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ABSTRACT
Objectives: The novel coronavirus disease 2019 pandemic is affecting all around the world, particularly 
healthcare systems. The most critical problem for the COVID-19 infection as an emerging acute respiratory 
disease is the lack of effective methods to control and treat the disease. To date, there is no specific therapeutic 
agent approved by the FDA, so treatment options are limited. There are more than 4034 interventional studies in 
progress listed in clinicaltrials.org (Access date: 21.12.2021). This number was 900 approximately in December 
2020. These intensive studies, which have increased fourfold, are to find a safe and effective treatment method. 
Since absolute therapy has not been standardized globally, the treatment approach varies from country to 
country and even from hospital to hospital. In addition to the vaccine studies that have been finalized and the 
vaccines are available for use, additional studies are underway for existing drugs that can prevent this disease 
or improve outcomes for COVID patients. The potential toxicity of the drugs chosen for the treatment is one 
of the more critical limiting factors. Although the side effects of previously approved medicines are known, 
studies are needed to determine the side effect profiles for newly approved products such as remdesivir.
In this review, we gathered the adverse and toxic effects of medications used against COVID-19 treatment 
according to the COVID guideline published by the Scientific Advisory Board of the Ministry of Health of 
Turkey.
Keywords: Coronavirus disease 2019 (COVID-19), SARS-CoV-2; medicines, remdesivir, anakinra, 
tocilizumab, favipiravir, hydroxychloroquine, convalescent plasma, toxic effects, adverse effects

The coronavirus disease, named severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2) latter that occurred in Wuhan, China 

in late December 2019, has spread rapidly to almost 
the whole world. 1 COVID-19 outbreak has spread to 
Turkey on March 2020, while the World Health Orga-
nization (WHO) declared the COVID-19 pandemic. 
As soon as the disease began to appear in Turkey, the 
Scientific Advisory Board was established, and they 
published an actively updated guideline for treatment 
of patients across the country. In the first edition of the 

guideline, the recommendations were focused on con-
trolling the possible coinfections and cytokine storm 
management. According to increasing evidence about 
the endothelial invasion of the virus and the increased 
thromboembolic effects of the disease, anti-aggregate, 
and anticoagulant drugs were included in the treat-
ment program. 2

The medications for COVID treatment are limited, 
and clinical studies are not enough. The phase trials 
have not reached the optimum level; this state brings 
us a dilemma, to use or not to use these medications. 
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The last example of this situation is Remdesivir, a 
nucleoside analog pro-drug. Wang et al., conducted a 
randomized, double-blind, placebo-controlled multi-
center trial from China, for evaluating the efficiency 
of Remdesivir. 3 They stated that no clinical improve-
ment was achieved with Remdesivir treatment and 
stopped the trial because of the adverse effects. On the 
other hand, FDA approved Remdesivir for COVID 
treatment. 4 By the way, there is an urgent need for 
more phase trials and clinical outcomes for all medi-
cines using for the COVID treatment.

According to the Turkish Scientific Advisory 
Board, COVID guideline, hydroxychloroquine, osel-
tamivir, favipiravir, lopinavir/ritonavir, azithromycin, 
tocilizumab, and low molecular weighted heparins are 
used frequently. The toxic profile of medications used 
in COVID treatment should not be ignored. Since 
these drugs are on the market with different indica-
tions for years, there are enough data for the safety 
profiles. Particularly, adverse, and toxic effects of hy-
droxychloroquine and chloroquine are well known. 
Although remdesivir, favipiravir, and tocilizumab are 
relatively new agents, their toxicity and side effects 
are also well known not as much as hydroxychloro-
quine and chloroquine.

A broad-spectrum antibiotic azithromycin is not 
indicated for the viral infections, and there are not 
well-controlled, prospective, randomized clinical tri-
als for proving its therapeutic effect in COVID-19. 
Despite the side effects, convalescent plasma therapy 
(CPT) is also used in the treatment of severe cases. 
It is known as classic adoptive immunotherapy, and 
there are many reports where the CP has successful-
ly been used for the treatment of infectious diseases 
and other coronavirus outbreaks. In this study, we 
reviewed the databases and literature to consolidate 
information about the medications and therapeutics 
used for COVID treatment.

METHODS

We reviewed the literature using ScienceDirect, 
UptoDate, Clinicalkey, and Google Scholar search 
engine with the search terms included COVID treat-
ment, pharmacological treatment of COVID, and tox-
icity of medications used for COVID treatment. We 
excluded preprint articles and included case reports. 
Other articles regarding the review of citation refer-
ences have also been identified.

Medications used in COVID 
Hydroxychloroquine and chloroquine

Quinine derivatives are using since the 1950s for 
malaria. They have been used for some autoimmune 
disorders by their immunosuppressive properties. 
They are also in WHO’s Essential Drug List, and their 
side effects are well known due to their usage for 70 
years. A 4-aminoquinoline derivative, hydroxychloro-
quine, a less toxic molecule from chloroquine, is syn-
thesized by beta hydroxylation of chloroquine. 5

Colson et al., stated that chloroquine might be ef-
fective for COVID based on their in vitro study. They 
said chloroquine has multiple activities for block-
ing viral replication, fusion, and uncoating and has 
a broad antiviral spectrum. It seems to be cost-effec-
tive already. By the way, in their opinion, chloroquine 
could be o good treatment option for the COVID. 6, 7

The hydroxychloroquine and chloroquine treat-
ment included in the Turkish COVID guideline since 
the beginning of the pandemic. The guideline recom-
mended hydroxychloroquine treatment 400 mg bid 
for the first day and 200 mg bid for the following four 
days maximum of ten days. 2 In addition to the anti-
viral effects of chloroquine, it inhibits some biochem-
icals causing cytokine storms like IL-6 and TNF and 
thought to have positive effects for cytokine storm 8. 
But in the current treatment protocol, hydroxychlo-
roquine and chloroquine are not recommended for 
first-line treatment. But, because of the past treatment 
approach of the Turkish Scientific Advisory Board, 
we’ve included adverse effects of these medicines.

