Eurasian Journal of Applied Biotechnology. No.4, 2022

UDC 579.25; 579.26; 579.8:616-036.22

THE USE OF MOLECULAR GENETIC METHODS BASED ON MLVA ANALYSIS TO CONFIRM THE
UNIQUENESS OF COLLECTION STRAINS OF BRUCELLA

Original articles

Berdimuratova K.T."", Shevtsova E.S.!, Kairzhanova A.D.', Abdigulov B.B.!, Karibayev T.B.2, Berdikulov M.A.%,
Firsova S.A.%, Shevtsov A.B'.

! National center for biotechnology, 13/5, Kurgalzhynskoye road, Nur-Sultan, 010000, Kazakhstan.

? National Reference Center Veterinary, street 150 let Abaya, house 22/3, Nur-Sultan 010000, Kazakhstan.

*bianco-umka@mail.ru

ABSTRACT

Collections of bacterial cultures are used for the storage of industrially valuable and prototypic strains, including the
purpose of patenting, manufacturing and testing diagnostic and prophylactic means. The collections are also indispensable
to preserve epidemiological strains produced during microbiological tests. Well-prepared collections are suitable for detailed
study and tracking of changes accumulating during the evolutionary history of pathogens. Collections are being supplemented
with new strains, so it is important that to confirm the uniqueness of these by using highly discriminatory molecular methods.
This article presents the results of assessing the genetic diversity of 36 collection strains of Brucella abortus and 57 strains of
Brucella melitensis by Multiple-locus variable-number tandem repeat (VNTR) analysis (MLVA). Generic identification and
absence of contamination by other bacterial species was confirmed by sequencing of the 16S rRNA gene. The MLVA analysis
discovered a contamination of 4 strains with different Brucella genotypes and revealed that the deposited 36 strains isolated
during 14 brucellosis outbreaks are actually of the same genotype. Our study confirmed the presence of identical strains of
Brucella in the studied collection. The use of MLVA-16 in testing of bacterial cultures isolated from the same outbreak allowed
differentiating unique strains for the subsequent deposition. Validation of the deposited strains with MLVA with detailed analysis
of the accompanying metadata allowed optimizing the collection to retain only unique strains, thus reducing economic costs

and biosafety risks. The saved funds thus can be used to expand collections with more unique strains.
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INTRODUCTION

Bacteria are the most diverse organisms on the planet and
have a huge impact on the functioning of ecosystems, in-
cluding also higher eukaryotic organisms, soils, oceans, as
well as diverse bacteria involved in infectious pathologies
of animals and plants [1, 2, 3]. The metabolic activity has al-
lowed the use of bacteria in food biotechnology, in the pro-
duction of fermented beverages and products (cheeses, yo-
ghurts, wines, etc.) even before the isolation of pure bacterial
cultures. The development of methodological approaches al-
lowing obtaining, isolating and studying pure bacterial cul-
tures, thus contributing to the rapid development of microbial
biotechnology. Currently, bacteria are the main ingredient in
the biotechnological production of not only fermented foods,
but also alcohol, lactic acid, citric acid, vitamins, amino ac-
ids, solvents, antibiotics, biopolymers, biopesticides, indus-
trial enzymes, bio-dyes, biosurfactants, alkaloids, steroids,
etc. [4]. Research in the field of biotechnology and bacteriol-
ogy, published in papers and patents, requires the availability
of live bacterial strains in accessible depositories for collect-
ing and independently verifying the results [5]. The preser-
vation of pathogenic bacterial species is necessary for the de-
velopment of specific means of prevention, diagnostics or as
reference cultures to test products [6, 7, 8]. In addition, the
study of the properties of isolated pathogens when monitoring
territories in the case of natural focal infections and investigat-
ing the ways of import and spread of the pathogen in an atypi-
cal region is of great importance for ensuring sanitary and ep-
idemiological well-being [9]. Collections and depositories of
microorganisms are indispensable for this important function,
and are used for depositing, documenting, maintaining, pre-
serving and distributing representative and unique strains [10].

