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Dear readers! Ten years have passed since the founda-
tion of the quarterly academic journal Veterinary Science
Today by the FGBI“ARRIAH". We consider March 21,2012 to
be the starting point in its history. The journal was founded
during the active phase of exotic disease introduction into
our country. A new journal was needed that could become
the main source of information on scientific achievements
and their introduction into veterinary practice. Goals set
by the first editorial board were achieved but they still re-
main relevant today. In the age of changing geopolitical
reality the role of the journal should increase.

Over the ten years the journal grew into a serious pe-
riodical that publishes topical information on the issues
dealing with all aspects of the development of the Russian
and global veterinary science and practice.
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List of Peer-Reviewed Scientific Publications designed to
highlight key findings of Candidate of Science theses and
Doctor of Science dissertations. Starting from the first is-
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International Standard Serial Number (ISSN) was assigned
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tify printed or digital serials irrespective of their language
or carrier.

The scientific journal is included in the Directory of
Open Access Journals (DOAJ) and in the list of journals
included in the Russian Science Citation Index database
powered by Web of Science as well as in the international
database within EBSCOhost. Full-text electronic version of
the journalis published on the Electronic Scientific Library
web site — e-LIBRARY.RU.
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fundamental and applied research completed in general
and veterinary virology, bacteriology, immunology, my-
cology, mycotoxicology, epizootology as well as reviews,
peer-reviews and information messages about Russian
and international research-to-practice events have been
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SUMMARY

Data on mechanisms of resistance to antimicrobials in bacteria are reviewed and summarized. Main causes of resistance emergence and spread in bacteria are
analyzed. Mechanisms of innate resistance of pathogenic bacteria (non-specific efflux pumps, antibiotic-inactivating enzymes and mechanisms serving as per-
meability barriers) are characterized. Mechanisms of acquired resistance are described: antibiotic modification or degradation; active removal of an antimicrobial
from a bacterial cell — efflux (draining out); sequestration; target modification (bypass). The origin of antimicrobial resistance mechanisms in pathogenic bacteria
is shown to be debatable. It is noted that producer microorganisms can directly transfer antimicrobial resistance genes to pathogenic bacteria, but a reliable link
between this process and antimicrobial resistance spread has not been identified and proven so far. Horizontal gene transfer, including free DNA transformation,
transduction by bacteriophages and plasmid-involving conjugation, is believed to play an important role in antimicrobial resistance spread. All three mechanisms
are widespread in nature, although some bacterial species use one mechanism to a great extent than the other two. Transduction is supposed to play an important
role, in particular, in the antibiotic resistance gene transfer, but the significance of transformation or transduction in the resistance gene transfer under the laboratory
or environmental conditions has not been clarified so far due to the difficulty of naturally emerging recombination detection. Data on the role of conjugation in
the antimicrobial resistance gene spread in nature, in particular carbapenem- and quinolone-resistance genes in Gram-negative and Gram-positive bacteria are
presented. New trends in the antimicrobial resistance gene spread are indicated.
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PE3IOME

[TpoBezeH aHanu3 1 0606LLeHbI CBeEHUA 0 MeXaHN3MaX Pe3UCTEHTHOCTI K aHTUMUKPOGHbIM npenapatam y 6akTepuit. PaccMoTpeHbl 0CHOBHbIE NPUYMHbI BO3-
HUKHOBEHNSA 1 pacnpoCTpaHeHua yCToiuuBocTI y 6akTepuii. OxapakTepu3oBaHo JeiicTBIE MEXaHU3MOB eCTECTBEHHOI Pe3UCTEHTHOCTM MaTOreHHbIX 6aKTepuii
(Hecnevynduyeckue 3GNIOKCHbIE HACOCHI, NHAKTUBMPYIOLLME aHTUOMOTUKM GepMEHTbI 1 MeXaHU3MbI, KOTOpble CTyXaT 6apbepamu NpoHMLAeMocTy). OnucaHbl
MeXaH3Mbl NPUoBPETEHHO YCTORUMBOCTY: MOANGUKALMA U PasNioxKeHIe aHTUONOTIKa; aKTUBHOE BbiBeZeHIe aHTUMUKPOGHOro npenapata u3 6akTepu-
anbHoii KneTku — 3pdniokc (0TTOK), cexkBecTpauya, MoaudukaLna muweny (6ainac). MokasaHa ANCKYCCUOHHOCTb BONPOCA O MPOUCXOXKAEHUN MEXaHU3MOB
YCTORYMBOCTY K aHTMOMOTMKAM Y naToreHHbIX 6akTepuil. 0TMeueHo, uTo NpAMas nepesaya reHoB YCTORYMBOCTY K aHTUMUKPOOHLIM Npenapatam MOXeT Npounc-

© Pruntova 0.V., Russaleyev V. S., Shadrova N. B., 2022
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XOATb OT MUKPOOPTaHU3MOB-NIPOAYLIEHTOB K NIaToreHHbIM 6aKTepUaM, Ho J0CTOBEPHAs CBA3b MEX Y STUM NPOLIECCOM U PACMPOCTPAHEHEM AHTUMUKPOOHOI!
PE3UCTEHTHOCTH B HACTOALLEe BPEMA He BbIABNEHA U He J0Ka3aHa. Poib ropu3oHTaNbHOI Nepeaui reHoB, BKIouatoLLei TpaHcpopmaLuio cBoboaHoit JHK,
TPAHCAYKUMIO GaKTEPUOGAraMit 1 KOHBIOTALLWIO € y4acTAEM NAA3MIAZ, CYMTAIOT BAXKHOI B PACIPOCTPAHEHNI AHTUMUKPOOHOI pe3ncTeHTHOCTI. Bee Tpu MexaHi3Ma
LINPOKO PacnpoCTpaHeHbl B NPUPOLE, XOTS HEKOTOPbIE BiAbI 6aKTepUii NCMONb3yoT OMH MeXaHu3M B 6oMbLueii CTeneHy, Yem Ba Apyrux. llonaraior, uto TpaHc-
AYKUWA UTPAET BaXKHYI0 POSTb, B YACTHOCTH, B MEPEHOCE FeHOB YCTORYMBOCTU K HTUBMOTIKAM, HO 0 HACTOALLIETO BPEMEHN HET SCHOCTU B BOMPOCE 0 3HaueHH
TpaHchOpMALIIM U TPAHCAYKLMN B MEPEHOCE FEHOB PE3UCTEHTHOCTU B YCIOBUAX NaB0OPATOPUM WK B OKPYXKatOLLEH CPEe U3-3a CTIOKHOCTM 00HapyKeHNA
PeKOMOMHALIMIA, BOSHUKLLIX B €CTECTBEHHDIX YC0BIAX. [TPeACTaBAEHbI AAHHbIE O POU KOHbIOTaLMN B PACMPOCTPAHEHUM FeHOB aHTUMUKPOGHOI Pe3nCTeHT-
HOCTV B NPUPO/LE, B YACTHOCTY TEHOB YCTOAYMBOCTY K KapBaneHeMam 1 XUHOSIOHAM Y PaMOTPULIATENbHBIX Y TPAMMONIOKHUTENbHbIX 6akTepuii. OTMeYeHbI HOBblE
TEH/EHLMY B PACTIPOCTPAHEH TEHOB aHTUMIKPOBHOI PE3UCTEHTHOCTI.

KnioueBble cnoBa: 0630p, aHTUMUKPOOHas Pe3NCTEHTHOCTb, aHTUMIKPOGHIT Npenapart, MexaHu3Mbl aHTUMUKPOOHOI PE3NCTEHTHOCTH, GaKTepUM, MUKPO-
OpraHu3Mbl
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INTRODUCTION

Antimicrobial resistance (AMR), the resistance of bac-
teria to antimicrobials, is currently one of the most seri-
ous global problems. The long-term use of antibiotics to
control animal and human disease agents resulted in that
some bacteria have become resistant to drugs, and disea-
ses have become non-responsive to treatment. According
to the World Health Organization (WHO), already today
many infections are caused by pathogenic microorga-
nisms that are resistant to antimicrobials [1, 2].

The emergence and widespread of antibiotic-resistant
forms of the bacteria that are non-susceptible to many anti-
microbials are accompanied by a decrease in the therapy
effectiveness, an increase in the treatment duration and in
lethality. All this dictates the need to monitor animal bac-
teriosis agents, their structure and drug resistance level,
and empirical antibiotic therapy of the disease, currently
practiced by veterinarians, should take into account the
actual data of epizootological monitoring of antibiotic
resistance of the bacteria circulating in the particular live-
stock holdings.

This challenge has gone beyond the competence of the
WHO and the World Organization for Animal Health (OIE)
due to its complexity. Currently, it is recognized that no
country or organization can alone cope with the AMR
challenge [3, 4].

At first, the strategy for AMR prevention and contain-
ment including several directions shall be developed to
address the AMR challenge. The key of which is the imple-
mentation of measures aimed at limiting and rational use
of antimicrobials owing to the knowledge about antimi-
crobials resistance mechanisms in bacteria acquired by a
wide range of veterinarians.

The Russian Federation participated in the drawing up
of the Resolution on global strategy and global action plan
for antimicrobial resistance adopted by the WHO Assem-
bly in 2015.The said Resolution brought in force, urged all

countries to carry out monitoring of drug-resistant bacte-
rial infections and to ensure control of antimicrobials use
in veterinary medicine, human medicine and agriculture
as well as to strengthen international cooperation and
funding in this field. In addition, international organiza-
tions have committed themselves to tighten legislative
regulation of antimicrobials use, to search for their rational
use (improvement of laboratory diagnostics of bacterioses,
taking into account their susceptibility to antimicrobials)
and to widely implement measures for infectious disease
prevention, including vaccination, water purification, san-
itary and hygiene measures [5].

In September 2017 the Government of the Russian Fed-
eration approved the ‘Strategy for preventing of antimi-
crobial resistance in the Russian Federation for the period
to 2030’ [6] developed by the RF Ministry of Health. The
Strategy lays down tasks for containment of the biolog-
ical hazard associated with AMR spread and is aimed at
prevention and limiting the resistance of microorganisms
to antimicrobials.

Considering the significance of the above-said problem
the paper is aimed at reviewing of national and foreign
literature and description of mechanisms of antimicrobial
resistance emergence and spread in bacteria.

MAIN CAUSES OF AMR EMERGENCE
AND SPREAD IN BACTERIA

The phenotypic manifestation of AMR in bacteria is me-
diated by genetic properties, but not all and not always
resistance genetic determinants manifest phenotypical-
ly. Resistance of bacteria to antimicrobials emerges and
spreads due to the following:

- emergence of random mutations in genes capable of
modifying activity spectrum of bacterial enzymes degrad-
ing antimicrobials;

- exchange of genetic material between cells, that is,
the transfer of genes from resistant to less resistant or
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susceptible microorganisms through the transfer of chro-
mosomes, plasmids, phages, translocating elements;

- selection of new resistant strains brought about by selec-
tive pressure of antimicrobials associated with their uncon-
trolled use in various fields [7].

Traditionally, AMR mechanisms are considered only
in relation to pathogenic microorganisms that have to
protect themselves from the effects of medicinal prod-
ucts and disinfectants. And, accordingly, the main cause
of AMR development is believed to be an anthropogenic
impact on microorganisms. However, in the environment,
antimicrobials- producing microorganisms that have to
protect themselves from their metabolic byproducts are
the primarily source of AMR genetic determinants rather
than pathogenic microorganisms [8].

Antimicrobials-producing microorganisms, as a rule,
have not one, but many complex self-protecting mecha-
nisms that provide complete protection from the biologi-
cally active molecules that they produce. Moreover, some
researchers have shown that self-resistance determinants
are mostly linked to antimicrobials biosynthetic genes
and their expression is co-regulated [9]. Therefore, natural
reservoirs of resistance genes that may include the deter-
minants conferring self-resistance to antimicrobials-pro-
ducing microorganisms should be taken into account in
addition to the often-mentioned AMR causes for full un-
derstanding of the antimicrobial resistance development
in pathogenic microorganisms. Despite the fact that these
resistance determinants in the environment microflora do
not pose a threat to animal health, the transfer of these
determinants to plasmids and integrons in pathogenic
bacteria in the future may result in increase in the num-
ber of such determinants in pathogenic bacteria popula-
tions and the emergence of huge problems. That is, AMR
spread prevention requires studies and control of the re-
sistance determinant distribution in bacterial populations,
clarification of the resistance mechanisms and determina-
tion of the environmental factors that contribute to their
spread [8].

AMR MECHANISMS IN PATHOGENIC BACTERIA

As mentioned above, microorganisms have intrinsic
and acquired AMR. Mechanisms of intrinsic resistance
include nonspecific efflux pumps (that are supposed to
emerge as a general response to environmental toxins),
antibiotic-inactivating enzymes and mechanisms that
serve as permeability barriers [10, 11]. These mechanisms
are encoded by the main genetic structure - chromosome
of bacterial cell. Well-studied efflux AcrAB-TolC pumping
out system in Escherichia coli having broad substrate
specificity and capable of outflow of antimicrobials and
disinfectants of various classes is an example of intrinsic
AMR [12]. Vancomycin-resistance in E. coli and Gram-neg-
ative bacteria is also a well-known example of intrinsic
resistance emerging due to permeability barriers created
by outer membrane [13]. Despite the fact that the intrin-
sic AMR mechanisms provide a low level of antimicrobials
resistance, the normal commensal microflora of animals or
environmental bacteria (water bodies, pastures) having in-
trinsic resistance mechanisms, can become opportunistic
microorganisms in the animals with compromised immu-
nity [14]. On the other hand, the mechanisms of acquired
resistance in bacteria usually emerge as a result of horizon-

tal gene transfer and also include specific efflux pumps en-
coded by a plasmid, for example, such as TetK and TetL in

Staphylococcus aureus, as well as enzymes that can modify

an antibiotic or an antibiotic target [15, 16]. These mech-
anisms pose a far more serious threat to human and ani-
mal health due to translocation of AMR determinants from

chromosome to plasmid since it results in their enhanced

expression and spread. Such an example is a transfer of
the chromosomal AmpC S-lactamase gene into a plasmid,
resulted in its worldwide spread [17].

MECHANISMS OF ACQUIRED ANTIMICROBIAL
RESISTANCE IN PATHOGENIC BACTERIA

Biochemical mechanisms of AMR in pathogenic bac-
teria are very similar to the mechanisms found in produc-
er microorganisms. Moreover, AMR genes in pathogenic
bacteria belong to the same functional families as that
ones of the producer microorganisms. AMR biochemical
mechanisms are divided into several groups: antimicrobi-
als modification or degradation; active antimicrobials re-
moval from bacterial cell (efflux, outflow); sequestration
of antimicrobials; target modification or bypass [18, 19].

MECHANISM OF ANTIMICROBIALS
MODIFICATION OR DEGRADATION

This mechanism is commonly used by pathogenic bac-
teria to resist to aminoglycosides. The aim of antimicrobials
modification is to render them ineffective, especially in the
case of aminoglycoside antibiotics (for example, kanamy-
cin, gentamycin and streptomycin), chloramphenicol and
B-lactams. A large number of aminoglycoside-modifying
enzymes including N-acetyl transferases, O-phosphotrans-
ferases and O-adenyltransferases that acetylate, phosphor-
ylate or adenylylate aminoglycoside antibiotic are found in
producer bacteria. These enzymes were first identified in
early 1970s in members of Streptomyces species and then
in other antibiotic-resistant pathogenic bacteria [20].

In pathogenic bacteria, genes coding for modification
and degradation of antimicrobials are usually located on
mobile genetic elements (MGE); chromosomal determi-
nants have been also found in the majority of non-patho-
genic environmental bacteria including those of Provi-
dencia and Acinetobacter genera [20]. These bacteria are
considered a source of acquired AMR determinants found
on MGEs in pathogenic strains. Of the known aminoglyco-
side-modifying enzymes, aminoglycoside-N-acetyltrans-
ferases are the most prevalent and well studied among
pathogenic bacteria. Moreover, according to reports, some
degradation enzymes were identified in both Gram-pos-
itive and Gram-negative bacteria [21]. However, S-lact-
amases are the modification/degradation enzymes most
commonly used by pathogenic bacteria. While the role
of B-lactamases in producer bacteria life is still debatable,
they are known to play a critical role in S-lactam-resis-
tance in Gram-negative bacteria. In Gram-positive bacte-
ria, both penicillin-binding enzymes and -lactamases play
the main role in antimicrobials modification/degradation
mechanism likely due to differences in their cell wall struc-
tures. More than 1,000 B-lactamases have been identified
in pathogenic isolates of many bacteria species and their
number continues to grow because of constantly emerg-
ing new mutations that allow them to adapt to new S-lac-
tams. All currently known B-lactamases are classified into
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four molecular classes based on common properties of
enzymes and certain amino acid homology [22]. The majo-
rity of clinically significant B-lactamases belongs to Class A
and Class C. In particular, Class A comprises B-lactamases

of Klebsiella spp., Citrobacter diversus, Proteus vulgaris and

the majority of Bacteroides spp. encoded by chromosome

genes as well as almost all plasmid B-lactamases.

Class B enzymes are metallo-enzymes, since they
contain a zinc atom as a coenzyme; they are prevalent in
plasmids of Enterobacteriaceae family members. These en-
zymes are effective against penicillins, cephalosporins and
carbapenems. Beta-lactamases of the following groups
are significant in clinical practice: extended-spectrum
B-lactamases of Gram-negative bacteria, cephalospori-
nases of Gram-negative bacteria, metallo-3-lactamases of
Gram-negative bacteria [23]. TEM-3 S-lactamase can be
taken as an example that is classified to extended-spec-
trum B-lactamases and is able to degrade the 3 genera-
tion cephalosporins [24] that is indicative of rapid evolu-
tion of B-lactamases genes in pathogenic bacteria. Most
B-lactamases are translocated to MGE facilitating their ra-
pid spread in populations; however, some of B-lactamase
genes can be present in chromosomes, for example, in
members of Enterobacteriaceae family where they are
poorly expressed and being silent genes. It can be sup-
posed that, as in the case of aminoglycoside-modifying
enzymes, B-lactamases may also perform dual functions
including housekeeping and antibiotic resistance in bac-
teria [25]. Besides, biological function of B-lactamases in
bacterial cell is supposed to be a remodeling peptoglycan
cell wall but their gene translocation to plasmid results in
high resistance to antimicrobials [17].

ACTIVE REMOVAL OF ANTIMICROBIALS
FROM MICROBIAL CELL (EFFLUX, OUTFLOW)

Efflux is a commonly used mechanism of Gram-positive
and Gram-negative bacteria to various antimicrobials such
as B-lactams, fluoroquinolones, macrolides, lincosamides
and tetracyclines. This mechanism uses different systems.
The first one is disorder of microbial cell membrane perme-
ability; this mechanism is common for Gram-negative bac-
teria having outer membrane and is less specific for antimi-
crobials of different groups. The second system is decrease
in permeability and/or antibiotic efflux from a bacterial cell.
Decreased permeability is important for Gram-negative
bacteria because of the presence of the outer membrane
that forms a permeability barrier and provides an intrinsic
mechanism for protection from hydrophilic antibiotics,
such as vancomycin [12]. Mutations in porin genes and/or
changes in their expression were shown to have a further
effect on Gram-negative bacteria susceptibility to hydro-
philic antibiotics [26].

In addition, many types of active efflux pumps
mediated by transport proteins were described in both
Gram-positive and Gram-negative bacteria. Normally
transport proteins carry out import or export of only one
specific substrate. However, multi-drug or polyspecific
exporters were found in natural microbial communities,
suggesting that polyspecificity is widespread in natural
microbial communities and is of ancient origin [27].

Genes encoding efflux pumps can be either intrinsic or
acquired. Examples of intrinsic genes include AcrAB-TolC
in E. coli, NorA in St. aureus and LmrA in Lactococcus lactis.

Of these tripatite RND pump AcrAB-TolC is the most studi-
ed system. Although this system carries out efflux of very
broad spectrum of compounds, its biological function is be-
lieved to be export of bile salts in Enterobacteriaceae family
members [28]. The acquired antimicrobials efflux determi-
nants often found on MGEs in pathogenic bacteria are
represented by many different types of Tet genes (at least
22 genes have been identified) located on plasmids in both
Gram-negative and Gram-positive bacteria [29].

SEQUESTRATION OF ANTIMICROBIALS

Sequestration involves proteins that bind to antimicro-
bials and prevent them from reaching their targets. This
mechanism is more typical for producer microorganisms,
for example, bleomycin producers - members of Streptoal-
loteichus hindustanus, Streptomyces verticillus and Strepto-
myces flavoviridis species which primary mechanism of
resistance involves sequestration of the metal-bound or
metal-free antibiotic [30].

TARGET MODIFICATION/BYPASS

This mechanism involves generation of additional tar-
gets or subunits in antimicrobials that that prevent them
from binding, for example, methylation [18, 19]. Target
modification acts as a self-resistance mechanism against
several classes of antibiotics including B-lactams, glyco-
peptides, macrolides, lincosamides, streptogramins and
aminoglycosides. A large number of such mechanisms
were found in pathogenic bacteria. Methicillin-resistant
St. aureus strains where B-lactam resistance is mediated
by exogenous penicillin-binding protein which trans-
peptidase domain is not susceptible to several different
B-lactams is a classical example of target modification. For
example, B-lactam antibiotic has a similar structure to the
substrates-peptidoglycan precursors that allow the antibi-
otic to associate and cause acetylation of active site serin
resulting in its inhibition [31]. Resistance to vancomycin
resulting from acquisition of Van gene cluster and being a
typical cause of AMR in enterococci is another example of
target modification [32]. In particular, VanA v VanB genes
out of many known genes in this cluster determine AMR
in pathogenic bacteria since they are found on MGEs [33].

Other examples of the target modification in patho-
genic bacteria include point mutations or enzymatic alter-
ations of the target [34]. Enzymatic alteration of the target
is best understood in the case of macrolide resistance con-
ferred by a large group of erythromycin ribosomal meth-
ylation (Erm) genes. These enzymes methylate a specific
adenine in the 23S rRNA [35]. In pathogenic bacteria, Erm
genes are present on MGEs and are widespread in both
Gram-positive and Gram-negative bacteria [35, 36]. The
most known examples of target protection in pathogenic
bacteria include Tet(M) and Tet(O) proteins encoded by
genes located on MGEs in St. aureus. These proteins were
shown to be homologous to elongation factors, EF-G
and EF-Tu, and their binding to ribosome facilitates re-
moval of tetracycline from a bacterial cell in GTP-ase ac-
tivity-dependent manner [37]. Thus, it can be concluded
that that the most AMR mechanisms in bacteria appear to
emerge from intercellular mechanisms of resistance to en-
vironmental conditions and it is the incorporation of AMR
genetic determinants in MGEs in pathogenic bacteria that
poses a serious threat to animal and human health.
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THE ORIGIN OF ANTIMICROBIAL RESISTANCE
IN PATHOGENIC BACTERIA

The question of how genes of resistance to antimicrobi-
als emerge in pathogenic bacteria remains debatable. The
idea that pathogen resistance genes could be obtained
from antimicrobials —producer microorganisms by hori-
zontal transfer was first proposed in the 1970s [38]. Despite
sound evidence that their transfer from producer organisms
to pathogenic strain might occur, a direct link between
producers and pathogens has not been established and
demonstrated so far. This is primarily due to the fact that
resistance genes in producers demonstrate high sequence
divergence and very different G + C content as compared
to determinants in pathogens even when they use similar
mechanisms. However, evolutionary link between deter-
minants and pathogens is not denied [39]. Analysis of the
data available in literature suggests that transfer of these
determinants from producers to pathogenic bacteria could
occur through a series of closely related non-producing ac-
tinomycetes in soil and then, finally, to proteobacteria and
distant (non-related) pathogenic species [18].

ROLE OF HORIZONTAL GENE TRANSFER (HGT)
IN BACTERIA AMR

Transfer of AMR genetic determinants between bac-
terial populations occurs by the mechanism including
transformation with free DNA, transduction by bacte-
riophages or conjunction involving plasmids [14], col-
lectively referred to as HGT mechanisms. All three HGT
mechanisms are widely used in nature, although certain
species of bacteria employ one mechanism more heavily
than the other two [40]. Streptococci, for example, employ
transformation whereas enterococci employ conjugative
plasmids for exchange of genetic information. Transforma-
tion is best characterized in Gram-positive Streptococcus
pneumoniae and Bacillus subtilis, although it also occurs
in many Gram-negative bacteria. Although the role of
transformation in bacteria physiology is still debated, its
main purpose is believed to be DNA repair or genetic di-
versification for bacteria adaptation enhancement [41].
Indeed, transformation seems to have played important
role in evolution of antibiotic-resistant members of Strep-
tococcus and Neisseria genera. It is commonly thought that
transduction also play a major role in AMR evolution in
St. aureus, although it has been shown to occur in many
bacteria at a low frequency ranging between 10°and 10°
transductants/plaque-forming unit [42]. St. aureus species
members are highly variable bacteria and have a large
accessory genome consisting of phages, plasmids, trans-
posons, genomic islands, etc. Traditionally, it is believed
that HGT in general and transduction in particular play a
major role in antimicrobials-resistance gene transfer [43],
but due to the difficulty of recombinant event detection
in natural conditions (outside the laboratory) the contribu-
tion of transformation or transduction to the AMR genes
transfer in the clinic or in the environment remains unclear.
Plasmid-mediated conjugation is still considered more im-
portant mechanism for AMR gene dissemination in nature
than transformation or transduction because plasmids are
capable of autonomous transfer both in the environment
and in the laboratory [44]. This is confirmed by the most
well known plasmids that have resulted in dissemina-
tion of carbapenem- and quinolone-resistance genes in

Gram-negative bacteria over the very long geographical
distances [45]. Other DNA elements in Gram-positive
bacteria known as conjugative transposons or integra-
tive conjugative elements can also mediate conjugation.
These elements can both integrate into and excise from
the chromosome and transfer themselves to other bacte-
ria through conjugation [46]. Resistance gene transfer by
conjugation requires high-density bacteria settings such
as the human and animal gut, biofilms in the environment,
animal keeping facilities [45, 46]. According to the gener-
ally accepted concept, some resistance determinants have
been plasmid-associated for a long time, while other are
mobilized to plasmids from chromosomes and rate of such
gene mobilization has increased for the last 70 years, that
is accounted for the widespread use of antibiotics [47].
New trends for AMR gene dissemination are as follows:

—increase in rate of resistance determinant mobilization
from chromosomes to plasmids;

- clustering of antimicrobials-resistance genes in plas-
mids probably in response to selective pressure in the en-
vironment. A well-characterized mechanism of clustering
is demonstrated by St. aureus pSK41 conjugative plasmid
containing an insertion sequence IS 257 that promotes
capture of small resistance plasmids [43].

CONCLUSION

Use of antimicrobials as medicines, disinfectants and
feed additives in various industries is considered to be
one of the major causes of challenges associated with
AMR emergence and spread in bacteria. Natural sources
of AMR are usually not taken into account.

Analysis of domestic and foreign literature allows us to
conclude that:

1. Natural antimicrobials-producing microorganisms
have been and continue to be the primary sources of AMR
genetic determinants. Despite of barriers to the exchange
of genetic information between different genera of bacte-
ria, widespread transfer of AMR genes from chromosomes
of environmental bacteria to mobilized elements of patho-
genic bacteria has occurred.

2. Antimicrobials - producing microorganisms, as a rule,
have not one, but many complex self-defense mechanisms
conferring complete protection from biologically active
molecules produced by them, and the genetic determi-
nants of self-resistance are almost always clustered with
the antimicrobials biosynthesis genes and their expres-
sion is co-regulated. Therefore, to better understand AMR
evolution, natural reservoirs of resistance genes should be
considered in addition to frequently mentioned AMR causes
that may comprise self-resistance determinants of antimi-
crobials-producing microorganisms since such resistance
determinants in environmental microflora could result in
further increase in number of such determinants in patho-
genic bacteria populations and tremendous challenges.
Thatis, studies and control of AMR determinant distribution
in bacterial populations, clarification of resistance mecha-
nisms identification of environmental factors that contrib-
ute to their spread are required to prevent AMR spread [8].

3. The majority of AMR mechanisms in bacteria ap-
peared to emerge from intercellular mechanisms of re-
sistance to the environment and the inclusion of AMR
genetic determinants in the MGE of pathogenic bacteria
poses a serious threat to animal and human health. Based
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on the analysis of data in the available literature, it can
be assumed that the transfer of these determinants from
producers to pathogenic bacteria could occur through a
number of indelibly linked closely related non-producing
actinomycetes in the soil and only then to proteobacteria
and distant (non-related) pathogenic bacteria species.

4. New trends for AMR gene dissemination are as fol-
lows: increase in rate of resistance determinant mobiliza-
tion from chromosomes to plasmids observed during the
last 70 years and clustering of antibiotic-resistance genes
in plasmids probably in response to selective pressure
in the environment. A well-characterized mechanism of
clustering is demonstrated by St. aureus pSK41 conjuga-
tive plasmid containing an insertion sequence IS 257 that
promotes capture of small resistance plasmids.

Prompt detection of changes in antimicrobials resis-
tance dissemination in bacteria is of great practical and
theoretical importance, as it allows update of the recom-
mendations for antibacterial therapy in animal farming
industry, development of express molecular methods for
antimicrobial resistance detection and provides important
information for the creation of new medicinal products
that can overcome the resistance.
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SUMMARY

The article presents data on the phenotypic and genotypic characteristics of antimicriobial resistance in Escherichia coli clinical isolates recovered from bovine mi-
crobiota (secretions from mammary glands, cervical swabs). 127 Escherichia coljisolates were studied, i.e. 44 from mammary glands secretions and 83 from cervical
swabs. Disk diffusion method was used to study antimicrobial resistance of the cultures; minimum inhibitory concentrations of antimicrobials were determined in
a serial dilution method; resistance genes were detected by polymerase chain reaction. The carried out research demonstrates a wide distribution of the isolates
belonging to the phenotype resistant to ansamycins (rifampicin), semi-synthetic penicillins (ampicillin and amoxicillin), tetracyclines (doxycycline). The isolates
showed a lower level of resistance to macrolides (azithromycin), amphenicols (levomycetin) and aminoglycosides (tobramycin). It was found that Escherichia coli
clinical isolates are sensitive to third-generation cephalosporins and fluoroquinolone antimicrobials. However, since 28.46% of cultures demonstrate intermediate
resistance to third-generation cephalosporins and 49.02% of Escherichia coli DNA samples isolated from mammal gland secretions had blaDHA gene associated with
resistance to this group of antimicrobials, these antimicrobials could be hardly recommended as antibiotics of choice. Absence of VIM carbapenemase-encoding gene
in the DNA of the recovered isolates and a low level of phenotypic resistance (10.22% of isolates from cervical swabs) can be one of the reasons for recommending
first-line carbapenems as antibiotics of choice to treat animal diseases associated with Escherichia coli, along with fluoroquinolones as reserve antimicrobials. It
was found that the recovered Escherichia coliisolates are more sensitive to combination antibiotics than to mono-antibiotics.
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PE3IOME

[TpeacTaBneHbl faHHble 0 GeHOTUMIYECKON M TEHOTUNINYECKOI XapaKTepUCTUKE aHTUONOTUKOPE3NCTEHTHOCT KNUHUYECKUX U30nATOB Escherichia coli, BblaeneH-
HbIX 13 MUKPOGHbIX 6110TONOB (CEKPeT MONOYHOI Xene3bl, LiepBiKanbHble CMbIBbI) KPYMHOro poratoro ckota. iccneoBaHo 127 M3014TOB KULLIEYHOI NanouKy,
B TOM ymcne 44 — u3 cekpeta MONOYHOIA ene3bl, 83 — 13 LepBUKaNbHbIX CMbIBOB. AHTUOUOTUKOPE3UCTEHTHOCTD KYNbTYP M3yuanin ANCKO-Anddy3UOHHbIM
METOZ0M, MUHUMANbHbIE MHTMOMPYHOLLME KOHLIEHTPALIMY aHTUAKTEpUANbHbIX MPenapaTos onpesenanu MeTo4oM CepUiiHbIX Pa3BeAEHHA, reHbl Pe3UCTEHTHOCTH
[LeTeKTMPOBaNM C NOMOLLbH NONIMMEPa3Holi LienHoii peakuuu. B pesynbTate nccnesoBaHuii noka3aHo LWPOKoe pacnpoCTpaHeHie U30NATOB MUKPOOPraHi3MoB
CHEHOTMNOM Pe3UCTEHTHOCTY K aHCAMULMHAM (PUGAMNULIHY), MONYCUHTETUYECKIIM NEHNLUNNMHAM (QMIULUANNHY 1 AMOKCULMANIHY), TETPALMKANHAM (BOK-
CULMKAIMHY). MeHbLumil ypoBeHb YCTORYMBOCTI M30AATbI NPOABNANM K MAKPOAUAAM (a3UTPOMULMHY), aMbeHnKonam (neBOMULETUHY) 1 aMUHOMMKO3UAAM
(TobpamuumHy). YcTaHoBREHO, YTO KNUHMYecKIe u3onaTol Escherichia coli uyscTButenbHbI K Ledanocnopunam Il nokoneHna 1 npoTMBOMUKPOOHBIM CpeaCTBaM 13
rpynnbl dTopxmHoNoHoB. OfHaKo pervctpauuna y 28,46% KynbTyp NpoMeXyTouHOI pe3ncTeHTHOCTY K iedanocnopuHam Il nokonenwa u BbiagneHue reHa blaDHA,
aACCoLMMPOBAHHOTO C Pa3BUTMEM YCTOIUNBOCTY K AaHHOIA rpynne npenapatoB B 49,02% 06pa3wios HK swepuxuii, u301MpoBaHHbIX 13 ceKpeTa MONOYHOI Xene-
3bl, He N103BOMIAKT PeKOMEHZ0BATb WX B kauecTBe npenapatos Bbibopa. OTcyTcTue rena VIM, koaupytoLuero npopykumio kapbanexemas B IHK y BbiaeneHHbIx
U30N1ATOB, M HU3KMIl YpOBEHb GeHoTUNIMYecKoil ycToiunBocTy (10,22% WU30NATOB U3 LiePBUKANbHBIX CMbIBOB) MOXKET CAYXUTb OSHOI M3 NPEANOCbINOK AN
peKoMeHAaLm UCnonb3oBaHUA kapbaneHemoB 1-ro pAaa B kauecTBe Npenapatos Bblbopa A Tepaniy 3a60neBaHNii UBOTHIX, aCCOLMUPOBaHHbIX ¢ Escherichia
coli, HapApy o GTOPXMHONOHAMM, OHAKO TONbKO B KaueCTBe NpenapatoB pe3epBa. YCTaHOBMEHO, YTO BbleNneHHble n3onatbl Escherichia coli npemoHcTpupoBany
60nbLUYt0 YYBCTBUTENBHOCTD K KOMOMHUPOBAHHbIM MPOTUBOMUKPOOHBIM NeKapCTBEHHBIM CPEACTBAM B CDABHEHMN C MOHONpenapaTami.

KnioueBbie cnoBa: peHoTUNMYECKaA 1 TEHETUYECKan Pe3UCTEHTHOCTb, Escherichia coli, n3onaTel, reHeTuueckne Mapkepbl, MUKpoGHble 6110TombI, rpamoTpiuLia-
TeNbHble 6akTepuy, B-nakTamasbl pacLUMPEHHOro CNEKTPa, aHTUOMOTUKN

bnaropapHocTu: lccnefioBanms BbINONHeHbI B pamkax [ocynapcTeeHHoro 3agaHua Muno6pHayku Poccun no Teme Ne 0532-2021-0004 «Pa3paboTka meTogo-
NIOTUYECKMX NOLX00B K MOHUTOPUHTY, KOHTPOSIO 11 CAEPXMBAHINK aHTUOMOTUKOPE3UCTEHTHOCTI ONMOPTYHUCTUYECKIX MUKPOOPTaHU3MOB B XKIBOTHOBOACTBEY.
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yeckux u3onaToB Escherichia coli, BbiaeneHHbIX 0T XVBOTHbIX. Bemepurapus cezodHs. 2022; 11 (1): 14-19. DOI: 10.29326/2304-196X-2022-11-1-14-19.
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INTRODUCTION

Escherichia coli is the most widespread Gram-negative
bacterial pathogen, that poses both clinical and epidemio-
logical problems resulting in a number of infectious and
inflammatory diseases in animals [1-3].

Violation of antimicrobial chemotherapy schemes and
protocols observed now in livestock production causes oc-
currence of E. coliresistant strains in animals. Those strains
can be transmitted to humans, inter alia, through objects
and food products contaminated with bacteria resistant to
antibiotics, which is a serious epidemiological threat [3-7].

Antimicrobial resistance of E. coli isolates is explained
both by the natural resistance of the microorganism to
the main clinically significant antimicrobial substances
and by the genetically determined molecular mechanisms
of resistance and virulence, mostly developed due to the
horizontal transfer of a gene encoding them [8-11]. Extra-
chromosomal factors form the basis for rapidly emerging
resistance, which can be developed within 1-2 years [12].

