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INTRODUCTION

Tuberculosis has a special place among infectious diseases
of farm animals since this disease not only causes con-
siderable economic losses to animal husbandry but also
poses a constant danger to human health. According to
WHO, tuberculosis is currently the most common infec-
tion in the world [1-4]. Human and animal tuberculosis is
widespread and is registered in many countries. Among
domestic animals, tuberculosis most often occurs in cattle.
The main method of intravital diagnostics of tuberculosis
is an allergic study using PPD-tuberculins for mammals
and poultry. Therewith, literature sources provide infor-
mation indicating a decrease in the diagnostic value of
allergic reactions after irradiation of animals [5; 6]. One
of the reasons for the development of a non-specific
allergy to tuberculin can be not only sensitisation by
microorganisms of the genus Mycobacterium but also au-
toallergisation (autosensitisation) of the body by the break-
down products of its own tissues. Several researchers state
that this is the reason for the simultaneous existence
of specific and non-specific reactions in tuberculosis [7].
Tissue breakdown processes are observed when exposed
to ionizing radiation,an indicator of which is an increase
in urinary excretion of deoxycytidine [8-14]. The mecha-
nism of changing the allergic reactivity of an irradiated
organism is still poorly understood. It was proved that
it is based on a violation of the general immunological
state of the body, in particular, an increase in the ap-
pearance of autoantibodies [15; 16]. Non-specific re-
actions to tuberculin in animals sensitised by atypical
mycobacteria are usually called paraallergic (paraspe-
cific),and reactions caused by other factors (including un-
known ones) are called pseudoallergic [17]. Differential
diagnosis of non-specific tuberculin reactions remains
not yet a completely solved problem, although there are
several tests for its implementation (simultaneous al-
lergic test, CSC, etc.). An important reason for the manifes-
tation of non-specific reactions can be autoallergisation
of the body by decay products of its own tissues, which
is especially pronounced in radiation damage [18-21].
lonizing radiation affects the manifestation of tuberculin
sensitivity, the course of tuberculosis, and autoimmune
processes in the body [22-26]. The widespread use of
nuclear energy in the national economy is of great im-
portance for the development of the domestic economy.
However, radiation pollution of the biosphere as a result
of the Chernobyl accident causes increasing exposure
of populations of living organisms. Long-term contacts
of humans, farm animals and other biological objects with
sources of ionizing radiation of various nature have become
a reality.

As a result of the Chernobyl accident, more than
144 thousand hectares of agricultural land were with-
drawn from crop rotation. In total, about 10 million
hectares are contaminated with radionuclides, of which
more than 3 million are farm land [1]. In Ukraine, the ter-
ritory of 17 regions is contaminated with radionuclides.
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The contaminated areas contain a considerable number
of farm animals, including those with tuberculosis or
sensitised by atypical mycobacteria. lonizing radiation
can affect both the causative agent of an infectious dis-
ease and the susceptible organism. The degree of such
exposure depends on the character of the radiation, the
dose, its power, and many other factors. Therefore, the
situation that arose after the Chernobyl accident required
a deep study since the effect of radiation on the links of
the epizootic process could lead to unforeseen changes
in the epizootic and epidemic situation. In this regard,
the determination of the epizootic value of mycobac-
teria (pathogens of tuberculosis of animals, poultry,
humans and atypicals) under the influence of ionizing
radiation, the study of the features of the biological ef-
fect of ionizing radiation of different intensities on the
animal body, the introduction of optimal measures and
means for the diagnostics and control of tuberculosis
in radioactively contaminated territories have gained
particular importance. Information on changes in aller-
gic reactivity and features of clinical and immunolog-
ical manifestations of animal tuberculosis against the
background of ionizing radiation exposure is limited and
is usually obtained in experiments on experimental models
of laboratory animals. Until recently, the epizootic situation
of animal tuberculosis in radioactively contaminated
regions of Ukraine was not monitored. Methods for
diagnosing tuberculosis in livestock kept in radioactively
contaminated regions of the country have not been op-
timised.

Nowadays, when man-made disasters are a real-
ity, the study of allergic diagnostics of animal tubercu-
losis is relevant, especially for Ukraine, on the modern
territory of which the Chernobyl nuclear power plant
is located with the adjacent exclusion territory and ra-
dionuclide-contaminated regions where productive ani-
mals are kept and used.

The purpose of the paper is to study the effect of
irradiation on the allergic reactivity of laboratory animals.

