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IEVADS

Escherichia coli ir fakultativi anaeroba bakterija, plasi parstavéta zarnu
trakta vairumam dzivnieku sugu. Jauniem dzivniekiem E. coli ir komensialis —
atri kolonizg zarnu traktu un kliist par normalas mikrobiotas dalu, tacu dala no
E. coli celmiem ir patogeni.

Cukam nozimigakie ir enterotoksigénie E. coli (ETEC), enteropatogénie
E. coli (EPEC), Siga-toksigénie E. coli (STEC) un ekstraintestinali patogénie
E. coli (ExPEC), tai skaita, septicemiskie E. coli (SEPEC) celmi. Tpasi aktuala ir
kolibakterioze, ko izraisa enterotoksigénie E. coli celmi zid&j- un atkirtiem
sivéniem. Atraudzigus sivénus skar hemolitiskais (STEC) E. coli, kas izraisa
sivénu tiiskas slimibu. EXPEC un EPEC ir ka oportiiniski patogeni un ir dala no
normalas zarnu mikrofloras (Gyles & Fairbrother, 2010).

E. coli patogenitate ir saistita ar virulences géniem, kas ir kod&ti mobilajos
genétiskajos elementos (Gyles & Fairbrother, 2010), turklat batiska nozime ir
predispongjoSiem faktoriem, t.i., pasivas imunitates nepietickamibai,
neatbilstosai higi€nai, jaundzimus$a dzivnieka statusam un stresa faktoriem,
pieméram, sivénu atkirSanas periods un intensivajai ctkkopibai, kas ir
domingjosais saimniekoSanas veids gan pasaulé, gan Latvija. Augsts ciku
blivums un §is sugas dzivnieku jutiba uz stresa faktoriem veicina slimibu
koncentré$anos un transmisiju.

Cuku audzetaji tradicionali ir centuSies uzlabot gremoSanas trakta
dabiskas aizsargfunkcijas, izmantojot antibiotikas ka augSanas veicinatajus
(Cromwell, 2002), ta¢u tas ir sekmgjis ari bakteriju rezistenci pret
antibakterialajiem preparatiem (Canton & Ruiz-Garbajosa, 2011). Gremosanas
trakta esoSajam Enterobacteriaceae dzimtas baktérijam, tostarp E. coli,
raksturigs konjugacijas jeb horizontalais rezistences parvades mehanisms, kas
sp€j savstarp&ji apmainities ar plazmidam gan savas sugas robezas, gan ari starp
bakteriju sugam. Plazmidas biezi ir inkorporéti daudzi rezistences géni, tapéc
bakterijam var atri veidoties multirezistence (Boerlin & White, 2013).

Pieaugot bazam par antibiotiku rezistento baktériju globalo izplatibu un
to radito risku sabiedribas veselibai, kops 2006. gada ir aizliegts lietot
antibiotikas ka augSanas veicinatajus dzivniekiem, tostarp, cikam. Neskatoties
uz to, ka Eiropas Savieniba antibiotiku ka augsanas veicinataju lietoSana ir
ierobezota, vairaku p&tnieku darbi (Bednorz et al., 2013; Haenni et al., 2014; Von
Salviati et al., 2014) liecina par augstu rezistenta E. coli izplatibu un pieaugoso
aktualitati, Tpasi lielu uzmanibu pievérSot plasinata spektra S-laktamazes (ESBL)
producgjosajam E. coli, kura izdalitie fermenti hidrolizé un inaktivé vairumu no
[-laktama antibiotikam, tostarp 3. un 4. paaudzes cefalosporinus, kurus Pasaules
Veselibas organizacija ir atzinusi ka ,kritiski svarigas antibiotikas humanaja
medicina”.



Pasaules Veselibas organizacija 2014. gada parskata zinojuma par
antibiotiku rezistenci atklaj, ka ta ir ,,lielakais globalais drauds” cilvéku veselibai,
jo bakteriju rezistence pret antibiotikam arvien picaug, radot risku ,,post-,, jeb
,»pec antibiotiku &ras” attistibai, kad cilveéki mirst no vienkar$am infekcijam,
kuras bijis iespgjams arstét desmitiem gadu ilgi (WHO, 2015).

