
Nanomed Res J 6(1):1-10, Winter 2021

REVIEW PAPER

COVID-19 possible medical treatments
Marzieh Mohammadi 1,2*, Zahra Khoddamipour 3, Nafiseh Bagheri3

1 Department of Pharmaceutics, School of Pharmacy, Mashhad University of Medical Sciences, Mashhad, 
Iran
2 Targeted Drug Delivery Research Center, Pharmaceutical Technology Institute, Mashhad University of 
Medical Sciences, Mashhad, Iran
3 Department of Medical Biotechnology and Nanotechnology, Faculty of Medicine, Mashhad University of 
Medical Sciences, Mashhad, Iran.

* Corresponding Author Email: mohammadimz@mums.ac.irmohammadimz@mums.ac.ir

Recent outbreak of SARS-CoV-2 virus and its high incidence has made national 
and international health authorities focus on evaluation and  development of 
medicines to fight against severe cases of the Coronavirus-19 disease (COVID-19). 
COVID-19 is a pneumonia like infectious disease which was first reported in in 
Wuhan, Hubei, China in December 2019. Due to the fast evolving pandemic, 
there are many clinical trials assessing the efficiency of anti-inflammatory agents 
(e.g. chloroquine and Hydroxychloroquine, azithromycin and NSAIDS)  antiviral 
agents (e.g. oseltamivir, Remdesivir, Favipiravir, Lopinavir/ritonavir, ribavirin, 
Umifenovir ) and immunomodulatory medicines such as interferons. Herein, we 
are going to introduce currently used medicines, their mechanisms of action and 
the associated adverse effects. Thereafter, possible nanopharmaceuticals with 
disinfectant or medicinal properties are discussed. Given the current available 
literature, among different medicines, Remdesivir which is an antiviral agent with 
RNA polymerase inhibitor mechanism of action showed  acceptable results and 
there are controversies in the efficacy of other medications. 
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INTRODUCTION
Coronovirus disease 2019 (COVID-19) is 

a pneumonia like infectious disease which was 
first reported in in Wuhan, Hubei, China in 
December, 2019. The name of the virus causing 
COVID-19 is severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) which was selected 
by the International Committee on Taxonomy of 
Viruses [1]. The clinical indications considerably 
resembles viral pneumonia. However, sequence 
analysis studies revealed the emersion of a novel 
coronavirus [2]. To date (July 2, 2020) there are 
10.7 million confirmed cases of COVID-19 with 
5.46 million recovered and 516000 cases of death 
all around the world [3]. In Iran, there are 230,000 
confirmed cases of COVID-19 patients with  
191,000 recovered cases and 11,000 death [4].

Coronaviruses (CoVs) are classified in the 
subfamily of Orthocoronavirinae belonging to the  
family Coronaviridae and the Order Nidovirales. 
It was found that there are four species within the 
subfamily of Orthocoronavirinae which  are named 
Alpha- coronavirus, Beta-coronavirus, Delta-
coronavirus and Gamma-coronavirus [5].

Coronaviruses are made of enveloped, single, 
positive-stranded RNA genome encoding four 
membrane proteins named spike, envelope, 
membrane and nucleocapsid proteins [6] which 
are pivotal for its assembly and infection. The 
membrane protein is demonstrated to be the 
central organizer for the coronavirus assembly [7]. 
Rather than 4 structural proteins, SARS-CoV-2  
possesses 5 accessory proteins (ORF3a, ORF6, 
ORF7, ORF8 and ORF9)[2]. Studies demonstrated 
that the principle protein responsible for entrance 
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of the virus to the host cells is the spike protein [6].  
It provides the integration of the virus to the cell 
surface receptors. The envelop protein composed of 
76-109 amino acid residues is an essential protein 
affecting the membrane permeability of the host 
cells and virus assembly [7]. Hemagglutinin-
esterase dimer which is placed on the surface of 
the virus might facilitate the virus cell entrance and 
infecting the host cell while it is not required for its 
replication [8].

