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IEVADS

Piena somatisko iinu skaits (SSS) ir nozimigs govju veselibas un izslaukta
piena kvalitates raditajs, kas tiek izmantots neatkarigi no slauksSanas sist€émas
(Gonzalo, Linage et al., 2006; Kamphuis, Dela Rue et al., 2013; Pyorala, 2003;
Schukken, Wilson et al., 2003). Automatizgjot piena razoSanas tehnologiskos
risinajumus, pieméram, parejot uz robotizétu slauksanu, SSS vértésana, lidzigi
ari citu veselibas un aktivitates parametru registréSana, iegast lielaku nozimi.

Ir izstradatas dazadas tieSsaistes sensoru sist€mas, lai parbauditu atsevisku
govju piena vai atseviSku tesmenu ceturkSnu piena atbilstibu v&lamajiem
kvalitates kriterijiem (Kawasaki, Kawamura et al., 2008; Meilina, Kuroki et al.,
2009). Piena sensori slauk$anas robota ir paredzeti, lai katra slauk$anas reize
nosactti aizstatu piena vizualo parbaudi, kas ir svarigs slaucgja darba uzdevums,
lai savlaicigi konstatétu piena krasas un konsistences izmainas, kas paradas
kliniska mastita vai tesmena traumas gadijumos. Sensoru mérjjumu dati tiek
apstradati un no tiem ganampulka parvaldibas sisttma aprékina mastita
noteikSanas indeksu MDi, kas uzrada govis ar tesmena veselibas vai piena
sastava izmainu problému. MDi var izmantot ka $kiro$anas krit€riju neatbilstoSas
kvalitates piena automatiskai novirziSanai no koppiena plasmas uzreiz
slaukSanas laika (Hovinen, Aisla et al., 2006; Hovinen & Pyorald, 2011).
Trauksmes zinojums atzimg, ka konkrétai govij bitu japievers vairak uzmanibas,
ta japarbauda ar klasiskam diagnostikas metodém — kliiska izmekleSana,
citologiska un bakteriologiska izp&tg, lai izlemtu, vai ir nepiecieSams uzsakt govs
arstéSanu.

Sobrid daudziem automatiskas slauk$anas sistémas (AMS) modeliem ir
iespgja tikt aprikotiem ar somatisko $tinu skaitiSanas sistému, kas piedava jaunas
iesp&jas mastita diagnostika. Tadel ir vajadziga informacija par jauno metozu
mérisanas precizitati, ka ar praktiskas piem&ro$anas principiem un iesp&jamiem
ieguvumiem piena kvalitates un dzivnieku veselibas uzlabosana. Noskaidrojot
slaukSanas robota iebiiveta tieSsaistes $tnu skaititaja (OCC, DeLaval) un netiesa
Stnu skaititagja (MQC-C2, Lely) efektivitati, batu iesp&jams precizi atklat
problematiskos dzivniekus turpmakai ganampulka veselibas parvaldibai un
veterinarajam darbibam.

Tesmena iekaisuma patogenéze izskiross faktors ir bakteriala ierosinataja
klatbtitne. ArT mastita diagnostika ierosinataja noteik$ana, respektivi, aseptiski
iegiita piena parauga laboratoriska izmekl&Sana uz mastita ierosinataju klatbiitni
piena, ir pamats profilaksei, terapijai un prognozei. Diemzel slaukSanas robota
dizains nav ta veidots, lai varétu drosi un bez specialas govs fiks€Sanas iegiit
aseptiskus ceturk$nu piena paraugus nositisanai uz bakteriologisku izmeklésanu
laboratorija (Penry, 2018). Govs slaukSana notiek vairakas reizes diena, un
robotizeta slauksana tas notiek dazados laikos visas diennakts garuma. Tapéc
tesmena ceturk$nu intramammaras infekcijas (IMI) statusa noteikSanai ir



nepieciesami atskirigi principi. No veterinara skatpunkta, jebkuru tesmena
veselibas sensoru un to signalu apstrades rezultata iegiitu tesmena trauksmes
zinojumu loma ir nodros§inat objektivu pamatojumu talakai ricibai. Gan augsts
SSS, gan piena elektrovaditsp&jas paaugstinasanas, atkariba no raditaju izmainu
apjoma, turpmakai ricibai nosaka divas alternativas — nekavéjoties uzsakt govs
pilnu klinisko parbaudi, tai skaitd, ceturkS§nu piena paraugu iegtSanu
bakteriologiskai testé$anai laboratorija, vai ar novérot govs stavokli un sekot
raditaju izmainam lidz atkartotai trauksmei nakamaja slaukSanas reize. Ja
trauksmes atkartojums nakamaja slaukSanas reiz€ neseko, tad uzskata, ka
pastiprinata uzmaniba dzivniekam vairs nav nepiecieSsama. Sakara ar to, ka SSS
var svarstities un pec ta paaugstinasanas atgriezties iepriek§&ja limeni laika lidz
nakamai slaukSanas reizei, tilitéja skarta ceturkSna piena parauga
bakteriologiska izmeklé8anas nepiecieSamiba nav pamatojama ar viena
mérfjuma rezultatiem (De Vliegher, Ohnstad et al., 2018). Zinatniskos p&tjjumos
pat iesaka veikt atkartotu paraugu nonemsanu un pieturéties pie, t.s., “zelta
standarta”, ar ko apstiprina konkrétu IMI kada tesmena ceturksni. Ik p&c ned€las
ieglistot tris piena paraugus no katra ceturkSna un testgjot tos uz mastita
ierosinataja klatbttni, par pieraditu IMI var atzit tikai tadu patogénu, kas paraugu
izmekleéSana konstatéts vismaz divas no trijam reizém (Leitner, Blum et al.,
2020). Tomér, tris paraugu izmekléSana salidzinot ar vienu vai diviem
paraugiem, daudzas situacijas var but darga, apgriitino$a vai pat neiesp&jama
(Dohoo, Andersen et al., 2011).

Studgjot literatiiru par SSS govju piena, var pamanit, ka SSS paaugstinasanas
celoni var bt saistiti ne tikai ar patologisku procesu norisi tesmeni, bet ari
dzimumsisteéma, iminsistéma u.c. Arl ietekme pretgja virziena, no tesmena uz
dzimumsisteému, saista zinatnieku interesi, piem&ram, IMI un ar to saistitie
toksini pasliktina ovocttu nobriesanu (Asaf, Leitner et al., 2014), ovulaciju,
apauglosanos un embriju attistibu (Soto, Natzke et al., 2003), corpus luteum
pieaugSanu un izmaina dzimumhormonu koncentracijas (Lavon, Ezra et al.,
2011). Lai gan nav Saubu, ka subklinisks mastits ilgtermina ietekmé auglibu, ta
negativa ietekme uz dzivnieka reprodukciju ir nepietiekoSi izpétita un maz
dokumentgta (Wolfenson, Roth et al., 2019). P&tfjumi liecina par IMI ilgtermina
traucgjoso ietekmi uz folikulu un ol$anu funkcionalo darbibu (Furman, Leitner
et al., 2014; Lavon, Leitner et al., 2011). Tap&c bija noderigi p&tjjuma te€ma par
SSS komplekso izvertesanu icklaut arf darba uzdevumu par SSS saistiba ar govs
atrazoSanas funkcijam, lai noskaidrotu embriju donorgovju veselibas raditaju, to
skaita ari SSS, ietekmi uz embriju kvantitati un kvalitati. Jautajums par SSS
izverte€Sanu govim pirms izvéles par embriju donoriem ir maz pétits, bet aktuals
govju Skirpu genétisko resursu saglabasanas programmas Latvija, kur Skirnes
prasibam atbilstoSo govju skaits ir ierobezots.

Aizstavamas tézes. (1) Piena kvalitates noteikSanas sensori, kas uzstaditi
slaukSanas robotos un ir paredzeti govs tesmena veselibas izmainu konstatéSanai,



biezi parada savstarp&ji pretrunigus vertgjumus un tade| rezultatu interpretacijai
ir nepiecieSami uzlabojumi; (2) Mastita ierosinataju noteikSana tesmena
ceturk$nu sakuma slaukuma piena vienlaicigi ar SSS mérisanu precizi nodrogina
subkliniska mastita diagnostiku un ir atskaites robeza piena elektrovadamibas
sensoru pielietojuma efektivitates vertésana; (3) Atkartoti SSS mérfjumi katra
govs slaukSanas reiz€, precizak raksturo piena dziedzeri iekluvuSa mastita
ierosinataja klatbitnes pastavigumu; (4) Mastita diagnostikas un piena kvalitates
vértesanas parametrs SSS var tikt pielietots ka govs auglibas potenciala
indikators un embriju donorgovju atlases kritérijs.

Hipotéze. Somatisko $iinu skaits ir ne vien mastita diagnostikas un piena
kvalitates vertéSanas parametrs, bet ar slaucamo govju tesmena aizsardzibas un
govs reprodukcijas sp&ju netieSs indikators, kura dinamikas izvert€Sanas
aktualitate pieaug, automatiz€jot piena razo$anas tehnologiskos risinagjumus.

Promocijas darba meérkis: izvertet slaukSanas robotu sensoru registréto
govs tesmena veselibas raditaju efektivitati somatisko §tinu skaita (SSS)
individualas dinamikas raksturoS$anai, lai atklatu subklinisku mastitu, ka ari
izpetit SSS raditaju eventualo nozimi embriju donoru atlasé.

Promocijas darba uzdevumi:

1. izpétit majorpatogéno un minorpatogéno mastita ierosinataju
epizodiskas un nepartrauktas klatbiitnes ietekmi piena dziedzerT uz SSS
paaugstinasanos govs piena subkliniskas intramammaras infekcijas
gadijumos;

2. novertet slaukSanas robota tie$saistes $tinu skaititaja OCC, kas darbojas
péc fluoroptiska principa, precizitati, lai atpazitu razosanas apstaklos
govis ar SSS > 200 tikst. $inas mL™, un analizét OCC rezultatu
mainibu vairakas secigas govs slaukSanas reizgs;

3. novertét govju robotizetas slaukSanas sist€mas pielietotd mastita
noteik$anas indeksa MDi vispargjo efektivitati, lai atpazitu govis ar
SSS > 200 tiikst. $inas mL™ un mastita ierosinataju klatbatni piena, ka
ar1 salidzinat MDi robezvertibas neatbilstosas kvalitates piena
automatiskai novirzisanai;

4. novertét slauk$anas robota integréta SSS noteik3anas sensora MQC-C2,
kas darbojas p&c viskozitates principa, m&rfjjumu precizitati un vispargjo
diagnostisko sakritibu ar laboratorijas instrumentalo metodi, lai atpazitu
razo3anas apstaklos govis ar SSS > 200 tiikst. §iinas mL™;

5. izvertét corpus luteum skaitu péc multiplas ovulacijas, kopgjo iegito
embriju skaitu un transferencei derigo embriju skaitu atkariba no SSS
donorgovs piena, ka ari vértet SSS raditaja pielietojumu donoru atlasg.



Darba zinatniska novitate:

Izstradats un parbaudits somatisko §tinu skaita individualas dinamikas
iedalfjums Cetros tipos, kas atspogulo mastita ierosinataju iesp&jamo
klatbiitni govs piena.

Pétfjuma rezultata noskaidrota vairaku slauk$anas robotos pielietoto
piena kvalitates sensoru sp€ja atpazit slaukSanas procesa govis ar
paaugstinatu somatisko $iinu skaitu piena virs 200 tikst. $tinas mL™.
Izmantojot realus govju izslaukuma datus modeltas mastita
noteik3anas indeksa MDi ieteicamas robezvertibas kvalitates prasibam
neatbilstoSa piena novadiSanai.

Apstiprinata mastita noteikSanas indeksa MDi paaugstinasanas uz
majorpatogeno ierosinataju epizodisku klatbiitni piena un noradits uz ta
nepietickamu paaugstinaSanos majorpatogéno ierosinataju ilgstosas
klatbttnes gadijumos.

Ar multiplas regresijas metodi izverteti faktori, tai skaita, somatisko
Stnu skaits govs piena, kas ietekmé transferencei derigu embriju ieguvi
no Latvijas Zilas, Latvijas Brinas un Danijas Sarkanas skirnes
donorgovim un izstradatas rekomendacijas efektivakai embriju donoru
atlasei un procesa organizeéSanai.
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determination in the milking robots. 9" International scientific
conference “Engineering for Rural Development ”: Jelgava, 2010. gada
27.-28. maijs / Latvijas Lauksaimniecibas universitate. Tehniska
fakultate. Jelgava. PrezentéSana mutiski/ oral presentgation.

Lasis 1., Antane V., Laurs A. Subclinical intramammary infections of
cows on the dairy farm with milking robot. 14" International
conference on production diseases in farm animals (ICPD): Gente,
Belgija, 2010. gada 20.-24. junijs / Ghent University, Ghent, 2010.
Stenda referats/ poster.

Zinatniskas publikacijas/ Scientific publications

Zinatniskas publikacijas Zurnales/ Scientific publications in journals
(indeksetas/ indexed by Scopus or Web of Science):

1.

Lusis, 1., Antane, V., Waldmann, A. (2023). Indirect sensing of
subclinical intramammary infections in dairy herds with a milking
robot. Sensors, Vol.23(22), article number 9036.
https://doi.org/10.3390/s23229036

Lusis, I., Antane, V., Waldmann, A., Sematovica, |., Ponomarjova, O.,
Ringa-Osleja, G., Skuja, S., Mangale, M., Kanska, I., & Lidaks, M.
(2021). Factors influencing embryo quantity and quality in donor cows
from Latvian Blue, Latvian Brown, and Danish Red breeds at risk in
Latvia. Livestock Science, 254 (October), 104739.
https://doi.org/10.1016/j.livsci.2021.104739
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https://doi.org/10.3390/s23229036
https://doi.org/10.1016/j.livsci.2021.104739

Antane, V., Lusis’, I., Sematovica, I., Waldmann, A., Kanska, .,
Mangale, M., Ringa-Osleja, G., & Lidaks, M. (2021). Factors
influencing multiple ovulation in dairy cows from Latvian brown,
Latvian blue, and Danish red breeds at risk in Latvia. Livestock Science,
243(June), 104379. https://doi.org/10.1016/].livsci.2020.104379

Publikacijas un tezes konferenc¢u rakstu krajumos/ Publications and theses
in conference proceedings (indeksétas/ indexed by Scopus or Web of Science):

4.

Lusis, I., Laurs, A., & Antane, V. (2019). Viscosity method in robotic
milking system for detection of somatic cell count in milk. Engineering
for Rural Development, 4, 324-329.
https://doi.org/10.22616/ERDev2019.18.N095

Lusis, I., Antane, V., & Laurs, A. (2017). Effectiveness of mastitis
detection index for cow monitoring and abnormal milk detection in
milking robots. Engineering for Rural Development, 16, 1383-1387.
https://doi.org/10.22616/ERDev2017.16.N314

Lusis, I., Antane, V., & Laurs, A. (2010). Effectiveness of somatic cell
count determination in the milking robots. Engineering for Rural
Development - International Scientific Conference, 112-116.

Lusis, 1., Antane, V., Sematovica, |., Waldmann, A., Ponomarjova, O.,
Ringa-Osleja, G., Skuja, S., Mangale, M., Kanska, 1., & Lidaks, M.
(2023) Influencing factors on the multiple ovulation and embryo
acquisition in local cow breeds. Reproduction in Domestic Animals.-
Vol.58(S2), pp. 223-224. https://doi.org/10.1111/rda.14442

Publikacijas un tézes konferen¢u zinojumu izdevumos/ Publications and
theses in conference proceedings:

8.

Lasis, I., Antane, V., Sematovi¢a, I., Waldmann, A., Ponomarjova, O.,
Ringa-Osleja, G., Skuja, S., Mangale, M., Kanska, 1., & Lidaks, M.
(2022). Atsevisku faktoru ietekme uz multiplo ovulaciju un embriju
ieguvi LZ, LB un DS s$kirnes donorgovim. In: Konferences
"Veterinarmedicinas zindtnes un prakses aktualitates” raksti, Latvijas
Biozinatnu  un  tehnologiju  universitate,  Veterinarmedicinas

fakultate - Jelgava, 2022. - 4.-5.1pp.

1 Korespondgjosais autors/ Corresponding author
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https://doi.org/10.1016/j.livsci.2020.104379
https://doi.org/10.22616/ERDev2019.18.N095
https://doi.org/10.22616/ERDev2017.16.N314

9. Lusis, I, Antane, V., & Laurs, A. (2014). Detection of possible mastitic
cows by using milking system with on-line somatic cell counter. In:
Dzivnieki. Veseliba. Partikas Higiéna: Konferences
“Veterinarmedicinas Zinatnes un Prakses Aktualitates - 2014” Raksti,
Jelgava — LLU Veterinarmedicinas fakultate, p.105.

10. Lusis, I. (2012). Antimicrobial resistance of the mastitis pathogens in
dairy cows. In: Dzivnieki. Veseliba. Partikas higiéna: konferences
“Veterinarmedicinas zinatnes un prakses aktualitates” raksti, Jelgava -
LLU Veterinarmedicinas fakultate, (pp. 88—91).

11. Lusis, I., Antane, V., & Laurs, A. (2010). Significance and application
of the online cell counter in the milking robot. In: S. Agenas, G.
Hallberg, E. Kylberg, K. Persson Waller, & B. Strom Holst (Eds.),
Lactation research in mammals and humans: The mammary gland in
health and disease, Uppsala (p. 38).

12. Lusis, 1., Antane, V., & Laurs, A. (2010). Subclinical intramammary
infections of cows on the dairy farm with milking robot. In G. Opsomer
(Ed.), Book of proceedings: 14th International conference on
production diseases in farm animals (ICPD), (pp. 87-88).

13. Lusis, I., Kocina, 1., Antane, V., & Jemeljanovs, L. (2007). Changes in
immunological parameters and lactose in cows with increased somatic
cell count in milk. In: R. Bage, N. Fedosova, P. K., & M. Stakheeva
(Eds.), Animal farming in transition - the role of animal reproduction:
Mastitis symposium, StPetersburg Veterinary Academy, (p. 18).

Darba apjoms. Promocijas darbs noforméts uz 85 lappusém ar 19 tabulam
un 16 att€liem.

Promocijas darbs izkartots astonas nodalas: ievads, literatiiras apskats,
materials un metodes, petfjuma rezultati, diskusija, 7 secinajumi, 3 ieteikumi
praksei, izmantotas literatliras saraksts (137 literatiras avoti) un darbam
pievienoti tris pielikumi.
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MATERIALS UN METODES
Materiala raksturojums

P&tijuma aprakstitas darbibas ar slaucamam govim ir istenotas promocijas
darba uzdevumu izpildei vairakos posmos. Atbilsto§i petjjuma norisei un
dzivnieku atlases atSkirtbam materials ir pakartots tris petfjjuma blokiem, kas
apziméti ar B1, B2 un B3.

Pétijuma pirmais bloks, B1

P&tijums veikts divas piena lopkopibas saimniecibas Latvija. Pirma
saimnieciba S1 atrodas Vidzemes regiona, un $aja saimnieciba izmanto DeLaval
firmas govju automatizéto slaukSanas sisttmu (VMS, DeLaval, Zviedrija).
Robotizétas slauksanas grupa tiek turétas lidz 60 govim. Saimnieciba bez
slaukSanas robota ir arT slaukSanas zale, kura notiek pargjo govju slauksSana.
Slauksanas robota govju grupa ir atverta, jo grupas sastavs periodiski tiek
atjaunots ar augsta izslaukuma govim, turpreti laktacijas beigu posma,
samazinoties izslaukumam, govis no robota grupas parvieto uz citu slauksanas
grupu. Somatisko Stnu skaita mériSanai slauks$anas robota stacija ir aprikota ar
fluoroptisko tieSsaistes $tnu skaititaju OCC (Online Cell Counter). S1 govis
atrodas nepiesietas turéanas novietné ar dzelzsbetona rezgu gridu un katsméslu
Skidras frakcijas uzkraganu zem tas. Gulvietas ir veidotas ka dzilie boksi, kuros
par pakai$u materialu ieklatas smiltis un smalcinati salmi. Saimnieciba S1 govis
sanem pilnigi samaisitu baribas devu. Otra saimnieciba S2 atrodas Zemgales
regiond, Un $aja saimnieciba tiek lietota automatizéta slauksanas sistéma (VMS,
DeLaval). Govju skaits robotizetas slauksanas grupa 110...120 govis, ko apkalpo
divi slaukSanas roboti. Saimnieciba S2 govis atrodas nepiesietas turéSanas
novietng ar seklajiem gulvietu boksiem, kuros ieklats gumijas matracis, bet kiits
ejas ieklats gumijas paklajs. Kiits ejas méslus tira ar skrépera tipa transportieri.
Saimniecibas S1 un S2 govju tesmena sagatavo$ana slaukSanai notiek
automatiska rezima, reiz€ veicot katra pupa atsevisku tiriSanu un pirmo piena
striklu noslaukSanu. P&c slaukSanas stobrinu automatiskas nonemsSanas
slaukSanas beigas un pirms govs iet ard no slaukSanas stacijas, smidzinaSanas
iekarta parklaj pupu galus un tesmena ventralo virsmu ar jodu-saturoSu
dezinfekcijas skidumu, kas ir paredz&ets govju pupu pecslauksanas dezinfekcijai
(Prima Plus, DeLaval, Zviedrija).

