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Abstract
The emerging SARS-CoV-2 viral disease (COVID-19) has caused a global health alert due to its high rate of infection and 
mortality in individuals with chronic cardiovascular comorbidities, in addition to generating complex clinical conditions. This 
has forced the scientific community to explore different strategies that allow combating this viral infection as well as treating 
life-threatening systemic effect of the infection on the individual. In this work, we have reviewed the most recent scientific 
evidence to provide a comprehensive panorama regarding the biotechnological strategies that have been proposed to combat 
this new viral infection. We have focused our analysis on vaccine production, nanotechnology applications, repurposing 
of know drugs for unrelated pathologies, and the search for bioactive molecules obtained from natural products. The goals 
include safely use as potential prophylactic or therapeutic treatments, based on in silico and in vivo studies, including clinical 
trials around the world for the correct and timely diagnosis of the infection. This review aims to highlight the development of 
new ideas that can decrease the time lines for research output and improve research quality while at the same time, keeping 
in mind the efficacy and safety aspects of these potential biotechnological strategies.

Keywords  COVID-19 · Antivirals · Drugs and COVID-19 · Vaccines against COVID-19 · Nanothenology against COVID-
19 · Natural products against COVID-19

Introduction

In the late 2019, a cluster of patients with atypical pneumo-
nia was diagnosed in Wuhan, China (Zhou et al. 2020a). The 
etiological agent was isolated and its genome sequenced, 
which was found to be an emergent zoonotic virus, mem-
ber of the Coronaviridae family, genetically related, but not 
a direct descendent, of another emergent coronavirus, the 

severe acute respiratory syndrome coronavirus (SARS-CoV) 
(Zhou et al. 2020a; Zhu et al. 2020b). The novel emergent 
virus named SARS-CoV-2 exhibits a rapid human-to-human 
spreading via the respiratory tract, and is responsible of a 
syndrome known as Coronavirus disease of 2019 (COVID-
19) (Mahase 2020a). Since its discovery, COVID-19 has 
become a pandemic outbreak with more than 72.196 mil-
lion people tested positive for the virus, which has resulted 
in more than 1.6 million deaths around the world by 
mid-December 2020 (CRC 2020). According to informa-
tion displayed on the World Health Organization (WHO) 
COVID-19 Dashboard, even in countries where the number 
of daily cases has dropped (e.g., China, Australia), it is not 
possible to say that the virus has disappeared since active 
cases are still reported daily. For instance, in regions such as 
Europe and North America, and coinciding with the autumn 
and winter seasons, a dramatic increase in the number of 
reported cases has forced some countries (e.g. Italy, France, 
Germany) to tighten sanitary restrictions. However, in coun-
tries where the situation has improved (e.g. Chile), broad 
continuous testing, surveillance and contact tracing are still 
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active. The SARS-CoV-2 infection clinical manifestation is 
complex; varying from asymptomatic or mild symptoms in 
more than 80% of carrier individuals, to severe respiratory 
and systemic distress, including obstructive pneumonia, 
hypoxia, pro-inflammatory cytokine storm, coagulopathies, 
neurocardiovascular disorders, and death. The mortality rate 
range from 1 to 3% among symptomatic patients, depend-
ing on medical infrastructure and early medical interven-
tion (Connors and Levy 2020; Gupta et al. 2020a; Liu et al. 
2020a; Marietta et al. 2020; Pelaia et al. 2020; Saha et al. 
2020). Disease severity variations among infected patients 
are associated to the individual susceptibility, mainly deter-
mined by the density of the viral cellular receptor, angio-
tensin-converting enzyme II (ACE2). This is significantly 
higher in individuals older than 50 years, or patients with 
chronic neurocardiovascular comorbidities, such as diabetes 
mellitus, hypertension, and obesity (Gupta et al. 2020a; Lan 
et al. 2020).

To this day, neither specific prophylactic nor therapeutic 
treatment, including antiviral drugs or molecules to reduce 
severe symptoms, are available, given the novelty of SARS-
CoV-2, and the lack of regulatory-approved treatments for 
other coronavirus and related diseases. Consequently, and 
given the need for rapid development of effective chemo-
therapeutic compounds for COVID-19 treatment, the current 
approach has been the repurposing of existing drugs used in 
unrelated pathologies, especially those that lack significant 
side effects in the past. These repurposed drugs have been 
explored with the intent to block or inhibit viral infection 
or to modulate pathological hyperinflammatory responses 
(Lobo-Galo et al. 2020; Tu et al. 2020). The reapplication of 
these drugs has been supported by in silico approaches, inhi-
bition of SARS-CoV-2 or related coronavirus infection in 
tissue culture and animal models, or pharmacological appli-
cation in SARS-CoV, or unrelated immunopathologies such 
rheumatoid arthritis, lupus, or bacterial sepsis. In a similar 
approach, several current reports propose the use of natural 
substances as complementary prophylactic or therapeutic 
antiviral against COVID-19 that have demonstrated effi-
cacy against other coronaviruses related with SARS-CoV-2. 
Another strategy for the systematic fight against the novel 
COVID-19 pandemic resides in the prevention of infection 
through immunization of uninfected individuals with effec-
tive vaccine to induce protective anti-SARS-CoV-2 immu-
noresponses and long-lasting memory. In this sense, Nano-
technology and new materials are other open fronts in the 
prevention, detection and vaccine approach against COVID-
19 disease. Here, we review the most recent biotechnologi-
cal advances in this regard and evaluate the most promising 
therapeutic approaches for the COVID-19 prevention and 
treatment. At the same time, we introduce some of the con-
ceivable current and future challenges affronting effective 
therapeutic approach and diagnostics around the world.

Generalities of the SARS‑CoV‑2 virus 
and phases of the infection

Coronaviruses are single-stranded RNA (ssRNA) envel-
oped viruses with a series of protruding glycoproteins, 
called spike protein (S) (Zhou et al. 2020a). Infection and 
replication inside the permissive host cell are illustrated in 
Fig. 1. Infection of the susceptible cell infection starts with 
absorption of the virus through its S-protein to the cell sur-
face ACE2 receptor, followed by proteolytic activation of 
S-protein fusogenic domain by host transmembrane serine 
protease 2 (TMPRSS-2). Alternatively, the virus can enter 
the cell by endocytosis and acidification of the endolyso-
some (Hamming et al. 2004; Lan et al. 2020; Wang et al. 
2020). Upon release of viral ssRNA, the 5′ regions (orf1a 
and orf1b) of long genome are translated by ribosomes 
into two large overlapping polyproteins, pp1a and pp1ab, 
which are then proteolytically processed by two virally 
encoded proteases, the chymotrypsin-3-like protease 
(3CLpro) and the papain-like protease (PLpro), resulting 
in 16 functional non-structural proteins (NSP-1-16) (Dai 
et al. 2020; Jin et al. 2020). These released viral NSPs are 
responsible for inactivating host cellular intrinsic antiviral 
responses and creating the environment for viral replica-
tion. The replication complex, an RNA-dependent-RNA 
polymerase (RdRNApol) formed by NS7/8/12, catalyzes 
both transcription of structural genes and replication of 
the viral genome (Hillen et al. 2020). Essential for virus, 
RdRNApol has emerged as the main antiviral drug target, 
mainly through broad-spectrum nascent chain-terminator 
nucleoside analogs. Nonetheless, NSP14-exonuclease pro-
vides resistance to the antiviral Ribavirin, by removing it 
from stalled replicative chain (Agostini et al. 2018). Viral 
replication takes place in double-membrane organelles, 
where genome is packaged by nucleoproteins (N) form-
ing a nucleocapsid that exits the cell via the exocytosis 
pathways, and by budding through the cellular membrane 
acquiring the lipid envelop and S-glycoproteins (Angelini 
et al. 2013).

