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Abstract: Infectious bronchitis (IB) of chickens is a highly contagious disease characterized by
damage of the respiratory system and reproductive organs in young animals caused by a virus
of the genus Gamma coronavirus. The condition of the respiratory system caused by the IB virus
in chickens has many similarities with the pathology of the respiratory system caused by SARS-
CoV-2 in humans. The effectiveness of virucidal drugs (Argovit, Triviron, Ecocid, and lauric acid
monoglyceride) was tested on chickens inoculated with a tenfold dose of a vaccine strain based on
the attenuated virus H120 against IB of chickens. On the 6th day after inoculation, inflammatory
changes in the intestines, lungs, and thymus were observed in the control group. The experimental
groups were characterized by less pronounced inflammatory reactions and a lower proportion of
thymus and lung probes containing genomic IB virus RNA. Since the virucidal activity of four
orally administrated formulations was possible only in the intestine, the experimental data indirectly
confirmed the hypothesis of the possibility of the predominant accumulation of coronaviruses in the
intestine and subsequent lung damage due to the hematogenous redistribution of viral particles and
IBV antigens. It was suggested that other coronaviruses including SARS-CoV-2 can implement a
similar mechanism.

Keywords: virucidal drugs; IBV; chickens; Coronaviridae; silver nanoparticles; artificial ribonuclease;
monoglyceride lauryl acid

1. Introduction

Infectious bronchitis (IB) of chickens is a highly contagious disease characterized by
damage to chickens’ respiratory and reproductive organs [1–5]. Diseases of the respiratory
system caused by the infectious bronchitis virus (IBV) [5] have common features with
the pathology of the respiratory system caused by SARS-CoV-2 in humans [6]. IB and
SARS-CoV-2 viruses have many similarities: both are low copy coronavirus, both have a
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lipid envelope, and for both, the immune system reaction contributes significantly to the
damage. These give the basis to believe that the mechanisms of action of these two viruses
are similar.

Bacterial viruses (bacteriophages) are a very convenient model for studying various
drug virucidal activities. Specifically, bacteriophage ϕ6 belonging to the Cystoviridae
family is a promising model. These phage particles have a spherical or icosahedral shape
and dsRNA type of nucleic acid. The presence of capsids in its composition makes it an
effective model for testing the activity of virucidals and disinfectants against enveloped
viruses, including coronaviruses. The virucidal activity of substances determined with
the ϕ6 bacteriophage model allows the estimation of their activity against various viruses
containing lipids in their capsid, such as herpesviruses 1 and 2 and coronavirus SARS-
CoV-2, which infect eukaryotic cells [7–9]. The ϕ6 bacteriophage infects P. phaseolicola
plant pathogen bacteria. Consequently, the advantage of working experimentally with a
ϕ6 bacteriophage and plant pathogenic bacteria is that neither the phage nor the bacteria
are pathogenic to humans, which minimizes the requirements for the laboratory biosafety
level. Some research groups successfully applied the ϕ6 bacteriophage as a model for the
SARS-CoV-2 virus [10,11].

Drugs possessing virucidal activity in the small intestine can be effective against
viral infections in other tissues. Clinical observations showed the effectiveness of Ecocid,
Triviron, Argovit, and lauric acid monoglyceride (C12) against viral mal-absorption in
poultry farms (flavivirus, astroviral etiology). Ecocid shows high antibacterial and virucidal
activity combined with low toxicity and stability in a living organism, making it a promising
alternative as a topical virucidal agent [12] and a disinfectant that prevents the horizontal
transfer of antibiotic resistance genes [13]. Triviron virucidal formulation began to be used
in veterinary medicine relatively recently [14,15]. The mechanism of action has no analogs
and belongs to a new pharmacological group of synthetic ribonucleases [2,16]. Silver
nanoparticles [8,17–20] including Argovit AgNPs [21–24] have recently shown virucidal
effects against some viruses, and are therefore also potentially effective against the SARS-
CoV-2 virus. Lauric acid monoglyceride (Monolaurin) is known to inactivate lipid-coated
viruses by binding to the lipid–protein envelope of the virus, thereby preventing it from
attaching and entering host cells, making infection and replication impossible [25]. Other
studies show that Monolaurin disintegrates the protective viral envelope, killing the
virus [26,27]. Monolaurin has been studied to inactivate many pathogens, including the
Herpes simplex virus [25–28].

The present study aimed to screen the virucidal activity of the four formulations
mentioned above on in vitro (bacteriophage ϕ6) and in vivo (IB of chickens) models for
SARS-CoV-2 infection.

2. Materials and Methods
2.1. Formulations

Argovit 1% is an aqueous suspension of highly dispersed silver nanoparticles
(0.6 mg/mL of metallic silver) stabilized with polyvinylpyrrolidone, produced by the Cen-
ter of Investigation and Production “Vector-Vita”, Novosibirsk, Russia. Argovit™ is a stable
suspension in water with an AgNP concentration of 200 mg/mL (20% w/w). The metal-
lic Ag (content 1.2% w/w) is stabilized with polyvinylpyrrolidone (PVP 12.6 ± 2.7 kDa,
content 18.8%) of AgNP total weight. The remaining 80% of the weight is distilled water.
AgNPs have a spheroidal shape with a size varying from 1 to 90 nm and an average diame-
ter of 35 ± 12 nm. The hydrodynamic diameter is 70 nm, the ζ potential is −15 mV, and a
plasmonic resonance peak is registered at 420 nm [29]. Triviron (0.03% synthetic ribonu-
clease (1,5-bis-[N, N-1- (4-tetradecyl) diazoniabicyclo [2.2.2] octyl] pentane tetrobromide)
was produced by «Trionisvet» Ltd., Korolev, Russia. Ecocid (0.05%), produced by Krka, d.
d., Novo Mesto, Slovenia, contains a triple salt of potassium peroxomonosulfate (50%), as
well as auxiliary substances: surfactants (sodium dodecylbenzene sulfonate), organic acids
(malic, sulfamic), inorganic buffer systems (sodium chloride and sodium polyphosphate),
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Azo Diestaff dye, and Citron as an aromatic additive with a lemon scent. Used in our work,
Ecocid, Triviron, and Argovit are certified and are commercially produced. Lauric acid
monoglyceride (0.005%) was synthesized and kindly provided by Dr. Fomenko Vladislav
from institute N.N. Vorozhtsov, Novosibirsk Institute of Organic Chemistry of SB RAS.

2.2. Bacteriophage ϕ6 In Vitro Model

Bacteriophage ϕ6 (belonging to the Cystoviridae family) was used as an in vitro model
to assess the formulations’ virucidal activity. A Pseudomonas phaseolicola cell culture was
used to determine phage particle activity. The tested preparations were incubated with a
bacteriophage culture at room temperature at various concentrations. After 1, 5, 15, 30, and
60 min of incubation, inoculation of samples containing bacteriophages and formulations
and only bacteriophage (control group) was carried out. The residual concentration of
bacteriophage inoculations was determined in 10-fold dilutions. The survival rate of
phage particles was determined by the method of two-layer agar (Grazia method). The
studies were carried out at room temperature (26 ± 2 ◦C). All experiments were performed
in duplicate.

