings from the trial, LPV/r is expected to be 
more effective in patients with COVID-19 [66]. This point was explained by the inclusion of 
patients with severe infection and substantial tissue damage in the trial, thus, the effect of 
LPV/r might be higher in the early stage of the disease [66]. Besides, the lack of evidence of 
drug pharmacokinetic where the virus is replicating did not allow us to know whether LPV/r 
concentration was high enough to inhibit the viral replication [66].

Data from a retrospective study of 298 Chinese patients showed that the number of patients 
treated with LPN/r was not different between severe and non-severe patients (84.5% vs. 
77.9%, P = 0.288) [67]. In another retrospective study of 323 patients in Wuhan, LPN/r was 
more given to critical patients (46.2%) than non-critical cases (5.4%) and more administered 
in unfavorable than favorable outcomes (23.8% vs. 5.0%) [56]. Furthermore, treatment 
with LPN/r was reported to be independently associated with the prolongation of virial RNA 
shedding (OR = 2.42, 95% CI = 1.10 - 5.36) and earlier provided LPN/r might shorten the viral 
shedding as well (22 days vs. 28.5 days, P = 0.02) [68]. Findings from the efficacy of lopinavir 
plus ritonavir and arbidol against novel coronavirus infection (ELACOI) trial also suggested 
the little benefit improvement of LPV/r in clinical outcomes among non-severe patients, 
compared with supportive care [57].

LPV/r is recommended at the dose of 400/100 mg twice daily with the administration duration 
of 5 - 10 days by the Nebraska Medicine and considered as one of the standard treatments 
according to Chinese guidelines. However, recent report recommended against the use of LPN/r 
in the treatment of COVID-19, except for the purpose of clinical trial due to the consideration of 
required dose and non-significant findings from current small trials [69].

Antiviral therapies might be timely given to patients with COVID-19. An observational study 
of 280 cases showed that patients in the mild group were more likely to be received antiviral 
therapies of ribavirin and LPV/r earlier than those in the severe group (1.19 ± 0.45 vs. 2.65 
± 1.06 days, P <0.001) [70]. Additionally, time from disease onset to antiviral therapy was 
positively correlated with the time to disease recovery (r = 0.785, P <0.001) [70].
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4. Arbidol
In the ELACOI trial, arbidol monotherapy was suggested for the potentially clinical benefit 
compared with supportive care among patients with the mild or moderate disease [57]. 
Findings from a retrospective study of 50 patients revealed that arbidol monotherapy might 
be superior than LPN/r in terms of viral load on day 14 (0.0% in the arbidol group vs. 44.1% in 
the LPN/r group) and duration of positive RNA test (9.5 days in the arbidol group vs. 11.5 days 
in the LPN/r group, P <0.01) [71]. Deng et al. reported that the combination of arbidol and 
LPN/r was associated with an elevated negative conversion rate of the viral test on day 7 (75% 
vs. 35%, P <0.05) and day 14 (94% vs. 53%, P <0.05) and an improvement of the chest X-rays 
on day 7 (69% vs. 29%, P <0.05), compared with LPN/r alone [72].

5. Favipiravir
Two recently open-label trials reported findings for the effect of favipiravir on the treatment of 
COVID-19 [73, 74]. In the non-randomized trial of 80 patients in China, favipiravir was found to 
significantly reduce the viral clearance time (4 vs. 11 days, P <0.001), increase the improvement 
rate (32/35 vs. 28/45, P = 0.004) for chest imaging with the lower adverse events than LPV/r 
(4/35 vs. 25/45, P <0.01) [73]. Another randomized trial of 240 patients reported that favipiravir 
significantly increased the 7-day clinical recovery rate compared with arbidol (70/98 vs. 62/111, 
P = 0.02) among subgroup of COVID-19 patients without hypertension and diabetes [74]. 
Favipiravir was also considered for the treatment of COVID-19 by the Japan government.

6. Corticosteroids
Regarding the use of corticosteroids for COVID-19 pneumonia, the Chinese Thoracic Society 
suggested the low-to-moderate dose of methylprednisolone ≤0.5 - 1 mg/kg per day or equivalent 
for no more than one week [75]. In contrast, considering the clinical evidence of the possible 
harmful effect over the benefit of corticosteroids in SARS, MERS, and influenza patients, 
Russell et al. recommended not to use corticosteroids for the treatment of COVID-19-induced 
lung injury or shock [76]. However, the European Society of Intensive Care Medicine and the 
Society of Critical Care Medicine suggested low-dose therapy of intravenous hydrocortisone 
200 mg per day for COVID-19 patients with refractory shock [77]. The suggestion was indirectly 
generalized from a meta-analysis of 22 randomized clinical trials with 7,279 participants for the 
effect of low dose corticosteroids in patients with septic shock. Although corticosteroids were 
not significantly associated with either short-term mortality (RR = 0.96, 95% CI = 0.91 - 1.02) or 
long-term mortality (RR = 0.96, 95% CI = 0.90 - 1.02), there were significant shock resolution 
time, mechanical ventilation, and intensive care unit stay reductions among adults treated with 
low dose corticosteroids (P <0.0001) [77, 78].

