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Abstract. In recent years a diversity of researchings both native and foreign scientists has
been devoted to the investigation of animal tuberculosis. However, there are a number of questions
required more detailed studying and scientific justification. Among involved questions specific
place is occupied by the problem of animal immunity in cases of infection by pathogenic and
atypical mycobacteria. The aim of our work was to study the influence of pathogenic and atypical
mycobacteria on the immune status of laboratory animals. The influence of pathogenic and
atypical mycobacteria on the immune status of guinea pigs was studied by infecting them with a
suspension from the bacterial mass of each individual mycobacterial culture (M. bovis, M. avium
and M. fortuitum). The suspension was prepared at the rate of 1.0 mg / ml of sterile NaCl and
injected subcutaneously into animals at a dose of 1.0 ml. Blood samples were taken on the 7%, 14",
30" and 60™ days after the injection of mycobacterial cultures to determine the most informative
indicators of the immunological status of animals. Amount of neutrophils and phagocytic activity
were determined in the blood of experimental animals. The total protein level was determined
spectrophotometrically in the serum of guinea pigs, the level of circulating immune complexes
(CIC) of average molecular weight — by the method of Grinevich & Alferov, seromukoida — by
Weimer & Moshin. The data obtained that M. bovis caused the biggest growth in some cellular and

humoral immunity indicate (the percentage of neutrophils by 28.6% and their phagocytic activity
by 15.8%, the level of total protein is 76.13 g/l, circulating immune complexes 0.190 mg/ml and
seromukoids per day 7 (0.099 mg/ml) on the 30" day after infection in comparison with animals of
the control group. Animals infected with the culture of atypical mycobacteria M. fortuitum showed
less noticeable changes in immunity, compared to animals infected with the pathogen of tuberculosis.

Keywords: mycobacteria; M. bovis; M. avium; M. fortuitum; immunobiological parameters;
guinea pigs.

YnaAuB NaTOreHHUX i aTMNoOBUX MiKob6aKTepi Ha iIMYHHMIA CTaTyC MypUaKiB

B. C. boiiko*, /1. B. KoBaneHko*, A. |. 3aBropogHiit*, A. . Naniii*, A. O. BoHaapuyk**
* HayioHaneHuli Haykosuli yeHmp “IHcmumym eKcriepumeHmasbHOi ma KAiHiYHoI eemepuHapHoi meduyuHu”, Xapkie, YKpaiHa
** XapKiecbKa OepxasHa 3008emepuHApHA akademis, Xapkie, YkpaiHa

