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Abstract. The implementation of intensive technologies to produce livestock
products requires the use of disinfectants at all stages. Analysis of the
effectiveness of disinfectants begins with testing at the stage of creating or
selecting substances, since different disinfectants have different activity against
microorganisms, are toxic, immunosuppressive, and cause long-term effects on
animals. This necessitates further development and research of preparations with
optimal toxicity and virucidal action. The purpose of this study was to investigate
the toxicity and virucidal effect of the new Diolide disinfectant, specifically on
such samples as Aujeszky's disease virus, swine enzootic encephalomyelitis virus
(Teschen disease) and rabies virus. The study was conducted according to national
and international guidelines for the characterisation of virucidal properties of
new disinfectants. The toxicity of Diolide disinfectant was investigated under
protein load conditions in SPEV and BHK-21/C13 cell cultures. The virucidal
activity of the Diolide disinfectant was determined under protein load conditions
on models of shell viruses of Aujeszky's disease (Arsky strain) and rabies virus
(CVS-11 strain) and using shell-free virus of enzootic encephalomyelitis of swine
(Perechinsky-642 strain). The toxicity of Diolide disinfectant was determined for
0.16% (400 mg/l), 0.1% (250 mg/l), 0.06% (150 mg/l), 0.02% (50 mg/l), 0.008%
(20 mg/l) and 0.004% (10 mg/l) concentrations of chlorine dioxide with an
exposure time of 30 and 60 minutes. The virucidal effect of the preparation
was determined for 0.1% (250 mg/l), 0.06% (150 mg/1), 0.02% (50 mg/1), 0.008%
(20 mg/L) and 0.004% (10 mg/l) concentrations relative to the working dilutions
of viral suspensions: for the Aujeszky's disease virus - 5.3 CPE,/ml - for swine
enzootic encephalomyelitis virus - 5.5 CPE, /ml,for rabies virus - 5.5 TCID, /mL. The
results of the study showed that Diolide disinfectant is non-toxic to transplanted
SPEV and BHK-21/C13 cell cultures in 0.1% (250 mg/l), 0.06% (150 mg/l), 0.02%
(50 mg/1), 0.008% (20 mg/l) and 0.004% (10 mg/l) concentrations of chlorine
dioxide. The preparation is 100% virucidal against enveloped viruses such
as Aujeszky's disease virus (Arsky strain) and rabies virus (CVS-11 strain) in
concentrations from 0.1% (250 mg/l) to 0.004% (10 mg/l) when exposed for 30-
60 minutes under protein load conditions. It has 100% virucidal activity against
the shell-free enzootic encephalomyelitis virus of swine (Perechinsky-642 strain)
in concentrations from 0.1% (250 mg/l) to 0.004% (10 mg/l) at an exposure of
60 minutes and in concentrations from 0.1% (250 mg/l) to 0.008% (20 mg/l)
at an exposure of 30 minutes under protein load conditions. The coefficient of
reduction of infectious activity of the enzootic encephalomyelitis virus of swine
(Perechinsky-642 strain) established in experiments after 30 minutes of exposure
with the Diolide disinfectant at a concentration of 0.004% (10 mg/l) under
protein load conditions exceeded 4 lg (4.47 lg CPE,/0.02 ml), which indicates a
high virucidal activity of the Diolide disinfectant. Further research may be aimed
at further increasing the virucidal activity of the disinfectant
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INTRODUCTION

Disinfection of pathogens is a necessary part of any
modern commercial production, which is crucial both
in obtaining high-quality products and in a complex
of veterinary and sanitary measures for the prevention
of the introduction of pathogenic microorganisms and
the development of opportunistic microorganisms, the
elimination of infectious diseases at veterinary supervi-
sion facilities (Paliy et al., 2018; Wales et al., 2021).

One of the components of the effectiveness and
efficiency of any medical and preventive measures is the
comprehensive use of disinfectants. The main purpose
of disinfection is to create conditions for breaking the
epizootic chain.To solve this problem, biocidal products
are used, which are designed to destroy, neutralise, or
inhibit the reproduction of bacteria, viruses, and fungi
by chemical or biological means. The main factors af-
fecting the effectiveness and efficiency of disinfectants
are the spectrum of antimicrobial action (effectiveness
against viruses and bacteria at different ambient tem-
peratures and pH, no mutagenic effect on microorgan-
isms), safety (no embryotoxic, teratogenic, carcinogenic,
allergenic, and cumulative properties), corrosion activ-
ity, high permeability, environmental safety, etc. (Wales
et al, 2021; Chechet, 2022).

Currently, there are no ideal disinfectants, which
encourages researchers to search for new compounds and
study various combinations of known chemical compounds
as disinfectants (Matsuzaki et al,, 2021; Cadnum et al,, 2021;
Edmiston et al.,, 2020).

It can be considered that one of the universal
means of disinfection is sodium hypochloride and glu-
taraldehyde. However, they are corrosive, and their va-
pours adversely affect humans and animals (Rutala &
Weber, 2019). That is why in developing disinfectants,
the top priority is to create a best broad-spectrum dis-
infectant, which is non-toxic, non-irritating, non-corrosive,
safe for humans, animals,and the environment (Rabenau
et al., 2020; Wales et al., 2021).

In the last decade, chlorine dioxide (ClO,) has
been increasingly used as an effective biocide, both in
soluble and gaseous forms. Chlorine dioxide is effective
against bacteria, viruses, protozoa, mould and yeast fungi,
mycobacteria, and bacterial spores. This chemical com-
pound has powerful oxidising properties, thanks to which
it destroys the protein structures of the cell wall or viral
envelope. The chlorine dioxide molecule is oxidised
with high efficiency, and therefore considerably affects
viruses even at low concentrations (Miura & Shibata,
2010). Given that chlorine dioxide is a strong oxidising
agent, disinfectants based on it are widely used for ster-
ilisation, disinfection, and wastewater treatment. Chlorine
dioxide is used for disinfection of drinking water and
the environment, for disinfection of vegetables and fruits
(strawberries, lettuce, cabbage, cucumbers) in gaseous
form (Yu et al,, 2014). Furthermore, chlorine dioxide-based
disinfectants can be used in medical institutions and
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public places where bioaerosols are significant (Du et al.,
2017).

