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Summary. The first and the main link in the system of prevention of the occurrence and distribution of avian 
influenza and Newcastle disease is monitoring and the effective prophylaxis of the above diseases. At the same time the 
conducting of disinfection of the objects of veterinary control is an important stage in the system of veterinary and 
sanitary measures. A number of disinfectants that contain different classes of chemical compounds as active substances 
have been developed and proposed for practical use. The large-scale production of disinfectants and their introduction 
into practice is impossible without the preliminary laboratory assessment of their antimicrobial properties, the 
determination of the spectrum of their biocidal effect and physical, chemical and toxicological properties. The aim of 
our work was to study the virucidal properties of a new aldehyde disinfectant using the test models of the viruses of 
Newcastle disease and avian influenza. The experiments to study virucidal properties of the disinfectant regarding the 
viruses of avian influenza and Newcastle disease have been carried out at the Department for Avian Diseases Study of 
the National Scientific Center ‘Institute of Experimental and Clinical Veterinary Medicine’ in accordance with the 
guidelines ‘Methods for determining and evaluating the safety and quality of disinfectants and disinfecting detergents 
used in the production, storage, transportation and sale of products of animal origin’ (Kotsiumbas et al., 2010). The 
determination of the virucidal properties of the disinfectant has been conducted in two stages: stage 1 — the 
determination of the virucidal activity of the product by the suspension method; stage 2 — determination of the virucidal 
activity of the product on test objects. As a result of the research conducted by the suspension method the presence of 
the virucidal properties of the innovative disinfectant (the mixture of quaternary ammonium compounds — 25%, glutar 
aldehyde — 11%, isopropanol, non-ionic surfactants) for the viruses of avian influenza and Newcastle disease has been 
determined. It has been found that the above preparation completely inactivated the infective properties of viruses when 
used in the concentration of 0.1%, with the interval of 30 minutes and in the concentration of 0.5% — 15-minute interval. 
It has been proved that the use of the disinfectant in 0.1% concentration for 30 minutes disinfected the test objects (wood, 
metal, tile, textile) that were contaminated by the pathogenic agents of avian influenza and Newcastle disease 
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Introduction. At present infectious diseases of viral 
etiology are of great danger for industrial poultry farming. 
The above diseases can affect the susceptible animals and 
the infection can spread over the large territory very 
quickly. Newcastle disease (ND) and avian influenza are 
among the most dangerous and economically important 
actual diseases (Capua and Marangon, 2000; Camenisch, 
Bandli and Hoop, 2008; Mehrabanpour et al., 2011). 

It has been known that Newcastle disease is not 
dangerous for human health but it is of great 
epizootological importance for poultry farming. In spite of 
the fact that the disease has been known for a long time, 
and the main peculiarities of its agent and pathogenesis 
have been studied very well, and the methods of the 
disease diagnosis and specific prevention have also been 
developed, the outbreaks of the disease are regularly 
registered in different countries of the world and they 
bring great economic losses to the farms (Liu et al., 2008; 
Hoque et al., 2012).  

Avian influenza also causes great economic losses to 
poultry farming both in the developed countries and in 
the developing ones. Much attention in the world is paid 
to influenza viruses of type A because the most dangerous 

and highly pathogenic viruses belong to this type (Capua 
et al., 2000; Abolnik et al., 2009). 

As a result of the analysis of the present epizootic 
situation regarding highly pathogenic avian influenza and 
the risks for poultry farming in Ukraine it has been stated 
that avian influenza and its highly pathogenic variants 
pose a real threat for the industrial and private poultry 
farming with serious economic consequences in case of 
the pathogen occurrence in the farm (Stegniy, Muzyka and 
Pishchanskyi, 2018).  

The first and the main link in the system of prevention 
of the occurrence and distribution of avian influenza and 
Newcastle disease is the monitoring and the effective 
prophylaxis of the above diseases. At the same time, the 
disinfection of the objects of veterinary control is an 
important stage in the system of veterinary and sanitary 
measures (Paliy et al., 2018; Paliy and Stegniy, 2018). 

