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Abstract:
Background:
The coronavirus disease 2019 (COVID-19), caused by a virus named SARS-CoV-2, has spread rapidly around the world.

Objective:

To better understand the recent development of therapeutic strategies against COVID-19 and the patent landscape, we analyze patent documents
surrounding COVID-19.

Methods:

The patent documents surrounding COVID-19 from 6 major countries, including China, the US, Russia, Korea, India, and Singapore, were
analyzed by a comprehensive analysis. The patent documents surrounding COVID-19 were published from November 2019 to April 2021.
Results:

The analysis showed that China was the most prolific country in patents surrounding COVID-19, with over 300 published patent documents. A
significant feature of therapeutic strategies against COVID-19 was the contribution of traditional Chinese medicines in China. Our study showed
the number of patents in the therapeutic area was about half in all patent applications, which indicated that therapeutic approaches, detecting, and
protecting approaches were the same in importance against COVID-19.

Conclusion:

The main therapeutic strategies against COVID-19 include traditional Chinese medicines, chemical drugs, and vaccines. An effective and fast
approach against COVID-19 is to use vaccines or traditional Chinese Medicines. The present study showed the development of a therapeutic
strategy surrounding COVID-19 based on patent insight for the first time and provided new insight into therapeutic strategy against COVID-19.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) has rapidly spread
around the world. COVID-19 has become a pandemic [1], and
has been becoming one of the most significant challenges CoV [6 - 10]. The people with infection of COVID-19 are
humankind has faced since W.orld War Two [2, 3]. The about 6-17% mortality rate for people [6, 11]. At the early
emergence of COVID-19 has impacted people worldwide stage, people who are infected with COVID-19 are

tremendously. So far, globally, about 254 million people have asymptomatic infection but then manifest to be an acute
been confirmed with infections of COVID-19, and about 5 respiratory infection [12, 13]. Eventually, pneumonia occurs,

-loping countries, e.g., there were about 352 thousand
confirmed cases of COVID-19 and over two thousand deaths in
India on 26 April 2021 [5]. COVID-19 is caused by SARS-
CoV-2, and its transmission rate is even higher than SARS-

million people have died [4]. It is more serious in some deve-
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and bone marrow cells can be infected [14].

Many therapeutic strategies were being developed against
COVID-19. To better understand the development of
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therapeutic strategy and patent landscape about COVID-19, we
analyzed patent documents surrounding COVID-19 from 6
major countries, including China, the US, Russia, Korea, India,
and Singapore, with the patents published from November
2019 to April 2021. We used the keyword TA “COVID-19” to
identify relevant documents. PatSnap was used to search and
analyze the data. This article provided the current patent
landscape surrounding COVID-19 from major countries,
including China, the US, Russia, Korea, India, and Singapore.

2. MATERIALS AND METHODS

2.1. Patent Filing Profile

There were 559 published patent documents from the six
countries, as shown in Figs. (1 and 2). The first granted patent
in China was in June 2020. The time from the patent
application to be granted was about three months. The first
granted patent in Russia was in June 2020, the first granted
patent in the United States was in Sept 2020, and the time from

Fig. (1). The global overview of Patent filing profile.
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the application to be granted was about four months. These are
the two fastest countries in completing grants of the patents.

In terms of patent filing numbers, as shown in Fig. (2),
China was a leading applicant for patents surrounding
COVID-19, which filed over 300 patent applications. China
made an enormous contribution to patent technologies
surrounding COVID-19. India appears to be the second
strongest applicant surrounding COVID-19, as shown in Fig.
(2), the number of published patent documents exceeds the
United States. The United States is the third in the number of
published patent documents, which is about 1/2 of India in the
number of patents.

The top 10 applicants for patents surrounding COVID-19
were mainly from China and India, as shown in Fig. (3). Six
applicants were from China, and the other four applicants were
from India. Lovely professional university from India is the
most prolific assignee with eight documents. The second
prolific assignee is Li Cheng from China, with seven
documents, as shown in Figs. (3-4).
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Fig. (2). Patent filing profile trend from the six countries.
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Fig. (4). Patent distributions from top assignees/applicants surrounding COVID-19.

