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ABSTRACT 

Since November 2019 the severe acute respiratory syndrome (SARS) or coronavirus disease 2019 (Covid 
19) caused by the new human corona virus (HCoV), is spreading around the world, causing a major loss 
of lives.  
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INTRODUCTION 

 
HCoV is a single stranded RNA virus which is part of the ß-

coronavirus family (like SARS 2002 and MERS 2012). The high 
prevalence of hospitalization and mortality, in addition to the lack 
of vaccines and therapeutics forces scientists and clinicians around 
the world to evaluate new therapeutic options. One strategy is the 
repositioning of already known drugs, which were approved drugs 
for other indications [1]. 

In this case targets for research would be the receptor used by 
SARS to enter the cells to be infected, ACE2, the RNA 
polymerase or virus protease, needed for replication and 
embedding of new viruses in the host cells. Thus, entry inhibitors, 
RNA polymerase inhibitors and protease inhibitors seem to be 
valuable targets of research. 

The Clinical trials.gov Webpage currently lists 469 trials related 
to the treatment of SARS-CoV-2 (14.04.2020) of which 12 is 
found to be completed. Only one small Chinese study with 30 
patients investigated the treatment of Covid-19 with 
hydroxychloroquine and was published in February 2020. Taken 
together with a small number of further studies not listed in the 
CTG webpage, the current evidence of drug treatment of Covid-
19 is scarce. So a huge number of studies are planned or already 
started. 

 
 

 This editorial will introduce a selection of trials with already 
approved drugs which are repurposed during the SARS-CoV-2 
pandemic worldwide. 

Principles of treatment 

 

Nucleoside analogues have been already studied as potential 
therapeutic options against SARS infection. In general these 
drugs are taken as prodrugs and have to be phosphorylated in 
the target cells order to be active false components used by RNA 
polymerase leading to the abruption of viral RNA replication. 
This principle has been used as part of antiretroviral therapies 
since decades (REF). 

A number of in-silico and in-vitro studies evaluated the 
binding of drugs to RNA polymerase and protease [2-5].  
The proteinase processing polyprotein and virus maturation is 
called main protease (Mpro) and has already been evaluated as 
an approach towards SARS treatment [6]. We also know from 
HIV treatment, that HIV-1 protease inhibitors are highly able to 
deactivate Mpro by inactivating the active center of the protease 
being nominated as potential drug against SARS infection. 
Therefore studies have been designed to evaluate the molecular 

interaction of HIV-1 protease inhibitors with Mpro.  
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Dayer et al. have tested the inhibitory potency of HIV-1 
protease inhibitors to coronavirus protease and found the 
inhibitory potency represented by the similarity of the tested drugs 
to the certain binding site of Mpro of 
LPV>RTV>APV>TPV>SQV>ATV>DRV>NFV>IDV, so that in 
this case LPV was the most powerful inhibitor of coronavirus 
protease. The inhibitory potency of Lopinavir in a molecular 
dynamic simulation was represented by the binding site similarity 
of 66.67%, whereas the second-generation PI 
Darunavir/Cobicistat revealed a binding site similarity of <30%. 

Nukleos(t)ide polymerase inhibitors 
 
Sofosbuvir, Remdesivir and Tenofovir-DF are nucleos(t)ide 

analogues and thus prodrugs, which are 2-3x phosphorylated in 
the target cells in order to become active false components used by 
RNA polymerase leading to the abruption of viral RNA 
replication. Sofosbuvir is a uridine-analogue, Remdesivir is an 
adenosine-analogue and tenfovir-disoprxylfumarate is a thymidine-
analogue. Most of the chain-terminating drugs are nucleoside-
analogues missing a functional 3’OH-group (e.g. Tenofovir, 
Aciclovir or Azidothymidin). Sofosbuvir is an exemption, because 
it is modified at the 2`OH-group for better antiviral activity 
against HCV. All of these can cause a premature chain 
termination by steric inhibition of the viral polymerase [7,8].  

Remdesivir was found to be active against Ebola, although the 
results were not as encouraging as expected [9]. 

Analyses of patients (n=66, US, EU and China)  who received 
Remdesivir in a compassionate use program showed, that 
Remdesivir standard dosing can improve the pulmonary status, 
help clear the virus and decrease fever in patients with severe 
Covid-19, especially those who had an O2-saturation <94% and 
who were oxygenated [10].  