The observed natural history of the clinical infec-
tion in humans include two phases, (i) an early 5–7-day 
post-exposure asymptomatic period, where SARS-CoV-2 
infects the upper respiratory epithelium inducing an appar-
ent suppression of inflammatory response by the host, fol-
lowed by (ii) a pulmonary infection that can result in mild 
or severe pneumonia. A portion in this later group can 
advance to (iii) a hyperinflammatory phase (> 7 days) that 
initiates with infection of the alveolar epithelium, which 
possesses a higher density of ACE2 viral receptor, result-
ing in an enhanced infection triggering the expression of 
a wide arrange of pro-inflammatory cytokines (Liu et al. 
2020c; Wang et al. 2020). These responses are responsible 
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for leukocyte infiltration, proteinaceous-liquid accumula-
tion, and obstruction of the alveoli, and consequently, 
gas exchange failure and hypoxia (Wang et al. 2020). In 
addition, a systemic spread of the virus results in addi-
tional susceptible, ACE2-expressing, tissue infection, 
including cardiovascular epithelium, heart, liver, kid-
ney and intestinal linings (Hamming et al. 2004). In this 
regard, Ziegler et al. (2020) reported that gene expres-
sion of ACE2 on the cardiovascular epithelium surface is 
remarkably enhanced by interferon-mediated responses to 

the SARS-CoV-2 in the lungs; and consequently, increas-
ing systemic dissemination of the infection to extrapul-
monary tissues. The systemic infection, together with 
enhanced inflammatory responses, is probably respon-
sible of the coagulopathies observed in some individu-
als (particularly in pulmonary blood cloths observed in 
autopsies of dead patients), as well as viral septic shock 
and multi-organ failure that results in high mortality with-
out medical intervention (Connors and Levy 2020; Gupta 
et al. 2020b; Marietta et al. 2020; Pelaia et al. 2020; Saha 

Fig. 1   Replication cycle of 
SARS-CoV-2. Depicted are 
binding of virus to host cell and 
entry, release of ss(+) RNA and 
translation of viral replication 
complex precursor and pro-
teolytic processing that yields 
several non-structural (NS) pro-
teins that interfere with cellular 
antiviral defenses, generation of 
membranous vesicles from ER, 
and formation of the RNA-rep-
lication complex that leads to 
de novo virus assembly and exit 
of the cells by exocytosis and 
budding through the membrane, 
where it obtains both envel-
oped and membrane associated 
proteins included viral receptor 
glycoprotein S
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et al. 2020; Sun et al. 2020b; Ziegler et al. 2020). The 
pathways that activate inflammatory responses varies sig-
nificantly among infected patients, however, among the 
most relevant cytokines associated to severe pathologies 
are INF-γ, IL-1β, IL-18, while two particular indicators 
of progression and severity of COVID-19 pathology are 
TNF-α and IL-6 (Liu et al. 2020a; Sun et al. 2020b). These 
uncontrolled pro-inflammatory cytokines are presumably 
the main responsible for the acute respiratory distress 
(ARDS), cytokine storm syndrome, viral sepsis and multi-
organ failure, and subsequent death.

Vaccines against COVID‑19: 
a biotechnological race

One of the challenges during a novel pandemic is the devel-
opment of an effective and safe vaccine, to enable a per-
son’s immune system to make its own neutralizing antibod-
ies against a pathogen. This vaccine would generate “herd 
immunity” in a population of susceptible individuals, with-
out risking their life. In this regard, although SARS-CoV-2 
was initially perceived as a high transmission rate disease, 
recent epidemiological seroconversion data in countries that 
did not apply policies of mandatory population confinement, 
such as the case of Sweden, indicates that only 7.3% of its 
population carries antibodies against SARS-CoV-2 (Habib 
2020). Thus, natural effective “heard immunity” of more 
than 60% of the Swedish population would require years of 
continuous spread of the virus, with the associated medical 
challenges. These data highlight the importance and urgency 
for an effective vaccine development, which can generate 
protective immunity in susceptible individuals and reduce 
the spread of the virus, ending mandatory confinement 
which has the potential to exacerbate socio-economic prob-
lems around the world, particularly in developing countries. 
Accordingly, research on a prophylactic COVID-19 vaccine 
has initiated in many companies and academic institutions. 
The ACTIV (Accelerating COVID-19 Therapeutic Interven-
tions and Vaccines) is a collaborative program that seeks to 
exchange all the obtained information from the development 
and testing of developing vaccines, to defeat the new coro-
navirus and the disease it causes (Corey et al. 2020). A large 
group of vaccine developers, regulators, scientists, and pub-
lic health experts who attended the 11–12 February Global 
Research and Innovation Forum, stated that “We will only 
halt COVID-19 through solidarity,” and “Our shared com-
mitment is to ensure all people have access to all the tools 
to prevent, detect, treat and defeat COVID-19”, according 
to the World Health Organization (WHO) Director-General 
(Organization 2020).

Although a vaccine against SARS-CoV was developed, 
the generation of an anti-SARS-CoV-2 vaccine is on course 

(Shereen et al. 2020). Coronaviruses share structures, which 
include spike (S1 and S2), membrane (M), envelope (E), and 
nucleocapsid (N) proteins, that could provide relevant anti-
genic targets (Zhang et al. 2020a). Among these structural 
proteins, the S-protein contains the determinant structure for 
virus entry, and thus, antibodies directed against it, particu-
larly the receptor-binding domain (RBD) or the fusogenic 
domain, should effectively block the virus entrance to sus-
ceptible cells. However, the SARS-CoV-2 S-protein amino 
acid sequences differs from that of SARS-CoV in several 
regions critical for protective immunity. These include three 
additional short insertions in the N-terminal domain (NTR, 
domain A) and the C-terminal region (CTR, domains B, 
C, and D), and four out of five key residues changes in the 
RBD receptor-binding motif (Wu 2020), conforming the S1. 
On the other hand, the S2 subunit forms the spike protein 
branch, and contains two heptad repeats regions (HR1 and 
HR2) (Robson 2020), similar to other enveloped viruses. 
The interaction of HR2 located NTR, and HR1 positioned 
CTR, forms a six-helix bundle structure in which HR2 
regions gather into the indentations formed by the trimeric 
HR1 coiled-coil (Yuan et al. 2004). Existing evidence sug-
gest that the SARS-CoV-2 S-protein binds human ACE2 
with higher affinity (10–20-fold) compared to the S-protein 
of SARS-CoV, which is associated to a more readily trans-
mission form human to human (Jin et al. 2020). Figure 2 
shows the herein described mechanism.

Vaccine development is a prolonged process (develop-
ment, animal model testing and clinical trials, evaluation 
of safety, regulatory considerations) that normally takes 
years with high economic costs. Given the urgency in 
the face of the current pandemic, an accelerated develop-
ment was proposed to deliver an effective vaccine within 
12–18 months (Mahase 2020b); therefore, several previ-
ously used and novel platform technologies for rapid and 
safe vaccine design and manufacturing were chosen. These 
methodologies consist of a platform-based delivery approach 
that is adjustable for the modularization of target pathogens 
antigenic components and enhance their immunogenicity 
(Hume and Lua 2017). For SARS-CoV-2, several strategies 
already tested in animal models for prophylactic protection 
against related MERS and SARS-CoV appear to be the lead-
ing candidates. The principal platforms utilized are focused 
on traditional complete but attenuated virus strategy, com-
plete recombinant antigenic viral proteins as subunit vaccine 
(mainly the S-protein or specific epitopes from its RBD), or 
as part of adenoviral vector, and finally novel nucleic acid 
(DNA, mRNA) delivery technology. In Table 1 are shown 
the characteristics of the main clinical studies to determine 
the efficacy, safety, and immunogenicity of a vaccine against 
COVID-19.

