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Abstract
The emergence of Coronavirus Disease 2019 (COVID-19) has shifted the concerns of public 
health officials worldwide. Several previous studies have reported clinical features, methods 
of diagnosis and therapy approaches to combat the disease. Unfortunately, another problem 
arose in recognizing and distinguishing asymptomatic and presymptomatic patients who have 
a high risk of spreading the virus, which led health authorities to develop innovative strategies 
in mitigating the transmission of COVID-19. Known fever, cough, and myalgia with fatigue 
headache, hemoptysis, diarrhea and sometimes vomiting are the clinical features for patients 
confirmed with COVID-19. To confirm suspected patients, computerized tomography scan 
is the recommended modality since it has higher sensitivity. Several traditional approaches 
including antiviral, convalescent plasma therapy and monoclonal antibodies have been applied 
to combat the virus. Additionally, the application of several policies such as social distancing, 
recommendations for wearing masks and telemedicine were adopted to break the chain of the 
pandemic. There is much to learn from the many rapid advances in knowledge about this disease 
and we encourage everyone to always abide by health protocols recommended by healthcare 
providers so that this pandemic can end soon.
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Introduction
The global pandemic Coronavirus Disease 2019 
(COVID-19) has recently become the center of attention 
for public health officials of various countries around the 
world.1 The infectious disease associated with pneumonia 
was first reported in December 2019 in Wuhan, China 
when the country’s authorities first alerted the World 
Health Organization (WHO) to cases caused by this 
unknown virus. It was later discovered that the virus 
was a new type of Coronavirus which was temporarily 
named 2019-nCoV and further renamed to Severe Acute 
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) by 
the International Committee on Taxonomy of Viruses 
using the reference to WHO naming guidelines.2,3 
This virus is a new β-coronavirus in the Nidoviridae family 
that can be contracted by animals, which is suggested 
as the origin of the virus and also can be contracted 
through human-to-human transmission.4 Since it was first 
identified from patients with pneumonia among workers 
in the Wuhan seafood market, it has quickly spread to 
other regions in China and to many other countries, 
leading the WHO to declare COVID-19 as a Public 
Health Emergency of International Concern on January 
30, 2020 especially in countries with vulnerable health 
systems.3 As of Sept 7, 2020, nearly 27 million people 

from more than 200 countries worldwide were confirmed 
infected with this virus, with over 881,000 deaths.5

This virus can infect someone through their respiratory 
tract and sometimes also through the mouth or eyes. 
It then will target the receptors, called Angiotensin 
Converting Enzyme 2 (ACE2) in the body’s cells.6 Clinical 
manifestations of the disease are usually found in the 
respiratory tract because ACE2 is most highly expressed in 
the lungs. However, in addition to the lungs, these receptors 
can also be found in several places in the body such as 
the gastrointestinal tract, heart and kidneys, so infection 
from this disease will also have an impact on these organs. 
Many clinical manifestations have been observed in people 
infected with this virus.2 
The contagion has spread rapidly and widely due to the 
absence of vaccines and the limited number of drugs that are 
available to treat this virus. Accordingly, strict therapeutic 
considerations are made in the context of treating this disease 
to reduce mortality. Apart from treatment, authorities in 
several countries around the world have also developed 
strict public policies for flattening the exponential growth 
curve of the infection incidence through mitigation 
strategies such as social distancing and face masking.
In this review, we describe several clinical features, 
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therapeutic approaches and strategies that can be taken to 
reduce the spread of this potentially lethal virus.

Clinical Features
In this review, we extracted data from a number of 
COVID-19 journal cases in several countries around the 
world including China, South Korea, Italy, and the USA. 
The data we collected more or less show the same results. 
Patients infected with this virus are generally aged 20-
79 years and only a few cases are found in children and 
the elderly. But even so, it is the elderly patients who 
have a high susceptibility to death. From the data we 
collected, the highest percentage of deaths is in patients 
aged 60 years and above. This mortality pattern might 
be caused by their weakened immune system compared 
to those who are still under 60 years old. In addition, 
another finding is that the mortality rate in men appears 
to be higher than in women (Table 1). This trend is 
likely due to their immune response. Generally, males 
generate less robust immune responses and are more 
susceptible to a variety of infectious agents. Contrarily, 
females have stronger innate and adaptive immune 
responses and are relatively resistant to virus infections.7

Furthermore, previous study revealed that ACE2 as a putative 
receptor for SARS-CoV2 is highly expressed in normal lung 
tissue of men, while in female receptors, current research 
findings suggest it could be downregulated by 17β-estradiol.8

Some of the clinical signs and symptoms that commonly 
occur in these infected patients are: fever, cough, 
rhinorrhea, sore throat, myalgia or fatigue, headache, 
hemoptysis, diarrhea and sometimes vomiting. 

Laboratory and Imaging Finding
Common clinical laboratory findings in COVID-19 
pneumonia patients include a decrease in white blood cells 
count below normal levels (< 4x109/mcL), lymphocytopenia 
(lymphocyte count <1.0 × 10⁹/mcL), lower than normal 

platelet count (< 1.5 × 109/mcL), while none have a platelet 
count above the normal rate (Table 2). Meanwhile, another 
clinical finding showed the laboratory result that most 
of the Coronavirus positive patients had high C-reactive 
protein (CRP).
In terms of liver function, alanine and aspartate 
aminotransferase were found elevated above the normal 
range. Furthermore, the majority of patients had elevation 
of creatine kinase and lactate dehydrogenase. This condition 
indicated that an abnormal myocardial zymogram has 
occurred in these patients.9

Abnormalities in the radiological findings of the chest 
have become another important part of assessing or early 
detection of patients with COVID-19. Chest radiography 
and computerized tomography (CT) scans are two 
modalities that can be used to assess abnormalities of a 
patient’s chest which can also be used in early detection. 
Although both are reliable radiological examinations, CT 
scans are the considered superior in describing the condition 
of the chest and assisting in diagnosis.10,11 A systematic 
review conducted by Salehi et al. revealed six common CT 
initial findings of 919 patients with COVID-19 pneumonia 
including bilateral involvement, peripheral distribution, 
posterior involvement, multilobar involvement, ground-
glass opacification, and consolidation.11 These results are 
closely similar to several other studies that found ground 
glass opacities (GGO) as the most common sign, followed 
by other signs including GGO with mixed consolidation, 
thickening of adjacent pleura, thick septal interlobular 
thickening, and air bronchograms, crazy paving patterns, 
pleural effusion, bronchiectasis, pericardial effusion, and 
lymphadenopathy.10

Furthermore, one study found early stages of the disease 
generally showed more GGO and a lower number of 
involved lobes compared to the later follow-up CT scans. 
This condition tended to improve after day 14 including 
reduction of involving lobes, resolution of crazy paving 

Huang et al.14 Wang et al.15 Guan et al.16 Goyal et al.17

Age, (IQR) 44.0 (33-54) 56 (42-68) 47 (35–58) 62.2 (48.6-73.7)
Sex (%)
Male 116 (57.4) 75 (54.3) 637 (58.1) 238 (60.6)
Female 86 (42.6) 63 (45.7) 459 (41.9) 155 (39.4)
Sign and Symptoms No. (%)
Fever 156 (77.2) 136 (98.6) 975 (88.7) 303 (77.1)
Cough 120 (59.4) 82 (59.4) 745 (67.8) 312 (79.4)
Short breath 19 (9.4) NA 205 (18.7) NA
Rhinorrhea 6 (3.0) NA NA NA
Sore throat 24 (11.9) NA 153 (13.9) NA
Diarrhea 13 (6.4) 14 (10.1) 42 (3.8) 93 (23.7)
Vomiting 4 (2.0) 5 (3.6) 55 (5.0) 75 (19.1)
Respiratory rate, median (IQR) NA 20 (19-21) NA NA
MAP, median (IQR), mmHg NA 90 (84-97) NA NA
Dyspnea NA 43 (31.2) NA 222 (56.5)
Headache NA 9 (6.5) 150 (13.6) NA
Heart rate median (IQR), bpm NA 88 (78-97) NA NA
Myalgia or fatigue 44 (21.8) 48 (34.8) or 96 (69.6) 164 (14.9) or 164 (14.9) 107 (27.2)

Table 1. Demographic characteristics of patients with COVID-19

Interquartile Range (IQR); Mean Arterial Pressure (MAP)
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patterns and consolidative opacities.12 Two other CT 
features were commonly found in Intensive Care Unit 
patients: bilateral multiple lobular and subsegmental areas 
of consolidation.13

Diagnosis
Early diagnosis of COVID 19 is needed to reduce mortality 
and mitigate transmissibility in closely confined areas of 
patients. Clinical characteristics were commonly used 
as the main consideration for diagnosis of pneumonia 
related to SARS-CoV2. The common clinical features 
include fever, cough, and myalgia or fatigue.13 However, to 
confirm the patient has contracted SARS-CoV2, a sensitive 
modality is required. Most of the clinicians have relied on 
CT scans and real-time reverse-transcriptase polymerase 
chain reaction (rRT-PCR) modalities in this task because 
of their high level of sensitivity among other modalities.20 
Although there are some findings that next generation 
sequencing also has a high sensitivity, but this method 
requires a long processing time and costs are higher than 
the two commonly used types of tests that only require less 
than 7 hours.21,22