Notably, chlorine dioxide does not belong to chlo-
rine-type disinfectants, it does not enter chlorination
reactions, does not produce carcinogens and is a safe
compound for human body cells. At the same time, its
biocidal effect on pathogens such as bacteria, viruses,
fungi, and other pathogens is more powerful than that
of chlorine due to active oxygen (Hsu et al.,, 2015).

The most dangerous group of pathogenic mi-
croorganisms are viruses because the vast majority of
nosological units of particularly dangerous infectious
diseases of animals and humans are caused by viruses.
The introduction of such pathogens into livestock or
poultry farms causes mass deaths and the need for strict
anti-epizootic measures, where forced disinfection is
a part (Mummert & Weiss, 2017; Kindermann et al.,
2020; Wales & Davies, 2021).

It is known that animal viruses are classified into
six groups and, depending on the structure, type of vi-
ral genome and size, differ in their resistance to disin-
fectants (Paquette et al, 2020; Tarka & Nitsch-Osuch,
2021).

For a broad scientific assessment of new disin-
fectants for their virucidal activity, it is necessary to use
various viruses, including shell-free ones, which are re-
sistant to acidic pH values (International Committee...,
2022). Given that viruses must multiply in cell cultures,
the virucidal activity should also be determined in cul-
ture systems, which will vary depending on the test vi-
rus used (Rabenau et al., 2020).

Recommendations for the practical use of disin-
fectants that can be obtained from the results of tests
in cell cultures are quite limited, since the conditions
modelled in homogeneous suspensions are not factu-
ally found in practice. However, conclusions about the
overall activity of the disinfectant under study, includ-
ing under simulated protein load conditions, can be
drawn from the results of tests in cell culture.

The purpose of this study was to investigate the
toxicity and virucidal activity of the Diolide disinfec-
tant preparation in cell culture on models of Aujeszky’s
disease virus, porcine enzootic encephalomyelitis virus
(Teschen disease) and rabies virus.

MATERIALS AND METHODS

The toxicity and virucidal activity of Diolide disinfec-
tant were studied according to national and interna-
tional guidelines (Rabenau et al, 2020; Kovalenko &
Nedosekov, 2011).

The object of the study was the Diolide disinfec-
tant, which is a two-component powdered product. Ac-
tive substances of component 1: sodium chlorite — 42%,
sodium chloride - 46%, functional additives - 12%. Ac-
tive substances of component 2 are citric acid - 95%,
adipic acid - 3%, functional additives - 2%.
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To obtain the necessary working concentrations
of the Diolide disinfectant, water of standard hardness
was used, which was obtained according to the method
(Rabenau et al., 2020).

The toxicity study of the Diolide disinfectant was
performed in re-grafted cell cultures of SPEV and BHK-
21/C13 (ATCC CCL-10).

The virucidal effect of the Diolide disinfectant
was determined under protein load conditions (adding
10% FBS to the DMEM medium) on models of Aujeszky's
disease virus (Arsky strain); swine enzootic encephalo-
myelitis virus (Perechinsky-642 strain) and rabies virus
(CVS-11 strain, ATCC VR 959). The infectious titre of
virus-containing suspensions used in the studies was
7.31%0.20 lg CPE 50/ ml for the Aujeszky's disease vi-
rus (Arsky strain); swine enzootic encephalomyelitis vi-
rus (Perechinsky-642 strain) - 9.52#0.25 lg CPE,/ ml;
rabies virus (CVS-11 strain) with infectious activity -
7.53%0.11 lg TCID50/mL.

The following reagents were used for the research:
DMEM (Dulbecco's Modified Eagle Medium), Sigma (GB);
Fetal Bovine Serum (FBS), Gibco (Brazil); Dulbecco's
Phosphate Buffered Saline (DPBS), Sigma (GB); Tryp-
sin-EDTA (0.5%), no phenol red, Gibco (GB); Plasmocin,
InvivoGen (France); Antibiotic-Antimycotic, Sigma (Is-
rael); culture microplates (96 well), Sarstedt (Germany);
Tissue Culture Flask (75 cm?), Sarstedt (Germany); AR
grade acetone, 80%, (Ukraine); FITC Anti-Rabies Globulin
Kit, Fujirebio (USA).

Research was conducted using the following
equipment: Esco CelCulture and Jouan 150 CO, incuba-
tors; microscope C.Zeizz - Aviovert 40CFL; fluorescent
inverted microscope Zeiss AXIOVERT 25CA; Eppendorf
and Biohit variable volume dispensers for 20-200 and
100-1,000 pl; biological safety cabinets Jokan MSC9;
Holten SAFE-2010 and Hereus HS-18; Neubauer chamber
for cell counting.

Study of the toxicity of the Diolide disinfectant.
SPEV and BHK-21/C13 cell cultures were prepared in
96-well microplates (seeding concentration 1-1.2x105
cells per well). After 24 hours, the medium was removed
from the 96-well microplates (provided that 80-90% of
the monolayer is present) and corresponding dilutions
of the disinfectant were made at 0.05 ml/well. Exper-
imental dilutions of the Diolide disinfectant in the fi-
nal concentration according to chlorine dioxide 0.16%
(400 mg/l), 0.1% (250 mg/l), 0.06% (150 mg/L), 0.02%
(50 mg/1),0.008% (20 mg/l) and 0.004% (10 mg/l) were
previously prepared from 20% disinfectant and 80%
DMEM medium (with 10% FBS).

Contact of SPEV and BHK-21/C13 cells with cor-
responding disinfectant dilutions was carried out in an
incubator at 37°C (for BHK-21/C13 cell culture, also 5%
CO,) for 30 and 60 minutes. For one concentration of
Diolide disinfectant, 32 wells were used.

To control SPEV and BHK-21/C13 cells, a mixture
of 80% DMEM medium (with 10% FBS) and 20% sterile
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water of standard hardness was used, which was intro-
duced into 32 wells of a 96-well microplate of 0.05 ml/
well for the same period of contact of cells with the
disinfectant.

