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Abstract  

The emergency situation of the COVID-19 pandemics requires immediate 
action. As happens with emerging pathogens, there are no specific treat-
ments for this threat, so that the most logical answer in order to find safe 
and effective candidates seems to be drug repurposing. The main efforts in 
finding a specific treatment for this disease have been directed to finding 
antiviral agents, nonetheless, COVID-19 also involves lung and systemic in-
flammation, coupled with ineffective immunity; bacterial and fungal coin-
fections; respiratory dysfunction; and coagulopathy. These additional path-
ophysiologic axes also require a set of treatments, and in this review we will 
analyze such adjunctive therapies. 
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1. Introduction  

Seven months after its appearance, severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), the causative agent of coronavirus disease (COVID-19), has 
caused more than 13 million infections and more than 500,000 deaths worldwide 
(1), also producing a severe economic impact throughout the world (2). The most 
common clinical manifestations of COVID-19 include fever, dry cough, fatigue, 
while less common symptoms include sore throat, headache, conjunctivitis, loss 
of taste and smell, skin rash or toe and finger discoloration and a small population 
of patients appeared gastrointestinal infection symptoms (3), and shortness of 
breath, chest pain and loss of speech and movement pinpoint a severe manifes-
tation. Current research has shown an incubation period of 1-14 days, usually 
ranging from 3-7 days (4). It is highly transmissible among humans by droplets 
and contact with contaminated surfaces, and it is especially severe in the elderly 
and people with underlying diseases. The median age of patients is 47-59 years, 
and 41.9-45.7% of patients are females (5). 

As such disease recently emerged, there is not known specific treatment to aid 
patients in their recovery, or even to increase survivability, but the rapid spread 
of SARS-CoV-2 has generated the urgent need to develop novel pharmacological 
therapies either by repurposing drugs that are usually prescribed to fight against 
other similar acute respiratory disease-inducing viruses, like SARS-CoV and 
Middle East respiratory syndrome coronavirus (MERS-CoV), or by developing 
novel specific therapeutic alternatives to fight this new pandemic. Nonetheless, 
the emergency of the situation calls for drugs that may be readily available, so 
that drug repurposing trials are currently being performed to assess the efficacy 
of currently existing and optimally widespread drugs (6), like lopinavir alone (7) or 
in combination with ritonavir, umifenovir (8), favipiravir (9), hydroxycholoquine 
and azithromycin combinations (10, 11), ivermectin (12), remdesivir (13, 14), tocili-
zumab (15, 16), heparin (17) as well as other antiplatlet agents, dexamethasone (18) 
and other anti-inflammatory, immunomodulating and antibiotic drugs.  

As COVID-19 pathophysiological cornerstones include not only the viral causal 
agent, but also lung and systemic inflammation, lymphopenia, bacterial respira-
tory co-infections, respiratory disfunction, thrombocytopaenia and coagulopa-
thy (19-21), we think that the treatment regimens combining antiviral, antinflam-
matory and antiplatelet agents are going to provide an enhanced clinical efficacy 
over monotherapies. Thus, in the present article we will review the most inter-
esting proposals for anti-COVID-19 chemotherapy, emphasizing in drug combi-
nations to attack the disease. 

2. The five axes of COVID-19 pathophysiology 

SARS-CoV-2 is a linear positive sense, single-stranded RNA virus, thus belonging 
to the Baltimore group IV of viruses. For such virus type, RNA alone is infectious 
as it can be translated by the ribosome to synthesize new virions, while the vi-
rus’s genome encodes an RNA-dependent RNA polymerase (RNA replicase or 
RdRp) that generates copies of the genome within the host cell (22). Recent re-
search by Hoffmann and colleagues (23) shows that this virus is able to interact 
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with the host cell membrane by the binding of the viral spike (S) proteins with the 
host´s transmembrane protease serine 2 (TMPRSS2) to prime the S protein and 
with the angiotensin-converting enzyme 2 (ACE2) to penetrate the host’s cell. 
ACE2 is highly expressed in the small intestine, lungs, heart, and adipose tissue 
(24, 25). On the other hand, TMPRSS2 expression is high in bronchial transient 
secretory cells (26), thus leading to an enhanced lung tropism. Moreover, ACE2 
has been recently described as an interferon-stimulated gene (27, 28), which may 
signify that SARS-CoV-2 is able to enhance its life cycle through the induction of 
inflammation (Fig. 1). 

COVID-19, on the other hand, ranges from mild symptoms to severe respiratory 
and multiple organ failure. Typically, the virus enters the lung epithelial cells 
(pneumocytes) in the alveolar space and depletes them (29, 30), thus producing 
pulmonary edema, diffuse alveolar injury with cellular fibromyoxide exudates, 
hyaline membrane formation, pneumocyte hyperplasia, proteinaceous aggre-
gates, fibrinous exudates, multinucleated syncytial cell formation and inflamma-
tory infiltration of interstitial mononuclear cells (31-33), bronchitis and the char-
acteristic pulmonary ground glass opacifications that can be seen even in the 
computed tomographies (CT) of asymptomatic patients (34). About 15% of the total 
patients will develop severe pneumonia, while 17-29% of the hospitalized patients 
will develop acute respiratory distress syndrome (ARDS) upon lung damage ac-
cumulation (35, 36). As such, enhanced levels of C-reactive protein (CRP), lactic 
dehydrogenase (LDH), ferritin, D-dimer, and IL-6 represent common findings on 
the laboratory examination of COVID-19 patients (Fig. 1). 