Turklat, ka zino Global Trends par antibiotiku lietoSanu partika
izmantojamajiem dzivniekiem, vislielakais antimikrobialo Iidzeklu patérin$ uz
kilogramu dzivmasas ir ctikam, apsteidzot vistas un liellopus (Van Boeckel et al.,
2015). Vissvarigakais ir tas, ka rezistentajam bakterijam izdaloties no
makroorganisma, tiek piesarnota vide, tadgjadi apdraudot citus dzivniekus un
cilvékus, un, ta ka cikas ir produkfivie dzivnieki, pastav augsts risks
rezistentajam bakterijam noklat ar1 partikas keéde (WHO, 2015).

Antibiotiku ka augSanas stimulatoru aizliegums ir radijis nepiecieSamibu
péc efektiviem alternativo lidzeklu risindjumiem (Liu et al., 2018; Stein & Kil,
2006). Misu pétijjuma tika pieversta uzmaniba probiotiku saturoSas
papildbaribas un augu izcelsmes dzivnieku baribas sastavdalu ietekmei ne tikai
uz sivénu un to zarnu veselibu, bet arT ietekmei uz rezistenta E. coli izplatibu
fekalijas. Musuprat, eterisko e]lu antibakterialas efektivitates salidzinajums pret
dazada rezistences Iimena cuku E. coli izolatiem in vitro sekmétu to plasakas
izmanto$anas iesp&jas rezistento E. coli kontrolé.

Aizstavamas tezes:

1. Latvijas cukkopibas saimniecibas ir augsta antibiotiku rezistenta E. coli
izplatiba, turklat ta butiski atSkiras starp saimniecibam un ciiku vecuma
grupam;

2. atseviskas ciikkopibas saimniecibas ir augsta ESBL producgjosa E. coli
sastopamiba, biezi tiem novéro plasus multirezistences (MDR) fenotipus;

3. atseviskiem ESBL kodgjosiem g€niem novero pozitivas asociacijas ar
noteiktu antibiotiku izraisitu fenotipisko rezistenci, turklat géna blacrx-m
klatbiitne nodro$ina E. coli plasakus MDR fenotipus;

4. dabiskas izcelsmes baribas komponenti (probiotikas, probiotikas+griku
klijas, augu piedeva) uzlabo sivénu un to zarnu veselibu — modulgjot zarnu
mikrobiotu, uzlabojot zarnu glotadas histomorfologiskos raditajus un
ietekmgjot T limfocTtu izplatibu tievas zarnas glotada, Peijera plates, ka ar1
augus saturoSas baribas sastavdalas samazina E. coli skaitu un ta fenotipiskas
rezistences dazadibu;

5. Latvija augusu Lamiaceae dzimtas augu &teriskas ellas raksturojas ar
zemaku antibakterialo darbibu pret ctiku komensialajiem E. coli neka
komercialas &teriskas ellas;

6. komercialo &terisko ellu antibakteriala darbiba pret E. coli batiski uzlabojas,
bagatinot tas ar kaprilskabi vai 3% NaCl piedevu.



Promocijas darba izvirzita hipotéze: baktérijas Escherichia coli
rezistence pret antibiotikam ir augsti izplatita ciikkopibas saimniecibas Latvija
un probiotiku, ka arf augu izcelsmes produktu lietosana varétu ierobezot E. coli
un ESBL producgjosa E. coli izplatibu.

Promocijas darba meérkis: izpétit rezistenta Escherichia coli izplatibu
cukam Latvija, izvertét tas samazinaSanas iespgjas, izmantojot dabiskas
izcelsmes baribas komponentus un lidzeklus.

Meérka sasnieg8anai izvirzitie promocijas darba uzdevumi:

1. noskaidrot pret antibiotikam rezistenta Escherichia coli izplatibu ciikkopibas
saimniecibas Latvija. Noteikt paplasinata spektra b&ta-laktamazes (ESBL)
producgjosa E. coli sastopamibu ciikam;

2. izvertét probiotikas saturoSas papildbaribas un augu izcelsmes dzivnieku
baribas sastavdalu ietekmi uz sivénu un to zarnu veselibu — rezistenta E. coli
izplatibu, zarnu mikrobiotu, histomorfologisko un imunologisko stavokli,
galas kvalitati;

3. salidzinat Latvijas un komercialo &terisko ellu antibakterialo darbibu in vitro
pret cuku fekalajiem paplasinata spektra bé&ta-laktamazi (ESBL)
producgjosiem E. coli, ka arT izvertét ar kaprilskabi un natrija hloridu
bagatinato &terisko ellu izmantosanu o rezistento E. coli kontrolg.

