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W3ydeH criekTp ¥ oIpe/iesieHbl YacTOThl IUTOTEHETHYECKUX HAapYIIEHUH y MOJIOAHAKA KPYITHO-
IO pOraTtoro ckoTa, UMMYHHU3MPOBAHHOTO BAKIIMHON MPOTHUB caJlbMOHesuIe3a TelsT. MccienoBanus
MpOBeZIeHBI B X03s1cTBe HoBOCHOMpCKOil 06macTn Ha 10 KIMHWYECKH 3A0POBBIX TONIITHHU3NPO-
BaHHBIX YepHO-ieCTphIX Tenarax 10—17-gHeBHOrO Bo3pacTa. Vcronb30BaHa KOHIIEHTPUPOBAHHAS
(hopMoIKBacIOBast BaKIMHA IMPOTUB CcajbMOHEIe3a (mapatuda) TeisIT B 03€ 2 M (peMMMYHHU3a-
s B 103€ 2 Mi1) ¢ uHTepBajioM 10 cyT MeXIy MHBEKUUSIMH. BakiyHa N3rotoBieHa U3 KyJlbTyphl
Oaktepuii mramma Salmonella dublin Ne 373, nHaKTUBUPOBAHHOTO (DOPMAIMHOM C J0OaBICHUEM
AIFOMOKAJIMEBBIX KBACIIOB M XJIOpUa Kanblus. L{uToreHernueckuii aHanu3 nepudepuyeckoil Kpo-
BU Y TEJISIT MPOBEJIEH 10 BaKIMHANINN (KOHTPOJIb), yepe3 2 U 9 CyT mocie BakIMHALNH, Yepe3 2 U’
9 cyT mocite peBaKITMHAITIN. YCTaHOBJICHO, UTO CITEKTP COMATHUECKOH XpOMOCOMHOM HeCTaOMITLHO-
CTH B TUM(ONHTAX MEPUPEPUIECCKON KPOBU TEIAT MOCIIE BAKIIMHAIINY U PEBAKIIMHAIIH ITPEICTaB-
JIEH MOJIMIUIOUANEHN, THIIOTIIIONIUEN U TUIEPIUIONINEH, XPOMAaTUAHBIMU U XPOMOCOMHBIMU pa3pbl-
BaMH, OIMHOYHBIMU U TMAPHBIMH (parMEeHTaMH XpOMOCOM. BBISBIEHO, YTO CHEKTp COMATHYeCKON
XPOMOCOMHOM HECTaOMIBHOCTH TMOCJIE JBYKPATHBIX HMMYHU3AIMH HHAKTHBUPOBAHHOW BaKIIMHOW
MIPOTUB CaJbMOHEIIe3a He OTINYAJICS OT CIEeKTpa CIIOHTAHHO BO3HUKAIOMIMX MYTalWH y JaHHO-
ro BuAa. Baknunanus u nocnenyronasi peBakIMHALMS TEISIT B CPABHEHUU € TOBAKIIMHALIMOHHBIM
MIEPUOJOM HE IPHUBOAWINA K JOCTOBEPHOMY YBEIMUYECHUIO YACTOT AHEYIJIOMIHBIX U HOJUILUIOUIHBIX
kieTok. [lpu aByKpaTHOM MMMYHHM3aLUH TEIAT B TMM(OLUTAPHBIX KIETKAaX KPOBH KUBOTHBIX OT-
ME€YeH BOJHOBOH XapakTep B BapHallMM YacTOT T€HOMHBIX MYTallMil OT MaKCUMaJIbHBIX 10 MUHU-
MaJIbHBIX 3HAYEHUH aHAJIOTUYHO MPOAJIEHHOMY MyTareHe3y. OOHapyKeHa TeHICHIINS YBEIUYCHHS
4acTOTHI CTPYKTYPHBIX HapyIIEHUH XpOMOCOM uepe3 2, 9 CyT mocie BakIMHAIWN U 2 CYT Tocie
peBakiHanuy. OTMEUeHO TOCTOBEPHOE BO3pacTaHue B 2,9 pa3a 4acTOTHI KJIETOK C XPOMOCOMHBIMHU
abeppanusMu B TUMQOIUTAX KPOBH KHBOTHBIX Yepe3 9 CyT Mociie X MOBTOPHONH MMMYHHU3AIHH
3a CUET Pa3pbIBOB M MapHBIX GparmMeHToB XpoMocoM. [locie BakuuHauy 1 peBaKIMHALUN XpOMa-
TH/IHBIC Pa3pbIBBI HAHOOJIEE YaCTO PErUCTPUPOBAIIUCH B METUAIBHBIX palloHaX OJHON U3 XpOMaTH/I,
XPOMOCOMHBIE Pa3pbIBbI B METUATBHBIX U TEJIOMEPHBIX paiioHax 00enX XpoMaTH/I.