COVID-19-associated ARDS results from a systemic inflammatory response with 
the subsequent appearance of diffuse alveolar damage accompanied by epithelial 
cell destruction (37). In addition to being the entry channel for the virus, it has 
been described that ACE2 physiologically degrades angiotensin II, which pro-
motes inflammation and vasoconstriction, to convert it into angiotensin 1 or 7, 
which are normally involved in lung protection. Therefore, it has been stipulated 
that in SARS-CoV-2 infections an antagonism of ACE2 occurs, which may in turn 
promote lung damage (38) (Fig. 1). 

On the other hand, damage-associated molecular patterns (DAMPS) and patho-
gen-associated molecular patterns (PAMPS) produced during the viral damage, 
or by the pathogen itself have been implicated in the M1 activation of macro-
phages (39) and monocytes (40) through Toll-like receptor signaling, NLRP3 in-
flammasome activation and triggering of cytoplasmic DNA sensors. In such an 
activation state, these cells contribute to the lung epithelial damage that leads to 
ARDS, while their production of IL-6 and IL-1β recruit neutrophils and cytotoxic 
T cells. Within the lung parenchyma, neutrophils produce vast amounts of reac-
tive oxygen species (ROS) and leukotrienes that potentiate both the antiviral re-
sponse and the immunopathology. In fact, IL-6 levels have been associated with 
a poor prognosis for the patients (41). 

Such observations have led to the hypothesis that COVID-19 patients develop a 
“cytokine storm” (42), which is not only based on the aforementioned cytokines, 
but also includes IL-2, IL-2R, IL-7, IP10, MIP1A, TNF- -γ, IP-10, MCP-1 and 
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granulocyte-colony stimulating factor (G-CSF) (43, 44), but strikingly, is also com-
plemented by Th2-type cytokines like IL-10 and IL-4 (44). While patients do appear 
to die primarily after respiratory failure, but not after the aforementioned cyto-
kine storm, it cannot be inferred that the main mechanism for COVID-19 lethality 
is excessive inflammation, however such immunologic traits should be taken into 
account as they may offer clues to find the correct pathways to treat COVID-19, 
or to predict its outcome. For instance, the severe manifestation of this disease 
is manifested by higher levels of IL-1β, IL-2R, IL-6, IL-8, IL-10, and TNF-
those presented by the asymptomatic or moderately ill patients (41, 45). 

Furthermore, viral dissemination appears as a cornerstone for COVID-19 com-
plications, and the production of type I and III interferons appears to be critical 
in the control of such phenomena (39), but effective clearance of the viral load 
requires CD8+ and CD4+ T-cell responses as well as B-cells, as such cells appear 
to be the main sources of these cytokines. Nonetheless, COVID-19 patients usu-
ally present with low levels of these cytokines (46) and their total numbers of 
CD8+ and CD4+ T-cells are markedly reduced in severely ill patients, while the 
expression of high levels of the coinhibitor signaling receptors programmed 
death-1 (PD-1) and Tim-3 are overexpressed in such cells, especially in those pa-
tients that presented enhanced IL-6, IL-10, and TNF-α concentrations (47) (Fig. 1). 
Furthermore, a negative correlation between serum levels of IL-6 and IL-8 and 
the perforin content of NK and CD8+ cells has been described, while high concen-
trations of these cytokines also correlate with an increased number of circulating 
myeloid-derived suppressor cells (MDSC) (45), and lower levels of CD8+ cells also 
predict worse outcomes (45). 

While it has been hypothesized that antibodies against SARS-CoV-2 may be able 
to block the S1-ACE2 interaction, thus avoiding viral penetration, and IgM and IgA 
antibodies can be found during the first week of symptom onset and IgG can be 
found after 14 days of such event (48), evidence pointing at a significant decay of 
immunity to SARS-CoV after six years suggests that the immunity against coro-
naviruses may be not long lasting (49). Additionally, in severe COVID-19, the num-
ber of circulating naive T cells increases while the number of memory T cells de-
creases (50). 

On the other hand, COVID-19 patients present with intense coagulopathy, in such 
a way that elevated D-dimer levels (higher than 1 μg/ml) and disseminated in-
travascular coagulation at the time of hospital admission have been strongly cor-
related with an increased mortality (51). Such hypercoagulative state in COVID-19 
patients is thought to be mainly derived from the activation of the inflammatory 
response and CRP production, which increases the exposure to Tissue Factor in 
monocytes and alveolar macrophages, and in turn promotes thrombin genera-
tion and fibrin deposition (52). In such circumstances, IL-6 is a main inductor of 
coagulopathy, as it induces the production of CRP in the liver. Furthermore, IL-1 
and TNF-α synergize with IL-6 to activate the coagulation system. Taking into 
account that both inflammation and coagulation are two of the most important 
immune defense systems, this bidirectional communication of inflammation and 
coagulation is known as immunothrombosis (53). Coagulopathy associated with 



 

 5 

COVID-19 may occur in wide spectrum, including sepsis-induced coagulopathy 
and disseminated intravascular coagulation, hemophagocytic syndrome, an-
tiphospholipid syndrome, and thrombotic microangiopathy (54) (Fig. 1).  

Coagulopathy does not only occur systemically, as the aforementioned cytokines 
activate the coagulation process within the alveolar space, allowing fibrosis with-
out progressing to fibrinolysis, which explains the elevated levels of d-Dimer. 
Some substrates, such as polyphosphates, activated platelets, mast cells, and the 
coagulation factor XII contribute to the activation of clotting factors, while neu-
trophil extracellular traps (NETs) help the formation of thrombin, and 
PAMPs/DAMPs maintain the interaction between the immune response and co-
agulation (53). 

