
Eng. Sci., 2020, 10, 8–10 

8 | Eng. Sci., 2020, 10, 8⎯10                                                                          © Engineered Science Publisher LLC 2020 

 

Engineered Science 

DOI: https://dx.doi.org/10.30919/es8d765 
 
 

Therapeutic Options for Treating COVID‐19 
 

Muhammad Wajid Ullah1, Sehrish Manan1, Zhanhu Guo2, Guang Yang1,* 
 

Abstract  
COVID‐19, instigated by the severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2), has caused the pandemic. This 
disease provoked with its epicenter in China. Belonging to the Coronaviridae family of viruses, it is a new strain of β‐type of 
coronavirus.  The World Health Organization  (WHO) declared  its name  as  ‘SARS‐CoV‐2’. Also,  in  January 2020,  the WHO 
declared COVID‐19 as a sixth public‐health emergency of international suffering. Lack of etymology, precautionary measures, 
and specified drug or vaccination for this viral infection are few of the main reasons for the epidemic. Hence, there was an 
extensive  need  for  the  scientists  throughout  the  globe  to work  on  it.  Some  potential  inhibitors  have  been  reported  to 
possibly treat COVID‐19 affected patients. Likewise, a new technique, which is the Plasma Therapy, is used in the treatment. 
In this context, this review aims to summarize  the epidemiology, virology, mode of dissemination, treatment, and prevention 
measures of COVID‐19. 
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The outbreak of coronavirus disease (COVID-19) 

caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) emerged in late December 2019 in Wuhan. 
Since its emergence on December 31, 2019, to June 13, 
2020, it has affected nearly 8 million people across the globe 
out of which more than 430,000 succumbed to death,[1] and 
the toll is increasing at an alarming rate, and at the same 
time, it has greatly impacted almost every walk of life, 
mainly public and psychological health,[2] maternity and 
child care,[3] energy and environment,[4] business and 
economy,[5] education,[6] and several others. 

SARS-CoV-2 shows its toxicity by targeting the host 
cells through the viral structural spike (S) protein and binds 
to the angiotensin-converting enzyme 2 (ACE2) receptor. 
After integration into the host cell, the viral particles replicate 
their RNA and synthesize proteins via their own RNA- 
dependent RNA polymerase (RdRp), and viral particles are 
released, leading to the onset of disease.[7] At present, there 
is neither a single specific antiviral therapy, clinical 
treatments, or therapeutic strategies to treat COVID-19 nor 

 
 
 
 
 
 
 

vaccines available to immune the body against the SARS- 
CoV-2: all available options are only supportive treatments. 
The mode of attachment, integration, replication, and 
protein synthesis of viral particles provide the potential 
targets for developing specific drugs. The potential of some 
available drugs with their known antiviral activities and 
effectiveness against influenza, SARS, MERS, Ebola, and 
other human coronaviruses have been tested in-vitro, in 
mice models, and clinical isolates, even few of them have 
been directly used on COVID-19 patients on ‘trial and error’ 
basis, both alone and in different combinations. Such drugs 
show their effect by targeting the different stages of life-cycle 
of the virus, either directly or through targeting the key 
molecules, such as enzyme or receptors, required for successful 
completion of life-cycle. Herein, we summarize four-classes of 
potential therapeutic options, including the specific drugs which 
can potentially prevent the (1) attachment, (2) integration, and (3) 
protein synthesis by viral particles, and (4) the non-drug-based 
therapies, to prevent the onset of COVID-19. 