Monitoring data on antimicrobial resistance (AMR) of
E. coli clinical isolates from animals in the Russian Fede-
ration are incomplete and differ depending on the region
and on the study period [13-15].

At the same time, in order to ensure effective antimicro-
bial therapy for farm animals, it is necessary to look into
E. coli resistance to antimicrobials.

In connection with the above, the aim of this work
was to study phenotypic and genotypic characteristics of
antimicrobial resistance in E. coli clinical isolates recovered
from cattle in the Ural region.

MATERIALS AND METHODS

The tested samples. From 2016 to 2021, E. coli isolates
(n = 127) recovered from bovine clinical materials were
received from different livestock farms of the Ural region.

Nutrient media or reagents. The following differential
diagnostic nutrient media were used in the work: Endo
medium, Levin medium, sorbitol medium, meat-peptone
agar (MPA), blood agar, Manka agar, Olkenitsky’s medium,
Simmons medium (FBIS SRCAMB, Russia). Biochemical
properties of bacterial cultures were determined with a
set of reagents “Biochemical assay plates for enterobacte-
ria differentiation (PBDE)” (RPC Diagnostic Systems, Russia)
according to the manufacturer’s instructions.

Microbiological tests were carried out in accordance
with the “Methodical guidance on bacteriological diagno-
sis of colibacillosis in animals’, approved by the Ministry of
Agriculture of the Russian Federation on July 27, 2000 No.
13-7-2/2117 [16].

The following biochemical properties of isolated E. coli
cultures were studied: production of urease, f-D-galacto-
sidase, B-glucosidase, phosphatase, lysine decarboxylase,
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ornithine decarboxylase, arginine dihydrolase, nitrite re-
ductase, hydrogen sulfide, indole, acetoin (acetylmethyl-
carbinol); fermentation of glucose, sucrose, mannitol,
trehalose, lactose, mannoses, xyloses, riboses, cellobioses,
malonate, citrate, sodium citrate with glucose, inositol, sor-
bitol, arabinose, maltose.

The results of biochemical reactions were assessed vi-
sually. The isolated cultures were identified in accordance
with Bergey’s Manual of Determinative Bacteriology'.

The resistance phenotype observed in 15 recovered
isolates to the following antimicrobials (included into
10 groups: ansamycin, tetracyclines, third-generation
cephalosporins, penicillins, macrolides, second generation
fluoroquinolones, amphenicols, aminoglycosides, glyco-
peptides, carbapenems) was determined in a disk diffusion
test in accordance with MUK 4.2.1890-04 “Determination
of sensitivity of microorganisms to antimicrobials”[17]. For
the purposes of this work we used standard commercial
disks (LLC“NITSF’, Russia) with the known active ingredient
content: meropenem - 10 pg, ciprofloxacin - 5 g, rifam-
picin - 5 pg, ofloxacin - 5 pg, ampicillin — 10 pg, amoxicil-
lin — 20 pg, levomycetin - 30 pg, doxycycline - 30 pg, cef-
triaxone - 30 pg, enrofloxacin - 5 pg, tetracycline — 30 ug,
azithromycin - 15 pg, vancomycin - 30 pg, gentamicin —
120 pg, tobramycin — 10 pg. The results were interpreted
in accordance with the recommendations of the European
Committee on Antimicrobial Susceptibility Testing [18].

Minimum inhibitory concentrations (MIC) of antimi-
crobials, including combined pharmaceuticals intended
for treatment of inflammatory diseases of the mammary
gland and organs of reproductive tract (for isolates re-
covered from mammary gland secretions and cervical
swabs of animals), was determined in a serial dilution
method with addition of a bacterial suspension contai-
ning 107 bacteria in 1 mL. Broth and a suspension of bac-
teria without an antibiotic were used to control the purity
of the growth of cultures, and broth with an antibiotic
without culture was used to control the sterility of the
medium.The inoculations were incubated in a thermostat
for 24 hours [17].

Molecular genetic tests using polymerase chain
reaction (PCR) were carried out in accordance with
the instructions for commercial test systems. We used
a DNA isolation kit Diatom DNA Prep 200 for our work
(Isogen Laboratory LLC, Russia). Genetic determinants
of AMR resistance were detected in PCR using reagent
kits from “Lytech” Co. Ltd. (Russia). We detected blaDHA
gene encoding plasmid-mediated f-lactamase AmpC
and causing resistance of Enterobacteriaceae bacteria to
protected penicillins and broad-spectrum cephalospo-
rins [16, 17, 19, 20]; CTX-M gene encoding extended-
spectrum B-lactamases, which is moved by mobile ge-
netic elements (transposons, integrons, IS elements) and
is associated with development of multi-resistance; VIM
gene located on a non-conjugative plasmid, which in-
cludes class 1 integron and causes production of carbap-
enemases. Real-time PCR was performed using analyzer
from Applied Biosystems QuantStudio™ 5 (Thermo Fisher
Scientific Inc., USA).

' Bergey’s Manual of Determinative Bacteriology: two volumes. Vol. 1.
Ed. J. G. Holt, N. Krieg, P. Snit, J. Staley, S. Williams. 9" ed. Moscow: Mir;
1997.432 p.

For statistical data analysis we used a standard Micro-
soft Excel 2010 package and methods of descriptive statis-
tics: percentages, frequencies, frequency distribution, etc.

RESULTS AND DISCUSSION

Detecting AMR E. coli isolates with a disk-diffusion
method. The figure below shows results of AMR study
for 127 E. coli isolates recovered from bovine biological
materials.

The AMR profile of E. coli isolates recovered from mam-
mary glands secretions was characterized by high resis-
tance levels (54.54%) to the penicillin group, i.e. 49.99% of
cultures were resistant to ampicillin, and 4.55% to amoxi-
cillin. Resistance to rifampicin and the tetracycline group
was observed in 47.72% and 45.46% of E. coli isolates,
respectively. 15.91% of E. coli cultures were resistant to
amphenicol group (levomycetin). Resistance to aminogly-
cosides (tobramycin) was detected in 11.36% of isolates.
The minimum number of AMR E. coli isolates was found
in relation to the following groups of antimicrobials:
second-generation fluoroquinolones (ciprofloxacin -
2.27%, enrofloxacin - 4.55%, ofloxacin - 6.82%), macro-
lides (azithromycin — 4.55%), third generation cephalospo-
rins (ceftriaxone — 6.82%).

It was found that 31.81% of E. coli isolates recovered
from secretion of the bovine mammary glands showed
intermediate resistance to tobramycin, which belongs to
the group of aminoglycosides. 29.55% of isolated E. coli
cultures demonstrated intermediate resistance to levomy-
cetin, 22.73% of E. coli isolates demonstrated resistance
to ciprofloxacin and ceftriaxone. Intermediate resistance
to representatives of tetracycline (doxycycline) group and
second-generation fluoroquinolone group (enrofloxacin)
was reported in 15.91% of isolates.

As for E. coli isolates from bovine cervical swabs, phe-
notypes resistant to penicillin antimicrobials were pre-
dominant: 42.17 and 36.15% of cultures were resistant to
ampicillin and amoxicillin. 53.01% of isolates demonstra-
ted resistance to rifampicin, which is the main represen-
tative of the ansamycin group. 25.30% of E. coli isolates
were resistant to doxycycline, and 7.23% were resistant to
tetracycline. The minimum number of E. coli isolates was
resistant to third-generation cephalosporins (3.61%) and
aminoglycosides, namely gentamicin (2.41%). 32.53% of
isolates demonstrated intermediate resistance to ceftri-
axone, which is a representative of the third-generation
cephalosporins. Intermediate resistance to the carbape-
nem group was revealed in 30.65% of isolates. 27.02% of
E. coli cultures had intermediate resistance to levomyce-
tin. Intermediate resistance to representatives of second-
generation fluoroquinolones, namely ciprofloxacin, ofloxa-
cin and enrofloxacin, was demonstrated by 16.87, 22.8,
and 16.87% of isolates, respectively.

AMR tests of 127 isolates of E. coli estimated that many
of them had polyresistance: 64.5% of the studied cultures
were resistant to four AMR classes, 54.33% — to five classes.
16.6% of bacterial isolates were multi-resistant, i.e. demon-
strated resistance to six AMR classes.

Determination of minimum inhibitory concentra-
tions (MIC) of commercial antimicrobials. E. coli iso-
lates obtained from the secretion of the mammary gland
(13.64%) demonstrated the highest rate of resistance to
medicines, which include cloxacillin (penicillin group) as
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Fig. AMR profile of E. coli clinical isolates recovered from cattle (%)

the active substance. Cloxacillin-based combination of
antibiotics were most active against E. coli. So, the com-
bined use of such antimicrobials as cloxacillin + benza-
thine and cloxacillin + neomycin, sulfate + dexametha-
sone + trypsin caused resistance in only 6.82% of isolates,
and combination of cloxacillin + ampicillin + benzathine
acid caused resistance in 2.27% of isolates. 6.81% of E. coli
cultures demonstrated resistance to antimicrobials be-
longing to the first-generation cephalosporins based
on cefalonium and cefapirin. The least rate of resistance
was observed to combination of antibiotics from tetracy-
clines (2.27%) and aminoglycosides (1.30%) groups. 4.34
and 4.55% of isolates showed intermediate resistance to
second and third generation cephalosporin antimicrobi-
als, respectively.

E. coli cultures isolated from cervical swabs of cows
demonstrated the highest level of resistance to antimicro-
bials based on a synthetic antifungal agent from the imi-
dazole derivatives — 12.05%. 6.02% and 8.40% of isolates
were resistant to commercial antimicrobials containing
substances from macrolide and ansamycin groups, res-
pectively. 4.82% of isolates had intermediate resistance to
a polypeptide antibiotic based on colistin sulfate and ty-
losin tartrate. 4.80% of isolates demonstrated intermediate
resistance to the antimicrobial based on chlortetracycline
hydrochloride.

Detecting genetic determinants of E. coli resistance.
Molecular and genetic studies revealed that 9.56% of
E. coliisolates have CTX-M gene in specific regions of DNA,
which causes resistance of Enterobacteriaceae bacteria to
first-generation fluoroquinolones and cephalosporins
(cefazolin), in this case 6.95% of cultures were isolated
from mammary glands secretions and 2.61% were isola-
ted from cervical swabs. blaDHA gene, which accounts for
resistance to protected penicillins (ampicillin, amoxicillin,
ticarcillin, piperacillin, tazobactam) and the third- and the
forth- generation cephalosporins (cefotaxime, cefopera-
zone, ceftriaxone, ceftibuten, ceftazidime, cefixime, cef-
podoxime, cefodizime, cefetamet), had been identified
in 49.02% of E. coli DNA samples isolated from mammary
gland secretions. VIM gene encoding production of car-
bapenemases and accounting for resistance to the 1 line
carbapenems (meropenem, imipenem, doripenem) was
not detected in any of the E. coli DNA samples.

CONCLUSION

Analysis of the phenotypic and genotypic characteris-
tics of 127 E. coli clinical isolates showed that microorgan-
ism cultures (64.5%) resistant to ansamycins, semi-synthetic
penicillins, tetracyclines (doxycycline) prevail.

Fluoroquinolones were most active against E. coli and
therefore can be recommended to treat reproductive
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diseases in cows caused by this pathogen. Clinical isolates
of E. coli were sensitive to third generation cephalosporins.
However, since 28.46% of isolates in this group had shown
intermediate resistance and due to detection of blaDHA
gene in 49.02% of E. coli DNA samples, these antimicro-
bials cannot be recommended to treat infections caused
by E. coli [21].

The conducted research reveals high resistance to car-
bapenems (10.22%), which is a bad prognosis confirming
general epidemiological trend towards spread of micro-
organisms resistant to these antimicrobials. It should
be emphasized that carbapenems are used in medicine
only as reserve antimicrobials [22]. The absence of VIM
gene does not exclude other carbapenemase-producing
genes.

In general, the tendency to develop resistance to car-
bapenems and third-generation cephalosporins is a mar-
ker of polyresistance of bacteria belonging to the Entero-
bacteriaceae family [23].

The recovered isolates turned out to be sensitive to
antimicrobials included into combined pharmaceuticals.
However, their widespread use poses a risk of developing
cross-resistance to antimicrobials from different groups
and polyresistance.

The results of studying phenotypic and genotypic cha-
racteristics of antimicrobial resistance in E. coli clinical iso-
lates recovered from cattle in the Ural region are important
for a systematic approach to rational drug use and to AMR
control and containment in livestock production.
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Ncakosa Mapua HukonaeeHa, KaHAMAAT BeTepUHAPHbIX
HayK, CTapLUNA HayYHbI COTPYAHMK OTAENa PenpoayKTUBHbIX
TexHonorun ®reHY Yp®AHULL, YpO PAH, r. EkaTepuH6ypr, Poccus.

Cokonosa Onbra BacunbeBHa, AOKTOP BeTepUHapPHbIX
HayK, CTapLlnin Hay4YHbI COTPYAHMK N1abopaTopmm reHOMHbIX
nccnefoBaHuii n cenekumm XknBoTtHbix OIEHY YpOAHWL, YpO PAH,
r. EkatepnHbypr, Poccua.

Bes6opopoBa Hatanba AnekcaHApoOBHa, KaHgupat
BeTepPMHAPHbIX HayK, CTapLNA Hay4HbIl COTPYAHUK OTAena
BeTEPUHAPHO-1a00PATOPHOW ANArHOCTUKMN C UCMbITaTeNbHOMN
na6opatopueinn OrbHY Yp®AHUL YpO PAH, r. EkatepuHbypr,
Poccus.

KpuBoHorosa AHHa CepreeBHa, JOKTOP OMONOIMYECKrX HayK,
BEAYLWMI HayuHbli COTPYAHUK Nabopatopum G1oNornueckmnx
TexHonorun ®reHY Yp®AHWLL YpO PAH, r. EkatepuHbypr, Poccusa.

NcaeBa Anb6uHa leHHagbeBHa, AOKTOP GUONOIMYECKMX HayK,
BeAYLWMWIN HayuYHbll COTPYAHWK OTAENa 3MM300TONOrMYeCKOro
MOHUTOPUHIa U NMPOrHO3MPOBAHUA NHPEKLMOHHbIX bonesHeln
OrBHY Yp®AHWL, YpO PAH, r. EkaTepunHbypr, Poccus.

3y6apeBa BnagneHa [mutpueBHa, CTapwuii cneynanuct
nabopaToprin reHOMHbIX UCCNIeOBaHNI U CENEKLMN KNBOTHbIX
OrBHY Yp®AHWL, YpO PAH, r. EkatepunHbypr, Poccus.
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SUMMARY

The widespread use of antimycotic agents for the treatment of mycosis in humans and animals highly concerns medical and veterinary specialists, due to the emer-
gence of resistance in pathogenic and opportunistic fungi to antifungal agents. In recent years, information on the various molecular mechanisms underlying this
phenomenon has been published, but in-depth studies are still needed to successfully predict the occurrence of resistance in various groups of fungi. To treat and
prevent fungal infections, several groups of antimycotics are used, with azoles and allylamines being the most frequent ones. This, however, leads to the development
of resistance in pathogenic and opportunistic fungi. The article presents the results of molecular identification methods of azole-resistant Candida albicans isolates
and terbinafine-resistant Trichophyton isolates. The analysis of ERGT1 gene nucleotide sequences of 10 Candida albicans isolates, recovered from different animal
species, enabled the division of phenotypically resistant and susceptible strains, but could not differentiate between strains that have dose-dependent resistance to
azoles. The study of single nucleotide polymorphisms in the SQLE gene, that are associated with the development of resistance to terbinafine in 12 fungal isolates
of the genus Trichophyton, did not allow to classify them by their resistance, which is likely associated with another resistance mechanism that can be observed in
these strains. The obtained results can serve as a basis for using molecular methods for characterization of fungi belonging to Candida and Trichophyton genera.
However, taking into the account biological features of pathogens from different groups, it would be reasonable to use several significant genome regions or the
results of the whole genome sequencing, as well as the gene expression analysis, to predict the development of resistance.
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PE3IOME

|.|.|VIp0K0€ NPUMEHEHNE aHTUMNKOTUYECKNX CPEACTB ANA Tepann MIUKO30B Y YeNnoBeKa U XIUBOTHbBIX BbI3biBaeT 6eCnoKoICTBO MeANLIMHCKNX 1 BETEPUHAPHbIX
CneluanncToB B (BA3N CBO3HUKHOBEHWNEM PE3UCTEHTHOCTI NATOT€HHbIX U YCIOBHO-NATOTrE€HHbIX FpVIﬁOB Knpotn BOFpMﬁKOBbIM npenapatam. 3anocneaHue roabl Ha-
KonneHa mnd)opmaum 0 pa3/IYyHbIX MONIEKYNIAPHBIX MEXAHU3MaX, JieXaLLINX B 0CHOBE AAHHOI0 ABNIEHNA, 0AHAKO A)1A YCNELUHOr0 NPOrHO3MPOBaHKA PE3UCTEHTHOCTU
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B Pa3NNYHbIX pynnax rpuboB HeobXoaumo NpoBecTy yrybnenHble ccnefoBauA. [nd Tepanum 1 npodunakTiki rpubKoBbix 3abonesaHuil akTMBHO NPUMEHAIOT
HeckonbKo rpynn npenaparo., CPey KOTopbIX Hanbosee Yacto UCMONb3YIOT a30/bl M ANMMAAMUHDI, YTO NPUBOAWT K HAKOMEHMIO Pe3NCTEHTHOCTM NaTOreHHbIX
11 YCNOBHO-MAToreHHbIX rpiboB K 3TUM MPOTUBOrPUOKOBbIM CpeAcTBaM. B paboTe npepcTaBeHbl pe3ynbratbl UCNONb30BaHNA MOMEKYNAPHO-TeHeTUYeCKUX MeTo-
[1I0B ANA BbIABNEHNA YCTORYMBLIX K a30nam u3onatoB (andida albicans n yctoitumBbix K TepbuHaduHy u3onatos rpubos poaa Trichophyton. AHanu3 HyKneoTUaHbIX
nocnegosarenbHocteil rena FRGT1 10 u3onatos Candida albicans, BblgeneHHbIX 0T pa3HbIX BUAOB XWBOTHbIX, 03BOANN Pa3AeNUTb GeHOTUNINYECKM YCTORUMBbIE
11 YyBCTBUTENbHbIE LUTAMMBbI, OHAKO He laN BO3MOXHOCTU AnddepeHLnpoBaTb LiTaMMbl, 06nafatoLLme 40303aBICMMOIA YCTOIUMBOCTBIO K a3onam. U3yuenue
OfIHOHYKNEOTUAHBIX NoAnuMopd13MoB B rede SQLE, accoLumpoBaHHOM ¢ pa3BuUTHEM YCTORYMBOCTY K TepOuHaduHY, y 12 uonatos rpubos poaa Trichophyton He
M03BONMNO Pa3AeNTb UX N0 PE3UCTEHTHOCTH, YTO, BEPOATHO, CBA3aHO C AICTBINEM APYToro MeXaH!3Ma YCTouNBOCTH, KOTOPbIN MOXET Habt0AaTbCA Y AaHHbIX
wwrammoB. [lonyyeHHble pe3ynbTaTbl UCCIEA0BAHNIA CTYXKaT OCHOBAHIEM ANA UCMONb30BAHIA MONEKYNAPHO-TEHETUYECKUX METOAI0B AA XapaKTepUCTUKN rpubo
pona Candida w Trichophyton, opHaKo, ¢ yueTom uonoruyeckux 0cobeHHOCTeld naToreHoB pasHbIX rpyn, AA NPOrHO3UPOBAHIA PE3UCTEHTHOCTH LieNecoobpasHo
1CNONb30BaTb HECKONbKO 3HAUNMBIX YUaCTKOB FeHOMa WNi pe3ynbTaTbl MONHOreHOMHOTO CeKBEHMPOBAHNA, a TAKXKe aHaNn3 IKCIPECCii reHoB.

KnioueBbie cnoBa: aHTUMUKOTUYECKaA yCToiuMBOCTb, (andida, Trichophyton, a3onbl, TepouHauH, NonumepasHad LenHas peakLys, CeKBEHUpoBaHie
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MVKO30B XKBOTHbIX 1 PUCKOB BO3HUKHOBEHIA PE3NCTEHTHOCTM K aHTUMIKOTUYECKUM CPeACTBaM». ABTOPbI BbIpaXatoT 611arofapHoCTb COTPYAHIUKAM OTAeNeHNA
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INTRODUCTION

In recent years, there has been an unprecedented in-
crease in the development of resistance to antimycotic
agents in parasitic fungi, which cause severe diseases in
humans. The risk group primarily includes people with
weakened immune system. International organizations
have called for increasing the intensity of research and
control of the resistance to antifungals, also including the
field of veterinary medicine. The spread of resistance in
the population is a serious problem, since some socially
significant fungal infections are transmitted from animals
to humans, and vice versa.

The use of antifungals to treat mycosis in animals in the
Russian Federation is spontaneous and is not regulated.
This fact, certainly, contributes to the development of re-
sistance to antimycotics in pathogenic and opportunistic
fungi.

It is assumed that the widespread use of antifungal
agents contributes to the development of drug resis-
tance [1, 2]. With this being said, fungal resistance to anti-
mycotic drugs is becoming a serious problem on a global
scale.

Currently existing variants of antifungals are repre-
sented by several classes of substances that differ in both,
chemical composition and the mode of action (Table 1).

The drugs usually affect plasma membrane, cell wall,
nucleic acids, and fungal mitosis. Nowadays for public and
animal health purposes, azoles (for example, fluconazole,
voriconazole and posaconazole) and allylamines (for ex-
ample, terbinafine) are mostly used for treatment and pre-
vention of mycosis, caused by the fungi of genera Candida,
Microsporum, and Trichophyton. As a result, in most cases
resistance develops to these specific drugs [1, 3].

The resistance of Candida fungi to azoles is developed
mainly due to the following mechanisms: changes in the
drug targets, decrease in the intercellular concentration
of the target enzyme, changes in the sterol biosynthetic
pathway, overexpression of the antifungal target, or in-
creased efflux of the drug across the cell surface. A spe-
cific target of azoles is the cytochromes P450-dependent
enzyme lanosterol 1,4-a-demethylase encoded by the
ERGI11 gene in yeast-like fungi. The protein product of
this gene catalyzes the removal of the 1,4 a-methyl group
from lanosterol. Binding of azole to a fragment of ferric
iron at the heme-binding site blocks the enzyme’s natural
substrate, lanosterol, disrupting the biosynthetic pathway
[4]. Amino acid substitutions in the drug target are a com-
mon mechanism of resistance to azoles in Candida. More
than 140 substitutions have been reported in the resistant
strains, many of which have an additive effect [5]. The most
frequent alterations in C. albicans occur in two positions:
R467K and G464S, which are in the close proximity to the
heme-binding site [5, 6].

According to published data, overexpression of the
ERG11 is common among azole-resistant clinical isolates
of C. albicans [7-9]. This directly contributes to the devel-
opment of resistance, since an increase in the number of
targets requires higher concentrations of the drug for in-
hibition [8], reducing its overall sensitivity. Overexpression
of the ERG11 has also been reported for azole-resistant iso-
lates of other Candida species - C. glabrata, C. parapsilosis,
C. tropicalis and C. krusei [10-14]. The mechanism of over-
expression in these species and its contribution to azole
resistance remains largely unknown.

The most common mechanism of fungal resistance is
the activation of membrane efflux pumps, which recognize
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Table 1
Classification of major antifungals (according to A. K. Sahoo et al.) [3]

Examples

Mechanism of action

Fungistatic and fungicidal action by binding of the drug

Polyenes nystatin, levorine, natamycin, amphotericin B to ergosterol on the fungal cell membrane and thus destabilizing it
Azoles:
Imidazoles ketoconazole, clotrimazole, miconazole, bifonazole, Fungistatic (less often — fungicidal) action by inhibiting
econazole, isoconazole, oxiconazole 1,4a-demethylase that catalyzes the conversion of lanosterol
Triazoles | itraconazole, fluconazole, voriconazole, posaconazole, into ergosterol
ravuconazole, pramiconazole, albaconazole
Fungicidal action by inhibition of the ergosterol synthesis. Unlike

Allylamines terbinafine, butenafine, naftifine azoles, allylamines block earlier stages of biosynthesis by inhibiting

the enzyme squalene epoxidase

Echinocandins

caspofungin, anidulafungin, micafungin, aminocandin

Fungistatic and fungicidal action by inhibiting synthesis
of 1,3-f-D-glucan in the cell wall

Pyrimidines flucytosine Fungistatic and fungicidal effects associated with inhibited nucleic
Sordarin derivatives GR135402, GM237354 adid/protein synthesis
Drugs of different groups

riseofulvin Fungistatic effect by inhibition of cellular mitotic activity

9 in metaphase and disruption of DNA synthesis

amorolfine Fungistatic and fungicidal action caused by damage of the fungal

cell membrane structure
nikkomycin Fungistatic and fungicidal action by blocking chitin formation

various chemicals and contribute to multidrug resistance.
Fungi have several different drug efflux systems that are

encoded by at least ten different genes. Mutations in each

of these genes can also affect the degree of pathogen resis-
tance to the drug. In addition, multiple genomic alterations

are associated with azole resistance, such as loss of hetero-
zygosity in certain genomic regions, increase in the number
of copies of chromosomes, as well as segmental or chro-
mosomal aneuploidies [15]. The loss of heterozygosity is

common for the regions containing genes that determine

azole resistance, including ERG11. Analysis of C. albicans iso-
lates with developed resistance revealed that mutations in

these genes often arise in the heterozygous state and, then,
become homozygous [16]. The prevalence of aneuploidies

in azole-resistant isolates raised the question of whether
azole exposure simply selects for the more resistant aneu-
ploid variants or whether azole exposure contributes to the

development of aneuploidies. It was found that the expo-
sure to azole initiates aberrant cell cycle regulation with

a tetraploid intermediate, which, ultimately, precedes the

formation of aneuploidy in C. albicans [17].

It must be said that nowadays, the gene expression
analysis is most widely used to study azole-resistance
mechanisms. The technique is based on the comparison
of the expression levels of certain genes in azole-suscep-
tible and azole-resistant strains. However, to carry out this
analysis, it is necessary to have fresh C. albicans cultures
grown on a nutrient medium under the same conditions.

Thus, the development of resistance to azoles is a com-
plex process that involves different biochemical processes
and gene combinations.

Allylamines is another group of drugs, to which resis-
tance is often evolved. Among its representatives, terbi-
nafine is most actively used worldwide to treat many dis-
eases caused by different species of dermatophyte fungi.
The terbinafine’s target is squalene epoxidase (SQLE), re-
sponsible for ergosterol biosynthesis that catalyzes the
conversion of squalene into 2,3-oxidosqualene. Terbina-
fine inhibits squalene oxidase activity, resulting in ergos-
terol depletion and squalene accumulation [18]. Mutations
in the SQLE gene that give rise to amino acid substitutions
lead to structural changes and decreased binding ability
of terbinafine to the protein without causing dysfunction
in ergosterol biosynthesis [19].

The mechanism of resistance to this allylamine among
Trichophyton species is attributed to single nucleotide
polymorphism (SNP) mutations in the SQLE gene. Point
mutations in the SQLE gene lead to single amino acid
substitutions at one out of four positions (Leu3%, Phe3’,
Phe*'%, His**?), which corresponds to the increased values
of minimum inhibitory concentrations (MICs) for terbin-
afine in vitro [20]. On the contrary, newly occurring mis-
sense mutations in the SQLE gene lead to H440Y/F484Y
and 1121M/V237I substitutions, which were detected in
low-resistant isolates [21].

In the study by Yamada T. et al., the group tested
2,056 isolates of T. rubrum and T. interdigitale for their
susceptibility to terbinafine. The authors found that only
17 of them (less than 1%) were resistant to this antifun-
gal agent. By analyzing the genetic sequence of the SQLE
gene, they found point mutations in four positions respon-
sible for the exhibiting resistance phenotype. In addition
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to L393F and F397L, seven new mutations were identified,
including one in the L393 residue and two in the F397 res-
idue. These mutations were studied through the expres-
sion of the corresponding amino acid substitutions using

T. mentagrophytes as a recipient organism. The strains that
harbored mutated genes were less susceptible to terbi-
nafine. At the same time, proteomics revealed no other
significant differences between the mutated strains and

the ones in the control group, indicating that the increased

terbinafine resistance was caused by mutations [20].

The aim of the work was to evaluate the possibility of
identifying azole-resistant strains of C. albicans and terbi-
nafine-resistant strains of Trichophyton spp. by using mo-
lecular-genetic methods without assessing the expression
levels of certain genes.

MATERIALS AND METHODS

In the study, ten isolates of C. albicans were taken from
cattle and dogs, isolates of T. interdigitale and T. rubrum
were taken from nail plates of individuals with onychomy-
cosis signs, isolates of T. verrucosum were taken from the
cattle wool, and isolates of T. mentagrophytes were taken
from the coat of dogs with the signs of dermatomycosis.

The susceptibility (MICs) of C. albicans to fluco-
nazole (FLU), itraconazole (ITR), and voriconazole (VRC) was
determined in accordance with EUCAST E.Def 7.3.2 [22].
The MICs were interpreted in accordance with Breakpoint
tables for interpretation of MICs for antifungal agents,
version 10.0, 2020 (FLU: MIC more than 4.0 mg/L - resis-
tant, from 2.0 to 4.0 mg/L — susceptible at increased expo-
sure, less than 2.0 mg/L - susceptible; ITR: MIC more than
0.06 mg/L - resistant, less than 0.06 mg/L — susceptible;
VRC: MIC more than 0.25 mg/L - resistant, from 0.06 to
0.25 mg/L - susceptible at increased exposures, less than
0.06 mg/L - susceptible) [23].

The isolate was identified as “resistant” or “sensitive” to
azoles using the following model: an isolate resistant to
three drugs was considered as resistant; an isolate resis-
tant or showing intermediate resistance to one or two
drugs was considered was considered to exhibit dose-
dependent sensitivity; an isolate susceptible to all drugs
was considered as sensitive to azoles.

Data on C. albicans isolates, their susceptibility to azole
drugs, and characterization of their susceptibility are given
in Table 2.

The susceptibility of Trichophyton to terbinafine (TBF)
was determined by the method developed in the De-
partment of Mycology in FSBI “VGNKI", based on EUCAST
E.Def 9.3.1 [24]. Susceptibility was interpreted on the basis
of MIC ranges for terbinafine (mg/L): more than 32 mg/L -
resistant, from 16 to 32 mg/L - exhibit dose-dependent
sensitivity, less than 16 mg/L - sensitive.

Data on T. verrucosum, T. mentagrophytes, T. interdigi-
tale and T. rubrum isolates, their susceptibility to antifun-
gal drugs and characterization of their susceptibility to the
drug are given in Table 3.

DNA was extracted using a commercial kit “DNA-sorb-
C-M", and amplification was performed using reagents
manufactured by AmpliSens® (FBIS CRIE, Russia) by “Tertsik”
machine (DNA Technology LLC, Russia).

To amplify DNA of C. albicans, primers described earlier
by M.-K. Lee et al. [25] were used. To identify Trichophyton
resistance to terbinafine, the following selected primers

Table 2
Data on Candida albicans isolates used in the study

Minimum inhibitory
Isolate Source concentration, mg/\ Characterization

C. albicans No. 1 cattle, udder 40 0.125 0.5 resistant
C. albicans No. 2 cattle, udder 4.0 0.125 0.5 resistant
C. albicans No. 3 cattle, udder 8.0 0.25 0.5 resistant
C. albicans No. 4 cattle, milk 8.0 0.125 0.5 resistant
C albicansNo.5 | dog, stomatitis 4.0 0.125 0.5 resistant
C. albicansNo.6 | dog, stomatitis 1.0 0.03 0.03 sensitive
C. albicans No. 7 cattle, milk 2.0 0.06 0.25 dose-dependent

C. albicans No. 8 cattle, udder 2.0 0.06 0.25 dose-dependent

C. albicans No. 9 cattle, udder 1.0 0.03 0.03 sensitive
C. albicans No. 10 cattle, milk 2.0 0.06 0.125 | dose-dependent
Table 3

Data on dermathophyte isolates used in the study

Minimum
coi:chei:itrg;iyon Characterization
TBF, mg/L
1 T verrucosum No. 1 cattle wool 16 dose-dependent
2 T. verrucosum No. 2 cattle wool 16 dose-dependent
3 T. verrucosum No. 3 cattle wool- 16 dose-dependent
4 T. verrucosum No. 4 cattle wool- 16 dose-dependent
5 | T mentagrophytes No. 1 dog’s coat 64 resistant
6 | T mentagrophytesNo.2 dog’s coat 32 dose-dependent
7 | T mentagrophytes No. 3 dog’s coat 32 dose-dependent
8 T interdigitale No. 1 human nails 64 resistant
9 . interdigitale No. 2 human nails 64 resistant
10 . interdigitale No. 3 human nails 64 resistant
N T interdigitale No. 4 human nails 8 sensitive
12 T interdigitale No. 5 human nails 16 dose-dependent
13 T. rubrum No. 1 human nails 64 resistant
14 T. rubrum No. 2 human nails 64 resistant
15 T. rubrum No. 3 human nails 64 resistant

for amplification of the informative site of the SQLE gene
were used: Tr-terb-F 5'-CTTAGTCCAGAGGCCGTACC-3’and
Tr-terb-R 5'-AGGATGACCCTGCAGGCAGT-3" Cycles of poly-
merase chain reaction for Trichophyton isolates were as fol-
lowing: one cycle at 95 °C for 5 min, then 42 cycles at 95 °C
for 10 sec., 60 °Cfor 10 sec., 72 °C for 10 sec., then one cycle
at 72 °Cfor 1 min.

The Sanger sequencing was performed for the ampli-
fication of fragments using ABI PRISM Big Dye v. 1.1 cycle
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sequencing kit (Applied Biosystems, USA), according to
the manufacturer’s instructions with the use of automa-
ted capillary sequencer ABI-3100 PRISM Genetic Analyzer
(Applied Biosystems, USA). The obtained chromatograms
were analyzed using the Chromas software. The nucleo-
tide sequences were analyzed using the Vector NTI Ad-
vance 11.5.0 program.

The obtained nucleotide sequences of C. albicans were
compared with X13296 sequence from the GenBank da-
tabase, which was recognized as a reference sequence for
fluconazole-susceptible isolate in the article by M.-K. Lee
etal. [25]

The obtained nucleotide sequences of the Trichophy-
ton genome fragment were checked for the presence of
point mutations responsible for amino acid substitution
Leu393Phe, Leu393Ser (nucleotide position 1177 in the

Table 4
Amino acid and nucleotide substitutions in the FRG17 gene of C. albicans strains

Isolates of C. albicans

Amino acid Reference
substitution nucleotide
in X13296

F105F

gene SQLE), Phe397Leu, Phe397lle, Phe397Val (nucleo-
tide position 1189 in the gene SQLE), Phe415lle, Phe415Ser,
Phe415Val (nucleotide position 1305 in the gene SQLE),
His440Tyr (nucleotide position 1380 in the gene SQLE) [20].

RESULTS AND DISCUSSION

Analysis of C. albicans resistance to azoles. Nucleo-
tide sequences of the ERGT1 gene were obtained for all
10 isolates of C. albicans. The resistance of C. albicans to
azole drugs was evaluated, based on the analysis of both
nucleotide and amino acid sequences of the ERG11 gene.

The obtained results of comparing the isolate nucleo-
tide sequences with the reference sequence are presented
inTable 4.

Substitutions in only 10 out of 30 analyzed nucleotide
positions in the ERG11 gene lead to changes in the amino

D116E

K119K

K128T

S137S

K143R

H183H

L220L

E266D

1320L

V332v

L340L

K342K

3615

L370L

F380F

Y401Y

V404l

P419pP

D428D

V4371

(448G

F449v

Va52v

V456V

R467K

474K

A/C . A/C

L480L

G G G/A G G/A G G/A

—AlAlan|d|H|d|la|la|A|d|la|lA|A|lAn|l || |dlal|AlA|lAl==|—4|—
—
—
—

N490N

C C i C ) C )

V509M

(=]

Positions that lead to amino acid substitutions are emphasized in bold.
R — azole-resistant; S — azole- sensitive; M — exhibit dose-dependent sensitivity
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acid sequence. Among studied C. albicans isolates, no ami-
no acid substitutions were observed in azole-susceptible
isolates N2 6 and N2 9 in this gene region, and in four out
of five isolates, substitutions in the amino acid sequence
were observed in 2 out of 10 positions. The most informa-
tive positions were D116E and E266D.

