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1. IEVADS

Jaundzimuso telu diarejas sindroms ir viena no nozimigakajam problémam
miisdienu lopkopiba, jo literatiiras dati liecina, ka aptuveni 90 % gadijumu telu
mirstiba ir tiesi saistita ar $o patologisko stavokli. Slimibas kliniskas pazimes
parasti izpauzas teliem 5-10 dienu vecuma, varigjot no vieglas diarejas bez
sistémiskam pazimém Iidz akiitai, smagai un profiizai diarejai, kas izraisa smagu
dehidrataciju, elektrolitu lidzsvara traucgjumus un letalu iznakumu 12 stundu
laika. Sindromu izraisa vairaku bakterialu un viralu patogénu kopums (E. coli,
Salmonella, rotaviruss, koronaviruss), tacu lidztekus minétajiem agentiem zarnu
trakta biezi tiek diagnosticéti vienstuni Cryptosporidium spp., kur C. parvum tiek
minéts ka biezakais c€lonis telu diarejas sindroma attistibai. Kriptosporidijas
noarda zarnu barkstinu epiteliju, izraisot barkstinu atrofiju, kas samazina baribas
vielu absorbcijas sp&jas un tadgjadi veicinot sekundaro patogénu iekltsanu
dzivnieka organisma (Jasmer, 2007; Cho and Yoon, 2014). Cryptosporidium spp.
ir smagas invazijas ierosinatajs, kas rada bitiskus ekonomiskos zaudgjumus
piena lopkopibas novietn&s, ietverot diagnostikas un arstéSanas izmaksas, ka art
papildu resursus telu audzeSanai lidz planotas dzivmasas sasniegSanai (Innes et
al., 2020). Kriptosporidioze ir globali izplatita zoonoze (WHO, 2015), tade] §1
parazitara viensSina izplatibas izvertéSana Latvijas teritorija ir kritiski svariga gan
ganampulku veselibas uzlabosanai, gan sabiedribas veselibas aizsardzibai.

Kriptosporidijas ir mikroskopiski (4—6 pm) parazitiski vienstni, kas
lokalizgjas zarnu epit€lija; to oocistam ir raksturiga bieza, daudzslanaina un pret
apkartgjas vides iedarbibu izturiga siena un vienkarSa ieksgja struktiira.
Ultrastrukturalas un DNS analizes liecina par augstu morfologisko Iidzibu visam
Cryptosporidium sugam (Dragomirova, 2022). Parazitam ir tieSais attistibas cikls
bez starpsaimnieku mainas, un invazija tiek nodota ar nobriedusam, tulit&ji
invad@tsp&jigam oocistam, kas izdalas ar fekalijam. P&c oocistu ienemsanas
notiek ekscistacija un sporozoitu atbrivoSanas, kas invadé gremosSanas trakta
epitelija Stnas, veicot gan aseksualo, gan seksualo vairoSanos. JaatzZimg, ka
kriptosporidiju dzives cikla veidojas biezsienu oocistas, kas izdalas apkartgja
vid€, un plansienu oocistas, kas nodrosina autoinvaziju saimnieka organisma
(Pinto and Vinayak, 2021).

Paslaik ir identificetas vairak neka 44 sugas un virs 1lem20 genotipi, no
kuriem liellopiem raksturigakas ir Cetras: C. parvum, C. andersoni, C. bovis un
C. ryanae. C. parvum oocistas konstatétas 11dz pat 70 % viena Iidz trTs ned€lu
vecu telu fekalijas (Ryan et al., 2021; Mahdavi et al., 2024), un atseviskas
saimniecibas invazijas ekstensitate var sasniegt pat 100 % (Santin, Trout and
Fayer, 2008). Cilvékiem ar adekvatu imiinsistemu C. parvum un C. hominis var
izraistt paslimitgjosu diareju, tacu iminkompromitétdm personam un b&rniem
invazija var radit dzivibai bistamus stavoklus (Mak, 2004), pie kam paaugstinata



riska grupa ir arT lopkopibas darbinieki (Abubakar et al., 2007; Vanathy et al.,
2017).

Invazijas avots ir oocistas, kuram piemit augsts izplatiSanas potencials un
izturiba pret vides faktoriem, saglabajot dzivotsp&ju tidenT un augsné vairakus
meénesus (Rahman et al., 2017). Lai gan oocistas ir salidzino$i jutigas pret
izzuSanu (Robertson, 1992), parastas dzerama tidens filtracijas un dezinfekcijas
metodes biezi vien nav efektivas, padarot kontamin€tu iideni par galveno
invad@Sanas avotu (Garber, 1994; Robertson, Campbell and Smith, 1992; Harp
and Goff, 1998). Saja konteksta iz8kirosa loma jaundzimuso telu veselibas
nodro§inasana ir pirmpienam. Tas ir komplekss sekréts, kas satur palielinatu
baribas vielu, augSanas faktoru un imiinfaktoru daudzumu (Elfstrand et al., 2002;
McGrath et al., 2016; Puppel et al., 2019). Iminglobulinu (Ig) daudzums
pirmpiena ir Iidz pat 100 reizém lielaks neka pilnpiena, un taja doming IgG (50—
100 mg/ml), kam ir galvena loma humoralas imunitates veidoSana un patogénu
adh&zijas novérsana pie zarnu epitélija (Pakkanen and Aalto, 1997; Stelwagen et
al., 2009; Kaskous and Fadlelmoula, 2015; Ulfman et al., 2018).

Kvalitativa pirmpiena uznemsana tilit péc piedzimSanas ir kritiskakais
faktors pasivas imunitates parneSanai. Pirmpiena kvalitati ietekmé tadi riska
faktori ka govs vecums, Skirne, laktacijas reize, atneSanas sezona un cietstaves
perioda ilgums (Conneely et al., 2013; Morrill et al., 2012; Nardone et al., 1997;
Rastani et al., 2005; Annen et al., 2004). Pirmpiens tiek producéts dazas dienas
pirms un p&c atnesanas, kam seko parejas piens ar specifiskam aizsargipasibam
(Quinn et al., 2020; O’Callaghan et al., 2020), kura ilgstoSa iz€dinaSana var
uzlabot telu augsanas raditajus, ka to pieradija Kargars ar lidzautoriem (Kargar
et al., 2021). Literatiiras dati liecina, ka pirmpiena iz€dinasanas aizkavéSana par
sesam I1dz 12 stundam bitiski samazina IgG absorbcijas efektivitati un negativi
ietekmé zarnu mikrobiotas sakotngjo attistibu (Fischer et al., 2018; Pyo et al.,
2018). Ta ka kriptosporidiozes arsté$ana ir sareZgita un bieZi vien simptomatiska
(Chalmers and Giles, 2010; Meganck, Hoflack and Opsomer, 2014), jaunu
profilakses metozu, pieméram, vakcinas Bovilis Cryptium ievieSana, kas
nodroSina antivielu nodoSanu telam caur pirmpienu, klast par bitisku
instrumentu invazijas kontrolei (NOAH Compendium, 2023). Integr&jot efektivu
novietnes parvaldibu un savlaicigu, kvalitativa pirmpiena izmantoSanu, ir
iespgjams biitiski mazinat kriptosporidiozes negativo ietekmi uz telu veselibu un
saimniecibu produktivitati.

Promocijas darba hipoteze
Promocijas darba izvirzita viena hipot€ze: pastav saistiba starp

Cryptosporidium spp. invazijas ekstensitati un intensitati teliem un telu
€dinasanas reZimu, ka ari mates biologisko un vides faktoru kopumu.
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Promocijas darba meérkis

Promocijas darba mérkis ir noteikt piena telu Criptosporidium spp. invaziju
ietekmgjosos faktorus un sugu izplatibu Latvija.

Promocijas darba uzdevumi

Promocijas darba izvirziti sesi uzdevumi:

1. veikt pilotp&tijumu Vidzemes regiona ar mérki noskaidrot vispargjo
parazitaro invaziju ekstensitati piena govju ganampulkos (I
publikacija);

2. parbaudit, vai pastav saistiba starp IgG limeni govim pirmpiena un
tela asins seruma un novertét ta saistibu ar Cryptosporidium spp.
invaziju teliem (II publikacija);
noteikt Cryptosporidium spp. sugas Latvija (III publikacija);

4. parbaudit, vai pastav saistiba starp Cryptosporidium spp. telu
invad@Sanos un tadiem faktoriem ka piena govju novietpu lielumu,
govs $kirni, laktacijas reizi, atneSanas kalendaro sezonu un cietstaves
perioda ilgumu (IV publikacija);

5. izpéetit, vai pastav saistiba starp telu invaziju ar Cryptosporidium spp.
un pirmpiena un parejas piena &dinasanas rezimu teliem (V
publikacija);

6. novértét Cryptosporidium spp. invazijas ekstensitati un intensitati
teliem un govim (I, II, I11, IV, V un VI publikacijas).

W

Promocijas darba novitate

Promocijas darba téma ir aktuala Latvija un visa pasaulg, jo tiesa veida skar
piensaimniecibas nozari, kas Latvija ir sena un populara lauksaimniecibas
nozare. No govim iegiita piena kvalitati un kvantitati var ietekmét tadi faktori ka
€dinasana, turéSana, dazadas bakteriologiskas vai virusu izraisitas infekcijas.
Viens no faktoriem, kas butiski var ietekmét ieglitas produkcijas kvalitati un
kvantitati, ir parazitu ierosinatas invazijas (Knubben-Schweizer, 2010). Teli, kuri
pirmajos dzives méneSos tika paklauti smagam infekcijam, sliktak pienemas
svara, ir vajaki, salidzinot ar vienaudziem, kuri netika paklauti infekcijam.
Rezultata Siem dzivniekiem izaugot, ir zemaka produktivitate un ekonomiskais
labums (Dallago et al., 2024).

Turpretim galas govju audz&Sana Latvija ir salidzinosi jaunaka nozare, bet ar1
galas kvalitati var butiski ietekm@ parazitu invazijas. PasargaSana no

11



parazitaram invazijam balstas uz epizootiskas situacijas izvert€Sanu un
profilakses pasakumu planosanu (Forbes et al., 2000; Forbes, 2020). Tomeér,
neskatoties uz nozares aktualitati, petfjuma gaita tika pienemts [émums atteikties
no talakiem praktiskiem galas govju izmeklgjumiem. Tas skaidrojams ar
butiskam atskiribam dzivnieku tur&Sanas tehnologijas un to temperamenta: galas
Skirnu liellopi pamata tiek turéti ekstenzivi (brivas turéSanas apstaklos aplokos),
tie nav pieradusi pie regulara tieSa kontakta ar cilveéku un ir griitak fiksgjami. Ta
ka paraugu ievaksana (ipaSi pirmpiena noslauk$ana un koprologiska testé$ana)
prasa specifisku dzivnieka fiksaciju, kas bez speciala aprikojuma raditu
paaugstinatu traumatisma risku gan personalam, gan paSiem dzivniekiem,
pétijuma turpinasana $aja grupa tika atzita par nelietderigu.

Lidz 2015. gadam Latvija tika veikti fragmentari p&tijumi, kuri nedod pilnigu
Cryptosporidium spp. izplatibas ainu un nav noteikts, kuras parazitu sugas ir
sastopamas valsti, kas bremz€ preventivo pasakumu izstradi parazitu izplatibas
mazinasanai un apkaros$anai. Japiemin, ka Cryptosporidium parvum izplatiba
novietn€s var biit potenciali bistama, jo nonakot augsné un tidens rezervuaros ta
var invadét cilvékus, tostarp imiinkompromitétas personas, izraisit smagu
saslim$anu vai pat navi.

Promocijas darba ietvaros uz Cryptosporidium spp. klatbiitni ir izmekl&tas
vairak neka 2100 govju no vairak neka 190 novietném dazados Latvijas regionos,
ka arT izvertetas dazadu tipu un lieluma novietnes, kas ir pirmais tik apjomigais
petijums Latvijas teritorija p&€dgjos 30 gados.

Promocijas darba uzbiive

Promocijas darbs sastav no sesam publikacijam, kuras apkopoti pétijumi par
kriptosporidiju sugu dazadibu Latvijas teritorija un pirmpiena iz&dinasanas
rezima ietekmi uz kriptosporidiozes invazijas smaguma pakapi teliem pirmajos
dzives méneSos. Promocijas darba pirmaja publikacija novertéta kopgja
parazitologiska situacija govju ganampulkos Vidzemes regiona. Otraja
publikacija noverteta pirmpiena IgG limena saistiba ar Cryptosporidium spp.
invazijas intensitati jaundzimusajiem teliem. Tre$aja publikacija pétitas
Cryptosporidium spp. sugas Latvijas teritorija. Ceturtaja publikacija petita govs
laktacijas reizes ietekme uz kriptosporidiozes attistibu teliem. Piektaja
publikacija noverteta telu jutiba pret Cryptosporidium spp. atkariba no pirmpiena
izdzirdinasanas rezima. Savukart sestaja publikacija novertéta Cryptosporidium
spp. invazijas ekstensitate un intensitate teliem un govim, apkopojot un sintezgjot
visos iepriek§€jos petijuma posmos iegiitos rezultatus.
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Autores personigais ieguldijums

Promocijas darba autore ir personigi planojusi un nodroSinajusi visus
pétijuma posmus, sakot no zinatniskas koncepcijas izstrades lidz rezultatu
aprobacijai. Autore ir izstradajusi pétijuma metodologisko dizainu un
nodro$inajusi ta praktisko realizaciju. Darba izstrades gaita autore veica
biologiska materiala - telu koprologisko un asins paraugu - primaro ievak$anu
Latvijas piena govju novietnés, ka arT organiz€ja un vadija saimniecibu
parvaldnieku un specialistu anketé$anu epidemiologisko riska faktoru datu bazes
izveidei.

Laboratoriskaja posma autore personigi veica paraugu koprologisko
izmekleSanu un modificéto Cila-Nilsena (Ziehl-Neelsen) krasoSanas metodi
Cryptosporidium spp. oocistu identifikacijai un mikroskopiskajai analizei.
legiitie dati tika paklauti biostatistiskajai analizei, nodroSinot to zinatnisko
interpretaciju un padzilinatu salidzinoSo analiziar aktualajam starptautiskas
literatiiras atzinam. P&tjjuma galvenie rezultati ir apkopoti autores sagatavotajas
zinatniskajas publikacijas un prezentéti starptautiskas un vietéjas zinatniskajas
konferences, tadgjadi nodrosinot pétljuma rezultatu publicitati un zinatnisko
aprobaciju.
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2.2. MATERIALI UN METODES

2.1. Izlases datu apraksts (I-V publikacijas)

Cryptosporidium spp. invazijas ekstensitates p&tijums piena govju novietnes
tika veikts divos etapos, kas ietver pilotp&tijumu (I) un pamatpétijumu (IL, I11,
IV, V un VI). Pamatpétijums sastav no 5 posmiem, kur katrs posms atbilst
vienam izvirzitam uzdevumam.

Kopgjais izmekleto dzivnieku skaits visa pétfjuma perioda no 2013. lidz
2022. gadam n = 2655, no tiem:

® 975 piena teli lidz tris ménesu vecumam;
e 770 piena teli vecuma no Cetriem ménesiem lidz 24 ménesiem;
® 910 slaucamas govis, kas vecakas par 24 meénesiem.

Laika posma no 2013. Iidz 2014. gadam (I) tika veikts sakuma pétijuma
posms jeb pilotpetijums, kura merkis bija noskaidrot provizorisko situaciju
Latvija par Cryptosporidium spp. invaziju (1. uzdevums). ST posma ietvaros tika
izmekl&tas piena (n = 521) un galas (n = 119) govis Vidzemes regiona. Dzivnieki
tika iedaliti Cetras grupas: piena govis vecuma no seSiem ménesiem lidz diviem
gadiem (n = 273) un vecakas par diviem gadiem (n = 248); galas govis vecuma
no seSiem ménesiem Iidz diviem gadiem (n = 90) un vecakas par diviem gadiem
(n=29). Lai noteiktu gremosanas trakta parazitu faunas sastavu, tai skaita, lai
noteiktu kriptosporidiju invazijas eckstensitati, tika ievakti un izmekl&ti
koprologiskie paraugi no 62 govju novietném: 50 piena govju novietném un 12
galas govju novietném. Katrs individualais piena govju koprologiskais paraugs
tika savakts atseviska polietiléna maisina. Galas govju koprologiskie paraugi tika
nemti no ganibam. Visi paraugi tika mark@ti un nogadati Latvijas Biozinatnu un
tehnologiju universitates Veterinarmedicinas fakultates Partikas un vides
higi€nas institiita Parazitologijas laboratorija 24 stundu laika.

Promocijas darba izvirzito 2.-6. uzdevumu sasniegSanai tika veikti pieci
neatkarigi pétfjumi, kas veido darba pamatp&tijumu un kuru rezultati tika
publicéti zinatniskos rakstos. Pilotp&tijuma un pamatpé&tijuma pirmaja, otraja,
tresaja un ceturtaja posma izmeklétie dzivnieki citos p&tijumos neatkartojas.
Piektais pamatpétijuma posms apkopo visos iepriek§€jos posmos izmekl&tos
dzivniekus ar mérki noskaidrot invazijas ekstensitati Latvijas teritorija. Pirms
sakt paraugu vakSanu, tika iegiiti dati no Latvijas Lauksaimniecibas datu centra
par kop€jo wvalstt esoSo piena liellopu skaitu 2018. gada 29. jinija
(pamatpétijuma sakuma bridis). Balstoties uz So informaciju, katram p&tijumam
atseviski tika izrékinats minimalais nepiecieSamais (95 % ticamibas [imenis un
5 % kluda) paraugu skaits.

Otra uzdevuma izpildei, lai parbauditu saistibu starp IgG Itmeni govs
pirmpiena un tela asins seruma un novertétu ta saistibu ar Cryptosporidium spp.
invaziju teliem (II), no 2018. gada decembra Iidz 2019. gada martam tika
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Istenots pamatpé&tijuma pirmais posms, kura ietvaros savakti govju pirmpiena un
fekaliju paraugi (n = 114), ka arT asins un fekaliju paraugi no jaundzimusSajiem
teliem (n = 114) viena piena govju novietng. Saja novietné teli tika atskirti no
matém uzreiz pec piedzimsanas un pirmo 24 stundu laika sanéma divus litrus
pirmpiena divas atseviskas €dinasanas reizes. Sesi mililitri govs pirmpiena tika
noslaukti uzreiz péc atneSanas, piens tika markéts, sasaldéts un glabats -18 °C
temperatira Iidz nogadasanai Partikas drosibas, dzivnieku veselibas un vides
zinatniska institita “BIOR” Mikrobiologijas un patologijas laboratorija. Tapat
pirmajas 24 stundas péc atneSanas tika panemts govs fekaliju paraugs (2.1.
att€ls). Fekaliju paraugi no teliem tika nemti pirmaja, desmitaja un
piecpadsmitaja dzives diena, tie tika marketi un nogadati Latvijas Biozinatnu un
tehnologiju universitates Veterinarmedicinas fakultates Partikas un vides
higi€nas institiita Parazitologijas laboratorija. Koprologiskie paraugi tika savakti
atseviski no katra tela un govs polietiléna maisina. Ja fekaliju daudzums bija
parak mazs (ipasi pirmajas telu dzives dienas), tika veiktas nativas uztriepes.
Asins paraugi nemti teliem divu dienu vecuma, kad IgG sasniedz maksimalo
Itmeni (Fischer et al., 2018). Paraugs tika nemts no jugularas vénas ar 21G izméra
adatu, savakts vakutainerT, mark&ts un glabats aukstumsoma 4 °C temperatiira
lidz nogadasanai Partikas drosSibas, dzivnieku veselibas un vides zinatniska
institita “BIOR” Mikrobiologijas un patologijas laboratorija talakai
izmeklgSanai.

0d. 1d. 2d. 10 d. 15d.

| | | | -

I | | | I
Pirmpiens Tela fekalijas ~ Tela asinis Tela fekalijas Tela fekalijas
Govs fekalijas

2.1. att. Paraugu nemsanas shéma imiinglobulina G un Cryptosporidium spp.
invazijas intensitates saistibas noverteésanai pamatpétijuma pirmaja posma

Tresa uzdevuma izpildei tika veikts otrais pamatp&tijuma posms, kas ieklauj
pétijumu par Cryptosporidium spp. invazijas ekstensitati un sugu dazadibu piena
govim Latvija. Tas tika veikts laika posma no 2018. gada jilija Iidz 2019. gada
junijam (III), kura laika tika savakti 926 individualie koprologiskie paraugi (790
no teliem un govim novietng@s, 136 no uz kautuvém atvestajam govim) no visiem
Latvijas novadiem (2.2. att€ls). Petijuma ieklautas novietnes tika sadalitas tris
grupas, atkariba no novietnes lieluma: mazas novietnes 1-50 govis (n = 113),
vidgjas novietnes 50-200 govis (n = 39) un lielas novietnes ar vairak neka 200
govju novietné (n = 33). Dzivnieki tika sadaliti tris vecuma grupas: teli vecuma
lidz trTs méneSiem (n=259), teli un jaunlopi vecuma no cetriem Ilidz 24
meénesiem (n = 247) un govis, kas vecakas par 24 ménesiem (n = 420).
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Sis dzivnieku vecuma grupu sadalfjums ir balstits uz Cryptosporidium spp.
izraisitas slimibas kliniskas ainas un govju reprodukcijas menedzmentu:
vissmagak slimo teli vecuma lidz tris ménesiem; jaundzivnieki vecuma no tris
lidz 24 ménesiem reti slimo kltniski un parasti vél nav neatnesusas; vecuma no
24 ménesiem notiek pirma govs atneSanas (Cho and Yoon, 2014; Thompson et
al., 2017). Katra novietné tika savakts no viena Iidz 36 individualajiem
paraugiem, kuri tika mark&ti un 24 stundu laikd nogadati Partikas drosibas,
dzivnieku veselibas un vides zinatniska institita “BIOR” Mikrobiologijas un
patologijas laboratorija. Randomizaciju ierobezoja saimnicku brivpratiga
pieteikSanas izmeklgSanai. Paraugu nemsana tika veikta arT cetras kautuves: tika
savakti paraugi no visam nokautajam govim apmeklgjuma diena (8—62 paraugi
katra kautuve). Katrs paraugs tika savakts atseviska polietiléna maisina, markéts
un nogadats 24 stundu laika Partikas dro§ibas, dzivnieku veselibas un vides
zinatniska institata “BIOR” Mikrobiologijas un patologijas laboratorija.
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2.2. att. Petijuma ieklauto novietnu atrasSanas vietas Cryptosporidium
spp. sugu dazadibas noteikSanai piena govim Latvija

Tresais pamatpétijuma posms tika Tstenots visu 2020. gadu ar mérki izpildit
ceturto uzdevumu un parbaudit saistibu starp Cryptosporidium spp. telu
invad@Sanas varbitibu un tadiem faktoriem ka piena govju novietnes lielums,
govju skirne, laktacijas reize, atneSanas sezona un cietstaves perioda ilgums (IV).
Tika nemti koprologiskie paraugi no 153 teliem 17 novietnés, ka ari katras
novietnes darbinieki atbild&ja uz p&tijuma izstradatas anketas jautajumiem (skat.
2.5. sadalu “Aptauja”). Pirms koprologisko paraugu vakSanas teli sanéma
pirmpienu un parejas pienu péc sekojosas shémas: uzreiz péc piedzimsanas teli
sanéma ~2,5 litrus pirmpiena un nakamajas 12 stundas vél vismaz 4 litrus. Teli
netika atskirti no govs un divu nedélu laika san€ma pienu péc pieprasijuma.
Koprologiskie paraugi no katra tela tika savakti 14. diena atseviska polietiléna
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maisina, markéti un nogadati Latvijas Biozinatnu un tehnologiju universitates
Veterinarmedicinas fakultates Partikas un vides higiénas institita Parazitologijas
laboratorija 24 stundu laika.

