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ABSTRACT

Introduction. The most effective strategy to control African swine fever is to implement a set of anti-epizootic measures aimed at preventing introduction and
spread of the disease pathogen. Currently, there is a wide range of commercially available disinfectants used at the facilities subject to veterinary control. Their
effectiveness against African swine fever virus is unknown and is only confirmed by the manufacturers, who do not always provide substantiated evidence.
Objective. The objective of the research is to test virucidal activity of various disinfectants against African swine fever pathogen in the laboratory.

Materials and methods. Twelve samples of disinfectants with different chemical compositions were tested. The first in vitro assessment stage was car-
ried out using suspension method, i.e. working solutions of the tested disinfectants in experimental concentrations and exposure times were added to the
liquid-phase virus-containing material. During the second stage, swabs from concrete test plates contaminated with African swine fever virus were tested
following treatment of surfaces with the working disinfectant solutions. Each stage was performed in two variants: without organic contamination and with
its imitation (application of inactivated bovine serum on the test surface). The samples were tested using virus isolation in a sensitive porcine spleen cell
culture. Results were assessed and interpreted in hemadsorption test. The disinfectant sample was considered to exhibit virucidal activity, if no reproduction
of African swine fever virus was observed.

Results. Nine out of twelve tested disinfectants demonstrated a virucidal effect against reference African swine fever virus Arm 07 strain (genotype Il), when tested
on test surfaces. Such results suggest the need to evaluate further the efficacy of various disinfectants against this pathogen.

Conclusion. The fact that such disinfectant products that are incapable of inactivating African swine fever virus under the conditions specified in their instructions
are potentially marketed underlines the need to improve regulatory framework in order to ensure effectiveness of general disease prevention and control measures.
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BupynuumaHaa akTuBHOCTb Jie3UHOULMPYIOLLX
npenapaToB B OTHOLLEHUV BO30yauTens
aQpPUKAHCKOI YyMbl CBUHEN

. A. laBpenTbes, A. C. Uronkun, A. A. Wesuos, U. C. Kon6un, 0. C. ly3ankoBa, B. J. TaBpunosa, P. C. YepHbiwes
OIBY «DeepanbHblil LieHTp oXpaHbl 340pOBbA XNBOTHbIX» (OTBY «BHUN3XK»), Mkp. H0pbesel, . Bnagumup, 600901, Poccua

PE3IOME

BepeHue. Hanbonee s¢pdexTnsHoi cTpaterneil 6opbObl ¢ adpukaHcKoii uymoii CBUHel 0CTaeTCA NPoBeeHMe KoMMeKca NPOTUBOINM300TAYECKIX Mepo-
MpUATUI, HaNPaBNEHHbIX Ha NpeJOTBPALLEHME 3aHOCA 1 PACNPOCTPaHeHue Bo30yauTena AaHHoi 6one3Hu. B HacToAwlee BpemaA CyLLeCTBYeT LUMPOKII CNEKTP
KOMMepYecKuX Ae3vHULMPYIOLLNX CPEACTB, NPUMEHSAEMbIX Ha 06beKTax BeTepUHAPHOro Haa30pa, 3G¢eKTUBHOCTL KOTOPbIX B OTHOLLEHIM BUPYCa ahpUKaHCKOI
UyMbl CBUHEi Heu3BeCTHa 1 NOATBEPKAAETCA TONbKO 3aBePEHUAMU NPOU3BOANTENEN, KOTOpble He BCeraa npeocTaBaAlT 060CHOBaHHble J0Ka3aTeNbCTBa.
Lienb uccnepoBaHus. JlabopatopHble UCMbITaHNA BUPYINLMAHON aKTUBHOCTY Pa3NnuHbIX A3MHGULMPYIOLLMX NPenapaTos B OTHOLLEHUN BO3byauTens ad-
PUKAHCKOI YyMbl CBUHEIA.