As indicated in the Table 4, the obtained data general-
ly corresponds to declared phenotypic resistance of the
strains. Interestingly, even a single amino acid substitution
inthe ERG11 gene, detected in isolate N2 1, was associated
with the development of resistance to azole drugs. How-
ever, the study failed to differentiate fully azole-resistant
and dose-dependent strains. In dose-dependent isolates
two substitutions were also identified: one in position
E266D and the other in position Q474K in isolates N° 8
and N2 10 in the heterozygous state.

Marichal P. et al. in their work [26] identified three

“hotspot regions”in the amino acid sequence of the ERG11
gene, based on the compilation of the ERG11 mutations,
which are reported to be associated with azole-resistance.
These “hot spots” include amino acid regions 105-165,
266-287, and 405-488. The detected nucleotide substitu-
tions fall within these “hotspot regions’, which can serve
as the evidence of the reliability of the obtained results.

Analysis of resistance to terbinafine in Trichophy-
ton spp. For this part, primers were selected for the amplifi-
cation and subsequent sequencing of the 440 bp SQLE gene
fragment, covering all positions of single-nucleotide substi-
tutions leading to the development of resistance to terbina-
fine. 12 Trichophyton isolates, both resistant and sensitive to
terbinafine, were analyzed, based on mycological test results.

The analysis of obtained chromatograms and multiple
sequence alignment using the Vector NTI Advance 11.5.0
program, all isolates were identified as terbinafine-sensi-
tive. In 2 out of 12 isolates, a point mutation was detected
at the position 1,177 (substitution of TTA with CTA), but
it is not significant and does not lead to amino acid sub-
stitution.

The discrepancy in the data on terbinafine resistance
obtained by molecular-genetic and cultural methods can
be explained by the appearance of additional resistance
mechanisms, which can be observed in the strains. This hy-
pothesis is confirmed by the numerous studies of the fun-
gal resistance to antimycotic agents. For example, azole
resistance in clinical isolates of C. albicans is associated
with several mechanisms, including missense mutations
in the ERG11 and overexpression of genes encoding car-
rier proteins of several drugs. Combined effects of such
mechanisms were observed in the same clinical isolate
resistant to azoles [27]. It is possible that overexpression
of genes encoding efflux pumps is also involved in terbin-
afine resistance in the studied isolates.

CONCLUSION

The widespread use of azole and allylamine com-
pounds in the treatment and prevention of mycoses con-
tributes to the emergence of strains and isolates resistant
to these antifungal drugs. The resistance is conventionally
tested using cultural methods, however, for certain types
of fungi that are important in the field of veterinary med-
icine, there are no standards and control points used for
classification of isolates into “susceptible” or “resistant’,
which makes it difficult to interpret the clinical effects of

a minimum inhibitory concentration. The current goal is

to find reliable methods for detecting resistance, based

on the genetic analysis. This paper describes methods for
detecting the resistance of C. albicans to azoles and of
Trichophyton dermatophytes to terbinafine by analyzing

certain genes. It should be noted that the results obtained

so farindicate that the analysis of nucleotide sequences of
C.albicans ERG11 gene and SQLE gene of Trichophyton fun-
gi has limited informative value for predicting resistance

to antifungal drugs (azoles and terbinafine, respectively).
The obtained information on the structure of these genes

can be used for the characterization of strains. However, in

order to increase the reliability of molecular-genetic tests

for resistance, it is necessary in the future studies to use

more fungal isolates characterized phenotypically, and in-
clude several genes associated with antimycotic resistance

in the analysis.
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SUMMARY

The article provides data on antimicrobial resistance (AMR) of Salmonellaisolates recovered from animal products tested in the Laboratory for Microbiological Testing
of the FGBI“ARRIAH" from 2019 to 2020. 106 isolates of Salmonella enterica subsp. enterica were recovered from 4,500 tested samples of raw materials and products
of animal origin, 23% of them were untyped, and 77% belonged to 17 serological variants. Isolates of S. enteritidis (n = 37) and S. virchow (n = 9) serovariants
dominated among the typed cultures of Salmonella, which is consistent with the data from other authors. Antimicrobial susceptibility of the microorganisms was
determined in a disk diffusion test in accordance with the recommendations of the European Committee on Antimicrobial Susceptibility Testing. Different Salmonella
serovars demonstrated different proportions of susceptible and resistant isolates, in terms of antibiotics from ten pharmacological groups. The largest number of
polyresistant isolates was noted in Salmonella serovars S. virchow, S. nigeria, . infantis, S. colindale. Both resistant and polyresistant Salmonella isolates were most
often isolated from poultry products. S. typhimurium serovar, which is referred to in literature as polyresistant, was resistant to one or two antimicrobial agents as
the research demonstrates. Isolates of 9 Salmonella serovars out of 17 (65%) showed resistance to nalidixic acid. 97% (n = 36) of S. enteritidis isolates were resistant
to this antimicrobial agent. Isolates of S. colindale serovar (n = 2) were resistant to 8 antimicrobials, S. papuana (n = 5) — to 6 antibiotics, and S. agona (n = 3) — to
5 antimicrobials. Untyped Salmonella isolates were resistant to 9 antibiotics, 2 cultures out of them showed resistance to ciprofloxacin.
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PE3IOME

[lpeacTaBneHbl peynbratbl U3y4yeHns aHTUOMOTUKOPe3UCTEHTHOCTI N30NIATOB CaNbMOHENN, MONYYEHHbIX MPU UCCNIe0BaHUY 06Pa3LI0B NPOAYKTOB XKIUBOTHO-
BOZCTBA B N1abopatopuu Mukpobuonornyeckux nccnesosaqnii Or6Y «BHUN3M» 3a neprog ¢ 2019 no 2020 r. Mpu ucnbitanim 4500 npo6 cbipbA 1 NPOAYKLMN
KIBOTHOrO NponCxoxaeHus 6bino BbigeneHo 106 usonatos 6aktepuii Salmonella enterica subsp. enterica, n3 kotopbix 23% 6binu HeTUNUPYeMbIMIA, @ 77% npu-
Haanexanu K 17 ceponoruyeckum Bapuantam. Cpeau TUMMPOBAHHBIX KyAbTYp CAnbMOHENN JOMUHUPOBaNM U30NATHI cepoBapuaHToB S. enteritidis (n = 37)
n S. virchow (n = 9), uto COrnacyeTca ¢ AaHHBIMI APYryX aBTOPOB. YyBCTBUTENBLHOCTL MIKPOOPraHN3MOB K aHTOaKTepHanbHbIM npenapatam onpeaenanm
ANCKO-AUGGY3MOHHBIM METOZOM, B COOTBETCTBUM ¢ pekomeRaLuamu European Committee on Antimicrobial Susceptibility Testing. buinv BbiABNEHbI pa3nuuna
B COOTHOLLEHUI YYBCTBUTENbHBIX 11 PE3UCTEHTHBIX U30MATOB baKTepuii popa Salmonella pa3Hbix ceponornyeckinx BapUaHTOB MO OTHOLLEHUH K AHTUOMOTUKAM
[ecaTi Gapmakonorinyeckux rpynn. HanbonbLuee uncno nonnupe3nCTeHTHbIX U30MATOB OTMEYANH y CanbMOHeNN cepoBapoB S. virchow, S. nigeria, S. infantis,
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VETERINARY SCIENCE TODAY. 2022; 11 (1): 27-34 | BETEPUHAPUA CETOAHA. 2022; 11 (1): 27-34

27



28

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTUHATNBHBIE CTATbY | BETEPUHAPHAA MIUKPOBWONOTUA

S. colindale. Pe3ucTeHTHbIe ¥ NOANPE3UCTEHTHbIE M30AATHI CANbMOHENN Hanbonee YacTo BblAeNANN U3 NpoayKunmM nTuueBoacTa. Ceposap S. typhimurium, Ko-
TOPbIVi B UCTOYHUKAX UTEPATYPbI ONPeSenaioT Kak NoNUpe3NCTEHTHII, B NPEACTABNEHHbIX MCCNEA0BAHUAX ObIN YCTOIYMB K OAHOMY M iBYM aHTUMUKPOOHbIM
npenapatam. Y u30n4ToB 9 cepoBapoB canbMoenn 3 17 (65%) oTMeueHa yCToiiumBOCTb K HaNMAMKCOBOI KicnoTe. [lona pe3UCTEHTHBIX K JaHHOMY CPeACTBY
u30naToB S. enteritidis coctaBuna 97% (n = 36). U3onatbl ceposapa S. colindale (n = 2) 6binm ycToiuMBLI K 8 aHTUMUKPOGHBIM Npenapatam, S. papuana (n = 5) —
K 6 aHTUOMOTUKaM, a S. agona (n = 3) — K 5 aHTMOaKTepuanbHbIM cpeAcTBaM. HeTunupyemble U30NATbI CANbMOHENN Bbin pe3nCTeHTHDI K 9 aHTbMOTNKaM,
113 KOTOPbIX 2 KyNbTYpbl NPOABUN YCTORYUBOCTb K LiMNPODIOKCALIMHY.

KnioueBbie cnosa: Salmonella, cepoBapuaHT, aHTUOUOTHK, UyBCTBUTENBHOCTD, PE3NCTEHTHOCTD
bnaropapHocTu: Paborta BbinonHeHa 3a cuet cpeacts OTBY «BHUN3M» B pamkax TemaTuku HayuHo-uccnesoBatenbckix pabot «BetepuHapHoe bnarononyuney.

[ina untuposanus: Waaposa H. b., Mpyntosa 0. B., KopuaruHa E. A. AHTUOMOTMKOPE3NCTEHTHOCT U30NATOB CaNbMOHE, BbIAENEHHDIX 113 IPOJYKTOB XUBOT-

HOro NpoNCXoXaeHna. Bemepunapus ce2o0ns. 2022; 11 (1): 27-34. DOI: 10.29326/2304-196X-2022-11-1-27-34.

KoHdnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnonpenuun: LWaaposa Hatanba bopucoHa, KaHaMAAT 6MONOTNYeCKX HayK, 3aBeayloLL it nabopatopueil MUKPOBMONOrnyeckux nccnes0BaHuil
OIBY «BHUN3X», 600901, Poccus, r. Bnagumup, mkp. H0pbesew, e-mail: shadrova@arriah.ru.

INTRODUCTION

Salmonellosis is a widespread infection of humans and
animals caused by various representatives of Salmonella
enterica [1-3]. According to the government report “On
sanitary and epidemiological well-being of the population
in the Russian Federation in 2020’ the overall incidence
of salmonellosis showed a decrease. Compared with 2019,
the 2020 incidence decreased by 1.6 times and accounted
for 14.71 cases per 100 thousand [4, 5]. However, salmonel-
losis is still a matter of concern. Based on the data provided
by the reference center for monitoring of salmonellosis,
27 Salmonella serotypes were isolated from infected hu-
mans in 2020, 17 serotypes were isolated from food staples,
16 from environmental objects. As in previous years, Sal-
monella was most often isolated from poultry products [4].

Salmonella is susceptible to a wide range of antimi-
crobials, due to the structural features of the cell wall. As
Gram-negative microorganisms, the bacteria are suscep-
tible to: beta-lactams (aminopenicillins, carboxypenicillins,
inhibitor-protected penicillins, cephalosporins, monobact-
ams, carbapenems), aminoglycosides (streptomycin, ka-
namycin, gentamicin, tobramycin, amikacin), quinolones
(nalidixic acid) and fluoroquinolones (ciprofloxacin, nor-
floxacin, ofloxacin, etc.), tetracyclines (tetracycline, doxycy-
cline), polymyxins, sulfonamides and co-trimoxazole, nitro-
furans (nifuroxazide, nifuratel, furazolidone) and products
of other groups (fosfomycin, chloramphenicol) [6-8].

According to the report “On sanitary and epidemiolog-
ical well-being of the population in the Russian Federa-
tion in 2020" from 2015 to 2020, the following serotypes
were predominantly recovered: S. enteritidis (64.7%), S. ty-
phimurium (4.8%) and S. infantis (3.2%). A study of anti-
microbial susceptibility of S. enteritidis isolates recovered
in 2020 revealed that 58.7% of cultures are resistant to
colistin, and 75% — to ciprofloxacin. Polyresistance was
noted in 4.1% of isolates, and two cultures of S. enteritidis
demonstrated resistance to polymyxins, monobactams,
penicillins, second-, third-, forth-generation cephalospo-
rins. 85% of the isolated S. infantis cultures showed resis-

tance to more than three classes of antibiotics, while all
the isolates were susceptible to glycocyclines, polymyx-
ins, carbopenems, first-generation cephalosporins and
third-generation aminoglycosides. About half of S. typh-
imurium isolates were susceptible to all antimicrobials, and
30% of cultures were resistant to two groups of antibiotics
(penicillins, tetracyclines) [4].

The World Health Organization estimates that half of
all the antibiotics produced in the world are used to not
only treat people, but also those animals and birds who are
used to produce products for human consumption. Conse-
quently, the number of strains resistant to antimicrobials
is steadily increasing [9].

The issue of antimicrobial resistance has now become
extremely alarming in Russia, as well as in the EU, the USA,
Canada, etc., and in order to solve it, the Government of
the Russian Federation developed the “Strategy for pre-
venting spread of antimicrobial resistance in the Russian
Federation until 2030" approved by Order No. 2045-r of
the Government of the Russian Federation, September 25,
2017 [10].

According to the WHO, S. enterica bacteria belongs to
the microorganisms that have resistant serotypes found
in the food chain [11].

Such antimicrobials as chloramphenicol, ampicillin, and
co-trimoxazole were used at different historical periods of
human and veterinary medicine to treat salmonellosis. In
the years that followed, the pathogen developed resis-
tance to traditional medicinal products, therefore, fluoro-
quinolones and extended-spectrum cephalosporins (ESC)
were adopted for treatment of salmonellosis [12]. Current-
ly, the Enterobacteriaceae family demonstrates a steadily
increasing resistance to most antimicrobials used for treat-
ment of infectious diseases in animals and humans. In this
regard, it is mandatory to determine antimicrobial suscep-
tibility of bacteria isolated not only from affected animals,
but also from animal products. European countries and
the USA ensure continuous control over antimicrobial
resistance in microorganisms, including Salmonella. First,
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they monitor resistance to quinolones and ESP, and poly-
resistance to antimicrobials [13, 14]. Therefore, detection
of Salmonella isolates resistant to antimicrobials in animal
products is an urgent problem.

The purpose of this work was to determine antimicro-
bial resistance of Salmonella isolates recovered from raw
materials of animal origin from 2019 to 2020.

MATERIALS AND METHODS

Strains of microorganisms. Strains Salmonella typhimuri-
um ATCC 14028 and Escherichia coli ATCC 25922 deposited
in the collection were used to control nutrient media and
Salmonella isolation methods.

Isolates of bacteria. 106 Salmonella isolates recovered
from animal products and food products for microbiolog-
ical tests in 2019-2020 were used in the work.

Antibiotics. To determine the antimicrobial suscepti-
bility of bacteria, standard paper disks with the following
antibiotics were used: azithromycin (15 pg ), nalidixic acid
(30 pg), streptomycin (10 pg), tetracycline (30 pg), amik-
acin (30 pg), amoxicillin (20 pg), trimethoprim/sulfame-
thoxazole (23.75/1.25 pg), ampicillin (10 pg), gentamicin
(10 pg), cefotaxime (30 pg), levomycetin (30 pg), imipenem
(10 pg), meropenem (10 pg), ciprofloxacin (5 pg), kana-
mycin (30 pg) (Saint Petersburg Pasteur Institute, Russia).

Salmonella isolation and identification. The bacteria
were isolated from samples of animal products and food
products according to GOST 31659-2012 “Food products.
Method for the detection of Salmonella spp!;’ using nutri-
ent media produced by the FBIS SRCAMB (Russia).

For non-selective pre-enrichment, a sample of the prod-
uct weighing (25 £ 0.1) g prepared for the study was put
into a sterile bag containing 225 cm?® of buffered peptone
water and was homogenized for 1 min. The inocula were
incubated at a temperature of (37 + 1) °Cfor (18 + 1) hours.
After the pre-enrichment, 1 cm? samples were inoculated
into test tubes with 10 cm? of RVS (Rappaport - Vassili-
adis Medium) and 10 cm? of selenite medium. Inocula on
RVS were incubated at a temperature of (41.5 £ 1) °C, and
on a selenite medium - at (37 £ 1) °C for (24 + 1) hours.
After incubation, the content of each tube was streaked
with a loop on two media: bismuth-sulfite-agar (BSA) and
XLD (xylose-lysine-deoxycholate agar). The inocula were
incubated at a temperature of (37 £ 1) °C for (24 + 1) hours.
The fact that the grown colonies belonged to Salmonella
was confirmed by enzyme immunoassay using Singlepath®
rapid tests (Merck KGaA, Germany) and mini VIDAS analy-
zer (bioMerieux SA, France).

Serological identification of Salmonella. The serological
formula of the isolated Salmonella enterica cultures was
determined in agglutination test on glass with diagnos-
tic mono- and polyvalent O- and H-sera adsorbed for the
PETSAL® test (FSUE SPbSRIVS FMBA, Russia). The serologi-
cal variant of the strain was determined based on the se-
rological formula in accordance with the Kaufman — White
scheme.

Determination of antimicrobial susceptibility. The iden-
tified cultures were tested for antimicrobial susceptibility
using disk diffusion test according to MUC 4.2.1890-04

' GOST 31659-2012 Food products. Method for the detection
of Salmonella spp. Available at: https://docs.cntd.ru/document/12000982
39?marker=7D20K3.

“Determination of the antimicrobial susceptibility of micro-
organisms”? and clinical recommendations “Determination
of antimicrobial susceptibility of microorganisms”. The
bacterial suspension (0.5 according to the McFarland tur-
bidity standard) was evenly distributed on the surface of
the Mueller — Kauffman agar. Disks with antibiotics were put
on the surface of agar inoculated with the tested culture
(maximum 6 disks per 1 dish). After the disk application,
Petri dishes were placed upside down in a thermostat and
incubated at a temperature of (35 £ 1) °C for 18-24 hours.

The results were evaluated by microbial growth “inhibi-
tion zone”around the disks. The diameter of the microbial
growth“inhibition zone’, taking into account the diameter
of the disk itself, was determined with an accuracy of T mm.

Interpretation and analysis of the results. Based on the
recommendations of the European Committee on Anti-
microbial Susceptibility Testing (EUCAST) the bacterial iso-
lates were divided into the following groups: susceptible,
resistant to one and two antibiotics, polyresistant - resis-
tant to three or more antibiotics [15]. The group of resistant
isolates included extremely resistant cultures, which were
resistant to 6 and 7 antimicrobials [16].

Statistical processing of the test results. The experiments
were performed in triplicate. The obtained data were sta-
tistically processed in standard Microsoft Exel 2010 anal-
ysis package.

RESULTS AND DISCUSSION

From 2019 to 2020, 4,500 samples of animal products
were tested in the FGBI“ARRIAH" Laboratory for Microbio-
logical Research in order to detect contamination with Sal-
monella. As a result, 106 isolates were recovered and iden-
tified by growth and biochemical properties as Salmonella
bacteria, which belonged to 17 serological variants from
groups B, C, D, E, and 24 isolates of Salmonella enterica
(which belonged to serogroups B, C and E) were untyped.

The recovered isolates belong to the following sero-
variants. According to the literature, S. enteritidis is the
main causative agent of salmonellosis in both animals
and humans (35%) [17-19]. Most of the cultures in our
work (34.9%) also belonged to this serovariant. Isolates of
S. virchow serovar were detected in 9 samples (8.5%). Iso-
lates of such serovars as S. nigeria, S. papuana and S. infan-
tis were identified in 7 (6.6%), 5 (4.7%) and 5 (4.7%) samples,
respectively (Table). Serotype S. typhimurium, clinically
important for both animals and humans, was detected in
only two samples, which accounted for 1.9%.

Untyped isolates of Salmonella enterica subsp. enterica
were identified in 24 samples of animal products, which
accounted for 22.6%. Serovar S. agona, which caused two
outbreaks of salmonellosis in 2017-2018 in the EU mem-
ber countries, was isolated in our studies from 3 sam-
ples (2.8%) [20].

Determination of Salmonella isolates susceptibility to
antibiotics from various pharmacological groups. When
choosing antimicrobials to check antimicrobial resistance

2MUC 4.2.1890-04 Determination of antimicrobial susceptibility

of microorganisms. Moscow: Federal Center of State Sanitary and
Epidemiological Surveillance of the Ministry of Health of Russia. 2004.

91 p. Available at: https://fcgie.ru/download/elektronnaya_baza_metod_
dokum/muk_1890-04.pdf.

3 Determination of antimicrobial susceptibility of microorganisms. 2018.
206 p. Available at: https://flm.kz/files/14062184925c1281c1dfd6b.pdf.
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Table
Serological variants of Salmonella most often recovered from animal products (n = 74)

Serological variant
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9% of the total number of isolates recovered
from food products

Number
of isolates

S. enteritidis 37 349
S. virchow 9 8.5
S. nigeria 7 6.6
S. papuana 5 47
S. infantis 5 4.7

S. derby 4 38
S.agona 3 238

S. colindale 2 19
S. typhimurium 2 1.9

30

of 106 Salmonella isolates, we considered the use of these
products for human and veterinary medicine and took
into account EUCAST recommendations for determina-
tion of antimicrobial susceptibility of the Gram-negative
microorganisms.

As a result, it was found that Salmonella isolates are sus-
ceptible to 3 antibiotics from the aminoglycosides group
(amikacin — 100%, gentamicin — 100% and kanamycin —
98%), to carbapenems (imipenem - 100% and meropenem —
100%), as well as to cefotaxime — 97%. The susceptibility of
Salmonella cultures to levomycetin was 92%, azithromycin —
91%, ciprofloxacin — 90%. 87% of isolates were susceptible
to ampicillin and 84% to streptomycin (Fig. 1).

Seventy-four percent of isolates demonstrated resis-
tance to nalidixic acid, and 45% of cultures demonstrated
resistance to trimethoprim/sulfamethoxazole.

As Figure 2 shows, only ten out of the total number of
the tested isolates (n = 106) were susceptible to all groups
of antimicrobials, which was 9%, whereas 96 isolates (91%)
were resistant. At the same time, the proportion of isolates

resistant to one group of antimicrobials was 38% (40 iso-
lates).

Twenty cultures (19%) showed resistance to 2 groups
of antibiotics. Thirty- six isolates (34%) were polyresistant,
i.e. resistant to three or more antimicrobials. This group in-
cluded extremely resistant isolates, i.e. those that are resis-
tant to 6 antibiotics: ciprofloxacin, streptomycin, nalidixic
acid, cefotaxime, levomycetin and kanamycin. Extremely
resistant isolates (resistant to 7 antimicrobials) accounted
for 4% of the total number of polyresistant.

Determination of antimicrobial resistance in Salmonella
isolated from samples of animal products. Most Salmonella
isolates were recovered from poultry meat (Fig. 3), where-
as the proportion of resistant cultures was 90%, including
3 extremely resistant ones. Out of 35 isolates recovered
from meat semi-finished products, 32 (91%) were resis-
tant. In the group of isolates recovered from pork and pork
semi-finished products, only one out of 13 was suscep-
tible to antimicrobials and one was defined as extremely
resistant.

Thus, most polyresistant Salmonella cultures were
found in poultry meat samples (50%), including extreme-
ly resistant ones, alongside with that, most recovered
isolates were resistant to many groups of antimicrobials.
Isolates resistant to amoxicillin were recovered only from
pork samples - 69% (n=9).

It should be noted that polyresistant Salmonella iso-
lates were found in all groups of animal products, but in
beef samples, their number was the smallest.

When studying antibiotic resistance of 53 Salmonella
isolates recovered from poultry products, it was found
that all the isolates were susceptible to three antibiotics
of the aminoglycoside group (gentamicin — 100%, ami-
kacin — 100%, kanamycin — 100%), and the carbapenem
antibiotics (meropenem — 100% and imipenem — 100%).
In addition, 52 isolates (98%) were found to be suscep-
tible to cefotaxime, 48 isolates (91%) to azithromycin and
49 isolates (92%) to levomycetin (Fig. 4).

Resistance to a quinolone drug (nalidixic acid) was
reported in 46 Salmonella isolates (87%) recovered from
poultry meat samples, and resistance to fluoroquinolones
(ciprofloxacin) was reported in 2 isolates.

100% -

Number of isolates

mSusceptible oModerately resistant

%
v, Tl
A
2
I R AR AR ACRERRER AR

mResistant

Fig. 1. Antimicrobial susceptibility of Salmonella isolates recovered from raw materials of animal origin
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mResistant to 1 antimicrobials
mPolyresistant

mSusceptible
oResistant to 2 antimicrobials
mPolyresistant to 7 antimicrobials

Number of isolates

poultry meat and semi-finished meat beef pork and semi-
semi-finished poultry products finished pork products
meat products
m Susceptible m Resistant to 1 antimicrobial drug
= Resistant to 2 antimicrobials m Polyresistant

m Polyresistant to 7 antimicrobials

Fig. 2. Proportion of Salmonella isolates
susceptible and resistant to antimicrobials (%)

The analysis of antimicrobial resistance in Salmonella
isolates of various serovariants (Fig. 5) showed that most
S. enteritidis serovar isolates were resistant to 1 and 2 an-
tibiotics (35 isolates — 95%), only one isolate was polyre-
sistant.

The largest number of polyresistant isolates was ob-
served in the following serovars S. virchow (56%), S. ni-
geria (71%), S. infantis (40%), and S. papuana serovar was
represented only by polyresistant isolates (100%), out of
which 1 culture was resistant to 5 antimicrobials.

One of S. colindale serovar isolates was resistant to 7 an-
timicrobials.

In the course of the research, it was found that 36 iso-
lates (97%) of S. enteritidis serovar are resistant to nalidixic
acid, which belongs to the quinolone group and is the
highest priority drug included in the WHO list of critical-
ly important antimicrobials in human medicine [21]. It is
worth noting that resistance to nalidixic acid was also ob-
served in isolates of S. virchow, S. infantis, S. nigeria and
S. papuana.

Resistance to amoxicillin was reported in 5 isolates of
S. enteritidis (14%), to trimethoprim/sulfamethoxazole -
in 3isolates (8%) and to tetracycline —in 1 culture (Fig. 5).

All 9 S. virchow isolates were resistant to nalidixic acid
(100%), and 7 isolates (78%) showed no susceptibility to
trimethoprim/sulfamethoxazole. S. nigeria isolates (n = 7)
were 100% resistant to nalidixic acid, and 86% resistant
to trimethoprim/sulfamethoxazole. S. papuana isolates
(n=5) showed resistance to 6 antimicrobials, while all cul-
tures were resistant to trimethoprim/sulfamethoxazole.
S. infantis isolates (n = 5) were resistant to nalidixic acid
(4isolates), to tetracycline (2 isolates) and to trimethoprim/
sulfamethoxazole (3 isolates).

Isolates of S. agona (n = 3) were resistant to amoxi-
cillin, ampicillin, nalidixic acid, streptomycin and tet-
racycline (Fig. 6). All isolates of S. colindale (n = 2) were
resistant to nalidixic acid (100%) and to 7 antimicrobials.
Two isolates of S. typhimurium serovar were reported to
be resistant to nalidixic acid and azithromycin. Untyped
Salmonella isolates showed no susceptibility to 9 antibi-
otics. At the same time, 2 isolates were resistant to cip-
rofloxacin.

Fig. 3. Antimicrobial susceptibility of Salmonella isolates recovered from
products of animal origin

According to the government report “On sanitary and
epidemiological well-being of the population in the Rus-
sian Federation in 2020", more than 60% of Salmonellaiso-
lates were found to be resistant to antimicrobials, of which
75% of S. enteritidis isolates were resistant to ciprofloxa-
cin [4]. Our study showed that the proportion of isolates
resistant to antibiotics was 91%, while 97% of S. enteritidis
isolates were resistant to nalidixic acid.

It should be noted that a significant part of Salmo-
nella isolates are polyresistant. These data are consistent
with those ones from the relevant EU reports, which note
polyresistance in monophasic variants of S. typhimurium
(56.7% of isolates), S. kentucky, S. infantis, S. typhimurium
and S. enteritidis.

Strains isolated from food products are more likely
to be polyresistant, unlike strains isolated from humans
(41.6% vs. 15.8%). Most of these strains are represented
by serovars S. typhimurium (over 60%) and S. infantis
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Fig. 4. Antimicrobial resistance of Salmonella isolates recovered

from poultry meat and semi-finished poultry meat products:

1 - levomycetin, 2 - cefotaxime, 3 — gentamicin, 4 — amikacin, 5 - streptomycin,

6 — kanamycin, 7 - ciprofloxacin, 8 - nalidixic acid, 9 - ampicillin, 10 — amoxicillin,
11 - tetracycline, 12 - meropenem, 13 - imipenem, 14 - azithromycin,

15 — trimethoprim/sulfamethoxazole
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(over 80%). In general, Salmonella resistance to high
concentrations of ciprofloxacin has increased [22].

In 2020, isolates of S. enteritidis serovariant were most
often recovered from animal products in the Russian Fed-
eration, which is consistent with the data we obtained. This
serovariant was most often recovered (52%) from poultry
meat samples, followed by S. typhimurium and S. infantis,
respectively.

Half of S. typhimurium isolates was susceptible to all anti-
biotics, while 30% had resistance to two classes of antimicro-
bials (penicillins, tetracyclines). Antimicrobial resistance was
noted in 90% of S. infantis isolates, while resistance to 3 or
more medicinal preparations was reported in 59% of them.
At the same time, all the studied isolates were susceptible
to glycocycline, polymyxins, carbopenems, first-generation
cephalosporins and third-generation aminoglycosides [4].

In recent years, there have been reports on Salmonella
isolates resistant to antimicrobials widely used in human

and veterinary medicine, such as sulfonamides (30.5%),
tetracyclines (28.8%) and ampicillin (25.9%). The resistance
of individual Salmonella serovars to these compounds
varied from low in S. enteritidis (4.5—7.8%) to high in the
monophasic variant S. typhimurium (86—88%) and S. ken-
tucky (71-76%) [23-27].

CONCLUSION

One hundred and six isolates of S. enterica subsp. enter-
ica were recovered from 4,500 samples of animal products
tested in the FGBI “ARRIAH" Laboratory for Microbiologi-
cal Research from 2019 to 2020. 77% out of the isolates
belonged to 17 serological variants, and the rest were
untyped (23%). Isolates of S. enteritidis serovariants dom-
inated (n = 37) and S. virchow (n = 9), which is consistent
with the data provided by other authors.

While determining antimicrobial susceptibility of
Salmonella isolates, we detected differences in the ratio
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between susceptible and resistant Salmonella of different
serological variants in relation to antibiotics of ten phar-
macological groups.

Salmonella isolates of all the studied serovariants were
found to be susceptible to the following antibiotics: amik-
acin (100%), gentamicin (100%), kanamycin (98%), imipe-
nem and meropenem (100%).

Salmonella isolates were resistant to quinolones (nali-
dixic acid) — 74% and to sulfonamides (trimethoprim/sulfa-
methoxazole) — 45%.The proportion of isolates resistant to
one group of antimicrobials was 38%, and 34% were poly-
resistant, including cultures resistant to 7 antibiotics (4%).

The largest number of polyresistant isolates was noted
in Salmonella serovars S. virchow, S. nigeria, S. infantis,
S. colindale, and S. papuana serovar was represented only
by polyresistant isolates (100%).

Resistant and polyresistant Salmonella isolates was
most often recovered from poultry products. Cultures re-
sistant to ciprofloxacin were found only in poultry meat.
Salmonella isolates resistant to nalidixic acid and trimetho-
prim/sulfamethoxazole were detected in all groups of an-
imal products, and the maximum number of such isolates
was recovered from poultry meat — 87% (n = 46) and 40%
(n=21), respectively. Isolates resistant to amoxicillin were
recovered only from pork samples - 69% (n=9).

Serovar S. typhimurium, which is known as polyresistant
according to the literature, was resistant to one or two an-
timicrobials in our studies.

Isolates of 9 serovars showed resistance to nalidixic acid,
while the proportion of S. enteritidis isolates resistant to
this product was 97% (n = 36). Isolates of S. colindale se-
rovar (n = 2) were resistant to 8 antimicrobials, isolates of
S. papuana (n = 5) were resistant to 6 antibiotics, isolates
of S. agona (n = 3) - to 5 medicinal products. The untyped
Salmonella isolates were resistant to 9 antibiotics, inclu-
ding ciprofloxacin (2 isolates).
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SUMMARY

The purpose of the present study is to assess how cultivation conditions influence growth and formation of Pseudomonas aeruginosa biofilms. The topic s of great
importance due to high incidence of P, aeruginosa-caused infections and P, aeruginosa resistance associated with its ability to form biofilms. The paper analyzes
factors that influence biofilm formation, i.e.: growth phase used for inoculation (log, stationary), volume of the growth medium (0.2 and 1.0 ml) and concentration
of nutrients (liquid nutrient media diluted to concentrations of 50; 25; 12.5 and 6%) in the cultivation volume. As the research demonstrates, all these factors
influence biofilm formation; and a . aeruginosa growth phase before inoculation is a determining factor in the biofilm formation. When P aeruginosais inoculated
ata stationary phase, biofilm formation shows non-linear dependence on concentration of nutrients and on their total amount in the cultivation volume. The linear
dependence of biofilm formation on concentration of nutrients in the culture medium is more pronounced, when P, aeruginosa is inoculated at a log phase. The
study shows that lower concentrations of nutrient media components lead to more noticeable differences in biofilm formation, and such differences are statistically
significant. Two-fold dilution of the liquid nutrient medium does not affect the intensity of biofilm formation; however, a 4 to 8-fold decrease in concentration
of nutrients in 0.2 ml of cultivation volume inhibited the biofilms formation. In 1.0 ml of the culture medium, the biofilm forms evenly, and in 0.2 ml of 4-8-fold
dilution of nutrient medium it grows slower. The slow growth rate is statistically significant. The cultivation volume is also of great importance. For example,
cultures grown in 0.2 ml of nutrient medium at different concentrations of nutrients formed fewer biofilms than microorganisms cultivated in 1.0 ml. At the same
time, when inoculating P aeruginosa both at log and stationary growth phases, biofilm formation is more pronounced in wells containing more cultivation volume.
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PE3IOME

Hactosee nccneoBaHue NoCBALLEHO U3yYeHU0 BAMAHUA YCIOBUI KyNBTUBIPOBAHUA Ha pocT 1 GopMUpoBaHue GronneHok KynbTypoii Pseudomonas aerugi-
nosa. B cBA3u ¢ BbICOKOI YaCTOTOIA BCTPEUaEMOocTv MHGEKLMOHHBIX 3a6071eBaHI, BbI3BaHHbIX P, deruginosa, a Takxe YCTORUMBOCTbIO CUHETHOIHOI NanouKu,
B 0C06EHHOCTI 13-3a CMOCOOHOCTM 06pa30BbIBaTL OUONNEHKM, JAHHAA TeMa He TepAeT akTyanbHocTI. B pabote npoaHanuaupoBany BAUAHME HAa GeHOMEH
6ronneHKo06pa3oBaHNA TaKkuMX XapakTepuCTUK, Kak UCMoNb3yemasd And noceBa Gasa pocta KynbTypbl (norapudmuyeckasn, craumoHapHas), obbem cpeabl Ans
BbipamBanuA (0,2 v 1,0 Mn) M KOHLEHTPALWA NUTATeNbHBIX BELLECTB (MAKUE NUTaTebHble CPefbl, Pa3BeAeHHble 0 KOHLEHTpauuii 50; 25; 12,5 1 6%) B 06b-
eme KynbTuBMpoBaHua. lpoBefeHHble MCCNe0BaHNA NOKa3any, 4To Ha 06pa3oBaHue OMONNEHOK 0Ka3biBAET BANAHNUE COBOKYMHOCTb BCEX MEPeUNCIEHHbIX
napameTpoB. YCTaHOBNEHO, UTo onpeaenaLuM GakTopom B GopMupoBaHii bronneHoK ABnanack Gpasa pocta bakTepuii, B KOTopoii GYHKLMOHMPOBaNa Kynb-
Typa CUHErHOIHOM NanouKu neped uHokynAwuei. Mpu nocese P aeruginosa, npebbiBatoLLied B CTaLMoHapHoii Gase pocTa, 06pasoBaHie buonneHoK HenHeiiHo
3aBICENO OT KOHLIEHTPALMM NUTATebHbIX BELLECTB 11 06LLero X KoMuecTBa B 06beme KynbTBMPoBaHUA. JInHeliHaA 3aBUCUMOCTb 06pa30BaHuA BUONNEHOK 0T
KOHLieHTpaLyI nuTaTeNbHbIX BELLECTB B Cpeae KyNbTUBMPOBaHUA Obina bonee BbipaxeHa npu nocese P aeruginosa, HaxoAALLeiica B Gase norapudmuyeckoro
POCTa. YCTAHOBNEHO, UTO NPU MEHBLUNX KOHLIEHTPALMAX KOMNOHEHTOB NUTATENbHbIX CPej pasnuuua B 06pazoBaHui 6uonneHok bbinn 6onee 3ameTHbI 1 Me-
W CTATUCTIAYECKYH 3HAUMMOCTb. Pa3baBneHne XIAKoi NuTaTeNbHOI Cpeaibl B 2 pa3a He BNANO HA UHTEHCMBHOCTb GOPMUPOBAHIA NIIEHKM, B TO BPEMA Kak
4—8-KpaTHOE CHIKEHIe KOHLIeHTPALMM NUTATeNbHbIX BeLLeCTB B 06beme KynbTuBupoBaHua 0,2 Ma uHrnbuposano obpasoBatue buonneHok. B obbeme cpesp
ANA KyNbTUBUPOBaHUA, paBHoM 1,0 mn, dopmupoBaHue buuonneHoK 6b1n0 paBHOMepHbIM, a B 06beme 0,2 MA CTAaTUCTUYECKI 3HAYUMO CHUNKANOCh NPy pa3Bese-
HUM NuTaTeNbHOi cpefbl B 4 1 8 pa3. 06bem KyNbTUBMPOBAHNA TaKXe IMEET BaXHOE 3HaUeHNe: TaK, BbipaLLeHHble B 0,2 M NUTaTeNbHOI CPefbl KynbTypbl npu
Pa3HblX KOHLEHTPALMAX NUTaTeNbHbIX BeLLEeCTB GOPMIUPOBANM MeHbLLee KONMYeCTBO GUONMEHOK, YeM MUKPOOPraHIn3Mbl, KyNbTUBMpYeMble B 06beme 1,0 M.
Mpu 3T0M Npu NoceBe P aeruginosa, HaAXORALLMXCA KaK B TOrapUOMUUECKOii, TaK U CTaLMoHapHoii Ga3ax pocTa, Gonee BbpaxeHHbIM 6bino 06pasoBaHime 61o-
MNEHOK B NYHKaX € 607bLIMM 061BEMOM KyNbTUBMPOBAHMA.
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INTRODUCTION

The ability to form biofilms may be called one of the
most important factors that contributes to persistence
and protection of microorganisms from the immune
response of the macroorganism [1-3]. A biofilm can be
defined as a microbial community attached either to the
substrate surface or to each other, surrounded by an ex-
opolymer matrix which is the main structural component
of the biofilm. Bacterial phenotype observed in the bio-
film is modified compared to single, planktonic cells, the
growth and expression parameters of specific genes are
transformed [4-7].