Somatisko $tnu skaita rezultats, ko ieglst ar OCC, tika salidzinats ar
fluorescent-opto-elektronisko laboratorijas instrumentalo metodi. Sim noliikam
viena slaukSanas reiz€ S1 ganampulka govim, izmantojot slaukSanas robota
esoSo piena paraugu iegliSanas iekartu, no visa govs slauksanas reizé izslaukta
piena 40 mL iepildija paraugu pudelité ar cie$i noslédzamu vaku. Paraugu
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tableti. Paraugus nosiitija uz izmekléSanu akreditéta piena laboratorija, kur
somatisko $tinu skaitu mérija ar automatisko piena analizatoru Fossomatic FC
(FOSS, Hilleroed, Danija) (LVS EN ISO 13366-2:2007 aktuala versija).

Govju SSS individualas dinamikas vértésana ar OCC veikta S1 ganampulka
robota grupas govim (n=31) katra slauk$anas reizé viena ménesa laika registréjot
N=1733 SSS mérfjumus. SSS individualas dinamikas vértesanas perioda katrai
govij (n=31) divas reizes veica arT tesmena ceturk§nu piena paraugu
bakteriologisku izmekl&Sanu uz mastita ierosinataju klatbutni, ka aprakstits $aja
promocijas darba.

Lai izvertetu mastita noteik$anas indeksa (MDi) vertibu dinamiku, govim
(n=20) tris ned€lu laika (S1 ganampulks, 2010. g.) reizi diena noteikta stunda
tika atziméti ganampulka parvaldibas sisteémas displeja redzamie aktualie MDi
radijumi, jo ganampulka parvaldibas sisttma nesaglabaja ieprieks aprékinatas
MDi vertibas. Pargja informacija par govs izslaukumu, slauks$anas reizu skaitu
diena, piena elektrovaditsp&ju, iesp€jamo asinu klatbilitni piena iegiita no
ganampulka parvaldibas sistémas attieciga laika perioda rezerves datu kopijas.

Lai izvértétu MDi raditaja pielietojuma efektivitati augsta SSS govju
atklasanai, ka arT vertétu mastita ierosinataju klatbitnes ietekmi uz piena SSS,
tika atlasitas MDi paaugstinasanas gadijumu (G) un kontroles (K) govju grupas
(1. tabula). Govju atlasi veica oktobra ménesi (S1, 2009. g. oktobris) un
papildinaja divas reizes (S1, 2010. g. oktobris un S2, 2011. g. oktobris). Katru
gadu tika vispirms atlasitas govis, kuram iepriek§€ja slaukSanas reizg
ganampulka parvaldibas sisttma (“Cow monitoring in VMS”, DeLaval
International, Zviedrija) registréts veért&jums MDi > 1.4. Govis ar MDi>1.4
sastadija tesmena veselibas trauksmes gadijumu grupu (n=21). No visam
par§jam slaukSanas robota grupas govim, tas ir govim ar MDi< 1.4, ar
vienkarsas nejausas atlases metodi izvel&jas para kontroles govis, nemot véra
gadijumu grupas dzivnieka laktaciju skaitu (1.laktacija, 2.laktacija un 3.+
laktacija) un laktacijas fazi (sakuma (10...100 dienas), vidus (101...200 dienas),
beigu (201...305 dienas) un pagarinata laktacija (>305 dienas)). Gadijuma-
kontroles pétljuma grupu sastavs paradits tabula (1. tabula). Gadijjumu grupa
nebija parstavétas govis no laktacijas sakuma fazes tapéc nebija iesp&ams
izveidot attiecigu pari. Kontroles grupa (n=24) laktacijas sakuma fazi
reprezentgja 3 govis, kuram MDi < 1.4.
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1. tabula/ Table 1. Gadijumu un kontroles grupu sastavs atkariba no govs
laktaciju skaita un dienu skaita kops atneSanas/ Case and control groups
depending on cows’ lactation number and the number of days from calving

Laktacijas faze'/ Lactation phase
Lakaciurpariy | S | W[ b | e | Ko
G | K8 G K G K G K
1.laktacija/ 1st 0 2 1 1 3 3 3 4 17
2.laktacija/ 2nd 0 0 1 1 2 2 2 2 10
> 3. laktacija/ > 3rd 0 1 1 1 5 5 3 2 18
Govju skaits, kopa/ | 0 3 3 3 10 10 8 8 45
Total cows

! Laktacijas faze pec laktacijas dienu skaita: 10-100 sakuma faze, 101-200 vidus faze, 201-305
beigu faze, un pagarinata laktacija >305 dienas/ Lactation phases by number of days in milk: early
phase 10-100, middle phase 101200, late phase 201-305, and extended lactation > 305 days;
%G — gadijumu grupa/ case group cows/, govis ar MDi > 1.4;

3K — kontroles grupa/ control group cows/, govis ar MDi < 1.4.

Gadijumu un kontroles grupas govju razibas raditaju salidzinajums ir paradits
tabula (2. tabula). Kontroles grupas govim ir mazaks dienu skaits no atneSanas
lidz petijuma uzsakSanai, jo grupa ir ieklautas tris govis lidz 100. laktacijas
dienai. Kontroles grupas govim ir augstaks izslaukums un zemaks SSS
salidzinajuma ar gadijjumu grupas govim.

Petijuma 1.bloka izstrade veikta Latvijas Zinatnes padomes grantu 09.1447
un 09.1528 “P&tfjumi par slaucamo govju tesmena veselibu un piena kvalitati,
pielietojot slaukSanas robotu tehnologiju” ietvaros. Veicot darbibas ar
dzivniekiem, tika ievérotas taja laika spéka esosas normativo aktu prasibas un
gtikas normas. Uzsakot darbu saimnieciba, bija sanemta fermas Tpasnieka (vai
fermas vaditaja) mutiska atlauja atlasit p&tfjuma govju grupu, sanemt pilnu
informaciju par govju datiem no ganampulka parvaldibas datorsist€mas, tai
skaita izveidot rezerves datu kopijas, izmantot piena parraudzibas datus, iegtit no
govim slaukSanas laika ceturkSnu piena paraugus, ka arl publicét pétljuma
rezultatus. Fermas Tpasnieks bija informéts par to, ka piena paraugu iegiiSana
slaukSanas laika neradis risku dzivnieka labturibai un veselibai. Fermas Tpasnieks
nodro$indja darbinieku, kas parzina automatiskas slaukSanas sistémas (AMS)
govju pliismas organizéSanu ta, lai paréjam saimniecibas govim netiktu aizkavéta
to slaukSana.
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2. tabula/ Table 2. Gadijumu un kontroles grupu govju razibas raditaji,
videjais (SE')/ Cows™ productivity parameters in case and control groups,

mean (SEY)
Gadijumu Kopljr(;ljes Visas govis/
Raditajs/ Parameter grupa/ Case grup All cows,
~ Control -
group, n=21 - n=45
group, n=24

Laktaciju skaits/ The number of
lactations

Laiks no atne$anas lidz pétijuma

uzsaksanai, dienas/ Duration from 301 (23) 252 (24) 274 (17)

calving to the start of study, days

Izslaukums, kg diena/ Milk yield,

2.38(0.28) | 2.17(0.25) | 2.27(0.19)

19.0 (2.1) 24.0 (2.1) 22.2 (1.6)

kg day?!
Piena tauki, %/ Milk fat, % 3.08 (0.38) 3.26 (0.31) 3.17 (0.24)
Piena olbaltumvielas, %/ Milk
protein, % 3.68 (0.10) 3.66 (0.10) 3.67 (0.07)

Piena laktoze, %/ Milk lactose, % 4.75 (0.07) 4.77 (0.05) 4.76 (0.04)

Somatisko §Gnu skaita vertéjums,

logz vienibas/ Somatic cell score, 5.06 (0.43) 3.26 (0.37) 4.07 (0.32)
logz units

1SE — standartklida/ standard error.

Pé&tijuma laika, no 2009. gada oktobra lidz 2011. gada oktobrim Dzivnieku
aizsardzibas likums (ar labojumiem un papildinajumiem spéka no 01.01.2000)
un Ministru Kabineta noteikumi “Eksperimentos un zinatniskos nolikos
izmantojamo dzivnieku tur€Sanas, izmantoSanas, tirdzniecibas un nogalinasanas
kartiba” Nr.450 (izdoti 23.10.2001.: prot. Nr.52-11.), ka ar vélak pienemtie
Ministru kabineta noteikumi “Noteikumi par izméginajumu dzivnieku audz&taju,
piegadataju un lietotaju registraciju, kartiba, kada veicamas darbibas ar
izméginajumu dzivniekiem, un izmEginajumu dzivniekiem nodro$inamas
labturibas prasibas” Nr.1131 (izdoti 21.12.2010.: prot. Nr.74-45.) neparedzgja
specialas atlaujas iznemSanu pétijuma veikSanai, kas nav eksperimentals
pétfjums, jo dzivniekiem nebija planotas procediras arpus saimniecibas
razo$anas prakses (Latvijas Republikas Ministru Kabinets, 2001, 2010; Latvijas
Republikas Saeima, 2000). LBTU iek$&ja Dzivnieku labturibas un aizsardzibas
gtikas padome tika izveidota vélak (2015. gada 30. marta; rektores rikojums nr.
4.3.-13/29).
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Pétijuma otrais bloks, B2

Lai novértétu slauk3anas robota SSS sensora, kas darbojas péc viskozitates
principa, m&rfjumu precizitati praktiskos apstaklos, pétijums veikts Kurzemes
regiona saimnieciba S3 ar 120 slaucamam govim, kura govju slauk$anai izmanto
divas automatiz&tas slauk$anas darba stacijas (Astronaut A4, Lely, Niderlande),
kas aprikotas ar MQC-C2 sensoriem SSS noteik$anai govs tesmena koppiena,
respektivi visa govij izslaukta piena daudzuma. No slaukSanas robota vadibas
sistémas tika iegiiti slaucamo govju (n=120) SSS dati, kas mériti ar viskozitates
metodi visa no govs izslaukta piena, ko ieguva viena slauksanas reize. Sie dati
katrai govij iegtiti par astonam slauk$anas reizém péc kartas. Tre$aja slaukSanas
reiz€ (testa reiz€), izmantojot slaukSanas robota esoSo piena paraugu iegiiSanas
iekartu, no visa govs slauksanas reiz€ izslaukta piena 40 mL iepildija paraugu
pudelite ar cieSi noslédzamu vaku. Paraugu konservgja, taja izSkidinot
konservanta BSM |1 tableti. Paraugus nosiitfja uz izmeklé$anu akreditéta piena
laboratorija, kur somatisko $tinu skaitu mérija ar laboratorijas instrumentalo
metodi iekarta Fossomatic FC (FOSS, Hilleroed, Danija). Pargjam 9 govim péc
atne$anas bija pagajuSas ne vairak ka 7 dienas, un to SSS salidzinjuma
neieklava.

Petfjuma 2. bloka nekadas procediiras dzivniekiem netika veiktas un to
ikdienas dzives rutina netika mainita. Atbilstosi taja laika speka esoSiem Ministru
Kabineta noteikumiem “Noteikumi par zinatniskiem meérkiem izmantojamo
dzivnieku aizsardzibu” Nr. 52 (22.01.2013. (prot. Nr.5-25.) sados gadijumos
pétijuma uzsaks§anai nav nepiecieSama Partikas un veterinara dienesta atlauja un
atzinums no Dzivnieku labturibas un aizsardzibas &tikas padomes, jo Sie
noteikumi neattiecas uz praktiskam darbibam, kas neizraisa sapes, cieSanas,
diskomfortu vai ilgstosu kait€jumu, kur$ lidzveértigs vismaz adatas ievadiSanai
atbilsto$i labai veterinarmediciniskai praksei (Ministru Kabineta noteikumi
Nr.52, 5.6. punkts) (Latvijas Republikas Ministru Kabinets, 2013).

Peétijuma tresais bloks, B3

Pétfjums veikts 16 slaucamo govju saimniecibas Latvija. Salidzinati un
izvertéti multiplo ovulaciju un embriju ieguvi ietekmé&josie faktori, tai skaita
piena somatisko $tinu skaits, 7 Latvijas Zilas (LZ), 13 Latvijas Branas (LB) un
10 Danija Sarkanas (DS) skirnes donorgovim, kopskaita n=30 (2 teles (telem
SSS nevértgja), 7 pirmpienes un 21 vairaku laktaciju govs) (3. tabula). P&tfjuma
laika donori, no 1 Iidz 8 govim katra saimnieciba, atradas sava saimnieciba.

Donorgovim laktaciju skaits vidéji (SE) bija 3.6 (2.4) laktacijas. Divi donori
bija teles 1.7 (0.14) gadus vecas, bet 28 donori — govis ( 7 pirmpienes 2.6 (0.1)
gadus vecas un 21 vairakas reizes atnesusas govis 7.2 (0.7) gadus vecas). Tabula
(3. tabula) paradits, ka 17 donori (60.7%) bija vecaki par 5 gadiem. Uzsakot
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multiplas ovulacijas (MO) inducé$anu, donoru vidéja kermena kondicija bija
2.7(0.6) BCS punkti un laktacijas dienu skaits 240(30). Razibas un piena
kvalitates raksturojums iepriekseja ménest pirms MO inducéSanas bija:
izslaukums 18.1(1.4) kg/diena, piena tauku % 4.6(0.2), piena olbaltumvielu %
3.8(0.1) un somatisko $iinu skaits 165(17) tikst. §iinas mL™2.

3. tabula/ Table 3. Donorgovis raksturojosi raditaji, videjais (SE)/
Characteristics parameters of the donor cows, mean (SE)

Pirmpienes/ Vairaku laktaciju Visas
Raditajs/ Parameter Primiparous | govis/ Multiparous | govis/ All
COWS Cows COws
Goviju skaits/ The number of . 21 28
cows
Laktaciju skaits/ The number of
lactations 1.0 (0) 4.4 (0.5) 3.6 (2.4)
Vecums, gadi/ Age, years 2.6 (0.1) 7.2 (0.7) 6.1 (0.6)
Kermena kondicija, BCS vien./
Condition of body, BCS units 25(01) 28(07) 2.7(06)
Laiks no atnesanas Iidz MO,
dienas/ Duration from calving to 156 (39) 268 (37) 240 (30)
MO, days
Izslaukums, kg diena/ Milk
yield, kg dayt 14.9 (2.0) 18.9 (1.7) 18.1 (1.4)
Piena tauki, %/ Milk fat, % 5.0 (0.6) 4.6 (0.2 4.6 (0.2)
Piena olbaltumvielas, %/ Milk
protein, % 3.6(0.3) 3.9(0.1) 3.8(0.1)
SSS, tiikst. §iinas mLY/ SCC,
thousand cells mL™! 44 (18) 225 (17) 165 (17)
Donori, kas vecaki par 5 gadiem,
%/ Donors aged >5 years, % 0 810 607

Pétfjuma 3. bloks ir dala no ERAF projekta "Govju genétisko resursu
saglabasana Latvija pielietojot embriju transferenci un ar to saistitas
biotehnologijas” (Nr.1.1.1.1/16/A/025, 2017-2020. g.) visi protokoli un
procediiras, kas projekta ietvaros tiks veiktas ar govim, bija izvertétas un atzitas
Latvijas Lauksaimniecibas universitates Dzivnieku labturibas un aizsardzibas
gtikas padomé (atzinums nr. 17/2 no 2017.gada 22. junija).
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Pétijuma izmantoto metozu apraksts
Tesmena ceturk$nu piena paraugu iegisana (B1)

P&tfjuma bloka B1 govs tesmena ceturk$nu sakuma slaukuma piena paraugi
SSS un piena sastava noteik$anai, ka ari bakteriologiskai izmeklesanai iegiiti
divas reizes ar 10...14 dienu intervalu. Visa p&tijuma iegiti un izmekl&ti 352
ceturk§nu sakuma slaukuma paraugi no 45 govim SSS un piena sastava
noteikS$anai un 352 aseptiski iegiiti ceturk$nu sakuma slaukuma paraugi mastita
ierosinataja bakteriologiskai noteik$anai. Tas darits govs slaukSanas laika p&c
govs pupu tirisanas un pirmo piena struklu atslauk$anas AMS darba stacija. Uz
paraugu iegiiSanas laiku slaukSanas robota tika ieslégts Tslaicigas pauzes rezims.
Vispirms no katra ceturkSnpa markéta plastmasas stobrina, kura ievietota
konservanta BSM 11 tablete, ieslauca pienu SSS un piena sastava (tauku %,
olbaltumvielu %, laktozes % un urinvielas saturs mg dL™) noteik3anai. Tad
manuali dezinficgja pupu galus ar 70% etilspirta $kiduma piesticinatu kokvilnas
marles salveti un ¢etros sterilos stikla stobrinos aseptiska veida ieslauca pienu
bakteriologiskai test€Sanai. Stobrinu atvéra tie§i pirms piena parauga
ieslauksanas, un, to tuvinot pupa galam, piena striklu virzija horizontali. P&c
piena ieslaukSanas stobrinu uzreiz noslédza ar gumijas korki. Stobrinus uzreiz
atdzesgja auksta tidens peldé (+5 °C). Visus parauga stobrinus reizé iznéma no
tidens, nosusinaja un ievietoja aukstumsoma uz ledus elementiem. Paraugus
bakteriologiskai izmeklé$anai 12 h laika transportéja un uzsaka to izmeklésanu
VMF Kliniska institita Ganampulka veselibas un reprodukcijas problému
laboratorija Jelgava. Paraugus SSS un piena sastava analizém 72 h laika nogadaja
uz izmeklgsanu (SIA “Piensaimnieku laboratorija”, Ulbroka). SSS rezultatu
vertéSanai tesmena ceturkSnu piena Saja darba izmanto robezvertibu
100 tukst. $oinas mL1, kas atbilst somatisko $tinu skaita vertéjumam SCS = 3.0
log, vienibam.

Mastita ierosinataju noteikSana (B1)

Govs tesmena ceturksnu sakuma slaukuma piena paraugus primari uzsgja uz
Kolumbijas asins agara (Biolife, Italy) ar 5% govju asinu piedevu un kultivgja
37°C temperatiira. Izmekl&Sanas seciba un izolatu klasifikacija veikta saskana ar
ASV Nacionalas mastita padomes (NMC) "Laboratorijas un lauka rokasgramata
par govju mastitu" aprakstito metodiku (National Mastitis Council, 1987, 2017).
Piena paraugu wuzs€ja uz barotnes ar vienreizlietojamu plastmasas
bakteriologisko cilpu (0.01 mL). Inokulétas plates inkub&ja un bakteriologisko
audzi novertgja péc 24 un 48 stundam. No izaugusajam bakteriju kolonijam
gatavoja uztriepes, tas krasoja ar Grama krasam (Benex Limited,Irija), novértgja,
parbaudija ar katalazes testu, oksidazes testu un pars€ja uz diferencialajam
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barotném. Mastita ierosinataju identifice$anai lidz grupu, ginsu un sugu limenim
lietoja mannitola-sals agaru, (Oxoid Limited, Lielbritanija), Zults-eskulina agaru
(Benex Limited, Irija) un Mak-Konkija agaru N2 (Biolife, Italija).
Staphylococcus aureus (koagulazes pozitivi stafilokoki) apstiprindja ar trusa
plazmas testu, lietojot stobrinus ar 0.5 mL truSa plazmas (Benex Limited, Irija).
Streptococcus agalactiae apstiprinaja ar CAMP testu, bet Streptococcus uberis
péc fakta, ka streptokoku pars€jums uz Zults-eskulina agara neveido saskatamas
kolonijas, bet ir novérojama eskulina hidrolizes josla ap barotnes inokulé$anas
liniju. Gramnegativas baktrijas parsgja uz Mak-Konkija agara N2 (MacConkey
agar N2) barotnes un sarkanas kolonijas, ko aptver precipitacijas josla,
identificgja ka Escherichia coli. Visi pargjie ierosinataji tika klasificéti gints
limeni (koagulazes negativi stafilokoki (KNS) jeb Staphylococcus spp.,
Streptococcus spp., Enterococcus spp., un Corynebacterium spp.). Viena vieniga
kolonija tika uzskatita par nozimigu atradi tikai tad, ja uzs€juma nebija citu
koloniju (National Mastitis Council, 2017).