The ACE2 receptors in the lower respiratory tract 
(LRT), mainly present on the epithelial cells of the lungs, 
intestine, and kidney are primarily targeted by the 
SARS-CoV-2 infection;[8] thus a drug which can potentially 
inhibit the ACE or an angiotensin receptor blocker (ARB) 
could potentially minimize the invasion of viral particles.[9] 
A study reported that statins target the host response to 
infection rather than the virus itself, indicating that a 
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combination of ARB and statins could potentially accelerate 
the homeostasis and augment a self-recovery of COVID-19 
patients.[10] Another class of drugs that could be potentially 
used are the immunomodulatory drugs, which revoke the 
immune system by augmenting or reducing its ability to 
produce antibodies or sensitized cells that recognize and 
react with the antigen mediating their production, thus 
preventing the integration of antigen to the cell. Different 
drugs such as Chloroquine, Hydroxychloroquine, 
Azithromycin, Ruxolitinib, as well as monoclonal antibodies, 
are available as potential immunomodulatory drugs to treat 
COVID-19. Some of these drugs, such as Chloroquine and 
Hydroxychloroquine, have known antiviral activities and 
show their immunomodulatory effects by attenuating the 
cytokine production and inhibiting the autophagy and 
lysosomal activity in the host cells.[11,12] These drugs also 
prevent the entry of virus particles by inhibiting the 
glycosylation of cellular receptors, proteolytic processing, 
and endosomal acidification; for example, Chloroquine 
increases the endosomal pH and interferes with the 
glycosylation of the cellular receptors of SARS-CoV.[13] In 
an in-vitro study, Chloroquine effectively inhibited the 
SARS-CoV-2 with an EC50 in the low micromolar range, 
while the Hydroxychloroquine showed its activity with a 
slightly lower EC50, after 24 h growth.[14] Chloroquine 
improved the radiological findings, enhanced the viral 
clearance, and reduced the diseases progression,[15] while 
Hydroxychloroquine and Ruxolitinib potentially control the 
cytokine storm and reduce the clinical recovery time in 
COVID-19 patients.[14,16,17] Similarly, Azithromycin, in 
combination with Hydroxychloroquine, effectively minimized 
the virus load in COVID-19 patients.[18] In addition to such 
immunomodulatory drugs, the use of monoclonal antibodies 
that target the key inflammatory cytokines and other aspects 
of innate immune response could also be used to treat 
COVID-19. Usually, an amplified immune response and 
cytokine release lead to pathophysiology of organ damage, 
mainly lungs and liver,[19] thus necessitating the suppression 
of immune response. To this end, using the Tocilizumab, 
which is a monoclonal antibody interleukin 6 (IL-6) receptor 
antagonist, effectively dampens the infection and improved 
the clinical outcome such as respiratory function and 
defervescence in COVID-19 patients.[20] In addition to 
revoking the immune system, the integration of viral 
particles into the host cells via S protein can also be 
prevented by inhibiting the host’s type-2 transmembrane 
serine protease (TMPRSS2).[21] Two drugs, Lopinavir/ 
Ritonavir (LPV/RTV) and Darnunavir have known to inhibit 
the activity of papain-like protease and 3-chymotrypsin-like 
protease;[22] however, these have not been really tested 
against SARS-CoV-2, while some preliminary studies of 
using these drugs are mostly comprised of case reports and 
small retrospective and non-randomized cohort studies,[23] 
thus do not provide conclusive evidence of their effectiveness 
against the COVID-19. Similarly, the FDA-approved 

antiparasitic drug Ivermectin boosts the immune system by 
producing various ILs, activates the production of superoxide, 
and augment the lymphocytes response to the mitogens.[24] 
The third class of antiviral drugs targets the RdRp to prevent 
protein synthesis by the integrated virus particles. After 
successful attachment and integration into the host cells, the 
virus replicates and synthesizes its own proteins by using 
the RdRp, also named as nsp12; thus, this enzyme has been 
the main target of various antiviral drugs, such as 
Remdesivir, Favipiravir, and Ribavirin, to minimize the 
level of infection even after the invasion of the virus. 
Among these, Remdesivir which targets the RdRp and 
induces a premature termination of transcription of viral 
RNA,[25] has shown promising impact, both alone[26] and in 
combination with Chloroquine and Interferon-β by blocking 
the replication of virus genome and showed effective 
recovery of patients,[27,28] with acceptable safety, favorable 
pharmacokinetic profiles, and acceptable clinical efficacy 
against moderate-to-severe infections. Likewise, Favipiravir 
inhibits the activity of RdRp and halts the replication of 
viral RNA in host cells, as indicated by a preliminary 
in-vitro study against the SARS-CoV-2 when used with an 
EC50 of 61.88 µM/L in Vero E6 cells.[28] It significantly 
improved the recovery within seven days in COVID-19 
patients with moderate infections; however, it did not show 
a significant effect in severe or combined severe/moderate 
infections.[29] Similarly, Ribavirin has proven effective 
against the SARS-CoV at higher concentrations, indicating 
its potential against SARS-CoV-2 if used at higher 
concentrations and in combination therapy; however, its side 
effects such as hematologic and liver toxicity[30] rank it 
lower in the priority list of available options for treating 
COVID-19 despite its recommendation by the National 
Health Commission and State Administration of Traditional 
Chinese Medicine in 7th edition of their report “Novel 
Coronavirus Pneumonia Diagnosis and Treatment Plant”.[31] 
In addition to the above-mentioned therapeutic options, 
there are several other drugs which can be useful in treating 
COIVD-19. For example, Teicoplanin and Lipoglycopeptides 
can potentially prevent the entry of viral particles into the 
cytoplasm and inhibit the transcription and replication- 
component virus-like particles.[32]  

In addition to various drugs, other therapeutic options, 
such as using convalescent plasma and inhaling nitric oxide, 
could also be utilized and have shown some promising 
results. For example, the plasma or hyperimmune 
immunoglobulins therapy involving the injection of plasma 
containing the antibodies harvested from the recovered 
patients can potentially free the viruses and infected cell 
immune.[33] After the successful preliminary studies of using 
convalescent plasma,[34] FDA released the guidance for 
requesting an emergency investigation of the application of 
the new drug screening the donors for COVID-19 
convalescent plasma;[35] however, the current commercial 
immunoglobulins preparation likely lacks the protective 
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antibodies against SARS-CoV-2, thus warranting further 
investigation and efficiency trials amid the increasing pool 
of COVID-19 patients. Similarly, the inhalation of nitric 
oxide can potentially reverse pulmonary hypertension and 
improved hypoxia, thus reducing the ventilator support;[36] 
however, it is not recommended if other therapeutic options 
are available.   