Laika perioda no 2018. gada decembra lidz 2020. gada decembrim tika
istenots ceturtais pamatpétijuma posms, kura laika tika izpildits piektais
uzdevums: parbaudit saistibu starp Cryptosporidium spp. invadé$anas
ekstensitati un pirmpiena un parejas piena &dinasanas rezimu teliem (V). Saja
posma tika izmekleti fekaliju paraugi no 425 teliem (15 + 2 dienas veci) 39
novietn&s. Fekaliju paraugus panéma no telu taisnas zarnas. P&tfjuma dizains ir
atspogulots 2.3. attéla. Koprologiskie paraugi no katra tela tika savakti atseviska
polietilena maisina, markéti un nogadati Latvijas Biozinatnu un tehnologiju
universitates Veterinarmedicinas fakultates Partikas un vides higi€nas institiita
Parazitologijas laboratorija 24 stundu laika.

\ 425 teli no 39 novietném ‘

2

Pétijuma grupa A (153 teli) ’ ’ Pétijuma grupa B (145 teli) | l Pétijuma grupa C (127 teli)
Pirmajas dzives stundas (04 h) sanem 2.5 litrus pirmpiena, bet Teli piedzimst nakti. Nav zinams, vai
pirmajas 12 dzives stundas sanem vismaz 4 litrus pirmpiena. tie sanéma pirmpienu un vai sanemta
Uzraudzits vai, ja nepiecieSams, palidzgja uznemt pirmpiena daudzums bija adekvats
Divu nedelu laika sanem parejas pienu Teli tiek atkirti no govs. Pienu sanem no kopéjas
no govs péc pieprastjuma. Teli netiek uzglabasanas tvertnes, kur parejas pienu atskaida ar citu pienu
atskirti no govs

{ [ [

No divu nedé]u veciem teliem ievac fekaliju paraugus, kurus izmanto, lai noteiktu, vai teli ir invadéti ar
Cryptosporidium spp.

2.3. att. Piena izédinaSanas shéma teliem pirmpiena un parejas
piena ietekmes noteikSanai uz Cryptosporidium spp. invaziju

Lai izpilditu p&dgjo, sesto uzdevumu, t.i., noteiktu Cryptosporidium spp.
invazijas ekstensitati Latvija (VI), pamatpé&tijuma piektaja posma tika analiz&ti
visi iepriek§ no 2013. gada pavasara lidz 2022. gada rudenim savaktie 2655
individualie piena govju koprologiskie paraugi. Tapat ka ieprieks&jos posmos,
petijuma ieklautie dzivnieki tika sadaliti tris vecuma grupas: teli vecuma l1dz tris
meénesiem (n=975), teli un jaunlopi vecuma no cetriem lidz 24 meénesiem
(n =770) un govis, kas vecakas par 24 ménesiem (n = 910).
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2.2. Koprologisko paraugu laboratoriska izmeklesanas metodologija (I-V
publikacijas)

Koprologiskie izmeklgjumi tika veikti gan pilotpétijuma, gan visos &etros
pamatpétijuma posmos. Paraugi tika nemti no telu un govju taisnas zarnas,
ievietoti individualos polietiléna maisina, markéti un transport€sanas laika uz
laboratoriju uzglabati aukstuma soma, 1idz tika ievietoti laboratorijas ledusskapt
4 °C temperatara (Lassen, 2011). Koprologiskie paraugi tika izmekl&ti 2448
stundu laika p&c nogadasanas laboratorija. Pilotp&tijuma ietvaros helmintu (I)
diagnostikai tika izmantotas standartiz€tas ovoskopiskas un larvoskopiskas
metodes (Roepstorff and Nansen, 1998). Pilotpetijuma un pamatpé&tijuma pirma,
tre$a un ceturta posma laboratoriskie izmeklgjumi veikti Latvijas Biozinatnu un
tehnologiju universitates Veterinarmedicinas fakultates Partikas un vides
higiénas institita Parazitologijas laboratorija (I, II, IV un V), turpretim
pamatpétijuma otraja posma iegiitie paraugi tika izmekleti Partikas drosibas,
dzivnieku veselibas un vides zinatniskaja institiita “BIOR” (I1I).

Gadijumos, kad jaundzimusiem teliem vecuma lidz trim dienam fekaliju
daudzums taisna zarna nav bijis pietieckams, uz vietas tika nemtas nativas
uztriepes. Koka irbulitis ar vati tika samitrinats ar fiziologisko $kidrumu un
ievietots tela taisnaja zarna 5—6 cm dziluma. Ar irbuliti tika paslidinats pa zarnu
sieninu, tas apgriezts ap savu asi, izvilkts un ievietots stobrina ar nelielu
fiziologiska Skidruma daudzumu, lai neizzist. Laboratorija izdara irbulisa
nospiedumu uz priekSmetstiklina un nokraso paraugu péc Cila-Nilsena metodes.

Pilotpétijuma ietvaros helmintu (I) diagnostikai tika izmantotas
standartiz&tas ovoskopiskas un larvoskopiskas metodes (Roepstorff and Nansen,
1998). Lai noteiktu helmintu invaziju ekstensitati un intensitati koprologiskajos
paraugos, tika izmantota McMaster metode. P&c §is metodes Cetri grami fekaliju
tika sajaukti ar 56 ml NaCl flotacijas Skiduma, lai iegfitu kopgjo tilpumu 60 ml.
Fekaliju suspensija tika filtréta caur sietu glazé. Izmantojot pipeti, filtrata
maisiSanas laika tika panemts paraugs no suspensijas vidusdalas. Katra
McMaster priekSmetstiklina kamera tika nekav€joties piepildita ar iegtito filtratu,
izmantojot pipeti. Pe&c 5 minttém priekSmetstiklini tika mikroskopéti ar 10x40
objektivu, koncentrgjoties uz augsgjo slani. Olu skaitu uz gramu fekaliju (OSG)
tika aprekinats pec formulas: saskaitito olu skaitu abas kameras reizinot ar 50.

Helmintu kapuru noteikSanai (I) tika izmantota Be@rmana metode
(larvoskopija). P&éc $1s metodes 10 g fekaliju tika ievietoti uz sietina, kas
novietots konusveida glaze. Konusveida glazi piepildija ar siltu @ideni, uz glazes
tika uzlikts siets ar koprologisko materialu ta, lai aptuveni treSdala no sieta ar
koprologisko materialu atrastos saskaré ar Gdeni. Paraugs tika atstats uz 30
mindtém, lai parazitiskie kapuri nogulsnétos konusveida glazes apaksa. Péc 30
minttém glazes augseja karta tika nolieta 11dz nogulsném, bet nogulsnes izlietas
uz Petri plates un mikroskop@tas 10x40 liela palielinajuma.
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Kriptosporidiju oocistu noteikSana notika gan pilotpetijuma, gan visos
pamatpétijuma posmos (I, IL, IIL, IV un V). Tika veikta koprologisko paraugu
izmekl&Sana péc flotacijas metodes, un tika izmantota modificéta Cila-Nilsena
krasoSanas metode. Flotacijas metodes veikSanai tika nemti Cetri grami fekaliju,
ievietoti piesta un sajaukti ar 56 ml piesatinata NaCl skidumu un saberzti ar
miezeri lidz tika iegilita viendabiga masa. legiitais $kidums caur piltuvi un sietu
tika ieliets centrifiigas stobrina (Kuczynska and Shelton, 1999). Materials tika
centrifugéts divas miniites 2000 apgriezienos miniite. Pec Skidras dalas
atdaliSanas, tika iegtti divi mililitri koncentréta materiala, kas tika izmantoti
talakai krasoSanai.

Sagatavota, koncentréta fekaliju materiala 10 pl lielu pilienu uzklaj uz
attaukota priekSmetstiklina, nozave istabas temperatiira un iekraso ar modificgtu
Cila-Nilsena tehniku (Henriksen and Pohlenz, 1981) ar TB Stain komplektu (BD,
Irija). Izzuvusi uztriepe tika fikséta ar metanolu 10—15 min, noZavéta un vairakas
reizes parvilkta virs liesmas. P&c tam uz uztriepes tika uzlieta karbolfuksina krasa
un izturéta 25—30 mindtes. Preparatu noskaloja ar tideni, parleja ar 8 % s€rskabes
Skidumu, paturgja 40—60 sekundes, otro reizi noskaloja ar tideni un iekrasoja ar
metilénzila Skidrumu. P&c 3—-5 minGtém preparatu riipigi noskaloja ar Gdeni,
atstdja izzut un mikroskopé&ja imersijas ella. Pozitivas kontroles bija ieprieks
noteiktas un tika ieklautas visos krasojumos. Visos pilienos tika saskaititas tumsi
sarkanas Iidz roza oocistas ar tipisku morfologiju 100x palielinajuma.

Visi negativajie paraugi no pamatpétijuma otra posma (III) tika sagatavoti
imunofluorescences mikroskopijai, izmantojot AquaGlo komplektu (Waterborne
INC, ASV), lai noteiktu antivielam mark&tas kriptosporidiju oocistas. Paraugu
sagatavoSana fluoresc&josajai mikroskopijai tika veikta atbilstosi noradém: 10 pl
fekaliju materiala péc desmitkartigas ripigas atSkaidiSanas tika ievietoti 12 mm
teflona drukata triskameru priekSmetstiklina (Immuno-Cell, Mechelen, Vacija),
péc tam paraugi tika zaveti un fikséti, iegremdgjot priekSmetstiklinu acetona.
Veélak materials tika iekrasots ar FITC iezim&tam anti-Cryptosporidium/Giardia
monoklonalajam antivielam (AquaGlo, Waterborne, Inc., ASV) un 30 mintites
inkub&ts mitruma kamera. Péc tam antivielu Skidums tika noskalots ar PBS.
Visas kameras tika saskaititas spilgti iekrasotas oocistas ar tipisku morfologiju
200x palielinajuma. Katra atklata oocista tika uzskatita par 200 oocistam viena
grama (OSG).

2.3. Imiinglobulina G limena noteikSana jaunpiena un jaundzimusSo telu
asinis (II publikacija)

Lai izpilditu otro uzdevumu un noskaidrotu, vai pastav saistiba starp IgG
Itmeni govju pirmpiena un tela asins seruma un noveértetu ta saistibu ar
Cryptosporidium spp. invaziju teliem, pamatpétjjuma pirma posma ietvaros
viena novietné Cetru ménesu laika tika vakti govju pirmpiena un telu asins
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paraugi. Pirmpiena paraugi tika nemti kltniski veselam govim no visam tesmena
ceturtdalam pirmajas divas stundas pec atnesSanas 6 ml stobrinos. Asins paraugi
tika nemti no telu jugularas vénas otraja dzives diena, izmantojot vakuuma
venipunkciju 6 ml asins seruma stobrinos. Pirmpiens un asins paraugi tika
sasaldeti un I1dz analizu veikSanai uzglabati —80 °C temperatiira.

Ievaktie telu seruma un govju pirmpiena paraugi tika izmekleti, lai noteiktu
govs iminglobulina G (IgG) koncentraciju ar ELISA komplektu “Bovine
Immunoglobulin” (Bio—X Diagnostics, Belgija). [zmekl&jumi tika veikti Partikas
drosibas, dzivnieku veselibas un vides zinatniskaja institita ‘“BIOR”
Mikrobiologijas un patologijas laboratorija.

Paraugu izmekl&Sanai tika izveidota kalibréSanas likne tela serumam un govs
pirmpienam. Telu seruma paraugi tika atSkaiditi attiectba 1:100, bet pirmpiena
paraugi — 1:1000. AtskaidiSanas mikroplates atbilstosajas kameras tika parnesti
100 pl kalibréSanas Itknes atskaidifjuma un at$kaidito paraugu. P&c tam katrai
kamerai tika pievienots konjugata darba skidums, saturs sajaukts un 100 pl no
katras kameras tilpuma parnesti uz komplekta mikroplates atbilstosajam
kameram. Mikroplate tika inkubg&ta 21 °C + 3 °C temperatiira vienu stundu. P&c
tam mikroplati tr1s reizes skaloja ar mazgasSanas skidumu. Tad katrai kamerai tika
pievienoti 100 pl hromatogéna skiduma, un mikroplate tika inkubgta 21 °C £ 3
°C temperatiira 10 minfites tumsa. Reakciju apturgja, katrai kamerai pievienojot
50 pl apturgSanas (stop) Skiduma. P&tito paraugu optiskais blivums tika noteikts,
izmantojot monohromatisko ELISA lasttaju (Thermo Scientific Multiscan FC) ar
450 nm filtru.
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2.4. DNS izdaliSana, ligzdota PRC reakcija un sekvencésana (111
publikacija)

Pamatpétijuma otraja posma Cryptosporidium spp. sugu identifikacijai no
iegiita koprologiska materiala tika izdalita DNS. Izmeklé$ana tika veikta Valsts
Veterinaraja institita Uppsala, Zviedrija.

Genomiska DNS tika izdalita no granulam, kas iegiitas pec 2 ml attirita
fekaliju parauga centrifug€Sanas, izmantojot DNeasy PowerSoil komplektu
(QIAGEN, Hilden, Vacija) saskana ar razotaja noradijumiem. Elticija tika veikta
ar 80 pl skiduma C6 (t. i., DNeasy PowerSoil komplekta eliicijas bufera). Divi
mikrolitri no katra DNS parauga tika paklauti polimerazes k&des reakcijas (PCR)
amplifikacijai merkgjot uz 18S rDNS ka aprakstits ieprieks (Xiao et al., 1999;
Aberg et al., 2019). Ka negativa un pozitiva kontrole tika izmantots nukleazes
nesaturos$s tidens un C. parvum genomiska DNS.

Pirmaja amplifikacijas maisijuma bija 1x KAPA2G buferskidums (KAPA
Biosystems), pa 200 uM no katra deoksinukleozida trifosfata (ANTP), pa 0,5 uM
no katra argja (pirmas kartas) praimera un 2 pul DNS $kiduma ar kopgjo tilpumu
25 ul. P&c sakotngjas denaturacijas 95 °C temperatiira tris miniites sekoja 40
cikli: 95 °C 30 sekundes, 61 °C 30 sekundes, 72 °C viena miniite un gala
pagarinajums 72 °C temperatiira divas minites.

Otrajai amplifikacijai reakcijas maisijumam tika pievienoti 2 pl no pirmas
reakcijas, ka noradits ieprieks, izmantojot ieksgjos (otras kartas) praimerus.
Ligzdotas polimerazes kedes reakcijas (nested-PCR) apstakli bija 95 °C
temperatiira tris mindtes, kam sekoja 40 cikli: 95 °C 30 sekundes, 63 °C 30
sekundes, 72 °C temperatiira viena miniite un pédgjais pagarinajums 72 °C
temperatiira divas miniites. PCR produkti tika analiz&ti, izmantojot kapilaras
elektroforézes sisttmu (QIAxcel Advanced, QIAGEN, Vacija). Paredzama
izméra produkti (apméram 820 bp) tika paklauti sekvencéSanai sugu
identifikacijai.

PCR produkti tika attiriti un sekvenceti abos virzienos, izmantojot iekartu
Applied Biosystems® 3130xl Genetic Analyzer. Priek§€jas un reversas sekvences
tika saskanotas ar programmatiru BioEdit v7.2.5 (Hall, 1999), lai izveidotu
vienotas konsensa sekvences un korig€tu kludas. legiitas sekvences tika
salidzinatas ar nukleotidu sekvenceém, kas deponétas GenBank, izmantojot
BLASTn (nukleotidu pamata vietgjas izlidzinaSanas mekl&Sanas riks) (Altschul
et al, 1990). Lai identificeétu jauktas invazijas, tika izmantots 1iks
CryptoGenotyper Galaxy (Afgan et al., 2016; Yanta et al., 2021). Visas sekvences
tika analiz@tas, izmantojot 18S contig darbpliismu.
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2.5. Aptauja (IV publikacija)

Lai novértetu faktorus, kas ietekm& Cryptosporidium spp. invazijas
ekstensitati un ir cieSi saistiti ar govju turSanas apstakliem, tresaja
pamatpétijuma posma tika izstradata aptaujas anketa. Novietnu TpaSnieki vai
darbinieki uz jautajumiem atbild€ja pirms telu fekaliju paraugu vaksanas.

Aptaujas anketa tika ieklauti vairaki jautajumi ar precizi definétam atbilzu
kategorijam, kas ]ava sistematiz&t ieglitos datus un veikt to padzilinatu analizi
par:

1) piena govju novietnes lielumu: maza (lidz 10 govis), vidgja (11-50
govis) un liela novietne (virs 50 govis);

2) govju Skirni;

3) laktacijas reizi: 1, 2 un>3;

4) atnesanas kalendara sezonu: ziema, pavasaris, vasara un rudens;

5) cietstaves perioda ilgumu: <45, 46—64 un > 65 dienas.

legiitie aptaujas dati tika izmantoti, lai izveidotu matematisku modeli. Sis
modelis lava identificét, kuri no aptauja ieklautajiem faktoriem ir viscie$ak
saistiti ar Cryptosporidium spp. invazijas ekstensitati.

2.6. Statistisko datu analize (I-VI publikacijas)

Statistikas datu izlas€ nemto govju vecums bija no vienas dienas Iidz 24 gadu
vecumam. [zmantojot OpenEpi sistému, tika noteikts, ka 323 govis ir minimalais
paraugu skaits, kas nepiecieSams Sim p&tjjumam. Apréekins tika balstits uz govju
populacijas lielumu Latvija 2018. gada 29. jinija (395 320 dzivnieki; Latvijas
Republikas Lauksaimniecibas datu centrs, www.ldc.gov.lv), absoliito precizitati
10 % apméra un sagaidamo Cryptosporidium spp. proporciju 30 %. Mérkis bija
ievakt paraugus vismaz 900 govim. Izlase tika proporcionali izkliedéta pa
Latvijas regioniem, sagaidot, ka konkrétaja bridi vismaz 41 % govju izplatis
Cryptosporidium spp. oocistas tajas novietnes, kuras $is parazits jau ticis
konstatéts (Lassen, 2011).

Lai noteiktu, vai starp divam grupam pastav statistiski nozimigas atSkiribas,
tika izmantots neatkarigu izlasu T tests, ja dati bija normali sadaliti un homogeni.
Pretgja gadijjuma dati tika analiz&ti, izmantojot Mann-Whitney U testu.
Kruskala—Volisa H tests (Kruskal-Wallis H test) tika izmantots, lai parbauditu
atkiribas starp tris grupam. Normalitates piendmums tika parbaudits ar Sapiro—
Vilka testu, bet pien€mums par dispersiju homogenitati — ar Levéna testu (I, 11,
VI).

Lai noteiktu linearas korelacijas stiprumu un virzienu starp diviem
nepartrauktiem mainigajiem, tika izmantots Pirsona korelacijas tests. Tika veikta
binomiala logistiska regresija, lai noskaidrotu govju pirmpiena un telu asins
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seruma IgG Iimena ietekmi uz Cryptosporidium spp. invazijas varbutibu teliem
(II).

Generalizeta lineara jaukta modelésana (GLMM) tika veikta, lai noteiktu, vai
skaidrojosie mainigie (piena govju novietnes lielums, Skirne, laktacijas reize,
kalendara sezona un cietstaves perioda ilgums) ir saistiti ar telu invadéSanas
iesp&jamibu ar Cryptosporidium spp., par nejauso efektu (random effect)
izveloties novietnes identifikacijas numuru (FarmID) (IV). GLMM modelis tika
izmantots arf, lai noskaidrotu, vai skaidrojoSais mainigais — pirmpiena un parejas
piena &dinasanas (uznemsanas) reZims (tris p&tnieciskas grupas) — ir saistits ar
telu invadé$anas iesp&jamibu, par nejauso efektu tapat izv€loties novietnes
identifikacijas numuru (FarmlID) (V).

Akaikes informacijas kriterijs (AIC) tika izmantots, lai noveértetu, kurs
modelis labak atbilst datiem. Parazitu ekstensitate tika aprékinata ka ar
Cryptosporidium spp. invadéto govju procentuala dala (I-VI). Statistiskie testi
tika veikti, izmantojot programmatiiru SPSS Statistics (versija 22; IBM
Corporation, Cikaga, Ilinoisa), Jamovi (versija 2.0.0; https://www.jamovi.org/)
un programmu R (versija 3.3.1; http://www.R-project.org), izmantojot pakotni
Ime4. Visas statistiskas analizes tika veiktas ar nozimiguma Iimeni (a = 0,05).
Imiinglobulina koncentracijas tika aprékinatas, izmantojot programmatiiru
MyAssays ar Getru parametru logistiskas Iiknes (4PL) pielagosanas funkciju (IT).

Statistisko datu analizes tika veiktas Vacija, Fridriha Leflera institita
(Friedrich-Loeffler-Institut) (IIT), Dzivnieku slimibu federalaja pétniecibas
institiita, RSU statistikas macibu laboratorija (II, IV, V un VI) un Latvijas
Biozinatnu un tehnologiju universitates Veterinarmedicinas fakultate (I).

2.7. Etiskie aspekti

Visas procediiras, kas veiktas pétijumos ar dzivniekiem, atbilda &tikas
standartiem. Visas manipulacijas tika veiktas standarta lauksaimniecibas un
zootehniskas prakses ietvaros, neradot dzivniekiem sapes, cieSanas vai stresu.
Asins paraugu vaksanai 2019. gada 7. julija tika sanemta Latvijas Biozinatnu un
tehnologiju universitates Dzivnieku labturibas un aizsardzibas &tikas padomes
atlauja Nr. 19/1.
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3. REZULTATI UN DISKUSIJA
3.1. Pilotpétijuma galvenie rezultati (I publikacija)

Cryptosporidium spp. ir globali izplatiti paraziti, kas rada nopietnus draudus
gan dzivnieku, gan cilvEéku veselibai. L1idz s€lim Latvija dati par So vienstinu
izplatibu ir bijusi salidzinosi tricigi, jo iepriek$gjie petijumi veikti fragmentari
un ir bijusi nepietiekami, lai sniegtu pilnvertigu ainu. Tadel petjjuma pirmais
posms — pilotpétijums, kas veikts no 2013. Iidz 2014. gadam Vidzemes regiona,
kluva par butisku pirmo soli, lai izpétitu Cryptosporidium spp. invazijas
ekstensitati Latvijas ganampulkos. legiitie rezultati pamato nepiecieSamibu
pieverst lielaku uzmanibu So parazitu izpétei Latvija, jo kriptosporidioze ir
potenciali bistama zoonoze, kas apdraud gan telus, gan cilvekus.

Pilotpetijuma rezultati (3.1. att€ls) liecina, ka starp visiem diagnostic€tajiem
gremosanas trakta parazitiem tieSi vienStnu izplatiba govju novietn@s ir
visaugstaka. Starp tiem augstaka invazijas ekstensitate tika konstatéta
Cryptosporidium spp. — robezas no 19,0 % Iidz 32,6 %. Cryptosporidium spp.
invazijas ekstensitate butiski atS$kiras starp govim un jaunlopiem (p < 0,05) —
jaunlopiem §is raditajs bija gandriz divas reizes augstaks neka govim.

Cryptosporidium spp. 32,6

Eimeria spp.
Trichostrongylus spp.
Moniezia spp.

Neoascaris vitulorum

Parazitu taksoni

Fasciola hepatica

Paramphistomum spp.

Dictyocaulus viviparus
I Govis vecuma no 6 ménesiem lidz 2 gadiem

Trichuris spp. Govis vecakas par 2 gadiem

Strongyloides papillosus L1
0 5 10 15 20 25 30 35
Invazijas ekstensitate, %

3.1. att. Gremosanas trakta parazitu invazijas ekstensitate (%) piena
govim Vidzemes regiona (2013.-2014. gada pilotpétijuma dati)
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Rekinot péc vidgjas ekstensitates raditaja, aiz vienStniem seko cestodes
(Moniezia spp. — vid. ekstensitate 6,2 %), nematodes (7richostrongylus spp.,
Neoascaris spp., Trichuris spp., Strongyloides spp., Dictyocaulus spp. — vid.
ekstensitate 4,9 %) un trematodes (Fasciola spp., Paramphistomum spp. — vid.
ekstensitate 1,7 %).