Marepuanbi u metoabl. Viccnenosaro 12 06pa3uoB Ae3MHOULMPYIOLLMX CPEACTB € Pa3ANYHBIM XUMUYECKIIM COCTaBOM. [lepBblil 3Tan no oLeHKe (BOACTB
in vitro NpOBOANAM CyCNEH3MOHHbIM METOAOM MyTeM A06aBReHNA K XUAKoDa3HOMY BUpyCcoaepaLLemy MaTepuany pabounx pactBOPOB UCMbITYEMbIX Npe-
MapaToB B JKCMEPUMEHTAbHbIX KOHLIEHTPALMAX U NpY Pa3iinyHOM BPeMeHU 3KCo3uLum. BTopoi 31an ocyluecTBAANCA NOCPeACTBOM TeCTUPOBAHINA CMbIBOB
C KOHTAMUHMPOBAHHDIX BUPYCOM adPUKaHCKOI UyMbl CBUHEI TecT-NNacTuH 13 6eToHa nocne ux 06paboTku pabounmu pactBopami Aecpencts. Kaxabiii 3tan
NPOBOAWAY B ABYX BapvaHTax: 6e3 0praHyeckoro 3arpA3HeHus 1 € ero nMuTaLmeil (3KCno3mnuua MHaKTUBUPOBAHHON CbIBOPOTKY KPOBY KPYMHOTO POratoro ckoTa
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Ha TecT-noBepxHocTi). 06pasLbl Mcce0Bany METOAOM BUPYCOBbIAENEHUA B YYBCTBUTENbHOI KYNbTYPe KNETOK CeNe3eHKM CBUHbU. YUeT U UHTepnpeTaLmto
pe3ynbTaToB NPOBOAUNM B peaKLyun remagcopbumm. Cuntanu, uto obpasew npenapara 06nasan BUpYNMLUAHON aKTUBHOCTBIO MPU OTCYTCTBUM PENpPOAYKLMM
BUPYCa ahpUKAHCKOIT UyMbl CBUHEIA.

Pe3ynbratbl. BupynuuugHbiv 3gdekTom B OTHOLIEHUN pedepeHTHOro Wwramma Arm 07 Bupyca adpuKkaHckoil uymbl cuHeit (Il reHoTvn) npu MCNbITaHAX
Ha TeCT-noBepxHoCTAX 06nagani 9 u3 12 UcnbITyeMbIX NpenapaToB, YTo CBUAETENbCTBYET 0 HE0OXOAMMOCTY NPOBEAEHNA AANbHELLMX NCCTIe[0BAHNIA N0 OLeHKe
[AeiCTBEHHOCTY Pa3ANYHbIX Ae3MHOULMPYIOLLIMX CPEACTB B OTHOLUEHUI JaHHOTO BO3OyAuTeNA.

3aknioueHue. Bo3moxHOCTb NPUCYTCTBUA B KOMMepUecKom 060poTe Ae3cpefiCTB, HeCOCOBHbIX NPU 33ABNEHHDIX B MHCTPYKLIMM YCIOBUAX MHAKTUBMPOBATD
BUPYC adpUKAHCKOIT UyMbl CBUHEN, NOAYEPKUBAET He0OX0AMMOCTb COBEPLLEHCTBOBAHIA HOPMATUBHO-NPABOBbIX aKTOB B LieNAX obecneyeHna IQGeKTMBHOCTH
mep o6wweil npodunakTuki 1 60pbobI ¢ 60Ne3HbH.

KntoueBbie cnoBa: BUpyc adpukaHcKoii uymbl CBUHE, e3cpeacTBa, Ae3MHOEKTaHTbI, XNI0pCOAepKaLLe Npenaparbl, FyTapoBblii aNbAerig, NepoKCOMOHO-
cynbdar kanua

bnaropgapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux paboT «BetepuHapHoe bnarononyune.
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INTRODUCTION

Despite efforts taken to prevent spread of African
swine fever (ASF) in the Russian Federation, there are
still high risks to introduce the infection into pig farms.
The damage caused by the disease is significant. As a result,
Russia’s total losses from ASF in 2018-2020 amounted to
32,571.6 million rubles [1].

Under the current conditions, it is especially important
to ensure biological security for all categories of pig farm-
ing enterprises, i.e. a set of administrative and physical
measures taken to reduce the risk of the disease introduc-
tion, its rooting and spread [2, 3].

Failure to comply with or imperfect biosecurity regu-
lations increase the likelihood of introducing pathogens
of dangerous diseases, including African swine fever
virus (ASFV). Therefore, it is important to implement ef-
fective protective measures (i.e. segregation, cleaning,
disinfection) on all pig farms, pig slaughterhouses and
pig processing plants, taking into account the possibility
of virus introduction via virus sources (infected animals)
and contaminated objects (vehicles, personnel attire, con-
sumables, and farm equipment).