At the end of the contact period, disinfectant solu-
tions were removed from 96-well microplates, DPBS was
washed three times,and 0.20 ml of a supporting medium
containing 10% FBS was introduced into the wells. Incuba-
tion of 96-well micro-panels with SPEV and BHK-21/C13
cell cultures was performed for 72 hours using daily mono-
layer microscopy of cells in wells to detect the cyto-
pathic effect (CPE). The presence of a cytopathic effect was
evaluated visually,and the presence of a monolayer of cells
was expressed as a percentage.

Study of the virucidal effect of the Diolide disinfec-
tant. The specific effect of the Diolide disinfectant was
determined for concentrations of 0.16% (400 mg/l),0.1%
(250 mg/1), 0.06% (150 mg/1), 0.02% (50 mg/l), 0.008%
(20 mg/1) and 0.004% (10 mg/l). Test objects: Aujeszky's dis-
ease virus (Arsky strain), swine enzootic encephalomyelitis
virus (Perechinsky strain-642) and rabies virus (CVS-11
strain, ATCC VR 959). SPEV and BHK-21/C13 cell cultures
were pre-inoculated in 96-well microplates (inoculation
concentration for both cell lines was 1-1.2x105 cells per
well). The selection of viruses was based on several factors,
namely: 1) viruses that do not cause (rabies virus) and
cause CPE (Aujeszky's disease virus and swine enzootic en-
cephalomyelitis virus); 2) shell-containing viruses (rabies
virus and Aujeszky's disease virus) and shell-free viruses
(swine enzootic encephalomyelitis virus).

The necessary amount of virus was added to
the determined experimental dilutions of the Diolide
disinfectant to obtain its working dilution. In each ex-
periment, the working dilution of viral suspensions was
obtained based on virus activity titres: for Aujeszky's
disease virus - 5.3 lg CPE, /0.2 ml, for swine enzootic
encephalomyelitis virus - 5.5 lg CPE, /0.2 ml, and for
rabies virus - 5.5 lg TCID50/0.2 mL.

Contact (exposure) of viral suspensions with cor-
responding dilutions of the disinfectant was carried out
at room temperature (recommended for disinfection) for
30 and 60 minutes. 32 wells with SPEV and BHK-21/C13
cell cultures were used for each concentration of Diolide
disinfectant. Later, corresponding dilutions of the disin-
fectant with viruses were made as follows:

e disinfectant dilution + working dilution of Aujeszky's
disease virus (Arsky strain) on a daily monolayer of SPEV
cell cultures;

e disinfectant dilution + working dilution of swine en-
zootic encephalomyelitis virus (Perechinsky-642 strain)
on a daily monolayer of SPEV cell cultures;

e dilution of disinfectant + working dilution of rabies
virus (CVS-11 strain) on a daily monolayer of BHK-21/C13
cell culture.

In all experiments, the mixture of the working dilu-
tion of the virus and experimental dilutions of the Diolide
disinfectant in cell cultures was adsorbed within 60 minutes.




Then, to neutralise the action of the disinfec-
tant, the dilution of the disinfectant with viruses was
removed from 96-well micro-panels, DPBS was washed
three times and 0.20 ml of the supporting medium with
a content of 10% FBS was introduced into the wells.

96-well micropanels with SPEV cell culture, in
which various concentrations of the Diolide disinfec-
tant and working dilutions of the Aujeszky's disease
virus (Arsky strain) and swine enzootic encephalomy-
elitis virus (Perechinskyi-642 strain) were added, were
incubated for 72 hours with daily microscopy of the
monolayer of cells in the wells for the detection of cy-
topathic effect. In each experiment, to control the titre
of infectious activity of the applied viruses, titration of
the working dose of viral suspensions was performed.

96-well micropanels with BHK-21/C13 cell culture,
in which different concentrations of disinfectant and
working dilution of rabies virus (CVS-11 strain, ATCC
VR 959) were added, were incubated for 72 hours. After
the end of the incubation period, the cells in the wells
were fixed with 80% acetone and after drying they were
stained with FITC Anti-Rabies Globulin Kit. After washing
the DPBS cells, the presence of a specific glow of the rabies
virus was evaluated under a luminescent microscope.

To control the cells, a mixture of 80% DMEM me-
dium (with 10% FBS) and 20% sterile water of stan-
dard hardness was used, which was introduced into
32 wells of a 96-well microplate for the same period
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of adsorption of the virus mixture with Diolide disin-
fectant. Virus suspensions in working dilution were
used as positive controls (virus of Aujeszky’s disease -
5.3 lg CPE, /0.2 ml, virus of enzootic encephalomyeli-
tis of swine - 5.5 lg CPE. /0.2 ml, rabies virus - 5.5 lg
TCID50/0.2 ml).

The specific effect of Diolide disinfectant on ex-
perimental viruses was expressed in the absence of virus
expression in cell cultures, namely: the absence of CPE
in SPEV cell culture for Aujeszky's disease viruses and
enzootic encephalomyelitis of swine, as well as in the
absence of a specific glow of rabies virus in BHK-21/C13
cell culture with visual detection of characteristic changes
in positive controls.

RESULTS AND DISCUSSION

The study of the Diolide disinfectant was performed in
two stages. The first stage involved the detection of cy-
totoxic effects in transplanted SPEV and BHK-21/C13
cell culture lines,and the second - directly virucidal ac-
tivity against three different viral strains.

Study of the toxicity of the Diolide disinfectant. The
manifestation of the cytotoxic effect was determined
for 0.16% (400 mg/1),0.1% (250 mg/l), 0.06% (150 mg/l),
0.02% (50 mg/1),0.008% (20 mg/l) and 0.004% (10 mg/L)
concentrations of Diolide disinfectant in SPEV and
BHK-21/C13 cell cultures at 30 and 60 minutes of ex-
posure (Table 1).