A number of disinfectants that contain different classes 
of chemical compounds as active substances have been 
developed and proposed for practical use, and they are 
recommended for use in different branches of industry 
(Zavgorodniy and Paliy, 2014; Paliy et al., 2015; Kovalenko, 
Paliy and Zagrebelniy, 2017; Rodionova and Paliy, 2017). 
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It should be pointed out that the large-scale production 
of disinfectants and their introduction into practice is 
impossible without the preliminary laboratory assessment 
of their antimicrobial properties, the determination of the 
spectrum of their biocidal effect and physical, chemical 
and toxicological properties (Zavgorodniy et al., 2013; 
Paliy et al., 2016). 

The aim of our work was to study the virucidal 
properties of a new aldehyde disinfectant on the test 
models of the viruses of Newcastle disease and avian 
influenza. 

Materials and methods. The experiments to study 
virucidal properties of the disinfectant regarding the 
viruses of avian influenza and Newcastle disease have been 
carried out at the Department for Avian Diseases Study of 
the National Scientific Center ‘Institute of Experimental 
and Clinical Veterinary Medicine’ in accordance with the 
guidelines ‘Methods for determining and evaluating the 
safety and quality of disinfectants and disinfecting 
detergents used in the production, storage, transportation 
and sale of products of animal origin’ (Kotsiumbas et al., 
2010). The determination of the virucidal properties of the 
disinfectant has been conducted in two stages: stage 1 — 
the determination of the virucidal activity of the product 
by the suspension method; stage 2 — the determination of 
the virucidal activity of the product on test objects.  

The preparation of the following composition was used 
as the tested disinfectant: the mixture of quaternary 
ammonium compounds — 25%, glutar aldehyde — 11%, 
isopropanol, non-ionic surfactants. 

The following viruses were used as a model to study the 
virucidal properties of the disinfectant: 

— the epizootic virus of influenza A/chirianka/ 
Dzhankoy/4-17-11/10 (H5N2) that was isolated from wild 
birds in the AR Crimea in 2010 by the staff of the National 
Scientific Center ‘Institute of Experimental and Clinical 
Veterinary Medicine’. When infecting chicken embryos 
(CE), the 1.78 lg ELD50/0.2 cm3 was lethal. The virus A/ 
chirianka/Dzhankoy/4-17-11/10 (H5N2) was deposited 
in the State Scientific and Control Institute of 
Biotechnology and Strains of Microorganisms (Kyiv), 
registration No. 383. The patent of Ukraine for the useful 
model No. 80546 was received for the virus А/chirianka/ 
Dzhankoy/4-17-11/10 (H5N2). The extraembryonic 
liquid of the chicken embryos infected by the virus 
А/chirianka/Dzhankoy/4-17-11/10 (H5N2) was used as 
virus-containing liquid. The infective activity of the virus 
was 6.5 lg EID50/0.2 cm3, the titer of hemaglutinins was 
1:512–1:1,024; 

— the epizootic virus of Newcastle disease APMV-1/ 
Pigeon/Doneck/3/2007 that was isolated from the wild 
birds in Donetsk in 2007 by the staff of the National 
Scientific Center ‘Institute of Experimental and Clinical 
Veterinary Medicine’. The extraembryonic liquid of the 
chicken embryos infected by the virus APMV-1/Pigeon/ 

Doneck/3/2007 was used as virus-containing liquid. The 
titer of hemaglutinins was 1:1,024–1:2,048. 

9–10-day-old chicken embryos received from the hens 
having no antibodies to the viruses of Newcastle disease 
and avian influenza were used as a biological system for 
the virus indication. The incubation of the chicken 
embryos after the infection was carried out at the 
temperature 37.0 ± 0.5°С for 5 days.  