KuioueBble ¢JI0Ba: TCHOMHBIE MyTaIlUH, XPOMOCOMHBIE MyTalud, TUMMOIUTE epudepude-
CKOM KpOBH, TEJISITA, BAKI[UHALUS, PEBAKIIMHALIS, CATIbBMOHEIIIE3

CYTOGENETIC ABNORMALITIES IN YOUNG CATTLE DURING
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The spectrum and the frequencies of cytogenetic abnormalities in young cattle immunized with a
vaccine against salmonellosis of calves were investigated. The study was carried out on the farm of
Novosibirsk region on 10 clinically healthy Holstein black-and-white calves of 10—17 days of age.
A concentrated formol-alum vaccine against salmonellosis (paratyphoid) of calves was used at a
dose of 2 ml (reimmunization at a dose of 2 ml) with an interval of 10 days between injections. The
vaccine was made from the culture of bacteria of the Salmonella dublin strain Ne 373, inactivated
with formalin with the addition of potassium alum and calcium chloride. Cytogenetic analysis of
peripheral blood in calves was carried out before vaccination (control), 2 and 9 days after vaccination,
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2 and 9 days after revaccination. It was found that the spectrum of somatic chromosomal instability
in peripheral blood lymphocytes of calves after vaccination and revaccination is represented by
polyploidy, hypoploidy and hyperploidy, chromatid and chromosomal breaks, single and paired
fragments of chromosomes. It was revealed that the spectrum of somatic chromosomal instability
after double immunizations with an inactivated vaccine against salmonellosis did not differ from
the spectrum of spontaneously occurring mutations in this species. Vaccination and subsequent
revaccination of calves in comparison with the pre-vaccination period did not lead to a significant
increase in the frequency of aneuploid and polyploid cells. During double immunization of calves,
a wave pattern in the variation of genomic mutation frequencies from maximum to minimum
values in the lymphocytic blood cells of animals was noted, similar to prolonged mutagenesis. A
tendency was found for the frequency of structural chromosome abnormalities to increase 2 and 9
days after vaccination and 2 days after revaccination. There was a credible 2.9-fold increase in the
frequency of cells with chromosomal aberrations in the blood lymphocytes of animals 9 days after
their repeated immunization due to breaks and paired fragments of chromosomes. After vaccination
and revaccination, chromatid breaks were most often recorded in the medial regions of one of the
chromatids, and chromosomal breaks in the medial and telomeric regions of both chromatids.

Keywords: genome mutations, chromosomal mutations, peripheral blood lymphocytes, calves,
vaccination, revaccination, salmonellosis
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INTRODUCTION ried out to study the cytogenetic consequences

An increase in livestock production in mod- of infectious diseases and vaccinations [5-8].

ern conditions is based on improving the ge-
netic potential of animals and creating highly
productive herds resistant to diseases' [1-4].

It has now been established that a number
of infectious diseases are caused by pathogenic
microorganisms. Their impact contributes to the
appearance of abnormalities in the chromosom-
al apparatus of humans and laboratory animals.
In medicine, numerous studies have been car-

It has been suggested that antigens and toxins
of some infectious agents and vaccines may
be mutagenic. Reactive metabolites of oxygen
and nitrogen, formed in the foci of inflamma-
tion and in the course of the immune response,
can cause an increase in the frequency of DNA
damage and cytogenetic disorders [5, 6].