Favipiravir
Favipiravir (T-705) is a pro-drug of a purine nu-

cleotide, favipiravir-ribofuranosyl-5′-triphosphate. 
After metabolization, the active agent inhibits the 
RNA polymerase. Favipiravir has some preclinical 
outcomes for Ebola and influenza treatment 9. Favip-
iravir treatment is not recommended as the first line of 
treatment and is reserved for the severe COVID pneu-
monia. According to the Turkish COVID guideline, 
favipiravir treatment is started with 1600 mg bid for 
the first day and continue 600 mg bid for the following 
four days. 2 

Favipiravir treatment for COVID is evaluated on 
Phase III PRESECO study. This study has important 
results for understanding the efficacy of favipiravir 
for mild to moderate COVID patients. The data from 
this randomized clinical study has shown no signifi-
cant effect on treatment. 10 There’s not a different ap-
proach for favipiravir in Turkish Treatment Protocol 
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and continues to be used routinely in treatment based 
on guideline 

Tocilizumab
Tocilizumab is a humanized monoclonal antibody 

that inhibits the IL-6 receptor. FDA approved it for 
the treatment of severe rheumatoid arthritis. When 
TNF-blockers have failed or contraindicated for the 
treatment, tocilizumab may be a good alternative. In 
addition to rheumatoid arthritis, tocilizumab is ap-
proved for cytokine syndrome caused by chimeric 
antigen receptor (CAR) T cell treatment. 11 Although 
there is not enough data for COVID treatment, tocili-
zumab thought to be beneficial for the management 
of the cytokine storm as an adjunctive agent. The Sci-
entific Advisory Board advises tocilizumab treatment, 
particularly in patients who develop macrophage ac-
tivation syndrome (MAS) with 8 mg/kg dose (up to 
800 mg/kg). Depending on the severity of the patient’s 
symptoms, 400 mg/kg or 800 mg/kg can be given in-
travenously as the first dose. In the case of giving the 
first dose as 400 mg/kg, based on clinical and labora-
tory responses, 200-400 mg dose may also be given 
within 12-24 hours. 2 

Remdesivir
Remdesivir is a nucleotide analog antiviral med-

icine approved for COVID-19 treatment based on 
preclinical studies. It’s a prodrug has a broad antiviral 
spectrum against RNA viruses. This effect comes from 
inhibiting viral RNA dependent RNA polymerase and 
mitochondrial RNA polymerase weakly. 12 Although, 
remdesivir treatment is not recommended in Turkish 
Guideline briefly, it’s been used in clinical practice.

Anakinra
Anakinra is a non-glycosylated human interleu-

kin-1 receptor antagonist that uses for cytokine storm 
in COVID treatment. Before this repurposing, it has 
been used for rheumatoid arthritis and other inflam-
matory diseases.

In a systematic review that compiled by Kyriazo-
poulou et al., 2021, it’s stated that anakinra seems to 
be an alternative for hospitalized COVID-19 patients 
at the presence of hyper inflammation. 13

In another meta-analysis conducted by  conclud-
ed that anakinra treatment could be effective for pa-
tients requiring a mechanical ventilator. 14 In opposite 
to some positive results, because of insufficient evi-
dence, NIH does not recommend using Anakinra in 
COVID-19 treatment. On the other hand examined 20 

cases and 20 control groups .15 The results of the study 
expressed that anakinra treatment was not effective 
for tocilizumab-resistant severe COVID-19 patients.

Anakinra uses in COVID-19 related macrophage 
activated syndrome when there is not enough response 
to glucocorticoid treatment. The administration dos-
age is 100 mg subcutaneous once or twice a day or 
200 mg intravenously three times a day. The dosage 
could be increased up to 200 mg every 6 hours. 2

Lopinavir/ritonavir
Lopinavir/ritonavir is an antiviral combination 

is used for the HIV treatment in adult and pediatric 
patients. Both medicines are protease inhibitors, and 
lopinavir concentration is higher than ritonavir in that 
combination. 16 There is no scientific evidence to use 
for COVID treatment, but this combination has been 
used for SARS and MERS treatment. Although limit-
ed available studies that associated reduced mortality 
and intubation rates with uncertain outcomes. 9 The 
Scientific Advisory Board recommends Lopinavir/ri-
tonavir combination treatment for just pregnant and 
children. 2

Azithromycin
Azithromycin is a macrolide antibiotic that semi-

synthetic form of erythromycin. It shows a good an-
tibacterial effect on gram-positive and gram-negative 
organisms. It’s a bacteriostatic agent that inhibiting 
protein synthesis by binding the 50S ribosomal sub-
unit. 17 It is used for the treatment of various bacterial 
infections, as well as in some inflammatory diseases 
for its immunomodulatory properties. 18, 19, 20 The us-
age of azithromycin in COVID treatment is reserved 
just for hospitalized patients, especially in ICU, due to 
its possible cardiotoxic effects. 2 

Convalescent plasma
Convalescent plasma (CP) is a biologic product 

from immune people who had an infectious disease. 
CP therapy (CPT), classic adoptive immunotherapy, 
has been applied for the treatment of many infectious 
diseases. It provides passive immunity by giving 
neutralizing antibodies to the patient. 21 It has been 
using for patients with various viral infections, such 
as SARS, pandemic influenza and severe Ebola virus 
infection. 22, 23, 24 Shen et al. conducted a trial to deter-
mine the effects of CPT for five critically ill COVID 
and ARDS patients. 25 Despite a limited sample size 
and study design, they stated that CPT might be use-
ful for critically ill patients. Zhou et al., reported that 
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early convalescent plasma therapy for influenza and 
SARS-CoV infection is associated with reduction in 
viral load and mortality. 26 In Turkey, CPT is applying 
in many hospitals by gathering plasmas from recov-
ered COVID patients. The Ministry of Health of Tur-
key publishes a guideline describing all the steps for 
applying Convalescent Plasma Therapy. 27 

Adverse and Toxic Effects of COVID-19 Thera-
peutics
Effects of hydroxychloroquine and chloroquine

Chloroquine (CQ) and hydroxychloroquine (HCQ) 
are in clinical use for several years, so both mole-
cules have a well-established safety profile. 28 They 
are known as well tolerated molecules in general, but 
they are also extremely toxic in overdose.  Some stud-
ies draw attention to serious adverse effects that may 
occur, even during short courses of treatment. The dif-
ference in mechanisms of action both of medicines is 
not fully understood but hydroxychloroquine reported 
as less toxic. 29 CQ and HCQ’s therapeutic index is 
narrow so effective dose and toxic dose close to each 
other. HCQ is administered oral route and metabo-
lized in the liver to three different metabolites by con-
jugation and alkylation. 30

Cardiologic side effects of quinine derivatives 
are known. These medicines can cause ventricular 
arrhythmias, QT prolongation, torsades de pointes, 
which may pose a particular risk to critically ill per-
sons. Because of this side effect, HCQ/CQ must be 
used with caution in patients with congenital long QT 
syndrome, AV block, heart failure, MI, stroke. 30, 31, 32 
Patients using medicines that increase the QT interval 
must also be considered. 

CLQ/HCQ cardiotoxicity includes dysrhythmia, 
depressive cardiac contraction, and conduction relat-
ed to hypokalemia due to potassium shift. These car-
diologic risks increase with the use of azithromycin. 
33 HCQ and azithromycin use together only for inpa-
tients in Turkey because of cardiotoxic side effects. 

Antimalarial dependent retinal damage is a toxic 
effect that can be seen in patients that have ocular 
diseases. Some of these side effects are vision loss 
and difficulties, scotomata, and impairment in color 
perception. In some cases that given HCQ for lung 
cancer treatment, retinal toxicity was observed within 
1-2 years of the treatment. It is suggested to screen 
patients receiving HCQ for retinal damage 34, 35, 36, 37 In 
Turkey, HCQ is given to all patients at the beginning 
of the symptoms, so clinicians must be aware of this 
side effect for the next two years.