Lielaku viensiinu ekstensitati, salidzinot ar citiem parazitu tipiem, var
izskaidrot ar to augsto reproduktivo potencialu, T1so attistibas ciklu,
autoinvadéSanas iesp&ju, zemo saimnieka specifiskumu, vieglo izplatiSanos
fekali orala cela un izturibu apkartgja vide. Vairakos pétijumos ir zinots, ka
Cryptosporidium spp., Eimeria spp. un Giardia spp. paraziti izraisa zarnu
slimibu uzliesmojumus cilvékiem un dzivniekiem (Fu et al., 2023). Turklat tadas
nematodes ka Strongyloides spp., Cooperia spp., Chabertia spp., Ostertagia
spp., Haemonchus spp., Trichostrongylus spp., Bunostomum spp., Teladorsagia
spp., Nematodirus spp. un Trichuris spp. teliem bieZi ierosina ka monoinvazijas,
ta arT jauktas invazijas kopa ar kriptosporidijam (Delling and Daugschies, 2022).

Neskatoties uz konstateto telu parazitofaunas daudzveidibu, tiesi
kriptosporidiju invazija piesaista pastiprinatu ka lauksaimniecibas un
veterinarmedicinas, ta arT humanitaras medicinas specialistu uzmanibu. Katru
gadu visa pasaulg tiek zinots par masveida kriptosporidiozes uzliesmojumiem
cilvekiem, ko izraisa C. parvum, turklat liellopi, mazie atgremotdji un
kontaming@ts fidens ir galvenie cilvéka infic€Sanas avoti (Caffarena et al., 2020).
Parazitu invazija rada ne tikai veselibas riskus cilvékiem, bet arT ievérojamus
ekonomiskus zaud&jumus lauksaimnieciba. Pieméram, Meksika tika aprékinats,
ka govju parazitaras invazijas izraisa vairaku simtu miljonu eiro zaudgjumus, kas
saistiti ar piena razo$anas samazina$anos, dzivmasas pieauguma aizkavés$anos
vai lopkopibas blakusprodukcijas kontaminaciju (Rodriguez-Vivas et al., 2017).

Lai mazinatu parazitaro invaziju negativo ietekmi, ir nepiecieSams ieviest
stingrus kontroles pasakumus. Tomér tas ir iesp&ams tikai tad, ja ir zinama
preciza parazitu izplatiba un invazijas intensitate. Lidz §im Cryptosporidium spp.
invazija govim Latvija nav tikusi padzilinati pétita, tade] turpmakajas darba
nodalas uzmaniba ir versta uz telu kriptosporidiozes ekstensitati un intensitati
ietekmejoSiem faktoriem, ka ari invazijas izplatibu un sugu daudzveidibu
Latvija.

3.2. Saistiba starp Cryptosporidium spp. invaziju un IgG koncentraciju
piena govju pirmpiena un telu asins seruma (II publikacija)

Pirmpiens ir neatnemama jaundzimuso telu veselibas sastavdala, nodroSinot
ne tikai baribas vielas, bet arT pasivo imunitati, kas ir kritiski svariga pirmajas
dzives dienas un nedelas. Galvena loma $aja imunitates parnesé ir
imtinglobulniem, Tpasi imiinglobulinam G (IgG) (McGrath et al., 2016). Ta ka
Cryptosporidium spp. invazija visbiezak skar tiesi jaunakos telus, likumsakarigi

25



rodas jautajums: vai pastav saistiba starp IgG limeni, ko tel$ sanem ar pirmpienu
un kas cirkulg ta asinis, un ta uznémibu pret kriptosporidiozi? Pamatpé&tijuma
pirmais posms tika veltits atbildes meklI€Sanai uz So jautajumu.

Lai izpétitu So saistibu, tika veikts p&tijums, kura tika ieklautas 114 govis un
to teli no piena govju novietnem Latvija. No katras govs tika nemts pirmpiena
paraugs tiilit pec atneSanas un asins paraugs no divas dienas veciem teliem, kad
IgG limenis sasniedz maksimumu. Kopa ar to tika savakti arT telu fekaliju paraugi
pirmaja, 10. un 15. diena p&c dzimsanas, lai noteiktu Cryptosporidium spp.
invazijas klatbatni.

IgG koncentracija pirmpiena un telu asins seruma tika meérita, izmantojot
ELISA (Enzyme-Linked Immunosorbent Assay) metodi, kas ir standarta tehnika
antivielu kvantitativai noteik$anai. Kriptosporidiju invazija tika diagnostic&ta,
izmantojot Cil-Nilsena metodi, kas lauj precizi identificét oocistas fekaliju
paraugos.

Dati tiek prezentti ka vidgjais aritmé&tiskais un standartnovirze. IgG
koncentracija govim pirmpiena bija augstaka (70,7 + 26,6 g/L) neka tela asins
seruma (13,2 £ 6,1 g/L), statistiski nozimiga atskiriba bija 57,4 g/L (95 % TI,
52,4-62.4), 1(124,872) = 22,536, p < 0,001. IgG koncentracija telu asinis ir tiesi
saistita ar pirmpiena iz&dinaSanu (Drikic et al., 2018). Lai gan pastav
imunologiska saikne starp mates imunitati un pasivo imunitates parne$anu uz
pEcnacgjiem (Hurley, 2003), un tiek zinots, ka IgG ir aizsargajosa viela pret
dazadiem patog€niem (Yersinia enterocolitica, Campylobacter jejuni,
Escherichia coli, Klebsiella pneumoniae, Serratia marcescens, Salmonella
typhimurium, Staphylococcus, Streptococcus), promocijas darba ietvaros netika
konstatéta saistiba starp IgG limeni govju pirmpiena un Cryptosporidium spp.
invazijas varbiitibu teliem (Ulfman et al., 2018).

Koprologisko paraugu analize uzradija skaidru invazijas dinamiku teliem
pirmajas divas dzives nedglas. Proti, pirmaja diena neviens no teliem nebija
invadéts ar Cryptosporidium spp. (ekstensitate 0 %). Tomér vélak situacija krasi
maingjas: 10. diena invazijas ekstensitate sasniedza 26,3 %. un 15. diena ta
pieauga I1dz 45,6 %.

Sis straujais pieaugums norada uz intensivu invadé$anas procesu tiesi 3aja
kritiskaja perioda: pirmajas dzives dienas, kad specifiska immunitate vél nav
izveidojusies. Mann-Whitney U tests apstiprinaja statistiski nozimigu atSkiribu
oocistu izdaliSana starp 10. un 15. dienu (U =1944, z=2,330, p =0,020), ar
lielaku oocistu skaita medianu 15. diena neka 10. diena. Jaatzime, ka telu
invazijas Iimenis $aja perioda bija vismaz trs reizes augstaks neka to mateém
(govim invazijas ekstensitate bija zemaka).
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Lai izvertetu saistibu starp IgG koncentraciju un telu invaziju ar
Cryptosporidium spp., tika veikta korelacijas analize. Tika konstatéta statistiski
nozimiga vidgji cieSa pozitiva korelacija starp IgG koncentraciju govju
pirmpiena un telu asins seruma (r(114) = 0,414; p =0,001) (3.2. att€ls). Savukart
statistiski nozimiga korelacija starp IgG koncentraciju telu asins seruma un
Cryptosporidium spp. invazijas intensitati netika konstateta (p > 0,05).
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3.2. att. Korelacija starp IgG koncentraciju govju pirmpiena (0-2
stundas péc atneSanas) (n = 114) un telu asins seruma otraja dzives
diena (n = 114)

Lai novertétu varbiitibu, ka Cryptosporidium spp. invazijas iesp&jamiba telu
koprologiskajos paraugos samazinas, palielinoties IgG limenim telu asins
seruma, tika veikta logistiskas regresijas analize. Rezultati paradija, ka
izveidotais modelis nav statistiski nozimigs ne 10. diena (3*(2) =0,013; p=10,99),
ne 15. diena (¥*(2) = 0,100; p = 0,95). Tas norada, ka statistiski nozimiga
celonsakariba starp IgG koncentraciju govju pirmpiena vai telu asins seruma un
telu invadésanos ar Cryptosporidium spp. netika konstateta.

Ieprieksgjie petijumi par kriptosporidiju izplatibu ASV (Lemeteil et al., 1993)
un Kia (Gong et al., 2017) sakrit ar misu iegiitajiem rezultatiem, ka teliem ir
lielaka invazijas ekstensitate neka govim. Santin et al. (2004) secin3ja, ka
kriptosporidiju sugu izplatiba ir saistita ar telu vecumu pirms atSkirSanas un
pecatskirSanas perioda. Harps ar lidzautoriem (Harp et al., 1990) pieradija, ka
telu (Iidz 3 méneSu vecumam) invazija un atveseloSanas var pasargat tos no
atkartotas C. parvum invazijas. Visticamak, $ie atklajumi netiesi uzsver adaptivas
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imunitates nozimi kriptosporidiju invazija. Tom&r Gongs ar lidzautoriem (Gong
et al., 2017) ir noradijusi, ka Cryptosporidium sugas/apakstipi dazadas govju
vecuma grupas atskiras, kas liecina, ka invadéSanas ar vienu kriptosporidiju sugu
un turpmaka atveseloSanas negaranté imunitati pret citam kriptosporidiju sugam.
Tompsons ar lidzautoriem (Thompson et al., 2017) izteica pienémumu, ka
parazita spgja invadet dzivnieku ir saistita ar izmainam zarnu mikroflora
dzivnieka nobrieSanas laika, tomér pagaidam trukst eksperimentalu pétijumu,
kas to pieraditu govim.

Pirmpiens satur ne tikai IgG, bet ar1 virkni citu imiinglobulinu, kas ari
nodros$ina efektivu imunreakciju. Piemeram, IgA, kas veido 5-10% no kopgja
imiinglobulinu daudzuma, ir lielmolekulars proteins, kur§ netiek absorbé&ts un
paliek uz glotadas virsmas, nodrosinot lokalo aizsardzibu (Pakkanen and Aalto,
1997; Playford, Macdonald and Johnson, 2000; Blum, 2006). Iesp&jams, ta
Itmenis precizak lauj prognozgt invadésanas risku ar kriptosporidijam, neka IgG
Itmenis. Elisons ar lidzautoriem (Ellison et al., 2011) zino, ka IgM reakcija notiek
talit p&c akiitas invazijas un ta Iimenis samazinas dazu nedglu laika, turpreti IgG
atbildes reakcija paradas 1enak, bet saglabajas ilgaku laiku. Lidz ar to kop&jo IgA,
IgM un IgG Iimenu pétijums pirmajas telu dzimSanas dienas saistiba ar
kriptosporidiju invazijas limeni biitu jauns petijuma virziens nakotn&. Nedrikst
aizmirst, ka imiinas atbildes reakcijas uz kriptosporidiju invaziju ietver gan
iedzimtu, gan adaptivu imunitati. Daudzos petijumos ir aprakstita T un B $tnu,
dabigo killersinu (NK $tnu), dendritisko §tinu un makrofagu, zarnu epitélija
$tnu, gamma interferona, slapekla oksida, pretmikrobu peptidu, prostaglandinu,
citokinu un hemokinu loma imiinas atbildes veidosana pret kriptosporidijam
(Leitch and He, 2011; Vanathy et al., 2017). Lidz ar to pastav iesp&ja, ka nav
korekti izvertet tikai IgG ITmeni pret kriptosporidijam verstas imunitates izveide.
Visdrizak tas ir vairaku $tnu un biologiski aktivo vielu mijiedarbiba.

legiistot rezultatus, tika izvirzita hipot€ze, vai pirmpiena iz€dinasana ietekmé
kriptosporidiozes invaziju. Tas lautu pieradit, ka, lai gan IgG tieSi neietekmé
invazijas gaitu, kriptosporidiozes gadijuma pasivas imunitates parnesanai uz
pEcnacgjiem caur pirmpienu ir lielaka nozime neka iedzimtajai un adaptivajai
imunitatei. Sis pienémums tika formuléts darba ceturtaja un piektaja uzdevuma,
ka arT izp&tits pamatpétijuma tresaja un ceturtaja posma.

3.3. Diagnosticétas Cryptosporidium gints sugas Latvija (III publikacija)

Lai pilniba izprastu Kkriptosporidiozes epidemiologiju Latvijas govju
populacija, nepietiek tikai ar invazijas izplatibas un intensitates noteikSanu.
Biutiski ir arl noskaidrot, kuras konkrétas Cryptosporidium gints sugas ir
sastopamas, jo dazadam sugam var biit atskiriga patogenitate un epidemiologiska
nozime, tostarp zoonotiskais potencials. Tadel treSais promocijas darba
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uzdevums un pamatpétijuma otrais posms bija veikt molekularo tipésanu, lai
identificétu Latvija cirkulgjosas kriptosporidiju sugas.

Lai identificétu Cryptosporidium sugas, tika izmantota molekulara
diagnostika, kas $o vienStinu taksonomiskaja piederiba tiek uzskatitas par
diagnostikas zelta standartu. P&tfjuma, kas aptver laika posmu no 2018. Iidz
2019. gadam, tika savakti 926 koprologiskie paraugi no liellopiem dazadas
Latvijas saimniecibas un kautuves. Paraugi tika analiz&ti, izmantojot polimerazes
k&des reakciju (PKR; Polymerase Chain Reaction), amplific€jot specifiskus
DNS fragmentus, un sekvenc@Sanas metodi, lai precizi noteiktu sugas un
genotipus. ST pieeja nodrofindja augstu precizitati un lava atklat pat reti
sastopamas sugas.

Molekularas analizes rezultati apliecindja augstu parazitofaunas
daudzveidibu: Latvijas govju populacija tika konstatStas seSas dazadas
Cryptosporidium sugas. Detalizeti dati par katras sugas sastopamibas bieZumu,
saistibu ar dzivnieka vecumu un diareju ir apkopoti 3.1. tabula.

3.1. tabula Kriptosporidiju sugu epidemiologiskie raditaji piena govim

Latvija
Suga Kopgjais Ipatsvars Vecuma Vecuma Paraugu
paraugu (95 % TI) mediana amplitida skaits govim
skaits (meénesi) (ménesi) ar diareju
(95 % TD)
C. parvum 62 459 3,0 0,03-111,0 41,9
(37,8-54,3) (30,4-54,3)
C. bovis 29 21,5 3,5 0,2-172,0 41,4
(15,4-29,2) (25,5-59,3)
C. andersoni 22 16,3 17,5 0,09-197,0 22,7
(11,0-23,5) (9,7-43,9)
C. ryanae 11 8,1 6,0 0,2-70,0 18,2
(4,5-14,1) (4,0-48,9)
C. scrofarum 1 0,7 20,0 0,0
(0,0-4,5)
C. ubiquitum 1 0,7 84,0 100,0
(0,0-4,5)
C. parvum / 3 2,2 0,06 0,03-3,0 100,0
C. bovis (0,5-6,6)
C. parvum / 1 0,7 16,0 0,0
C. andersoni (0,0-4,5)
C. parvum / 1 0,7 1,2 100,0
C. ryanae (0,0-4,5)
C. bovis / 1 0,7 147,0 100,0
C. andersoni (0,0-4,5)
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Suga Kopgjais Ipatsvars Vecuma Vecuma Paraugu
paraugu (95 % TI) mediana | amplitida | skaits govim
skaits (meénesi) (ménesi) ar diareju
(95 % TI)
C. bovis / 3 2,2 11,0 1-55,0 33,3
C. ryanae (0,5-6,6) (1,7-86,8)
Visas sugas 135 41,4 4,5 0,03-197,0 38,5
(36,5-46,8) (30,6-46,9)

No 326 govju un telu koprologiskajiem paraugiem, kas savakti no 54
novietném, un bija mikroskopiski pozitivi uz Cryptosporidium spp., tikai 41,4 %
(n =135) gadijumu tika veiksmigi amplificéta un sekvencéta Cryptosporidium
spp. DNS. Kopuma tika konstatétas seSas Cryptosporidium sugas: C. parvum,
C. bovis, C. andersoni, C.ryanae, C.scrofarum un  C. ubiquitum.
Cryptosporidium scrofarum un C. ubiquitum tika konstatgti tikai viena atseviska
parauga, kam epidemiologiskaja kopaina ir zema nozimiba.

Misu pétfjuma, izmantojot CryptoGenotyper riku, 31 no 135 paraugiem tika
konstatgta jaukta Cryptosporidium spp. invazija. Tris paraugos bija C. parvum un
C. bovis, tris C. bovisun C. ryanae, viena C. parvumun C. ryanae, viena
C. parvumun C. andersoni un viena C. bovisun C. andersoni jaukta tipa
invazijas.

Vismaz viena Cryptosporidium spp. suga govim tika konstateta 55,6 % (95 %
TI 42,2-68,4 %) novietnu, vismaz divas sugas tika konstatétas 31,4 % (95 % TI
20,2-77,7 %) novietnu, bet tris vai vairak Cryptosporidium sugas bija
diagnosticétas 13,0 % (95 % TI1 5,9-24,0 %) izmekl&to novietnu.

Cryptosporidium parvum konstatéts govim no 63,0 % (95 % T149,6-75,0 %)
novietnu, kam seko C. bovis 37,0 % (95 % TI 25,0-50,4 %), C. andersoni
37,0 % (95 % TI 25,0-50,4) un C. ryanae 26,0 % (95 % T1 15,6-38,8 %). Sugas
C. parvum un C. bovis tika diagnosticétas daziem teliem jau otraja diena pec
piedzimsanas. Citu autoru publikacijas minéts, ka C. parvum biezak diagnostice
5 Iidz 12 dienu veciem teliem, bet C. bovis — 10 Iidz 12 dienu veciem teliem
(Faubert and Litvinsky, 2000; Fayer et al., 2005; Silverlas et al., 2009; Wu et al.,
2020). Jaatzime, ka invazija ar kriptosporidijam notiek jau pirmajas stundas pec
dzimsanas. Tapéc gadijumos, kad tela imunitate ir pazeminata vai tiem netiek
izdzirdinats pietickams pirmpiena daudzums, kriptosporidijas var paradities
koprologiskajos paraugos jau otraja vai treSaja dzives diena (Bjorkman et al.,
2015; Garro et al., 2016).

Ieprieksgjos petijumos C. parvum biezi tika identificéts teliem
pirmsatskirSanas perioda, savukart C. bovis un C. ryanae jau pécatSkirSanas
perioda un C. andersoni pieaugusam govim (Santin et al., 2008). Ta ka telu
atskirSanas perioda ilgums dazadas Latvijas novietnés var atskirties atkariba no
govju Skirnes un izmitinato dzivnieku skaita, nevar viennozimigi apgalvot, ka
pastav saistiba starp konkrétu sugu sastopamibu un telu atSkirSanas vecumu.
Vienigi C. andersoni bija vairak izplatita vecakiem dzivniekiem, kuru vidgjais
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vecums bija 17,5 ménesi. Jaunakais ar C. andersoni invadetais tels bija tikai tris
dienas vecs un izdalija 400 OSG, kas tomér liecina par iznp€mumiem $Ts sugas
izteiktaja vecumspecifiskuma.

Saja pétijuma C. parvum bija domingjo3a suga, kas tika konstatéta jaunajiem
teliem (13 600 OSG), ka arT devinus gadus vecam govim (1400 OSG). Viena
biologiskaja novietné septinus gadus veca govs, kas invadéta ar C. parvum,
izdalija lielu oocistu skaitu (128 800 OSG). Informacija par novietnem ar augstu
kriptosporidiju intensitati var noder&t arT humanas medicinas arstiem, jo misu
iegiitie skaitli lauj apgalvot, ka Latvija pastav augsts zoonozes risks. Tade] biitu
lietderigi veikt fidens un augsnes paraugu analizi novietnu apkartng, lai noteiktu
vides kontaminaciju ar C. parvum oocistam.

Mgginot noskaidrot, kura no sugam visbiezak izraisa kliniskas saslim$anas
pazimes, t.i., diareju, tika analizéta katras sugas saistiba ar diareju dazadas
vecuma grupas. Rezultati skaidri paradija, ka C. parvum, lai gan izplatita visas
vecuma grupas, klmisku diareju visbiezak izraisa tiesi jaunakajiem teliem (Iidz
tris ménesu vecumam). 70 % telu $aja grupa, kuriem tika atrasts C. parvum, bija
arT diareja (3.2. tabula). P&c literatiiras datiem C. parvum var izraisit spécigu
saslimSanu teliem, kas parasti izpauZzas ka intensiva diareja (Abeywardena et al.,
2015). Uzliesmojumi ar augstu telu mirstibu no C. parvum ir aprakstiti art
Igaunija (Lassen and Talvik, 2009; Niine et al., 2018).

3.2. tabula Oocistu izolatu ekstensitate un ipatsvars govim ar diareju
dazadas vecuma grupas atkariba no Cryptosporidium sugas

Vecuma grupa Cryptosporidium Izolatu skaits / Izolatu Tpatsvars
suga Tpatsvars teliem ar diareju
(95 % TI) (95 % TI)
0-3 meénesi C. parvums 30,0/52,6 70,0 (52,1-83,3)
(39,9-65,0)
C. bovis 20,0/35,1 65,0 (43,3-81,9)
(24,0-48,1)
C. andersoni 5,0/8,8 40,0 (11,8-76,9)
(3,8-18,9)
C. ryanae 2,0/3,5 0,0 (0,0-65,8)
(1,0-11,9)
Kopa 57,0/45,6 63,2 (50,2-74,5)
(37,1-54,3)
4-24 menesi C. parvums 14,0 /38,9 0,0 (0,0-21,5)
(24,8-55,1)
C. bovis 8,0/22,9 25,0 (7,2-59,1)
(12,1-39,0)
C. andersoni 8,0/229 25,0 (7,2-59,1)
(12,1-39,0)
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Vecuma grupa Cryptosporidium Izolatu skaits / Izolatu patsvars
suga Tpatsvars teliem ar diareju
(95 % TI) (95 % TI)
4-24 menesi C. ryanae 5,0/14,3 40,0 (11,8-76.9)
(6,3-29,4)
Kopa 35,0/28,0 17,1 (8,1-32,7)
(20,9-36,4)
> 24 menesi C. parvums 13,0/41,9 0,0 (0,0-22,8)
(26,4-59,2)
C. bovis 6,0/19,4 16,7 (3,0-56,4)
(9,2-36,3)
C. andersoni 8,0/258 12,5 (2,2-47,1)
(13,7-43,3)
C. ryanae 4,0/129 0,0 (0,0-49,0)
(5,1-28,9)
Kopa 31,0/24,8 6,5 (1,8-20,7)
(18,1-33,1)

Piezime: Izolatu ipatsvars (%) aprékinats ka konkrétas sugas gadijumu skaits pret
kopgjo genotipéto izolatu skaitu attiecigaja vecuma grupa. Diarejas ipatsvars (%) norada
to dzivnieku dalu, kuriem novérotas kliniskas diarejas pazimes konkrétas sugas invazijas
ietvaros attiecigaja vecuma grupa. TI — 95 % ticamibas intervals.

Vecakiem teliem C. parvum Tpatsvars paraugos joprojam ir visaugstakais,
salidzinot ar citam kriptosporidiju sugam, bet diarejas kliniskas pazimes netiek
konstatétas. Tas var apgriitinat invazijas apkaroSanu, jo dzivnieks bez slimibas
kliniskam pazimém tiek uzskatits par veselu, netiek norobeZots no citiem un
netiek arstéts. C. parvum gadijuma §1 situacija var but kritiska un potenciali
bistama arT cilveékiem.

Cryptosporidium bovis bija izplatits visas vecuma grupas, un lielakais
invad@to telu Ipatsvars tika konstatéts dzivniekiem lidz tris ménesu vecumam, ka
arT lielakais ar C. bovis invaziju saistitas diarejas Tpatsvars tika noverots Saja pasa
vecuma grupa.

Cryptosporidium andersoni invazijas ekstensitati telu vecuma grupa lidz tris
meneSiem bija loti zema, kas ir saistits ar to, ka C. andersoni lokalizgjas
glumenieka dziedzer§iinas. Attiecigi, kamér teliem glumenieka dziedzeri vél nav
pietickami attistiti, Sai kriptosporidiju sugai nevajadz&tu izraisit klinisko
saslimSanu. Interesanti, ka lielaks telu Tpatsvars ar diareju, kur konstatéta ari
C. andersoni invazija, tika noverots Saja pasa telu grupa. Lidzigi C. ryanae
izraisa diareju tikai vecuma grupa no 4 11dz 24 ménesiem. Tas ir skaidrojams ar
to, ka Sajos gadijumos tas nebija C. andersoni vai C. ryanae monoinvazija, bet
jaukta invazija ar C. parvum un C. bovis. Ir zinami gadijumi, kad C. andersoni
klatbiitni konstatgja ieprieks atskirtiem teliem, kaut gan §1 suga vienmer ir vairak
saistita ar p&catskirSanas perioda jaulopiem vai pieaugusam govim (Silverlas et
al., 2010; Huetink et al., 2001; Enemark et al., 2002).
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Salidzinot C. andersoni un C. ryanae invazijas ekstensitati, kopgja liellopu
populacija tas tika diagnosticetas reti. Lielaka dala C. ryanae izraisito invaziju
noritja asimptomatiski, kas atbilst ar1 Faiera ar lidzautoriem (Fayer et al., 2008)
noverojumiem.