Majorpatogéniem mastita ierosinatajiem (MaP) pieskaita: Staphylococcus
aureus, Streptococcus agalactiae, Streptococcus dysgalactiae, Streptococcus
uberis, eskulina pozitivi streptokoki, Escherichia coli, Klebsiella spp., pargjas
koliformas, Enterococcus spp., Trueperella pyogenes, Pasteurella spp. un
Pseudomonas spp.. Koagulazes negativus stafilokokus un korinebaktérijas
pieskaita minorpatogéniem mastita ierosinatajiem (MiP) (Dingwell, Leslie et al.,
2003; Piepers, Opsomer et al., 2010). Gadijuma, ja tesmena ceturkS$na piena
vienlaicigi vai kada no divam piena paraugu izmekleSanas reizém konstatgjams
gan MaP, gan MiP, summara veértéjuma §is ceturksnis tiek vertets ka MaP skarts
tesmena ceturksnis. Par ilgstoSu MaP vai ilgstoSu MiP klatbiitni apziméta viena
un ta paSa ierosinatdja izol€Sana no ceturk$na piena sakuma slaukuma gan
pirmaja, gan otraja piena paraugu iegiSanas un izmekl€Sanas reizg. Par
ierosinataja paradiSanos S$aja pétjjuma apziméta situacija, kad tesmena
ceturk$na sakuma slaukuma piena paraugd pirmaja izmekléSanas reizé
ierosinataju nekonstaté, bet atrod tikai otraja paraugu nemsanas reiz€. Par
epizodisku MaP klatbiitni nosaukti tie gadijumi, kas MaP konstatéts tikai viena,
t.i. tikai pirmaja vai tikai otraja paraugu iegiiSanas reiz€, bet attiecigi otra reizé
konstatéts MiP vai negativa atrade. Par epizodisku MiP klatbutni nosaukti tie
gadijumi, kuros MiP konstatéts tikai viena, t.i. tikai pirmaja vai tikai otraja
paraugu iegiiSanas reiz€, bet attiecigi Cita reiz€ konstatéts fenotipiski atskirigs
MiP vai negativa atrade (4. tabula).
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4. tabula/ Table 4. Mastita ierosinataju grupas un to klatbatnes
apstiprinajuma interpretacija govs tesmena ceturk$na Iimeni/
Interpretation of the mastitis pathogens™ group and those presence approval
at the cow’s udder quarter level

o Ierosinataja grupa/ The group of .
Kintbimes pathogens crositi ripul
pastavigums/ The Pirma parauga Otra parauga Sumrjnargy P
permanence of the I’lenftaﬁ?s iiiZé/ I’lem:fltlﬁs ;:(i,zel/ classification of the
pathogen's presence sampling sampling pathogen's group
Ilgstoss MaP/
2
Ilgstosa klatbuitne/ MaP MaP Continuous MaP
Continuous - : Ilgstoss MiP/
MiP MiP Continuous MiP
MaP LA -
MaP Epizodisks MaP/
- Episodic MaP
Epizodiska klatbatne/ MaP MiP pisodic Va
Episodic i
P MiP s Epizodisks MiP/
- Episodic MaP
MiP MiP®
Bez ierosinataja Brivs no
klatbiitnes/ No ierosinataja/ Free
presence of pathogen of pathogen

! otrais piena paraugs iegiits 10 Iidz 14 dienas p&c pirma parauga nemsanas laika/ the second
sampling of milk was conducted 10 to 14 days after the first sampling time;

2 majorpatog@ns mastita ierosinatajs/ major bacterial udder pathogen;

3 minorpatogéns mastita ierosinatajs/ minor bacterial udder pathogen;

4 audzi neveido/ none growth;

% otra reize fenotipiski atskirigs MiP/ a different minor MiP was found at the second sampling time.

Govis, kuram visu tesmena ceturk$nu piena konstate negativu atradi, klasificé
ka “statuss bez patogé€na”. Govis, kuram viena vai vairaku tesmena ceturksnu
piena konstaté vienu un to pasu ierosinataju, klasifice ka “statuss ar vienu
patogénu”. Govis, kuram tesmena ceturkSnu piena dazados ceturksnos konstate
dazadus IMI, klasificeé ka “statuss ar multiplu patogénu”. Gadijuma, ja vienam
un tam pasSam dzivniekam konstateé vienlaicigi gan MaP, gan MiP, govs tiek
klasificéta ka MaP skarts dzivnieks.

Tesmena ceturk$nu piena sastava noteik§ana (B1)
Tesmena ceturk$nu piena sakuma slaukuma paraugi SSS un piena sastava

noteik$anai ar laboratorijas instrumentdlo metodi tika ieslaukti tie$i no govs 40
mL plastmasas stobrinos un uzreiz péc iegisanas konservéti ar 0.02% 2-brom-2-
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nitropropan-1,3-diolu  (Bronopol™) jeb BSM Il tableti. Uz akreditetu
laboratoriju (SIA “Piensaimnieku laboratorija”, Ulbroka, Latvija) $ie paraugi
nogadati un izmekl&ti 72 h laika.

SSS meérits ar laboratorijas instrumentalo fluorescentoptoelektroniskas $inu
plismas citometrijas metodi neapstradatam pienam, izmantojot automatisko
piena analizatoru Fossomatic FC (FOSS, Hilleroed, Danija) (LVS EN ISO
13366-2:2007 aktuala versija).

Tauku %, olbaltumvielu % un laktozes % saturs mérits ar laboratorijas
instrumentalo vidgjo-infrasarkano staru spektrofotometrijas metodi, izmantojot
lieljaudas pilnigi automatisko analizatoru MilkoScan FT 6000 (FTIR, FOSS,
Hilleroed, Danija) un atbilstosi ISO standarta prasibam (1S09622/IDF141:2013
aktudla versija). Urinvielas koncentracija (mg dL') noteikta ar laboratorija
validétu metodi MET-003.

Piena parraudzibas analizu dati (B1, B2, B3)

Par katru pétijjuma ieklauto govi piena parraudzibas dati iegiti Latvijas
lauksaimniecibas datu centra no govju ciltskartinam. P&tjjuma bloka B1 datu
kopa papildinata ar attieciga gada septembra un oktobra piena parraudziba
registréto govs izslaukumu, somatisko §tinu skaitu, tauku %, olbaltumvielu % un
laktozes % saturu. Pétijuma bloka B2 datu kopa papildinata ar somatisko §tnu
skaita raditajiem. P&tjjuma bloka B3 datu kopa papildinata ar piena parraudziba
registréto govs izslaukumu, somatisko §tinu skaitu, tauku %, olbaltumvielu % un
laktozes % saturu par pasreiz€jo ménesi, kad uzsakta donorgovs sagatavoSana
multiplas ovulacijas ierosinasanai, ka ari vienu ménesi iepriek$ registréto govs
izslaukumu, somatisko $tnu skaitu, tauku %, olbaltumvielu % un laktozes %
saturu.

Slauks$anas robota sensoru registréto datu iegiiSana no ganampulka
parvaldibas sistemas (B1; B2)

Pétfjuma bloka B1 izstrade veikta piena razo$anas saimniecibas ar viena
razotaja automatiskas slaukSanas sisttmu (VMS, DeLaval, Zviedrija). Piena
elektrovaditsp€jas mérfjumi un izslaukuma dati registréti govs slaukSanas laika
piena plasmai no tesmena ceturk$niem. Papildus registréti slauk$anas intervalu
garumi un OCC rezultati (S1) Katrai govij, ka arT notikuso slauksanas reizu skaits
diena. Visi dati par tris ned€lu garu periodu, iznemot MDi datus, no slauksanas
robota datora apkopoti ganampulka parvaldibas sistéma un iegtti no sist€mas
pilna datu dubl&juma kopijas par tris ned€las garu periodu. MDi datu dinamikas
izpéte veikta 2010. gada oktobri. Dati apkopoti vienreiz diena, saglabajot
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ganampulka parvaldibas sist€mas ekranuznémumus, jo MDi tika aktualiz&ts
katra slaukSanas reiz€ un ieprieksgjas vertibas sistéma neuzkrajas.

Petfjuma bloka B2 izstrades laika uz vietas saimnieciba S3 no slaukSanas
robotu (Astronaut A4, Lely, Niderlande) datoriem tika saglabats zinojums par
somatisko S$tnu skaitu, kas merits ar viskozitates metodi, ka arT govs
identifikacijas numurs un slauksanas laiks.

Govs visparéja un speciala izmeklésana (B3)

Tika noskaidrota katras donorgovs anamnéze par laiku kopS pedgjas
atneSanas. Pirms uzsaka multiplas ovulacijas induc€$anu, veica vispargjo
klinisko izmeklé$sanu un ginekologisko izmekléSanu. Multiplas ovulacijas
inducésanai tika izmantotas tikai praktiski veselas govis, bez ginekologiskam
slimibam, ko noteica, veicot rektalu izmekléSanu, dzemdes un olnicu
ultrasonografiju. Pirms multiplas ovulacijas inducé$anas govij bija noveroti divi
normala garuma mekl&$anas cikli. Govs kermena kondicijas vertesana veikta pec
5 punktu skalas ar soli 0.25 (Ferguson, Galligan et al., 1994). MO inducé$anu
uzsaka, ja donorgovs kermena kondicija bija robezas no 1.50 1idz 4.50 punktiem.
Govju asinis ar ekspresmetodi (Free Style Optium Neo, Abbot Laboratories Ltd,
Lielbritanija) mérija B-hidroksibutirata (BHB) koncentraciju. PEtijuma neieklava
govis ar BHB > 1.2 mmol L.

Asinu biokimisko, hematologisko un hormonu raditaju noteiksana (B3)

Asinu paraugus seruma biokTmisko raditaju, hematologisko raditaju un
progesterona (P4) koncentracijas noteik§anai no visam donorgovim ieguva MO
indukcijas uzsak$anas diena. Atkartoti asinu paraugi P4 noteikSanai turpmak
nonemti pirms PGF2a injic€Sanas, 1.maksligas apséklosanas (MA), 2.MA diena
un embriju izskalo$anas (EF) diena. Asinu paraugus nonéma 7 mL vakuteineros
(HumaTube Serum C/A (z), Human Gesellschaft fir Biochemica und
Diagnostica mbH, Vacija), punkt&jot vena caudalis lateralis superficialis. Péc
nonemsanas paraugus ievietoja portativa aukstuma kamera (Model CNGO1-B,
Tortona Alexandria, Italija) uz ledus elementiem temperatiira, kas nav augstaka
par +4 °C uz 4-8 h. Paraugus centrifuggja 12 min (1500 apgriezieni min), lai
atdalttu serumu, ko uzreiz nogadaja laboratorija biokimisko raditaju noteikSanai,
ka art dalu dekant&ja atseviska stobrina un to uzglabaja -20 °C temperattra lidz
P4 koncentracijas merisanai. Asinu seruma tika meériti $adi metaboliti un
elektroliti: kopgjais proteins (TP), albumins, urinviela, kreatinins (CREA),
aspartata aminotransferaze (AST), alanina aminotransferaze (ALT), sarmaina
fosfataze (ALP), laktata dehidrogenaze (LDH), gamma glutamiltransferaze
(GGT), holesterols (CHOL), trigliceridi (TRG), kalcijs (Ca), magnijs (Mg),
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fosfors (P), kalijs (K), natrijs (Na) un hloridi (Cl). Seruma biokimijas analizes
veica akrediteta laboratorija SIA “Centrala laboratorija”.

Seruma P4 analizes veica Partikas droSibas, dzivnieku veselibas un vides
zinatniskaja institita ‘“BIOR” ar VIDAS® Progesterona enzimatisko
fluorescences imiintestu (Biomerieux SA, RCS Lyon, Francija). Analizu ieksgjas
un argjas rezultatu izkliedes koeficients <5%. P4 mérijjumu diapazons no 0.80
nmol L™ Iidz 254.40 nmol L™, ar noteikSanas slieksni 0.80 nmol L. Paraugi ar
P4 koncentraciju >254.4 nmol L™ tika at3kaiditi % un analizéti vélreiz.

Biokimisko un hematologisko raditaju references vertibas iegiitas nO
visparatzitiem literatiras avotiem (Kaneko, Harvey et al., 2008; Latimer, 2011).

Multiplas ovulacijas inducé$ana, embriju ieguve un novértesana (B3)

Visas B3 petijumu bloka govis tika paklautas multiplas ovulacijas (MO)
izraisiSanai vienu reizi, ne atrak ka 80 dienas p&c govs atneSanas. Visas govis
presinhroniz€ja ar divam prostaglandina F2 alpha (PGF2a) analoga —
kloprostenola injekcijam (Oestrophan; Bioveta, Cehija) deva 500 pg
intramusculari (im) ar 14 dienu starplaiku. Dzimumcikla 9 1idz 12 diena govim
uzsaka MO inducgsanu p&c diviem standartiz&tiem superovulacijas protokoliem
(Hasler et al., 1983).

Corpus luteum luteolizi ierosinaja ar PGF2a 500 pg im 48 h p&c eCG (pirmais
protokols) vai viena laika ar pFSH 6. injekciju (otrais protokols). Govs divreiz&ju
maksligo apséklosanu (MA) izdarija 48 h un 60 h péc PGF2a injekcijas, bet, ja
govs turpingja izradit mekl€Sanas pazimes, 12 h vélak veica atkartotu MA.

Embriju izskaloSanas diena, kas ir 7. diena péc pirmas MA, noteica donora
olnicas esoso corpus luteum skaitu, lietojot ultrasonografisko skeneri ar linearo
5 MHz intrarektalo zondi. Lai novérstu dziSanos, epidurali lietoja 100 mg
prokaina hidrohloridu (5 mL Procamidor 20 mg mL™, Richter Pharma AG,
Austrija). Embriju izskaloSanai pielietoja divvirzienu silikona ET katetru ar Y
savienotdju un embriju filtru. Katru dzemdes ragu izskaloja ar BoviFlusch
Recovery Medium (Minitiilb GmbH, Vacija), patéréjot nepartraukta plisma 500
mL un filtr§jot caur EmGuard System for Embryo Collection Bovine/Equine
(Minitib GmbH, Vacija). Filtru sisttmu ar ieglito materialu parvietoja uz
atseviSku tiru telpu. Pec filtra atvienoSanas veica ta skaloSanu un Skiduma
parneSanu uz vairakam Petri platém. Petri plates caurskatfja desmit reizu
palielinajuma ar stereomikroskopu (Nikon, Japan), lai atrastu embrijus. Atrastos
embrijus ar specialas pipetes palidzibu parnesa mazakas Petri plates 5 mL
speciala embriju kultivésanas Skiduma BoviHold medium (Minitube GmbH,
Vacija), tos turgja istabas temperatiira I1dz to kvalitates novertésanai mikroskopa
100 reizu palielingjuma. Embrijus péc to morfologiskam pazimém iedalija:
neapauglotas olStnas (1. attistibas pakape), embriji lidz morulas stadijai
(2. attistibas pakape) morulas (3. attistibas pakape), kompaktas morulas
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(4. attistibas pakape), agrinas blastocistas (5. attistibas pakape) blastocistas
(6. attistibas pakape), paplasinatas blastocistas, t.i., embriji pirms iznak$anas no
zona pellucida (7. attistibas pakape), un izskiluSies embriji, kas iznakusi arpus
zona pellucida (8. attistibas pakape). Embriju kvalitati noteica klases (1. klase =
teicams, 2. klase = labs, 3. klase = viduvgjs, 4. klase = slikts un 5. klase =
degeneréts) atbilstosi tam, ka to ir aprakstijusi B6 un Mapletoft (2013). Kopgjais
embriju skaits (nE) tika aprékinats summgjot visas attistibas pakapes un visu
kvalitates klaSu embrijus, tai skaita degener&tos embrijus. Transferencei derigo
embriju skaitu (nTE) aprékinaja summeéjot visus pirmas, otras un tresas klases
embrijus, kas ir pieméroti tieSai embriju parnesanai uz recipientu vai sasaldéSanai
(B6 & Mapletoft, 2013).

Ceturtaja diena péc embriju izskalo$anas donoriem injicgja PGF2a im, lai
izsauktu corpus luteum luteolizi un atjaunotu mekléSanas cikliskumu (Viana,
Vargas et al., 2016).

Govs somatisko §iinu skaita individualas dinamikas tipa noteik$ana (B1)

Apkopojot OCC mérfjumu rezultatus, kas automatiskaja slauksanas sistema
iegiisti katra slaukSanas reizg un att€lojot tos grafiski, katras govs somatisko $tinu
skaita svarstibas parada individualas dinamikas tendences, kuras $aja pétijuma ir
aprakstitas ka Cetri SSS individualas dinamikas tipi. Atkariba no somatisko $tinu
skaita vert§juma SCS punktu izkliedes un novietojuma attieciba pret
robezvértibu SCS = 4, kas atbilst SSS = 200 tikst. $iinas mL™, govis iedalfja
&etros SSS individualas dinamikas tipos (5. tabula).

5. tabula/ Table 5. Cetri SSS individualas dinamikas tipi un to verteéSana/
Four types of individual dynamics of SCC and their evaluation

SSS svarstibas pa govs slauk3anas reizém/ Dinamikas tipa nosaukums un
Fluctuations of SCC in cow's consecutive raksturojums/ Dynamics type name
milkings and characterization

Dinamika zem robeZvértibas
(1.tips). Piemers: govs nr.7292 ar
pastavigi zemu SSS piena/ Dynamics

SSS vértgjums, log, vienibas
SCS, log; units
3

afle ! ST, below threshold (Type 1). Example:
_ ‘ cow nr.7272 with permanently low
<] SCC in milk.

i
I
i
i
I
i
I
i
i
I
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i
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I
I
i
i
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i
i
i
| S R
0 20 40 60 80 100
Slauksanas reizes/ Milking times
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5. tabulas turpindjums/ continuation of Table 5

SSS svarstibas pa govs slauk$anas reizém/
Fluctuations of SCC in cow's consecutive
milkings

Dinamikas tipa nosaukums un
raksturojums/ Dynamics type
name and characterization

SSS vertgjums, log, vienibas
SCS, log: units

Dinamika zem robeZvértibas ar
islaicigu paaugstinasanos
(2.tips). Piemers: govs nr.7248 ar
sporadiskiem SSS
paaugstinajumiem atseviskas
slauksSanas reizés/ Dynamics
below threshold with separate
increases (Type 2). Example: cow
nr.7248 with occasional increases
of SCC in some milkings.

SSS vértgjums, log, vienibas
SCS, log; units
3

L B

Dinamika pie robeZvértibas
(3.tips). Piemers: govs nr.7467 ar
SSS epizodisku kapumu, jo laika

no 60 lidz 80 slaukSanas reizei
novérots Tslaicigs SCS kapums,
kam seko atgrie$anas ieprieksgja
vertibu diapazona/ Dynamics
near threshold (Type 3).

Example: cow nr.7467 with a
short-time increase of SCC above

threshold during 60t to 80™"

milking that was followed by a

return into the earlier range of

values.

SSS vertgjums, log, vienibas
SCS, log; units
3

1
o P

20 40 60 80 100
Slauksanas reizes/ Milking times

Dinamika plasa diapazona zem
un virs robezvertibas (4.tips).
Piemérs: govs nr.7071 ar SSS

svarstibam plasa diapazona zem
un virs robezvertibas un vairak
neka 30% gadijumu parsniedz

SCS > 4, kas atbilst
SSS > 200 tiikst. $Ginas mLY/
Dynamics in a wide range
around threshold (Type 4).
Example: cow nr.7071 with SCC
fluctuations in a wide range
below and above the threshold
and more than 30% of milkings
exceeding the SCS > 4 or SCC >
200 000 cells mL2.
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Tabula paraditajiem somatisko S$tnu skaita individualas dinamikas
piem@riem laika ass ar vertikalam linijam ir sadalita pa posmiem, kuru garums
aptver 20 slauk3anas reizes. Lai arT ne visas slaukSanas reizés ir veikta SSS
merisana ar OCC, tomeér §ads laika posms ir minimalais ilgums OCC rezultatu
svarstibu salidzinasanai, lai novértétu SSS individualas dinamikas tipu konkrétai
govij.

Datu statistiska apstrade

Lai novértgtu atsevisku govju somatisko §tinu skaita (SSS) dinamiku, ar OCC
noteica SSS katra slauk3anas reizé viena ménesa laika. Dati tika apkopoti
ganampulka parvaldibas sist€ma un iegiti no slaukSanas robota datu dublgjuma
datném. Lai SSS rezultati atbilstu normalajam datu sadalfjumam, SSS tika
konvertéts uz somatisko $Gnu skaita veért€juma (SCS), standartizétam log;
vienibam pé&c formulas (1) vai gadijumos, ja kadai govij konstaté loti zemu
SSS < 12 tukst. $tinas mL?, tad SCS=0. Pec konvertesanas SSS robezvértiba
200 tiikst. stinas mL* atbilst SCS = 4.0 log, vienibam (Shook, 1993).

SCS = log,(SSS x 107°) + 3 1)

SCS - somatisko $tinu skaita vert&jums, log; vienibas;
SSS — somatisko §tinu skaits, §tinas mL™.

Lai raksturotu viskozitates metodes izmantoSanas efektivitati tadu govju
atpaziSanai, kuram piena ar laboratorijas instrumentdlo metodi konstatéts
SSS > 200 tikst. $inas mL™, tika izvértéts péc abam metodem iegito rezultatu
kopgjas sakritibas Iimenis, aprékinot Koena kappa koeficienta vertibu. Koena
Kappa koeficienta interpretacija veikta péc Landisa un Koha skalas (Landis &
Koch, 1977): vaja sakritiba k < 0.20; nosacita sakritiba 0.21 < k < 0.40; viduvgja
sakritiba 0.41 <k <0.60; butiska sakritiba 0.61 <k <0.80; loti laba sakritiba
k > 0.80.

Tapat iegiitajiem rezultatiem tika aprékinats ar1 kliidaini pozitivo un kliidaini
negativo vert€jumu biezums.

Lai raksturotu viskozitates metodes SSS rezultatu kvantitativo atbilstibu,
salidzinot ar laboratorijas instrumentalas metodes rezultatiem, tika aprékinats
Lina konkordances korelacijas koeficients piecam slaukSanas reiz€ém un
salidzinatas §1 koeficienta vertibas katrai reizei atseviski, ka ari vidéjam vertibam
no divam, trijam un piecam reiz€m ap parraudzibas kontroles testa atskaites reizi.
Lina koeficienta aprékinasana veikta, izmantojot STATA programmas
paplasinajumu, ko izstradajusi Steihens T.J. un Koks N.J. (Steichen & Cox,
2002). Lina konkordances korelacijas koeficienta interpretacija veikta péc
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MakBraida skalas (Lin, McBride et al., 2005): vaja sakritiba r < 0.90; viduvgja
sakritiba 0.90 <r <0.95; augsta sakrittba 0.95 <r<0.99; pilniga sakritiba
r>0.99.

