
Continuing Education: Review

The Journal of Clinical Pharmacology
2021, 61(5) 581–590
© 2020, The American College of
Clinical Pharmacology
DOI: 10.1002/jcph.1788

Antiretrovirals for Prophylaxis Against
COVID-19:A Comprehensive Literature
Review

Golbarg Alavian, PharmD1 , Kasra Kolahdouzan,MD2 ,
Masoud Mortezazadeh,MD3 , and Zahra Sadat Torabi, DDS4

Abstract

Although people living with human immunodeficiency virus and other comorbidities are expected to experience more grievous consequences with
corona virus disease 2019 (COVID-19), recent cohort studies did not indicate this. Antiretrovirals (ARVs) might have a prophylactic role in these
patients. The purpose of this study was to review the most recently published articles on the possible role of ARVs for pre- or postexposure
prophylaxis against COVID-19. From June to October 2020, we searched scientific databases using specific key words to identify ongoing trials or
articles published before October 2020 investigating any subgroups of ARVs for prophylaxis against COVID-19.Apart from molecular docking studies,
in vitro, animal, and human studies are very limited for evaluating the prophylactic role of ARVs against severe acute respiratory syndrome-corona
virus 2 (SARS-CoV-2) infection. According to our findings, there is no definite evidence to support use of protease inhibitors for this purpose, despite
the promising results of molecular studies and limited clinical evidence for ritonavir-boosted lopinavir, darunavir, and nelfinavir when used early in the
course of the disease.Nucleotide/nucleoside reverse-transcriptase inhibitors (NRTI) also have shown binding affinity to main enzymes of SARS-CoV-2
in molecular, in vitro, and animal studies. NRTIs like tenofovir and emtricitabine might exhibit a prophylactic role against SARS-CoV-2 infection. In
conclusion, currently there is no evidence to justify the use of ARVs for prophylaxis against COVID-19.

Keywords

antiretroviral drugs, COVID-19, HIV, prophylaxis, SARS-CoV-2

Currently the coronavirus disease 2019 (COVID-19)
pandemic is spreading very rapidly and has become a
health crisis. The number of confirmed cases at the time
of writing this article has reached more than 42 million
on October 27, 2020.1

According to a recently published prospective cohort
study, frontline health care workers (HCWs) are 3.4
times more likely to be infected with severe acute
respiratory syndrome-corona virus 2 (SARS-CoV-2)
than the general population. Epidemiologic findings
also show that health care workers, especially of black
and Asian descent as well as other ethnic minorities are
at least 5 times more likely to be infected with SARS-
CoV-2 than the non-Hispanic white ethnicity.2

Current public health strategies are rapid identifica-
tion of cases, isolation, and self-quarantine to mitigate
transmission. In the absence of an effective vaccine
or treatment, additional strategies are required, espe-
cially for high-risk groups (eg, health care workers)
in addition to adequate and efficient use of personal
protective equipment (PPE). Pharmacological pre- or
postexposure prophylaxis against COVID-19 could be
a cornerstone in controlling this disease.

Although immune deficiency and comorbidities
make patients prone to more severe cases of COVID-

19, people living with human immunodeficiency virus
(PLWH), especially those with undetectable viral loads
and acceptable immunologic status, do not have a
higher incidence of COVID-19 compared with the
general population.3–5

A Spanish cohort study of 77 590 human immunod-
eficiency virus (HIV)-positive persons who were mostly
under treatment with antiretrovirals (ARVs) and in a
well-controlled state reported that the rate of COVID-
19 diagnosis and hospitalization decreased to 30.0 cases
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per 10 000 versus 41.7 cases per 10 000 in the gen-
eral population.6 Moreover, another study from Italy
reported a 4% mortality rate among 47 HIV-positive
patients infected with SARS-CoV-2 compared with a
17% crude mortality rate in HIV-negative patients with
COVID-19 treated in the same hospital.7

The observed lower incidence and mortality of
COVID-19 in PLWH might be the result of antiretro-
viral therapy (ART) regimens acting as a simultaneous
means of chemoprophylaxis for COVID-19. This pro-
phylactic effect might be because of inhibition of essen-
tial SARS-CoV-2 functional proteins. Also, ARVs have
been shown to improve levels of C-reactive protein,
interleukin (IL)-6, IL-12, tumor necrosis factor (TNF)-
α, and d-dimer.8,9 Considering the role of cytokines in
the pathogenesis of COVID-19, these drugs may have
potential efficacy against the ensuing cytokine storm.
Therefore, ARVsmight be demonstrating both antiviral
and anti-inflammatory effects against SARS-CoV-2.