Remdesivir is now tested in trials worldwide. The two biggest 
trials, Solidarity and Discovery, initiated by the WHO and the 
French ANSM plan to enroll thousands of patients worldwide, of 
which 3200 will be included in countries of the European Union 
under the guidance of the French National Agency for Medicines 
and Health Products Safety (ANSM). The SOLIDARITY trial is an 
open randomized adaptive controlled trial, where patients are 
either assigned to receive Remdesivir  intravenously 100 mg daily 
for the duration of the hospitalization and up to 10 days total 
course, including a loading dose of 200 mg at inclusion or 
Hydroxychloroquine will be given orally (in the ICU in 
gastrointestinal tubes) with 800 mg loading dose followed by 400 
mg every day for a total of 10 days, plus standard of care treatment 
(SOC) in each arm [11].  

The manufacturer of Remdesivir, Gilead Sciences Inc., also 
announced the initiation of two Phase 3 clinical studies in March 
2020 to evaluate the safety and efficacy of Remdesivir in adults 
diagnosed with COVID-19. This randomized, open-label, 
multicenter studies will enroll approximately 1,000 patients at 
medical centers primarily across Asian countries, as well as other 
countries globally with high numbers of diagnosed cases. The 
studies will assess two dosing durations of Remdesivir, 
administered intravenously.  

ClinicalTrials.gov lists a total number of 10 trials with 
Remdesivir against SARS-CoV-2 infection. 
(https://clinicaltrials.gov/ct2/results?cond=COVID19&term=rem
desivir&cntry=&state=&city=&dist=&Search=Search) 

 
In Italy it is planned to start a multi-center, randomized,  

 
double-blind, placebo-controlled (1:1) clinical study to explore the 
efficacy and safety of Favipiravir in the treatment of adult subjects 
with COVID-19-moderate type in July 2020. Subjects within 10 
days of COVID-19 onset will be screened, and be randomized as 
early as possible within 24 hours following screen success. It is 
planned to randomize 100 subjects in a 1:1 ratio. Subjects in the 
test group will receive supportive care recommended in the current 
guidelines + Favipiravir, and subjects in the control group will 
receive supportive care recommended in the current guidelines + 
placebo control; the efficacy and safety of Favipiravir versus the 
placebo in the treatment of COVID-19-moderate type will be 
compared [12]. 

A Chinese multicenter interventional trial evaluates the 
combination of Favipiravir combined with tocilizumab. 150 
participants will be assigned to receive either the combination of 
favipiravir or favipiravir or tocilizumab alone, each plus SOC. 

Favipiravir will be given 1600 mg BID on the 1st day and 600 
mg BID from day 2 to 7, p.o.  

The first dose of tocilizumab is 4 ~ 8 mg/kg as i.v. infusion and 
the recommended dose is 400 mg. For fever patients, an additional 
application (the same dose as before) is given if there is still fever 
within 24 hours after the first dose and the interval between two 
medications ≥ 12 hours. The maximum of cumulative number is 
two, and the maximum single dose is up to 800 mg [13]. 

Finally, an 8-armed study with planned 320 participants will test 
various combinations of HIV-1 protease inhibitors, Oseltamivir, 
Favipiravir and Hydroxychloroquine for the treatment Covid-19 
(THDMS-COVID-19) in Bangkok, Thailand. Further information 
is provided on 
https://clinicaltrials.gov/ct2/show/NCT04303299?term=favipiravi
r&cond=COVID19&draw=2&rank=3. 

There are no current studies listed for Sofosbuvir in 
ClinicalTrials.gov. 

Four Trials are listed for oseltamivir, a drug against influenza 
infection, inhibiting the neuraminidase and thus the viral 
spreading after infection of a patient. They do neither eliminate the 
virus nor are they able to substantially shorten the course of flu 
disease in patients. Oseltamivir is considered to be helpful in case 
of a pandemic in order to decrease the viral spread in society 
[14,15]. However, an effect against SARS-CoV-2 has never been 
proven in vitro or in vivo.   
(https://clinicaltrials.gov/ct2/results?cond=COVID19&term=oselt
amivir&cntry=&state=&city=&dist=&Search=Search) 

Ribavirin was tested in vitro 2004 against SARS-CoV and 
revealed a limited effect on the elimination of SARS-CoV-1, 
however the authors concluded that from their pk-data it must be 
expected that effective concentrations in humans will not be 
reached by approved human doses [16]. 