The first collection of bacterial cultures was created by
Frantisek Kral in 1890 in Prague, and in 1900 he published a
catalog. Subsequently, collections of microorganisms began
to open in many universities and government organizations,
now there are more than 560 collections [11]. Collections of
industrially valuable strains and pathogens of infectious dis-
cases are officially registered in the Republic of Kazakhstan.
According to the Decree No. 850 of the Government of Ka-
zakhstan (dated July 30, 2002), depositories of pathogens of
especially dangerous infections were approved in the RSE
«Kazakh Scientific Center for Quarantine and Zoonotic In-
fections named after Masgut Aikimbayev» and the RSE on
REM «National Reference Center for Veterinary Medicine»
of the Ministry of Agriculture of the Republic of Kazakh-
stan (NRTSV). The activities of the depository in the NRTSV
are regulated by the Rules for the Deposit of Strains of Mi-
croorganisms, Maintaining the National Collection of Depos-
ited Strains of Microorganisms, instilled by Order No. 93 of
the Minister of Agriculture of the Republic of Kazakhstan
dated March 17, 2020 (hereinafter referred to as the Rules
for Depositing). According to which strains of microorgan-
isms existing in Kazakhstan, as well as those obtained as a
result of scientific research, in the diagnosis of animal dis-
eases, are subject to storage in the National Collection of De-
posited strains of microorganisms used in Veterinary Medi-
cine. Thus, all bacterial strains isolated during the diagnosis
of infectious diseases of animals are subject to deposition. At
the same time, it should be noted that when diagnosing en-
demic diseases in Kazakhstan, such as brucellosis, a number
of isolated strains from one focus can reach several dozen.
When diagnosing anthrax, several samples from a sick ani-
mal and environmental objects are analyzed, in which, accord-
ing to epizootological data, a contamination of Bacillus an-
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thracis from a fallen or culled animal is possible. In the case
of several infected animals, up to 20 bacterial cultures can be
isolated, which actually, as a rule, represent one strain. But
considering the probability of having several sources of the
infection, more strains can be subjected to the collection. With
this regard, an excessive storage of large numbers of strains
entails a financial burden on the collections, in a form of direct
costs associated with maintaining the strains, and also creates
additional risks to the personnel. To reduce the costs and the
hazard, it is advisable to confirm the uniqueness of the strains
isolated during a particular outbreak.

Modern genetic methods make possible to differentiate
strains and distinguish outbreaks when caused by leaks from
different reservoirs. The methods of analyzing the complete
bacterial genome have the highest resolution for genetic vari-
ability, but despite the high discriminatory ability, the com-
plete genome sequencing is costly and requests specific skills
for complex bioinformatic analysis [12]. Considering a bal-
ance between the discriminatory power and resources required
it is more appropriate for the initial analysis of strains to use
methods based on the analysis of genome fragments, such as
Multiple-locus variable-number tandem repeat (VNTR) anal-
ysis (MLVA) and multilocus sequence typing (MLST). These
methods act as the gold standard of genotyping for certain
bacterial species (Brucella spp., Bacillus anthracis, Neisse-
ria meningitidis) [13]. The purpose of this study is to assess
the discriminatory possibility of MLVA in the identification
of strains of Brucella spp. including those from the same out-
break in a collection of Brucella strains of the NRTSV.

MATERIALS AND METHODS

Strains and DNA isolation

Brucella spp. strains were stored in a cryoprotective en-
vironment at -80°C. After thawing on ice, the bacterial strain
was inoculated onto Brucella Agar (HiMedia), incubated at
37°C in atmosphere of 5-10% CO2 for 5 days with colony
growth tracking from day 3. Individual bacterial cultures were
dispersed in 0.3 ml of TE buffer (Tris 10 mM EDTA 1 mM
pH 8), inactivated by addition of an equal volume of chloro-
form. DNA isolation was performed by QIAamp DNA Mini
Kit (Qiagen, USA). DNA concentration was determined on a
BioPhotometer plus (Eppendorf). DNA was stored at -20°C
before the study.