Concerning molecular based diagnosis, RT-PCR relies on 
the principle of SARS-CoV2-specific gene amplification 
in COVID-19 patient samples that are usually taken from 
sputum (most accurate sample), nasal swabs, throat swabs 
(still debated) and bronchoalveolar lavage fluid (BALF). 
The primary genes used are those that are highly conserved 
in SARS-CoV2. The RNA-dependent RNA polymerase 
(RDRP), envelope (E) and nucleocapsid (N) genes are the 
primers commonly used in this technique. However, the N 
gene is not recommended because it has poor sensitivity 
that can lead to possible causes for negative results.23

Several published studies have demonstrated that RT-PCR 
has a high sensitivity in the diagnosis of patients with 
COVID-19. Long et al. reported that this method has a 
sensitivity of 83.3%.20 Another study of 84 patients at the 
University of Hong Kong-Shenzhen Hospital described 
that the sensitivity of the technique could reach 94% and 
equal the results of CT scans.24 However, this statement 

was challenged by many other studies’ findings that RT-
PCR gave many false negative results and this led to the 
predominate use of CT scans to diagnose patients. CT 
scans are non-invasive diagnostic methods that involve 
visualization using X-rays to produce cross-sectional 
images of a patient’s abnormal chest condition. This 
method is recommended more than RT-PCR because it 
has a higher sensitivity. A comparative study between the 
two methods found a higher sensitivity of CT-scans than 
RT-PCR with 98% vs. 71% (p < .001).25 A similar result 
was described in other studies conducted by Ai et al. and 
Long et al. that found sensitivity of 97% vs. 75% and 97.2% 
vs. 83.3%, respectively.20,26 These results also underlie 
some programs promoted by health authorities in China 
that temporarily have mostly used CT scans for clinical 
diagnosis of the disease.22

Drug Therapy
There are no randomized clinical trials (RCT) that have 
found an effective drug against pneumonia associated 
COVID-19. However, some preliminary trials using the 
non-specific SARS-CoV2 drug approach by a number of 
hospitals in several countries infected with this outbreak 
have shown good outcomes. Some of them have included 
Interferon-α (IFN-α),27 favipiravir,28 lopinavir / ritonavir,29 
use of corticosteroid drugs,30 convalescent plasma therapy 
from cured COVID-19 patients31 or supportive therapies 
such as high flow nasal canula that are known to have a low 
risk of side effects (Table 3).32,33 The use of aminoquinoline 
groups, namely chloroquine and hydroxychloroquine, also 
received the attention of many clinicians in this COVID-19 
therapy effort because they are considered to have a good 
impact on patients.34,35 Some of these therapies have varying 
degrees of success and a variety of side effects. Some of the 
therapeutic groups are generally given in a combination.35

Convalescent plasma therapy
Convalescent plasma (CP) is an immunotherapy with 
specific antibodies to SARS-CoV2 which are assumed to 
circulate in the plasma of patients who have recovered 

Huang et al.8 Wang et al.9 Richardson et al.18 Xu et al.19

WBCs count, x109 per L 4.5 (3.8-5.7) 4.5 (3.3-6.2) 7.0 (5.2-9.5) 4.7 (3.5-5.8)
Hemoglobin (g/dL) 140(128-152) NA NA 137 (128.8-152.3)
Platelets (x109/L) 172(133.5-226.3) 163 (123-191) NA 176 (135.8-215.5)
aPTT (s) (range) NA 31.4 (29.4-33.5) NA NA
PT (s) (range) 12.8 (12-13.4) 13.0 (12.3-13.7) NA NA
Neutrophils (x109/L) 2.8 (2.1-3.8) 3.0 (2.0-4.9) 5.3 (3.7-7.7) 2.9 (2.0-3.7)
Lymphocytes (x109/L) 1.1 (0.8-1.6) 0.8 (0.6-1.1) 0.88 (0.6-1.2) 1.0 (0.8-1.5)
ALT (U/L) 25.0 (19-35) 24 (16-40) 33 (21-55) 22 (14-34)
AST (U/L) NA 31 (24-51) 46 (31-71) 26 (20-32)
C-reactive protein mg/L NA NA 13.0 (6.4-26.9) NA
Creatine kinase (U/L) NA 92 (56-130) 171 (84-397) 69 (40.5-101)
Lactate dehydrogenase (U/L) 236.5 (175.8-370.3) 261 (182-403) 404 (300-551.5) 205 (184-260.5)
Total bilirubin (mmol/L) 9.9 (7-14) 9.8 (8.4-14.1) NA NA
Creatinine (μmol/L) NA 72 (60-87) NA 72 (61-84)

Table 2. Laboratory finding of COVID-19 patients 

White Blood Cells (WBC); Activated Partial Thromboplastin Time (aPTT); Prothrombin Time (PT); Alanine Transaminase (ALT); Aspartate 
Aminotransferase (AST).
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from the COVID-19 outbreak. This therapy is not new 
in the prevention or treatment of infectious diseases. 
For more than two decades, this method has also been 
used in the treatment of MERS coronavirus epidemic, 
SARS, Ebola, pandemic influenza A, and avian-origin 
influenza A with satisfactory efficacy and safety.31,36 A 
small scale study conducted by Duan et al. in 10 patients 
in three participating hospitals in China proved that this 
therapy could potentially improve the clinical outcomes in 
severe COVID-19 hospitalized patients. The study found 
an increasing of neutralizing antibodies after CP was 
transfused in all patients. Pulmonary image improvement 
was seen in a patient, one day post onset of illness. Other 
apparent outcomes included a decrease in CRP, increasing 
of lymphocyte count, and a drop of aminopherase level 
indicating improvement of immunological and hepatic 
functions. Furthermore, on the 12th day post onset of 
illness, the RT-PCR test confirmed that all patients tested 
negative for SARS-CoV2. Furthermore, the researchers did 
not find any serious adverse reactions during CP therapy.31 
In another case report, a patient who tested positive for 
COVID-19 received CP therapy at Dongguan Ninth 
People’s Hospital, China. The treatment also obtained 
the same results which had previously demonstrated the 
potential to improve the survival rate of SARS-CoV2 
infection. Despite these promising results, this study has 
a limitation which is the small sample size so treatment 
efficacy needs further clinical testing by RCTs.36

Contrary to these findings, an RCT of convalescent plasma 
therapy in China found that addition of convalescent 
plasma therapy in standard therapy did not result in a 
statistically significant improvement in time to clinical 
improvement within 28 days compared to standard 
therapy without convalescent plasma. Although, this study 
was stopped before reaching the planned total number 
of patients, namely 103 of 200, this finding could be one 
of the considerations in the adoption of this therapy for 
handling COVID-19.46

Chloroquine and Hydroxychloroquine
Besides being indicated for the treatment and prevention 
of malaria and chronic inflammation, chloroquine (CQ) 
and hydroxychloroquine (HCQ) are demonstrated to 
have anti-Coronavirus activity. They could block the 
receptor entry of the virus into ACE2. Furthermore, this 
aminoquinoline group can also inhibit viral replication by 
affecting the normal proteolytic processing, endosomal 
acidification, and also by the immunomodulatory effect 
through attenuation of cytokine production and inhibition 
of autophagy and lysosomal activity in host cells.30,35,47 One 
study conducted by Wang et al. demonstrated that the 
combination of chloroquine and remdesivir can inhibit 
the emergence of SARS-CoV2 in vitro suggesting it could 
be used for the treatment of COVID-19.48 In clinical 
evidence, the combination treatment has proven to inhibit 
exacerbating pneumonia with COVID-19, improving lung 
imaging findings and reducing/disappearance of viral 
load.34,40 However, the use of chloroquine as an adjuvant 
therapy for patients hospitalized with COVID-19 should 
be in low doses because of its potential safety hazard.38 
Another evidence of hydroxychloroquine published by 
Gautret et al. revealed that the use of hydroxychloroquine 
in COVID-19 treatment can increase viral clearance 
and even be able to halt viral load in patients when used 
together with azithromycin.35

However, a large retrospective study refuted this evidence 
and revealed doubts on the efficacy of HCQ in COVID-19 
treatment. A systematic review and recent meta-analysis 
found that using HCQ alone was not associated with 
reduced mortality in hospitalized COVID-19 patients.49 
The same result was also found in a study conducted by 
Rosenberg et al.. They evaluated the results of treatments 
of HCQ alone, azithromycin alone, or both compared 
with neither drug with in-hospital mortality among 1438 
patients with COVID-19 in New York. They concluded 
that treatment with hydroxychloroquine, azithromycin, 
or both, compared with neither treatment, was not 
significantly associated with differences in in-hospital 

Drug Drug category Outcome Adverse reaction Ref.
Convalescent plasma Immunotherapy Improvement pulmonary image, immunological 

and hepatic functions, and halting viral load
No adverse reaction 31,36

Favipiravir antiviral Reduce the symptoms of disease and increase 
viral clearance