CQ/HCQ metabolized in the liver and eliminat-
ed by the kidney, so kidney and/or liver failure may 
increase these drugs’ plasma concentrations. 38 Glu-
cose-6-phosphate dehydrogenase deficiency is a con-
traindication for HCQ treatment because of increased 
hemolysis risk. HCQ should not be used in the treat-
ment of breastfeeding, pregnant women, and patients 
allergic to CQ or HCQ. 22 More than 5 grams of chlo-
roquine dose is associated with ventricular arrhyth-
mias and mortality due to hypokalemia. 39

Effects of Favipiravir
Favipiravir is available as a pro-drug and in in vivo 

transformed into its active form, Favipiravir- by cel-
lular enzymes. The active form of Favipiravir inhibits 
the RNA-dependent RNA polymerase (RdRp) of the 
influenza virus effectively. This specific mechanism of 
inhibiting influenza virus RdRp specifically involved 
in DNA synthesis makes it a good option for the treat-
ment of influenza virus infections. 40, 41 Although Favi-
piravir does not have the specifications of nucleoside 
analogs that can give rise to mitochondrial toxicity, its 
possible harmful effects on that organelle could not be 
excluded entirely. Its potential toxic effects for mito-
chondria could not be excluded entirely, as it may act 
as a useful substrate for human mitochondrial RNA 
polymerase. 42, 43 Jin et al. pointed out that during clin-
ical studies there are severe cases of toxicity associat-
ed with ribonucleoside analogs. 42 They assumed that 
the active metabolites of toxic ribonucleoside analogs, 
the triphosphate forms, mistakenly target human mi-
tochondrial RNA polymerase thereby inhibit the mi-
tochondrial RNA transcription and protein synthesis. 
Some researchers have suggested that pro-drug moi-
ety released from ribonucleoside analogs may cause 
toxicity. In general, they reported that Favipiravir did 
not have a typical mitochondrial toxic nucleoside pro-
file in their experiments, but the potential toxic effect 
on the mitochondria should not be ignored as it is a 
useful substrate such as 6-methylpurine. 42

On the other hand, many other factors need to be 
considered to assess the clinical toleration of the use 
of polymerase inhibitors for their safety. Clinical data 
for the favipiravir toxicity is limited, but deductions 
from reported toxicity of other nucleoside analogs can 
be used. As with all medicines, one disadvantage of 
Favipiravir is its low solubility in an aqueous medium, 
which reduces its in vitro efficacy. 44 It has been re-
ported that metabolic acidosis may occur usually after 
one month or more of treatment in therapeutic dose. 
Also, this situation has been observed with acute over-
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dose. Nagata et al.  indicated that favipiravir has a risk 
for teratogenicity and embryotoxicity in humans. 45

Effects of Tocilizumab
Tocilizumab (TCZ) is a monoclonal antibody that 

inhibits the interleukin-6 receptor. According to ex-
perimental and clinical studies, while liver toxicity is 
less common, an increase in lipids parameters and a 
decrease in neutrophils and skin infections are more 
common in groups given TCZ. Morrison et al., stat-
ed that clinicians should consider monitoring COVID 
patients using TCZ for hypertriglyceridemia and acute 
pancreatitis, as described for rheumatoid arthritis pa-
tients using TCZ chronically. 46 

Capra et al. did not observe any side effects in their 
study that aims to evaluate if tocilizumab reduces mor-
tality in patients with COVID-19 related pneumonia. 
47 The known important complications of tocilizumab 
are intestinal perforations or bacterial infections. But 
in this study, these adverse effects have not been ob-
served.

Tocilizumab can cause hyperbilirubinemia in rheu-
matoid arthritis patients because it may inhibit uri-
dine diphosphate glucuronosyltransferase 1A1(UG-
T1A1)-mediated glucuronidation. This increase is 
thought to be related to the anti-inflammatory effects 
associated with UGT1A1 polymorphism. Hepatoxic-
ity related to tocilizumab therapy seems low. Macro-
phage activation syndrome occurs in approximately 
7% of juvenile idiopathic arthritis patients. 48 

Infection is an important risk for tocilizumab, like 
all immunotherapeutics. The occurrence of infection 
of tocilizumab is researched, and the infection rates 
of combination therapy (tocilizumab+methotrexate) 
slightly higher than monotherapy (just methotrexate) 
regimens.  Nasopharyngitis and upper respiratory in-
fections are commonly reported (5%-8%). The risk of 
severe infections is increasing with the dose. Celluli-
tis, pneumonia, diverticulitis, gastroenteritis, and her-
pes zoster were the most common infections reported.  
49

Hypersensitivity is a risk factor, so it should be 
used carefully for patients with neutropenia (<500 
cells/μL) or thrombocytopenia (<50000/μL).  Head-
ache, hypertension, increased AST, infusion-related 
reactions are common side effects of tocilizumab. 9 

Effects of Lopinavir / Ritonavir
Lopinavir / ritonavir treatment for COVID is an 

obligatory off-label antiviral therapy because of an 
emergency. The effectiveness of this combination for 

COVID has been studied in vitro, and clinical imple-
mentation was started through acceptable EC50 value. 
Although there are some favorable outcomes, more 
clinical evidence is needed . Besides the treatment 
efficiency, side effects and toxicities must be consid-
ered. Yao et al. conducted a trial compromising 199 
severe COVID patients. They stated that lopinavir-ri-
tonavir treatment was not associated with clinical im-
provement. In this trial, the most common side effects 
are gastrointestinal side effects like nausea, vomiting, 
and diarrhea. 50 Respiratory failure, acute kidney in-
jury, and secondary infections were also observed in 
some clinical studies. 51

The common side of the antiretroviral therapy is 
the hepatic toxicity, particularly the hepatitis C vi-
rus (HCV) infected people. After the treatment of 
120 HIV-infected patients (52% HCV-infected) with 
Lopinavir (LPV), a possible association with severe 
liver toxicity incidence and LPV plasma levels has 
been evaluated. 52 According to this study, the inci-
dence of severe liver toxicity was reported as 1.7% 
in 3rd months, and the cumulative incidence at 12th 

months was 4%. The development of severe liver tox-
icity was associated with HCV coinfection, but not 
with LPV plasma levels. Acute overdose of protease 
inhibitors is rare, but over 50 g of lopinavir-ritonavir 
overdose was generally well tolerated and additional-
ly administered. Ritonavir is a very potent CYP3A4, 
and this effect can cause dangerous drug-drug inter-
actions. 53 

Lopinavir/ritonavir combination must be applied 
carefully to the patients with hemolytic anemia be-
cause of ribavirin. The changes in complete blood 
count must be monitored closely, and if hemolytic 
anemia symptom occurs, treatment cessation or dose 
changes should be considered. One of common ad-
verse effect of ribavirin is bradycardia. 54 