Among the above-mentioned and several other drugs, 
some have already been withdrawn after showing adverse 
reactions even after demonstrating promising clinical 
outcomes. The most-effective and long-term therapy for 
preventing a future outbreak of COVID-19 is the development 
of vaccines, and several commercial and government- 
supported companies are already working on it. 
 
Conflict of interest 
All authors declare no competing financial conflict of 
interest associated with the publication of this work. 
 
Supporting Information 
There is no additional supporting information for this paper. 
 
References 
[1] https://www.worldometers.info/coronavirus/. 
[2] J. Jakobsson, C. Malm, M. Furberg, U. Ekelund and M. Svensson, 

Front. Sport. Act. Living, DOI:10.3389/fspor.2020.00057. 
[3] S. Khan, L. Peng, R. Siddique, G. Nabi, Nawsherwan, M. Xue, J. Liu 

and G. Han, Infect. Control Hosp. Epidemiol., 2020, 41, 748-750. 
[4] S. Manan, M. W. Ullah, Z. Guo and G. Yang, Eng. Sci., 

DOI:10.30919/esee8c378. 
[5] M. Gupta, A. Abdelmaksoud, M. Jafferany, T. Lotti, R. 

Sadoughifar and M. Goldust, Dermatol. Ther., 2020. DOI:10. 
1111/dth.13329. 

[6] S. J. Daniel, Prospects, DOI:10.1007/s11125-020-09464-3. 
[7] Y. Chen, Q. Liu and D. Guo, J. Med. Virol., DOI:10.1002/ 

jmv.25681. 
[8] P. I. Lee, Y. L. Hu, P. Y. Chen, Y. C. Huang and P. R. Hsueh, J. 

Microbiol. Immunol. Infect., DOI:10.1016/j.jmii.2020.02.011. 
[9] https://times.hinet.net/mobile/news/22831665 
[10] D. S. Fedson, S. M. Opal and O. M. Rordam, Mbio., DOI:10. 

1128/mBio.00398-20. 
[11] D. Zhou, S. M. Dai and Q. Tong, J. Antimicrob. Chemother., 

DOI:10.1093/jac/dkaa114. 
[12] C. A. Devaux, J. M. Rolain, P. Colson and D. Raoult, Int. J. 

Antimicrob. Agents., DOI:10.1016/j.ijantimicag.2020.105938. 
[13] M. J. Vincent, E. Bergeron, S. Benjannet, B. R. Erickson, P. E. 

Rollin, T. G. Ksiazek, N. G. Seidah and S. T. Nichol, Virol. J., 
DOI:10.1186/1743-422X-2-69. 

[14] X. Yao, F. Ye, M. Zhang, C. Cui, B. Huang, P. Niu, X. Liu, L. 
Zhao, E. Dong, C. Song, S. Zhan, R. Lu, H. Li, W. Tan and D. 
Liu, Clin. Infect. Dis., DOI:10.1093/cid/ciaa237. 

[15] J. Gao, Z. Tian and X. Yang, Biosci. Trends, 2020. DOI:10.5582/ 
BST.2020.01047. 

[16] https://emedicine.medscape.com/article/2500116-overview 
[17] A. Orciari, NEJM J. Watch, DOI:10.1056/NEJM-JW.FW116513. 
[18] P. Gautret, J.-C. Lagier, P. Parola, V. T. Hoang, L. Meddeb, M. 

Mailhe, B. Doudier, J. Courjon, V. Giordanengo, V. E. Vieira, H. 
T. Dupont, S. Honoré, P. Colson, E. Chabrière, B. La Scola, J.-M. 

Rolain, P. Brouqui and D. Raoult, Int. J. Antimicrob. Agents., 
DOI:10.1016/j.ijantimicag.2020.105949. 

[19] P. Mehta, D. F. McAuley, M. Brown, E. Sanchez, R. S. 
Tattersall and J. J. Manson, Lancet, 2020. DOI:10.1016/S0140- 
6736(20)30628-0. 

[20] X. Xu, M. Han, T. Li, W. Sun, D. Wang, B. Fu, Y. Zhou, X. 
Zheng, Y. Yang, X. Li, X. Zhang, A. Pan and H. Wei, Proc. Natl. 
Acad. Sci., DOI:10.1073/pnas.2005615117. 