We should also bear in mind that the excessive use
of antiretroviral drugs for COVID-19 has caused a
concerning dip in drug deposits of health care systems
throughout the world, especially in low-income coun-
tries that also house the majority of the PLWH. Unless
we succeed in making a balance between production of
these expensive drugs and the excessive use of them,
PLWH will be deprived of their vital therapeutics, and
irreversible health consequences will ensue.

In this article we highlight the currently existing
evidence regarding the potency of ARVs as preventive
therapy against COVID-19.

Methods
The current study is a comprehensive review of
the existing literature since the SARS-CoV-2 out-
break before October 2020 on the suggested pro-
phylactic indications of ARVs for COVID-19. From
June to October 23, 2020, the PubMed, Google
Scholar, and Medline databases were searched us-
ing MeSH-compliant key words. The key words in-
cluded “prophylaxis,” “prevention,” “SARS-CoV-2,”
“COVID-19,” “coronavirus,” “antiretroviral,” “pro-
tease inhibitor,” “ARV,” “ART,” and names of an-
tiretroviral drugs including “lopinavir,” “ritonavir,”
“darunavir,” “atazanavir,” “tenofovir,” “emtricitabine,”
“zidovudine,” “raltegravir,” and “dolutegravir.” The
initial search identified 176 studies including clinical
trials, observational studies, animal, and in vitro stud-
ies. Case reports and review articles were excluded.
Title and abstract screening was conducted by 2 re-
viewers, and relevant articles were included. Search
terms and selection were restricted to articles available
in English. Referenced articles were hand-searched to

identify further relevant studies. Finally, data from
included articles were summarized and reported.

Also, ongoing randomized, controlled trials and
cohort studies relevant to any subgroup of antiretro-
virals investigating pre- or postexposure prophylaxis of
COVID-19 were searched in clinicaltrials.gov and clin-
icaltrialsregister.eu registries (the results are presented
in Table 1).

Discussion
Based on the existing understanding of pathogenesis,
2 phases can be considered for the course of COVID-
19. The first one is the viral response phase with earlier
and milder symptoms because of viral replication in
targeted organs, and the second phase is exaggerated
host reaction through immune system response and
cytokines to protect against SARS-CoV-2.10 Therefore,
treatment strategy can include early administration of
antivirals to prevent viral replication in host cells along
with establishing a balance between tissue damage
caused by hyperactivation of the immune system and
effective immune host response against SARS-CoV-2.

From the beginning of this pandemic, there have
been scattered reports that, contrary to expectations,
the prevalence of COVID-19 is low in PLWH. The
use of antiretroviral drugs is hypothesized to be one
of the possible explanations for this phenomenon. A
systematic review and meta-analysis concluded that the
prevalence of HIV/SARS-CoV-2 coinfection was low
and, in terms of clinical characteristics and outcomes,
was comparable to other patients without HIV.11

The suggestion of using ARVs as preventive strate-
gies has been raised since the severe acute respiratory
syndrome (SARS) epidemic in 2002-2003.12 Also, a
study conducted in South Korea showed effectiveness
of ribavirin plus lopinavir/ritonavir as postexposure
prophylaxis (PEP) in health care workers against Mid-
dle East respiratory syndrome (MERS).13

Here we report the existing evidence regarding po-
tential effectiveness of the most common ARVs for
prophylaxis against COVID-19.

Protease Inhibitors
Protease inhibitors are competitive inhibitors of HIV
protease that prevent cleavage of polypeptide precur-
sors that form viral capsid subunits at the end of the
viral life cycle. They exhibit activity against clinical iso-
lates of both HIV-1 andHIV-2.14 In this section we will
discuss our findings on lopinavir/ritonavir, atazanavir,
darunavir, and other protease inhibitors.