Relevant veterinary rules are implemented in case
of ASF to define the structure of veterinary posts that
shall treat vehicles at the exit from the outbreak and
the protection zone, and shall conduct three-stage disin-
fection in the outbreak to prevent the infection spread [4].
As point 49 of the mentioned rules reads, that chlo-
rine-containing disinfectants (minimum 25% active chlo-
rine) or equivalent disinfecting agents with high virucidal
activity against the pathogen shall be used for disinfec-
tion, according to the instructions for use. However, not
all instructions for commercial disinfectants provide evi-
dence-based data on their efficacy against target patho-
gens and proper application protocols.

All of the above indicates that in order to ensure pro-
tection against introduction and spread of ASF, effective

disinfection measures are required that take into account
the pathogen stability in the environment and pig pro-
ducts, as well as the virus tolerance to certain types of dis-
infectants resulting from a complex virion structure.

The temperature range of ASFV resistance is 5 °C — up
to 7 years, 18-20 °C - 18 months, 37 °C - 30 days, 50 °C -
up to 1 hour. The virus can persist for 6 years in serum at
a temperature of 5 °C, in smoked ham - up to 180 days,
in frozen meat — up to 155 days [5, 6].

Data on survival of ASFV in external environments and
in various excreta from the infected animals are given
inTable 1.

It should be noted that ASFV is not mentioned
in SanPiN 3.3686-21, since it does not belong to zoonotic
pathogens [12]. Pursuant to point 2.13.2 of the “Rules
for disinfection and decontamination at the facilities
under state veterinary surveillance’, ASFV is classified as
stable (stability group 2 out of four groups specified in
the Rules) [13]. The document also includes disinfection
requirements based on the pathogen stability charac-
teristics. However, the listed disinfectants do not include
a wide range of currently used products (based on acids,
alkalis, aldehydes, chlorine compounds, iodine, phenols,
quaternary ammonium compounds) with the following
claimed advantages: relatively short exposure time, ab-
sence of pronounced corrosive and toxic effects, enhanced
effect due to the synergy of components at low concentra-
tions of active substances [14, 15, 16].

As specified in “Methodological guidelines for quali-
ty control of veterinary disinfection in livestock facilities”
(see Appendix 3 to the above mentioned rules), in order
to control the quality of the on-going disinfection, tests
are specified for indicator microorganisms (for stability
group 2: Staphylococcus aureus, S. epidermatis, S. sapro-
phiticus) [13]. Although stability of ASFV and staphylococci
is comparable, it is not equivalent, due to the difference
in the pathogen structure and the specific mechanisms
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ASFV resistance to the environmental factors, based on findings
from independent researchers

Environmental object

Storage conditions | Observation period Reference

Faeces

+4°C 5-280 days [7,8]

+20°C 3-11days [7,9]

Manure

-20°C 2 months [10]

+4°C 30-145 days [8,10]

+20°C 21 days [10]

Urine

-20°C 3 months [10]

+4°C 5-60 days [7,10]

+20°C 5-21days [7,10]

Beach sand

+20°C 14 days [7]

Backyard soil

+20°C 7 days [7]

Bog mud

+20°C 3 days [7]

Soil

-20°C 2 months [10]

+4°C 45-650 days [8,10]

+20°C 30-132 days [8,10]

Moist soil

+4°C up to 3 days [7]

+20°C up to 3 days [7]

Water

-20°C 3years [11]

+4°C 2-33 months [8,10,11]

+20°C 2-13 months [8,10,11]
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of resistance [17, 18]. For example, key components of
the cell wall structure in Gram-positive bacteria, includ-
ing S. aureus, are peptidoglycan and teichoic acids, while
the ASFV virion core is surrounded by a dense protein
layer, an inner lipid envelope, and a capsid, which serves
as the outer layer in intracellular virions. The aforemen-
tioned factors also contribute to the differences in sensi-
tivity to various pH levels. For example, the optimal range
for staphylococcal growth is between 7.2 and 7.4, and
in case of high acidity (pH < 4.5), bacterial growth slows
down, unlike ASF pathogen, which is inactivated at pH
ranging between < 3.9 or > 11.5[19, 20].

