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BIOSILVER Lab® SOLUTION KILL
VIRUSES ON CONTACT
Top-level of protection against viruses, bacteria and
fungi thanks to a unique properties of BIOSILVER.
Particles of silver inhibit bacteria and viruses, killing
everything pathogenic in its path!
NANO MASK is a product of modern innovative
technologies. Bioactive particles have taken the
antibacterial properties of silver inherent in nature
to a new level!

EU LABORATORIES PROVEN
HIGHEST BACTERIA FILTRATION
EFFICIENCY (BFE) ≥ 99.9%
BIOSILVER Lab® solution used in the mask has a
broad spectrum of antimicrobial activity against
pathogenic bacteria, including antibiotic-resistant
strains and drug-resistant forms of pathogens.
Antimicrobial activity, as well as the properties
and characteristics of BIOSILVER Lab® , have
been repeatedly tested by independent teams of
scientists around the world.

Biosilver Lab® solution is produced on
the territory of the largest Russian
national virological center, the creator
of the Covid-19 vaccine EpiVacCorona
https://www.precisionvaccinations.com/vaccines
/epivaccorona-vaccine

12 HOURS OF EXTREME PROTECTION
An ordinary mask stops only drops that are in the air.
If they contain pathogens, then together it settles on
the mask. Due to the properties of BIOSILVER Lab®,
they are destroyed on the NANO MASK making the
air safe.
An ordinary mask quickly accumulates harmful
microorganisms and is effective only within 1-3 hours.
NANO MASK neutralizes pathogens that enter the
surface of the mask, preventing them from
accumulating. Due to this, you can wear a mask for
up to 12 hours continuously.

ABOUT COMPANY

We are a Russian research and production company with branches in
Italy and the Czech Republic. Our laboratory was formed in 2007, in
the largest Russian scientiﬁc research city, Akademgorodok
(Novosibirsk region) located in Siberia. It was a Soviet Union analog of
the Silicon Valley created in 1960. We have a wide experience in the
various medical ﬁelds related to virology as well as biotechnology,
nanotechnology, chemistry, physics, mathematics & data science.
You can familiarize yourself with our current projects by the following
links:
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NANO MASK
Top-level of protection against viruses, bacteria and fungi thanks to
a unique layer with biosilver.
Particles of silver 10 nm in size penetrate bacteria and viruses,
killing everything in its path!
An ordinary mask stops only drops that are in the air. If they contain
a virus, then together it settles on the mask. Due to the properties
of biosilver, viruses and bacteria are destroyed on the NANO MASK
making the air safe.

MAIN LAYER

Any vaccine against the virus is created to combat a speciﬁc strain.
But viruses mutate regularly. Silver nanoparticles do not have a
speciﬁc focus; they destroy the virus present in the air, regardless of
its nature. Materials impregnated with silver nanoparticles are good
protection against viruses and bacteria.

Meltblown ﬁlter material
penetrated by biosilver

UNIQUE METHOD OF PROCESSING AND COATING
10µm

50µm
Meltblown ﬁber

The antimicrobial and antiviral activity of our ﬁlter material
depends on the method of applying biosilver nanoparticles, as well
as on the solubility of silver in a solution of nanosilver applied to the
ﬁlter layer.
In a series of studies, we have identiﬁed the optimal method for
processing the ﬁbers of the ﬁlter layer, taking into account the size
of silver nanoparticles, solubility, duration of cultivation (contact),
microbial and viral loads (ratio of initial concentrations of biosilver
on the ﬁlter layer and test strains).
The effectiveness of the ﬁlter layer was tested in several accredited
research and testing laboratories.

