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Viral infections are one of the leading causes of death in the
world. One main challenge in fighting against these diseases
is the unavailability of effective eradicating drugs and specific
treatments. Nanocarriers and aptamer-decorated nanocarriers
are designed to attach to many targets, including viral particles.
By lowering the viral infectivity and attachment capability, they
add therapeutic values even without containing antiviral drugs.
Nevertheless, the nanoparticles (NPs) with encapsulated anti-
viral drugs can display extra therapeutic effects. Furthermore,
it has been shown that aptamers can bind to viral particles
and nanocarriers, presenting promising approaches for the
identification of viruses and treatment of viral infections.
Although there is no satisfying literature revealing the strong
therapeutic potential of nanotechnology against COVID-19,
the following information can provide new perspectives for
upcoming investigations pertaining to developing effective
aptamer-nanocarrier agents against COVID-19.
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INTRODUCTION
Nanotechnology is an interesting tool for designing nanocarriers in
drug delivery approaches against different diseases, such as viral in-
fections. Nanocarriers are generally designed in a way that releases
the drug in the specific site with high precision and high concentra-
tions. Although employing modified or decorated nanocarriers in
the treatment of viral diseases is very interesting and potentially effec-
tive, this issue has less been addressed. In fact, when a nanocarrier is
designed to adsorb or bind to a viral particle, it can display a sort of
potential therapeutic effect on its own without containing an antiviral
drug. However, nanocarriers with loaded antiviral drugs can exhibit
extra therapeutic effects. Nanocarriers as drug delivery systems
have widely been used for the improvement of therapeutic effects
due to their particle size and large surface area-to-volume ratio, which
alters the medication’s pharmacokinetics and effectiveness.

Aptamers can reciprocally bind to viral particles and nanocarriers,
providing promising strategies for detecting viruses and combating
viral infections. Designed aptamers have been able to directly bind
to viruses, exhibiting antiviral effects that resulted in the inhibition
of virus entry into host cells.1 Aptamers can bind specifically to viral
targets,2 enhancing the targeting efficiency more than blank nanocar-
riers. Aptamers can also be easily chemically modified,3 allowing
them to recognize and bind to target viruses more efficiently
M
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compared to blank nanocarriers. In addition, the combination of ap-
tamers with nanocarriers can lead to a synergistic effect, enhancing
the therapeutic efficacy of the loaded drugs. Aptamer-nanocarrier
conjugates can increase cellular internalization via receptor-mediated
endocytosis, leading to higher intracellular drug concentrations at
the target site.4 Several attempts have been made to use unloaded
nanocarriers to adsorb and scavenge viruses due to their high
capacity in targeting and development. For this purpose, numerous
studies have been conducted on chitosan, dendrimers, cyclodextrin
nanoparticles (NPs), and so on, and interesting results have been
obtained. At the same time, when an aptamer is attached to an NP
containing an antiviral drug, improved therapeutic effects may be
achieved.

Several mechanisms have been proposed for how aptamers can inter-
nalize from cell membranes, including phagocytosis, macropinocyto-
sis, and endocytosis mediated by clathrin and caveolae.5 The meta-
bolism of aptamers in the systemic administration occurs through
rapid renal filtration, digestion with nucleases, and distribution
from the plasma into tissues (Figure 1).6 It has been reported that
the half-life of aptamers in the plasma is 7 min, owing to the rapid
digestion of oligonucleotides by nucleases.7 Plasma exonucleases
degrade nucleic acid through phosphodiester bonds at the 30 or 50 ter-
minal, resulting in the cleavage of nucleotides.8 The average diameter
of aptamers (with a mass of 6–30 kDa) is less than 5 nm.9 To increase
metabolic stability and slow elimination and renal filtration, aptamers
are usually modified with a moiety like cholesterol,6 liposomes,10 and
polyethylene glycol (PEG).11 It was found that cholesterol-conjugated
aptamers exhibited higher plasma stability, which increased aptamer
exposure to the body through binding to plasma lipoproteins and
facilitated uptaking by hepatocytes via a receptor-mediated endocy-
tosis. Moreover, it was observed that the intravenous route was
more suitable than the intraperitoneal route because the choles-
terol-conjugated aptamers remained longer in the serum. It has
been shown that cholesterol-conjugated aptamers inhibit hepatitis
C virus (HCV) replication without provoking any immune reaction.6