Effects of Azithromycin
Azithromycin, a macrolide antibiotic that is a deriv-

ative of erythromycin. Erythromycin is a well-docu-
mented molecule that causes hepatotoxicity. Although 
azithromycin has a very safe side effect profile, cas-
es related to hepatotoxicity due to azithromycin have 
been reported. In these cases, azithromycin triggered 
hepatotoxicity associated with oral or intravenous 
(IV) administration. In the IV administration of azith-
romycin, an acute increase in AST and ALT levels was 
observed. 55 Temporary increases in liver enzymes 
especially transaminases have also been reported in 
1.5% of patients. Liver damage due to azithromycin 
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occurs 1-3 weeks after the onset of azithromycin and 
is predominantly hepatocellular. While most patients 
recover completely, severe skin reactions, chronic in-
juries, and serious complications leading to death or 
liver transplantation may occur. 56 Azithromycin is 
generally well-tolerated, but relatively common side 
effects (1-5% of patients) include gastrointestinal dis-
comfort, headache, and dizziness. 

Research points out that azithromycin therapy may 
cause cardiotoxicity, and its most important side ef-
fects include cardiovascular arrhythmias and hearing 
loss. On the other hand, macrolide resistance is also a 
problem like interactions with commonly prescribed 
drugs. 18 Critical adverse effects include QT prolon-
gation and torsades de pointes, resulting in death. In 
2012, the FDA issued a warning using drugs that con-
sider the risk of fatal heart rhythm with a long QT in-
terval and may prolong the QT interval with a history 
of arrhythmias or uncompensated heart failure.

According to a recent meta-analysis of the unfa-
vorable clinical outcomes for the individual and soci-
ety, long-term azithromycin treatment in patients with 
chronic lung diseases has increased resistant bacteria 
risk of macrolide 2.7 times .57 

Azithromycin is considered safe for pregnant wom-
en, and the pregnancy category is known as the drug 
B1. However, it can cause diarrhea in babies who are 
breastfed.

Lane et al., reported that the addition of azithro-
mycin to hydroxychloroquine treatment in COVID 
could potentially cause heart failure and cardiovascu-
lar mortality due to synergistic effects on QT length. 
Caution should be taken if such a combination is used 
for the management of COVID. 58

Effects of Convalescent Plasma
The convalescent plasma treatment that has been 

used for the many kinds of viral infections is not a new 
approach. Randomized clinical studies are needed to 
determine the appropriate dose and treatment duration 
of this treatment method, whose specific effects are 
known. Recently, Chen et al., and Zhang et al., stated 
that patient with viral infection immunity plasma can 
be used in treatment without serious adverse effects. 
59, 60 However, safety and efficacy studies should be 
conducted to determine treatment efficacy for COVID 
patients. Ahn et al., state that plasma taken from pa-
tients with COVID immunity can be an effective treat-
ment option without serious side effects. 61 Convales-
cent plasma therapy with systemic corticosteroids can 
reduce excessive inflammatory response and viral 

load. Moreover, because of the lack of information 
about the basic biology of SARS-CoV-2, including 
the variability of the virus and mutations, locally col-
lected plasma can better reflect the virus circulating in 
the population and be a viable treatment option. In a 
meta-analysis using convalescent plasma therapy re-
sulted decreasing viral load and mortality. There’s not 
significant adverse effect also in this study. 62

Besides all these positive effects, plasma transfu-
sion can also cause some side effects. The most com-
mon adverse reactions of CP treatment are tremors, 
fever, anaphylactic reactions, acute lung injury asso-
ciated with transfusion, circulatory overload, and he-
molysis, etc. 23, 24 Meanwhile, the risk of the human 
immunodeficiency virus (HIV), hepatitis B virus, 
hepatitis C virus, and syphilis infections should not 
be ignored. Transfusion-related circulatory overload 
(TACO) is now recognized as the most common se-
rious side effect of transfusions. CP will result in a 
direct infusion of a significant amount of complemen-
tary protein and clotting factors not found in purified 
immunoglobulin preparations. 63 For this reason, this 
treatment approach is recommended as a last resort to 
increase the survival rate of severe COVID patients. 
Therapeutic indications need to be further investigat-
ed in randomized clinical trials to improve the optimal 
dose and duration for the treatment of blood products 
in COVID-19. 26

It is stated that adverse reactions of convalescent 
plasma were not increased compared to controls in 
ESCMID Guideline. Beside some studies reported 
higher rates of serious adverse events or a small num-
ber of infusion-related adverse events. 64 

Effects of Remdesivir
Veklury, the commercial form of Remdesivir for 

injection, included some side effects on data sheet. 
There are some clinical outcomes on its safety profile 
before usage on COVID. In a study for Ebola treat-
ment, one patient developed fatal cardiac arrest be-
cause of loading dose administration of remdesivir. 
But this fatal effect was attributed on Ebola disease, 
not usage of remdesivir.  In another open level study 
on severe COVID patients, acute respiratory distress 
syndrome was observed. Atrial fibrillation and hypo-
tension, hypersensitivity reactions, vomiting and nau-
sea, elevated hepatic enzymes, hematological adverse 
effects, metabolic side effects were reported some 
clinical studies. 12

Drug-drug interactions were also reported for chlo-
roquine and hydroxychloroquine co-usage with rem-
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desivir. The data based on in vitro experiments Show 
that HCQ and CQ may be inhibited antiviral activity 
of remdesivir.

Adverse event reporting from the ACTT-14 trial 
and the paper by Yeming Wang and colleagues 8 in-
dicate that there is a low risk of remdesivir causing 
harm, but knowing whether it has any additive effect 
in combination with corticosteroids is crucial. 65

In another cohort study, kidney transplanted pa-
tients evaluated for renal safety of remdesivir. The 
treatment did not cease because of side effects. There 
is no significant hepatotoxic and nephrotoxic side ef-
fects of remdesivir. 66

There’s an interesting study about toxicity eval-
uation of pharmaceutical forms of remdesivir. The 
injectable form of remdesivir is thought more neph-
rotoxic than lyophilized form because of an additive- 
sulfobutylether-β-cyclodextrin. In this study, a num-
ber of 1000 patient evaluated for comparing dosage 
forms toxic effects. It’s concluded that injectable form 
of remdesivir has no disadvantages comparing to lyo-
philized form. 67

In conclusion, remdesivir’s safety profile is not 
completed. It should be known that remdesivir treat-
ment could be cause of multiple organs injuries. 68

Effects of Anakinra 
Because of used in rheumatological disease many 

years, Anakinra’s side effects are known compared to 
other repurposed medicines. One of the major adverse 
effects is injection site reactions. Besides that, upper 
respiratory tract infection, headache, diarrhea, abdom-
inal pain is another side effect. 69 In terms of drug-
drug interactions, etanercept and anakinra co-usage 
caused some serious infections.It’s not recommended 
anakinra and etanercept combinations. 70 