Pétijjuma zinatniska novitate:

1. iegtti originali dati par antibiotiku rezistenta, multirezistenta un paplasinata
spektra béta-laktamazes (ESBL) producgjosa E. coli sastopamibu cuku
audzgSanas saimniecibas Latvija, to izplatibas atskiribam lielajas un mazajas
saimniecibas un dazada vecuma cukam,;

2. iegiti originali dati par ESBL producgjosa E. coli fenotipisko rezistenci, ka art
par multirezistences fenotipu izplatibu starp ESBL producgjosiem E. coli, kas
izoleti no cikam Latvija;

3. noteicam E. coli izplatitakos ESBL kodgjosos génus (blacrx-m, blatem un
blasnv), to sadalijuma atskiribas lielajas un mazajas ciiku saimniecibas;
kodgjosajiem geniem un fenotipiski konstateéto antibiotiku rezistenci cuku
fekalajiem E. coli;

5.ieghti originali dati par “ProbioHelp” papildbaribas, probiotiku+griku
(Fagopyrum esculentum) kliju un augu baribas sastavdalu (Plantago major,
Urtica dioica, Hypericum perforatum 1:1:1) ietekmi uz 14-56 dienu vecu
sivénu zarnu satura un fekaliju mikrobiotas izmainam, rezistenta E. coli
izplatibu, tievas un resnas zarnas glotadas struktiiru histomorfologiskajiem
mérjumiem, kausveida Stnu skaitu un to sekretétajiem muciniem, epitélija
§tinu proliferaciju (Ki67) un T limfocitu (CD3 pozitivo §inu) infiltraciju tievas
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un resnas zarnas glotadas, zemglotadas un Peijera plasu struktdiras, ka arl
noteikta ietekme uz taukskabju saturu muskulaudos;

6. pirmo reizi Latvija noteikta un salidzinata komerciali pieejamo un Latvija
augusu augu (T. serpyllum, T. vulgaris un S. montana) &terisko ellu
antibakteriala efektivitate pret komensialo E. coli, kas izoléts no cikam;
verteta So &terisko ellu kimiska sastava ietekme uz antibakterialo darbibu;

7. pirmo reizi izvertéta ar kaprilskabi un 3% NaCl bagatinato komercialo
gterisko ellu (T. serpyllum, T.vulgaris un S. montana) antibakteriala darbiba
pret komensialo E. coli, kas iegilits no ctikam; noteikta S0 kombinaciju
antibakteriala efektivitate pret dazadiem E. coli rezistences limeniem (ESBL
producgjosiem/ne-producgjosiem E. coli un  multirezistentiem/ne-
multirezistentiem E. coli).

Personigais ieguldijums:

1. fekaliju paraugu bakteriologiska izmeklgSana (komensialas
indikatorbakt@rijas E. coli izoléSana un biokimiska apstiprinasana; paraugu
testéSana uz ESBL producgjosa E. coli klatbitni, to fenotipiska apstiprinasana;
E. coli un ESBL producgjosiem E. coli antimikrobialas jutibas (antibiotiku
rezistences) noteikSana attiecigi pret 12 un 18 antibiotikam, izol&to kultlru
sagatavoSana ilgstoSai uzglabasanai);

2. arstniecibas augu ievaks$ana, to saturo$as augu piedevas sagatavoSana sivénu
edinasanas petijuma realiz€Sanai;

3.legito sivénu fekaliju un zarnu satura bakteriologiska izmekléSana
(Enterobacteriaceae, E. coli un Lactobacillus spp. skaita noteikSana, E. coli
izolesana un ta antimikrobialas jutibas (antibiotiku rezistences) noteikSana;

4. savvalas un Latvija audz&to arstniecibas augu (T. vulgaris, T. serpyllum un
S. montana) ievaksana, &terisko ellu ekstrah&sana, izmantojot hidrodestilacijas
metodi;

5. Latvijas un komercialo &terisko ellu, ka arT komercialo bagatinato (ar
kaprilskabi un NaCl) &terisko ellu antibakterialas darbibas parbaude in vitro.

