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AHTHUMHMKPOOHBIH NMOTEeHIIHAT GUTOOMOTHKOB B OTHOIIIEHUH
BO30y1uTeJIeil MACTHTA KOPOB
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2. Acmana
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MacTuT KpymHOTO POTaToro CKOTa OCTaeTcs OJHOM M3 Hambosiee paclpoCTPaHEHHBIX U
SKOHOMHMYECKH 3HaYMMBbIX MaTOJOTUH MOJIOUHOTO CKOTOBOJICTBA, COMPOBOXKAASICH CHIYKEHUEM
yI0sl, YXyIIIEHHEeM KauecTBa MOJIOKA, POCTOM 3aTpaT Ha JICYEHUE U BHIOPAKOBKY >KUBOTHBIX.
CoBpeMEHHbBIE HMCCIEA0BAaHUS TOKA3bIBAIOT, YTO BAXKHYIO POJb B MOAJNEPKAHUU 370POBbS
MOJIOYHOM JKeJe3bl WIpaeT MHUKpOOMOTa BBHIMEHH, a HapylIeHHE €€ CTPYKTYPBl MOXET
paccMaTpuBaThCs Kak OAWH U3 (PaKTOPOB PHCKA Pa3BUTHS BOCTIAIMTENILHOTO mporiecca [ 1, 2, 3].
OnHOBpPEMEHHO POCT yCTOMUMBOCTH BO3OYIUTENEH MACTUTA K TPAAUIIMOHHBIM AHTUMUKPOOHBIM
cpezacTBaM TpedyeT noucka 6e3omnacHbIX U 3(QPEeKTUBHBIX anbTepHaTHB [4].

[loBcemecTHOE HCIIONB30BaHUE AHTHMOMOTHKOB CTaJI0 OAHOM M3 KIIOYEBBIX MPUYMH
CTPEMUTEIBHOTO  pOCTa  AHTUMHKPOOHOW  PE3UCTEHTHOCTH Cpeau  OakTepuajbHBIX
BOo30OynuTeneid mactuta [5]. OgHuM 13 HanboJee MePCIEeKTUBHBIX HAIIPaBICHUH B pa3paboTKe
aJIbTEpHATUB MCIOJIb30BAaHMUS AHTUOMOTHUKOB SIBIISIFOTCS. OMOIOTHYECKH aKTUBHBIE COETUHEHUS
PaCTUTENLHOTO TPOUCXOXKACHUS — (UTOTEHUKU M (PUTOOMOTHKH C HayYHBIM JIOKa3aTeIbHBIM
WX TPUMEHECHHUSI.

Lenpto paboTHI ABISIIOCH U3YUEHHUE TUCOMOTHYECKUX U3MEHEHU MUKPOOUOTHI BHIMEHH Y
KOPOB TPHU Pa3IMYHbIX (OpPMax MacTUTa U OIEHKA MOTEHIMAIa PACTUTEIBHBIX OMOAKTUBHBIX
COEIMHEHUI B KOHTPOJIE MAaCTUTA U YITy4IIEHUU KaueCTBa MOJIOKA.

B uccnenoBanuun MUKpoOOHOTHI MOJIOUHOM skeie3bl u3ydainu 30 KopoB MOJOYHOU (pepMbl
AxmonuHckoil obOmactu. [IpoOGsl MONOKa M CMBIBBI C COCKOB OBUIM B3AThI OT KIMHUYECKU
3JIOPOBBIX KOPOB, C CYOKITMHUYECKUM M KIIMHUYECKUM MAacTUTOM. [IMarHOCTUKY KIITMHUYECKOTO
MaCTHTA IIPOBOJIUIIH T10 pe3yJIbTaTaM KITHHIYeCcKoro ocMoTpa, California Mastitis Test u ipsimoro
oTpe/ieNIeHUs] KOJIMYEeCTBA COMaTHUECKUX KiIeToK. CyOKIMHUYeCKUH MAaCcTUT yCTaHaBIIMBAJIU
npu ypoBHe comMaTudeckux kieTok Beime 400 000 xm./miu. Maentudukarmuio OakTepuit
OCYILECTBIISIIM METOJIOM IpsIMOro cekBeHHpoBaHusi reHa 16S rRNA. AHTUMUKpPOOHYIO
AKTUBHOCTb M3y4yasd 10 3TaHONBHBIX PACTUTEIBHBIX SKCTPAKTOB.