MATERIALS AND METHODS

To study the effect of ionizing radiation on the specificity
of allergic reactions, an experiment was conducted on
200 cavies weighing 300-350 g, selected according to
the analogue method. The animals were divided into
5 groups of 40 heads each. To exclude natural tubercu-
losis of all animals, an allergic sample with mammalian
PPD-tuberculin and an allergen from atypical mycobacte-
ria was previously studied (30 days before irradiation) [27].
At the same time, brucellin (produced by Kherson bio-
logical factory) and mallein (produced by Kursk biolog-
ical factory) were administered at a dose of 0.1 cm®in-
tradermally. The purpose of introducing allergens that
are not specific to tuberculosis and animal species (cav-
ies), whose body cannot be sensitised to brucellosis and
equinia pathogens by natural or experimental infection,




was to study the possibility of developing non-specific
pseudoallergic reactions in irradiated animals against
the background of autosensitisation of their body by de-
cay products of their own tissues due to radiation dam-
age. In addition, the purpose was to establish whether
irradiation and the resulting immunodeficiency state
will contribute to the occurrence and development of
characteristic pathoanatomical changes in cavies infected
with poultry tuberculosis pathogen (M. avium). M. avium,
according to the Ranion classification (1959), is classified
as atypical mycobacteria of the third group: non-photo-
chromogenic mycobacteria (achromous or have a yel-
low tint regardless of lighting). M. avium is pathogenic
for poultry, rabbits and pigs, not pathogenic for cavies,
cattle, but when administered to immune animals causes
an immunobiological restructuring of the body, sensiti-
sation and the occurrence of paraallergic reactions to
mycobacterial allergens (PPD-tuberculin for mammals,
PPD-tuberculin for poultry,and an allergen from atypical
mycobacteria (AAM), differentiation of which is carried out
using a simultaneous allergic test [27].

To solve the objectives set in the work, four groups of
animals were separately irradiated with total gamma radi-
ationindoses 0f 0.0129 C/kg (50 R); 0.0258 C/kg (100 R);
0.0387 C/kg (150 R),and 0.0516 C/kg (200 R) with a dose
rate of 2.85 R/sec on the IGUR gamma emitter (radiation
source ¥(Cz). Irradiated and intact (unirradiated) cavies
were divided into two equal groups of 100 animals each.
Animals of the first group were examined one day after
radiation treatment by a simultaneous allergic sample
with mammalian PPD-tuberculin and an allergen from
atypical mycobacteria [27]. 7 days after irradiation, ani-
mals of this group (5-6 irradiated doses of 0.0129 C/kg
(50 R); 0.0258 C/kg (100 R); 0.0387 C/kg (150 R), and
0.0516 C/kg (200 R) and intact) were infected with my-
cobacterium cultures. Cultures of bovine (M. bovis No. 8),
human (M. tuberculosis, strain M), and bird (M. avium 780)
species of mycobacteria from the Museum of the tu-
berculosis laboratory of the VIEV were used. Infectious
material was administered subcutaneously to each lab-
oratory animal (cavies) in the groin area according to
the generally accepted method of 1 mg of raw bacterial
mass suspended in 1 ml of sterile isotonic solution of
NaCl. Infected animals and cavies of the other group
(not infected, irradiated and intact) were examined with
a simultaneous allergic test 7 days after exposure to
ionizing radiation. 14 days after irradiation, uninfected
animals (5 cavies from each group exposed to the spec-
ifled doses and intact) were inoculated with the same
cultures of tuberculosis pathogens (M. bovis, M. tuberculosis
and M. avium) in the same doses.

That is, after total gamma radiation exposure in
doses of 0.0129 C/ kg (50 R),0.0258 C/kg (100 R),0.0387 C/kg
(150 R),and 0.0516 C/kg (200 R), experimental animals
were infected with cultures in two stages: 7 and 14 days
after radiation exposure (75 animals each) were infected
with M. bovis, M. tuberculosis and M. avium. 50 cavies
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(10 irradiated with doses of 50 R (0.0129 C/kg); 100 R
(0.0258 C/kg); 150 R (0.0387 C/kg),and 200 R (0.0516 C/kg)
and intact) were not infected with mycobacteria and were
used as a control group. Before the infection (1 and 7 days
after irradiation), experimental animals were examined
by a simultaneous allergic test with PPD-mammalian
tuberculin and an allergen from atypical mycobacteria.

14,45 and 90 days after infection, experimental
animals were examined with simultaneous allergic testing,
as well as brucellin and mallein (to study the possibil-
ity of non-specific pseudoallergic reactions against the
background of autosensitisation of the body of irradiated
laboratory animals with decay products of their own tissues
during radiation damage), which were administered in-
tradermally in a dose of 0.1 ml using separate labeled
syringes in the centres of depilated (hairless) skin areas
on the sides of cavies. The results of allergic tests were
considered 24 and 72 hours after drug administration,
entered in the table and analysed using statistical methods.

The work was carried out based on VIEV (Moscow)
and the All-Russian Research Institute of Farming Ra-
diology and Agroecology (Obninsk). The results are sub-
mitted for printing for the first time.All the experiments
described in the paper were conducted in accordance
with the current legislation of Ukraine and general in-
ternational ethical rules and requirements for the use
of vertebrates in medical experiments — conclusion of
the SNAU Bioethics Commission, Protocol No. 5 dated
May 17,2021 [28-30].