2.3. Poultry

Cross Shaver male chickens aged 14 days and 198–210 g each were kept indoors and
fed with standard granulated chicken feed. The experimental protocol involving animals
was reviewed and approved by the Ethical Committee of Novosibirsk State Agrarian
University of Siberian Federal Scientific Center of Agro-BioTechnologies of the Russian
Academy of Sciences CM K PO 15-01-2019/No.3 of 10.03.2021.

2.4. Inoculum Administration

Chickens received a tenfold dose of a vaccine against IBV (from the H120 strain, live,
dry) consisting of 5 lg Embryo Infectious Dose (40 per head). It was administered orally to
each chicken. Experimental groups and a control group of 13 animals were formed.

2.5. Dosage Administration

The dosages of the preparations were as follows: Argovit and Triviron, 250 and
285 µL/animal, respectively. They were administered two times a day (in the morning
and the evening) to each animal. The lauric acid monoglyceride dose was 0.1 mg/animal.
Ecocide C (0.05%) dose chickens drank freely when they wanted (57 mL per day per
head). For drinking water sanitation for animals, including birds, it is recommended to use
0.1% Ecocide C in water. Here, half of the recommended concentration was applied. All
formulations were administered for 5 days. The animals were slaughtered on the 6th day.
In Table 1, consumption per head per day for the studied formulations is summarized.

Table 1. Consumption per head per day for studied formulations.

No. Formulation Consumption of Active Component per
Head per Day (µg)

1 Argovit C, 0.06% (metallic silver) 150

2 Triviron, 0.03% 85.5

3 Lauric acid monoglyceride (C12), 0.05% 100

4 Ecocid C, 0.05% 28,500

2.6. Histopathological Evaluation

The lung histopathological analysis was performed under an Imager D1 luminescence
microscope (Zeiss) using AxioVision v 4.6.3.0 software (Zeiss, Jena, Germany). Briefly,
the lung pieces (~1 mm thick) were placed in a 96-well plate filled with distilled water
(150 µL per well), and 20 µL SYBRTM Green (1:1000) and 5 µL of SyproTM Ruby dye
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(BioRad Laboratory) were added per well. Then, they were kept for 20 min to counterstain
the preparations.

Luminescence microscopic analysis of lung pieces was carried out according to an
original technique of a short period staining mode, whose principle consisted of stain-
ing a formalin-fixed biomaterial with two dyes. SYPRO Ruby intercalates proteins and
glows, while SYBR Green I binds to DNA and fluoresces in orange-red and green ranges,
respectively. The staining is carried out within a short period (20 min), during which dye
diffusion occurs in a thin layer of cells, which avoids the intense background fluorescence
of entire pieces of tissue. Thus, in contrast to histological examination, a short period
staining mode is suitable for studying thin tissue layers. This mode makes it possible to
visualize better epithelial and endothelial cells (for example, the inner surface of the bronchi
and blood vessels and intestinal epithelium). Additionally, this mode provides a good
visualization of blood capillaries, hemorrhages, and tissue saturation with hemoglobin,
which is accompanied by a sharp decrease in fluorescence intensity. The difference of this
luminescence microscopic mode from confocal microscopy lies in the lower price of the
used equipment, faster staining process, more detailed observations of epithelium surfaces,
and the influence of the diffusion process microscopic picture.

2.7. qRT-PCR

RNA was isolated from internal organs using silica columns, with preliminary lysis
of cells with guanidine isothiocyanate. The copy number of the IBV was assessed by
qRT-PCR [14].

3. Results
3.1. Verification of the Virucidal Action with Bacteriophage ϕ6

Experiments with a virus model (bacteriophage ϕ6) were conducted as a preliminary
test to estimate active doses of the studied formulations. Triviron’s effective concentration
was ≥0.003% (30 µg/mL) for 1 min. At this point, the formulation completely suppressed
the activity of phage particles (Table 2). Ecocid, at a concentration of 0.05% (500 µg/mL),
completely suppressed viral activity in vitro within a minute, while Argovit, at a concen-
tration of 0.00001% (0.10 µg/mL) of metallic silver, inactivated viral particles at ≥ 15 min
of incubation. Lauric acid monoglyceride practically did not show a decrease in bacte-
riophage ϕ6 concentration for 60 min. So, experiments in vitro on the bacteriophage ϕ6
model demonstrated that among the four studied formulations at used concentrations,
the virucidal activity decreases in the order: Ecocid ≈ Triviron > Argovit >> lauric acid
monoglyceride.

The presence of capsids in the composition of the bacteriophage ϕ6 makes it an
effective model for testing the activity of virucidal and disinfecting drugs against enveloped
viruses, including coronaviruses. As follows from the obtained results (Table 1), Ecocid,
Triviron, and Argovit in the used concentrations in in vitro experiments suppressed the
activity of the enveloped virus, whereas lauric acid monoglyceride was practically inactive.

Table 2. Change in the concentration of bacteriophage ϕ6 after incubation with virucidal drugs.

Formulation Name and
Concentration

Bacteriophage ϕ6 Concentration, PFU */mL

Initial
After Exposure Time (min).

1 5 15 30 60

Ecocid 0.05% (500 µg/mL) 9.6 ± 0.17 × 105 0 0 0 0 0

Triviron 0.003%, (30 µg/mL) 1 ± 0.00 × 107 0 0 0 0 0

Lauric acid monoglyceride
(C12), 0.05% 1 ± 0.57 × 107 7.4 + 1.3 × 107 1.1 + 0.11 × 107 2.0 + 3.3 × 107 1.3 + 0.33 × 107 8.9 + 6.3 × 106

Argovit, 0.00001%
(10 µg/mL) of
metallic silver

4.2 ± 0.15 × 106 3.4 + 0.63 × 104 6 + 0.115 × 102 0 0 0

* Plaque-forming unit (PFU).



Vet. Sci. 2021, 8, 239 5 of 14

3.2. Postmortem Examination

After the autopsy, the characteristic changes in the thymus (the IBV affects the
medullar zone of the thymus) and lung were noted (Figure 1). The lungs were hyperemic,
edematous, and sometimes triangular and diamond-shaped lesions were observed, indi-
cating hematogenous drift of the infectious agent to these zones. The small intestine also
showed hyperemia. The large intestine was unchanged. The kidneys were not inflamed. In
most experimental groups, changes in the intestines, lungs, and thymus were completely
absent or less pronounced than in the control group. The most severe lesions were observed
in the control and then in the lauric acid monoglyceride-treated group organs.
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Figure 1. Macroscopic observations in lungs and thymus of control and experimental groups.
Pneumonia signs were observed in the control group lungs (A) and experimental group lungs
(B). Thymus inflammation in the control group (C) and thymus without noticeable changes in the
experimental group (D).