YcTaHOBIEHO, YTO IPU MAaCTUTE MPOUCXOJAT BhIPAKEHHBIE U3MEHEHUSI TAKCOHOMHUYECKOM
CTPYKTYpBI MUKPOOHOTHI BBIMEHHU. Bo Becex rpymnmnax gomuHupoBani tum Firmicutes, oqHako npu
KIIMHUYECKOM MACTUTE €r0 OTHOCUTEIBLHOE CoJlepKaHue CHUXkaaoch 10 57,4% nporus 68,8%
y 310poBbIX H 73,4% y )KHBOTHBIX C CYOKIHMHHYECKOW (OpMON. AHATOTHYHO YMEHBIIIAIACh
nonst Bacteroidota — ¢ 13,1% y 310poBeIX 1 16,6% mpu CyOKITMHHUYECKOM MacTute 10 5,4%
npu KIMHUYeCKoM Mactute. OJHOBpEMEHHO YBEIMYMBAIOCh KoiaudecTBO Proteobacteria u
Actinobacteriota, 4TO yKa3plBaeT Ha HapyLIEHHE MHUKPOOHOH YCTOHYMBOCTH M YCHIICHHE
POJH YCIOBHO-TIATOTEHHBIX MUKPOOPTaHu3MoB. OCcOObIil HHTEpEC MPENCTaBIsSET YBEINICHUE
Bdellovibrionota g0 13,4% npu K1MHUYECKOM MacTUTE, TOT/1A KaK Y 3A0POBbIX KHUBOTHBIX 3TOT
nokasareib coctaBisit 1,7%, a nmpu cyoxknuHnIeckoMm Mactute — 0,3%.

Bo BTOpOoii uacTM OKCIIEpUMEHTAa HaMU OLEHEHAa BO3MO)KHOCTb MCIIOJIb30BAHUS
¢buToOMOTHYECKUX coeuHEeHHH B Ooprbe ¢ Bo3Oymutensimu mactuta. OmpeneneHo, dTo
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TPAIUIIMOHHO MPUMEHSIEMbIC KOMMEPUECKUE TMpernaparbl i 00OpaOOTKH BBIMEHHU, BKIIFOYAS
XJIOPTeKCUINH OWIIFOKOHAT W TOBUAOH-HO/, JEMOHCTPUPOBAIM HU3KYIO 3(()EeKTHBHOCTH B
OTHOIIICHUU ITPOM3BOACTBEHHBIX (IIOJIEBBIX) INTAMMOB MHKPOOPTaHU3MOB, BBIJICIICHHBIX OT
KOPOB ¢ MacTUTOM. [Ipu 3TOM, psiji K3TOTOBJICHHBIX HAMHU PACTUTEIBHBIX SKCTPAKTOB, TPOSBHUII
BBIPQ)KEHHY0 aHTUMUKPOOHYF0 aKTHBHOCTh. Hanbosee nepcreKTHBHBIME OKa3aIiCh SKCTPAKTHI
Populus balsamifera, Humulus lupulus, Syzygium aromaticum, Plantago major. JlnameTpsl
30H MHTHOUPOBAHUS PACTHTEIBHBIX SKCTPAKTOB M CTAHJAAPTHBIX AHTHOMOTHKOB B OTHOIIICHHH
JICTIOHUPOBAHHBIX PE(EPEHTHBIX IITAMMOB M AKCIIEPUMEHTAIBHBIX MPOU3BOICTBEHHBIX
(TOJIEBBIX ) U30JISTOB, BBIJICICHHBIX ITPU MACTHTE MPEACTaBIeHbI B Tabuie 1 [6].