Other studies indicate that nucleic acid vaccines plat-
forms have major advantages, as to rapidly coding for viral 
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proteins expression in the context of human cells, which can 
induce effective prophylactic host immune responses, albeit, 
significant research in this output is needed (Prompetchara 
et al. 2020). In terms of progress, Moderna and CanSino 
Biologics were the first to begin clinical trials for vaccines 
against COVID-19 (Cohen 2020), but BioNTech has the next 
estimated completion (Fig. 3). Medicago and Novavax use 
a virus-like particle (VLP) platform as scaffolds to present 
the SARS-CoV-2 S-protein, the second one along with their 
proprietary adjuvant Matrix-M (Liu et al. 2020b). Countries 
such as Egypt, Netherlands, Mexico, Greece, Colombia, US, 
and Australia, are currently developing vaccines based on 
the Bacillus Calmette–Guerin (BCG), a strategy previously 
reported to offer broad protection against other respiratory 
infections. In addition, supporting this repurposing, coun-
tries that have a late start of universal BCG policy had seen 
high mortality, consistent with the idea that BCG protects 
the vaccinated individuals, and particularly, the elderly pop-
ulation (Hegarty 2020; Miller et al. 2020).

The Brazilian National Regulatory Agency approved 
Sinovac Biotech Ltd. vaccine generated from attenuated 
virus, for a phase III clinical study (Raw 2019). Oxford Uni-
versity and Astra Zeneca passed successfully to phase III 
with chimpanzee adenovirus-vectored vaccine (ChAdOx1 
nCoV-19) called AZD1222, which can generate a rapid anti-
body and T cell responses against SARS-CoV-2 (Folegatti 
et al. 2020). Biotech’s BNT162 vaccine from mRNA induces 
positive responses producing antibodies in volunteers (Shin 
et al. 2020). Although Moderna (mRNA-1273) was the first 
company set into human trials for a COVID-19 vaccine, in 
June 25th, 2020, Chinese military approved CanSino Bio-
logics called Ad5 for phase III protocols. Results support 

vaccine effectiveness against a 5 × 1010 viral load adminis-
tered to healthy adults (Zhu et al. 2020a).

Another way to obtain a temporary passive protection 
is the administration of specific anti SARS-CoV-2 anti-
bodies, derived from COVID-19 convalescent patient’s 
plasma. Therapeutic administration of convalescence sera 
has so far provided the most effective strategy to treat 
COVID-19 patients, reducing viral load and preventing 
significant pathological damage associated with the infec-
tion; an observational study of 245 patients with advance 
disease, suggest that the therapy is safe (Bloch et al. 2020). 
Moreover, it has been proposed that COVID-19 conva-
lescent sera could be used as a prophylactic measure for 
in close-contact individuals to prevent respiratory infec-
tion, or to treat individuals with early or mild symptoms 
(Casadevall and Pirofski 2020). Currently, there are clini-
cal trials in different countries developing treatments using 
convalescent plasma (NCT04333355 and NCT04358783, 
Mexico; NCT04403477, Bangladesh; NCT04344977, 
NCT04360278, and NCT04418518, US; NCT04342182, 
Netherlands; NCT04393727, Italy; NCT04292340, 
China; NCT04348656, Canada; NCT04425915, India; 
NCT04352751, Pakistan; NCT04375124, Turkey; 
NCT04347681, Arabia).

The start of immunizations

In December 2020, the mRNA-based vaccine developed 
by Pfizer and BioNTech (BNT162 vaccine) was approved 
by the Medicines and Health Products Regulatory Agency 
(MHRA), after showing an efficacy greater than 95% in 
phase III. By mid-December, the United States Food and 

Fig. 2   Schematic structure and entrance of SARS-CoV-2 to human 
cell through binding SARS-CoV-2 S-protein which includes three 
additional short insertions conforming the S1 and S2 subunits this 

last contains the HR1 and HR2 regions which with the connect with 
the domain regions to form a six-helix bundle structure which allows 
greater affinity with human ACE2 (Paint 3D)
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Drug (FDA) has approved an emergent use authorization of 
this mRNA vaccine in the United States for individuals older 
than 16 years, after verification of its safety by a committee 
of medical experts. Similarly, to this vaccine design, another 
mRNA vaccine developed by Moderna (mRNA-1273) offers 
a 94% efficacy (Cyranoski 2020) and is currently under 
review by the FDA for licensing and application in immu-
nization of the general population. Although showing very 
promising efficacy results, these vaccines, but particularly 
the Pfizer and BioNTech design, requires uninterrupted 
cold (− 70 °C) chain requirement (Mahase 2020a, b), which 
would limit its implementation in less developed countries 
that lack the necessary infrastructure for transportation and 
storage. In addition, reports of significant allergic reactions 
to the Pfizer and BioNTech vaccine by individuals with his-
tory of strong food allergies would require further investiga-
tion. Alternative vaccines based on Adenovirus which have 
shown higher than 90% protective efficacy in phase III, such 
as those developed by Oxford-Astra Zeneca and Gamaleya 
Russian Center (Mullard 2020), have advanced significantly 
and promise less complications in their administrations, and 
are soon to be submitted for review for implementation.

Nanotechnology as therapeutic strategy 
against COVID‑19

Since the 1980s, nanotechnology and nanoscience got a 
boost in its development and applications, offering a number 
of approaches to cope with different challenges, including 
the actual COVID-19 pandemic, based on an abundance of 
engineered materials identifiable by their useful physico-
chemical properties through versatile chemical functionali-
zation, in addition to the vaccine development (Weiss et al. 

2020). Furthermore, the development of nanomaterials with 
antimicrobial properties, called nanoantimicrobials, is an 
ongoing work for the last 16 years (Sportelli et al. 2020).

As example of how Nanotechnology and new materials 
are used against COVID-19, is LV SMENP DC vaccine, 
developed by Shenzhen Geno-Immune Medical Institute 
which modified dendritic cells with lentivirus vectors 
expressing SARS-CoV-2, engineering a synthetic vaccine 
including SARS-CoV-2 minigene and immune modulatory 
genes (Zhang et al. 2020a). In addition, at the University of 
Washington, another replicon RNA vaccine is under study, 
formulated with Lipid Inorganic Nanoparticles (LION/
repRNA-CoV2S) to induce rapid immune protection against 
SARS-CoV-2 infection, which will enter clinical devel-
opment under the name HDT-301(Erasmus et al. 2020). 
Another strategy for vaccine development is the adminis-
tration of gold nanoparticles (Au NP) conjugated with viral 
antigens, such as the evaluation carried out by Staroverov 
et al. (2011), achieving higher IFN-γ concentrations in mice 
and rabbits, immunized with Au NPs conjugated with anti-
gens from swine transmissible gastroenteritis virus.

Nanomaterial‑based immune approaches

There are different strategies in which nanomaterials can 
assist to upregulate the immune system, in an antigen-spe-
cific manner, through immune-targeted nanotherapeutics 
within the vaccination context, including either direct admin-
istration of viral antigens, or molecules such as DNA or 
RNA (Weiss et al. 2020). For instance, it has been suggested 
that the use of nanoparticles coupled with SARS-CoV-2 
S-glycoprotein can induce a precise antibody response 
against this pathogen, using a mouse model (Nasrollahzadeh 
et al. 2020), with the advantage that nanoparticles safeguard 

Fig. 3   Country competing in the race for the SARS-CoV-2 vaccine. 
The x-axis shows the estimated record time to finish the clinical tests, 
and in the axis of the Y are shown the phase they are in of interven-

tional studies of the vaccines. The size of the sphere indicates the 
number of participants in the research (ClinicalTrials.gov) (Microsoft 
Excel)
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the antigen’s native structure, and improves delivery and 
presentation to the antigen-presenting cells. Another strat-
egy studied for COVID-19 treatment is the employment of 
Mesenchymal Stem Cells (MSCs) derived exosomes, which 
have been used for various diseases treatments, such as lung, 
pancreatic, and breast cancers, Alzheimer’s disease, among 
others, with the advantage that exosomes could prevent 
cytokines storm, and promote cellular repair (Chauhan et al. 
2020; Pinky et al. 2020).