Although Anakinra’s side effects in rheumatologi-
cal diseases are well known, it is thought that the side 
effect profile will change with the disease when used 
in COVID treatment. For this reason, Anakinra treat-
ment particular in COVID should be considered. In 
a meta-analysis, hepatic enzymes and thromboembol-
ic reactions were evaluated. There’s not statistically 
significant relation with these markers and Anakinra 
treatment. 71

CONCLUSION

While the studies related to updating for vaccines 
for coronavirus variants are accelerating in many 

countries, additional studies are ongoing for existing 
drugs that can prevent this disease or improve out-
comes for patients with COVID. For the treatment of 
COVID, the assignation of old drugs for use as anti-
viral treatment is an essential strategy because of con-
trolling the disease in the most immediate way. For 
some of these candidate drugs, knowledge on safety 
profile, side effects, posology, and drug interactions 
are well known. 72 On the other hand, there are limited 
evidence-based research, so clinicians must be aware 
of these toxicities during the treatment procedures. It 
is essential to report adverse effects on pharmacovig-
ilance systems for informing health authorities and 
clinicians. COVID is a new disease for all countries, 
so the information .and data about the treatment are 
changing every day. In this dynamic situation, all 
parts of the healthcare system must upgrade its treat-
ment applications.

Conflict of Interest 
The authors have declared no conflicts of interest 

in this article.

Abbreviations
CAR: chimeric antigen receptor; CP, convalescent 

plasma; CPT, convalescent plasma therapy; CQ: chlo-
roquine; HCQ: hydroxychloroquine; ICU: intensive 
care unit; MAS: macrophage activation syndrome; 
RdRp, RNA-dependent RNA polymerase; TACO: 
Transfusion-related circulatory overload; TCZ, Tocili-
zumab; UGT1A1, uridine diphosphate glucuronosyl-
transferase1A1-mediated glucuronidation

Authors’ Contribution
Study Conception: AÖ,; GT,; NK,; Study Design: 

AÖ,; GT,; NK,; Supervision: AÖ,; GT,; NK,; Data 
Collection and/or Processing: AÖ,; GT,; NK,; Statis-
tical Analysis and/or Data Interpretation: AÖ,; GT,; 
NK,; Literature Review: AÖ,; GT,; NK,; Manuscript 
Preparation: AÖ,; GT,; NK and Critical Review: AÖ,; 
GT,;NK.

REFERENCES

1. Wang LS, Wang YR, Ye DW, Liu QQ. (2020)  A review of 
the 2019 Novel Coronavirus  (COVID-19) based on current evi-
dence. International Journal of Antimicrobial Agents. https://doi.
org/10.1016/j.ijantimicag.2020.105948
2. Scientific Advisory Board, Ministry of Health of Turkey 
(2021). 2019-nCoV Disease Guide
3. Wang, Y., Zhang, D., Du, P. G., Du, P. R., Zhao, P. J., Jin, P. 

DAHUDER Medical Journal Volume 2 Issue 1 January 2022           7



DAHUDER M J 2022;2(1):1-10     A review of drugs used in treatment of COVID-19

Y., Fu, P. S., Gao, P. L., Cheng, P. Z., Lu, P. Q., Hu, P. Y., Luo, 
P. G., Wang, P. K., Lu, P. Y., Li, H., Ms, S. W., Ms, S. R., Yang, 
C., Mei, C., … Wang, P. C. (2020). Remdesivir in adults with 
severe COVID-19: a randomised, double-blind, placebo-con-
trolled, multicentre trial. The Lancet, 6736(20), 1–10. https://doi.
org/10.1016/S0140-6736(20)31022-9
4. FDA. (2020, May 1). FDA News Release: (https://www.
fda.gov/news-events/press-announcements/coronavi-
rus-covid-19-update-fda-issues-emergency-use-authoriza-
tion-potential-covid-19-treatment).
5. Marquardt, K., & Albertson, T. E. (2001). Treatment of hy-
droxychloroquine overdose. The American Journal of Emer-
gency Medicine, 19(5), 420–424. https://doi.org/10.1053/
AJEM.2001.25774
6. Colson, P., Rolain, J. M., & Raoult, D. (2020). Chloroquine 
for the 2019 novel coronavirus SARS-CoV-2. Internation-
al Journal of Antimicrobial Agents, 55(3), 105923. https://doi.
org/10.1016/j.ijantimicag.2020.105923
7. Colson, P., Rolain, J. M., Lagier, J. C., Brouqui, P., & Raoult, 
D. (2020). Chloroquine and hydroxychloroquine as available 
weapons to fight COVID-19. International Journal of Antimi-
crobial Agents, 55(4), 105932. https://doi.org/10.1016/j.ijantim-
icag.2020.105932
8. Ye, Q., Wang, B., & Mao, J. (2020). The pathogenesis and 
treatment of the `Cytokine Storm’ in COVID-19. Journal of In-
fection. https://doi.org/10.1016/J.JINF.2020.03.037
9. Sanders, J. M., Monogue, M. L., Jodlowski, T. Z., & Cu-
trell, J. B. (2020). Pharmacologic Treatments for Coronavirus 
Disease 2019 (COVID-19): A Review. JAMA Journal of the 
American Medical Association, 2019. https://doi.org/10.1001/
jama.2020.6019
10. National Institute of Health. (2021). https://clinicaltrials.gov/
ct2/show/NCT04600895
11. Drug Information Database. (2020, April 24). Tocilizum-
ab Drug Monograph. https://www.elsevier.com/tr-tr/solutions/
drug-database
12. Gold Standart. (2021). Remdesivir Drug Monograph
13. Kyriazopoulou, E., Huet, T., Cavalli, G., Gori, A., Kypria-
nou, M., Pickkers, P., Eugen-Olsen, J., Clerici, M., Veas, F., 
Chatellier, G., Kaplanski, G., Netea, M. G., Pontali, E., Gattorno, 
M., Cauchois, R., Kooistra, E., Kox, M., Bandera, A., Beauss-
ier, H., … Selmi, C. (2021). Effect of anakinra on mortality in 
patients with COVID-19: a systematic review and patient-lev-
el meta-analysis. The Lancet Rheumatology, 3(10), e690–e697. 
https://doi.org/10.1016/S2665-9913(21)00216-2
14. Pasin, L., Cavalli, G., Navalesi, P., Sella, N., Landoni, G., 
Yavorovskiy, A. G., Likhvantsev, V. V., Zangrillo, A., Dagna, 
L., & Monti, G. (2021). Anakinra for patients with COVID-19: 
a meta-analysis of non-randomized cohort studies. European 
Journal of Internal Medicine, 86(February), 34–40. https://doi.
org/10.1016/j.ejim.2021.01.016
15. Cristina de la Calle, C., López-Medrano, F., Pablos, J. L., Lo-
ra-Tamayo, J., Maestro-de la Calle, G., Sánchez-Fernández, M., 
Fernández-Ruiz, M., Pérez-Jacoiste Asín, M. A., Caro-Teller, J. 
M., García-García, R., Catalán, M., Martínez-López, J., Sevilla-
no, Á., Origüen, J., Ripoll,… Aguado, J. M. (2021). Effectiveness 
of anakinra for tocilizumab-refractory severe COVID-19: A sin-
gle-centre retrospective comparative study. International Journal 
of Infectious Diseases, 105, 319–325. https://doi.org/10.1016/j.
ijid.2021.02.041
16. Drug Information Database. (2020, April 24). Lopinavir/