PATENT
Micrograph of meltblown ﬁber with
uniform coating of nanoparticles

LABORATORY REPORTS

BIOSILVER
BIOSILVER IS PRODUCED IN A SCIENTIFIC CENTER WITH THE SUPPORT OF RUSSIA'S
LARGEST VIROLOGY CENTER
Biosilver is a biologically active substance containing highly dispersed silver nanoparticles
mostly with a size of less than 10 nm.
In 2012, the United States Environmental Protection Agency published a 423-page report
on the use and effects of nanosilver on organisms and the environment.
you can read this detailed report here [https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=241665]
silver nanoparticles have long been used in pharmaceuticals, cosmetics, and dietary
supplements.

Biosilver

Therapeutic and biotic doses of BIOSILVER do not harm the intestinal microﬂora, but on
the contrary, contribute to its normalization compared to silver ionic preparations (silver
nitrate). BIOSILVER in biotic doses is involved in biochemical and physiological processes,
normalizes them, enhances the protective and adaptive capabilities of the body, and
generally has a restorative effect on the body.

Biosilver, due to nanoscale
particles and a special loadbearing base is extremely more
effective than any other silverbased composition.
After coating the mask, we use
special drying technology and
withstand the ﬁnished product
in special conditions.

COLLOIDAL SILVER

BIOSILVER

INTERACTION OF SILVER PARTICLES
Studies show that silver particles can be effective antiviral agents against HIV-1 [9–12],
hepatitis B virus [13], respiratory syncytial virus [14], herpes simplex virus type 1 [15],
monkeypox virus [16], inﬂuenza virus and Tacaribe virus [17].
INTERACTION OF SILVER PARTICLES WITH HIV-1
silver particles

gp120 glycoprotein knobs
+ silver particles

HIV-1 structure

Inﬂuenza virus structure

a) HAADF image of an HIV-1 virus exposed to silver nanoparticles. Inset shows the regular spatial
arrangement between groups of three nanoparticles. b) HAADF image of HIV-1 viruses without silver
nanoparticle treatment. Inset highlight the regular spatial arrangement observed on the surface of the
untreated HIV-1 virus.

Silver particles undergo a sizedependent interaction with HIV-1, with particles
exclusively in the range of 1–10 nm attached to the virus. The regular spatial
arrangement of the attached particles, the center-to-center distance between
particles, and the fact that the exposed sulfur-bearing residues of the
glycoprotein knobs would be attractive sites for particle interaction suggest that
silver particles interact with the HIV-1 virus via preferential binding to the gp120
glycoprotein knobs. Due to this interaction, silver particles inhibit the virus from
binding to host cells, as demonstrated in vitro.

Coronavirus structure

The speciﬁcity of AgNPs in its natural tendency to disulﬁde bonds plays an
important role in the antiviral activity, therefore blocking the host receptor
binding sites of the virus.[18]
Hepatitis B virus structure

THE CHARACTERISTIC OF BIOSILVER
BIOSILVER Lab® possess a wide spectrum of antimicrobial
activity against pathogenic bacteria, including antibioticresistant strains and drug-resistant forms of pathogens.
Antimicrobial activity, as well as the properties and
characteristics of biosilver have been repeatedly tested by
independent teams of scientists around the world:

I.

Characterization of Silver particles (AgNPs)
Centro de Nanociencias y Nanotecnologı´a, Universidad Nacional
Auto´noma de Me´xico, Ensenada, Baja California, Me´xico,

AgNPs of BIOSILVER Lab® formulation used in this study
contains 1.2% of metallic silver stabilized with 18.8% of
polyvinylpyrrolidone (PVP) in water. UV-Vis proﬁle of AgNPs
revealed a peak at 400 nm, which corresponds to the typical
surface plasmon resonance of AgNPs. TEM micrographs
showed that AgNPs were spheroid in shape, and their average
diameter was 35 ± 15 nm. Elemental composition analysis (EDX)
conﬁrmed the presence of silver. Their average hydrodynamic
diameter was 70.4 ± 0.5 nm, and their zeta potential value was 18 ± 1.1 mV. AgNPs concentration was calculated according to
the metallic silver content.