Mild and manageable 
side effects

28,37

Hydroxychloroquine and 
Chloroquine

Antimalaria and 
antibiotic

Improving lung imaging findings and reducing/
disappearance of viral load

None stated 34,35,38

Lopinavir/Ritonavir Antiviral Lowering the body temperature and restoring 
normal physiological mechanisms and reduced 
viral load from SARS CoV2 in pneumonia 
patients with COVID-19

No evidence of 
significant toxicity 
and side effects

39,40

Antibiotic and corticosteroid Antibiotic and 
anti-inflammatory

Repaired lung lesions and successfully 
discharged from the hospital after 10 days of 
treatment from MERS CoV infection

None stated 41

Tocilizumab A n t i b o d i c 
monoclonal

iImprovement of immunological and clinical 
function, CT finding, and prevent cytokine storm

None stated 42,43

Ramdesivir Antiviral Clinical improvement, None stated 44

Arbidol Antiviral Reduce clinical symptoms and viral load. None stated 45

Table 3. Established coronavirus drug

Computerized Tomography (CT); Middle East Respiratory Syndrome Coronavirus (MERS CoV)
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mortality. Furthermore, the results from a study conducted 
by Magagnoli et al.50 on 368 patients found that the use 
of HCQ alone was associated with an increased number 
of deaths. They found the death rate in the HCQ group 
were higher than negative control with 27.8% vs 11.4% (p 
<0.03), respectively. Meanwhile, there were no significant 
differences in the reduction of need for mechanical 
ventilation after HCQ alone or in a combination treatment 
with azithromycin.

Antiviral drug
Other preliminary data revealed that the COVID-19 
associated pneumonia therapy approach using established 
antiviral agents has given promising results, leading to it 
being often prescribed in therapy related to this disease. 
Lopinavir/ritonavir is the most commonly prescribed 
treatment during this outbreak. This combination of drugs 
acts by inhibiting 3-chymotrypsin like protease, and was 
previously indicated for HIV patients who are adults or 
children aged more than 14 days infected with HIV.27,30 
Several studies of lopinavir/ritonavir for COVID-19 
treatment found that the use of this combination treatment 
can reduce viral load and alleviate clinical symptoms of 
the disease.39,40 Furthermore, no evidence of significant 
toxicity and side effects was found during the use of these 
drugs leading to the increased recommendations for their 
use in the treatment of this disease.39 In another report, 
these drugs are recommended to be combined with arbidol 
for the treatment of patients with COVID-19 because it 
can improve its efficacy in alleviating clinical symptoms 
and accelerating the healing process.51 However, this 
recommendation needs further proof, because another 
study revealed that no benefit was observed from the 
combination.52

Favipiravir is a product of the analogue guanine that 
acts on the RdRp of RNA viruses that leads to viral 
replication. This antivirus treatment has been approved 
as a novel influenza drug.30,53 However, recently, it has 
also been proven to be one of the most interesting drugs 
against SARS-CoV2 both in vitro and clinically.28,39,54 An 
open label study conducted by Cai et al. revealed that its 
combination with aerosol inhalation of Interferon-α can 
relieve clinical symptoms and increase viral clearance and 
the combination is even better than lopinavir/ritonavir.28 
Another research demonstrated that the use of favipiravir 
can relieve the symptoms of the disease with mild and 
manageable side effects.37 
Umifenovir or customarily called as Arbidol is also a drug 
that is often used in COVID-19 therapy. It can interfere with 
the interaction of spike/ACE2 proteins and lead to inhibition 
of envelope viruses and host membrane fusion.30,48 An in 
vitro study demonstrated the drug previously indicated for 
influenza has been effective in preliminary testing against 
Coronavirus suggesting it is a potential agent to combat the 
SARS-CoV2.55,56 A comparative study showed treatment of 
pneumonia-related Coronavirus by arbidol monotherapy 
could reduce clinical symptoms, reduce viral load and 

negate SARS-CoV-2 RNA in the patient’s body in a short 
time even faster than lopinavir/ritonavir.54

The last antiviral, Remdesivir (RDV) that was originally 
developed for the treatment of Ebola and Marburg virus 
diseases has the same mechanism as Favipiravir which 
inhibits enzymes in viral RNA replication.30,52,57 Based on 
several preliminary tests both in vitro and clinical, this drug 
seems to provide promising outcomes in the treatment 
of diseases caused by this novel coronavirus. Gordon 
and colleagues claimed that it was able to directly inhibit 
the RdRp enzyme and halt viral replication suggesting 
expanded clinical use in COVID-19 patients.30 A recent 
open-label clinical study described satisfactory clinical 
improvements of COVID-19 patients after consuming 
RDV. However, this study had several limitations because 
it was done in a small sample population, and was not 
double blinded and not randomized.44 Hence, several 
clinical trials are currently being conducted to assess the 
safety and efficacy of RDV for treatment of the disease.53,58 
A recent RCT was conducted by Wang and colleagues at 
ten hospitals in Wuhan, but it did not meet the rigorous 
expectation for robust results. However, since there were 
some shortcomings in this study, they have suggested 
further studies and stricter settings.
Another study from Beigel et al.59 reported a promising 
result of trial results of this drug to shorten the time to 
recovery in adults hospitalized with COVID-19 and lower 
respiratory tract infection of 1,063 patients who underwent 
randomization. They reported that of the 1,059 patients 
enrolled in the study (538 treated by remdesivir and 521 
by placebo), the remdesivir group had a median recovery 
time of 11 days (95% confidence interval [CI]: 9 to 12), 
compared with the placebo group with 15 days (95% CI: 13 
to 19) and result rate ratio for recovery was 1.32; 95% CI: 
1.12 to 1.55; p<0.001. Furthermore, they also reported 21% 
vs 27% of serious adverse event in both groups of treatment 
remdesivir and placebo, respectively.

Monoclonal antibodies
Currently, the use of monoclonal antibodies in the treatment 
of pneumonia associated with COVID-19 can effectively 
reduce symptoms and boost immunological functions.42 

Of these options, Tocilizumab is one of the monoclonal 
antibodies prescribed for the treatment of patients infected 
with SAR-CoV2. It is an antihuman IL-6 receptor that acts 
to block the binding of IL-6 to its receptor and prevents 
cytokine storms.57 One evidence of the drug’s efficacy is the 
prescription of the drug for patients who are confirmed 
to be positive for the COVID based on RT-PCR testing in 
hospitals in China. Five days after treatment, improvement 
of immunological and clinical functions began to appear 
including renormalized lymphocytes count, significantly 
decreased of CRP and further all patients recovered at an 
average of 15.1 d after treatment.42 In another finding, one 
case reported by Celina et al. revealed an alleviation change 
from CT findings in a COVID-19 pneumonia patient that 
was treated by this drug.43 In accordance with the result, a 
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comprehensive review of Khiali et al.60 also demonstrated 
that tocilizumab was effective to decrease CRP and IL-6 
in serious patients with COVID-19. Accordingly, they 
recommended further studies concerning tocilizumab 
since the findings are very limited in order  to confirm 
its efficacy and safety in patients with COVID-19 who 
developed ARDS.
Siltuximab and sarilumab are another pair of drug 
candidates in the anti IL-6 group which have shown some 
promising clinical results in patients with COVID-19. Some 
preliminary data found that treatment with siltuximab 
resulted in a significantly lower mortality rate after 30 days 
of treatment compared with the matched-control cohort 
patients (HR 0.462, 95% CI: 0.221-0.965); p=0.0399). In 
the study, from 30 patients who received siltuximab, 16 
patients were discharged from the hospital recovered, four 
needed mechanical ventilation and 10 patients died.61 
Similar to these findings, treatment using sarilumab also 
gave the promising endpoint in patients with COVID-19. 
Benucci et al.62 demonstrated that administration of 
standard daily dose to patients with COVID-19 could 
reduce the oxygen need by 30%, and caused improvement 
of oxygenation expressed (increased SpO2/FiO2 ratio 
(Horovitz index)) by 50 or higher compared to nadir SpO2/
FiO2 for at least 48 hours, while causing improvement of 
ultrasound aspects with transition from moderate/severe 
B Wet Lung pattern to modest B Wet Lung pattern at 
96 hours and 7 days on 14 windows (maximum score 42), 
and decreasing of CRP in 24 hours (T0), 96 hours (T1), and 
7 days (T2) after the first infusion. Accordingly, since the 
sample population in the studies were small in both drug 
treatments, further studies are needed with larger samples 
to confirm these findings concerning the efficacy and 
safety of these drugs. 