Side effects/tolerability of nucleosides 
 

In general the nucleoside analogues can affect the bone marrow 
and blood cell count, causing hemolytic anemia, decreased 
hemoglobin and thrombocytopenia. Tenofovir-DF can also 
decrease bone density and alter kidney function with increased 
creatinine values. Proteinuria is a symptom of a possible Fanconi-
syndrome. Nucleoside analogues also may cause mitochondrial 
toxicity with peripheral subcutaneous fat loss. However, these side 
effects usually occur after a long-term intake of NAs, in short 
periods of treatment such as against SARS-CoV these side effects 
only play a minor role. The foremost side effects in the first weeks 
of treatment are nausea, dizziness, headache and diarrhea. 

https://clinicaltrials.gov/ct2/show/NCT04303299?term=favipiravir&cond=COVID19&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT04303299?term=favipiravir&cond=COVID19&draw=2&rank=3
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HIV-protease inhibitors 
 
As there is a similarity in the nucleotide sequence of SARS-CoV 

to SARS-CoV-2 of 79% and to MERS-CoV of 51.8%, and 
protease is a key enzyme for the replication of coronaviruses, there 
are data from previous studies in these earlier endemics, which are 
translated now into therapy concepts for SARS-CoV-2 and Covid-
19.  

Lopinavir was one of four FDA-approved drugs, which were 
revealed contradictory results and the question occurs why this 
could be [2,4,17-19]. The EC50 of Lopinavir was 8 µM which is 
usually reached by BID dosing of Lopinavir/Ritonavir 400/100mg 
in vivo, if the drug concentrations in plasma are measured as 
entire concentration; however the unbound fraction of Lopinavir 
is much lower in plasma due to ist protein binding capacity of 
98%-99% [17,20]. 

In a retrospective cohort study, n=33 adults with laboratory-
confirmed COVID-19 without Invasive ventilation, were given 
either oral Arbidol or LPV/r in the combination group (n=16) or 
oral LPV/r only in the monotherapy group (n=17) for 5-21 days. 
The primary endpoint was a negative conversion rate of 
coronavirus from the date of COVID-19 diagnosis (day7, day14), 
and it was assessed whether the pneumonia was progressing or 
improving by chest CT (day7). Baseline clinical, laboratory, and 
chest CT characteristics were similar between groups. The SARS-
CoV-2 could not be detected for 12 (75%) of 16 patients' 
nasopharyngeal specimens in the combination group after 7 days, 
compared with 6 (35%) of 17 in the monotherapy group (p<0.05). 
After 14 days, 15 (94%) of 16 and 9 (52.9%) of 17, respectively, 
SARS-CoV-2 could not be detected (p<0.05). The chest CT scans 
were improving for 11 (69%) of 16 patients in the combination 
group after seven days, compared with 5 (29%) of 17 in the 
monotherapy group (p<0.05) [21]. 

In a randomized, open-label trial involving hospitalized adult 
patients with confirmed SARS-CoV-2 infection, and an oxygen 
saturation (SaO2) of 94% or less, patients were randomly assigned 
in a 1:1 ratio to receive either Lopinavir-ritonavir (400 mg and 100 
mg, respectively) twice a day for 14 days, in addition to standard 
care, or standard care alone. The primary end point was the time 
to clinical improvement, defined as the time from randomization 
to either an improvement of two points on a seven-category 
ordinal scale or discharge from the hospital, whichever came first. 
A total of 199 patients with laboratory-confirmed SARS-CoV-2 
infection and Covid-19 underwent randomization; 99 were 
assigned to the Lopinavir-ritonavir group, and 100 to the standard-
care group. Treatment with Lopinavir-ritonavir was not associated 
with a difference from standard care in the time to clinical 
improvement (hazard ratio for clinical improvement, 1.24; 95% 
confidence interval [CI], 0.90 to 1.72). Mortality at 28 days was 
similar in the Lopinavir-ritonavir group and the standard-care 
group (19.2% vs. 25.0%; difference, -5.8 percentage points; 95% 
CI,-17.3 to 5.7). The percentages of patients with detectable viral 
RNA at various time points were similar. In a modified intention-
to-treat analysis, Lopinavir-ritonavir led to a median time to 
clinical improvement that was shorter by 1 day than that observed 
with standard care (hazard ratio, 1.39; 95% CI, 1.00 to 1.91). 
Gastrointestinal adverse events were more common in the 
Lopinavir-ritonavir group, but serious adverse events were more 
common in the standard-care group. Lopinavir-ritonavir treatment 
was stopped early in 13 patients (13.8%) because of adverse events 
[22].  

 

 

 
Lopinavir/r was also tested in human cell lines and a mouse 

model against MERS-CoV and revealed lesser therapeutic effects 
than previously reported. Antiviral activity (EC50) in a human lung 
cell line at concentrations of 8.5 µM was low. LPV/r did not stop 
weight loss or improve hemorrhage, but LPV/r improved 
pulmonary function in vivo, measured by accessing the FEV1 [18]. 