RESULTS AND DISCUSSION

During allergic studies with a simultaneous allergic test
7 days after exposure to ionizing radiation, 2 out of
19 uninfected animals irradiated with doses of 150 R
(0.0387 C/kg) and 3 out of 18 irradiated with a dose of
200 R (0.0516 C/kg) showed reactions at the site of ad-
ministration of mycobacterial allergens. Therewith, re-
actions to tuberculin were: in the group irradiated with
a dose of 150 R (0.0387 C/kg) - in one animal (5.3% of
the studied); 200 R (0.0516 C/kg) - 1 (5.5%). The reaction
to an allergen from atypical mycobacteria was noted: in
the group irradiated with a dose of 150 R (0.0387 C/kg) -
1 animal (5.3% of the studied), 200 R (0.0516 C/kqg) -
2 animals (11.5%).

Notably, 72 hours after the administration of al-
lergens in two cavies with an irradiated dose of 200 R
(0.0516 C/kg) at the site of administration of an allergen
from atypical mycobacteria, cold, painless swellings of
dense consistency in the form of peas with a diameter
of 9x9 and 5x5 mm were observed, respectively, which
indicates the possibility of developing non-specific re-
actions to mycobacterial allergens in irradiated animals
at a later time compared to specific tuberculin ones.

14 days after infection (20 days after irradiation),
an allergic study of cavies infected 7 days after general
gamma radiation was conducted. Therewith, it was es-
tablished that among cavies irradiated with a dose of
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0.0129 C/kg (50 R), infected with M. bovis and M.tuberculosis,
isolated reactions to mammalian PPD-tuberculin were
reported after 24 and 48 hours (16.7 and 33% *0.2 mm
responded, respectively). The diameter of the papule at
the injection site in cavies infected with M. bovis was
9.0£33.0 mm, in infected with M. tuberculosis - 9.9%2.5 mm.
For those infected with M. avium, no allergic reactions
to allergens were observed in infected and uninfected
animals exposed to a dose of 0.0129 C/kg (50 R).
Among cavies irradiated with a dose of 0.0258 C/kg
(100 R) and infected with M. bovis, no allergic reactions
to tuberculin were recorded. In single animals (20% of
the studied) infected with M. tuberculosis and M. avium,
reactions to tuberculin with a papule diameter of 7.1-
9.2 mm were observed after 24 hours. There were no al-
lergic reactions in uninfected animals exposed to this dose.
In the groups irradiated with doses of 150 R
(0.0387 C/kg) and 200 R (0.0516 C/kg), mass death of
animals was noted (from 66.7 to 100%). At the autopsy,
hemorrhagic diathesis was noted in the form of extensive
hemorrhages of various forms in the mucous and serous
membranes of the thoracic and abdominal cavities and
parenchymal organs, as well as the serous-hemorrhagic

exudate in the cavities. No allergic reactions to the ad-
ministration of allergens were observed in animals.

Isolated allergic reactions were observed among
unirradiated infected animals:

ein 10% of cavies infected with M. bovis - on
PPD-tuberculin for mammals (papule diameter from 15
to 29 mm);

e in 50% of those infected with M. tuberculosis (papule
diameter 17+1.25 mm);

e in 30% of infected with M. avium (papule diameter
8.0£2.0 mm).

No reactions to the allergen were observed in
uninfected animals. That is, 14 days after infection, ani-
mals infected with tuberculosis pathogens 7 days after
irradiation in doses of 0.0129 C/kg (50 R) and 0.0258 C/kg
(100 R) and not irradiated developed isolated reactions
to mycobacterial allergens. Infected animals exposed to
doses of 150 R (0.0387 C/kg) and 200 R (0.0516 C/kg),
as well as uninfected, both irradiated and intact, did not
respond to the administration of allergens.

The results of accounting for a simultaneous al-
lergic test of infected cavies 14 days after irradiation
are shown in Table 1.

Table 1. Results of an allergic study of cavies 14 days after infection and 28 days after irradiation

Reaction intensity (mm) to:

Number of animals with

Radiation dose (R/C/kg) Type of pathogen allergic reactions PPD-tuberculin for KAM
mammals
1 2 3 4 5

5 10.0+0.5

50/0.0129 M. bovis
3 6.3%£2.5
3 10.0+0.5

50/0.0129 M. tuberculosis
2 6.3%£2.5
2 8.0+1.2

50/0.0129 M. avium
3 8.8%1.1
1 9x9

50/0.0129 Not infected -
4 10.1£0.5

100/0.0258 M. bovis
2 6.1¥1.6
3 9.0£1.5

100/0.0258 M. tuberculosis
2 6.4%2.2
2 8.0+1.1

100/0.0258 M. avium
3 8.8+1.2
1 8x6

100/0.0258 Not infected -
1 10x10

150/0.0387 M. bovis -
2 8.2+1.7

150/0.0387 M. tuberculosis
1 6x6

150/0.0387 M. avium B

150/0.0387 Not infected ~
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Table 1, Continued