Lopinavir/Ritonavir
Ritonavir-boosted lopinavir (LPV/r) is a protease in-
hibitor most known for its use in the treatment of HIV.
In a recent study by Nutho et al15 with computer-based
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Table 1. Ongoing Studies on Effectiveness of Antiretrovirals for Prophylaxis of COVID-19

Study
Study
Type

Prophylaxis
Mode Country

(Expected)
Publication Date Intervention

COVID-19 Ring-Based Prevention Trial
With Lopinavir/Ritonavir
(CORIPREV-LR)

RCT PEP Canada March 2022
Ongoing

LPV/r (400/100 mg Q12h × 14 days)
versus no treatment

Treatment of Non-severe Confirmed Cases
of COVID-19 and Chemoprophylaxis of
Their Contacts as Prevention Strategy: A
Cluster Randomized Clinical Trial (PEP
CoV-2)

RCT PEP Spain Unknown DRV/c (800/150 mg QD) versus HCQ
(200 mg QD)

Impact of Long-Term Protease Inhibitors in
Patients Living With HIV on the
Incidence of COVID-19 (COVIP)

Cohort PrEP France July 2021
Ongoing

Protease inhibitors (dosage not
specified)

Randomized Clinical Trial for the
Prevention of SARS-CoV-2 Infection
(COVID-19) in Healthcare Personnel
(EPICOS)

RCT PrEP Spain December 2020
Ongoing

TDF/FTC (245/200 mg QD), HCQ
(200 mg QD), TDF/FTC (245/200
mg QD) plus HCQ (200 mg QD),
and placebo

TAF/FTC for Pre-exposure Prophylaxis of
COVID-19 in Healthcare Workers
(CoviPrep Study)

RCT PrEP Argentina November 2020
Ongoing

FTC/TAF (200/25 mg QD) versus
placebo

Chemoprophylaxis of SARS-CoV-2
Infection (COVID-19) in Exposed
Healthcare Workers (COVIDAXIS)

RCT PrEP France November 2020
Ongoing

HCQ (400 mg Q12h for 2 doses, then
200 mg Q12h) or LPV/r (400/100 mg
Q12h) versus placebo

Daily Regimen of Tenofovir/Emtricitabine
as Prevention for COVID-19 in Health
Care Personnel in Colombia

RCT PrEP Colombia April 2021
Ongoing

TDF/FTC (300/200 mg QD) pus PPE
versus placebo plus PPE

DRV/c, darunavir/cobicistat; FTC, emtricitabine; HCQ, hydroxychloroquine; LPV/r, lopinavir/ritonavir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil
fumarate; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PEP, postexposure prophylaxis; PPE, personal
protective equipment, PrEP, preexposure prophylaxis; Q12h, every 12 hours; QD, every day; RCT, randomized, controlled trial.
Ongoing studies on the effectiveness of antiretrovirals for prophylaxis of COVID-19.

molecular dynamics simulation, it was demonstrated
that ritonavir and lopinavir interacted well with their
binding sites on SARS-CoV-2 3CLpro protein (or
main protease), with the former having about twice the
affinity of the latter.

Another computational study with the objective
of identifying appropriate drug complexes for drug
repurposing reported that a combination of ritonavir,
lopinavir, and oseltamivir was more effective than each
drug individually for interactionswith the target SARS-
CoV-2 main protease.16

Using chemoinformatic analysis, Copertino et al17

identified protease inhibitors including ritonavir and
lopinavir as capable of binding catalytic sites of both
main protease and RNA-dependent RNA polymerase
(RdRp) of SARS-CoV-2. They also argue that PLWH
contracting COVID-19 less frequently than the nor-
mal population, based on anecdotal reports, might
be because of the preexposure prophylaxis that they
acquire by taking antiretroviral drugs including pro-
tease inhibitors and nucleoside and nucleotide reverse-
transcriptase inhibitors.

The first randomized, controlled trial on the
efficacy of LPV/r was conducted by Cao et al on
199 patients.18 In that study, the authors reported that
LPV/r was not associated with clinical improvement or

reduced mortality in severely ill COVID-19 patients;
however, in a post hoc analysis of their study partici-
pants, those who received LPV/r for less than 12 days
after symptom onset had accelerated clinical recovery
and reduced mortality (19% vs 27.1%). However, this
study was underpowered to rule out the possible benefi-
cial effects of LPV/r. Recently, the results of the largest
randomized clinical trial comparing LPV/r (400/100mg
twice daily for 10 days) plus standard care (1616
patients) versus standard care only (3424 patients)
in COVID-19 patients was reported. This large-scale
trial (RECOVERY Trial)19 was conducted in 176 UK
hospitals, and the study outcomeswere 4-week all-cause
mortality, duration of hospital stay, and progression to
mechanical ventilation or death. There was no signifi-
cant difference between study arms regarding any of the
predefined outcomes. Moreover, a subgroup analysis
for RECOVERY participants did not indicate any
significant difference in subgroups of age, sex, ethnicity,
days since symptom onset, and respiratory support at
randomization. After the results of the RECOVERY
trial were made public, WHO’s SOLIDARITY trial20

stopped further participant recruitment for its LPV/r
arm. Later, their published results on 1411 patients
who took LPV/r (400/100 mg twice daily for 14 days)
indicated no significant difference compared with
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the control group on study outcomes including
mortality, duration of hospital stay, and initiation of
ventilation.