Side effects/tolerability of HIV-protease inhibitors 
 

The side effects of HIV-PI are well known and have been 
extensively studies over the past two decades. The most limiting 
side effects occur during long-term treatment and include especially 
lipodystrophy and cardiovascular side effects, which can be life 
threatening [23]. But one has to take into account that treatment 
against Covid-19 will be of very limited duration, so that most 
probably only short-term side effects will occur, especially 
headache, dizziness and diarrhea, well known from the early days of 
HIV-1 treatment. 

Antibiotics/Antimalarial 
 

The effects of hydroxychloroquine and Chloroquine are 
different from the above mentioned drug classes. Antimalarial 
drugs have been found to be effective in treatment of SARS-1 and 
MERs infections in the early 2000s. Not only that they have the 
capacity to inhibit SARS-CoV entry into epithelial cells, or 
influence viral budding, they furthermore display certain anti-
inflammatory effects positively influencing the clinical course of 
Covid 19. 

SARS-CoV-2 uses the ACE2-receptor, which is expressed on 
human cell surface, most importantly pulmonary epithelial cells, 
kidneys and myocardium [24,25]. 

Budding of the SARS-CoV occurs in the Golgi apparatus and 
results in the incorporation of the envelope spike glycoprotein into 
the virion. Angiotensin-converting enzyme-2 (ACE2) has been 
identified as a functional cellular receptor of SARS-CoV spike 
glycoprotein [25-29]. 

Chloroquine is a weak base that increases the pH of acidic 
vesicles. When added extracellularly, the non-protonated portion 
of chloroquine enters the cell, where it becomes protonated and 
concentrated in acidic, low-pH organelles, such as endosomes, 
Golgi vesicles, and lysosomes.  

Chloroquine has been widely used to treat human diseases, such 
as malaria, amoebiasis, HIV, and autoimmune diseases [30]. 

 

Preinfection chloroquine treatment reduces cellular 
SARS-CoV infection 

 

In order to investigate the effect of chloroquine on SARS-CoV 
infection, cell-lines (permissive Vero E6 cells) were pretreated with 
various concentrations of chloroquine (0.1-10 μM) for 20-24 h 
prior to virus infection [1]. Cells were then infected with SARS-
CoV, and virus antigens were visualized by indirect 
immunofluorescence. Microscopic examination of the control cells 
(untreated) revealed extensive SARS-CoV-specific immunostaining 
of the monolayer. A dose-dependent decrease in virus antigen-
positive cells was observed starting at 0.1 μM chloroquine, and 
concentrations of 10 μM completely abolished SARS-CoV 
infection. Pretreatment with 0.1, 1, and 10 μM chloroquine 
reduced infectivity by 28%, 53%, and 100%, respectively [29]. 
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Postinfection chloroquine treatment prevented the 
spread of SARS-CoV infection  

 

In order to investigate the antiviral properties of chloroquine 
on SARS-CoV after the initiation of infection, Vero E6 cells were 
infected with the virus and fresh medium supplemented with 
various concentrations of chloroquine was added immediately 
after virus adsorption. Infected cells were incubated for an 
additional 16-18 h, after which the presence of virus antigens was 
analyzed by indirect immunofluorescence analysis. When 
chloroquine was added after the initiation of infection, there was a 
dramatic dose-dependent decrease in the number of virus antigen-
positive cells. As little as 0.1-1 μM chloroquine reduced the 
infection by 50% and up to 90-94% inhibition was observed with 
33-100 μM concentrations. At concentrations of chloroquine in 
excess of 1 μM, only a small number of individual cells were 
initially infected, and the spread of the infection to adjacent cells 
was all but eliminated. The C50 was reached at a chloroquine 
concentration of 4.4 ± 1.0 μM and the addition of chloroquine 
can effectively reduce the establishment of infection and spread of 
SARS-CoV if the drug is added immediately following virus 
adsorption [29].  

Chloroquine effects interaction between ACE2 and 
SARS-CoV-2 

 

The authors investigated the terminal glycosylation status of 
ACE2 receptor when the cells were treated with chloroquine and 
observed a stepwise increase in the electrophoretic mobility of 
ACE2 with increasing concentrations of chloroquine. At 25 μM 
chloroquine, the faster electrophoretic mobility of the Golgi-
modified form of ACE2 was clearly evident. Hence, chloroquine 
impaired the terminal glycosylation of ACE2. Although ACE2 was 
expressed in similar quantities at the cell surface, the variations in 
its glycosylation status might render the ACE2-SARS-CoV 
interaction less efficient and inhibit virus entry when the cells are 
treated with chloroquine [29,31].  