2.2. Technology Landscape

The 3D landscape of the patent surrounding COVID-19
provides a 3D macroscopic overview of patenting technology
clusters, as shown in Fig. (5). The patsnap system clusters
similar patents according to the similarity of the patent
contents. The category of patents surrounding COVID-19
included therapeutic area, detecting method, detecting devices,
and protecting tools/devices/masks. There were three areas in
the therapeutic area according to the patent 3D landscape,
comprising Traditional Chinese medicines, chemical drugs, and
vaccines. As shown in Fig. (5). “Peak 17, “peak 2” and “peak
3”7, represented traditional Chinese medicines, chemical drugs,
and vaccines in the 3D landscape, respectively. “Peak 4” “Peak
57 and “Peak 67, represent detecting methods, detecting

devices/body  temperature/artificial  intelligence  smart
detection, and protecting tools/devices/masks, as shown in Fig.
(5), respectively.

The largest IPC classification is A61P31, which indicates
that the therapeutic area plays a leading role in patent
technologies surrounding COVID-19, as shown in Figs. (5-6).
Applicants from China are major contributors in the therapeutic
area (Fig. 6). The top 10 applicants from China contribute to
the therapeutic area as well, as shown in Fig. (7). Applicants
from India are almost not involved in the therapeutic area
surrounding COVID-19 (Fig. 6). Applicants from India mainly
contribute to body temperature detecting devices/tools
surrounding COVID-19. Applicants from China also
contributed to the detection method development surrounding
COVID-19, as shown in peak 6 in 3D landscape.
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Fig. (5). Patent 3D landscape surrounding COVID-19.
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Fig. (6). Evolution of the number of patents in IPC and filing countries.
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2.3. Technology Evolution

As shown in Fig. (5), the main therapeutic strategy was
presented by red dots in the 3D landscape, which covered areas
of traditional Chinese medicines, chemical drugs, and vaccines.
As shown in Fig. (8), the evolution of 3D landscape showed
that traditional Chinese medicines and chemical drugs were the
fast developed at the early stage of the outbreak of COVID-19.
The development of vaccines was much later than the
development of traditional Chinese medicines and chemical
drugs (Fig. 9). Vaccines-related technologies started to be
clustered after Jun 2020 in Patent 3D landscapes. This
indicated that it needed about half a year to develop vaccine-
related technologies against COVID-19. However, it just needs
about one week to make a Chinese medicine prescription
against COVID-19 according to the patient’s clinic
characteristics. This was the reason patents surrounding

Fig. (8). Evolution Patent 3D landscapes in April 2020.

Fig. (9). Evolution Patent 3D landscapes in Jun 2020.
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traditional Chinese medicines were rapidly appeared and
clustered in the 3D landscapes.

In addition, the significant feature against COVID-19 in
the 3D landscape appeared numerous traditional Chinese
medicines. The number of patents surrounding traditional
Chinese medicines is more than the number of patents
surrounding chemical drugs (Fig. 5).

3. RESULTS AND DISCUSSION

Traditionally, Europe is the critical patent area in
technology. However, we only found a few European patent
applications surrounding COVID-19. Therefore, we did not
include the analysis of European patents in this article. It may
be due to some unpublished patent documents. Obviously, it is
certain that China, India, and the US have the advantage in
patents surrounding COVID-19.
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Our study showed the patent landscape surrounding
COVID-19 from six major countries for the first time, as
shown in Fig. (5). The patent surrounding COVID-19
comprised therapeutic area, detecting method, detecting
devices/body temperature/artificially intelligent detection, and
protecting tools/devices/masks. Specifically, the therapeutic
area comprised traditional Chinese medicines, chemical drugs,
and vaccines. Our study showed the number of patents in the
therapeutic area was about half in all patent applications, which
indicated that therapeutic approaches, detecting and protecting
approaches were the same in importance against COVID-19.
This is a significant feature for COVID-19, compared to anti-
cancer or anti-osteoporosis. Almost no patents were surrounded
the protecting approaches in anti-cancer or anti-osteoporosis
therapeutic strategies [15, 16]. As shown in (Fig. 5). “Peak 17,
“peak 2” and “peak 3” was exclusively focused on the
therapeutic area in the 3D landscape. “Peak 4” “Peak 5” and
“Peak 67, concerned in detecting methods, detecting
devices/body temperature, and protecting tools/devices.