Generic identification and evaluation of contamination
of samples

In order to confirm the species identification, a 16S
rRNA fragment was analyzed. Primers 8F (5’-AGAGTTT-
GATCCTGGCTCAG-3’) and 806R (5’-GGACTACCAGGG-
TATCTAAT-3") were used [14]. A 25 ul reaction mixture con-
tained 300nM of each primer, 1x PCR Gold Buffer (Applied
Biosystems, 4311806), 0.2 mM each dNTP, 1.5 mM MgCI2,
3 ng DNA and 1U AmpliTaq Gold DNA Polymerase. PCR cy-
cling was performed on a Master Cycler Pro S machine (Ep-
pendorf), and included initial denaturation of 10 minutes at
95°C; 30 cycles of 95°C -20 seconds, 55°C — 30 seconds and
72°C for 1 minute; final extension step was 72°C - 5 minutes.
Electrophoresis was performed in 1.5% agarose gel, ethidium
bromide was used as an intercalating dye. PCR products be-
fore sequencing were purified by the enzymatic method us-
ing ExoSAP-IT PCR Product Cleanup (Applied Biosystems),
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according to the manufacturer’s instructions. Sequencing
was generated using the BigDye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems), followed by separation
into ABI Prizm 3730xl. Chromatograms were evaluated and
contigs were combined in Lasergene (DNAStar). The spe-
cies identification was carried out using the BLAST resource
(https://blast.ncbi.nlm.nih .gov/).

MLVA genotyping and tree construction

For MLVA genotyping, we used a panel of 16 VNTR loci
proposed by Le Fleche et al. and modified by Al Dahouk et
al [15, 16]. The panel includes 8 minisatellite VNTR loci
(Bruce06, Bruce08, Brucel2, Bruce42, Bruce43, Bruce45
and Bruce55) and 8 microsatellite loci (Brucel8, Brucel9,
Bruce21, Bruce04, Bruce07, Bruce09, Brucel6 and Bruce30).
Microsatellite loci enable to differentiate species and assess
the global distribution of genotypes, while the combination
of all loci allows discriminating strains from particular out-
breaks. The combination of primers, their concentration and
PCR conditions were performed as described earlier [17, 18].
PCR amplification products were diluted 70 times and sepa-
rated into DNA Analyzer 3730x1 (Applied Biosystems, Japan).
VNTR repeat size analysis was performed using GeneMapper
4.1 (Applied Biosystems). Dendograms were constructed us-
ing the Maxim parsimony analysis method in BioNumerics
7.6 (Applied Maths, Sint-Martens-Latem, Belgium).

RESULTS

A total of 93 brucella strains were studied, including 36
strains of B. abortus and 57 strains of B. melitensis. Total
concentration of the isolated DNA varied from 4 to 8 micro-
grams per 1 ml. By analyzing the nucleotide sequence of 16S
rRNA, all analyzed strains were assigned to Brucella spp.
with 100% confidence. Sequencing results did not contain ad-
ditional peaks, thus excluding DNA contamination by other
bacterial species.

Values of 16 VNTR loci were obtained for all analyzed
strains. A contamination of the profile in hypervariable loci
was observed in 4 strains (Figure 1). In the B. melitensis strain
m54, 5 and 7 alleles were identified at the Bruce 30 locus. In
the strain B. abortus a 13, at the locus Bruce-07, 5 and 7 al-
leles were established. In the B. melitensis strain m55, the
contamination of one loci was observed, specifically at the
Bruce-09 locus (alleles 6 and 7). Also, the Bruce-16 locus (al-
leles 3 and 4) is contaminated in the B. melitensis m56 strain.