Table 1. Cytotoxic effect of various concentrations of Diolide disinfectant in SPEV and BHK-21/C13 cell cultures, n=3

Presence of a monolayer of cells in 96-well micro-panels, %
mtocns o o digge | PO a1
24 hours 48 hours 72 hours 24 hours 48 hours 72 hours

0.16% (400 mg/l) 10 10 20 0 0 0
0.1% (250 mg/l) 80 80 90 80 80 80
0.06% (150 mg/l) 80 100 100 80 80 90
0.02% (50 mg/l) 30 min 90 100 100 90 90 90
0.008% (20 mg/l) 90 100 100 80 100 100
0.004% (10 mg/l) 90 100 100 90 100 100

control 90 100 100 80 100 100
0.16% (400 mg/l) 0 0 0 0 0 0
0.1% (250 mg/l) 80 90 90 70 80 80
0.06% (150 mg/l) 80 100 100 80 80 100
0.02% (50 mg/l) 60 min 90 100 100 80 90 100
0.008% (20 mg/l) 90 100 100 80 90 100
0.004% (10 mg/l) 90 100 100 90 100 100

control 90 100 100 80 100 100
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The digital material presented in Table 1 shows
that the use of Diolide disinfectant in different concen-
trations caused different manifestations of cytotoxic
effects on SPEV and BHK-21/C13 cells.

A substantial cytotoxic effect (90-100% cell death
in the central part of the wells for 24 hours of cultiva-
tion, changes in the morphostructure and lack of active
proliferation of living cell residues) of the Diolide dis-
infectant was established in SPEV and BHK-21/C13 cell
cultures at a concentration of 0.16% (400 mg/l) at an
exposure of 30 and 60 minutes. In a separate experiment,
after exposure as an inactivator of the action of the ac-
tive components of the Diolide disinfectant,a 50% FBS
solution was added to SPEV cells for 30 minutes, but it
was not possible to get rid of the cytotoxic effect (20-
40% of cells remained alive and no proliferation was
observed for 72 hours cultivation).

The use of Diolide disinfectant at a concentration
of 0.1% (250 mg/l) did not cause cell death or other
cytotoxic manifestations that can be identified visually.
However, during the entire follow-up period (72 hours),
cell proliferation was insignificant compared to the con-
trol cells SPEV and BHK-21/C13 at 30 and 60 minutes
of exposure.

In SPEV and BHK-21/C13 cells treated with Di-
olide disinfectant at concentrations of 0.06% (150 mg/l),
0.02% (50 mg/1),0.008% (20 mg/l) and 0.004% (10 mg/l)

at exposure for both 30 and 60 minutes, no cell death was
detected during the entire follow-up period (72 hours).
Cell proliferation and visual filling of the monolayer
were comparable to similar cells in the control group.

Study of the virucidal effect of Diolide disinfectant.
Considering the results obtained to investigate the cyto-
toxic manifestation of various working dilutions of Diolide
disinfectant in SPEV and BHK-21/C13 cell cultures, con-
centrations of 0.1% (250 mg/1),0.06% (150 mg/l),0.02%
(50 mg/1),0.008% (20 mg/l), and 0.004% (10 mg/l) were
selected to study its direct virucidal effect.

To investigate the virucidal activity of the Diolide
disinfectant, DNA- and RNA-containing viruses were used,
namely Aujeszky's disease virus (DNA-containing, fami-
ly Herpesviridae, Arsky strain); swine enzootic enceph-
alomyelitis virus (RNA-containing, family Teschovirus,
Perechinsky-642 strain); rabies virus (RNA-containing,
family Rhabdoviridae, CVS-11 strain).

The study of the virucidal effect of the Diolide
disinfectant on the model of the DNA-containing virus
of Aujeszky's disease (Arsky strain) in the SPEV trans-
plantable culture system showed that 0.1% (250 mg/l),
0.06% (150 mg/l), 0.02% (50 mg/l), 0.008% (20 mg/l),
and 0.004% (10 mg/1) concentrations of the Diolide disin-
fectant both during 30 minutes of exposure and during
60 minutes of exposure, provided absolute (100%) viru-
cidal effect (Table 2).

Table 2. Virucidal effect of Diolide disinfectant on Aujeszky's disease virus (Arsky strain) in SPEV cell culture, n=3

Fin-al-conce.er}tration ) ] Virus control
of Diolide disinfectant Exposure, min Presence of a virus Cell control
for chlorine dioxide (CPE presence)
30 - # +
0.1% (250 mg/l)
60 - # +
30 - # +
0.06% (150 mg/l)
60 - # +
30 - # +
0.02% (50 mg/1)
60 - # +
30 - # +
0.008% (20 mg/Ll)
60 - # +
30 - # +
0.004% (10 mg/l)
60 - # +

Note: "—" is the absence of CPE in cell culture; "+" is the presence of CPE in cell culture; "#" is the presence of 100%
monolayer at 72 hours of cultivation in all control wells of a 96-well plate

In all wells with SPEV cells, in which mixtures
of different concentrations of Diolide disinfectant and
working dilution (5.3 lg CPE, /0.2 ml) of the Aujeszky's
disease virus (Arsky strain), no CPE was detected, which
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would indicate virus reproduction (Figure 1a - concen-
tration of 0.06% (150 mg/l) at 60 minutes of exposure;
Figure 1b - concentration of 0.004% (10 mg/l) at 60 min-
utes of exposure).
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Figure 1a. SPEV cell culture Aujeszky's disease virus (Arsky

strain) + Diolide at a concentration of 0.06% (150 mg/l) strain) + Diolide at a concentration of 0.004% (10 mg/)
at an exposure of 60 minutes, 24 hours of cultivation at an exposure of 60 minutes, 72 hours of cultivation

e T TSR, Lt

«
ﬁg : = REE . A
Figure 1c. SPEV cell culture Cell control, Figure 1d. SPEV cell culture Control of Aujeszky's disease

48 hours of cultivation virus (Arsky strain), CPE in cell culture
for 24 hours of cultivation

s VR &

SPEV cells in the control wells remained intact for
the entire follow-up period, forming a 100% monolayer Experiments on the characterisation of the viru-
after 72 hours of incubation (Figure 1c). In wells with vi-  cidal effect of the Diolide disinfectant on a model of
rus control (Figure 1d), 100% CPE was noted as earlyas  the RNA-containing virus of enzootic encephalomyeli-
24 h after infection. The infectious titre of the working  tis of swine (Perechinsky-642 strain) in the re-grafted
dose of the Aujeszky's disease virus (Arsky strain) used  culture system SPEV showed slightly different results
in the experiments was 5.22+0.15 lg CPE,/0.02 mL (Table 3).