The bacterial film is a living, constantly updating com-
munity of one or several microorganisms, while the sur-
rounding matrix protects them from adverse environmen-
tal impact and serves as one of the factors of intercellular
communication. The matrix properties determine the re-

lationship between intracellular community and external
environment [3, 6, 8, 9].

More than 95% of all microorganisms are found in
natural ecosystems in the form of specifically orga-
nized biofilms [5]. Pseudomonas aeruginosa (blue pus
bacillus, P. aeruginosa) is one of the microorganisms
capable of forming biofilms. It is a ubiquitous infectious
agent, which causes a number of opportunistic diseases.
P. aeruginosa is detected in 20% of septicemia cases, in
70% of mucoviscidosis cases (in sputum), in up to 70%
of hospital-acquired pneumonia cases, in 28% of intra-
abdominal infection cases. Totally, it accounts for 20-30%
among other etiological agents of hospital-acquired in-
fections [10].

P. aeruginosa is characterized by high resistance to an-
tiseptic substances and disinfectants. The microorganism
has a wide range of pathogenicity factors, high epidemic
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potential and unique adaptive properties, and is capa-
ble of reducing effectiveness of the body’s immune res-
ponse [2, 11-14].

The bacteria in biofilms synthesize an alginate (mucoid
exopolysaccharide) and form an exopolymeric alginate
matrix. Alginate-producing strains are usually detected in
chronic infections, for example, the ones associated with
mucoviscidosis. The bacterial biofilm also saves the mi-
croorganism from body’s natural resistance (lymphocytes,
phagocytes, natural movements of the ciliated epithelium
in the respiratory tract, antibodies, etc.). The role of quo-
rum sensing systems has also been proven in the P. aeru-
ginosa biofilm formation [1, 2, 14, 15].

The importance of the study is explained by the fact
that P. aeruginosa is an extremely frequent pathogen that
plays a key role in emergence of many difficult-to-treat
infectious diseases, in particular due to its ability to form
biofilms.

There are current scientific studies showing correlation
between the growth of plankton culture and biofilm for-
mation, however, this correlation is not absolute [2].

A novelty value of this research consists in studying bio-
film formation under different conditions of P. aeruginosa
cultivation, in particular, depending on the concentration
of nutrients in the cultivation volume, as well as the culture
growth phase used for inoculation.

The decisive factors in biofilm formation during micro-
biological experiments are: cultural, enzymatic properties,
etc. of the studied microbiota; cultivation conditions (tem-
perature, medium composition, concentration of nutrients,
etc.); the material on the surface of which the biofilm will
be formed, and much more.

The purpose of this research was to study peculiarities
of biofilms formed by P. aeruginosa bacterial culture under
various cultivation conditions.

MATERIALS AND METHODS

Bacteria. P. aeruginosa ATCC 9027 strain was used as an
example to analyze how cultivation conditions influence
biofilm growth , the strain was taken from the Museum
of the Molecular Biology Sector of the Institute of Experi-
mental Veterinary Medicine of Siberia and the Far East,
SFSCA RAS.

Cultivation of P. aeruginosa and bacterial biofilms. P. aeru-
ginosa ATCC 9027 culture was grown in LB-Luria liquid nu-
trient medium (0.5 g/L NaCl; HiMedia) after a preliminary
series of passages at room temperature in an incubator
shaker for 6 and 24 hours. The broth culture was re-inocu-
lated every 24 hours.

Studying how the growth phase of P. aeruginosa broth cul-
ture, volume of the nutrient medium in the well and concen-
tration of nutrient components influence biofilm formation.
To assess how P. aeruginosa growth phase impacts biofilm
formation, 6- and 24-hour culture was inoculated into the
nutrient medium, i.e. at log and stationary growth phases
(which passed a series of passages in this cultivation
phase). Then, P. aeruginosa broth suspension was diluted
to a value of 0.4 (according to the McFarland standard) in
the proportion of 100 ul of culture to 10 ml of nutrient me-
dium.The inoculum was prepared by introducing colonies
of P. aeruginosa ATCC 9027 strain into sterile saline solution,
then bringing the density of the microbial suspension up
to the specified concentration.

In order to assess, how volume and concentration
of nutrients mutually influence the intensity of P. aeru-
ginosa biofilm formation, liquid culture media LB-Luria
(0.5 g/L NaCl) and Schaedler (HiMedia) used for cultivation
were diluted with saline solution to the concentration of
50; 25; 12.5; 6% and introduced into the wells of flat-bot-
tomed polystyrene plates in volumes of 0.2 and 1.0 ml
(in four repetitions). Next, a V-shaped-bottom microplate
was immersed into the plate wells, and the P. aeruginosa
broth culture was inoculated. The inoculations were incu-
bated at a temperature of (25.0 + 0.5) °C for 18 hours.

LB-Luria and Schaedler (HiMedia) nutrient media were
used as a negative control without addition of the micro-
bial inoculum; growth of P. aeruginosa was controlled in
six repetitions.

Biofilm staining method. In order to assess the growth,
the biofilms were stained with gentian violet (crystal vi-
olet), a dye that binds to cells and the biofilm matrix, ac-
cording to the existing method [16] in its modified form:
after cultivation is completed, the bacteria, that had not
attached to the wells surface were carefully washed away
three times with deionized water. The biofilms that formed
in the microplate wells were dried at room temperature
for 2 hours, fixed with alcohol for 40 minutes and stained
with 0.05% solution of gentian violet for 40 minutes. The
unbound dye was washed away three times with 0.01 M
phosphate-buffer saline with pH 7.2 (3 minutes per one
wash). Then a microplate with biofilms was immersed into
the wells of a polystyrene flat-bottomed microplate con-
taining 200 pl of 96% ethyl alcohol to elute the unbound
dye. The quantitative assessment of the formed biofilms
was carried out by measuring optical density with a plate
spectrophotometer reader Tecan Sunrise (Tecan, Austria)
at a wavelength of 450 nm, OD,, (by the intensity of alco-
hol staining with the extracted dye).

Statistical data analysis. The data were processed by
methods of variation statistics using the Statistica 13.3
software package. The statistical significance of the differ-
ences was assessed using Student’s t-test (reliability cri-
terion). Differences at the p level < 0.05 were considered
reliable. The correlation between the studied parameters
was assessed using the Pearson correlation coefficient.

RESULTS AND DISCUSSION

In this study we proceed from the hypothesis that
P. aeruginosa synthesizes alginate to store nutrients nec-
essary to ensure energy metabolism in case of nutritional
deficiency, thus resulting in the culture growth. Consider-
ing this hypothesis, we should expect a non-linear biofilm
formation with a decrease in the amount and concentra-
tion of nutrients in the culture medium.

According to the results obtained, the intensity of
P. aeruginosa biofilm formation varies depending on the
concentration of nutrients, the volume of nutrient medi-
um in the well and the growth phase of the culture used for
inoculation. When concentration of nutrient media com-
ponents decreased, differences in biofilm formation were
more noticeable and were statistically significant (Table 1).

When a P. aeruginosa culture, that had been at a station-
ary growth phase for 48 hours, was used for inoculation,
the biofilm formation depended only on concentration
of nutrients in the volume of cultivation (Fig. 1). Thus,
when the LB medium was twice diluted, the volume of
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Table 1

Growth of P. aeruginosa ATCC 9027 biofilms under different cultivation conditions,

0D, ,M£5SD(n=4)

450"

Volume of nutrient medium in wells, ml

Growth phase of
P aeruginosa
ATCC9027 culture/
nutrient medium
12.5
Stationary phase/ LB 0.16 £0.00 0.13+£0.01 0.12£0.01 0.12£0.02 0.15+0.02 0.16+£0.01™ | 0.15+0.02" | 0.08+0.01™
LWa;’::l'glz:'aSE/ 0254002 | 0164002 | 016+001 | 0132001 | 031005 | 026+007° | 025+003" | 014002
Logarithmic phase/ LB 0.18£0.04 0.17 £0.04 0.16£0.03 0.12+0.03 0.17£0.03 0.16+0.02 0.14+0.02" 0.11£0.01
*p < 0.05;** p < 0.01; ** p < 0.001.
this range of nutrient medium concentrations, the inten-

0.20 sity of biofilm formation was the same and demonstrated
gi: a statistically significant decrease in 0.2 ml cultivation vo-
014 —1oml lume in comparison with the culture grown in 1.0 ml of
012 nutrient medium (p = 0.000825).
0.10 =—=02ml As Figure 2 shows, when P. aeruginosa was used for inoc-
0.08 ulation ata log phase (after a series of passages in this phase
0.06 of cultivation), the intensity of biofilm formation was also in-
0.04 ) . -
0.0 fluenced by the concentration of nutrients in the Schaedler
0.00 medium. It should be noted that 0.2 ml cultivation volume

50% 5% 125% 6% implies a 5-fold difference in the total nutrient content com-

Fig. 1. Growth of P. aeruginosa ATCC 9027 biofilms
(inoculation of culture grown up to a stationary phase) in
wells containing 0.2 and 1.0 ml of LB medium and different
concentrations of nutrients, OD,, (M + SD)

cultivation did not affect the intensity of biofilm growth.
After a 4-8-fold dilution of the nutrient medium P. aerugi-
nosa formed a biofilm of higher density, when grown in
wells with 1.0 ml of broth, than when grown in 0.2 ml of
medium (p = 0.000232 and 0.000129 respectively). Within

pared to 1.0 ml. Accordingly, all the dependence curves did
notintersect, biofilm formation in 0.2 ml cultivation volume
was naturally less at all concentrations of nutrients in com-
parison with cultures grown in 1.0 ml volume.

After a 8-fold dilution of the nutrient medium, there is
a sharp decrease in the efficiency of biofilm matrix syn-
thesis, both when cultured in 1.0 ml volume and when
grown in 0.2 ml volume. It is confirmed by the fact that
the dependence of biofilm formation on the nutrient con-
tent is more accurately described by a two-step polyno-
mial function (R? = 0.996-0.979) than by a linear function
(R?=0.854-0.931).

y=-0.019% + 0,192
R2=0.931
—— Linear (0.2 ml)
50% 25% 12.5% 6%

y=-0.019x +0.209

R*=0.854 —1oml

=—0.2 ml

—— Linear (1.0 ml)

0.25

0.20

0.15

0.05

0.00

¥ =-0.008x +0.022x + 0.168
R2=0.979 ===1.0 ml
—0.2ml
— Polynomial
¥ =-0.005x2 + 0.009x + 0.164 (1.0 ml)
R*=0.996
__ Polynomial
(0.2 ml)
50% 25%  12.5% 6%

Fig. 2. Growth of P. aeruginosa ATCC 9027 biofilms (inoculation of culture grown up to a log phase) in wells

containing 0.2 and 1.0 ml of LB medium and different concentrations of nutrients, OD

A - linear trend; B - polynomial trend
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025 -0.008x2 + 0.022x + 0.168 023
y=-0.008x"+0.022x + 0. ~—— Stationary phase 2
R:=0.979 y= -0.005.’{; +0,009% +0.164 —— Logarithmic phase
0.20 0.20 R?=0596
0.15 = Logarithmic phase 0.15 Stationary phase
0.10 y = 0.007x? - 0.047x + 0.196 —— Polynomial 0.10 ¥ =-0.020x + 0.081x + 0.089 Polynomial
R*=0.956 (Stationary phase) R*=0.983 (Stationary phase)
0.05 0.05
Polynomial — Polynomial
0.00 (Logarithmic phase) 0.00 (Logarithmic phase)
50% 25% 12.5% 6% 50% 25% 12.5% 6%

Fig. 3. Growth of P. aeruginosa ATCC 9027 biofilms (inoculation of cultures grown up to log and stationary phases)

in wells containing different volumes of LB medium and different concentrations of nutrients, OD

A-1.0ml;B-0.2ml

The effect of P. aeruginosa growth phase used for culti-
vation on biofilm formation was most pronounced when
cultured in 1.0 ml volume using LB nutrient medium di-
luted 4 and 8 times (p = 0.0209 and 0.0053 respectively).
Such dependence was not observed when cultivating
these bacteria in 0.2 ml (Fig. 3).

It is natural that a metabolically more active culture at
alog phase used the components of the nutrient medium
more efficiently. At the same time, the amount of nutrients
extracted from 1.0 ml cultivation volume was greater than
from 0.2 ml.

The non-linear nature of biofilm formation, in relation
to the concentration and total content of nutrients in
the culture medium, allows assuming that biofilms are
connected with the ability to stockpile and concentrate
nutrients. Differences in the intensity of biofilm synthesis
associated with the culture growth phase during inocula-
tion, suggest that they are caused not only by genetic vari-
ability, but also by the ability to preserve the phenotype
due to the epigenetic mechanisms of the quorum sensing
in P. aeruginosa.

Cultivation of static biofilms in liquid nutrient media
resulted in a conclusion that biofilm formation depended
on concentration of nutrients, the medium volume and
the growth phase of the culture used for cultivation.

As the research demonstrates, a bacterial growth phase,
where P. aeruginosa culture functions at the moment of
inoculation, is a decisive factor in the biofilm formation.
When inoculating P. aeruginosa, which had been at the
stationary growth phase for 48 hours, the biofilm forma-
tion showed non-linear dependence on concentration of
nutrients and on their total amount in the cultivation vo-
lume. Two-fold dilution of the LB nutrient medium did not
affect the biofilm growth; however, a 4- to 8-fold decrease
in concentration of nutrients in the 1.0 ml cultivation vol-
ume stimulated the biofilm formation.

In 1.0 ml cultivation volume, the intensity of biofilm
formation was even and did not depend on the degree of
the LB medium dilution, and in 0.2 ml cultivation volume
it demonstrated a statistically significant decrease, when
diluted 4 and 8 times.

The linear dependence of biofilm formation on con-
centration of nutrients in Schaedler culture medium was
more pronounced, when inoculating P. aeruginosa at a log

(M £ SD):

450

phase.The dependence graphs were described by a linear
function with a correlation coefficient R? = 0.854—0.931.

The cultures grown in a smaller cultivation volume
(0.2 ml) at different concentrations of nutrients formed
biofilms of lower density compared to microorganisms
cultivated in 1.0 ml.

Studying the influence of logarithmic and stationary
phases of P. aeruginosa culture growth on biofilm forma-
tion revealed that the biofilms formed more intensively in
1.0 ml cultivation volume. At the same time, a metaboli-
cally more active culture inoculated at a log growth phase
used the culture medium nutrients more efficiently.

The study of the effect of nutrient concentration
and total nutrient content in the cultivation volume on
biofilm formation resulted in an assumption that biofilm
formation is connected with the function of storing and
concentrating nutrient components of the medium. At
the same time, it is important to note non-linear nature
of the biofilm formation, which confirms the hypothesis
that if there is a lack of nutrients promoting its growth,
P. aeruginosais able to synthesize alginate which helps
to preserve and maintain the concentration of nutrients
needed for the population growth. In addition, due to
depletion of nutrients alongside with accumulation of
metabolic products, the vital activity of all biofilm-forming
microorganisms is inhibited, while at low concentrations
of nutrients this process naturally decreases.

CONCLUSION

The described study demonstrates that P. aeruginosa
biofilm formation depends both on the culture growth
phase used for inoculation, on the volume of the culti-
vation well, and on the concentration of nutrients in the
cultivation volume.

The research reveals that the culture growth phase, at
which microorganisms functioned before being inocula-
ted into liquid nutrient media, was a factor of paramount
importance. Determination of optical densities of the stud-
ied samples showed, when P. geruginosa was inoculated at
a log growth phase, the linear dependence of the biofilm
formation on concentration of nutrients in the cultivation
volume was more pronounced in comparison with the
culture at a stationary growth phase. When P. aeruginosa
grown up to a stationary phase was used for inoculation,
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we observed a uniform growth of biofilms at different con-
centrations of nutrient components in the medium and
cultivation volumes.

Bacterium biofilm formation at a log growth phase in
0.2 ml wells with a decreased concentration of nutrients
(50; 25; 12.5 and 6%) in the liquid nutrient Schaedler me-
dium was characterized by the following growth indica-
tors: 0.31 £ 0.05; 0.26 + 0.07; 0.25 + 0.03; 0.14 + 0.02; bio-
film growth indicators in 1.0 ml cultivation volume were:
0.25 +0.02;0.16 +0.02;0.16 + 0.01; 0.13 = 0.01. When cul-
tivating P. aeruginosa in a liquid nutrient LB medium, a pro-
nounced linear dependence of the biofilm formation on
the concentration of nutrients was noted. In 0.2 ml wells,
the biofilm growth rates were as follows: at a 50% concen-
tration of nutrient media —0.17 + 0.03; at 25% —0.16 + 0.02;
at 12.5% — 0.14 + 0.02; at 6% — 0.11 + 0.01. In 1.0 ml wells,
these indicators were: at a 50% medium concentration —
0.18+0.04;at 25% —0.17 £ 0.04; at 12.5% — 0.16 = 0.03; at
6% — 0.12 £ 0.03. It was also found that in 1.0 ml cultiva-
tion volume the intensity of biofilm formation was uniform,
and in 0.2 ml, there was a statistically significant decrease
arising from a 4- and 8-fold dilution of the nutrient medi-
um. At the same time, the 4- and 8-fold decrease in the
concentration of nutrients in 1.0 ml cultivation volume
stimulated the biofilm formation.
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SUMMARY

Data on the etiological structure of potential pneumonia agents in monkeys based on postmortem findings and subsequent bacteriological tests of lung tissues
collected from the organ areas showing morphological changes are presented. In the period between 2019 and the first half of 2021, 377 animals died of pneumonia.
The highest pneumonia-associated mortality was observed in newborn (0—8-day-old) and baby monkeys under the age of 1 month (161 animals). Polysegmental
bronchopneumonia was detected in the dead monkeys in 94.4% of cases, croupous pneumonias accounted for 4.5%. Pneumonia was typically the only disease
detected in baby monkeys. The microbial landscape in pneumonia affected monkeys was characterized by a broad diversity: 899 bacteria of different taxonomic
groups were isolated from the lung tissues. Staphylococci (23.8%) prevailed among Gram-positive bacteria, Escherichia coli (32.1%) — among Gram-negative bacte-
ria. Streptococcus pneumoniae made up 0.3%. Based on data from bacteriological tests, the proportion of pneumonias of undetermined etiology was 0.7%. Besides,
bacterial associations, two- or three-component ones as a rule, were detected in the tests of lung tissue samples. The most frequent combinations of associative
pathogens were the following: Escherichia coli + Proteus spp. (24.7%), Staphylococcus aureus + Escherichia coli (19.6%), Staphylococcus spp. + Enterococcus spp. +
Escherichia coli (35.5%), Staphylococcus spp. + Escherichia coli + Proteus spp. (21.2%). Almost all the enterobacteria detected have a high associativity coefficient
and occur mainly in the form of associations. The analysis of the study results showed that practically any microorganism alone or in combination can cause pneu-
monia in an animal with a weakened immunity; therefore, the effect of microbiota should not be underestimated. Also, significance of associative microbes in the
development of pneumonia in captive monkeys is increasing.
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PE3IOME

[TpuBeLeHbI faHHbIE N0 STUONOTYECKOI CTPYKTYPE NOTEHLMANbHBIX BO3OYAUTENe THEBMOHII Y 00€3bAH COMNAcHO AaHHbIM NaToN0r0-aHATOMUYECKO KapTHHbI
¢ nocnegyLuMI 6aKTepuonornueckUMM UCCIe[OBAHNAMI TKAHEI NErkux, B3ATbIX U3 MOPOONOrYECKM 3MEHEHHbIX y4acTKoB opraHa. B nepuog ¢ 2019 no
1-e nonyrogue 2021. 0T NHeBMOHMI norn6no 377 xuBoTHbix. HanbonbLuad rubensb oT NHEBMOHMI 0TMeueHa y HOBOPOXAeHHDIX (0—8 cyT) v AeTeHbiwweli fo 1 me-
caua (161 ocobb). B 94,4% cnyuaes y nornbumx 0be3baH 6bina BbiABAEHa NoNMCErMeHTapHaA OPOHXOMHEBMOHMA, 40AA KPYNO3HbIX MHEBMOHMIA cocTaBuna 4,5%.
Y fieTeHblLLel NHEBMOHMA YaLLe ABAANACh eAMHCTBEHHbIM 3a60neBaHueM. MUKpOOHbIV neii3ax npu nHeBMOHMAX 06e3bAH 0TANYANCA LUMPOKUM pa3Hoobpasnem.
113 nerouHoit TkaHy BbiaeneHo 899 6akTepuii pasHblx TaKCOHOMUYECKIX TPy, U3 FPAMNONOXUTENbHOI MIUKpoGRopbl npeobnagany cragunokokkm (23,8%), u3
rpamoTpuuatenbHoil — Escherichia coli (32,1%). lona Streptococcus pneumoniae coctaBuna 0,3%. YAenbHblil BeC THEBMOHMII HeYCTaHOBNEHHOIA TUONOTUM, N0
[JaHHbIM 6aKTepuonoruyeckoro uccnesoBaus, 6in paseH 0,7%. Mpu uccneoBaHi 06pa3LoB NerouHON TKaHU Take BbIABNEHBI 6akTepuanbHble accoLuaLy,
Kak npasuno, iBYx- M TpeXKoMnoHeHTHble. (peain naToreHOB-accoLMaHTOB YalLe BCTpeuanuch cneaytowume kombunaumu: Escherichia coli+ Proteus spp. (24,7%),
Staphylococcus aureus + Escherichia coli (19,6%), Staphylococcus spp. + Enterococcus spp. + Escherichia coli (35,5%), Staphylococcus spp. + Escherichia coli +
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Proteus spp. (21,2%). lpakTuyecky Bce BbIABNEHHbIE SHTEPOGAKTEPUYN UMEIOT BbICOKMiA KOIOULMEHT ACCOLMATUBHOCTI, BCTPEUASAC B OCHOBHOM B Bl accoLiu-
auuii. AHanu3 pe3ynbTaToB UCCNIEA0BAHNA NOKA3an, Yo MPAKTUYECKM 11060 MUKPOOPTaHU3M U30/IMPOBAHHO UM B KOMOUHALIMI MOXET NPUBECTI K PA3BUTHIO
MHEBMOHIM NP 0CNIABAEHNM UMMYHITETa UBOTHOTO, NO3TOMY Heflb3A HE00LIEHIBATD BANSHIE MUKPODIOPbI. Takie BO3PACTAET posib MUKPOBOB-aCCOLMAHTOB

B Pa3BUTN NHEBMOHUN Y 06€3bHH, COAEPXaLLKXCa B yCIOBUAX HEBONU.

KntoueBbie cnoBa: 06e3bAHbI, NHEBMOHNA, nonucermeHTapHas 6p0HXOI'IH€BMOHMﬂ, Kpyno3Haa NHeBMOHUA, 6aKTepmaan|>|e BO36y,UMTeJ'Il/I, MVIKpOﬁHbIe

accouunauun

[ina yntuposanua: Kanawhukosa B. A., Pyaenko H. C. baktepuonorua u natonornyeckan aHaToMus NHeBMOHMI y 06e3bAH. BemepuHapus ce200Hs.
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KondnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[insa koppecnonperumn: KanawHukosa Buktopua AnekceeBHa, KaHauAaT 6uonornyecknx Hayk, BeayLyuii HayuHblit COTPYAHNK Nabopatopuin MHEKLNOHHON
naronorun OFBHY «HUI MIT», 354376, Poccus, KpacHogapckmit kpait, 1. Coun-A, ¢. Becenoe, yn. Mupa, 177, e-mail: vikky.aw@gmail.com.

INTRODUCTION

Respiratory tract pathology is a widespread group of
diseases. Pneumonia belonging to this group is an inflam-
mation in lung structures that develops against the back-
drop of different factors. In most cases, it occurs as a result
of aspiration of opportunistic oropharyngeal microbiota
into the lower airways. Therefore, it can be said that pneu-
monia is a pluricausal disease of mostly bacterial, bacte-
rial-viral or viral etiology. Most common bacterial agents
are Streptococcus pneumoniae, Haemophilus influenzae,
Legionella pneumophila, Staphylococcus aureus, Klebsiella
pneumoniae and Mycoplasma pneumoniae. Along with
these pathogenic microorganisms, opportunistic bac-
teria (enterobacteria, coagulase-negative staphylococci,
etc.) today have become more common in the etiologi-
cal structure of significant agents. However, among many
microorganism species colonizing upper airways, only
a few can enter the lungs and cause an inflammatory re-
sponse. Different pathogens can cause pneumonia either
alone, or in association with other microorganisms, that is
why some authors underscore the polymicrobial nature
of this disease [1, 2]. Pneumonias caused by St. aureus
and K. pneumoniae account for the largest percentage of
deaths [3]. Given the infectious nature of pneumonia, it is
important to study the variety of the disease agents.

Pneumonia affects all animals, but typically cattle, small
ruminants, horses, cats, cetaceans. The reasons for the dis-
ease occurrence are living conditions (keeping animals in
poor conditions), hypothermia, vitamin deficiency, malnu-
trition and, as a consequence, weakened body defences.
The disease most commonly affects newborns and young
animals under the age of one year.

Pneumonia is currently one of important problems in
primatology, which is not solely due to its high occurrence
in monkeys in captivity, but also due to high mortality
rates, especially in baby animals under the age of 1 month.
Pneumonia kills up to 20-50% of monkeys in the breeding
facilities and zoos worldwide [4, 5]. Pneumonia can occur
as a primary disease, as well as complicate other diseases.
Specific features of pneumonia etiology and pathogenesis

in captive monkeys require further detailed examination.
There are reports in literature that highlight the close sim-
ilarity between pneumonia in humans and in monkeys [6].
The aim of the study is to carry out the analysis of pneu-
monia-associated deaths of monkeys, to identify the range
of bacterial pathogens being potential infectious agents.

MATERIALS AND METHODS

In the period from 2019 to the first half of 2021,
866 dead monkeys of both sexes, belonging to sixteen
species (Table 1) that had lived in the breeding facility
of the FSBSI “Research Institute of Medical Primatology”
(FSBSI “RIMP") were necropsied. The age of the dead ani-
mals submitted to the necropsy department ranged from
0 days (newborns) to 35 years. Based on the necropsy re-
sults, a total of 355 monkeys died in 2019, 316 monkeys —
in 2020, and 195 monkeys - in the first half of 2021. Still-
births, decomposed carcasses and euthanized animals
were not taken into consideration in this study.

Based on pathomorphological findings, pneumonia
was identified as a principal or secondary diagnosis in
377 animals. Preliminary diagnosis was made based on
macroscopic findings from the necropsy. In most cases, it
was confirmed, with some additions and refinements, by
histology.

Pieces of lungs collected from the organ areas showing
morphological changes served as necropsy material used
for examination. A part of the material was fixed in the
10% buffered formalin. Hematoxylin-eosin stained histo-
logical samples were prepared. The material was examined
using a light microscope.

In parallel, bacteriological tests were carried out. For
bacterial microbiota detection, lung material was inocu-
lated by replica plating method, as well as to sugar broth,
from which the resulting colonies were inoculated to dif-
ferential diagnostic media after 24 hours. Salt Agar with
egg yolk emulsion, Endo Agar, 5% Blood Agar were used
for the isolation of different microorganism groups, as pre-
viously described [7]. The isolated cultures were identified
based on the morphology and biochemical properties.

4
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Table 1
Characteristics of dead monkeys

Monkey species Total
Macaca mulatta 29 19 3 87 49 63 290
Macaca fascicularis 48 21 19 70 29 41 228
Macaca nemestrina 5 2 - 5 5 6 23
(Chlorocebus sabaeus 6 3 4 10 4 7 34
Papio anubis 18 3 10 27 12 10 80
Papio hamadryas 69 23 16 43 18 22 191
Macaca assamensis - - - - 1 1 2
Macaca arctoides - - - - - 2 2
Macaca maura - - - - - 1 1
Cercopithecus mona - - - - - 1 1
Lophocebus aterrimus - 1 - - - - 1
Cebus apella 2 - 2 - - 1 5
Cebus capucinus 2 - - - - - 2
Macaca sylvanus - - - - - 1 1
Erythrocebus patas - - 2 1 - 1 4
Hylobates - - 1 - - - 1
Total 179 72 97 243 118 157 866

Associativity coefficient (AC) used as a criterion for deter-
mination of microbial association frequency and bacteri-
um involvement in them was calculated:

number of associative cultures of a certain species
AC= - -
total number of cultures of this species

X 100%.

When AC is less than 50% (low criterion), microorga-
nisms mainly occur in monocultures; when AC is 50-79%
(medium criterion) — more frequently as associative micro-
organisms; when AC is 80-100% (high criterion) — mainly
in the form of associations.

RESULTS AND DISCUSSION

Out of the total number of monkeys that had died be-
tween 2019 and the first half of 2021, 377 (43.5%) were di-
agnosed with pneumonia based on pathomorphological
findings; that was evidenced by various manifestations of
inflammation and the location of the organ lesions: lung
tissue hardening, darkened areas, catarrhus of tracheal
and bronchial mucosa (Table 2). Most frequently, chro-
nic atrophous gastroenterocolitis, in presence of general
emaciation and dehydration of the body, was identified
as a secondary diagnosis in adult animals affected with
pneumonia.

Based on the number of dead monkeys by species, the
highest pneumonia-associated mortality percentages
were observed in Papio hamadryas (28.4%), Macaca fas-

cicularis and Macaca mulatta (27.3 and 24.9%, respectively)
(Table 2). Observations showed that mortality in the ani-
mals does not depend on their sex. Specifically, 187 male
and 190 female monkeys died during the said period. The
analysis of seasonal dynamics demonstrated the absence
of a sharp pneumonia-associated mortality increase in
monkeys in the course of a year.

According to the data presented in Tables 1 and 3,
pneumonia-associated mortality in baby monkeys aged
under 1 month was 90% (161 out of 179 animals). Pneu-
monia also killed more than half of baby monkeys under
the age of 1 year (42 out of 72 animals) and 42.3% of
adolescent monkeys aged under 3 years (41 out of 97 an-
imals). Pneumonia-associated mortality in young mon-
keys aged 3 to 10 years (55 out of 243 animals) is more
than twice lower than that in adolescent monkeys, and
pneumonias are, as a rule, concurrent diseases in such
cases. Adult and old animals again demonstrate higher
mortality, with pneumonia being the main cause of
deaths. Pneumonia-associated mortality regardless of
species was found to be the greatest (42.7%) in newborn
and baby monkeys aged from several days to 1 month
(Table 3). In particular, Papio hamadryas demonstrated
the highest mortality percentage (37.3%). In the said age
group, high mortality was also observed in baby Maca-
ca fascicularis (30.4%). In baby Macaca mulatta, morta-
lity becomes higher starting from the age of 1 month

VETERINARY SCIENCE TODAY. 2022; 11 (1): 42-48 | BETEPUHAPUA CETOAHA. 2022; 11 (1): 42-48



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTUHATNBHBIE CTATbY | BETEPUHAPHAA MIUKPOBWONOTUA

to 1 year (23.8%). Pneumonia was typically the only di-
sease detected macroscopically in baby monkeys under
the age of 1 year. Mortality rates in the adult and old
monkeys of the genus Macaca (Macaca mulatta and Ma-
caca fascicularis) are approximately the same, whereas

Table 2

Number of monkeys (by species) that died of pneumonias of different etiology

between 2019 and the first half of 2021

Number (%) of animals

first half of
2019 2020 2001

mortality in baboons decreases with the increase of Monkey species
years.
In most cases, the dead monkeys were diagnosed with
bilateral polysegmental bronchopneumonia (94.4%). Lo- Macaca mulatta 42 (44.7) 30(31.9) 22(23.4) 94(24.9)
bar pneumonia was detected in 4.5% of cases. T
Necropsy revealed that mucous membranes of tra- Macaca fascicularis 42 (40.8) 43 (41.7) 18(17.5) 103(27.3)
chea.and large t:.\ronc.hi were swollen, engorged and with Macaca nemestrina 6(35.3) 9(52.9) 2118) 17(45)
multiple petechias (Fig. 1).
Microscopic examination revealed the presence of such Chlorocebus sabaeus 5 5 - 10(2.7)
cellular elements as neutrophilic leukocytes, lymphocytes, ] -
squamous alveolar cells and erythrocytes in different pro- Papio anubis 19(54.2) 8(229) 8(229) 35(93)
portions (Fig. 2). . , Papio hamadryas £(393) 40(37.4) B5(33) | 107(284)
Microfocal and confluent serous pneumonia prevailed.
Loose lying or phagocytized diplococci were typically Macaca assamensis 2 - - 2(0.5)
detected in exudates. Bronchial disorders manifested
themselves as desquamative or ulcerative bronchitis. Macaca sylvanus 1 - - 1(03)
Mixed mlcrf)blota represented IE)y cocci was dgtected in Erythrocebus patas 5 5 : 2(05)
the bronchial lumen. The mentioned lung lesions often
occurred in combination with multifocal atelectasis. The Cebus apella 1 1 2 4(1.1)
following was detected in lobar pneumonia cases: gross le- -
sions of one or several lung lobes, fibrinous exudate in the Cebus capucinus - 2 - 2(05)
alveoli, fibrin fjep05|t|on on.the pleura (p'leuropneumfml'a), Total | 162(43.0) 138 36.6) 77(204) 377
exudate consisted predominantly of fibrin. Pneumonias in
monkeys under the age of 6 months were systemic, affec-
ting the entire lung, accompanied by bacteriaemia and
purulent inflammation of meninges. Lobar pneumonia A total of 899 microorganism cultures were detec-
and bronchopneumonia are classical anatomical catego-  ted in bacteriological tests of monkey lung samples,
ries of bacterial pneumonia with morphological features ~ with Gram-positive microbiota accounting for 45.1%
depending on infectious agent species, and bacteriolog- (405 cultures) and Gram-negative microbiota — for 54.9%
ical tests play a critical role in identifying the etiology of (494 cultures). There was no growth on nutrient media
infectious processes in such cases. in 0.7% of cases (7 lung samples). The analysis of microbial
Table 3
Age structure of monkeys that died of pneumonias
Number (%) of animals aged
Monkey species
1month —1year 3-10years 10-15 years 15 years and over
Macaca mulatta 4(14.9) 10(23.8) 5(36.6) 20(36.4) 3(34.2) 12(30.0)
Macaca fascicularis 49(30.4) 12(28.6) 8(19.5) 14(25.5) 8(21.1) 12(30.0)
Macaca nemestrina 53.1) 1(2.4) 509.1) 3(7.9) 3(7.5
Chlorocebus sabaeus 53.1) - 2(3.6) - 3(7.5
Papio anubis 15(9.3) - 4(9.8) 5(9.1) 8(21.1) 3(7.5)
Papio hamadryas 60 (37.3) 18 (42.8) (26.8) 8(14.5) 5(13.1) 5(12.5)
Macaca assamensis - - 1(1.8) - 1(2.5)
Macaca sylvanus - - - 1(2.6) -
Erythrocebus patas - - 2(49) - - -
Cebus apella 1(0.6) 1(2.4) 1(2.4) - - 1(2.5)
Cebus capucinus 2(13) - - - -
Total 161 (42.7%) 42 (11.1%) 41(10.9%) 55 (14.6%) 38(10.1%) 40 (10.6%)
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Fig. 1. Bilateral polysegmental bronchopneumonia (gross lung lesions) in a 4-year-old male Macaca mulatta
A -ventral (a) and dorsal (b) surfaces of lungs;
B - lower lobe of the right lung;
C - pulmonary alveolar edema
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landscape showed that the representatives of the family
Enterobacteriaceae (54.1%) were detected most frequent-
ly, Gram-negative non-fermenting bacteria were detected
in 0.2%, and Pseudomonas aeruginosa — in 0.7% of cases.
Among coccal flora, staphylococci (23.8%) occurred most
frequently, St. aureus accounted for 16.8%, Enterococ-
cus spp. — for 15.2%, St. pneumoniae bacteria were de-
tected in as little as 0.3% of cases. Among enterobacteria,
Escherichia coli were detected most frequently (32.1%).
The percentages for other bacteria were low (Fig. 3).
Enterobacteria of the genus Klebsiella (2.6%) isolated
from pneumonia cases were represented by three spe-
cies: K. pneumoniae (10 isolates), K. oxytoca (11 isolates),
K. ozaenae (2 isolates). Among the members of the genus

Enterobacter (2.5%), the most frequently detected ones
were E. cloacae (7 isolates) and E. aerogenes (6 isolates);
E. gergoviae (3 isolates), E. agglomerans (4 isolates) were
detected less frequently. The bacteria of the genus Cit-
robacter were detected in 1.2% of cases, with the num-
ber of C. freundii isolates being 8, C. diversus — 2 and
C. farmeri - 1. The representatives of the genus Providen-
cia were detected in 0.7% of cases: P. stuartii (5 isolates),
P. rettgeri (1 isolate). Other enterobacteria were detected
in individual cases: Erwinia spp. (2 isolates), Hafnia alvei
(2 isolates), Serratia spp. (1 isolate). The proportion of de-
tected Bacillus spp. was 0.6%, that of other unidentified
Gram-positive rod-shaped bacteria — 4.3%. As Table 4
shows, the isolated microorganisms were represented

Fig. 2. Bilateral polysegmental bronchopneumonia (microscopic lung lesions) in a 4-year-old male Macaca mulatta.
Hematoxylin and eosin staining, 100x (a) and 200x (b) magnification
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by monocultures in 13.4% of cases, while other bacteria
were part of associations (86.6%) that comprised from 2
to 6 microorganisms.