Inflammatory changes in the intestines were observed in all groups, but these changes
were lesser in the Ecocid and Triviron groups. Lung lesions relative to the control group
were less pronounced in the Triviron-treated group. The smallest number of inflammatory
reactions in the thymus was observed in poultry after Ecocid and Triviron application. So,
the postmortem examination showed that the inflammatory responses in the studied groups
increase in the following order: Triviron < Ecocid < Argovit < lauric acid monoglyceride
< control.

3.3. Lung Luminescence Microscopy Histopathological Study
3.3.1. The Control Group

The control group is predominantly characterized by interstitial pneumonia in fo-
cal lesions involving the groups of segments of the parabronchus. In this case, some
parabronchus does not present pathologic morphological changes, and others were ex-
cluded from the gas exchange, which leads to a decrease in overall gas exchange. The
protein fluoresces in red; a reduction is due to infiltrative processes. An increase in luminos-
ity can be associated with exudative processes and respiratory epithelium desquamation.
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Hemorrhages were found (Figure 2A). A narrowing of the air capillaries further develops
the inflammatory process due to thickening the interstitium and lamina propria associated
with inflammatory infiltration (Figure 2B). More severe lesions are accompanied by the
accumulation of serous exudate and total overlap of the lumens of the airway capillaries;
exudate rich in cells accumulates in the parabronchus (Figure 2B), and diffuse hemorrhages
appear. The fact that the lesion of the pulmonary parenchyma is topologically associated
with hematogenous drift of the pathogen can be confirmed by identifying signs of vasculitis
and perivascular hemorrhage infiltrates (Figure 2C). Another criterion for the primary
involvement of blood vessels in the pathological process (from the pulmonary artery side)
is the absence of a uniform radial lesion of the parabronchial segments (Figure 2D). As
shown in Figure 2D, there is an overlap of the air capillary lumens on the pulmonary
parenchyma areas adjacent to the site of interstitial inflammation. Opposing areas of the
parabronchial segments present a well preserved network of air capillaries.
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Figure 2. Luminescence microscopy photograph. Lungs and parabronchi of the control group stained
with SYBR Green and Sypro Ruby (×50). (A) Interstitial inflammation in the lungs: 1—infiltrates,
2—air capillaries, 3—parabronchus, 4—blood vessel, 5—areas of the parabronchial segment with
a decrease in the lumen of the air capillaries due to infiltration. (B) Focal changes in the lung:
1—inflammatory infiltration of the parabronchial segment, 2—saturation with serous-catarrhal exu-
date of the lung parenchyma and loss of the lumen of the airway capillaries, 3—hemorrhage, 4—the
lumen of the parabronchus, 5—preserved air capillaries. (C) Vasculitis in the vessels: 1—fibrinoid
inflammation of the vessel wall (artery), 2—suppression of fluorescence at the site of tissue imbibi-
tion by hemoglobin, 3—increased density of cells associated with inflammatory infiltration of the
interstitium of the lung. (D) Inflammatory changes in the parabronchi: 1—air capillaries that have
retained the lumen, 2—air capillaries that have lost their lumen due to inflammatory infiltration,
3—parabronchi, 4—hemorrhages around the affected blood vessel.
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3.3.2. The Group Treated with Argovit

A comparative analysis of the results obtained in luminescence microscopy histopatho-
logical study revealed that the lungs were less affected in the group receiving the Argovit
formulation. So, the Argovit-treated group was chosen for comparative analysis with the
control group. A change interval from the complete absence of signs of inflammation to
significant changes like the ones presented in Figure 2 was observed. Thus, Figure 3A,B
show photographs of two lung samples characterized by a complete lack of inflammatory
changes. The histoarchitecture of the respiratory surfaces of the parabronchus is not dis-
turbed; there are no inflammatory infiltrates and hemorrhages. In contrast, lung changes
compared to the control group in some individuals were observed (Figure 3C).
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3.3.3. IBV in Chickens with RT-PCR
Intestine

As shown in Figure 4, the virus concentration detected in the intestine in all studied
groups varied in 8–10 orders of magnitude range, changing from 0.000038 to 2,482,450.
At the same time, it is important to mention that the virus was detected in ≤69% of
poultry intestines of each group. In the control group, viral concentration was detected
in 69% of poultry intestines and varied 10 orders of magnitude from 0.000245 to 2,482,450
(Figures 4 and 5). After formulation treatments, virus concentration in the intestine
changed in 8–9 orders (9 orders for Ecocid, Argovit, and C12 and 8 orders for Triviron),
and poultry percentage with the detected virus was 38%, 54%, 54%, and 46%, respectively
(Figures 4 and 5).

Lungs

Virus concentration in lungs varied 0–6 orders of magnitude: 4, 6, 0, 3, and 4 for
Ecocid, Argovit, Triviron, C12, and the control group, respectively (Figure 4). For Ecocid,
Argovit, Triviron, C12, and the control group, the number of chickens with the detected
virus was four, two, one, five, and four among thirteen chickens in every group, which
corresponds to 31, 15, 8, 39, and 31%, respectively (Figures 4 and 5).
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Figure 4. The concentration of IBV in the intestine, lungs, and thymus in chickens of the experimental
and control groups. Data are presented in 2−(∆∆Ct) units, which reflect the concentration of IBV
from chickens treated with Ecocid (O), Argovit (∇), Trivirion (�), C12 (♦), Control (*). Every group
contains data for 13 chickens.
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Figure 5. The percentage of chickens with virus detected in intestine, lungs, and thymus for all
studied groups.

Thymus

After treatment with Ecocid and Triviron, the virus was not detected by PCR. Virus
concentration in the thymus was detectable only for the Argovit, C12, and control groups
(Figures 4 and 5). Virus concentration varied 1-5 orders of magnitude inside these groups,
being 1, 1, and 5 in the range from 7.16 × 10−10 to 1.03 × 10−8, from 2.64 × 10−11 to
2.95 × 10−10, and from 1.43 × 10−10 to 6.01 × 10−5 for Argovit, C12, and the control group,
respectively (Figure 4). The virus was detected on 23, 31, and 15% of poultry thymus,
respectively (Figures 4 and 5).

4. Discussion

The results showed that treatment with all four studied formulations decreased the
poultry percentage with virus detected in the intestine compared to the control group. The
percentage of chickens in which the virus was detected on intestines was considerably
higher in the control group (69%) than in experimental groups, being 38, 54, 46, and 54%
for Ecocid, Argovit, Triviron, and C12, respectively (Figures 4 and 5). The variation in virus
concentration in the control group (11 orders of magnitude) was slightly higher than in
experimental groups (8–9 orders of magnitude).