It was indicated that SARS-CoV-2  binds to 
the angiotensin converting enzyme-2 (ACE2) 
receptors in highly expressed organs specially 
the lungs [6]. ACE2 is a type I membrane protein 
which is expressed in lung, arteries, heart, kidney 
and intestine and it is generally correlated with 
cardiovascular diseases[9]. ACE2 is a part of renin 
angiotensin system which regulates the blood 
pressure.  The principle activity of ACE2 is the 
hydrolysis of angiotensin 2 to angiotensin [9]. 
ACE2 is made of an N-terminal peptidase M2  
domain and a C terminal Collectrin-like domain 
[10]. The sequence analysis of S protein of SARS-
CoV-2  revealed that it conjugates to human ACE2 
10–20 folds more than SARS-CoV [11]. That might 
be the reason of its high potential to infect humans.

Studies indicated that the incubation period of 
COVID-19  is about 5.2 days. The main symptoms at 
the onset of the disease are cough, fever, fatigue and 
the shortness of breath. Other revealed symptoms 
are haemoptysis, diarrhea, dyspnea, grand-glass 
opacities, headache and lymphopenia [12]. 

It was demonstrated that in most cases, it 
took about 6-41 days (median of 14) from the 
onset of the disease to the death state [13]. The 
duration is considerably dependent on the age 
of the patients and their immune system. Rather 
than pneumonia like symptoms, it could lead to 
systemic disorders such as  acute cardiac injury and 
hypoxia [14]. Additionally, a recent study indicated 
that the enteric symptoms of COVID-19 are due 
to involvement of enterocytes expressing ACE2 
proving that SARS-CoV-2 invades other organs 
than respiratory tract [15].

SARS-CoV-2 is transmitted through respiratory 
droplets. Also there is a possibility of transmission 
through aerosol in closed environment. However, 
the transmission of the virus from the mother to 
the new born and its secretion to the breast milk 
has not been reported yet 2. 

Until now there is not any certainly 
confirmed medicine against SARS-CoV-2 and 

current treatments are predominantly based 
on management of the symptoms. The main 
administered treatments are categorized into 
antivirals, immunomodulators (ie. interferons) and 
anti-inflammatory agents.

In the current study, we are going to discuss 
possible mechanism of action of each medicine, the 
adverse reactions and their efficiency. Afterwards, 
we will introduce nanotechnology based 
disinfectants and treatments against SARS-CoV-2. 

DIFFERENT MEDICATIONS 
Chloroquine  and Hydroxychloroquine 

Chloroquine and hydroxy Chloroquine are 
antimalaria agents which have been used since 
1940 [16]. Hydroxy Chloroquine is an analogue of 
Chloroquine and show similar pharmacokinetics. 
Both drugs were also used in autoimmune 
diseases such as rheumatoid arthritis or lupus 
as anti-inflammatory agents [17]. The possible 
mechanisms of these drugs against  SARS-CoV-2 
and other viruses are listed in Table 1. Studies 
demonstrated that SARS-CoV-1 enters the cells 
though binding to DC-SIGN receptor. The low pH 
of endosomes provides fusion of the membranes 
of the virus and the target cell leading to the 
release of the viral genome into the cytosol [18]. 
The inhibitory mechanism of chloroquine is rapid 
elevation of endosomal pH leading to  interruption 
of endosomal fusion [19]. The possible action of 
chloroquine on the replication cycle of the virus 
could be inhibiting the virion budding in Golgi 
complex through inactivation of M protein [20] 
because the same mechanism was proved for 
Dengue-2 virus in which chloroquine interferes 
with proteolytic conversion of the flavivirus 
prM protein to M protein inhibiting its viral 
replication [21]. Chloroquine is also an effective 
immunomodulatory agent which was proved to 
inhibit expression of IL-1 ß [22], reduced IL-1 and  
IL-6  [23] and inhibited the production of TNFα 
through interfering with cellular iron metabolism 
[24], inhibiting alteration of pro-TNF into mature 
TNFα molecules [25] and/or blockade of mRNA 
expression of TNFα [22, 26]. 