UV-Vis proﬁle

Effect of AgNPs on bacterial cell membrane potential
and permeability
The effect of AgNPs on cell membrane polarity was evaluated
according to the protocol suggested by Novo and Perlmutter
[21]. Brieﬂy, each bacterial strain (E. coli, S. Typhimurium, S.
aureus and B. subtilis) were cultured under standard
conditions and adjusted to 1 x 106 cells per mL in sterile 1x PBS.
Bacterial cultures were exposed to 10 μg.mL-1 of AgNPs and
stained with 18 μM DiOC6 (Sigma-Aldrich, USA). Positive control
samples were exposed to 50 μM CCCP (Sigma-Aldrich, USA).

Zeta potential analysis

Cells were incubated at room temperature for 1 h and
analyzed in an Attune Flow Cytometer (Thermo Scientiﬁc),
with a laser emitting at λ = 488nm. Fluorescence was
collected using the green and red channels. The forward
scatter, side scatter, and ﬂuorescence data were collected
with logarithmic signal ampliﬁcation. To evaluate
membrane permeability, each strain was cultured under
same conditions and exposed to AgNPs as described
above. The cells were stained with alamarBlue cell viability
reagent (Thermo Scientiﬁc) and 75 nM of propidium iodide.
Cells were incubated at 37˚C for 1 h and analyzed by ﬂow
cytometry with a violet and blue laser emitting at λ = 405
and 488 nm, respectively. Fluorescence emission was
recorded with the VL3 and BL3 channels as described
before.
The minimal inhibitory concentration (MIC) and sublethal
concentrations were determined for AgNPs. MIC was

assessed according to the M07-A9 protocol of the Clinical
L a b o r a to r y S t a n d a rd s I n s t i t u te [ 2 0 ] , w i t h s o m e
modiﬁcations. Sublethal concentrations were optically
determined by UV-Vis spectrophotometry, at a wavelength
of 600 nm. As control, for AgNPs concentration tested, a
solution without inoculum was used.
Minimal inhibitory concentrations (MIC) for each
organism. Concentration expressed in μg.mL-1
Organisms

AgNPs

E. coli

10

S. Typhimurium

10

S. aureus

12

B. subtilis

11

Effect of AgNPs on cell ultrastructure
In order to compare the effect on cell membrane integrity of
the NPs, bacterial strains were treated with sub-lethal
AgNPs concentrations, and cellular morphology was
visualized with TEM. In comparison with untreated cells
AgNPs treatments disrupt the E. coli and S. Typhimurium
cell membrane, as can be seen by a loss of integrity of the
cell membrane suggesting a direct effect of silver ions on
the cell membrane stability

Structural analysis by Transmission Electron Microscopy (TEM) of E. coli cells exposed
to AgNPs (6 μg.mL-1). Untreated cells were used as control. Representative images of
3 biological replicates are shown.

Effect of AgNPs on cell ultrastructure

Structural analysis by Transmission Electron
Microscopy (TEM) of S. Typhimurium
exposed to AgNPs (6 μg.mL-1). Untreated
cells were used as control. Representative
images of 3 biological replicates are shown.

ENHANCEMENT OF ANTIBIOTICS ANTIMICROBIAL ACTIVITY
DUE TO THE SILVER PARTICLES IMPACT ON THE CELL MEMBRANE
Infectious diseases caused by pathogenic bacteria are one
of the most common causes of death worldwide and a
constant health risk in all countries [22]. Multi-resistant
bacteria constitute one of the most severe worldwide
public health problems [23], and new resistant strains
f requently appear decreasing the efﬁcacy of current
treatments leading to severe public health risks [24].
Unfortunately, the evolution of multi-resistant bacteria has
overcome the development rate of new antibiotics;
th erefore, th e gen eration of n ew an d efﬁcient
antimicrobial treatments are critical [25].
One of the alternatives to ﬁght against multi-drug resistant
organisms is the use of nanoantibiotics (nanomaterials
with antimicrobial properties [26-27]. Due to their antiviral
and antibacterial properties, silver particles (AgNPs) are