The studied 35 strains of B. abortus formed 14 genotypes
(Figure 2). Genotypes 2-6, 9-11 and 13 are represented by
only one strain. Genotype 1 comprised 6 strains: 2 strains
isolated from cattle in the Issyk settlement in 1961, 1 strain
from the Kazakh Institute of Agriculture was collected in the
Almaty region, and 3 strains of 2015 were from three settle-
ments of the West Kazakhstan region. Genotype 7 combines
5 strains from cattle in the Kostanay region deposited by the
Republican Veterinary Laboratory (RVL) in 2008. Genotype
8 combines 9 strains of which 7 were isolated in the Kostanay
region from cattle in 2008 and 2011, and by 1 strain from the
Almaty and Atyrau regions. Genotypes 12 and 14 combine 3
strains from the Almaty and West Kazakhstan regions, these
strains were isolated in different localities. After analyzing
the geographical localization, source and year of isolation,
it can be postulated that the strains of the genotype 1 num-
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Figure 1 — Electrophoretic profiles of contaminated samples

bered al and a2 are identical and represent the same outbreak.
The strains al7, al9, a20, a22 and a23 of genotype 7 depos-
ited by RVL may represent actually one strain isolated during
one outbreak in the Kostanay region. The strains al6, al8 and
a21 may be further revised as being the same strain. For the
strains a25, a26 and a27, more data on the isolation site and
depositor are required.

Among studied B. melitensis cultures with pure MLVA
profiles, 53 strains were clustered into 14 genotypes (Fig-
ure 2). Genotypes 18, 20, 22, 25-29 are represented by sin-
gle strains. The largest genotype 16 combined 22 strains: 19
strains from 11 settlements of the Zhambyl region, isolated
in 2008, 2012 and 2013; 2 strains from 2 settlements of the
West Kazakhstan region; 1 strain isolated in 2013 in the Al-
maty region. Genotype 17 combines 6 strains from 5 settle-
ments of the Zhambyl region and 1 strain from the Almaty
region. Genotype 19 combines 6 strains from small cattle in
the settlement of Karaturuk in the Almaty region and 1 strain
from the Almaty region without specifying the exact geo-
graphical location. Genotype 23 combined 2 strains isolated
in 2013 from small cattle in the village of Bereke in the Al-
maty region. Genotype 24 combined 4 strains, two of which
were isolated in the settlement of Koktal and by 1 strain from
the settlements of Ushkonyr and Karaoi of the Almaty re-

gion. Taking into account metadata for the samples of geno-
type 16, the identity of the following strains can be postulated:
m23 and m44; m26, m49 and m51; m28 and m29; m32 and
m33; m36 and m37; m45, m46 and m47. In genotype 17, the
strains m24 and m39 are identical. Genotype 19 appears to be
a separate strain from a single outbreak, with the exception
of the poorly characterized strain m15. Two strains of geno-
type 23 are also identical. In the genotype 24, the strains m6
and m19 isolated from small cattle in the settlement of Kok-
tal in 2013, are genetically homogeneous and apparently rep-
resent the same outbreak.

DISCUSSION

Microorganism collections, while performing their main
functions of depositing for the purposes of patent procedure
and maintaining biological diversity, hold representative sam-
ples of microbial diversity that cover a large number of spe-
cies [19]. With this regard, the collections of bacterial patho-
gens need to expand their taxonomic representation, as well
as track and deposit strains with intraspecific differences. The
latter are needed to study evolution of circulating strains and
respond timely to the ongoing pathogen adaptation [20, 21].
However, depositing every isolated strain from an outbreak
results in a quick increase in a number of individual sam-
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Figure 2 — Dendrogram based on the MLVA-16 genotyping assay (UPGMA method)

ples, which may skew the species diversity in the collection
and will require additional resources to maintain the collec-
tion. In order to keep a balance between preserving biologi-
cal diversity in the collection and excluding identical strains,
depositors must use highly discriminatory methods to distin-
guish identical strains isolated from the same outbreak. This
pilot study was aimed at assessing the genetic diversity in the
collection of Brucella spp. using MLVA and identifying iden-
tical strains from the same outbreaks. Based on the MLVA
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genotyping and metadata, the presence of 36 strains originat-
ing from 14 outbreaks with the identical genotypes was es-
tablished.