The influence of infectious agents, including
vaccines, on the instability of karyotypes in hu-

"Patent RU No. 2 083 102 C1 IPC A 01 K 67/02. The method of complex selection of bulls-producers for the resistance of
offspring to diseases / V.L. Petukhov, L.K. Ernst, A.G. Nezavitin, A.I. Zheltikov, O.S. Korotkevich, S.G. Kulikova, V.G. Marenkov,
N.N. Kochnev, V.P. Shishkov, V.T. Khristenko; applicant and patentee Scientific Research Institute of Veterinary Genetics and
Breeding. No. 95113836/13; declared 08/01/1995; publ. 10.07.1997, Bul. No. 19. 10 p.
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mans and laboratory animals is often ambigu-
ous. According to N.N. Ilyinskikh [5], this is
explained not only by the strain characteristics
of infectious agents, but also by the specific-
ity of the genotype of the organism, its age, the
functional state of protection and resistance to
the mutagenic influence of infectious factors.

In veterinary medicine and farm animal ge-
netics, there are few publications on the subject,
despite the need for research due to the wide-
spread use of vaccination in agriculture*? [9].

Salmonellosis (paratyphoid fever) is one of
the most common infectious diseases of young
cattle in Siberia [10]. It is caused by bacteria of
the genus Salmonella (S. dublin, less often S.
typhimurium and bacteria of other serological
types), which primarily affect young animals
aged from 10 days to 5 months. In young ani-
mals, the acute course of the disease is char-
acterized by fever, septicemia, toxicosis and
diarrhea, subacute and chronic - pneumonia
and arthritis; in adult females, abortion. Vacci-
nation is still the most effective way to prevent
the spread of infectious diseases in farm animal
populations. To date, the cytogenetic conse-
quences of vaccinations against salmonellosis
in cattle have not been investigated.

The aim of the work is to study cytogenetic
disturbances in young cattle when vaccinated
against Salmonellosis.

The research objectives are:

— determination of the spectrum of cytoge-
netic disorders in peripheral blood lymphocytes
in calves at different periods of immunization
against salmonellosis,

— investigation of the effect of double immu-
nizations with an inactivated vaccine against
salmonellosis on the frequency of cytogenetic
disorders in immunocompetent cells in young
cattle.

MATERIAL AND METHODS

The studies were conducted on 10 clinically
healthy 10-17-day old Holsteinized black-mot-
ley calves in a farm in Novosibirsk district, No-
vosibirsk region. Blood for cytogenetic analysis
was taken from each animal five times: before
vaccination (control), 2 and 9 days after vac-
cination, 2 and 9 days after revaccination with
the salmonellosis vaccine.

A concentrated formolvac vaccine against
salmonellosis (paratyphoid) of calves was used
in a dose of 2 ml (reimmunization in a dose of
2 ml) with an interval of 10 days between injec-
tions. The vaccine is made from bacterial cul-
ture of Salmonella dublin strain No. 373 inacti-
vated with formalin (0.4% by volume) with the
addition of potassium alum and calcium chlo-
ride (0.1% by volume) as an adjuvant.

The material for the cytogenetic study was
the peripheral blood lymphocytes of animals
stimulated by phytohemagglutinin. Preparations
of metaphase chromosomes were prepared ac-
cording to the method of P.S. Moorchead et al.
[11] with modifications. The preparations were
stained with Giemsa stain. The classification of
somatic mutations was carried out according
to the criteria proposed by N.P. Bochkov and
A.N. Chebotarev [12]. As a result of a cytoge-
netic study of calves in different periods, 9472
metaphase plates were analyzed in detail. The
frequencies of numerical and structural chro-
mosome abnormalities were calculated per 100
cells. Frequencies of cytogenetic abnormalities
are given in tables with percentage errors.

The research results were processed by stan-
dard methods of variation statistics using Mi-
crosoft Office Excel 2010. The significance of
differences between the frequencies of cytoge-
netic indicators in the groups was evaluated by
Fisher's method with ¢-transformation of fre-

2Nazarenko Yu.S., Kulikova S.G., Loginov S.I. The influence of vaccinations on somatic chromosomal instability in animals
and humans // The role of agricultural science in the sustainable development of rural areas: collection of articles. V All-Russian
(national) scientific. conf. (Novosibirsk, December 18, 2020). Novosibirsk: RC NSAU "Zolotoy Kolos", 2020. P. 516-519.