Table 3. Virucidal effect of Diolide disinfectant on swine enzootic encephalomyelitis virus (Perechinsky-642 strain)
in SPEV cell culture, n=4

Final concentration

of Diolide disinfectant Exposure, min Presence of a virus Cell control Virus control (CPE

for chlorine dioxide presence)
30 - # +
0.1% (250 mg/L
( a/l) 0 ~ . ;
30 - # +
0.06% (150 mg/l)
60 - # +
30 - # +
0.02% (50 mg/L
(50 mg/y) 0 ~ . ;
30 - # +
0.008% (20 mg/l)
60 - # +
30 + # +
0.004% (10 mg/l)
60 - # +

Note: "—" is the absence of CPE in cell culture; "+" is the presence of CPE in cell culture; "#" is the presence of 100%
monolayer at 72 hours of cultivation in all control wells of a 96-well plate

Scientific Horizons, 2022, Vol. 25, No. 5
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It was found that 0.1% (250 mg/1),0.06% (150 mg/l),
0.02% (50 mg/1), 0.008% (20 mg/1), and 0.004% (10 mg/l)
concentrations of Diolide disinfectant during 60 minutes
of exposure provided a 100% virucidal effect relative to the

working dose of enzootic encephalomyelitis virus used in
SPEV cells (Figure 2a - concentration of 0.1% (250 mg/l)
at an exposure of 60 minutes; Figure 2b — concentration
of 0.004% (10 mg/l) at an exposure of 60 minutes).

Figure 2a. SPEV cell culture Swine enzootic
encephalomyelitis virus (Perechinsky-642 strain) + Diolide
preparation in a concentration of 0.1% (250 mg/l) at an
exposure of 60 minutes, 48 hours of cultivation

Figure 2b. SPEV cell culture Swine enzootic
encephalomyelitis virus (Perechinsky-642 strain) + Diolide
preparation in a concentration of 0.004% (10 mg/l) at an

exposure of 60 minutes, 24 hours of cultivation

Figure 2c. SPEV cell culture Swine enzootic
encephalomyelitis virus (Perechinsky-642 strain) + Diolide
preparation in a concentration of 0.004% (10 mg/l) at an
exposure of 30 minutes, 48 hours of cultivation

However, after 30 minutes of exposure and a
concentration of 0.004% (10 mg/l), residual infectious
activity of the swine enzootic encephalomyelitis virus
was detected (Figure 2c), which was manifested as CPE
after 48 hours of cell culture. Determination of the in-
fectious activity of swine enzootic encephalomyelitis
virus (Perechinsky-642) after 30 minutes of exposure
with Diolide disinfectant at a concentration of 0.004%
(10 mg/1) showed a titre of 1.25+0.19 lg CPE, /0.02 mL

The virus control (Fig. 2d) showed 100% CPE as
early as 24 hours after infection, and the SPEV cells in
the control wells remained intact for the entire fol-
low-up period.

Determination of the infectious titre of the
working dose of swine enzootic encephalomyelitis vi-
rus (Perechinsky-642), which was used in experiments,
showed a titre of 5.72#0.12 lg CPE,/0.02 mL That is,
the decrease in infectious activity (reduction coeffi-
cient - RF) of the pig enzootic encephalomyelitis virus
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Figure 2d. SPEV cell culture Control of swine enzootic
encephalomyelitis virus (Perechinsky-642 strain), CPE in
cell culture for 24 hours of cultivation

(Perechinsky-642 strain) after 30 minutes of exposure
with Diolide disinfectant at a concentration of 0.004%
(10 mg/l) was 4.47 lg CPE, /0.02 mL.

The disinfectant is considered to have caused a
sufficient reduction in the titre if the average RF is at
least 4 lg. That is, a decrease in the infectious activity
of the enzootic encephalomyelitis virus of pigs when
using the Diolide disinfectant at a concentration of
0.004% (10 mg/l) for more than 4 lg is an acceptable
virucidal effect (especially for shell-free viruses and in
studies under protein load conditions).

In another series of experiments, the virucidal
activity of the Diolide disinfectant was investigated on
a model of a shell RNA-containing rabies virus (CVS-11
strain) in a transplanted BHK-21/C13 culture system. Stud-
ies have shown that 0.1% (250 mg/l), 0.06% (150 mg/l),
0.02% (50 mg/l), 0.008% (20 mg/1), and 0.004% (10 mg/l)
concentrations of Diolide provided 100% virucidal action
during 30 and 60 minutes of exposure (Table 4).
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Table 4. Virucidal effect of Diolide disinfectant on rabies virus (CVS-11 strain) in BHK-21/C13 cell culture, n=3

Final concentration of
Diolide disinfectant for
chlorine dioxide

Exposure, min

Presence of a virus

Virus control
(presence of TCID)

Cell control

30 - # +
0.1% (250 mg/l)

60 - # +

30 - # +
0.06% (150 mg/l)

60 - # +

30 - # +
0.02% (50 mg/l)

60 - # +

30 - # +
0.008% (20 mg/L)

60 - # +

30 - # +
0.004% (10 mg/l)

60 - # +

Note:"—" is the absence of specific fluorescence in cell culture; "+" is the presence of a specific glow in the cell culture; "#"
is the presence of 100% monolayer at 72 hours of cultivation in all control wells of a 96-well plate

In all wells with BHK-21/C13 cells, in which mix-
tures of different concentrations of Diolide disinfectant
and working dilution (5.5 lg TCID, /0.2 ml) of rabies virus
(CVS-11 strain), no specific glow was detected at 72 hours
of incubation, which indicated no reproduction of the virus.
In wells with virus control after 72 hours, a specific glow
of the rabies virus was detected (Figure 3a - transplanted

culture of VNA-21/C13 cells for 48 hours of incubation after
applying the rabies virus and Diolide at a concentration of
0.1% (250 mg/l) at an exposure of 60 minutes; Figure 1b -
control of the virus in the VNA-21/C13 culture for 72 hours
of incubation). Titration revealed that the infectious ac-
tivity of the working dose of rabies virus (CVS-11 strain)
was 5.82+0.07 lg TCID, /0.2 mL.