The MLVA genotyping using 16 VNTR loci has proven to
be a highly discriminatory method allowing clustering strains
by geographical origin, as well as combining strains isolated
from different patients within the same outbreak or from the
same patient before first-line therapy and after relapse [22].



Eurasian Journal of Applied Biotechnology. No.4, 2022

The method has high reproducibility, and the markers used
remain stable, which has been proven during genotyping of
B. melitensis strains Rev-1 isolated from humans and animals
from different geographical regions, as well as during geno-
typing of 40 passages of the Brucella suis vaccine strain S2
[23]. With this regard, MLVA-16 can be considered as the
primary test of identifying strains from the same outbreak.
Nevertheless, to confirm the identity of the strains, it is nec-
essary to also analyze metadata which allows comparing the
strains by a place and time of isolation. Since microsatellites
are prone to homoplasia, so that a same genotype can occur
in unrelated samples isolated in different time periods and dif-
ferent regions [24]. Exemplary, in our study, the lack of mata-
data on the m15 strain did not allowed to evidence that this
strain is from the same outbreak as the other strains m10-m14
and m22.

The MLVA genotyping revealed a high level of homopla-
sia among the analyzed strains, as only 14 genotypes were
identified among 35 strains of B. abortus and 53 strains of B.
melitensis. The largest genotype in B. melitensis strains com-
bined 22 strains collected on the territory of 3 regions in 2008-
2015. However, uncontrolled movement of animals can also
result in the wider geographical presence of one strain, which
was demonstrated in the work of A. Daugalieva [25]. Actually,
a presence of an identical MLVA profile has been described
in unrelated strains, which justifies genome-wide analysis for
further association of strains with an outbreak [26].

The MLVA genotyping using hypervariable microsatellite
loci can be used to check the stability of strains during long
storage, since MLVA allows detecting small genomic varia-
tions. This was demonstrated by testing 63 batches of com-
mercial vaccines RB51 and S19 produced by nine different
manufacturers. In two batches, a difference was found from
the typical strains at the Bruce-07 locus [27].

CONCLUSION

Controlling for the representation in a bacterial collec-
tion of unique strains increases the value and significance of
the collection from a scientific and epidemiological point of
view. TRhe presented study has demonstrated the presence
of strains with identical MLVA-16 profile, and isolated in the
same territory during same outbreak, in the NRTSV collec-
tion. The analysis provided proofs that some strains in the col-
lection are actually genetically identical. In our opinion, main-
taining identical strains in a collection is impractical from an
economic point of view and because of posing additional bi-
ological hazards. Thus the available collections need to un-
dergo a genetic check in order to maintain and store only
unique strains. Only isolated DNA from supposedly the same
strains can be stored in place of live bacteria. Following this
proposal will reduce costs of maintaining microbiological col-
lections and save reserves for replenishing the collections with
other unique genotypes.
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ABCTPAKT