An alternative to prophylactic immunization is the afore-
mentioned therapeutic administration of specific neutral-
izing antibodies (mainly IgG), directed specifically against 
SARS-CoV-2 RBD of S-protein found in serum from con-
valescent individuals. Due to the lack of effective antiviral 
treatments, several hospitals around the world have started 
to treat severe cases of COVID-19 with transfusion of con-
valescent plasma (CP).

However, to this date, the overall efficacy of this strat-
egy is not entirely clear, given lack of randomized placebo 
double-blind studies. Supporting the purposed positive effect 
of platelet concentrate transfusion, a recent report by Mayo 
Clinic (Joyner et al. 2020) analyzed the 7-day mortality 
among 35,370 hospitalized COVID-19 patients receiving 
this treatment (57% of which were severe patients and 25% 
where in artificial ventilators). This study observed a mortal-
ity reduction depending on how early post-diagnosis inter-
vention was applied, as well as the concentration of plasma 
IgG in platelet concentrate. Patients receiving platelet con-
centrate transfusion 3 or 4 days after diagnosis had 8% mor-
tality, and 11.5 mortality, respectively. Similar reduction of 
mortality was observed among patients that received plasma 
with high IgG, compared to those that received a lower IgG 
titer. Given variations in antibodies concentration present 
in convalescent patients, an alternative could be the design 
and development of recombinantly synthesized engineered 
therapeutic antibodies, commonly known as nanobodies.

Another approach is the use of chimeric nanobodies-
Fc (where variable region of nanobody is fused to Fc of 
human immunoglobulin). Two recent reports demonstrated 
that neutralizing nanobodies applied at low concentration 
(4–18 nM) significantly reduced the number of viral plaque 
formation upon infection in tissue culture, by effectively 
binding to SARS-CoV-2 S-protein RBD (Receptor-Binding 
Domain) and blocking binding to ACE2 receptor (Huo et al. 
2020; Schoof et al. 2020). Remarkably, the synthetic nano-
bodies are small, with potential for aerosolization, and stable 
to heat, making them a viable alternative for prophylactic or 
therapeutic anti-COVID-19 applications.

Viral inactivation by nanomaterials

Different challenges remain in the use of nanomaterials 
for clinical applications of polymers, oligomers, and small 

molecules candidates for SARS-CoV-2 clinical application. 
Cagno et al. (2018) showed that the resulting dilution upon 
treatment application to the host, results in efficacy loss as 
the viral compound complex dissociates, a limitation that 
can be overcome by synthesizing nanoparticles, which can 
irreversibly inhibit viral infectivity, permanently damaging 
the virion (Weiss et al. 2020).

Many approaches have been studied as viral inactivators, 
including cellular nanosponges (Zhang et al. 2020b), human-
cell-derived membrane structures created as a medical coun-
termeasure against coronavirus. The nanosponges are coated 
with receptors (such as ACE2—angiotensin-converting 
enzyme 2—, TMPRSS-2—transmembrane serine protease 
2—and DPP4—dipeptidyl peptidase IV—, expressed on 
endothelial surfaces) necessary for viral adhesion and cel-
lular entry, which upon contact, inhibit viral interaction with 
the cellular surface, and hence, cellular invasion. Results 
reported by Zhang et al. (2020b) show a dose-dependent 
inhibitory effect on viral adhesion to cultured cells, render-
ing coronaviruses unable to infect their usual cellular targets. 
This approach takes into account that although SARS-CoV-2 
mainly targets the respiratory tract, it can also affect other 
organs (including gut, kidney), and even, the vascular system 
(Weiss et al. 2020), making ACE2 a good candidate for this 
strategy, due to its wide expression in endothelial tissues.

Nanomaterials as a preventing strategy to prevent 
SARS‑CoV‑2 contamination

SARS-CoV-2 can infect new hosts, not only through direct 
contact with aerosols from infected persons, but also through 
contact with surfaces exposed to the pathogen, where the 
virus has been shown to survive for up to 3 days, depend-
ing on the surface type (van Doremalen et al. 2020). For 
this reason, one of the areas of interest is the prevention of 
surface viral contamination.

For instance, based on previous work by Leung and Chau 
(2019), where polyvinyl alcohol (PVA) nanofibers were used 
to filter ambient aerosols, Leung and Sun (2020) evaluated 
charged PVDF multilayer nanofiber filters, as a strategy 
against the airborne novel coronavirus (COVID-19) with 
monodispersed NaCl nano-aerosols, obtaining up to 99% 
filtration efficiency yields (similar for N98 standards), using 
PVDF 6-layer charged nanofiber filters in comparison to the 
70.6% efficiency previously obtained. Furthermore, besides 
its uses for viral detection, graphene has proved to be a good 
candidate to capture the SARS-CoV-2 virus (Palmieri and 
Papi 2020).

Although limited, there is work regarding the treatment of 
Personal Protective Equipment (PPE) with charged metallic 
(such as Cu, Ag, Fe, Zn among others) nanoparticles, which 
seems to result in the release of antiviral agents (i.e., reac-
tive oxygen species). For instance, Ag-coated nanoparticles 
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inhibit viral entry in host cells, by means of interactions with 
cell receptors (Sportelli et al. 2020). In addition, nanotech-
nology has been applied in food safety studies, exploring the 
use of nanofibers, nanoemulsions, nanoencapsulated materi-
als among others, by exploiting the advantage of nanoma-
terials to interact with 60–600 nm particles. It is thought 
that nanoscale materials, under controlled release, could be 
useful to prevent SARS-CoV-2 contamination of both, food 
products, and packaging materials (Ceylan et al. 2020).

Repurposing of known drugs 
against COVID‑19

Regarding the COVID-19 pharmacological treatment, until 
now, only a very limited number of specific anti-SARS-
CoV-2 compounds (redesigned or developed) are avail-
able. However, the most common strategy to identify useful 
drugs to reduce severe symptoms has been the repurposing 
existing drugs against unrelated diseases, especially those 
safely used previously, even if not as antiviral. Since the 
WHO declared the COVID-19 as pandemic, many studies 
about the repurposing of known drugs have appeared. The 
approaches used included in silico, in vitro and in vivo stud-
ies, both in cellular culture and animal models, and some 
of the most promising drugs have undergone clinical trials 
to test efficacy in reducing viral load, hospitalization time, 
severity and mortality of the disease.

These anti-SARS-CoV-2 selected drugs, targets several 
cellular processes or viral enzymes, including virus binding 
to the receptor or entry into the susceptible cell and release 
of the genetic material, Mpro and PLpro protease activity, and 
the most promising so far, inhibitors of the RdRpol, includ-
ing both nucleosides-analogs and non-nucleoside analog 
compounds, or immunomodulation of early intrinsic or cel-
lular responses against the infection.

By mid-March, 24 ongoing clinical trials were at clinical 
phases 2–4. In those trials, the following known drugs were 
considered: arbidol (umifenovir), bevacizumab, bromhexine, 
carrimycin, chloroquine, cobicistat, danoprevir, darunavir, 
favipiravir, fingolimod, human immunoglobulin, hydroxy-
chloroquine, interferons, lopinavir, methylprednisolone, 
oseltamivir, pirfenidone, remdesivir, ritonavir, thalidomide, 
vitamin C and xiyanping (Rosa and Santos 2020).

