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INTRODUCTION
Over 100 years have passed since Robert Koch dis-

covered the causative agent of tuberculosis (1882); at 
present this disease is wide-spread on all the continents 
of the Globe, causing considerable economic damage 
to many countries [1]. One third of the global popula-
tion, approximately 1.9 billion of people, are infected 
with the TB agent, including about 60 million patients 
with TB [2]. In Ukraine the main reason of high TB 
morbidity rate and mortality due to it is the increase in 
the proportion of polyresistant strains of mycobacteria 
[3]. There is no connection between the indices of TB 
morbidity for cattle and humans [4].

Now bovine tuberculosis is widely yet uneven-
ly spread in the world: on the continent Europe the 
number of adverse places regarding the global index 
is 70.98 %, and that of sick animals – 68.7 %; on the 
Asian continent – 1.21 and 10.6 % respectively; in Af-
rica – 16.25 and 10.2 %; in America – 9.15 and 8.64 %; 
in Australia and Oceania – 2.41 and 3.22 % [5]. Annual 
detection of animals with changes, remarkable for TB, 
in TB-safe regions, areas, and republics testi  es to the 
fact that the actual epizootic situation is somewhat un-
derestimated compared to the of  cial data [6].

Disinfection is given one of the most relevant places 
in the system of special veterinary and sanitary mea-
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Due to the absence of elaborated ef  cient means for speci  c prevention of bovine tuberculosis, it is ex-
tremely important to detect and eliminate the source of infection and to take veterinary and sanitary preven-
tive measures. Here the critical role is attributed to disinfection, which breaks the epizootic chain due to the 
elimination of pathogenic microorganisms in the environment and involves the application of disinfectants of 
different chemical groups. Aim. To study the tuberculocidal properties of new disinfectants DZPT-2 and FAG 
against atypical mycobacteria Mycobacterium fortitum and a TB agent Mycobacterium bovis. Methods. The 
bacteriological and molecular-genetic methods were used. Results. It was determined that DZPT-2 prepara-
tion has bactericidal effect on M. fortuitum when used in the concentration of 2.0 % of the active ingredient 
(AI) when exposed for 5–24 h, while disinfectant FAG has a bactericidal effect in the concentration of 2.0 % 
when exposed for 24 h. Disinfectant DZPT-2 in the concentration of 2.0 % of the AI, when exposed for 5–24 
h, and FAG preparation in the concentration of 2.0 %, when exposed for 24 h, and with the norm of consump-
tion rate of 1 cubic decimeter per 1 square meter disinfect the test-objects (batiste, wood, glazed tile, metal, 
glass), contaminated with the TB agent M. bovis. Conclusions. Disinfecting preparations of DZPT-2 in the 
concentration of 2.0 % of AI when exposed for 5 h and FAG in the concentration of 2.0 % when exposed for 
24 h may be used in the complex of veterinary and sanitary measures to prevent and control TB of farm ani-
mals. The possibility of using the polymerase chain reaction as an additional method of estimating tuberculo-
cide activity of disinfectants was proven.
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sures of controlling TB which are taken with the pur-
pose of prophylaxis and improvement of animal farms. 
The aim of the system is to eliminate the causative 
agent in the environmental objects i. e. at the stage of 
infection transmission to the susceptible animal [7].

It was established that most contemporary disin-
fection regimes, indicated in instructions on using 
corresponding disinfectants, do not demonstrate 
any tuberculocidal activity [8, 9], while one of the 
issues, requiring urgent solutions, is the systema-
tic sensitivity estimation of microorganism strains 
(both reference, and circulating strains) regarding 
disinfectants [10].

While contacting the disinfectants in bacteriostatic 
concentrations the microorganisms remain viable, 
but lose their remarkable biochemical properties, 
which testi  es to mutagenic changes [11] and pro-
motes the formation of acquired resistance to similar 
preparations [12]. It was established that microor-
ganisms acquire their resistance in case of long-term 
application of disinfectants in the production with-
out any rotation [13].

The causative agents of TB and atypical mycobac-
teria are characterized by high plasticity of adaptive 
properties to the effect of antibacterial preparations and 
are placed in the order of ascension: Mycobacterium 
bovis, M. tuberculosis, M. avium, M. fortuitum, and 
the acquirement of stable resistance by mycobacteria 
is accompanied with the change in some differentiated 
phenotype properties [14].

The assortment of disinfectants, currently used to 
eliminate TB agents in environment, is very limited 
[15]. Most disinfectants are toxic for animals and can-
not be used in their presence. In many cases they cause 
the damage of farm equipment and machinery. There-
fore, the search for and testing of new disinfectants, 
their introduction into production is a relevant task, 
ensuring the prevention and control of tuberculosis of 
animals is an important task. It is especially true for 
domestic disinfectants.