The egg candling was conducted daily, twice a day. The 
recording was done if there had been the embryo 
mortality and the presence of hemaglutinin in the 
extraembryonic liquid that testified about the 
reproduction of Newcastle disease and avian influenza 
viruses in the embryos. The dead embryos as well as alive 
ones after 5 days of incubation were placed in the fridge at 
the temperature of 4–8°С for 12–18 hours and after that 
the autopsy was conducted. The extraembryonic liquid 
was taken from each embryo, the liquid was tested to 
detect the presence of hemagglutinating virus in the 
hemaglutination test with 1% suspension of the cock 
erythrocytes. The hemaglutination test was conducted in 
the in V-shaped plates by the generally accepted method. 
Not less than four embryos were used in each test. 

The plates made from unpainted wood, metal, tile, 
textile (size 5×10 сm) were used to determine the 
disinfecting properties of the product. 

All the experiments with the viruses of avian influenza 
and Newcastle disease were carried out in accordance with 
biosecurity rules in laminar box of the second class of 
protection that excludes the pathogen entering the 
environment. The permission for the work with the 
viruses of avian influenza and Newcastle disease is ISO 
17025 (Certificate No. 2Н1327). 

Results and discussions. The influence of the work 
dilutions of the disinfectant under investigation had been 
previously studied in connection with the fact that the 
chicken embryos were used as the biological systems for 
the detection of the viruses of avian influenza and 
Newcastle disease. 

Since chicken embryos were used as the biological 
system for detecting avian influenza and Newcastle 
disease viruses, we have previously studied the effect on 
them of working dilutions of the tested disinfectant. 

For that the work dilutions of the drug in the 
concentrations of 0.1% and 0.5% were prepared. The sterile 
phosphate and salt buffer (рН 7.2–7.4) with antibiotics 
(penicillin 500 IU/cm3, streptomycin 500 mkg/cm3, 
nystatin 25 IU/cm3) was used for the dilution. The work 
dilutions of the disinfectant were administered into 
allantois cavity of the 9–10-day-old chicken embryos at 
the dose of 0.2 сm3. The observation of the embryos was 
conducted after the injection. The sterile phosphate and 
salt buffer (рН 7.2–7.4) with antibiotics was administered 
to the chicken embryos as a control. The obtained results 
are shown in Table 1. 
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Table 1 — Assessment of the effect of work dilution of 
disinfectant on chicken embryos (n = 3) 

Work  
dilution 

Quantity of dead embryos over 
time (hours) after infection 

24 48 72 96 120 

0.1 

native 1 − − 1 − 
10–1 − − − − − 
10–2 − − − − − 
10–3 − − − − − 
10–4 − − − − − 

0.5 

native 1 2 − − − 
10–1 − − − − − 
10–2 − − − − − 
10–3 − − − − − 
10–4 − − − − − 

Control − − − − − 
Note: ‘–’ — no cases of death. 

During the study period (5 days), the death of embryos 
that were introduced native working dilutions of the 
disinfectant was observed. After 5 days of observation, all 
embryos were cooled under the temperature of 4–8°С for 
12–18 hours and sectioned. The autopsy revealed growth 
and development retardation in embryos injected with 
native working dilutions of the drug and the absence of 
any abnormalities in embryos which were administered 
the drug in dilutions of 10–1 and higher (Fig.). 

The data given above have proved that the tested 
disinfectant in 0.5% work dilution caused death and 0.1 % 
work dilution led to the retardation of development and 
death of the chicken embryos. When the preparation was 
used in the dilution of 10–1 and higher no deviations from 
the norm in the development of the embryos were 
detected, thus, they could be used in the further 
experiments as the biological system to assess the 
virulucudal properties of the disinfectant. 

  

Figure. Chicken embryos after the administration of the work dilutions of the disinfectant 
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During the next stage of our research the 
determination of the virucidal activity of the disinfectant 
was carried out by the suspension method. This stage 
consisted of the preparation of the dilutions of the tested 
disinfectant, the verification of the titer of infective activity 
of avian influenza and Newcastle disease viruses, 
conducting of the main experiment and controls. 