Ar viskozitates metodi noteikta SSS sakritiba ar laboratorijas instrumentalo
metodi parraudzibas kontroles diena novértéta grafiski, att€lojot rezultatus
Bland-Altmana diagramma (Watson & Petrie, 2010).

MDi dinamika tika apkopota un salidzinata ar dispersijas analizes ANOVA
metodi atkartotiem mérjjumiem. Visa pétijumu gaita atskiribas starp grupam tika
uzskatitas par nozimigam, ja p < 0.05.

Mastita ierosinataja klatbtitnes paradiSanas, t.i., ierosinatajs nebija konstatéts
pirmaja paraugu nemsanas reiz€, bet ir konstatéts otraja paraugu nemsanas reizg,
analizéta ar daudzu faktoru logistiskas regresijas analizi datorprogramma Stata
(StataCorp LP, 4905 Lakeway Drive, College Station TX77845, USA, version
Stata BE 17.0 for Windows).

Pirsona Hi-kvadrata tests izmantots, lai salidzinatu ierosinataju grupu
sastopamibas sadalfjumu gadijumu un kontroles grupas. Lai sava starpa izvertétu
atskiribas starp mazakam apaks$grupam (n<5), izmantots FiSera eksaktais tests.

Multiplas ovulacijas (MO) sekmes, jeb atbildes reakciju uz MO inducé$anu
vertéja pec corpus luteum skaita (nCL), summgjot kreisaja un labaja olnica
novérotos CL embriju izskaloSanas diena. Atbildes reakciju uz MO inducg$anu
uzskatija par sekmigu, ja nCL >3.

Lai statistiski izvertétu sakaribu starp nCL (nCL modelis) un s€ruma
biokimiskiem raditajiem, piena SSS un govs izslaukumu, laktaciju skaitu un
apkartgjas vides gaisa temperatiru pirms MO inducéSanas, izmantoja
daudzfaktoru negativas binomialas regresijas modeli (MNBR). Govs skirni
automatiski ieklava modeli ka blakusfaktoru, neraugoties uz ta statistiska
nozimiguma Iimeni. Lidziga veida MNBR metode izmantota interpret&jot nE un
nTE, attiecigi modelis nE un modelis nTE, potenciali ietekm&joSos faktorus:
progesterona (P4), 17p-estradiola (E2) Iimeni, asinu biokimiskos raditajus,
hematologiskos raditajus, kermena kondiciju (BCS), laktaciju skaitu, apkartgjas
vides gaisa temperatiiru, piena SSS, izslaukumu, piena tauku, un olbaltumvielu
saturu (Dohoo, Martin et al., 2010).

Pétijuma gaitas apraksts
Visa pétijuma gaita (6. tabula) somatisko $tinu skaits govs piena ir analiz&ts
ka indikators produktivai govs tesmena darbibai, kvalitativa piena ieguvei un ari

labveligai ietekmei uz govs reproduktivas sisteémas sp&jam, konkréti, multiplo
ovulaciju un transferencei derigu embriju ieguvi.
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Nemot veéra to, ka S§is t€mas izstrades gaita bija unikala iesp&ja pétit
apdraudétu skirnu gengtisko resursu govis, kuras izmitinatas daudzas
saimniecibas visa valsts teritorija, ir noprotams, kap&c tas nav pétjjuma laika
slauktas slaukSanas robota. Noslédzosais pétijuma bloks B3 lauj parbaudit
hipotézi par to, ka govim ar optimalu somatisko $tinu skaitu piena un veselu
tesmeni ir sagaidami labaki reprodukcijas rezultati. Petijuma izstrades laiks un
tris unikali p&tfjuma materiala bloki, kas ir tematiski vienoti jautajuma par SSS
verteSanas dazado tehnisko risindjumu iesp&jam, ir nepiecieSami, lai paraditu
SSS rezultatu kompleksas veértéSanas zinatnisko nozimi un praktiska
pielietojuma aspektus govju tesmena veselibas uzlabo$ana un govju Skirpu
saglabasana, kas ir svarigi gan veterinarmedicinas, gan lopkopibas nozaru
attistibai un cie$akai sadarbibai.
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PETIJUMA REZULTATI UN DISKUSIJA
Piena SSS atkariba no ierosinataja klatbitnes un MDi

P&tjjuma bloka B1 datu kopu veido rezultati, kas iegiiti, veicot atkartotu
tesmena ceturk$na ITmena bakteriologisko izmekleSanu (majorpatogéno un
minorpatogéno mastita ierosinataju klatbitne), sastava testéSanu (piena tauku%,
olbaltumvielu%, laktozes%, urinvielas koncentracija) un somatisko $tinu skaita
(SSS) mérTjumus ar laboratorijas instrumentalo metodi akreditéta laboratorija, 45
govim no diviem ganampulkiem dazadas Latvijas vietas.

Govs tesmena ceturk$nus klasificgja péc intramammaras infekcijas (IMI)
statusa, ko noteica bakteriologiskas izmeklé$anas rezultatu interpretacija.
Mastita ierosinataja klatbiitnei izSkirti tris tipi: ilgstoSa klatblitne piena
(ierosinataju var izolet atkartotas parbaudes laika), epizodiska klatbutne
(atkartotas parbaudes laika ierosinatajs nav izol€ts) un ierosinataja klatbatni
nekonstate. No majorpatogéniem ierosinatdjiem (MaP) Saja petjuma izoleti
koagulazes pozitivi stafilokoki, eskulina pozitivi streptokoki un Enterococcus
Spp., bet no minorpatogéniem mastita ierosinatajiem — koagulazes negativi
stafilokoki un Corynebacterium spp.. Tomér atseviskos gadijumos konstatgja
jauktu infekciju vai viena ierosinataja nomainu uz citu ierosinataju 10...14 dienu
laika.

Kopskaita uz MiP un MaP klatbiitni izverteti 176 tesmena ceturk$ni no 45
govim (41 govij funkciongja visi Cetri piena dziedzeri, bet Cetram govim
funkciongja trTs piena dziedzeri).

No visiem tesmenu ceturk$niem abas izmekle$anas reiz€s desmit ceturksni
(5.7%) uzradija ilgstosu MaP klatbutni un 74 (42.0%) ceturksni - ilgstoSu MiP
klatbiitni. Tadgjadi ilgstoSa mastita ierosinataja klatbiitne bija apstiprinata 47.7%
no piena dziedzeriem (84/176). Turpreti epizodisku MaP konstatgja 12 tesmena
ceturks$nos (6.8%) un epizodisku MiP klatbiitni - 40 ceturk$nos (22.7%). Pargjie
40 piena dziedzeri (22.7%) bija bez pozitivas bakteriologiskas atrades abas
paraugu iegiiSanas reizes.

Tika konstatéta statistiski nozimiga atskiriba (p < 0.05) mastita ierosinataju
grupu sastava, salidzinot gadijumu grupas (G) govis ar augstu MDi vértibu un
kontroles grupas (K) govis ar zemu sakotng&jo MDi vértibu. Lielaka atSkiriba
konstatgjama starp to, cik biezi konstatéta epizodiska MaP klatbiitne piena, ka
arl negativa bakteriologiska atrade. Turpreti ilgstoSam MiP abas grupas bija
vienads skaits — 37 ilgstoSa MiP ceturksni gadijumu grupas govim un tikpat
daudz ilgstosa MiP ceturksni arT kontroles grupas govim (7. tabula).
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7. tabula/ Table 7. Majorpatogéno (MaP) un minorpatogéno (MiP) mastita
ierosinataju izvietojums govju tesmena ceturk$nos/ Distribution of the
major pathogens (MaP) and minor pathogens (MiP) in the udder quarters of

the cows
Skartu ceturksnu
. - Skarto tesmena ceturksnu skaits grupas/ The
Mastita 1erc;st1hlz)at2jns/ Mastitis skaits (%)/ The number of number of affected
pathog cow udder quarters (%) quarters in groups
G/ K?
Ilgstoss/ Continuous MaP 10 (5.7%) 4/6
Tlgstoss/ Continuous MiP 74 (42.0%) 37137
Epizodisks/ Episodic MaP 12 (6.8%) 11/1
Epizodisks/ Episodic MiP 40 (22.7%) 14126
Brivs no ierosinataja/ Free of 40 (22.7%) 15/ 25
pathogen
Kopa 176 (100%) 81/95
Atskiribas nozimigums starp
gadijumu un kontroles
grupu/ Significance of p=0.008
difference between case and
control group

1 G — gadijumu grupa/ case group cows/, govis ar MDi > 1.4;
2 K — kontroles grupa/ control group cows/, govis ar MDi < 1.4.

MaP un MiP klatbitnei tesmena ceturk$nu piena divas paraugu nonemsanas
reizés ir izteikta sakariba ar SSS. Attéla paradits (1. att.), ka vidgjais SSS
vertéjums 10g, vienibas ir atkarigs no mastita ierosinataja grupas un klatbiitnes
pastaviguma. Viszemakais SCS, neparsniedzot 3 log, vienibas jeb
100 tukst. Sinas ML, konstatéts piena no ceturkSniem, kas ir brivi no mastita
ierosinatajiem abas piena paraugu nemsanas reizés un lidzigi zems SCS ari
tesmena ceturk$nu piena ar epizodisku MiP klatbiitni. Visaugstaka SCS vidgja
vertiba, kas parsniedz 5 log; vienibas jeb 400 tiikst. $tinas ML novérota pienam
no tiem tesmena ceturksniem, kuros konstatg ilgstosu MaP klatbtni.

Apkopojot ceturk$nu piena bakteriologiskas izmekleSanas rezultatus govs
tesmena ITmeni, viens mastita ierosinatajs skar 24.4% (11/45) no visam govim
pirmaja paraugu iegiiSanas reizg, bet 35.6% (16/45) otraja paraugu iegiiSanas
reize (8. tabula).
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1. att./ Fig. 1. Vidgjais aritmétiskais SCS govs tesmena ceturk$nu sakuma
slaukuma piena atkariba no ierosinataju klatbatnes/ The mean SCS in milk

from a cow’s udder quarters foremilk depends on the pathogen’s presence
ierosinataja klatbuitne piena (brivs no ierosinataja / epizodiska / ilgstosa)/ pathogen's presence in
milk (free of pathogen / episodic / continuous);
ierosinataja grupa (majorpatogéni ierosinataji - MaP / minorpatogénie ierosinataji MiP)/ pathogen
groups (major pathogens — MaP / minor pathogens - MiP);
stabini ar atSkirigiem burtiem (a, b, ¢) parada statistiski nozimigu SCS atskiribu starp grupam
(p < 0.05)/ bars with different superscripts (a, b, c) differ significantly from each other (p < 0.05).

No pirmas uz otro piena paraugu iegiiSanas reizi ir mainijusies ari to govju
proporcija, kuram visos ¢etros ceturk$nos bakteriologiskaja testé$ana konstatéta
negativa atrade, attiecigi 11.1% (5/45) pirmaja un 2.2% (1/45) otraja reiz€.
Kopuma novérotas procentualas atskiribas starp pirmaja un otraja reize iegiitiem
viena patogéna, vairaku patogénu un negativas atrades govju statusiem neuzrada
nozimigas parmainas 10...14 dienu laika. Tom@r var atzimét Ipatnibas, kas
novérotas attieciba uz skarto tesmena ceturkSnu skaitu konkrétiem mastita
ierosinataju veidiem. Koagulazes pozitivi stafilokoki un Enterococcus spp.
parasti govij skar vienu, retak divus, tesmena ceturksnus. Koagulazes negativi
stafilokoki un eskulina pozitivi streptokoki konstat€jami viena vai divos
ceturkSnos, bet ir arT tadas govis, kuram tris ceturksni izdala ar pienu Sos
ierosinatajus. Corynebacterium bovis izvietojumam pa govs tesmenpa
ceturk§niem noverota lielaka dazadiba, jo tas konstatgjams gan ka viena
ceturk$na patogéns, gan divu, t1Ts un pat visu Cetru tesmena ceturkSnu piena.
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8. tabula/ Table 8. Mastita ierosinataju izvietojums pa tesmena ceturkSniem/ The disposition of mastitis pathogens across
quarters in the cow's udder

Govis (%)/ Cows (%)
The st o 2vieciums tesmena ceurkinos! yoc: |2 | Epse | coceus |bacterium [ C2dums- Kontrole Case + Contrl
the cow e disposition across quarters Spp. sop. skartas*/ brivas’/ ._8_8\
affected* | free of® in total
Pirmaja paraugu iegiSanas reiz&/ At the first sampling time
Viens viena/ in one - 1 - - 3
patogéns/ divos/ in two - 2 - - 2 11 (24.4%)
Single trijos/ in three - - 1 - - 5+6
pathogen Zetros/ in four - - - - 2 5 (11.1%) | 45 (100%)
Vairaki viena/ in one 5 24 4 1 10 1+4 21+24
patogéni/ divos/ in two - 2 2 1 7 29 (64.5%)
Multiple trijos/ in three - 2 2 - 5 15+14
pathogen Cetros/ in four - - - - 2
Otraja paraugu iegtianas reiz&/ At the second sampling time
Viens viena/ in one - 1 - - 3
patogéns/ divos/ in two - 2 - - 4 16 (35.6%)
Single trijos/ in three - - - - 2 6+ 10
pathogen Cetros/ in four - - - - 4 1 M.N..,.NM\Q ) 45 (100%)
Vairaki viena/ in one 3 13 3 1 11 21 +24
patogéni/ divos/ in two 1 7 1 - 9 28 (62.2%)
Multiple trijos/ in three - 4 2 - 4 14+ 14
pathogen etros/ in four - - - - 3

! Koagulazes pozitivi stafilokoki/ Coagulase-positive staphylococci; 2 Koagulazes negativi stafilokoki/ Coagulase-negative staphylococci; ® Eskulina pozitivi
streptokoki/ Esculin-positive streptococci; 4 Ierosinatajs konstatéts kada no tesmena ceturksniem/ With the pathogen in any of the quarters; ® Visiem tesmena
ceturk$niem negativa atrade/ Free of pathogen in all quarters.



Misu pétijuma konstatéts, ka Corynebacterium bovis paradiSanas otraja
piena paraugu iegiiSanas reiz€, salidzinot ar pirmo reizi, parasti notika viena vai
divos tesmena ceturksnos, bet ir iesp&jama ari trijos ceturks$nos vienlaicigi. Tas
rada pardomas par iesp&jamiem risinajumiem, lai samazinatu korinebakteriju
prevalenci ganampulka, kur govju slaukSanai pielieto slaukSanas robotu.
Atbilstosi dazu autoru ieteikumam, korinebakteriju izplatiba vargtu bit vél
plasaka, jo ir pamats uzskatit piena dziedzeri par inficetu ar korinebakt&rijam pat
tad ja SSS < 100 tikst. $inas mL™, bet piena konstaté korinebakteriju klatbatni
(Lucken, Wente et al., 2021).

Mastita ierosinataja paradisanas (ierosinatajs nebija konstatéts govs piena
pirmaja paraugu iegiiSanas reiz€, bet klatbiitne paradas otraja piena paraugu
iegliSanas reiz€) tesmena ceturk$nos tika izvertéta ar jaukta efekta logistiskas
regresijas modeli. MiP iesp&jamiba picaug, ja pirmaja paraugu nemsanas reizé
ceturkina piena novérots zemaks SSS, turpreti ceturk$niem ar augstaku SSS
jauna MiP paradiSanas otraja paraugu nemsanas reiz€ ir zemaka. Veidojot
modeli, ir npemts vera fakts, ka viena tesmena ceturks$ni sava zina nav neatkarigas
vienibas, bet viena tesmena kopigas sastavdalas. To apstiprina arT datu kopas
iek§gja struktiira — varbitiba konkréta tesmena ceturksni paradities jaunai MiP
infekcijai pozitivi korel€ ar infekcijas raSanas varbiitibu tas paSas govs Citos
piena dziedzeros (klaSu ieks€jas korelacijas koeficients ICC = 0.27 = 0.16;
95% CI 0.07...0.65). Atbilstosi logistiskas regresijas modelim, standarta
laktacijas govim, ja pirmo piena paraugu iegliSanas reiz€ tesmena ceturk$na
piena SCS ir vienu vienibu zemaks, tad tiek prognozéta 1.8 reizes augstaka
iespgjamiba, ka otraja piena paraugu nemsanas reiz€ bus konstatéta jauna MiP
paradiSanas (1/OR = 1/0.56=1.8; p < 0.05). Tai pat laika govim ar pagarinatu
laktacijas ilgumu > 305 dienas, jauna MiP paradiSanas iesp&ja nav atkariga no
SSS tesmena ceturkdna piena, uz ko norada attéla augigja linija bez biitiska
varbiitibas samazinajuma govs tesmena ceturk$niem ar augstaku SSS (p > 0.05)
(2. att.).

Misu pétijuma iegiitie rezultati apstiprinas ari citu autoru darbos (Bexiga,
Koskinen et al., 2011), kuri ir padzilinati p&tjjusi paraugus ar negativu
bakteriologisko  atradi, proti, 47% no piena  paraugiem ar
SSS>500 tiikst. $inas ML,  veicot atkartotu parauga izmekléSanu ar
prieksapstradi (parauga sasaldeésana un atkausésana) vai lietojot augstakas jutibas
metodes, pieméram, polimerazes kédes reakciju, beigas tomér tiek identificets
kads bakterials mastita ierosinatajs. Literatira par AMS atrodami arT autoru
noverojumi, ka saimniecibas ar slaukSanas robotu govis retak infic€jas ar
Streptococcus uberis neka saimniecibas ar parasto slaukSanu, bet galvenokart to
skaidro ar faktu, ka roboti parsvara ir uzstaditi no jauna uzceltas govju novietnés,
kuras vél nav akumul&ta endémiska mikrobiota (Taponen, Liski et al., 2017).
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2. att./ Fig. 2. Jaunu minorpatogénu mastita ierosinataju paradiSanas piena
aprekinata varbutiba otraja parauga nemsanas reizé, atkariba no tesmena
ceturksna SSS vértéjuma govim standarta un pagarinatas laktacijas laika/
Predicted probability of occurrence of a new minor pathogen in milk at the
second sampling, depending on the udder’s quarter SCS in cows during
standard or prolonged lactation

Attela paradita marginala prognozeta vidgja vertiba un 95% ticamibas intervals standarta 305 dienu
laktacijai, bet partraukta Itnija bez ticamibas intervala attéla noradita sakara ar faktoru mijiedarbibu
/ The figure displays the marginal predicted mean and 95% confidence interval in cows during
standard 305 day lactation, but dashed line without confidence interval for cows in extended lactation
is shown only due to significant interaction.

TieSsaistes Siinu skaititaja OCC pielietoSanas efektivitate

Somatisko §iinu skaits (SSS), nosakot viena un tai pa$a laika ar tie§saistes
Stnu skaititaju (OCC) un ar laboratorijas instrumentalo metodi, ir salidzinats 31
govij viena slauksanas reizé (3. att.). legiitie rezultati un to izvietojums attéla
tikai Q2 un Q3 kvadrantos parada, ka slauk$anas robota iebuvétais OCC ka
diagnostikas ierice precizi atrod govis ar augstu SSS. Laba rezultatu atbilstiba

pamato OCC izmanto$anu, lai semi-kvantitativi novértétu SSS atseviskas govs
piena.
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SCC by laboratory instrumental method, x1000 cells mL"

3. att./ Fig. 3. Somatisko $iinu skaita salidzinajums, mérot ar tieSsaistes
$iinu skaititaju OCC un laboratorijas instrumentalo metodi/ The
comparison of somatic cell count results measured by the online cell counter
OCC and laboratory instrumental method

Savukart merfjjumu veiksana ar OCC katra slaukSanas reiz€ veido kopgjo
prieksstatu par katras govs SSS limena svarstibam. Pétfjuma laika katrai govij
bija no 63 lidz 106 individualam slaukSanas reiz€m, vidgji 2.8 + 0.3 reizes diena.
Katra slauk$anas reizé ar OCC govij piena noteica SSS. Visi &etri SSS
individualas dinamikas tipi tika konstateti gan MDi gadijumu grupa, gan
kontroles govju grupa, tomér katra grupa bija atskiriga So tipu proporcija. Attela
(4. att.) paradita sakariba starp govs SSS individualas dinamikas tipu, izvértgjot
slauksanas robota noteiktos OCC sensora datus, un slaukSanas robota aprékinato
mastita noteik8anas indeksu MDi, respekfivi, pastav nozimiga atskiriba starp SSS
individualas dinamikas tipu sadalijumu govim ar MDi< 1.4 un govim ar
MDi > 1.4 (4. att.). Tas liecina, ka 1. un 2. SSS individualas dinamikas tips bija
biezak sastopams kontroles grupas govim, bet 3. un 4. tips — gadijumu grupas
govim.