The aim of the work was to study bactericide proper-
ties of atypical mycobacteria and the causative agent of 
TB, M. bovis, regarding new disinfecting preparations 
DZPT-2 and FAG.

MATERIALS AND METHODS

The bactericidal activity of disinfecting preparations 
DZPT-2 and FAG, elaborated by the specialists of SSC 
“IECVM” against mycobacteria were studied. The ex-

periments were conducted following the methodologi-
cal recommendations on detecting the bactericide ac-
tivity of disinfectants which may be used to eliminate 
tuberculosis agents in environment [16].

The following test-cultures of mycobacteria were 
used in the experiments: M. fortuitum (strain 122), 
obtained from A. A. Tarasevych State Institute of 
Standardization and Control of Biomedical Prepara-
tions (SSRI SCBP) in 1995, museum specimen, non-
pathogenic for laboratory and farm animals; M. bovis 
(Vallee strain), obtained from SSRI SCBP in 1990, 
museum specimen, pathogenic for cattle and labora-
tory animals.

The culture of atypical mycobacteria was incubated 
for 14–21 days, and the culture of TB causative agent, 
M. bovis, – for 30–45 days on potato-glycerol Paw-
lowsky medium at 37.5 ± 0.5 ° .

Prior to the experiment using test-cultures of atypi-
cal mycobacteria M. fortuitum which grew on Paw-
lowsky medium, the suspension of 2 billion bacterial 
units in 1 cc of isotonic solution was prepared. For 
this purpose the bacterial mass of the mycobacte-
ria test-culture was transferred via the bacteriologi-
cal loop into sterile vials of 100–200 cc, previously 
weighed on the analytical scales, and the weight of 
mycobacteria therein was measured with subsequent 
introduction of the required volume of the sterile iso-
tonic solution. The vials were shaken for 30 min on 
the reciprocating shaker to obtain homogeneous sus-
pension of mycobacteria.

Then the working solutions of preparations were 
introduced in the vials of 20 cc, 10 cc per vial. Each 
experimental vial was introduced 0.2 cc of the sus-
pension of atypical mycobacteria. The content of vi-
als was thoroughly mixed, maintaining the required 
exposure of the disinfectant action. The vials with 
the suspension of mycobacteria test-culture, which 
were introduced 10 cc of sterile isotonic solution in-
stead of disinfecting preparation solution, were used 
as a control of bactericidal action of the investigated 
preparation.

Then the samples of 10 cc were taken from the ex-
periment and control vials, transferred into centrifugal 
tubes and centrifugated at 3.000 rpm for 15 min.

To terminate the action of the preparation in the 
experiment tubes, both the precipitate, formed af-
ter the centrifugation, and the control samples were 
washed twice with the sterile isotonic solution by 
centrifugation.
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Then the suspension of the precipitate was cultivated 
on the culture medium to cultivate mycobacteria. The 
tubes with the cultures were kept in the thermostat at 
37 °  for 90 days with the registration of the culture 
growth each 3–5 days after the cultivation.

The determination of bactericidal properties of the 
preparations was also conducted using test-objects: 
wood, ceramic tile, batiste, glass, metal, using Myco-
bacterium bovis test-culture and the biological load 
(organic fertilizer).

Each test-object was applied the mixture, containing 
1 cc of the suspension of the test-culture of tuberculo-
sis agent and 0.5 cc of sterile organic fertilizer. Then the 
experimental test-objects were treated with the working 
disinfecting solution. Sterile isotonic solution was ap-
plied to the control test-objects instead of the disinfec-
tant. Having kept the required exposure, the scrapes and 
smears were taken from each control and experiment 
test-object using the sterile isotonic solution and Petri 
dishes, the content of which was transferred to the cen-
trifugal tubes to centrifuge for 30 min at 3.000 rpm. To 
neutralize the action of the preparations, the precipitate 
in the tubes was washed with the sterile isotonic solution 
via centrifugation. The precipitate, obtained from the ex-
perimental and control samples, was resuspended in 5 cc 
of the sterile isotonic solution; then it was transferred to 
the culture medium using the sterile pipette to cultivate 
mycobacteria and used to infect guinea pigs.

The tubes with the cultures were kept in the thermo-
stat at 37 °  for three months with the registration of 
the culture growth each 3–5 days after the cultivation.

The samples of the cultural  ltrate were studied for 
the presence of genetic material of M. bovis using the 
method of polymerase chain reaction (PCR) [17]. The 
total DNA was isolated using the commercial set for 
nucleic acid extraction DNA-sorb-B, produced by the 
Central Scienti  c Research Institute of Epidemiology 
(Russian Federation). The ampli  cation reaction was 

Table 1. The bactericide properties of disinfectants DZPT-2 (by AI) and FAG regarding M. fortuitum (  ± m, n = 4)

Note. “–” – No mycobacteria growth, *  < 0.001.