the most promising nanoantibiotics nowadays [28-32].
The advantages of AgNPs are a generalized mode of action
against different pathogens, such as viruses, bacteria and
fungi; as well as their antibacterial effectiveness regardless
the microbial susceptibility to conventional antibiotics,
including efﬂux pumps and bioﬁlm formation [33-34].
The AgNPs showed a multi-level mode of action on
bacterial cells affecting metabolic processes:
A) cell wall and membrane disruption and cell permeability
increase [35-38];
B) AgNPs penetration and intracellular damage disrupting
metabolic pathways [39-41];
C) biomolecules damage (DNA, proteins) [42];
D) reactive oxygen species generation [43-45].

AgNPs alter the cell membrane integrity and potential, which increase cell permeability and facilitate antibiotics
intracellular access, increasing the efﬁciency of those antibiotics with intracellular targets.
Sub-lethal AgNPs concentrations depolarized cell membrane in all bacteria analyzed, which leads to an increase in cell
permeability, regardless of the difference in cell wall composition between Gram-positive and Gram-negative bacteria
[46-48]. These increases in membrane permeability might facilitate antibiotics cellular entrance, allowing an intracellular
antibiotics higher efﬁciency

MODEL OF THE MECHANISM OF ACTION OF COMBINED AgNPs-ANTIBIOTIC TREATMENT.

A) β-lactam antibiotics activity, as well as kanamycin (Km) and chloramphenicol (Cm) are shown.
B) In combined treatments, AgNPs depolarize cell membrane affecting permeability and allowing Km and
Cm to reach ribosomes inside the cell and increasing their antibacterial activity (synergistic and additive
effect).

ANTI-MICROBIAL RESPONSE

Silver particles have been studied for their antimicrobial
potential and have proven to be antibacterial agents
against both Gram-negative and Gram-positive bacteria
[1-6]

Pathographic images of inhibition zones of surgical
mask material with silver particles (different
concentrations) with respect to gram-positive and
gram-negative bacteria.
All the samples show the antibacterial activity against
the both gram-positive as well as gram-negative
bacteria under study.

Effect of AgNPs on Staphylococcus aureus and
Escherichia coli. After treatment with nanoparticles
(red arrow), cell surface depressions (white arrows) are
seen in S. aureus (A). Untreated normal staphylococcal
cells are spherical (B). Surface irregularities (white
arrows) are seen in E. coli treated with nanoparticles (C).
Untreated E. coli cells have a smooth cell surface (D).
Magniﬁcation of (A) and (C) is 30 000X, and that of (B)
and (D) is 15 000X. [8]

COMPARATIVE DATA ON THE ANTIMICROBIAL ACTIVITY OF FILTER MATERIALS WITH A
DIFFERENT METHOD OF APPLYING SILVER PARTICLES
ANTIMICROBIAL ACTIVITY OF FILTER MATERIALS

Sample No.

The initial
concentration
of bacteria (CFU / ml)

The concentration of bacteria (CFU / ml) after co-cultivation of the drug
and test strain *
1 square of 1 × 1 cm material
(25 ± 2 mg)

2 squares of material 1 × 1 cm in
size (55 ± 2 mg)

4 hours

24 hours

4 hours

24 hours

1,5×10⁵

1,1×10⁹

8.2×10⁴

1,3×10⁹

Staphylococcus aureus
1.

1,5×10⁴

2.

1,5×10⁴

0

0

0

0

3.

1,5×10⁴

0

0

0

0

Control**

1,5×10⁴

1,3×10⁵

5,7×10⁸

1,3×10⁵

5,7×10⁸

1.

4,5×10⁴

1,1×10⁴

2,8×10⁷

1,4×10³

3,0×10⁴

2.

4,5×10⁴

2,5×10¹

0

0

0

3.