Due to the fact that the use of CQ and HCQ 
might prolong the QT interval (QTc), before starting 
administration, electrocardiography is essential. 
Besides, coadministration of drugs with prolonging 
the QTc is prohibited. However, in clinical protocols 
concurrent use of macrolides such as azithromycin 
and antiviral agents such as lopinavir/ritonavir 
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with HCQ/CQ are performed. In such cases, close 
observation of QTc is essential. Another important 
issue is that G6PD deficiency, retinopathy, pre-
existing maculopathy and epilepsy are the 
contraindications of using CQ and HCQ [27].

Azithromycin
Previous studies demonstrated that macrolides 

such as erythromycin and azithromycin possess 
simultaneous anti-bacterial and anti-inflammatory 
effects  [39]. Macrolides reduce the synthesis 
of IL-8 and IL-6 and also inhibit nuclear factor 
(NF)-kB so that suppress neutrophil attraction 
to the site of the infection [40, 41]. Additionally, 
preliminary studies showed that they might also 
have antiviral properties [42]The anti-bacterial 
properties is through the inhibition of bacterial 
protein synthesis. Some studies demonstrated 
that due to the anti-inflammatory and antiviral 
properties of macrolides, combination therapy 
of COVID-19 patients with azythromycin and 
hydroxychloroquine synergistically reduces the 
viral load [43, 44].

An open-label non-randomized clinical trial 
evaluated the synergistic effect of azithromycin 
and chloroquine on respiratory viral load of 
COVID-19 patients. The results showed that the 
use of azithromycin reinforced the viral clearance 
of chloroquine [43, 45]. However, retrospective 
multicenter cohort study of 25 hospitals in New 
York metropolitan region indicated that there is 
no significant difference in in-hospital mortality 
among patient received Hydroxychloroquine, 

azithromycin, both or neither of them [46]. 
Moreover, the studies proved that the risk of QT 
Interval prolongation is increased in patients 
who received both drugs [47]. That is the reason 
clinicians closely observe cardiac adverse events 
esp. QT interval. Another study on 201 patients 
with COVID-19 at 3 hospitals within the Northwell 
Health system showed that torsade de pointes 

Was not observed in any of the patients and 
there was not any difference in baseline corrected 
QT interval of patients received mono or 
combination therapy although maximum corrected 
QT interval was remarkably more in the patients 
with combination therapy versus the monotherapy  
group [48].

NSAIDs (Naproxen, diclofenac, ibuprofen)  and 
Acetaminophen (Apotel) 

To alleviate one of the main symptoms of 
COVID 19 (which is fever) clinicians used 
acetaminophen and Non-steroidal anti-
inflammatory drugs (NSAIDS). NSAIDS inhibit 
synthesis of prostaglandin synthases 1 and 2 which 
are also named as COX1 and COX2. These enzymes 
are responsible for synthesis of prostaglandins and 
lipids which trigger fever and pain. Diclofenac and 
celecoxib both selectively inhibit  COX2 which 
leads to suppression of inflammation and fever. 
However, other non-selective NSAIDS such as 
ibuprofen suppress both COXs. 

Another important issue is that it is not 
clear whether NSAIDS cause severe COVID 19 
symptoms as PGD2, PGI2 and PGE2 are able 

Table 1. Possible mechanisms of action of chloroquine and hydroxychloroquine against different viruses and inflammatory diseases [28]. 
 

Name of the virus Possible mechanism of action References 
-Human 
coronavirus HCoV-O43  
-Orthomyxoviruses 

interfering with viral entrance through inhibition of synthesis of sialic acid and ligand 
recognition by the virus. 