As a result of the tests performed, an increase in the
number of associations was detected; in particular,in 2019,
142 associations were isolated, and in the first half of 2021 -
as many as 138 microbial associations. Two-component
associations (58.4%) had a leadership position.

Also, three-, four-, five-component associations (29.8,
10.3, 1.2%, respectively) and one six-component associ-
ation (0.3%) were detected. Table 5 shows the number
of the most frequently registered bacterial associations.
As can be seen, the most frequent combination detec-
ted among two-component associations was E. coli +
Proteus spp. (24.7%), among three-component associa-
tions — that of Staphylococcus spp. + Enterococcus spp. +
E. coli (35.5%). Other combinations were present in indi-
vidual cases.

When determining the frequency of microorganism
occurrence as part of associations, associativity coeffi-
cient (AC) was calculated. Bacteria isolated from pneumo-
nia cases were characterized by medium and high associa-
tivity coefficients. E. coli demonstrated a medium AC (58%),
others had a high AC ranging from 67% for Ps. aeruginosa
to 100% for Providencia ssp. and Citrobacter spp.

The shortcoming of the study was the absence of My-
coplasma pneumoniae and Chlamydia pneumoniae diagno-
sis. However, based on the previously conducted studies,
these pathogens can be present in the lung tissues of
pneumonia-affected monkeys [8]. According to the data
on file from the Laboratory of Infectious Virology of the
FSBSI“RIMP” no respiratory viruses were detected in pneu-
monia-affected monkeys during the period from 2019 to
June 2021.The molecular genetic studies of St. aureus car-
ried out earlier make it possible to speak about their high
pathogenicity and consider them as etiologically signifi-
cant agents of pneumonias in monkeys [9]. The isolation of
such enterobacteria as Enterobacter spp., Citrobacter spp.,
Proteus spp., Morganella morganii, Providencia spp., Haf-
nia alvei, Serratia spp., Erwinia spp., as well as of E. coli in
most cases from lung tissues is indicative of post mortem
contamination of the tested material, rather than of the
etiological significance of these bacteria. Nevertheless, the
analysis of the data obtained shows that practically any
microorganism alone or in combination can cause pneu-
monia in an animal with a weakened immunity; in view of
this, the effect of microbiota must not be underestimated,
and it can be said that significance of associative microbes
in the development of pneumonia is increasing [2].

CONCLUSIONS

Thus, the study performed yielded the following con-
clusions:

1. Lower respiratory tract diseases (pneumonias) of dif-
ferent etiology are often reported in captive non-human
primates of various species. In different years, there has
been some disease dynamics in relation to sex and age,
most likely associated with weather conditions and the
number density of monkeys in enclosures and cages.

2.In baby monkeys, pneumonia progresses rapidly and
is fatal.

3.Pneumonia is often identified as a concurrent disease
in adult monkeys with gastro-intestinal disorders.

14%

32%

WSt aureus Staphylococcus spp. W Enterococcus spp.
mE. coli u Proteus spp. m Klebsiella spp.
m Enterobacter spp. u Citrobacter spp. = Morganella morganii
m Providencia spp. u Ps. aeruginosa St. pneumoniae

other bacteria

Fig. 3. Structure of bacterial cultures isolated
from pneumonia-affected monkeys

Table 4
Frequency of isolation of monocultures and microbial associations
from the lungs of pneumonia-affected monkeys

Monoinfection, Associations,
abs. number (%) abs. number (%)
Staphylococcus spp. | 63 10(15.9) 53(84.1)
St. aureus 151 4(2.7) 147 (97.3)
E. coli 288 57(19.8) 231(80.2)
Proteus spp. 122 5(4.1) 117 (95.9)
Ps. aeruginosa 6 2(33.3) 4(66.7)
Bacillus spp. 6 2(33.3) 4(66.7)
Enterococcus spp. 137 40(29.2) 97 (70.8)

Table 5
Variants of most common combinations of microorganisms in the
lungs of pneumonia-affected monkeys

Two- and three-component associations Abs. number, (%)

E. coli + Proteus spp. 48(24.7)
St. aureus + E. coli 38(19.6)
St. aureus + Enterococcus spp. 21(10.8)
E. coli + Enterococcus spp. 19(9.8)
St. aureus + Proteus spp. 16(8.3)
E. coli + Enterobacter spp. 10(5.2)
Other combinations 42(21.6)
Total 194
Staphylococcus spp. + Enterococcus spp. + E. coli 35(35.4)
Staphylococcus spp. + E. coli + Proteus spp. 21(21.2)
Other combinations 43 (43.4)
Total 99
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4. Lobar, polysegmental processes (94.4%) prevail in the
structure of lung lesions in pneumonia-affected monkeys.

5. The following classical signs of pneumonia were
detected post mortem in dead primates: the presence of
exudate, colour change (inflammatory hyperemia) and
hardening of affected area. All lesions were advanced and
serve as an illustrative example of classical disease pro-
gression in cases diagnosed with bilateral polysegmental
bronchopneumonia and lobar pneumonia.

6. As a result of bacteriological tests of lung tissues
from the monkeys that had died of pneumonias, differ-
ent bacterial pathogens and their combinations were
detected. The percentage of St. aureus within the micro-
bial landscape structure was 16.8%, that of Enterococ-
cus spp. — 15.2%, of St. pneumoniae - 0.3%. Among entero-
bacteria, E. coli (32.1%) were detected most frequently. The
most frequently reported microbial associations were the
combinations of E. coli + Proteus spp. (24.7%), Staphylococ-
cus spp. + Enterococcus spp. + E. coli (35.4%). Almost all the
enterobacteria detected were identified as associative ones.
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SUMMARY

New method of post-mortem diagnosis of bovine leukosis is proposed and it involves use of agar gel immunodiffusion assay. The proposed method allows for the
detection of antibodies against bovine leukemia virus (BLV) antigen located in the muscle and tissue fluids (plasma and lymph) of meat and offal. Post-mortem
sampling was performed by dragging sterile cotton swabs across different parts of carcass and organs of both animals known to be seronegative and animals not
tested alive. The collected samples and accompanied documents were submitted to the laboratory. 0.5-0.7 mL of isotonic solution (0.85% sodium chloride solution)
were added to the tube with the swabs and the tube was left for 3—5 hours at 18—26 °Cuntil homogenous substance formation. The tube was occasionally shaken
so that BLV antibodies moved to the normal saline solution for further immunodiffusion assay. The assay results were visually recorded by detection of precipitation
lines. Testing of 175 samples collected from animals not serologically tested for bovine leukosis before slaughter demonstrated five positive results (2.9%). Im-
munodiffusion assay of the tissue (lymphatic) fluid swabs collected from 148 animals, declared BLV seronegative alive in the veterinary certificates, demonstrated
negative results. Therefore, along with autopsy, histological, molecular and genetic methods the immunodiffusion assay can be one of the tools for post-mortem
diagnosis of bovine leukosis.

Keywords: bovine leukosis, post-mortem diagnosis, immunodiffusion assay, serology, homogenous substance

For citation: Mustafayev A. R. Inmunodiffusion assay as a method of bovine leukosis post-mortem diagnosis. Veterinary Science Today. 2022; 11 (1): 49-52.
DOI: 10.29326/2304-196X-2022-11-1-49-52.

Conflict of interest: The author declares no conflict of interest.

For correspondence: Arkif R. Mustafayev, Candidate of Science (Veterinary Medicine), Leading Researcher, Laboratory of Infectious Pathology of Farm Animals,
(aspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, 367000, Russia, Republic of Dagestan, Makhachkala, ul. Dakha-
daeva, 88, e-mail: mustafaev_arkif@mail.ru.

YIIK 619:616.98:578.828.11:616-36.22(470.67):637-07

[lpumeHeHNe peakLun UMMYHOANDPY 3K

KaK OfIMH 13 Cnoco60B NoC1ey00MHOI ANArHOCTUKM Neliko3a

KPYMHOI0 poraToro CKOTd

A.P. MyctadaeB

[puKacnniickuii 30HaNbHbIN HayYHO-NCCNIEROBATENbCKIN BETEPUHAPHDIA MHCTUTYT — dunuan OFBHY «DegepanbHblii arpapHblil HayuHbIi LeHTP Pecny6nnku
[Narectan» (Mpukacnuitckiii 3oHanbHbiin HUBU — dunnan OTBHY «OAHLL PL1»), Pecnybnuka Jlarectan, r. Maxaukana, Poccus;
http://orcid.org/0000-0002-5142-8360, e-mail: mustafaey_arkif@mail.ru

PE3IOME

MpennoxeH HoBbIii COCo6 Mo ey6oiiHON ANArHOCTUKY NeiiK03a KPYMHOT0 POraToro CKoTa ¢ IpUMeHeHeM peakLini MMMYHHoi Anddy3um B rene arapa. Mpeg-
naraemblii METof N03BONAET BbIABNATb AHTUTENA K aHTUTeHy BUPY(Ca Neiiko3a KPyMHOTo POraToro cKoTa, HaXOAALLMECA B MbILLEYHO-TKAHEBOI XXMAKOCTY (B NNa3me
n iumde) maca u cybnpogykTos. Mocney6oiiHblii 0T60p Npob NPon3BoAUAM CTEPUNbHBIM BaTHBIM TAMMOHOM MyTeM CMbIBa 113 Pa3HbIX YacTelf TYLUM U OPraHOB
KaK 3aBe/JOMO CepOHeraTUBHbIX, TaK 1 He UCCNIe/I0BAHHbIX NPUKIHEHHO XUBOTHbIX. [lonyueHHble 06pa3Libl Gronoruyeckoro Matepuana AocTaBAANM C CONPOBO-
AUTeNbHbIMM OKyMeHTamMy B nabopatoputo. B npo6bupky co cvbiBom go6asnanu ot 0,5 4o 0,7 Mn u30ToHMYecKoro pactBopa (0,85%-1i pacTBOp Xnopuaa Hatpua)
11 0CTaBNANM Ha 3—5 Y ANA nepexofia B 0AHOPOAHYI0 Cy6CTaHLmIo, BblAepuBany npu Temnepatype 18—26 °C v nepuogunyecku BCTpAXuBany, utobbl aHTuTENa
K BUPYCY Neiiko3a KpYMHOro poraToro cKoTa co CMblBa nepexoAuni B Gu3nonorayeckiii pacTeop AnA AanbHeiiLueil noCTaHOBKM peakLuy uMmyHoauddy3um. Yuer
pe3ynbTaToB NpY NPpoBeAeHNI peaKLyy NPOBOAUNIA BU3YanbHO MyTeM BbIABNEHUA IMHUI npeLunuTaLmm. lpy uccnesoBaum 175 06pa3woB 6uonorunyeckoro Ma-
Tepu1ana oT XMBOTHBIX, He UCCTIeZ0BAHHDBIX MPUMKU3HEHHO Ha NeliKo3 KpyMHOro poraToro CKoTa, Ceponornyeckum MeToAOM NONOXKUTENbHbIil Ha N1eiiko3 pe3ynbTat
6bIn nonyueH B 5 (2,9%) cnyyasax. Mpu nocTaHOBKe peakLi UMMYHOZUOPY31M ¢ Npobamu CMbIBOB C TKaHEBOIA (TMMdATUYECKON) XUAKOCTH, 0TOBPaHHBIMY OT
148 XMBOTHBIX, KOTOPbIE Ha 0CHOBAHIM BETEPUHAPHbIX CNPABOK ObINM NPUKI3HEHHO CEPOHEraTUBHBIMM K BUPYCY N1E/iK03a KPYMHOTO POratoro cKoTa, Monyyunu
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0TpULATENbHblE Pe3ynbTarTbl. TakiM 06pa3om, MpUMeHeHNe peakLi IMMYHOANGGY3UM MOXKET CTaTb OAHIM U3 CMOCOBOB NOCNIEY6OIHON AUATHOCTUKY NieliKo3a
KPYMHOr0 POraToro CkoTa HapAAy C NaTosIoro-aHaToMUYECKIMU, TUCTONIOTUYECKUMM, MONIEKYISIPHO-TEHETUYECKUMU METOAAMM.

KnioueBble cnoBa: n1eiiko3 KpyMHOro poraToro CkoTa, nocsiey6oiiHas AnarHocTuka, peakuus uMmyHoauddy3uu, ceponorus, 0AHOPOAHas CybCTaHums
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CKoTa. Bemepurapus ce200Hs. 2022; 11 (1): 49-52. DOI: 10.29326/2304-196X-2022-11-1-49-52.
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INTRODUCTION

Bovine leucosis is induced by bovine leukemia virus
(BLV) belonging to Retroviridae family. According to the In-
ternational Committee on Taxonomy of Viruses (ICTV)', from
2020 Retroviridae family includes 68 species, 11 genera and
two sub-families: Orthoretrovirinae and Spumaretrovirinae.
Sub-family Orthoretrovirinae includes six genera: Alpharet-
roviris, Betaretrovirus, Deltaretrovirus, Epsilonretrovirus, Gam-
maretrovirus, Lentivirus; sub-family Spumaretrovirinae - five
genera: Bovispumavirus, Equispumavirus, Felispumavirus,
Prosimiispumavirus, Simiispumavirus. Bovine leukemia virus,
or BLV, belongs to genus Deltaretrovirus, which, in addition
to BLV, includes three more species: primate T-lymphotropic
viruses (HTLV-I, HTLV-II, HTLV-IIl) [1-3]. BLV affects hemato-
poietic and lymphoid tissues of animals and involves bone
marrow, spleen, lymph nodes, etc. into the pathologic pro-
cess. At late disease stage, other organs are also affected
(stomach, liver, intestines, lungs, etc.) due to proliferation
and malignant degeneration of blast cells [4-6].

Veterinary laboratories make lifetime diagnosis of
bovine leucosis using different methods, such as sero-
logical ones involving enzyme-linked immunosorbent
assay (ELISA) and agar gel immunodiffusion (AGID), mo-
lecular-genetic tools involving polymerase-chain reac-
tion (PCR), haemotological, clinical and cytomorphologic
methods [7-9].

Post-mortem diagnosis of bovine leucosis is made on
the basis of post-mortem examination and histological
tests of fallen or emergently slaughtered animals. At nec-
ropsy, post-mortem lesions of organs and tissues are re-
corded depending on the leucosis lesion progression and
nature. In case of lymphocytic leukemia, the spleen and
lymph nodes are enlarged and bone marrow metaplasia
is reported. On late stages, lymphoid hyperplasia is also
observed in other organs. In case of monocytic leukemia,
there are no post-mortem lesions on early stages, but on
the later ones the lymph nodes get enlarged and often
fused. In case of acute hemocytoblastic leukemia, spleen
and lymph nodes are enlarged is size and weight. In case
of myeloid bovine leukemia, the post-mortem lesions are
reported in lymph nodes, spleen and liver; myelocyte foci
are reported as well.

! https://talk.ictvonline.org.

Autopsy examinations do not always demonstrate le-
sions in animal organs, especially on early stages of the
disease. Sometimes bovine leucosis cannot be successful-
ly differentiated from many other diseases (actinomycosis,
tuberculosis, paratuberculosis, brucellosis, etc.). In case the
disease pathological pattern is not clear enough, the diag-
nosis should be confirmed by laboratory tools involving
production of histological preparations of animal organs
and muscles and their examination using light and elec-
tronic microscopes [10-12].

PCR-based molecular-genetic method is equally im-
portant for the post-mortem diagnosis of bovine leucosis.
This method can be applied both for lifetime and post-mor-
tem diagnosis of bovine leucosis. PCR can detect DNA of
bovine leucosis provirus in animal blood or muscle tissue
samples.

Due to the complexity of the above-mentioned tests
(post-mortem, histological, molecular-genetic), new AGID
tool can be relevant for the post-mortem diagnosis of bo-
vine leucosis thus facilitating the efforts of the veterinar-
ians. Therefore, the work was aimed at the use of AGID-
based serological method for post-mortem diagnosis of
bovine leucosis.

MATERIALS AND METHODS

The material used for bovine leucosis post-mortem
diagnosis included 323 samples collected from bovine
carcasses and offal (liver, spleen, kidney, etc.) on the mar-
ket No. 2 in Makhachkala, Republic of Dagestan. Among
these, 148 samples were collected from animals, which
were declared seronegative when alive by the veterinary
certificates; and 175 samples were collected from the an-
imals not subjected to ante-mortem serological tests for
BLV. Since BLV antibodies are detected in muscle tissue
fluid (plasma and lymph) using AGID, the samples were
collected as swabs taken by sterile cotton from the car-
cass surfaces as well as from the muscle tissues incised
by sterile scalpel. The collected samples were delivered
to the laboratory for serological testing. The samples
were transported in sterile tubes with designation of the
number, animal species, date, time and place of swab
collection, etc.

Post-mortem AGID tests of animal carcasses and offal
were performed in the laboratory using the test-kit for
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bovine leucosis serological diagnosis manufactured by
FKP “Kursk Biofactory” (Russia).

Samples (swabs) were collected from the carcasses and @
internal organs according to the “Rules for ante-mortem
examination of slaughter animals and post-mortem in-
spection of meat and meat products” [13], and the sero- @

logical tests were carried out using “Methodical guidance
for bovine leucosis diagnosis” [14].

@ 1,3, 4, 6 — tested substance (solution with the swab);

2,5 specific precipitating serum;
@ 7 — freeze-dried BLV antigen

RESULTS AND DISCUSSION Fig. ID assay of test substance for post-mortem diagnosis

All veterinary and sanitary requirements applicable to  of bovine leucosis
biomaterial collection from the carcasses and offal for fur-
ther post-mortem examination were strictly followed.The  Table
collected swabs were transferred to the numbered sterile  Ante-mortem and post-mortem BL diagnosis using serological method (AGID)
tubes and delivered to the Laboratory of farm animal in-
fectious pathologies in the Caspian Zonal Veterinary Re-

000

Post-mortem diagnosis using AGID,

Total

search Institution. The samples were accompanied with Ante-mortem bovine leucosis AGID-tested terms of tests
relevant documents. Before AGID, depending on the size diagnosis vl

. . . . LI Day 1 Day 2 Day 5
of the swab 0.5-0.7 mL of isotonic solution (0.85% sodium
chloride solution) were once added to the tubes with the  gjy_negative in AGID 148 _ _ -
swabs and the tubes were left for 3-5 hours until homoge-
nous substance was formed. After that the tubes were kept  Serological (other) diagnostic tests 175 5 5 4

at room temperature (18-26 °C) and occasionally shaken  for bovine leucosis were not carried out
(2-3 time) so that antibodies contained in the swabs col-

lected from BL-infected carcasses could transfer to the fota 3 S5 | 52 | 4Q23%)
saline solution.
AGID was carried out according to the following
scheme: 0.04-0.06 mL of the tested substance were in- CONCLUSION
oculated in the wells punched in the agar gel. The tested The foregoing prompts the conclusion that immuno-

substance was inoculated in wells No. 1, 3,4 and 6 using  diffusion test can be used for post-mortem bovine leucosis
automated pipette (dosing device); BLV antigen was inoc-  diagnosis during meat inspection along with other recog-
ulated in central well No. 7 and opposite peripheral wells  nized methods — pathological and histological tests as well
No. 2 and 5 were inoculated with precipitating serum (Fig.).  as molecular-genetic PCR.
Then, the Petri dishes were incubated in thermostat at 20— Therefore, post-mortem serological testing of carcasses
26 °C, and the results were visually recorded in 48 hours. and offal for bovine leucosis demonstrated AGID suitabili-
Ante-mortem BL diagnosis using AGID involves detec-  ty as one of the test-systems for detection of antibodies to
tion of the anti-BLV-specific precipitating antibodies in ~ BLV antigen in tissue fluids (plasma and lymph) and offal of

animal sera. animals during post-mortem examination [15].
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SUMMARY

Animal microbiome plays a significant role in all the vital body processes. Studying the microbiome is essential for gaining a detailed insight into the interactions
among microorganisms inhabiting a certain organ and their relationship with macroorganism cells. Evaluating the state of animal microbial community and its
function can provide an invaluable assistance in seeking new strategies to improve feed efficiency and maintain cattle health. The aim of the study was to com-
pare the taxonomic structure of the intestinal microbiome of Aberdeen Angus cattle imported to Kazakhstan with that of local breed cows using next generation
sequencing technology. The tests of fecal samples allowed for determination of the complete microbial composition of animal intestinal contents, while leaving
out the preliminary stage of microbiological cultivation using nutrient media. The results of 165 metagenomic analysis showed that Firmicutes and Proteobacteria
were predominant bacterial taxons at the phylum level in the intestinal microbiome in both groups of animals, with their numbers being roughly the same. At the
bacterial family level, the number of Clostridiaceae was a little higher in Aberdeen Angus cows (19.7%) than in the local breed cattle (15.4%). The representatives of
the families Bacteroidaceae, Peptococcaceae, Ruminococcaceae and Coriobacteriaceae prevailed in the gut microbial community of local cattle. These microorganisms
are involved in the synthesis of vitamins, they stimulate the immune function of the body, normalize digestion, improve nutrient utilization and thus contribute
to body weight gain in animals. Small numbers (0.5%) of bacteria of the family Prevotellaceae were detected only in the local breed cows demonstrating high
body weight gain. The microbiome of the local cattle was characterized by a considerable diversity at the genus level: the total number of taxons amounted to 65,
whereas in Aberdeen Angus cattle it was 40. It was found that the intestinal microbiome of local breed cattle includes less methanogens and more acetogens.
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PE3IOME

MuKpO6MOM KUBOTHBIX UTPAET CYLLECTBEHHYIO POJb BO BCEX XI3HEHHO BaXHbIX NPoLIeCcax opraHu3ma. Ero u3yuyenve Heobxoanmo Ans AeTanbHoro noHMMaHna
MPOLIECCOB, MPOUCXOAALLMX MEXY MUKPOOPraHU3MaMi1, HacenAloLLMIN OnpeseNneHHbIi 0praH, U 1X B3aUMOCBA3M C KNeTKaMin MakpoopraHuama. OueHka co-
CTOAHMA MUKPOBHOTO CO0BLLECTBA KMBOTHBIX U €r0 QYHKLIM MOXET 0Ka3aTb HEOLIEHMYI0 MOMOLLb B NOMCKE HOBbIX CTPATeriii MoBbILLeHNA GdeKTUBHOCTI
KOPMAEHUA 1 COXPaHEHUA 30POBbA KPYMHOFO PoraToro ckoTa. Lienbio nccnefoanma 6bino cpaBHeHe TAKCOHOMUYECKOI CTPYKTYPbl MIUKPOBIOMA KMLLEYHMKA
KpYMHOTO pOraToro ckoTa abepanH-aHrycckoii nopogbl, UMNOPTUPOBaHHOro B Ka3axcTaH, U KOPOB MeCTHBIX MOPOZ C MOMOLLbIO TEXHONOTMN CeKBEHMPOBAHUA
HOBOT0 NoKoneHuA. bbin onpe/eneH NOMHbIA MUKPOGHIIA COCTaB COAEPKIMOTO KULLEUHIKA XXUBOTHBIX NPY UCCTIe0BaHI 00pa3LioB 3KckpeMeHTOB be3 npezga-
PUTENbHOIA CTaMN MUKPOBMONOTHYECKOro KyNbTUBIPOBAHNA Ha NUTATeNbHbIX cpefax. Pesynbratbl 165 MeTareHOMHOro0 aHan3a nokasani, YTo JOMUHUPYHLLMMA
6aKTepuanbHbIMI TaKCOHaMM B MUKPOBMOME KULLEYHMKA XMBOTHbIX 06enx rpynn Ha ypoBHe Tuna bbinu Firmicutes u Proteobacteria npumepHo B 0AMHAKOBOM
konuuecTse. Ha ypoBHe bakTepuanbHbix ceMelicTB uncneHHocTb npefcrasuteneit Clostridiaceae 6bina HemHoro 6osbLue y KOpoB abepAnH-aHryccKoil nopo-
abl (19,7%), uem y ckota MecTHoli nopogsl (15,4%). MpencraButenu cemelicts Bacteroidaceae, Peptococcaceae, Ruminococcaceae v Coriobacteriaceae npeobnaga-
1 B MUKPOOHOM C006LLECTBE KULLEYHMKA MECTHOTO CKOTa. [laHHble MUUKPOOPTaHU3MbI YUaCTBYIOT B CMHTE3e BUTAMIHOB, CTUMYANPYIOT UMMYHHYH QYHKLMIO
OpraHu3ma, HopManu3ykT NuLLeBapeHie, yBeNMYNBAIOT YCBOAEMOCTb MUTaTeNbHbIX BELLECTB I, Kak CNefiCTBIE, MOBbILIAOT MPUBECHI Y XUBOTHbIX. bakTepum
cemeiictBa Prevotellaceae 6binu BbiABNEHbI B HebonbLLom KonuuecTe (0,5%) TONbKO y KOPOB MeCTHOI MOPO/bI, KOTOPble MMMV BbICOKUe NpuBechl. Ha yposHe
POfia 3HauuTeNbHoe pa3Hoobpasie HabntAANN B MUKPOBUOME MECTHOTO CKOTa: BCero 65 TaKCOHOB NPoTyB 40y abepaiH-aHrycoB. YCTaHOBAEHO, YTO B KMLLEYHOM
MUKPOB1OME KpYNHOTO PoraToro CkoTa MeCTHbIX MOPOA COAEPMUTCA MeHbLLEe KONMYECTBO MeTaHOTeHOB 11 60NblLee KONMYECTBO aLleTOreHoB.

KnioueBbie cnoBa: MMKpOﬁI/IOM, prHHbIVI pOFaTbII?I CKOT, a6epnv|H-aHryCCKaﬂ nopofia, CeKBEHPOBAaHIE HOBOr0 NOKONEHUA

BnarogapHocry: PaboTa npoduHaHpoBaHa 1 BbINONHEH B paMKaX rpaHTOBOr0 npoekTa Komueta Haykn MuHucTepcTsa 06pasoBanma v Haykiu Pecriyonnku
Kazaxctas UPH AP09259133 «MccniefioBaHIe MIIKPOGMOMA KeNy0uHO-KMLUIEYHOTO TPAKTa KPYMHOTO POratoro CkoTa ¢ LeMbio yMeHbLUEHIs BbIGPOCOB NapHi-
KOBbIX Fa30B».
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INTRODUCTION

responsible for production of various enzymes required for

Ruminants, in particular cattle and small ruminants,
serve as an important source of food for humans. The Aber-
deen Angus is considered to be the world’s top marbled
beef cattle breed with delicious and incredibly succulent
meat. Aberdeen Angus cows are low-maintenance cattle
that grow and gain meat mass rapidly. Daily weight gain
in steers can be from 1 to 5 kg. This breed has become very
popular due to fast aging and high quality meat; therefore,
alarge number of Aberdeen Angus cattle has been impor-
ted to the Republic of Kazakhstan in recent years. However,
the process of the cattle adaptation under the conditions
of Kazakhstan has not been explored; in particular, it is not
yet known what effect the local climate and diet fed to the
animals have on their body and productivity.

Microbiome is an important constituent of living organ-
isms that has effect on immunity, productivity and vital
functions in animals. The intestinal microbiome of cows,
which comprises bacteria, archaea, protists and fungi, is

plant fibre degradation into volatile fatty acids and micro-
bial crude protein. Studying the composition of the micro-
bial community involved in rumen microbial metabolism
is of great interest for the development of new strategies
to improve feed efficiency and maintain cattle health [1].
Microbiome also includes methanogenic archaea that
determine the amount of methane emitted by livestock,
which is one of the current environmental concerns.

Most microbes cannot be cultured in vitro and grown
using laboratory nutrient media. The cultivation of an-
aerobes is rather complicated due to the slow microbial
growth, the need for restricting the access of oxygen and
other requirements regarding cultivation parameters [2].
Methagenomic analysis allows for microbial commu-
nity description using highly efficient new generation
sequencing (NGS) technology based on DNA identifica-
tion, while leaving out microbiological cultivation stage.
Sequencing of hypervariable regions of highly conserved
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and universal 16S rRNA genes is widely used for bacterial
community and archaeon characterization [3, 4].

The aim of the study was to compare the taxonomic
structure of the intestinal microbiome of Aberdeen Angus
cattle with that of local breeds with a view to assessing
its effect on cattle immunity, productivity and methane
production under the conditions of the Republic of Ka-
zakhstan.

MATERIALS AND METHODS

Fecal samples were collected in triplicate from the rec-
tum of three seventh-generation Aberdeen Angus cattle
and three local breed cows on the neighbouring farms
located in the Almaty Oblast. All the intestinal content
samples were immediately frozen in dry ice and delivered
to the laboratory, where they were kept at minus 80 °C
until DNA extraction.

16S metagenomic analysis was performed using
the MiSeq™ sequencer (lllumina, USA) and MiSeq™ re-
agent Kit V3 (300 cycle) (Illumina, USA).

Fecal microbial DNA was extracted using PureLink™ Mi-
crobiome DNA Purification Kit following the manufacture’s
procedure (Invitrogen, USA). DNA concentration was mea-
sured with the Qubit™ 2.0 fluorometer (Invitrogen, USA).

Gene libraries were prepared according to the
16S Metagenomic Sequencing Library Preparation pro-
tocol (Part # 15044223 Rev. A, lllumina, USA). Variable V3
and V4 regions of 16S rRNA gene were amplified using
the following universal primers appended with lllumina
adapters: forward primer — 5-TCGTCGGCAGCGTCAGATGT-
GTATAAGAGACAGCCTACGGGNGGWGCAG-3' and reverse
primer — 5-GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGGACTACHVGGGTATCTAATCC-3' [5]. The reaction mix-
ture included: 2.5 pl of DNA template, 5 pl of each primer
with a concentration of 1 pM, 12.5 pl 2x KAPA HiFi HotStart
ReadyMix (Kapa Biosystems, Inc., USA). PCR amplification
was performed in the Eppendorf Mastercycler pro S ther-
mal cycler (Eppendorf, Germany) using the following pro-
gramme: 95 °C for 3 minutes; 25 cycles: 95 °C for 30 se-
conds, 55 °C for 30 seconds, 72 °C for 30 seconds, one cycle

[a]

Verrucomicrobia; 1.6

Symergistetes; 0.3

Bacteroidetes; 5.1

Nitrospirae; 0.4

Chiloroflexi; 1.3
Cyanobacteria ; 0.4

Euryarchaeora; 3.4

at 72 °Cfor 5 minutes. PCR product concentration and size
were measured with Bioanalyzer 2100 (Agilent, USA).

Then Nextera XT Index primer adapters (lllumina, USA)
were added to each sample by amplification in the fol-
lowing reaction mixture: 12.5 pl of KAPA HiFi HotStart
ReadyMix, 5 pl of each index primer, 10 pl of water and 5 pl
of each PCR product. Amplification was performed using
the following programme: 95 °C for 3 minutes; 8 cycles:
95 °C for 30 seconds, 55 °C for 30 seconds, 72 °C for 30 sec-
onds, one cycle at 72 °C for 5 minutes.

Before and after adding the indices, PCR product was
purified using Agencourt AMPure PCR purification kit
(Beckman Coulter, Inc., USA).

The prepared libraries were normalized to a concen-
tration of 4 nM and pooled. The libraries were combined
with the sequencing control reagent MiSeq™ PhiX Con-
trol Kit (Illumina, USA), loaded into the sequencing kit car-
tridge, then the cartridge and the flow cell were loaded
into the device. Sequencing reaction was carried out using
MiSeq™ Control Software v2.6. Pooled libraries were se-
quenced in the MiSeq sequencer (lllumina, USA) using
MiSeq reagent Kit V3 (300 cycle) (Illumina, USA).

Data were analyzed and processed using MiSeq™
Reporter Software (lllumina, USA). The taxonomic clas-
sification was carried out by means of comparison with
16S rRNA gene data from the international database
Greengenes Database Lawrence Berkeley National Labo-
ratory (LBNL, USA) (http://greengenes.lbl.gov).

RESULTS AND DISCUSSION

The taxonomic identification of all the bacteria present
in the intestinal microbiome was carried out based on the
following taxonomic ranks: kingdom, phylum, class, order,
family, genus and species.

As Figure 1a illustrates, most of the operational taxo-
nomic units detected in Aberdeen Angus cattle feces
were identified as belonging to the following bacterial
phyla: Firmicutes (55%), Proteobacteria (16.8%), Actino-
bacteria (9.1%), Bacteroidetes (5.1%), Euryarchaeota (3.4%),
Verrucomicrobia (1.6%). The following bacterial phyla

lz’ Verrucomicrobia; 2.6

Tenericutes; 0.3

Synergistetes; 0.4

Nitrospirae; 0.5

Fig. 1. Relative abundance (% of the total number) of major types of bacteria detected
in the intestinal microbiome of cattle: a — Aberdeen Angus and b — local breeds of Kazakhstan
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prevailed in the local breeds: Firmicutes (57.1%), Proteobac-
teria (15.6%), Bacteroidetes (9.8%), Actinobacteria (2.7%),
Euryarchaeota (2.6%) and Verrucomicrobia (2.6%) (Fig. 1b).
According to S.Y. Mao et al. [6] and R. W. Li et al. [7], ex-
cessive grain feeding reduces the number of Bacteroidetes
bacteria in the microbial community of cattle digestive
tract, and this in turn results in the intensive propagation
and increase in the number of opportunistic microorgan-
isms of the phyla Firmicutes and Proteobacteria. High fecal
starch concentration is associated with an increase in the
number of Bacteroidetes and a decrease in the number of
Firmicutes [8]. In our case, Aberdeen Angus cows were fed
with forage (silage, haylage) without any concentrated
feed added. Local breed cattle were grazed on the pas-
tures. It was found that the bacteria of the phyla Firmicutes
and Proteobacteria prevailed over Bacteroidetes in the gut
microbiome composition of both groups of cattle. Bac-
teroidetes are key polysaccharide degrading bacteria, as
regards the complex polysaccharides of plant cell walls,
due to the presence of glycoside hydrolase and polysac-
charide lyase. Since the enzymes synthesized by bacteria
in the body of cattle contribute to fibre breakdown and
digestion, the reduction of Bacteroidetes proportion can
lead to digestive disorders in animals [7, 8]. The increase
in the number of microorganisms of the phyla Firmicutes,
Proteobacteria and Cyanobacteria involved in digestion
and utilization of feed nutrients is associated with a pro-
nounced increase in animal body weight gain rates [9-11].
Data presented in Figure 2 show that the following
bacterial families prevailed in Aberdeen Angus cows: Clos-

tridiaceae (19.7%), Lachnospiraceae (7.1%), Enterobacteria-
ceae (6.7%), Planococcaceae (5.9%), Moraxellaceae (4.1%),
Ruminococcaceae (3.4%), Methanobacteriaceae (3.3%),
Coriobacteriaceae (2.5%), Peptostreptococcaceae (2.1%),
Corynebacteriaceae (1.8%), Porphyromonadaceae and

Erysipelotrichaceae (1.0% each). The following bacterial

families prevailed in the local cows: Clostridiaceae (15.4%),
Lachnospiraceae (8.5%), Moraxellaceae (7.0%), Planococca-
ceae (6.8%), Ruminococcaceae (5.5%), Enterobacteriaceae

and Coriobacteriaceae (3.3% each), Methanobacteriaceae

and Veillonellaceae (2.5% each), Bacteroidaceae (2.2%), Por-
phyromonadaceae (1.6%).