Reaction intensity (mm) to:

Number of animals with

Radiation dose (R/C/kg) Type of pathogen allergic reactions PPD-tuberculin for KAM
mammals
1 5x5
200/0.0516 M bovis _
200/0.0516 M. tuberculosis ~
200/0.0516 M. avium _
200/0.0516 Not infected ~
4 7.7¥1.3
M. bovis
1 7x7
2 6.8%1.2
M. tuberculosis -
Not irradiated -
M. avium ~
Not infected -

The study was conducted 14 days after infection
(28 days after irradiation of animals). From the table
materials, it can be seen that cavies irradiated with
doses of 50 R (0.0129 C/kg) and 100 R (0.0258 C/kg)
and infected with M. bovis and M. tuberculosis, had in-
tense reactions to the introduced allergens in the form
of hyperemia and extensive infiltrates. Animals mainly
reacted to mammalian tuberculin (75-100%), while re-
actions to an allergen from atypical mycobacteria were
observed in 50-66% of cases or were absent. In terms of
the intensity of manifestation, reactions to tuberculin
were larger (papule diameter 10.0£0.5 mm) than to an
allergen from atypical mycobacteria (6.3*025 mm).

In the groups of uninfected animals exposed to
total gamma radiation at doses of 50 R (0.0129 C/kg)
and 100 R (0.0258 C/kg), two cavies (one in each group)
responded to tuberculin after 48 hours. Reactions were
dense consistency, painless infiltrates at the injection
site (papule diameter 9x9 and 8x8 mm, respectively),
skin hyperemia was not noted. In cavies irradiated at
doses of 50 R (0.0129 C/kg) and 100 R (0.0258 C/kg)
and infected M. avium, positive reactions were observed
mainly on KAM. Reactions were observed in 66.7-80%
of the experimental animals, with a papule diameter of
8.8%+1.1 mm. Positive reactions to mammalian tuberculin
were observed in 33.3-40% of the studied animals, the
infiltrate diameter was 8.0£1.2 mm.

Among animals irradiated with doses of 150 R
(0.0387 C/kg) and 200 R (0.0516 C/kg), deaths were re-
corded (from 33.3 to 100% in the group). At the autopsy,
the hemorrhagic syndrome was observed with the serous
effusion in the body cavities. In groups of animals ir-
radiated with doses of 150 R (0.0387 C/kg) and 200 R
(0.0516 C/kg),infected with M. bovis, positive reactions to
mammalian PPD-tuberculin were noted. Therewith, in

the group irradiated with a dose of 150 R (0.0387 C/kqg),
one cavy remained and reacted during the study (papule
diameter - 10.0 mm). In the group irradiated with a dose
of 200 R (0.0516 C/kg), the reaction was observed in one
of the three studied animals (papule diameter - 5.0 mm).

In the group of irradiated cavies with a dose of
150 R (0.0387 C/kg) and infected with M. tuberculosis at
the time of the study, two animals remained alive. Both
responded positively to mammalian administration of
PPD-tuberculin (papule diameter - 8.2+1.2 mm). One
cavy reacted to KAM (papule diameter - 6.0 mm). In the
group of irradiated with a dose of 150 R (0.0387 C/kq)
and infected with M. avium, one of the two animals left
alive on the day of the study responded to KAM with a
papule diameter of 5.0 mm.

Among the unirradiated cavies infected with
M. bovis and M. tuberculosis, positive reactions to tuber-
culin were observed. In animals infected with M. avium,
no allergic reactions were observed. Thus, from 50 to
100% of infected animals reacted to specific allergens
14 days after exposure to various doses of gamma radia-
tion (with the exception of those infected with M. avium).
Atthe same time,uninfected cavies irradiated with doses
of 150 R (0.0387 C/kg) and 200 R (0.0516 C/kg) had single
150 R (0.0387 C/kg) and 200 R (0.0516 C/kg), non-specific
reactions to tuberculin.

Based on a comparison of the results of an allergic
study of experimental animals infected at intervals of
7 and 14 days after exposure to ionizing radiation, it can
be argued that 2 weeks after the administration of in-
fectious material,contaminated animals, both irradiated
and intact, showed an infectious allergy to specific al-
lergens. Therewith, in groups of animals infected with
mycobacteria 7 days after irradiation, 16.7-50% reacted
positively, while among animals infected 14 days after
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irradiation - 50-100%, which indicates a faster develop-
ment of the infectious process in animals infected 2 weeks
afterirradiation,when the symptom complex of pronounced
clinical signs of radiation sickness manifests itself more
intensively, as evidenced by the mass death of cavies
(up to 100% in groups irradiated 150 R (0.0387 C/kg)
and 200 R (0.0516 C/kg)) with a picture of hemorrhagic
syndrome and progressive changes in the hematopoietic
organs.