The investigation of virus concentration in the lungs (Figures 4 and 5) showed a
decrease in the fraction of chickens with detectable virus concentration, virus concentration,
and an interval of variation in detected virus concentration in each group compared with
the intestine. The fraction of chickens with detectable virus concentration in the lungs was
lower than in the intestine, being 31% < 38% for Ecocid, 15% < 54% for Argovit, 8% < 46%
for Triviron, 39% < 54% for C12, and 31% < 69% for the control group (Figure 5). These
results showed that virus RNA in the lungs was detected on a minimum fraction of chickens
for Triviron (8%) and Argovit (15%). These results are consistent with histopathological
studies, where Argovit showed minimal lesions in epithelial and endothelial cells in the
lungs (Figure 2). Maximum virus concentrations measured in the lungs were less than in
the intestine for all studied groups. These concentrations decreased by 3, 7, 5, and 10 orders
of magnitude for Ecocid, Triviron, C12, and the control group, respectively. However, the
concentration only decreased by half for Argovit. The virus concentrations in lungs varied
in all groups between 0 and 6 orders of magnitude: 4, 6, 0, 3, and 4 for Ecocid, Argovit,
Triviron, C12, and the control, respectively.

Intestine virus concentrations varied in all groups between 8 and 11 orders of magni-
tude. This difference could indicate that intestinal tissue has conditions promoting viral
replication, while lung tissue is more restrictive to viral replication. Unexpectedly, it was



Vet. Sci. 2021, 8, 239 10 of 14

observed that virus concentrations in the lungs in the control group were much lower
(between 9.19 × 10−9 and 1.07 × 10−4) than in experimental groups (between 3.3 × 10−3

and 3.1 × 102). The explanation of this effect will need further studies. In contrast, thymus
viral concentration was very low (Figure 5), and for Ecocid and Triviron, viral RNA was
undetectable using qRT-PCR. For Argovit, C12, and the control group, most values were
between 2.6 × 10−11 and 1.0 × 10−8. Additionally, only one data point for the control
group was higher (6.0 × 10−5). This might be related to the fact that the thymus belongs to
the immune system and, therefore, it highly restricts viral replication and/or eliminates
viral particles.

All the above results demonstrate that all four studied formulations demonstrated
virucidal activity against IB virus. Argovit, Triviron, and Ecocid showed some advantages
compared with C12. However, in general, the difference in the virucidal activity of the
four formulations was not significant. This work is only a first approximation of using
these formulations against IBV, and further studies are needed to clarify the potential use
of these formulations.

Obtained data showed that on the 6th day after IBV injection, the virus concentration
was significantly higher in the intestine than in the lungs and thymus in all groups. The
period of six days after inoculation was adequate time for the dissemination of the virus
to all organs by blood circulation. Supposing that the intestine was not the organ with
optimal conditions (among the three studied organs) for virus replication, after 6 days,
the concentration of the virus would be maximal in other organs (if they have optimal
conditions for replication), for example, in the lungs. However, this was not observed
experimentally. Instead, the highest viral concentration was observed in the intestine.
Hence, the obtained results suggest that the intestine is the organ with the highest cell
secretory potential, receptors, and enzyme systems suitable for the reproduction of coron-
avirus and the maturation of viral particles, which creates optimal conditions for primary
virus replication and accumulation. It implies that, specifically, the intestine serves as a
source for virus dissemination to other organs. Low virus concentrations in the lungs and
thymus could indicate that viral replication is occurring relatively slowly. However, lesions
observed in our experiments in the lungs might show that the virus is not eliminated
quickly from the lungs because even at low concentrations it manages to cause lesions. The
hypothesis about the primary role of intestinal tissue in the replication/accumulation and
source of dissemination of IBV was suggested in our previous publications [1,30].

The obtained results suggest the following mechanism of IB virus entering the organism.
Firstly, the virus enters the nasopharynx and interacts with the mucus. The nasopharynx
mucus layer (a porous gel net) acts as an impenetrable physical barrier to most pathogens.
However, because the pore diameter of the gel net (approximately 500 nm) is significantly
larger than the IB virus diameter (50–100 nm) [4], the IB virus easily penetrates mucus pores.
Once swallowed, the mucus is digested by the gastrointestinal system, and the virus starts
to replicate. It is important to mention that the size of the SARS-CoV-2 virus (approximately
60–140 nm) [31] is close to the IB virus diameter (50–100 nm).

Because IB and SARS-CoV-2 viruses are similar, the mechanism suggested above for
IB virus could also be applied to the SARS-CoV-2 virus. The results of recent works confirm
the validity of our hypothesis that the intestine is the principal organ for virus reproduction
and accumulation, and it serves as a source of virus dissemination into other tissues. These
results agree with the fact that that the highest ACE2 expression in human organisms
occurs in the intestinal enterocyte brush border [32,33]. Although it was reported that
ACE2 is expressed in the lung, liver, stomach, ileum, kidney, and colon, its expressing
levels there are relatively low, especially in the lung. In lung AT2, this level is 4.7-fold
lower than the average expression level value of ACE2-expressing cells of all 13 cell types
studied in this work [32].

Some recently published clinical observations indicate the relevant role of the intestine
in the infection caused by the SARS-CoV-2 virus, which agrees with our hypothesis. SARS-
CoV-2 viral RNA can be detected in rectal swabs when nasopharyngeal testing was already
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negative, suggesting long-term gastrointestinal infection [34]. The recent observations
showed that gastrointestinal symptoms were observed in 57% of the patients infected
with SARS-CoV-2. In addition, these symptoms sometimes occurred without respiratory
symptoms. Gastrointestinal manifestations are more common in patients with severe
disease than in patients with non-severe disease. For approximately 48.1% of patients with
severe acute respiratory syndrome COVID-19, a stool sample was positive for SARS-CoV-2
RNA virus [35]. This hypothesis [36] suggests that complications after COVID-19 could be
caused by SARS-CoV-2-upregulated angiotensin II-caused disruption of mucosal barriers
with following microbial and/or lipopolysaccharide movement from the gastrointestinal
tract into various tissues.

Coronavirus modulates autophagy or its components for its benefit, primarily the
autophagosomes used as replication and transcriptional niches. The IBV induces the
formation of autophagosomes via the MAPK/ERK1/2 pathway dependent on Atg5 [37].
However, the induction of autophagy also facilitates the activation of apoptosis by gener-
ating a platform for activating caspase-8 or depleting endogenous inhibitors of this cell
death pathway [38,39], as observed on tumor cells exposed to Bortezomib, which showed
apoptosis via caspase-3 activation [40,41].