After internalization, aptamers accumulate in endosomes, lysosomes,
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Figure 1. Schematic representation of COVID virus entry

Schematic representation of (1) viral entry, (2) decoy liposomes, (3) bindings of ACE2-like aptamer to virus, (4) bindings of liposomes decorated with ACE2-like aptamer to

virus, (5) bindings of drug-loaded liposomes decorated with ACE2-like aptamer to virus, (6) bindings of viral spike-like aptamer to ACE2 receptor, (7) bindings of liposomes

decorated with viral spike-like aptamer to ACE2 receptor, (8) bindings of drug-loaded liposomes decorated with viral spike-like aptamer to ACE2 receptor, and (9) aptamer

and virus kinetics.
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Golgi, mitochondria, and the endoplasmic reticulum, depending on
their targets.5

In this review, we attempted to discuss and provide some strong ev-
idence for aptamer-decorated nanocarriers. Because of the current
COVID-19 pandemic, it seems that employing these approaches
can have promising results and dealing with details can provide inter-
esting insights. Compared with severe acute respiratory syndrome co-
ronavirus (SARS-CoV), SARS-CoV-2 has more contagious capabil-
ities and has rapidly spread worldwide. Since the beginning of the
global problem of the COVID-19 disease, many efforts have been
made to develop new preventive and therapeutic agents against
COVID-19. Although a number of vaccines and drugs have become
available in this field, more research is needed to find more effective
agents.12 Aptamers have previously been used to detect toxins13,14

and also the SARS virus. For example, in 2009, there is a report
showing that the SARS nucleocapsid is a suitable target for aptamer
selection, which could be used in the exact direction of the virus. In
this report, nucleocapsid proteins were detected at a concentration
of 2 pg/mL with high sensitivity.15 A complementary oligonucleotide
aptasensor was designed as a probe for COVID-19 detection. The
sensor displayed suitable selectivity against N protein in throat swabs
and blood samples.16 The two standard screening methods to confirm
SARS-CoV-2 are the PCR method using viral RNA and the serology
2 Molecular Therapy: Nucleic Acids Vol. 35 September 2024
method using the detection of antibodies produced in the body due to
viral infection, but due to the cost, time required, and complexity of
the procedure, new technologies are needed. The use of aptamers
can be very helpful in this field. Aptasensors can target different com-
ponents of the virus, such as the spike (S) protein. Currently, ap-
tamers fixed on NPs have been used. The aptamers are placed on
the NPs with acceptable uniformity, and the incubation time with S
proteins was 40 min. The LOD of this method is reported to be 66
pg/mL, which is lower than the LOD of the PCR method. The selec-
tivity and sensitivity of the method also indicate the high quality of
this technique.17

In addition to their identification, aptamers are explored as potential
therapeutic agents for COVID-19. They have shown promise in
blocking viral proteins and interfering with the SARS-CoV-2 infec-
tion process, making them candidates for treatment strategies against
the virus. For example, an RNA aptamer with high affinity to the re-
ceptor-binding domain (RBD) has been designed, which, after bind-
ing, prevents the interaction of this part of the virus with the host re-
ceptor ACE2. In this study, aptamers are trimerized, so they can target
more viruses with much lower concentrations. The results of this
study showed that these aptamers can effectively inhibit viral infec-
tion. Moreover, these aptamers can be produced in large quantities
and in a short time. This method is not complex and is reproducible.
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Considering that these aptamers are resistant to nuclease degradation
and have high stability in serum, they can be used for both treatment
and diagnosis.18