ritonavir Drug Monograph. https://www.elsevier.com/tr-tr/solu-
tions/drug-database
17. Bakheit, A. H. H., Al-Hadiya, B. M. H., & Abd-Elgalil, A. A. 
(2014). Azithromycin. Profiles of Drug Substances, Excipients 
and Related Methodology (Vol. 39).  https://doi.org/10.1016/
B978-0-12-800173-8.00001-5
18. McMullan, B. J., & Mostaghim, M. (2015). Prescribing 
azithromycin. Australian Prescriber, 38(3), 87–89. https://doi.
org/10.18773/austprescr.2015.030
19. Parnham, M. J., Haber, V. E., Giamarellos-Bourboulis, E. J., 
Perletti, G., Verleden, G. M., & Vos, R. (2014). Azithromycin: 
Mechanisms of action and their relevance for clinical applica-
tions. Pharmacology and Therapeutics, 143(2), 225–245. https://
doi.org/10.1016/j.pharmthera.2014.03.003
20. Silva-Vergara, Mario León, Silva, Luciana de Almeida, Ma-
neira, Frederico Ricardo Zago, Silva, Achilles Gustavo da, & 
Prata, Aluízio. (2004). Azithromycin in the treatment of muco-
sal leishmaniasis. Revista do Instituto de Medicina Tropical de 
São Paulo, 46(3), 175-177. https://dx.doi.org/10.1590/S0036-
46652004000300011
21. Silvergleid, A., Kleinman, S., & Tirnauer, J. (2020, May 2). 
Clinical use of plasma components. UptoDate: https://www.up-
todate.com/contents/clinical-use-of-plasma-components
22. Jean, S.-S., Lee, P.-I., & Hsueh, P.-R. (2020). Treatment 
options for COVID-19: the reality and challenges. Journal of 
Microbiology, Immunology and Infection, xxxx. https://doi.
org/10.1016/j.jmii.2020.03.034
23. Luke TC, Kilbane EM, Jackson JL, Hoffman SL. Meta-anal-
ysis: convalescent blood products for Spanish influenza pneu-
monia: a future H5N1 treatment. Annals of  Internal Medicine 
2006;145(8):599–609. https://doi.org/10.7326/0003-4819-145-
8-200610170-00139
24. MacLennan S, Barbara JA. Risks and side effects of ther-
apy with plasma and plasma fractions. Best Practice & Re-
search Clinical Haematology 2006;19(1):169–189. https://doi.
org/10.1016/j.beha.2005.01.033
25. Shen, C., Wang, Z., Zhao, F., Yang, Y., Li, J., Yuan, J., 
… Liu, L. (2020). Treatment of 5 Critically Ill Patients with 
COVID-19 with Convalescent Plasma. JAMA - Journal of the 
American Medical Association, 323(16), 1582–1589. https://doi.
org/10.1001/jama.2020.4783
26. Zhou, M., Zhang, X., & Qu, J. (2020). Coronavirus disease 
2019 (COVID-19): a clinical update. Frontiers of medicine, 
14(2), 126–135. https://doi.org/10.1007/s11684-020-0767-8
27. Blood and Blood Products Department, Ministry of Health 
of Turkey (2020). The Guide Of Immune Plasma Supply and 
Clinical Use, Retrived from; https://dosyamerkez.saglik.gov.
tr/Eklenti/37341,covid-19-immun-konvalesan-plazma-tedar-
ik-ve-klinik-kullanim-rehberi-guncel--r1-v1pdf.pdf?0
28. Devaux, C. A., Rolain, J. M., Colson, P., & Raoult, D. (2020). 
New insights on the antiviral effects of chloroquine against coro-
navirus: what to expect for COVID-19?. International Journal 
of Antimicrobial Agents, 105938. Advance online publication. 
https://doi.org/10.1016/j.ijantimicag.2020.105938
29. Chary, M. A., Barbuto, A. F., Izadmehr, S., Hayes, B. D., 
& Burns, M. M. (2020). COVID-19: Therapeutics and Their 
Toxicities. Journal of medical toxicology : official journal of the 
American College of Medical Toxicology, 1–11. Advance online 
publication. https://doi.org/10.1007/s13181-020-00777-5
30. FDA / CDER. (2017). Plaquenil ® Hydroxychloroquine Sul-
fate Tablets, USP Description. FDA. Retrieved from http://www.