Developing drugs
Apart from combining several drugs that have been 
established from antiviral and nonviral groups, the 
investigation of drugs for the treatment of SARS-CoV2-
related pneumonia continues to be a major concern 
for researchers (Table 4). Some have yielded promising 
results both in vivo and in vitro with a range of different 
mechanisms. As known, the coronavirus that causes 
COVID pneumonia is a single-stranded RNA-enveloped 
virus that is supplemented by protein entry in the form of a 
spike protein that will bind to the host receptor, ACE2 and 
lead to viral endocytosis in the host cell.
The type II transmembrane serine protease (TMPRSS2) 

is also a host cell protein that plays an important role 
in the entry process where it activates post-attachment 
spike proteins with ACE2 which subsequently leads to 
endocytosis.4 The critical roles of TMPRSS2 and Spike 
protein in the process of infectivity make them targets in 
the development of COVID-19 drugs. The use of spike 
inhibitors to prevent spike-host receptor attachments has 
suggested a new strategy in the treatment of this disease.30,63 
A newly conducted in vivo and in vitro study found EK1C4 
as an agent that is highly effective against membrane fusion 
and infection of other human coronavirus pseudoviruses 
tested, including SARS-CoV and MERS-CoV, as well as 
SARS-CoV, and potentially inhibited the replication of 
live human coronaviruses, including SARS-CoV-2. Used 
not only as an intravenous treatment, aerosol intranasal 
application of the agent could also provide satisfactory 
results in preventing the infection in rats of exposed models.63

In addition, another agent developed for the treatment 
of patients infected during this outbreak is Camostat 
methysilate. This drug gives good results in combating 
coronavirus by targeting this protein. A satisfying result 
from the research of Hoffmann et. al. explained camostats 
can reduce SARS-CoV-2 entry by inhibiting the TMPRSS2 
enzyme,64 which is similar to the previous findings in in 
vitro and in vivo studies.65,66 The novel mechanism and 
promising results suggest it could be used in the treatment 
of pneumonia-related coronavirus patients.
Once inside the cell, this virus will translate its protein 
to produce structural and nonstructural protein. This 
nonstructural protein is divided through cleavage by 
3Clpro and Plpro enzymes into 16 nonstructural proteins 
which will be used for virus replication. For example, RNA-
dependent RNA polymerase acts to synthesize RNA.4 This 
stage suggests it is a potential target for drug development 
by an agent that could interfere with the action of claviger 
enzymes (3Clpro and Plpro) or RdRp inhibitors.30,67 
Chuck and colleagues successfully developed an agent 
that worked effectively against 3CLpro, and could inhibit 
3CLpro from a broad range of coronaviruses.67 Another 
research was conducted by Cho et al. that developed a 
papain-like protease (PLpro) inhibitor from the fruits of 
Paulownia tomentosa and Park et al. found several active 
compounds that showed marked inhibitory activities 
against the 3CLpro and PLpro that were isolated from 
Salvia miltiorrhiza.68,69 These findings can certainly be a 
consideration for the development of new therapies in the 
absence of appropriate drugs in the face of this outbreak.
The last drug of this section is Ivermectin, an anti-malaria 

Drug Mechanism of action Studies Ref.
EK1C4 Inhibiting viral envelope and host cell membrane fusion  In vitro and in vivo 63

Camostat mesylate Inhibiting the action of the TMPRSS2 enzyme In vitro and in vivo 64-66

Derivate of tanshinones and  Geranylated 
flavonoids

Inhibitor 3CLpro and Plpro enzyme In vitro 68,69

EK1C4 Inhibiting viral envelope and host cell membrane fusion  In vitro and in vivo 63

Ivermectin Inhibition of IMPα/β1 destabilization In vitro 70,71

Table 4. Investigational drug of coronavirus

3C-like protease (3Clpro); Importin α/β1 (IMPα/β1); Papain-like protease (Plpro) Transmembrane serine protease 2 (TMPRSS2)
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approved drug that is classically prescribed as the first 
line treatment for cutaneous migratory larvae. Some in 
vitro studies found that this drug is effective against some 
single strand RNA viruses such as dengue virus (DNV), 
Zika virus, and yellow fever virus.70 Recently, in an in vitro 
study, Caly and colleagues found that a single dose of the 
drug could reduce SARS-CoV2 RNA levels for 24-48 hr. 
incubation periods.71 

Mitigation of Spreading
Since it was first identified in China, COVID-19 has 
quickly spread throughout the world. In the initial stages, 
the number of new case findings has been generally 
comparable to infected individuals as a result of the absence 
of appropriate interventions and changes in the behavior 
of individuals in the general population.72 Hence, the 
application of personal protective strategies to mitigate the 
outbreak spreading are suitable measures. In this regard, 
the WHO made seven main recommendations for the 
public to prevent the spread of COVID-19 including: wash 
hands regularly or keeping hand hygiene, maintaining at 
least 1 meter distance with others and avoiding crowded 
areas (social distancing), avoid touching the eyes, nose 
and mouth, practice breathing hygiene, and stay at home 
if you have any symptoms (cough, headache, or mild 
fever) or engage in self-isolation, as well as report health 
conditions to a qualified healthcare provider or local public 
health authority, and get the newest information about 
COVID-19 from reliable sources.

Social distancing and contact Tracking
The COVID-19 pandemic has changed the focus of public 
health officials throughout the world. The disease caused 
by Severe Acute Respiratory Syndrome Corona Virus 2 
originated in early December 2019 in China and rapidly 
spread to more than 100 countries in the first 2 months. In 
response to this global emergency, several steps have been 
taken by both the WHO and the authorities of vulnerable 
countries in developing and evaluating effective control 
policies to suppress the dynamic transmission.73

Prohibiting individuals from entering or leaving an area 
(lockdown) and several social distancing measures such as 
shutting down entire cities or communities, international 
banning or limiting domestic travel, conducting border 
control with symptom screening, and implementing 
isolation and quarantine are some of the policies adopted 
by the Chinese government and some countries that are 
susceptible to this virus.73 This policy is considered effective 
in reducing the virus transmissibility.
In one study conducted by Pan et al., a particular Rt was 
determined to see the speed of the spread of SARS-CoV2 
at the community level against the implementation of 
intervention timetable in the form of social interaction 
minimalization and face masking. The result was that 
immediately implementing these interventions could 
reduce the level of virus transmission and change the Rt rate 
from 3 to below 0.3 in the period of January 26 to March 1.74,75

In implementing this policy, the contact tracking and initial 
testing of COVID-19 were appropriate supporting steps. 
This approach is based on the findings of studies in Taiwan 
that showed people who have infections have the highest 
transmission power since being infected for up to 5 days 
after the onset of symptoms followed by presymptomatic 
patients and their infectivity decreases when patients suffer 
symptoms beyond 6 days.73,76

Face masking
Some recent studies found that the COVID-19 outbreak 
can be transmitted through direct contact and respiratory 
droplets. Droplets can be generated when an infected 
person is coughing or sneezing and anyone who is near 
that person will have a high risk of exposure. Mitigation 
measures through social distancing appear to be effective 
for people who have symptoms, but not for those who 
are asymptomatic or presymptomatic patients and who 
do not know that they are positive for COVID-19.76 
Asymptomatic prevalence of patients varies greatly in 
different regions. In Japan, Nishimura et al. evaluated 
565 patients and found 41.6% (5 of every 12 confirmed 
cases) had no COVID-19 symptoms.77 Meanwhile, Mao 
et al. reported only 2 of 78 patients were asymptomatic.78 
Recent studies found evidence that higher viral loads were 
detected in the nose and throat indicating that replication 
had started in the upper respiratory tract. This pattern 
of infection is certainly slightly different from previous 
coronaviruses.79,80 The finding was also corroborated by the 
finding of high viral titration in the saliva of asymptomatic 
and presymptomatic people.81

These asymptomatic patients carry a very high risk for the 
spread of the virus because they will still be well received 
in public interactions as healthy individuals. Hence, the 
use of face masks in public areas is considered the solution 
for this dilemma, and is seen as a show of support for the 
seven measures recommended by WHO in suppressing 
the spread of this pandemic outbreak.81 Responding to 
this positive aspect, a number of governments in several 
countries around the world released a recommendation to 
always use a mask in public areas. Mitigation by face mask 
wearing appears to be able to reduce the transmissibility of 
the spread and death rate due to this virus.
A previously RCT conducted by Suess et al. demonstrated 
that disciplinary face mask wearing and implementation 
of hand hygiene could reduce transmission of influenza 
viruses.82 Furthermore, other similar evidence was 
presented by HKBU COVID-19 Modeling Group. They 
developed a transmission model to see the effect of 
wearing masks on reducing SARS-CoV2 transmission 
with the basic reproduction number (R0) parameter. In 
the results, they found that this intervention was able to 
reduce R0.