Attela (5. att.) paradita sakariba starp govs SSS individualas dinamikas tipu,
izvertgjot slaukSanas robota noteiktos OCC sensora datus, un piena parraudzibas
somatisko $tinu skaita vert€jumu attiecigaja meénesI.
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Kontroles grupa/ Control group Gadijumu grupa/ Case group

1.tips Type 1

Type 2

2.tips

3.tips Type 3

4.tips Type 4

0 2 4 6 8 0 2 4 6 8
Govju skaits/ Number of cows

4. att./ Fig. 4. Govs SSS individualas dinamikas tips atkariba no slauk$anas
robota sistema aprekinatas MDi vértibas saimnieciba S1/ Cow's individual
type of SCC dynamics depending on the MDi value calculated in the milking

robot system on the farm S1
Kontroles grupa - govis (n=17), kuram MDi < 1.4/ Control group — cows (n=17) with MDi < 1.4;
Gadijumu grupa - govis (n=14), kuram MDi > 1.4/ Case group — cows (n=14) with MDi >1.4.
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5. att./ Fig. 5. Piena ikménesa parraudzibas kontroles testa somatisko §iinu
skaits govim atkariba no SSS individualas dinamikas tipa/ Monthly
officially recorded SCC depending on the cow's individual type of SCC
dynamics

Salidzinot ar govs tesmena ceturk$nu piena bakteriologiskas izmekl&Sanas
rezultatiem, tika konstatéta individualas dinamikas tipa atbilstiba govs tesmena
ceturk$nos konstatéta mastita ierosinataja grupai un klatbiitnes piena dziedzeri
pastavigumam (6. att.). Jaatzimg, ka SSS individualas dinamikas 1.tipa un 2.tipa
govim tesmena ceturkSnu skaits, kuru piena konstateé MaP, neparsniedz 5% no
visiem So govju ceturk$niem. Turklat ilgstosa MaP klatbuitne tika konstateta
viena tesmena ceturksni govij ar SSS individualas dinamikas 2.tipu, bet 1.tipa
govim to nenoveroja vispar. Salidzinot ilgstosa MiP klatbiitni tesmena ceturksnu
piena, ari ta biezak sastopama SSS individualas dinamikas 2.tipa govim,
salidzinajuma ar pirmo tipu. Turprefi epizodisks MiP biezak konstatéts SSS
individualas dinamikas 1.tipa govju tesmena ceturksnu piena. Gan individualas
dinamikas 1.tipa, gan 2.tipa govim vairak neka 30% no tesmena ceturk$niem
piena bakteriologiska uzséjuma nekadu mastita ierosinataju audzi neveidoja.
Govim ar treo un ceturto SSS individualas dinamikas tipu bitiski biezak,
salidzinot ar 1. un 2.tipu, tesmena ceturk$nu piena konstatéti MaP, kas, vertgjot
kopa ilgstosas un epizodiskas klatbiitnes piena gadijumus, ir novérota 50% no

39



visiem piena dziedzeriem. No visiem SSS individudlas dinamikas tipiem
vislielaka ilgstosa MiP sastopamiba (>40%) raksturiga 3. dinamikas tipa govim.
Epizodiska MiP klatbtitne tesmena ceturk$nu piena 3. un 4.tipa govim ir noverota
salidzinosi reti, tikai Iidz 10%.

100% — — — —
90% OBrivs no terosinataja/ Free
0% - S of pathogen
70% M B Epizodisks/ Episodic MiP
60% o
50% M Ilgstoss/ Continuous MiP
40% %
30% / @A Epizodisks/ Episodic MaP
20%
132//2 M WIIgstoss/ Continuous MaP

lups/ 2.tips/ 3.tips/  4.tips/
type type type type

6. att./ Fig. 6. Mastita ierosinataji tesmena ceturk$nu piena atkariba no
govs SSS individualas dinamikas tipa/ Mastitis pathogens in udder quarter
milk depending on the cow's individual type of SCC dynamics

Kopuma, salidzinot novérotas atikiribas starp &etriem SSS individualas
dinamikas tipiem, mastita ierosinataju klatbuitnes loma virziena no pirma lidz
ceturtajam SSS individualas dinamikas tipam pieaug gan kvantitativi (skarto
ceturk$nu Tpatsvars), gan kvalitativi (epizodiska vai ilgstosa MaP klatbiitne).

Cetru SSS individualas dinamikas tipu relativa proporcija ietekmé visa
ganampulka koppiena SSS un lidz ar to ar piena kvalitati. Ipasi 4. tipa govju
skaita attieciba pret 1. un 2. dinamikas tipa govju skaitu ir jasaglaba p&c iesp&jas
zemaka.

Miisu petjjuma ir noskaidrots, ka 20 slaukSanas reizu laika ar OCC iegitie
mérfjumi labi iezimé to, kads ir aktualais govs piena novérojamais SSS
individualas dinamikas raksturs. Isaki posmi un daudzas slauk3anas reizes bez
OCC mérijuma rezultatiem, apgriitina SSS individualas dinamikas vértésanu, jo
arl govim ar 4. tipu vairakas secigas slaukSanas reizés var but SCS <4, jeb
SSS < 200 tiikst. §iinas mL™,

40



Mastita noteikSanas indeksa MDi efektivitate

MDi rezultati tika iegtiti un salidzinati 20 govim kopskaita no 522 slauk$anas
reizém 21 dienas laika, kamér kopgjais slaukSanas reizu skaits bija 942 reizes, ka
to apstiprina no slauksanas robota sist€mas pilna datu dubl&juma kopijas par
atbilstoso laika periodu. Katra gadijumu grupas govs tika slaukta vid&ji 2.1 (0.71)
reizes diena, salidzinot ar 2.4 (0.68) slaukSanas reizém kontroles grupa.
Kliiskais mastits nevienai govij netika noverots. Govis no slaukSanas robotu
grupas tika izraudzitas atkariba no MDi vertibas. MDi rezultati gadijumu grupa
un kontroles grupa ir paraditi 7. att.

Vidgjas MDi vertibas gadijumu grupa pastavigi bija augstakas neka kontroles
grupa. T1is ned&lu perioda MDi limenis gadijumu grupa pakapeniski samazinajas
(linearas regresijas koeficients -0.01, p < 0.05).

Saja petijuma tika konstatgts, ka govim ar augstaku MDi vértibu (gadijumu
grupa) ir augstaks MaP epizodisko un zemaks bakteriologiski negativas atrades
ipatsvars neka govim ar zemu MDi vértibu (kontroles grupa). Attieciba uz
ilgstosu MiP un MaP, MDi vértibas atskiriba neparadas.

Tapéc $aja pétijuma, noskaidrojot MDi pielietojumu bakterialu patogénu
izsekoSanai, tika salidzinati mastita ierosinataju grup&umi MaP un MiP ka
subklinisku iekaisumu c€lonis. Tai pasa laika lielaka uzmaniba tika pieversta
ierosinataju mainibai, vertgjot epizodisku un nepartrauktu ierosinataja klatbutni
tesmena ceturks$nu piena paraugos. Ta ka ceturksni ar ilgstoSu MaP klatbiitni
veicinaja vislielaka méra SSS pieaugumu, tad §adam govim bitu indicéta agrina
mastita arsté$ana bez kavésanas. Saja sakariba paaugstinats MDi, varétu bit
svarigs pirmais signals piena dziedzerl notieko$am infekcijas procesam, bet
diemzel pétijuma, savstarpji salidzinot uz MDi signdla pamata veidotas
gadijumu un kontroles govju grupas, MaP infekcijas bija vienadi sadalitas starp
grupam - 4 gadijumu grupa un 6 kontroles grupa (Table 7). Ari 74 tesmena
ceturk$ni ar ilgstoSu MiP, galvenokart Corynebacerium spp., sadalijuma starp
gadijumu un kontroles grupam bija lidziga skaita (Table 7). Ir zinams, ka lidz ar
nepartrauktu patogéna klatbiitni piena dziedzerT, palielinas biopléves veidoSanas
risks, kas pasliktina izveseloSanas prognozi, gadijuma, ja dotais ierosinatajs pec
zinama laika izraisa klinisku mastitu. Bakt€riju bioplévju veidoSanas uz epitélija
virsmas piena dziedzeri samazina arsté$anas efektivitati un, govi nearstgjot,
attistas hronisks mastits, kas var kliit par iemeslu govs izbrakésanai (Hordofa,
2022). Dazi autori paaugstinatas MDi vértibas saista ar biologiskam izmainam
tesmeni Vai pat visa govs organisma (Forsback, Lindmark-Mansson et al., 2010).

Attieciba uz elektrovaditspgju, tas videjas vertibas gadijumu un kontroles
grupam ir salidzinatas tabula (9. tabula).
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7. att./ Fig. 7. Mastita noteik$anas indeksa dinamika tris nedélu laika
gadijumu un kontroles grupas govim/ Dynamics of the mastitis detection
index over three weeks in case and control cows

9. tabula/ Table 9. Piena elektrovaditspéja govim pétijuma grupas/
Electrical conductivity of milk in cows in study groups

Sakuma Govju Slauksanas _.
Grupa/ MDi/ skaits/ reizes/ Blektrovaditspeja/ | P-
o Conductivity (SE), | vertiba/
Thegroup | Initial Number of Number of S/em value
MDi Cows milkings H P
Gadijumu/ | =, 4 10 437 4634 (22.5)
Case <0.05
Kontroles/ |, , 10 505 4562 (16.3)
Control
KopalIn - 20 942 4595 (13.6) -
total

Govs tesmena ITment piena elektrovaditspgjas videja vertiba gadijumu grupa
bija nozimigi augstaka neka kontroles grupa (attiecigi 4634+22.5 pScm™ un
4562+16.3 pS cm?, p < 0.05). Tomer abi rezultati bija zem literatiira noraditas
piena elektrovaditspéjas videjas vertibas, kadu novéro veselam (5300 uS cm?)
un subkltniski inficgtam govim (5700 pS cm'Y).
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MDi robezvertiba nekvalitativa piena novadiSanai

Saja petijuma tika ari noskaidrots, ka MDi pielietojums atsevisku govju piena
novirzianai biitu saistits ar ganampulka saraota koppiena SSS. Kopuma
gadfjumu grupai ar augstu MDi bija ievérojami augstaks SCS, salidzinot ar
kontroles grupu (attiecigi, 3.4 (0.48) pret 2.4 (0.46)). Ari atseviski dati par govim
liecinaja, ka pétfjuma laika 60% gadijumu (12/20) augstaks MDi bija saistits ar
SSS virs 200 tiikst $tinas mL™. Tomér kopuma MDi un SCS korelacija bija tikai
viduv&ja (r = 0.37, p < 0.05). To varétu izskaidrot ar to, ka atseviskam govim
starp Siem diviem raditajiem bija vérojama izteikta neatbilstiba.

Lai raksturotu kopgjo MDi efektivitati tadu govju noteik3anai, kuru SSS
parsniedz 200 tiikst $inas mL™ piena, aprékinaja Koena kappa koeficientu no
430 slauksanas reiz€m un konstatgja, ka sakritiba ir zema (kappa = 0.28 + 0.048).
Tas parada, ka MDi un SSS izmainas nav paralélas.

MDi robezvértibas neatbilsto$as kvalitates piena automatiskai noteikS$anai
modelgja, izmantojot MDi un svérto SSS, nemot véra sarazota piena daudzumu.
Tika noskaidrots, ka kopgjais novirzita piena daudzums pie MDi sliek$na
vertibas 2.0 biitu 102 kg jeb 2.3% no kopgja sarazota piena (4387 kg). Piena
novirziSana tiktu veikta 9 slaukSanas reizes, un teortiski aprékinata novirzita
piena SSS biitu 422 tikst. $inas mL%, un koppiena tvertné nonakusa piena
vidgjais svértais SSS biitu aptuveni 155 tikst. $Gnas mL™. No praktiska viedokla,
neatbilstosas kvalitates piena novirzisana palidz saglabat kontroli par koppiena
tvertné uzkrata piena SSS Itmeni zem 300 tiikst. §tinas ML, Jebkura zemaka
robezvertiba, pieméram, 1.8, palielinatu novirzita piena daudzumu lidz 265 kg
(6% no visa sarazotd piena) ar SSS 360 tukst. $inas mL™L. Sada gadijuma
somatisko ~ SGinu  skaits ganampulka koppiena samazinatos Iidz
148 takst. $inas ML, kam nebiitu praktiskas nozimes salidzinajuma ar
155 tiikst. §0inas mL™?, pielietojot kvalitates prasibam neatbilstosa piena
novadiSanai MDi sliek$na vertibu 2.0.

Mastita noteik$anas indekss MDi (DeLaval, Zviedrija) primari ir veidots, lai
efektigi atpazitu robotizetas slauksanas procesa tos gadijumus, kad govij paradas
klinisks mastits (Bausewein, Mansfeld et al., 2022). Tomér ka liecina misu
pétijuma rezultati, MDi veértibu paaugstinaSanas un pakapeniska atgrieSanas
sakotngja Itment notiek arT subklinisku tesmena veselibas trauc€jumu gadijuma.

SSS sensora MQC-C2 efektivitate

Somatisko $tinu skaita rezultati, kas meriti ar viskozitates metodi, 111 govim
salidzinati ar akreditéta laboratorija instrumentalds metodes noteiktu SSS govs
tesmena koppiena parauga, kas iegiits taja pasa slaukSanas reize. Salidzinamo
SSS rezultatu kopa ieklauti arT SSS dati par katras govs iepriek3gjam divam
slauk8anas reizém un turpmakajam piecam slaukSanas reizém, kuras seko piena
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péc parraudzibas kontroles parauga nonemsanas. Par slaukSanas bieZumu
jaatzime, ka slaukSanas reizu skaits ganampulka govim 4 dienu perioda svarstijas
no 5 lidz 21 reiz€m un vidgjais slaukSanas reizu skaits 24 stundu perioda bija
2.86 + 0.07 reizes uz govi.

Attla (8. att.) paradits ar viskozitates metodi noteikta SSS salidzinajums ar
rezultatu, kas ir iegiits pienu testéjot ar laboratorijas instrumentalo metodi. Visi
gadfjumi, kuros tika konstateta pretruna abu metozu starpa, ir robezas no
100 Iidz 500tikst. $tnas mL’. Tatad, interpretgjot SSS, katra govs ar konstatgtu
SSS vertibu 3aja diapazona biitu javerte vélreiz, sagaidot nakamaja slauksanas
reizé mérito SSS.
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8. att./ Fig. 8. Govs SSS rezultitu salidzinajums, mérot ar viskozitites
metodi (MQC-C2 sensoru) un ar laboratorijas instrumentalo metodi viena
slaukSanas reizé/ The comparison of cows™ SCC results obtained by the
viscosity method (sensor MQC-C2) and the laboratory instrumental method

at the same milking time
(dati: n=111govis, saimnieciba S3/ the data: n=111 cows, herd S3)

Turpmaka viskozitates metodes un laboratorijas instrumentalas metodes
rezultatu sakritibas analize tika veikta, paplasinot laika intervalu un ieklaujot
petijuma grupas govju pargjas slaukSanas reizé€s pirms un péc parraudzibas
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kontroles slauksanas reizes méritu viskozitates SSS. Jaatzimg, ka to govju skaits,
kuru SSS > 200 takst. $inas mLL, balstoties uz viskozitates metodes
mérijumiem, bija mazaks neka redzams péc laboratorijas instrumentalas metodes
vertéjuma, jo klidaini negativo gadijumu skaits parsniedza kliidaini pozitivo
gadijumu skaitu visas slauk$anas reizgs (10. tabula).

10. tabula/ Table 10. Viskozitates metodes (\VsM) pielietojums, lai atlasitu
govis ar SSS > 200 tiikst. $iinas mL™ p&c laboratorijas instrumentalas
metodes (LiM)/ Application of the viscosity method (VsM) to select cows with
SCC > 200 000 cells mL™* according to laboratory instrumental method (LiM)

) _Slalzlkéapa_s Prevalence Kéf;?:én;::?saﬁl:/ Yispﬁréjz‘a Koesna kappa} +
N ] s | Sl St
111] -2 32 %|24 % 3 12 87 % 0.67 £0.09
110 -1 32 %{25 % 3 11 87 % 0.69 +0.09
111] 0 32 %024 % 2 11 88 % 0.71£0.09
111] +1 32 %|23 % 1 12 88 % 0.71£0.09
110 +2 32 %|21 % 0 13 88 % 0.70 £0.09
110 +3 33 %|24 % 3 13 85 % 0.64 £0.09
107 +4 31 %|22 % 2 12 87 % 0.67 £0.09
93 +5 31 %|24 % 2 9 88 % 0.70£0.10
111 -1/0 32 %|33 % 5 4 92 % 0.82£0.09
111 0/+1 32 %|32 % 3 3 95 % 0.88 £0.09
111 -1/0/+1 (32 %32 % 4 5 92 % 0.81£0.09
111-2/-170/ +1/+2|32 %[32 % 5 4 92 % 0.81+0.09

1N - govju skaits/ number of cows;

2 Slauksanas reizes noraditas relativi pret parraudzibas kontroles testa paraugu izmeklesanu ar
laboratorijas instrumentalo metodi (0. reize)/ Milking times are indicated relative to the milk
recording control test milking when the milk was tested by laboratory instrumental method (zero
time);

8 SE - standartkliida/ standard error.

Ir redzams, ka parraudzibas kontroles testa slaukSanas reiz€ pastav bitiska
sakritiba, bet ta nav loti augsta, jo koeficienta vértiba ir tikai 0.71 + 0.09.
Slauksana reiz€s, pirms un péc parraudzibas kontroles testa slauk$anas reizes,
sakritibas koeficients tikpat ka neizmainas. Tomér apskatot vid€jas viskozitates
SSS vértibas no vairakam secigam slaukSanas reizém, Koena kappa vértibas
parsniedza 0.80, kas liecina par loti labu sakritibu (Watson & Petrie, 2010). Lai
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gan augstaka kappa vertiba 0.88 + 0.09 tika nov@rota vidgjai vertibai, kas
aprékinata no diviem viskozitates SSS mérfjumiem, t.i., parraudzibas kontroles
testa slaukSanai (0) un sekojosai slauk$anas reizei (+1), lidzigas precizitates
(k > 0.80) vid&jo vertibu novéro ari 3 un 5 secigas slauksanas reizés 0.81 + 0.09.

Ar1 Lina konkordances korelacijas koeficienta vértiba 0.94 paraudzibas
kontroles testa slaukSanas laika (9. att.) apstiprina tikai mérenu abu metozu
kvantitativo sakritibu. SlaukSanas reiz€s pirms un péc testa reizes korelacijas
koeficienta vértibas vél vairak samazinas, kas apstiprina govju SSS individualas
svarstibas un dinamikas vertéSanas nozimi.
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9. att./ Fig. 9. Lina konkordances koeficients viskozitates metodes rezultata
un laboratorijas instrumentalas metodes rezultatu savstarpéjas atbilstibas
jeb korelacijas raksturo$anai/ Lin's concordance coefficient for the
characterization of compliance or correlation between the results obtained by

viscosity method and the results of the laboratory instrumental method
Piezime: Ar viskozitates metodi mérTjumi veikti katra slauk$anas reizg, bet ar laboratorijas
instrumentalo metodi tikai testa slauk$anas reiz€, kas uz horizontalas ass noradita ar nulli/ Note: By
viscosity, measurements have been performed at each milking, but by laboratory instrumental
method, only at the time of the test milking indicated by zero on the horizontal axis.

Meérot SSS ar viskozitates metodi katra slauk3anas reizg, tick novérota SSS
dinamika, ko neparada vienreiz&js mérijjums ar laboratorijas instrumentalo
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metodi. Tadgjadi secinam, ka augsta somatisko $tnu skaita govju atraSanai
viskozitates metode jaizmanto pastavigi, lai vienmer butu iesp&ja aprekinat
vidgjo raditaju no divam secigam slaukSanas reiz€m. Japiemin, ka regulari
mérfjumi ar viskozitates metodi veido salidzinoSi zemas izmaksas.

Transferencei derigu embriju ieguve atkariba no donorgovju piena SSS

MO inducé$anas un embriju ieguves laika sekmigu atbildes reakciju novéroja
24 no 30 donoriem (80%). Vidgjais corpus luteum skaits (nCL) bija 7.7
(amplitada no 1 lidz 19). Pavisam ieguva 151 embriju (nE), no kuriem 104 bija
transferencei derigi embriji (nTE). No diviem donoriem embrijus neieguva.
Konstatgja, ka nCL vidgji ciesi korel€ ar nE (r=0.65; p < 0.01) un nTE (r=0.57;
p <0.01).

SSS ietekme uz transferencei derigo embriju skaitu ir paradita attgla (10. att.).
Kopuma varam teikt, ka nTE analogiem donoriem ar atkirigu SSS ieprieksgja
ménesi pirms MO indukcijas, embriju ieguve samazinas, pieaugot SSS. Turklat
ietekme uz nTE izpauzas ne tikai donorgovim ar augstu SSS, bet arT diapazona
SSS<200 tikst. §Ginas mL.. Prognoze liecina, ka 6.5 transferencei derigus
embrijus iegiist, ja SSS = 50 tikst. §Ginas mL™, bet 3.5 embrijus iegiist, ja SSS =
200 ttikst. Siinas mL™, tatad vid&ji samazinajums ir par 3 transferencei derigiem
embrijiem. Modelis nTE (11. tabula) paradija nozimigu saistibu (p < 0.05)
tadiem faktoriem ka seruma Na®, absoliitais eozinofilo leikocitu skaits (Eo) MO
indukcijas pirmaja diena, vidgja diennakts gaisa temperatiira un SCS ieprieksgja
menesi pirms embriju iegisanas. Modelis nTE paredz ari transferencei derigo
embriju ieguves samazinasanos par 3.3 embrijiem, ja donorgovs SCS pieaug par
IQR no 2.2 uz 4.6, bet pargjie mainigie lielumi nemainas (apkartgjas vides gaisa
temperatiira, Na*, Eo, un kirne).
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10. att./ Fig. 10. Transferencei derigu embriju skaita prognoze atkariba no
somatisko $iinu skaita donorgovs piena/ Predicted number of transferable
embryos depending on the somatic cell count in donor cow's milk

Attela paradita marginala prognoz&ta vidgja vertiba un 95% ticamibas intervals/ The figure displays
the marginal predicted mean and 95% confidence interval.
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Izvertgjot kopuma visus pétijuma iegitos rezultatus un salidzinot tos ar
literatiiras avotos citu autoru aprakstitajiem rezultatiem, var secinat, ka p&tijuma
izstrades laiks un tris unikali petjjuma materiala bloki, kas ir tematiski vienoti
jautajuma par SSS veértedanas dazado tehnisko risindgjumu iespgjam, apstiprina
promocijas darba hipotézi, jo parada SSS rezultatu kompleksas vértesanas
zinatnisko nozimi un praktiska pielietojuma aspektus govju tesmena veselibas
uzlaboSana un govju skirnu saglabaSana, kas ir svarigi gan veterinarmedicinas,
gan lopkopibas nozaru attistibai un mijiedarbibai.