Therefore, in order to assess disinfecting properties of
the tested products or their components, it is more suit-
able to use different methods for different types of specific
pathogens (separately for bacteria, viruses, fungi, etc.).

As part of the research work done by the Federal Centre
for Animal Health Reference laboratory for ASF, the viru-
cidal activity of commercial disinfectants against ASFV
genotype Il is tested. The experimental testing includes
two stages: in vitro determination of the minimum effec-
tive concentration and exposure time; spraying test sur-
faces with working solutions of the disinfectants. Artificial
organic soiling is applied at all stages to simulate near-
real-life conditions.

The purpose of the experiment is to compare coded dis-
infectants (with the known chemical composition) based
on their virucidal properties against ASF pathogen.

MATERIALS AND METHODS

Twelve disinfectants manufactured in Russia have been
tested. The disinfectant samples were coded before the ex-
periments.

Due to the absence of relevant internal regula-
tions, the experiments were conducted according
to a disinfectant test scheme similar to that given
in GOST R 58151.4-2018 and R 4.2.3676-20, but after ap-
propriate adjustment of the methods for disinfectants
used for veterinary purposes and their adaptation to
the current pathogen - ASFV [21].

African swine fever virus was handled and the obtained
results were interpreted in accordance with the “Methodo-
logical guidelines for African swine fever virus isolation
and titration in porcine spleen cell culture” [22].

Stage 1 (i.e. in vitro assessment stage) was carried out
in two variants: without protein load and with the addi-
tion of inactivated bovine serum at a 40% concentration
in the virus-disinfectant mixture. A 2-day subconfluent
monolayer of primary porcine spleen cell culture supple-
mented with Eagle’s minimal essential medium, as pre-
scribed by the Federal Centre for Animal Health, contain-
ing 10% foetal bovine serum was used as a test object.

The cell culture was inoculated with liquid-phase he-
madsorbing ASFV genotype Il reference strain Arm 07
deposited into the Federal Centre for Animal Health col-
lection of strains.

Working solution of the tested disinfectants was added
at a ratio of 1:9 (i.e. 1 part of virus-containing material to
9 parts of the disinfectant) to the cell debris-free suspen-
sion containing ASFV Arm 07 strain at a minimum titer
of 6.0 Ig HAdU, /cm’.

Seventy percent-inactivated bovine serum was used
to neutralize disinfectant effect and simulate organic
soiling.

The resulting samples (both with serum and without)
were kept at room temperature during the exposure time,
and subsequently neutralized with bovine serum at a 1:1
ratio (1 part of sample and 1 part of the neutralizer).

Then the mixture (virus, disinfectant and neutralizer)
samples were added into the plate wells with a monolayer
of ASFV-sensitive porcine spleen cell culture, 30 minutes
later the mixture was removed and replaced with the sup-
portive medium. The cell culture was incubated in 5% CO,
atmosphere for 7 days at 37 °C, results monitored daily.

Stage 2 of disinfection efficacy testing included spray-
ing 10 x 10 cm concrete test plates with working solutions
from a spray bottle. Before the experiment, all surfaces
were mechanically cleaned (washed with soap and brush,
rinsed with running water, then wiped several times with
a sterile wet cloth) and autoclaved.

The test plates were placed horizontally; ASFV sus-
pension was pipetted onto each plate (minimum titer of
6.0 IgHAdU, /cm?) at a rate of 0.5 cm*/m? with 5% inacti-
vated bovine serum added to cover 100 cm?area, and was
evenly distributed over the surface. The virus-contamina-
ted surfaces got dry at room temperature, and then were
treated with the tested disinfectant solution at the mini-
mum effective concentration and exposure time.

To simulate organic contamination (protein load),
40%-inactivated bovine serum was used, which was ap-
plied to virus-contaminated surfaces. Surfaces were then
sprayed with the test product at the application rate
of 0.3 L/m? (per manufacturer’s protocol).
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Control test plates were sprayed with sterile or boiled
tap water at the same application rate (0.3 L/m?) as in
the experimental procedure. In order to determine com-
pleteness of ASFV inactivation, swabs were sampled from
the test surfaces and then applied onto a sensitive porcine
spleen cell culture (virus detection was performed through
virus isolation with three blind passages conducted in cell
culture for each sample).