*Kulikova S.G., Loginov S.I., Nazarenko Yu.S. The influence of vaccination against salmonellosis on the associative ability of
acrocentric chromosomes in cattle / Theory and practice of modern agricultural science: collection of articles. IV national (All-
Russian) scientific. conf. from international participation (Novosibirsk, February 26, 2021). Novosibirsk: RC NSAU " Zolotoy

Kolos ", 2021. P. 908-912.
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quencies. For the zero-frequency value the er-
ror was calculated by the method of B.L. Van
der Waerden [13].

RESULTS AND DISCUSSION

Studies of peripheral blood lymphocyte cul-
tures of clinically healthy Holsteinized black-
motley calves found that the spectrum of cy-
togenetic abnormalities in animals after vacci-
nation and revaccination against salmonellosis
is represented by polyploidy, hypoploidy and
hyperploidy cells, chromatid and chromosome
breaks, single and paired chromosome frag-
ments regardless of the time since the vaccine
administration. Polyploid and aneuploid cells
were detected among the numerical abnormali-
ties in individuals both before and after vacci-
nation and revaccination against salmonellosis
(see Table 1.).

It was found that vaccination and revaccina-
tion of young cattle against salmonellosis did
not lead to a significant increase in the frequen-

cy of genomic mutations in the somatic cells of
animals. On the contrary, a tendency was found
for a gradual decrease in the frequency of cells
with an altered chromosome number 2 and 9
days after vaccination of calves against salmo-
nellosis. 9 days after revaccination of animals,
a significant decrease in the frequency of cells
with genomic mutations to 7.18% was noted,
control - 9.62% (p <0.05).

The maximum frequency of cells with a
changed number of chromosomes (14.0%)
was found 2 days after revaccination of calves
against salmonellosis, which exceeded the
same indicator in animals 9 days after their vac-
cination and revaccination by 1.7 and 2.0 times,
respectively (p < 0.05-0.01).

Among the cells with an altered chromo-
some number, aneuploid cells with hypoploid
sets predominated (35.6-51.8%). The average
frequency of hypoploid cells in calves before
vaccination was 4.98%. The frequency of hypo-
ploid cells was 1,9 times lower in the animals 9
days after revaccination against Salmonellosis

Taoa. 1. YacTora KIETOK C U3MEHEHHBIM YHCIIOM XpOMOCOM Yy MOJIOAHAKA KPYITHOTO pOraroro CKoTa
A0 U MOCJIC BaKIMHAIUU, PCBAKIIMHAILIUN ITPOTUB CAJIbMOHCIIIIC34a, %

Table 1. Frequency of cells with changed number of chromosomes in young cattle before and after
vaccination, and revaccination against salmonellosis, %

Period of study
Indicator before vacci- after vaccination after revaccination
( Cn (?Izit(r)(r)ll) after 2 days after 9 days after 2 days after 9 days
Polyploid cells 3,40 £ 0,57 4,40+ 0,75 3,16£0,63 | 6,00+1,68 | 2,52+0,47
Aneuploid cells, including: 6,22 1,10 4,47+ 1,06 494+ 1,10 | 8,00£2,71 | 4,66+091
hypoploid cells, including types: | 4,98 +0,99 | 3,16+0,90 | 3,38+0,92 | 6,00+2,37 | 2,61 +0,69*
2n-1 1,04 £ 0,46 2,11 £0,74 1,30+£0,58 | 1,00+0,99 | 1,12+0,45
2n-2 2,49+0,71 | 0,00+ 0,26*** | 1,30+0,58 | 4,00+ 1,96 | 0,56 +0,32%*
2n-3 and more 1,45+ 0,54 1,05+ 0,52 0,78+ 0,45 | 1,00+0,99 | 0,93 +0,41
hyperploid cells, including types: 1,24 +£0,51 1,32 + 0,58 1,56+ 0,63 | 2,00+1,40 | 2,05+0,61
2n+1 1,04 £ 0,46 0,53 +£0,37 1,04 £0,52 | 2,00+1,40 | 1,68 +0,55
2n+2 0,00 +0,21 0,53+0,37* |0,52+0,37*%| 0,00£0,97 | 0,19+0,19
2n+3 and more 0,21 +0,21 0,26 + 0,26 0,00 +0,26 | 0,00+0,97 | 0,19+0,19
Cells with an altered number of 962093 | 887+1,04 | 810099 |14,00245| 7,18 +0,77%
~ Hereinafter *p < 0,05.
55 < 0,01.
**¥p <0,001.