Konekiun 6akrepuanbHbIX KyJIbTYp HEOOXOAUMBI JUIsl XPaHEHHUs TIPOU3BOJICTBEHHO 1IEHHBIX M THUITOBBIX IITAMMOB C IIe-
JIbIO TTIATEHTOBAHMS, IIPOU3BOJICTBA U TECTUPOBAHMUS IMATHOCTHYECKUX U MPOPHIAKTHIECKUX MpenapaToB. Koyekiny HyKHbI
TaKKe JUI XpaHEHHUS IITaMMOB, BBIJICICHHBIX B XOJ1€ TMArHOCTUYECKUX MPOIeTyp. XOPOIIO MOArOTOBIEHHbIE KOJUIEKIIUH PH-
TOJIHBI JJIS IETAJIbHOTO M3Y4YEHHUS U OTCIEKHUBAHUS H3MEHEHHH, HAKAIUTMBAIOIIUXCS B XO/I€ BOIIOIIMOHHON HCTOPUH MaTore-
HOB. KoJjTeKuu oTnoTHSFOTCSl HOBBIMU YHUKQJIBHBIMU IITAMMaMH, TIOOTOMY OU€Hb Ba)KHO, YTOOBI M3yUYEHHE XapaKTEPUCTUK
STHUX HITaAMMOB NIPOBOAMIIOCH C UCHONB30BAHHEM BBICOKO TUCKPUMHHAIIMOHHBIX MOJIEKY/IIPHO-TeHETHUECKIX METO/I0B. B nan-
HOM CTaThe NMPHUBE/ICHBI PE3YJIBTAThl OIIEHKH TeHETHUECKOTO pasHooOpasus 36 KOJUIEKIIMOHHBIX ITaMMOB Brucella abortus
u 57 mrramMMoB Brucella melitensis MeTOmOM MYJBTHIIOKYCHOTO aHain3a TaHaeMHbIXx moBTopoB (VNTR MLVA-16). Ponosas
UIeHTU(HUKAIMS 1 OTCYTCTBUE KOHTAMHHAIIMY JPYTUMH BUIAaMH OaKTepHil Obuia MOATBEPIK/ICHA CEKBEHUPOBaHHEM reHa 16S
rRNA. MLVA aHanu3 n03B0JIMJI YCTAHOBUTH KOHTAMHHAIIMIO 4 ITAMMOB Pa3HBIMH T'€HOTHUIIAMHU OpYIIEIUT U BBISIBUTB, YTO Jie-
NOHUPOBaHHHbBIE 36 MTaMMOB, BbIJICJICHHBIE ITPpX 14 BCIIBIIIKAX Opylieuiesa sBIsFOTCS WASHTUYHBIMU T€HOTHIIAMH BO30Y/IH-
Test. Harm vicereioBaHust HOATBEPIMIIN HAIMYKE B KOJUICKITUH UICHTHYHBIX IITaMMOB Opytesu. Micnons3oBanue MLVA-16
B TECTUPOBAHHH BBIJICJICHHBIX 0aKTEPUABHBIX KYJIBTYP M3 OIHON M TOM k€ BCIIBIIIKH IT03BOJIMIIO N depeHnnpoBaTs yHU-
KaJbHbIE ITaMMBI [T ITOCIEAYIOIIEro X AenoHnpoBanus. IIpoBepka nenoHnpoBaHHbIX mTaMMoB ¢ MLVA xapakrepucTti-
KaMH C JIeTaJbHBIM aHAJN30M METaJaHHbIX O JICTIOHHPOBAHHBIX IITAMMAaX IO3BOJISET ONTUMU3HNPOBATh KOJIIEKITUIO, TSI CO-
XpaHEHHs! TOJBKO YHUKAJIBHBIX IITAMMOB, YTO CHH)KAET SKOHOMHUYECKUE N3ICPKKU M PUCKU OHOJIOTHUECKOH O€30TTacHOCTH.
BricBOOOAMBIIIMECS CPEACTBA MOTYT OBITH HCIIOIB30BaHbBI JUISI OMOIHEHUS KOJUIEKIIMY YHUKaIbHBIMH ITAMMaMH.