0.1 and 0.5% work dilutions of the disinfectant were 
used for the investigation. The preparation of the work 
dilutions was done on the sterile phosphate and salt buffer 
(рН 7.2–7.4) with antibiotics. The extraembryonic liquid 
with the viruses of Newcastle disease and highly 
pathogenic avian influenza was used in the dilution of  
10–1. Before the beginning of the experiment the infective 
titer of the viruses had been checked by the titration on the 
chicken embryos, the titer was calculated by Reed and 
Mench. The infection titer of avian influenza virus was 
8.75 lg EID50/0.2 сm3, infection titer of Newcastle disease 
was 6.33 lg EID50/0.2 сm3. 

The sterile penicillin bottles with the volume of 10 сm3 

were used for the experiment. The equal volumes of the 
extraembryonic liquid with the viruses of avian influenza 
and Newcastle disease in the dilution of 10–1 and the work 
dilutions of the disinfectant were mixed in the above 
bottles. The mixture was kept for 15, 30, 60, 90, 
120 minutes under the room temperature. After finishing 
of each exposition, 1–2 ml of the mixture were taken and 
used to infect the chicken embryos. Each test was 
accompanied by the conducting of the controls: the 
positive control — the virus of highly pathogenic avian 
influenza with sterile water in the ratio 1:1, the negative 
one – sterile water. The infection of the embryos was 
carried out in accordance with the common method using 
disposable syringes for that. After the infection the 
embryos were observed for 4–5 days with daily ovoscopy. 
The recording of the results of the investigation was done 
by the embryo death and the presence of hemagglutinin in 
the extraembryonic liquid of the embryos. The death 
during the first day with the lack of hemaglutinin was 
thought to be non-specific. After the end of the above-
mentioned period of observation all embryos that were 
alive were cooled and the section was conducted. The 
presence of viruses in the extraembryonic liquid was 
determined by hemaglutination test with 1% suspension 
of erythrocytes of the cock free from antibodies to the 
viruses of Newcastle disease and avian influenza (Tables 2 
and 3). 

As can be seen from Table 2, the disinfectant has 
virucidal properties to avian influenza virus (completely 
neutralizes the infectious properties of influenza virus) at 
concentrations not lower than 0.1% and exposure of not 
less than 30 minutes. 

It can be seen from Table 3, that the disinfectant has 
virucidal properties to the virus of Newcastle disease (it 
completely neutralized the infective properties of the 

virus) when the concentration was not lower than 0.1% 
and the exposition was not less than 30 minutes. 

After obtaining positive results in the studies by 
suspension method, further experiments were performed 
using test objects. 

Thus, the investigation was carried out to determine 
the virucidal activity of the disinfectant on the surfaces 
that were contaminated by the viruses of avian influenza 
and Newcastle disease. For that previously cleaned, 
washed and sterilized test objects were used unpainted 
wood, metal, tile, textile with area 50 cm2.  

The concentrations of the disinfectant (0.1 and 0.5%), 
that had shown their effectiveness at the suspension 
method, were used for the investigation. 

Table 2 — Determination of virucidal activity of the 
disinfectant to avian influenza virus by the suspension 
method (n = 4) 

Concentra- 
tion of dis- 

infectant, % 

Expo- 
sition, 

min 

Quantity of  
chicken embryos 

Results of 
hemagluti-
nation test infected  died 

0.1 

15 4 0 + + − − 
30 4 0 − − − − 
60 4 0 − − − − 
90 4 0 − − − − 

120 4 0 − − − − 

0.5 

15 4 0 − − − − 
30 4 0 − − − − 
60 4 0 − − − − 
90 4 0 − − − − 

120 4 0 − − − − 
Positive control – 4 0 + + + + 
Negative control – 4 0 − − − − 

Table 3 — Determination of the virucidal activity of 
the disinfectant to Newcastle disease virus by the 
suspension method (n = 4) 