8            DAHUDER Medical Journal Volume 2 Issue 1 January 2022



DAHUDER M J 2022;2(1):1-10       Özlü et al

cdc.gov/malaria
31. Crouch, M., Limon, L., & Cassano, A. (2002). Clinical rele-
vance and management of drug-related QT interval prolongation. 
Pharmacotherapy, 23:881-908.
32. Roden, D. (2004). Drug-induced prolongation of the QT in-
terval. New Engl J Med, 350:1013-22.
33. Kapoor, A., Pandurangi, U., Arora, V., Gupta, A., Jaswal, A., 
Nabar, A., Naik, A., Naik, N., Namboodiri, N., Vora, A., Yadav, 
R., & Saxena, A. (2020). Cardiovascular risks of hydroxychloro-
quine in treatment and prophylaxis of COVID-19 patients: A sci-
entific statement from the Indian Heart Rhythm Society. Indian 
Pacing and Electrophysiology Journal. https://doi.org/10.1016/J.
IPEJ.2020.04.003
34. Easterbrook, M., (1993). The ocular safety of hydroxychloro-
quine. Seminars in Arthritis and Rheumatism (Vol. 23, No. 2, pp. 
62-67). https://doi.org/10.1016/S0049-0172(10)80009-5
35. Leung, L.-S. B., Neal, J. W., Wakelee, H. A., Sequist, L. 
V., & Marmor, M. F. (2015). Rapid Onset of Retinal Toxicity 
From High-Dose Hydroxychloroquine Given for Cancer Ther-
apy. American Journal of Ophthalmology, 160(4), 799-805.e1. 
https://doi.org/10.1016/J.AJO.2015.07.012
36. Mavrikakis, M., Papazoglou, S., Sfikakis, P. P., Vaiopoulos, 
G., & Rougas, K. (1996). Retinal toxicity in long term hydroxy-
chloroquine treatment. Annals of the Rheumatic Diseases, 55(3), 
187–189. https://doi.org/10.1136/ard.55.3.187
37. Schroeder, R. L., & Gerber, J. P. (2014). Chloroquine and 
hydroxychloroquine binding to melanin: Some possible con-
sequences for pathologies. Toxicology Reports, 1, 963–968. 
https://doi.org/10.1016/J.TOXREP.2014.10.019
38. Browning DJ. Pharmacology of chloroquine and hydroxychlo-
roquine. In: Hydroxychloroquine and Chloroquine Retinopathy. 
New York: Springer, 2014:35-63. https://doi.org/10.1007/978-1-
49390597-3_2
39. Riou B, Barriot P, Rimailho A, Baud FJ. Treatment of severe 
chloroquine poisoning. New England Journal of Medicine. 1988 
January 7;318(1):1–6. DOI: 10.1056/NEJM198801073180101
40. Furuta, Y., Komeno, T., & Nakamura, T. (2017). Favipiravir 
(T-705), a broad spectrum inhibitor of viral RNA polymerase. 
Proceedings of the Japan Academy. Series B, Physical and Bi-
ological Sciences, 93(7), 449–463. https://doi.org/10.2183/
pjab.93.027
41. Smither, S. J., Eastaugh, L. S., Steward, J. A., Nelson, M., 
Lenk, R. P., & Lever, M. S. (2014). Post-exposure efficacy of 
oral T-705 (Favipiravir) against inhalational Ebola virus infec-
tion in a mouse model. Antiviral Research, 104, 153-155. https://
doi.org/10.1016/j.antiviral.2014.01.012
42. Jin, Z., Tucker, K., Lin, X., Kao, C. C., Shaw, K., Tan, H., 
Symons, J., Behera, I., Rajwanshi, V. K., Dyatkina, N., Wang, 
G., Beigelman, L., & Deval, J. (2015). Biochemical Evaluation 
of the Inhibition Properties of Favipiravir and 2’-C-Methyl-Cyt-
idine Triphosphates against Human and Mouse Norovirus RNA 
Polymerases. Antimicrobial Agents and Chemotherapy, 59(12), 
7504–7516. https://doi.org/10.1128/AAC.01391-15
43. L. Delang, R. Abdelnabi, J. Neyts. Favipiravir as a poten-
tial countermeasure against neglected and emerging RNA vi-
ruses. Antiviral Research, 153 (2018), pp. 85-94, https://doi.
org/10.1016/j.antiviral.2018.03.003.
44. Takashita, E., Ejima, M., Ogawa, R., Fujisaki, S., Neumann, 
G., Furuta, Y., ... & Odagiri, T. (2016). Antiviral susceptibility of 
influenza viruses isolated from patients pre-and post-administra-
tion of favipiravir. Antiviral Research, 132, 170-177. https://doi.

org/10.1016/j.antiviral.2016.06.007
45. Nagata, T., Lefor, A., Hasegawa, M., & Ishii, M. (2015). Fa-
vipiravir: A New Medication for the Ebola Virus Disease Pan-
demic. Disaster Medicine and Public Health Preparedness, 9(1), 
79-81. https://doi.org/10.1017/dmp.2014.151
46. Morrison, A. R., Johnson, J. M., Ramesh, M., Bradley, P., 
Jennings, J., & Smith, Z. R. (2020). Letter to the Editor: Acute 
hypertriglyceridemia in patients with COVID‐19 receiving to-
cilizumab. Journal of Medical Virology.  https://doi.org/10.1002/
jmv.25907
47. Capra, R., Rossi, N. De, Mattioli, F., Romanelli, G., Scar-
pazza, C., Pia, M., & Cossi, S. (2020). Impact of low dose to-
cilizumab on mortality rate in patients with COVID-19 related 
pneumonia. European Journal of Internal Medicine, April, 1–5. 
https://doi.org/10.1016/j.ejim.2020.05.009
48. Baldo, B. A. (2014). Drugs that act on the immune system: 
Cytokines and monoclonal antibodies. Side Effects of Drugs 
Annual (Vol. 36). Elsevier. https://doi.org/10.1016/B978-0-444-
63407-8.00037-X
49. Tutuncu, Z., & Kavanaugh, A. (2017). Anti-cytokine Ther-
apies. Kelley and Firestein’s Textbook of Rheumatology (Tenth 
Edit). Elsevier Inc. https://doi.org/10.1016/b978-0-323-31696-
5.00063-2
50. Yao, T. T., Qian, J. D., Zhu, W. Y., Wang, Y., & Wang, G. 
Q. (2020). A systematic review of lopinavir therapy for SARS 
coronavirus and MERS coronavirus—A possible reference for 
coronavirus disease-19 treatment option. Journal of Medical Vi-
rology, 92(6), 556–563. https://doi.org/10.1002/jmv.25729
51. Cao, B., Wang, Y., Wen, D., Liu, W., Wang, J., Fan, G., Ruan, 
L., Song, B., Cai, Y., Wei, M., Li, X., Xia, J., Chen, N., Xiang, 
J., Yu, T., Bai, T., Xie, X., Zhang, L., Li, C., Wang, C. (2020). A 
Trial of Lopinavir-Ritonavir in Adults Hospitalized with Severe 
Covid-19. The New England Journal of Medicine, 1787–1799. 
https://doi.org/10.1056/NEJMoa2001282
52. González-Requena, D., Núñez, M., Jiménez-Nacher, I., 
González-Lahoz, J., & Soriano, V. (2004). Liver toxicity of 
lopinavir-containing regimens in HIV-infected patients with or 
without hepatitis C coinfection. AIDS Research and Human Ret-
roviruses, 20(7), 698-700.
53. Cvetkovic, RS, Goa, KL Lopinavir/Ritonavir. Drugs 63, 
769–802 (2003). https://doi.org/10.2165/00003495-200363080-
00004
54. Chong, Y. P., Song, J. Y., Seo, Y. Bin, Choi, J. P., Shin, H. S., 
Yoon, H. J., Choi, J. Y., Kim, T. H., Choi, Y. H., Kim, H. Bin, 
Yoon, J. H., Lee, J., Eom, J. S., Song, J. Y., Lee, S. O., Oh, W. 
S., Cheong, H. J., Song, Y. G., Choi, J. H., & Kim, W. J. (2015). 
Antiviral treatment guidelines for middle east respiratory syn-
drome. Infection and Chemotherapy, 47(3), 212–222. https://doi.
org/10.3947/ic.2015.47.3.212
55. Charest, D. M., Krogsgard, E. S., & Thomason, A. R. (2010). 
A Patient Case: Intravenous Azithromycin-Induced Hepatotoxic-
ity. Hospital Pharmacy, 45(7), 545–548.  https://doi.org/10.1310/
hpj4507-545
56. Martinez, M. A., Vuppalanchi, R., Fontana, R. J., Stolz, A., 
Kleiner, D. E., Hayashi, P. H., Gu, J., Hoofnagle, J. H., & Cha-
lasani, N. (2015). Clinical and histologic features of azithromy-
cin-induced liver injury. Clinical Gastroenterology and Hepatolo-
gy 13(2), 369–376.e3. https://doi.org/10.1016/j.cgh.2014.07.054
57. Li, H., Liu, D., Chen, L., Zhao, Q., Yu, Y., Ding, J., Miao, L., 
Xiao, Y., & Cai, H. (2014). Meta-Analysis of the Adverse Effects 
of Long-Term Azithromycin Use in Patients with Chronic Lung 