81 The result is similar with a conservative study 
that was conducted by Ferguson et al. The implementation 
of face masking in the general population could halt virus 
growth entirely and change R0 2.4 to R0 <1. Even if this 
intervention was only applied by 50% of the population, 
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it could decrease R0 from 2.4 to 1.35. If described in a 
population of 100 infected people in a population, the 
spread rate that is expected to 31,280 (R0 = 2.4) cases can be 
reduced to only 584 cases (R0 = 1.35) in a month through 
this intervention.83

Internet-based health services: telemedicine
High infectivity of SARS-CoV2 has led to an increase in 
hospitalized COVID-19 pneumonia cases and deaths in 
various countries of the world. Additionally, some studies 
describe that there are very negative co-morbidities 
correlated with poor prognosis and high mortality in the 
disease.84 This pattern is certainly worrisome for those who 
must routinely check their health with follow-ups to the 
hospital. Several other concerns are also felt by health care 
providers when they have to provide services directly to 
patients. The main concern of health care providers refers 
to asymptomatic patients who come to consult for health 
services.78

In response to this dilemma, many health authorities in 
vulnerable regions have made or adopted various strategies 
to mitigate the disease that have been declared essential to 
combat the characteristics of this pandemic. Telehealth 
and telemedicine platforms are among those strategies 
adopted by several countries that are vulnerable to this 
virus. This use of technology is an ideal form of healthcare 
management in the midst of this pandemic especially for 
more remote or isolated/lock-downed areas that may be 
quarantined.85

For example, in South Korea, telemedicine has been 
applied to provide health care for patients in areas that are 
difficult to reach by virtual visits by doctors and nurses. The 
Korea Herald reported that the southeastern city of Daegu 
and surrounding North Gyeongsang Province health 
authorities opened 16 community centers that can admit 
up to 3,800 patients in the areas.86 Besides South Korea, 
there are a number of other countries that have adopted 
this strategy to reduce the spread of the virus including 
Taiwan, US, Vietnam, Singapore, India, United Kingdom, 
Italy and China.87 Telemedicine can be very helpful in 
reducing risks to both health care providers and patients 
because of fewer contacts with patients88 and patients 
can still access routine health services without the risk of 
exposure to viruses when crammed together in the waiting 
room in hospitals or other health care units.89

However, to encourage the adoption of the telemedicine 
approach in a region or country, large support from the 
government is needed especially for the provision of 
platforms, supporting facilities and financing. In response 
to this need for support, in several countries such as the US, 
federal and state authorities have renewed their mitigation 
efforts by including the expansion of telemedicine services 
reimbursement, relaxation of technology requirements, 
implementation of novel approaches to licensing and 
credentialing, and relaxation of supervision laws related 
to nonphysician providers.85 In addition, reforms related 
to regulations, and forms of support for telemedicine 

were also demonstrated through the development of 
several online resources, including education about the 
importance and how to use telemedicine, reimbursement 
for physicians that visit patients by telemedicine methods, 
and minimization of cost to access telemedicine.89

In its application in the US and UK, telemedicine has been 
proven effective in reducing the risk of transmissibility of 
the virus that causes pneumonia. This is not a coincidental 
result, since previously this strategy has also succeeded 
in provided satisfactory results when applied to other 
outbreak epidemics including SARS-CoV, MERS-CoV, or 
PHEICs related to Ebola and Zika viruses. A systematic 
review and meta-analysis by Larson and colleagues found 
that telemedicine intervention is effective in improving the 
quality of life of patients in a way that is comparable with 
direct healthcare.90 Several other studies have also found 
that implementing telemedicine in healthcare systems can 
reduce ambulance transports, increase Emergency Medical 
Services unit productivity, and lower the frequency of non-
essential air medical transports that can subsequently lead 
to reduced costs of healthcare services.91

Conclusion
In conclusion, we underline a number of aspects related 
to the findings in our review. Clinical features are a 
consideration for diagnosis of pneumonia related to SARS-
CoV2. The most common clinical features that appear in 
people with these diseases include: fever, cough and myalgia 
with fatigue or a combination of features, which are usually 
accompanied by diarrhea. This is because the receptors of 
this virus are also localized in the digestive track. However, 
often these signs do not appear, and while some patients 
are asymptomatic, they become the people with high 
potential to spread the virus. Hence, contact tracking and 
early diagnosis using tools with high sensitivity are direly 
needed to reduce mortality and prevent the spread of this 
disease. Although there is no specific drug or COVID-19 
vaccine established, therapeutic approaches use existing 
drugs, e.g. antivirals which are able to provide some 
solutions to these challenging problems and reduce the 
risk of mortality. These preventive steps also continue to 
be supported by the presence of several global appeals 
and recommendations from regional health authorities in 
the form of reducing social contact and wearing masks to 
break the chain of transmission of the virus.

Acknowledgments
The authors gratefully thank the staff of Klinik Bahasa 
Faculty of Medicine, Public Health and Nursing, Universitas 
Gadjah Mada for grammar editing of this manuscript.

Conflict of Interest
The authors declare they have no conflict of interest.

References
1.	 Coronavirus. WHO. 2020. https://who.sprinklr.com/, 

Accessed on 2 May 2020.

https://who.sprinklr.com/


A Summary of Coronavirus Disease 2019

  Pharmaceutical Sciences, 2020, 26(Suppl 1), S24-S35  | S32

2.	 Burki TK. Coronavirus in China. Lancet Respir Med 
2020;8(3):238. doi:10.1016/s2213-2600(20)30056-4

3.	 Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. 
Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) and corona virus disease-2019 
(COVID-19): The epidemic and the challenges. Int J 
Antimicrob Agents. 2020;55(3):105924. doi:10.1016/j.
ijantimicag.2020.105924

4.	 Astuti I, Ysrafil Y. Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2): An overview of viral 
structure and host response. Diabetes Metab Syndr. 
2020;14(4):407-12. doi:10.1016/j.dsx.2020.04.020

5.	 Coronavirus (COVID-19). WHO. 2020. https://who.
sprinklr.com/, Accessed on 7 Sep 2020.

6.	 Khan S, Siddique R, Shereen MA, Ali A, Liu J, 
Bai Q, et al. Emergence of a novel coronavirus, 
severe acute respiratory syndrome coronavirus 2: 
Biology and therapeutic options. J Clin Microbiol. 
2020;58(5):e00187-20. doi:10.1128/JCM.00187-20

7.	 Channappanavar R, Fett C, Mack M, Ten Eyck PP, 
Meyerholz DK, Perlman S. Sex-based differences in 
susceptibility to severe acute respiratory syndrome 
coronavirus infection. J Immunol. 2017;198(10):4046-
53. doi:10.4049/jimmunol.1601896

8.	 Meng Y, Wu P, Lu W, Liu K, Ma K, Huang L, et al. 
Sex-specific clinical characteristics and prognosis of 
coronavirus disease-19 infection in wuhan, china: A 
retrospective study of 168 severe patients. PLoS Pathog. 
2020;16(4):e1008520. doi:10.1371/journal.ppat.10085 
20

9.	 Verity R, Okell LC, Dorigatti I, Winskill P, Whittaker 
C, Imai N, et al. Estimates of the severity of 
coronavirus disease 2019: A model-based analysis. 
Lancet Infect Dis. 2020;20(6):669-77. doi:10.1016/
S1473-3099(20)30243-7

10.	 Bao C, Liu X, Zhang H, Li Y, Liu J. Coronavirus disease 
2019 (COVID-19) ct findings: A systematic review 
and meta-analysis. J Am Coll Radiol. 2020;17(6):701-
9. doi:10.1016/j.jacr.2020.03.006

11.	 Salehi S, Abedi A, Balakrishnan S, Gholamrezanezhad 
A. Coronavirus disease 2019 (COVID-19): A 
systematic review of imaging findings in 919 patients. 
AJR Am J Roentgenol. 2020;215(1):87-93. doi:10.2214/
AJR.20.23034

12.	 Pan F, Ye T, Sun P, Gui S, Liang B, Li L, et al. Time course 
of lung changes on chest ct during recovery from 
2019 novel coronavirus (COVID-19) pneumonia. 
Radiology. 2020;295(3):715-21. doi:10.1148/
radiol.2020200370

13.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, 
et al. Clinical features of patients infected with 
2019 novel coronavirus in wuhan, china. Lancet. 
2020;395(10223):497-506. doi:10.1016/S0140-
6736(20)30183-5

14.	 Huang R, Zhu L, Xue L, Liu L, Yan X, Wang J, et al. 
Clinical findings of patients with coronavirus disease 
2019 in jiangsu province, china: A retrospective, multi-

center study. PLoS Negl Trop Dis. 2020;14(5):e0008280. 
doi:10.1371/journal.pntd.0008280

15.	 Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. 
Clinical characteristics of 138 hospitalized patients 
with 2019 novel coronavirus–infected pneumonia 
in Wuhan, China. JAMA. 2020;323(11):1061-9. 
doi:10.1001/jama.2020.1585

16.	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, 
et al. Clinical characteristics of coronavirus disease 
2019 in China. N Engl J Med. 2020;382(18):1708-20. 
doi:10.1056/NEJMoa2002032

17.	 Goyal P, Choi JJ, Pinheiro LC, Schenck EJ, Chen R, 
Jabri A, et al. Clinical characteristics of COVID-19 
in New York city. N Engl J Med. 2020;382:2372-4 
doi:10.1056/NEJMc2010419

18.	 Richardson S, Hirsch JS, Narasimhan M, Crawford 
JM, McGinn T, Davidson KW, et al. Presenting 
characteristics, comorbidities, and outcomes among 
5700 patients hospitalized with COVID-19 in the 
New York city area. JAMA. 2020;323(20):2052-9 
doi:10.1001/jama.2020.6775