Such crosstalk between the thrombotic and inflammatory mechanisms, along 
with the adhesion of SARS-CoV-2 to the endothelial barrier through its interac-
tion with ACE2, is thought to produce endotheliopathy by inducing apoptosis of 
the endothelial cells, and this phenomenon may enhance localized coagulopathy 
(51, 53). Furthermore, endotheliopathy could explain cerebrovascular complica-
tions in patients of early age, as well as the significant increase in macrocircula-
tory and microcirculatory thromboembolic complications in patients with this 
disease. 

Finally, as lymphopenia occurs, causing an immune compromise, one of the is-
sues involved in this disease is the induction of bacterial or fungal respiratory 
coinfections, which ranges from 7 to 94% of the patients (55-57). Although some 
studies suggest that these pathogens can contribute to the severity of respira-
tory pathology, there is no evidence of any significant difference in this regard. 
The most common co-infecting pathogens are Streptococcus pneumoniae, 
Klebsiella pneumoniae, Haemophilus influenzae, Mycoplasma pneumoniae, and 
Aspergillus (55) (Fig. 1). 

In such panorama, uncontrolled viral proliferation and dissemination appears to 
be a consequence of an impaired adaptive immune response, while an enhanced 
innate immune response may be responsible for enhanced inflammation and im-
munopathology, leading to ARDS (58). In this way, the stimulation of adaptive im-
munity and the simultaneous downmodulation of the innate immune response 
may be good therapeutic alternatives to manage the viral load and the pathologic 
inflammation produced in COVID-19. In concrete, the neutralization of key cyto-
kines like IL-1β, IL-6, and IL-10, and the blockade of PD-1 may represent good 
alternatives to boost the anti-SARS-CoV-2 immune response.  

Furthermore, IL-6 neutralization may be a staple in COVID-19 treatment as it may 
also reduce coagulopathy, while PD-1 blockage or any other form of immunostim-
ulation may help to reduce the incidence of respiratory coinfections, but this is-
sues should be treated diligently as they appear to be cornerstones of COVID-19 
pathology. 
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Figure 1. The five axes of COVID-19 pathology. The viral infection (a) produces lung tissue dam-
age (c) as well as inflammation and leukopenia (b), which in turn enhances lung damage and 
ARDS (c), coagulopathy (d), bacterial co-infections (e) and may enhance viral penetration 
through the induction of ACE2 by IFN-γ production. 

 

3. Repurposed drugs against SARS-CoV-2 and COVID-19: attacking the disease 
from several angles 

 
As eight months after its appearance, SARS-CoV-2 has caused more than 13 
million infections and more than 500,000 deaths worldwide (1), this pandemics 
represents a worldwide sudden emergency that requires immediate action. In 
this way, the discovery of new specific drugs to fight this infection is not a 
viable option, as such a strategy would require more than a decade to produce 
results (59). A more viable option to combat such a fast-spreading infection is 
the repurposing of existing drugs, as they are mass produced, widely available, 
approved by sanitary-controlling organizations in many countries, their 
posology is well known and there is enough data about their safety (60).  
Nonetheless, the current pharmacopeia is underexploited, when there is much 
potential to fight even emerging diseases as COVID-19. We think that drugs that 
possess anti-SARS-CoV-2 actions (being antiparasitic, antipaludic, or straight 
antiviral drugs) have been gathering much attention, when in reality COVID-19 
is a more complex disease where coagulopathy, co-infection, inflammation and 
the lack of an effective immune response, as well as respiratory support must 
also be addressed (Fig. 2). In such an understanding, we think that an exhaustive 
review covering the varied awns of COVID-19 pathophysiology and drugs that 
may help to treat them may be of importance for the sake of treating the 
disease effectively. 
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Figure 2. The five axes of COVID-19 treatment: support for the acute respiratory distress syn-
drome may benefit from positively ionized oxygen and prone positioning of the patient; while 
immunopathology and inflammation may be regulated through key cytokine antagonists, corti-
costeroids and immune-stimulating agents; coagulopathy may be addressed with low molecu-
lar weight heparins; co-infections have been controlled through macrolide, quinolones and 
beta-lactams; and many straight antiviral of repurposed anti-viral drugs are currently in in-
vestigation. 

 

THE ANTIVIRAL AXIS  

Many excellent research that is based on in vitro, in vivo and/or on experience 
with several Baltimore IV-type viruses like Zika virus, SARS-CoV, and MERS-
CoV; or even with viruses that belong to other Baltimore types, but share any 
life-cycle-related traits with SARS-CoV-2; suggest a group of drugs that are 
aimed to target the SARS-CoV-2 viral replication cycle, like inhibiting the fusion 
between the S protein and the host’s ACE2 and TMPRSS2, translation and 
proteolysis by the 3-chymotrypsin-like protease, replication mediated by RdRp 
enzyme, inhibition of the heterodimer IMPα/β1-mediated nuclear import, or by 
modifying host’s cytological traits like the endosomal pH (Fig 1). 
 