Almost 12,000 known drugs were analyzed in a large-
scale re-purposing survey, in vitro in Vero E6 cells, from 
which 30 were identified, including some US Food and 
Drugs Administration (FDA)-approved drugs, which showed 
antiviral activity against SARS-CoV-2. From these mole-
cules, the most promising were acitretin, apilimod, astemi-
zole, clofazimine, hanfangchin A, pagoclone, tretinoin, 
zaleplon GR, AL 3151, AQ-13, DL 28,170, MLN-3897 

(AVE-9897), ONO 5334, SL-11128, VBY-825, YH-1238, 
ZK-93426 and Z LVG CHN2 (Riva et al. 2020).

An initial in vitro study using only FDA-approved drugs 
showed that amodiaquine, chloroquine, chlorpromazine, 
hydroxychloroquine, imatinib, and mefloquine have activ-
ity against SARS-CoV-2 at non-cytotoxic levels, including 
the drug β-d-N4-hydroxycytidine, and its orally bioavail-
able prodrug β-d-N4-hydroxycytidine-5′-isopropyl ester 
(Molnupiravir), were effective against remdesivir-resistant 
viruses and other zoonotic CoVs (Sheahan et al. 2020; Wes-
ton et al. 2020). Currently there are two undergoing phase 
3 clinical trials in hospitalized and non-hospitalized adult 
patients to determinate the efficacy and safety of Molnupira-
vir (ClinicalTrials.gov 2020).

Considering the possible synergism between drugs with 
anti-viral activity tested separately (monotherapy), some 
studies have been conducted. A preliminary clinical study 
conducted in 80 patients pointed out that a combination of 
favipiravir with interferon (IFN)-α, showed better response 
and viral clearance than a combination of lopinavir, ritonavir 
and interferon (IFN)-α, on COVID-19 (Cai et al. 2020). Sim-
ilarly, a phase II trial involving 127 adult patients showed 
that the combination of ribavirin, interferon beta-1b and 
lopinavir–ritonavir reduced the viral load, the time for alle-
viating the symptoms and hospitalization (Hung et al. 2020). 
However, the combination of drugs not always increases the 
activity, as it was demonstrated in another study developed 
in 50 patients where a monotherapy with arbidol was more 
efficient at eliminating the viral load at day 14 after admis-
sion, than a combined therapy with lopinavir–ritonavir (Zhu 
et al. 2020b). Finally, the trials using the combined ther-
apy with lopinavir–ritonavir in hospitalized patients where 
discontinued by WHO at early July. It has recently been 
announced by a Japan Chemical Company, that Favipiravir 
has met the primary end point in phase III clinical trial con-
ducted in 156 COVID-19-positive patients with non-serious 
pneumonia, with a shorter time of resolution (Fujifilm Toy-
ama Chemical 2020). Based on this results, the Chilean Min-
istry of Health has approved the importation of this drug, 
used in Russia, Turkey and other countries, at request from 
some Hospitals and the trial is underway. However, is has 
been pointed out that Favipiravir increase uric acid levels in 
plasma (ISP, Chile 2020).

A different approach to treat COVID-19 is to focus on 
the direct elimination of the pathogen, by blocking the 
virus–host interaction via locking some host proteins used 
by the virus to interact with them. Those proteins have 
become the target of known drugs, identifying, in vitro, 
almost 70 drugs, some of them FDA approved and the rest 
in clinical or preclinical phase. The latter include clemastine, 
cloperastine, haloperidol, hydroxychloroquine, progesterone, 
siramesine, ternatin-4, zotatifin, PB28, PD-144418 and 
PS3061, which were the most outstanding drugs according 
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with such activities, although it is important to underline that 
PB28 emerged as the most promising drug. However, cau-
tion should be taken with the use of cloperastine and clem-
astine, due to their potential side effects. It was also pointed 
out that the well-known drug dextromethorphan displayed 
pro-viral activity (Gordon et al. 2020).

The use of chloroquine for the treatment of COVID-
19 was in response to an initiative of the State Council 
of China. In an initial in vitro study, hydroxychloroquine 
showed better anti-SARS-CoV-2 activity than chloroquine, 
and some trials conducted in patients reported a reduction 
in the recovery time, but the evidence was limited (Alia and 
Grant-Kels 2020). The FDA authorized the emergency use 
of the chloroquine and hydroxychloroquine drugs by the end 
of March, however, due to the presence of different adverse 
events in patients treated with the mentioned drugs, a phar-
macovigilance memorandum was emitted by mid-May, as 
warning, about the adverse event in the setting of COVID-
19 (Gupta and Malviya 2020). Furthermore, SARS-CoV-2 
entry in the pulmonary-derived cell line Calu-3 was not 
blocked by chloroquine (Hoffmann et al. 2020), suggesting 
that the virus entry into lung cells can be through activation 
by TMPRSS-2 and not endocytosis, as it was previously 
proposed on the Caco-2 intestinal cell line.

A drug that has displayed consistent and effective anti-
viral activity, in vitro, against animal (including human) 
coronaviruses, even the SARS-CoV-2, is the experimental, 
GS-444115 compound or remdesivir. This drug, previously 
developed to treat Ebola, was authorized by the FDA under 
emergency use (FDA 2020) to treat COVID-19 in all patients 
with a severe disease. This drug has been associated to dif-
ferent side effects, including rectal hemorrhages, diarrhea 
and liver damages. Furthermore, remdesivir is not currently 
available for oral administration, and thus, intravenous appli-
cation requires patient’s hospitalization (Elmi et al. 2020), 
complicating large-scale use of remdesivir, potential muta-
tions on the target viral enzyme, RdRpol complex or the 
associated viral exonuclease, can hinder inhibitory effect by 
these nucleoside-analog drugs, leading to the emergence of 
drug-resistant SARS-CoV-2 strains (Shannon et al. 2020).

However, an early trial conducted in China with severe 
disease (average age 65) showed no statistical differences 
when remdesivir was intravenously administrated. It should 
be mentioned that clinical improvement was achieved 5 days 
earlier, in average (Wang et al. 2020). This recovery time 
improvement was also observed in a trial conducted in 1063 
patients (average age 59), from different countries, where the 
average recovery time in the group of patients that received 
intravenous remdesivir was 11 days, compared to 15 days in 
the control group. In addition, mortality rate among patients 
receiving remdesivir was 8%, against 11% in the standard 
treatment group, which, although not statically significant, 
the study was terminated early for ethical reasons, due to the 

occurrence of different-grade adverse events (Beigel et al. 
2020). However, in the final report of the same research 
group, involving 1062 adult patients (average 58 years) in 
early October, they showed that when remdesivir was used 
in patients with lower respiratory tract infection, the recov-
ery time was shorter. In addition, they pointed out that rem-
desivir may have prevented the progression to more severe 
disease and fewer days with oxygen (Beigel et al. 2020).

By the end of October 2020, remdesivir was granted for-
mal approval by the FDA to be used in patients 12 years, 
and older, and weight at least 40 kg (FDA 2020). However, 
the use of remdesivir remains controversial since an interim 
WHO Solidarity trial conducted in 11,266 patients (81% 
under 70 year) worldwide, showed that this drug did not 
improve (or very little) patient’s mortality, onset ventilation 
nor hospitalization time (WHO Solidarity trial consortium 
2020).

It is known that one of the main complications found in 
patients with COVID-19, is the high inflammatory response 
that causes failure in multiple organs, mainly in the lungs, 
for which dexamethasone has been included in different 
treatments, with the aim to improve recovery in patients with 
acute respiratory distress. In a 2018 study of 277 intensive-
care unit patients, but published recently, it was found that 
early use of dexamethasone helped to reduce both mortal-
ity and the number of days for ventilator use. During this 
trial, the most common adverse event (approximately 70% 
of patients) was hyperglycemia (Villar et al. 2020).