19.	 Xu X-W, Wu X-X, Jiang X-G, Xu K-J, Ying L-J, Ma 
C-L, et al. Clinical findings in a group of patients 
infected with the 2019 novel coronavirus (SARS-
Cov-2) outside of Wuhan, China: retrospective case 
series. BMJ. 2020;368:m606. doi:10.1136/bmj.m606

20.	 Long C, Xu H, Shen Q, Zhang X, Fan B, Wang C, et 
al. Diagnosis of the Coronavirus disease (COVID-19): 
rRT-PCR or CT?? Eur J Radiol. 2020;126:108961. 
doi:10.1016/j.ejrad.2020.108961

21.	 Lefterova MI, Suarez CJ, Banaei N, Pinsky BA. Next-
generation sequencing for infectious disease diagnosis 
and management: A report of the association for 
molecular pathology. J Mol Diagn. 2015;17(6):623-34. 
doi:10.1016/j.jmoldx.2015.07.004

22.	 Udugama B, Kadhiresan P, Kozlowski HN, Malekjahani 
A, Osborne M, Li VY, et al. Diagnosing COVID-19: 
The disease and tools for detection. ACS Nano. 
2020;14(4):3822-35. doi:10.1021/acsnano.0c02624

23.	 Tahamtan A, Ardebili A. Real-time RT-PCR in 
COVID-19 detection: issues affecting the results. 
Expert Rev Mol Diagn. 2020;20(5):453-4. doi:10.108
0/14737159.2020.1757437

24.	 He JL, Luo L, Luo ZD, Lyu JX, Ng MY, Shen XP, et al. 
Diagnostic performance between CT and initial real-
time RT-PCR for clinically suspected 2019 coronavirus 
disease (COVID-19) patients outside Wuhan, 
China. Respir Med. 2020;168:105980. doi:10.1016/j.
rmed.2020.105980

25.	 Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, et al. 
Sensitivity of chest ct for COVID-19: Comparison to 
RT-PCR. Radiology. 2020;296(2):E115-7. doi:10.1148/
radiol.2020200432

26.	 Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al. 
Correlation of chest CT and RT-PCR testing in 
coronavirus disease 2019 (COVID-19) in China: A 
report of 1014 cases. Radiology. 2020;296(2):E32-40. 

https://doi.org/10.1016/s2213-2600(20)30056-4
https://doi.org/10.1016/j.ijantimicag.2020.105924
https://doi.org/10.1016/j.ijantimicag.2020.105924
https://doi.org/10.1016/j.dsx.2020.04.020
https://who.sprinklr.com/
https://who.sprinklr.com/
https://doi.org/10.1128/JCM.00187-20 
https://doi.org/10.4049/jimmunol.1601896
https://doi.org/10.1371/journal.ppat.10085 20 
https://doi.org/10.1371/journal.ppat.10085 20 
https://doi.org/10.1016/S1473-3099(20)30243-7
https://doi.org/10.1016/S1473-3099(20)30243-7
https://doi.org/10.1016/j.jacr.2020.03.006
https://doi.org/10.2214/AJR.20.23034
https://doi.org/10.2214/AJR.20.23034
https://doi.org/10.1148/radiol.2020200370
https://doi.org/10.1148/radiol.2020200370
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1371/journal.pntd.0008280
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1136/bmj.m606
https://doi.org/10.1016/j.ejrad.2020.108961
https://doi.org/10.1021/acsnano.0c02624
https://doi.org/10.1080/14737159.2020.1757437
https://doi.org/10.1080/14737159.2020.1757437
https://doi.org/10.1016/j.rmed.2020.105980 
https://doi.org/10.1016/j.rmed.2020.105980 
https://doi.org/10.1148/radiol.2020200432 
https://doi.org/10.1148/radiol.2020200432 


Ysrafil, et al.

S33   | Pharmaceutical Sciences, 2020, 26(Suppl 1), S24-S35

doi:10.1148/radiol.2020200642
27.	 Dong L, Hu S, Gao J. Discovering drugs to treat 

coronavirus disease 2019 (COVID-19). Drug Discov 
Ther. 2020;14(1):58-60. doi:10.5582/ddt.2020.01012

28.	 Cai Q, Yang M, Liu D, Chen J, Shu D, Xia J, et 
al. Experimental treatment with favipiravir for 
COVID-19: An open-label control study. Engineering. 
2020. doi:10.1016/j.eng.2020.03.007

29.	 Dorward J, Gbinigie K. Lopinavir/ritonavir: 
A rapid review of effectiveness in COVID-19. 
2020; https://covid19-evidence.paho.org/
handle/20.500.12663/1087

30.	 Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. 
Pharmacologic treatments for coronavirus disease 2019 
(COVID-19): A review. JAMA. 2020;323(18):1824-36. 
doi:10.1001/jama.2020.6019

31.	 Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. 
Effectiveness of convalescent plasma therapy in severe 
COVID-19 patients. PNAS 2020;117(17):9490-6. 
doi:10.1073/pnas.2004168117

32.	 Li J, Fink JB, Ehrmann S. High-flow nasal cannula 
for COVID-19 patients: Low risk of bio-aerosol 
dispersion. Eur Respir J. 2020;55(5):2000892 
.doi:10.1183/13993003.00892-2020

33.	 Geng S, Mei Q, Zhu C, Yang T, Yang Y, Fang X, et al. 
High flow nasal cannula is a good treatment option 
for COVID-19. Heart Lung. 2020;49(5):444-5. 
doi:10.1016/j.hrtlng.2020.03.018

34.	 Gao J, Tian Z, Yang X. Breakthrough: Chloroquine 
phosphate has shown apparent efficacy in treatment 
of COVID-19 associated pneumonia in clinical 
studies. Biosci Trends. 2020;14(1):72-3 doi:10.5582/
bst.2020.01047

35.	 Gautret P, Lagier JC, Parola P, Meddeb L, Mailhe 
M, Doudier B, et al. Hydroxychloroquine and 
azithromycin as a treatment of COVID-19: Results 
of an open-label non-randomized clinical trial. Int J 
Antimicrob Agents. 2020;56(1):105949. doi:10.1016/j.
ijantimicag.2020.105949

36.	 Zhang B, Liu S, Tan T, Huang W, Dong Y, Chen L, et 
al. Treatment with convalescent plasma for critically 
ill patients with severe acute respiratory syndrome 
coronavirus 2 infection. Chest. 2020;158(1):e9-13. 
doi:10.1016/j.chest.2020.03.039

37.	 Chen C, Huang J, Cheng Z, Wu J, Chen S, Zhang 
Y, et al. Favipiravir versus arbidol for COVID-19: 
A randomized clinical trial. MedRxiv. 2020. 
doi:10.1101/2020.03.17.20037432

38.	 Borba MGS, Val FFA, Sampaio VS, Alexandre 
MAA, Melo GC, Brito M, et al. Effect of high vs 
low doses of chloroquine diphosphate as adjunctive 
therapy for patients hospitalized with severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection: A randomized clinical trial. 
JAMA Netw Open. 2020;3(4):e208857. doi:10.1001/
jamanetworkopen.2020.8857

39.	 Ye X, Luo Y, Xia S, Sun Q, Ding J, Zhou Y, et 

al. Clinical efficacy of lopinavir/ritonavir in the 
treatment of Coronavirus disease 2019. Eur Rev Med 
Pharmacol Sci. 2020;24(6):3390-6. doi:10.26355/
eurrev_202003_20706

40.	 Lim J, Jeon S, Shin H-Y, Kim MJ, Seong YM, Lee WJ, 
et al. Case of the index patient who caused tertiary 
transmission of coronavirus disease 2019 in korea: The 
application of lopinavir/ritonavir for the treatment of 
COVID-19 pneumonia monitored by quantitative RT-
PCR. J Korean Med Sci. 2020;35(6):e79. doi:10.3346/
jkms.2020.35.e79

41.	 Kim I, Lee JE, Kim K-H, Lee S, Lee K, Mok JH. 
Successful treatment of suspected organizing 
pneumonia in a patient with middle east respiratory 
syndrome coronavirus infection: A case report. 
J Thorac Dis. 2016;8(10):E1190-4. doi:10.21037/
jtd.2016.09.26

42.	 Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al. 
Effective treatment of severe COVID-19 patients 
with tocilizumab. Proc Natl Acad Sci U S A. 
2020;117(20):10970-5. doi:10.1073/pnas.2005615117

43.	 Cellina M, Orsi M, Bombaci F, Sala M, Marino P, 
Oliva G. Favorable changes of ct findings in a patient 
with COVID-19 pneumonia after treatment with 
tocilizumab. Diagn Interv Imaging. 2020;101(5):323-
4. doi:10.1016/j.diii.2020.03.010

44.	 Grein J, Ohmagari N, Shin D, Diaz G, Asperges E, 
Castagna A, et al. Compassionate use of remdesivir 
for patients with severe COVID-19. N Engl J Med. 
2020;382(24):2327-36 doi:10.1056/NEJMoa2007016

45.	 Zhu Z, Lu Z, Xu T, Chen C, Yang G, Zha T, et al. 
Arbidol monotherapy is superior to lopinavir/ritonavir 
in treating COVID-19. J Infect. 2020;81(1):e21-3 
doi:10.1016/j.jinf.2020.03.060