REMDESIVIR  

Remdesivir is a phosphoramidite prodrug of adenosine C-nucleoside with a 
broad-spectrum antiviral activity. The active form of remdesivir (GS-441524) 
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has to reach the inside of the cell to undergo rapid conversion to the 
pharmacologically active metabolite form GS-443902, which is a nucleoside 
triphosphate that acts as an analogue of natural ATP and binds the nascent RNA 
chains of the RdRp enzyme, thus producing premature RNA chain termination 
(61, 62). Such mechanism of action renders Remdesivir as a good alternative to 
treat Baltimore type IV viruses, and has a history of being useful in the 
experimental inhibition of the SARS-CoV and MERS-CoV life cycles, which 
rendered it as a good alternative to assay against SARS-CoV-2 (63) (Fig. 3). 
Recent investigations by Grein et al (64) show that 53 Remdesivir-treated 
patients presented a clinical improvement in 68% of the cases, as measured by 
oxygen support class, including a 57% of patients that were extubated. Only 13% 
of the treated patients died, which is a good number considering that all of them 
were critically ill during the study. Nonetheless, a bigger (237 patients) 
randomized, double-blind, placebo-controlled, multicentre trial by Wang and 
colleagues (13) found that this drug does not produce a statistically significant 
clinical improvement, but recognized the need of a more powerful study to tell if 
such difference exists. Such study came from the team of Beigel and colleagues 
(14), who conducted a double-blind, randomized, placebo-controlled trial 
including 1059 patients that showed a reduction of ≈4 days of hospital stay and 
nearly a 5% reduction of mortality on the Remdesivir-treated group (Table 1).  
 

LOPINAVIR/RITONAVIR 

Lopinavir is a viral protease inhibitor while Ritonavir is a potent inhibitor of the 
enzymes that are responsible for lopinavir metabolism (CYP3A4). The low oral 
bioavailability and extensive biotransformation of lopinavir make necessary the 
co-administration of lopinavir with ritonavir to act as a pharmacokinetic 
enhancer (65). Lopinavir by itself is a peptidomimetic molecule which prevents 
the activity of viral 3-chymotrypsin-like protease (3CLpro) by a 
hydroxyethylene scaffold that mimics the peptide linkage typically targeted by 
such viral protease, but cannot be cleaved, thus occupying the active site of the 
enzyme and inhibiting it (66). This drug combination has been essential to treat 
HIV infections (Fig. 3).  
 
Like HIV, SARS-CoV-2 expresses the 3CLpro enzyme to control its replication, 
thus being an essential enzyme for these viruses life cycle (67), and the fact that 
the Lopinavir/Ritonavir drug combination has shown to inhibit this coronavirus 
enzyme with enhanced affinity (68) pinpoints at a possible role for this drug in 
the treatment of COVID-19. 
 
A small clinical trial including 47 patients showed a reduced body temperature, 
C-reactive protein (CRP) levels, alanine aminotransferase and aspartate 
aminotransferase as well as enhanced lymphocyte numbers that correlated 
with a quicker reduction of the viral load (69) in relation to the 
Lopinavir/Ritonavir treatment, while other authors found that this drug 
combination was also able to increase the level of oxygen saturation and 
pressure, platelet, lymphocyte, leukocyte and eosinophil counts, while reducing 
the extension of radiological findings (7). Moreover, while a bigger study 
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including 199 patients showed no reduction in viral load in relation to the 
Lopinavir/Ritonavir drug combination, they found that mortality decreased 5.8% 
in the treated group (70). Finally, another trial showed that a combination of 
interferon β-1b, Lopinavir-Ritonavir, and ribavirin works significantly better 
than Lopinavir/Ritonavir alone in alleviating symptoms, shortening the duration 
of viral shedding, and reducing hospital stay in patients with mild to moderate 
COVID-19 (71). Moreover, a study of 101 patients receiving different combinations 
of Ribavirin, Interferon-  
was able to reduce the viral load or shorten the viral shedding phase in the 
patients. Instead, the patients receiving Ribavirin plus Lopinavir/Ritonavir 
presented a high prevalence of gastrointestinal adverse effects (72) (Table 1). 
 

UMIFENOVIR  

Arbidol, the brand name of Umifenovir, is a broad spectrum antiviral drug that 
has reported activity against A and B type influenza and other arboviruses (73) , 
hence the name, but it also has in vitro antiviral activity against Ebola virus, 
human herpesvirus 8, hepatitis C virus and Tacaribe arenavirus (74). This drug 
has been reported to block viral fusion with the host cell membrane and the 
endosomes by interfereing with the normal structure of phospholipids (75). 
More importantly, Arbidol has been shown to impede the trimerization of the 
SARS-CoV-2 S protein (76), a vital step for the viral cycle of such pathogen 
(Figure 3). 
 
Although a retrospective study in a non-intensive care unit made by Lian and 
colleagues showed that Umifenovir is not able to accelerate clearance of the 
viral load by day 7 post-treatment onset (PTO) (77), a similar study by Zhu et al. 
(8) showed that it lowers such parameter in a delayed manner, as measured 14 
days after hospital admission, being superior to Lopinavir/Ritonavir in that 
regard. Aditionally, a metanalisis performed by Siordia’s team (78) showed no 7-
day or 14-day viral clearance difference compared with the aforementioned 
drug combination. Finally, when given as prophylactic to health-care 
professionals, Arbidol was able to reduce the incidence of new cases, although it 
had no effect in reducing the hospitalization rate of those who became infected 
(79) (Table 1). 
 

FAVIPIRAVIR  

Favipiravir triphosphate is a purine nucleoside analogue, which acts as a 
competitive inhibitor of RNA-dependent RNA polymerase (80), therefore 
inhibiting the in vitro replication of a wide array of viral infections, including 
Ebola virus (81), oseltamivir and zanamivir-resistant influenza virus strains (82) 
(Fig. 3). Although its in vitro effect against SARS-CoV-2 virus has been assayed 
successfully, both Chloroquine and Remdesivir outperform this drug at lower 
doses (83). Nonetheless, a small clinical trial of 80 patients with mild or 
moderate COVID-19 found that this drug produced a faster viral clearance (7 
days less) than Lopinavir/Ritonavir and a considerable improvement in chest 



 

 10 

imaging (91.43% versus 62.22%) (9). Therefore, more data is needed in order to 
confirm whether or not Favipiravir may be a good and valuable option for the 
treatment of such viral infection. 
 