According to the available literature data [12-14], the
bacteria of the families Lachnospiraceae, Enterobacteria-
ceae, Turicibacteraceae and Bifidobacteriaceae are predomi-
nant among gut microbiota of the cattle fed with grains as
amajor part of their diet, whereas Bacteroidaceae, Porphyro-
monadaceae, Paraprevotellaceae are more frequently de-
tected in the animals that feed on grass. However, the data
from this study do not support the mentioned statement.
The large numbers of microorganisms of the families Bacte-
roidaceae and Peptococcaceae that are involved in the sythe-
sis of vitamins, normalize digestion, stimulate the immune
function of the body and suppress pathogen microbes were
detected in the local cattle. It is believed that the number
of Prevotellaceae in the cows fed with unprocessed grain is
10 times higher than that in the animals fed with forage only.
The metagenomic analysis carried out within this study re-
vealed that the number of microorganisms of this family
detected in the local breed cattle was low (0.5%).

B Aberdeen Angus

W local breed

9
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Fig. 2. Gut microbial community profile (bacterial family level) of Aberdeen Angus and local breed cattle of Kazakhtan
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Thermodesulfovibrio 0.4

Thermobaculum 0.5
Thermicanus 0.5
Tepidibacter 0.7.
Streptomyces 0.5 j\ \
Slackia 1.7 Solibacillus 4.2
Serratia 2.3
Saccharomonospora (.8
Parabacteroides 0.5

Nocardiopsis

Mogibacterium 0.

Lysinibacifius 1.1

Erysipelothrix 0.7

Enterococcus 0.8

‘ IJ uricibacter 0.4

Dietzia 0.2
Eggerthelia 0.1 Desuifonauticus1.6

Akkermansia 0.8

‘orynebacterium 1.8

Fig. 3. Gut microbial community profile (bacterial genus level) in Aberdeen Angus cattle

Ruminococcaceae is the most abundant family of micro-
organisms within the rectal microbiome of animals feeding
on grass. This group of bacteria uses dietary fibre as their
energy source. The increased numbers of Ruminococca-
ceae and Lachnospiraceae in the gut microbial community
are indicative of a more complete fermentation of dietary
fibre, starch and improved utilization of nutrients. These
taxons are also represented by acetogens that use hydro-
gen as their energy source. An increase in the number of
these microorganisms is associated with the reduction of
methane production, as was observed during the experi-
ment in the local cattle. In grain fed cows, the bacteria of
the family Ruminococcaceae transform primary bile acids
into secondary bile acids, thus promoting normal diges-
tion [15-17].

High numbers of Clostridiaceae are observed in the
jejunum in the animals fed with concentrated feeds and
in weaned calves. Most of Clostridiaceae are commensal
bacteria involved in carbohydrate and protein digestion.
Some Clostridiaceae, such as Clostridium perfringens, cause
anumber of human and animal infectious diseases [16, 17].
The bacteria of the family Coriobacteriaceae are capable of
modulating lipid metabolism in animals; therefore, their
large numbers are detected in the steers that demonstrate
high body weight gain [16].

Shabat S. K. et al. found that the microorganisms of
the family Lachnospiraceae prevailed within the intestinal
microbiome of the milking cows with the lowest feed ef-
ficiency [18]. F. Li et al. also observed a larger proportion
of Lachnospiraceae in the cattle with low feed efficien-
cy [19]. However, these data are not consistent with the
studies carried out by P.R. Myer et al., who proved that the
number of the representatives of the family Lachnospira-

ceae is higher in the microbiota composition in the steers
showing the highest weight gain [20]. An increase in the
number of Lachnospiraceae contributes to a more inten-
sive breakdown of feed components by bacterial enzymes
in the caecum, thus leading to an increased synthesis of
volatile fatty acids and an increase in the amount of nutri-
ents. Many representatives of the family Lachnospiraceae
produce butyrate, a microbial metabolite serving as the
source of energy for intestinal epithelial cells [3, 14, 15].
The undertaken study revealed that the number of Lachno-
spiraceae detected in the local cattle was higher than that
in Aberdeen Angus cattle. As P. R. Myer et al. noted, the
number of microbes of the family Erysipelotrichaceae was
higher in the caecum of steers demonstrating the highest
body weight gain and the lowest daily average feed in-
take [20]. Erysipelotrichaceae bacteria are involved in lipid
metabolism, and a decrease in their number promotes
an increase in intestinal permeability and inflammation
development [15]. These microorganisms were detected
in all the Aberdeen Angus cows and one local breed cow.
The family Enterobacteriaceae includes, along with harm-
less symbionts, certain familiar pathogens [16]. Our study
revealed the presence of the bacteria of the genus Serratia
in Aberdeen Angus cattle (2.3% of cases) and in the local
breed cows (0.9%); the bacteria of the genus Escherichia
were detected in all the Aberdeen Angus cows (2.6%)
and in one local breed cow (1.2%). It is known that the
microorganisms of the genus Escherichia inhibit gut tran-
sit and intestinal motility [21], the representatives of the
genera Escherichia and Streptococcus produce toxins [20].
The study showed that Escherichia albertii, which posses-
ses the eae gene as distinct from Escherichia coli, was the
most abundant species of microorganisms among those
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detected in all the Aberdeen Angus cows and in two local
cattle [22]. Escherichia coli was detected only in one head
of local cattle (0.3%). In the tests of fecal samples from local
cattle, Clostridiaceae bacterium genome was detected in
one animal (1.3%). The proportion of Escherichia coli was
significantly higher in case of inflammation of intestine,
resulting in disbiosis. An increase in the number of patho-
genic Escherichia coli and Clostridium perfringens popula-
tions was observed in the rumen and hind gut of cows, in
the diet of which grain prevails [7].

Genus-level profile of bacteria detected in Aberdeen
Angus and local breed cows is displayed in Figures 3 and 4.

Figure 3 shows that the bacterial genera Alkaliphi-
lus (7.0%), Clostridium (6.6%), Acinetobacter (4.1%), Soli-
bacillus (4.2%), Blautia (3.2%), Colomator and Methano-

brevibacter (3.0%), Serratia (2.3%), Ruminococcus (2.2%),
Escherichia (2.6%) were the major rectal microbiome
taxons in Aberdeen Angus cattle. The following bacte-
rial genera prevailed in the local breed cattle: Clostri-
dium (7.5%), Acinetobacter (7.0%), Blautia (3.7%), Solibacil-
lus (2.7%), Alkaliphilus and Colomator (2.6%), Ruminococcus
and Oscillospira (2.5%), Escherichia (1.2%) (Fig. 4).

Methane produced by methanogenic bacteria residing
in the rumen of cattle is one of the air pollution sour-
ces [23]. The bacteria of the genus Methanobrevibacter
were detected in all the Aberdeen Angus cows and in two
local cattle, the bacteria of the genus Methanosphaera
were detected only in one local breed cow.

The representatives of the genus Lactobacillus were
detected only in two Aberdeen Angus cattle. Lacto-

bacillus species produce lactic acid (lactate) as the ma-
jor final product of carbohydrate metabolism and are

Percentage

Virgibacillus
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Sphingobacterium

Slackia

Sharpea
Sedimentibacter
Prevotella
Planifilum
Pedobacter
Parabacteroides
Oribacterium
Olivibacter
Mogibacterium

Methanobrevibacter

Longilinea
Johnsonella
Flavobacterium

Exigoubacterium

Erysipelothrix
Dysgonomonas
Desulfotomaculum
Coprococcus

Clostridium

involved in the biological transformation of bile acids. In
the course of the study, the bacteria of the genera Lacto-
bacillus, Streptococcus and Sharpea were detected in one
local breed cow, Selenomonas - in two local cows. The
microorganisms of the genus Ruminococcus are involved
in polysaccharide degradation [15, 17]. As literature data
show, Ruminococcus species are more abundant in the
animals fed with grain, whereas Solibacillus and Acine-
tobacter are more frequently detected in the cows fed
with grass [3, 16], and this is consistent with the results
of our experiments.

It is known that the microorganisms of the genera
Streptococcus and Bifidobacterium prevail in the gut micro-
bial community in the cattle fed a high grain diet and in
case of rumen acidosis. These bacteria produce lactic acid
as a result of starch fermentation in the rumen [14, 16]. The
members of the genus Bifidobacterium demonstrate anti-
microbial activity and produce acetate [14, 15]. Our study
revealed that the representatives of these genera were
present only in one local breed cow.

The microorganisms of the genera Butyrivibrio and
Blautia are frequently found in feed-efficient steers [11].
Butyrivibrio species degrade pectin, phenylalanine, tyro-
sine and tryptophane [12, 15]. The bacteria of the genus
Blautia are characterized by hydrogen and carbon dioxide
utilization and the ability to produce acetate (acetic acid)
during complex carbohydrate degradation. The bacteria
of the genus Akkermansia produce fatty acids, such as
acetate, propionate and butyrate. The number of Akker-
mansia decreases in case of inflammatory intestinal disor-
ders [15, 20]. The bacteria of the genus Lysinibacillus use
oxygen in the process of sugar and simple carbohydrate

Caldicellulosiruptor

Blautia
Bacteroides
Atopobium
Anaerostipes
Akkermansia

Acinetobacter

Acetobacterium

metabolism. Alcaliphilus peptidifermentans, a peptide fer-
menting and iron Fe (lll) reducing microorganism [24], was
detected in three Aberdeen Angus and two local cattle.

In the animals fed with concentrated feeds, the repre-
sentatives of the genus Prevotella were found to be the
key propionate and succinate producing bacteria [7].
Prevotella species are involved in polysaccharide and
protein breakdown, they are found in the rumen and ca-
pable of growing effectively in the acidic environment at
apHof5.1[12, 14]. The number of these bacteria increases

8 in case of methanogenesis inhibition. Besides, Prevotella

Fig. 4. Gut microbial community profile (bacterial genus level)
in local breed cattle

58

species can degrade pectin and produce methanol in the
rumen [12, 23]. The bacteria of this genus were detected
only in two local breed cows.
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CONCLUSION

Thus, during the studies, the taxonomic structure was
determined and comparative analysis was carried out with
regard to the intestinal bacterial microbiome of imported
and local breed cattle.

The fact that the members of the phylum Euryarchae-
ota prevail in Aberdeen Angus cattle as compared to the
local cattle is indicative of increased methane production.
In particular, the methanogenic bacteria of the genera
Methanobrevibacter and Methanosphaera were more fre-
quently detected in Aberdeen Angus cattle. The bacteria
of the families Lachnospiraceae and Blautia prevailed in the
gut microbiome of the local cattle, and this is indicative of
their advantage over Aberdeen Angus cattle, since these
families are acetogenic bacteria. The microorganisms of
the family Prevotellaceae, also being acetogenic, were de-
tected in the local cattle only.

The opportunistic microorganisms of the genus Serratia
were detected in all the tested imported cows. Escherichia
coli and Serratia were detected in one local breed cow;
Clostridium perfringens were detected in another cow.

The representatives of the families Bacteroidaceae and
Peptococcaceae prevailed in the gut microbial communi-
ty of the local cattle. The bacteria of the family Prevotella-
ceae were detected only in the local breed cows demon-
strating high body weight gain. The representatives of
the families Ruminococcaceae and Coriobacteriaceae pre-
vailed in the local cattle. These microorganisms normal-
ize digestion, improve nutrient utilization, thus leading
to an increase in animal body weight gain. The bacteria
of the genus Bifidobacterium were detected only in one
head of local cattle.

Thus, the results of the study showed that the intestinal
microbiome of the local cattle includes a smaller number
of methanogens and widely represented acetogens; be-
sides, several pathogens, apparently associated with gra-
zing, were detected.
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HOayranuesa Ampa TnekoBHa, KaHAMAAT BeTepMHapPHbIX
HayK, CTapwui HayuHbln coTpypaHuk TOO «Kasaxckuii
Hay4YHO-UccnefoBaTeNbCKUN WHCTUTYT KMBOTHOBOACTBA
1 KOPMOMPOU3BOACTBax, . AnimaTbl, Pecriybnuvka KasaxcTaH.
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BeAyLMIA HayuYHbI coTpyaHMK TOO «Hay4yHO-Npor3BOACTBEHHDI
LIeHTP MUKPOGVONOrn 1 BUPYCONOrnuy, r. Anmatbl, Pecriy6nuka
KasaxcraH.

Kunees Mapat AiijapoBuy, JOKTOP CeIbCKOXO3ANCTBEHHbIX
Hayk, npodeccop, akapemrk HAH KaszaxcTaHa, raBHbli HayuYHbI
coTpyaHnk TOO «Kasaxckuin Hay4YHO-uccneposaTenbCKuin
VNHCTUTYT XNBOTHOBOACTBA U KOPMOMPOW3BOACTBaY, I. AiMaTbl,
Pecny6nuka KasaxctaH.

ApbiHrasunes bepuk CepukosudY, KaHAMAAT CeNbCKO-
XO3ANCTBEHHbIX HayK, CTapLIMNA Hay4HbI cOTPYAHUK TOO «Ka-
3aXCKUI HaYYHO-CCNefoBaTeNIbCKUA MHCTUTYT KBOTHOBOACTBA
1 KOPMOMPOU3BOACTBax, . AnimaTbl, Pecriybnuvka KasaxcTaH.

Cembaesa Alirynb l6parnmoBHa, MarucTp, MIagLWLNIA HayYHbliA
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SUMMARY

Modeling of potential nosoareals of sheep pox and goat pox that was performed in 2016 revealed a possible trend for aggravation of epizootic situation intensity
with regard to these diseases up to 2020, but taking into account the cyclical fluctuations of the situation, it was assumed that the intensity level might reduce
in 2017-2020. The highest frequency of reporting these nosounits was characteristic of regions with a higher probability of sheep pox and goat pox occurrence.
The retrospective analysis was used to determine the structure, dynamics and properties of the epizootic process of these infectious diseases in the Republic of
Tajikistan in 2000—2021. The main causes of sheep pox and goat pox outbreaks in the country were identified. The obtained results confirming the methodolog-
ical validity of the epizootic situation analysis carried out in 2016 and correctness of the developed models of potential sheep pox and goat pox nosoareals, can
become the basis for epizootological prediction of infectious disease risk when the pathogen interacts with susceptible animal population in specific climatic,
socio-economic, organizational and managemental conditions. Based on systemic epidemiological analysis of the structure and dynamics of nosoareals, as well
as risk assessment of sheep pox and goat pox entry, emergence and distribution, monitoring and establishment of infected and endemic zones, the features and
patterns of distribution and occurrence of these diseases’ epizootic process were defined, which confirms the need for a systematic approach to epidemiological
surveillance of highly dangerous and economically significant infectious diseases having a trend for transboundary spread, which will facilitate the solution of the
problem regarding identification of possible threats and the implementation of veterinary and sanitary measures in case of disease occurrence in the territory of
any country to ensure animal disease freedom.
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JNn300THYECKas CUTyaLua no ocne oBeL, 1 ocne Ko3
B Tagxukucrave 8 2000—2021 rr.

P. A. AtoBynnosopa
VIHCTUTYT BeTepuHapHOi MeAnLMHbI TafKMKCKOIA akafemMini Cenbckoxo3aiicTBeHHbIX Hayk (MBM TACXH), . lywanbe, Pecnybnuka Tagukuctas;
https://orcid.org/0000-0002-0586-8701, e-mail: rajabmurod69@mail.ru

PE3IOME

BoinontexHoe B 2016 r. MoAennpoBaHue NoTeHLMaNbHbIX HO30apeanoB 0CMbl 0BeL, 1 0cnbl K03 A0 2020 T. BbIABUNO BO3MOXKHOCTb TPEHAA Ha ycyrybneHue Ha-
MPAXEHHOCTY INU300TINYECKO 06CTAHOBKIA 1O STUM 601E3HAM, HO C YUETOM LIMKINYECKMX KonebaHuil cUTyawmm AonycKanach BO3MOXHOCTb CHUMKEHIA Hanps-
eHHocTv B 2017-2020 rr. HanbonbLuas uactota perucTpaLiam STuX Ho30eANHML 6bina xapakTepHa AnA peruoHoB 6onee BbICOKOIA BEPOATHOCTH BO3HUKHOBEHUA
0CMbl 0BeLy 11 0CMIbl K03. [Py peTpocneKTUBHOM aHanu3e onpeseneHbl CTPYKTYpa, AMHAMIUKA U 0COBEHHOCTM SNN300TUYECKOTO NPOLIECCa AAHHBIX MHOEKLMOHHBIX
6onesHeii B Pecnybnuke Tagxukucrad 8 20002021 rr. BoiABReHbI 0CHOBHbIE NPUUYMHBI BOSHUKHOBEHMA BCTbILLEK OCMbI 0BEL| 11 OCMbI K03 B CTPaHe. llonyyeHHble
pe3ynbratbl, NOATBEPXKAAA METOAUYECKYI0 000CHOBAHHOCTb OCYLLECTBAEHHOTO B 2016 T. aHanN3a INM300TUYECKOI CUTYaLIM 11 BEPHOCTb pa3paboTaHHbIx Modeneit
MOTeHLMaNbHbIX H030apeanoB OCMbl 0BeL ¥ OCMbl K03, MOTYT CTaTb OCHOBOIA 1A INU300TONOTMYECKOr0 NPOTHO3MPOBAHNA PUCKA BOSHUKHOBEHMA MH(EKLIMOHHBIX
bonesHeii Npu B3aUMOZEICTBUN NaToreHa ¢ nonynALMeit BOCIPUMMUMBBIX KUBOTHBIX B KOHKPETHBIX KNUMAToreorpaduueckux, coumanbHo-3KoHOMIUYecknx
11 0PraHN3aLMOHHO-X03ANCTBEHHDIX YCNOBUAX. [P1 CUCTEMHOM SMNU300TONOTNYECKOM aHaN3e CTPYKTYPbI U AMHAMUKIN HO30apeanoB, pe3ynbTaToB OLeHKIn pucka
3aH0(Ca, BO3HNKHOBEHUA 1 PACPOCTPAHEHIA, MOHUTOPUHIA U onpeSieNeHua HebnaronoyyHbIX M SHAEMUYHBIX N0 0CNe 0BEL 1 0CMe K03 30H OnpefeneHbl 0Co6eH-

© Atovullozoda R., 2022
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HOCTU U 3aKOHOMEPHOCTU PacnpoCTPAaHEHNA U NPOABIEHNA SNU300TUYECKOr0 NpoLecca npu aTux 3aboneBaHuAx, uto noaTeepxaaer HeobX0AUMOCTb CUCTEMHOTO
noAxoAa K ann300Tosiornyeckomy Haasopy 3a 0060 OMACHbIMM 1 IKOHOMIUYECKI 3HAUUMbIMU I/IH¢€KL|,I/IOHHI>IMI/I 60ne3HAMM, UMEOLLIMM TEHAEHLNIO K TpaHC-
TPaHNYHOMY pacnpoCTPaHEHNIO, KOTOprVI 6yZ|ET (noco6cTBOBaTH peLueHno I1p06HEMbI onpezeneHna BO3MOXHbIX yrpo3 1 peann3alini BeTepUHapHO-CaHUTAPHbIX
Meponpmmmﬁ B C(Jly4ae BO3HNKHOBEHNA 3ab0n1eBaHMil Ha Tepputopun nto6oit (TpaHbl ANA COXpaHeHUA 3NK300TONOIMHECKOro 6narononyuv|ﬂ.

KntoueBbie cnosa: ann300Tnyeckas 06cTaHoBKa, 0Cna 0BeL, 0CNa K03, noKasatenn HanpPAXXeHHOCTK 3NM300TUYECKON CUTyaumn, MoAeNnpoBaHie noTeHLn-
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INTRODUCTION

Complex global epizootic situation on a number of
highly dangerous small ruminant (ovine and caprine)
diseases of viral etiology, including sheep pox (SP) and
goat pox (GP), determines relevance of the epizootologi-
cal monitoring for risk assessment of introduction, emer-
gence and spread of these infections, causing significant
economic losses in sheep and goat industry as a result of
animal mortality and reduction in productivity and costs of
veterinary, sanitary, preventive and quarantine measures.

To determine the structure, dynamics and features of
the SP and GP epizootic process in Tajikistan in 2000-2021,
aretrospective analysis was carried out taking into account
the results obtained by A. V. Kneize et al. when modeling
potential nosoareals of these diseases up to 2020 [1]. The
development of effective anti-epidemic measures is based
on epizootological forecasting, the purpose of which is to
determine the risk of an infectious disease when a patho-
gen interacts with susceptible animal population in spe-
cific natural, socio-economic, organizational and manage-
mental conditions [2, 3].

MATERIALS AND METHODS

The research was carried out in accordance with the
“Methodical guidelines for conducting epizootological
monitoring of exotic highly dangerous and little-known
animal diseases” [4] and the provisions of the OIE Terres-
trial Animal Health Code [5].

The analysis was based on the data available on the
websites of the World Organization for Animal Health
(OIE, http://www.oie.int), the Food and Agriculture Orga-
nization of the United Nations (FAO, http://www.fao.org),
the Rosselkhoznadzor (https://fsvps.gov.ru /), the reports
of the State Veterinary Surveillance Service of the Minis-
try of Agriculture of the Republic of Tajikistan, the Food
Safety Committee under the Government of the Republic
of Tajikistan and its structural divisions (the National Cen-

ter for Food Safety Diagnosis (NCFSD) and the Republican
Anti-Epizootic Center).

The epizootological method of SP and GP monito-
ring included: a) comparative descriptive techniques and
methods; b) analytical techniques for the formulation and
statistical verification of hypotheses, multidimensional
statistical analysis and modeling, field and computational
experiments; ¢) methods of synthesis and classification of
the obtained knowledge on patterns of epizootic situation
development, reasons and conditions of infectious disease
emergence, substantiation of methods and means of the
epizootic situation control [4].

To form samples characterizing the SP and GP repor-
ting process and outbreaks in 2000-2021, the indicators
of the epizootic situation intensity were calculated: the
stationary rate (SR is the ratio of disease reporting period
duration (years) in the country to duration of the period
under investigation (years), measured in fractions of a unit
from 0 to 1.0) and the incidence rate (IR is the frequency of
reporting new outbreaks in livestock population in an af-
fected country within a year). The SP and GP incidence rate
and the stationary rate were evaluated in fractions relative
to unity: 0-0.2 — low; 0.2-0.4 - below average; 0.4-0.6 —
average; 0.6-0.8 — above average; 0.8-1.0 - high [4, 6].

RESULTS AND DISCUSSION

Small ruminant pox studied by T. Ya. Vannovskii [7],
N. V. Likhachev et al. [8], U. G. Kadyrov and Yu. F. Boriso-
vich [9], I. T. Sattorov et al. [10] and others [11, 12] was first
officially reported in Tajikistan in 1949. Over one hundred
of small ruminant pox-infected settlements were identi-
fiedin 1951-1952 in Leninabad (now Sughd), Kulyab (now
Khatlon) Regions and Regions of Republican Subordina-
tion (RRS). Notably goats (80-90%) were the most seriously
affected, 18-28% of animals died [10].

Over a 35-year period under study from 1961 to 2000,
excluding 1971-1972, 1987-1988 and 1991 (no data
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available), the SP infection lasted 22 years in Tajikistan
(66 outbreaks were recorded with SR of 0.63 — above aver-
age; the average number of outbreaks during the disease
registration periods (MNODRP) - 3; the average number of
outbreaks during the observation periods (MNOOP) - 1.89).
The corresponding indicators in other Central Asian Repub-
lics were as follows: Kazakhstan - 25 years (186 outbreaks,
SR 0.71 - above average; MNODRP - 7.44; MNOOP - 5.31),
Kyrgyzstan — 19 years (129 outbreaks, SR 0.54 - average;
MNODRP - 6.79; MNOOP - 3.69), Turkmenistan — 14 years
(35 outbreaks, SR 0.4 —average; MNODRP - 2.5; MNOOP - 1)
and Uzbekistan — 10 years (45 outbreaks, SR 0.29 — below
average; MNODRP - 4.5; MNOOP - 1.29). In Western Asia
there were also SP outbreaks being recorded in Azerbaijan
for 15 years (45 outbreaks, SR 0.43 — average; MNODRP - 3;
MNOOP - 1.29), Armenia - 10 years (64 outbreaks, SR 0.29 -
below average; MNODRP - 6.4; MNOOP - 1.83). During this
period 3 outbreaks (3-year infection period) were identi-
fied in Ukraine with SR 0.09 — low; MNODRP - 1; MNOOP -
0.09, and in Russia the period of infection lasted 16 years
when 142 outbreaks were reported (SR 0.46 — average;
MNODRP - 8.88; MNOOP - 4.06). From 1961 to 2000 SP
was being detected for 34 years in the CIS countries (Ka-
zakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan,
Russia and Ukraine) (SR 0.97; MNODRP - 21.03; MNOOP -
20.43), when 715 outbreaks were registered (Table 1). It
should be noted that Kyrgyzstan and Uzbekistan border
on the Republic of Tajikistan (RT) and are its trading part-
ners, as well as have partnership links with Kazakhstan,
Turkmenistan, Ukraine and Russia, and the fact that Ka-
zakhstan, Kyrgyzstan, Tajikistan and Russia are perma-
nently SP and GP affected determines the severity of the
problem.

The largest number of SP outbreaks in the RT was ob-
served in 1964 and 1965 (9 for each year), the smallest -
1967, 1978, 1983, 1986, 1993 and 1998 (1 for each year),

Table 1
Data on sheep pox epizootic situation in CIS countries in 1961-2000

and in 1970, 1973, 1977, 1980-1982, 1984, 1985, 1989,
1990, 1994, 1997 and 1999 the disease was not registered.

According to the OIE data [5], small ruminant pox was
detected in all regions (Gorno-Badakhshan Autonomous
Region, Sughd and Khatlon Regions, RRS) of Tajikistan in
1992, 1993, 1996-1998, 2000-2003, 2005-2010.

It was reported [10] that only SP was registered in the
RT in the period of 1961-2000, and though there are no
data on morbidity and mortality available, it is assumed
that on average there were about 160 diseased animals
per outbreak, and the epizootic cycle in the long-term dy-
namics was 5 and 8 years. There is also an opinion [13] that
both SP and GP outbreaks occurred in Tajikistan (1992-
1998) and in other CIS countries: Kyrgyzstan (1994-1997),
Azerbaijan (1995), Turkmenistan (1995), Uzbekistan (1995),
Kazakhstan (1995-1997).

Considering the risk of SP and GP entry, emergence
and spread in the territories bordering on Afghanistan
(Sh. Shokhin, M. S. A. Hamadoni, Farkhor, Panj, Jayhun,
Shahrituz, Qubodiyon, Nosiri Khusrav) and adjacent to
them (Mu'minobod, Vose, Danghara, Vakhsh, J. Balkhi,
Kushoniyon, Khuroson) Districts, as well as in Kulyab city
in the Khatlon Region, monitoring of morbidity and vac-
cine prophylaxis efficacy was carried out since 2003 (since
2011 - on the entire RT territory). The epizootic threat of SP
and GP entry, emergence and spread in all regions of the
country is posed by joint grazing on the pastures of flocks
belonging to various farms located in these areas. It should
be noted that five valley rivers including the Kofarnihon and
the Vakhsh flow in the Khatlon Region and form the Amu
Darya, which, as well as the upper source of the Panj River, is
a boundary with permanently SP and GP-infected Afghani-
stan, determining the possibility of a sub-regional risk of
these diseases’introduction, occurrence and spread.

The epizootological forecast for the Russian Fede-
ration and neighboring states for the period from 2016

Total
Country infection period SR MNODRP
outbreaks
(years)

Part of the world Subregion

Azerbaijan 0.429 3.000 1.286

Western Asia
Armenia 64 10 0.286 6.400 1.829
Kazakhstan 186 25 0.714 7.440 5314
Asia Kyrgyzstan 129 19 0.543 6.789 3.686
Central Asia Tajikistan 66 22 0.629 3.000 1.886
Turkmenistan 35 14 0.400 2.500 1.000
Uzbekistan 45 10 0.286 4.500 1.286
Europe Eastern Europe Ukraine 3 3 0.086 1.000 0.086
Russia 142 16 0.457 8.875 4.057

Total 75 34

Average 0.971 21.030 20430
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to 2020 showed that the highest probability of SP and
GP occurrence was determined for the North Caucasian,
Southern and Crimean Districts, and the greatest hazard of
the disease introduction came from the countries borde-
ring on Russia or having close economic ties with it, such as
Tajikistan, Kyrgyzstan, Kazakhstan, Uzbekistan, Turkmeni-
stan, Armenia, Georgia, Azerbaijan, Mongolia and China.
Hence, the epizootic situation on these diseases should be
constantly monitored, controlled, adapted and extrapo-
lated to specific periods of warning [14].

The trend for aggravation of SP and GP epizootic situa-
tion intensity had been dynamically predicted up to 2020
in potentially infected regions, however, taking into ac-
count cyclical fluctuations of the situation, it was assumed
that the intensity level might reduce in 2017-2020. The
maximum registration frequency of these nosounits was
characteristic of regions with a higher probability of SP
and GP emergence [1].

During the study period (2000-2021: 22 years) 114 out-
breaks of SP (65) and GP (49) were detected in the RT:
14 - in the Sughd Region (only SP), 70 - in the Khatlon
Region (SP - 44, GP - 26) and 30 — in the RRS (SP - 7, GP -
23) (Table 2). The largest number of outbreaks (35) in the
Republic was registered in 2002 (SP - 7, GP - 28): in the
Sughd Region, the same parameter was 4 (2008: SP), in
the Khatlon Region - 27 (2002: SP - 7, GP - 20) and in the
RRS - 8 (2002: GP) (Fig. 1).

While only SP outbreaks were identified in the Sughd
Region, the outbreak number for SP exceeded the corre-
sponding indicator for GP in the Khatlon Region and GP
was much more frequent than SP in the RRS. Most SP out-
breaks were detected in the Khatlon Region (67.69%), fol-
lowed by the Sughd Region (21.54%) and the RRS (10.77%),
and the corresponding indicators for GP in the Khatlon
Region and the RRS were 53.06 and 46.94%, respective-
ly. The distribution of both disease outbreaks was as fol-
lows: the Sughd Region (SP only) — 12.28%, the Khatlon
Region - 61.4%, the RRS - 26.32%. In total 57.02% of out-
breaks were associated with SP and 42.98% — with GP in
Tajikistan (Fig. 2).

Sheep pox in the Sughd Region was registered for
9years (SR0.41 - average; MNODRP - 1.56; MNOOP - 0.64),
in the Khatlon Region - 13 years (SR 0.59 — average; MNO-
DRP -3.38; MNOOP - 2) and in the RRS - 5 years (SR 0.23 -
below average; MNODRP - 1.4; MNOOP - 0.23), and GP in
the Khatlon Region was registered during 5 years (SR 0.23 -
below average; MNODRP - 5.2; MNOOP - 1.18) and in
the RRS - 9 years (SR 0.41 - average; MNODRP - 2.56;
MNOOP - 1.05) (Fig. 3). The infection period with regard
to these diseases in the RT from 2000 to 2021 was 14 years,
respectively (SR 0.64 - above average; MNODRP - 4.64;
MNOOP -2.95) and 12 years (SR 0.55 — average; MNODRP -
4.08; MNOOP - 2.23), for both SP and GP - 16 years
(SR 0.73 — above average; MNODRP - 7.13; MNOOP - 5.18).
During 22 years of observation in the Khatlon Region the
both diseases were registered for 14 years (SR 0.64 — above
average; MNODRP - 5; MNOOP - 3.18) and 11 years in the
RRS (SR 0.5 — average; MNODRP - 2.73; MNOOP - 1.36).

During the study period the peaks of SP incidence in
the RT (Fig. 4) were registered in 2002 (7 outbreaks in the
Khatlon Region), 2008 (10 outbreaks: 4 in the Sughd and 6
in the Khatlon Regions) and 2013 (5 outbreaks: 1 for each
of the Sughd and Khatlon Regions, 3 in the RRS). However,

the peaks of the disease outbreak detection in the regions
do not always comply with the indicators for the Republic:
in the Sughd Region these peaks were reported in 2004
(2 outbreaks) and 2008 (4 outbreaks — compliant data), in
the Khatlon Region - in 2002 (7 outbreaks — compliant)
and 2007 (8 outbreaks), in RRS - in 2013 (3 outbreaks -
data compliant). Graphically, the morbidity periods are
presented in ascending-descending or undulating lines:
the Sughd Region - 2003-2006, the Khatlon Region -
2000-2004 and 2005-2009, the RRS - 2012-2014) and
descending (the Sughd Region - 2008-2009) lines. In ge-
neral, 3 waves of SP morbidity were identified in Tajikistan:
2000-2005, 2006-2009, and 2012-2014. One outbreak
was identified in 2018 in the Khatlon Region.

To be described among the last ones [15] were the pox
outbreaks (caused by the SP virus according to NCFSD
data) that occurred in February 2018 in the Dangara
Raion of the Khatlon Region in two mixed flocks among
1.5-2 month old lambs at an early lambing stage, that
had been infected in winter pastures, and the source
could not be identified (it was assumed that it could be
the pathogen-infected sheep pen). The severity of clinical
and pathomorphological changes was due to both the
virulence of the circulating strain and the age of diseased
animals (50% mortality), who lacked colostral immunity,
and the animals’ resistance level was low as a result of
colostrum and milk underfeeding. Although these out-
breaks occurred in flocks belonging to one holding at
a distance of 10-12 km, however, no association was es-
tablished between them.

In 2002 (28 outbreaks — undulating period), 2007 (3 out-
breaks - ascending period), 2013 (4 outbreaks — undula-
ting) and 2019 (2 outbreaks — ascending period) the GP in-
cidence peaks were recorded in Tajikistan (Fig. 4), including
the indicators for the Khatlon Region (peaks: in 2002 - 20;
2013 and 2019 - 2 outbreaks each) and the RRS (peaks: in
2002 - 8;2007 - 3 and 2013 - 2 outbreaks). The undulating
period of GP incidence in 2001-2004 was due to the situa-
tionin the RRS, and its peak was an outbreak in the Khatlon
Region, where 2 GP outbreaks were also observed in 2019.

In 2000 several pox outbreaks were identified in the
areas bordering on Afghanistan in the Khatlon Region of
the RT [10], mainly among Angora goats with the morbi-
dity and mortality rate of 90 and 26%, respectively. Typi-
cal lesions on a significant part of hairless skin areas were
observed in animals. The disease which was most severe
before and during lambing, caused anorexia, vision loss,
udder lesions, decreased milk production, mass abor-
tions and infertility, and the mortality rate among new-
born goatlings was 85-90%. The following year (2001) GP
was identified in 11 farms already. In 2002, mainly in the
autumn-winter period, it spread in two regions of Tajiki-
stan (the Khatlon Region and the RRS) among goats of
local breeds, the disease had a mild form (mortality up to
3%) and the monopathogenic agent was not transmitted
to sheep kept together.

When the pathogen was isolated in VNIIVViM (Pokrov,
Russia) using electron microscopy, brick-shaped virions
(180-320 nm) with rounded edges were detected in the
pathological material, the virus antigen titer during solid-
phase enzyme immunoassay was 1:32-1:64 [16—18]. Most
capripoxvirus strains are species-specific, but some of
them can cause disease in both sheep and goats. The GP
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virus strain Dangarinsky isolated in the RT in 2002 was
pathogenic for both goats and sheep, and the former
died after they developed a full complex of disease symp-
toms, and the latter had a mild form of the disease (with
no manifestation of characteristic clinical signs), indicating
the possible circulation of the virus among non-immune

Table 2
Epizootic situation on sheep pox and goat pox in the Republic of Tajikistan (2000-2021)

Tajikistan

sheep which could be the pathogen source in the inter-
epizootic period [10, 16, 19]. However, despite the high
degree of antigenic relation, SP and GP viruses are phylo-
genetically diverse, and the latter, often inducing a more
severe form of the disease, causes high mortality in young
animals and significant economic losses.