Tabmuma 1 —  /luameTpsl 30H MHTHOUPOBAaHMS (MM) PACTUTEIBHBIX AIKCTPAKTOB H
CTaHJAApPTHBIX aHTUOMOTHUKOB B OTHOIIICHUHU BO36y,Z[I/ITeJ'IeI71 MacCTurTa
OKCTpakT Konnenrpamust | Candida | Candida E. coli E. coli Total S. aureus
(mr CB/mn) field ATCC field ATCC field ATCC

Populus balsamifera buds 68 151+29 | 18,1 +2,9| 47+29 6,7+29 |13,8+29 | 19,1 +£2,9
Syzygium aromaticum 128 125+£29 [ 145+29 | 135+29 | 175+2,9 | 13,7+£29| 13,5+£29
Humulus lupulus 43 182+29 (17,6 £29 | 9,0£2,9 | 132+29| 82+2,9 | 184+29
Silybum marianum 46 9,6 £2,9 7,7+2,9 | 10,8+2,9 | 83+29 [134+29| 19,0+2,9
Coriandrum sativum 33 52+29 |10,8+29| 17,129 110,729 |10,8+£29| 12,729
Plantago major 63 81+£29 | 36+£29 | 13,8+29 |11,6+29| 87+£29 | 91+£29
Fomes fomentarius 24 92+29 | 7,8+2,9 | 12,4+29 | 98+2,9 (11,1+29| 10,1+29
Artemisia absinthium 7 32+29 81+29 | 13,6 +2,9 | 93+29 | 94+29 89+29
Achillea millefolium 5 2,3+29 0,0+£29 | 10,1 +£29 | 92+29 | 89+29 | 12,7+2,9
Matricaria chamomilla 49 2,9+29 20+29 | 156+2,9 1 10,2+29 | 9,0+29 6,5+29
DTaHONBHBIH KOHTPOIB (%) 70 00£29 | 0,0£29 | 0,0£29 | 0,0£29 | 0,0£2,9 | 0,029
Ampicillinum (mr/mi) 2,5 - - - - 14,5£2,9 -
Carbenicillin (mr/mi) 10 - - 10,5+2,9 - - -
Cefalotin (mMr/mi1) 5 - - - - 0,0+2,9 -
Imipenem (mr/mi) 10 - - 11,6 £2,9 - - -
Ketoconazole (mr/mu) 2 89+29 - - - - -
Fluconazole (mr/mi) 1,5 00+29 [ 0,0£29 - - - -
Nystatin (ME/mi) 2,5 0,0+29 [ 0,0£2,9 - - - -

W3 Tabnuiier 1 BUIHO, 9TO paCTHTENBHBIE SKCTPAKTHI IPOJIEMOHCTPUPOBAIIN YMEPEHHYIO WITH
BBIPAKEHHYIO aHTUMUKPOOHYI0 aKTUBHOCTL: Populus balsamifera (15,1 MM npOoTHUB MOJIEBOrO
m3onsita Candida, 19,1 mm nipotus S. aureus) v Humulus lupulus (18,2 MM TIpOTHUB TIOJIEBOTO
monsra Candida, 18,4 MM ipotuB S. aureus) odecrieqriin HAUOOIBIITHE 30HBI MHTHOUPOBAHUS
B OTHONICHUU KIIFOUEBBIX BO3OyAMUTENEH MacTUTa. Syzygium aromaticum 1moKa3aja Hauaydllne
pesynbrarel npotus mramma Candida ATCC (14,5 mm) u E. coli ATCC (17,5 mm). Plantago
major NposiBUI HanOoJiee CUIIbHYIO aKTUBHOCTH MPOTHUB MosieBoro uzonsta Candida (8,1 Mm),
OZIHAKO €ro 3((eKTUBHOCTh B OTHOIICHUH JIPYTUX LITAMMOB Oblila HENOCTOAHHOW. Humulus
lupulus obecnieurBasl THTHOMPOBAHKUE MTUPOKOTO criekTpa mumieHe# (9,0-18,4 Mmm).