Amnorauisi. BusuenHro TyGepKy1503y y TBapHH IPHUCBSUECHO IIUTHIH Psit HAYKOBHX POOIT SIK BITYM3HSIHHX, TaK 1 3aKOpJOHHKX yuaeHux. [Ipore
HUHI 3aJIUIIA€THCS HA3KA MUTaHb, SKi MOTPEOyIOTh OUTBII AETaIbHOTO BUBYEHHS Ta HayKOBOrO OOIpyHTyBaHH:S. Cepen HUX 0CcOONMBE MicIie
nocizae npobieMa iIMyHITETY TBapHH 32 iH(IKYBaHHS MATOTCHHUMH Ta aTUIIOBUMH MiKOOAKTepisiMU. MeToro poOOTH Oy/I0 BUBYMTH BILTHB Ia-
TOTCHHUX 1 aTHIIOBUX MiKoOaKTepiil Ha IMyHHHUH CTaH Ja00pPaTOPHUX TBApHH. YIUINB IIATOTCHHUX 1 aTHIIOBUX MikoOakTepiil Ha IMyHHUI cTaryc
MypYaKiB BUBYAIM METOIOM 1H(IKyBaHHS iX 3aBUCCIO i3 OaKTepianbHOI MaCH KOXKHOI OKpeMO KyJbTypH MikoOakrepiit (M. bovis, M. avium i M.
fortuitum). 3aBUCH TOTYBAJIU 3 pO3paxyHKy 1,0 MI/MII CTEpHIBHOTO (hi3i00riYHOTO PO3YHMHY Ta BBOIMIIM TBAPHHAM IiAMKIpHO B 1031 1,0 Mu1. J{yist
JOCTIIKEHHS HaifOLTb I iH(OpMaTHBHHX ITOKa3HHUKIB IMyHOJIOTIYHOTO CTaHy TBapHuH Ha 7, 14, 301 60 100y micist BBeIeHHS KYJIBTyp MiKoOaKTepii
BiOupanu mpoou Kposi. B kpoBi 1ocITiTHIX TBapUH BU3HAYAIU KUTBKICTh HEUTPO(DiNiB 1 )aronuTapHy akKTUBHICTB 3T1THO METOANYHHX PEKOMEH-
Janii “Mertonu gocnikeHb MapkepiB (DyHKIIOHATEHOTO CTaHy KIIITHH IeprdepryHoi KpoBi Ta KicTkoBoro Mo3ky TBapuH” (2013). ¥V cupoarii
KPOBI Myp4aKiB cIIeKTpo(OTOMETPHIHO BU3HAYAIIH PIBEHB 3arajbHOT0 Oinka; MetonoM ' puneBnda ta Andeposa (1985) — piBeHs IUpPKYITIOIO-
YHX IMyHHHX KOMIUIEKCIB CepeJHBOI MOJIEKYIISIpHOI Macu; MeTofoM Belimepa Ta Mommna (1952) — cepomykoinis. Pesynsrari BUBYUCHHS BIUTHBY
Kynstyp M. bovis, M. avium i M. fortuitum Ha iIMyHHH CTaTyc MypUaKiB CBiuaTh Mpo Te, Mo 30yTHUK TYOepKyIp03y M. bovis Ha 30 100y micis
3apaykKeHHsI BUKJIMKAB Y TBapHH HAWOUIBIIE MiBUIICHHS ASSIKUX [TOKa3HHUKIB KIITHHHOTO Ta ITyMOPAJIbHOTO IMyHITETY (BiICOTOK HEHTpo(iIiB
Ha 28,6%, ix (harormTapHa akTUBHICTB Ha 15,8%, piBeHb 3aranpHOrO OUIKY 110 76,13 /71, TUPKYIIOI0YUX IMyHHHX KOMILTEKCiB 70 0,190 mr/mo,
cepomykoiniB Ha 7 106y 10 0,099 Mr/MiT) MOPIBHSAHO 3 TBAPUHAMY KOHTPOJIBEHOI IPyNH. Y TBapyH, iHPIKOBAaHKX KYJIBTYPOIO aTHIIOBHX MiKOOAK-
Tepiit M. fortuitum, BiqMidaan MEHII BUpa)KeHi 3MiHH TIOKA3HUKIB IMyHITETY, TIOPIBHSHO 3 TBapHHAMH, 3apaXKCHIUMH 30yTHIKOM TyOepKyIb03Yy.

KurouoBi cioBa: mikob6akrepii; M. bovis; M. avium; M. fortuitum; iMyHOO10JIOT14HI ITOKa3HUKH; MypUYaKH.
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Introduction

Despite the achieved success in the control of animals’ infection
diseases today the danger is represented by infectious diseases of
bacterial etiology, which are characterized by high contagiousness.
Tuberculosis — it is the main economically significant bacterial
disease (LoBue et al., 2010; Paliy et al., 2015; Bouchez-Zacria et
al., 2018; Borja et al., 2018).

Directly under production conditions, questions arise about the
non-specific response of animals to tuberculin injection. This is due
to many factors that directly affect the immune status of the animal
(Jenkins et al., 2018).

The genus Mycobacterium includes more than one hundred and
fifty recognized species, most of which are in the environment, and
many of which may be pathogenic for mammals (King et al., 2017).