[29-31] 

-Enveloped viruses such as 
Dengue virus or Chikungunya virus 

inhibiting virus replication through interfering with pH-dependent endosome mediated 
viral entrance  

[32, 33] 

-HIV virus inhibiting the post-translational modification of viral proteins such as in inhibiting 
glycosylation of the gp120 envelope glycoprotein of HIV virus 

[34, 35] 

- Dengue-2 virus interfering with proteolytic processing of the flavivirus prM protein to M protein so that 
inhibiting the replication of the virus 

[21] 

 impair proper maturation of viral proteins through pH modulation [21] 
 rising the transport of soluble antigens 

into the cytosol of dendritic cells and the improving the human cytotoxic CD8+ Tcell 
responses  

[36] 

 Regulation of proinflammatory cytokines through reduction of interleukin-1 beta (IL-
1ß), IL-6 and TNFα. 

[22-25] 

-HCoV-229 coronavirus blocking  
phosphorylation of the p38 mitogen-activated protein kinase in 
THP-1 cells as well as caspase-1 so that inhibiting virus replication cycle 

[37, 38] 

 
  

Table 1. Possible mechanisms of action of chloroquine and hydroxychloroquine against different viruses and inflammatory diseases 
[28].
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to promote or prevent inflammation [49].  On 
16th March 2020, The Belgian Federal Agency for 
Medicines and Health Products stated that ‘It is well 
known that NSAIDs and corticosteroids can lead to 
serious complications’. Besides, French authorities 
also recommended that use of ibuprofen is harmful 
for patients with COVID 19 [50]. which could be 
due to the assumption that use of ibuprofen might 
lead to over expression of ACE 2 (Angiotensin 
converting enzyme) receptors. ACE is expressed 
by epithelial enzymes of lungs, intestine, kidney 
and blood vessels and it is indicated that SARS-
CoV and SARS-CoV-2 viruses enter the target cells 
through ACE receptor [51]. ACE receptor is also 
overexpressed in diabetic patients and those using 
antihypertensives such as ACE inhibitors or type 2 
ARBs (angiotensin receptor blocker). 

However, European Medicines Agency (EMA) 
reported that there is no clear evidence to confirm 
the relationship between NSAIDS and severe 
COVID 19 and it is suggested to use such medicine 
in the minimum effective dose and the shortest 
possible period [52].

Until now there is not any clinical study which 
proves the higher mortality rates in patients 
using NSAIDs or ibuprofen but generally it is 
recommended to use acetaminophen instead of 
ibuprofen in patients without the a physician’s 
prescription [53].

Antivirals (oseltamivir, Remdesivir, Favipiravir, 
Lopinavir/ritonavir, ribavirin, Umifenovir)

Oseltamivir is an antiviral agent (neuraminidase 
inhibitor) which was approved for treatment of 
influenza A and B to inhibit the spreading of the 
virus throughout the body [54]. The clinical study 
performed by Wang et al. in wuhan indicated that 
oseltamivir did not show any significant outcomes 
[55]. However, there are several ongoing clinical 
trials evaluating combinational therapy using 
oseltamivir with chloroquine and favipiravir [56].

 Remdesivir (GS-5734, adenosine analog) 
which is a broad spectrum antiviral agent showed 
efficient activity in the treatment of lethal Ebola 
[57]. It is a RNA polymerase inhibitor which 
disrupts the replication of the virus. Sheahan et 
al. demonstrated that administration of the drug 
immediately after the onset of the disease leads to 
the decrease of the virus load and improvement of 
pulmonary function in Ces1c (−/−) mouse SARS 
model [58]. However, they claimed that in case of 
advanced pulmonary lesions even reduction of the 

virus titer could not improve the survival rate. In a 
case report by New England Journal of Medicine, 
remdesivir was administrated to a patient with 
COVID-19 intravenously, on the 7th day of the 
admission. The clinical symptoms of the patient on 
the 8th day and the oxygen saturation increased to 
94% [59]. A randomized, double-blind, placebo-
controlled, multicenter trial was done at ten 
hospitals in Hubei, China. They demonstrated 
that administration of remdesivir led to a non-
significant numerically faster time to clinical 
improvement than those receiving placebo. They 
also implied that in patients with severe COVID-19, 
remdesivir did not show significant clinical benefits 
while its beneficial effects in reducing the time to 
clinical improvement in other patients should be 
studied in larger populations [60]. However, Beigel 
et al. demonstrated that remdesivir was more 
efficient in comparison to placebo in reducing the 
time to recovery and decreasing the rate of lower 
respiratory tract infection [61].