4,5×10⁴

1,3×10³

0

3,7×10²

0

Control

4,5×10⁴

6,0×10⁴

From the data presented in the
table, it can be seen that the
studied samples of ﬁlter
materials differ in their
antimicrobial activity under the
indicated comparable testing
conditions

Escherichia coli

2,1×10⁹

6,0×10⁴

Staphylococcus aureus

2,1×10⁹

Candida albicans. Microbial load 1.5 × 10² CFU / ml
1.

1,5×10²

1,6×10³

1,0×10⁵

1,3×10³

4,7×10⁴

2.

1,5×10²

0

0

0

0

3.

1,5×10²

0

0

0

0

Control

1,5×10²

1,9×10³

1,7×10⁸

1,9×10³

1,7×10⁸

Candida albicans

Candida albicans. Microbial load 4.2× 10³ CFU / ml
1.

4,2×10³

4,7×10⁴

3,0×10⁵

2,8×10⁴

5,7×10⁵

2.

4,2×10³

1,1×10²

0

0

0

3.

4,2×10³

7,0×10¹

0

2,5×10²

0

Control

4,2×10³

9,0×10⁴

3,4×10⁸

9,0×10⁴

3,4×10⁸

* - 0 - means the absence of viable bacteria
in the sample, that is, the bactericidal effect
of the drug in the speciﬁed test conditions

**Control (sample untreated with nanosilver)

The BIOSILVER Lab® AgNPs can easily cross plasma membrane as well as lipid bilayer and enter in to cytoplasm. The
entry of the silver particles in the cytoplasm will eventually lead to the destruction of the bacterial cell via its attack
on the DNA [7]. The bacterial destruction mechanism is presented in below

Soaked face mask
containing silver
nanoparticles

UPPER RESPIRATORY TRACT DISEASES - VIRAL RESPIRATORY INFECTIONS - INFLUENZA
BIOSILVER Lab® solutions show a wide range of
antibacterial activity, have an antiviral effect. This causes
the prospects of their use for the prevention and
treatment of infectious diseases, in particular,
respiratory-viral infections.
With the treatment of a biosilver solution over 300
patients with chronic purulent otitis media and
chronic rhinosinusitis showed a pronounced
antimicrobial activity, accelerating tissue
regeneration in the wound area, reduction of terms
of treatment.

INFECTIOUS DISEASES PREVENTION
An experimental group of 21 people instilled into the
nose several drops of BIOSILVER were every day during
the mass epidemic of inﬂuenza and acute respiratory
infections. During the month observation period in the
experimental group, no-one fell ill with inﬂuenza, acute
respiratory infections in the mild form were ill two
person.
In another group of 26 people during this period, fell ill 7
people, including 3 people with the ﬂu with symptoms
of severe intoxication, high fever and severe headache,
the rest - ARI of varying severity.

Virus +
medium alone

Virus + BIOSILVER Lab® solutions

UPPER RESPIRATORY TRACT DISEASES - VIRAL RESPIRATORY INFECTIONS
11 children in the hospital aged 7-14 years received a
preventive course of sanitation of the nasopharynx with
a diluted 2-fold solution of biosilver for immunity. The
duration of the course was 7-10 days. BIOSILVER Lab®
solutions were used for washing tonsils, irrigation, nasal
instillation, as well as inhalation using a nebulizer.
A signiﬁcant improvement in the condition of the
nasopharynx and tonsils in children was noted,
which allowed in many cases not to use surgical
intervention.

CHRONIC GENERALIZED CATARRHAL GINGIVITIS
The creams and sprays with BIOSILVER Lab® showed
the effectiveness in 50 patients with the treatment of
chronic generalized catarrhal gingivitis. 30 patients
showed the effectiveness of the gel and spray in the
treatment of drug-resistant forms of laryngeal
tuberculosis.

TUBERCULOSIS
The study was carried out based on the TB dispensary.
Evaluation of the effectiveness of the clinical use of the
drug with BIOSILVER Lab® was carried out on the basis
of clinical, laboratory, radiological and bacteriological
data.