A Mycobacterium bovis causes animals and sometimes humans
tuberculosis. In epidemiological terms, the disease can be recorded
in some species of wild animals, creating a reservoir of infection
(Palmer, 2013). There are exceptional strains of M. bovis, which
have some features of M. tuberculosis. Strains were exposed from 8
patients who lived in Kazakhstan. Though molecular markers were
typical for M. bovis, patterns of growth and biochemical test results
were interstitial between M. bovis and M. tuberculosis (Kubica et
al., 2006). The pathogens of tuberculosis are often isolated from
caseous lesions (68%), as well as milk of infected animals (18%),
which is a risk to consumers of livestock products (Leite et al.,
2003). Mycobacteria of M. bovis are straight, or slightly curved,
short, thin, with rounded ends of a stick 0.3—1.6 microns wide
and 1.5-2 microns long. Inside the cells there are sometimes fills
(“Grains Fly”), which are located at the ends of mycobacteria.
The size of mycobacteria and the number of inclusions depend
on the duration and conditions of cultivation, and the ability to
polymorphism is observed both in the cultivated in nutrient media,
and in the allocation of them from pathological material, where
there are coccoid forms and rods (Brennan & Nikaido, 1995).

Mycobacterium M. avium — thin, oblong, curved, immobile,
acid resistant rods with rounded edges, stained by the Ziehl-Neelsen
method in a bright red color. M. avium is characterized by a strong
polymorphism, as a result of which colored smears reveal forms
of coccoid, long-grained and non-granular rods, while coccoid
forms or branched forms predominate in old cultures (Runyon,
1965). Mycobacterium M. avium is a major pathogen of domestic,
synanthropic, zoo and wild bird tuberculosis. An infected bird dies
from a generalized form of tuberculosis in 30-60 days (Mutalib &
Riddell, 1988).

Table 1. Immunological indicator of experimental guinea pigs

Mycobacterioses caused by atypical mycobacteria of M.
fortuitum, the clinical manifestations of which are characterized by
pneumonia and damage to the digestive tract (Okamori et al., 2018),
are quite common among people. This type of mycobacterium is
widespread in livestock farms in Ukraine, but it does not represent
an epizootological risk for animal husbandry, but only predetermines
the state of increased sensitivity to tuberculin and allergen from
atypical mycobacteria (Kotlyar, 2016).

The aim of our work was to study the effect of pathogenic
and atypical mycobacteria on the immune condition of laboratory
animals.

Materials and methods

Experimental researches were carried out in the laboratory for
the study of tuberculosis and the laboratory of clinical biochemistry
of the National Scientific Center “Institute of Experimental and
Clinical Veterinary Medicine”. The effect of pathogenic and
atypical mycobacteria on the immune status of guinea pigs was
studied by infecting them with a suspension from the bacterial mass
of each individual mycobacterial culture M. bovis (strain Vallee),
M. avium (strain IEKVM UAAN) and M. fortuitum (strain Ne 122).
The suspension was prepared at the rate of 1.0 mg/ml of sterile NaCl
and injected subcutaneously into animals at a dose of 1.0 ml. To
research the most informative indicators of the immunological state
of animals on the 7", 14% 30" and 60" days after the injection of
mycobacterial cultures blood samples were taken. In the blood of
experimental animals the amount of neutrophils and phagocytic
activity were determined according to the methodological
recommendations “Methods of researches markers of the functional
state of the cells of peripheral blood and bone marrow of animals”.
In the serum of guinea pigs the total protein level was determined
spectrophotometrically, the level of circulating immune complexes
(CIC) of average molecular weight — by the method of Grinevich
and Alferov (1985), seromukoida — by Weimer and Moshin (1952).

Results

The results of conducted scientific experiments to determine
the immunobiological parameters of experimental guinea pigs for
infection with various types of mycobacteria are shown in Table 1.