IVERMECTIN  

Ivermectin is an antiparasitary drug that is able to reduce the in vitro 
replication of some Baltimore type IV viruses, like Dengue virus (84), Zika virus 
(85) and yellow fever virus (86), that is generally considered as safe and 
effective for its original prescription. As this drug has been identified as an 
inhibitor of importin α/β-mediated nuclear transport of viral products (84) 
(Fig. 3) and a recent in vitro study showed that this drug is able to exert a 
≈5000-fold reduction of the viral RNA after 48 hours or its addition into a 
SARS-CoV-2-infected cell line (12), the scientific community gained interest in 
this drug as a potential treatment for the infection with SARS-CoV-2.  
Nonetheless, such study was carried out using a dose that is 10 times higher 
than the one approved by the FDA (87), and the Pan American Health 
Organization declared that the studies about the use of such drug to control 
SARS-CoV-2 are strongly biased (88), in such a fashion that the World Health 
Organization (WHO) retired this drug from the Solidarity trial (89) for the lack of 
scientific evidence about its efficacy in the treatment of COVID-19. 
Well designed and unbiased studies about this drug are needed in order to 
confirm its hypothetical effect on the control of this emerging disease (Table 1). 
 

CHLOROQUINE/HYDROXYCHLOROQUINE  

Chloroquine, and its less toxic hydroxylated form, are anti-malarial drugs (90) 
that have been repurposed for its use against SARS-CoV-2. Moreover, this drug 
has been shown to deter the in vitro virus-host cell fusion by interfering with 
the glycosylation of the ACE2 protein (91-93). Moreover, after penetration the 
virus releases its genome and some enzymes into the cytoplasm by fusing with 
the lysosomal membrane, in a process aided by the acidic pH of the 
aforementioned cell structure (Fig. 3). In concordance, chloroquine has been able 
to impede this process in other enveloped-virus dependent infections, like 
Chikungunya and Dengue, in association with the alkalization of the lysosome 
(94). Further evidence described that this drug is also able to reduce the levels 
of IL-6 in individuals with systemic lupus erythematosus and rheumatoid 
arthritis (95), thus hypothetically reducing the chance to develop cytokine storm 
and ARDS-related complications (96). 
 
On the other hand, a study by Gautret et al. (97) that included 36 patients 
reported that Choloquine is able to significantly reduce the viral load at day 6 
PTO, while the patients that also received Azithromycin had the fastest viral 
clearance. And a further study made by the same team (98) including 80 
patients reported that at day 7 PTO 83% of the patients were negative for viral 
load and 93 were completely free of the virus by day 8. However, these two 
articles were criticized for their low power and the lack of other measured 
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outcomes. In such an understanding, Million and colleagues (99) performed a 
much more powerful study including 1061 patients that were treated with a 
Chloroquine and Azithromycin combination, observing a virological clearance 
for 91.7% of the patients at day 10 PTO, and a 100% were cleared at day 15 PTO. 
4.3% of the patients evolved to a poor clinical outcome and only 0.75% died. 
Nonetheless, Geleris and his team (100) found no differences in the mortality or 
intubation-risk of the hydroxychloroquine group. Despite the increase on the 
studies power, none of the aforementioned studies included severely ill 
patients, which only served to increase the controversy on this drug´s use. 
As a consequence, Mahévas et al. (101) performed a comparative analysis of 181 
patients with a severe form of COVID-19 that required oxygen supplementation 
but not intensive care, finding no difference in the survival rate without 
transfer to the intensive care unit at day 21, overall survival, ARDS incidence or 
changes in respiratory support requirements between the hydroxychloroquine 
and the standard care group, thus suggesting that this drug do not have 
clinically measurable benefits for the treatment of this disease in patients with 
severe disease. Finally, Sevilla-Castillo et al. (102) performed a study with 
severely-ill patients, where Chloroquine was used in combination with 
Lopinavir/Ritonavir and found that the drug was unable to modulate the 
pathology, but rather disease markers increased up to ≈13 fold when both drugs 
were combined (Table 1). 
 

 
 
Figure 2. The mechanisms of action of the anti-SARS-CoV-2 drugs. 
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Table 1. Anti-SARS-CoV-2 drugs. 

 
Drug 

Mechanisms of action Evidence Refe-
rence 

Lopina-
vir/Rito-
navir 

Viral 3-chymotryp-
sin-like protease 
(3CLpro) inhibitor.  

Reduced temperature, CRP, ALT and 
AST. Enhanced lymphocyte and viral 
clearance time. (n=47) 

Enhanced oxygen saturation and pres-
sure, platelet, lymphocyte and eosino-
phil counts. Reduced radiological find-
ings. (n=10) 

No reduction in viral load, 5.8% decrease 
in mortality. (n=199) 

Combination of interferon β-1b, Lop-
inavir-Ritonavir, and ribavirin alleviate 
symptoms, shortens the duration of vi-
ral shedding, and reduced hospital stay 
in patients with mild to moderate 
COVID-19. (n=127) 

No reduction of the viral shedding 
phase, plus enhanced gastrointestinal 
adverse reactions. (n=101) 

No reduction of mortality, hospitaliza-
tion, respiratory requirements, CRP and 
LDH; significant increase in d-dimer 
and ferritin. 