3.4. Govs laktacijas reizes un novietnes lieluma ietekme uz Cryptosporidium
spp. invaziju teliem (IV publikacija)

Ta ka tika konstateti statistiski nesaistoSi rezultati petijuma par telu asins
seruma IgG Itmena ietekmi uz kriptosporidiozes izplatibu, tika izvirzits treSais
uzdevums: parbaudit citus faktorus, kas vargtu ietekmét telu invadesanos ar
Cryptosporidium spp.. Bija bitiski izveidot praktiski pielietojamu zinatnisko
pamatojumu kriptosporidiozes riska mazinasanai novietnés. Tap&c promocijas
darba ietvaros tika vertéti $adi riska faktori: govs laktacijas reize, novietnes
liclums, cietstavésanas perioda ilgums, atneanas sezona un govs 8kirne. So
faktoru ietekme tika pétita, analiz&jot kopuma 153 koprologiskos paraugus, kas
vakti no teliem 17 dazadas piena govju novietnés Latvija. Papildus paraugu
vaksanai tika veikta arT saimniecibu Tpasnieku vai darbinieku aptauja. Galvena
datu apstrades metode bija regresijas analize, kas lava atlastt butiskakos faktorus,
kuri ietekm@ Cryptosporidium spp. invazijas iesp&jamibu teliem.

Neatkarigo mainigo (faktoru) kategoriju proporcija, kas raksturo izlases datus
ir atspogulota 3.3. attela.

Izmeklgjot koprologiskos paraugus tika konstatéts, ka 26,1 % telu tika
konstatéta Cryptosporidium spp.. Diarejas kliniskas pazimes tika registrétas ari
15 % Cryptosporidium spp. pozitivam govim. Cryptosporidium spp. invazijas
ekstensitate (26,1 %) bija nedaudz augstaka neka lidziga pétijuma Igaunija
(23 %) (Santoro et al., 2019). Kopuma invazijas ekstensitate stipri neatskiras no
ta, kas tika konstatéts citos promocijas darba pétijumos (I, III, un V).

Lai noskaidrotu, kuri no aptauja ieklautajiem faktoriem ir visciesak saistiti ar
telu invadéSanos, tika izmantota generalizéta lineara jaukta modeléSana
(GLMM), kur novietnes identifikacijas numurs tika ieklauts ka nejausais efekts,
lai nemtu veéra iesp&jamas atskiribas starp novietneém. Analize atklaja statistiski
nozimigu divu faktoru ietekmi: govs laktacijas reizi (X*(2) = 15,83, p <0,001)
un novietnes lielumu (X*(2) = 8,68, p=0,013). Citi faktori, pieméram, govs
Skirne, atneSanas sezona un cietstaves perioda ilgums, $aja modell neuzradija
statistiski nozimigu saistibu ar Cryptosporidium spp. invazijas iesp&amibu
teliem.
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3.3. att. Govju procentualais sadalijums dazadas izlases grupas
mates biologisko un vides faktoru ietekmes novértesanai
Govju skaits procentos ir izrekinats no kopgja p&tijuma izmekleto dzivnieku
skaita, n=153

Iedzilinoties laktacijas reizes ietekmé, regresijas modeli par references grupu
tika izvEleta pirma laktacijas reize. Salidzindjums paradija, ka teliem, kas
uznéma otras laktacijas pirmpienu, bija bitiski mazaka iespgja invadgéties ar
Cryptosporidium spp. (B=-1,723, z=-3,073, p=0,002, OR =0,18). Tas
nozimé, ka risks samazingjas vidéji par 82 % (jeb 0,18 reizes; 95 % TI 0,05—
0,54), salidzinot ar teliem no pirmas laktacijas govim. Vel izteiktaks
aizsargajosSais efekts tika noverots teliem, kas uznéma treSas vai vélakas
laktacijas pirmpienu (B =-2,181, z=-3,71, p<0,001, OR=0,11). Saja
gadijuma invadésanas risks samazinajas videji par 89 % (jeb 0,11 reizes; 95 %
TI 0,03-0,36), salidzinot ar references grupu. ST novérota laktacijas reizes
ietekme, visticamak, ir saistita ar izmainam pirmpiena kvalitate: govs ar katru
gadu vairak saskaras ar novietn€ esoSiem patogéniem, tas imiinsist€éma izstrada
vairak antivielu, kas noklist pirmpiena. Pieme&ram, Morila ar Iidzautoriem
(Morill et al., 2012) atklaja, ka ar katru nakamo laktaciju palielinas IgG
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koncentracija un samazinas somatisko $tinu skaits. Kaut gan $aja p&tijjuma par
IgG tika atklats, ka ta limenis neietekmé kriptosporidiju invaziju, $is jautajums
netika pétits no govs laktacijas reizes konteksta. Gulliksena ar lidzautoriem
(Gulliksen et al., 2008) norada, ka vecakas govis razo pirmpienu ar augstaku
antivielu koncentraciju neka jaunakas, jo vecakas govis tick paklautas antigénu
iedarbibai ilgak neka jaunakas (Quigley et al., 1994; Tyler et al., 1999).

Promocijas darba regresijas modelis paradija, ka atneSanas maza novietne
statistiski nozimigi samazina telu iesp&ju invadéties ar Cryptosporidium spp.
(B=-1,624, z=-2,843, p=0,004, OR=0,20). Govju atneSanas mazas
novietn€s samazina telu iesp&ju invadeties ar Cryptosporidium spp. videji 0,20
reizes (jeb par 80 %) (95 % TI 0,06-0,60) salidzinajuma ar lielajam novietném.
Savukart vidgja lieluma novietnu grupa netika konstatéta statistiski nozimiga
ietekme uz telu iesp&ju invad@ties ar Cryptosporidium spp..

Pirmpiena kvalitate dazadam govju skirném var atskirties (Tsuji et al., 1990;
Kessler, Bruckmaier and Gross, 2020). Tomér nav pieradijumu, ka govs skirne
var ietekm@t invaziju ar kriptosporidijam. ArT §1 pétijuma rezultati neapstiprinaja
saistibu starp kriptosporidiju invaziju un govs Skirni. lespgjams, ka starp
daudzam govju skirném nav acimredzamas atSkiribas aizsardzibas sp&ja pret
patogéniem (Murphy et al., 2005).

Apkopojot iegtitos rezultatus, iesp&jams secinat, ka novietnes lielums un govs
laktacijas reize netiesi ietekm@ piena kvalitati. Lai gan novietnes lielums nevar
tiesi ietekm@t pirmpiena vai parejas piena kvalitati, pastav daudzi netiesi faktori,
kas atskir lielas un mazas novietnes, piem&ram, darba organizacija.

Lielas novietnes, darbojas ka uzné€mumi, kur nodarbinati profesionali, lai
uzturétu dzivniekus optimalos apstaklos un lai ieglitu maksimalus produkcijas
rezultatus. Lielajas novietnés retak tiek nodrosinata individuala pieeja un govs
veselibas stavokla kontrole. Savukart mazas novietnes pieder gimen&m, un tas
izmanto dazadu specialistu pakalpojumus, pieméram, veterinararstu palidzibu ka
arpakalpojumu. Tadel dzivniekiem no dazada izm@ra novietném tiek sniegta
atSkiriga apriipe. Lielajas novietn€s govim biezak ir noteikts obligats cietstaves
periods, kamér mazas novietn€s $o periodu var pielagot individuali, nemot véra
govs veselibu, uzvedibu un citus faktorus. ArT no vides parazitara piesarnojuma
viedokla situacija lielajas, videjas un mazajas novietn€s var atskirties. Mazajas
novietngs ir vieglak uzturét tiru vidi ar zemaku vides parazitaro kontaminaciju.

Mazajas novietnés teli parasti dzimst ziemas un pavasara sezona, turpretl
lielajas saimniecibas tie dzimst visu gadu. ST pétijuma rezultati liecina, ka lielajas
novietn&s teliem ir lielaka iespgja invadéties ar kriptosporidijam salidzinajuma
ar mazajam novietnm. Tas skaidrojams ar faktu, ka lielajas novietnés dzivnieki
tiek turéti augsta blivuma, kas butiski palielina patog€nu transmisijas varbtitibu
un kontaktu ar jauniem saimniekiem. P&tot kriptosporidiju sugu dazadibu tika
konstatéts, ka tiesi teli visintensivak izdala kriptosporidiju oocistas apkartgja
vide. Attiecigi, ja mazajas saimniecibas teli dzimst tikai noteiktaja sezona, tad art
vides piesarnojums biis zemaks salidzinot ar vid&jam un lielajam saimniecibam,
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kur teli dzimst visu gadu. Mennerat et al. (2010) ir detaliz&ti aprakstijusi, ka
intensiva lauksaimnieciba var ietekmét parazitu izplatibu.

Sezonalam atskirtbam ir svariga loma invaziju parne$ana, piem&ram, augsta
ara temperatiira un liels nokri$nu daudzums ir saistits ar kriptosporidiju invazijas
risku (Jagai et al., 2009). Tomer §T pétjjuma modeli sezonalitates statistiski
nozimiga ietekme uz telu invadesanas iespgjamibu netika konstateta. Tas liek
domat, ka galvenais faktors, kas ietekmé& kriptosporidiju invazijas izplatibu
teliem, ir dzivnieku turéSanas apstakli novietngs. Visdrizak teli var invad&ties ar
parazitiem ne tikai ganibas, kur laika apstakli sezonali mainas, bet ar citas vietas,
kur teli tiek tureti ilgaka laika perioda.

Jaatzime, ka oocistas ir kriptosporidiju vides formas ar augstu rezistenci, kas
nodro$ina to izdzivosanu nelabveligos eksogénos apstaklos. Tas norada, ka
paraziti spgj izplatities un invad@et telus neatkarigi no ta, vai ir vasara vai ziema
(Robertson, Campbell and Smith, 1992).

Literatira ir plasi pétita cietstaves perioda ilguma ietekme uz piena un
pirmpiena razos$anas apjomu, IgG koncentraciju pirmpiena, mastita risku, govs
pecdzemdibu vielmainu un govs energijas bilanci (Rastani et al., 2005; Annen et
al., 2004; Bertics et al., 1992; Collier, Annen-Dawson and Pezeshki, 2012;
Watters et al., 2008). Savukart, nav giiti viennozimigi pieradijum par cietstaves
perioda ilguma ietekmi uz telu veselibas stavokli (Andrée et al., 2018), lai gan
govim ar 1su cietstaves periodu pirmpienam ir zemaka IgG koncentracija
(Rastani et al., 2005). Saja p&tijuma netika atrasta saistiba starp cietstaves perioda
ilgumu un kriptosporidiju invaziju. Tomer nevar izslégt to, ka p&tijuma rezultatu
ietekmgja tas, ka lielakajai dalai govju — 69 % gadijumu — bija tieSi astonu
ned€lu cietstaves periods. Latvijas piena govju novietngs praktiski netiek
piekaptas variacijas ar cietstaves perioda saisinasanu vai pagarinasanu.

3.5. Cryptosporidium spp. invazijas varbiitiba teliem ar daZzadiem
édinasanas reZimiem (V publikacija)

Lai gutu dzilaku izpratni par faktoriem, kas ietekmeé Cryptosporidium spp.
invaziju teliem, tika izvirzits ceturtais uzdevums un veikts p&tfjums, kura ipasa
uzmaniba pievérsta dazadu &dinasanas rezimu lomai. ST pétfjuma mérkis bija
noskaidrot, vai un ka konkrétas édinasanas stratégijas, ipasi pirmpiena un parejas
piena izmantoSana, korel@ ar kriptosporidiozes risku teliem. Lai to paveiktu, teli
tika iedaliti tris grupas, katrai piemerojot atSkirigu &dinaSanas rezimu:

e petijuma grupa A (reference): teli san@ma pirmpienu savlaicigi un
pietiekama daudzuma, un p&c tam turpindja sanemt parejas pienu vismaz
divas nedglas. ST grupa kalpoja ka kontroles jeb references grupa
regresijas modeli, pret kuru tika salidzinati pargjie rezimi;
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e petijuma grupa B: teli sanéma pirmpienu laikus un pietickama apjoma,
péEc tam pargaja uz parasto pienu (pilnpienu vai piena aizvietotaju), nevis
parejas pienu;

e pctijuma grupa C: teli, par kuriem nebija precizi zinams, vai tie sanéma
pirmpienu laikus un pietickama daudzuma. P&c potencialas pirmpiena
sanemsanas §ie teli turpinaja sanemt parasto pienu.

Analizgjot kopuma 425 telu koprologiskos paraugus, tika konstatéts, ka vidgji
35,3 % telu tika registréta pozitiva Cryptosporidium spp. klatbatne. Diarejas
kltniskas pazimes tika konstatetas 20,6 % invadéto telu. Cryptosporidium spp.
pozitivo un negativo telu procentualais sadalijums, ka arT telu ar diarejas (tostarp
bez kriptosporidiju invazijas) kliniskam pazim&m procentualais sadalijums katra
pétijuma grupa apkopots 3.4. attéla.
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Pirma pétijjuma grupa  Otra pétjjuma grupa Tre$a pétijuma grupa

3.4. att. Cryptosporidium spp. invazijas un diarejas sastopamiba teliem
atkariba no pirmpiena un parejas piena izédinasanas reZima
Pirma pétijuma grupa: pirmaja dzives stundas teli sanem adekvatu pirmpiena
daudzumu un 2 nedglas paliek ar govi. Otra pétijumu gruma: pirmaja dzives stundas
teli sanem adekvatu pirmpiena daudzumu, tiek atdaliti no govs un sanem pienu no
kopgjas piena uzglabasanas tvertnes. Tre$a pétijumu grupa: teli piedzima nakti, tiek
atdaliti no govs un sanem pienu no kopgjas piena uzglabasanas tvertnes.

legiitie rezultati par kriptosporidiju oocistu izdaliSanu (vidgja
ekstensitate - 35,3 %; 95 % TI: 26,1-44,1 %) ir tadi pasi ka no Igaunijas zinotie
rezultati — 30 % (Lassen et al., 2009) un 23 % (Santoro et al., 2019), tomér tie
ievérojami atskiras, salidzinot ar Lietuvu — 67 % (Lassen and Jérvis, 2009). Tas
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skaidrojams, galvenokart, ar nelielo izlases apjomu pétijuma (7 novietnes, 15
koprologiskie paraugi no katras).

Regresijas modelis bija nozimigs (X*(2) = 8,62, p = 0,0013), apliecinot, ka
dazadi €dinasanas reZimi ir statistiski nozimigi saistiti ar Cryptosporidium spp.
invazijas iespgjamibu teliem. P&tljuma rezultati paradija, ka pirmpiena un parejas
piena iz&dinasanas shémas ir saistiti ar kriptosporidiju invaziju. Tas norada, ka
gan pirmpienam, gan parejas pienam ir nozimiga loma patog€nu invazijas
kontrolg. Visefektivaka kombinacija pret parazitu invaziju ir savlaiciga atbilstosa
pirmpiena daudzuma uznpemsSana, kam seko parejas perioda piena paterins
vismaz divas nedgélas pirms telu atskirSanas.

Regresijas modelis paradija, ka otras p&tnieciskas grupas &dinasanas rezims
statistiski nozimigi prognozgja telu invadésanas iesp&ju ar Cryptosporidium spp.
(B=0,643, z=2,00, p = 0,046, OR = 1,901). Tas norada, ka teliem, kas pieder
pie otras pétnieciskas grupas, palielinas iesp€ja invad&ties ar Cryptosporidium
spp. vidgji 1,90 reizes (95 % TI 1,012-3,574), salidzinajuma ar pirmas
petnieciskas grupas teliem.

Lidzigi arT tre$as pétnieciskas grupas €dinasanas rezims statistiski nozimigi
prognozgja telu invadesanas iesp&jamibu ar Cryptosporidium spp. (B = 0,901,
z=293, p=0,003, OR = 2,469). Tas nozim¢g, ka teliem, kas pieder pie tresas
pétnieciskas grupas, palielinas iesp&ja invadeties ar Cryptosporidium spp. videji
par 2,47 reiz€m (95 % TI 1,35-4,52), salidzinot ar pirmas pétnieciskas grupas
teliem.

Pirmpiena aizsargajosas ipaSibas tika atkartoti petitas un galvenokart
izskaidrotas ar iminglobulinu (piemé&ram, IgG) parnesanu no govs uz telu,
uznemot pirmpienu (Robbers et al., 2021). ST promocijas darba ieprieksgjos
posmos nav paradijusi saistibu starp IgG limeni govim pirmpiena un
kriptosporidiju invaziju teliem; iesp&jams, iedzimtajai un adaptivajai imunitatei
ir lielaka nozime imtnreakcija pret Cryptosporidium sugam neka mates pasivas
imunitates parne$anai uz pécnacgjiem.

ST pétijuma rezultati liecina, ka savlaicigai un atbilstosai pirmpiena
daudzuma uzpems$anai tomér ir nozimiga loma telu aizsardziba pret
kriptosporidiju invaziju, kas norada, ka nevajadz&tu par zemu novertét citu
pirmpiena bioaktivo faktoru (augSanas faktoru, hormonu, citokinu, enzimu,
poliaminu, nukleotidu, pretbakterialo komponentu u.c.) lomu. Imiinglobulini
kopa ar §Tm bioaktivajam vielam veido kompleksu sistému, kura vairaki elementi
savstarp€ji mijiedarbojas, veidojot vienu universalu barjeru pret patogé€niem
(Thomson et al., 2017). Turklat §T pétijjuma rezultati (palielinats diarejas
procents) netieSi apliecindja nepiecieSamibu stingri uzraudzit pirmpiena
iz€dinaSanas laiku, nodroSinot ta uznemsanu tilit péc piedzimsanas, kas biitiski
samazina patogéna kolonizacijas un attistibas varbiitibu saimnieka organisma.
Teliem, kas tika &dinati talit pec piedzimsana (0 h), bija lielaka IgG koncentracija
seruma, salidzinot ar teliem, kas baroti seSas un 12 stundas péc dzimsanas, ka arT
tas ietekméja tela zarnu Petljuma rezultati paradija, ka teliem, kas baroti ar
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parejas pienu vismaz divas ned€las p&c pirmpiena iz€dinasanas, ir ieveérojami
mazaka iesp&a kliiski saslimt ar kriptosporidiozi un diareju, salidzinot ar
teliem, kuri péc pirmpiena sanemsanas uzreiz pargaja uz parasto pienu (pilnpienu
vai piena aizvietotaju). Sos rezultatus apstiprina Konilijas ar Iidzautoriem
(Conneeley et al.,2014) un Kargars ar lidzautoriem (Kargar et al., 2021) p&tfjumi,
kuros analiz&ta parejas piena iz€dinasanas ietekme uz telu veselibu. Kargars ar
lidzautoriem (Kargar et al., 2021) pieradija, ka parejas piena iz€dinasanas ilguma
pagarinasana pozitivi ietekm& telu dzivmasas pieaugumu un samazina
nespecifiskas diarejas (idiopatiskas Skidras fekalijas) attistibas iesp&jamibu. Tas
skaidrojams ar augstaku specifisku bioaktivo faktoru koncentraciju
salidzinajuma ar pilnpienu (McGrath et al., 2016; Fischer et al., 2018).

Parejas piena uznemsanas perioda saisinaSana vai izlaiSana raZzoSanas praksg
biezi sakrit ar agrino menedzmenta pareju, kuras laika telS tiek paklauts
kompleksiem stresa faktoriem. Tels, kas tiek turéts kopa ar mati, sanem pienu ad
libitum (p&c vajadzibas), turpretl ierobezotas €dinasanas apstaklos dzivnieks tiek
paklauts stingram &dinaSanas reZimam, kas var pilniba neatbilst ta
individualajam fiziologiskajam vajadzibam. Tas var negativi ietekmét kunga-
zarnu trakta attistibu, kas kalpo par pirmo barjeru infekcijam (Meale et al., 2017).
Otrs stresa faktors ir dzivnieka parvietosana uz atsevisku tur€Sanas vietu, kur tas
tiek izmitinats ierobezota platiba kopa ar citiem dazada vecuma teliem (kuriem
var bt atskirigs veselibas stavoklis un latentas infekcijas), kamér ta imiinsisteéma
vel nav pilniba nobriedusi. Turklat atSkirSanas procesa laika noverotas izmainas
zarnu mikrobiota (Li et al., 2012) var palielinat noslieci uz diarejas attistibu.

3.6. Cryptosporidium spp. invazijas ekstensitate % un intensitate Latvija
(VI publikacija)

Lai ieglitu vispusigu raksturojumu par Cryptosporidium spp. izplatibu
Latvijas govju populacija, promocijas darba ietvaros tika izvirzits noslédzosais
uzdevums un veikta plasa epidemiologiska analize, TpaSu uzmanibu pievérsot
tam, ka invazijas raditajus ietekmé dzivnieku vecums un novietnes lielums. ST
pieeja lauj ne tikai konstatét vispargjo invazijas Iimeni, bet ar identific€t riska
grupas un faktorus, kam ir buitiska nozime parazita izplatiba.

Lai izpetitu kriptosporidiju izplatibu saistiba ar govju vecumu, tika veikta
koprologiska analize dzivniekiem tris vecuma grupas: teliem lidz tris ménesu
vecumam, teliem un jaunlopiem no Cetriem Iidz 24 ménesiem, ka arT pieaugusam
govim, kas vecakas par 24 méneSiem. Petijuma, kas aptver laika posmu no 2013.
11dz 2022. gadam, tika ieklauti 2655 dzivnieki, analiz&jot visus promocijas darba
izstrades gaita iegltos koprologiskos paraugus no dazadam Latvijas
saimniecibam, nodrosinot reprezentativu izlasi.

Paraugi tika vakti individuali un analizeti laboratorija, izmantojot Cila-
Nilsena (Zieht-Neelsen) kraso$anas metodi — standartiz€tu parazitologisko
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tehniku, kas lauj precizi noteikt kriptosporidiju oocistu klatbitni un kvantitativi
novertét invazijas intensitati. Sada pieeja garantdja datu ticamibu un
salidzinamibu ar citiem p&tjjumiem.

Apkopojot datus no visiem 2655 paraugiem, tika noteikts, ka kopgja
Cryptosporidium spp. invazijas ekstensitate govim pétijjuma perioda (2013—
2020) bija 27 % (95 % TI: 26-29 %). Vidgjais izdalito oocistu skaits uz vienu
gramu fekaliju (OSG) pozitivajos paraugos bija 1000 (starpkvartilu amplittda:
Q1 =400, Q3 =3000). Sie raditaji icklaujas kopgja Eiropas un pasaules
konteksta, kur invazijas Iimenis dazadas valstis ieverojami atSkiras (skat. 3.3.
tabulu). Piem@ram, $aja p&tijuma konstatéta 27 % ekstensitate ir tuva globalajam
vidgjam raditajam (25,5 %, Buchanan et al., 2024) un Iidzigiem raditajiem
kaiminvalstT Igaunija (23-30 %, Santoro et al., 2018; Lassen et al., 2009), bet
zemaka neka agrakos pétijumos Lietuva (67 %, Lassen et al., 2009) vai Danija
(32 %, Maddox-Hyttel et al., 2006).