It was hard to find common characteristics for chemical
drugs or vaccines against COVID-19. However, it was easy to
find common features for traditional Chinese medicines against
COVID-19. In essence, the patents with traditional Chinese
medication focused on three aspects. On one hand, the
traditional Chinese medicine composition showed its effects by
lung-ventilating, dampness-clearing, cooling blood to prevent
deterioration for patients with COVID-19. On the other hand,
the traditional Chinese medicine compositions showed their
effects by clearing away heat, detoxifying, eliminating phlegm,
relieving cough, and reducing sputum to prevent and treat
COVID-19. Other traditional Chinese medicine compositions
showed their effects against COVID-19 by strengthening body
resistance and rescuing the lung functions.

Technology evolution showed that at the early stage of the
pandemic of COVID-19, patent technologies surrounding
COVID-19 were mainly traditional Chinese medicines,
chemical drugs, and detecting methods, which were almost
simultaneously appeared, as shown in Fig. (8). Later, vaccine-
related technologies were started to be emerged and developed,
as shown in Fig. (9). Thus, developing vaccine is more or less
later than developing chemical drugs and traditional Chinese
medicines in therapy against COVID-19.

A practical approach against coronavirus diseases is to
develop vaccines. However, traditional medicines showed to be
emerged in therapy against COVID-19. Also, It has been
shown that traditional Chinese medicines are safe and effective
in the treatment of COVID-19 [17 - 20]. Thus, traditional
Chinese medicines could play an emergency role against the
pandemic while a novel pandemic is emerging. Traditional
Chinese medicines have thousands of years of history in the
clinic, with prescription flexible in using compositions of
traditional Chinese medicines, which are an essential
foundation contributed to against COVID-19. Traditional
Chinese medicines can play a unique role in a special period.
Notably, at the early stage of the outbreak of COVID-19, there
were no chemical drugs or vaccines available for the treatment
of COVID-19. Traditional Chinese medicines definitely played
a pioneering role in China in therapy against COVID-19. This
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may be the reason that the mortality rate of COVID-19 is very
low in China.

The molecular mechanism of action of Traditional Chinese
medicines against COVID-19 is not clear. However, the
mechanism of action from some natural products from herbal
medicine has been studied. Basically, those nature products act
in the virus attachment approach and RNA replication process
[21 - 29]. Uncovering the mechanism of action of natural
products against coronavirus provides more scientific
illustration and evidence for effectivity of Traditional Chinese
medicines against COVID-19.

China National Medical Products Administration received
1012 domestic registration applications in chemical drugs, 7
domestic registration applications in traditional Chinese
medicines, and 57 domestic registration applications in
biological products in 2020 [30]. Over 90% of registration
applications are from chemical drugs. Chemical drugs are the
mainstream against diseases, e.g., cancer and osteoporosis [16].
However, so far for coronavirus, the effective approach against
the virus is vaccines or traditional Chinese Medicines, but not
chemical drugs. This indicates that chemical drugs are pretty
rare to be successfully developing against coronavirus disease.
Thus, a rapid therapeutic strategy against coronavirus disease is
to develop vaccines. Another good therapeutic strategy against
coronavirus disease is to develop traditional Chinese
Medicines. Developing chemical drugs against coronavirus
disease may be time-consuming, low effective, and not easy to
be a successful approach.

