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Abstract

After the emergence of SARS-CoV-2 - the cause of COVID-19 - we need an effective antiviral agent to stop the spread of this epidem-
ic. Tenofovir (of the same pharmacological group as Remdesivir) speeds up recovery in COVID-19 patients by inhibiting viral RNA
polyphens. Tenofovir could be an option for treating COVID-19 patients due to its good availability in the pharmaceutical market and
many studies on its therapeutic properties and effects over a long period of time (such as treatment of HIV and hepatitis B virus) and

its acceptable price in many countries (especially Third World countries) compared to other proposed drugs for treating Covid 19.
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Background

In December 2019, thousands of pneumonia of unknown origin cases were reported in Wuhan, China, which were later determined
to be caused by a virus called novel coronavirus, then called later severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The
disease is caused by this new fatal virus named coronavirus disease 2019 (COVID-19) [1]. By this time, millions of cases and deaths are
reported to be caused by this virus [2]. The SARS-CoV-2 possesses enveloped club-like spike protein projections with positive-sense large
RNA genome and has a unique replication strategy, such as Middle East respiratory syndrome (MERS), hepatitis C virus (HCV), HIV virus,
Ebola virus, rhinoviruses and others. These viruses have a similar replication mechanism requiring an RNA-dependent RNA polymerase
(RdRp) [3]. Older patients (> 70 years) and those with comorbidities (cardiovascular disease, diabetes mellitus, etc.) have the most severe
disease. Severe complications and death are more common in immunely-compromised patients [4]. Despite that so far there is no specific
treatment for COVID-19, many potential treatments ae being evaluated [5]. To date, several potential drug candidates, including lopinavir/
ritonavir (Kaletra), nucleoside analogues, neuraminidase inhibitors, remdesivir, DNA synthesis inhibitors (such as tenofovir disoproxil
and lamivudine), and chloroquine, have been proposed [6]. Coronavirus replication is the target of any development drug under investiga-
tion. In particular, coronavirus RdRp is the main target of the drugs. Whether any of these drugs could prevent harm or death to treated
coronavirus patients or not is a question the WHO is addressing through its global trial SOLIDARITY [7]. We try giving tenofovir for coro-
navirus disease 2019 (COVID-19) patients, which is cheap and available in the pharmaceutical market worldwide. Coronaviruses are a
type of enveloped positive-sense RNA synthesis of DNA (Figure 1) could inhibit COVID-19 virus multiplication. Viruses with an extra-large
RNA genome and are characterized by projections resembling a club on the surface. Coronaviruses have a unique replication mechanism
through which antiviral drugs could be potentially effective in SARS-CoV-2 cases such as nucleoside analogues (a polymerase inhibitor).
Tenofovir disoproxil, lamivudine and other nucleoside analogues that inhibit [8]. this polymerase shares similar catalytic mechanisms and
displays active site conservation among different positive sense RNA viruses, including coronaviruses and HCV [9]. Nucleotide analogues

that inhibit polymerases are an important group of antiviral agents [10]. HCoVs are long, single-stranded RNA viruses with positive sense
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RNA. HCoVs are characterized by two groups of proteins: structural proteins and non-structural proteins. Spike (S) present in all corona-
viruses, nucleocapsid (N), matrix (M) and envelope (E) are the structural proteins while proteases (nsp3 and nsp5) and RdRp (nsp12) are

examples of non-structural proteins [11]. RdRp is an essential viral enzyme in the life cycle of RNA viruses [12].

Figure 1: The dashed green box marks the five drugs (approved by the FDA against HCV, EBOV, and HIV). In this figure, we can see that
tenofovir has proven effective and binding capacity of up to 6.8 in binding the protein against the Covid 19 virus [12].