Pétijums parada arf to, ka SSS nav tikai piena kvalitates parametrs, bet arf
govs veselibas un reprodukcijas sp&ju netieSs indikators, kuram 1pasi pieaug
loma, piena razo$anas tehnologiskajos risinajumos cilvéka klatblitni samazinot
un arvien vairak procesus, pieméram, slaukSanu, mekléSanas uzvedibas
novérosanu, aktivitates vertéSanu, aizstajot ar automatiz&tiem risindjumiem.

SECINAJUMI

1. Subkliniska tesmena infekcija - ilgstosa MaP un MiP, ka ar1 epizodiska
MaP klatbiitne tesmena ceturksni - paaugstina SSS piena, turpreti
epizodiska MiP klatbiitne biitisku paaugstinajumu nerada.

2. SlaukSanas robota tieSsaistes S$tnu skaititajs OCC, kas darbojas péc
fluoroptiska principa, ka diagnostikas paligierice precizi atpazist govis,
kuram ar laboratorijas instrumentalo metodi konstate
SSS > 200 tiikst. $iinas mL™ piena.

3. Govju robotizetas slaukSanas sistéma pielietota mastita noteik$anas indeksa
MDi vértibas tikai 60% govju atspogulo SSS individualo dinamiku, ka ari
MDi efektivitate piena SSS > 200 tiikst $iinas mL™ noteik3anai ir zema.

4. Ar MDi ka kriteriju neatbilstosas kvalitates piena automatiskai novirzisanai
no kopgjas piena pliismas, robezvertibas MDi = 2.0 pielieto§ana nodrosina
to, ka ganampulka koppiena SSS neparsniedz 300 tiikst. $inas mL™.,

5. Ar viskozitates sensoru MQC-C2 noteiktam vidéjam SSS raditajam no
divam secigam slaukSanas reiz€m diagnostiska precizitate, lai atpazitu
govis ar SSS > 200 tikst. $inas ML, ir bitiski augstaka neka vienam
atseviSkam mérjjumam.

6. Embriju donorgovim ar SSS > 200 tiikst §iinas mL™ vienu ménesi pirms
multiplas ovulacijas induc€Sanas ir prognoz€jams transferencei derigo
embriju skaita samazinajums par vismaz 3 embrijiem, salidzinot ar analogu
donoru, kam SSS ir 50 tikst. $tnas mL™.

7. Somatisko $iinu skaits ir ne vien mastita diagnostikas un piena kvalitates
vertesanas parametrs, bet art slaucamo govju tesmena aizsardzibas un govs
reprodukcijas sp&ju netiess indikators, kura dinamikas izvertéSanas
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aktualitate pieaug, automatiz€jot piena razo$anas tehnologiskos
risinajumus.

IETEIKUMI PRAKSEI

Pielietojot saimnieciba tieSsaistes $tinu skaititaju OCC, kas darbojas péc
fluoroptiska principa, ir ieteicams vertet somatisko stinu skaitu 20 secigas
slauk3anas reizés, lai iegiitu prieksstatu par SSS individualas dinamikas
tipu, kas var liecinat par subkliniskiem trauc&jumiem govs tesmeni un
majorpatogeno mastita ierosinataju klatbitni piena.

Mgrot govs piena SSS ar sensoru MQC-C2, kas darbojas p&c viskozitates
principa, ieteicams mérfjumus veikt katra govs slauksanas reize, jo vidgja
vertiba no divam secigam slauk$anas reizém precizak raksturo govs
tesmena veselibas stavokli, neka viena slauksanas reizg iegiits rezultats.
Veicot donorgovju izveli multiplai ovulacijai un embriju ieguvei, ir janem
véra potencialo donoru SSS un apkartgjas vides gaisa temperatiira vienu
ménesi pirms multiplas ovulacijas indukcijas un embriju iegliSanas.
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INTRODUCTION

Independently of the milking system, milk somatic cell count (SCC) is an
important indicator of the health of cows and the quality of milk (Gonzalo,
Linage et al., 2006; Kamphuis, Dela Rue et al., 2013; Pyoréla, 2003; Schukken,
Wilson et al., 2003). By automating technological solutions for milk production,
after the transition to robotic milking, SCC evaluation, like recording of other
health and activity parameters, takes on greater importance.

Various online sensor systems have been developed to check the compliance
of milk from individual cows or a cow's udder quarter with the desired quality
criteria (Kawasaki, Kawamura et al., 2008; Meilina, Kuroki et al., 2009). Milk
sensors in the milking robot are designed to replace visual examination of the
milk at each milking time, an important task for the milking person, to properly
detect changes in the color and consistency of the milk that occur in cases of
clinical mastitis or udder injury. Sensor measurement data are processed, and a
derived parameter, the mastitis detection index (MDi), is calculated in the herd
management system. This index indicates cows with udder health problems or
changes in the composition of the milk. MDi can be used as a sorting criterion
for automatically diverting sub-quality milk from the whole milk flow
immediately during milking (Hovinen, Aisla et al., 2006; Hovinen & Pyoréla,
2011). The alarm report notes that a cow should be given more attention and
should be tested by classic diagnostic methods - clinical examination and milk
cytological and bacteriological investigation - to decide whether treatment of the
COW iS necessary.

Many models of the Automatic Milking System (AMS) can now be equipped
with a somatic cell counting system that offers new opportunities for mastitis
diagnostics. Therefore, information is needed on the accuracy of the new
measurement methods and the practical application principles, as well as the
estimation of potential benefits for improving milk quality and animal health. By
clarifying the effectiveness of the online cell counter (OCC, DeLaval, Sweden)
and indirect cell counter (MQC-C2, Lely, The Netherlands) built into the milking
robot, it would be possible to accurately detect problematic animals for future
herd health management and veterinary activities.

A bacterial pathogen plays a crucial role in the pathogenesis of mammary
gland inflammation in dairy cows. In mastitis diagnostics, detecting a pathogen
involves laboratory examination of an aseptically obtained milk sample to
identify the presence of mastitis pathogens in milk, forming the basis for
prevention, therapy, and prognosis. However, the design of the current milking
robots is not well-suited to safely take aseptic milk samples from udder quarters
for the bacteriological laboratory examination without additional cow fixation
(Penry, 2018).
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Since cows are milked several times a day, and robotic milking occurs at
varying times each day, different principles are needed to determine the
intramammary infection (IMI) status of the udder quarters. From a veterinary
perspective, udder health sensors and udder alarm reports generated from
processed signals serve to provide an objective basis for further veterinary
decisions. Increases in both high SCC and milk electrical conductivityprompt
two potential actions, depending on the magnitude of the changes in the
indicators: immediate initiation of a full clinical examination of the cow,
including milk sample collection from udder quarters for bacteriological testing,
or observation of the cow's health with a follow-up of parameter changes to a
repeated alarm at the next milking. If no repetition of the alarm occurs at the next
milking, increased attention for the animal is no longer deemed necessary.
Justifying an immediate bacteriological examination of the milk sample from the
affected udder quarter based on a single measurement result is challenging
because SCC may fluctuate and return to the previous level until the next milking
after a short-term increase (De Vliegher, Ohnstad et al., 2018). Scientific research
even suggests resampling and adhering to the so-called “gold standard” to
validate certain IMIs in a given udder quarter.

If three milk samples from the same quarter were obtained weekly and tested
for mastitis pathogens, only a pathogen found in at least two of three samplings
could be confirmed as the IMI (Leitner, Blum et al., 2020). However,
investigating three samples compared to one or two samples can be expensive,
burdensome, or even impossible in many situations (Dohoo, Andersen et al.,
2011).

When studying literature on SCC in cow's milk, it can be noticed that the
causes of increased milk SCC may be due not only to abnormal processes in the
udder but also in the reproductive system, the immune system, or other parts of
the cow's body. Effects in the opposite direction, from the udder towards the
reproductive system, also bind the interest of scientists. For instance, IMI and the
associated toxins can disturb oocyte maturation (Asaf, Leitner et al., 2014),
ovulation, conception, and embryo development (Soto, Natzke et al., 2003), as
well as corpus luteum growth and impact the levels of sex hormones (Lavon,
Ezraet al., 2011). While there is no doubt that subclinical mastitis has long-term
effects on fertility, its negative effects on the animal's reproduction have been
understudied and little documented (Wolfenson, Roth et al., 2019). Studies have
shown the long-term disruptive effects of IMI on the functioning of follicles and
ova (Furman, Leitner et al., 2014; Lavon, Leitner et al., 2011). Therefore, it was
useful to include in the study topic the complex evaluation of SCC, a working
task on how SCC is related to cow reproductive functions, and to clarify the
impact of a donor cow's health indicators, including SCC, on the quantity and
quality of produced embryos. It is under-documented how udder health
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parameters such as high SCC affect multiple ovulation and embryo acquisition
in local dairy cattle breeds at risk in Latvia, with a limited number of cows.

The theses to be defended are as follows: (1) Milk quality detection sensors
installed in milking robots, designed to detect changes in the health of a cow's
udder, often show contradictory assessments and therefore require improvements
in the interpretation of the results. (2) Detecting mastitis pathogens in the
foremilk from the cow’s udder quarters, concurrently with measuring SCC,
guarantees precise diagnosis of subclinical mastitis and serves as benchmark for
evaluating the effectiveness of using milk electroconductivity-based sensors.
(3) Repeatedly measuring the SCC during each milking session provides a
clearer understanding of the persistent presence of mastitis pathogens in the
mammary gland. (4) Mastitis diagnostics and the milk quality evaluation
parameter of SCC might serve as indicators of a cow’s fertility potential and as
criteria for selecting embryo donor cows.

The hypothesis proposed in the thesis is that somatic cell count (SCC)
serves not only as a parameter for mastitis diagnostics and milk quality
evaluation but also as an indicative measure of udder defense and reproductive
capacity in dairy cows. The assessment of SCC dynamics is increasingly
significant with the automation of technical solutions in milk production.

The study aimed to examine how well the recorded cow udder health
indicators from milking robot sensors could characterize the dynamics of SCC
for detecting subclinical mastitis, as well as to explore the possible role of SCC
in selecting embryo donors.

The objectives for the Doctoral thesis are as follows:

1. Examine how the episodic and continuous presence of both major and
minor mastitis pathogens in the mammary gland impacts the rise in SCC
in cases of subclinical intramammary infection.

2. Assess the accuracy of the fluoroptic online cell counter (OCC),
integrated into the milking robot, to identify cows with
SCC > 200 000 cells mL* in real-world conditions on the dairy farm,
and analyze the variability of OCC results across multiple milking
sessions.

3. Evaluate the overall effectiveness of the mastitis detection index (MDi),
used in bovine robotic milking systems, to identify cows with
SCC > 200 000 cells mL* and mastitis pathogens in milk, and compare
MDi threshold values for the automatic diversion of sub-quality milk.

4. Evaluate the precision of measurements obtained from the viscosity-
based SCC sensor MQC-C2, which is integrated into the milking robot,
and assess its diagnostic agreement with the laboratory instrumental
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method in identifying the cows with SCC > 200 000 cells mL* under
practical conditions.

5. Evaluate the number of corpus luteum after multiple ovulation, the total
number of embryos obtained, and the number of transferable embryos
depending on the SCC in donor's milk, as well as evaluate the use of the
SCC results in donor selection.

Scientific novelty of the research study included:

1. Development and testing of a novel categorization of the individual
dynamics of SCC into four types, which reflect the potential presence
of mastitis pathogens in cow's milk.

2. ldentification of the capability of various milk quality sensors utilized
in milking robots to identify cows with elevated an increased number of
somatic cell counts exceeding 200 000 cells mL* during the milking
process. The study employed real-world cow production data to model
thresholds for the mastitis detection index (MDI), facilitating automatic
detection and diversion of milk that does not meet quality standards.

3. Utilization of the milk quality sensor MDi for detecting subclinical
intramammary infections (IMIs) demonstrating successful detection of
episodic major pathogens (MaP). However, the study did not achieve
successful detection of continuous subclinical IMIs, highlighting the
need for further investigation in this area.

4. Utilization of the multiple regression method to assess diverse donor
factors, such as SCC in cow's milk, which impacts the quantity of
transferable embryos from Latvian Blue, Latvian Brown, and Danish
Red breed donor cows. Consequently, practical recommendations were
formulated to enhance the selection of embryo donors and streamline
the process for optimization.

The Doctoral thesis work is summarized in 85 pages, including 19 Tables and
16 Figures.

It comprises eight chapters: introduction, literature review, material and
methods, study results, discussion, seven conclusions, three recommendations,
list of literature used (137 literature sources), and three annexes.
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MATERIAL AND METHODOLOGY
Characterization of materials

The research activities with the dairy cows have been conducted in several
phases to achieve the study objectives. Based on the progress of the study and
variations in animal selection, the material is organized into three study blocks
referred to as B1, B2, and B3.

The first study block, B1

The study was conducted at two dairy farms in Latvia. The first farm, S1,
located in the Vidzeme region, utilizes the DelLaval automated cow milking
system (VMS, Delaval). Approximately 60 cows are housed in the robotic
milking group at this farm. In addition to the milking robot, there is also a milking
parlor where the remaining cows are milked. The composition of the milking
robot group is periodically adjusted with high-milking cows being added and
those with decreased milk yield being removed at the end of lactation. The
milking robot station at farm S1 is equipped with a fluoroptic online cell
counter (OCC) for measuring somatic cell counts. The cows at farm S1 are
housed in a free-stall barn with reinforced concrete slatted floors, and the liquid
fraction of manure is stored underneath. The cubicles are designed as deep boxes
filled with sand, and chopped straw serves as litter material. The cows at farm
S1 are fed a total mixed ration. The second farm, S2, located in the Zemgale
region, also utilizes an automated DeLaval milking system (VMS, DelLaval). The
robotic milking group at this farm consists of approximately 110 to 120 cows
served by two milking robots. The cows at farm S2 are housed in a free-stall barn
with shallow cubicles, where a rubber mattress covers the floor and a rubber mat
covers the walkways. Manure is removed from the passageways by a scraper-
type transporter in the barn.

At both farms, S1 and S2, udder preparation for milking is conducted
automatically, with each teat being consecutively cleaned and milked. After the
teat cups are automatically removed at the end of milking, and before the cow
leaves the milking station, a spraying machine applies an iodine-containing
disinfectant solution (Prima Plus, DeLaval, Sweden) to the tips of the teats and
the lower surface of the udder for post-milking teat disinfection.

The SCC measured in cow's milk by OCC was compared with the
fluorescent-opto-electronic laboratory instrumental method. To accomplish this,
during one milking session in the S1 herd, a 40 mL portion of each cow's total
udder milk was collected into a plastic container with a lid using the automatic
milk sampler of the milking robot. The samples were preserved by dissolving a
preservative BSM Il (Broad Spectrum Microtabs) tablet. These preserved
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samples were then sent to an accredited milk laboratory, where the SCC was
measured using the automatic milk analyzer Fossomatic FC (FOSS, Hilleroed,
Denmark) (according to LVS EN ISO 13366-2:2007 actual version).

To assess the dynamics of the mastitis detection Index (MDi) values in cows
(n = 20) over a period of three weeks in the S1 herd in 2010, the current MDi
readings displayed on the herd management system were recorded once daily at
a specific hour. This was necessary because the previously calculated MDi values
were not retained in the herd management system. Additionally, other relevant
information, such as milking data, the number of milkings per day, milk electrical
conductivity, and the possible presence of blood in milk, was obtained from a
backup copy of the herd management system for the corresponding time period.

Cows with high MDi (case group G) and low MDi (control group K) were
selected as cases and controls to evaluate the efficacy of MDi in detecting cows
with high SCC and the impact of mastitis pathogens on milk SCC (see Table 1).
The selection process occured in October (S1, October 2009) and was repeated
twice (S1, October 2010 and S2, October 2011). Each year, cows registered with
MDi > 1.4 in the herd management system (“COW monitoring in VMS”,
DelLaval International, Sweden) were initially chosen. These cows, with
MDi > 1.4, comprised the udder health alarm case group (n = 21), forming
matching pairs with control group animals (n = 24) randomly selected from cows
with MDi values below 1.4. Pairs were matched based on parity (1st, 2nd, and
3rd or greater) and lactation phase (early 10-100, middle 101-200, late 201305,
and >305 days in milk). The composition of the case-control study groups is
outlined in Table 1. Notably, cows from the early lactation phase were absent
from the case group, thus preventing the formation of corresponding pairs. As a
result, three cows with MDi < 1.4 represented the early lactation phase in the
control group.

A comparison of cow yields between the case and control groups is presented
in Table 2. Control cows, including three cows in early lactation, have fewer days
between calving and the start of study. Additionally, control cows exhibit higher
milk production and lower SCC levels compared to cows in the case group.

The assessment of individual SCC dynamics in cows is obtained by
aggregating SCC data recorded by OCC at each milking time
(N = 1733 milkings) over one month for both the case and control groups at the
S1 farm (n = 31 cow). Additionally, each cow underwent bacteriological testing
of quarter-milk samples twice during the assessment period of SCC dynamics to
detect the presence of mastitis pathogens.

The study block B1 was conducted within the framework of grants 09.1447
and 09.1528 from the Latvian Council of Science, focusing on “Studies on the
health of the udder of dairy cows and the quality of milk by applying milking
robot technology”. All activities involving animals adhered to the requirements
and ethical standards outlined in the applicable laws and regulations. Prior to
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commencing work on the farm, verbal consent was obtained from the farm owner
or manager to select a group of study cows and access comprehensive data from
the herd management computer system, including creating backup copies of data,
utilizing milk recording data, collecting quarter-milk samples during milking,
and publishing study results. The farm owner was assured that obtaining milk
samples during milking posed no risk to the welfare and health of the animals.
The farm owner provided, for the time of milk sample collection, a competent
person familiar with the organization of the automatic milking system (AMS)
cow flow so that the other cows in the group were not negatively affected.

During the study period, from October 2009 to October 2011, the Animal
Protection Law (with amendments and additions effective from January 1, 2000)
and Cabinet Regulations titled “Procedures for keeping, using, marketing and
killing animals used for experimental and scientific purposes” No. 450 (issued
on October 23, 2001: Prot. No. 52-11.), along with the subsequent Cabinet
Regulations “Regulations regarding registration of breeders, suppliers and users
of experimental animals, procedures for performing activities with experimental
animals, and welfare requirements to be ensured for experimental animals” No.
1131 (issued on December 21, 2010: Prot. 74-45), did not mandate special
permissions for the study. This study did not involve experimental procedures
outside of standard farm production practices and therefore, did not require
additional permits (Cabinet of Ministers of the Republic of Latvia, 2001, 2010;
Saeima of the Republic of Latvia, 2000). The LBTU Internal Council on Animal
Welfare and Defense Ethics was established subsequently on March 30, 2015,
through the rector's order No 4.3-13/29.

The second study block, B2

To evaluate the accuracy of the viscosity-based SCC sensor of the milking
robot in practical conditions, the study was conducted on farm S3, housing 120
dairy cows and equipped with two automated milking stations (Astronaut A4,
Lely, The Netherlands) fitted with MQC-C2 sensors for SCC determination in
the cow's udder milk. This involved assessing the entire quantity of milk obtained
from each cow during a single milking operation. SCC data based on viscosity
measurement were collected for most cows (n = 111) from the milking robot’s
management system, covering eight consecutive milkings per cow. During the
third milking, a milk sample of 40 mL was extracted using the milk sampler in
the milking robot, poured into a plastic container with a lid, and preserved with
aBSM Il (Broad Spectrum Microtabs) tablet. These preserved samples were then
sent to an accredited milk laboratory for SCC measurement using the automatic
milk analyzer Fossomatic FC (FOSS, Hilleroed, Denmark) (LVS EN ISO 13366-
2:2007 current version). Nine cows with less than seven days after calving were
excluded from the SCC comparison analysis.
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No procedures were conducted on animals in study block B2, and the cows’
daily living routines remained unchanged. Following the Cabinet regulations
effective during the study period, specifically "Regulations regarding Protection
of animals used for Scientific purposes” No. 52 (issued on January 22, 2013:
Prot. No. 5-25), in such cases, authorization and opinion from the Council of
Animal Welfare and Defence Ethics of the Food and Veterinary Service are not
required to initiate the study. This exemtion is applicable to practical activities
that do not induce pain, suffering, discomfort, or lasting harm equivalent to at
least the administration of a needle in accordance with good veterinary medical
practice (Cabinet Regulation No. 52, Paragraph 5.6) (Cabinet of the Republic of
Latvia, 2013).