(69) 

 

(7) 

 

(70) 

 

 

(71) 

 

 

(72) 

 

 

(102) 

Iverme-
ctin 

Inhibitor of importin 
α/β-mediated nuclear 
transport of viral 
products. 

≈5000-fold reduction of the viral RNA 
after 48 hours of its addition into a 
SARS-CoV-2-infected cell line. 

The working dose is 10 times higher 
than recommended. 

(12) 
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Chloro-
quine 

Interferes with the 
glycosylation of the 
ACE2 protein and al-
kalizes the lysosome. 

Reduces IL-6 levels. 

Reduces the viral load at day 6 PTO. 
(n=36) 

At day 7 PTO 83% of the patients are free 
of viral load and 93% were completely 
free of the virus by day 8. (n=80) 

Virological clearance for 91.7% of the pa-
tients at day 10 PTO, and a 100% were 
cleared at day 15 PTO. 4.3% of the pa-
tients evolved to a poor clinical outcome 
and only 0.75% died. (n=1061) 

No differences in the mortality or intu-
bation-risk of the hydroxychloroquine 
group. (n=1446) 

No difference in the survival rate with-
out transfer to the intensive care unit at 
day 21, overall survival, ARDS incidence 
or respiratory support requirements. 
(n=181) 

(97) 

 

(98) 

 

(99) 

 

 

 

(100) 

 

(101) 

Favipi-
ravir 

Competitive inhibitor 
of RNA-dependent 
RNA polymerase. 

Faster viral clearance then lopinavir/ 
ritonavir and improved chest imaging 
91.43 % of the patients. (n=80) 

(9) 

Umife-
novir  

Blocks viral fusion 
with the host cell 
membrane and the 
endosomes. 

No reduction of the viral load at day 7. 
(n=81) 

Reduction of the viral load at day 14, be-
ing superior to Lopinavir/Ri-
tonavir. (n=50) 

A study showed no 7-day or 14-day viral 
clearance difference in comparison to 
the aforementioned drug combination.   

As a prophylactic to health-care profes-
sionals, it was able to reduce the inci-
dence of new cases, although it did not 
have any effect in reducing the hospi-
talization rate of those who became in-
fected. (n=164) 

 (77) 

(8) 

 

(78) 

 

(79) 
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Remde-
sivir 

Inhibitor of the RdRp 
enzyme 

Clinical improvement in 68% of critically 
ill patients, as measured by oxygen sup-
port class. (n=53) 

Does not produce a statistically signifi-
cant clinical improvement. (n=237) 

Reduction of ≈4 days of hospital stay 
and a 5% reduction of mortality. (n=1059) 

 (64) 

 

(13) 

 

(14) 

 

 
Abbreviations: C-reactive protein (CRP), alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), Interleukin-6 (IL-6), post-treatment onset (PTO), acute respiratory distress syn-
drome (ARDS). 
 

4. The immunoregulatory axis 

As the virus-induced inflammatory response is thought to contribute signifi-
cantly to the development of the whole pathology, a paramount of its pharmaco-
logical control is the modulation of inflammation. As such, corticosteroid admin-
istration has been considered to be a good option for COVID-19 adjunctive ther-
apy. To date, preliminary results from the RECOVERY trial show a reduction of 
12.1% on the 28-day mortality of patients receiving invasive mechanical ventila-
tion in relation to dexamethasone administration, but an increase of 3.8% of such 
parameter when this drug was administered to patients that were not receiving 
respiratory support (103). In a similar fashion hydrocortisone and methylpredni-
solone have also been associated with enhanced 28-day survival (104). On the 
other hand, Li et al. (105) observed a prolonged duration of fever, viral shedding 
stage and length of hospitalization, as well as an enhanced need for antibiotics in 
patients that received corticosteroids.  

In such panorama, there are important gaps in the knowledge regarding the use 
of such drugs in the treatment of COVID-19, and answering some key questions 
may be critical for the optimization of such drug-class use. For instance, being 
that corticosteroids are immunosuppressant agents, they may favor viral shed-
ding if their administration occurs at the wrong time or dose, and they may hin-
der the immune response against co-infecting agents, thus favoring disease 
complications (106, 107). In this way, immunomodulation may be a better alterna-
tive to immunosuppression, and it may be achieved by neutralizing key cytokines 
and signaling pathways, rather than inducing a general state of immune hypo-
responsiveness.  

As IL-6 is a central player in the cytokine release syndrome, blocking its signaling 
may be a key factor to prevent mortality, lung-tissue damage and ARDS (16). In 

-IL-6R monoclonal antibody Tocilizumab may be an 
important player on the regulation of such pathological traits (108). Toniati et al. 
(109), in fact, report an important enhancement on the respiratory functions of 
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77% of the critically-ill patients (n=100) that received Tocilizumab, as well as radi-
ological improvement in 61% of them. Another medium powered study (n=154) de-
tected a 45% reduction in hazard of death (110), while a smaller study (n=21) de-
tected a decrease in fever, radiological findings (in 90.5% of the patients), CRP (in 
84.2%) and oxygen intake (in 75%), along with an improvement in peripheral blood 
lymphocytes (52.6%) (111). 