That is, 14-21 days after irradiation among cavies
irradiated with doses of 150 R (0.0387 C/kg) and 200 R
(0.0516 C/kg), mass death of animals was noted (from
66.7 to 100% in the group). At the autopsy, pathoana-
tomical changes characteristic of radiation damage were

Figure 1. Generalised tuberculosis of cavies that died
25 days after infection with M. bovis, irradiated with
gamma radiation at a dose of 150 R (0.0387 C/kg).
Considerable enlargement of the liver, spleen, foci
of caseous necrosis

- di

Figure 3. The spleen of the cavy deceased 31 days after
an infection with M. bovis (left). On the right is the
spleen of a cavy infected with M. avium at the same time.
Irradiation with a dose of 150 R (0.0387 C/kg)

noted: hemorrhagic diathesis in the form of extensive
hemorrhages on the mucous membranes and in the serous
membranes of the thoracic and abdominal cavities, as
well as the presence of serous-hemorrhagic exudate in
the cavities.

Starting from 21 days after infection in dead ir-
radiated and unirradiated cavies infected with M. bovis and
M. tuberculosis, tuberculosis-specific lesions of varying
intensity were noted: exhaustion, ulcers at the culture
injection site, and at autopsy, a considerable increase
in the liver and spleen was observed with the presence
of foci of caseous necrosis in them (Fig. 1-4). Among
the cavies infected with M. avium, no such lesions were
observed.

Figure 2. Considerable enlargement of the spleen, miliary
tuberculosis in cavy exposed to a dose of 200 R (0.0516 C/kg),
which died 25 days after an infection with M. tuberculosis

Figure 4. Spleens of cavies irradiated with a dose of
50 R (0.0129 C/Kg), who died after the twentieth day
after infection: 1 - M. bovis; 2 = M. tuberculosis;

3 - M.avium

Figure 4 shows that the seals, the appearance of
tubercles and necrotic foci with caseous contents are
noticeable in the first two cases. In the third case, there
are no tuberculosis lesions.

Notably, 25-33.3% of uninfected animals exposed
to doses of 50 R (0.0129 C/kg) and 100 R (0.0258 C/kg)
had pseudoallergic reactions to tuberculin (non-specific
allergy) 27 days after irradiation.

Scientific Horizons, 2021, Vol. 24, No. 10




60 days after the beginning of an experiment
allergic reactions to mammalian PPD-tuberculin were
observed among animals irradiated with a dose of 50 R
(0.0129 C/kg) in groups infected with M. bovis and M. tu-
berculosis. Out of the nine cavies infected with M. bovis,
reactions were observed in six (66.7 %), the papule diameter
was 11.8+1.1 mm. Out of eight animals infected with
M. tuberculosis, 7 reacted positively to tuberculin, the
papule diameter was 21.3#1.6 mm. In the group contam-
inated with M. avium, seven of the eight cavies that re-
mained alive at the time of the study showed reactions
to PPD-tuberculin for poultry, the papule diameter was
13.6%1.2 mm.Therewith, isolated pseudoallergic reactions
to brucellin and mallein (non-specific allergy) were noted
in the studied animals. Therewith, in the group of animals
infected with M. tuberculosis, three cavies with a papule
diameter of 9.7+0.2 mm reacted to brucellin.In the group
infected with M. avium, two cavies reacted to brucellin,
the papule diameter was 8x8 mm, and three reacted to
mallein (diameter 7.0£0.7 mm). In the group of uninfected
animals irradiated with a dose of 50 R (0.0129 C/kg), one
of the ten cavies had a reaction to brucellin (diameter
10 mm).

In the group of cavies exposed to radiation at a
dose of 100 R (0.0258 C/kg) and infected with M. bovis,
two out of five animals responded positively to mam-
malian tuberculin (papule diameter 13.0£0.2 mm). In the
group infected with M. tuberculosis, all animals responded
to drug administration (papule diameter 17.50.7 mm).
Among those infected with the poultry tuberculosis
pathogen, all animals responded to PPD-tuberculin for
poultry. One cavy had a reaction in the form of an infil-
trate with skin redness with a diameter of 10 mm at the
brucellin injection site. No allergic reactions were observed
in control (uninfected) animals exposed to a dose of
100 R (0.0258 C/kg).

Among those irradiated with a dose of 150 R
(0.0387 C/kg) from the group of animals infected with
M. bovis on the day of the study, one guinea pig remained
alive, which developed an allergic reaction in the form
of an infiltrate with erythema of the skin with a diameter
of 5 mm 48 hours after the administration of PPD-tuber-
culin for mammals. Out of those infected with M. tuber-
culosis, two cavies that reacted to mammalian tuberculin
(papule diameter 20.0£1.6 mm) remained alive. One of
these animals had a skin allergic reaction to brucellin in
the form of an infiltrate with skin redness of size 8x6 mm.