DAHUDER Medical Journal Volume 2 Issue 1 January 2022           9



DAHUDER M J 2022;2(1):1-10     A review of drugs used in treatment of COVID-19

Diseases. 58(1), 511–517. https://doi.org/10.1128/AAC.02067-
13
58. Lane, J. C., Weaver, J., Kostka, K., Duarte-Salles, T., Abra-
hao, M. T. F., Alghoul, H., ... & Casajust, P. (2020). Safety of 
hydroxychloroquine, alone and in combination with azith-
romycin, in light of rapid wide-spread use for COVID-19: 
a multinational, network cohort and self-controlled case 
series study medRxiv 2020.04.08.20054551. https://doi.
org/10.1101/2020.04.08.20054551
59. Chen, L., Xiong, J., Bao, L., & Shi, Y. (2020). Convalescent 
plasma as a potential therapy for COVID-19. The Lancet. Infec-
tious diseases, 20(4), 398–400. https://doi.org/10.1016/S1473-
3099(20)30141-9
60. Zhang, B., Liu, S., Tan, T., Huang, W., Dong, Y., Chen, L., 
Chen, Q., Zhang, L., Zhong, Q., Zhang, X., Zou, Y., & Zhang, 
S. (2020). Treatment With Convalescent Plasma for Critical-
ly Ill Patients With SARS-CoV-2 Infection. Chest, S0012-
3692(20)30571-7. Advance online publication. https://doi.
org/10.1016/j.chest.2020.03.039
61. Ahn, J. Y., Sohn, Y., Lee, S. H., Cho, Y., Hyun, J. H., Baek, Y. 
J., Jeong, S. J., Kim, J. H., Ku, N. S., Yeom, J. S., Roh, J., Ahn, 
M. Y., Chin, B. S., Kim, Y. S., Lee, H., Yong, D., Kim, H. O., 
Kim, S., & Choi, J. Y. (2020). Use of Convalescent Plasma Ther-
apy in Two COVID-19 Patients with Acute Respiratory Distress 
Syndrome in Korea. Journal of Korean medical science, 35(14), 
e149. https://doi.org/10.3346/jkms.2020.35.e149
62. Cunningham, A.C., Goh, H.P. & Koh, D. Treatment of 
COVID-19: old tricks for new challenges. Critical Care 24, 91 
(2020). https://doi.org/10.1186/s13054-020-2818-6
63. Dzik S. (2020). COVID-19 Convalescent Plasma: Now Is 
the Time for Better Science. Transfusion Medicine Reviews, 
S0887-7963(20)30026-2. Advance online publication. https://
doi.org/10.1016/j.tmrv.2020.04.002
64. Bartoletti, M., Azap, O., Barac, A., Bussini, L., Ergonul, O., 
Krause, R., Paño-Pardo, J. R., Power, N. R., Sibani, M., Szabo, 
B. G., Tsiodras, S., Verweij, P. E., Zollner-Schwetz, I., & Rodrí-
guez-Baño, J. (2021). ESCMID COVID-19 Living guidelines: 
drug treatment and clinical management. Clinical Microbiology 
and Infection. https://doi.org/10.1016/j.cmi.2021.11.007
65. Young, B., Tan, T. T., & Leo, Y. S. (2021). The place for rem-

desivir in COVID-19 treatment. The Lancet Infectious Diseases, 
21(1), 20–21. https://doi.org/10.1016/S1473-3099(20)30911-7
66. Buxeda, A., Arias-Cabrales, C., Pérez-Sáez, M. J., Cacho, J., 
Cabello Pelegrin, S., Melilli, E., Aladrén, M. J., Galeano, C., Lo-
renzo, I., Mazuecos, A., Saura, I. M., Franco, A., Ruiz-Fuentes, 
M. del C., Sánchez-Cámara, L. A., Siverio, O., Martin, M. L., 
González-García, E., López, V., Martin-Moreno, P. L., … Cres-
po, M. (2021). Use and Safety of Remdesivir in Kidney Trans-
plant Recipients With COVID-19. Kidney International Reports, 
6(9), 2305–2315. https://doi.org/10.1016/j.ekir.2021.06.023
67. Shah, S., Ackley, T. W., & Topal, J. E. (2021). Renal and he-
patic toxicity analysis of remdesivir formulations: Does what is 
on the inside really count? Antimicrobial Agents and Chemother-
apy, 65(10), 1–5. https://doi.org/10.1128/AAC.01045-21
68. Qianqian Fan, B. Z. J. M. S. Z. (2020). Safety profile of the 
antiviral drug remdesivir: An update. Biomedicine & Pharmaco-
therapy, 130(January), 1–3.
69. FDA. (2021). FDA. Kineret Prescribing Informa-
tion: https://www.accessdata.fda.gov/drugsatfda_docs/la-
bel/2012/103950s5136lbl.pdf
70. Gabay, C (2012),  Biologic Agents, Goldman’s Cecil Med-
icine (Twenty Fourth Edition), W.B. Saunders, Pages 165-168, 
https://doi.org/10.1016/B978-1-4377-1604-7.00035-X.
71. Somagutta, M. K. R., Pormento, M. K. L., Hamid, P., Ham-
dan, A., Khan, M. A., Desir, R., Vijayan, R., Shirke, S., Jeyaku-
mar, R., Dogar, Z., Makkar, S. S., Guntipalli, P., Ngardig, N. N., 
Nagineni, M. S., Paul, T., Luvsannyam, E., Riddick, C., & San-
chez-Gonzalez, M. A. (2021). The safety and efficacy of anak-
inra, an interleukin-1 antagonist in severe cases of covid-19: A 
systematic review and meta-analysis. Infection and Chemothera-
py, 53(January), 221–237. https://doi.org/10.3947/IC.2021.0016
72. Gautret, P., Lagier, J. C., Parola, P., Hoang, V. T., Meddeb, L., 
Mailhe, M., Doudier, B., Courjon, J., Giordanengo, V., Vieira, V. 
E., Dupont, H. T., Honoré, S., Colson, P., Chabrière, E., La Scola, 
B., Rolain, J. M., Brouqui, P., & Raoult, D. (2020). Hydroxy-
chloroquine and azithromycin as a treatment of COVID-19: re-
sults of an open-label non-randomized clinical trial. International 
Journal of Antimicrobial Agents, 105949. Advance online publi-
cation. https://doi.org/10.1016/j.ijantimicag.2020.105949

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

10            DAHUDER Medical Journal Volume 2 Issue 1 January 2022