46.	 Li L, Zhang W, Hu Y, Tong X, Zheng S, Yang J, et 
al. Effect of convalescent plasma therapy on time to 
clinical improvement in patients with severe and 
life-threatening COVID-19: A randomized clinical 
trial. JAMA. 2020;324(5);324(5):460-70. doi:10.1001/
jama.2020.10044

47.	 Devaux CA, Rolain JM, Colson P, Raoult D. New 
insights on the antiviral effects of chloroquine against 
coronavirus: What to expect for COVID-19? Int J 
Antimicrob Agents. 2020;55(5):105938. doi:10.1016/j.
ijantimicag.2020.105938

48.	 Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et 
al. Remdesivir and chloroquine effectively inhibit 
the recently emerged novel coronavirus (2019-ncov) 
in vitro. Cell Res. 2020;30(3):269-71. doi:10.1038/
s41422-020-0282-0

49.	 Fiolet T, Guihur A, Rebeaud M, Mulot M, 
Peiffer-Smadja N, Mahamat-Saleh Y. Effect of 
hydroxychloroquine with or without azithromycin 
on the mortality of COVID-19 patients: A systematic 
review and meta-analysis. Clin Microbiol Infect. 2020. 
doi:10.1016/j.cmi.2020.08.022

50.	 Magagnoli J, Narendran S, Pereira F, Cummings 

https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.5582/ddt.2020.01012
https://doi.org/10.1016/j.eng.2020.03.007
https://doi.org/10.1001/jama.2020.6019
https://doi.org/10.1073/pnas.2004168117
https://doi.org/10.1183/13993003.00892-2020
https://doi.org/10.1016/j.hrtlng.2020.03.018 
https://doi.org/10.5582/bst.2020.01047 
https://doi.org/10.5582/bst.2020.01047 
https://doi.org/10.1016/j.ijantimicag.2020.105949 
https://doi.org/10.1016/j.ijantimicag.2020.105949 
https://doi.org/10.1016/j.chest.2020.03.039
https://doi.org/10.1101/2020.03.17.20037432
https://doi.org/10.1001/jamanetworkopen.2020.8857 
https://doi.org/10.1001/jamanetworkopen.2020.8857 
https://doi.org/10.26355/eurrev_202003_20706 
https://doi.org/10.26355/eurrev_202003_20706 
https://doi.org/10.3346/jkms.2020.35.e79
https://doi.org/10.3346/jkms.2020.35.e79
https://doi.org/10.21037/jtd.2016.09.26 
https://doi.org/10.21037/jtd.2016.09.26 
https://doi.org/10.1073/pnas.2005615117
https://doi.org/10.1016/j.diii.2020.03.010
https://doi.org/10.1056/NEJMoa2007016
https://doi.org/10.1016/j.jinf.2020.03.060
https://doi.org/10.1001/jama.2020.10044 
https://doi.org/10.1001/jama.2020.10044 
https://doi.org/10.1016/j.ijantimicag.2020.105938 
https://doi.org/10.1016/j.ijantimicag.2020.105938 
https://doi.org/10.1038/s41422-020-0282-0 
https://doi.org/10.1038/s41422-020-0282-0 
https://doi.org/10.1016/j.cmi.2020.08.022


A Summary of Coronavirus Disease 2019

  Pharmaceutical Sciences, 2020, 26(Suppl 1), S24-S35  | S34

TH, Hardin JW, Sutton SS, et al. Outcomes of 
hydroxychloroquine usage in united states veterans 
hospitalized with COVID-19. Med (N Y). 2020. 
doi:10.1016/j.medj.2020.06.001

51.	 Deng L, Li C, Zeng Q, Liu X, Li X, Zhang H, et al. 
Arbidol combined with lpv/r versus lpv/r alone 
against corona virus disease 2019: A retrospective 
cohort study. J Infect. 2020;81(1):e1-5. doi:10.1016/j.
jinf.2020.03.002

52.	 Lan X, Shao C, Zeng X, Wu Z, Xu Y. Lopinavir-
ritonavir alone or combined with arbidol in the 
treatment of 73 hospitalized patients with COVID-19: 
A pilot retrospective study. medRxiv. 2020. 
doi:10.1101/2020.04.25.20079079

53.	 Lu C-C, Chen M-Y, Chang Y-L. Potential therapeutic 
agents against COVID-19: What we know so far. 
J Chin Med Assoc. 2020;83(6):534-6. doi:10.1097/
JCMA.0000000000000318

54.	 Costanzo M, De Giglio M, Roviello G. SARS-
CoV-2: Recent reports on antiviral therapies based 
on lopinavir/ritonavir, darunavir/umifenovir, 
hydroxychloroquine, remdesivir, favipiravir and other 
drugs for the treatment of the new coronavirus. Curr 
Med Chem. 2020;27(27):4536-41. doi:10.2174/092986
7327666200416131117

55.	 Khamitov R, Loginova S, Shchukina V, Borisevich S, 
Maksimov V, Shuster A. [Antiviral activity of arbidol 
and its derivatives against the pathogen of severe 
acute respiratory syndrome in the cell cultures]. Vopr 
Virusol. 2008;53(4):9-13. Russian

56.	 Kadam RU, Wilson IA. Structural basis of influenza 
virus fusion inhibition by the antiviral drug arbidol. 
Proc Natl Acad Sci U S A. 2017;114(2):206-14. 
doi:10.1073/pnas.1617020114

57.	 Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab 
treatment in COVID‐19: A single center experience. 
J Med Virol. 2020;92(7):814-8. doi:10.1002/jmv.25801

58.	 Norrie JD. Remdesivir for COVID-19: Challenges of 
underpowered studies. Lancet. 2020;395(10236):1525-
7. doi:10.1016/S0140-6736(20)31023-0

59.	 Beigel JH, Tomashek KM, Dodd LE, Mehta AK, 
Zingman BS, Kalil AC, et al. Remdesivir for the 
treatment of COVID-19 - preliminary report. N Engl J 
Med. 2020;383:1813-23. doi:10.1056/NEJMoa2007764

60.	 Khiali S, Khani E, Entezari-Maleki T. A comprehensive 
review on tocilizumab in COVID-19 acute respiratory 
distress syndrome. J Clin Pharmacol. 2020. 
doi:10.1002/jcph.1693

61.	 Gritti G, Raimondi F, Ripamonti D, Riva I, Landi F, 
Alborghetti L, et al. Il-6 signalling pathway inactivation 
with siltuximab in patients with COVID-19 respiratory 
failure: An observational cohort study. medRxiv. 2020. 
doi:10.1101/2020.04.01.20048561 

62.	 Benucci M, Giannasi G, Cecchini P, Gobbi FL, Damiani 
A, Grossi V, et al. Covid-19 pneumonia treated with 
sarilumab: A clinical series of eight patients. J Med 
Virol. 2020;92(11):2368-70 doi:10.1002/jmv.26062

63.	 Xia S, Liu M, Wang C, Xu W, Lan Q, Feng S, et al. 
Inhibition of SARS-CoV-2 (previously 2019-nCoV) 
infection by a highly potent pan-coronavirus fusion 
inhibitor targeting its spike protein that harbors a 
high capacity to mediate membrane fusion. Cell Res. 
2020;30(4):343-55. doi:10.1038/s41422-020-0305-x

64.	 Hoffmann M, Kleine-Weber H, Schroeder S, Krüger 
N, Herrler T, Erichsen S, et al. SARS-CoV-2 cell 
entry depends on ACE2 and TMPRSS2 and is 
blocked by a clinically proven protease inhibitor. Cell. 
2020;181(2):271-80. doi:10.1016/j.cell.2020.02.052

65.	 Kawase M, Shirato K, van der Hoek L, Taguchi F, 
Matsuyama S. Simultaneous treatment of human 
bronchial epithelial cells with serine and cysteine 
protease inhibitors prevents severe acute respiratory 
syndrome coronavirus entry. J Virol. 2012;86(12):6537-
45. doi:10.1128/JVI.00094-12

66.	 Zhou Y, Vedantham P, Lu K, Agudelo J, Carrion Jr 
R, Nunneley JW, et al. Protease inhibitors targeting 
coronavirus and filovirus entry. Antivir Res. 
2015;116:76-84. doi:10.1016/j.antiviral.2015.01.011

67.	 Chuck C-P, Chen C, Ke Z, Wan DC-C, Chow H-F, Wong 
K-B. Design, synthesis and crystallographic analysis 
of nitrile-based broad-spectrum peptidomimetic 
inhibitors for coronavirus 3C-like proteases. Eur J Med 
Chem. 2013;59:1-6. doi:10.1016/j.ejmech.2012.10.053

68.	 Park JY, Kim JH, Kim YM, Jeong HJ, Kim DW, Park 
KH, et al. Tanshinones as selective and slow-binding 
inhibitors for SARS-CoV cysteine proteases. Bioorg 
Med Chem. 2012;20(19):5928-35. doi:10.1016/j.
bmc.2012.07.038