3.3. tabula Kriptosporidiju invazijas ekstensitate (%) Latvija un pasaulé

Valsts Gads Dzivnieks | Ekstensitate, Atsauce
%

Japana 2018— Teli 83,8 Kabir et al., 2020
2019

Lietuva 2009 Govis 67,0 Lassen et al., 2009

Cile 2007— Piena teli 56,1 Diaz-Lee et al., 2011
2008

Kalifornija, 2012 Piena teli 56,0 Lietal., 2019

ASV

Taizeme 2016— Piena teli 51,0 Doungmala et al., 2019
2017

Meksika 2014 Piena teli 40,0 Garcia-Romo et al.,

2014

Italija 2014 Teli 38,8 Diaz et al., 2018

Zviedrija 2012— Teli 38,7 Aberg et al., 2019
2013

Kina 2020 Piena teli 38,4 Wu et al., 2020

Vacija 1993— Piena teli 36,0 Joachim et al., 2003
1997

Latvija 2013— Govis 27,0 Zolova et al., 2024
2020

Gana 2009 Teli 29,0 Squire et al., 2013

Kolumbija 2010— Piena teli 26,6 Avendaiio et al., 2018
2012

Brazilija 2018 Teli 25,7 Conceigao et al., 2021
2019
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Valsts Gads Dzivnieks | Ekstensitate, Atsauce
%

Belgija 2019—- Piena teli 25,7 Pinto et al., 2021
2020

Argentina 2013— Piena teli 25,5 Lombardelli et al., 2019
2014

Francija 2019— Piena teli 24,9 Pinto et al., 2021
2020

Nigéerija 2010 Teli 234 Ayinmode and Fagbemi,

2010

Igaunija 2013— Teli 23,0 Santoro et al., 2018
2015

Niderlande 2019- Piena teli 20,8 Pinto et al., 2021
2020

Koreja 2019- Piena teli 18,7 Jang et al., 2021
2020

Etiopija 2014— Teli 18,6 Ayele et al., 2018
2015

Spanija 2016— Govis 16,7 Diaz et al., 2021
2018

Alzirija 2022 Piena teli 15,7 Dadda et al., 2022

Irana 2003— Govis 6,3 Azami, 2007
2004

Analiz€jot datus pa vecuma grupam, atklajas loti izteikta un statistiski
nozimiga (p < 0,001) tendence: gan invad&to dzivnieku Ipatsvars, gan ar invaziju
saistitas diarejas biezums samazinajas, pieaugot dzivnieku vecumam (skat. 3.4.
tabulu). Visaugstaka riska grupa ir teli vecuma lidz tris ménesiem. Saja grupa
tika konstatSta visaugstaka invazijas ekstensitate (39,4 %) un ar vislielakais
vidgjais izdalito oocistu skaits (mediana 800 OSG). Turklat tie$i $aja vecuma
grupa vairak neka pusei (56,6 %) invadéto telu tika novérota diareja. Sie rezultati
saskan ar daudzu citu pétfjumu rezultatiem pasaulg, kas norada uz jaunako telu
(Tpasi pirmajas dzives ned€las) augsto jutibu (uzn&mibu) pret kriptosporidiju
invaziju. Pieméram, Aguilar (2023) zinoja par 8—14 dienu vecu telu augsto
invaziju ar kriptosporidijam, bet Jurie ar lidzautoriem (Urie et al., 2018)
konstat&ja Iidzigu situaciju divu ned€lu veciem teliem. Garro ar lidzautoriem
(Garro et al., 2016) atklaja, ka teli Iidz 20 dienu vecumam biezak izdala
kriptosporidiju oocistas, savukart Dungmala ar [idzautoriem (Doungmala et al.,
2019) noradija, ka augstaka invazijas ekstensitate ir 1-3 ned€lu veciem teliem.
Ebijo un Haile (Ebiyo and Haile, 2022) aprékinaja, ka teliem, kas jaunaki par
seSiem ménesiem, ir 2,7 reizes lielaka iespgja invadgties ar kriptosporidijam.

Saja pétljuma novérota saistiba starp kriptosporidiju invaziju un diarejas
izpausmém Vel vairak uzsver §1 parazita klinisko nozimi. Lielaks diarejas
biezums invadétiem dzivniekiem, Tpasi jauniem teliem, atbilst Cryptosporidium
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Spp. patogénajam potencialam — izraisit kunga-zarnu trakta darbibas traucgumus
(Fayer et al., 2000). Velss ar lidzautoriem (Wells et al., 2015) zinoja par augstu
kriptosporidiju izplatibu govim atneSanas sezona, kas lauj secinat, ka atneSanas
laiks butiski ietekme invazijas transmisijas dinamiku un lidz ar to arT diarejas
sastopamibas biezumu: perioda, kad ganampulka palielinas jaundzimuso telu
skaits, palielinas ar1 izdalito Cryptosporidium spp. oocistu skaits. Tomsons ar
lidzautoriem (Thomson et al., 2017) zinoja, ka Cryptosporidium spp. bija
visbiezak konstat€tais patogens, kas izraisa diareju teliem vecuma Iidz vienam
meénesim, uzsverot ta ietekmi uz dzivnieku veselibu. Savukart, Berhanu ar
lidzautoriem (Berhanu et al., 2022) atzimgja, ka pieaugusas govis kalpo ka
invazijas rezervuars, kas izdala oocistas apkartgja vide un paklauj telus invazijas
riskam.

3.4. tabula Cryptosporidium spp. invazijas ekstensitate, intensitate un ar to
saistitas diarejas ipatsvars dazadas govju vecuma grupas

Faktors Ekstensitate, Intensitate Diareja ar Cryptosporidium

% (95 % TI) (Q1-Q3) spp., % (95 % TI)

0-3 menesi 39,4 800 56,6 (44,7-67.,9)
(32,6-46,5) (200-2400)

4-24 menesi 20,3 400 ( 4,2 (0,1-21,1)
(17,0-23,9) 400-650)

> 24 meénesi 19,2 600 7,0 (1,9-17,0)
(16,7-21,9) (400-1000)

p-vertiba < 0,001 0,118 <0,001

Piezime: Invazijas raditaji aprékinati, pamatojoties uz 2655 dzivnieku izmekl€Sanas
rezultatiem. Q1-Q3 — starpkvartilu amplitiida.

Aplikojot izdalito oocistu skaitu (invazijas intensitati), tika konstatets loti
plass diapazons — no minimala nosakama daudzuma (200 OSG) lidz pat 476 500
OSG. Datu sadalijums atbilda negativam binomialajam sadalfjumam
(3.5. att€ls), kas ir raksturigs parazitu invazijam. Tas nozimg, ka lielakajai dalai
invadéto dzivnieku oocistu skaits bija salidzinosi neliels (visbiezak 200—2000
OSGQ), turpreti neliela dala dzivnieku izdalija loti lielu oocistu skaitu (vairak neka
15 000 OSG). Sada parmériga dispersija (pardkliede; overdispersion) norada, ka
invazijas intensitate nav nejausa, un ka pastav individi, kas nesamérigi daudz
veicina vides kontaminaciju ar oocistam (Ieshko et al., 2024; Gourbicre et al.,
2015). Sis fakts ir loti butisks kontroles pasakumu planogana, jo norada uz
nepieciesamibu identificet un meérktiecigi ierobezot invaziju tiesi Sajos augsta
riska dzivniekos. Telam pietiek uznemt tikai 17 Cryptosporidium spp. oocistas,
lai attistitos kriptosporidiozes invazija (Zambrinski et al., 2013).
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Kriptosporidiju invazijas ekstensitate un oocistu skaits viena grama fekaliju
bija nevienmérigi sadaliti Latvijas planoSanas regionos, paradot visaugstako
izplatibu Vidzemes regiona (31 %) un visaugstako oocistu skaitu Kurzemes
regiona (mediana =600, Q1 =300 un Q3 =1200). Paslaik nav iesp&ams
ViennozImIgi interpretét $ada regionélé sadalijuma célonus tédél turpme'lk ir

ekstensitates un 1nten51tates sadalfjums Latvija péc planosanas regioniem ir
apkopots 3.5. tabula.

3.5. tabula Cryptosporidium spp. videja invazijas ekstensitate % un videja
invazijas intensitate (OSG) dazados Latvijas regionos

Novads Ekstensitate Intensitate (OSG)
(95 % TI) (Q1-Q3)
Rigas 28 400 (200-800)
Kurzemes 29 600 (300-1200)
Zemgales 18 600 (400-1000)
Vidzemes 31 600 (400-1000)
Latgales 16 600 (325-900)
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Izvertgjot datus, novietnes lieluma griezuma (III p&tijums, skat. 3.6. tabulu),
tika atklats, ka Cryptosporidium spp. bija liclakaja dala (72,4 %) pétito
ganampulku (vismaz viens invadéts dzivnieks). Invazijas klatbtitnes varbiitiba
pieauga Iidz ar novietnes lielumu: ja mazajas novietnés (mazak neka 50 govju)
vismaz viens invadéts dzivnieks bija 58,9 % gadijumu, tad vidgjas (50-200
govju) §is raditajs sasniedza 94,4 %, bet liclajas (vairak neka 200 govju) — pat
100 %. Savukart kopgja telu un govju invazijas ekstensitate svarstijas no 43,2 %
lielajas novietn&s (n = 13, 8-36 paraugi no vienas novietnes) un 30,9 % vidgjas
novietnds (n=18, 5-30 paraugi no vienas novietnes) lidz 30,8 % mazajas
novietn€s (n = 56, 1-14 paraugi no vienas novietnes). Statistiski biitiski augstaks
Cryptosporidium spp. pozitivo paraugu Tpatsvars tika konstatets lielajas
novietnés (p < 0,01).

3.6. tabula Cryptosporidium spp. epidemiologiskie raditaji dazada lieluma

novietnes
Faktors Faktora Izmeklgti / Ekstensitate Diarejas Tpatsvars
kategorijas invadeti (95 % TI) 95 % TI)
Novietnes | 1-50 govis 302/93 30,8 (25,8-36,2) 14,2 (10,7-18,7)

izmers
50-200 govis 295/91 30,9 (25,8-36,3) 22,7 (18,3-27,8)

> 200 govis 329/142 | 432 (37,9-48,6) | 28,9 (24,2-34,0)

Augstakais vidgjais oocistu skaits viena grama fekaliju (725 015) tika
novéerots teliem vecuma grupa no nulles Iidz pieciem méneSiem. Savukart otrs
augstakais vidgjais oocistu skaits viena grama fekaliju (115 620) tika konstat&ts
govim, kas vecakas par 24 méneSiem. Naidams ar lidzautoriem (Nydam et al.,
2001), pétot kriptosporidiju oocistu skaitu teliem vecuma no cetram Iidz 12
dienam, konstatéja, ka oocistu skaits pieaug lidz 12. dienai, sasniedzot
maksimalo veértibu, bet vélak samazinas. Pétijjumu gaita atklajas, ka sesas dienas
vees tel§ var producét apméram 3,89 x 10! oocistas Iidz 12 dienu vecumam.
Dipons ar lidzautoriem (DuPont et al., 1995) aprekinaja, ka vidgja invazijas deva,
kas izraisa klinisko saslim$anu veselam cilvékam, kurs ieprieks nav bijis invadets
ar kriptosporidijam, ir 132 oocistas, turprett cilvékiem ar ieprieksgju
imunologisko saskarsmi vidgja invazijas deva ir 1880 oocistu (Chappell et al.,
1999). Tas pierada, ka teli ir nozimigs cilvéka invazijas avots, jo to izdalito
kriptosporidiju skaits desmitkart parsniedz vidgjo cilvéku invazijas devu. Tas
uzsver nepiecieSamibu uzmanigi sekot higi€nas prasibam, stradajot ar teliem, lai
samazinatu kriptosporidiju izplatibu un noverstu to potencialo ietekmi uz cilvéka
veselibu. Turklat, nemot vera, ka kriptosporidioze ir zoonoze, atbilstoSa higienas
prakse un telu veselibas aizsardziba ir ne tikai dzivnieku labturibas aspekts, bet
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ar1 svarigs pasakums cilvéku veselibas aizsardzibai, izvairoties no iesp&amas
invazijas.
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4. SECINAJUMI

Pilotpetijuma rezultati paradija, ka Cryptosporidium spp. ir domingjosa
invazija Vidzemes piena govju ganampulkos. Crypfosporidium spp.
invazijas ekstensitate (32,6 %) norada uz butisku risku dzivnieku veselibai,
ka arT uz potencialu zoonozes izplatibas risku (I publikacija).
Imiinglobulina G Iimenis govim pirmpiena nav tieSi saistits ar
kriptosporidiju invazijas izplatibu teliem, kas liecina, ka IgG limenim nav
butiskas nozimes kriptosporidiju invazijas attistiba (II publikacija).
Identificétas Cetras tipiskas Cryptosporidium sugas: C. parvum, C. bovis,
C. andersoni un C. ryanae. Teliem Iidz 3 méneSu vecumam, 52,6 %
gadfjumu diagnosticgta C. parvum suga. 70 % gadijumu ta izraisa diareju.
Biezak diagnostic€tas monoinvazijas. Pieaugusam govim kriptosporidiju
invazija kliskas pazimes neizraisa, kas norada uz augstu zoonozes
izplatibas risku Latvija. (III publikacija).

Govs laktacija reize tiesi ietekme telu iesp&ju invadgties ar Cryptosporidium
spp.. Teliem, kuri sanéma otras laktacijas pirmpienu un parejas pienu, iesp&ja
invadéties ar kriposporidijam samazinas par 82 %, bet sanemot tresas
laktacijas pirmpienu un parejas pienu - par 89 % (IV publikacija).
Savlaiciga (pirmajas 12 stundas) un atbilstosa apjoma (vismaz 6 litru)
pirmpiena daudzuma uznemsana, kurai seko parejas perioda piena paterins
vismaz divas ned€las pirms atSkirSanas no mates, butiski samazina
Cryptosporidium spp. invaziju (V publikacija).

Kriptosporidiju invazijas ekstensitate govim Latvija ir 27 % (95 % TI 26-29
%). Biezak invadgjas teli I1dz 3 meneSu vecumam (invazijas ekstensitate
39,4 %). Maksimalais vidgjais izdaltto oocistu skaits sasniedz 800 oocistu
uz gramu fekaliju (200-2400 OSG) (VI publikacija).
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5. PRIEKSLIKUMI

Ta ka Latvija domingjosa suga teliem Iidz 3 me&nesu vecumam ir zoonotiska
C. parvum, kas rada augstu invad@Sanas risku cilvékiem, nepiecieSams
ieviest stingrakus individualas higi€nas protokolus (specifisks darba
apgerbs, roku dezinfekcija) personalam, kas strada ar jaundzimuS$ajiem
teliem, neatkarigi no klinisko pazimju esamibas vecakiem dzivniekiem.
Saimniecibas, kuras ir augsta invazijas ekstensitate, ieteicams pirmas
laktacijas govju telus izdalit ka paaugstinata riska grupu. Ja iesp&jams, Siem
teliem prioritari nodro$inat augstakas kvalitates (vairakkart atnesusos govju)
pirmpienu vai papildu preventivos pasakumus, jo teliem no pirmas laktacijas
govim ir butiski augstaka iesp&ja invadgties.

Nemot véra, ka novietnes lielums virs 50 govim ir saistits ar parazita
klatbiitni visos $ada tipa ganampulkos (100 % gadijumu) un augstaku
ekstensitati, lielajas saimniecibas ir kritiski jasamazina dzivnieku turéSanas
blivums atneSanas zonas un javeic regulara, mérktieciga vides dezinfekcija,
lai partrauktu oocistu uzkrasanos vide.

Ta ka visaugstaka invazijas ekstensitate (39,4 %) un intensitate (800 OSG)
ir tiesi teliem I1dz 3 ménesu vecumam, lielajas novietn&s ir lietderigi ieviest
regularu koprologisko skriningu tie$i $aja vecuma grupa. Tas lautu savlaicigi
identificét masveida oocistu izdalitajus un ierobezot invazijas izplatibu
ganampulka un apkartgja vide.
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1. INTRODUCTION

Neonatal calf diarrhea syndrome (NCDS) is one of the most significant
problems in modern animal husbandry, as literature data suggest that
approximately 90 % of calf mortality is directly related to this pathological
condition. Clinical signs usually manifest in calves aged 5—10 days, ranging from
mild diarrhea without systemic signs to acute, severe, and profuse diarrhea that
causes severe dehydration, electrolyte imbalances, and a fatal outcome within 12
hours. The syndrome is caused by a complex of several bacterial and viral
infections (E. coli, Salmonella, rotavirus, coronavirus); however, alongside these
agents, the protozoan Cryptosporidium spp. is frequently diagnosed in the
intestinal tract, with C. parvum cited as the most common cause for the
development of neonatal calf diarrhea syndrome. Cryptosporidia destroy the
intestinal villi epithelium, reducing nutrient absorption capacity and thereby
facilitating the entry of secondary pathogens into the animal's organism (Jasmer,
2007; Cho and Yoon, 2014). Cryptosporidium spp. is the causative agent of
severe infection that results in substantial economic losses in dairy holdings,
including costs for diagnostics and treatment, as well as additional resources for
rearing calves until they reach market weight (Innes et al, 2020).
Cryptosporidiosis is a globally distributed zoonosis (WHO, 2015); therefore,
evaluating the prevalence of this parasitic protozoan in the territory of Latvia is
critically important both for improving herd health and for protecting public
health.

Cryptosporidia are microscopic (4—6 um) parasitic protozoa that localize in
the intestinal epithelium and are characterized by a simple internal structure
without specific external membranes or cilia. Ultrastructural and DNA analyses
indicate high morphological similarity among all Cryptosporidium species
(Dragomirova, 2022). The parasite has a direct life cycle without intermediate
hosts, and the infection is transmitted via mature, immediately infective oocysts
shed in the feces. Following oocyst ingestion, excystation and the release of
sporozoites occur, which infect the epithelial cells of the digestive tract,
undergoing both asexual and sexual reproduction. It should be noted that a
distinction is made between large oocysts, which are shed into the environment,
and small oocysts, which can cause autoinfection within the host's organism
(Pinto and Vinayak, 2021).

Currently, 44 species and 120 genotypes have been identified, of which four
are most characteristic for cattle: C. parvum, C. andersoni, C. bovis, and C.
ryanae. C. parvum oocysts have been found in the feces of up to 70 % of calves
aged one to three weeks (Ryan et al., 2021; Mahdavi et al., 2024), and in certain
holdings, the prevalence of infection can reach 100 % (Santin, Trout and Fayer,
2008). In humans with an adequate immune system, C. parvum and C. hominis
can cause self-limiting diarrhea, but in immunocompromised individuals and
children, the infection can lead to life-threatening conditions (Mak, 2004);
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furthermore, livestock workers are also in a high-risk group (Abubakar et al.,
2007; Vanathy et al., 2017).

The source of infection is oocysts, which possess high dispersal potential and
resistance to environmental factors, maintaining viability in water and soil for
several months (Rahman et al., 2017). Although oocysts are relatively sensitive
to desiccation (Robertson, 1992), conventional drinking water filtration and
disinfection methods are often ineffective, making contaminated water a primary
source of infection (Garber, 1994; Robertson, Campbell and Smith, 1992; Harp
and Goff, 1998). In this context, colostrum plays a decisive role in ensuring the
health of newborn calves. It is a complex secretion containing increased amounts
of nutrients, growth factors, and immune factors (Elfstrand et al., 2002; McGrath
et al., 2016; Puppel et al., 2019). The amount of immunoglobulins (Ig) in
colostrum is up to 100 times higher than in whole milk, dominated by IgG (50—
100 mg/ml), which plays a key role in the formation of humoral immunity and
preventing pathogen adhesion to the intestinal epithelium (Pakkanen and Aalto,
1997; Stelwagen et al., 2009; Kaskous and Fadlelmoula, 2015; Ulfman et al.,
2018).

The intake of high-quality colostrum immediately after birth is the most
critical factor for the transfer of passive immunity. Colostrum quality is
influenced by factors such as cow age, breed, parity (lactation number), calving
season, and the duration of the dry period (Conneely et al., 2013; Morrill et al.,
2012; Nardone et al., 1997; Rastani et al., 2005; Annen et al., 2004). Colostrum
is produced a few days before and after calving, followed by transition milk with
specific protective properties (Quinn et al., 2020; O’Callaghan et al., 2020), the
prolonged feeding of which can improve calf growth (Kargar et al., 2021).
Studies show that delaying colostrum feeding by six to 12 hours significantly
reduces the efficiency of IgG absorption and negatively affects the development
of the intestinal microbiota (Fischer et al., 2018; Pyo et al., 2018). Since the
treatment of cryptosporidiosis is complex and often symptomatic (Chalmers and
Giles, 2010; Meganck, Hoflack and Opsomer, 2014), the introduction of new
preventive methods, such as the Bovilis Cryptium® vaccine, which ensures the
transfer of antibodies to the calf via colostrum, becomes an essential tool for
infection control (NOAH Compendium, 2023). By integrating effective holding
management and the timely use of high-quality colostrum, it is possible to
significantly mitigate the negative impact of cryptosporidiosis on calf health and
farm productivity.

Hypothesis of the Doctoral Thesis

The doctoral thesis puts forward one hypothesis: there is a correlation
between the prevalence and intensity of Cryptosporidium spp. infection in calves
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and the calf feeding regimen, as well as a complex of maternal biological and
environmental factors.

Aim of the Doctoral Thesis

The aim of the doctoral thesis is to determine the factors influencing
Cryptosporidium spp. infection in dairy calves and the species distribution in
Latvia.

Tasks of the Doctoral Thesis

Six tasks have been set for the doctoral thesis:

1. to conduct a pilot study in the Vidzeme region with the aim of
determining the general prevalence of parasitic infections in dairy cow
herds (Publication I);

2. to verify whether a correlation exists between IgG levels in cow

colostrum and calf blood serum and to evaluate its association with

Cryptosporidium spp. infection in calves (Publication II);

to determine Cryptosporidium spp. species in Latvia (Publication III);

4. to verify whether a correlation exists between Cryptosporidium spp.
infection in calves and factors such as dairy cow holding size, cow
breed, parity, calving calendar season, and the duration of the dry period
(Publication IV);

5. to investigate whether a correlation exists between calf infection with
Cryptosporidium spp. and the colostrum and transition milk feeding
regimen in calves (Publication V);

6. to evaluate the prevalence and intensity of Cryptosporidium spp.
infection in calves and cows (Publications I, I1, ITL, IV, V and VI).

W

Novelty of the Doctoral Thesis

The topic of the doctoral thesis is relevant both in Latvia and worldwide, as
it directly affects the dairy industry, which is a long-standing and popular
agricultural sector in Latvia. The quality and quantity of milk obtained from cows
can be influenced by factors such as feeding, housing, and various infections
caused by bacteria or viruses. One factor that can significantly impact the quality
and quantity of the produced output is parasitic infection (Knubben-Schweizer,
2010). Calves that were exposed to severe infections in the first months of life
gain weight more poorly and are weaker compared to peers who were not
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exposed to infections. As a result, when these animals grow up, they exhibit
lower productivity and economic benefit (Dallago et al., 2024).

Regarding beef cattle farming, it is a relatively newer sector, but meat quality
can also be significantly affected by parasitic infections. Protection against
parasitic infections is based on the evaluation of the epizootic situation and the
planning of preventive measures (Forbes et al., 2000; Forbes, 2020). However,
despite the relevance of the sector, a decision was made during the study to
withdraw from further practical examinations of beef cattle. This is explained by
significant differences in animal housing technologies and their temperament:
beef breed cattle are primarily kept extensively (free-range conditions in
paddocks), they are not accustomed to regular direct contact with humans and
are more difficult to restrain. Since sample collection (especially milking
colostrum and coprological testing) requires specific animal restraint, which
without specialized equipment would pose an increased risk of trauma to both
personnel and the animals themselves, continuing the study in this group was
deemed inefficient.

Until 2015, only fragmentary studies were conducted in Latvia, which did not
provide a full picture of Cryptosporidium spp. distribution, and the parasite
species present in the country were not determined, which hindered the
development of preventive measures to reduce and combat the spread of
parasites. It should be mentioned that the spread of Cryptosporidium parvum in
holdings can be potentially dangerous because, upon entering soil and water
reservoirs, it can infect humans, including immunocompromised individuals,
causing severe illness or even death.

Within the framework of the doctoral thesis, more than 2,100 cows were
examined for the presence of Cryptosporidium spp. from more than 190 holdings
across various regions of Latvia and different types and sizes of holdings, which
is the first such large-scale study in the territory of Latvia in the last 30 years.