Apart from identification and treatment, aptamers have the ability to
be used in the control of complications related to COVID-19. In a
study, an RNA aptamer was prepared in nanomolar and had high af-
finity to factor V (FV) and FVa, and therefore, they showed a strong
anticoagulant effect in COVID-19. This anticoagulant effect is related
to the role of the aptamer in the prevention of FV/FVa interactions
with phospholipid membranes.19

BLANK VS. LOADED NANOCARRIERS WITH
THERAPEUTIC EFFECTS
For a long time, nanocarriers have been used in the production of new
formulations, and sometimes, these nanocarriers can show bioactive
effects without containing any active ingredients. SPL7013 is a den-
drimer that shows antiviral activity against HIV, human papilloma-
virus (HPV), and herpes simplex viruses (HSVs). The mechanism
of the antiviral activity of SPL7013 is unknown, but it is likely to
bind to envelope proteins of viruses, therefore blocking viral attach-
ment to the host cell receptors and preventing the entry of viruses.
Other antiviral mechanisms may include the interaction of
SPL7013 with viral envelope proteins, which leads to envelope
conformational changes that diminish the infectivity of the virus.20

The functionalization of dendrimers with DC-SIGN (dendritic cell-
specific ICAM-3-grabbing nonintegrin), glycosphingolipids, and
CD4 receptors can prevent HIV binding to host cells.21 Employing
T cell-mimicking NPs is another approach that can neutralize viral
infectivity. It was observed that T cell membrane-coated Poly(lac-
tic-co-glycolic acid) (PLGA) NPs (TNPs), NPs with HIV-binding
T cell surface antigens such as CD4 receptor and CCR5 or CXCR4
as co-receptors, behaved as decoys and, consequently, inhibited the
entry of virus into the T cells.22 It has been reported that dendrimers
with modified functional moieties can bind to the gp120 of HIV and
the CD4molecule of the host cell to prevent the attachment of HIV to
host cells. PAMAM G4 (BRI2932 and BRI6195) suppresses the
attachment of HIV to gp120. Dendrimers are able to prevent the
replication of HIV by affecting the reverse transcription of the genetic
materials. The attachment of the Tat protein to trans-acting respon-
sive element (TAR) RNA of HIV is essential for the replication of
HIV. It was found that PAMAM with a large number of NH2 periph-
eral groups can interact with the phosphate groups of RNA through
electrostatic forces, which hinders additional interactions between the
TAR and Tat protein. Moreover, dendrimers are able to deliver anti-
viral drugs into the host cells, which further interfere with HIV activ-
ity.23 Another study showed that sialyllactose-conjugated dendrimers
displayed hemagglutination inhibition activity against influenza virus
infections.24 It was reported that CD4 molecules on the surface of
exosomes (as nanodecoys) suppressed HIV-1 infection in vitro, pre-
venting HIV-1 binding to CD4+ T cells. CD4+ T cell-originated exo-
somes contain the same membrane proteins, including CD4 and ma-
jor histocompatibility complex (MHC) class I molecules.25
Considering these results, it seems that employing nanocarriers con-
taining ACE2 synthetically derived receptors as nanodecoys is an
effective strategy to bind and scavenge COVID-19 virus. These recep-
tors conjugated on the NPs can bind irreversibly to the viral S,
consequently altering the viral configuration and blocking receptor-
mediated entry into the cell (Figure 1).

In this regard, poly(N-vinylcaprolactam) nanogels can exhibit anti-
viral activity against HIV-1 infection through blocking the viral repli-
cation in TZM-bl cells.26 It was reported that the chemical modifica-
tion of chitosan using glycidyl trimethylammonium chloride is
potentially active against coronaviruses by inhibiting their replication
(patent: EP2849763B1).27 Synthetic virus-like particles (sVLPs) are
another novel approach to provoking antiviral immune responses
against coronavirus infection. Vaccination with sVLPs prepared in
optimized mixtures containing viral proteins (S glycoprotein derived
from an avian infectious bronchitis virus [IBV]) and gold NPs
through spontaneous protein corona formation improved cellular
and humoral immune responses against an avian model of coronavi-
rus infection.28