-1-receptor antagonistic antibody Anakinra has been thought 
as an alternative to provide downmodulation of the cytokine release, oxidative 
stress and ACE2 expression. Nonetheless, information about this topic is sparse 
and comes from rather low-powered studies. For instance, a series of nine cases 
of patients receiving up to 12 doses of this drug (100mg) showed a modest de-
crease of CRP and a suspended progression of computed tomography-detected 
lesions (112), and these observations were further supported by another research 
team studying 45 patients in 72% of their study subjects (113). Another case series 
including 11 patients showed that this drug may have certain potential to prevent 
mechanical ventilation in severe COVID-19 patients when administered early af-
ter acute hypoxic respiratory failure onset (114). A bigger study including 96 pa-
tients found that this drug reduced both need for invasive mechanical ventilation 
and mortality among patients with severe forms of COVID-19 (115), and finally one 
more study (n=93) showed that Anakinra and Tocilizumab are similarly effective 
at reducing mortality and supplementary oxygenation needs (116). 

On the other hand, as the over-expression of PD-1 has been strongly linked to 
lymphopenia and ultimately to poor outcomes (47), we think that immunostimu-
lation through the blockade of such pathway may be important for controlling 
viral spread, and thus to enhance patient’s survival. To our notice there are no 
clinical trials being conducted on the use of Pembrolizumab, Nivolumab or other 
monoclonal antibodies specific for PD-1 or any of its ligands, but single case re-
ports have shown reductions on CRP, LDH and enhancement of the general state 
on cancer patients that receive either drug during COVID-19 convalescence (117, 
118). Nonetheless, PD-1 blockade has been linked with an enhanced immune re-
sponse against B and C hepatitis (119, 120). 

5. The anti-thormbotic axis 

In a recent study that included 449 patients with SARS-CoV-2 infections in seri-
ous condition who met the criteria for coagulopathy caused by sepsis and with 
elevated D-dimer levels (higher than 1 μg / ml), it was mentioned that the use of 
low molecular weight heparin was associated with lower mortality (121); thus the 
use of anticoagulants improves the prognosis in patients with coagulopathy and 
high risk of venous thromboembolism. For this reason the International Society 
of Thrombosis and Haematosis and the American Society of Hematology suggest 
the prophylactic use of thrombolytic therapy (122). Moreover, low-molecular 
weight heparin seem to be able to control coagulopathy in the setting of COVID-
19, as it has been associated with improvements in lymphocyte counts, D-dimer 
and CRP levels (123), as well as shorter hospitalization length and lower mortalities 
(124). 
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6. The antimicrobial axis 

As a meta-analysis performed by Lansbury et al. (56) found that only 7% of the 
hospitalized patients do course with coinfections, and there is no strong data 
showing that coinfections enhance mortality among COVID-19 patients (125), or 
that early antibiotic use impacts mortality (126), antibiotics are only recommended 
when coinfections by bacteria are confirmed. However, empirical antibiotic man-
agement is suggested in mechanically ventilated patients with COVID-19 and res-
piratory failure. Such suggestion comes from extrapolated studies in other viral 
pneumonias, like influenza (127). On the other hand, in response to lung viral in-
fection, an inflammatory exudate is produced in the alveoli of the lungs, which is 
the main cause of dyspnea (128), and as such exudate covers the alveoli in a 
chronic manner the risk of developing bacterial coinfections is enhanced (129). In 
any case, macrolides, quinolones or β-lactams have been used to treat bacterial 
coinfections in SARS-CoV-infected patients (130), but these should only be pre-
scribed according to data on the sensitivities of each individual strain.  

7. The supplementary oxygenation axis 

In order to treat the tissue hypoxemia caused by respiratory insufficiency, the 
supplementary oxygenation therapies seem to be an answer (131). Oxygen admin-
istration can be performed in different ways, via face mask or nasal cannula, with 
high-flow-nasal oxygen or noninvasive ventilation being the most common first-
line interventions to improve oxygenation and dyspnea (132). 

According to recent studies, therapy with ionized oxygen might be a useful tool 
to treat COVID-19 patients as in vitro studies confirmed that long-term inhalation 
of partially positively ionized oxygen (O2+) was associated with less oxidative 
stress, better ability to secure airway patency and milder pulmonary inflamma-
tion response than molecular oxygen (133).  

Moreover, the use of common supplementary oxygen has continued, like it is 
shown by Burn et al. who offered non-invasive pressure support (NIPS) to pa-
tients who considered to be too frail to have the potential to benefit from invasive 
ventilation. They concluded that NIPS had favorable results considering that their 
population had a poor physiological reserve and had at least the equivalent sur-
vival rate in intubated patients from their own institution (134). Another variant 
used in supplementary oxygen therapy is the position of the patient, Despres et 
al. suggested that prone positioning combined with high-flow-nasal oxygen or 
conventional oxygen therapy could be proposed in severe COVID-19 patients, in 
order to avoid intubation (135). Moreover, a 50% reduction of mortality in patients 
with severe ARDS was observed when patients were prone positioned in com-
parison to those in suspine position (136). 

8. Drug-drug interactions in COVID-19-treatment. 

As the treatment of COVID-19 not only requires the use of an effective anti-
SARS-CoV-2 agent, but also needs anti-coagulation drugs, anti-inflammatory 
agents, respiratory support and, in patients receiving respiratory support or 
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with confirmed bacterial coinfections, antibiotics, the potential for presenting 
drug-drug interactions (DDI) while treating COVID-19 is high. Pharmacodynamic 
drug-drug interactions occur when the pharmacological effect of one drug is al-
tered by that of another drug in a combination regimen, potentially diminishing 
or cancelling the effect of one party, or synergizing to cause enhanced damage 
to the host (137). This problem constitutes the most common medication error as 
it has a prevalence of 20-40% (138). Despite this, the history of DDI is short as 
these phenomena were only recognized until 1970, and in 1997 the FDA produced 
the first documentation for guidance on the conduct of drug prescription and 
drug metabolism (139).  