Pétijuma rezultatu aprobacija / Approbation of the research results
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2. Galina D., Balins A., Valdovska A. The Prevalence and Characterization of
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2018; 24.-25. (Kopsavilkums)

10. Galina D., Valdovska A. Comparison of a mixture of probiotics and its
combination with buckwheat bran and herbals for piglet immune system,
intestinal microflora and prevalence of resistant Escherichia coli.
International scientific conference on Probiotics and Prebiotics:
proceedings, 2016, 94-95. (Kopsavilkums)

11. Galina D., Valdovska A. Impact of zinc feed supplementation of piglets to
the proportion of multidrug resistant Escherichia coli. VI International
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1. Galina, D., Tracevska T., Valdovska A. The antimicrobial activity of eight
essential oils against ESBL Escherichia coli isolated from pigs. International
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of the University of Latvia, 22. februaris, 2019. gads, Riga, Latvija. (stenda
zinojums)

2. Galina D., Valdovska A. Challenge of the probiotics on growth performance
and intestinal health in piglets. 26th NJF congress "Agriculture for the next
100 years", 27-29. junijs, 2018. gads, Kauna, Lietuva. (stenda zinojums)

3. Jonkus D., Ilgaza A., Valdovska A., Liepa L., Paura L., Degola L., Cielava L.,
Petrovska S., Smiltina D., Ruska D., Klavina 1., Viduza M., Galina D.,
Jonova S., Gatina L., Kovalenko K., [lgazs A.Vietgjas izcelsmes slaucamo
govju un ciiku saimnieciski nozimigo pazimju genétiska izpéte kvalitativu
partikas produktu razoSanai. IV Pasaules latvieSu zinatnieku kongress, 18.-
20. junijs, 2018. gads, Riga, Latvija. (stenda zinojums)

4. Galina, D., Valdovska A. Effect of probiotics and herbals on health and
shedding of resistant Escherichia coli in piglets. Research for rural
development 2017: annual 23rd international scientific conference, Latvia
University of Agriculture, 17-19. maijs, 2017. gads, Jelgava, Latvija.
(mutisks zinojums)

5. Valdovska, A., Galina D., Krasnova 1., Seglina D. Antibacterial activity of
some plants of traditional herbal medicine in vitro against Escherichia coli
originated from Liquid pig manure. 7th International conference on
Bioscience, Biochemistry and Bioinformatics (ICBBB 2017), 21.-23.
janvaris, 2017. gads, Bangkoka, Taizeme. (mutisks zinojums)

6. Galina D., Valdovska A. Comparison of a mixture of probiotics and its
combination with buckwheat bran and herbals for piglet immune system,
intestinal microflora and prevalence of resistant Escherichia coli.
International scientific conference on Probiotics and Prebiotics, 21.-23.
junijs, 2016. gads, Budapesta, Ungarija. (stenda zinojums)

7. Galina D., Valdovska A. Impact of zinc feed supplementation of piglets to the
proportion of multidrug resistant Escherichia coli. VI International
Conference on Environmental, Industrial and Applied Microbiology —
BioMicroWorld2015, University of Barcelona Barselona, 28.-30. oktobris,
2015. gads, Barselona, Spanija. (stenda zinojums)

Patents/Patent:
WIPO/PCT patents WO 2019/229507 Al “Pig feed additive for prophylaxis
of antibiotic-resistant E. coli”. (starptautiska publicéSanas diena 05.12.2019.)
(Patent Cooperation Treaty Application)
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1. MATERIALS UN METODIKA
1.1. Pétijuma laiks, vieta un pétijjuma shema

Promocijas pétijums izstradats trijas aktivitates laika posma no 2014. lidz
2022. gadam — LLU Veterinarmedicinas fakultates Partikas un Vides higiénas
institfita un LLU Biotehnologiju zinatniskas laboratorijas Molekularas biologijas
un mikrobiologijas nodala.

Lai noteiktu pret antibiotikam rezistenta un ESBL producgjosa E. coli
izplatibu cukam, Pirmaja petijuma aktivitaté ieguvam ciiku fekaliju paraugus
septinds ciiku audzESanas saimniecibas tris Latvijas regionos — Vidzemes,
Pierigas un Zemgales. Paraugu bakteriologisko un molekularbiologisko
izmeklésanu veicam LLU Biotehnologiju zinatniskas laboratorijas Molekularas
biologijas un mikrobiologijas nodala (LLU BZL MBMN).