EXENKALE

2000 2 2 2 2
2001 1 5 5 2 2 6 2 8
2002 7 2 7 8 8 7 28 3
2003 1 5 5 3 3 6 3 9
2004 2 1 1 2 2 3 2 5
2005 1 1 1 2 2
2006 1 3 3 1 1 4 1 5
2007 8 8 1 3 4 9 3 12
2008 4 6 6 10 10
2009 2 3 3 1 1 6 6
2010 1 1 1 1
2011
2012 1 1 2 1 1 2
2013 1 1 2 3 3 2 5 5 4 9
2014 1 1 1 2 1 1 3 1 4
2015
2016
2017
2018 1 1 2 1 1 2
2019 2 2 2 2
2020
2021
outbreaks 1 44 2% 70 7 3 30 65 49 114
ol observation | 22 p)) n n n n n p)) n Py
e (rielzelgtsrztlon 9 13 5 14 5 9 1 14 12 16
SR 041 | 059 | 023 | 064 | 023 | 041 | 050 | 064 | 05 | 073
Average annual (rielsg?;ltsrztlon 156 | 338 | 520 | 500 | 140 | 25 | 273 | 464 | 408 | 7.3
number of outhreaks
per period observation | 0.64 2.00 118 3.18 032 1.05 136 2.95 23 5.18
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The specific sera obtained using SP and GP virulent
viruses neutralized the SP virus strain B/5-96 and GP vi-
rus strain Dangarinsky adapted to the continuous sheep
kidney cell culture in 1:32 and 1:64 titers, respective-
ly [17, 20].

In total, the SP and GP outbreaks caused 3 waves (pe-
riods) of the disease incidence among small ruminants
in Tajikistan (Fig. 4): 2000-2005 (peak in 2002 - 35 out-
breaks), 2006-2010 (peak in 2007 - 12 outbreaks) and
2012-2014 (peak in 2013 - 9 outbreaks). One SP and
one GP outbreaks were registered in 2018, 2 GP out-
breaks —in 2019. In the Khatlon Region, 2 waves (periods)
of morbidity were observed in 2000-2005 (peak in 2002 -
27 outbreaks), 2006-2009 (peak in 2007 — 8 outbreaks)
and a descending period from 2013 (3 outbreaks) to 2014
(2 outbreaks). The incidence in the RRS was graphically
expressed in 2 waves (periods) in 2001-2004 with a peak
in 2002 (8 outbreaks) and in 2012-2014 with a peak in
2013 (5 outbreaks), as well as one ascending period in
2006-2007 (1 and 4 outbreaks, respectively). In addition,
one SP and one GP outbreak were identified in this region
in 2009 and 2010.

The analysis of the dynamics and structure of small
ruminant pox nosoareal in the RT in 1991-2011 showed
increased intensity of the epizootic situation, which was

Fig. 3. Reporting period duration (years) and stationary rate
for sheep pox and goat pox in the Republic of Tajikistan
in 2000-2021

characterized by increased outbreak incidence, but the
morbidity rate had a tendency to decrease. The tem-
poral cycles of epizootic process intensity determined
for Tajikistan were 6-8 and 14-16 years. When dynamic
models were extrapolated to the period up to 2015, the
incidence rate of outbreaks ranged from 0 to 10 per 1 mil-
lion animals, the incidence coefficient was 1-10 cases per
100 thousand small ruminants (P > 0.75). Environmental
and socio-economic factors significantly influenced the
territorial distribution of intensity indicators of epizootic
process: SR-0.437, IR - 0.478 and the morbidity rate - 0.45
(a < 0.005 - 0.01). Probability of SP and GP emergence on
the RT territory for the Khatlon Region, south and south-
west of the Gorno-Badakhshan Autonomous Region was
0.6-0.8 (above average), for the Sughd Region and the
RRS - 0.4-0.6 (average) [13].

Analysis of the SP epizootic process dynamics in Tajiki-
stanin 2000-2021 revealed that in 2000-2009 it was main-
ly determined by the situation in the Khatlon Region, while
the situation in the Sughd Region had similar trends in
2003-2005, 2008 and 2009, and in the RRS —in 2012-2014.
The development of the GP epizootic process in the RRS
in 2001-2004, 2006, 2007, 2012, 2013 formed the corre-
sponding situation in the RT, which was determined by
the situation in the Khatlon Region in 2013, 2014, 2018
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and 2019. Itis unquestionable that the SP and GP epizootic Average annual number of SP and GP outbreaks within
process in Tajikistan depends on the situation in the Khat-  the disease reporting period in the RT (Fig. 5) was 7.13
lon Region, but as regards SP, it is significantly affected by~ (SP - 4.64; GP - 4.08). This indicator was the highest in the
the situation in the Sughd Region, and as regards GP -by  Khatlon Region (5.00: SP — 3.38; GP - 5.2), in descending
the situation in the RRS. order followed by the RRS (2.73: SP - 1.40; GP - 2.56) and

The SP and GP tensity decreased in 2017-2020 due  the Sughd Region (SP - 1.56). It is characteristic that in
to cyclical fluctuations of the epizootic situation: no out-  the regions of GP distribution this indicator significantly
breaks were registered in 2017,and in 2018 (SP-1,GP-1)  exceeded the corresponding one (in the Khatlon Region
and 2019 (GP) there were 2 outbreaks in the Khatlon Re- by 1.5; in the RRS - by 1.8 times) for SP. Average annual
gion, which confirms trueness of the previously developed =~ number of SP and GP outbreaks within the observation
model of potential nosoareal development [1]. period can be considered as preliminary prognostic:

7.13

Khatlon Region RRS

HMNODRP = MNOOP

Fig. 5. Average number of sheep pox and goat pox outbreaks (annually) in the reporting
and observation periods (2000-2021) in the Republic of Tajikistan
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in general in Tajikistan — 5.18 (SP - 2.95; GP - 2.23), in
the regions - from 0.64 (SP), in the Sughd Region to 3.18
(SP - 2.00; GP - 1.18) in the Khatlon Region, the corre-
sponding values for the RRS - 1.36 (SP - 0.23; GP - 1.05).

Analysis of the SP and GP epizootic situation dynamics
in Tajikistan in 2000-2021 identified the main causes of
outbreaks of these diseases: 1) vaccination coverage of
not all livestock population; 2) immunization without
taking into account the colostral immunity; 3) contact of
healthy animals with diseased ones when being driven to
pastures (winter and summer) and grazing on high-alti-
tude (summer) pastures; 4) grazing of small ruminants on
permanently infected pastures bordering on Afghanistan;
5) vaccination of emaciated animals; 6) non-compliance
with veterinary and sanitary and quarantine rules.

CONCLUSION

Characteristics and patterns of SP and GP epizootic
process spread and manifestations identified based on
systemic epizootological analysis of the structure and dy-
namics of nosoareals, as well as the results of the risk as-
sessment of introduction, emergence and spread (taking
into account climatic, socio-economic and organizational
and managemental factors), monitoring and identifica-
tion of SP and GP infected and endemic zones confirm
the need for a systematic approach to epizootological
surveillance of highly dangerous and economically signi-
ficantinfectious diseases that have a trend for transbound-
ary spread. This approach will facilitate solving the issue of
possible hazard analysis and implementation of veterinary
and sanitary measures in case of disease emergence in any
country to ensure epizootological well-being.
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SUMMARY

Data on tests of chickens for theirimmune responses to infection with low pathogenic A/HIN2 avian influenza virus isolates belonging to Y-280 and G1 genetic lines
are presented in the paper. (D4*/(D8" ratios were determined with flow cytometry for initial immune status examination and for detection of apparent immune
system disorders. Quantitative analysis of peripheral blood lymphocyte subpopulations in chickens revealed changes characteristic of the immune suppression.
Analysis of dynamics of T- and B-lymphocyte levels in blood of the infected chickens revealed decrease in relative T-lymphocyte counts and increase in relative
B-lymphocyte counts. T-lymphocyte subpopulation composition expressed as (D4*/CD8* ratio (%) changed after the infection: (D4* cell proportion was found to
decrease whereas (D8* cell proportion increased. According to literature data, immune response activated by vaccination induces the reverse dynamics towards
to increase in (D4*/CD8" ratio. Both cell-mediated immunity and humoral immunity play role in development of the immune response in chickens infected with
avian influenza viruses. Apparent humoral immune response was detected by serological tests of sera taken from chickens on day 14 after infection. Mean specific
anti-A/HIN2 AIV antibody titre in all groups of test chickens infected with low pathogenic avian influenza virus isolates was higher than 6 log,. High level of specific
antibodies to avian influenza virus was indicative of postvaccinal humoral immune response development.
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PE3IOME

[TpeacTaBneHbl AaHHble NO U3yyeHINo NapamMeTpOB UMMYHHOIO 0TBETa LbINAAT Nocne MHGULMPOBAHUA U30NATAMIU HU3KONATOrEHHOrO BIpYCa rpunna nTuy
nogruna A/HIN2, oTHocAwmMuCA K reHeTnyeckim Anknam Y-280 n G1. [1nd nepBuyHoro nccnefoBaHnA MMMYHHOTO CTaTyca U BbIABAEHUA BbIPAXKeEHHbIX Ha-
pyLUEHMil MMYHHOIA CucTeMbl b1 onpeenetbl cooTHowweHna (D4*/CD8* kneTok MeToAOM NPOTOYHOI LUTOGAYopUMETPUM. B pesynbTate KOAUYECTBEHHOTO
aHanu3a cybnonynaumit iMQoLmToB nepudepuueckoii KpoBY LbINAAT 06HaPYKeHO HannuKe U3MeHeHW, XapaKTepHbIX AN UMMYHHOI cynpeccun. Mpu u3yyeHin
ANHAMUKI YPOBHSA T- 1 B-iuMQOLUTOB B KPOBYU MHOULMPOBAHHBIX LbIMIAT YCTAHOBAEHO CHIKEHUE OTHOCUTENBHOTO KonuyecTBa T-TMMQGOLUTOB 1 yBennye-
HUe OTHOCUTENIbHOTO KonuyecTBa B-numdountos B kposu. Mocne MHGMLMPOBaHNA U3MeHeHUe CybnonynALMOHHOMO cocTaBa T-TMMQOLUTOB B MPOLIEHTHOM
cootHowweHun (D4*/CD8* KneTok 0TMeYeHo B CTOPOHY yMeHbLueHnA npoueHTa (D4* kneTok u yBenuyeHna npouenta (D8* knetok. CornacHo nuTepaTypHbIM
[AaHHbIM, NPV UMMYHU3ALNI BaKUMHHBIMU NPenapaTamMin akTUBaLmMA UMMYHHOTO 0TBETa NPUBOANT K 00paTHOI! ANHAMIKe B CTOPOHY yBeNYeHNA OTHOLLEHNA
(D4*/CD8* kneToK. B popmupoBaHum UMMYHHOTO 0TBETA Y LIbINAAT NOCAEe MHGULMPOBAHKA BUPYCaMU FPUANA NTUL, UTPaeT pofib He TONbKO KNeTOYHO-0MoC-
penoBaHHbIi, HO ¥ ryMopanbHbIii UMMYHUTET. B pe3ynbTate ceponornyeckinx UCcnef0BaHMil CbIBOPOTOK KPOBM LbIMAAT Nocnie MHGULUMpoBaHua Ha 14-e cyT
YCTaHOBMEH BbIpPaKeHHbIil ryMopanbHblii IMMYyHHbIi 0TBeT. CpeAHUiA TUTP CneLMuueckux aHTUTen K BUpycy rpunna ntiay noatuna A/HIN2 Bo Bcex rpynnax
UbINAAT, 3aPAXKEHHbIX U301ATaMU HU3KOMATOTeHHOO BUPYCa rpunna nTuL, 6bin Bbile 6 10g,. Bbicokuit ypoBeb cneunduyeckux aHTuTes K Bupycy rpunna nruy
MoKa3an passuTie NOCTUHGEKLIMOHHOMO FyMOPaNbHOTO UMMYHHOTO 0TBETa.

Kniouesbie cnoa: Bupyc rpunna ntu, HIN2, T-knetkn
bnaropapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe 6narononyune.

[ina yutnposauua: Ocunosa 0. C., Bonkosa M. A., Oponos C. B., Auppeituyk [1. b., Ysana U1. A. U3yueHue UMMyHHOT0 0TBET LbINAAT MOC/E IKCNEPUMEHTAIbHOTO

3apaxeHna usonaramu upyca rpunna ntuy A/HIN2. Bemepunapus ce200ns. 2022; 11 (1): 70-76. DOI: 10.29326/2304-196X-2022-11-1-70-76.
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INTRODUCTION

Low pathogenic A/HIN2 avian influenza virus is a RNA
virus belonging to Orthomyxoviridae family, Alphainfluenza-
virus genus, Influenza A virus species [1]. The virus was re-
ported for the first time in birds in Wisconsin State, USA, in
1966 [2, 3]. Since then, the low-pathogenic A/HIN2 avian
influenza virus has become widespread worldwide, espe-
cially in Asia and the Middle East [4-6]. In mainland China,
A/HON2 influenza virus was first isolated in 1994 and has
become the most common subtype of avian influenza vi-
rus in poultry [4, 7].

This virus is responsible for development of clinically
pronounced disease in case of concurrent infection with
opportunistic viral and bacterial pathogens and poses
a constant threat to poultry industry [8-11]. Economic
losses are resulted from the following: increased mortali-
ty in young birds, decrease in egg and meat production in
poultry establishments.

Preventive immunization against A/HON2 avian influ-
enza aimed at reducing economic losses is used by many
countries (China, Pakistan, Iran, Israel, South Korea, etc.)
for this disease control [2, 12-15]. In the Russian Feder-
ation, programmes for health status improvement and
infection eradication can include preventive immuni-
zation with inactivated vaccines due to A/HIN2 Al virus
circulation [16].

Vaccination induces both humoral and cell immunity.
Cell mechanisms play the major role in immune response
to viruses. T-lymphocytes are the main cells of acquired
anti-virus immunity. Among them, CD8* T-lymphocytes

recognize foreign viral antigens associated with class |
histocompatibility molecules and kill cells infected with
viruses. CD4* T-lymphocytes (T-helper cells) recognize
viral antigens located on antigen-presenting cells associ-
ated with class Il histocompatibility molecules and act as
assistants in the synthesis of specific antiviral antibodies
by B-lymphocytes [17]. Antigen-recognizing CD8* T-lym-
phocytes play a critical role in specific cell-mediated re-
sponse [18, 19]. Increase in relative CD8* T-cell count was
observed in chickens infected with A/H7N9 and A/HIN2
Al viruses and these cells were demonstrated to confer an-
tivirus protection [20, 21]. However, according to literature
data, immunization of chickens against A/H9N2 Al virus
was found to result in increase in relative CD4* T-cell count
and decrease in CD8* T-cell count [21, 22]. CD4*/CD8* ratio
of T-cells are determined for initial immune status exami-
nation and for apparent immune system disorder detec-
tion. According to the published data, CD4*/CD8* ratio
markedly increased after immunization and apparently
decreased after infection that supposed immunity en-
hancement afterimmunization and immunity suppression
after infection [23-26]. CD8* T-cell deficiency could be a
reason for insufficient anti-virus immune response after
poultry vaccination and infection of poultry in vaccinated
flocks in China.

Itis alsoimportant to study humoral response since low
pathogenic Al virus is able to induce immune suppression
in case of co-infection with other pathogens. Various infec-
tious diseases become more severe when the immunity
is suppressed.
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Thus, a comprehensive study of the immune re-
sponse features in chickens experimentally infected with
low-pathogenic A/HIN2 avian influenza virus is of consid-
erable interest.

MATERIALS AND METHODS

Virus. Low pathogenic A/HIN2 avian influenza virus
isolates belonging to Y-280 genetic line (A/chicken/Tad-
jikistan/2379/2018, A/chicken/Primorsk/419/2018) and G1
genetic line (A/chicken/Chelyabinsk/30/2019) recovered
and identified in the FGBI “ARRIAH" Reference Laboratory
for Avian Viral Diseases were used for infection during the
experiment.

Virus isolation was carried out in 10 day-old specific
pathogen free (SPF) chicken embryonated eggs. 10-20%
suspension was prepared from the biological material with

phosphate buffered solution (pH 7.2-7.4) and injected into
allantoic cavity of chicken embryonated eggs, 0.2 cm? per
egg. Extraembryonic fluid was collected from the chicken
embryonated eggs with embryos dead 24 or more hours
of incubation for further examinations. Extraembryonic
fluid with infectivity of 10° EID, /cm® and hemagglutina-
tion titre of 9 log, was used for infection of chickens.
Experiment in animals. Egg cross 30 day-old chickens

without antibodies to avian influenza virus obtained from
infectious disease-free holdings were used for the experi-
ment. Chickens were divided into three groups, 5 chickens
per group, and kept in isolators. Virus-containing extra-
embryonic fluid with infectivity of 10° EID, /cm® was in-
jected to chickens intramuscularly in a volume of 0.5 cm?®.
Blood samples were collected from chickens before infec-
tion and for 14 days after infection for serological tests for
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Fig. 1. Dynamics of T-cell subpopulations in chickens
after their infection with HON2 avian influenza virus isolates.
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immune response with hemagglutination inhibition test
and with flow cytometry.

All experiments in animals were carried out in strict
accordance with the interstate standards on laborato-
ry animal keeping adopted by the Interstate Council for
Standardization, Metrology and Certification as well as ac-
cording to Directive 2010/63/EU of European Parliament
and the Council of 22 September 2010 about protection
of animals used for scientific purposes.

Serological tests. Sera collected before and 14 days af-
ter infection were tested for antibodies to A/HON2 avian
influenza virus with hemagglutination inhibition (HI) test
using commercial test-kit produced by the FGBI “ARRIAH"
(Vladimir) in accordance with the instruction for its use.
Before testing, sera were inactivated by heating at 56 °C
for 30 minutes. Test results were recorded visually after
complete red blood cell sedimentation in control wells (in
the form of “button”). Test results were considered positive
when the test sera contained specific antibodies to A/HIN2
avian influenza virus at a titre of 1:16 (4.0 log,) or higher.

Quantitative analysis of lymphocyte subpopulations.
Dynamics of changes in the proportions of T-lymphocyte
(CD45*CD3*, CD45*CD4* and CD45*CD8*) and B-lympho-
cyte (CD45*, CDBu1a*) populations in the peripheral blood
of chickens was examined by flow cytometry. For this pur-
pose, blood samples were collected from chickens before
and on day 2, 4, 7, 9 and 14 after infection in tubes con-
taining K3-EDTA anticoagulant.

Lymphocytes were isolated from chicken peripheral
blood according to standard method [27] using Ficoll-
Paque™ PLUS medium for lymphocyte separation (BioW-
est, France). Labeled monoclonal antibodies, CD45-FITC,
CD4-PE, CD8a-PE, CD3-PE and Bu1a-PE (Southern Biotech,
USA), were used for sample preparation for lymphocyte
surface marker detection. Lymphocyte samples (50 pl)
were added to microtubes in several replicates (depen-
ding on number of used antibody panels). Fluorochrome-
conjugated monoclonal antibodies (2 pl) were added and

A/chicken/Primorsk/419/2018

A/chicken/Chelyabinsk/30/2019

the tubes were incubated for 30 minutes at temperature of
4-8°C. Unbound monoclonal antibodies were removed by
centrifugation with phosphate buffered solution at 260 g
for 10 minutes. BD FACS Calibur flow cytometer (Becton
Dickinson, USA) was used for quantitative analysis of cells.
Cell Quest Pro 1.0 software was used for obtained result
assessment and processing.

Statistical analysis of the results. Statistica 10.0 pro-
gramme was used for data statistical processing.

RESULTS AND DISCUSSION

Cell and humoral immunities were assessed in chickens
after their infection with different three HON2 avian influ-
enza virus isolates.

The following clinical signs were observed in chickens
on day 4 and day 7 after infection: depression, ruffled
feathers, refusal from feed. No deaths were recorded in
the infected chickens.

Blood samples collected from chickens before and on
day 2, 4, 7,9 and 14 after infection were examined with
flow cytometry for quantitative analysis of lymphocyte
subpopulations.

Significant decrease in CD45*CD4* T-cell (T-helper) pro-
portion and increase in CD45*CD8a* cytotoxic cell propor-
tion were reported in chicken blood 2-4 days after their
infection (Fig. 1). Relative counts of both populations in
infected chickens differed from the initial levels (before in-
fection) by 1.3-1.5 times for T-helpers and by 1.3-1.9 times
for cytotoxic cells.

Increase in T-helper level in the blood was observed
9 days after infection. Both T-lymphocyte populations in
infected chickens returned to normal levels by day 14 after
infection but not in all tested chickens.

Progress of the infection had a suppressive effect on
the immune system of the infected chickens. Obtained
data on decrease of relative T-helper concentration in pe-
ripheral blood after infection confirm the data obtained by
X.Hao et al. [21] and M. Dai et al. [22]. Significant increase
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Fig. 2. Dynamics of CD4*/CD8* ratio in chicken blood lymphocytes

after infection with three HIN2 avian influenza virus isolates.
Solid line — arithmetic mean for group of 5 chickens;

individual symbols — the percentage of cells for each chicken in the group
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in cytotoxic (CD8*) T-cell proportion in blood of chickens
infected with A/HON2 avian influenza virus on day 5-7 af-
ter infection was also reported by M. Dai et al. [22].

Analysis of changes in CD4*/CD8"* ratio showed that
it decreased by 1.9; 2.6 and 2.3 times in chickens of
group 1, 2 and 3, respectively, on day 4 after infection
due to decrease in relative CD4* counts and increase in a
CD8a* T-lymphocytes (Fig. 2). CD4*/CD8"* ratio increased
again by day 14 after infection but it remained averagely
1.3-1.6 times lower than the initial one.

YangY.etal.[28] and Dai M. et al. [22] also demonstrated
that viral infections in chickens induced immune suppres-
sion manifested, among others, by decrease in CD4*/CD8*
ratio in blood T-lymphocytes. On the contrary, vaccination
gave rise to immune response activation and reverse dy-
namics towards to increase in CD4*/CD8" ratio [15, 22].

Xue M. et al.[23] and Yang S. et al. [24] believed that an
increase in the CD4*/CD8* ratio after immunization and

a decrease in the CD4*/CD8" ratio after infection sugges-
ted thatimmune response enhanced after vaccination and
immunity was suppressed in case of viral infection. Vacci-
nation induced a pronounced humoral immune response
and CD4* T-cell-mediated response.

Studies performed by L. Fu et al. [25] and M. Dai et al. [26]
showed that the virus infection mainly stimulated CD8* T-cell
response, and immunization stimulated CD4* T-cell re-
sponse. High level of antibodies to A/HIN2 avian influenza
virus and an increase in cytotoxic CD8* T-cell proportion
play an important role in anti-virus protection [29, 30].

Figure 3 shows dynamics of relative T- and B-lympho-
cyte counts in infected chicken blood. Decrease in T-lym-
phocyte counts averagely by 15-20% was reported in all
three groups that was indicative of insufficient cell-medi-
ated immunity. Increase in relative B-lymphocyte counts
by 5-10% depending on the group was reported as early
as by day 14 after infection. Together with an increase in
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the T-helper proportion, this demonstrated the activation
of the immune response in infected chickens.

The function of B-lymphocytes responsible for humoral
immunity is to transform B-cells into plasma cells secre-
ting immunoglobulins having specific activity against the
invaded antigen. Assessment of the dynamics of the rela-
tive B-lymphocyte counts in the blood of infected chickens
revealed that they increased.

Chicken sera were Hl tested before and on day 14 after
infection. Results of tests for specific antibodies to A/HON2
avian influenza virus are given in the Table.

Mean HI antibody titre in chickens of all groups was
higher than 6 log, on day 14 after infection. High anti-AlV
antibody level was indicative of pronounced post-infec-
tion humoral immune response development.

Dai M. et al. [22] during comparative analysis of the key
factors of immune protection of chickens infected with the
A/HON2 virus and SPF chickens immunized with an inacti-
vated vaccine concluded that the lack of CD8* T-cells was
a key cause ofimmunodeficiency and infection of poultry
in vaccinated flocks.

CONCLUSION

Key factors of immune response of chickens infected
with various A/HON2 avian influenza viruses were exam-
ined. Quantitative analysis of peripheral blood lymphocyte
subpopulations in chickens infected with three A/HON2
avian influenza virus isolates revealed the following chan-
ges caused by the virus infection: decrease in relative T-lym-
phocyte counts in blood, significant changes in T-lympho-
cyte subpopulation composition towards to decrease of
CD4*cell proportion and increase in CD8* cell proportion
and, as a result, decrease in CD4*/CD8" ratio. Assessment
of the dynamics of T- and B-lymphocyte levels in blood of
infected chickens showed decrease in relative T-lympho-
cyte counts and increase in relative B-lymphocyte counts.
HI tests demonstrated pronounced humoral immune re-
sponse. No significant differences both in humoral and cell
immune responses were detected in chickens infected by
three different low pathogenic A/HON2 avian influenza
virus isolates.
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SUMMARY

The results of the phylogenic analysis of the nucleotide sequence of the IBDV A and B genome segments have been presented. Traditionally the IBDV isolates are
classified based on the phylogenic analysis of the hypervariable region of the VP2 gene. The analysis of the VP2 gene segments of the isolates detected in the Russian
Federation demonstrated that most of them belong to the genetic group comprising very virulent IBDV isolates. However, not all isolates belonging to one genetic
group have the same phenotypic characteristics. This is related to the fact that the virulence is determined not only based on the characteristics of the VP2 gene
(A segment) but on the characteristics of the VP1 gene (B segment) as well. The IBDV genome segmentation allows formation of reassortant viruses which can be
identified as a result of the genome segment analysis. The phylogenic analysis of the nucleotide sequences of VP2 and VP1 genes of 28 IBDV isolates detected at RF,
Ukrainian and Kazakh poultry establishments in 2007 and 2019 showed that 15 of them are reassortant viruses. Different combinations of the genome segments
have been identified among these reassortant viruses. Detection of different combinations of IBDV genome segments is indicative of the fact that the heterogeneous
virus population circulates on the poultry farms. Pathogenicity studies of the three IBDV isolates showed that the most virulent was an isolate having two genome
segments characteristic of the very virulent virus. Two reassortant viruses having only one genome segment A or B, characteristic of the infectious bursal disease,
demonstrated less pronounced virulent properties.
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PE3IOME

lpencTaBneHbl pe3ynbTaThbl GUAOTEHETUYECKOrO aHan3a U30ATOB BUPYCa MHGEKLMOHHOI BypcanbHoil 60ne3HN N0 HYKNEOTUAHbIM NOCNe0BaTENbHOCTAM
(parmMeHTOB reHOMHbIX cerMeHToB A 1 B. TpapnLmoHHO n30nATbI BUPYCa MHGEKLMOHHOI BypcanbHoil 60ne3H1 KNaccuPuLMpyIoT Ha 0CHOBE GunoreHeTUYeCKoro
aHanu3a runepsapuabesnbHoi 06nactin reHa VP2, AHanus dparmenTa reHa VP2 u301aToB, BbIABNEHHbIX Ha Tepputopum Poccuiickoii Oepepauyn, nokasan, uto
60NbLUMHCTBO U3 HUX OTHOCATCA K FeHeTYecKoi rpynne, 06beAuHALLEIl BbiCOKOBUPYNEHTHbIE U30MATbI BUPYCa MHeKLMoHHOIt bypcanbHoii Gonestu. Ho He
BCE N30N1ATHI, OTHOCALLMECA K OLHOIT FeHETINYeCKOi rpynne, 061aJaloT 0fMHAKOBbIMYU GEHOTUNMYECKIMI CBOACTBAMM. ITO (BA3AHO, B YaCTHOCTH, 11 C TEM, UTO
BUPYNEHTHOCTb ONpeseNnaeTca reHeTUYeckimm 0CobeHHOCTAMU He ToNbKo reHa VP2 (cermeHT A), Ho 1 reHa VP1 (cermeHT B). CermenTupoBaHHas npupoga re-
HOMa BUpYyCa HeKLIoHHoII BypcanbHoli 6one3Hn aenaet BOIMOXHbIM 06pa3oBaHie peaccopTaHToB, KOTOPbIe MOXHO BbIABUTD B pe3ysbTaTe aHann3a obounx
reHOMHbIX cermeHToB. OunoreHeTMYeckinii aHanu3 HyKneoTUAHbIX NocaeaoBaTenbHocTell pparmeHToB reHo VP2 u VP 28 n3onatos Bupyca nHOeKLMOHHOI
6ypcanbHoil 60ne3Hu, BbIABAEHHDIX B NTULLEBOAYECKMX X03AiCTBaX PO, YkpanHbl u Kasaxcrana B 2007—-2019 rr., nokasan, uto 15 u3 HuX ABNAKTCA peaccopTaH-
Tamu. Cpeain peaccopTaHToB BbIABNEHbI PaNinuHble KOMOUHALMY FeHOMHDIX CerMeHTOB. BblABNeHIe pa3H000pa3na KOMOUHALVIA FeHOMHDIX CeTMEeHTOB BUpY(Ca
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INTRODUCTION

The infectious bursal disease virus (IBDV) is the causing
agent of the acute, highly contagious and widely spread
disease in the countries with commercial poultry farming.
IBDV infects lymphocytes of the bursa of Fabricius, thymus,
spleen, Peyer’s patches of the intestine. The consequences
of IBDV-associated immunosuppression is that vaccination
against other diseases is less effective and the chicks be-
come more susceptible to opportunistic pathogens. Very
virulent IBDV (VV IBDV) can cause high death rate in poul-
try. High contagiousness and sustainability of the virus to
the environmental factors and disinfectants as well as a
considerable economic losses make IBD a serous problem
for poultry farming in many countries.

The infectious bursal disease virus (IBDV) is a member
of the genus Avibirnavirus, family Birnaviridae [1]. These
viruses have a genome that consists of two segments of
double-stranded RNA designated A and B. Segment A
contains partially overlapping open reading frames (ORFs).
The small ORF1 encodes the non-structural VP5 virus pro-
tein, which contributes to the release of mature virions.
The larger ORF2 encodes polyprotein from which VP2
(pVP2), VP4, and VP3 precursors are formed as a result of
autoproteolysis [2]. VP2 protein takes part in formation of
the external surface of the virion. This is the main immu-
nogen carrying antigenic sites responsible for neutralizing
the virus with antibodies. The VP2 protein is responsible for
the antigenic variability and virulence of the virus. The VP3

protein interacts with all other components of the virion,
so it plays a critical role in virion morphogenesis, encap-
sidation, and virus replication. The VP4 protein is a serine
protease that plays an important role in VP2 maturation
and is also involved in polyprotein proteolysis. Genomic
segment B contains one ORF encoding RNA-dependent
VP1 RNA polymerase responsible for viral genome repli-
cation and mRNA synthesis [3, 4].

Currently, two IBDV serotypes have been identified.
IBDV strains, serotype 1, are classified into 3 types depen-
ding on the severity of the disease caused: subclinical, clas-
sical virulent and very virulent [5]. The serotype 2 virus has
been isolated from turkeys and is non-virulent in chickens.

Traditionally, IBDV isolates are classified based on phylo-
genetic analysis of the VP2 gene segment, which includes
the hypervariable region. The classification proposed by
T.P.Van den Berg et al. [6], subdivides strains of serotype 1
into the following genotypes: attenuated, classical virulent,
very virulent, antigenic variants, and Australian ones.

Very virulent IBDV was first detected in broilers
in Europe in the late 1980s [7] and quickly spread to Af-
rica, Asia and Latin America, causing high morbidity and
mortality over 30% [8]. Antigenic variants have become
predominant in the Americas. They usually cause a subclin-
ical infection characterized by rapid atrophy of the bursa
of Fabricius without significant inflammation, which can
lead to immunosuppression. In 2019, a report appeared
on the detection of a new IBDV antigenic variant in China
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that differed from American variants and caused severe
immunosuppression in chickens [9].

IBDV antigenic phenotype is determined by the VP2
hypervariable region, in particular by amino-acids loca-
ted at the top of the loop and indicated as PBC, PDE, PFG,
and PHI[10]. It was determined that even point mutations
in these regions can cause IBDV antigenic drift[10, 11] and
make vaccination against IBD ineffective.

Michel L. O. and Jackwood D. J. [12] suggested to use
new IBDV classification by dividing the virus strains into
7 gene groups. Most IBDVs form three gene groups: 1 -
classical, 2 — variant n 3 -VV IBDV or reassortant IBDV. The
rest four genogroups include IBDVs detected in different
regions of the world.

IBDV isolates belonging to one of the genogroups have
several common genotypic and phenotypic properties.
But not always the isolates, belonging to one and the same
genogroup have the same phenotypic properties. It is re-
lated, in particular, to the fact that virulence is determined
by genetic differences not only in the VP2 gene, but also
inVP1 gene [13-15].

Phylogenetic analysis of the VP1 gene nucleotide se-
quences shows that all IBDV strains are divided into two
large genetic groups: one of them contains the VV IBDV
strain and the other one - all the rest IBDV strains [16].

The IBDV genome segmentation allows formation
of reassortant viruses in case of host cell co-infection
with different virus strains. There have been some pub-
lications on detection of reassortment between sero-
type 1 strains [17-22]. The pathogenicity of reassortant
viruses whose A segment belongs to the VV IBDV and
B segment belongs to the other non-very virulent group is
lower than that of the very virulent parent strains [23]. On
the other hand the reassortant virus Bpop/03 was detected
in Poland which had segment A originating from VV IBDV
and segment B originating from the classical attenuated
strain D78 [24]. Despite the mosaicism the virus caused
high mortality (80%) in experimentally infected SPF-chicks
and IBD-associated lesions. These data contradict to the
previous experimental studies where the natural reassor-
tant viruses demonstrated the intermediate pathotype [23].

Analysis of the VP2 gene segment of the IBDV isolates
detected in the Russian Federation in 1993-2020 demon-
strated that most of them don't belong to VV IBDV group.
Analysis of two genome segments are more informative
and allows detection of reassortant viruses. This research
describes molecular characteristics of the IBDV isolates,
detected in 2007-2019 based on the alignment of neu-
cleotide sequences of the VP2 gene hypervariable region
(segment A) and VP1 gene segment containing a phyloge-
netic marker (segment B).

MATERIALS AND METHODS

26 IBDV isolates detected in the samples of biological
material from the RF poultry farms and 2 IBDV isolates
from Ukraine and Kazakhstan were used in the research
(Table 1).

RNA extraction. Total RNA was extracted from the clari-
fied suspension prepared from the bursa of Fabricius using
the SV 96 Total RNA Isolation System (Promega, USA) kit.

One step RT-PCR was performed. To perform the test
Avian Myeloblastosis Virus Reverse Transcriptase (AMV RT)
and Tag-AHK-polymerase (Promega, USA) were used

according to the manufacturer’s instruction. Conservative
regions VP1 and VP2 were used for primer calculation. The
25 pL final dilution of the reaction mixture: 10 pL of the de-
ionized water; 5 uL 5x buffer for RT-PCR; 2 pL of the 25 mM
MgCl, solution; 1 L of the 10 mM dNTP solution; 1 pL of
the direct and reversed primer solution,10 pmol/uL con-
centration; 0.13 pL of the reversed transcriptase and
0.25 pL of polymerase; 5 pL of the total RNA solution. The
reversed transcription was performed for 30 minutes at
50 °C. The following time-temperature parameters were

Table 1
IBDV isolates

No. Sample receipt date

Subject where samples
were collected

Isolate

1 25.06.2007 Krasnoyarsky Krai IBDVRF02-2007
2 11.10.2007 The Republic of Dagestan IBDVRF03-2007
3 29.10.2007 Ukraine IBDVUkr04-2007
4 12.11.2007 Primorsky Krai IBDVRF05-2007
5 04.06.2014 Novgorod Oblast IBDVRF02-2014
6 28.07.2014 The Republic of Kazakhstan IBDVKaz03-2014
7 11.08.2014 The Republic of Tatarstan IBDVRF04-2014
8 16.10.2014 Orenburg Oblast IBDVRF05-2014
9 08.04.2015 Vladimir Oblast IBDVRF02-2015
10 11.10.2015 Yaroslavl Oblast IBDVRF06-2015
N 27.10.2016 Novgorod Oblast IBDVRF02-2016
12 09.11.2016 Chelyabinsk Oblast IBDVRF03-2016
13 04.04.2017 Novgorod Oblast IBDVRF01-2017
14 02.08.2017 The Chuvash Republic IBDVRF02-2017
15 05.10.2017 Kursk Oblast IBDVRF03-2017
16 24.11.2017 Kirov Oblast IBDVRF06-2017
17 28.11.2017 The Mari El Republic IBDVRF08-2017
18 21.08.2018 Leningrad Oblast IBDVRF01-2018
19 03.08.2018 Kursk Oblast IBDVRF02-2018
20 16.01.2019 Novgorod Oblast IBDVRF01-2019
21 16.01.2019 Novgorod Oblast IBDVRF02-2019
22 27.02.2019 Sverdlovsk Oblast IBDVRF03-2019
23 07.03.2019 Leningrad Oblast IBDVRF04-2019
24 06.05.2019 Ivanovo Oblast IBDVRF05-2019
25 06.06.2019 Novgorod Oblast IBDVRF06-2019
26 24.06.2019 Vladimir Oblast IBDVRF07-2019
27 02.07.2019 Vladimir Oblast IBDVRF09-2019
28 18.10.2019 Yaroslavl Oblast IBDVRF10-2019
79
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used for amplification: 95 °C - 10 min (polymerase acti-
vation), then — 40 cycles, each of them consisted of three
steps: 95 °C - 50 sec., 55 °C - 50 sec., 72 °C - 60 sec. In or-
der to increase the sensitivity the nested PCR using inner
pair of primers was applied. To visualize the results of the
reaction electrophoresis in 2% agarose gel with ethidium
bromide was used.