However, a recent study suggested that even if LPV/r
is not effective for treatment of severe COVID-19, it
could be used as treatment of early nonsevere patients
to decrease the viral load and subsequent immune-
related aggravation of the disease. Also, as oral-fecal
transmission tends to extend late into the disease
course, it was recommended that LPV/r be prescribed
for at least 14 days.21

Lopinavir is metabolized by the hepatic CYP3A
enzyme, whereas ritonavir is both metabolized by and
inhibits this same enzyme, increasing the plasma levels
of lopinavir and itself.22

Lopinavir exhibited antiviral activity against SARS-
CoV-2 in Vero E6 cells, with a maximum effective
concentration (EC50) of 26.63 μM.23

From a kinetic point of view, suboptimal antiviral
response of LPV may be because of factors such as
inadequate concentration at the site of infection and/or
insufficient plasma drug exposure, especially across the
entire dosing interval.24

Although in a pharmacokinetics study by Arshad
et al,25 LPV/r was predicted to achieve lung concen-
trations more than 10-fold higher than the reported
EC50, another recent study stated that LPV/r with poor
lung distributions subsequently failed to inhibit viral
replication, at least in the lungs.26

According to pharmacokinetic studies, ritonavir
and lopinavir reach much higher trough concentra-
tions in patients with COVID-19 compared with HIV
patients.27,28 But despite this high plasma concentration
observed in COVID-19 patients, the unbound fraction
is not affected.24 This higher plasma concentration has
been attributed to the hepatic impairment caused by
SARS-CoV-2 and the enzymatic inhibitory effects of
these drugs. In addition, concurrent use with hydrox-
ychloroquine and the subsequent drug-drug reaction
have been hypothesized for this observed effect.

In the study by Cao et al,18 14% of their intervention
group failed to complete the 14-day course of treatment
because of numerous side effects. Whatever the
mechanism for the higher toxicity in COVID-19
patients is, this higher concentration predisposes the
patients to experience more frequent adverse effects
related to these drugs.

Although protease inhibitors can cause serious side
effects when used over long periods in HIV patients,
they could still be used for prophylaxis against COVID-
19 in the short-term with acceptable side effect profiles.
However, even if it is determined that these drugs
have prophylactic capabilities against COVID-19, the
exact dosing and frequency of use would be quite
challenging.

LPV/r plus ribavirin was used in a study13 as pos-
texposure prophylaxis (PEP) in MERS in health care
workers who had unprotected contact with infected
patients. In that study, the LPV/r plus ribavirin resulted
in a 40% reduction of MERS-CoV infection (0% [0 of
22] in HCWs receiving PEP versus 28.6% [6 of 21] in
HCWs not receiving it; OR, 0.405; 95%CI, 0.274-0.599;
P = .009). However, almost all patients receiving PEP
medication reported side effects of mostly nausea and
diarrhea, and all of them experienced hyperbilirubine-
mia without need for discontinuation of treatment.

Currently, the CORIPREV-LR29 trial from Canada
is using lopinavir-ritonavir versus control group against
SARS-CoV-2 for postexposure prophylaxis on a target
sample size of 1220 participants. The intervention
group will receive oral lopinavir/ritonavir 400/100 mg
twice daily for 14 days initiated within the first week of
exposure. The control group will receive no treatment.
The primary outcome is microbiological confirmation
of SARS-CoV-2 infection by day 14 of the study. Data
collection is expected to end in late March 2021.

Another placebo-controlled, randomized trial
(COVIDAXIS 2), in France, is also investigating
lopinavir-ritonavir 400/100 mg twice daily for 2 months
in 600 health care workers for preexposure prophylaxis
against COVID-19.30

To clarify the possibility of LPV/r use for preventing
COVID-19, we have to wait for the results of the
ongoing clinical trials.