Favipiravir is a purine nucleoside analog and a 
broad-spectrum antiviral agent which was approved 
in Japan for the treatment of influenza [62]. Besides, 
a proof-of-concept trial with favipiravir was carried 
out in Guinea during the outbreak of Ebola which 
indicated an enhanced survival trend [63]. Besides, 
a retrospective study of patients with Ebola disease 
revealed that the administration of favipiravir 
enhanced the survival rate and reduced the virus 
titer by >100 folds compared to those who received 
WHO-recommended treatment [64].

In a study by Cai et al., patients with positive 
COVID-19 test were divided in to two groups: The 
first one received favipiravir orally (Day 1: 1600 
mg twice daily; Days 2–14: 600 mg twice daily) 
and IFN-α (5 million U) twice daily by inhalation. 
Lopinavir (LPV)/ritonavir (RTV) (Days 1–14: 
400 mg/100 mg twice daily) and inhalation IFN- 
α (5 million U twice daily) was administered to 
the other group as a control. The results revealed 
enhanced improvement in the chest imaging in 
comparison with the control. Besides, favipiravir 
led to better therapeutic responses in terms of virus 
titer and disease progression [65]. 

Ritonavir is a HIV-1 protease inhibitor which 
was approved in 1996 for use in patients with HIV-
1. Lopinavir is an active form of RTV with invitro 
EC50 of 10 folds lower than RTV. From the invitro 
studies, RTV/LPV was first suggested as an effective 
agent to inhibit the protease activity of coronavirus 
[66]. However, further studies revealed that it 
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doesn’t affect the severe cases. Cao et al. conducted 
a randomized, controlled, open-label trial involving 
patients with laboratory-confirmed SARS-CoV-2 
infection who received LPV/RTV and compared 
to the control group receiving the standard 
treatment. The results showed no difference in 
clinical improvement and viral load. Moreover, the 
study group showed more gastrointestinal adverse 
reactions whereas severe side effects were more 
common in the control group [67]. 

Interferons 
Type 1 interferons (IFN-1) are a group of 

cytokines (made of α and β subtypes) [78]. and 
secreted by various cells up on identifying viral 
components [79]. IFN-1 are  the cytokines released 
early in a viral infection. After binding to their 
receptors (IFNAR), a signaling pathway is induced 
leading to immunomodulation and inflammation. 
This process limits viral replication through 
decreasing the cell metabolism, inhibiting the 
release of cytokines, reducing membrane fluidity or 
inhibiting virus membrane fusion [80]. Dysregulated 
IFN responses is a potent immunomodulatory 
strategy of betacronaviruses which provides stealth 
replication of the virus leading to high virus titers 
[81]. It was demonstrated that blocking the IFN 
induction causes accumulation of macrophages in 
the lungs that leads to immunopathology in SARS-
CoV or MERS-CoV infections [82]. Moreover, 
dysregulation of interferons in severe COVID 19 

causes imbalance in pro repair and proinflammatory 
functions of macrophages [83]. Besides, IFNs 
promote survival of T cells so that in severe cases 
of COVID 19 impaired Tcell function manifest as 
lymphopenia and exhaustion of CD4 + and CD8 + T 
cells [84]. Additionally, delayed IFN response could 
inhibit T cell proliferation and cell death [85]. 
Dysregulation of IFNs in COVID 19 pathogenesis 
focuses the attentions to the potential of interferons 
for therapeutic interventions. A study evaluated the 
prophylactic efficiency of nasal drops of IFNα along 
with personal protective equipment in health care 
providers and the result was promising during 28 
days of intervention (NCT04320238). However, the 
results of other clinical trials using IFNs with other 
drugs are inconclusive. An open-label, randomized, 
phase 2 trial evaluated the efficiency of  a 14-day 
combination of lopinavir, ribavirin and three doses 
of interferon beta-1b on alternate days to 14 days 
of lopinavir and ritonavir.  The results indicated the 
safety and superiority of the intervention. It reduced 
the duration of viral shedding and hospitalization 
combined with alleviating the symptoms [86]. A 
study by Sheahan et al. revealed that administration 
of IFNβ combined with lopinavir/ritonavir against 
MERS-CoV enhanced pulmonary function but 
could not Remarkably inhibit virus replication or the 
severity of the disease [58]. Besides, another study 
showed that in patients with severe MERS-CoV 
infection administration of IFNα2a in combination 
with ribavirin delayed mortality, however, did not 