Significant differences are indicated in comparison with the period before vaccination (control).
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compared with the control (p <0,05). There was
no significant increase in the frequency of hy-
perploid cells in animals after their vaccination
and revaccination after 2 and 9 days compared
with the period before drug administration (see
Table 1), but there was a clear tendency for a
gradual increase in the frequency of this cell
type after primary and repeated calf immuniza-
tion (p > 0.05).

Different types of hypoploid and hyperploid
cells were detected, the frequencies of which
varied in different periods of study in young
cattle (see Table 1). The frequency of cells with
a loss of two chromosomes was found to de-
crease in 2 days after vaccination and in 9 days
after revaccination of calves against Salmonel-
losis, to 0,0 and 0,56%, respectively, in the pre-
vaccination period - 2,49% (p < 0,01-0,001).
The highest frequency (4.0%) of cells with a
deficiency of two chromosomes was observed 2
days after revaccination of animals, which was
7.14 times higher than 9 days after revaccina-
tion of calves against Salmonellosis (p < 0.05).

No significant differences were found in the
frequency of cells with an excess of one or three
or more chromosomes in calves before vacci-
nation compared with animals vaccinated and
revaccinated against Salmonellosis. Cells with
an excess of two chromosomes (2n+2) were de-
tected 2 and 9 days after vaccination of calves
against Salmonellosis, with the frequency of
0.53 and 0.52%, respectively, while they were
absent in controls (p < 0.05).

Another type of genomic mutation reported
in the present studies is polyploidy (see Ta-
ble 1). No significant differences were found in
the frequency of polyploidy cells in calves at
all periods after vaccination and revaccination
against salmonellosis compared to controls (p >
0.05). At the same time, a 2.38-fold reduction
in the frequency of polyploid cells was found
in calves 9 days after revaccination, compared
with animals examined 2 days after revaccina-
tion against Salmonellosis (p < 0.05).

Analysis of the polyploid cell spectrum (see
Table 2) showed that tri- and tetraploid cells
were detected in the animals without exception
in all periods of the study (before vaccination, 2
and 9 days after vaccination and revaccination
against salmonellosis). Cells with higher ploidy
(5n and/or 6n) were recorded only in calves
before vaccination and 2 days after their vac-
cination and revaccination against salmonello-
sis. The proportion of tetraploid cells was 75.7-
95.9% of the total number of polyploid cells.

Along with genomic abnormalities in young
cattle before vaccination, after vaccination and
revaccination with inactivated vaccine against
salmonellosis, chromosomal mutations were
revealed. In the present studies, the spectrum
of chromosomal aberrations is represented by
single and paired fragments, chromatid and
chromosomal breaks (see Table 3).

The frequencies of cells with aberrations and
the total number of chromosome aberrations in
the examined young calves had a tendency to

Taoa. 2. CHCKTp 1 4aCTOTa MOJUINIOUAHBIX KJIICTOK Y MOJIOAHSAKA KPYITHOI'O pOraroro CKoTa a0
1 MOCJIC BaKIIMHALINU, PCBAKIITUHAIIUW TPOTUB CaJIbMOHCIIJIC3a, %

Table 2. Spectrum and frequency of polyploid cells in young cattle before and after vaccination,

and revaccination against salmonellosis, %

. Cell ploidy
Period of study
3n 4n S5n 6n and more
Before vaccination (control) 0,40 + 0,20 2,80+0,52 0,10+0,10 0,10+0,10
After vaccination:
after 2 days 0,40 £0,23 3,33 +£ 0,66 0,27 £ 0,19 0,40 £ 0,23
after 9 days 0,13+0,13 3,03 +£0,62 0,00+0,13 0,00 +0,13
After revaccination:
after 2 days 0,50 + 0,50 5,00 + 1,54 0,00 + 0,50 0,50 + 0,50
after 9 days 0,36 + 0,18 2,16 £0,44 0,00 + 0,09 0,00 + 0,09
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a gradual increase in 2, 9 days after vaccina-
tion and in 2 days after calf revaccination, in
9 days after revaccination the animals signifi-
cantly exceeded the control in 2,9 and 2,5 times
(p <0,01). This increase was due to an increase
in the frequency of cells with chromosome
breaks and their total number in vaccinated
and revaccinated calves against salmonellosis.
Before vaccination, the frequency of cells with
chromosome breaks was 1.04 + 0.46%, but 9
days after vaccination it was 1.82 + 0.68% (p >
0.05), and 9 days after revaccination it was
2.98 £0.73% (p < 0.05).