Still, the mechanisms of action of chloroquine on SARS-CoV 
are not fully understood. Immunoprecipitation results of ACE2 
demonstrated that effective anti-SARS-CoV concentrations of 
chloroquine impaired the terminal glycosylation of ACE2. 
However, the flow cytometry data demonstrated that there were 
no significant differences in the cell surface expression of ACE2 in 
cells treated with chloroquine. In the case of chloroquine 
treatment prior to infection, the impairment of terminal 
glycosylation of ACE2 may result in reduced binding affinities 
between ACE2 and SARS-CoV spike protein. When chloroquine 
or NH4Cl are added after infection, these agents can rapidly raise 
the pH and subvert on-going fusion events between virus and 
endosomes, thus inhibiting the infection. 

Clinical trials with Hydroxychloroquine (HCLQ) or 
Chloroquine (CLQ) 

Up to date, one study in Shanghai, China, has been completed, 
evaluating the treatment of moderately ill Covid-19 patients with 
Hydroxychloroquine: subjects received either hydroxychloroquine 
400 mg per day for 5 days (n=15), or standard of care (SOC, 
n=15). The primary outcome measures were the virological 
clearance rate of throat swabs, sputum, or lower respiratory tract 
secretions at day 3, or mortality at day 14. On day 7, COVID-19 
nucleic acid of throat swabs was negative in 13 (86.7%) cases in 
the HCQ group and 14 (93.3%) cases in the control group 
(P>0.05).  The median duration from hospitalization to virus 

nucleic acid negative conservation was 4 (1-9) days in HCQ group, 
which is comparable to that in the control group[2 (1-4) 
days,(U=83.5, P>0.05)]. The median time for body temperature 
normalization in HCQ group was 1day (0-2) after hospitalization, 
which was also comparable to that in the control group. 
Radiological progression was shown on CT images in 5 cases 
(33.3%) of the HCQ group and 7 cases (46.7%) of the control 
group, and all patients showed improvement in follow-up 
examination. Four cases (26.7%) of the HCQ group and 3 cases 
(20%) of the control group had transient diarrhea and abnormal 
liver function (P>0.05). The authors conclude that the prognosis of 
common COVID-19 patients is good. However, the results are 
neither valid nor very encouraging for hydroxychloroquine [32]. 

Side effects of HCLQ or CLQ 
 

        A 200 mg oral dose of hydroxychloroquine has a half-life of 
537 hours or 22.4 days in blood, and 2963 hours or 123.5 days in 
plasma. Patients experiencing an overdose may present with 
headache, drowsiness, visual disturbances, cardiovascular collapse, 
convulsions, hypokalemia, rhythm and conduction disorders 
including QT prolongation, torsade de pointes, ventricular 
tachycardia, and ventricular fibrillation [33,34]. (FDA Approved 
Drug Products: Hydroxychloroquine Oral Tablets)  This may 
progress to sudden respiratory and cardiac arrest. Another concern 
is irreversible retina damage, when taken over a longer period. 
Although these side effects are rare, the result can be dramatic [35]. 
The use of the anti-malarial drug chloroquine to treat COVID-19 
patients has recently been halted at several Swedish hospitals due 
to reported side effects such as cramps and loss of peripheral 
vision. 

    PrEP Trials 
 

Since HIV-PrEP-trials could prove the effect and benefit of a 
prophylactic intake of HIV-1 nucleoside reverse transcriptase 
inhibitors in patients with risk for HIV-infection, it seems to be 
logic evaluating the same principle in SARS-CoV-2 infection, as the 
active drugs is identical.  

The Mahidol University Unit/Bangkok - Oxford conducts 
started a worldwide trial for the prevention of SARS-CoV-2 
infection in medical staff. The idea is to randomly assign 40.000 
persons around the world, especially in resource poor areas of Asia 
and Africa to either standard dose of HCLQ/CLQ or placebo over 
3 months in order to evaluate the prophylactic properties of such 
regimen. The investigators chose Chloroquine because of its 
worldwide availability also in poor countries. 

Another study started in Spain in March evaluating the short-
time prophylactic intake of a combination of DRV/COBI + 
HCLQ. The rationale for the study is that a short course of a drug  
(DRV/COBI for 7 days, HCLQ for 4 days) might be able to 
prevent disease or lessen its impact in nursing home residents, and 
household contacts of COVID-19 patients who have already been 
exposed to the virus (n=199). But potential side effects of 
chloroquine and hydroxychloroquine, including heart arrhythmia, 
are a concern. Furthermore both drugs interfere with each other 
using the same CYP3A4 isoenzyme in hepatic metabolism. 
Cobicistat is a strong inhibitor of CYP3A4, while 
Hydroxychloroquine is N-dealkylated by CYP3A4 to the active 
metabolite desethylhydroxychloroquine, as well as the inactive 
metabolites desethylchloroquine and bidesethylchloroquine      
[36,37]. Desethylhydroxychloroquine is the major metabolite.  