Table 2. Several antiviral drugs used against SARS-CoV-2.Table 2. Several antiviral drugs used against SARS-CoV-2. 
 

 Mechanism of action Details References 

Oseltamivir 
neuraminidase 
inhibitor 

-was approved for treatment of influenza in adults in 1999. 
- did not show promising results in patients with COVID-19 

[68] 
[55] 

Remdesivir 
RNA polymerase 
inhibitor 

For the treatment of COVID-19, it was permitted for emergency use in the US, India, 
Singapore, and approved in Japan for use in patients with severe disease. Also it was 
approved in UK in May 2020. 

[69] 
[70] 
[71] 
[72] 

Favipiravir Protease inhibitor 
-Approved to treat influenza in Japan in 2014 
- Showed promising results against Ebola 
-  Approved for use in clinical trials of COVID 19 in China. 

[73] 
[63] 
[74] 

Lopinavir Protease inhibitor 
-Approved in 2000 for use in patients with HIV-1 
- The combination with Lopinavir did not show significant effectiveness against Sars-
Cov2 

[67] 

Ritonavir Protease inhibitor 
-Approved in 1996 for use in patients with HIV-1 
- The combination with Lopinavir did not show significant effectiveness against Sars-
Cov2 

[67] 

Ribavirin 
interferes with RNA 
metabolism  

-  Approved for medical use in 1986 
- was approved as a part of combinational therapy for treatment of patients with 
chronic hepatitis C  

[75] 
[76] 

Umifenovir  
- was used to treat influenza in Russia and China. 
- A retrospective study demonstratd that Umifenovir could not enhance the prognosis 
or speed up SARS-CoV-2 clearance in non-ICU patients 

[77] 
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reduced the mortality rate in the long term [87].
There are many factors affecting the results of 

different clinical studies. The time of administration 
(before the viral peak load or late administration), 
the comorbidities or the combinational treatments 
can alter the results. 

Possible nanopharmaceuticals
Amongst different strategies, the use of 

nanoparticles against SARS-CoV-2 has gained 
dramatic interest. Nanopharmaceuticals can be 
used to develop sensors to screen large populations, 
or due to their good viral capturing capacity, they 
can be used as disinfectants to reduce the viral 
load on surfaces and environments. Additionally, 
nanoparticles are used for efficient delivery of 
medicines and genes to the target cell making them 
good candidates for vaccines and drug delivery 
applications. In this part, we focus on antimicrobial 
effects of nanopharmaceuticals and their potential 
drug delivery capabilities.

Nanoparticles with antimicrobial effects
Until now many nanomedicines have been 

used as disinfectants through optimization of their 
physicochemical properties. Such nanomaterials 
could be employed in medical devices, food 
and surfaces as the water disinfectants. Among 
different inorganic materials, graphene, silver ions, 
silver/gold nanoparticles and possess efficient 
antimicrobial effects[88, 89]. The higher surface to 
volume ratio resulted in improved surface exposure 
to the microbes and more antimicrobial activity [88].  
One of the major applications of silver nanoparticles 
could be reducing the load of airborn pathogens 
(ie. bacteria, fungi and viruses) in hospitals to 
inhibit hospital acquired infections esp. in intensive 
care units. Such pathogens are deposited on air-
conditioning systems and multiply due to the 
presence of moisture [89]. Joe et al. developed silver-
nanoparticle (AgNP) decorated silica particles and 
coated the air conditioner filter with the particles. 
The results proved antiviral ability of the particles 
in the presence of aerosolized viruses. Also, they 
showed that  the filtration quality of air was not 
affected [90]. Moreover, studies demonstrated 
that AgNPs showed broad antiviral capabilities for 
Hepatitis B virus (HBV), herpes simplex viruses 
(HSV) and human immunodeficiency viruses 
(HIV) which could be attributed to the interactions 
with nucleic acids or the viral proteins [91]. Gold 
nanoparticles (AuNP) were also used to evaluate 