Chromatid and chromosomal aberrations
were recorded in calf lymphocytes during the
whole period of observation, both before vacci-
nation and after vaccination and revaccination
against Salmonellosis. There was no significant
increase in the frequencies of each of these
types of chromosome aberrations separately in
the postvaccination and revaccination periods
compared to the pre-vaccination period. On the
whole, a significant increase in the frequency of
these aberrations in 9 days after revaccination
of animals against Salmonellosis in comparison
with control was found. It should be noted that
2 days after calf vaccination against Salmonel-

losis no chromatid chromosome breaks were
detected in comparison with the pre-vaccina-
tion period, where their incidence was 0.62 +
0.36%.

Analysis of the chromosome breaks local-
ization showed that they were recorded in large
and medium chromosomes in the pericentro-
meric, medial and telomeric regions of the long
arms of one or both chromatids. Chromosome
breaks of the chromatid type are found mainly
in the medial regions of one of the chromatids
(almost 80% of all chromatid breaks). Breaks
in telomeric regions were found in calves only
before vaccination with a frequency of 0.41 +
0.29%, in near-centromeric regions of chroma-
tids - only 9 days after revaccination of young
animals against salmonellosis with a frequency
of 0.56 = 0.32%. Breaks of the chromosomal
type were most often localized in the medial
(43% of cases) and telomeric (46%) regions of
both chromatids, much less frequently (11%)
in the pericentromeric regions. In the studied
animals, both before and after vaccination and
revaccination, cells with one and two chromo-
some breaks were recorded, and lymphocytes
with one break prevailed, the proportion of
which varied from 80 to 100%. No cells with

Ta6a. 3. Yacrora abeppaluii XpoOMOCOM Yy MOJIOJIHSIKA KPYITHOTO POraToro CKoTa JI0 U Mociie
BaKIIMHAIINY, PEBAKIIMHAIINY IIPOTUB CaIbMOHEIe3a, %

Table 3. Frequency of chromosome aberrations in young cattle before and after vaccination,

and revaccination against salmonellosis, %

Period of study
Indicator before after vaccination after revaccination
vaccination
(control) after 2 days after 9 days after 2 days after 9 days

Cells with chromosome aberrations 1,66 +0,58 | 2,11+0,74 | 2,86 +0,85 | 3,00+ 1,71 | 4,84 +0,93**
Chromosome aberrations 2,07+0,65 | 2,37+0,78 | 2,86+0,85 | 4,00+ 1,96 | 5,21 £ 0,96**
Cells with fragments of chromosomes 0,83+0,41 | 1,05+0,52 | 1,04+0,52 | 1,00£0,99 | 1,86+0,58
Fragments of chromosomes
Including: 0,83 +0,41 | 1,05+0,52 | 1,04+0,52 | 1,00£0,99 | 1,86+0,58

single fragments 0,62+0,36 | 0,53+0,37 | 0,52+0,37 | 0,00£0,97 | 0,56+0,32

paired fragments 0,21 £0,21 | 0,53 +0,37 | 0,52+0,37 | 1,00£0,99 | 1,30 £ 0,49*
Cells with chromosome breaks 1,04+0,46 | 1,32+0,58 | 1,82+0,68 | 3,00+ 1,71 | 2,98 +0,73*
Chromosome breaks
Including: 1,24+0,51 | 1,32+0,58 | 1,82+0,68 | 3,00+ 1,71 | 3,36 +0,78*

chromatid breaks 0,62 +0,36 [0,00+0,26%| 0,52+0,37 | 2,00+ 1,40 | 1,68+0,55

chromosomal breaks 0,62+0,36 | 1,32+0,58 | 1,30+0,58 | 1,00+ 0,99 1,68 £0,55
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three or more chromosome breaks were detect-
ed. There was a 3.1-fold higher frequency of
cells with one chromosome break 9 days after
calf revaccination against Salmonellosis, com-
pared with the period before vaccination (p <
0.05).