Concentra- 
tion of dis- 

infectant, % 

Expo- 
sition, 

min 

Quantity of  
chicken embryos 

Results of 
hemagluti-
nation test infected  died 

0.1 

15 4 0 + + + − 
30 4 0 − − − − 
60 4 0 − − − − 
90 4 0 − − − − 

120 4 0 − − − − 

0.5 

15 4 0 − − − − 
30 4 0 − − − − 
60 4 0 − − − − 
90 4 0 + + + + 

120 4 0 − − − − 
Positive control – 4 0 + + + − 
Negative control – 4 0 − − − − 
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The necessary amount of the virus-containing liquid 
was put on the clean sterile surfaces (wood, metal, tile, 
textile) and evenly distributed on the whole surface with 
the help of a glass stick. After that, the test objects were 
kept horizontally for 1–2 hours at the room temperature 
for drying. Then the surfaces were irrigated with aerosol 
of approximately 20 сm3 of the work solution of the 
disinfectant in such a way that all the surface of the test 
object was treated by the disinfectant. The exposition after 
irrigation was 30, 60, 90, and 120 minutes. After the end of 
each exposition the washouts from the surfaces were done 
by the sterile cotton swabs, then they were placed into the 
bottles with 1 сm3 phosphate and salt buffer for 10 minutes 
and then they were shaken intensively and used for the 
infection of the chicken embryos by the methods 
described above. The washouts from the contaminated 
surfaces treated by sterile phosphate and salt buffer were 
used as the positive control. Sterile phosphate and salt 
buffer was used as a negative control.  

The test object (textile) was prepared in the following 
way. The sterile clean pieces of the textile were saturated 
by the virus-containing liquid and they were kept at the 
room temperature for 1–2 hours for drying. After that the 
textile was completely dipped in the work dilution of the 
disinfectant in the concentrations mentioned above and it 
was kept there for 30, 60, 90, and 120 minutes. After the 
end of the exposition the textile was taken to the sterile 
phosphate and salt buffer for 10 minute, it was intensively 
shaken and used for the infection of the chicken embryos 
by the methods described above. The textile saturated by 
the virus and dipped into the sterile phosphate and salt 
buffer was used as the positive control. Sterile phosphate 
and salt buffer was used as a negative control. 

After the infection the embryos were observed for 
5 days with daily ovoscopy. The recording of the results of 
the investigation was done by the embryo death and the 
presence of hemagglutinin in the extraembryonic liquid of 
the embryos. The death during the first day with the lack 
of hemaglutinin was thought to be non-specific. After the 
end of the above-mentioned period of observation all the 
embryos that were alive were cooled and the section 
(autopsy) was conducted. The presence of viruses in the 
extraembryonic liquid was determined by the 
hemaglutination test with 1% suspension of erythrocytes 
of the cock free from antibodies to the viruses of Newcastle 
disease and avian influenza. 

The results of the virucidal effect when disinfecting the 
surfaces are shown in Tables 4 and 5. 

Thus, it has been found out (Table 4) that the work 
solution of the disinfectant in the concentrations of 0.1% 
and higher completely inactivated the infective properties 
of the viruses of avian influenza and Newcastle disease on 
all test objects 30 minutes after the treatment of the 
contaminated surface by irrigation. The viruses of avian 
influenza and Newcastle disease on the saturated textile 
were completely inactivated when dipping in the work 

solution of the disinfectant with the exposition of 
30 minutes and more. 

Table 4 — Results of determination of virucidal 
properties of the disinfectant in 0.1% work dilution with 
the use of test objects (n = 3) 

Test 
object 

Expo- 
sition,  

min 

Quantity of chicken 
embryos 

Results of 
hemagluti- 
nation test infected died 

to avian influenza virus 

metal 

30 3 – − − − 
60 3 – − − − 
90 3 1* − − − 

120 3 1* − − − 
control 2 1 + − 

tile 

30 3 – − − − 
60 3 – − − − 
90 3 – − − − 

120 3 – − − − 
control 2 2 (from which 1*) + + 

textile 

30 3 – − − − 
60 3 – − − − 
90 3 – − − − 

120 3 – − − − 
control 2 1* + − 

wood 

30 3 – − − − 
60 3 – − − − 
90 3 – − − − 

120 3 – − − − 
control 2 1* + − 

to Newcastle disease virus 

metal 

30 3 1 − − − 
60 3 – − − − 
90 3 1 − − − 

120 3 – − − − 
control 2 2 + + 

tile 

30 3 – − − − − 
60 3 1 − − − 
90 3 – − − − 

120 3 – − − − 
control 2 1 + + 

textile 

30 3 – − − − 
60 3 – − − − 
90 3 2* − − − 

120 3 – − − − 
control 2 2 (from which 1*) + + 

wood 

30 3 – − − − 
60 3 – − − − 
90 3 1 − − − 

120 3 – − − − 
control 2 2 + + 

Note: * — non-specific death. 
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Table 5 — Results of determination of virucidal 
properties of the disinfectant in 0.5% work dilution with 
the use of test objects (n = 3) 