So far, some COVID-19 vaccines have been developed by
Pfizer, Sinovac, Sinopharm, and AstraZeneca. A recent study
showed that COVID-19 vaccine efficacy was 72.8% -78.1%,
compared with the alum-only group [31]. Currently, the
vaccines provide the most effective approach against
COVID-19. Developing vaccines is an effective strategy
against COVID-19. The US FDA has approved the first
COVID-19 vaccine in August 2021, known as the Comirnaty
[32]. In December 2020, the US FDA issued an emergency use
authorization (EUA) for Moderna COVID-19 Vaccine [33]. In
February 2021, the US FDA issued an emergency use
authorization for the third vaccine for Janssen COVID-19
Vaccine [34].

In the future, developing new vaccine technologies will be
significant in therapeutic strategy against COVID-19 or other
coronaviruses. Notably, such as developing mRNA vaccines,
mRNA vaccines give that recipe to the immune system, instead
of presenting the body with the deadly virus. The process is
simpler and more robust, dose production is faster. As
technology developing of mRNA vaccines, it will provide a
quicker and more straightforward approach against COVID-19
or other coronaviruses. Emerging of new technology will
provide a quicker approach for human beings against
COVID-19 or other coronaviruses.

CONCLUSION

China is the most prolific country in patents surrounding
COVID-19, with over 300 published patent documents. The
primary therapeutic strategies against COVID-19 comprise
traditional Chinese medicines, chemical drugs, and vaccines. A
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practical approach against COVID-19 is to develop vaccines. A
significant difference in therapeutic strategies against
COVID-19 is the contribution of traditional Chinese medicines.
Traditional Chinese medicines can play an emergency or
pioneer role in against novel diseases, particularly in unknown
coronavirus, while an unknown disease has emerged. An
effective and fast approach against COVID-19 is to use
vaccines or traditional Chinese Medicines. The present study
showed the development of therapeutic strategy surrounding
COVID-19 based on patent insight for the first time, and
provides new insight on therapeutic strategy against
COVID-19.

CURRENT AND FUTURE DEVELOPMENTS

Traditional Chinese medicines or Natural compounds
provide a promising frontline in the fighting against
COVID-19. Traditional Chinese medicines may be a
therapeutic strategy for treating patients with COVID-19.
However, it still needs more studies for the mechanism of
action of traditional Chinese medicines. It is a feasible
approach to uncover the mechanism of action and targets the
natural products isolated from traditional Chinese medicines.
This treatment of traditional Chinese medicines has provided
benefits, including lower side effects, achieving multiple
therapeutic targets, and reducing the likelihood of resistance.

Natural products from traditional Chinese medicines may
be a new trend in developing drugs against the COVID-19 in
the future. Natural products from traditional Chinese medicines
with low or no toxicity for humans promise therapeutic
strategies against the COVID-19.

ETHICS APPROVAL AND
PARTICIPATE

CONSENT TO

Not applicable.

HUMAN AND ANIMAL RIGHTS
Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS
Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

[1] WHO Director-General’s opening remarks at the media briefing on
COVID19 2020. Available from:

[2]

[4]
[5]

[6]

[8]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

The Open COVID Journal, 2022, Volume 2 7

https://www.who.int/director-general/speeches/detail/who-director-gen
eral-s-opening-remarks-at-the-media-briefing-on-covid-19---11-
march-2020

Nicola M, Alsafi Z, Sohrabi C, et al. The socio-economic implications
of the coronavirus pandemic (COVID-19): A review. Int J Surg 2020;
78: 185-93.

[http://dx.doi.org/10.1016/j.ijsu.2020.04.018] [PMID: 32305533]

Cao W, Fang Z, Hou G, et al. The psychological impact of the
COVID-19 epidemic on college students in China. Psychiatry Res
2020; 287
[http://dx.doi.org/10.1016/j.psychres.2020.112934]
World Health Organization. https://covid19.who.int/
World Health
https://covid19.who.int/region/searo/country/in

Liu R, Han H, Liu F, ef al. Positive rate of RT-PCR detection of
SARS-CoV-2 infection in 4880 cases from one hospital in Wuhan,
China, from Jan to Feb 2020. Clin Chim Acta 2020; 505: 172-5.
[http://dx.doi.org/10.1016/j.cca.2020.03.009] [PMID: 32156607]
D’Onofrio LE Jr, Buono FD, Cooper MAR. Cohabitation COVID-19
transmission rates in a United States suburban community: A
retrospective study of familial infections. Public Health 2021; 192:
30-2.