[21] M. Hoffmann, H. Kleine-Weber, S. Schroeder, N. Krüger, T. 
Herrler, S. Erichsen, T. S. Schiergens, G. Herrler, N. H. Wu, A. 
Nitsche, M. A. Müller, C. Drosten and S. Pöhlmann, Cell., 
DOI:10.1016/j.cell.2020.02.052. 

[22] A. H. De Wilde, D. Jochmans, C. C. Posthuma, J. C. 
Zevenhoven-Dobbe, S. Van Nieuwkoop, T. M. Bestebroer, B. G. 
Van Den Hoogen, J. Neyts and E. J. Snijder, Antimicrob. Agents 
Chemother., DOI:10.1128/AAC.03011-14. 

[23] T. T. Yao, J. D. Qian, W. Y. Zhu, Y. Wang and G. Q. Wang, J. 
Med. Virol., 2020. DOI:10.1002/jmv.25729. 

[24] M. S. Sajid, Z. Iqbal, G. Muhammad and M. U. Iqbal, 
Parasitology, 2006. DOI:10.1017/S0031182005009108. 

[25] J. M. Sanders, M. L. Monogue, T. Z. Jodlowski and J. B. Cutrell, 
JAMA - J. Am. Med. Assoc., 2020. DOI:10.1001/jama.2020.6019. 

[26] Y. Gao, L. Yan, Y. Huang, F. Liu, Y. Zhao, L. Cao, T. Wang, Q. 
Sun, Z. Ming, L. Zhang, J. Ge, L. Zheng, Y. Zhang, H. Wang, Y. 
Zhu, C. Zhu, T. Hu, T. Hua, B. Zhang, X. Yang, J. Li, H. Yang, 
Z. Liu, W. Xu, L. W. Guddat, Q. Wang, Z. Lou and Z. Rao, 
Science (80-. )., DOI:10.1126/science.abb7498. 

[27] T. P. Sheahan, A. C. Sims, S. R. Leist, A. Schäfer, J. Won, A. J. 
Brown, S. A. Montgomery, A. Hogg, D. Babusis, M. O. Clarke, 
J. E. Spahn, L. Bauer, S. Sellers, D. Porter, J. Y. Feng, T. Cihlar, 
R. Jordan, M. R. Denison and R. S. Baric, Nat. Commun., 
DOI:10.1038/s41467-019-13940-6. 

[28] M. Wang, R. Cao, L. Zhang, X. Yang, J. Liu, M. Xu, Z. Shi, Z. 
Hu, W. Zhong and G. Xiao, Cell Res., 2020. DOI:10.1038/ 
s41422-020-0282-0. 

[29] C. Chen, J. Huang, Z. Cheng, J. Wu, S. Chen, Y. Zhang, B. Chen, 
M. Lu, Y. Luo, J. Zhang, P. Yin and X. Wang, medRxiv., 
DOI:10.1101/2020.03.17.20037432. 

[30] L. J. Stockman, R. Bellamy and P. Garner, PLoS Med., 2006. 
DOI:10.1371/journal.pmed.0030343. 

[31] https://www.chinalawtranslate.com/coronavirus-treatment-plan-7/, . 
[32] Y. Wang, R. Cui, G. Li, Q. Gao, S. Yuan, R. Altmeyer and G. 

Zou, Antiviral Res., , DOI:10.1016/j.antiviral.2015.11.003. 
[33] L. Chen, J. Xiong, L. Bao and Y. Shi, Lancet Infect. Dis., 2020. 

DOI:10.1016/S1473-3099(20)30141-9. 
[34] C. Shen, Z. Wang, F. Zhao, Y. Yang, J. Li, J. Yuan, F. Wang, D. 

Li, M. Yang, L. Xing, J. Wei, H. Xiao, Y. Yang, J. Qu, L. Qing, 
L. Chen, Z. Xu, L. Peng, Y. Li, H. Zheng, F. Chen, K. Huang, Y. 
Jiang, D. Liu, Z. Zhang, Y. Liu and L. Liu, JAMA - J. Am. Med. 
Assoc., DOI:10.1001/jama.2020.4783. 

[35] Https://www.fda.gov/vaccinesblood-biologics/investigational-new- 
drug-ind-ordevice-exemption-ide-process-cber/and Investigational- 
covid-19-convalescent-plasmaemergency-inds 

[36] L. Chen, P. Liu, H. Gao, B. Sun, D. Chao, F. Wang, Y. Zhu, G. 
Hedenstierna and C. G. Wang, Clin. Infect. Dis., DOI:10.1086/ 
425357. 

 
Publisher’s Note: Engineered Science Publisher remains neutral with 
regard to jurisdictional claims in published maps and institutional 
affiliations. 