Although MAPK/ERK1/2 pathways generally promote cell survival, certain cir-
cumstances such as DNA or oxidative damage function as pro-apoptotic signaling [42].
Oxidative stress and DNA damage have been described on several tumor cells exposed to
Argovit AgNPs, promoting cell death by an intrinsic apoptotic pathway [43,44]. Thus, the
apoptotic pathway could be activated on cells harboring IBV due to the virus-promoted
autophagosome increase and redox damage promoted by the presence of AgNPs, leading
to cell death and the inhibition of virus proliferation. This fact could explain the viral titer
decrease observed in the lungs after the administration of silver nanoparticles.

Furthermore, the absence of inflammatory infiltrates or hemorrhages observed in the
lungs treated with AgNPs could be associated with the selective cytotoxic effect that should
be kept only on those cells with increased autophagosomes, which are more susceptible to
oxidative damage than non-infected cells. The above-mentioned cytotoxic selectivity was
already observed on tumor and non-tumor cells exposed to AgNPs, where non-transformed
cells showed no oxidative damage compared with tumoral cells [45].

It is also worth mentioning that recently published works describe the first experimen-
tal data on infection prevention with SARS-CoV-2 in humans at least for two formulations
studied here (Argovit and C12). For example, recently, Argovit was studied in vitro and
in vivo to prevent SARS-CoV-2 infection in health workers. The inhibitory effect of AgNPs
in SARS-CoV-2 NL/2020 strain replication in cultured Vero E6 cells was confirmed [46].
A randomized study (with 114 and 117 participants in experimental and control groups,
respectively) demonstrated that mouthwash and nose rinse with 1% Argovit-C reduced
the SARS-CoV-2 infection rate 16 times in healthcare personnel attending on average
169 patients with COVID-19 per week per person [47]. It was demonstrated that the silver
nanocluster/silica composite coating deposited on facial masks possessed a virucidal effect
against SARS-CoV-2 [29]. The investigation of blood serum samples collected from 51
healthcare workers of an Italian COVID-19 hospital showed that a higher concentration
of C12 was observed in protected workers compared with those infected with SARS-CoV-
2 [46]. The authors suggested a potential defensive role of monolaurin against SARS-CoV-2
infection. They offered a randomized controlled trial of monolaurin supplements to confirm
these observational findings before any therapeutic recommendations can be made.

Hence, the results of our study showed that it is vital to consider the prospects for
combating coronavirus infections, including COVID-19, using virucidal drugs. Virucidal
drugs are substances causing the inactivation of viral particles, thereby limiting the infection
of new cells and preventing the damage of cells and body tissues. Silver nanoparticles
should also be included in this class of drugs. Unlike classical antiviral drugs, for example,
inhibitors of the activity of RNA-dependent RNA polymerase of coronaviruses (Areplivir,
Remdesivir, etc.), virucidal drugs are not required to penetrate the cell to exert their
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virucidal effect. For this reason, the dosage of virucidal medicines may be less. Therefore,
their toxic effect may be significantly less due to poor transport into cells (which reduces
the risks of metabolic disorders).

One feature of the pharmacokinetics of many virucidal drugs is poor penetration
through mucous barriers. However, the inactivation of viral particles on the surface of
mucous membranes (intestines, nasopharynx) with virucidal medications, combined with
an intensive self-cleaning of the surfaces of mucous membranes, creates good prospects for
limiting the entry of the SARS-CoV-2 virus into the blood and lymphatic vessels, followed
by hematogenous and lymphomatous transport to the pulmonary circulation (lungs). The
intensity of biosynthetic processes (such as virus replication) in the epithelium of mucous
membranes is extremely high. Limiting the reproduction of the virus in the nasopharynx
and intestine can have a systemic effect on the development of COVID-19.

5. Conclusions

Four formulations (Ecocid, Triviron, Argovit, and lauric acid monoglyceride) possess-
ing virucidal activity in the small intestine showed potential against chicken infectious
bronchitis virus. Based on the obtained results, our hypothesis is that the transmission of
IB virus in chickens occurs not through the respiratory system but through the intestine,
where more RNA was determined. Then, from there, it is disseminated to other organs,
including the lungs. To the best of our knowledge, our group is the first to propose such a
route of infection for the IB virus.

Considering that IB is proposed as a model for SARS-CoV-2, because both viruses
are low-copy coronaviruses with a lipid envelope and similar diameters, it was suggested
that a similar mechanism based on primary virus replication and accumulation in the
intestine could also be carried out for the SARS-CoV-2 virus. If confirmed, this paradigm
may open up innovative treatments for COVID-19 and other respiratory diseases caused
by a coronavirus, targeting intestinal viral load to minimize infection in other tissues.

Author Contributions: Conceptualization, V.A., N.B., A.P., Y.T.-M.; methodology, V.A., V.C., E.N.,
N.S. (Natalia Sigareva), N.D. (Natalia Davidova); validation, N.B., Y.T.-M., V.A., N.S. (Natalia
Sigareva); formal analysis, N.S. (Nikolai Shkil), N.D. (Nikolai Donchenko), T.M., V.K., Y.K.; in-
vestigation, T.M., A.S.B., V.K., V.C., Y.K., E.N., A.P., N.S. (Natalia Sigareva); resources, N.D. (Nikolai
Donchenko), A.P.; data curation, V.A.; writing—original draft preparation, T.M., E.N., A.S.B., V.C.,
Y.K., N.D. (Natalia Davidova), N.D. (Nikolai Donchenko), Y.T.-M., V.K.; writing—review and editing,
N.B., Y.T.-M., A.P.; visualization, N.B., Y.T.-M.; supervision, N.D. (Natalia Davidova), N.S. (Nikolai
Shkil); project administration, V.A., N.S. (Nikolai Shkil). All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by research project number 20-416-540006 of the Russian Foun-
dation for Basic Research (RFBR).

Institutional Review Board Statement: The studies involving animals were reviewed and approved
on March 10 of 2021 by the Ethical Committee of Novosibirsk State Agrarian University of the
Siberian Federal Scientific Center of Agrobiotechnology of the Russian Academy of Sciences No. 3.
All animal experiments were carried out in accordance with the ARRIVE guidelines and carried out
in accordance with the principles of humanity formulated in the European Community Directive
86/609/EEC (Strasbourg, 1986).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in article.

Acknowledgments: For the donation of the formulations used in the experiments, the authors
thank the Center of Investigation and Production “Vector-Vita” Novosibirsk, Russia (veterinary
drug Agovit); «Trionisvet» Ltd., Korolev, Russia (veterinary drug «Triviron»); Krka, d. d., Novo
Mesto, Slovenia (veterinary drug Ecocid); and Vladislav Fomenko from institute NN. Vorozhtsov
Novosibirsk Institute of Organic Chemistry of SB RAS (lauric acid monoglyceride), Tomsk Polytechnic
University Development Program “Priority 2030”.