 

Medication evaluated in clinical trials 
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   Table 1: Repurposing of drugs for the treatment of SARS-CoV-2 infection and Covid-19.

Substance Drug class Status 

        Sofosbuvir Nucleotide Polymerase inhibitor 
EU-approval 01/2014 against HCV-infection, 
SOC 

        Lopinavir/Ritonavir HIV-Proteaseinhibitor 
EU-approval 1999 against HIV-infection, 
stand-by ART 

        Remdesivir 
Nukleoside Analogue (Polymerase 
inhibitor) 

EU/German Approval 04/2020 against Covid-
19 in severe cases 

        Favipiravir 
Nukleoside Analogue (Polymerase 
inhibitor) 

Japan-Approval against SARS 

        Tenofovir-    
        Disoproxylfumarate/ 
        Emtricitabine 

Nukleoside Analogue (Polymerase 
inhibitor) 

EU-approval 2004 against HIV-infection 

        Ribavirin 
Nukleoside Analogue (Polymerase 
inhibitor) 

EU-approval against HCV-infection, out of use 

        Chloroquine Antimalarial Approval against Malaria, out of use in the EU 

        Hydroxychloroquine Antimalarial Switzerland-Approval against Malaria 1998 

 

  Table 2: Past Clinical Trials. 

Substance Regimen Status 

        Remdesivir RDV, n=66, case reports                         Compassionate Use [10] 

        Favipiravir 
Favipiravir vs. LPV/r, 
n=33 

                         Small RCT [38] 

        Ribavirin RBV, n=x       Case reports in SARS [39-42] 

        Lopinavir/r LPV/r, n=x 
                        Small uncontrolled retrospective trials in    

                     SARS-CoV and MERS, case reports in  
SARS-CoV [21,41,43-45]                            

        Chloroquine CLQ, n=x                               Case reports [46] 

        Hydroxychloroquine 
HCLQ vs. Placebo, 
n=30 

                               Small RoT [47] 

        Azithromycin AZM vs. Placebo, n=30                                Small RoT [47] 

 

    Table 3: A selection of current clinical trials. 

 

 Trial 
name 

Regimen Status 

  Solidarity 
RDV vs. CLQ/HCLQ vs. LPV/r vs. LPV/r + ß-IF Worldwide outside EU, xx Patients, 
03/2020-03/2021 Recruiting 

  Discovery EU Solidarity Amendment, 3200 patients in EU + 800 patients in F. 03/2020-03/2021 Recruiting 

  Vico 
Vietnam, Chloroquine vs. placebo, RCT, n=250 
https://clinicaltrials.gov/ct2/show/NCT04328493 Recruiting 

  No covid-19 
Norway, SOC+Chloroquine vs. SOC, open-label randomized, n=202 
https://clinicaltrials.gov/ct2/show/NCT04316377 Recruiting 

  Gilead U.S.A., Remdesivir in two doses; n=1000, RCT Phase III Recruiting 

  Germany 
Remdesivir, n=1000, dose 1.day 100mg BID, day 2-7 100mg QD n=600 mild- moderate 
conditions, n=400 severe Covid-19 Recruiting 

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105280/pdf/rpsp-44-e40.pdf 
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     Table 4: Suggested Combinations.
Substance Drug Class Probable Use 

Remdesivir + LPV/r                 NPI + PI Favorable, scarce data, monitor DDI of LPV/r 

Remdesivir + HCLQ              NPI + Antimalarial Possible, monitor HCLQ side effects 

Truvada + LPV/r                 NRTI + PI Possible, moderate side effects, monitor DDI of LPV/r 

Favipiravir + LPV/r                 NPI + PI 
Favorable, scarce but encouraging data, monitor DDI of 
LPV/r 

DRV/COBI + HCLQ           PI + Antimalarial Unfavorable due to DDI 
 

    Table 5: Pre-Exposition (PrEP) trials. 

 

               Substance              Drug Class               Status 

Thailand/Worldwide(a) HCLQ/CLQ vs. Placebo; n=40.000 Recruiting, medical staff 

Spain (a) HCLQ vs. Placebo; n=440 
High-Risk Healthcare Workers 
Unicentric, Double-Blinded RCT 

EPICOS Spain (a) 
HCLQ vs. TVD vs. HCLQ+TVD vs. Placebo, 
n=4000 Healthcare workers, RCT 

HCQ4COV19 Spain (a,b) DRV/COBI + HCLQ vs Placebo, n=3040 Recruiting 

South Korea (a) LPV/r as PEP (MERS-CoV patients) 
Uncontrolled trial in medical staff, 
S.K. 2003 

(a) Source https://clinicaltrials.gov/  (b) The combination of DRV/COBI and HCLQ ist not really reasonable due to the 
expected DDIs 

Drug-drug interactions 
 

Poizot-Martin et al. simulated the interaction potential of 
DAAs with an antiretroviral therapy (ART) in 2500 HIV/HCV co-
infected patients of the French Dat´AIDS cohort during the years 
2012-2015: 97.1% of patients received a cART with NRTIs, in 
43.6% of cases combined with a boosted PI, in 17.3% with 
NNRTI, 15.4% with INI and 23.7% of different combinations of 
these.  