All studied cavies infected with M. avium reacted to
PPD-tuberculin for poultry (papule diameter 17.1+0.8 mm).
One animal showed a reaction to brucellin (infiltrate with
a diameter of 5 mm). All control (uninfected) animals
exposed to a dose of 150 R (0.0387 C/kg) died during
the study. In the group irradiated with a dose of 200 R
(0.0516 C/kg) and infected with M. bovis on the day of
the study, no cavies remained alive. In the group of
cavies infected with M. tuberculosis, only one remained
alive. The animal was exhausted, an open abscess was
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observed at the site of infection. The animal did not
respond to the administration of allergens (a state of
anergy).

In the group of cavies irradiated with a dose of
200 R (0.0516 C/kg) and infected with M. avium, two
animals remained alive. One of them showed a reaction
to PPD-tuberculin for poultry, the papule diameter is
20 mm. All uninfected animals from the group exposed
to a dose of 200 R (0.0516 C/kg) on the day of the study
died.

In the group of unirradiated, infected with M. bo-
vis at the time of the allergic study, only one cavy re-
mained alive, which responded to the administration of
PPD-tuberculin for mammals, with a papule diameter
of 16 mm.

Out of nine animals infected with M. tuberculosis,
skin allergic reactions in the form of large infiltrates
with a diameter of 22.0£2.2 mm with areas of ischemia
and necrosis in the centre were observed in eight unir-
radiated animals at the site of tuberculin administra-
tion. In 40% of the studied animals, skin lesions were
observed in the form of abscesses and ulcers at the site
of administration of infectious material.

In the group of unirradiated animals, contami-
nated with avium, allergic skin reactions with a diame-
ter of 13.0 £ 2.1 mm were observed in 6 out of 7 studies
at the injection site of PPD-tuberculin for poultry. All
the cavies were well-fed and active. No allergic reactions
were recorded in the group of unirradiated and uninfected
animals.

Thus, reactions to homologous allergens were
observed 60 days after exposure (48-53 days after in-
fection) and most (50-100%) infected irradiated and intact
animals. Reactions were intense in the form of hyper-
emia and extensive infiltrates, often with areas of isch-
emia and necrosis. Exhausted animals with noticeable
skin lesions in the form of ulcers or abscesses did not
respond to allergens (a state of anergy).

In infected and intact animals exposed to doses
of 50 R (0.0129 C/kg), 100 R (0.0258 C/kg) and 150 R
(0.0387 C/kq), isolated reactions to the administration
of heterologous bacterial allergens (brucellin and mallein)
were observed. Therewith, 12.5% of the total number of
animals exposed to brucellin reacted, including 20% of
those exposed to a dose of 50 R (0.0129 C/kqg), 3.5% of
those infected with a dose of 100 R (0.0258 C/kg), and
30% of those exposed to a dose of 150 R (0.0387 C/kg)
in groups infected with M. tuberculosis and M. avium.
8.3% of irradiated animals reacted to mallein, while reac-
tions were observed only in the group of cavies exposed
to a dose of 50 R (0.0129 C/kqg).

Thus, after the infection with tuberculosis patho-
gens, laboratory animals developed allergic reactions
to homologous allergens (PPD tuberculin and an aller-
gen from atypical mycobacteria). Non-specific reactions
to mycobacterial allergens were observed in 5.6-33%
of animals not infected with the causative agent of
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tuberculosis after irradiation. Cavies infected with the
causative agent of tuberculosis experienced isolated
reactions to heterologous allergens: brucellin and mallein
60 days after irradiation. The manifestation of non-spe-
cific allergies in irradiated laboratory animals depended
on the radiation dose. After infection of cavies irradiated
with various doses of radiation and not irradiated with
the causative agent of poultry tuberculosis, starting
from 14 days after the administration of infectious ma-
terial, the animals developed delayed-type hypersensi-
tivity to mycobacterial allergens, which persisted until
the end of the experiment. Clinical and pathoanatomi-
cal manifestations of the disease were not observed in
irradiated and intact animals.