Results were examined by the presence or absence
of hemadsorption phenomenon - a qualitative specific
indicator of ASFV replication. The disinfectant sample was
considered to exhibit virucidal activity, if no hemadsorp-
tion was observed.

RESULTS AND DISCUSSION

Table 2 provides results of disinfectant efficacy testing
(judged by the presence or absence of virucidal activity)
for coded disinfectant samples during two consecutive
in vitro stages.

It was found that nine out of twelve disinfectants were
able to inactivate highly virulent ASFV reference strain
Arm 07 at all concentrations and exposure times, pre-
scribed by manufacturers, on sprayed concrete test sur-
faces.

Disinfectants coded as 1, 2 and 3 with potassium per-
oxymonosulfate as the main active ingredient (at concen-
trations of 0.55, 0.5 and 1.5%, respectively) exhibited activ-
ity against ASFV both when tested by suspension method
and by spraying onto the concrete test surfaces, during
30 and 60 minute-exposure times. Potassium peroxymo-
nosulfate is able to inactivate ASFV even with significant
organic contamination, but in this case its concentration
should be at least 1.0% [23]. The research findings demon-
strate efficacy of potassium peroxymonosulfate-based
disinfectants even at lower concentration (both with and
without protein load), which can be taken into account
when optimizing chemical composition of disinfectants.

The disinfectant coded as 4 (0.002% chlorine dioxide
working solution) demonstrated sufficient virucidal effi-
cacy at experiment stage 1, however, ASFV persisted on
the concrete test surface after 3-minute exposure. The test-
ed concentration of ClO, exceeds the recommended one
(0.0012%) for inactivation of ASF pathogen; and the lack
of activity is most likely caused by insufficient exposure
time. To achieve optimal virus degradation efficacy, when
applying chlorine dioxide to the surface, it is necessary

Fig. Porcine spleen cell culture: A - infected with ASFV;

to adhere to a strict time-temperature regimen (at least
50 min, 37 °C) [24].

Disinfectants coded as 5, 6, 7, 8,9, 10 and 12 contain
glutaraldehyde in their composition. Disinfectant 7 did
not show pronounced virucidal activity in the experiment,
despite sufficiently high concentration of the active sub-
stance (0.024%) in the working solution (as declared by
the manufacturer) exceeding the efficacy rates of other
disinfectants, for example, the one coded as 10 and con-
taining only 0.015% glutaraldehyde, but proved effective
against ASFV during the experiment. The available data
from the few existing studies show the possibility to use
glutaraldehyde at 0.1% concentration during 30-minute
exposure [23]. The lack of efficacy of disinfectant No. 7 may
be explained either by insufficient levels of excipients in
its formulation or deviations in its manufacturing process.
The critical lack of data on the minimum effective concen-
tration of glutaraldehyde required for ASFV inactivation
highlights the need for research to assess the virucidal
efficacy of the disinfectants. It should be noted that glu-
taraldehyde concentration of more than 0.5% can increase
cytotoxicity, which significantly limits the range of experi-
ments [25].

Disinfectant No. 11, containing 0.012% sodium carbon-
ate peroxosolvate, 0.75% sodium alkylbenzene sulfonate,
0.135% citric acid, 0.36% methylene blue, 0.00015% so-
dium carbonate, showed partial virucidal efficacy against
the pathogen. The disinfectant exhibited no virucidial
efficacy against ASFV during 30-minute exposure at
the declared concentrations, however, with prolonged
exposure time, namely 60 and 90 minutes, it was quite
effective. The individual components in its composition,
according published data, demonstrate activity against
ASF pathogen at high concentrations and during pro-
longed exposure time [26]. Chlorine compounds are wide-
ly used as disinfectants due to their high efficacy resulting
from the ability to denature proteins; however, they have
a corrosive effect and are inhibited by organic substances.
Sodium alkylbenzene sulfonate is classified as an anionic
surfactant with well-pronounced detergent properties.
The virucidal properties of citric acid were confirmed
when used at 2% concentration during 30-minute expo-
sure; the effect is achieved due to interaction of lipophilic
structures with the virus membrane and decreased pH.
Sodium carbonate also proved effective against ASFV at
1% concentration and after 30-minute exposure [26].