Figure 3a. Culture of BHK-21/C13 cells. Rabies virus
(CVS-11 strain) + Diolide preparation at a concentration
of 0.1% (250 mg/l) at an exposure of 60 minutes,

48 hours of cultivation

According to J.Ma et al. (2017), the antiviral activity
of chlorine dioxide is detected after 2 minutes for HIN1
virus and influenza Type B virus. T. Sanekata et al. (2010)
evaluated the antiviral activity of chlorine dioxide solu-
tion against feline calicivirus, influenza virus, measles
virus, canine distemper virus, human herpes virus, hu-
man adenovirus, canine adenovirus, and canine parvovi-
rus. Chlorine dioxide in low concentrations was found
to exhibit strong antiviral activity, inactivating 99.9% of
viruses at 15-second exposure (Yu et al,, 2010; Ogata &
Shibata, 2008).

In this study, the high virucidal activity of various
concentrations of the Diolide disinfectant, the main ac-
tive substance of which is chlorine dioxide, was similarly
established. The studies used other animal viruses as
models, namely Aujeszky's disease virus, swine enzootic

Figure 3b. Luminescence microscopy of rabies virus
(CVS-11 strain) in BHK-21/C13 cell culture
after 72 hours of incubation

encephalomyelitis virus (Teschen disease) and rabies virus.
A prerequisite for the use of these viruses was the toxicity
study of the Diolide disinfectant, which was tested on
two re-grafted cultural systems: SPEV and BHK-21/C13.

Thus, the results of laboratory tests presented
in this paper indicate the safety and high efficiency
of 0.1-0.004% concentration of the Diolide disinfectant
based on chlorine dioxide, which opens up prospects
for its wide application in production in the implemen-
tation of preventive and forced disinfection treatment
of surfaces and liquids.

CONCLUSIONS

1. Diolide disinfectant is non-toxic to re-grafted SPEV
and BHK-21/C13 cell cultures in 0.1% (250 mg/l),
0.06% (150 mg/1), 0.02% (50 mg/l), 0.008% (20 mg/l),
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and 0.004% (10 mg/l) concentrations of chlorine dioxide.

2. Diolide disinfectant has 100% virucidal activity
against envelope viruses, such as Aujeszky's disease virus
(Arsky strain) and rabies virus (CVS-11 strain) in concen-
trations from 0.1% (250 mg/1) to 0.004% (10 mg/l) when
exposed for 30-60 minutes under protein load conditions.

3. Diolide disinfectant has 100% virucidal activity
against the shell-free virus of enzootic encephalomy-
elitis of swine (Perechinsky-642) in concentrations from
0.1% (250 mg/l) to 0.004% (10 mg/l) at an exposure of
60 minutes and in concentrations from 0.1% (250 mg/l)

to 0.008% (20 mg/l) at an exposure of 30 minutes under
conditions of protein load.

4. The coefficient of reduction of infectious ac-
tivity of the enzootic encephalomyelitis virus of swine
(Perechinsky-642 strain) after 30 minutes of exposure
with Diolide disinfectant at a concentration of 0.004%
(10 mg/l) under protein load conditions exceeded 4 lg
(4.47 g CPE, /0.02 ml).

5. The results of laboratory tests indicate a high
virucidal activity of the Diolide disinfectant and give
grounds for its widespread introduction into production.

REFERENCES

[1] Cadnum, J.L., Pearlmutter, B.S., Hag, M.F., Jencson, A.L., & Donskey, CJ. (2021). Effectiveness and real-world
materials compatibility of a novel hydrogen peroxide disinfectant cleaner. American Journal of Infection Control,
49(12),1572-1574. doi: 10.1016/j.ajic.2021.08.008.

[2] Chechet, O.M. (2022). Measures for prevention of infectious diseases and increasing productivity in poultry.
Bulletin of Sumy National Agrarian University. Series: Veterinary Medicine, 3(54), 60-69. doi: 10.32845/bsnau.vet.2021.3.9.

[3] Du,Y,Lv,X.T,Wu,Q.Y.,, Zhang, D.Y., Zhou, Y.T., Peng, L., & Hu, H.Y. (2017). Formation and control of disinfection
byproducts and toxicity during reclaimed water chlorination: A review. Journal of Environmental Sciences (China),
58,51-63.doi: 10.1016/j.jes.2017.01.013.

[4] Edmiston, C.E.,Jr, Spencer, M., Lewis, B.D., Rossi, PJ., Brown, K.R., Malinowski, M., Seabrook, G.R., & Leaper, D. (2020).
Assessment of a novel antimicrobial surface disinfectant on inert surfaces in the intensive care unit environment
using ATP-bioluminesence assay. American Journal of Infection Control, 48(2), 143-146. doi: 10.1016/].3jic.2019.08.026.

[5] Hsu,CS., Lu, M.C,, & Huang, DJ. (2015). Disinfection of indoor air microorganisms in stack room of university
library using gaseous chlorine dioxide. Environmental Monitoring and Assessment, 187(2), article number 17.
doi: 10.1007/510661-014-4235-2.

[6] International Committee on Taxonomy of Viruses. (2022). Genus: Teschovirus. Retrieved from https://talk.ictvonline.
org/ictv-reports/ictv_online_report/positive-sense-rna-viruses/w/picornaviridae/704/genus-teschovirus.

[7] Kindermann,J., Karbiener, M., Leydold, S.M., Knotzer, S., Modrof, J., & Kreil, T.R. (2020). Virus disinfection for
biotechnology applications: Different effectiveness on surface versus in suspension. Biologicals: Journal of the
International Association of Biological Standardization, 64, 1-9. doi: 10.1016/j.biologicals.2020.02.002.