its antiviral ability. Papp et al. developed sialic acid 
coated AuNPs and evaluated its efficiency against  
influenza virus infection [92]. They indicated 
that AuNPs (14nm in size) were interacted with 
hemagglutinin placed on the surface of the 
virus and inhibited its cell entrance. Besides, the 
designed nanoparticles were nontoxic to the host 
cells. Copper nanoparticles (CuNPs) also possess 
great activity against various organisms. Fujimori 
et al. produced   Copper(I) Iodide  nanoparticles 
and confirmed the inactivation of H1N1 Influenza 
Virus after incubation with CuI nanoparticles. 
They demonstrated that the nanoparticles were 
reacted with hemagglutinin and neuraminidase 
causing inactivation of the virus due to formation 
of reactive oxygen species(ROS) [93, 94].

Nanoparticles as drug delivery agents
Due to the fact that nasal epithelium is the 

main place for the entrance of the virus, a local 
intranasal administration of antiviral nanoparticles 
could play an important role in blocking the virus. 
Besides, studies demonstrated that combination 
delivery of antiviral agents significantly enhanced 
the cell protection [97]. Nanoparticles could be 
used as multiple delivery agents [98]. Besides, the 
nanoparticles’ surface could be decorated so that 
antiviral agents are directed to the specific cells. To 
this aim, Chen et al. prepared cell membrane coated 
magnetic nanoparticles to targeted the influenza 
virus. The results indicated that due to the selective 
binding affinity between the virus and the cells, the 
demonstrated approach significantly improved the 
treatment and diagnosis of the virus [96].

Moreover, nanoparticles are used as platforms 
for pulmonary drug delivery. According to the fact 
that lungs are the place were SARS-CoV-2 causes 
inflammation and tissue damage, effective localized 
drug delivery could be a lifesaver. With this in mind, 
Bioavanta-Bosti (a leader in chitosan nanoparticles 
research) reported the production of NovochizolTM 

for localized and sustained drug delivery. It is 
made of chitosan nanoparticles as pulmonary 
drug delivery agents. Chitosan nanoparticles are 
completely biocompatible materials which adhere 
to the mucus layer and lung epithelial tissue 
increasing the retention of the encapsulated drug 
and providing its sustained release.

Besides, studies showed that the combination of 
specific nanoparticles with antivirals enhanced the 
efficiency of the drug. Li et al. produced selenium 
nanoparticles which were functionalized with 
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oseltamivir. The results indicated that the designed 
platform showed superior antiviral effects and 
restricted the drug resistance. They demonstrated 
the oseltamivir decorated selenium nanoparticles 
inhibited H1N1 infection through interfering 
with hemagglutinin and neuraminidase activity. 
Also it blocked chromatin condensation and DNA 
fragmentation [97].

CONCLUSION
To date, no certain medicine is developed 

to specifically fight against COVID 19 disease. 
Most medications are based on alleviating the 
symptoms and there are inconsistent studies 
about the efficiency of different antivirals, anti-
inflammatory and immunomodulatory agents. 
However, remdesivir seems to be more promising 
in  comparison with oseltamivir or lopinavir/
ritonavir as the antivirals. Alongside with clinical 
treatments, nanopharmaceuticals have gained 
dramatical interest due to the availability of targeted 
gene/drug delivery to the infected organs  and good 
viral capturing capacity or to develop sensors to 
screen large populations. Hence, there are many 
unknown facts about SARS-CoV-2 virus and many 
clinical trials are moving towards evaluating the 
effectiveness of various treatment protocols and 
medications.
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