Atazanavir
Atazanavir is another protease inhibitor used for pro-
phylaxis and treatment of HIV.

In a study by Beck et al31 using MT-DTI (a
deep learning-based drug-target interaction prediction
model), they found that atazanavir had the highest
affinity for 3CLpro of SARS-CoV-2 among a group of
drugs including remdesivir, efavirenz, ritonavir, and do-
lutegravir. Moreover, in this model atazanavir showed a
potential binding affinity to almost all replication sub-
units of SARS-CoV-2 virus including RdRp, helicase,
exonuclease, and endoRNAse.

However, a recent study has warned against use of
atazanavir and LPV/r in COVID-19 patients receiving
antiplatelet and new oral anticoagulants.32 Currently, a
phase 2/3 randomized, controlled trial (NATADEX)33

is recruiting patients withmild COVID-19 symptoms to
receive either atazanavir or NA-831 (a neuroprotective
drug) with or without dexamethasone combination.

To date, there is no evidence justifying the use of
atazanavir as a means for COVID-19 prophylaxis.

Darunavir
To our knowledge, the only published study to
assess darunavir (another protease inhibitor used for
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treatment of HIV) efficacy for treatment of COVID-19
patients was released in June 2020.34 This study was a
relatively small randomized, controlled trial (n = 30)
and showed that the addition of darunavir/cobicistat
(DRV/c) for 5 days to the standard treatment including
inhalation interferon α 2b did not increase the negative
conversion of polymerase chain reaction results on
day 7. Also, a recent study demonstrated that DRV/c
showed no in vitro antiviral activity at clinically
relevant concentrations against SARS-CoV-2 (EC50 >

100 μM).35

Four other trials are currently ongoing in China,
Thailand, and Qatar to assess DRV/c for treatment of
COVID-19, in line with other agents like thymosin a-1,
oseltamivir, hydroxychloroquine, and favipiravir.36–40

Another case series of 3 patients with HIV who
were under treatment with DRV/c reported that these
patients improved after contracting COVID-19 dis-
ease; however, one of them required mechanical
ventilation.41 This study argues that darunavir might
not be effective in preventing SARS-CoV-2 infection.

Currently, the only known trial to evaluate darunavir
as a means for postexposure prophylaxis of SARS-
CoV-2, is the Spanish PEP CoV-2 study,42 which
will administer DRV/c or hydroxychloroquine to 3040
adult contacts of laboratory-confirmed SARS-CoV-2-
infected patients tomeasure prophylaxis effectiveness in
reducing secondary cases within 14 days after start of
treatment.

At the present time, the evidence to support use of
darunavir for prophylaxis or treatment of COVID-19
is very limited, and there is a high risk of bias for
published studies, so we have to wait for the results of
the ongoing clinical trials.

Other Protease Inhibitors
Saquinavir and indinavir-2 protease inhibitors used for
treatment of HIV were identified as hit compounds for
the SARS-CoV-2 3CLpro main protease in a study that
incorporated in silico molecular docking models.43

Another study indicated that indinavir has the high-
est docking score with 3CLpro, followed closely by
atazanavir, remdesivir, and amprenavir (another pro-
tease inhibitor used for treatment of HIV).44

Musarrat et al45 reported inMay 2020 that nelfinavir
drastically inhibits virus-induced cell-to-cell fusion of
Vero cells infected with SARS-CoV-2 at a dose of 10
μM without changing cell surface expression of N-
MYC or FLAG glycoproteins. The authors concluded
that nelfinavir should be used early in the course of
COVID-19 disease to minimize virus spread and gain
time for the immune system to respond (Figure 1).

To identify a possible preventive role of protease in-
hibitors on the incidence of COVID-19 among PLWH,
a prospective multicenter cohort study is underway in

France.46 In this study patients in the long-term pro-
tease inhibitors group will be compared with patients in
the long-termARV regimenwithout protease inhibitors
in terms of incidence rate of COVID-19.

Drug to Increase HIV Drug Exposure

Cobicistat. Cobicistat is used as a pharmacokinetic
boosting agent and a part of ART regimens to de-
crease protease inhibitors’ liver metabolism via CYP3A
inhibition. Cobicistat is suggested to have potential
activity against SARS-CoV-2 through inhibition of the
main protease and RdRp to some extent in molecular
docking studies.17 A molecular study has explained
that cobicistat has a high binding affinity to main
protease via several hydrogen bonds with amino acids
inside the active site of the main protease.47 Apart from
the trials investigating coadministration of cobicistat
with darunavir, we did not find any relevant trials
to assess the efficacy of cobicistat for prophylaxis of
COVID-19.