Tenofovir disoproxil fumarate (tenofovir DF)

Tenofovir disoproxil fumarate (tenofovir DF) is a precursor of tenofovir, a nucleotide (nucleoside monophosphate) analogue effective
against retroviruses, such as HIV-1 and HBV. Tenofovir is administered orally and exhibits longer half-lives both in serum (17 hours) and
intracellularly (= 60 hours) than other nucleoside analogues, thus supporting a flexible dosage schedule (once daily). Tenofovir DF caused
no clinically significant drug interactions. Tenofovir is administered orally in adults in 300 mg dosage a day and is eliminated renally, via
tubular secretion; thus dose-interval adjustments for tenofovir DF should be made in patients with renal impairment. No adjustment in
dosage of tenofovir DF is needed in patients with liver disease [13]. Oral tenofovir DF in dosage of 300 mg once daily proved effective in
reducing viral load in patients with HIV infection [14]. The activation process undergoes through a series of hydrolases reactions to the
deprotected monophosphate form and then sequentially phosphorylated by two kinase reactions to create the triphosphate form tenofo-
vir diphosphate (TFV-DP).

TFV-DP is the active form and is an acyclic nucleotide with no 3’-OH group (which is a molecule associated by both HIV and HBV poly-
merases). The absence of this group stops nucleic acid elongation and thus prevents viral replication. TDF, a precursor of tenofovir, acts
as a nucleoside analogue reverse transcriptase inhibitor [15]. Tenofovir disoproxil and remdesivir, two medications of the same class,
are believed to speed up the recovery of COVID-19 via inhibiting synthesis of viral RNA polymerase. No comprehensive data are available
about the mechanism of action behind use of tenofovir in COVID 19 patients. Nevertheless, efforts are put to further comprehend the ef-

ficacy and safety of the drug [16].

Review of clinical trial

TFV-DP is approved by the FDA for the treatment of HIV and hepatitis B virus (HBV) infection. A study tested the efficacy of the active
triphosphate form of tenofovir alafenamide as a SARS-CoV-2 RdRp inhibitor [3]. Giuliano C. Clososki and his colleagues concluded in their
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study that the biological assay indicated that TDF is promising in treating COVID 19 in vitro, and we hope that there will be more clini-
cal trials to prove that [14]. Elfiky., et al. compared the binding energy to SARS-COV 2 RdRp between possible COVID-19 drugs, including
tenofovir and Remdesivir, and as you see in the paragraph below, remdesivir and tenofovir have too close binding energy and efficacy
against SARS-COV2 RdRp and predict that ribavirin, remdesivir, sofosbuvir, galidesivir, and tenofovir may have inhibitory activity against
SARS-CoV-2 RdRp (Figure 1) [12]. Minchen Chien,, et al. studied the replication process of hepatitis C virus and coronavirus replication
and analyzed the molecular structures and activities of viral inhibitors. They proposed Sofosbuvir triphosphate as a possible inhibitor
of SARS-CoV-2 RdRp [3]. In a systematic review by Nathan Ford and his colleagues, results were inconclusive on whether antiretrovirals
could prevent infection among patients at high risk of acquiring COVID-19 or even improve outcome [17]. Harter., et al. studied 6 patients
infected with HIV and COVID 19 who were on tenofovir and other antiretroviral drugs. The six patients were discharged from the hospital
after all; five of them had mild pneumonia, and one patient had severe disease and was admitted to the intensive care unit before improve-
ment and discharge [18]. This study does not prove that tenofovir has an independent role in treating SARS-COV 2 but gives us a sign
that this affordable drug can be a low economic country hope. In a study of coinfection of COVID 19 and HIV performed in the USA that
included 93 patients, 69.6% of them were on tenofovir and showed no significant differences between the tenofovir group and the other
group treated with other drugs. However, some researchers suggested that HIV patients on antiretroviral therapy (ART) could have lower
risk for COVID-19 as such medications may be effective against coronaviruses such as SARS-CoV-2 [19]. Others suggested the use of Teno-
fovir alafenamide, another tenofovir prodrug safer than tenofovir disoproxil in patients with renal impairment. The two drugs are under
clinical trials testing the activity of Tenofovir alafenamide as a possible treatment and tenofovir disoproxil as a possible prophylactic drug
[20]. As SARS-Cov-2 mutates over time, the recommended drugs change accordingly, therefore studying the mutations is an important
part in predicting possible drugs. We noticed that six drugs are being mainly recommended, Remdesivir, Sofosbuvir, Ribavirin, Taribavi-
rin, Tenofovir alafenamide and Vidarabine [21]. Tenofovir disoproxil, abacavir, lamivudine and other antiviral drugs which inhibit RNA
synthesis as nucleoside or nucleotide analogue inhibitors might have activity against SARS-CoV-2. This possibility is driving clinical trials
to test tenofovir disoproxil use as a prophylactic treatment against COVID-19 in healthcare worker [21]. SARS, MERS and SARS-CoV-2
coronaviruses, such as HCV and flaviviridae are single stranded RNA viruses that share a positive sense structure and a similar replica-
tion mechanism requiring. These viruses replicate via an important enzyme, RNA-dependent RNA polymerase (RdRp). It is possible that
RdRp can be targeted by HCV/HIV nucleoside/nucleotide analogues as a binding site thus potentially inhibiting virus replication. Further