Vet. Sci. 2021, 8, 239 13 of 14

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Afonyushkin, V.N.; Mironova, V.S.C. Possible pathogenesis of coronavirus infections on the example of IBV as a model of infection

associated with COVID-19 in humans. BIO. J. Spec. Poult. Livest. Farms 2020, 4, 4–6.
2. Afonyushkin, V.N.; Litvinov, A.V. An alternative way to prevent and treat PRRS. Pig-Breeding 2017, 56–58. Available online:

https://www.svinoprom.ru/ (accessed on 11 October 2021).
3. Cavanagh, D. Coronaviruses in poultry and other birds. Avian Pathol. 2005, 34, 439–448. [CrossRef] [PubMed]
4. Cowen, B.S.; Wideman, R.F.; Braune, M.O.; Owen, R.L. An infectious bronchitis virus isolated from chickens experiencing a

urolithiasis outbreak. I. In vitro characterization studies. Avian Dis. 1987, 31, 878–883. [CrossRef]
5. Su, S.; Wong, G.; Shi, W.; Liu, J.; Lai, A.C.; Zhou, J.; Liu, W.; Bi, Y.; Gao, G.F. Epidemiology, genetic recombination, and

pathogenesis of coronaviruses. Trends Microbiol. 2016, 24, 490–502. [CrossRef]
6. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected

with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]
7. Balagna, C.; Perero, S.; Percivalle, E.; Nepita, E.V.; Ferraris, M. Virucidal effect against coronavirus SARS-CoV-2 of a silver

nanocluster/silica composite sputtered coating. Open Ceram. 2020, 1, 100006. [CrossRef]
8. Elechiguerra, J.L.; Burt, J.L.; Morones, J.R.; Camacho-Bragado, A.; Gao, X.; Lara, H.H.; Yacaman, M.J. Interaction of silver

nanoparticles with HIV-1. J. Nanobiotechnol. 2005, 3, 1–10. [CrossRef] [PubMed]
9. Kawase, M.; Shirato, K.; van der Hoek, L.; Taguchi, F.; Matsuyama, S. Simultaneous Treatment of Human Bronchial Epithelial

Cells with Serine and Cysteine Protease Inhibitors Prevents Severe Acute Respiratory Syndrome Coronavirus Entry. J. Virol. 2012,
86, 6537–6545. [CrossRef]

10. Fedorenko, A.; Grinberg, M.; Orevi, T.; Kashtan, N. Survival of the enveloped bacteriophage Phi6 (a surrogate for SARS-CoV-2) in
evaporated saliva microdroplets deposited on glass surfaces. Sci. Rep. 2020, 10, 22419. [CrossRef] [PubMed]

11. Kakutani, K.; Matsuda, Y.; Nonomura, T.; Takikawa, Y.; Takami, T.; Toyoda, H. A Simple Electrostatic Precipitator for Trapping
Virus Particles Spread via Droplet Transmission. Int. J. Environ. Res. Public Health 2021, 18, 4934. [CrossRef] [PubMed]

12. Afonyushkin, V.N.; Cherepushkina, V.S.; Tatarchuk, O.P.; Frolova, O.A. Study of anti-phage activity of disinfectants as a factor of
suppressing horizontal gene transfer. Bull. KSAU 2020, 4, 88–96.

13. Afonyushkin, V.N.; Tabanyukhov, K.A.; Cherepushkina, V.S.; Khomenko, Y.S.; Tatarchuk, O.P. Effect of disinfectants based on
potassium persulfate, hydrogen peroxide, glutaraldehyde and quaternary ammonium compounds on the genetic material of the
pathogen bacteria specific to meat processing industry. Theory Pract. Meat Process. 2016, 1, 54–61. [CrossRef]

14. Afonyushkin, V.N.; Shirshova, A.N.; Shamovskaya, D.V.; Plomodyalov, D.N. A study of the antiviral effect of drug triviron on
IBV. Veterinary 2018, 24–28. Available online: https://agris.fao.org/agris-search/search.do?recordID=RU2019000107 (accessed
on 11 October 2021).

15. Burakova, E.; Kovalev, N.; Zenkova, M.; Vlassov, V.; Silnikov, V. Structure–activity relationships in new polycationic molecules
based on two 1,4-diazabicyclo[2.2.2]octanes as artificial ribonucleases. Bioorg. Chem. 2014, 57, 127–131. [CrossRef]

16. Afonyushkin, V.N. Influence of flaviviral infection on broiler productivity. Veterinary 2014, 8, 15–19.
17. Baram-Pinto, D.; Shukla, S.; Perkas, N.; Gedanken, A.; Sarid, R. Inhibition of Herpes Simplex Virus Type 1 Infection by Silver

Nanoparticles Capped with Mercaptoethane Sulfonate. Bioconjug. Chem. 2009, 20, 1497–1502. [CrossRef]
18. Lara, H.H.; Ayala-Nuñez, N.V.; Ixtepan-Turrent, L.; Rodriguez-Padilla, C. Mode of antiviral action of silver nanoparticles against

HIV-1. J. Nanobiotechnol. 2010, 8, 1. [CrossRef]
19. Lara, H.H.; Ixtepan-Turrent, L.; Garza-Treviño, E.N.; Rodriguez-Padilla, C. PVP-coated silver nanoparticles block the transmission

of cell-free and cell-associated HIV-1 in human cervical culture. J. Nanobiotechnol. 2010, 8, 15. [CrossRef] [PubMed]
20. Sun, L.; Singh, A.K.; Vig, K.; Pillai, S.R.; Singh, S.R. Silver nanoparticles inhibit replication of respiratory syncytial virus. J. Biomed.

Nanotechnol. 2008, 4, 149–158.
21. Romo-Quiñonez, C.R.; Álvarez-Sánchez, A.R.; Álvarez-Ruiz, P.; Chávez-Sánchez, M.C.; Bogdanchikova, N.; Pestryakov, A.;

Mejia-Ruiz, C.H. Evaluation of a new Argovit as an antiviral agent included in feed to protect the shrimp Litopenaeus vannamei
against White Spot Syndrome Virus infection. PeerJ 2020, 8, e8446. [CrossRef]

22. Borrego, B.; Lorenzo, G.; Mota-Morales, J.D.; Almanza-Reyes, H.; Mateos, F.; López-Gil, E.; de la Losa, N.; Burmistrov, V.A.;
Pestryakov, A.N.; Brun, A.; et al. Potential application of silver nanoparticles to control the infectivity of Rift valley fever virus
in vitro and in vivo. Nanomed. Nanotechnol. Biol. Med. 2016, 12, 1185–1192. [CrossRef] [PubMed]

23. Bogdanchikova, N.; Vázquez-Muñoz, R.; Huerta-Saquero, A.; Pena-Jasso, A.; Aguilar-Uzcanga, G.; Picos-Díaz, P.L.; Pestryakov,
A.; Burmistrov, V.; Martynyuk, O.; Luna-Vazquez-Gomez, R.; et al. Silver nanoparticles composition for treatment of distemper in
dogs. Int. J. Nanotechnol. 2016, 13, 225–235. Available online: https://www.researchgate.net/publication/315664816_Silver_
nanoparticles_composition_for_treatment_of_distemper_in_dogs (accessed on 8 September 2021). [CrossRef]

24. Glotov, A.G.; Glotova, T.I.; Sergeev, A.A.; Sergeev, A.N. Study of Antiviral Activity of Different Drugs against Bovine Herpes
Virus and Pestivirus. Antibiot. Chemother. 2004, 49, 6–9. Available online: https://www.researchgate.net/publication/8101788_
Study_of_antiviral_activity_of_different_drugs_against_bovine_herpes_virus_and_pestivirus (accessed on 9 August 2021).