The results of previous researchers in the area
of studying the allergic reactivity and state of delayed
hypersensitivity of irradiated and infected animals with
tuberculosis convincingly prove that ionizing radiation
affects the manifestation of tuberculin sensitivity, the
course of tuberculosis infection, and autoimmune processes
in the body. The works of B.A. Egorov, A.A. Kirstner [31];
PA.Kartashov et al.[32; 33]; N.N. Klemparskaya et al.[34-
39]; RV. Petrov [40; 41]; A.Yu. Kassich [42] and other au-
thors showed that the effect of ionizing radiation is not
the same depending on the value of the radiation dose.
One of the reasons for the manifestation of non-specific
reactions may be autoallergisation of the body by the
decay products of the tissues of the irradiated body, which
is especially pronounced with radiation damage. When
studying the specificity of allergic reactions in tuberculosis
in irradiated animals, it was determined that the occur-
rence of pseudoallergic (“false”) reactions depends on
the level of autosensitisation of the body, which, in turn,
depends on the total radiation dose received. Thus, re-
searchers believe that the main role in the pathogen-
esis of radiation damage is played by activated oxygen
metabolites - products of lipid peroxidation, which cause
the development of autoimmune processes in the mac-
roorganism. After radiation exposure, autosensitisation
of the body occurs due to a violation of the antigenic
specificity of proteins. The resulting autoantibodies have
cytolytic activity. N.N. Klemparskaya et al. [43] believe
that autoimmune reactions in the irradiated body pro-
ceed according to the type of auto-allergic processes,
the side effect of which is the occurrence of non-spe-
cific (pseudoallergic) reactions to the administration of
homologous and heterologous allergens. Therewith, if
autoantibodies completely neutralise the products of
cellular destruction, the pathological process with the
development of large amounts of cytotoxic autoantibodies
does not occur. With incomplete neutralisation of products,
clinical signs of radiation damage develop. Some research-
ers believe that autoantibodies formed in the irradiated
body are involved in increasing its radioresistance with
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single sublethal doses and with chronic low-dose radi-
ation. It is also known that in irradiated animals that
are not infected with pathogens of infectious diseases,
due to autosensitisation by decay products of their own
tissues, skin allergic reactions can occur to the admin-
istration of various non-specific stimuli [1; 4; 10; 12; 15].
The authors have suggested that this phenomenon can
be used to differentiate pseudoallergic reactions in an-
imals, in particular those kept in the zone of radioac-
tive contamination. The conducted experiments proved
that when using non-specific heterologous allergens at
the same time with specific diagnosticums when con-
ducting allergic studies for tuberculosis, it is possible
to assert the specificity of allergic reactions to tuberculin
and allergen from atypical mycobacteria and the degree
of autosensitisation of the body. If skin reactions develop
simultaneously to the administration of different aller-
gens (PPD-tuberculin for mammals, poultry, an allergen
from atypical mycobacteria,brucellin and mallein),then
this refers to an autoallergic state of the body caused
by non-specific (non-infectious) agents, in particular, the
action of ionizing radiation.

CONCLUSIONS

The effect of irradiation on the allergic reactivity of lab-
oratory animals experimentally infected with tuberculosis
pathogens was determined.

1.14-60 days after infection with tuberculosis
pathogens M. bovis, M. tuberculosis and M. avium, 90-100%
of laboratory animals developed allergic reactions to
mammalian and poultry PPD-tuberculin, mainly to a ho-
mologous allergen. Allergic reactivity persisted until
90 days of the study.

2. Afterirradiation with sublethal doses of gamma
rays, cavies developed non-specific reactions to tuber-
culin, mallein, and brucellin. In cavies not infected with
the causative agent of tuberculosis, non-specific reac-
tions to mycobacterial allergens were observed 7 days
after gamma radiation exposure at a dose load of 200 R
in 16.6%; 150 R - 5.3% in the group, and after 27 days
in those irradiated with doses of 50 R and 100 R in 25%
and 33% of the studied animals, respectively. Reactions
manifested themselves in the form of infiltrates at the
allergen injection site with necrosis in the centre and
developed over time at the same time as specific tuber-
culin reactions.

3. Isolated reactions to brucellin and mallein oc-
curred in animals infected with the causative agent of
tuberculosis and intact animals 60 days after irradiation
with doses of 50 R, 100 R and 150 R.The manifestation of
non-specific allergies in irradiated laboratory animals
depends on the radiation dose rate and radiosensitivity
of the animals. Further studies of the allergic reactivity
of farm animals exposed to tuberculosis are required.
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Bnnue ioHi3ylo4oi paaiauii Ha cTaH anepriyHoi peaKTUBHOCTI
iHpiKOBaHUX TY6epKyNbO30M JTAa6opaTOPHUX TBapPUH

Bonoaumup KOpiitoBuu Kacciul, OkcaHa IBaHiBHa KacsHeHko?,
Bonoaumup Bonoaummuposuu 3axkapcbkuit?, IBaH BonoaumupoBuu AueHko?,
)XaHHa €BreHiiBHa KniwoBa*

1CyMCbKMIA HaLiOHaNbHMI arpapHuUii yHiBepcuTeT
40000, Byn. I Konpgpatbesa, 160, M. Cymu, YkpaiHa

2[IHINPOBCbKMI1 flepXXaBHWIA arpapHO-EKOHOMIYHWIA YHiBEpCUTET
49000, Byn. Cepria €dppemMoBa, 25, M. [IHiNpo, YkpaiHa

’XapkiBCcbKa AepyKaBHa 300BETEPMHAPHA akaaeMis
62341, Byn. AkagemiyHa, 1, c. Mana laHunieka, YkpaiHa

*MeanunHnii iHcTUTYT CyMCbKOTO AEPXKABHOMO YHiBEPCUTETY
40000, Byn. CaHaTtopHa, 31, M. Cymu, YkpaiHa