Unloaded nanocarriers can not only be effective against microbes and
microbial resistance but can also be used as carriers for antimicrobial
agents (Figure 1). Blank nanocarriers can exhibit antiviral activity
through several mechanisms, including disrupting viral envelopes,29

binding to viral surface proteins and preventing the virus from attach-
ing to and entering host cells,30 interacting with viral proteins and
forming reactive oxygen species (ROS),31 and modulating the im-
mune response to reduce inflammation and lung damage caused by
COVID-19.32

It was observed that poly-b-cyclodextrins (pbCDs) are effective
agents againstMycobacterium tuberculosis. Empty pbCDNPs disrupt
cell surface lipid rafts and, consequently, inhibit bacterial uptake after
pulmonary administration in mice. In fact, pbCD inhibits macro-
phage colonization by inducing cholesterol depletion in the plasma
membrane. Cholesterol is needed for the entry of mycobacteria into
macrophages. Furthermore, pbCD NPs induce apoptosis and subse-
quently deplete alveolar macrophages, which serve as a major reser-
voir for bacterial pathogens. On the other hand, pbCD NPs allow
for the release of encapsulated anti-Mycobacterium drugs directly
into the lung.33 Therefore, both unloaded and loaded pbCD NPs
have direct antibacterial effects and can be employed as drug nanocar-
riers against tuberculosis. Cyclodextrins were suggested to be active
against coronavirus. Cholesterol increases the binding of SARS-
CoV2 to the cell membrane and facilitating its entry into cells through
endocytosis.34 Li et al. reported that methyl-b-cyclodextrin (MbCD),
by depleting cholesterol, affects the expression of ACE2 on the mem-
brane of Vero E6 cells and inhibits the release of SARS-CoV from the
host cells.35

Ribavirin, a nucleoside analog, was extensively used for the treatment
of SARS-CoV infection. However, its medical application against
SARS-CoV is limited due to considerable hemolysis in many
Molecular Therapy: Nucleic Acids Vol. 35 September 2024 3
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patients.36 It has been reported that red blood cells (RBCs) are defi-
cient in endocytic uptake mechanisms, the main pathway for NP up-
take by cells.37 Using NPs as a drug delivery system for ribavirin can
improve its action and reduce hemolysis in patients.

A two-dimensional CuInP2S6 (copper indium thiophosphate [CIPS])
nanosheet can bind to eight of the eleven ACE2-binding amino acid
residues on the SARS-CoV-2 S protein RBD and prevents the virus
from attaching to and entering host cells. The binding between
CIPS and the RBD is stronger than the affinity of the virus for
ACE2. Moreover, CIPS is biodegradable and biocompatible, making
it a promising agent for the elimination of SARS-CoV-2.30

Chitosan-based nanocarriers have been developed for the delivery of
remdesivir, an antiviral drug used to treat human coronavirus HCoV-
OC43. According to the obtained results, these nanocarriers can be a
promising approach for remdesivir delivery due to their ability to
modulate drug loading and release while having low cytotoxicity
and strong antiviral activity.38 Moreover, a novel biomimetic nioso-
mal NP (BNN) was developed for controlled-release aspirin injections
for COVID-19 and cardiovascular treatment. The formulation dis-
played significant suppression of platelet aggregation with minimal
hemolysis and did not exhibit significant cytotoxicity on cells.39

Specificdelivery ofRNAinterference (RNAi)usingS aptamer-function-
alized lipidNPs (LNPs) to target SARS-CoV-2 as a potential therapeutic
strategyhas been investigated in a clinical case study.A36-year-oldman
with severe SARS-CoV-2 infection was treatedwith inhalation of 10mg
of Apt-LNPs-RNAi daily for 6 days. Clinical evaluations, including
computed tomography (CT) scans and laboratory tests, displayed
improvement in the patient’s condition after treatment. This ap-
tamer-functionalized LNP formulation can block SARS-CoV-2 virus
from infecting cells by binding to the viral S protein.40