KuaroueBble cioBa: Brucella melitensis, Brucella abortus, renotunupoBanune, MLVA, Ka3zaxcras.
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TYHUIH

[Tarorenni 6akrepusap KylIbTypalapblHBIH TONTAMAIapbl AUATHOCTHKAJIBIK XKOHE MPOPHIAKTHKAIIBIK ITPETapaTTap/Ibl
MIaTEHTTEY, OHJIPY XKOHE ChIHAY MaKCaTbIH/IA, COHal-aK JKYKIAJbl aypylapasl AMArHOCTHKAJIAy Ke31HAe OKIIayIaHFaH SIH-
JIEMUOJIOTHSUTBIK IITAMMJap/ibl CaKTay YIIiH ©HEPKICINTIK KYH/IbI )KOHE THIITI IITaMM/IApbl CAKTay YIIiH KaKeT. by caHu-
TapIIBIK-3MHAEMHOIOTHSIIBIK CallayaTThIIBIKTAFbl ©3repicTepli erKe-Ter kel 3epTTey jkoHe Kajaraay YIIiH skacanaabl. Tomn-
Tamaiap kaHa, Oipereil mraMMaIapMeH TOIBIKTHIPIIA/IbI, COHIBIKTAH OYJT IITaMM/Iap/IbIH CUIIATTaMalIapblH 3e€PTTEY, KOFaphl
JUCKPUMHHALMSUIAHFAH MOJICKYIIAJIbIK-TeHETHKAIIBIK 9/1iCTEPAl KOJIIaHy apKbUIBI JKY3€Tre achlpy eTe MaHbI3bl. by Maka-
nana Multilocus variable number tandem repeat (VNTR) analysis (MLVA-16) kemerimen Brucella abortus 36 KOJTEKITUSITBIK
ITaMMBIHEIH JkoHE Brucella melitensis 57 mTaMMBIHBIH T€HETHKAIBIK SPTYPILIITiH Oaranay HOTIKenepi Oepinren. JKammmb
naeHTHUKALMS )KoHE OacKa OakTepus TypiepiMeH JacTanybH KOKTHIFbI 16S pPHK renin cexBeHnpIey apKbUIbl pacTalbl.
MLVA Tangaysl OpyueuiaHbIH dpTYpIli TCHOTHIITEPiMEH 4 MTaMMHBIH JIACTAHYBIH aHBIKTAyFa JKoHE Opyneruiesaid 14 omars
Ke3iHJIe OKIIaylIaHFaH TYHIBIPBUTFaH 36 ImTaMMIapasiH Oipieil maToreHIik TeHOTUITEP eKEeHIH aHBIKTayFa MYMKIH/IIK Oep/Ii.
Bi3niH 3eprTeynep TonraMana OpyneuIaHbIH Oipaei mTaMMIapeIHBIH 00ybIH pactagsl. MLVA-16-HbI Oip omakTaH OKIIay-
JaHFaH OaKTepusl KyJIbTypalapblH ChIHAY YIIiH KOJIaHy, Oipereil mraMmaap/sl capaiayra MyMKiHIIK Oeperi. JlemoHnpieHreH
TaMMJIap/IbIH METaJIepeKTepiH erKel-Terkein Tanaay apkpuisl MLVA cunarramanaps! 0ap I€MOHUPICHTEH ITaMMIap/ibl
TEKCepy OMOIIOTHSUIBIK KAyilCi3MIKTI KAMTaMachl3 €Ty YIIIiH SKOHOMUKAIBIK IIBIFBIHAAP MEH TOYEKeIIepAi a3aliTyFa MyYMKiH-
Ik OepeTiH Oiperei mTaMMIapasl caKkTay TYPFBICEIHAH TONITAMHBI OHTAIaHABIpyFa MyMKiHAIK Oepeni. LIIbrappurran Ka-
PaKaTTHI TYP IIILTIK XKOHE TYP apaliblK OpTYPILIIriMEH epeKIIeTICHETIH TONTaMalbIK IITaMMIaPIbIH Oipereid TeHOTHIITePiH
cakTayFa naijaisanyra Ooabl.

KinT ce3nep: Brucella melitensis, Brucella abortus renotuntey, MLVA, Kazakcran.
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