KoHTponpHble aHTUMHUKpPOOHBIE MpernapaTbl MPOSBISIN U30UPATENbHYI0 AaKTHBHOCTD
B OTHOIICHMM HCCJIEIOBAaHHBIX MHUKpOOpraHu3MoB. Cpenu MPOTUBOTPHUOKOBBIX CPEICTB
KETOKOHA30J MHTHOMpOBal Mpou3BojcTBeHHbINH mTamMm Candida (8,942,9 mm), Torma kak
(ITyKOHA301 ¥ HUCTATHH B MICCIICIOBAHHBIX YCIOBHUX HE OKa3bIBAJIN HHTHOUPYFOIIETO IEHCTBUS
HU Ha oauH u3 mramMmoB Candida (0,0+£2,9 mm). Cpean anTuOGakTepUalbHBIX MPENapaTroB
MMUIECHEM M KapOSHUIMJUIMH WHTHOMPOBAIM MPOM3BOACTBEHHBIN mTaMM Escherichia coli ¢
3oHamMu HHruOupoBaHus 11,6+2.9 mm u 10,5+2,9 MM COOTBETCTBEHHO.

Ha ocHOBaHMM TMOMYy4YEHHBIX pE3YJAbTATOB TOATOTOBIEHBI U  ampoOMpPOBaHBI B
MIPOU3BOJICTBEHHBIX YCIOBUAX (PUTOOMOTHYECKUE KOMITO3UIINH B BUJIE CPEICTBA sl 00paboTKH
COCKOB BBIMEHHU TOCTIE TOCHUSI.
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Takum 00pa3om, MaCTHUT y KOPOB CBsI3aH C BHIPAKEHHBIMU AUCOMOTHYECKUMU U3MEHEHUSIMU
MUKPOOHOTH BBIMEHH, NPOSBISIONIMMUCS CHHKEHHEM MHUKpPOOHOTO pa3HooOpasusi
M3MEHEHHEM COOTHOIIEHHS OCHOBHBIX OaKTepHaIbHbIX TAKCOHOB. PacTuTenbHbIE OMOAKTUBHBIE
COEIMHEHUS NIPEJCTABIAIOT cOO0M NePCHEKTUBHOE HAIPaBIeHNE NPO(YUIAKTUKY U KOPPEKIIUU
CYOKJIMHUYECKOTO MAacTUTa B YCJIOBHMAX pOCTa AHTMMUKPOOHOM pe3uCTeHTHOCTH. MXx
NPUMEHEHHE MOXKET pPacCMaTpHUBaTbCs KaK HAydHO OOOCHOBAaHHBIM 3J€MEHT YCTOHYHMBOIO
MOJIOYHOTO JKHUBOTHOBO/ICTBA, [I03BOJISIOLINI CHUKATh BOCIIAJINTENbHYIO Harpy3Ky, YMEHBIIIATh
KOJIMYECTBO COMAaTHYECKUX KIJIETOK U MOAAEPKUBATh KAYECTBO U O€3011aCHOCTH MOJIOKA.

bnaronapuocts. HccnenoBanus Oblin mpoBeAeHbl B pamkax mnpoekta AP23484620
«Pa3paboTka u BHeApeHHE (UTOTEHHBIX W (PUTOOMOTHYECKUX CPEACTB I MPOPUIAKTUKHI
U JIYEHUs] MACTUTA y JKUBOTHBIX C OLIEHKOM KadecTBa M 0€30MaCHOCTH MOJOKa». VCTOUHUK
¢unancupoBanus — Komurer Hayku MuHHCTEpCTBa HayKH U BbIciiero oopasosanus PK, 2024-
2026 rr. BeipaxaeM Taxke 6J1arogapHOCTh JOKTOPY XUMHYECKHX HayK, podeccopy [lonskoBy
B.B. 3a BeIOOp B HaNpaBICHUN UCCIICOBAHU.
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Peste des petits ruminants (PPR) remains a major transboundary disease of sheep and goats
that is aimed for global eradication led by the Food and Agriculture Organization of the United
Nations and the World Organisation for Animal Health, with elimination targeted by 2030 (Food
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and Agriculture Organization of the United Nations, 2024; Imanbayeva et al., 2025; Zhao et al.,
2021). The Mediterranean basin provides a useful regional setting for spatial assessment due to
its connection to the endemic areas of North Africa with neighboring territories via livestock
movement, trade, and shared ecological gradients. The Maghreb region has long been discussed
as relevant to broader transboundary spread toward historically free areas (Baazizi et al., 2017;
Parida et al., 2016).