Alignment of nucleotide sequences and phylogenetic
analysis. Purified PCR products were used for identification
of the nucleotide sequences of the VP1 and VP2 gene seg-
ments using automatic sequencer ABI Prism® 3100 (USA)
and BigDye Terminator Cycle Sequencing kit (Applied Bio-
systems, USA) according to the manufacturer’s instruction.

For analysis, we used the nucleotide sequences of IBDV
isolates and strains published in the GenBank database of
the NCBI electronic resource (https://www.ncbi.nlm.nih.
gov/nucleotide) (Table 2). Nucleotide and corresponding
amino acid sequences were analyzed using the BioEdit
program, version 7.0.5.3. Sequence alignment was per-
formed using the ClustalW multiple alignment program.
The phylogenetic tree was constructed using the UPGMA
algorithm in the implementation of the MEGA package,
version 6.06.

BLAST program (https://blast.ncbi.nIm.nih.gov/Blast.
cgi) was used for comparing nucleotide and amino-acid
sequences with the database of sequences and calculation
of statistical significance.

RESULTS AND DISCUSSION

The nucleotide sequences of the VP2 and VP1 gene
segments were identified for 28 IBDV isolates detected on
the poultry farms of the Russian Federation, Ukraine, and
Kazakhstan in the period from 2007 to 2019. For compar-
ative analysis, we used published nucleotide sequences of
IBDV strains belonging to different genogroups according
to the L. O. Michel and D. J. Jackwood classification [12]
(Table 2).

Table 2
Nucleotide sequences of the IBDV isolates used for analysis

Phylogenetic analysis of the VP2 gene segment. As a
result of comparative analysis of the IBDV VP2 gene nucle-
otide sequences it was determined that 22 isolates belong
to Genogroup 3 (VVIBDV), IBDVRF07-2019 isolate - to Gen-
ogroup 1, 2 isolates IBDVRF03-2017 and IBDVRF02-2018
are variant, 3 isolates IBDVRF05-2014, IBDVRF03-2016
and IBDVRF03-2019 differ from all isolates by 5% and form
a new Genogroup 8 (Fig.).

Genogroup 3 includesVV IBDV and is the largest group.
IBDV strains belonging to this group were detected during
acute IBD outbreaks on poultry farms in the world. Recent-
ly the number of published nucleotide sequences of the
VP2 gene of the Genogroup 3 strains has increased.

The sequence analysis shows that the hypervariable
VP2 region accumulates mutations inside the group which
makes it possible to identify subgroups 3-1, 3-2, 3-3 [12].
The amino-acid composition of the isolates belonging to
these subgroups differ at positions 212, 222, 254, included
in the loop structure and responsible for IBDV antigenic
properties (Table 3).

IBDVRF07-2019 isolate, belonging to Group 1, is a deri-
vative of the D78 vaccine strains. Nucleotide sequences of
the VP1 and VP2 gene segments are 99.36% homologous
to D78 strain. The attenuated vaccine based on this strain
has been widely used on the RF farms for 20 years.

Two variantisolates IBDVRF03-2017 and IBDVRF02-2018
were detected in samples from one of the poultry farms
of the Kursk Oblast. The VP2 gene nucleotide sequences
different from each other and from the isolates of other
genogroups.

Three isolates: IBDVRF05-2014, IBDVRF03-2016,
IBDVRF03-2019, detected in Orenburg, Chelyabinsk and
Sverdlovsk Oblasts differ from all tested and published
strains and are likely to form Genogroup 8. The nucleo-
tide sequences of VP2 gene strains and IBDV isolates, con-
tained in the GenBank differed from the consequences
of this group of isolates by more than 5%. Genogroup 8

Strain Number in the GenBank VP2 | Number in the GenBank VP1 Country Genogroup
1 D78 AF499929 EU162090 Luxembourg 1
2 228E AF457104 AJB78657 The Netherlands 1
3 52/10 HG974565 HG974566 Great Britain 1
4 STC D00499 JQ619639 The USA 1
5 Variant E AF133904 AF133905 The USA 2
6 UK661 X92760 X92761 Great Britain 3
7 624Russia MF142552 MF142481 Russia 3-2
8 593Russia MF142550 MF142479 Russia 33
9 Ma4 IN982252 - Brazil 4
10 Mexico04M101 DQ916210 - Mexico 5
n [TA-02 IN852986 - Italy 6
12 002-73 AJ878908 AJ878639 Australia 7
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Fig. Phylogenic trees built on the basis of the alignment of the nucleotide sequences of the VP2 gene

hypervariable region and VP1 gene segment.

Numerals represent genotypes, underlining and geometric figures represent reassortant isolates

isolates have VV IBDV associated amino-acid residues in
the hypervariable region of the VP2 region (Table 3): 242I,
2561, 2941, 2995, as well as a number of amino acid resi-
dues peculiar only to them: 213E, 220F, 222V, 269S, 280T,
317R, 324P. 1t is worth noting that the amino acid change
at position 222 is important because this residue is loca-
ted in the PBC loop. It is believed that the transition from
Pro to Thr at position 222 played a significant role in the
significant change in the antigenic properties of variant
IBDV strains in the 1980s [25], which led to the ineffective
vaccination.

Phylogenetic analysis of the VP1 gene segment. The
analysis of the published nucleotide sequences of the VP1
gene showed that IBDV strains are divided into 2 large
groups. The first one includes VV IBDV, and the second
includes all other genetic groups: attenuated, classical
variant, antigenic and Australian variants, as well as sero-
type 2 [26].

It was determined thatVP1 contains aTDN marker triplet
characteristic of VV IBDV at positions 145/146/147 [27, 28].
Low variability of this triplet in VP1 was observed in
VV IBDVs.

Phylogenetic analysis of the VP1 gene segment of
the IBDV isolates under study showed that they are also
divided into 2 groups: the group with the VV IBDV-like

segment included 17 isolates, and the group with
the non-VV IBDV-like B segment included 11 isolates.
In the first group, with the exception of the isolate
IBDVRF03-2017, the VP1 sequence carries the IBDV cha-
racteristic TDN marker sequence (Table 3).

Phylogenetic analysis of the VP1 gene segment
shows that the group with a non-VV IBDV-like segment
is divided into two subgroups. The first includes attenu-
ated strains, classical virulent and antigenic variants, and
4 isolates under study: IBDVRF07-2019, IBDVRF04-2014,
IBDVRF10-2019, IBDVRF01-2017. The second subgroup
consists of 4 isolates: IBDVRF02-2014, IBDVRF02-2016,
IBDVRF01-2019, IBDVRF06-2019, detected on one poul-
try farm in the Novgorod Oblast and three isolates:
IBDVRF02-2017, IBDVRF06-2015, IBDVRF02-2019, detec-
ted in Chuvashia, Yaroslavl and Novgorod Oblasts. The
same subgroup includes isolates 593 Russia and 624 Rus-
sia, detected in the RF. The origin of the IBDV isolates in-
cluded in this endemic subgroup is interesting, since it
includes isolates found exclusively in the territory of the
Russian Federation. The comparison with the published
VP1 sequences showed that the difference between IBDV
nucleotide sequences of the VP1 gene and other isolates
and strains was 6%. All isolates in this subgroup have NEG
marker triplet.
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Table 3

Difference between the amino acid sequences in the hypervariable VP2 region and VP1 marker sequence

Strain/isolate Genogroup
e [ [ [ [ e o [ [ Lo [ o 9 v [ | o
D D Y S v G | T N L N S Q NEG

228E 1

D78 1 D D Y P v G v T N L N S Q NEG
52-70 1 D D Y P | G ) T N L N S Q NEG
STC 1 D D Y P v G ) T N L N S Q NED
Variant E 2 D N Y T v S ) T N L N S E NEG
UK661 3 D D Y A I G | T N I S S Q TDN
IBDVRF02-2017 3-1 D D Y A I G | T N I S S Q NEG
IBDVRF06-2015 32 N D Y T I D [ T N I S S Q NEG
IBDVRF02-2016 33 N D Y A | D [ T N I S S Q NEG
IBDVRF04-2014 3-3 N D Y A I D | T N I S S Q NEG
MG4 4 - D Y S v S v T T L N S Q -
Mexico04M101 5 - N Y T v N v T N L N K Q -
[TA-02 6 - - H Q v S K S N L S S Q -
002-73 7 D D Y P v G v T N L S S Q TES
IBDVRF05-2014 8 D E F v | D | S T | S R p TDN
IBDVRF03-2017 Variant isolate D D Y T I D [ T N | S R DS
IBDVRF02-2018 Variant isolate N D Y A I D | T N I S S Q TDN

Identification of the reassortant viruses. Ten isolates
in which the VP2 gene belongs to VV IBDV (Genogroup 3)
are reassortants. In addition, Genogroup 8 isolates are also
reassortants. The phylogenetic position determined by the
analysis of the VP1 gene indicates that all three isolates
are included in the VV IBDV group. Two variant isolates
have VP1, also related to VV IBDV.Thus, 15 out of 28 tested
VV IBDV isolates are reassortants.

Among isolates that do not belong to VV IBDV in
terms of the structure of the VP1 gene, only the isolate
IBDVRF07-2019 (Genogroup 1) is not a reassortant and has
99.36% homology with the vaccine strain D78 in both genes.

Isolate IBDVRF04-2014 (subgroup 3-3) has 100% ho-
mology with the vaccine strain 228E in the VP1 gene seg-
ment. The production of such a reassortant virus can be
explained by the use of a vaccine based on the 228E strain.

An unusual group of reassortants was detected on the
poultry farm of the Novgorod Oblast during 6 years. Ac-
cording to the structure of the VP2 gene segment, they
are closely related (have 99% homology) and belong to
subgroup 3-3. According to the structure of the VP1 gene,
with the exception of IBDVRF01-2017, they are included
in the endemic subgroup. The VP1 gene segment of the
IBDVRF01-2017 isolate from the Novgorod Oblast has
a high degree of homology with the STC strain. The origin
of segment B of this isolate from a virus of a different ge-
netic subgroup indicates that on this poultry farm there

is a heterogeneous viral population, including IBDV from
different genetic groups.

It has been shown that certain IBDV genetic forms
can circulate on poultry farms for a long time. On the
other hand, there is a change of virus isolates. So, on one
of the poultry farms in the Kursk oblast, variant isolates
IBDVRF03-2017, IBDVRF02-2018 were identified for 2 years,
differing from each other in the nucleotide sequence of
the hypervariable region of the VP2 gene by 4.7%. Accor-
ding to the structure of the VP1 gene segment, both iso-
lates belong to VV IBDV and differ from each other by 1.8%.

Two different isolates IBDVRF06-2015 (Genogroup 3-2)
and IBDVRF10-2019 (Genogroup 3-1) were detected on
the poultry farm of the Yaroslavl Oblast. Both of them are
reassortant viruses. The VP1 gene of these isolates belongs
to different genetic subgroups: IBDVRF06-2015 belongs
to the endemic subgroup, and IBDVRF10-2019 is closely
related to the STC strain.

Previously, the degree of pathogenic action of three
IBDV isolates was studied [29]. The study used the isolate
IBDVRF08-2017, which has the VP1 and VP2 genes related
to VV IBDV, and two reassortants: IBDVRF06-2019 charac-
terized by VV VP2 and non-HV VP1; IBDVRF03-2017 with
variant VP2 and VV VP1. It was found that in relation to
the reference strain 52-70, the isolate IBDVRF08-17 (80.5%)
had the highest virulence score. The least virulent isolates
were IBDVRF06-19 (44.3%) and IBDVRF03-17 (43.9%).
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Thus, the isolate, both genomic segments of which
belonged to VV IBDV, showed the highest virulence.
While reassortant viruses with only one segment related
to VV IBDV showed a lower degree of pathogenicity.

CONCLUSION

Based on the analysis of the hypervariable region of
the VP2 gene, the majority (22 out of 28) of the studied
IBDV isolates belong to Genogroup 3 (VV IBDV). Three iso-
lates detected in geographically close regions form a new
Genogroup 8. Two isolates found on the poultry farm of
the Kursk Oblast in 2017 and 2018 are variant. One isolate
is a derivative of the D78 vaccine strain.

Only some of the isolates of Group 3 have VP1, which
belongs to the VV IBDV. On the other hand, variantisolates
and isolates of the new Genogroup 8 have VP1 characte-
ristic of VV IBDV. Of the 28 isolates studied, 15 are reas-
sortants. Among the reassortants, various combinations
of genomic segments were identified (segment B - seg-
ment A): VV - endemic, VV - classical virulent, VV - attenu-
ated strains, variant - VV, Genogroup 8 — VV. Identification
of the diversity of combinations of genomic segments
of IBDV indicates that a heterogeneous viral population
circulates on poultry farms.

The study of the degree of pathogenicity of IBDV iso-
lates showed that reassortant viruses are less pathogenic
than VV IBDV.
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SUMMARY

Animal management and breeding as well production, transportation, preparation, and processing of animal products and raw material result in generation
of a considerahle amount of biological wastes being a source of biological contamination of the environment and a clear threat to human and animal health.
The animal biowaste incineration units are high threat facilities and require constant surveillance and control. Collection and analysis of data provided by the RF
veterinary executive authorities were performed to objectively reflect the actual situation of the biological waste incineration facilities in the RF Subjects and
to create a holistic view on the problem of interest in the country. The following parameters were analyzed: their number, type (stationary and mobile), type of
ownership, location, availability of the certificate and highly-qualified specialists serving the biological waste incineration equipment as well as the availability of
such facilities in the RF Subjects as for January 1, 2021. The analysis demonstrated that 4,459 biowaste incinerators were registered in the country. Most of these
units are stationary and they belong to establishments involved in farm animal keeping, animal product processing, production and storing. Such equipment is
mostly serviced by non-qualified staff ignorant of the technical characteristics and operating principles of this equipment. Almost one third of these units in the
country are home made that is why their use does not guarantee complete destruction of biological wastes and pathogen inactivation. It was also revealed that
the procedure for the incineration of biological waste of animal origin using home made incinerators is not legally fixed in the country. The results obtained show
that the situation of the animal biowaste incineration in the Russian Federation is quite complicated.
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PE3IOME

B npouecce copepaHua 1 pa3BefieHNs XMBOTHBIX, @ TakxKe NPU NPOU3BOACTBE, TPAHCTIOPTUPOBKE, 3aroTOBKE, NepepaboTKe NPOAYKTOB 11 CbipbAl XKUBOTHOTO
MPOUCX0XeHINA 00Pa3yeTca 3HauMTeNbHOe KONMUECTBO G110NOrMYeCKIX OTXO[I0B, KOTOPbIE ABNAIOTCA MCTOUHMKOM 3arpA3HeHMs OKpyXKaloLLeli Cpefibl v Co3LatoT
peanbHyto yrpo3y 340POBbH0 UeNoBeKa U KMBOTHbIX. YCTAHOBKM M0 CKMraHui0 G10NI0TMYeCkiX 0TX0Z0B XUBOTHOTO NPOUCXOXEHIA ABNAKTCA 06bEKTaMV NOBbI-
LUEHHOI OMacHOCTIA 1 TPeBYHT NOCTOAHHOTO HabNIoAEHMA 1 Han30pa. 1A 06bEKTUBHOTO OTPaXKeHNA peasnbHoii CUTYaLMI C 06 bEKTAMIN CKUTraHUA BUONOTYECKIX
0TX0Z0B B cybbekTax Poccuiickoii Oegepaumn 1 GopMUpOBAHNA LLENIOCTHOTO NPEACTaBIIEHUA 0 paccMaTpuBaemoil npobneme B cTpaHe 6bin npoBeseH coop
MHGOPMALVN ¥ NPOaHANN3UPOBaHbI AaHHble, NPpefoCTaBNeHHble 0praHamil MCNONHUTENbHON BnacTi cybbekToB Poccuiickoii Oepepauiin B 06nacTin BeTepuHapuu.
PaccvmoTpeHbl Takie NoKa3aTeni, Kak KoyecTBo, BUf (CTalnoHapHble, MOOUbHBbIE), GopMa COOCTBEHHOCTM, PacTioNOKEHWE, Hannume CepTudUKaTa 1 KBanu-
GULMPOBAHHBIX CMELMANNCTOB, 00CTYKIBAIOLLMX YCTAHOBKY ANA CKUTaHIA GMONIOTNYECKIX OTXO[0B XKIBOTHOTO NPONCXOXAEHS, A TaKKe 06ecreyeHHoCTb
cy6bekToB Poccuiickoil ODesepaumn faHHbIMU 06beKTamMu no cocToaHmio Ha 1 AHBapa 2021 1. AHanM3 NoAyYeHHbIX NePBUYHDBIX AAHHBIX NOKa3an, YTo B CTpaHe
3apernCcTpUpoBaHo 4459 06bEKTOB CKUFaHNA BUONOTUYECKINX OTXOZ0B XKMBOTHOIO MPOMCXOM/IEHNA, OCHOBHASA YACTb KOTOPbIX COCTABNAET CTALMOHAPHbIE YCTAaHOB-
Ki, HaX0AALLMeECA B BeLEHUN NPEANPUATHIA, 3aHATBIX COLEPMKAHNEM CEbCKOX03ANCTBEHHDIX XUBOTHDIX, @ TaKxe nepepaboTKoil, NPOM3BOACTBOM U XpaHeHeM
KUBOTHOBOAYECKOI NpoayKLui. B 60nbLIMHCTBE CyyaeB 06CyXMBaHME AaHHBIX 06BEKTOB 0CYLLECTBAAET HEKBANNQULIMPOBAHHBIA NepCOHan, KOTOPbIil He
BIIaZIeeT 3HaHUAMI O TEXHUUECKUX XapaKTePUCTUKAX Y MPUHLMAAX paboTbl MCMOMb3yeMblX YCTaHOBOK. [ouTi TPETb YCTaHOBOK MO CKUTaHUIo 6UONOrMYecKyX 0T-
X0Z10B XXUBOTHOTO MPOMCXOX AHNA B CTPAHE HENPOMBILLIEHHOTO U3TOTOBJIEHNS, 03TOMY WX HCTONb30BAHIE HE TapaHTUPYeT NONHOTO CropaHusA 61ONOryecKkmx
OTX0/10B Y HAKTUBALMM NaTOTeHOB. TaKkxKe BbIABIIEHO, UTO B CTPaHE 3aKOHOAATENbHO He 3aKperieH NopsAoK NPOBEAEHNA CKUFaHNA OUONOTNYECKUX 0TXOA0B
KUBOTHOTO NPONCXOXKAEHIA B TPYNOOKMUFATENbHbIX Neyax. MonyyeHHble pe3ynbTaTbl UCCNEA0BAHUA CBUAETENBCTBYIOT 0 TOM, uT0 B Poccuiickoit Geaepauyn
CNIOXUNACh HAaNPAXeHHaA CUTYaLNA B chepe CKUTraHUA B1oNornueckix 0TX00B KNUBOTHOTO NPOUCKOXAEHUA.

KntoueBble cnoBa: yTunu3auma, yHuUToXeHue, 6onoruueckie 0TXofbl XXUBOTHOTO NPONCXOXKAEHNS, 06BEKTBI MO CKUraHUI0 G1ONOTNYECKIX OTXO[0B KMBOT-
HOT0 NPOUCXOXAEHUA, TPYNOCKMTaTeNbHbIE Neyw, KpemaTopbl, MHCUHEPaTopb

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuki HayuHo-uccneoBaTeNbCkux pabot «BetepuHapHoe 6narononyune».

[ina untupoBanua: benbunxuxa A. B., inbaes M. A., Cenanun A. M., Kapaynos A. K. AktyanbHble acnekTbl obecneyenus buonornyeckoii 6esonacHocTv npu
OKIraHUM 61oNornyeckmx 0TX0f0B XIUBOTHOTO Npoucxoxaerua B Poccuitckoii Oenepauum. Bemepurapus ce2o0ns. 2022; 11 (1): 85-92. DOI: 10.29326/2304-
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INTRODUCTION

jects. The key element of the successful response to the

A great number of biological wastes of animal origin
including dead animals and birds, aborted and stillborn
fetuses, condemned materials generated during veteri-
nary and sanitary inspection at slaughterhouses, meat and
fish processing plants, markets, sales facilities and other
facilities are accumulated at establishments and backyard
farms in the RF Subjects [1-4]. Decontamination of bio-
logical wastes of animal origin is critical for insurance of
animal disease freedom in the country and its territories —
RF Subjects [5, 6].

According to the RF law biological wastes of animal
origin are decontaminated using three methods: dis-
posal at rendering plants involved in meat and bone
meal production; decontamination in biothermal pits;
destruction by burning in animal biowaste incinerators,
such as home made incinerators, cremating furnaces,
incinerators. It is forbidden to bury the animal biowaste
in the ground, throw into the trash cans, woods, ravines,
water bodies as well as send to landfills or dumping
grounds [1, 6-8].

Outbreaks of animal infectious diseases present serious
problems for the State Veterinary Service of the RF Sub-

disease is the proper disposal and destruction of the dead

animals and birds that died or were seized during the out-
break. Their appropriate and effective disposal can prevent

and decrease the further pathogen spread including zoo-
nosis agents [9-11].

Outbreaks of avian influenza, ASF and rabies have been
reported during the last decade in the Russian Federation.
Under conditions of the disease occurrence animal carcas-
ses, biological materials and animal products contaminat-
ed with the disease agents shall be incinerated. Incinera-
tion of hundreds and sometimes thousands of carcasses is
a complex technical task the solution of which requires the
involvement of significant technical, human and financial
resources.

Today two major methods of animal biowaste incine-
ration are used.

The first one involves the use of special units that en-
sure high quality incineration of biological waste by equip-
ping incinerators with special burners and afterburners, as
well as an exhaust gas purification system and heat ex-
change equipment. The assembly and erection of these
units take quite a long time, which is unacceptable under
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Stationary and mobile animal bio-waste incinerators (ABWI)

No animal bio-waste
incinerators (ABWI)

from 1 to 10 I
(16 subjects)

from 11 to 50

romyi Dojto3as)
11 0[subject

(41 subjects)

Fig. 1. Total number of animal biowaste incineration (ABWI) units registered in the Russian Federation (as of 01.01.2021)

epidemic conditions. Besides, work on such equipment
requires professional training of maintenance personnel.
Along with stationary units, there are mobile units that
can be transported by almost any type of transport and
installed on site in just a few minutes, but, as a rule, they
have low productivity [12, 13].

The most common on the territory of the Russian Fed-
eration is the second method - the burning of animal bio-
waste in pits. The advantages of this method are obvious
at first glance - relative simplicity and low costs. However,
such an incineration method is ineffective, since the pro-
cess of animal biowaste incineration using such a method
is quite slow due to insufficient amount of oxygen in the
burning area [14, 15]. The method of animal biowaste
burning in pits should be gradually replaced by more
contemporary methods, but actually it is still used in the
countries with the high technological expertise.

In this regard the purpose of the research was to review
the situation of ensuring biological safety in the country
during animal biowaste incineration using especially de-
signated units.

MATERIALS AND METHODS

In order to conduct the study, the specialists of the
FGBI “ARRIAH" developed a form for collecting primary
data, including such indicators as the number, type (sta-
tionary, mobile), ownership, location, availability of a cer-
tificate, and qualified specialists servicing animal biowaste
incinerators, as well as the demand of Subjects for these
units. Data for the period from 01.01.2020 to 01.01.2021
were collected using the Assol.Express operational repor-

ting system. The primary data collected for 85 Subjects of
the Russian Federation were analyzed.

The study used generally accepted methods of data
analysis: generalization and formalization of information,
the method of comparative analysis, methods of descrip-
tive statistics.

In order to visualize the obtained data by mapping, the
geographic information system ArcGIS 10.6 was used.

RESULTS AND DISCUSSION

General parameters. As of 01.01.2021, 4,459 animal
biowaste incinerators are registered in the RF Subjects.
They are located in all RF Subjects with the exception of
the Republic of Tatarstan.

The total number of incinerators in the Russian Fede-
ration falls in the range of 2 to 388 units and most of them
(45%) are located in 10 Subjects of the country. At the
same time in 16 Subjects this parameter does not exceed
10 units, and in 41 Subjects of the country the total number
of biological waste incineration facilities is in the range
of 11 to 50 units (Fig. 1).

The results of the data analysis for the type of owner-
ship revealed that 78% of the units are owned by or are
on the balance sheet of organizations of various forms
of ownership (SPK, OAO, ZAO, IP, etc.), whose activities
are maintenance/rearing of farm animals, as well as pro-
cessing, production and storage of livestock products.
The smallest part of them falls on the municipalities of the
RF Subjects (7.8%) (Fig. 2).

In the RF Subjects, the largest part (95%) of these
units are stationary. The number of mobile incinerators
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in the country is 231 units, which are registered in 44 Sub-
jects. In most of them, the number of mobile biological
waste incinerators is in the range from 1 to 7 units, while
about half are concentrated in 5 Subjects.

In recent years, there has been a trend in the Russian
Federation to reduce the number of animal burial grounds
and biothermal pits. First of all, this is due to the introduc-
tion in 2006 of a ban on the destruction of biological waste
by burial and the presence of a significant number of ani-
mal burial grounds not owned or managed by legal entities
that would be responsible for their maintenance, preserva-
tion and use [3]. As a result, in some RF Subjects, targeted
programs have been developed and put into effect. They
are aimed at the elimination of unused and ownerless
cattle burial grounds. The purpose of these programs is to
prevent unauthorized burial of biological waste and the
spread of pathogens of human and animal infectious dis-
eases in the environment, as well as to reduce regional bud-
get expenditures for their maintenance and ensuring their
compliance with veterinary and sanitary requirements.

Thus, the municipalities of the RF Subjects, subordi-
nate institutions of the State Veterinary Service of the
RF Subjects, as well as livestock breeding and processing
establishments are gradually moving from burial in animal
burial grounds to disposal using animal biowaste inciner-
ators (cremators, industrial and home-made incinerators).
In the reporting period, the above institutions purchased
and put into operation 266 incinerators, and 82% of them
are organizations whose activities are related to keeping,
raising farm animals, as well as processing, producing and
storing livestock products.

Despite the fact that for the period from 01.01.2020
to 01.01.2021 the number of animal biowaste incine-
rators increased by 10%, in 44 Subjects of the Russian
Federation, Subjects there is an additional demand

for 2,129 incinerators. In some regions the number of units
varies from 1 to 728 units, for 41% of the Subjects the de-
mand for incinerators does not exceed 10 units.

Requirements for the animal biowaste incineration
process in cremating furnaces. The disposal and destruc-
tion of biological waste of animal origin is regulated by
the “Veterinary rules for movement, storage, rendering
and disposal of biological waste”, approved by the Order
of the Ministry of Agriculture of Russia dated October 26,
2020 No. 626 [1].

These rules establish mandatory veterinary and sani-
tary requirements for the handling of biological waste of
animal origin (collection, transportation, storage, dispo-
sal, destruction) both for animal owners, regardless of the
method of farming, and for organizations and establish-
ments of all forms of ownership.

However, in the veterinary legislation of the Russian
Federation there is no any legal act regulating the proce-
dure for animal biowaste incineration in home-made in-
cinerators. There are no mandatory requirements for the
technical characteristics of biological waste incinerators
(mandatory certification, productive capacity, chamber
volume, wall thickness, etc.), for their location (technical
requirements for the room where these units are located
and the enclosure), and for the incineration process itself
(requirements for service personnel, disinfection of tools,
transport and overalls, the method of destruction of the
resulting combustion products, etc.) (Fig. 3).

The fact that this biowaste destruction method is not
regulated, makes it difficult for the veterinary regulatory
authorities to fully implement control and supervision
measures for compliance with the veterinary and sanitary
requirements for animal biowaste incinerators.

According to veterinary legislation, a veterinary spe-
cialist, after examining biological wastes of animal origin,
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Fig. 2. Animal biowaste incinerator availability and demand in the country
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Fig. 3. Animal biowaste incineration procedure in home made incinerators,

cremating furnaces and incinerators and its control

gives an opinion on their cleaning and decontamination
method, and also prepares a veterinary accompanying
document. Delivery of the biowastes to the place of de-
struction is provided by their owners. Biological wastes
are placed in special closed containers and delivered by
special transport means. Dead animals more 25 kg each,
except for those contaminated with agents of anthrax, rin-
derpest, can be transported without biohazardous waste
containers in vehicles covered with tilts or other devices
preventing the dead animals from falling out and contam-
ination of the environment [1]. This transport can belong
to the owners of biowastes and organizations providing
services for the destruction or disposal of biological waste
of animal origin. At the same time, it should be noted that
the containers and vehicles used for transportation of bio-
logical waste of animal origin are not subject to mandatory
certification.

Since incinerators are high risk facilities, it is expedient
to confirm that their quality complies with requirements
for veterinary, sanitary, environmental and fire safety.

Currently, according to the Russian legislation, man-
datory certification of biowaste incinerators is provided
only for fire safety. Moreover, the certificate of confor-
mity confirms the quality of not the entire unit, but only
its component, in particular the burner used in it (gas,
liquid fuel) [16]. The environmental certificate of compli-
ance with environmental safety standards for manufac-

turers of biowaste incinerators is issued on a voluntary
basis [17].

As for the certification of the animal biowaste incine-
rator conformity with requirements for veterinary and
sanitary safety, this procedure is not provided for by the
legislation of the Russian Federation. In this regard, it is not
possible to determine the adequacy of the choice and ob-
servance of temperature and time modes for the destruc-
tion of various categories and types of biological waste of
animal origin. Although these specific characteristics are
the determining factor in the ability of biowaste incinera-
tors to provide complete inactivation of animal pathogens.

Based on the practical experience of specialists who
participated in the eradication of the infectious animal dis-
ease outbreak, it can be noted that the carcasses of various
animal species burn for different periods of time and at
certain temperatures. For example, turkey carcasses do not
burn well enough compared to pig carcasses, which is due
to the difference in the chemical composition and density
of their muscle mass.

In the reporting period, 28% of the animal biowaste
incinerators in the country do not even have fire safety
and environment safety certificates of conformity. Thus, it
can be assumed with a high degree of certainty that these
units were not manufactured industrially, but are man
made that is, any means at hand could be used for their
construction: barrels, gas cylinders, welded boilers, etc.
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The use of such units during biological waste burning  quality control shall be performed after each biowaste

cannot ensure the complete inactivation of infectious ani-  incineration process.

mal disease pathogens and, therefore, the proper level of Despite a significant decrease in the volume (up to
biological protection of animals and humans from these ~ 95%) of animal biological waste after incineration, com-
pathogens. bustion products (ash and other non-combustible resi-

According to article 7.1.12 SanPiN 2.2.1/2.1.1.1200-03  dues) remain in incinerators, the destruction of which is
“On sanitary protection zones and sanitary classification  carried out by various acceptable methods. During the
of establishments, buildings and other facilities”’, incin-  reporting period the resulting combustion products after
erators belong to Hazard Class I. In order to ensure the  animal biowaste burning in most cases (63%) were taken
sanitary and epidemiological well-being of the popula-  to municipal solid waste landfills or dumped into biother-
tion, a 1000 m buffer area should be established around  mal pits, in 17% of cases they were buried at cattle burial
biowaste incinerating facilities (sanitary protection zone).  grounds, and in 20% cases (in 31 RF Subjects) they were
However, in 36 Subjects of the Russian Federation, incine-  used as a fertilizer, which is a violation of Russian legis-
rators (502 units) are located within the residential area.  lation, since this ash residue is not included in the list of
The bulk of these facilities are concentrated in the Cen-  certified fertilizers in the Russian Federation.
tral (37%) and Siberian (31%) Federal Districts. As noted earlier, almost a third of the available units
It should be noted that compliance with this require-  in the country are home made, i.e. the use of these inci-
ment is impracticable for the owners of mobile animal bio-  nerators does not guarantee the complete combustion of
waste incinerators since the placement of these units on  biological waste of animal origin and the inactivation of
the territory of the settlement for destruction of biological ~ pathogens. Consequently, the removal of residue combus-
waste is not regulated. tion products to municipal solid waste landfills contributes
An essential condition for ensuring biological safety  to the contamination of territories with pathogens of in-
during the biowaste incineration is the correct arrange-  fectious animal diseases.
ment of a room or building where animal biowaste in-

cinerators and auxiliary premises are located: an autopsy CONCLUSION

room, a warehouse for storing disinfectants, tools, etc. At The results of the analytical study performed show that
the moment, the RF legislation has no regulated norms  as of January 1, 2021, there are a number of gaps in the
and rules for these premises. field of animal biological waste incineration due to both

The incineration of biological wastes and the main-  theimperfect regulatory framework and the shortcomings
tenance of the facility requires qualified personnel. Itis  in the organization of this system in the RF Subjects.
necessary to allow persons who have been trained and First of all, this is due to the fact that at the legislative
tested on the technical characteristics, principles of oper-  level there are no rules regulating the procedure for ani-
ation and maintenance of incinerators to work with these ~ mal biowaste incineration in home made incinerators. At
units. In addition, the personnel must have a permit for ~ the same time, the situation is aggravated by the fact that
the right to handle hazardous waste and beimmunizedin ~ these hand made incinerators are used in a significant
accordance with the national vaccination schedule. number of the RF Subjects, they have no certificates of

During the research, it was found that 46% of the an-  conformity in the field of fire and environmental safety.
imal biowaste incinerators are served by personnel who  About half of the incinerators are operated by unqualified
have not undergone appropriate training. The lack of nec-  personnel who are not aware of the technical characteris-
essary knowledge regarding the technical characteristics  tics and principles of operation of these units.

of the units, as well as the process of incineration, disin- The current situation in the country in the field of ensu-
fection, etc., can contribute to the spread of pathogens of  ring biological safety during animal biowaste incineration
infectious animal diseases into the environment. using home made incinerators demonstrates the need to

Disinfection is critical when it comes to the system of  introduce the following corrective measures: fix the re-
veterinary and sanitary measures ensuring infectious ani-  quirements for the technical characteristics of incinera-
mal disease freedom in the Russian Federation. Its main  tors and the process of animal biowaste destruction at the
purpose is the destruction or neutralization of infectious  legislative level; develop and adopt a legal act regulating
animal disease pathogens (birds, fish, bees) in the envi-  the activities of mobile units for the thermal treatment of
ronment [18]. biological waste; develop unified forms for biowaste in-

In this regard, biowaste incinerators, tools, overalls,and  cinerator recording; prepare unified checklists for sche-
vehicles used for transportation and burning of biological ~ duled and unscheduled inspections of animal biowaste
waste of animal origin shall be treated with disinfectants.  incinerating facilities performed by veterinary services;
Disinfection must be performed by trained specialists  introduce mandatory certification of biological waste in-
under the supervision of the State Veterinary Service. Em-  cinerators for their compliance with established veterinary
ployees responsible for disinfection also carry out sam-  and sanitary safety requirements.
pling to control the quality of disinfection and maintain It is also necessary to make additions to the existing
documentation (disinfection reports, disinfectant receipt, “Cerberus” IS components of the “VetlS” information plat-
consumption logs, and a disinfection log). Disinfection ~ form, which will allow the creation of the federal register of
animal biowaste incinerators, whose veterinary and sani-
' SanPiN 2.2.1/2.1.1.1200-03 “On sanitary protection zones and sanitary tary safety has been confirmed. This will allow the “Mer-
classification of e.stablishmen.ts, buildings and otherfacilities”: a;?proved cury” IS to block registration of Veterinary accompanying
Decree of the Chief State Sanitary Doctor of the Russian Federation R 3 |

documents for the movement of biological waste to dis-

25.09.2007 No. 74. Available at: https://base.garant.ru/12158477/b896902 - - ’ . ; ’
51be5277812a78962f6302560. posal and destruction facilities not specified in this register.
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The implementation of the above measures will im-
prove control over the safety of animal biowaste incinera-
tion in facilities intended for this particular purpose.
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