APTAMER AS AN EFFICIENT COATING SYSTEM
AGAINST VIRUSES
Aptamers (also known as chemical antibodies) are single-stranded
oligonucleotide (DNA or RNA) with high binding affinity and speci-
ficity to their targets, including proteins, peptides, and nucleic acids,
via molecular conformation adaptation.41,42 Nanocarriers should resist
aggregation, be stable, and maintain the drug until it reaches the target
site. It is very important to consider these issues because they can
disrupt the efficiency of nanocarriers as drug delivery systems.43 Ap-
tamers can prevent their aggregation by changing the surface of nano-
carriers.44,45 In addition, factors such as size and surface charge can
play important roles in the toxicity of nanocarriers; therefore, safety
is a crucial issue for the use of nanocarriers.46 Aptamers can reduce
the toxicity of nanocarriers by targeting them to specific cells or tissues.
This minimizes off-target effects and reduces adverse reactions.47,48

Unmodified aptamers are vulnerable to degradation by nucleases,
which significantly limits their half-life in vivo. The small size of ap-
tamers can also lead to their rapid renal filtration, which limits their
clinical application.9 The stability of aptamers can be improved
through conjugation with nanocarriers, which leads to an increase in
4 Molecular Therapy: Nucleic Acids Vol. 35 September 2024
their lifetime in the bloodstream. This approach facilitates their absorp-
tion by the target cells and increases their therapeutic potential.49,50

Aptamers possess several advantages over antibodies that make them
attractive alternatives in various biomedical applications, including
easy in vitro development without the need for complex cellular or
animal experiments51 and lower immunogenicity and high stability
at room temperature.52 Due to these unique features, aptamers can
have an important place in the diagnosis and treatment of various in-
fectious diseases and cancers in the future.

Aptamers are produced through systematic evolution of ligands by
exponential enrichment (SELEX).42 SELEX is a traditional way to
generate selective aptamers for the virus. Modifications have been
made to this method over time, including cell-SELEX, where the se-
lection target is an inactivated virus particle.53 Important advantages
of aptamers are their ease of synthesis, good stability, no immunoge-
nicity or toxicity, and flexible structure.42 Consequently, they are
considered as biomolecules with multiple functions, such as
controlled drug release, diagnosis, targeting of drug delivery systems,
and as biomarkers.41 Peptide aptamers are small combinatorial pro-
teins that consist of a short residue peptide (5–20 amino acids).
Nucleotide aptamers bind more strongly since they provide effica-
cious surface contact with targets by using adaptive conformational
changes.54 Both types of aptamers contain a variable domain and
an area for attaching to the specific target.55

In recent years, a large number of aptamers have been developed
against human viral infections such as influenza virus, HCV,
HIV-1, seasonal coronavirus (SCoV), HBV, HPV, and HSV (Fig-
ure 1).56 Two specific aptamers (ApPABP7 and ApPABP11) were
determined to recognize poly(A)-binding protein 1 (PABP1) and
have anti-influenza capability. These aptamers decreased viral repli-
cation and production of new influenza virus.57 The A12-16 ap-
tamer is an RNA aptamer that binds to glycosylated hemagglutinin
(HA) of influenza A virus and prevents influenza infection.58 It was
reported that aptamer-AuNPs can be used as antiviral agents or for
imaging purposes. Aptamers conjugated to AuNPs displayed appro-
priate binding affinity for human influenza virus. These conjugated
aptamers aggregated upon attachment to viral surface, and finally, a
golden shell formed around the viral envelope, which enabled viral
imaging.59 Also, a small DNA aptamer was designed against the sur-
face glycoprotein D (gD) of HSV type 1 (HSV-1). Glycoprotein gD
is necessary for the entry and spread of HSV into host cells. The
findings showed that the DNA aptamer exhibited high affinity for
HSV-1 gD and prevented viral entry and replication in vitro and
in vivo.60 HIV Rev is a crucial regulatory protein that is expressed
at the beginning of viral replication. It was observed that RNA ap-
tamers attached to the arginine-rich helix of Rev and blocked Rev
self-assembly, which resulted in the inhibition of HIV replication.61