69.	 Cho JK, Curtis-Long MJ, Lee KH, Kim DW, Ryu 
HW, Yuk HJ, et al. Geranylated flavonoids displaying 
SARS-CoV papain-like protease inhibition from the 
fruits of Paulownia tomentosa. Bioorg Med Chem. 
2013;21(11):3051-7. doi:10.1016/j.bmc.2013.03.027

70.	 Chaccour C, Hammann F, Ramón-García S, 
Rabinovich NR. Ivermectin and COVID-19: Keeping 
rigor in times of urgency. Am J Trop Med Hyg. 
2020;102(6):1156-7. doi:10.4269/ajtmh.20-0271

71.	 Caly L, Druce JD, Catton MG, Jans DA, Wagstaff 
KM. The FDA-approved drug ivermectin inhibits 
the replication of SARS-CoV-2 in vitro. Antivir Res. 
2020;178:104787. doi:10.1016/j.antiviral.2020.104787

72.	 Omori R, Mizumoto K, Chowell G. Changes in 
testing rates could mask the novel coronavirus disease 
(COVID-19) growth rate. Int J Infect Dis. 2020;94:116-
8. doi:10.1016/j.ijid.2020.04.021

73.	 Cheng HY, Jian SW, Liu DP, Ng TC, Huang WT, 
Lin HH. Contact tracing assessment of COVID-19 
transmission dynamics in taiwan and risk at different 
exposure periods before and after symptom onset. 
JAMA Intern Med. 2020; 180(9): 1156-63. doi:10.1001/
jamainternmed.2020.2020

74.	 Inglesby TV. Public health measures and the 
reproduction number of sars-cov-2. JAMA. 
2020;323(21):2186-7 doi:10.1001/jama.2020.7878

https://doi.org/10.1016/j.medj.2020.06.001
https://doi.org/10.1016/j.jinf.2020.03.002
https://doi.org/10.1016/j.jinf.2020.03.002
https://doi.org/10.1101/2020.04.25.20079079
https://doi.org/10.1097/JCMA.0000000000000318 
https://doi.org/10.1097/JCMA.0000000000000318 
https://doi.org/10.2174/0929867327666200416131117 
https://doi.org/10.2174/0929867327666200416131117 
https://doi.org/10.1073/pnas.1617020114 
https://doi.org/10.1002/jmv.25801
https://doi.org/10.1016/S0140-6736(20)31023-0
https://doi.org/10.1056/NEJMoa2007764 
https://doi.org/10.1002/jcph.1693
https://doi.org/10.1101/2020.04.01.20048561 
https://doi.org/10.1002/jmv.26062
https://doi.org/10.1038/s41422-020-0305-x
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1128/JVI.00094-12
https://doi.org/10.1016/j.antiviral.2015.01.011 
https://doi.org/10.1016/j.ejmech.2012.10.053 
https://doi.org/10.1016/j.bmc.2012.07.038 
https://doi.org/10.1016/j.bmc.2012.07.038 
https://doi.org/10.1016/j.bmc.2013.03.027
https://doi.org/10.4269/ajtmh.20-0271
https://doi.org/10.1016/j.antiviral.2020.104787
https://doi.org/10.1016/j.ijid.2020.04.021
https://doi.org/10.1001/jamainternmed.2020.2020
https://doi.org/10.1001/jamainternmed.2020.2020
https://doi.org/10.1001/jama.2020.7878


Ysrafil, et al.

S35   | Pharmaceutical Sciences, 2020, 26(Suppl 1), S24-S35

75.	 Pan A, Liu L, Wang C, Guo H, Hao X, Wang Q, et al. 
Association of public health interventions with the 
epidemiology of the COVID-19 outbreak in wuhan, 
china. JAMA. 2020;323(19):1915-23. doi:10.1001/
jama.2020.6130

76.	 Steinbrook R. Contact tracing, testing, and control 
of COVID-19—learning from Taiwan. JAMA 
Intern Med. 2020;180(9):1163-4 doi:10.1001/
jamainternmed.2020.2072

77.	 Nishiura H, Kobayashi T, Miyama T, Suzuki A, Jung 
SM, Hayashi K, et al. Estimation of the asymptomatic 
ratio of novel coronavirus infections (COVID-19). 
Int J Infect Dis. 2020;94:154-5. doi:10.1016/j.
ijid.2020.03.020

78.	 Mao ZQ, Wan R, He LY, Hu YC, Chen W. The 
enlightenment from two cases of asymptomatic 
infection with SARS-CoV-2: Is it safe after 14 days of 
isolation? Int J Infect Dis. 2020;95:174-5. doi:10.1016/j.
ijid.2020.03.041

79.	 Wölfel R, Corman VM, Guggemos W, Seilmaier M, 
Zange S, Müller MA, et al. Virological assessment 
of hospitalized patients with COVID-2019. Nature. 
2020:465-9. doi:10.1038/s41586-020-2196-x

80.	 Zou L, Ruan F, Huang M, Liang L, Huang H, Hong 
Z, et al. SARS-CoV-2 viral load in upper respiratory 
specimens of infected patients. N Engl J Med. 
2020;382(12):1177-9. doi:10.1056/NEJMc2001737

81.	 Howard J, Huang A, Li Z, Tufekci Z, Zdimal V, van der 
Westhuizen H-M, et al. Face masks against COVID-19: 
An evidence review. Preprints. 2020. doi:10.20944/
preprints202004.0203.v1

82.	 Suess T, Remschmidt C, Schink SB, Schweiger B, 
Nitsche A, Schroeder K, et al. The role of facemasks 
and hand hygiene in the prevention of influenza 
transmission in households: Results from a cluster 
randomised trial; berlin, germany, 2009-2011. BMC 
Infect Dis. 2012;12(1):26. doi:10.1186/1471-2334-12-
26

83.	 Ferguson N, Laydon D, Nedjati-Gilani G, Imai 
N, Ainslie K, Baguelin M, et al. Impact of non-

pharmaceutical interventions (NPIs) to reduce 
COVID-19 mortality and healthcare demand. 
Imperial college COVID-19 response team. 2020. 
doi:10.25561/77482

84.	 Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. 
Prevalence of comorbidities and its effects in patients 
infected with SARS-COV-2: A systematic review 
and meta-analysis. Int J Infect Dis. 2020;94:91-5. 
doi:10.1016/j.ijid.2020.03.017

85.	 Rockwell K, Gilroy A. Incorporating telemedicine 
as part of COVID-19 outbreak response systems. 
Am J Manag Care. 2020;26(4):147-8. doi:10.37765/
ajmc.2020.42784

86.	 http://www.koreaherald.com/view.php?ud=20200313 
000725 2020 Accessed on May 13, 2020.

87.	 Webster P. Virtual health care in the era of COVID-19. 
Lancet. 2020;395(10231):1180-1. doi:10.1016/S0140-
6736(20)30818-7

88.	 Boehm K, Ziewers S, Brandt MP, Sparwasser P, Haack 
M, Willems F, et al. Telemedicine online visits in 
urology during the COVID-19 pandemic—potential, 
risk factors, and patients’ perspective. Eur Urol. 
2020;78(1):16-20. doi:10.1016/j.eururo.2020.04.055

89.	 Smith AC, Thomas E, Snoswell CL, Haydon H, 
Mehrotra A, Clemensen J, et al. Telehealth for 
global emergencies: Implications for coronavirus 
disease 2019 (COVID-19). J Telemed Telecare. 2020. 
doi:10.1177/1357633X20916567

90.	 Larson JL, Rosen AB, Wilson FA. The effect of 
telehealth interventions on quality of life of cancer 
patients: A systematic review and meta-analysis. 
Telemed E-Health. 2018;24(6):397-405. doi:10.1089/
tmj.2017.0112

91.	 Langabeer JR, II MG, Alqusairi D, Champagne-
Langabeer T, Jackson A, Mikhail J, et al. Telehealth-
enabled emergency medical services program 
reduces ambulance transport to urban emergency 
departments. West J Emerg Med. 2016;17(6):713. 
doi:10.5811/westjem.2016.8.30660

https://doi.org/10.1001/jama.2020.6130 
https://doi.org/10.1001/jama.2020.6130 
https://doi.org/10.1001/jamainternmed.2020.2072 
https://doi.org/10.1001/jamainternmed.2020.2072 
https://doi.org/10.1016/j.ijid.2020.03.020 
https://doi.org/10.1016/j.ijid.2020.03.020 
https://doi.org/10.1016/j.ijid.2020.03.041
https://doi.org/10.1016/j.ijid.2020.03.041
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.20944/preprints202004.0203.v1 
https://doi.org/10.20944/preprints202004.0203.v1 
https://doi.org/10.1186/1471-2334-12-26 
https://doi.org/10.1186/1471-2334-12-26 
https://doi.org/10.25561/77482
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.37765/ajmc.2020.42784 
https://doi.org/10.37765/ajmc.2020.42784 
https://doi.org/10.1016/j.eururo.2020.04.055
https://doi.org/10.1177/1357633X20916567
https://doi.org/10.1089/tmj.2017.0112 
https://doi.org/10.1089/tmj.2017.0112 
https://doi.org/10.5811/westjem.2016.8.30660