25. Isaacs, C.E.; Kims, K.; Thormar, H. Inactivation of Enveloped Viruses in Human Bodily Fluids by Purified Lipids. Ann. N. Y. Acad.
Sci. 1994, 724, 457–464. [CrossRef]

https://www.svinoprom.ru/
http://doi.org/10.1080/03079450500367682
http://www.ncbi.nlm.nih.gov/pubmed/16537157
http://doi.org/10.2307/1591045
http://doi.org/10.1016/j.tim.2016.03.003
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1016/j.oceram.2020.100006
http://doi.org/10.1186/1477-3155-3-6
http://www.ncbi.nlm.nih.gov/pubmed/15987516
http://doi.org/10.1128/JVI.00094-12
http://doi.org/10.1038/s41598-020-79625-z
http://www.ncbi.nlm.nih.gov/pubmed/33376251
http://doi.org/10.3390/ijerph18094934
http://www.ncbi.nlm.nih.gov/pubmed/34066356
http://doi.org/10.21323/2114-441X-2016-1-54-61
https://agris.fao.org/agris-search/search.do?recordID=RU2019000107
http://doi.org/10.1016/j.bioorg.2014.10.002
http://doi.org/10.1021/bc900215b
http://doi.org/10.1186/1477-3155-8-1
http://doi.org/10.1186/1477-3155-8-15
http://www.ncbi.nlm.nih.gov/pubmed/20626911
http://doi.org/10.7717/peerj.8446
http://doi.org/10.1016/j.nano.2016.01.021
http://www.ncbi.nlm.nih.gov/pubmed/26970026
https://www.researchgate.net/publication/315664816_Silver_nanoparticles_composition_for_treatment_of_distemper_in_dogs
https://www.researchgate.net/publication/315664816_Silver_nanoparticles_composition_for_treatment_of_distemper_in_dogs
http://doi.org/10.1504/IJNT.2016.074536
https://www.researchgate.net/publication/8101788_Study_of_antiviral_activity_of_different_drugs_against_bovine_herpes_virus_and_pestivirus
https://www.researchgate.net/publication/8101788_Study_of_antiviral_activity_of_different_drugs_against_bovine_herpes_virus_and_pestivirus
http://doi.org/10.1111/j.1749-6632.1994.tb38947.x


Vet. Sci. 2021, 8, 239 14 of 14

26. Thormar, H.; Isaacs, C.E.; Brown, H.R.; Barshatzky, M.R.; Pessolano, T. Inactivation of enveloped viruses and killing of cells by
fatty acids and monoglycerides. Antimicrob. Agents Chemother. 1987, 31, 27–31. [CrossRef] [PubMed]

27. Arora, R.; Chawla, R.; Marwah, R.; Arora, P.; Sharma, R.K.; Kaushik, V.; Goel, R.; Kaur, A.; Silambarasan, M.; Tripathi, R.P.; et al.
Potential of Complementary and Alternative Medicine in Preventive Management of Novel H1N1 Flu (Swine Flu) Pandemic:
Thwarting Potential Disasters in the Bud. Evid.-Based Complement. Altern. Med. 2011, 2011, 586506. [CrossRef]

28. Sands, J.; Auperin, D.; Snipes, W. Extreme Sensitivity of Enveloped Viruses, Including Herpes Simplex, to Long-Chain Unsaturated
Monoglycerides and Alcohols. Antimicrob. Agents Chemother. 1979, 15, 67–73. [CrossRef]

29. Stephano-Hornedo, J.L.; Torres-Gutiérrez, O.; Toledano-Magaña, Y.; Gradilla-Martínez, I.; Pestryakov, A.; Sánchez-González, A.;
García-Ramos, J.C.; Bogdanchikova, N. Argovit™ silver nanoparticles to fight Huanglongbing disease in Mexican limes (Citrus
aurantifolia Swingle). RSC Adv. 2020, 10, 6146–6155. [CrossRef]

30. Mironova, T.E.; Afonyushkin, V.N.; Cherepushkina, V.S.; Kozlova, Y.N.; Bobikova, A.S.; Koptev, V.Y.; Sigareva, N.A.; Kolpakov,
F.A. Study of the protective effects of virucidal drugs on the model of coronavirus pneumonia. Vet. Korml. 2020, 35–38. [CrossRef]

31. Joseph, T. International Pulmonologist’s Consensus on COVID-19, 2nd ed. 2020. Available online: https://teampata.org/
portfolio/international-pulmonologists-consensus-on-covid-19/ (accessed on 11 October 2021).

32. Qi, F.; Qian, S.; Zhang, S.; Zhang, Z. Single cell RNA sequencing of 13 human tissues identify cell types and receptors of human
coronaviruses. Biochem. Biophys. Res. Commun. 2020, 526, 135–140. [CrossRef]

33. The Human Protein Atlas Project Funded by the Knut & Alice Wallenberg Foundation. Available online: https://www.
proteinatlas.org/ENSG00000130234-ACE2 (accessed on 1 October 2021).