The interim guidance of the WHO for the clinical management of severe acute respiratory 
infection with the suspect of COVID-19 recommended not indicating corticosteroids 
routinely unless indicated for another reason. This recommendation was raised based on 
findings from a multicenter study of 309 MERS patients [79]. The 90-day mortality was not 
significantly different between corticosteroid therapy and control group (OR = 0.75, 95% CI 
= 0.52 - 1.07) despite the significant virus RNA clearance (HR = 0.35, 95% CI = 0.17 - 0.72) 
[79]. However, retrospective data from 298 cases in China showed the significantly higher 
patients treated with corticosteroids in the severity group than the non-severity group 
(84.5% vs. 17.5%, P <0.001). This might raise the consideration of disease severity among 
corticosteroid-treated patients [67].
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7. Chloroquine, hydroxychloroquine, and azithromycin
Antimalarial drugs including chloroquine and hydroxychloroquine (HCQ) have been reported 
for their antiviral activities against SARS and COVID-19 in-vitro [80]. Cortegiani et al. recently 
systematically reviewed for current evidence and did not find any clinical data for the efficacy 
and safety of chloroquine in the treatment of COVID-19 [81]. However, the Dutch Center of 
Disease Control suggested giving chloroquine for adults with severe infection at the dose of 
600 mg base, followed by 300 mg after 12 hours on day 1, and 300 mg twice daily from days 
2 – 5 [81]. The Italian Society of Infectious and Tropical disease suggested the administration 
of chloroquine 500 mg twice daily for 10 days [81].

Million et al. reported outcomes from 1,061 French patients receiving HCQ 200 mg three 
times per day for 10 days in combination with AZM 500 mg daily on day 1 and 250 mg daily 
for the next 4 days [82]. Administration of HCQ and AZM before complications was safe 
with 2.4% patients with treatment-related adverse events and the mortality rate of 0.8% 
[82]. Another retrospective study of 1,438 hospitalized patients in 25 hospitals showed that 
HCQ alone, AZM alone, and HCQ in combination with AZM did not reduce the mortality, 
with HRs (95% CIs) of 1.08 (0.63 - 1.85), 0.56 (0.26 - 1.21), and 1.35 (0.76 - 2.40), respectively 
[83]. Similar findings from a study of 1,376 hospitalized patients in New York were reported, 
with no association between HCQ administration (600 mg twice on day 1 and 400 mg daily 
for the next 4 days) and the risk of intubation or death (HR = 1.04, 95% CI = 0.82 - 1.32) 
[84]. Furthermore, routine care data of 181 patients in four French care centers found no 
effect of HCQ 600 mg/day for 2 days on overall survival (HR = 1.20, 95% CI = 0.40 - 3.30) 
[85]. In contrast, findings from a retrospective study of 807 patients found that treatment 
with HCQ was associated with an 83% increased risk of death (HR = 1.83, 95% CI = 1.16 - 
2.89), compared with non-HCQ treatment group, whereas the result for the combination of 
HCQ and AZM remained non-significant (HR = 1.31, 95% CI = 0.80 - 2.15) [86]. However, a 
significantly higher mortality (18.8% vs. 47.4%, P <0.001) but longer hospitalized duration 
(15 vs. 8, P <0.05) in patients treated with low dose of HCQ (200 mg twice daily for 7 - 10 
days), compared with those who did not, was reported in another retrospective study of 550 
Chinese patients [87]. Our pooled estimates of five individual studies [83-87] showed that 
both HCQ and HCQ combined with AZM did not reduce the risk of mortality, with pooled 
RRs/HRs (95% CIs) of 1.05 (0.72 - 1.55) and 1.33 (0.91 - 1.93), respectively (Fig. 2).
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Figure 2. Meta-analysis of hydroxychloroquine and hydroxychloroquine combined with azithromycin in relation to 
the risk of mortality in COVID-19 patients.
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A pilot randomized trial enrolled 30 treatment-naïve COVID-19 patients in China and compared 
the effect of HCQ 400 mg daily for 5 days plus standard of care with the standard of care alone 
[88]. Preliminary results showed that the negative conversion rate of COVID-19 in swabs, time 
to virus nucleic acid negative conversion, time to body temperature normalization, radiological 
progression, and adverse events were comparable between groups (P >0.05) [88]. Another 
open-label clinical trial of 36 France patients investigated the effect of HCQ 200 mg every 8 
hours [89]. It was reported that the day-6 viral cure in HCQ group was significantly higher 
than the control group (14/20 vs. 2/16, P = 0.001) [89]. Additionally, in the subgroup analysis of 
patients receiving HCQ, AZM 500 mg on day 1, followed by 250 mg from days 2 - 5 significantly 
enhanced the effect of HCQ on virus elimination (6/6 vs. 8/14) [89]. The pooled analysis from 
these studies indicated the non-significant difference between HCQ treatment and the control 
group in terms of virological cure, death or clinical worsening, and safety, but the lower risk of 
lung disease progression was observed (OR = 0.31, 95% CI = 0.11 - 0.90) [90]. Furthermore, 
findings from a randomized trial of 62 Chinese patients showed that the addition of HCQ 400 
mg/day for 5 days significantly shorten the body temperature recovery time (2.2 days vs. 3.2 
days, P = 0.001) and the cough remission (2.0 days vs. 3.1 days, P = 0.002) and improved the 
pneumonia condition (80.6% vs. 54.8%) [91].