For the analysis of data in the Table 1, two-way analysis of
Fisher variance was used (the first one was the type of culture,
the second one — time or age) with the help of “Two-way analysis
of variance without repetition” due to ‘“Data mining” ASP MS

Biomarkers of nonspecific

Blood analysis through the days

Cultures immunity - 14 30 0
Total protein, gr/l 78.23 £1.25 74.31 £2.03 76.13 £1.97 67.35+£2.31
M. bovis CIC, mg/ml 0.161 +£0.070 0.172 +0.060 0.190 + 0.040 0.138 +0.050
Seromucoids, mg/ml 0.099 +0.012 0.097 £ 0.016 0.094 + 0.024 0.091 +£0.013
Total protein, gr/l 7524 +1.24 7343 £2.15 72.52 £2.32 65.61 £1.85
M. avium CIC, mg/ml 0.144 + 0.040 0.149 +0.070 0.167 +£0.050 0.128 +0.040
Seromucoids, mg/ml 0.096 +£0.018 0.094 + 0.021 0.095+0.019 0.088 +0.022
Total protein, gr/l 73.54 +£1.31 71.95+1.97 69.11 +2.02 62.34 +1.85
M. fortuitum CIC, mg/ml 0.132 +0.030 0.138 +0.050 0.161 +0.070 0.127 +£0.050
Seromucoids, mg/ml 0.095+0.013 0.094 +0.015 0.096 +0.011 0.086 +0.016
Total protein, gr/l 66.25 +1.34 67.71 £2.23 66.52 +£2.57 66.31 £2.18
Control CIC, mg/ml) 0.121 +0.060 0.122 +£0.070 0.121 £0.030 0.122 +0.050
Seromucoids, mg/ml 0.092 +0.013 0.091+0.018 0.092 +0.015 0.092 +0.011
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Excel-2010 (Baranovsky et al., 2017; Blanco et al., 2012). Summary
tables consist of:

Total protein (Variance analysis)

Source of F P- F
variation §8 df MS factual datum  critical
Type of 119.006 3 39.668 7.02676 0.00985 3.8625
cultures
Age, days 144.093 3 48.031 8.50807 0.00541 3.8625
Arbitrary 508082 9 5.6453
factors
Total: 313907 15
Power of % Significance of influence
influence
Type of 3791 p <0.0099
cultures
Age, days 45.90 p <0.0054
Arbitrary
factors 16.19 0.05<p
CIC (Variance analysis)

Source of F P- F
variation S8 dt MS factual datum  critical
Type of 0.00394 3 00013 7,02676 0,00985 38625
cultures
Age, days 0.00200 3 0.0007  8,50807 0,00541 3,8625
Ambitrary ) 00087 9 9,65E-05
factors
Total: 0.00681 15
Power of % Significance of influence
influence
Type of 57.85 p<0.001
cultures
Age, days 29.39 p<0.01
Arbitrary
factors 12.75 0.05<p

Seromucoids (Variance analysis)
Source of F P- F
variation S8 df MS factual datum critical
Type of 26E-05 3 8.67E-06 1.6082 02541 3,8625
cultures
Age, days 9.05E-05 3 3.02E-05 55979 0.019 3,8625
Arbitrary - gsp 05 9 5.39E-06
factors
Total: 0.00016 15
Power of % Significance of influence
influence
Type of
cultures 15.76 p=025
Age, days 54.85 p<0.02
Arbitrary
factors 29.39 0.05<p

Analyzing the data of the Table 1, an increased level of total
protein in the blood serum of the experimental guinea pigs was
established during the entire study, but the greatest difference by
18.1% and 14.4% was observed on 7™ and 30" days after infection
of animals with M. bovis.

In the blood serum of animals that were infected with the culture
of M. fortuitum, the slightest increase in the level of this indicator by
11.0% on 7" day and its greater decrease to 6.0% for 60" day was
registered. Specifically, a decrease level of total protein in animals
after the action of all the investigational mycobacterial cultures on
60" day compared with the control.

Theoretical and Applied Veterinary Medicine | Volume 7 | Issue 2

The CIC level, which is the activator of f-lymphocytes and
the complement system, was higher than the control and agreed
on the nature of changes in the total protein content during the
research. In the st table is shown that a high level of circulating
immune complexes by 57.0% was observed in the serum of guinea
pigs under the action of M. bovis 30 days after the injection of the
investigational mycobacterial culture. However, animals that were
infected with M. avium and M. fortuitum, the slightest differences
of this index were recorded to 4.9% on 60" day regarding to the
control.