Nucleotide/Nucleoside Reverse-Transcriptase Inhibitors

Tenofovir Disoproxil Fumarate and Tenofovir Alafenamide.
Tenofovir disoproxil fumarate (TDF) is a prodrug
for tenofovir, a nucleotide reverse-transcriptase in-
hibitor. Tenofovir is an analogue of adenosine 5ʹ-
monophosphate, which is a competitive inhibitor of
HIV reverse transcriptase, resulting in blockage of viral
replication.48

Characteristics such as high barrier resistance
and long plasma and intracellular half-life have
caused tenofovir to become the most widely used
antiretroviral agent. Tenofovir alafenamide (TAF) is
a next-generation tenofovir prodrug that has demon-
strated equal efficacy with less adverse effects, es-
pecially regarding nephrotoxicity and drug-induced
osteoporosis.49

Currently, a large number of patients with HIV are
receiving some forms of tenofovir (TDF or TAF) as a
part of backbone antiretroviral treatment.50 Tenofovir,
in combination with emtricitabine (FTC) or lamivudine
is used for postexposure prophylaxis to reduce the risk
of HIV infection in adults and adolescents. According
to recent studies, tenofovir may also have a place
in treatment or prophylaxis against COVID-19. In a
cohort study conducted by Del Amo et al, the authors
concluded that risk of COVID-19 and related hospital-
ization is lower among HIV-positive patients receiving
TDF/FTC.6 Favorable pharmacological characteristics
of tenofovir such as few adverse effects or drug-drug
interactions make it a good choice for preexposure
prophylaxis.51

A few studies using in silico molecular docking
analysis have identified tenofovir and emtricitabine as
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Figure 1. Mechanism of action of antiretroviral drugs through the life cycle of HIV and SARS-CoV-2 viruses. This figure was created using
BioRender.com.

potential candidates for inhibition of RdRp, which
could play a role as chain terminators in the replication
of SARS-CoV-2 RNA.17,52–54

Moreover, TDF significantly reduced SARS CoV-
2 particle production in a cell culture study by con-
centrations between 3 and 90 μM.55 Considering these
findings and the similarities between RdRp from pre-
vious coronaviruses and HIV reverse transcriptase,56

tenofovir remains an encouraging agent against SARS-
CoV-2.

Park et al57 tested lopinavir-ritonavir,
hydroxychloroquine sulfate, and emtricitabine-
tenofovir against SARS-CoV-2 infection in a ferret
infection model to identify potential antiviral
candidates for future human efficacy trials. The
results obtained showed that all 3 drug treatments
exhibited lower clinical symptoms compared with the
control group, but they did not reduce virus titers with
the exception of the emtricitabine-tenofovir-treated
group, which led to diminished virus titers in nasal
washes 8 days postinfection compared with the control
group.

Furthermore, tenofovir regulates the cytokine net-
works and shifts the IL-12/IL-10 balance toward de-
creasing IL-10 and increasing IL-12 levels.9 Activated
antigen-presenting cells (APCs) including dendritic
cells, macrophages, and astrocytes secrete the key cy-
tokine IL-12, which promotes differentiation of naive
T cells into T-helper 1 and activates natural killer
(NK) cells. These activated cells play a major role in
inhibition of viral replication and clearance of virus
from host cells. IL-12 also primes interferon gamma
(IFN-γ ) production by T cells and NK cells, which
can in turn upregulate IL-12 synthesis by the APCs,
and this positive feedback loop is essential for adaptive
immune response against viral pathogens. CD4+T cells
also help B cells through IL-12 and IFN-γ to produce
antibodies. This antibody-mediated immunity, which is
activated indirectly by IL-12, plays a crucial role in host
defense against extracellular pathogens.58

We hypothesize that by increasing IL-12 levels
directly or indirectly through increasing IFN-γ and
TNF-α levels in serum and stimulation of antibody
production, tenofovir could prepare better antiviral
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response against SARS-CoV-2 for the host. Consid-
ering all the above, it can be concluded that tenofovir
could potentially play a role as an antiviral agent
along with prophylactic immune modulation against
COVID-19; however, no definite conclusions could be
made without evidence from further clinical studies.