[8] Kovalenko,V.L., & Nedosekov,V.V.(2011). Methodical approaches to control of disinfectants for veterinary medicine.
Kyiv: NUBIP Ukraine.

[91 Ma,JW., Huang,B.S., Hsu, CW., Peng, CW., Cheng, M.L., Kao, J.Y.,Way, T.D., Yin, H.C., & Wang, S.S. (2017). Efficacy
and safety evaluation of a chlorine dioxide solution. International Journal of Environmental Research and Public
Health, 14(3), article number 329. doi: 10.3390/ijerph14030329.

[10] Matsuzaki, S., Azuma, K., Lin, X., Kuragano, M., Uwai, K., Yamanaka, S., & Tokuraku, K. (2021). Farm use of
calcium hydroxide as an effective barrier against pathogens. Scientific Reports, 11(1), article number 7941.
doi: 10.1038/541598-021-86796-w.

[11] Miura, T., & Shibata, T. (2010). Antiviral effect of chlorinedioxide against influenza virus and its application for
infection control. The Open Antimicrobial Agents Journal, 2,71-78. doi: 10.2174/1876518101002020071.

[12] Mummert, A., & Weiss, H. (2017). Controlling viral outbreaks: Quantitative strategies. PloS One, 12(2), article
number 0171199. doi: 10.1371/journal.pone.0171199.

[13] Ogata, N., & Shibata, T. (2008). Protective effect of low-concentration chlorine dioxide gas against influenza: A
virus infection. The Journal of General Virology, 89(1), 60-67. doi: 10.1099/vir.0.83393-0.

[14] Paliy, A.P,, Rodionova, K.O., Braginec, M.V,, Paliy, A.P., & Nalivayko, L.I. (2018). Sanitary-hygienic evaluation
of meat processing enterprises productions and their sanation. Ukrainian Journal of Ecology, 8(2), 81-88.
doi: 10.15421/2018_313.

[15] Paquette, C.C., Schemann, K.A., & Ward, M.P. (2020). Knowledge and attitudes of Australian livestock producers
concerning biosecurity practices. Australian Veterinary Journal, 98(11), 533-545. doi: 10.1111/avj.13005.

[16] Rabenau, H.F., Schwebke, I., Blimel,J., Eggers, M., Glebe, D., Rapp, ., Sauerbrei, A., Steinmann, E., Steinmann, J.,
Willkommen, H., & Wutzler, P. (2020). Guideline for testing chemical disinfectants regarding their virucidal
activity within the field of human medicine. Bundesgesundheitsblatt, Gesundheitsforschung, Gesundheitsschutz,
63(5), 645-655. doi: 10.1007/s00103-020-03115-w.

[17] Rutala, WA., & Weber, DJ.(2019). Disinfection, sterilization, and antisepsis: An overview. American Journal of Infection
Control,47,3-9. doi: 10.1016/j.3jic.2019.01.018.

[18] Sanekata, T., Fukuda, T., Miura, T., Morino, H., Lee, C., Maeda, K., Araki, K., Otake, T., Kawahata, T., & Shibata, T.
(2010). Evaluation of the antiviral activity of chlorine dioxide and sodium hypochlorite against feline calicivirus,
human influenza virus, measles virus, canine distemper virus, human herpesvirus, human adenovirus, canine
adenovirus and canine parvovirus. Biocontrol Science, 15(2), 45-49. doi: 10.4265/bio.15.45.

Scientific Horizons, 2022, Vol. 25, No. 5




Chechet et al. 39

[19] Tarka, P., & Nitsch-Osuch, A. (2021). Evaluating the virucidal activity of disinfectants according to European
Union standards. Viruses, 13(4), article number 534. doi: 10.3390/v13040534.

[20] Wales,A.D., & Davies, R.H. (2021). Disinfection to control African swine fever virus: a UK perspective. Journal of
Medical Microbiology, 70(9), article number 001410. doi: 10.1099/jmm.0.001410.

[21] Wales, A.D., Gosling, RJ., Bare, H.L., & Davies, R.H. (2021). Disinfectant testing for veterinary and agricultural
applications: A review. Zoonoses and Public Health, 68(5), 361-375.doi: 10.1111/zph.12830.

[22] Yu, C.H., Huang, T.C., Chung, C.C., Huang, H.H., & Chen, H.H. (2014). Application of highly purified electrolyzed
chlorine dioxide for tilapia fillet disinfection. The Scientific World Journal, 2022, article number 619038.
doi: 10.1155/2014/619038.

TOKCUYHICTb Ta BipyniuMaHa aKTUBHICTb Ae3iHdeKuUinHoro 3acoby
Ha OCHOBI AiiokcuAay xnopy

Onbra MukonaieHa Yeuet?, Bauecnae JleoHinosuu KosaneHko?, Onbra CepriisHa Maiigeit?,
IBaH MukonaiioBuu Monynan?, Onekciii BacunboBuy Pypoii’

t[lep>kaBHMIA HAYKOBO-AOCAIAHMI iHCTUTYT 3 1abOPATOPHOI A4iarHOCTUKM
Ta BETEPMHAPHO-CAHITapHOI ekcnepTmnsmn
03151, Byn. JoHeubka, 30, M. Kni, YkpaiHa

2[lepXaBHWIA HAYKOBO-KOHTPOIbHMIM iIHCTUTYT BIOTEXHONOTT i WTaMiB MiKpOOpraHiaMmiB
03151, Byn. JoHeubka, 30, M. Kni, YkpaiHa