Regime of disinfectant 
application

Number of CFU of M. fortuitum

Disinfectant Control

Concentration 
used, % Exposure, h DZPT-2 FAG Negative Positive (average at the 

exposure)

0.5

1.0

1.5

2.0

1
5

24

1
5

24

1
5

24
1
5

24

145.2 ± 5.5
116.8 ± 2.1*
110.2 ± 8.8*

90.7 ± 0.9*
78.2 ± 7.7*
67.8 ± 2.4*

34.4 ± 7.2*
13.5 ± 0.9*

8.4 ± 2.1*
8.8 ± 1.2*

–
–

149.0 ± 1.2
125.3 ± 2.1*
120.1 ± 3.5*

95.5 ± 3.7*
90.5 ± 2.0*
69.4 ± 8.4*

39.4 ± 9.8*
19.1 ± 3.6*

8.9 ± 0.8*
10.9 ± 2.7*

4.0 ± 0.3*
–

–
–
–
–
–
–

–
–
–
–
–
–

149.0 ± 2.0 (1 h)

146.7 ± 1.0 (5 h)

148.8 ± 2.1 (24 h)

The electrophoregram of PCR products with primers 
JB21/22: 1 – DZPT-2 (2.0 % at AI – 24 h); 2 – DZPT-2 
(1.0 % at AI – 24 h); 3 – FAG (2.0 % – 24 h); 4 – FAG 
(1.0 % – 24 h); “+” and “–” – positive and negative control 
samples respectively;  – molecular weight marker 100
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conducted using the commercial set PCR-Core, pro-
duced by IsoGene (Russian Federation) and the sys-
tems of primers JB21/22 (to identify the genetic mate-
rial of M. bovis). The reference culture M. bovis (Vallee 
strain) and tris-EDTA-buffer were used as a positive 
and negative control, respectively. The electrophoretic 
analysis was conducted using the electrophoresis set, 
produced by SPO Narvac (RF). The agarose concentra-
tion in the gel was 1.5 % at 120 V.

RESULTS AND DISCUSSION

The results of studies in detecting bactericide prop-
erties of disinfectants DZPT-2 and FAG regarding 
atypical mycobacteria M. fortuitum are presented in 
Table 1.

It was determined that DZPT-2 preparation has bac-
tericide effect on M. fortuitum when used in the con-
centration of 2.0 % of the active ingredient (AI) when 
exposed for 5–24 h, while disinfectant FAG has a 
bactericide effect in the concentration of 2.0 % when 
exposed for 24 h. The experiments with the cultures 
of tuberculosis causative agents M. bovis were con-
ducted on the test-objects (batiste, wood, glazed tile, 
metal, glass) taking the bioburden into consideration 
(Table 2).

The results of the studies testify that the elaborated 
disinfectants possess tuberculocide properties. The 
results of statistical processing of the results demon-
strate that DZPT-2 in the concentration of 2.0 % of AI 
when exposed for 5 h and FAG in the concentration of 
2.0 % when exposed for 24 h disinfect all the test-ob-
jects, contaminated with M. bovis, with 99 % probabil-
ity. The results of the cultural studies were con  rmed 
by PCR (Figure).

Figure presents the stripes with the wavelength from 
152 bp to 587 bp. It was established that after the action 
of disinfectants DZPT-2 and FAG in the concentration 

of 2.0 % there was no genetic material of the causative 
agent of tuberculosis M. bovis, detected in the experi-
mental samples.

Summarizing the results obtained, it is possible to 
state that the scientists of SSC “IECVM” elaborated 
new highly ef  cient disinfecting preparations, the ap-
probation of which demonstrated the presence of high 
bactericide properties regarding the atypical mycobac-
teria and the causative agent of tuberculosis M. bovis. 
Compared to their current analogues, these disinfecting 
agents have a great advantage due to their high tubercu-
locide properties and are a promising tool to be intro-
duced into agriculture.

CONCLUSIONS 

It was established that disinfecting preparations of 
DZPT-2 in the concentration of 2.0 % at AI when ex-
posed for 5 h and FAG in the concentration of 2.0 % 
when exposed for 24 h are remarkable for high bac-
tericide properties regarding mycobacteria. They are 
promising agents in the veterinary medicine and con-
trol of bovine tuberculosis. The possibility of using the 
PCR as an additional method of estimating tuberculo-
cide activity of disinfectants was proven.
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Table 2. The bactericide properties of disinfectants regarding tuberculosis agent M. bovis (n = 3)

Note. “–” – No growth of colonies; “+” – growth of colonies.

Preparation Application 
regime, % (h)

Test-object
Control

Batiste Wood Glazed tile Metal Glass

DZPT-2

FAG 

2.0 (5)
2.0 (24)
2.0 (5)

2.0 (24)

–
–
+
–

–
–
+
–

–
–
–
–

–
–
–
–

–
–
–
–

+
+
+
+
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