In parallel, the SCoV helicase is essential for viral replication, and
anti-SCoV aptamers attracted much attention. This helicase con-
tains an unwinding double-stranded nucleic acid as the functional
group with ATPase activities. The nucleic acid unwinding activity
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of the enzyme is repressed by aptamers, while the ATPase activity is
slightly affected.62,63

Aptamer-based targeted drug delivery systems are another approach
for improving the efficiency of therapeutic agents without damaging
normal cells. It was observed that aptamer-conjugated doxorubicin
encapsulated PLGA-poly(N-vinylpyrrolidone) (PVP) NPs enhanced
the anticancer activity of doxorubicin via nucleolin receptor endocy-
tosis and induced apoptosis in a mice model.64 Aptamer A6-conju-
gated hybrid NPs (liposome/PLGA) were employed for the treatment
of breast cancer. Aptamer A6 displays affinity to bind HER-2 recep-
tors. According to the obtained results, the conjugation of NPs with
aptamers enhanced the selective delivery of small interfering RNA
(siRNA) into tumor cells, which led to increased knockdown of P-
glycoprotein (P-gp). Furthermore, the aptamer-conjugated P-gp
siRNA-loaded NPs enhanced the cellular internalization of doxoru-
bicin in cancer cells.65 Epithelial cell adhesion molecule (EpCAM)
is overexpressed on the surface of different tumor cell lines compared
to normal cells. EpCAM aptamer-conjugated PEG-PLGA NPs were
designed for the targeted delivery of doxorubicin to breast cancer
cell lines. The encapsulated drug-aptamer-decorated NPs showed
efficient cellular uptake and exhibited significant cytotoxic activity
on cancer cells compared to non-targeted NPs.66

An RNA aptamer (Sc5-c3) was designed against HPV-16 L1 VLPs.
This aptamer showed the highest specificity and affinity for HPV-
16 L1, which makes it a promising candidate for HPV diagnostics
and potential antiviral applications.67

A specific determination of HBV was developed using an aptamer-
based molecular imprinting polymer sensor with a ratiometric
metal-organic framework (MOF). The sensor combines an aptamer
that specifically binds to the HBV with a molecularly imprinted poly-
mer based on a MOF carrier. The detection limit for HBV was low,
indicating high sensitivity. The unique features of this method can
provide a promising strategy for the detection of this virus.68

In an in silico study by Cleri et al., the interaction of two aptamers
with the S protein was investigated. The affinity of these aptamers
for binding to the S1 domain was also evaluated. The possibility
was assayed that these aptamers may be able to modify S1 domain
conformations in such a way that access to cell-specific receptors
for the S protein is reduced. The results showed that DNA aptamers
can be efficiently attached to the RBD of the S portion. On the other
hand, by establishing a stable bond with the subdomains of adjacent
promoters, they prevent the opening of the RBD to connect to the
receptor.16

Nucleic acid aptamers can bind to their own target with high affinity
and high selectivity. They have little batch-to-batch variability.
Recently, the use of these aptamers in various platforms to detect
SARS-CoV-2 virus has been considered. Functionalization of ap-
tamers with components such as biotin fluorophore, biotin, nanoma-
terials have made them an attractive tool for this purpose. In the study
of Gupta at al., DNA aptamer was examined for the diagnosis of
SARS-CoV-2 by binding to the protein S virus. This aptamer demon-
strated high efficiency in detecting the virus. When tested on samples
from suspected COVID-19 patients, it exhibited significant speci-
ficity, yielding results comparable to those of RT-PCR in terms of
effectiveness.69

Research in the field of vaccine production and medication for
COVID-19 is ongoing. Many vaccines are now available for
COVID-19. In addition to remdesivir, which has already been
approved for COVID-19, two drugs from the Merck (molnupiravir)
and Pfizer (paxlovid) attained emergency-use authorization for
mild to moderate COVID-19. Moreover, monoclonal antibodies dis-
played a special position in the treatment of COVID-19. Drugs and
monoclonal antibodies have their own limitations. Therapeutic anti-
bodies are generally immunogenic. For this reason, the use of other
treatment options, including aptamers, which are not immunogenic
and can rapidly be prepared in large quantities, attracted more atten-
tion. Antiviral aptamers have also been used before the onset of the
coronavirus disease, including the anti-influenza A22 aptamer.