The RECOVERY Collaborative Group (Group 2020) 
reported similar results in a study with 6425 patients (mean 
66 ± 15 years of age), where an improvement was observed 
by day 28 of treatment, in patients using mechanical ven-
tilator. They concluded that immunopathological prob-
lems dominated the initial stage of the disease. Recently, 
the NIH suggested in its COVID-19 treatment guidelines 
the use of dexamethasone, both in hospitalized patients 
who need mechanical ventilators or oxygen alone, but not 
in patients who do not need supplemental oxygen, and for 
those cases where dexamethasone is not available, the NIH-
panel suggests the use of prednisone, methylprednisolone or 
hydrocortisone (Health 2020). Similar conclusions, lower 
28-day mortality, were achieved in a prospective meta-anal-
ysis using data form 7 different clinical trials where 1703 
patients (median age 60 years) with severe disease where 
treated with methylprednisolone, hydrocortisone or dexa-
methasone. However, some adverse events occurred (WHO 
REACT-Working Group 2020).

Artificial intelligence and network medicine have played 
an interesting role in accelerating repurposing of known 
drugs against COVID-19. For example, Mefuparib has 
been proposed by machine learning and statistical analy-
sis, to display a more potent antiviral activity than remde-
sivir. Similarly, Toremifene has been identified, by network 
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analysis, as good treatment for COVID-19 since it could 
block the ACE2 and spike protein interaction. In addition, 
some in vitro assays have shown the antiviral activity of this 
molecule. Using a network-based methodology, it was pos-
sible to find a combination of drugs that could have potential 
activity against COVID-19, such as dactinomycin–siroli-
mus, melatonin–mercaptopurine, emodin–toremifene and 
toremifene–melatonin. The latter combination has been 
tested in a clinical trial in patient with early disease (Zhou 
et al. 2020b).

Natural products against COVID‑19

Medicinal herbs, as well as bioactive substances that were 
extracted and purified from various plants, are promising 
sources for antiviral drugs. It is common for antiviral treat-
ments to have available designs based on natural compound 
structures. Among the classic examples, we have homohar-
ringtonine and emetine, derived from the Cephalotaxus and 
Psychotria ipecacuanha plants, respectively, which have 
anti-herpes virus properties and have effectively inhibited 
SARS-CoV replication (Hassan 2020; Mani et al. 2020). 
Notably, almost half of the drugs approved between 1981 
and 2014 were derived or mimicked a natural compound 
(Newman and Cragg 2016).

On the other hand, due to the urgency of effective antivi-
ral treatments against COVID-19, the scientific community 
has been forced to explore every product that could safely 
be administered as prophylactic or therapeutic antiviral 
compounds against SARS-CoV-2 infection. In addition, the 
study strategies include those carried out not only in vivo 
with one or more biomolecules together, but also those in 
silico studies. There are several current reports that propose 
natural substances against COVID-19, which correlate with 
previous studies reporting proven efficacy against SARS-
CoV (Ang et al. 2020; Mani et al. 2020). Likewise, given 
the current pandemic, the medical society is reusing different 
antiviral drugs, combining them with biomolecules. As an 
example, the combination of the drug Tenofovir and Gly-
cyrrhizin (natural compound) has been studied as possible 
useful combinations against coronavirus infections (Bailly 
and Vergoten, 2020). In this context, we collected informa-
tion on herbal formulations and compounds derived and in 
silico studies from natural products that show therapeutic or 
prophylactic potential, in addition to guiding and contribut-
ing to the successful treatment against SARS-CoV-2.

Effectiveness and care in the administration 
of herbal formulation against COVID‑19

In the current and real fight for of COVID-19 control, 
the utilization of herbal formulations as complementary 

treatments has been an alternative; to control this disease, 
some natural products of ancient uses and mostly of Chinese 
origin have been recently evaluated and studied. Most herbal 
formulations are considered safe due to their long history of 
use for prevention, treatment and control of various diseases, 
however, there are reports of toxicity, which can largely be 
due to misidentification and overdose. In addition, caution 
should be taken when there is no documentation of long 
historical use of herbal mixtures (Lutoti et al. 2020).

It is important to consider that COVID-19 generates dif-
ferent clinical effects and depends on the progression of the 
disease (Luo et al. 2020), so a holistic treatment is neces-
sary to eliminate infection effects, such as the appearance 
of immune cells detachment, since their presence in blood 
increases the risk of an excessive immune response, directly 
leading to cytokine storms (some patients develop severe 
cardiovascular and kidney complications). In addition, those 
treatments must maintain intestinal homeostasis and pro-
tect the intestinal wall barrier (Luo et al. 2020; Yang et al. 
2020). For this reason, formulations or preparations based 
on medicinal herbs that can inhibit the different effects and 
stages of the disease have been studied. For example, the 
study realized by Luo et al. (2020) reports formulations 
made according to the progression of the disease that can 
maintain intestinal homeostasis and, inhibit IL-1β produc-
tion mediated by Toll receptors, and improve the expres-
sion of IL-10. The formulations used were: for mild disease 
stage: Pogostemon Cablin (Blanco), Atractylodes Lancea 
(Tunb.) Dc., Scutellariae Radix, Chaihu Radix Bupleuri, 
Forsythiae Fructus; for moderate stage: Gypsum, Atrac-
tylodes Lancea (Tunb.) Dc., Polygoni Cuspidati Rhizoma 
Et Radix, Pogostemon Cablin (Blanco), Verbenae Herb; 
for severe stage: Ephedra Herba, gypsum, Lepidii Semen 
Descurainiae Semen, buffalo horn; for critical stage: Panax 
Ginseng C. A. Mey., Aconiti Lateralis Radix Praeparata; and 
for recovery stage: Hedysarum Multijugum Maxim., Ophi-
opogon japonicus (Linn. f.) Ker-Gawl, Panacis Quinquefolii 
Radix. Furthermore, they show that kaempferol, beta-sitos-
terol, stigmasterol, quercetin, luteolin, genkwanin, diop, and 
isorhamnetin participated in three or more disease stages. 
A clinical study on 54 patients with COVID-19, treated 
with these herbal mixtures found a favorable response in 
the recovery and improvement of patients, and suggested 
the importance of regulating intestinal function and main-
taining microenvironmental balance during treatment (Luo 
et al. 2020). This is possibly because QFP (Qingfei Paidu 
Decoction) is included within the evaluated treatment, and 
according to Pan et al. (2020), unreasonable use of this 
herbal mixture can cause epigastric discomfort, diarrhea 
and even high blood pressure.

Another formulation studied was Ma Xing Shu Gan 
Decoction. The basic prescription is composed of the follow-
ing herb species: 6 g of Herba ephedrae (MH), 9 g of Semen 
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armeniacae amarum (Ku Xing Ren), 24 g of Gypsum fibro-
sum (SSG) and 6 g of Radix glycyrrhizae (GC). The identi-
fied active biomolecule was ephedrine glycyrrhizic acid, and 
the study suggested that it regulates the coagulation system 
in the inflammatory state, intervening in the inflammatory 
storm caused by COVID-19 (Yang et al. 2020). The adverse 
reactions are not yet defined.

On the other hand, the Chinese government included 
TCM (Traditional Chinese Medicine) as one of the recom-
mended therapeutic options for COVID-19 treatment in the 
third version of COVID-19 treatment guidelines, which was 
published on January 23, 2020, included in the 6th edition 
of the guidelines. The primarily recommended formula was 
QFP (Qingfei Paidu Decoction) composed of more than 
120 biomolecules with important anti-inflammatory effects, 
identified by UPLC, and detecting as the main active bio-
molecules to Hesperidin, Astin J, Zingiberoside A, Glycyr-
rhizic acid, Pogostone, Senkirkine, Ephedrine, Salkosaponin 
A, Alisol C monoacetate, Dioscin, Irisflorentin, Balcalin, 
Apigenin, and Synepryne. QFP is effective for patients at 
all stages, and the total effective rate is 92.09% and, a daily 
dose is recommended, once in the morning and in the even-
ing (40 min after a meal), drink warm water, three doses as 
a course (Pan et al. 2020). The formulation was approved 
in March 2020 by the Guide for the diagnosis and treat-
ment of pneumonia by COVID-19, from the National Health 
Commission (NHC) of the People’s Republic of China (Ren 
et al. 2020). Similarly, the formulation was recommended 
by the Korean guidelines because it increases immunology 
and reduces inflammation by targeting the lung and spleen, 
which are the disease pathways of COVID-19. However, the 
herb Farfarae Flos was removed due to safety and toxicity 
issues (NIFDS 2020).