Emtricitabine. Emtricitabine (FTC) is a cytosine nu-
cleoside analogue that inhibits HIV reverse tran-
scription. As previously mentioned, like tenofovir,
emtricitabine can be used as a permanent terminator
for the SARS-CoV-2 RdRp enzymatic function.54

Because emtricitabine can be coadministered with
tenofovir in HIV postexposure prophylaxis or as a
backbone of antiretroviral therapies, these 2-drug com-
binations can be used as lead compounds in upcoming
studies to test the inhibitory effects on SARS-CoV-2.

The first study on prophylactic efficacy of
tenofovir/emtricitabine against COVID-19 indicated
a higher seroprevalence of anti SARS-CoV-2
immunoglobulin G among preexposure prophylaxis
(PrEP) users than the control groupwith no statistically
significant differences in clinical manifestations.59

PrEP users had fewer symptoms and for a shorter
duration than the control group, as did those receiving
TDF/FTC when compared with TAF/FTC, although
no statistically significant differences could be found.

To investigate prevention of SARS-CoV-2 infection
through preexposure prophylaxis in health care per-
sonnel aged 18 to 70 years in Spain, the EPICOS
randomized, double-blinded clinical trial is in process.60

This study has 4 arms comparing TDF/FTC, hydroxy-
chloroquine, TDF/FTC plus hydroxychloroquine, and
placebo. Four thousand participants will be assigned to
1 of the 4 groups. The primary outcome is the number
of confirmed symptomatic infections of SARS-CoV-
2 at 12 weeks. Also, a similar controlled trial will be
conducted in Colombia to assess TDF/FTC plus PPE
versus PPE alone in 950 health care workers.61

Another ongoing randomized, double-blinded,
placebo-controlled clinical trial on this subject is the
CoviPrep study from Argentina.62 The purpose of
this study is to investigate daily doses of FTC/TAF
200-25 mg versus placebo for preexposure prophylaxis
in health care workers at a duration of 12 weeks
for each group. Its main objective is to evaluate the
risk of developing COVID-19 in health care workers
in addition to the currently recommended control
measures.

Other Nucleoside/Nucleotide Reverse-Transcriptase In-
hibitors. Molecular basic studies have demonstrated
positive response with different effectiveness for other
nucleotide analogues such as the active triphosphate
form of zidovudine, abacavir, and lamivudine in inhibi-

tion of SARS-CoV-2 RdRp.17,52 However, zidovudine
and lamivudine did not show inhibitory effects against
SARS-CoV-2 in an in vitro study.63

In a cohort study from South Africa, the mortality
rate of PLWH with COVID-19 was lower on TDF
compared with zidovudine- or abacavir-based regimens
(HR, 0.41; 95%CI, 0.21-0.78; P = .007) and other
antiretrovirals.64

There are no published or ongoing trials to effec-
tively assess the prophylactic role of any of these agents
against COVID-19.

Integrase Strand Transfer Inhibitors. A newer class of
ARVs is integrase strand transfer inhibitors (INSTIs)
that inhibit HIV integrase enzyme and thus prevent
HIV from incorporating its genome into the host
DNA. Raltegravir was the first INSTI approved by
the US Food and Drug Administration in 2007. Two
newer INSTIs, dolutegravir and elvitegravir, were sub-
sequently approved, in 2013 and 2014, respectively,
and are used in many ART regimens along with the
backbone drugs.65

An important viral enzyme that could be pharmaco-
logically targeted, is the 2’-O-ribose-methyltransferase,
which is the non-structural-protein 16 in SARS-CoV-
2 (Figure 1). This enzyme ensures the integrity of
viral RNA and its safety from the innate host immune
system. It functions by putting a “cap” (specific ar-
rangement at the 5’ end of the RNA on the ribose
2’-O position) on one end of the viral RNA, which
resembles the native mRNA of the host cell. This
process guarantees survival and replication of the viral
RNA.66,67

A recent study of molecular drug simulation for
the 2’-O-ribose-methyltransferase enzyme identified
raltegravir, dolutegravir, and bictegravir as potential
therapeutic choices for drug repurposing.66 Another
molecular docking study revealed that raltegravir,
alongside protease inhibitors like lopinavir-ritonavir
and tipranavir, shows the best molecular interaction
with the main protease of SARS-CoV-2.68 However,
there is a need for further in vitro studies and clinical
trials to find out the effectiveness of these drugs on
COVID-19.