The third study block, B3

The study block B3 was carried out at 16 dairy farms over the territory of
Latvia. Donor-associated factors, including the SCC in milk, have been
compared and evaluated for relation to multiple ovulation (MO) and embryo
acquisition in 7 Latvian Blue (LZ), 13 Latvian Brown (LB), and 10 Danish Red
(DS) donors, total n = 30 (2 heifers (no data on SCC), seven primiparous, and
21 multiparous cows) (Table 3). During the study, the donors, 1 to 8 cows per
farm, were on their farms.

For donor cows, the average lactation number (SE) was 3.6 (2.4) lactations.
Two donors were heifers, aged 1.7 (0.14) years, and 28 donors were cows,
consisting of 7 primiparous cows aged 2.6 (0.1) years and 21 multiparous cows
aged 7.2 (0.7) years. As depicted in Table 3, 17 donors (60.7%) were older than
five years. The donor's median body condition when initiating multiple ovulation
(MO) induction was 2.7 (0.6) BCS points. The characteristics of productivity and
milk quality of the donors in the month preceding MO induction were: milk yield
18.1 (1.4) kg day?, milkfat 4.6 (0.2) %, milk protein 3.8 (0.1) % and
SCC 165 (17) thousand cells mL™.

Study block B3 was conducted as part of the ERDF project titled
"Conservation of genetic resources of bovine animals in Latvia by application of
embryo transference and associated biotechnologies™ (Nr. 1.1.1.116A025, 2017-
2020). All protocols and procedures involving bovine animals within the
project's scope were assessed and approved by the Council of Animal Welfare
and Defence Ethics of Latvian Agricultural University (opinion No. 172 from
June 22, 2017).
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Description of the methods used in the study
Collection of milk samples from the cows™ udder quarters (B1)

In study block B1, samples of cow udder quarter's foremilk for the
determination of SCC, milk composition, and bacteriological examination were
collected twice, with a 10 to 14-day interval. Throughout the study, a total of
352 foremilk samples from 45 cows were utilized to determine SCC and milk
composition, while an additional 352 aseptically obtained udder quarter's
foremilk samples were collected and analyzed for the presence of mastitis
pathogens. During milking, foremilk samples were collected at an AMS
workstation after cleaning cow teats and milking the first milk jets. The milking
robot was temporarily paused during sampling. Initially, milk for SCC and milk
composition analysis (fat %, protein %, lactose %, and urea content in mg dL)
was manually sampled from each teat into labeled plastic containers containing
a preservative BSM 11 tablet. Subsequently, the teat ends were disinfected with a
cotton gauze wipe impregnated with a 70% ethyl-alcohol solution. The milk was
aseptically sampled in four sterile glass tubes for bacteriological testing. The tube
was opened just before milk sampling, and the milk jet was directed horizontally
towards the tube opening when approaching the teat tip. After sampling, the tube
was immediately sealed with a rubber cork and cooled in a cold-water
bath (+5 °C). All milk tubes were simultaneously removed from the water, wiped
dry, and placed in a cooling box with ice elements. Within 12 hours, samples for
bacteriological examination were transported to the Faculty of Veterinary
Medicine, Clinical Institute's Herd Health and Reproduction Problems
Laboratory in Jelgava, where analysis commenced immediately. Within the
subsequent 72 hours, samples were delivered to the laboratory for SCC and milk
composition analysis using laboratory instrumental methods (SIA
“Piensaimnieku laboratorija”, Ulbroka). The threshold value of 100 000 cells
mL! corresponding to SCS = 3.0 log units shall be used in this work to evaluate
the results of the SCC in the udder quarter's foremilk.

Testing of udder pathogens in milk (B1)

Samples of cow udder quarter's foremilk were cultured at 37 °C on Colombia
blood agar media (Biolife, Monza, Italy) supplemented with 5 % cow blood. The
investigation and classification of isolates followed the methodology outlined in
the "Laboratory and Field Handbook on Bovine Mastitis” of the US National
Mastitis Council (NMC) (National Mastitis Council, 1987, 2017). The milk
sample was streaked onto the medium using a disposable plastic bacteriological
loop (0.01 mL). Inoculated plates were then incubated, and bacteriological
growth was assessed after 24 and 48 hours. Bacterial smears were prepared from
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grown colonies, stained with Gram colors (Benex Limited, Dublin, Ireland), and
evaluated. Additionally, the isolates were subjected to catalase and oxidase tests,
and streaked onto differential media. Identification of mastitis pathogens was
carried out at group, genus, and species levels using mannitol-salt agar (Oxoid
Limited, Altrincham, UK), bile-esculin agar (Benex Limited, Dublin, Ireland),
and MacConkey agar N2 (Biolife, Tortona, Italy). Staphylococcus aureus
(coagulase-positive staphylococcus) was confirmed using a rabbit plasma test
with tubes containing 0.5 mL rabbit plasma (BeNex Limited, Dublin, Ireland),
while Streptococcus agalactiae was confirmed using the CAMP test.
Streptococcus uberis (esculin-positive streptococci) was characterized by esculin
hydrolysis around the inoculation line of the medium and lack of visible colonies
on the bile-esculin agar. Gram-negative bacteria, including Escherichia coli,
were identified on MacConkey agar N2. Other pathogens were classified at the
genus level, including coagulase-negative staphylococcus (KNS) or
Staphylococcus  spp.,  Streptococcus spp., Enterococcus spp., and
Corynebacterium spp.. The presence of a single colony in primary culture was
considered significant only if no other colonies were present on the blood agar
media (National Mastitis Council, 2017).

Major mastitis pathogens (MaP) include Staphylococcus aureus,
Streptococcus agalactiae, Streptococcus dysgalactiae, Streptococcus uberis,
esculin-positive streptococci, Escherichia coli, Klebsiella spp., other coliforms,
Enterococcus spp., Trueperella pyogenes, Pasteurella spp., and Pseudomonas
spp.. Coagulase-negative staphylococci and corynebacteria are considered minor
mastitis pathogens (MiP) (Dingwell, Leslie et al., 2003; Piepers, Opsomer et al.,
2010). If both MaP and MiP are present in the udder quarter's foremilk
simultaneously or in one of the two milk sampling times, the quarter shall be
recognized in the aggregate assessment as affected by the MaP. Isolation of the
same agent from milk is designated as a continuous MaP or continuous MiP,
both during the first and second milk sampling. The appearance of the pathogen
was defined as the detection of bacteria in milk at the second sampling time but
not at the first sampling time. Episodic MaP was defined as the detection of a
MaP only at the first or second milk sampling time, while at the other sampling
time, a different mastitis -associated pathogen MiP was isolated or no pathogen
was found. Conversely, an episodic MiP was defined as detection of a MiP at
the first or second sampling time, but at the other sampling time, the presence of
another MiP or no pathogen was found (see Table 4).

Cows that test negative for pathogens in milk from all quarters of the udder
shall be classified as having a “pathogen-free status”. Cows in which the same
pathogen is detected in the milk of one or more quarters of the udder shall be
classified as having a “status with one pathogen”. Cows for which different
intramammary infections (IMIs) are detected in the foremilk of different quarters
of the udder shall be classified as having a "multiple pathogen status”. If both
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MaP and MIiP are detected simultaneously in the same animal, the cow is
classified as being affected by MaP.

Determination of the cow udder foremilk composition (B1)

Samples of cow udder quarter's foremilk for the determining the SCC by
laboratory instrumental method and milk composition were collected directly
from the cow teats into 40 ml plastic containers with lids and immediately
preserved with 0.02% 2-brom-2-nitropropane-1,3-diole (Bronopol™) or BSM |1
tablet. These samples were then delivered and analyzed at an accredited
laboratory (SIA “Piensaimnieku laboratorija”, Ulbroka, Latvia) within 72 hours.

The SCC was measured by laboratory instrumental fluorescence-electronic
cell flow cytometry for raw milk using an automatic milk analyzer Fossomatic
FC (FOSS, Hilleroed, Denmark) (LVS EN ISO 13366-2:2007 actual version).

The fat %, protein %, and lactose % content were determined by laboratory
instrumental mid-infrared spectrophotometry using a high-throughput fully
automatic analyzer MilkoScan FT 6000 (FTIR, FOSS, Hilleroed, Denmark)
according to ISO standard (1S09622/IDF141:2013 actual version). Urea
concentration in milk (mg dL?) was determined by the laboratory-validated
method MET-003.

Milk recording data (B1, B2, B3)

For each cow included in the study, milk recording data were obtained from
the cow pedigree cards of the Agricultural Data Center of Latvia. In study block
B1, the dataset was supplemented by the cow's milk yield, SCC, fat %, protein
%, and lactose % recorded under the milk recording in September and October
of the year concerned. In study block B2, the dataset was supplemented by SCC
data for the given month. In study block B3, the dataset was supplemented with
the milk recording data about the cow's milk yield, SCC, fat %, protein %, and
lactose % content for the current month when induction of the multiple ovulation
was started, as well as the data recorded one month previously for the same
parameters.

Acquisition of data from milking robot sensors via the herd management
system (B1; B2)

The research in study block B1 was conducted on two dairy farms equipped
with the same automated milking system (VMS, DeLaval, Sweden). Milk yield
data, as well as measurements of the electrical conductivity of milk, were
recorded during each cow's milking for each udder quarter. Additionally, the
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length of milking intervals and OCC results were recorded (S1) for each cow,
along with the number of milking times per day. All data for a three-week period,
except MDi data, were collected from the milking robot computer files in the
herd management system and obtained from a complete backup copy of the
system data. MDi dynamics were studied in October 2010. Data had to be
collected once a day, saving screenshots of the herd management system display
because MDi updated at every milking, and previous values were not stored in
the system.

During study block B2, an on-site report was generated at farm S3 on SCC
measurements using the viscosity method, cow identification number, and
milking time. The full report was retained from the computers of milking robots
(Astronaut A4, Lely, Netherlands) after five milking times passed for all cows
since milk recording.

General clinical and gynecological examination of donors (B3)

A history of each donor cow (anamnesis) was obtained since the last calving.
General clinical and gynecological investigations were conducted before
initiating multiple ovulation (MO) induction. Only cows deemed practically
healthy, with no gynecological diseases detected by rectal examination or uterine
and ovarian ultrasonography, were selected for MO induction. Before initiating
MO induction, two normal-length estrus cycles were observed in each cow. The
body condition of the cows was assessed on a 5-point BCS scale with steps of
0.25 (Ferguson, Galligan et al., 1994). MO induction was initiated if the donor
cow's body condition ranged from 1.50 to 4.50 points. Express-testing of blood
B-hydroxybutyrate (BHB) concentration was performed in all cows before MO
induction using the Free Style Optium Neo kit from Abbot Laboratories Ltd, UK.
Cows with BHB levels exceeding 1.2 mmol L were excluded from the study.

Biochemical, hematological, and hormone parameter testing in the blood
of donors (B3)

Blood samples for serum biochemical parameters, hematological parameters,
and progesterone (P4) concentration were collected from all donor cows on the
day of MO induction. Subsequent blood samples for P4 had been obtained prior
to PGF2a injection, at the first artificial insemination (Al), at the second Al, and
on the day of embryo flushing. Blood samples were taken in 7 mL vacutainers
(HumaTube Serum C/A (z), Human Gesellschaft fir Biochemica und
Diagnostica mbH, Germany) by punctuating vena caudalis lateralis
superficialis. Samples were put into a portable electronic cooler (Model CNGO01-
B, Tortona Alexandria, Italy) with ice elements at a temperature not exceeding
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four °C for 4 to 8 h. The samples were centrifuged at 1500 rpm for 12 min to
remove sera. The samples were delivered to the laboratory immediately to carry
out serum biochemistry. Sera were stored at —20 °C until analysis to establish P4
concentration. The following metabolites and electrolytes were analyzed in sera:
total protein (TP), aloumin, urea, creatinine (CREA), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH), gamma glutamyl-transferase (GGT), cholesterol
(CHOL), triglycerides (TRG), calcium (Ca), magnesium (Mg), phosphorus (P),
potassium (K), sodium (Na), and chloride (CI). The analyses were performed in
an accredited laboratory, SIA “Centrala Laboratorija”.

Serum P4 concentration was analyzed in the Institute of Food Safety, Animal
Health and Environment 'BIOR' accredited laboratory using VIDAS®
Progesterone enzyme-linked fluorescent immunoassay (Biomerieux SA, RCS
Lyon, France). The coefficients of inter- and intra-assay variation were <5%. The
measurement range of the P4 assay was from 0.80 nmol L™ to 254.40 nmol L.
Samples with P4 concentrations >254.4 nmol L™ were diluted by half and
reanalyzed.

Reference values were adapted from Duncan and Prasse’s Veterinary
Laboratory Medicine: Clinical Pathology and Clinical Biochemistry of Domestic
Animals (Kaneko, Harvey et al., 2008; Latimer, 2011).

Multiple ovulation treatment, embryo collection, and evaluation (B3)

All cows in study block B3 were exposed to multiple ovulation (MO) once,
not earlier than 80 days after cow calving. All cows were presynchronised with
two injections of prostaglandin F2 alpha (PGF2a) analogue cloprostenol
(Oestrophan; Bioveta, Czech Republic) at a dose of 500 pg intramuscularly (im)
14 days apart. Between day nine and day 12 of the estrus cycle, MO induction
was initiated in cows following two standardized superovulation protocols
(Hasler et al., 1983).

Corpus luteum luteolysis was initiated with PGF2a at a dose of 500 pg im
48 h after ECG (equine chorion gonadotropine, first protocol) or at the same time
as pFSH 6th injection (porcine follicle-stimulating hormone, second protocol).
The cow was artificially inseminated (Al) two times in 48 h and 60 h after
injection of PGF2 a, but if the cow continued to show signs of estrus, 12 h later,
one more Al was done.

The number of corpus luteum in a donor’s ovaries was determined on the day
of embryo flushing, the seventh day after the first Al, using an ultrasonographic
scanner with a linear 5 MHz intrarectal probe. To prevent tenesmus, 100 mg
procaine hydrochloride was used epidurally (5 mL Procamidor 20 mg mL?,
Richter Pharma AG, Austria). A 2-way silicon ET catheter connected with a Y-
junction tubing and embryo collection filter system was used for a non-surgical
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embryo recovery. Each uterine horn was flushed with BoviFlusch Recovery
Medium (Minitib GmbH, Germany) using continuous flow until 500 mL and
filtered through an embryo filter EmGuard System for Embryo Collection
Bovine/Equine (Minitib GmbH, Germany). The filter system with recovered
material was carried to a separate clean room. After disconnecting the filter from
the filter dish, it was flushed, and the fluid was transferred to Petri dishes. The
fluids in the filter dish and Petri dishes were searched under a stereomicroscope
(Nikon, Japan) to find embryos at a magnification of 10 times. All discovered
embryos were carried over into smaller Petri dishes containing 5 mL of BoviHold
medium (Minitube GmbH, Germany), maintained at ambient temperature,
evaluated, and classified under 100 times magnification. Embryos were
classified morphologically as unfertilized oocyte (Stage code 1), a one-cell
embryo (Stage code 2), morula (Stage code 3), compact morula (Stage code 4),
early blastocyst (Stage code 5), blastocyst (Stage code 6), expanded blastocyst
(Stage code 7), and hatched blastocyst (Stage code 8). The embryo quality was
graded (Grade 1 = excellent, Grade 2 = good, Grade 3 = fair, Grade 4 = poor, and
Grade 5 = degenerate) as described B6 and Mapletoft (2013). The total number
of embryos (nE) was obtained by summing up embryos of all stage codes and all
quality grades, including degenerated ones. The number of transferable embryos
(nTE) corresponds to all embryos with quality Grades from 1 to 3 that are
considered acceptable for the direct transfer into recipient cattle (Bé & Mapletoft,
2013).

Four days after embryo flushing, donor cows received im injection of PGF2a
to induce luteolysis and return them to normal cyclicality (Viana, Vargas et al.,
2016).

Determination of each cow's individual type of SCC dynamics (B1)

By summarizing the OCC measurement results obtained by the automated
milking system at each milking time and displaying them graphically, the
fluctuations in SCC in each cow reveal distinct trends described in this study as
four types of individual dynamics of the SCC. Depending on the level of the SCC
and the positioning of somatic cell score (SCS) points relative to a threshold
value of SCS = 4, corresponding to SCC = 200 000 cells mL™, the cows were
categorized into four types of individual SCC dynamics (see Table 5). The time
axis in the examples of individual SCC dynamics shown in the table is divided
with vertical lines into sections of 20 milkings. Although not all milking times
have been measured with OCC, a period of 20 milkings serves as the minimum
duration for comparing oscillations in OCC results to assess the type of
individual SCC dynamics for each cow.
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Statistical data processing

To assess the dynamics of the SCC of individual cows, the OCC determined
SCC data was collected in a herd management system and obtained from the
backup files of the milking robot for each milking time within one month. For
the SCC results to match the normality assumption, the SCC was converted to
somatic cell count score (SCS) standardized log, units by formula (1), or in cows
with low SCC < 12 000 cells mL* to SCS = 0. After conversion, the SCC
threshold value of 200 000 cells mL™ corresponds to SCS = 4.0 log; units (Shook,
1993).

SCS = log,(SCC x 1075) + 3 1)

SCS - somatic cell score, logz units;
SCC —somatic cell count, cells mL™.

To characterize the effectiveness of the viscosity method for the identification
of cows with an SCC > 200 000 cells mL™* in milk by laboratory instrumental
method, the overall level of agreement in the results obtained from both methods
was assessed by calculating Cohen's Kappa coefficient (k). Cohen's Kappa
coefficient interpretation was done on the Landis and Koch scale (Landis &
Koch, 1977): poor agreement k < 0.20; fair agreement 0.21 < k < 0.40; moderate
agreement 0.41 <k <0.60; substantial agreement 0.61 <k <0.80; good
agreement k > 0.80.

The frequency of false positive and false negative ratings was also calculated
for the results obtained.

To characterize the quantitative agreement between the viscosity method
SCC and the laboratory instrumental method results, Lin's concordance
correlation coefficient was calculated for all milkings. These coefficient values
were compared individually, as well as the averages from two, three, and five
milking times surrounding the milk recording test. The calculations were
performed using the extension of the Stata software developed by Steichen and
Cox (Steichen & Cox, 2002). Lin's concordance correlation coefficient
interpretation was done on McBride scale (Lin, McBride et al., 2005): poor
agreement r < 0.90; moderate agreement 0.90 <r < 0.95; substantial agreement
0.95 <r <0.99; almost perfect agreement r > 0.99.

The agreement between the SCC determined by the viscosity method and the
laboratory instrumental method on the day of milk recording control was
graphically assessed using the Bland-Altman diagram (Watson & Petrie, 2010).

MDi dynamics were compared using the variance analysis ANOVA method
for repeated measurements. Throughout the study, differences between groups
were considered significant if p < 0.05.
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The appearance of a mastitis pathogen, i.e., not detected at first sampling but
detected at second sampling, was analyzed by multiple logistic regression
analysis using the Stata software (StataCorp LP, 4905 Lakeway Drive, College
Station TX77845, USA, version Stata BE 17.0 for Windows).

The Pearson Chi-square test has been used to compare the distribution of the
mastitis pathogens between case and control groups. Fisher's exact test has been
used to evaluate differences between smaller subgroups (n <5).

Multiple ovulation (MO) success, or response to MO induction, was
evaluated by corpus luteum counts (nCL) on the day the the embryo flushing.
Response to MO induction was considered successful if nCL > 3.

A multiple negative binomial regression model (MNBR) was used to
statistically assess the relationship between nCL (nCL model) and serum
biochemical parameters, milk SCC and cow yield, lactation number, and ambient
air temperature before MO induction. The breed of cow was automatically
included in the model as a potential confounding factor regardless of its level of
statistical significance. Similarly, the MNBR method has been used in
interpreting the potentially influencing factors of nE and nTE, model nE and
model nTE, respectively: progesterone (P4), 17 p-estradiol (E2) levels, blood
biochemical parameters, hematological parameters, body condition (BCS),
lactation count, ambient air temperature, milk SCC, milk yield, milk fat %, and
milk protein % content (Dohoo, Martin et al., 2010).

Description of the progress of the study

Throughout the study (Table 6), the somatic cell count in cow's milk has been
analyzed as an indicator of successful cow udder function, quality milk
production, and beneficial effects on a cow's reproductive system capacity,
especially during multiple ovulation and production of transferable embryos.

During this research study, there was a unique opportunity to investigate
cows belonging to the category of genetic resource breeds at risk. These cows
were housed on many farms across the country, and it is understandable that they
were not included in the milking robot system during the study. Study block B3
was important for testing the hypothesis that better reproduction results are
expected in cows with lower somatic cell counts in milk and healthier udders.
The timing of the study and the three distinct blocks of study material, which are
thematically unified on the feasibility of different technical options for
evaluating SCC, are necessary to demonstrate the scientific importance and
practical application of the complex evaluation of SCC results for improving
udder health and maintaining reproductive efficiency in endangered cow breeds.
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RESEARCH RESULTS AND DISCUSSION
Milk SCC depending on the presence of the mastitis pathogens and MDi

The data set of the study block B1 consists of the results of repeated
bacteriological examination of the udder quarter's foremilk for the presence of
major mastitis pathogens and minor mastitis pathogens, milk composition (milk
fat %, protein %, lactose %, urea concentration) and somatic cell count (SCC) in
45 cows from two herds.