AHoTauia. BnpoBagkeHHs iHTEHCMBHUX TEXHONOTIM BUPOBHMLTBA MPOAYKLIi TBAPUHHULTBA BMMAra€ BUKOPUCTAHHS
[ne3iHPikyumnx 3acobiB Ha BCix eTanax. AHani3z e@eKTMBHOCTI Ae3iH(EKTaHTIB MOYMHAETLCS 3 BUNPODOYBAHHA HA eTani
CTBOPEHHS abo BifHOpY peyYoBMH, OCKINbKM Pi3Hi Ae3iHdiKyoUi 33c06M MatoTb Pi3HY aKTUBHICTb MPOTHU MiKPOOPraHi3MiB,
€ TOKCMYHUMM, IMYHOCYMPECUBHUMM Ta CMPUYMHSIIOTD LOBrOTPUBAIMI BNAMB HA TBApUH. Lle 3yMOBOE HEOOXiaHICTb
nopanblwoi po3pobKku Ta AOCiAKEeHb 33aC00iB i3 ONTUMANbHUMM MNOKA3HWKAMM TOKCUYHOCTI Ta BipyniuMAaHOI Aii.
MeToto CTaTTi € LOCNIAMTU TOKCUYHICTb Ta BipyNiumMaHY Aito HOBOro Ae3iHdikyrouoro 3acoby «[ionaia», 30kpema Ha
TakuX 3paskax gK BipyC XBOpo6W Ayecki, BipyC eH300TMYHOro eHuedanoMienity cBuHen (xeopobu TewweHa) Ta Bipyc
cKkasy. [locnigxeHHs NpoBOAMAM BIANOBIAHO A0 HALIOHANBHUX i MDKHAPOAHUX KEPIBHWLTB LLOAO XapaKTepuCTUKM
BipYNiLMAHUX BNACTMBOCTEN HOBMX Ae3iHPiKYUMX 3acobiB. BUBUEHHS TOKCMYHOCTI Ae3iHdikytouoro 3acoby «[ionanoy»
NpOBOAMAN 33 YMOB DiNIKOBOrO HaBaHTaXEHHS B KynbTypax KnituH SPEV Ta BHK-21/C13. BusHaueHHs BipyniumaHoi
AKTMBHOCTI fie3iHdiKytouoro 3acoby «[lionaia» NnpoBoanaM 32 YMOB HiIKOBOTO HaBaHTaXKEHHS Ha MoZLensix 060TOHKOBUX
BipyCiB XBOpPOOM Ayecki (luTaM «ApcbKuit») i Bipycy ckasy (wtam CVS-11) Ta BukopucToBYHOUM 6e306010HKOBUI BipyC
€H300TUYHOTO eHuedanomienitTy CBUHeN (lTaM «llepeunHCbKUin-642»). TokenyHicTb Ae3iHdikytouoro 3acoby «[ionanay»
Bu3Havanu ans 0,16 % (400 mr/n),0,1 % (250 mr/n),0,06 % (150 mr/n),0,02 % (50 mr/n),0,008 % (20 mr/n) 1a 0,004 % (10 mr/n)
KOHLIEHTPALLi/ 33 ABOOKMCOM X/10pYy 3 TpuBanictio ekcno3suuii 30 Ta 60 xBuaunH. BipyniunaHy aito 3acoby Bu3Havanm ans
0,1 % (250 mr/n), 0,06% (150 mr/n), 0,02% (50 mr/n), 0,008% (20 mr/n) Ta 0,004 % (10 Mr/n) KOHUEHTPAL BIAHOCHO
pobounx po3BefeHb BipyCHUX CycrneHsiit: ana Bipycy xsopobu Ayecki - 5,3 CPE,/ml, ans Bipycy eH300TU4HOMO
eHuedanomienity cemnei - 5,5 CPE, /ml, ana Bipycy ckasy - 5,5 TCID, /ml. Pesynbtati [OCHIMKEHHS NOKa3anu, Wo
ne3iHdikyounii 3acio «[lionana» He TOKCUMUYHUI ANs nepeLenntoBaHuxX KynbTyp knituH SPEV Ta BHK-21/C13 8 0,1 %
(250 mr/n), 0,06 % (150 mr/n), 0,02 % (50 mr/n), 0,008 % (20 mr/n) Ta 0,004 % (10 Mr/n) KOHLEHTPALIAX 32 AiOKCUAOM
xnopy. lNpenapat 100% BipyniunaHO Ai€ WwWoa0 06010HKOBMX BipYCiB, TaKMX K BipyC XBOPOoOu Ayecki (LuTaM «ApCbKMity)
Ta Bipyc cka3y (wtam CVS-11) B koHueHTpauiax iz 0,1 % (250 mr/n) no 0,004 % (10 mr/n) 3a ekcno3muii 30-60 xBUnuH
B yMOBax 6ifikoBoro HaBaHTaxeHHs. Mae 100 % BipyniumMaHy akTUBHICTb LLOA0 6€306010HKOBOIO BipyCy EH300TUYHOIO
eHuedanoMienity ceuHen (wWrtam «lepeunHcbkuii-642») B KoHueHTpauiax Big 0,1 % (250 mr/n) no 0,004 % (10 mr/n)
3a ekcno3uuii 60 xBunKH Ta B KoHUeHTpauiax Big 0,1 % (250 mr/n) go 0,008 % (20 mr/n) 3a ekcno3uuii 30 XBUAUH B
yMOBax 6ifIKOBOro HaBaHTaXeHHs. BctaHoBneHuii B Aocnigax KoedilieHT 3HWKeHHS iH(EeKLiMHOI aKTMBHOCTI Bipycy
€H300TUYHOrO eHuedanomienity cenHen (wWrtam «epednHcbknin-642») nicng 30 XBUAWH eKCno3uuii 3 Ae3iHdikyounm
3acobom «[jionang» B koHueHTpauii 0,004 % (10 mr/n) B yMOBaX GiNKOBOTO HAaBAHTAKEHHS CTaHOBMB binbLue 4 lg (4,47 1g
CPE,/0,02 ml), wo cBig4uTb MPO BMCOKY BipyNiLuMAHY aKTUBHICTb Ae3iHdeKUiiHOro 3acoby «[ionaiax. Mopanbui
LOCNIKEHHS MOXKYTb OYTW CNPSMOBAHI Ha NoAanblue MiABULLEHHS BipYNiLMAHOI aKTMBHOCTI Ae3iHdikyrouoro 3acoby

KntouoBi cnoBa: aesiHdekuis, Bipyc xBopobu Ayecki, BipyC eH300TUYHOMO eHuedanomienity CBMHER, BipyC CKasy,
TUTP BipyCy, KyNbTypa KAiTUH
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