There were no significant differences in the
frequencies of single and paired chromosome
fragments in calves in all periods of the study
compared to controls (see Table 3). No differ-
ences were found after vaccination and revac-
cination when comparing these parameters be-
tween them, except for the frequency of cells
with paired chromosome fragments, which was
6.2 times higher 9 days after revaccination than
before vaccination (p < 0,05). It was found
that cells with only one fragment were found
in calves before vaccination and then at all pe-
riods after their vaccination and revaccination
against salmonellosis.

As aresult of the conducted studies of cattle,
the mutagenic effect of routine vaccinations
against salmonellosis of calves was assessed.

It was found that in peripheral blood lym-
phocytes of young cattle the spectrum of cy-
togenetic disorders induced by the inactivated
vaccine against salmonellosis of calves is repre-
sented by polyploid, hyperploid and hypoploid
cells, single and paired fragments of chromo-
somes and chromatid and chromosomal breaks.

It was revealed that the spectrum of somatic
chromosomal instability after double immuni-
zations with an inactivated vaccine against sal-
monellosis did not differ from the spectrum of
spontaneously occurring mutations in this spe-
cies [14-17].

To date, the mutagenic properties of many
viral and bacterial vaccines have been studied
in humans, in particular against measles, small-
pox, poliomyelitis, influenza, rabies, mumps,
yellow fever, herpes simplex, tick-borne en-
cephalitis, brucellosis, typhoid fever and others
[5-8, 18 ]. These studies showed that in most
cases live vaccines had a pronounced muta-
genic effect, while inactivated vaccines did not
cause an increase in the frequency of cytoge-
netic disorders in the lymphocytes of vaccinat-

ed people. But according to J. Chun et al. [19],
no increase in the number of cytogenetic disor-
ders was found in 7 children vaccinated with a
live measles vaccine.

The results of these studies indicate an am-
biguous effect of vaccination and repeated re-
vaccination after 10 days with an inactivated
vaccine against salmonellosis on the frequency
of genomic and structural mutations in clinical-
ly healthy Holsteinized black-and-white calves.
There was no increase in the frequency of an-
euploid and polyploid cells after vaccination
and revaccination of calves with an inactivated
salmonellosis vaccine in comparison with the
pre-vaccination period. A tendency towards a
gradual decrease in the frequency of cells with
altered chromosome number in calves in all pe-
riods following vaccination against salmonel-
losis has been detected. A sharp increase in the
frequency of these cells (both aneuploid and
polyploid cells) was noted 2 days after revacci-
nation, followed by a significant decrease in the
frequency of cells with genomic mutations 9
days after revaccination in comparison with the
period before vaccination. A significant change
in the frequency of polyploid cells in different
periods after revaccination of animals against
salmonellosis was established. The significant
variations in the frequencies of genomic muta-
tions in young cattle revealed in studies after
repeated immunization are consistent with the
statement that with prolonged mutagenesis,
which is possible during revaccinations, its
intensity is characterized by a wave character
with fluctuations in aberration levels from max-
imum to minimum [20].

The fact that the frequency of cells with an
altered number of chromosomes in young cattle
decreased significantly 9 days after revaccina-
tion against salmonellosis in comparison with
intact animals, established in the study, may be
caused by age features and/or different func-
tional state of the immune system of the studied
calves, responsible for the elimination of cells
with cytogenetic abnormalities. An enhance-
ment of the genome-protective system and oth-
er mechanisms cannot be excluded [18].
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The results of these and earlier studies [15]
and data from other scientists [17, 21] indicate
that spontaneous and agent-induced mutagen-
esis of various nature in cattle most often re-
vealed cells with a tetraploid set of chromo-
somes among polyploid cells.

At the same time, with regard to chromo-
some aberrations, it was found that immuniza-
tion of calves with inactivated vaccine against
Salmonellosis tended to gradually increase the
frequency of chromosome structural disorders
in 2, 9 days after vaccination and in 2 days af-
ter revaccination. This resulted in a significant
increase in the frequency of cells with chromo-
some aberrations in animal blood lymphocytes
9 days after re-vaccination due to breaks and
paired chromosome fragments. A similar result
was obtained by N.N. Ilinskikh [5] during cyto-
genetic examination of healthy donors vaccinat-
ed against brucellosis. As early as 2 days after
vaccine introduction, a significant increase in
chromosome structural disorders was detected:
the frequency of cells with chromosome breaks
to 0.9 = 0.2% vs. 0.1 = 0.06% in the control
and 2.3 £+ 0.2% with chromatid breaks to 1.0 +
0.01% in the control.