Lai izvértétu rezistenta un ESBL producgjosa E. coli samazinaSanas
iespgjas clikkopibas saimniecibas, tika realizétas vel divas aktivitates — sivénu
€dinasanas pétjjums (Otra aktivitate) un aktivo vielu komponentu izstrade
potencialiem vides apstrades lidzekliem (Tresa aktivitate).

Otraja pétfjuma aktivitate, viena ciikkopibas saimnieciba Pierigas
regiona, realizéjam sivénu &dinasanas pétjjumu. Sivéniem izeédinajam tris
dazadus dabiskas izcelsmes baribas komponentus — probiotikas saturosu
papidbaribu “ProbioHelp” (turpmak teksta — probiotikas), probiotikas+griku
klijas un augu piedevu. Aktivitates laika ieglitajos asins paraugos noteicam
hematologiskos un biokimiskos raditajus LLU Veterinaras klinikas laboratorija.
Sivénu fekaliju un gremosSanas satura paraugu bakteriologisko izmekl&Sanu
veicam LLU BZL MBMN. Audu histologiskie preparati tika sagatavoti LLU
Veterinarmedicinas fakultates Prekliniska institita Salidzino$as patologijas
laboratorija, bet audu imanhistokimiskie preparati tika sagatavoti Rigas
Austrumu Kliniskas Universitates Slimnicas Patologijas centra. Histologisko
preparatu histopatologiska izvertésana tika veikta Partikas drosibas, dzivnieku
veselibas un vides zinatniska institita “BIOR” Mikrobiologijas un patologijas
laboratorija. ~ Audu  griezumu  histomorfologiskos ~ m&rfjumus  un
imiinhistoktmisko izveértésanu veicam LLU BZL MBMN. Taukskabju saturs
ciku muskulattira noteikts zinatniska institita “BIOR” Kimijas laboratorija.

TreSaja pétijuma aktivitate ieguvam savvala auguSu un Latvija audzeto
augu &teriskas ellas (EO) Latvijas Valsts Mezzinatnes institita “Silava” Meza
izejvielu parstrades laboratorija, savukart augu EO Kkimiskais sastavs tika
noteikts LLU Biotehnologiju zinatniskas laboratorijas Agronomisko analizu
nodala. Komercialo un pasu autoru iegiito EO un bagatinato komercialo EO
antibakterialas efektivitates parbaudi veicam LLU BZL MBMN.

Pétijuma shéma un aktivitaSu raksturojums. Pirmas pétijuma
aktivitates laika (2015.-2018. gads) noteicam rezistenta un ESBL producgjosa
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E. coli izplatibu cikam. Kopuma apsekojam 7 ctikkopibas saimniecibas, veicam
to anketéSanu un ieguvam 615 caku fekaliju paraugus. Paraugus izmeklgjam
bakteriologiski — izolgjam komensialo indikatorbakteriju E. coli (n=615),
noteicam ta jutibu pret 12 antibiotikam un visus fekaliju paraugus (n=615)
testéjam uz paplasinata spektra f-laktamazes (ESBL) producgjosa E. coli
klatbttni. Aizdomigajiem ESBL producgjosajiem E. coli (n=144) veicam
fenotipisko apstiprina$anu un, izmantojot stratificétas nejausibas paraugu atlases
metodi, atlasijam 50 ESBL E. coli izolatus, lai, izmantojot molekulari-
biologiskas metodes, noteiktu ESBL kodgjoso génu bla (TEM, SHV, CTX-M)
klatbttni. Apstiprinatajiem ESBL producgjosajiem E. coli (n=50) noteicam
jutibu pret 18 antibiotikam.

Otras pétijuma aktivitates laika (2015.-2017. gads) veicam tris dabiskas
izcelsmes baribas komponentu (probiotiku, probiotiku+griku kliju un augu
piedevu) iegadi/sagatavosanu (kas uzraditu antibiotikam lidzveértigus pozitivos
efektus un lautu aizvietot antimikrobialos lidzeklus baribas deva sivéniem) un
sekojosu to iz€dinasanu sivéniem no 14. Iidz 56. dzives dienai.