Effectiveness and adverse reaction 
in the administration of bioactive substances 
against COVID‑19

For the administration of bioactive substances, clinical stud-
ies are of vital importance and must be supported by in silico 
and in vitro studies. Certainly, the FDA has approved a wide 
range of individual biomolecules that they consider safe, all 
of them must have timely clinical trials to define their human 
consumption in the appropriate doses, since even quercetin, 
which is a promising biomolecule against SARS-CoV-2 has 
an extensive metabolism in blood plasma leading to low 
plasma concentrations and although quercetin in a 10 mL 
nasal dose of ~ 76 μg has been recommended. The treatment 
with this biomolecule should be careful in the case of exist-
ing lung cancer (Williamson and Keremy 2020).

Alternatively, there are several active principles that have 
been tested in TCM. Glycyrrhizic acid (GA) is a biomolecule 
that has been shown to have an effect in silico. Furthermore, 

it has shown anti-inflammatory effects in humans and antivi-
ral effects against SARS and has been proposed to be effec-
tive against COVID-19. GA is considered a drug with a good 
economic and safety profile. However, at doses of 200 mg, 
it reaches a maximum level in plasma of 80 μg/mL, which 
does not allow the desired biological effect. To increase its 
effectiveness, structural modifications have been considered, 
but may result in greater cytotoxicity (Bailly and Vergoten 
2020).

Another natural product that has been proposed for the 
treatment of COVID-19 is propolis, which is a natural prod-
uct produced by bees, composed mainly by polyphenolic 
components. Preclinical studies have shown that propo-
lis promotes the immunoregulation of pro-inflammatory 
cytokines, including the reduction of IL-6, IL-1 beta and 
TNF-α, reducing the risk of cytokine storm syndrome, an 
important mortality factor in advanced COVID-19 (Barreta 
et al. 2020). The dosage depends on the standardization, and 
normally the propolis may have differences due to the raw 
material, which depends on the ecosystem. However, there 
is a patent called EPP-AF® that has reproducibility and the 
clinical data so far support doses of 375–500 mg of propolis/
day (Silveira et al. 2019; Barreta et al. 2020). Propolis has 
also been shown to be a safe product, but there are still no 
reports of clinical studies on its effects against COVID-19. 
However, a clinical trial of Brazilian green propolis extract 
(EPP-AF®) for the treatment of patients with COVID-19 was 
recently started in Brazil (Barreta et al. 2020).

In silico studies of compound from natural products 
against COVID‑19

In the need for rapid responses to combat the pandemic, in 
the last 5 months, many investigations have been published 
in silico, and as some examples are included in Table 2, 
which shows some biomolecule studied, as well as the plant 
of origin and the mechanism possible of against COVID-
19. The investigations study biomolecules potential, mostly 
polyphenolic compounds isolated from natural products, 
which can guide the development of new drugs. Further-
more, these molecular coupling studies have identified 
biomolecules that inhibit elemental factors for COVID-19 
maturation and, as an example, the search for the inhibition 
of essential viral enzymes helicase, methyltransferase, RNA 
polymerase, RNA-dependent RNA polymerase (RdRp), 3 
cysteine protease similar to chymotrypsin (3CLpro).

In silico studies on Neoastilbin, a formulation of 14 
natural products, as well as Astilbin, made up of 93 natu-
ral products, have shown inhibit enzymes such as helicase, 
methyltransferase, RNA polymerase, and RNA-dependent 
RNA polymerase (RdRp) in COVID-19 (Naik et al. 2020). 
In this sense, most virtual screening studies look for dif-
ferent molecular targets, including the inhibition of the 
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protein-converting enzyme-angiotensin-2 (ACE2), for exam-
ple, propolis has also been studied and observed in silico and 
its flavanones show inhibition mechanisms with high binding 
constants and high binding affinity to ACE2 and serine pro-
tease Transmembrane protease, serine 2 (TMPRSS-2). This 
mechanism involves overexpression of Serine/threonine-
protein kinase (PAK1), which is a kinase that mediates cor-
onavirus-induced lung inflammation, fibrosis, and immune 
system suppression. In addition, other compounds present 
in propolis, such as rutin, showed an excellent inhibitory 
potential, followed by myricetin, phenethyl ester of caffeic 
acid, hesperetin and pinocembrin (Güler et al. 2020; Barreta 
et al. 2020). Another biomolecules such as limonin, querce-
tin, and kaempferol, common compounds in propolis, have 
been found to inhibit viral RNA-dependent RNA polymerase 
(RdRp) and spike glycoprotein (SGp), and their effect is act-
ing viral inhibitory potential in the component that adheres 
to the host cell with high binding energy to viral components 
from − 9 to − 7.1 kcal/mol (Barreta et al. 2020). Propolis is 
a relevant therapeutic option, safe, easy to administer orally 
and readily available as a natural supplement and functional 
food, and considered GRAS (generally recognized as safe) 
by the FDA; as well as rutin commonly found in foods like 
tomatoes and also some in silico studies show, such as rutin, 
have better binding energy than the hydroxychloroquine and 
remdesivir drugs against COVID-19 (Adem et al. 2020; 
Sivaraman and Pradeep 2020). However, although in silico 
studies have identified the most promising biomolecules 
against SARS-CoV-2, such as rutin, most researchers con-
clude that in vitro and in vivo studies are required to verify 
such antiviral effects. On the other hand, many herbs such as 
the ones described in this review are not distributed world-
wide and in view of the urgency for an effective treatment, 
complementary therapies are required, and for this reason, 
today many patients use it to complement western medicine.

Diagnostics and surveillance of COVID‑19

Due to the high person-to-person transmission rate of SARS-
CoV-2, even from asymptomatic carriers, in addition to the 
complexity of the progression of the disease among sympto-
matic individuals, the health sector has been forced to have 
continuous diagnostic protocols that accurately identify 
new cases, with the intention of establishing adequate miti-
gation strategies in an attempt to interrupt or reduce con-
tinuous spread. Likewise, early diagnosis of viral infection 
after symptoms onset, but before complications, and timely 
antiviral therapeutic intervention is perceived as a critical 
determinant of the successful outcome of most drugs tested 
to date (Joyner et al. 2020). On the other hand, surveillance 
tracking the prevalence of the current and past SARS-CoV-2 
infections through seroconversion is extremely helpful at 