[http://dx.doi.org/10.1016/j.puhe.2021.01.003] [PMID: 33611168]
Buonsenso D, Graglia B. High rates of SARS-CoV-2 transmission in a
high-school class. J Paediatr Child Health 2021; 57(2): 299-300.
[http://dx.doi.org/10.1111/jpc.15340] [PMID: 33450098]

White P, O’Sullivan MB, Murphy N, et al. An investigation into the
rates of transmission of SARS-CoV-2 during the first 6 weeks of the
2020-2021 academic year in primary and post-primary schools in Cork
and Kerry, Ireland. Ir J Med Sci 2022; 191(2): 547-52.
[http://dx.doi.org/10.1007/s11845-021-02577-4] [PMID: 33792855]
Champagne PO, McDowell MM, Wang EW, Snyderman CH, Zenonos
GA, Gardner PA. Early practices in endonasal skull base surgery
during the COVID-19 pandemic: A global survey. Neurosurg Focus
2020; 49(6): 1-8.

Mahase E. Covid-19: death rate is 0.66% and increases with age, study
estimates. BMJ 2020; 369: m1327.
[http://dx.doi.org/10.1136/bmj.m1327] [PMID: 32238354]
Undugodage C, Wanigasuriya K, Madegedara D. Respiratory
manifestations of COVID-19. J Ceylon Coll Physicians 2020; 51(1):
20-5.

Manjili RH, Zarei M, Habibi M, Manjili MH. COVID-19 as an acute
inflammatory disease. J Immunol 2020; 205(1): 12-9.
[http://dx.doi.org/10.4049/jimmunol.2000413] [PMID: 32423917]

Xu P, Zhou Q, Xu J. Mechanism of thrombocytopenia in COVID-19
patients. Ann Hematol 2020; 99(6): 1205-8.
[http://dx.doi.org/10.1007/500277-020-04019-0] [PMID: 32296910]
Zhang H-L, Li Y. Recent trend for egfr-based and alk-based targets: A
patent analysis. Recent Patents Anticancer Drug Discov 2021; 16(3):
298-311.

[http://dx.doi.org/10.2174/1574892816666210413151906] [PMID:
33847258]

Zhang HL, Li Y. Recent development of drugs for osteoporosis and
anti-cancer agents: A patent analysis. Pharm Pat Anal 2021; 10(2):
73-82.

[http://dx.doi.org/10.4155/ppa-2021-0004] [PMID: 33844603]

Li JG, Xu H. Chinese medicine in fighting against Covid-19: Role and
inspiration. Chin J Integr Med 2021; 27(1): 3-6.
[http://dx.doi.org/10.1007/311655-020-2860-x] [PMID: 33420601]
Wang WY, Xie Y, Zhou H, Liu L. Contribution of traditional Chinese
medicine to the treatment of COVID-19. Phytomedicine 2021; 85:
153279.

[http://dx.doi.org/10.1016/j.phymed.2020.153279] [PMID: 32675044]
Nile SH, Kai G. Recent clinical trials on natural products and
traditional chinese medicine combating the COVID-19. Indian J
Microbiol 2021; 61(1): 10-5.
[http://dx.doi.org/10.1007/312088-020-00919-x] [PMID: 33390627]
Tuta-Quintero EA, Suarez-Ramirez V, Pimentel J. Efficacy and safety
of traditional chinese medicine in COVID-19: A scoping review. Rev
Int Acupunt 2020; 14(4): 132-50.
[http://dx.doi.org/10.1016/j.acu.2020.09.001]