Currently, there are many clinical studies about available drug reposi-
tioning to treat COVID-19.Moreover, repositioning has even been sug-
gested for aptamers. In a study byWeisshoff et al., aptamer BC 007 has
been evaluated for this purpose. These aptamers were previously de-
signed toneutralizepathogenic autoantibodies in cardiovascular disease
and are currently in phase 2 of clinical trial. Previous phases have shown
that these aptamers have an appropriate profile safety. The above study
showed that aptamer BC 007 has efficient binding to RNA polymerase
and RBD-related S proteins, and therefore, it can counteract virus
growth in in vitro conditions.70 Yang et al. introduced DNA aptamers
that can specifically detect SARS-CoV-2 in human serum and prevent
infection by inhibiting the S protein’s RBD. The S protein has two sub-
units, S1 and S2. S1 is an important site for host neutralizing antibodies
and is also a target for vaccine design. This subunit interacts with ACE2
and the respiratory epithelial cells. In the above study, S1 subunits have
been investigated to identify the appropriate aptamer, and among them,
6 aptamers were selected based on the SELEX method and entered the
next phase for more evaluations. Affinity studies for RBD and ACE2
were performed on these aptamers, one of whichwas able to have excel-
lent neutralization activity. This aptamer can be used in the treatment or
prevention of COVID-19. This type of aptamer can be designed as
fusion inhibitors, neutralizing oligonucleotides, and targets for drug de-
livery to fight against COVID-19.71

A serological aptamer-assisted proximity ligation assay was devel-
oped for the sensitive and specific detection of COVID-19-associated
antigens in serum samples. This method enables the quantitative
detection of serum nucleocapsid protein by converting the protein
detection into a detectable qPCR signal within 2 h using a simple
and homogeneous workflow.72

A rapid aptamer-based screening assay for the detection of COVID-
19 variants was designed. This assay allows visual differentiation
Molecular Therapy: Nucleic Acids Vol. 35 September 2024 5
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between different types of SARS-CoV-2 based on the color change
observed on the surface of the sensing cotton swab. This capability
is very important to track the emergence and spread of new variants.73

A new DNA aptamer has been developed that specifically binds to the
SARS-CoV-2 S protein and prevents its interaction with the human
ACE2 receptor, therefore reducing the inflammatory response.74

The addition of aptamers to the surface of NPs can alter their size and
the surface charge, which can impact their cellular uptake, the con-
centration of drugs in cells, biodistribution, metabolism, and excre-
tion of drugs.44,45 On the other hand, the small size of aptamers
can lead to their rapid clearance through the kidneys, making their
use in vivo a challenge. However, by improving the stability of ap-
tamers through conjugation with nanocarriers, their lifetime in the
bloodstream can be extended. This approach facilitates the uptake
of aptamers by their target cells, as a result increasing their therapeu-
tic potential.49,50

According to these results, it seems that NPs containing antiviral
drugs decorated with aptamers can improve the activity of antiviral
agents against coronavirus (Figure 1).

Conclusion

According to the above discussion, it seems that the use of nanocar-
riers as nanodecoys can be an effective approach to capture coronavi-
ruses. Aptamers can directly attach to viruses and exhibit antiviral
effects by inhibiting virus entry into host cells. In addition, ap-
tamer-conjugated nanocarriers can improve the pharmacokinetics
of designed free aptamers and the antiviral effect and safety of drugs
against coronavirus.
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