Sivénu &dinasanas pétijuma laika tika iegtti asins paraugi (n=50), veikta
to hematologiska un biokimiska izmekléSana. Bakteriologiski izmeklgjam
fekaliju, rektalos un gremoSanas satura paraugus. Fekaliju paraugos (n=93)
noteicam E. coli un Enterobacteriaceae skaitu log kvv g*. Rektalajos paraugos
(n=46) izolgjam E. coli (n=80) un noteicam ta rezistenci pret 12 antibiotikam.
Savukart zarnu (jejunum un colon) gremo$anas satura paraugos (n=28)
noteicam E. coli, Enterobacteriaceae un Lactobacillus spp. skaitu log kvv g*.

Zarnu (jejunum un colon) audu (n=28) griezumus (n=280) izmeklgjam
histologiski (n=168) un imtnhistokimiski (n=112). Tika izve€rtéts zarnu histo-
patologiskais stavoklis, iegliti zarnu histomorfologiskie mérjjumi — Kriptu
dzilums (CD), barkstinu augstums (VH), barkstinu platums (VW), VH:CD
attieciba, kausveida $Gnu (GC) skaits un blivums, neitralo un skabo
mukopolisaharidu saturo$u GC skaits un blivums. Imiinhistokimiski noteicam
Ki67+ un CD3+ §iinu skaitu un relativo biezumu dazadas tievas un resnas zarnas
struktiras. Lai noteiktu nepiesatinato un piesatinato taukskabju saturu
muskulaudos, tika noteikts taukskabju saturs galas paraugos (n=8), izmantojot
gazu hromatografijas metodi.

Lai sekmétu rezistenta E. coli samazinaSanas iesp&jas cukkopibas
saimniecibu videé, izmantojot augu izcelsmes Iidzeklus, TreSas pétfjuma
aktivitates laika (2018.-2022. gads), veicam aktivo vielu komponentu izstradi
potencialiem vides apstrades Iidzekliem. Ar hidrodestilacijas metodi ieguvam
augu &teriskas ellas (EO) (n=3) no Latvija auguSiem arstniecibas augiem, ka ari
iegadajamies komerciali pieejamos analogus (n=3). Sekojosi noteicam EO (n=6)
Kimisko sastavu, izmantojot gazu hromatografijas metodi. Visam EO noteicam
antibakterialo aktivitati un savstarp&ji salidzinajam to darbibas efektivitati in
vitro pret dazada rezistences Iimena ESBL producgjosiem E. coli, kas izol&ti no
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ciku fekalijam Pirmas pétfjuma aktivitates laikda. Noteicam un salidzinajam
komercialo un bagatinato (ar kaprilskabi, NaCl) komercialo EO antibakterialo
darbibu, kas sekmé&tu So dabiskas izcelsmes lidzeklu praktisko izmantoSanu
rezistento E. coli, tostarp ESBL-E. coli samazinasanai ciikkopibas industrija.

1.2. Materiala raksturojums

Ciikkopibas saimniecibu raksturojums. Lai noskaidrotu pret
antibiotikam rezistenta E. coli izplatibu cikam Latvija un iegitu fekaliju
paraugus (n=615), Pirmas pétijuma aktivitates laikda apsekojam septinas
ciikkopibas saimniecibas ar noslégtu razosanas ciklu, ¢etras (L1, L2, L3 un L4;
n=465) no tam tika uzskatitas ka lielas (sivénmasu skaits 700-2100) un tris (S1,
S2 un S3; n=150) ka mazas (sivénmasu skaits 15-40). Aptaujas veida ieguvam
informaciju par ctukkopibas saimniecibu raksturojumu, diarejas aktualitati
sivéniem, arsté8anu un profilaksi.

Sivéenu baribas komponentu raksturojums. Lai izvértétu dazadu
dabiskas izcelsmes baribas komponentu — probiotikas saturosas papildbaribas un
augu izcelsmes dzivnieku baribas sastavdalu ietekmi uz zarnu mikrobiotas
modulaciju, rezistenta E. coli izplatibu, ciiku un to zarnu veselibu, Otras pétijuma
aktivitates (sivénu &dinasanas pétijjuma) realiz€Sanai izmantojam sekojoSas
baribas sastavdalas:

1) augu piedeva — atlautu augu izcelsmes dzivnieku baribas sastavdala —

arstniecibas augiem (lielas celtekas (Plantago major L.), lielas natres
(Urtica dioica L.) un divskautnu asinszales (Hypericum perforatum L.))
lakstiem, attieciba 1:1:1 (turpmak teksta — augu piedeva).