research is needed to explore tenofovir as a candidate to treat SARS-COV-2 [5].

Conclusion

With the emergence of SARS-CoV-2, the causative agent of COVID-19, we need an effective antiviral agent to stop the current outbreak.
It can be suggested that tenofovir may be an option for treating COVID-19 patients, especially because of its good availability in the phar-
maceutical market and its therapeutic properties and side effects over a long period of time (as a treatment for office HIV and hepatitis B
virus, as well as its acceptable price in many countries (especially Third World countries) compared to other proposed drugs for treating
Covid 19.

Competing Interests
None of the authors have any competing interests.
Bibliography

1. ] Chen, et al. “Computed Tomography Imaging of an HIV-infected Patient with Coronavirus Disease 2019 (COVID-19)". Journal of
Medical Virology 12 (2019): 2019-2021.

2. JuJingyue, et al. “Nucleotide analogues as inhibitors of SARS-CoV polymerase”. Bio Rxiv (2020).

Citation: Usama Alanan., et al. “Tenofovir as a Treatment for COVID-19". EC Microbiology 17.7 (2021): 100-103.


https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25879
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25879
https://bpspubs.onlinelibrary.wiley.com/doi/10.1002/prp2.674

Tenofovir as a Treatment for COVID-19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

103

M Chien,, et al. “Nucleotide Analogues as Inhibitors of SARS-CoV-2 Polymerase, a Key Drug Target for COVID-19". Journal of Proteome
Research (2020).

JL Blanco., et al. “COVID-19 in patients with HIV: clinical case series”. Lancet HIV 7.5 (2020): e314-e316.

Sayad Babak,, et al. “Sofosbuvir as repurposed antiviral drug against COVID-19: why were we convinced to evaluate the drug in a
registered/approved clinical trial?”. Archives of Medical Research (2020)]

Lai Chih-Cheng,, et al. “Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and corona virus disease-2019 (COVID-19):
the epidemic and the challenges”. International Journal of Antimicrobial Agents (2020): 105924/

Sanders James M,, et al. “Pharmacologic treatments for coronavirus disease 2019 (COVID-19): a review”. The Journal of the American
Medical Association 323.18 (2020): 1824-1836.

Calcagno Andrea,, et al. “Clinical pharmacology of tenofovir clearance: a pharmacokinetic/pharmacogenetic study on plasma and
urines”. The Pharmacogenomics Journal 16.6 (2016): 514-518.

Gao Yan,, et al. “Structure of the RNA-dependent RNA polymerase from COVID-19 virus”. Science 368.6492 (2020): 779-782.

Jockusch Steffen., et al. “A Library of Nucleotide Analogues Terminate RNA Synthesis Catalyzed by Polymerases of Coronaviruses
Causing SARS and COVID-19”. Bio Rxiv (2020)]

C Palarach., et al. “Ac cep te d us crip,” 0813 (2017): 1-30.

AA Elfiky. “Ribavirin, Remdesivir, Sofosbuvir, Galidesivir, and Tenofovir against SARS-CoV-2 RNA dependent RNA polymerase (RdRp):
A molecular docking study”. Life Sciences 253 (2020).

BP Kearney, et al. “Tenofovir disoproxil fumarate: Clinical pharmacology and pharmacokinetics”. Clinical Pharmacokinetics 43.9
(2004): 595-612.

Lyseng-Williamson., et al. “Tenofovir disoproxil fumarate”. Drugs 65.3 (2005): 413-432]

G Clososki,, et al. “Tenofovir Disoproxil Fumarate: New Chemical Developments and Encouraging in vitro Biological Results for SARS-
CoV-2". Journal of the Brazilian Chemical Society 31.8 (2020): 1552-1556.