The University of Liverpool Drug Interaction Database also 
evaluated contraindications and potential drug-drug interactions 
between DAAs and Antiretrovirals. It was stated that the least 
contraindications/interactions were found with Sofosbuvir 
(0.2%/0%) [48,49]. 

The interaction potential of ritonavir-boosted HIV-protease 
inhibitors unfortunately is quite high, so that it is a challenge to 
combine LPV/r with other currently taken drugs in multimorbid 
elderly patients, who are the most vulnerable to an infection with 
coronavirus. 

 

Hepatic metabolism 
 

Cytochrome oxidases (CYP) are involved in human drug 
metabolism, especially during the intestinal absorption and hepatic 
first-pass metabolism. Around 60% of all drugs are metabolized via 
CYP-isoenzymes. Of these ~40% via CYP3A, 25% via CYP2C, 
18% via CYP1A and another 18% via other CYPs. The most 
important human cytochrome oxidases are CYP1A2, CYP2C19, 
CYP2C9, CYP2D6, CYP2E1, and CYP3A4. Other important 
metabolizing hepatic enzymes are transferases, e.g. UDP-
Glucuronyltransferase (UGT) and N-Acetyltransferase (NAT).  

 
 

 
Regarding the complexity and number of potential DDis 

between, especially LPV/r and co-medication, the author refers 
to the package inserts and EMA-INN. Also the University of 
Liverpool drug-drug interaction webpage gives a very 
comprehensive update regarding these DDis. 

Transmembrane transporters 
 

P-Glykoprotein (ABCB1): On their way into target cells 
drugs have to overcome different cellular barriers. This can 
happen by passive diffusion but in many cases also be means of 
active transport proteins. Most familiar is P-glycoprotein (P-gp), 
called ABCB1 transporter in new nomenclature, a 
transmembrane glycoprotein efflux transporter, encoded by the 
MDR1 gene. This membrane-located ATP-dependent transport 
mechanism is used by human cells to discharge toxins or drugs 
identified as toxins.  

In humans P-gp is located in excretory tissues like the 
intestine, liver and kidney, but also in pancreas, heart and brain 
or e.g. tumor cells. The overexpression in tumor cells e.g. is one 
reason for the decreased response to cytostatics, known as 
multidrug resistance. The spectrum of substrates of P-gp is 
broad and includes drugs, food constitutes, environmental 
toxins, hormones, amino acids, sugar or peptides, i.e. molecules 
from 400-2000 Da.  

P-gp can be either inhibited or induced, whereas substrates 
of P-gp often are also substrates of CYP3A4 (Table 6). 
Obviously, expression and activity of both are regulated via the 
same pathways. Thus, the differentiation of effects, caused by 
each are complicated.  

A number of drugs, discussed in this editorial are substrates 
and/or inhibitors of P-gp (Figure 1).
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DISCUSSION 

       The number of ongoing studies regarding the 
treatment of COVID-19 is impressive: Clinical Trials. Gov 
lists 468 studies worldwide (14.04.2020), but current 
evidence for the treatment of COVID 19 is quite low.  

         There are reasonable arguments from in-vitro and 
drug modelling studies as well as small open trials or case 
reports supporting the repurposing of already available 
drugs and possible combinations of such. However, some 
turn out to cause more problems in real life than possibly 
expected. In Sweden e.g. recently all studies with 
hydroxychloroquine were stopped due to the accumulation 
of severe side effects in patients. (International Press)  

Figure 1: Drug-drug interaction potential regarding cytochrome 

oxidases and cellular transporters of currently evaluated drugs 
against SARS-CoV-2 infection. 

 

 

 

    Table 4. Pharmacological characteristics of currently tested drugs against SARS-CoV-2. 