2) griku klijas — augu izcelsmes baribas sastavdala, kas izgatavota no grikiem
(Fagopyrum esculentum L.). Griku klijas iegadajamies no komerciala
razotaja Z/s “Bebri” (turpmak teksta — griku klijas).

3) probiotikas. Ka probiotiskas izmantojam komerciali pieejamo probiotikas
saturoSu papildbaribu “ProbioHelp” (1mL satur: Bacillus subtilis ATCC
PTA 6737 — 7.42-10* kvv; Bacillus subtilis DSM 15544 — 2.2-108 kvv;
Saccharomyces cerevisiae NCYC Sc47 — 7.0-10° kvv; Lactobacillus casei
ATCC7469 —6.0-10% kvv; Lactobacillus plantarum CNCM 1-3235 - 2.0-10°
kvv; Lactococcus lactis NCIMB 30117 — 4.0-10° kvv; Saccharomyces
cerevisiae IFO 0203 — 7.0-10% kvv) (turpmak teksta — probiotikas).

Edinasanas pétijuma sivenu grupu raksturojums. Sivénu &dinasanas
pétijums (Otra pétijuma aktivitate) tika realizéts viena cikkopibas saimnieciba —

L3, Kkur tika veikta augstakmingtas probiotikas un atlauto augu izcelsmes

dzivnieku baribas sastavdalu iz€dinasana sivéniem. P&tljumam atlasijam Cetrus

metienus, kuros bija sivénmates ar 14 dienu veciem Landrases un Djurokas
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Skirnes krustojuma sivéniem (n=44), ar vidgjo dzivmasu 4.96+0.13 kg. Katra
metiena sivénus talak iedalijam pétnieciskajas grupas — t.i., kontroles grupa
(C grupa, n=11), probiotiku grupa (P grupa, n=11), probiotiku un griku kliju
grupa (PB grupa, n=11) un arstniecibas augu grupa (H grupa, n=11). P&tfjuma
laika pie dzerama Gdens P un PB grupai pievienojam probiotikas noteikta
koncentracija, savukart, PB grupai vél papildus pie pamatbaribas noteikta
koncentracija pievienojam klat griku klijas. H grupai pie pamatbaribas
pievienojam augu piedevu noteikta koncentracija. P&tjjuma periods bija 6
nedélas, t.i., no 14. lidz 56. sivénu dzives dienai. Edinasanas p&tfjuma gaita
aprakstita 1.3.2. apaksnodala.

Eterisko ellu (EO) raksturojums. Lai izvertétu rezistenta E. coli un
ESBL producgjosa E. coli samazinasanas iespgjas, izmantojot augu izcelsmes
lidzeklus — EO, Tresas pétijuma aktivitates laika ieguvam Latvija augusu augu
EO un to analogus, kas pieejami komercialaja tirga.

EO ieguvam no 2019. gada julija ievaktiem Latvija auguSiem arstniecibas
augiem — (maza marsila (Thymus serpyllum L.), parasta timiana (Thymus
vulgaris L.) un kalnu pupumétras (Satureja montana L.) lakstiem, izmantojot
hidrodestilacijas metodi. Komerciali iegadajamies tris EO: mazais marsils
(Thymus serpyllum L.), razotajs “Primavera” (Vacija), izcelsmes valsts — Turcija;
parastais timians (Thymus vulgaris L.), razotajs “Oilsdlife” (Apvienota
Karaliste) izcelsmes valsts — Spanija; kalnu pupumétra (Satureja montana L.),
izplatitajs “Hermitage Oils”, izcelsmes valsts — Horvatija. Saskana ar izplatitaja
sniegto informaciju, visas komercialas EO ir iegiitas ar tvaika destilacijas metodi.