AHoTauis. AnepriyHe gocnigkeHHs 3 BUKOpUCTaHHam MM O-TybepkyniHiB € OCHOBHUMM METOAOM NPUXKUTTEBOI A4iarHOCTUKM
Ty6epKynbo3y CiflbCbKOrocnofapCbKMX TBApMH Ta NTUL.[1poTe BiLOMO NP0 3HWXKEHHS AiarHOCTUYHOT LLIHHOCTI aneprivyHmx
peakLuii nicns onpoMiHeHHs TBapWH, NOABY HecrneundiyHmx, nceBpoanepriyHmx peakuin. OgHieo 3 NpUUYnH Npossy
HecneumdivyHMX peakLin Moxe ByTh ayToceHCKbini3aLis (@ytoaneprisauis) opraHiaMy npooyKtamMmu po3nagy ocobmcTmx
TKaHWH, Lo 0COH6AMBO BMPAXKEHO 32 NPOMEHEBOT0 ypaXKeHHs. |loHi3ytoua paaialig BNAMBaE Ha NposiB TybepKyniHOBOI
YyTAMBOCTI, Nepebir Tybepkynbo3y Ta ayToiMyHHI NpoLecy B opraHi3mi.AndepeHuianbHa giarHocTMka HecneuudiyHux
TyOepKyNiHOBUX peaKLii NIMILAETBCS MOKM WO He MOBHICTHO BUpILLEHO NpobneMoto, Xo4a iCHYE Linuii psaa TecTiB
ons ii 3pivicHeHHs. Nicns aBapii Ha YopHobunbcbkin AEC Ha npunernunx 3abpyaHeHUX pafioakTUBHUMU peHOBUHAMM
TEPUTOPISX ULUMAOCS 3HAYHE NOroNiBa TBAPUH, y TOMY Ynchi iHdiKoBaHMX 30yAHMKOM TybepKynbo3y Ta aTUNOBUMU
MikobakTepisgmu. BigoMo, Wwo pagiauiiiHe onpoMiHeHHs NpM3BOAMTL A0 ayToceHCMbini3auii opraHiaMy npoaykTamm
po3nafy BNAaCHUX TKAHUH | PO3BUTKY HecrneumdbivuH1X NceBaoaneprivHnx peakLin Ha reteponoriyHi anepreHun. Tomy 6yna
npoBefieHa poboTa 3 BUBYEHHS aNepriyHOi peakTMBHOCTI XBOPUX Ha Ty6epKy/bo3 i CEHCMBiNI30BaHUX aTUMOBUMM
MikobaKTepisiMM ONpOMiHEHUX raMMa-pagiaLieto nabopaTopHux TBapuH (200 MOpCbKMx CBUHOK). Byno BCTaHOBNEHO,
wo yepe3 14-60 pi6 nicng 3apaxeHHsM 36yaHuKkamu Ty6epkynbo3y y 90-100 % mMypuakiB po3BMBanuChb anepridHi
peakuii Ha MMA-TybepkyniH ANg CCABLIB Ta NTULL, NEPEBAXHO Ha FOMOJOrIYHMIA anepreH. AnepriyHa peakTUBHICTb
36epiranacb 8o 90 nobu pocnipkeHHs. [licns onpoMiHeHHs cybneTanbHUMK (He NeTanbHUMK) L03aMU FaMMa-NPOMEHiB
y 3apaXeHMX Ta iHTaKTHUX MOPCbKMUX CBMHOK PO3BMBaNMCh HecneumdivyHi peakuii Ha TyObepKyniH i reTeponoriyHi
anepreHun: ManeiH Ta 6pyuenin. Y HesapaxeHux 36yaHMKOM Ty6epKynbo3y MypyakiB yepes 7 aib nicng onpoMiHeHHs
ramMmma-BMMNpOMIiHIOBAaHHSAM crocTepiranu HecneundiyHi peakuii Ha MikobakTepianbHi anepreHn npu 4030BOMY
HaBaHTaxeHHi 200 Py 16,6 %; 150 P - 5,3 % no rpyni,a yepes 27 pi6 y onpomiHeHux fo3amu 50 Pta 100 Py 25 % Ta
33 % [OCNioKEeHUX TBAPUH, BiANOBIAHO. Y iH(DiKOBaHMX 30yAHUKOM TyOepKynbo3y Ta iHTaKTHMX TBapuH Yepe3 60 ai6
nicns onpoMiHeHHs1 B go3ax 50 P, 100 P ta 150 P BMHMKanu nooamMHOKI peakuii Ha bpyueniH Ta maneiH. [poss
HecneumdivHOi aneprii y onpoMiHeHMX TBapUH 3anexana Bif NOTY)XHOCTI 403K ONPOMIHEHHS Ta PafioyyTIMBOCTI TBAPUH

KntouoBi cnoBa: Ty6epkyniH, reTeponioriyHi anepreHu, raMmMa-onpoMiHeHHs, MikobakTepii, anepriyHi LOCNiLKEHHS
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