Structure of the Doctoral Thesis

The doctoral thesis consists of six publications, which combine the study of
Cryptosporidium species diversity in the territory of Latvia and the impact of the
colostrum feeding regimen on the severity of cryptosporidiosis infection in
calves in the first months of life. The first publication of the doctoral thesis
evaluates the general parasitological situation in cow herds in the Vidzeme
region. The second publication evaluates the impact of IgG on the intensity of
Cryptosporidium spp. infection in newborn calves. The third publication studies
Cryptosporidium spp. species in the territory of Latvia. The fourth publication
studies the impact of cow lactation (parity) on the development of
cryptosporidiosis in calves. The fifth publication evaluates calf susceptibility to
Cryptosporidium spp. depending on the colostrum feeding regimen.
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Personal Contribution of the Author

The author of the doctoral thesis has personally planned and ensured all
stages of the research, starting from the development of the scientific concept to
the validation (aprobdcija) of the results. The author developed the
methodological design of the study and ensured its practical implementation.
During the development of the work, the author performed the collection of
biological material—calf coprological and blood samples—in Latvian dairy
farms, as well as organized and managed farm surveys to obtain data on
epidemiological risk factors.

In the laboratory phase, the author personally performed the coprological
examination of samples and modified Ziehl-Neelsen staining for the
identification and microscopic analysis of Cryptosporidium spp. oocysts. The
obtained data were statistically processed, followed by their scientific
interpretation and in-depth comparative analysis with current international
literature findings. The main results of the study are summarized in scientific
publications prepared by the author and presented at international and local
scientific conferences, thus ensuring the publicity and scientific validation of the
research results.
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2. MATERIALS AND METHODS
2.1. Description of sample data (Publications I-V)

A study on the prevalence of Cryptosporidium spp. infection in dairy cow
holdings was conducted in two stages, including a pilot study (I) and a main
study (IL, IIL, IV, V and VI). The main study consists of 5 stages, where each
stage corresponds to one defined task. The total number of animals examined
throughout the study period from 2013 to 2022 was n = 2655, including:

® 975 dairy calves up to three months of age;
e 770 dairy calves aged four to 24 months;
® 910 milking cows older than 24 months.

During the period from 2013 to 2014 (I), the initial study phase or pilot study
was conducted, the aim of which was to determine the provisional situation in
Latvia regarding Cryptosporidium spp. Infection (1% task). Within this phase,
dairy (n = 521) and beef (n = 119) cows were examined in the Vidzeme region.
Animals were divided into four groups: dairy cows aged six months to two years
(n=273) and older than two years (n = 248); beef cows aged six months to two
years (n = 90) and older than two years (n = 29). To determine the composition
of the gastrointestinal parasite fauna, including the prevalence of
Cryptosporidium infection, coprological samples were collected and examined
from 62 cattle holdings: 50 dairy cow holdings and 12 beef cattle holdings. Each
individual dairy cow coprological sample was collected in a separate
polyethylene bag. Beef cattle coprological samples were taken from pastures. All
samples were labeled and delivered to the Parasitology Laboratory of the
Institute of Food and Environmental Hygiene, Faculty of Veterinary Medicine,
Latvia University of Life Sciences and Technologies, within 24 hours.

To achieve the rest 5 tasks set in the doctoral thesis, five independent studies
were conducted, forming the main study of the work, and their results were
published in scientific articles. The animals examined in the first, second, third,
and fourth stages of the main study do not overlap in other studies. The fifth stage
of the main study summarizes the animals examined in all previous stages with
the aim of determining the prevalence of infection within the territory of Latvia.
Before starting sample collection, data were obtained from the Agricultural Data
Centre of Latvia regarding the total number of dairy cattle in the country as of
June 29, 2018 (the start of the main study). Based on this information, the
minimum required sample size (95 % confidence level and 5 % margin of error)
was calculated separately for each study.

To achieve the second task - to verify the correlation between IgG levels in
bovine colostrum and calf blood serum and evaluate its association with
Cryptosporidium spp. infection in calves (II) - the first stage of the main study
was implemented from December 2018 to March 2019, during which bovine
colostrum and fecal samples (n = 114), as well as blood and fecal samples from
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newborn calves (n = 114), were collected in one dairy cow holding. In these
holdings, calves were separated from their mothers immediately after birth and
received two liters of colostrum in two separate feedings within the first 24 hours.
Six milliliters of bovine colostrum were milked immediately after calving; the
milk was labeled, frozen, and stored at —18 °C until delivery to the Microbiology
and Pathology Laboratory of the Institute of Food Safety, Animal Health and
Environment “BIOR”. A bovine fecal sample was also taken within the first 24
hours after calving (Fig. 2.1). Fecal samples from calves were taken on the first,
tenth, and fifteenth days of life; they were labeled and delivered to the
Parasitology Laboratory of the Institute of Food and Environmental Hygiene,
Faculty of Veterinary Medicine, Latvia University of Life Sciences and
Technologies. Coprological samples were collected separately from each calf and
cow in a polyethylene bag. If the amount of feces was too small (especially
during the first days of the calves' lives), native smears were performed. Blood
samples were taken from calves at two days of age, when IgG reaches its
maximum level (Fischer et al., 2018). The sample was taken from the jugular
vein using a 21G size needle, collected in a Vacutainer, labeled, and stored in a
cooler bag at 4 °C until delivery to the Microbiology and Pathology Laboratory
of the Institute of Food Safety, Animal Health and Environment “BIOR” for
further investigation.

0d. 1d. 2d. 10 d. 15d.
| | | . | -
- cow's fecal calve's fecal  calve's blood calve's fecal calve's fecal
sample sample sample sample sample
- colostrum

Figure 2.1. Sampling scheme for the evaluation of the
association between immunoglobulin G and Cryptosporidium spp.
infection intensity in the first stage of the main study

To fulfill the third task, the second stage of the main study was conducted,
which includes a study on the prevalence and species diversity of
Cryptosporidium spp. in dairy cows in Latvia. This was carried out from July
2018 to June 2019 (III), during which 926 individual coprological samples were
collected (790 from calves and cows in holdings, 136 from cows brought to
slaughterhouses) from all regions of Latvia (Figure 2.2). Holdings included in
the study were divided into three groups depending on holding size: small
holdings (1-50 cows, n = 113), medium holdings (50-200 cows, n = 39), and
large holdings with more than 200 cows in the holding (n = 33). Animals were
divided into three age groups: calves up to three months of age (n = 259), calves
and youngstock aged four to 24 months (n = 247), and cows older than 24 months
(n=420).
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This animal age group distribution is based on the clinical picture of the
disease caused by Cryptosporidium spp. and bovine reproduction management:
calves up to three months old are most severely affected; young animals aged
three to 24 months rarely show clinical signs and usually have not yet calved; at
24 months of age, the first calving occurs (Cho and Yoon, 2014; Thompson et
al., 2017). In each holding, from one to 36 individual samples were collected,
which were labeled and delivered to the Microbiology and Pathology Laboratory
of the Institute of Food Safety, Animal Health and Environment “BIOR” within
24 hours. Randomization was limited by the voluntary application of owners for
investigation. Sampling was also conducted in four slaughterhouses: samples
were collected from all slaughtered cows on the day of the visit (§—62 samples
per slaughterhouse). Each sample was collected in a separate polyethylene bag,
labeled, and delivered to the Microbiology and Pathology Laboratory of the
Institute of Food Safety, Animal Health and Environment “BIOR” within 24
hours.
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Figure 2.2. Locations of the holdings included in the study for the
determination of Cryptosporidium spp. species diversity in dairy cows
in Latvia

The third stage of the main study was implemented throughout 2020 to fulfill
the fourth task and verify the association between the probability of
Cryptosporidium spp. infection in calves and factors such as dairy cow holding
size, cow breeds, parity, calving season, and the duration of the dry period (IV).
Coprological samples were taken from 153 calves in 17 holdings, and employees
of each holding answered the questions of our developed questionnaire (see 2.5.
section “Survey”). Before collecting coprological samples from the calves, they
were fed colostrum and transition milk according to the following scheme:
immediately after birth, calves received ~2.5 liters of colostrum, and at least
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another 4 liters in the next 12 hours. Calves were not separated from the cow and
received milk on demand for two weeks. Coprological samples from each calf
were collected on day 14 in a separate polyethylene bag, labeled, and delivered
to the Parasitology Laboratory of the Institute of Food and Environmental
Hygiene, Faculty of Veterinary Medicine, Latvia University of Life Sciences and
Technologies within 24 hours.

425 calves from 39 farms

/@x

Research group A (153 calves) ‘ ‘ Research group B (145 calves) | ‘ Research group C (127 calves)

In the first hours of life (04 h), they receive 2.5 liters of Calves are born at night. It is
colostrum, while in the first 12 hours of life, they receive at least unknown whether they received
4 liters of colostrum. Supervised or, if necessary, assisted with colostrum and whether the amount of
intake. colostrum received was adequate.

‘Within two weeks, they receive Calves are separated from the cow. Milk is received from a bulk

transition milk from the cow on storage tank, where transition milk is diluted with other milk.
demand. Calves are not separated

from the cow.

U J U

Fecal samples are collected from two-week-old calves and used to determine whether the calves are
infected with Cryprosporidium spp.

Figure 2.3. Calf milk feeding regimen for determining the impact of
colostrum and transition milk on Cryptosporidium spp. infection

From December 2018 to December 2020, the fourth stage of the main study
was implemented, during which the fifth task was fulfilled: to verify the
association between the prevalence of Cryptosporidium spp. infection and the
colostrum and transition milk feeding regimen in calves (V). Fecal samples from
425 calves (15 =2 days old) in 39 holdings were examined in this stage. Fecal
samples were taken from the rectum of the calves. The study design is reflected
in Figure 2.3. Coprological samples from each calf were collected in a separate
polyethylene bag, labeled, and delivered to the Parasitology Laboratory of the
Institute of Food and Environmental Hygiene, Faculty of Veterinary Medicine,
Latvia University of Life Sciences and Technologies within 24 hours.

To fulfill the last, sixth task, i.e., to determine the prevalence of
Cryptosporidium spp. infection in Latvia (VI), all 2655 individual dairy cow
coprological samples collected previously from the spring of 2013 to the autumn
of 2022 were analyzed in the fifth stage of the main study. As in previous stages,
the animals included in the study were divided into three age groups: calves up
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to three months (n = 975), calves and youngstock aged four to 24 months (n =
770), and cows older than 24 months (n = 910).

2.2. Laboratory methodology for coprological examination (Publications I-
V)

Coprological examinations were performed in the pilot study and in all four
stages of the main study. Samples were taken from the rectum of calves and cows,
placed in an individual polyethylene bag, labeled, and stored in a cooler bag
during transport to the laboratory until they were placed in a laboratory
refrigerator at 4 °C (Lassen, 2011). Coprological samples were examined within
24-48 hours after delivery to the laboratory. Within the pilot study, standardized
ovoscopic and larvoscopic methods were used for the diagnosis of helminths (I)
(Roepstorff and Nansen, 1998). Laboratory examinations for the pilot study and
the first, third, and fourth stages of the main study were performed at the
Parasitology Laboratory of the Institute of Food and Environmental Hygiene,
Faculty of Veterinary Medicine, Latvia University of Agriculture (I, II, IV, and
V), but samples obtained in the second stage of the main study were examined at
the Institute of Food Safety, Animal Health and Environment “BIOR” (I1I).

In cases where the amount of feces in the rectum of newborn calves up to
three days old was insufficient, native smears were taken on-site. A wooden
cotton swab was moistened with saline and inserted 5—6 cm deep into the calf's
rectum. The swab was glided along the intestinal wall, rotated around its axis,
withdrawn, and placed in a tube with a small amount of saline to prevent drying.
In the laboratory, an impression of the swab was made on a slide, and the sample
was stained using the Ziehl-Neelsen method.

As mentioned previously, Cryptosporidium spp. infection often causes
diarrhea in calves and less frequently in cows. This can be the first sign of illness
that is easy for the owner or keeper to notice. Therefore, samples with clinical
signs of diarrhea were noted during sample collection so that, after counting
oocysts, it could be determined whether infection intensity correlates with
clinical manifestations of gastrointestinal tract disorders. In cows and calves,
feces are usually semi-liquid to solid, brownish in color with a characteristic
odor, and defecation is regular, occurring up to several times a day. In the case of
diarrhea, marked changes in fecal consistency are observed — they become
significantly more liquid or even watery, more frequent, and may contain mucus,
blood, and change color. These changes are often accompanied by signs of
dehydration, such as sunken eyes, dry mucous membranes, lethargy, loss of
appetite, and emaciation (Cho and Yoon, 2014).

Within the pilot study, standardized ovoscopic and larvoscopic methods were
used for the diagnosis of helminths (I) (Roepstorff and Nansen, 1998). To
determine the prevalence and intensity of helminth infection in coprological
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samples, the McMaster method was used. According to this method, four grams
of feces were mixed with 56 ml of NaCl flotation solution to obtain a total volume
of 60 ml. The fecal suspension was filtered through a sieve into a beaker. Using
a pipette, a sample was taken from the middle of the filtrate while stirring. Each
chamber of the McMaster slide was immediately filled with the mixture using a
pipette. After 5 minutes, the slides were examined with a 10x40 objective,
focusing on the upper layer. The number of eggs per gram (EPG) of feces can be
calculated using the formula: count the eggs in both chambers and multiply by
50.

The Baermann method (larvoscopy) was used for the detection of helminth
larvae (I). According to this method, 10 g of feces were placed in a conical glass
with a sieve placed on it. The conical glass was filled with warm water, and the
sieve with coprological material was placed on the glass so that approximately
one-third of the sieve with the material was in contact with the water. The sample
was left for 30 minutes to allow the parasitic larvae to settle at the bottom of the
conical glass. After 30 minutes, the upper layer of the glass was poured off down
to the sediment, and the sediment was poured into a Petri dish and microscoped
at 10x40 magnification.

The detection of Cryptosporidium oocysts took place in both the pilot study
and all stages of the main study (I, II, III, IV, and V). Examination of
coprological samples was performed using the flotation method and a modified
Ziehl-Neelsen staining method. To perform the flotation method, four grams of
feces were taken, placed in a mortar, mixed with 56 ml of saturated NaCl
solution, and stirred with a pestle until a homogeneous mass was obtained. The
resulting solution was poured through a funnel and sieve into a centrifuge tube
(Kuczynska and Shelton, 1999). The material was centrifuged for two minutes at
2000 rpm. As a result, after separating the liquid part, two milliliters of
concentrated material were obtained and used for further staining.

A 10 pl drop of the prepared concentrated fecal material was applied to a
degreased microscope slide, dried at room temperature, and stained using the
modified Ziehl-Neelsen technique (Henriksen and Pohlenz, 1981) with a TB
Stain kit (BD, Ireland). The dried smear was fixed with methanol for 10—15 min,
dried, and passed over a flame several times. Then, carbol fuchsin stain was
poured onto the smear, waited for 25—-30 min, rinsed with water, then 8 % sulfuric
acid solution was poured on, held for 40—60 sec, rinsed a second time with water,
and methylene blue stain solution was poured on. After waiting for 3—5 min, the
preparation was thoroughly rinsed with water, allowed to dry, and microscoped
under oil immersion. Positive controls were predetermined and included in all
stainings. For enumeration, dark red to pink oocysts with typical morphology
were counted in all drops at 100x magnification.

All negative samples from the second stage of the main study (III) were
prepared for fluorescent microscopy using the AquaGlo kit (Waterborne INC,
USA) to detect antibody-labeled Cryptosporidium oocysts. Preparation of
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samples for fluorescent microscopy was performed according to the instructions:
10 pl of fecal material, after a ten-fold thorough dilution, was placed on a 12 mm
Teflon-printed three-chamber slide (Immuno-Cell, Mechelen, Belgium); then the
samples were dried and fixed by immersing the slide in acetone. Later, the
material was stained with FITC-labeled anti-Cryptosporidium/Giardia mAb
(AquaGlo, Waterborne, Inc., USA) for 30 minutes in a humidity chamber, after
which the antibody solution was rinsed with PBS. Brightly stained oocysts with
typical morphology were counted in all chambers at 200x magnification. Each
detected oocyst was considered as 200 oocysts per gram (OPG).

2.3. Determination of Immunoglobulin G levels in colostrum and neonatal
calf blood (Publication II)

To answer the first task and determine whether there is a correlation between
IgG levels in bovine colostrum and calf blood serum and evaluate its association
with Cryptosporidium spp. infection in calves, bovine colostrum and calf blood
samples were collected in one holding over four months within the first stage of
the main study. Colostrum samples were taken from clinically healthy cows from
udder quarters within the first two hours after calving in 6 ml tubes. Blood
samples were taken from the jugular vein of calves on the second day of life
using vacuum venipuncture in 6 ml blood serum tubes. Colostrum and blood
samples were frozen and stored at —80 °C until testing.

The collected calf serum samples and bovine colostrum samples were
examined for bovine immunoglobulin IgG with the ELISA kit “Bovine
Immunoglobulin” (Bio-X Diagnostics, Belgium). Investigations were performed
at the Microbiology and Pathology Laboratory of the Institute of Food Safety,
Animal Health and Environment “BIOR”. A calibration curve was created for
calf serum and bovine colostrum for sample examination. Calf serum samples
were diluted 1/100, and colostrum samples were diluted 1/1000. In the
appropriate chambers of the dilution microplate, 100 pul of the calibration curve
dilutions and diluted samples were transferred; then diluted conjugate was added
to each chamber, mixed, and then 100 pul of the contents were transferred to the
appropriate chambers of the kit microplate.

The microplate was incubated at 21 °C £ 3 °C for one hour. Then the
microplate was rinsed three times with washing solution. Then 100 pl of
chromogen solution was added to each chamber, and the microplate was
incubated at 21 °C £ 3 °C for 10 minutes, protected from light. The reaction was
stopped by adding 50 pl of stop solution to each chamber. The optical density of
the studied samples was determined using a monochromatic ELISA reader
(Thermo Scientific Multiscan FC) with a 450 nm filter.
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2.4. DNA extraction, nested PCR, and sequencing (Publication III)

In the second stage of the main study, DNA was extracted from the obtained
coprological material to determine Cryptosporidium spp. species. The
investigation was performed at the National Veterinary Institute in Uppsala,
Sweden. Genomic DNA was extracted from the pellets obtained after
centrifuging 2 ml of purified fecal sample using the DNeasy PowerSoil kit
(QIAGEN, Hilden, Germany) according to the manufacturer's instructions.
Elution was performed with 80 pl of solution C6 (i.e., the DNeasy PowerSoil kit
elution buffer). Two microliters of each DNA sample were subjected to
polymerase chain reaction (PCR) amplification targeting 18S rDNA, as
described previously (Xiao et al., 1999; Aberg et al., 2019). Nuclease-free water
and C. parvum genomic DNA were used as negative and positive controls.

The first amplification mixture contained 1 X KAPA2G buffer solution
(KAPA Biosystems), 200 uM of each deoxynucleoside triphosphate, 0.5 uM of
each primary primer, and 2 pul of DNA solution with a total volume of 25 pl.
Initial denaturation at 95 °C for three minutes was followed by 40 cycles
consisting of 95 °C for 30 seconds, 61 °C for 30 seconds, 72 °C for one minute,
and a final extension at 72 °C for two minutes. For the second amplification, 2
pl from the first reaction were added to the reaction mixture as specified
previously, except for the secondary primers. The conditions for the nested PCR
reaction were 95 °C for three minutes, followed by 40 cycles at 95 °C for 30
seconds, 63 °C for 30 seconds, 72 °C for one minute, and a final extension at 72
°C for two minutes. PCR products were run by capillary electrophoresis (QIAxel
Advances, QIAGEN, Germany). Products of the expected size (approximately
820 bp) were subjected to sequencing for species identification.

PCR products were cleaned and sequenced in both directions with the
Applied Biosystems® 3130x1 Genetic Analyzer. Forward and reverse sequences
were aligned with BioEdit v7.2.5 software (Hall, 1999) to generate individual
consensus sequences and correct discrepancies. The obtained sequences were
compared with nucleotide sequences deposited in GenBank using BLASTn
(Basic Local Alignment Search Tool) (Altschul et al., 1990). To identify mixed
infections, the CryptoGenotyper Galaxy tool was used (Afgan et al., 2016; Yanta
et al., 2021). All sequences were analyzed using the 18S contig workflow.

2.5. Survey (Publication IV)

To evaluate the factors affecting the prevalence of Cryptosporidium spp.
infection, which are closely related to cow housing conditions, a survey
questionnaire was developed in the third stage of the main study. Questions were
answered by the holding owners or employees before fecal sampling of calves.
The survey questionnaire included several questions with precisely defined
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answer categories, which allowed for systematizing the obtained data and
performing deeper analysis:

1) dairy cow holding size: small (< 10 cows), medium (11-50 cows), and

large holding (> 50 cows);

2) cow breed;

3) parity: 1,2, and > 3;

4) calving calendar season: winter, spring, summer, and autumn;

5) duration of the dry period: <45, 46—64, and > 65 days.

The obtained survey data were used to create a mathematical model. This

model allowed for identifying which of the factors included in the survey are
most closely related to the prevalence of Cryptosporidium spp. infection in cows.

2.6. Statistical data analysis (Publications I-VI)

The age of the cows taken in the statistical data sample ranged from one day
to 24 years. Sample size calculation was performed using the OpenEpi system
(Dean et al., 2015). According to the OpenEpi system, 323 cows were the
minimum number required for this study. The calculation was based on the cow
population size in Latvia as of June 29, 2018 — 395320 cows (Agricultural Data
Centre of the Republic of Latvia, www.ldc.gov.lv), an absolute precision of 10
%, and an expected proportion of Cryptosporidium spp. of 30 %. The aim was to
take samples from at least 900 cows. The sample was proportionally dispersed
across the regions of Latvia, expecting that at a given moment at least 41 % of
cows would shed Cryprosporidium spp. oocysts in the holding where
Cryptosporidium spp. was detected (Lassen, 2011).

To determine whether statistically significant differences exist between two
groups, an independent samples T-test was used if the data were normally
distributed and homogeneous. Otherwise, data were analyzed using the Mann-
Whitney U test. The Kruskal-Wallis H test was used to verify the difference
between three groups. The normality assumption was verified with the Shapiro—
Wilk test and the assumption of homogeneity of variances with Levene's test (1,
1L, VI).

To determine the strength and direction of linear correlation between two
continuous variables, the Pearson correlation test was used. Binomial logistic
regression was performed to determine the influence of IgG in bovine colostrum
and calf blood serum on the probability of Cryptosporidium spp. infection in
calves (IT). Generalized Linear Mixed Modeling (GLMM) was performed to
determine whether explanatory variables (dairy cow holding size, breed, parity,
calendar season, and duration of the dry period) are associated with the
probability of calf infection with Cryptosporidium spp., where the holding
identification number (“FarmID”) was set as a random effect variable (IV).
GLMM was also performed to determine whether the explanatory variable —
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colostrum and transition milk feeding regimens with three categories (three study
groups) — is associated with the probability of calf infection with
Cryptosporidium spp., where the holding identification number (“FarmID”’) was
set as a random effect variable (V).

Akaike Information Criteria (AIC) were used to evaluate which model better
fits the data. Parasite prevalence was calculated as the percentage of cows
infected with Cryptosporidium spp. (I-VI). Statistical tests were performed using
SPSS Statistics version 22 (IBM Corporation, Chicago, Illinois), Jamovi version
2.0.0 (https://www.jamovi.org/), or R (http://www.R-project.org) version 3.3.1,
using the Imed4 package. All statistical analyses were performed with a
significance level of a = 0.05. Immunoglobulin concentrations were calculated
using My Assays software with four-parameter curve-fitting options (II).
Statistical data analyses were performed in Germany at the Friedrich-Loeffler-
Institut, Federal Research Institute for Animal Health (IIT), at the RSU Statistical
Education Laboratory (II, IV, V, and VI), and at the Faculty of Veterinary
Medicine of the Latvia University of Life Sciences and Technologies (1)

2.7. Ethical aspects

All procedures performed in studies involving animals were in accordance
with ethical standards. The activities were carried out as part of standard
agricultural and zootechnical practice, without causing pain, suffering, or stress
to the animals. For the collection of blood samples, permission No. 19/1 was
obtained on July 7, 2019, from the Animal Welfare and Protection Ethics Council
of the Latvia University of Agriculture.