Despite the potential treatment effect, the European Medicines Agency has recently concerned 
the drug adverse reaction of chloroquine and HCQ on the cardiac, including cardiac 
arrhythmias, cardiac arrest, and QT prolongtation [4, 92]. Chloroquine, HCQ, and AZM were 
hypothesized to be able to block the sodium channel that might lead to proarrhythmia and 
heart failure in COVID-19 patients with myocardial injury and hypoxia [93]. Neuropsychiatric 
and hepatic disorders such as agitation, insomnia, confusion, psychosis and suicidal ideation, 
seizures, and blood glucose lowering were observed among patients treated with chloroquine 
and HCQ [93]. The cardiac arrest among patients treated with HCQ in combination with AZM 
were observed to be significantly higher than those who received neither drug (OR = 2.13, 95% 
CI = 1.12 - 4.05) [83]. Additionally, treatment with HCQ, with or without AZM was associated 
with a risk of hospitalized prolongation [86]. Hence, several clinical trials have been also 
suspended or stopped in some European countries [4].

8. Convalescent plasma
A meta-analysis of 32 studies showed that convalescent plasma might reduce the mortality 
rate among patients with coronavirus infection and severe influenza (OR = 0.25, 95% CI = 
0.14 - 0.25) [94]. During the outbreak of COVID-19, Shen et al. reported a case series of 5 
patients, who were administered 400 ml convalescent plasma between day 10 and day 22 
from hospitalization [95]. After the transfusion, viral loads were observed to decrease and be 
negative and there was an increase of COVID-19-specific antibody [95]. Despite some critical 
issues, the approach was expected to have the potential utility of passive antibody treatment, 
especially in the high-risk population [96].

According to the recent report on April 3, 2020, the status of some Korean patients with 
pneumonia treated with convalescent plasma was confirmed to be improved, such as the 
decrease of the inflammatory index. Among 19 patients treated with convalescent plasma in 
Severance Hospital, the clinical outcomes were described for two cases of severe pneumonia 
with acute respiratory distress syndrome [97]. The administration of convalescent plasma after 
systemic therapies of LPN/r and HCQ performed the improvement of oxygenation and chest 
X-rays, and the decrease of inflammatory markers and viral loads [97]. It was suggested by the 
Korean Association of Internal Medicine that convalescent plasma in the combination with other 
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supportive care had a significant effect on mortality reduction among serious cases among 3.8% 
MERS patients treated with convalescent plasma. The guidelines for using convalescent plasma 
for serious cases are being developed by The Korea Centers for Disease Control and Prevention, 
with the consults with several experts, including the Korean Society of Blood Transfusion.

9. Protective monoclonal antibody
Recently, tocilizumab, an immunosuppressive drug used to treat rheumatoid arthritis has 
become a promising candidate for COVID-19 treatment. Studies have indicated that there 
is an association between interleukin (IL)-6 levels and the severity of COVID-19. Though 
not any clinical study has proved the effects of tocilizumab on COVID-19, this IL-6 receptor 
blockage might improve the mortality rate in the subgroup patients with cytokine storm 
syndromes [98]. This is the first drug entered the phase III clinical trial approved by the Food 
Drug Administration to treat COVID-19 patients. Findings from a study of 20 patients with 
COVID-19 reported that the combination of tocilizumab and standard of care improved some 
clinical outcomes such as fever disappearance within a few days, oxygen intake lowering 
requirement (75.0%), lung opacity absorption (90.5%), lymphocytes increase, and C-reactive 
protein decrease [99]. However, the effect of tocilizumab was not confirmed because of the 
lack of the comparison group [99]. Another IL-6 antibody, sarilumab has also gone ahead for 
a clinical study in severe COVID-19 patients. Given the fact that pulmonary edema caused by 
exudative inflammation is particular feature of COVID-19 and vascular endothelial growth 
factor (VEGF) is a potential factor that induces vascular permeability [100], it is suggested 
that anti-VEGF (bevacizumab) could be a potential drug for treating COVID-19 patients with 
severe and critical conditions.

CONCLUSION

In conclusion, this study summarized the up-to-date evidence of treatment options for 
COVID-19 that is helpful for the therapy selection and the development of further guidelines 
and recommendations. Updates from thousands of on-going clinical trials and observational 
studies may confirm the current findings.
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