guiding public health policy decisions. In addition, serocon-
version identification of active cases and convalescent indi-
viduals through population-wide surveillance also provides 
relevant data for monitoring the success and limitations of 
prospect prophylactic vaccine-base strategy at reducing sus-
ceptibility and transmission, as well as evaluation of prom-
ising antiviral drugs with broad-range efficacy and disease 
progression. Likewise, diagnosis of COVID-19 from upper 
respiratory track swabs has made use of classical molecular 
and serological techniques, adapted to detect unique SARS-
CoV-2 genomic sequence fingerprints through real-time 
reverse-transcriptase polymerase chain reaction (RT-PCR) 
amplification, as well as the presence of unique surface-
exposed molecular distinctive antigens, respectively. Early 
months of the pandemic, active case identification and sur-
veillance was performed by Lab-based molecular RT-PCR 
tests, using several pair of primers from different sequences 
of SARS-CoV-2, depending on the country of origin of the 
test (WHO 2020). One major challenge for these tests was 
the time for results return; although currently commercially 
available kits, such as COVID-19 HomeTest Kit from Car-
bon Health or Roche Cepheid EXpert Xpress, offer results as 
early as 3 h (Hogan et al. 2020). Over the last decades, bio-
technological advances in molecular biology have made pos-
sible the development of rapid tests such as loop-mediated 
isothermal amplification (LAMP), following an initial RT-
amplification step. A promising commercial LAMP-based 
rapid detection test, ID NOWTM COVID Test developed by 
Abbot’s Binaxx, obtained emergency use authorization by 
the USA-FDA in July given it rapid result returns of as early 
as 5 min for positive result and 13 for negative results (Abbot 
2020). A recent study by Hogan et al. (2020) showed that ID 
NOW test has similar sensitivity and specificity of the results 
as Lab-based RT-PCR tests but only for patients with high 
viral load on mucus samples; nonetheless, the authors argue 
that virus could still be transmitted from undetected infected 
individuals. An alternative approach under study are Aptam-
ers, a pool of oligonucleotides, or even small peptide mol-
ecules, and first reported in 1990 (O’Sullivan 2002). Aptam-
ers can be modified and synthesized for different targets, 
including SARS-CoV-2, they are fast detection methods 
(results within few seconds), without any previous prepara-
tion step of samples (Kumar et al. 2020). Recent work is 
on course, for the development of a SARS-CoV-2 aptamer-
based point of use rapid detection device (https​://www.rapid​
micro​biolo​gy.com/news/pinpo​int39​s-low-cost-handh​eld-
covid​-19-aptam​er-based​-diagn​ostic​-devic​e-in-devel​opmen​t). 
Finally, Next-Generation Sequencing (NGS), Micro-array, 
and lately, a variety of nanotechnology-based methods are 
rapidly being developed, since nanomaterial-based methods 
are proven suitable for rapid detection (Rabiee et al. 2020). 
New generation of biosensors is in the pipeline. Seo et al. 
(2020) developed a field-effector transistor (FET)-based 

https://www.rapidmicrobiology.com/news/pinpoint39s-low-cost-handheld-covid-19-aptamer-based-diagnostic-device-in-development
https://www.rapidmicrobiology.com/news/pinpoint39s-low-cost-handheld-covid-19-aptamer-based-diagnostic-device-in-development
https://www.rapidmicrobiology.com/news/pinpoint39s-low-cost-handheld-covid-19-aptamer-based-diagnostic-device-in-development


	 3 Biotech (2021) 11:41

1 3

41  Page 16 of 21

biosensor, for rapid detection of the SARS-CoV-2 virus, tak-
ing into consideration that RT-PCR, the primary method for 
COVID-19 diagnosis, takes at least 3 h to execute, including 
viral RNA preparation, step that can affect diagnostic accu-
racy. Among the advantages of FET-based biosensors, is 
the ability to measure small amounts of analytes, with high 
sensitivity and instantaneous measurements.

Efforts to develop high sensitivity and specificity 
antigen-detection tests include the SARS-CoV-2 anti-S-
protein antibody conjugated to a graphene sheet (Palmieri 
and Papi 2020) as a sensing area, with no measurable 
cross-reactivity with antigens from MERS-CoV, success-
fully detecting the virus in clinical samples, discriminat-
ing between patient and normal samples, without any 
sample preprocessing and high sensitivity. Different Au 
NP-based nanomaterials are also candidates for active 
case detection; Au NPs and quantum dots (QDs) are con-
sidered key components for the development of improved 
novel nanotechnology-based detection systems (Nasrol-
lahzadeh et  al. 2020). Among these, is the chiral Au 
NP-quantum dot nanocomposites (Ahmed et al. 2017), 
incorporating viral lipid tails, which proves to promote 
envelop aggregation and rupture. Another strategy under 
study are carbon electrodes modified with Au NP (Layqah 
and Eissa 2019), using a recombinant spike protein SI as 
a biomarker.

Seroconversion diagnosis of active cases suffers from 
the low sensitivity (30%) detection of IgM and IgG anti-
viral antivirus present in most individual < 7 days of 
symptoms onset (Zhao et al. 2020). However, the same 
study found that 93.1% of COVID-19 patients demon-
strated the presence of detectable level of neutralizing 
IgM and IgG antibodies 11 and 14 days after symptoms 
onset, respectively. Therefore, although detection of anti-
SARS-CoV-2 antibodies may not be valuable as an accu-
rate diagnostic tool for active cases, monitoring serocon-
version has become relevant for assessment of disease 
progression (Wang et al. 2020), and infection prevalence 
surveillance among convalescent individuals in a popula-
tion. Most serological tests are directed at detecting het-
erologously expressed viral structural antigens, including 
nucleocapsid, matrix protein, and mainly S-glycoprotein 
(Wang et al. 2020). However, it is important to mention 
that epidemiological surveillance though seroconversion 
may underestimate the prevalence of SARS-CoV-2 in the 
population, as a recent report found very low persistence 
of circulating antiviral antibodies at a detectable concen-
tration following months after virus exposure, especially 
on individuals who did not require hospitalization (Bruni 
et al. 2020). Weather re-infection in convalescent indi-
vidual with low antiviral antibody concentration remains 
to be determined.

Concluding remarks

To date, prophylactic and therapeutic intervention on 
COVID-19 has had limited success. Many of the most 
promising known drugs repurposed as antiviral to treat 
SARS-CoV-2 infection were found to have limited antivi-
ral activity, and some produced significant life-threatening 
cardiovascular problems, which have resulted in suspen-
sion of administration. Nucleoside-analogs that target 
the viral replication complex, specifically viral RdRpol, 
appear to be the most promising alternative, which in com-
bination with the experimental drug remdesivir show a 
reduction in hospitalization time and severity of symptoms 
associated to COVID-19 infection. Biological products, 
such as plasma from convalescent patients, containing 
neutralizing antibodies which can block viral entry to 
cells of susceptible patients, show a reduction in mortal-
ity even among severe cases, although effectiveness is still 
to be determined given the lack of randomized clinical 
trials. This promising effect of convalescent plasma has 
been encouraging, as they could predict the effectiveness 
of vaccines being designed against COVID-19, especially 
in those platforms that can elicit long-lasting humoral 
responses, especially antibodies directed against the RBD 
site of SARS-CoV-2 S-protein, in the general population. 
Accordingly, recently release results from phase III of two 
candidate mRNA-based COVID-19 vaccines and several 
adenovirus-based vaccines have shown higher than 90% 
effectiveness and very little side effects among immu-
nized individuals. These promising results have granted 
emergency use authorization by the FDA of the Pfizer 
and BioNTech mRNA vaccine. However, requirement 
of the very-cold transportation and storage of this vac-
cines threatens to limit administration in countries lacking 
needed infrastructure. Thus, alternative platforms such as 
those based on adenovirus are currently under review for 
use in situations where mRNA vaccines are not possible 
or contraindicated. Regardless of the success of these cur-
rent interventions, it is important to maintain surveillance 
of viral genetic changes that could modify the serotype, 
as well as drug-targeted viral enzymes, leading to resist-
ant emergent strains. In addition, some of the challenges 
of this pandemic are the correct and timely diagnosis of 
the infection. Diagnosis of seroconversion that has been 
considered important for decision making in mitigation 
strategies, however, it has been proven that they can under-
estimate the prevalence, on the other hand, biotechnologi-
cal advances have made it possible to face these challenges 
with the generation of molecular techniques, even offer 
HomeTest with fast and highly sensitive results. In this 
regard, it will be important to continue investigation on 
potential application of natural products, especially those 
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with few side effects that could inhibit essential viral rep-
lication processes and enzymes, that could lead to the 
design and development of new classes of antiviral drugs.
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