62



3. RESULTS AND DISCUSSION
3.1. Main results of the pilot study (Publication I)

Cryptosporidium spp. are parasites known worldwide, causing serious
problems for both animal and human health. To date, relatively little has been
known about these protozoa in Latvia, as studies have been fragmentary and
insufficient to provide a comprehensive picture of their distribution. This is
precisely why the initial research phase — the pilot study conducted from 2013
to 2014 in the Vidzeme region — became a crucial first step in investigating the
prevalence of Cryptosporidium spp. infection in Latvian herds. This work
emphasized the need to pay greater attention to this problem in our country, as
cryptosporidiosis is a potentially dangerous disease not only for calves but also
for humans due to the risk of zoonosis.

The pilot study (Figure 3.1.) showed that the prevalence of protozoa in cow
holdings is the highest. Among them, Cryptosporidium spp. ranked first with a
prevalence ranging from 19 % to 32.6 %. The prevalence of Cryptosporidium
spp. significantly differed between cows and youngstock (p < 0.05), with
youngstock being exposed to infection nearly twice as often as cows.

Cryptosporidium spp. 345

Eimeria spp.
Trichostrongylus spp.
Moniezia spp.

Neoascaris vitulorum

Parasite Taxa

Fasciola hepatica

Paramphistomum spp.

Dictyocaulus viviparus

L '1 5 B Cow aged 6 months to 2 years
Trichuris spp. 2
0.4 Cow older than 2 years
Strongyloides papillosus L
0 5 10 15 20 25 30 35

Prevalence, %

Figure 3.1. Prevalence (%) of gastrointestinal parasite infections in dairy
cows in the Vidzeme region (2013-2014 pilot study data)
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Based on the average prevalence rate, protozoa were followed by cestodes
(Moniezia spp.—average prevalence 6.2 %), nematodes (Strongylus spp.,
Neoscaris spp., Trichuris spp., Strongyloides spp., Dictyocaulus spp. — average
prevalence 4.9 %), and trematodes (Fasciola spp., Paramphistomum spp. —
average prevalence 1.7 %).

The higher prevalence of protozoa compared to other types of parasites can
be explained by their high reproductive potential, speed, and possibility of
autoinfection, low definitive host specificity, easy fecal-oral transmission, and
resistance in the environment. Several studies have reported that
Cryptosporidium spp., Eimeria spp., and Giardia spp. parasites cause intestinal
disease outbreaks in humans and animals (Fu et al., 2023). Furthermore, parasites
such as Strongyloides spp., Cooperia spp., Chabertia spp., Ostertagia spp.,
Haemonchus spp., Trichostrongylus spp., Buenostomum spp., Teladorsagia spp.,
Nematodirus spp., and Trichuris spp. are frequent infections in calves, both
individually and as co-infections with cryptosporidia (Delling and Daugschies,
2022).

Despite the identified diversity of calf parasitofauna, it is specifically
Cryptosporidium infection that causes concern among farmers, veterinarians,
and physicians. Every year, mass outbreaks of human cryptosporidiosis caused
by C. parvum are reported worldwide, where cows, small ruminants, and water
serve as sources of human infection (Caffarena et al., 2020). Parasite infection
poses not only health risks to humans but also significant economic losses in
agriculture. For example, in Mexico, it was estimated that bovine parasitic
infections cause losses of several hundred million euros related to reduced milk
production, delayed weight gain, or contamination of livestock by-products
(Rodriguez-Vivas et al., 2017).

To effectively avoid the negative impact of parasitic infection, it is necessary
to implement strict parasite control. However, this is only possible if the exact
distribution and intensity of the infection are known. Until now, Cryptosporidium
spp. infection in cows in Latvia has not been studied; therefore, further studies
within the doctoral thesis will focus on factors influencing the intensity of calf
cryptosporidiosis, as well as the distribution and species diversity of the infection
in Latvia.

3.2. Correlation between Cryptosporidium spp. infection and IgG
concentration in dairy cow colostrum and calf blood serum (Publication II)

Colostrum is an integral component of newborn calf health, providing not
only nutrients but also passive immunity, which is critical during the first days
and weeks of life. The main role in this transfer of immunity is played by
immunoglobulins, especially immunoglobulin G (IgG) (McGrath et al., 2016).
Since Cryptosporidium spp. infection most often affects the youngest calves, a

64



logical question arises: is there a correlation between the IgG level a calf receives
with colostrum and circulates in its blood, and its susceptibility to
cryptosporidiosis? The first stage of the main study was dedicated to seeking an
answer to this question.

To investigate this correlation, a study was conducted including 114 cows and
their calves from dairy cow holdings in Latvia. A colostrum sample was taken
from each cow immediately after calving, and a blood sample was taken from
two-day-old calves, when IgG levels reach their peak. Along with this, calf fecal
samples were collected on days 1, 10, and 15 after birth to determine the presence
of Cryptosporidium spp. infection.

IgG concentration in colostrum and calf blood serum was measured using the
ELISA (Enzyme-Linked Immunosorbent Assay) method, which is a standard
technique for quantitative antibody determination. Cryptosporidium infection
was diagnosed using the Ziehl-Neelsen method, which allows for the accurate
identification of oocysts in fecal samples.

Data are presented as the arithmetic mean and standard deviation. 1gG
concentration in cow colostrum was higher (70.7 £+ 26.6 g/L) than in calf blood
serum (13.2 £ 6.1 g/L); the statistically significant difference was 57.4 g/L (95
% CI, 52.4-62.4), t (124.872) = 22.536, p < 0.001. IgG concentration in calf
blood is directly related to colostrum feeding (Drikic et al., 2018). Although an
immunological link exists between maternal immunity and passive transfer of
immunity to offspring (Hurley, 2003), and it is reported that IgG is a protective
substance against various pathogens (Yersinia enterocolitica, Campylobacter
jejuni, Escherichia coli, Klebsiella pneumoniae, Serratia marcescens,
Salmonella typhimurium, Staphylococcus, Streptococcus), no correlation was
found within the doctoral thesis between the IgG level in cow colostrum and the
probability of Cryptosporidium spp. infection in calves (Ulfman et al., 2018).

Analysis of coprological samples showed clear infection dynamics in calves
during the first two weeks of life. Specifically, on day 1, none of the calves were
infected with Cryptosporidium spp. (prevalence 0 %). However, the situation
changed drastically later: on day 10, the prevalence of infection reached 26.3 %,
and on day 15, it increased to 45.6 %.

This rapid increase indicates an intensive infection process specifically
during this critical period: the first days of life, when specific immunity has not
yet developed. The Mann-Whitney U test confirmed a statistically significant
difference in oocyst shedding between day 10 and day 15 (U = 1944, z = 2.330,
p =0.020), with a higher median oocyst count on day 15 than on day 10. It should
be noted that the level of infection in calves during this period was at least three
times higher than that of their mothers (prevalence in cows was lower).

To evaluate the correlation between IgG concentration and Cryptosporidium
spp. infection in calves, a correlation analysis was performed. A statistically
significant moderately strong positive correlation was found between IgG
concentration in cow colostrum and calf blood serum (r (114) =0.414; p=0.001)
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(Figure 3.2.). In contrast, no statistically significant correlation was found
between IgG concentration in calf blood serum and the intensity of
Cryptosporidium spp. infection (p > 0.05).
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Figure 3.2. Correlation between IgG concentration in cow colostrum
(0-2 hours post-calving) (n = 114) and in calf blood serum on the
second day of life (n = 114)

To evaluate the probability that the amount of Cryptosporidium spp. oocysts
in calf coprological samples decreases as the IgG level in calf blood serum
increases, a logistic regression analysis was performed. The results showed that
the developed model was not statistically significant either on day 10 (X*(2) =
0.013; p=0.99) or on day 15 (X2(2) =0.100; p=0.95). This means that no causal
relationship was found between the IgG concentration in either cow colostrum
or calf blood serum and Cryptosporidium spp. infection in calves.

Previous studies on the distribution of Cryptosporidium in the USA by
Lemeteil et al. (1993) and in China by Gong et al. (2017) coincide with our
findings that calves have a higher prevalence of infection than cows. Santin et al.
(2004) concluded that the distribution of Cryptosporidium species is related to
the age of calves during the pre-weaning and post-weaning periods. Harp et al.
(1990) proved that infection and recovery in calves (up to 3 months of age) can
protect them from repeat C. parvum infection. Most likely, these findings
indirectly emphasize the importance of adaptive immunity in Cryptosporidium
infection. However, Gong et al. (2017) indicated that Cryptosporidium
species/subtypes differ across various cow age groups, suggesting that infection
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with one Cryptosporidium species and subsequent recovery does not guarantee
immunity against other Cryptosporidium species. Thompson et al. (2017)
assumed that the parasite's ability to infect an animal is related to changes in the
intestinal microflora during animal maturation, but unfortunately, there are no
experimental studies proving this in cows.

Colostrum contains not only IgG but also a range of other immunoglobulins
that also ensure an effective immune response. For example, IgA, which accounts
for 5-10 % of the total amount of immunoglobulins, is a high-molecular-weight
protein that is not absorbed but remains on the surface of the mucosa, providing
local protection (Pakkanen and Aalto, 1997; Playford, Macdonald and Johnson,
2000; Blum, 2006). It is possible that its level is a better predictor of the
possibility of Cryptosporidium infection than the IgG level. Elison et al. (2011)
report that the IgM response occurs immediately after acute infection and its level
decreases within a few weeks, whereas the IgG response appears more slowly
but persists for a longer period. Thus, a study of total IgA, IgM, and IgG levels
in the first days of calf life in relation to the level of Cryptosporidium infection
would be a new research direction for the future. It must not be forgotten that the
immune response to Cryptosporidium infection includes both innate and adaptive
immunity. Numerous studies have described the roles of T and B cells, natural
killer cells, dendritic cells and macrophages, intestinal epithelial cells, gamma
interferon, nitric oxide, antimicrobial peptides, prostaglandins, cytokines, and
chemokines in building the immune response against Cryptosporidium (Leitch
and He, 2011; Vanathy et al., 2017). Consequently, it may not be correct to
evaluate only the IgG level in the development of immunity directed against
Cryptosporidium. Most likely, it is the result of the action of multiple cells and
chemical compounds.

Upon obtaining these results, the idea arose to test whether colostrum feeding
affects the Cryptosporidium infection. This would prove that even though IgG
does not directly affect the infection, in the case of cryptosporidiosis, the passive
transfer of immunity to offspring through colostrum is of greater importance than
innate and adaptive immunity. This assumption was formulated in the and fourth
and fifth tasks of the work and investigated in the third and fourth stages of the
main study.

3.3. Diagnosed species of the genus Cryptosporidium in Latvia (Publication
111)

To fully understand the epidemiology of cryptosporidiosis in the Latvian cow
population, it is not sufficient only to determine the prevalence and intensity of
infection. It is also essential to find out which specific species of the genus
Cryptosporidium are present, as different species may have varying
pathogenicity and epidemiological significance, including zoonotic potential.
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Therefore, the third tasks of the doctoral thesis and the second stage of the main
study was to perform molecular typing to identify the Cryptosporidium species
circulating in Latvia.

To identify Cryptosporidium species, molecular diagnostics was used, which
is the gold standard for detecting such protozoa. In the study covering the period
from 2018 to 2019, 926 coprological samples were collected from cattle in
various Latvian farms and slaughterhouses. The samples were analyzed using
polymerase chain reaction (PCR), which amplified specific DNA fragments, and
a sequencing method to accurately determine species and genotypes. This
approach ensured high precision and allowed for the detection of even rare
species.

Molecular analysis revealed a diverse picture: six different Cryptosporidium
species were identified in Latvian cows. Detailed data on the frequency of
occurrence of each species, their association with animal age, and diarrhea are
summarized in Table 3.1.

Table 3.1. Epidemiological indicators of Cryptosporidium species in
Latvian cattle

Species Total Proportion Median Age range Samples
samples (95 % TI) age (months) from cows
(months) with
diarrhea
(95 % CI)
C. parvum 62 45.9 3.0 0.03-111.0 41.9
(37.8-54.3) (30.4-54.3)
C. bovis 29 21.5 3.5 0.2-172.0 414
(15.4-29.2) (25.5-59.3)
C. andersoni 22 16.3 17.5 0.09-197.0 22.7
(11.0-23.5) (9.7-43.9)
C. ryanae 11 8.1 6.0 0.2-70.0 18.2
(4.5-14.1) (4.0-48.9)
C. scrofarum 1 0.7 20.0 0.0
(0.04.5)
C. ubiquitum 1 0.7 84.0 100.0
(0.04.5)
C. parvum / 3 2.2 0.06 0.03-3.0 100.0
C. bovis (0.5-6.6)
C. parvum / 1 0.7 16.0 0.0
C. andersoni (0.0-4.5)
C. parvum / 1 0.7 1.2 100.0
C. ryanae (0.0-4.5)
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Species Total Proportion Median Age range Samples
samples 95 % TID) age (months) from cows
(months) with
diarrhea
(95 % CI)
C. bovis / 1 0,7 147.0 100.0
C. andersoni (0.0-4.5)
C. bovis / 3 2.2 11.0 1.0-55.0 333
C. ryanae (0.5-6.6) (1.7-86.8)
All species 135 414 4.5 0.03-197.0 38.5
(36.5-46.8) (30.646.9)

Note: The total proportion of isolates (%) is calculated relative to the number of
successfully genotyped positive samples. The occurrence of diarrhea is expressed as a
percentage of the total number of samples for the respective species or mixed-type
infection. CI — 95 % confidence interval.

Out of 326 cow and calf coprological samples collected from 54 holdings and
microscopically positive for Cryptosporidium spp., Cryptosporidium spp. DNA
was successfully amplified and sequenced in only 41.4 % (n = 135) of the
samples. In total, six Cryptosporidium species were identified: C. parvum, C.
bovis, C. andersoni, C. ryanae, C. scrofarum, and C. ubiquitum.
Cryptosporidium scrofarum and C. ubiquitum were identified in only one
separate sample each, which is not diagnostically significant.

In our study, using the CryptoGenotyper tool, 31 out of 135 samples were
found to have Cryptosporidium spp. infection with mixed pathogens. Three
samples had C. parvum / C. bovis, three had C. bovis / C. ryanae, one had C.
parvum | C. ryanae, one had C. parvum / C. andersoni, and one had C. bovis / C.
andersoni mixed infections.

At least one Cryptosporidium spp. species was identified in cows in 55.6 %
(95 % CI 42.2-68.4 %) of holdings, at least two species were identified in 31.4
% (95 % CI120.2-77.7 %) of holdings, but three or more Cryptosporidium species
were diagnosed in 13.0 % (95 % CI 5.9-24.0 %) of the examined holdings.

Cryptosporidium parvum was found in cows from 63.0 % (95 % CI 49.6—
75.0 %) of holdings, followed by C. bovis in 37.0 % (95 % CI 25.0-50.4 %), C.
andersoni in 37.0 % (95 % CI 25.0-50.4 %), and C. ryanae in 26.0 % (95 % CI
15.6-38.8 %).

The species C. parvum and C. bovis were diagnosed in some calves as early
as the second day after birth. Other authors' publications mention that C. parvum
is more often diagnosed in calves aged 5 to 12 days, but C. bovis in calves aged
10 to 12 days (Faubert and Litvinsky, 2000; Fayer et al., 2005; Silverlas et al.,
2009; Wu et al., 2020). It should be noted that infection with cryptosporidia
occurs as early as the first hours after birth. Therefore, in cases where a calf's
immunity is lowered or they are not fed a sufficient amount of colostrum,
cryptosporidia can appear in coprological samples on the second or third day of
life (Bjorkman et al., 2015; Garro et al., 2016).
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In previous studies, C. parvum was often identified in calves during the pre-
weaning period, whereas C. bovis and C. ryanae were found in weaned calves,
and C. andersoni in adult cows (Santin et al., 2008). Since the duration of the
calf weaning period in various Latvian holdings may differ depending on the cow
breed and the number of housed animals, it cannot be claimed that there is a link
between species occurrence and the weaning period. Only C. andersoni was
more prevalent in older animals, whose median age was 17.5 months. The
youngest calf infected with C. andersoni was only three days old and shed 400
OPG, which once again proves that this species is age specific.

In this study, C. parvum was the dominant species found in young calves
(13600 OPQG), as well as in nine-year-old cows (1400 OPG). In one organic
holding, a seven-year-old cow infected with C. parvum shed many oocysts
(128800 OPQG). Information about holdings with high Cryptosporidium intensity
can also be useful for human physicians, as the figures we obtained allow us to
state that there is a very high zoonotic risk in Latvia. It is worthwhile to check
the water and soil around holdings to determine their contamination with C.
parvum 00Cysts.

In an attempt to find out which species most often causes clinical signs of
illness, i.e., diarrhea, the association of each species with diarrhea in different
age groups was analyzed. The results clearly showed that although C. parvum is
prevalent in all age groups, it most often causes clinical diarrhea specifically in
the youngest calves (up to three months of age). 70 % of calves in this group who
were found to have C. parvum also had diarrhea (Table 3.2). According to
literature data, C. parvum can cause severe illness in calves, which usually
manifests as intense diarrhea (Abeywardena et al., 2015). Outbreaks with high
calf mortality from C. parvum have also been described in Estonia (Lassen and
Talvik, 2009; Niine et al., 2018).

Table 3.2. Prevalence and proportion of oocyst isolates in cows with
diarrhea in different age groups depending on the Cryptosporidium species

Age group Cryptosporidium Number / Proportion of
species proportion of isolates in calves
isolates with diarrhea
(95 % CI) (95 % TI)
0-3 months C. parvums 30.0/52.6 70.0 (52.1-83.3)
(39.9-65.0)
C. bovis 20.0/35.1 65.0 (43.3-81.9)
(24.0-48.1)
C. andersoni 5.0/8.8(3.8-18.9) 40.0 (11.8-76.9)
C. ryanae 2.0/3.5(1.0-11.9) 0.0 (0.0-65.8)
Total 57.0/45.6 63.2 (50.2-74.5)
(37.1-54.3)
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Age group Cryptosporidium Number / Proportion of
species proportion of isolates in calves
isolates with diarrhea
(95 % CI) (95 % TI)
4-24 months C. bovis 8.0/22.9 25,0 (7,2-59,1)
(12.1-39.0)
C. andersoni 8.0/22.9 25,0 (7,2-59,1)
(12.1-39.0)
C. ryanae 50/143 40,0 (11,8-76,9)
(6.3-29.4)
Total 35.0/28.0 17,1 (8,1-32,7)
(20.9-36.4)
> 24 months C. parvums 13.0/41.9 0.0 (0.0-22.8)
(26.4-59.2)
C. bovis 6.0/19.4 16.7 (3.0-56.4)
(9.2-36.3)
C. andersoni 8.0/25.8 12.5(2.247.1)
(13.7-43.3)
C. ryanae 4.0/129 0.0 (0.0-49.0)
(5.1-28.9)
Total 31.0/24.8 6.5 (1.8-20.7)
(18.1-33.1)

Note: The total proportion of isolates (%) is calculated relative to the number of
successfully genotyped positive samples. The occurrence of diarrhea is expressed as a
percentage of the total number of samples for the respective species or mixed-type
infection. CI — 95 % confidence interval.

In older calves, the proportion of C. parvum in samples is still the highest
compared to other Cryprosporidium species, but clinical signs of diarrhea are not
identified. This can complicate infection control, as an animal without clinical
signs of disease is considered healthy, is not isolated from others, and is not
treated. In the case of C. parvum, this situation can be critical and potentially
dangerous for humans as well.

Cryptosporidium bovis was prevalent in all age groups, and the highest
proportion of infected calves was in animals up to three months old, as well as
the highest proportion of diarrhea associated with C. bovis infection was
observed in this same age group.

The prevalence of Cryptosporidium andersoni infection in the calf age group
up to three months is very low, which is related to the fact that C. andersoni
localizes in the glandular cells of the abomasum. Accordingly, until these are
sufficiently developed in calves, this Cryptosporidium species should not cause
clinical disease. Interestingly, a higher proportion of calves with diarrhea where
C. andersoni infection was also identified was observed in this same calf group.
Similarly, C. ryanae causes diarrhea only in the age group from 4 to 24 months.
This is explained by the fact that in these cases, they were not C. andersoni or C.
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ryanae mono-infections, but mixed infections with C. parvum and C. bovis.
There are known cases where the presence of C. andersoni was identified in
previously weaned calves, although this species is always more associated with
post-weaning calves or mature cows (Silverlas et al., 2010; Huetink et al., 2001;
Enemark et al., 2002).

If we compare the prevalence of C. andersoni and C. ryanae infection in the
context of the general situation in calves, it was rarely diagnosed. Most of the
infections caused by C. ryanae were asymptomatic, which also corresponds to
the observations of Fayer et al. (2008).

3.4. Impact of cow lactation number and holding size on Cryptosporidium
spp. infection in calves (Publication IV)

Having obtained negative results in the study on the effect of IgG levels in
calf blood serum on the possibility of developing cryptosporidiosis, a fourth task
was set: to check other factors that could influence calf infection with
Cryptosporidium spp. It was important to create a knowledge base that could be
easily applied in holdings to reduce the risks of cryptosporidiosis. Therefore, the
following factors were considered within the doctoral thesis: cow lactation
number (parity), holding size, dry period, calving season, and cow breed. The
impact of these factors was studied by analyzing a total of 153 coprological
samples collected from calves in 17 different dairy cow holdings in Latvia. In
addition to sampling, a survey of farm owners or employees was also conducted.
The main data processing method was regression analysis, with the help of which
the most significant factors affecting the probability of Cryptosporidium spp.
infection in calves were selected.

The proportion of independent variable (factor) categories characterizing the
sample data is reflected in Figure 3.3.

When examining coprological samples, it was found that 26.1 % of calves
were positive for Cryptosporidium spp. The presence of diarrhea signs was also
recorded in 15 % of Cryptosporidium spp. positive cows. The prevalence of
Cryptosporidium spp. infection (26.1 %) was slightly higher than in a similar
study in Estonia (23 %) (Santoro et al., 2019). Overall, the prevalence of
infection does not differ significantly from what was identified in other studies
of the doctoral thesis (I, ITI, and V).
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Figure 3.3. Percentage distribution of cows across different sample
groups for the assessment of maternal biological and environmental
factors.
The percentage of cows is calculated from the total number of animals examined
in the study (n=153).

To find out which of the factors included in the survey are most closely
related to calf infection, generalized linear mixed modeling (GLMM) was used,
where the holding identification number was included as a random effect to take
into account possible differences between holdings. The analysis revealed a
statistically significant impact of two factors: cow lactation number (X*(2) =
15.83, p <0.001) and holding size (X*(2) = 8.68, p = 0.013). Other factors, such
as cow breed, calving season, and duration of the dry period, did not show a
statistically significant association with the probability of Cryptosporidium spp.
infection in calves in this model.

Delving into the impact of lactation number, the first lactation was chosen as
the reference group in the regression model. Comparison showed that calves that
consumed colostrum from the second lactation had a significantly lower chance
of being infected with Cryptosporidium spp. (B =-1.723,z=-3.073, p =0.002,
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OR = 0.18). This means the risk decreased on average by 82 % (or 0.18 times;
95 % CI 0.05-0.54) compared to calves from first-lactation cows. An even more
pronounced protective effect was observed in calves that consumed colostrum
from the third or later lactation (B =-2.181,z=-3.71, p<0.001, OR =0.11). In
this case, the risk of infection decreased on average by 89 % (or 0.11 times; 95
% CI 0.03-0.36) compared to the reference group. This observed effect of the
lactation number is most likely related to changes in colostrum quality: with each
year, a cow is exposed to more pathogens present in the holding, and her immune
system produces more antibodies, which enter the colostrum. For example,
Morrill et al. (2012) discovered that with each subsequent lactation, IgG
concentration increases and the somatic cell count decreases. Although it was
identified in this study regarding IgG that its level does not affect
Cryptosporidium infection, this question was not studied from the perspective of
the cow's lactation number. Gulliksen et al. (2008) point out that older cows
produce colostrum with a higher antibody concentration than younger ones, as
older cows are exposed to antigens for a longer period than younger ones
(Quigley et al., 1994; Tyler et al., 1999).