Studies by a number of scientists have shown
that mutagenic factors are capable of specifical-
ly affecting individual chromosomes and their
zones [5, 18]. When studying the mechanisms
of the karyopathogenic effect of a brucellosis
vaccine (strain 19 BA) in humans, large chro-
mosomes of group A were affected more fre-
quently, and disorders in small chromosomes of
groups F and G were extremely rarely observed
[5]. A similar pattern was detected in the present
studies. The specificity of lesions of large and
medium chromosome groups and their regions
in young cattle after vaccination and revaccina-
tion against salmonellosis has been established.
According to N.N. Ilinskikh [5], the biochemi-
cal structure of the infectious agent itself and
its immunogenicity are of great importance in
chromosome lesions. It was found that in calves
after vaccination and re-vaccination against
salmonellosis, chromatid breaks were most
often registered in the medial regions of one

of the chromatids, while chromosomal breaks
were found in the medial and telomere regions
of both chromatids. Apparently, the specificity
of lesion of some chromosome regions by anti-
genic factors of inactivated vaccines as well as
by some infectious agents is associated with pe-
culiarities of structure and functioning of these
chromosome regions. Some studies have shown
that infectious agents, by altering cell metabo-
lism, can initiate a chain of reactions that lead
to visible damage to chromosomes [22].

Consequently, revaccination with inactivat-
ed salmonellosis vaccine induces cytogenetic
abnormalities in reimmunized calves, causing
a significant increase in the frequency of cells
with chromosomal aberrations in peripheral
blood lymphocytes of the animals. A cumula-
tive effect of double vaccination with inacti-
vated bacterial vaccine in cattle seems to be ob-
served, resulting in an increased frequency of
DNA damage due to the mutagenic properties
of the vaccine antigens during the formation of
the immune response.

CONCLUSION

As a result of studying the spectrum and
frequency of cytogenetic disorders in somatic
cells in clinically healthy Holsteinized black-
and-white calves before vaccination, after vac-
cination and revaccination with an inactivated
vaccine against salmonellosis, the mutagenic
effect of routine immunizations against this dis-
ease in cattle was evaluated.

The spectrum of cytogenetic disorders in-
duced by the inactivated vaccine against sal-
monellosis in young cattle in peripheral blood
lymphocytes is represented by polyploid, hy-
perploid and hypoploid cells, single and paired
chromosome fragments and chromatid and
chromosomal breaks. The spectrum of cytoge-
netic disorders caused by double immunization
with the vaccine against salmonellosis of calves
did not differ from the spectrum of spontane-
ously occurring mutations in this species.

Different effects of vaccination and re-vac-
cination after 10 days with an inactivated vac-
cine against salmonellosis on the frequencies
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of genomic and structural mutations in immu-
nocompetent cells in young cattle were found.
Vaccinations and subsequent revaccinations of
calves with an inactivated vaccine against sal-
monellosis in comparison with the pre-vacci-
nation period did not cause an increase in the
frequencies of aneuploid and polyploid cells.

The intensity of prolonged mutagenesis dur-
ing revaccination of calves against salmonello-
sis was characterized by a wave character with
fluctuations in the frequencies of cells with ge-
nomic mutations from maximum to minimum
values.

Revaccination with an inactivated salmonel-
losis vaccine has a mutagenic effect on the chro-
mosomal apparatus of re-immunized calves,
causing a significant increase in the frequency
of cells with chromosomal aberrations in the
peripheral blood lymphocytes of animals due to
breaks and paired fragments of chromosomes.

The specificity of damage to certain regions
of chromosomes in young cattle after vaccina-
tion and revaccination against salmonellosis
was revealed. In calves after double immuniza-
tion, chromatid breaks were most often record-
ed in the medial regions of one of the chroma-
tids, and chromosomal breaks - in the medial
and telomeric regions of both chromatids.
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