Michelini FM, Alché LE, Bueno CA. Virucidal, antiviral and
immunomodulatory activities of B-escin and Aesculus hippocastanum
extract. J Pharm Pharmacol 2018; 70(11): 1561-71.
[http://dx.doi.org/10.1111/jphp.13002] [PMID: 30168142]

Chen CN, Lin CPC, Huang KK, et al. Inhibition of SARS-CoV 3C-
like protease activity by theaflavin-3,3'- digallate (TF3). Evid Based

Organization.


https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
http://dx.doi.org/10.1016/j.ijsu.2020.04.018
http://www.ncbi.nlm.nih.gov/pubmed/32305533
http://dx.doi.org/10.1016/j.psychres.2020.112934
https://covid19.who.int/
https://covid19.who.int/region/searo/country/in
http://dx.doi.org/10.1016/j.cca.2020.03.009
http://www.ncbi.nlm.nih.gov/pubmed/32156607
http://dx.doi.org/10.1016/j.puhe.2021.01.003
http://www.ncbi.nlm.nih.gov/pubmed/33611168
http://dx.doi.org/10.1111/jpc.15340
http://www.ncbi.nlm.nih.gov/pubmed/33450098
http://dx.doi.org/10.1007/s11845-021-02577-4
http://www.ncbi.nlm.nih.gov/pubmed/33792855
http://dx.doi.org/10.1136/bmj.m1327
http://www.ncbi.nlm.nih.gov/pubmed/32238354
http://dx.doi.org/10.4049/jimmunol.2000413
http://www.ncbi.nlm.nih.gov/pubmed/32423917
http://dx.doi.org/10.1007/s00277-020-04019-0
http://www.ncbi.nlm.nih.gov/pubmed/32296910
http://dx.doi.org/10.2174/1574892816666210413151906
http://www.ncbi.nlm.nih.gov/pubmed/33847258
http://dx.doi.org/10.4155/ppa-2021-0004
http://www.ncbi.nlm.nih.gov/pubmed/33844603
http://dx.doi.org/10.1007/s11655-020-2860-x
http://www.ncbi.nlm.nih.gov/pubmed/33420601
http://dx.doi.org/10.1016/j.phymed.2020.153279
http://www.ncbi.nlm.nih.gov/pubmed/32675044
http://dx.doi.org/10.1007/s12088-020-00919-x
http://www.ncbi.nlm.nih.gov/pubmed/33390627
http://dx.doi.org/10.1016/j.acu.2020.09.001
http://dx.doi.org/10.1111/jphp.13002
http://www.ncbi.nlm.nih.gov/pubmed/30168142

8 The Open COVID Journal, 2022, Volume 2

Complement Alternat Med 2005; 2(2): 209-15.

Zhang et al.

32367767]

[http://dx.doi.org/10.1093/ecam/neh081] [PMID: 15937562] [28] Elfiky AA. Natural products may interfere with SARS-CoV-2

[23] Yu MS, Lee J, Lee JM, et al. Identification of myricetin and attachment to the host cell. J Biomol Struct Dyn 2021; 39(9):
scutellarein as novel chemical inhibitors of the SARS coronavirus 3194-203.
helicase, nsP13. Bioorg Med Chem Lett 2012; 22(12): 4049-54. [http://dx.doi.org/10.1080/07391102.2020.1761881] [PMID:
[http://dx.doi.org/10.1016/j.bmcl.2012.04.081] [PMID: 22578462] 32340551]

[24] Goswami D, Kumar M, Ghosh SK, Das A. Natural Product [29] Ho TY, Wu SL, Chen JC, Li CC, Hsiang CY. Emodin blocks the
Compounds in Alpinia officinarum and Ginger are Potent SARS- SARS coronavirus spike protein and angiotensin-converting enzyme 2
CoV-2 Papain-like Protease Inhibitors. ChemRxiv interaction. Antiviral Res 2007; 74(2): 92-101.
[http://dx.doi.org/10.26434/chemrxiv.12071997.v1] [http://dx.doi.org/10.1016/j.antiviral.2006.04.014] [PMID: 16730806]