The regression model of the doctoral thesis showed that small holdings were
a statistically significant predictor of the chance of calves being infected with
Cryptosporidium spp. (B = —1.624, z = -2.843, p = 0.004, OR = 0.20). Cow
calving in small holdings reduces the chance of calves being infected with
Cryptosporidium spp. on average by 0.20 times (or by 80 %; 95 % CI 0.06—-0.60)
compared to large holdings. Factors such as medium and large holding size did
not show a significant impact on the chance of calves being infected with
Cryptosporidium spp.

Colostrum quality may differ across various cow breeds (Tsuji et al., 1990;
Kessler, Bruckmaier, and Gross, 2020). However, there is no evidence that cow
breed can influence Cryptosporidium infection. Our study also did not show a
correlation between Cryptosporidium infection and cow breed. It is possible that
there is no obvious difference in the protective ability against pathogens among
many cow breeds (Murphy et al., 2005).

From everything mentioned above, it can be concluded that holding size and
cow lactation number indirectly affect milk quality. Although holding size cannot
directly influence the quality of colostrum or transition milk, there are many
indirect factors that distinguish large and small holdings, such as labor
organization.

Large holdings operate as enterprises where professionals are employed to
maintain animals in optimal conditions and to obtain maximum production
results. In large holdings, an individual approach and tracking of a cow's health
status are provided less frequently. In contrast, small holdings are family-owned
and use services from various specialists, such as veterinary assistance, as an
external service. Therefore, animals from holdings of different sizes are provided
with different care. In large holdings, an obligatory dry period is more often set
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for cows, while in small holdings, this period can be adjusted individually,
considering the cow's health, behavior, and other factors. Also, from the
perspective of environmental parasitic contamination, the situation in large,
medium, and small holdings may differ. In small holdings, it is easier to maintain
a clean environment with the lowest parasitic contamination.

In small holdings, calves are usually born in the winter and spring seasons,
but in large ones, calves are born all year round. The results of this study suggest
that in large holdings, calves have a higher chance of being infected with
cryptosporidia compared to small holdings. This can be explained by the fact that
in large holdings, animals are kept in high density in one place, and this density
affects the possibility that parasites will encounter new hosts. When studying the
species diversity of Cryptosporidium, we identify that it is specifically the calves
that shed more Cryptosporidium oocysts into the environment. Accordingly, if in
small farms calves are born only in a specific season, then the environmental
contamination will also be lower compared to medium and large farms where
calves are born throughout the year. Mennerat et al. (2010) have described in
detail how intensive agriculture can influence the distribution of parasites.

Seasonal differences play an important role in the transmission of infections;
for example, high outdoor temperatures and high rainfall are associated with the
risk of Cryptosporidium infection (Jagai et al., 2009). However, no effect of
seasonality was found on the probability of parasitic infection in calves. This
suggests that the main factor influencing the distribution of Cryptosporidium
infection in calves is the animal housing conditions in the holdings. Most likely,
calves can be infected with parasites not only in pastures, where weather
conditions change seasonally, but also in other places where calves are kept for
a longer period.

It should be noted that oocysts are the resistant forms of cryptosporidia, which
allows them to survive in unfavorable environmental conditions. This indicates
that parasites can spread and infect calves regardless of whether it is summer or
winter (Robertson, Campbell, and Smith, 1992).

The duration of the dry period was carefully studied and proved to affect milk
and colostrum production volume, IgG concentration in colostrum, mastitis risk,
cow postpartum metabolism, and cow energy balance (Rastani et al., 2005;
Annen et al., 2004; Bertics et al., 1992; Collier, Annen-Dawson, and Pezeshki,
2012; Watters et al., 2008). In contrast, there is no evidence regarding the impact
of the dry period duration on calf health status (Andrée et al., 2018), although for
cows with a short dry period, colostrum has a lower IgG concentration (Rastani
et al., 2005). No correlation was found in this study between the duration of the
dry period and Cryptosporidium infection. However, it cannot be excluded that
the results of the study were influenced by the fact that too large a percentage of
cows, i.e., 69 %, had an eight-week dry period. In Latvia, farmers rarely shorten
or lengthen a cow's dry period.
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3.5. Probability of Cryptosporidium spp. infection in calves with different
feeding regimens (Publication V)

To gain a deeper understanding of the factors influencing Cryptosporidium
spp. infection in calves, a fifth task was set and a study was conducted with a
particular focus on the role of different feeding regimens. The aim of this study
was to find out if and how specific feeding strategies, especially the use of
colostrum and transition milk, correlate with the risk of cryptosporidiosis in
calves. To do this, calves were divided into three groups, each with a different
feeding regimen:

e Study group A (reference): in this group, calves received colostrum
timely and in sufficient quantity and then continued to receive transition
milk for at least two weeks. This group served as the control or reference
group in the regression model, against which the other regimens were
compared;

o study group B: calves in this group also received colostrum timely and
in sufficient quantity, but then switched to regular milk (whole milk or
milk replacer) instead of transition milk;

o study group C: this group included calves for whom it was not exactly
known if they received colostrum timely and in sufficient quantity. After
potential colostrum intake, these calves continued to receive regular milk.

Analyzing a total of 425 calf coprological samples, it was found that on
average 35.3% of calves had a positive Cryptosporidium spp. finding. Clinical
signs of diarrhea were recorded in 20.6% of infected calves. The percentage
distribution of Cryptosporidium spp. positive and negative calves, as well as the
percentage distribution of calves with clinical signs of diarrhea (including those
without cryptosporidia) in each study group, is summarized in Figure 3.4.

The obtained results regarding Cryptosporidium oocyst shedding (average
prevalence = 35.3 %, from 26.1 % to 44.1 %) are the same as those reported from
Estonia — 30 % (Lassen et al., 2009) and 23 % (Santoro et al., 2019); however,
they significantly differ compared to Lithuania — 67 % (Lassen and Jérvis,
2009), which is primarily explained by the small sample size in that study (7
holdings, 15 coprological samples from each).

The regression model was significant (X* (2) = 8.62, p = 0.0013), showing
that different feeding regimens are statistically significantly associated with the
probability of Cryptosporidium spp. infection in calves. The study results showed
that colostrum and transition milk feeding regimens are associated with
Cryptosporidium infection. This means that both colostrum and transition milk
play an important role in pathogen infection control. The most effective
combination against parasitic infection is the timely intake of an appropriate
amount of colostrum, followed by transition milk consumption for at least two
weeks before weaning from the mother.
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Figure 3.4. Occurrence of Cryptosporidium spp. infection and diarrhea in
calves according to colostrum and transition milk feeding regimens
First study group: calves receive an adequate amount of colostrum during the first
hours of life and remain with the cow for 2 weeks. Second study group: calves receive
an adequate amount of colostrum during the first hours of life, are separated from the
cow, and receive milk from a bulk milk storage tank. Third study group: calves are born
at night, are separated from the cow, and receive milk from a bulk milk storage tank.

The regression model showed that the feeding regimen of the second research
group statistically significantly predicted the chance of calves being infected
with Cryptosporidium spp. (B = 0.643, z=2.00, p = 0.046, OR = 1.901). This
indicates that for calves belonging to the second research group, the chance of
being infected with Cryptosporidium spp. increases on average by 1.90 times (95
% CI 1.012-3.574) compared to calves from the first research group.

Similarly, the feeding regimen of the third research group statistically
significantly predicted the chance of calves being infected with Cryptosporidium
spp- (B =0.901, z=2.93, p = 0.003, OR = 2.469). This means that for calves
belonging to the third research group, the chance of being infected with
Cryptosporidium spp. increases on average by 2.47 times (95 % CI 1.35-4.52)
compared to calves from the first research group.

The protective properties of colostrum were repeatedly studied and mainly
explained by the transfer of immunoglobulin (e.g., IgG) from cow to calf upon
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colostrum intake (Robbers et al., 2021). Our previous studies have not shown a
correlation between IgG levels in cow colostrum and Cryptosporidium infection
in calves; possibly innate and adaptive immunity play a greater role in the
immune response against Cryptosporidium species than the transfer of maternal
passive immunity to offspring.

The results of this study suggest that timely and appropriate colostrum intake
still plays an important role in Cryptosporidium infection in calves, suggesting
that the role of other colostrum bioactive compounds (growth factors, hormones,
cytokines, enzymes, polyamines, nucleotides, antibacterial components, etc.)
should not be underestimated. Immunoglobulins together with bioactive
compound components form a complex system in which several elements
interact with each other, forming a single universal barrier against pathogens
(Thomson et al., 2017). Furthermore, the results of this study (increased diarrhea
percentage) indirectly showed that colostrum intake should be controlled so that
it is taken immediately after birth, which significantly reduces the chance that a
pathogen will enter and develop in the organism. Calves fed immediately after
birth (0 h) had a higher serum IgG concentration compared to calves fed six and
12 hours after birth, and this also influenced the formation of the calf's intestinal
microbiome (Fischer et al., 2018).

The results of this study showed that calves fed with transition milk for at
least two weeks after colostrum feeding have a significantly lower chance of
clinically falling ill with cryptosporidiosis and diarrhea compared to calves
receiving colostrum and then whole milk. These results are confirmed by the
study of Conneeley et al. (2014) and Kargar et al. (2021) on the health status of
calves who were also fed transition milk. Kargar et al. (2021) proved that
extending the duration of transition milk feeding positively affects calf weight
gain and reduces the probability of diarrhea (watery feces — the cause of
diarrhea is unknown). This is explained by the higher concentration of some
bioactive compounds compared to whole milk (McGrath et al., 2016; Fischer et
al., 2018).

Skipping transition milk intake is always related to the weaning process,
when a calf is exposed to several stressful situations. A calf that is not weaned
from the mother receives milk on demand in an unlimited quantity, whereas a
weaned calf is subjected to a specific feeding program that may not meet the
calf's individual physiological needs. This affects the development of the
gastrointestinal system, which serves as the first barrier to infections (Meale et
al., 2017). The second stress factor is the movement of the animal to a separate
housing area, where it lives in a restricted territory together with other calves of
different ages (with different health status and infections) while its immune
system is still immature. Furthermore, changes in the intestinal microbiota
observed during the weaning process (Li et al., 2012) can influence the
predisposition to develop diarrhea.
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3.6. Prevalence (%) and intensity of Cryptosporidium spp. infection in
Latvia (Publication VI)

To gain a more detailed picture of the distribution of Cryptosporidium spp. in
the Latvian cow population, a final, sixth task was set within the doctoral thesis,
and a broad epidemiological analysis was performed, paying special attention to
how infection indicators are influenced by animal age and holding size. This
approach allows not only for determining the overall infection level but also for
identifying risk groups and factors that are essential in the parasite's distribution.

To investigate the distribution of cryptosporidia in relation to cow age,
coprological analysis was performed in three age groups: calves up to three
months of age, calves and youngstock from four to 24 months, as well as adult
cows older than 24 months. The study, covering the period from 2013 to 2022,
included 2,655 animals (coprological samples from all animals collected during
the doctoral thesis) from various Latvian farms, ensuring a representative
sample.

Samples were collected individually and analyzed in the laboratory using the
Ziehl-Neelsen method — a standardized parasitological technique that allows for
the accurate detection of Cryptosporidium oocysts and quantitative evaluation of
the infection intensity. This approach guaranteed data reliability and
comparability with other studies.

Table 3.3. Prevalence of Cryptosporidium infection (%) in Latvia and the

world
Country Year Animal Prevalence, Reference
%
Japan 2018— Calves 83.8 Kabir et al., 2020
2019
Lithuania 2009 Cows 67.0 Lassen et al., 2009
Chile 2007—- Dairy calves 56.1 Diaz-Lee et al., 2011
2008
California, 2012 Dairy calves 56.0 Lietal., 2019
USA
Thailand 2016— Dairy calves 51.0 Doungmala et al., 2019
2017
Mexico 2014 Dairy calves 40.0 Garcia-Romo et al,
2014
Italy 2014 Calves 38.8 Diaz et al., 2018
Sweden 2012— Calves 38.7 Aberg et al., 2019
2013
Chine 2020 Dairy calves 38.4 Wu et al., 2020
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Country Year Animal Prevalence, Reference
%

Germany 1993— Dairy calves 36.0 Joachim et al., 2003
1997

Latvia 2013— Cows 27.0 Zolova et al., 2024
2020

Ghana 2009 Calves 29.0 Squire et al., 2013

Columbia 2010— Dairy calves 26.6 Avendaio et al., 2018
2012

Brazil 2018- Calves 25.7 Conceigdo et al., 2021
2019

Belgium 2019—- Dairy calves 25.7 Pinto et al., 2021
2020

Argentina 2013— Dairy calves 25.5 Lombardelli et al., 2019
2014

France 2019- Dairy calves 249 Pinto et al., 2021
2020

Nigeria 2010 Calves 23.4 Ayinmode and Fagbemi,

2010

Estonia 2013- Calves 23.0 Santoro et al., 2018
2015

Netherlands 2019—- Dairy calves 20.8 Pinto et al., 2021
2020

Korea 2019— Dairy calves 18.7 Jang et al., 2021
2020

Ethiopia 2014— Calves 18.6 Ayele et al., 2018
2015

Spain 2016— Cows 16.7 Diaz et al., 2021
2018

Algeria 2022 Dairy calves 15.7 Dadda et al., 2022

Iran 2003— Cows 6.3 Azami, 2007
2004

Summarizing data from all 2,655 samples, it was determined that the total
prevalence of Cryptosporidium spp. infection in cows during the study period
(2013-2020) was 27 % (95 % confidence interval [CI] 26-29 %). The average
number of oocysts shed per gram of feces (OPG) in positive samples was 1,000
(interquartile range: Q1 =400, Q3 = 3,000). These indicators fit into the general
European and global context, where infection levels significantly differ across
countries (see Table 3.3). For example, the 27 % prevalence identified in this
study is close to the global average (25.5 %, Buchanan et al., 2024) and similar
indicators in neighboring Estonia (23-30 %, Santoro et al., 2018; Lassen et al.,
2009), but lower than in earlier studies in Lithuania (67 %, Lassen et al., 2009)
or Denmark (32 %, Maddox-Hyttel et al., 2006).
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Analyzing data by age groups revealed a very distinct and statistically
significant (p < 0.001) trend: both the proportion of infected animals and the
frequency of infection-related diarrhea decreased as the animal's age increased
(see Table 3.4). The highest risk group is calves up to three months of age. In this
group, the highest prevalence of infection (39.4 %) and also the highest average
number of shed oocysts (median 800 OPG) were identified. Furthermore,
specifically in this age group, more than half (56.6%) of the infected calves were
observed to have diarrhea. These results align with the results of many other
studies worldwide, pointing to the high susceptibility of the youngest calves
(especially in the first weeks of life) to cryptosporidiosis. For example, Aguilar
(2023) reported a high infection rate of Cryptosporidium in 8—14-day-old calves,
while Urie et al. (2018) identified a similar situation in two-week-old calves.
Garro et al. (2016) discovered that calves up to 20 days of age shed
Cryptosporidium oocysts more frequently, whereas Doungmala et al. (2019)
indicated that the highest prevalence of infection is in 1-3-week-old calves.
Ebiyo and Haile (2022) calculated that calves younger than six months have a
2.7 times greater chance of being infected with cryptosporidia.

The link observed in this study between Cryptosporidium infection and
diarrhea in dairy cows further emphasizes the clinical significance of this
parasite. The higher frequency of diarrhea in infected animals, especially young
calves, corresponds to the pathogenic potential of Cryptosporidium spp. to cause
gastrointestinal tract disorders (Fayer et al., 2000). Wells et al. (2015) reported a
high distribution of cryptosporidia in cows during the calving season, suggesting
that calving time significantly influences the infection rate and thus the frequency
of diarrhea incidence: in the period when the number of newborn calves in the
herd increases, the number of shed Cryptosporidium spp. oocysts also increases.
Thompson et al. (2017) reported that Cryptosporidium spp. was the most
frequently identified pathogen causing diarrhea in calves up to one month old,
emphasizing its impact on animal health. In contrast, Berhanu et al. (2022) noted
that adult cows serve as an infection reservoir, shedding oocysts into the
environment and exposing calves to the risk of infection.

Looking at the number of shed oocysts (intensity of infection), a very wide
range was identified—from the minimum detectable number (200 OPG) to as
many as 476500 OPG. The data distribution corresponded to a negative binomial
distribution (Figure 3.5), which is characteristic of parasitic infections. This
means that for most infected animals, the number of oocysts was relatively small
(most often 2002000 OPG), but a small proportion of animals shed a very large
number of oocysts (more than 15000 OPG). Such overdispersion indicates that
the infection intensity is not random and that individuals exist who contribute
disproportionately to environmental contamination with oocysts (Ieshko,
Gorbach & Parshukov 2024; Gourbiére, Morand & Waxman 2015). This fact is
very crucial in planning control measures, as it points to the need to identify and
purposefully limit infection specifically in these high-risk animals. It is enough
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for a calf to ingest only 17 Cryptosporidium spp. oocysts for a cryptosporidiosis
infection to develop (Zambrinski et al., 2013).

Table 3.4. Prevalence and intensity of Cryptosporidium spp. infection
and the proportion of associated diarrhea in different cattle age groups

Factor Prevalence, % | Median (Q1- Diarrhea with
(95 % CI) Q3) Cryptosporidium spp., %
(95 % CI)
0-3 months 394 800 56.6
(32.646.5) (200-2400) (44.7-67.9)
4-24 months 20.3 400 4.2
(17.0-23.9) (400-650) (0.1-21.1)
> 24 months 19.2 600 7.0
(16.7-21.9) (400-1000) (1.9-17.0)
p-value <0,001 0.118 <0,001

Note: Infection parameters were calculated based on the examination results of 2655
animals. Q1-Q3 — interquartile range.

Cryptosporidium prevalence and the number of oocysts per gram were
unevenly distributed across Latvia's planning regions, showing the highest
distribution in the Vidzeme region (31 %) and the highest number of oocysts in
the Kurzeme region (median = 600, Q1 = 300, and Q3 = 1,200). Currently, it
cannot be said what such a distribution of results is related to; in-depth studies of
influencing factors are necessary. The distribution of the prevalence and intensity
of Cryptosporidium infection in Latvia by planning regions is summarized in

Table 3.5.

Table 3.5. Mean prevalence (%) and mean intensity (OPG) of
Cryptosporidium spp. infection in various regions of Latvia

Region Prevalence Intensity (OSG)
(95 % CI) (Q1-Q3)
Riga 28 400 (200-800)
Kurzeme 29 600 (300-1200)
Zemgale 18 600 (400-1000)
Vidzeme 31 600 (400-1000)
Latgale 16 600 (325-900)
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Figure 3.5 Cryptosporidium spp. infection intensity in cows examined
across all stages of the study

Evaluating the data by holding size (publication III, Table 3.6), it was found
that Cryptosporidium spp. was present in the majority (72.4 %) of the studied
herds (at least one infected animal). The probability of the presence of infection
increased with the size of the holding: while in small holdings (< 50 cows), at
least one infected animal was found in 58.9 % of cases, in medium holdings (50—
200 cows) this indicator reached 94.4 %, and in large holdings (> 200 cows)—
even 100 %. In turn, the total prevalence of infection in calves and cows ranged
from 43.2 % in large farms (n = 13, 8-36 samples from one holding) and 30.9 %
in medium farms (n = 18, 5-30 samples from one holding), to 30.8 % in small
farms (n =56, 1-14 samples from one holding). A significantly higher proportion
of Cryptosporidium spp. was observed in large farms (p < 0.01).

Table 3.6. Cryptosporidium spp. epidemiological indicators in holdings
of various sizes

Factor Factor category | Examinated / Prevalence Diarrhea
infected (95 % TI) proportion
(95 % CI)
Farm size | 1-50 cows 302/93 30.8 (25.8-36.2) 14.2
(10.7-18.7)
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Factor Factor category | Examinated / Prevalence Diarrhea
infected (95 % TI) proportion
(95 % CI)
Farm size 50-200 cows 295/91 30.9 (25.8-36.3) 22.7
(18,3-27.8)
> 200 cows 329/142 43.2 (37.9-48.6) 28.9
(24.2-34.0)

The highest average number of oocysts per gram of feces (725015) was
observed in calves in the age group from zero to five months. In contrast, the
second-highest average number of oocysts per gram of feces (115 620) was
identified in cows older than 24 months. Nydam et al. (2001), who studied the
number of Cryptosporidium oocysts in calves aged four to 12 days, found that
the number of oocysts increases until day 12, reaching the maximum value, but
later decreases. In the course of the studies, it was found that a six-day-old calf
can produce approximately 3.89 x 10'° oocysts up to 12 days of age. DuPont et
al. (1995) calculated that the average infectious dose that causes clinical illness
in a healthy person who has not previously been infected with Cryptosporidium
is 132 oocysts, but for a person who has previously encountered
Cryptosporidium, the average infectious dose is 1880 oocysts (Chappell et al.,
1999). This proves that calves are a significant source of human infection, as the
number of Cryptosporidium they shed ten times exceeds the average human
infectious dose. This emphasizes the need to carefully follow hygiene
requirements when working with calves to reduce the distribution of
Cryptosporidium and prevent its potential impact on human health. Furthermore,
considering that cryptosporidiosis is a zoonosis, appropriate hygiene practice and
care for calf health is not only an aspect of animal welfare but also an important
measure for human health protection, avoiding possible infection.

84



4. CONCLUSIONS

Pilot study results showed that Cryptosporidium spp. is the dominant
infection in dairy cow herds in the Vidzeme region. The prevalence of
Cryptosporidium spp. infection (32.6 %) indicates a significant risk to
animal health, as well as a potential risk for the spread of zoonosis
(Publication I).

Immunoglobulin G levels in cow colostrum are not directly related to the
distribution of Cryptosporidium infection in calves, indicating that IgG
levels do not play a significant role in the development of Cryptosporidium
infection (Publication II).

Four typical Cryptosporidium species were identified: C. parvum, C. bovis,
C. andersoni, and C. ryanae. In calves up to 3 months of age, the C. parvum
species was diagnosed in 52.6 % of cases. In 70 % of cases, it causes
diarrhea. Monoinfections were diagnosed more frequently. In adult cows,
Cryptosporidium infection does not cause clinical signs, which indicates a
high potential zoonotic risk in Latvia (Publication III).

The cow’s lactation number (parity) directly affects the probability of calves
becoming infected with Cryptosporidium spp. For calves that received
colostrum and transition milk from the second lactation, the probability of
infection decreases by 82 %, while receiving colostrum and transition milk
from the third lactation reduces it by 89 % (Publication IV).

Timely (within the first 12 hours) and appropriate (at least 6 liters) colostrum
intake, followed by the consumption of transition milk for at least two weeks
before weaning from the mother, significantly reduces Cryptosporidium spp.
infection (Publication V).

The prevalence of Cryptosporidium infection in cows in Latvia is 27 % (95
% CI 26-29 %). Calves up to 3 months of age are infected more frequently
(prevalence 39.4 %). The highest median number of oocysts shed per gram
is 800 OPG (200-2400) (Publication VI).
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5. RECOMMENDATIONS

Since the dominant species in calves up to 3 months of age in Latvia is the
zoonotic C. parvum, which poses a high risk of infection to humans, it is
necessary to implement stricter individual hygiene protocols (specific work
clothing, hand disinfection) for personnel working with newborn calves,
regardless of the presence of clinical signs in older animals.

In holdings with a high prevalence of infection, it is recommended to identify
calves from first-lactation cows as a high-risk group. If possible, these calves
should be prioritized to receive higher quality colostrum (from multiparous
cows) or additional preventive measures, as calves from first-lactation cows
have a significantly higher probability of infection.

Due to the fact that a holding size of over 50 cows is associated with a 100
% presence of infection in the herd and a higher prevalence, it is critical in
large farms to reduce housing density in calving areas and perform regular,
targeted environmental disinfection to interrupt the accumulation of oocysts
in the environment.

As the highest infection prevalence (39.4 %) and intensity (800 OPG) occur
specifically in calves up to 3 months of age, it would be appropriate for large
holdings to implement regular coprological screening specifically for this
age group. This would allow for the timely identification of mass oocyst
shedders and limit the spread of infection within the herd and the
surrounding environment.
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