McHugh Kevin J. “Employing drug delivery strategies to create safe and effective pharmaceuticals for COVID-19”. Bioengineering and
Translational Medicine (2020).

N Ford,, et al. “Systematic review of the efficacy and safety of antiretroviral drugs against SARS, MERS or COVID-19: initial assess-
ment”. Journal of the International AIDS Society 23.4 (2020): 1-9.

G Harter, et al. “COVID-19 in people living with human immunodeficiency virus: a case series of 33 patients”. Infection (2020):
0123456789.

JP Ridgway,, et al. “A Case Series of Five People Living with HIV Hospitalized with COVID-19 in Chicago, Illinois”. AIDS Patient Care
STDS 34.8 (2020): 331-335.

Chhikara Bhupender S., et al. “Corona virus SARS-CoV-2 disease COVID-19: Infection, prevention and clinical advances of the prospec-
tive chemical drug therapeutics”. Chemical Biology Letters 7.1 (2020): 63-72]

Mongia Aanchal, et al. “A computational approach to aid clinicians in selecting anti-viral drugs for COVID-19 trials”. Ar Xiv Preprint
(2020)]

Volume 17 Issue 7 July 2021
©All rights reserved by Usama Alanan,, et al.

Citation: Usama Alanan., et al. “Tenofovir as a Treatment for COVID-19". EC Microbiology 17.7 (2021): 100-103.


https://pubmed.ncbi.nlm.nih.gov/32692185/
https://pubmed.ncbi.nlm.nih.gov/32692185/
https://pubmed.ncbi.nlm.nih.gov/32304642/
https://www.unboundmedicine.com/medline/citation/32387040/Sofosbuvir_as_Repurposed_Antiviral_Drug_Against_COVID-19:_Why_Were_We_Convinced_to_Evaluate_the_Drug_in_a_Registered/Approved_Clinical_Trial
https://www.unboundmedicine.com/medline/citation/32387040/Sofosbuvir_as_Repurposed_Antiviral_Drug_Against_COVID-19:_Why_Were_We_Convinced_to_Evaluate_the_Drug_in_a_Registered/Approved_Clinical_Trial
https://pubmed.ncbi.nlm.nih.gov/32081636/
https://pubmed.ncbi.nlm.nih.gov/32081636/
https://jamanetwork.com/journals/jama/fullarticle/2764727
https://jamanetwork.com/journals/jama/fullarticle/2764727
https://www.nature.com/articles/tpj201571
https://www.nature.com/articles/tpj201571
https://pubmed.ncbi.nlm.nih.gov/32277040/
https://www.sciencedirect.com/science/article/abs/pii/S0166354220302710
https://www.sciencedirect.com/science/article/abs/pii/S0166354220302710
https://pubmed.ncbi.nlm.nih.gov/32222463/
https://pubmed.ncbi.nlm.nih.gov/32222463/
https://pubmed.ncbi.nlm.nih.gov/15217303/
https://pubmed.ncbi.nlm.nih.gov/15217303/
https://clinicalinfo.hiv.gov/en/drugs/tenofovir-disoproxil-fumarate/patient
https://www.scielo.br/j/jbchs/a/pgqqVgNdXsh4vNDv4w5Lrhh/abstract/?lang=en
https://www.scielo.br/j/jbchs/a/pgqqVgNdXsh4vNDv4w5Lrhh/abstract/?lang=en
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7235503/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7235503/
https://pubmed.ncbi.nlm.nih.gov/32293807/
https://pubmed.ncbi.nlm.nih.gov/32293807/
https://pubmed.ncbi.nlm.nih.gov/32394344/
https://pubmed.ncbi.nlm.nih.gov/32394344/
https://pubmed.ncbi.nlm.nih.gov/32469614/
https://pubmed.ncbi.nlm.nih.gov/32469614/
http://pubs.iscience.in/journal/index.php/cbl/article/view/995
http://pubs.iscience.in/journal/index.php/cbl/article/view/995
https://pubmed.ncbi.nlm.nih.gov/33907209/
https://pubmed.ncbi.nlm.nih.gov/33907209/

	_Hlk58742272