B —intact (blue arrows indicate porcine spleen cells, red — red blood cells)
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Table 2
Results of testing virucidal activity of disinfectants against ASFV
in cell culture and on a concrete test surface

Stage 1
Product Components (;)fn tcheen;rcattiiloen Exposure time, (suspension method) (spraying)
code (active ingredients) substance, % (Y without protein |  with protein | withoutprotein |  with protein
load load load load
1 potassium peroxymonosulfate 0.55 30 + + + +
2 potassium peroxymonosulfate 0.5 30 + + + +
3 potassium peroxymonosulfate 1.5 60 + + + +
4 chlorine dioxide 0.002 3 + + - -
glutaraldehyde 0.0375
5 15 + + + +
benzalkonium chloride 0.025
alkyldimethylbenzylammonium chloride 0.03
6 30 + + + +
glutaraldehyde 0.05
glutaraldehyde 0.024
7 15 + + - -
alkyldimethylbenzylammonium chloride 0.01
d|de§y|d|methy|ammon|um 00156
chloride
8 alkyldimethylbenzylammonium chloride 0.034 1 * + * *
glutaraldehyde 0.0214
glutaraldehyde 2.0
alkyldimethylbenzylammonium chloride 1.7
9 10 + + + +
didecyldimethylammonium chloride 0.8
isopropyl alcohol 1.0
aIkqu|methylbenzylammon|um 0018
chloride
glutaraldehyde 0.015
10 formaldehyde 0.01 > + + * +
polyhexamethylene guanidine 0.0006
isopropyl alcohol 0.004
sodium carbonate peroxosolvate 0.012 30 + i _ _
sodium alkylbenzene sulfonate 0.75
N citricacid 0.135 60 + + + +
methylene blue 0.36
sodium carbonate 0.00015 % + + + +
didecyldimethylammonium chloride 0.05
alkyldimethylbenzylammonium chloride 0.15
glutaraldehyde 0.05
12 15 + + + +
amino oxide 0.05
isopropyl alcohol 0.05
isotridecanol ethoxylated less than 0.05

“+"—virucidal effect in place (absence of hemadsorption);
“—"—no virucidal effect (presence of hemadsorption).
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The conducted tests demonstrate that protein load
(as a simulation of organic contamination), short expo-
sure time, and relatively low temperatures (of the working
solution, treated object, and environment) are all critical
factors that can significantly reduce efficacy of disinfec-
tants. Therefore, thorough mechanical pre-cleaning of sur-
faces and strict adherence to recommendations, including
those on exposure time and temperature regime, is still
of great importance for practice, which agrees with pub-
lished literature [17].

CONCLUSION

During experiment stage 1 (in porcine spleen cell
culture) all the 12 tested disinfectants exhibited viruci-
dal activity against ASFV reference strain Arm 07, which
confirms in vitro efficacy and absence of cytotoxic effects,
if the recommended concentrations and exposure time
are complied with.

During experiment stage 2 (on concrete test surfaces
with or without simulation of organic contamination), only 9
out of 12 disinfectants were effective, which underscores
the need for comprehensive studies to assess the virucidal
activity of disinfectants using various test objects.

To optimize composition of disinfectants in order to in-
crease their efficacy against ASF pathogen, we consider
it advisable to use glutaraldehyde at a minimum concen-
tration of 0.05%, potassium peroxymonosulfate at a mini-
mum concentration of 0.5%.

The experimentally confirmed impact of organic con-
taminants on disinfectant virucidal efficacy shows that
for practical purposes it is extremely important to tho-
roughly clean surfaces and select the most effective pro-
ducts for both disinfection and washing. In addition, it is
necessary to account for other factors, including a com-
position and concentration of active ingredients that are
effective against the specific pathogen, ambient air tem-
perature, temperature of treated surfaces, temperature of
the disinfectant working solution, exposure time, drying
parameters and other relevant variables.

Application of those commercial disinfectants with
the unknown virucidal activity against ASF pathogen in-
creases the risk of undermining substantial efforts invested
in preventive and eradication measures. Therefore, there is
aneed to introduce relevant regulatory framework on test-
ing commercial disinfectants for their efficacy against cur-
rently circulating pathogens of infectious diseases listed
in the instruction for use.
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