It has been demonstrated that the 3.3% solution of
BIOSILVER Lab® possessed of the 100% bactericidal
activity with respect to the medically-resistant
mycobacteria at both maximum and minimum
concentrations of isoniazid. Based on these ﬁndings, this
preparation was chosen for the clinical study. It has
demonstrated higher therapeutic efﬁcacy compared to
standard anti-TB treatment.

RAPID HEALING OF DIABETIC FOOT ULCERS
Diabetic foot ulcers are one of the major complications of
patients with diabetes mellitus. And due to their high
susceptibility to microbial infections, are the leading cause
of hospitalization and amputation of lower limbs.In this
study present for the ﬁrst time the use of AgNPs for the
treatment of diabetic foot ulcers of grade II and III of
Wagner classiﬁcation.

Chronological evolution of the lesion
of a diabetic foot ulcer classiﬁed as
Wagner grade III of 48-years-old
male with controlled type 2 diabetes
A) Initial appearance of the ulcer;
B) Ulcer after debridement, evolution
of the DFU after;
C) 8 days;
D) 21 days of treatment with AgNPs
solution.

Spheroidal morphology
of AgNPs showed by a
TEM image.

Ulcers were treated by topical administration of AgNPs (at
1.8 mg/mL of metallic silver) in addition to conventional
antibiotics. In all the cases presented in this study, a
signiﬁcant improvement in the evolution of ulcers was
observed upon AgNPs administration. The edges of the
lesion reached the point of closure.
Topical administration of AgNPs solution causes an
improvement of the wound healing in average in less
than 25 days of treatment.

Chronological evolution of an ulcer Wagner grade II of a diabetic male
patient of 54-years-old with type 2 diabetes
A) Initial appearance of the ulcer. Evolution of the DFU after; B) 11 days; C) 12
days; D) 26 days of treatment with AgNPs solution.

ANTIFUNGAL PROPERTIES
Candida albicans is the most common fungal pathogen in
humans. According with the deﬁnition of fungistatic versus
fungicidal effect [19], in this study AgNPs were found to
present a fungicidal effect on C. albicans, since cultures
treated with the MIC (minimum inhibitory concentration)
were unable to recover after treatment, even after
inoculation in fresh culture medium in successive
subcultures.

Microscopic analysis of C. albicans from liquid cultures.
A, B) Cells from control cultures observed under optical bright ﬁeld
microscopy and TEM, respectively; C, D) Cells exposed to silver particles were
agglomerated and surrounded by AgNPs as seen by optical bright-ﬁeld
microscopy (C) and conﬁrmed by TEM (D). Black arrows indicate Candida cells
and white arrows indicate AgNPs aggregation.

It was clearly demonstrated that after the exposure time
of 24 h, no cell viability was recorded. Another important
result was to discover that the mode of action of AgNPs
is to aggregate outside the fungal cells, releasing silver
ions and thus inducing cell death through the reduction
process resulting from the interaction of cell
components with ionic silver.

Chemical characterization of intracellular nanoparticles. A) HAADF image in
which analysis of internal AgNPs was carried out, B) Closer view of internal-external
particles, C) Ampliﬁed image of analyzed internal particle, (D–F) Images of
analyzed internal particle, G) EDS analysis showing the presence of silver, H)
Variation of Ag and Os along a trace line at neighbor points near the particle
indicated by a yellow arrow in Figs A to E; sampled points can be seen as black dots
in D and E. Yellow arrows point out analyzed particle, red arrows point out
extracellular AgNPs. Enclosed area in (F) indicates the zone where chemical
analysis was conducted, and the image in the upper corner is the diffraction
pattern of analyzed particle, conﬁrming the presence of crystalline silver