The level of seromucoids, which belong to suppressor proteins,
within 30 days of the research, was increased in all experimental
groups of animals with the greatest distinction of 7.6% on the 7
day in the serum of guinea pigs infected with M. bovis against
control. On the 60™ day, an index decrease in the serum of animals
of all groups was recorded with a maximum difference up to 6.5%
in the group of guinea pigs infected with M. fortuitum.

One of the types of leukocytes that are involved in the
protective reactions of the organism, in particular phagocytosis, are
neutrophils. Consequently, the dynamic of changing in the number
of neutrophils in the blood of laboratory animals infected with
various types of mycobacteria was determined (Fig. 1).

The data submitted in the 1% Figure shows that under the
influence of all three species of mycobacteria, a percentage increase
of neutrophils in the blood of guinea pigs was recorded during a 30-
day study with a maximum difference by 28.6% animals infected
with M. bovis as compared with control. It is also important to note
that on the 60™ day the decrease of these cells by 10.7% in the blood
of animals infected with M. fortuitum was observed, it might be
connected to the increased destruction of neutrophils affected by the
infection development.

Each neutrophil cell is capable for only one phagocytic event;
therefore, their number reflects and agrees upon the data on
phagocytic activity (Fig. 2).

The Figure 2 shows the percentage increase of phagocytic
neutrophils activity in the blood of animals infected with all three
types of mycobacteria studied in comparison with tested animals,
but the greatest deviation by 15.8% on the 30" day was noted in
the blood of animals affected by M. bovis. The increase number
of active phagocytes in the blood, which retain a high phagocytic
activity, indicates an increased immune response. During the latter
stages of research, a 3.2% decrease of FA in the blood of animals
that were infected with M. fortuitum was recorded. Reduction of FA
might be connected to excessive formation of immature neutrophils
in the bone marrow.

Discussion

Other studies have found that infection of cattle apart with
such cultures as M. bovis, M. tuberculosis and M. kansasii also
shows a different immune response of animals. The delayed-type
hypersensitivity was revealed by inoculation of each culture of
mycobacteria; however, the response to the injection of M. bovis
and M. tuberculosis exceeded the response to infection with M.
kansasii.

Specific responses were given by all animals due to injection
of M. tuberculosis and M. bovis in 3 weeks after inoculation. After
6 weeks animals infected with M. tuberculosis had a decreased
immune response, whereas animals with M. bovis remained the
same. When inoculating M. kansasii, early initial antibody responses
decreased 10 weeks after the start of the experiment. These results
show that the immune response of animals is due to antigenic load,
and not the development of the pathological process (Waters et al.,
2010).

Various natural mechanisms of different macro organisms for
inactivation of the pathogen of M. tuberculosis reported, which in
turn causes the induction of adaptive immunity (Crevel et al., 2002).
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Figure 1. The percentage of neutrophils in guinea pigs blood

Figure 2. The level of neutrophils phagocytic activity in the blood of guinea pigs

A detailed study of the immune response of the macro organism
to its infection with various types of mycobacteria, including those
with natural and artificial mutations, opens the way to the creation
of effective vaccines (Blanco et al., 2012).

Conclusions

Comparative studies about the effect of the cultures M. bovis,
M. avium and M. fortuitum on the immune status of guinea pigs
indicate that M. bovis, the pathogen of tuberculosis, on the 30" day
after infection, caused the animals the greatest increase in some
indicators of cellular and humoral immunity (neutrophils by 28.6%
and their phagocytic activity by 15.8%, the level of total protein
was 76.13 g/l, circulating immune complexes 0.190 mg/ml and
seromukoids per day 7 (0.099 mg/ml) in comparison with animals
of the control group.

Animals infected with the culture of atypical mycobacteria M.
Sfortuitum showed less noticeable changes in immunity, compared
to animals infected with the pathogen of tuberculosis.
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