Test 
object 

Expo- 
sition,  

min 

Quantity of chicken 
embryos 

Results of 
hemagluti- 
nation test infected died 

to avian influenza virus 

metal 

30 3 – − − − 
60 3 – − − − 
90 3 1 − − − 

120 3 1 − − − 
control 2 1 + − 

tile 

30 3 – − − − 
60 3 – − − − 
90 3 – − − − 

120 3 – − − − 
control 2 2 (from which 1*) + + 

textile 

30 3 – − − − 
60 3 – − − − 
90 3 – − − − 

120 3 – − − − 
control 2 1* + − 

wood 

30 3 1 − − − 
60 3 – − − − 
90 3 – − − − 

120 3 – − − − 
control 2 1* + − 

to Newcastle disease virus 

metal 

30 3 – − – – 
60 3 2* − − − 
90 3 – − − − 

120 3 1* − − − 
control 2 2 + + 

tile 

30 3 – − − − 
60 3 – − − − 
90 3 1* − − − 

120 3 – − − − 
control 2 1 + + 

textile 

30 3 – − − − 
60 3 – − − − 
90 3 – − − − 

120 3 1* − − − 
control 2 2 (from which 1*) + + 

wood 

30 3 1 − − − 
60 3 – − − − 
90 3 – − − − 

120 3 – − − − 
control 2 2 + + 

Note: * — non-specific death. 

When testing the work dilution of the disinfectant in 
the concentration of 0.5 % (Table 5) it has been proved 
that the above concentration caused the inactivation of the 
viruses on the wood, tile, metal 30 minutes after the 
treatment. 

The textile that had been contaminated by the viruses 
of avian influenza and Newcastle disease was disinfected 
during 30 minutes when dipping in 0.5% solution of the 
disinfectant. 

Thus, as a result of the experiments conducted by the 
suspension method and with the help of test objects, the 
parameters of disinfection by the innovative disinfectant 
for the surfaces made from different materials and 
contaminated by the viruses of avian influenza and 
Newcastle disease were determined (Table 6). 

Table 6 — The parameters of disinfection of different 
objects from viral contamination by the avian influenza 
virus with the help of the innovative disinfectant 

Surface 
(material) 

Concentration 
(not less than), 

% 

Exposition  
(not less than), 

min 

Disin- 
fection 
method 

metal 0.1 30 irrigation 
tile 0.1 30 irrigation  
wood 0.1 30 irrigation  
textile 0.1 30 dipping 

The results of the conducted research give the 
possibility to increase the arsenal of disinfectants that have 
high virucidal properties to the pathogens of the main 
infectious diseases of poultry. 

Conclusions. The virucidal properties of the 
innovative disinfectant (the mixture of quaternary 
ammonium compounds — 25%, glutar aldehyde — 11%, 
isopropanol, non-ionic surfactants) to the viruses of avian 
influenza and Newcastle disease have been determined by 
the suspension method. It has been found that the above 
preparation completely inactivated the infective properties 
of the viruses when used in the concentration of 0.1%, 
with the interval of 30 minutes and in the concentration of 
0.5% — with the interval of 15 minutes. 

The preparation disinfected the test objects (wood, 
metal, tile, textile) that were contaminated by the 
pathogenic agents of avian influenza and Newcastle 
disease in the concentration of 0.1%, the exposition of 
30 minutes. 

The above disinfectant can be used for conducting the 
preventive and urgent disinfection of the facilities in the 
poultry farms taking into consideration the parameters 
given above. 
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