II. ANTIVIRAL RESPONSE
Several viral diseases that emerged in the last few decades
have now become entrenched in human populations
worldwide. The best known examples are: coronavirus, West
Nile virus, monkey pox virus, Hantavirus, Nipah virus,
Hendravirus, Chikungunya virus, and last but not least, the
threat of pandemic inﬂuenza viruses, most recently of avian or
swine origin.
Unfortunately the methodological advances that led to their
detection have not been matched by equal advances in the
ability to prevent or control these diseases.
The course of viral infections is governed by complex
interactions between the virus and the host cellular system. All
viruses depend upon a host cell for their protein synthesis.
Thus, all viruses replicate via a broadly similar sequence of
events.
The virus must ﬁrst bind to the cell, and then the virus or its
genome enters in the cytoplasm. The genome is liberated
from the protective capsid and, either in the nucleus or in the
cytoplasm, it is transcribed and viral mRNA directs protein
synthesis, in a generally well regulated fashion.
Finally, the virus undergoes genome replication and
together with viral structural proteins assembles new virions
which are then released from the cell.
Each of the single described phases represents a possible
target for inhibition. Drugs that target viral attachment or
entrance have proved to be very difﬁcult to be discovered. In
fact, to date, only one entry inhibitor has been approved by the
US Food and Drug Administration (FDA). This is enfuvirtide (T20), a synthetic peptide that targets the HIV gp41 envelope
protein to prevent fusion.
KEY STEPS IN THE VIRUS REPLICATION CYCLE
THAT PROVIDE ANTIVIRAL TARGETS

SCHEMATIC MODEL OF A VIRUS INFECTING AN EUKARYOTIC CELL
AND ANTIVIRAL MECHANISM OF SILVER PARTICLES.
Most of the published studyes the antiviral activity of
silver particles against enveloped viruses, with both a
DNA or an RNA genome. Considering that one of the
main arguments toward the efﬁcacy of the analysed
particles is the fact that they in virtue of their shape and
size, can interact with virus particles with a well-deﬁned
spatial arrangement, the possibility of silver particles
being active against naked viruses.
In most cases, a direct interaction between the silver
particle and the virus surface proteins could be
demonstrated.

Besides the direct interaction with viral surface
glycoproteins, metal particles may gain access into the cell
and exert their antiviral activity through interactions with
the viral genome (DNA or RNA). Furthermore, the
intracellular compartment of an infected cell is
overcrowded by virally encoded and host cellular factors
that are needed to allow viral replication and a proper
production of progeny virions. The interaction of metal
particles with these factors, which are the key to an
efﬁcient viral replication, may also represent a further
mechanism of action.

INTERACTION OF SILVER PARTICLES
Studies show that silver particles can be effective antiviral agents against HIV-1 [9–12],
hepatitis B virus [13], respiratory syncytial virus [14], herpes simplex virus type 1 [15],
monkeypox virus [16], inﬂuenza virus and Tacaribe virus [17].
INTERACTION OF SILVER PARTICLES WITH HIV-1
silver particles

gp120 glycoprotein knobs
+ silver particles

HIV-1 structure

Inﬂuenza virus structure

a) HAADF image of an HIV-1 virus exposed to silver nanoparticles. Inset shows the regular spatial
arrangement between groups of three nanoparticles. b) HAADF image of HIV-1 viruses without silver
nanoparticle treatment. Inset highlight the regular spatial arrangement observed on the surface of the
untreated HIV-1 virus.

Silver particles undergo a sizedependent interaction with HIV-1, with particles
exclusively in the range of 1–10 nm attached to the virus. The regular spatial
arrangement of the attached particles, the center-to-center distance between
particles, and the fact that the exposed sulfur-bearing residues of the
glycoprotein knobs would be attractive sites for particle interaction suggest that
silver particles interact with the HIV-1 virus via preferential binding to the gp120
glycoprotein knobs. Due to this interaction, silver particles inhibit the virus from
binding to host cells, as demonstrated in vitro.

Coronavirus structure

The speciﬁcity of AgNPs in its natural tendency to disulﬁde bonds plays an
important role in the antiviral activity, therefore blocking the host receptor
binding sites of the virus.[18]
Hepatitis B virus structure
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