Recently, 2-drug ART regimens including
dolutegravir and lamivudine were approved for
PLWH. A study is being conducted in Iran
(IRCT20191005044984N1) to evaluate and compare
the effectiveness of a 2-drug regimen of dolutegravir
and tenofovir alafenamide in PLWH that coincides
with the outbreak of COVID-19. In addition to the
main objectives of this study, it may be possible to
compare the incidence and severity of COVID-19 in
patients receiving either 2-drug or standard triple-drug
ART regimens and also the general population to
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reveal any further clues toward repurposing of ARVs
for COVID-19.

Summary
To date there have been few clinical trials designed
to evaluate ARVs as prophylactic therapies against
SARS-CoV-2 infection, and some of them are currently
underway.

Recent cohorts and observational studies have re-
ported that HIV-infected patients and PrEP users are
not at increased risk of contracting COVID-19 com-
pared with other people if a similar age.5–7,69 If the
role of ARVs in prevention of COVID-19 in PLWH is
proven, then we can extend their use to the population
at higher risk of infection with SARS-CoV-2.

Currently, there is no evidence to justify the use
of protease inhibitors for early prevention or post-
exposure prophylaxis against SARS-CoV-2. However,
the CORIPREV-LR,29 COVIP,46 and COVIDAXIS
230 trials and the Spanish PEP CoV-2 study42 will
shed light on the use of ritonavir-boosted lopinavir,
protease inhibitors, and darunavir, respectively, for this
purpose. Other protease inhibitors such as atazanavir,
indinavir, and nelfinavir have gained notice because of
their promising interactions with specific SARS-CoV-
2 viral proteins, revealed through molecular docking
analyses and in vitro studies. Therefore, it seems that
these drugs merit more precise evaluation by further
clinical studies.

LPV/r was the only protease inhibitor drug combi-
nation that entered national therapeutic protocols for
treatment of COVID-19 in many countries; however,
large randomized clinical trials ruled out any benefits
of this protease inhibitor on outcomes like mortality,
duration of hospital stay, or mechanical ventilation.

Tenofovir and emtricitabine could potentially play
a role as antiviral agents along with prophylactic im-
mune modulation in COVID-19. Three randomized,
controlled trials from Spain (EPICOS),60 Argentina
(CoviPrep),62 and Colombia61 are investigating the
role of a tenofovir and emtricitabine combination for
preexposure prophylaxis in health care workers within
8 to 12 weeks.

Limitations
This comprehensive review article includes any molecu-
lar, in vitro, in vivo, animal, and human studies investi-
gating the possible role of antiretrovirals in prophylaxis
against COVID-19. We must be aware that many in
vitro studies use drug concentrations far exceeding
the in vivo concentrations, and their results may not
necessarily be relevant to clinical practice. Therefore, we
should be careful when interpreting these data. Also,
because of the scarcity of current clinical data and low

certainty of evidence and high risk of bias in the pub-
lished articles on this issue, we should be very careful
in drawing any firm conclusions. Hopefully, publication
of the currently ongoing randomized clinical trials and
prospective cohort studies will bring more definitive
evidence on the efficacy of antiretrovirals for pre- or
postexposure prophylaxis against COVID-19.

Conclusions
Many biomolecular studies strongly identify multiple
antiretroviral drugs as potential inhibitors of SARS-
CoV-2 main protease and RNA-dependent RNA
polymerase, and some limited evidence considers
protease inhibitor subgroup of ARVs, especially
ritonavir-boosted lopinavir for decreasing mortality
and accelerating recovery. However, currently there
is no evidence to support the use of these ARVs for
prophylaxis against COVID-19, and we must await
the results of ongoing trials that include them in
their intervention groups. Ritonavir-boosted lopinavir,
nelfinavir, tenofovir, and emtricitabine are favorable
pharmacologic candidates against SARS-CoV-2
and must be further investigated by adequately
powered randomized clinical trials to determine their
effectiveness for prophylaxis and treatment. There is
insufficient evidence for darunavir, and more study is
needed to evaluate atazanavir and integrase inhibitors
for prophylaxis and treatment. Considering the cost
and limited availability of these drugs and the risk of
PLWH being deprived of these essential therapeutics,
we must search for definite evidence that would justify
using these ARVs.
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