This study examined ecological niche modeling as a basin-scale screening approach for
PPR across the Mediterranean region. Compiled outbreak information from Mediterranean
and adjoining areas spanning 2005-2025 was linked with environmental and anthropogenic
covariates, and four modeling approaches were used to generate spatial risk surfaces. After
fixed-grid spatial filtering, 404 outbreak locations across the Mediterranean were retained for
basin-scale modeling, with the largest contributions coming from Morocco, Algeria, and Tunisia.
Predictor screening reduced the initial candidate set to 15 retained variables representing host
distribution, climatic seasonality, land-cover structure, and human-associated landscape features
(Altan et al., 2019; Cano-Terriza et al., 2020; Parida et al., 2024).

At the basin scale, the modeled surfaces recovered a coherent regional pattern. Higher
predicted risk was concentrated along parts of the southern Mediterranean belt, particularly
across the Maghreb coastal and subcoastal belt, with additional localized hotspots elsewhere
around the basin, whereas lower values predominated across much of the adjoining dry interior.
Although the models differed in the sharpness and local placement of hotspots, they converged
on a common broad spatial structure, and the ensemble surface provided a stable summary of
the shared PPR risk signal. Response profiles further indicated that the basin-wide pattern was
shaped by non-linear gradients rather than simple monotonic effects. Sheep density showed an
early positive rise followed by leveling, while seasonality-related variables displayed curved
responses across their observed ranges.

These findings suggest that ecological niche modeling can serve as a practical first-step tool
for regional PPR screening in complex transboundary settings and resource limited settings.
At the Mediterranean scale, such an approach may help guide where to prioritize next detailed
surveillance design, country-level modeling, or targeted risk assessment. The broader regional
framing is also epidemiologically justified, given prior concern about PPR circulation in the
Maghreb and its relevance for neighboring regions (Baazizi et al., 2017). The framework is
transferrable to identifying ecological patterns associated with areas that appear more suitable
for PPR occurrence.
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Highly pathogenic avian influenza (HPAI) H5N1 represents a major and evolving global
threat to animal health, biodiversity, and food security. Since 2020, the global epidemiology of
HPAI has undergone unprecedented changes, marked by an exponential increase in incidence, a
shift in seasonality, and widespread geographic expansion [ 1]. Kazakhstan, strategically located
at the intersection of three major migratory flyways, serves as a critical hub for over 50 million
migratory birds annually, making it a high-risk region for HPAI introduction and dissemination
[2], and due its rapidly expanding poultry sector.

This study presents a novel framework for HPAI surveillance that integrates citizen science
data with advanced spatial analysis. The primary objective was to develop a dynamic, evidence-
based system to identify high-risk areas and critical time windows for targeted surveillance.
The methodology involved three core components. First, we leveraged citizen science data
from the eBird platform, analyzing over 90,000 georeferenced observations (2019-2023) to
identify and prioritize 137 high-risk avian species [3]. Second, we employed a suite of spatial
and spatiotemporal analysis tools, including Kernel density estimation, Getis-Ord Gi* hotspot
analysis, and SaTScan, to identify statistically significant risk clusters in both space and time.
Third, these analytical outputs were integrated into an interactive GIS dashboard for real-time
decision-making.

Spatial analyses using Kernel Density Estimation and Getis-Ord Gi* identified three primary
HPAT hotspots in Kazakhstan: the central region of Akmola, the western Caspian coastal oblasts,
and the southeastern Almaty region, while spatio-temporal cluster analysis (SaTScan) detected
seven significant clusters associated with migration and breeding periods. Temporal patterns
showed clear peaks in spring (April-June) and autumn (September—November), corresponding
to migratory movements of high-risk species [4].

The results highlight the importance of integrating large-scale observational datasets
with spatial epidemiology tools to support risk-based surveillance. This approach allows
the identification of priority species, high-risk regions, and optimal surveillance periods,
contributing to early warning systems and more efficient resource allocation.

The framework developed is scalable and transferable to other regions located along
migratory flyways, supporting the implementation of One Health surveillance strategies for
HPAI [5].
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