Generic 
name 

Drug class 
Molecula
r weight 

Plasma 
protein-
binding 

Metabolism 
Cellular 

Transport 
Additional Information 

Sofosbuvir 
[50-55] 

Nukleoside 
Analogue 
Polymerase 
inhibitor Active 
metabolite 

529.5 
g/mol 

61-65% 

Cathepsin A (CatA), 
(CES1) und (Hint1). 
UMP/CMP/NDP- 
Kinasen 

P-gp Substrate, 
BCRP 

Prodrug; Intracellular 
Phosphorylation to 
Uridintriphosphat-
Analogue  

Remdesivir 

Nucleotide 
Analogue 
Polymerase 
inhibitor Active 
metabolite 

602.6 n.a. Phosphorylation 
P-gp- and 
OATP1B1 
Substrate 

Prodrug; Intracellular  
Phosphorylation [56] IC 
t1/2 = 20h 

Favipiravir 

Nukleoside 
Analogue 
Polymerase 
inhibitor  
Active 
metabolite 

157.1 n.a. 

Phosphorylation via  
Hypoxanthine-guanine 
phosphoribosyltransferase 
P-gp, SLC22- inhibitor 

P-gp 
Substrate+Inhibit
or 

Prodrug; Intracellular  
[57] Phosphorylation  to 
Guaninmono/triphosph
at-Analogon  

Tenofovir 

Nucleotide 
Analogue 
Polymerase 
inhibitor  
Active 
metabolite 

287.2 7.20% 

Phosphorylation by 
Nucleoside Diphosphate 
Kinase A+B and 
Adenosinkinase 

P-gp Substrate 

Prodrug; Intracellular  
Phosphorylation  to 
Adenosintriphosphate-
Analogon  

Ribavirin 

Nukleoside 
Analogue 
Polymerase 
inhibitor  
Active 
metabolite 

244.2 none 
Phosphorylation via 
Adenosin-Kinase 

SLC-Substrate 

Prodrug; Intracellular  
Phosphorylation  to 
Adenosintriphosphate-
Analogon  

Oseltamivir 
Neuraminidase 
inhibitor 

312.4 42% CES1 
ABCC4, 
SLC15A1 

Prodrug: CES1 → 
Oseltamivir-Carboxylate 

Lopinavir/r 
Proteaseinhibito
r (Mpro) 

628,8 
g/mol 

98-99% 
CYP3A4 
Substrate+Inhibitor 
(CYP2D6) 

P-gp Substrate Dosing BID 

Darunavir/c 
Proteaseinhibito
r (Mpro) 

547.8 95% 
CYP3A4 
Substrate+Inhibitor 

P-gp Substrate 
Dosing QD 800mg or 
BID 600mg 
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Chloroquin
e 

 
Antimalaria 

 
319.9 

 
n.a. 

 
CYP2C8, 3A4, 1A1, 2D6 
(Inhibitor) 

 
P-gp Inhibitor 

 
[1,2]   t1/2 = 30-60d [58] 

H-
chloroquine 

Antimalaria 335.9 

~50%  S-
enantiome
r 64%  L-
enantiome
r 37% 

CYP3A4 → 
Desethylhydroxychloroqui
ne (active metabolite) 

P-gp Inhibitor 
[1,2] Prodrug activated 
via CYP3A4 t1/2 = 44-
50d [59] 

Azithromyci
n 

Antibiotics 749 
7-51% 
dose-
dependent 

CYP3A4 Substrate 
P-gp 
Substrate+Inhibit
or 

[2] 

Source: https://www.drugbank.ca/; DA = Dalton; 1 do not combine with PI ² monitor QTc-prolongation; IC = Intracellular; t1/2 = half-
life   n.a.=not available,  n.k.= not known 

Still, a number of questions remain if all current efforts are  
appraised:          

No head-to-head studies of promising medications, such as 
Remdesivir vs. TDF/FTC + X 

No combination therapy studies, such as Remdesivir + X or 
TDF/FTC + X or LPV/r + X. Combination therapies are well 
established as treatment options against HBV, HCV, HIV, etc. 

The vast majority of the multicenter studies focusing on 
Remdesivir/Hydroxychloroquine only, not other promising 
nucleosides/PIs. But: Remdesivir is manufactured by one 
Company, price and availability are currently unknown.  

No studies of such a combination as LPV/r + TDF/FTC, which 
are worldwide available at reasonable prices, TDF/FTC even as 
generic drug. 

No PrEP-Studies with TDF/FTC, well established PrEP against 
HIV-Infection at a cost of less than 40 E/month? The drug 
modelling studies revealed a slightly less favorable binding 
property of TDF/FTC vs. Remdesivir, which may be as well 
outweighed by the advantages of a much cheaper price and the 
availability as generic drug, produced in many countries of the 
world. 

The repurposing of drugs in case of a pandemic is more than 
reasonable, but it needs internationally concerted policies 
regarding science, production and supply of drugs. These are a 
social and federal responsibilities, a question of independent 
science and marketing independent supply and general access to 
the best available treatment. This cannot not be committed  
to either the manufacturer’s side or single academic research units.  
 

All together we can do better. 
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