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Изучен спектр и определены частоты цитогенетических нарушений у молодняка крупно-
го рогатого скота, иммунизированного вакциной против сальмонеллеза телят. Исследования 
проведены в хозяйстве Новосибирской области на 10 клинически здоровых голштинизиро-
ванных черно-пестрых телятах 10–17-дневного возраста. Использована концентрированная 
формолквасцовая вакцина против сальмонеллеза (паратифа) телят в дозе 2 мл (реиммуниза-
ция в дозе 2 мл) с интервалом 10 сут между инъекциями. Вакцина изготовлена из культуры 
бактерий штамма Salmonella dublin № 373, инактивированного формалином с добавлением 
алюмокалиевых квасцов и хлорида кальция. Цитогенетический анализ периферической кро-
ви у телят проведен до вакцинации (контроль), через 2 и 9 сут после вакцинации, через 2 и 
9 сут после ревакцинации. Установлено, что спектр соматической хромосомной нестабильно-
сти в лимфоцитах периферической крови телят после вакцинации и ревакцинации представ-
лен полиплоидией, гипоплоидией и гиперплоидией, хроматидными и хромосомными разры-
вами, одиночными и парными фрагментами хромосом. Выявлено, что спектр соматической 
хромосомной нестабильности после двукратных иммунизаций инактивированной вакциной 
против сальмонеллеза не отличался от спектра спонтанно возникающих мутаций у данно-
го вида. Вакцинация и последующая ревакцинация телят в сравнении с довакцинационным 
периодом не приводили к достоверному увеличению частот анеуплоидных и полиплоидных 
клеток. При двукратной иммунизации телят в лимфоцитарных клетках крови животных от-
мечен волновой характер в вариации частот геномных мутаций от максимальных до мини-
мальных значений аналогично продленному мутагенезу. Обнаружена тенденция увеличения 
частоты структурных нарушений хромосом через 2, 9 сут после вакцинации и 2 сут после 
ревакцинации. Отмечено достоверное возрастание в 2,9 раза частоты клеток с хромосомными 
аберрациями в лимфоцитах крови животных через 9 сут после их повторной иммунизации 
за счет разрывов и парных фрагментов хромосом. После вакцинации и ревакцинации хрома-
тидные разрывы наиболее часто регистрировались в медиальных районах одной из хроматид, 
хромосомные разрывы в медиальных и теломерных районах обеих хроматид.
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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 № 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, 
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INTRODUCTION 

An increase in livestock production in mod-
ern conditions is based on improving the ge-
netic potential of animals and creating highly 
productive herds resistant to diseases1 [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-

ried out to study the cytogenetic consequences 
of infectious diseases and vaccinations [5–8]. 
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-

1Patent 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 agriculture2,3 [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 φ-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. 

3Kulikova 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 

Табл.  1 .  Частота клеток с измененным числом хромосом у молодняка крупного рогатого скота 
до и после вакцинации, ревакцинации против сальмонеллеза, %
Table 1.  Frequency of cells with changed number of chromosomes in young cattle before and after 
vaccination, and revaccination against salmonellosis, %

Indicator 

Period of study 

before vacci-
nation 

(control)

after vaccination after revaccination

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 4,94 ± 1,10 8,00 ± 2,71 4,66 ± 0,91

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 
chromosomes 9,62 ± 0,93 8,87 ± 1,04 8,10 ± 0,99 14,00 ± 2,45 7,18 ± 0,77*

Hereinafter *p < 0,05.  
                            **p < 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 

Табл.  2 .  Спектр и частота полиплоидных клеток у молодняка крупного рогатого скота до  
и после вакцинации, ревакцинации против сальмонеллеза, %
Table 2.  Spectrum and frequency of polyploid cells in young cattle before and after vaccination, 
 and revaccination against salmonellosis, %

Period of study
Cell ploidy

3n 4n 5n 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 

Табл.  3 .  Частота аберраций хромосом у молодняка крупного рогатого скота до и после  
вакцинации, ревакцинации против сальмонеллеза, %
Table 3.  Frequency of chromosome aberrations in young cattle before and after vaccination,  
and revaccination against salmonellosis, % 

Indicator 

Period of study

before 
vaccination 

(сontrol)

after vaccination after revaccination

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 a result 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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