[25] Kumar V, Dhanjal JK, Bhargava P, et al. Withanone and Withaferin-A [30] National Medical Products Administration.
are predicted to interact with transmembrane protease serine 2 https://www.nmpa.gov.cn/directory/web/nmpa/images/161898642280
(TMPRSS2) and block entry of SARS-CoV-2 into cells. J Biomol 0015679.pdf
Struct Dyn 2022; 40(1): 1-13. [31] Al Kaabi N, Zhang Y, Xia S, et al. Effect of 2 inactivated SARS-
[http://dx.doi.org/10.1080/07391102.2020.1775704] [PMID: CoV-2 vaccines on symptomatic COVID-19 infection in adults: A
32469279] randomized clinical trial. JAMA 2021; 326(1): 35-45.

[26] Abd El-Aziz NM, Eldin Awad OM, Shehata MG, El-Sohaimy SA. [http://dx.doi.org/10.1001/jama.2021.8565] [PMID: 34037666]
Inhibition of the SARS-CoV-2 RNA-Dependent RNA polymerase by [32] The U.S. Food and Drug Administration.
natural bioactive compounds: Molecular docking analysis. Egypt J https://www.fda.gov/news-events/press-announcements/fda-approves-f
Chem 2021; 64(4): 1989-2001. irst-covid-19-vaccine
[http://dx.doi.org/10.21608/ejchem.2021.45739.2947] [33] The U.S. Food and Drug Administration.

[27] Gyebi GA, Ogunro OB, Adegunloye AP, Ogunyemi OM, Afolabi SO. https://www.fda.gov/emergency-preparedness-and-response/coronavir
Potential inhibitors of coronavirus 3-chymotrypsin-like protease us-disease-2019-covid-19/moderna-covid-19-vaccine
(3CL™): An in silico screening of alkaloids and terpenoids from [34] The U.s. Food and Drug Administration.
African medicinal plants. J Biomol Struct Dyn 2021; 39(9): 3396-408. https://www.fda.gov/emergency-preparedness-and-response/coronavir
[http://dx.doi.org/10.1080/07391102.2020.1764868] [PMID: us-disease-2019-covid-19/janssen-covid

© 2022 Zhang et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


http://dx.doi.org/10.1093/ecam/neh081
http://www.ncbi.nlm.nih.gov/pubmed/15937562
http://dx.doi.org/10.1016/j.bmcl.2012.04.081
http://www.ncbi.nlm.nih.gov/pubmed/22578462
http://dx.doi.org/10.26434/chemrxiv.12071997.v1
http://dx.doi.org/10.1080/07391102.2020.1775704
http://www.ncbi.nlm.nih.gov/pubmed/32469279
http://dx.doi.org/10.21608/ejchem.2021.45739.2947
http://dx.doi.org/10.1080/07391102.2020.1764868
http://www.ncbi.nlm.nih.gov/pubmed/32367767
http://dx.doi.org/10.1080/07391102.2020.1761881
http://www.ncbi.nlm.nih.gov/pubmed/32340551
http://dx.doi.org/10.1016/j.antiviral.2006.04.014
http://www.ncbi.nlm.nih.gov/pubmed/16730806
https://www.nmpa.gov.cn/directory/web/nmpa/images/1618986422800015679.pdf
https://www.nmpa.gov.cn/directory/web/nmpa/images/1618986422800015679.pdf
http://dx.doi.org/10.1001/jama.2021.8565
http://www.ncbi.nlm.nih.gov/pubmed/34037666
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/janssen-covid
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/janssen-covid
https://creativecommons.org/licenses/by/4.0/legalcode

	Recent Trends of Therapeutic Strategies against COVID-19 
	[Background:]
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Patent Filing Profile
	2.2. Technology Landscape
	2.3. Technology Evolution

	3. RESULTS AND DISCUSSION
	CONCLUSION
	CURRENT AND FUTURE DEVELOPMENTS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