34. Lamers, M.M.; Beumer, J.; van der Vaart, J.; Knoops, K.; Puschhof, J.; Breugem, T.I.; Ravelli, R.B.G.; Paul van Schayck, J.; Mykytyn,
A.Z.; Duimel, H.Q.; et al. SARS-CoV-2 productively infects human gut enterocytes. Science 2020, 369, 50–54. [CrossRef]

35. Al-Beltagi, M.; Saeed, N.K.; Bediwy, A.S.; El-Sawaf, Y. Paediatric gastrointestinal disorders in SARS-CoV-2 infection: Epidemio-
logical and clinical implications. World J. Gastroenterol. 2021, 27, 1716–1727. [CrossRef]

36. Sfera, A.; Osorio, C.; Zapata Martín del Campo, C.M.; Pereida, S.; Maurer, S.; Maldonado, J.C.; Kozlakidis, Z. Endothelial
Senescence and Chronic Fatigue Syndrome, a COVID-19 Based Hypothesis. Front. Cell. Neurosci. 2021, 15, 673217. [CrossRef]
[PubMed]

37. García-Pérez, B.E.; González-Rojas, J.A.; Salazar, M.I.; Torres-Torres, C.; Castrejón-Jiménez, N.S. Taming the Autophagy as a
Strategy for Treating COVID-19. Cells 2020, 9, 2679. [CrossRef]

38. Marino, G.; Niso-Santano, M.; Baehrecke, E.H.; Kroemer, G. Self-consumption: The interplay of autophagy and apoptosis.
Nat. Rev. Mol. Cell Biol. 2014, 15, 81–94. [CrossRef]

39. Young, M.M.; Takahashi, Y.; Khan, O.; Park, S.; Hori, T.; Yun, J.; Sharma, A.K.; Amin, S.; Hu, C.D.; Zhang, J.; et al. Autophagosomal
Membrane Serves as Platform for Intracellular Death-inducing Signaling Complex (iDISC)-mediated Caspase-8 Activation and
Apoptosis. J. Biol. Chem. 2012, 287, 12455–12468. [CrossRef] [PubMed]

40. Yerlikaya, A.; Okur, E.; Ulukaya, E. The p53-independent induction of apoptosis in breast cancer cells in response to proteasome
inhibitor bortezomib. Tumor Biol. 2012, 33, 1385–1392. [CrossRef]

41. Bersani, F.; Taulli, R.; Accornero, P.; Morotti, A.; Miretti, S.; Crepaldi, T.; Ponzetto, C. Bortezomib-mediated proteasome inhibition
as a potential strategy for the treatment of rhabdomyosarcoma. Eur. J. Cancer 2008, 44, 876–884. [CrossRef] [PubMed]

42. Zhimin, L.; Shuichan, X. ERK1/2 MAP Kinases in Cell Survival and Apoptosis. IUBMB Life 2006, 58, 621–631.
43. Valenzuela-Salas, L.M.; Girón-Vázquez, N.G.; García-Ramos, J.C.; Torres-Bugarín, O.; Gómez, C.; Pestryakov, A.; Villarreal-Gómez,

L.J.; Toledano-Magaña, Y.; Bogdanchikova, N. Antiproliferative and Antitumour Effect of Nongenotoxic Silver Nanoparticles on
Melanoma Models. Oxid. Med. Cell. Longev. 2019, 2019, 4528241. [CrossRef] [PubMed]

44. Cruz-Ramírez, O.U.; Valenzuela-Salas, L.M.; Blanco-Salazar, A.; Rodríguez-Arenas, J.A.; Mier-Maldonado, P.A.; García-Ramos,
J.C.; Bogdanchikova, N.; Pestryakov, A.; Toledano-Magaña, Y. Antitumor Activity Against Human Colorectal Adenocarcinoma of
Silver Nanoparticles: Influene of [Ag]/[PVP] Ratio. Pharmaceutics 2021, 13, 1000. [CrossRef] [PubMed]

45. Ruiz-Ruiz, B.; Arellano-García, M.E.; Radilla-Chávez, P.; Salas-Vargas, D.S.; Toledano-Magaña, Y.; Casillas-Figueroa, F.; Luna
Vazquez-Gomez, R.; Pestryakov, A.; García-Ramos, J.C.; Bogdanchikova, N. Cytokinesis-Block Micronucleus Assay Using Human
Lymphocytes as a Sensitive Tool for Cytotoxicity/Genotoxicity Evaluation of AgNPs. ACS Omega 2020, 5, 12005–12015. [CrossRef]
[PubMed]

46. Almanza-Reyes, H.; Moreno, S.; Plascencia-López, I.; Alvarado-Vera, M.; Patrón-Romero, L.; Borrego, B.; Reyes-Escamilla, A.;
Valencia-Manzo, D.; Brun, A.; Pestryakov, A.; et al. Evaluation of silver nanoparticles for the prevention of SARS-CoV-2 infection
in health workers: In vitro and in vivo. PLoS ONE 2021, 16, e0256401. [CrossRef]

47. Barberis, E.; Amede, E.; Tavecchia, M.; Marengo, E.; Cittone, M.G.; Rizzi, E.; Pedrinelli, A.R.; Tonello, S.; Minisini, R.; Pirisi,
M.; et al. Understanding protection from SARS-CoV-2 using metabolomics. Sci. Rep. 2021, 11, 13796. [CrossRef] [PubMed]

http://doi.org/10.1128/AAC.31.1.27
http://www.ncbi.nlm.nih.gov/pubmed/3032090
http://doi.org/10.1155/2011/586506
http://doi.org/10.1128/AAC.15.1.67
http://doi.org/10.1039/C9RA09018E
http://doi.org/10.30917/ATT-VK-1814-9588-2020-7-10
https://teampata.org/portfolio/international-pulmonologists-consensus-on-covid-19/
https://teampata.org/portfolio/international-pulmonologists-consensus-on-covid-19/
http://doi.org/10.1016/j.bbrc.2020.03.044
https://www.proteinatlas.org/ENSG00000130234-ACE2
https://www.proteinatlas.org/ENSG00000130234-ACE2
http://doi.org/10.1126/science.abc1669
http://doi.org/10.3748/wjg.v27.i16.1716
http://doi.org/10.3389/fncel.2021.673217
http://www.ncbi.nlm.nih.gov/pubmed/34248502
http://doi.org/10.3390/cells9122679
http://doi.org/10.1038/nrm3735
http://doi.org/10.1074/jbc.M111.309104
http://www.ncbi.nlm.nih.gov/pubmed/22362782
http://doi.org/10.1007/s13277-012-0386-3
http://doi.org/10.1016/j.ejca.2008.02.022
http://www.ncbi.nlm.nih.gov/pubmed/18342500
http://doi.org/10.1155/2019/4528241
http://www.ncbi.nlm.nih.gov/pubmed/31428226
http://doi.org/10.3390/pharmaceutics13071000
http://www.ncbi.nlm.nih.gov/pubmed/34371692
http://doi.org/10.1021/acsomega.0c00149
http://www.ncbi.nlm.nih.gov/pubmed/32548379
http://doi.org/10.1371/journal.pone.0256401
http://doi.org/10.1038/s41598-021-93260-2
http://www.ncbi.nlm.nih.gov/pubmed/34226622

	Introduction 
	Materials and Methods 
	Formulations 
	Bacteriophage 6 In Vitro Model 
	Poultry 
	Inoculum Administration 
	Dosage Administration 
	Histopathological Evaluation 
	qRT-PCR 

	Results 
	Verification of the Virucidal Action with Bacteriophage 6 
	Postmortem Examination 
	Lung Luminescence Microscopy Histopathological Study 
	The Control Group 
	The Group Treated with Argovit 
	IBV in Chickens with RT-PCR 


	Discussion 
	Conclusions 
	References