Udder quarters were classified based on the IMI status, determined by
interpreting bacteriological investigation results. Three categories were
distinguished regarding the presence of mastitis pathogens: continuous presence
in milk (pathogen isolated repeatedly during bpth milk samplings), episodic
presence (pathogen isolated only once), and absence of the pathogen (no
pathogen detected at milk sampling). Major mastitis pathogens (MaP) identified
in this study include coagulase-positive staphylococci, esculine-positive
streptococci, and Enterococcus spp., while minor mastitis pathogens (MiP)
consisted of coagulase-negative staphylococci and Corynebacterium spp.. It is
noteworthy that some cases revealed mixed infections or pathogen replacement
within a 10 to 14-day period.

A total of 176 udder quarters in 45 cows have been evaluated for the presence
of MiP and MaP (all four mammary glands functioned in 41 cows, while only
three mammary glands functioned in four cows).

Out of all udder quarters (Table 7) in both investigations, ten quarters (5.7%)
showed a continuous MaP presence, and 74 (42.0%) quarters had a continuous
MIP presence. Thus, the continuous presence of mastitis pathogens was
confirmed in 47.7% of the mammary glands (84/176). By contrast, episodic MaP
was found in 12 udder quarters (6.8%), and episodic MIP was present in 40
quarters (22.7%). At both sampling times, the other 40 mammary glands (22.7%)
were free of mastitis pathogens.

Statistically significant differences (p < 0.05) in mastitis pathogen
distribution were observed when comparing the high MDi alarm case group (G)
cows to the low MDi control group (K) cows. The biggest difference between
the frequency of episodic MaP presence in milk and the number of udder quarters
free of mastitis pathogens can be found. By contrast, continuous MiP in both
groups had the same number, with 37 continuous MiP quarters for cows in the
case group and the same number of continuous MiP quarters for cows in the
control group (Table 7).

MaP's and MiP's presence in the udder quarter's foremilk at the two sampling
occasions strongly relates to the SCC. The figure shows (Fig. 1) that the average
SCS depends on the mastitis pathogens' group and persistence. The lowest SCS,
up to a maximum of 3 log, units or 100 000 cells mL, was found in milk from
quarters free of mastitis pathogens at both milk sampling times and similarly low
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SCS also in the udder quarter's foremilk with an episodic presence of the MiP.
The highest mean SCS value exceeding 5 log; units or 400 000 cells mL™ has
been observed in milk from those udder quarters where continuous MaP presence
is detected.

When aggregating the results of quarter-level bacteriological examinations of
milk into the udder level of the cow, it is observed that a single mastitis pathogen
affects 24.4% (11/45) of all cows during the first sampling, while 35.6% (16/45)
during the second sampling (Table 8). The proportion of cows found negative in
bacteriological testing in all four quarters, 11.1% (5/45) in the first and 2.2%
(1/45) in the second, respectively, has also changed from the first to the second
time the milk samples were collected. Overall, the observed percentage of cow
statuses indicating a single pathogen, multiple pathogens, and being free of
pathogens does not exhibit significant changes between the first and second milk
sampling times within 10 to 14-day period. However, the specificities observed
for the number of quarters of udder affected by certain mastitis pathogens may
be noted. Coagulase-positive staphylococci and Enterococcus spp. usually affect
one, or less often two, quarters of the udder in a cow. Coagulase-negative
staphylococci and esculine-positive streptococci are found in one or two quarters,
but some cows shed out these pathogens with milk from three quarters. The
placement of Corynebacterium bovis by quarters of the cow's udder has been
observed to be more varied as it is detected both as a one-quarter pathogen and
in the milk of two, three, and even all four quarters of the udder. Our study found
that the appearance of Corynebacterium bovis at the second time of milk
sampling, compared to the first time, usually occurred in one or two quarters of
the udder, but is also possible in three quarters at a time. This raises reflections
on necessary solutions to reduce the prevalence of corynebacteria in the herd,
where a milking robot is utilized in milking. According to some authors, the
prevalence of corynebacteria could be even higher, as there are grounds to
consider the mammary gland infected with corynebacteria even if the
SCC < 100 000 cells mL* and the presence of corynebacteria in milk is detected
(Licken, Wente et al., 2021).

The appearance of the mastitis pathogens (the pathogen was not detected in
cow's milk at first sampling, but the presence appeared at second milk sampling)
was evaluated with a mixed effects logistic regression model of the udder
quarters. The probability of a MiP appearance increases if a lower SCC is
observed in the udder quarter's foremilk at the first sampling time. In comparison,
the occurrence of a new MiP at the second sampling time is lower for quarters
with higher SCC. The model considers that the quarters of one udder are not
independent units but common components of one udder. The internal structure
of the dataset also confirms this fact: the probability of a new MiP appearing in
a given quarter of the udder correlates positively with the probability of infection
occurring in other mammary glands of the same cow (Intraclass Correlation
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coefficient ICC =0.27 £ 0.16; 95% CI 0.07...0.65). According to the logistic
regression model, for standard lactation cows, if the SCS is one log: unit lower
at the first collection of milk samples, the probability of a new MiP appearance
at the second milk sampling is 1.8 times higher (1/OR = 1/0.56=1.8; p < 0.05).
At the same time, for cows with an extended lactation of more than 305 days, the
possibility of a new MiP appearance does not depend on the SCC in the udder
quarter's foremilk, as indicated by the upper line of the figure without a slope,
i.e., without significant reduction in the probability of new MiP appearance if the
SCC increases (p > 0.05) (Fig. 2).

The results from our study are in line with the works of other authors (Bexiga,
Koskinen et al., 2011), who have studied samples with negative bacteriological
findings in-depth. They identified some bacterial mastitis pathogens in the
“bacteriologically negative” milk samples, namely 47% of milk samples with
SCC > 500 000 cells in mL™?, by re-examining the sample with pre-treatment
(freezing and thawing of the sample) or using more sensitive methods such as
polymerase chain reaction. Literature on AMS also reveals other authors'
observations that on farms with a milking robot, cows are less likely to become
infected with Streptococcus uberis than on farms with normal milking, but this
is mainly explained by the fact that robots are mostly installed in rebuilt farms
that have not yet accumulated an endemic microbiota (Taponen, Liski et al.,
2017).

Online cell counter OCC effectiveness

The SCC was measured in 31 cows by an online cell counter (OCC), and the
results were compared by laboratory instrumental method for the same milking
time (Fig. 3). As a diagnostic device, the OCC which is built into the milking
robot can accurately find cows with high SCC. The good agreement in results
justifies using OCC for semi-quantitative evaluation of SCC for an individual
cow's milk.

The repetition of SCC measurements at each milking time gives an overall
picture of the fluctuations in the SCC levels of each cow. During the study, each
cow had between 63 and 106 individual milkings, averaging 2.8 = 0.3 times
daily. At each milking, the SCC in the cow's milk was determined by OCC and
summarized as SCC individual dynamics in the whole study period. Four types
of individual dynamics for SCC were found in both the MDi case group and the
control group. However, each group had a different proportion of these types.
The figure (see Fig. 4) shows the relationship between the type of individual
dynamics of a cow's SCC and the mastitis detection index MDi. In other words,
there is a significant difference between the distribution of the types of individual
dynamics of the SCC in cows with MDI < 1.4 and those with MDI > 1.4 (see Fig.
4). This shows that the first and second types of individual dynamics of the SCC
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were more common in cows in the control group and the third and fourth types
in cows in the case group.

The figure (see Fig. 5) shows the relationship between the type of individual
dynamics of a cow's SCC and the actual SCC in the milk control recording test
during the month in question.

In comparison with the results of the bacteriological testing, the conformity
of the individual dynamics type with the group of mastitis pathogens detected in
the cow udder quarter's foremilk and the permanence of its presence in the
mammary gland was determined (see Fig. 6). It should be noted that the number
of the udder quarters of the individual dynamics type 1 and type 2 cows affected
by the presence of the MaP in milk does not exceed 5% of all quarters of those
cows. In addition, the continuous presence of MaP was detected in only one
udder quarter in a cow with SCC individual dynamics type 2 but was not
observed in type 1 cows at all. Also, when comparing the presence of prolonged
MiP in an udder quarter's foremilk, it is more common in SCC individual
dynamic type 2 cows than in type 1. An episodic MiP was more commonly found
in SCC individual dynamics type 1 cows. For individual dynamics, type 1 and
type 2 cows, more than 30% of the udder quarters did not show the growth of
any mastitis pathogen from the milk samples. In cows with type 3 and type 4 of
the SCC individual dynamics, a significantly higher presence of the MaP in milk
has been observed compared to type 1 and type 2. In total, 50% of all mammary
glands have been observed positive for continuous or episodic MaP in cows with
type 3 and type 4 dynamics. Of all types of SCC individual dynamics, the highest
continuous presence of MiP (> 40%) was observed in type 3 cows. The presence
of episodic MiP in the udder quarter's foremilk in type 3 and type 4 cows has
been relatively rare, only up to 10% of their udder quarters.

Overall, when comparing the observed differences between the four types of
SCC individual dynamics, the role of the presence of mastitis pathogens in the
sequence from type 1 to type 4 increases both quantitatively (proportion of
affected quarters) and qualitatively (presence of episodic or continuous MaP).

The proportions of the four types of the SCC individual dynamics affect the
whole dairy herd and the quality of the milk that is produced. Of importance is
that the ratio of the type 4 cows to the type 1 and type 2 cows must be kept as
low as possible.

Our study has found that the measurements obtained using OCC from 20
milking times will highlight the current type of the SCC individual dynamics in
cow's milk. Shorter evaluation periods or few milkings without OCC
measurement results make it difficult to evaluate the SCC individual dynamics,
as cows of type 4 may also have SCS < 4 or SCC < 200 000 cells mL™* in several
successive milkings.
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Mastitis detection index MDi effectiveness

MDi results were obtained and compared for 20 cows out of 522 milkings
over a 21-day period, while the total number of milkings for these cows was 942
times, as confirmed by a full backup copy of the milking robot system. Each cow
in the case group was milked an average of 2.1 (0.71) times a day, compared to
2.4 (0.68) milkings in the control group. No clinical mastitis was observed in any
cow. A milking robot group's cows were selected based on the MDi value. MDi
results in the case group and the control group are shown in Fig. 7. Average MDi
values in the case group were consistently higher than in the control group. Over
three weeks, MDi levels in the case group gradually decreased (coefficient of
linear regression b = - 0.01, p < 0.05).

This study found that cows with higher MDi values (case group) had more
episodic MaP and fewer bacteriologically negative findings than cows with low
MDi values (control group). Concerning the number of udder quarters with
continuous MaP and MiP, there was no difference between high and low MDi
cows. This study compared mastitis pathogen groups of MaP and MIP as a cause
of subclinical inflammation in finding MDi applicability to track bacterial
pathogens. At the same time, more attention was paid to the variability of the
agents when assessing the episodic and continuous presence of the pathogens in
the cow udder quarter's foremilk samples. Since the udder quarters with a
continuous MaP presence contributed to the most increase in SCC, early mastitis
treatment would be indicated for such cows without a delay. Increased MDi in
this respect could be an important first signal for an infection process in the
mammary gland. However, in the study comparing case and control cow groups
based on the MDi signal, continuous MaP infections have appeared similarly
divided between groups — four in the case group and six in the control group
(Table 7). The 74 udder quarters harboring a continuous MiP, mainly
Corynebacterium spp., were also equaly partialized between case and control
groups in similar numbers (Table 7). With the continuous presence of a pathogen
in the mammary gland, the risk of biofilm formation is known to increase, which
impairs the recovery prognosis if a given pathogen causes clinical mastitis with
time. The formation of bacterial biofilms on the epithelial surface of the
mammary gland reduces the effectiveness of treatment. Chronic mastitis
develops if the treatment fails, which can lead to cow culling (Hordofa, 2022).
Some authors attribute elevated MDi values to biological changes in the udder
or even in the whole body of the cow (Forshack, Lindmark-Mansson et al., 2010).

The mean values for milk electrical conductivity for case and control groups
are compared in the table (Table 9). At cow udder level, the mean value in the
case group was significantly higher than in the control group (4634+22.5 uS cm-
L versus 4562+16.3 uS cm?, p < 0.05). However, both results were below the
mean conductivity values observed in healthy (5300 pS cm®) and subclinically
infected cows (5700 pS cm™) by other authors.
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MDi threshold for the diverting of low-quality milk

The study also investigated how the use of MDi to divert milk from individual
cows would be linked to the SCC of the total milk produced by the herd. Overall,
the case group with a high MDi had a significantly higher SCS compared to the
control group (3.4 (0.48) versus 2.4 (0.46), respectively). During the study
period, 60% of cows with higher MDi also had SCC values above
200 000 cells mL-1. However, the correlation between MDi and SCS was only
moderate (r = 0.37, p < 0.05). This could be explained by the fact that certain
cows had a marked discrepancy between these indicators.

To characterize the overall effectiveness of MDi in recognizing cows with a
milk SCC exceeding 200 000 cells mL?, Cohen's Kappa coefficient was
calculated from 430 milkings, and the agreement was found to be low (x = 0.28
+ 0.048). This shows that the MDi and SCC changes are not parallel.

MDi threshold values for the automatic diversion of milk of non-compliant
quality were modeled using MDi and weighted SCS, considering the quantity of
milk produced by each cow. It was established that the total quantity of diverted
milk at the MDi threshold value of 2.0 would be 102 kg or 2.3% of the total milk
produced (4387 kg). The milk diversion would be carried out on nine milking
cows, and the theoretically calculated diverted milk SCC would be
422 000 cells mL1. The average SCC of the milk in the bulk tank would be
approximately 155 thousand cells mL™. From a practical point of view, the
diversion of milk of non-compliant quality, using such a threshold, helps to
maintain control of the SCC level of the milk stored in the whole milk container
below 300 000 cells mL%. Any lower MDi threshold, such as 1.8, would increase
the amount of diverted milk to 265 kg (6% of all milk produced) with an SCC of
360 000 cells mL-2. In this case, the SCC in the bulk tank milk of the herd would
decrease to 148 000 cells mLt, which would have no practical effect compared
to 155 000 cells mL™? by applying the MDi threshold value of 2.0 for the
diversion of milk of non-compliant quality.

The mastitis detection index (MDi) is designed to effectively recognize those
cases where clinical mastitis appears in a cow in the robotic milking process
(Bausewein, Mansfeld et al., 2022). However, as our study results show, an
increase in MDi values and a gradual return to baseline levels also occurs in
subclinical udder health disorders.

Viscosity principle-based SCC sensor’s effectiveness

The results of the SCC measured by the viscosity method for 111 cows have
been compared to those determined by the laboratory instrumental method in a
sample of whole cow's milk obtained at the same milking time. The comparative
dataset of SCC results also includes SCC data for each cow's previous two
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milkings and the subsequent five milkings that follow the milk recording control
test sample. The milking frequency of cows is characterized by the fact that the
number of milking times for cows in the herd varied between 5 and 21 times over
four days, and the average number of milking times over a twenty-four-hour
period was 2.86 + 0.07 times per cow.

The figure (Fig. 8) compares the SCC results obtained by the viscosity
method with the results of testing the milk’s SCC using the laboratory
instrumental method. All discrepancies between the two methods are associated
with SCC values ranging from 100 to 500 000 cells mLt. Therefore, when
interpreting the SCC, each cow with a measurement value within that range
should be retested at the next milking.

Subsequent agreement analysis of the viscosity method and laboratory
instrumental method results was carried out by extending the time interval to
include viscosity SCC measurements during other milking times of each cow
before and after milk recording control. It should be noted that the number of
cows with an SCC > 200 000 cells mL* based on the viscosity method
measurements was lower than according to the laboratory instrumental method
assessment. Therefore, the number of false negatives exceeded the number of
false positives in all milking sessions (Table 10).

Obviously, there is a significant coincidence with the milk recording control
test milking, but it is not very high as Cohen's kappa coefficient value is only
0.71 £ 0.09. Cohen's kappa coefficient hardly changes in milking before and after
the milk recording control test However, looking at viscosity SCC averages from
several consecutive milkings, Cohen's kappa values were raised above 0.80,
suggesting a very good agreement (Watson & Petrie, 2010). Although the highest
kappa value of 0.88 + 0.09 was observed for the mean value calculated from two
viscosity principle-based SCC measurements, i.e. milk recording control test
milking (0) and subsequent milking (+1), similar kappa values of 0.81 £ 0.09
were also observed for the mean SCC calculated from 3 and 5 successive
milkings.

Lin's concordance correlation coefficient of 0.94 during the milk recording
control test (Fig. 9) confirms only a moderate quantitative agreement between
both methods. In milking times before and after the test, the Lin’s concordance
correlation coefficient values decrease even further, which confirms the
individual fluctuations and dynamics of SCC.

When measuring the SCC by viscosity method at each milking time, the
dynamics of the SCC are observed, which is not recognized by a single
measurement by the laboratory instrumental method. Thus, we conclude that the
SCC measurements by viscosity method should be used constantly to find cows
with a high SCC so that the average can always be calculated. Regular viscosity
SCC measurements demand relatively low costs, making them feasible to
perform at every milking.

74



Acquisition of transferable embryos depending on donor cow's milk SCC

During induction of MO and embryo collection, 24 out of 30 donors (80%)
successfully responded to MO treatment. The mean number of corpus luteum
(nCL) was 7.7 (range 1 to 19). A total of 151 embryos (nE) were produced, 104
of which were transferable embryos (nTE). No embryos were acquired from the
two donors. nCL was found to correlate moderately with nE (r = 0.65; p < 0.01)
and nTE (r =0.57; p < 0.01).

The effect of the SCC on the number of transferable embryos is shown in the
figure (Fig. 10). Overall, we can conclude that nTE differs for analogous donors
with different SCC in the month before MO induction, as embryo production
decreases as SCC increases. In addition, the effect on nTE is not only manifested
in donor cows with high SCC but also in the range SCC < 200 000 cells mL™.
The prognosis suggests that 6.5 transferable embryos are obtained if SCC = 50
000 cells mL™* and 3.5 embryos are obtained if SCC = 200 000 cells mL™, thus
an average reduction is predicted by 3 transferable embryos. The model nTE
(Table 11) showed a significant association (p < 0.05) for factors such as serum
Na*, absolute eosinophils count (EO) on the first day of MO induction, mean
ambient air temperature and SCS in the month preceding embryo acquisition.
The nTE model also predicts a 3.3 embryo reduction if the donor cow's SCS rises
from 2.2 to 4.6 while the other variables remain unchanged (ambient air
temperature, Na *, EO, and cow breed).

Considering all the results of the study as a whole and comparing them with
the findings described by other authors in the literature, it can be concluded that
the timing of the study and the three unique blocks of study material, which are
thematically unified on the possibilities of different technical solutions for
evaluatiing SCC, confirm the hypothesis of the promotional work. They
demonstrate the scientific importance and practical application aspects of the
complex evaluation of SCC results in improving cow udder health and preserving
bovine breeds at risk. These findings are crucial for the development and
interaction of both the veterinary and livestock sectors.

The study also demonstrates that SCC serves as more than just a parameter
of milk quality; it also acts as an indirect indicator of a cow's health and
reproductive abilities. This finding is crucial for the further development of
technological solutions in milk production, as it underscores the potential for
reducing human presence by replacing it with automated solutions.
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CONCLUSIONS

Subclinical udder infection - continuous MaP and MiP, as well as episodic
MaP presence in an udder's quarter - elevates SCC in milk, while episodic
MiP presence does not significantly increase SCC.

The online cell counter OCC of the milking robot as a diagnostic aid,
operating on a fluoroptic principle, accurately recognises cows with
SCC > 200 000 cells mL* detected by laboratory instrumental method.

The mastitis detection index MDi used in the milking robot system
represents the individual dynamics of the SCC in only 60% of cows, and the
efficacy of MDi for accurately identifying cows  with
SCC > 200 000 cells mLis low.

With MDi as a criterion for automatically detecting and diverting abnormal
milk, applying the limit value MDi = 2.0 ensures that the SCC in the bulk
tank milk will not exceed 300 000 cells mL™,

Using the viscosity principle-based sensor MQC-C2, the diagnostic
accuracy of a given mean SCC from two consecutive cow milkings is
significantly higher to recognize a cow with SCC > 200 000 cells mL™*
compared to a single measurement of SCC.

For embryo donors with SCC > 200 000 cells mL* in the month preceding
induction of multiple ovulation, a reduction by at least three transferable
embryos is predicted compared to an analog donor with an SCC of 50 000
cells mL™.

The somatic cell count serves not only as a parameter for mastitis diagnostics
and milk quality evaluation but also as an indirect indicator of udder
protection and reproduction capacity in dairy cows. The evaluation of its
dynamics becomes increasingly crucial with automation of technological
solutions for milk production.

PRACTICAL RECOMMENDATIONS

It is recommended to evaluate the SCC in 20 consecutive milkings using an
online cell counter (OCC) operating on a fluoroptic principle to evaluate the
individual SCC dynamics type, which may indicate subclinical mastitis in
the udder of the cow and the presence of MaP in milk.

When measuring cow's milk SCC with a viscosity principle-based sensor
MQC-C2, it is recommended that measurements be taken at each milking
time, as the mean value from two consecutive milkings more accurately
describes the health status of the cow's udder than the result obtained at one
milking time.

The selection of donors for multiple ovulation and embryo collection should
consider the temperature of the ambient air and the potential donor's SCC in
milk one month before MO induction and embryo acquisition.
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