Currently, many software programs and webpages have been developed to pro-
vide information about possible interactions that might exist between drugs, and 
a very pertinent example is the COVID-19 Drug Interactions (140) platform, which 
calculates potential DDIs among those that are being assayed in the treatment of 
such disease.  

To our notice, within the most common and severe adverse effects that can occur 
with anti-COVID-19 medications are: 

REMDESIVIR  

Sufficient data on the compatibility of remdesivir with other intravenous drugs 
(141) are not available, however the excipient that is formulated to improve its sol-
ubility, sulfobutylether-cyclodextrin (SBECD), accumulates in patients with mod-
erate to severe renal dysfunction. Caution is recommended when the drug is ad-
ministered in combination with other parenteral drugs formulated in SBECD, for 
example voriconazole and amiodarone, with special emphasis on care in those 
patients with creatinine clearance of 30 ml/minute. On the other hand, the con-
comitant use of rifampicin, carbamazepine or phenytoin should be avoided due 
to decreased exposure to redemsivir (142). Moreover, antagonistic effects be-
tween remdesivir and antimalarial drugs (Chloroquine and Hydroxychloroquine) 
are associated with clathrin-dependent endocytosis, enhanced viral entry/re-
lease into host cell, enhanced inflammatory response, pH reduction, negative 
regulation of kinase activity and enhanced protein tyrosine kinase activity (143). 

LOPINAVIR/RITONAVIR 

Lopinavir/Ritonavir interactions occur through various mechanisms, among of 
which the most important are those involving CYP enzymes, the administration 
of the drug is contraindicated with flecainide, propafenone, astemizole, terfena-
dine, ergot derivatives, cisapride, pimozide, midazolam and triazolam, as the me-
tabolism of these drugs is dependent on CYP3A or CYP2D6 (65).  

UMIFENOVIR  

Umifenovir is also metabolized by CYP3A4, with a lower contribution of the en-
zymes P450 and FMO, so that the drug has important interaction with inhibitors 
and inducers of CYP3A4 (144).  
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FAVIPIRAVIR  

Favipiravir is considered an inhibitor of CYP1A2/2C8/2C9/2C19/2D6/2E1/3A4, 
OAT1 and OAT3 (145), and has a liver metabolism through AO (146). A substrate of 
CYP2C8 is zoplicone, so caution should be exercised when administered with fav-
ipiravir (145) some pharmaco-inhibitors of AO are raloxifene, tamoxifen, estradiol, 
cimetidine, felodipine, amlodipine, verapamil, propafenone and amitriptyline, 
however no relevant clinical interaction based on AO inhibition is established yet 
(146). Moreover, the administration of favipirivir increases acetaminophen accu-
mulation (146) and inhibits the formation of acetaminophen sulfate (147), so that 
combining both drugs is not recommended (146). 

CHLOROQUINE/  HYDROXICHLOROQUINE  

As these drugs are metabolized through CYP2D6, the inhibitors or inducers of 
such enzyme should be avoided. Moreover, its combination with Lopinavir/Ri-
tonavir may increase QTc intervals, or cause hypoglycemia (143). Extreme care 
must be undertaken in its administration in patients with pre-existing heart dis-
ease and in its use for the treatment of COVID-19 due to the affectation caused 
by heart disease. Moreover, as it is metabolized through cytochrome P450, its use 
in conjunction with azithromycin, which inhibits CYP450, causes a reduction in 
the metabolism of hydroxychloroquine causing toxic accumulation of the drug 
(148), and this combination also prolongs QTc intervals. 

Fluoxetine, paroxetine, amitriptyline, bupropion and duloxetine may increase 
both drugs’ accumulation, as they are inhibitors of the enzymes CYP3A4 and 
CYP2D6, while a CYP3A4 inducer such as carbamazepine, may cause reduced lev-
els of Chloroquine and Hydroxychloroquine. 

In such panorama, especial care should be taken to avoid these interactions, 
which may further complicate the pathology. 

9. Conclusions 

The emergency that the COVID-19 pandemic represents has impacted in the field 
of medical and biomedical research, imposing an urgent need for safe, effective 
and widely-available drugs. In this way, drug repurposing has been a staple in 
anti-COVID-19 therapy, where similarities in the form and function of COVID-19 
with other viruses and viral diseases have been key to find plausible therapeutic 
pathways. In this way, we think that such disease’s pathophysiology is comprised 
of five main axes: 1) the respiratory disfunction, 2) the inflammatory dysregula-
tion, 3) coagulopathy, 4) coinfections and 5) last but not least, the viral replication.  

In concordance to this understanding, studies on 1) type of respiratory support 
and positioning of the patient, 2) immunosuppressant and immunomodulatory 
drugs, 3) anticoagulants, 4) antimicotics and antibiotics and 5) anti-viral agents 
have been performed to conform a rapidly increasing body of evidence to lead 
the COVID-19 therapeutics. Nonetheless, vaster and stronger data is needed re-
garding the therapeutics for each one of these axes, especially in regards to data 
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collected from critically ill patients, patients with relevant comorbidities and in 
the prophylactic use of antiviral drugs.  

If data about the efficacy of the aforementioned drugs in the treatment of COVID-
19 is sparse, it is even sparser the information regarding their safety when used 
in combination. In such an understanding, we think that the whole role of adjunc-
tive therapy requires more research in terms of its efficacy and safety. 
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