1.3. Metodikas apraksts

1.3.1. Ciiku fekaliju paraugu ieguve septinas Latvijas
cakkopibas saimniecibas

Pirmas pétijuma aktivitates laika no septinam cukkopibas
saimniecibam kopuma ieguvam 615 fekaliju paraugus no 4 (n=110), 6 (n=151),
8 (n=105), 12 (n=87), 20 (n=85) nedelu vecam ciikam un sivénmateém (n=77) péc
nejausibas principa, atlasot divus 11dz Cetrus paraugus no ciiku sprosta, atkariba
no apstakliem, t.i., talit péc defekacijas vai izvéloties p&c iesp&jas svaigakas
fekaliju masas no sprosta gridas. Paraugos izolgjam E. coli un noteicam ESBL
producgjosa E. coli klatbiitni, sekojosi noteicam izoléto kultiru jutibu pret
antibiotikam. ESBL producgjosiem E. coli tika noteikta ESBL kodgjoso génu
klatbiitne. legilito paraugu izmekl€Sanai pielietoto metodiku skatit 1.3.3.
(Paraugu bakteriologiska izmeklésana) un 1.3.4. (ESBL génu noteiksana,
izmantojot molekularas biologijas metodes) apak§nodalas.
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1.3.2. Sivénu eédinasanas pétijums un paraugu ieguves
metodika

Otras pétijuma aktivitates laika, saimnieciba L3, veicam probiotikas
saturoSas papildbaribas un augu izcelsmes baribas sastavdalu iz&dinasanu
sivéniem no 14. 1idz 56. dzives dienai. Lidz sivénu 28. dzives dienai (atskir$anai),
katras pétnieciskas grupas sivénus turéjam kopa ar sivénmati atneSanas sprosta.
Pec atSkirSanas, sivénus parvietojam uz atSkirto sivénu istabu un petijums
turpinajas tadas pasas pétnieciskajas grupas lidz sivéni bija sasniegusi 56 dienu
vecumu.

C grupas sivéni sanéma pamatbaribu un pirmas divas ned€las péc
atSkirSanas — pamatbaribu ar 1000 mg ZnO kg piedevu. P grupas sivéni sanéma
pamatbaribu un probiotikas, kuras pievienojam dzeramajam tdenim noteikta
koncentracja (1%, 0.75%, 0.45%, 0.34%, 0.32%) atbilsto§i sivénu vecumam
(14., 28., 35., 42., 49. dzives diena). PB grupas sivéni sanéma pamatbaribu un
griku klijas 3% apméra no tas masas. Kopa ar dzeramo tideni sanéma probiotikas
noteikta koncentracja (1%, 0.75%, 0.45%, 0.34%, 0.32%) atbilstosi sivénu
vecumam (14., 28., 35., 42., 49. dzives diena). H grupas sivéni sanéma
pamatbaribu ar arstniecibas augu piedevu 1.5% apmera no tas masas. Sivénu
pamatbaribas receptiira atbilda sivénu vecumam un fiziologiskajam vajadzibam.
Sivéni baribu un tideni sanéma ad libitum.

Sivénu baroSanai izmantojam parvietojamas plastikata barotavas, bet
probiotiku dozéSanai — medikatoru “Lubing” (Lubing Maschinenfabrik, Vacija).

Asins paraugus (n=50) ieguvam no katra dzivnieka pirmaja (sivénu
14. dzives diena) un pedgja (56. dzives diena) pétijuma diena ar vakuumstobrinu,
kuram pievienota adata vai ar slirces palidzibu no v. jugularis externa /
v. brachialis. Hematologiski asins paraugos noteicam kopgjo leikocTtu,
eritrocttu, granulocitu, limfocitu skaitu, haematokritu, hemoglobinu, vidgjo
eritrocitu tilpumu, vidéjo hemoglobina saturu eritrocitos un vidéjo hemoglobina
koncentraciju eritrocitos, izmantojot veterinaro hematologisko analizatoru
(Exigo Eos, Boule Medical AB, Zviedrija). Seruma noteicam glikozi, kalciju,
fosforu, gamma-glutamiltransferazi, sarmaino fosfotazi un aspartatamino-
transferazi, izmantojot klinisko kimijas analizatoru (Mindray BS-200E,
Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Kina).

Fekaliju paraugus (n=93) ieguvam sivénu 14. (n=13), 35. (h=37) un 56.
(n=43) dzives diena talit p&c to izkarnisanas. Bakteriologiski noteicam E. coli un
Enterobacteriaceae skaitu (log kvv g*). Rektalos paraugus (n=46) ieguvam no
sivénu taisnas zarnas ar sterila vates aplikatora palidzibu sivénu 14. (n=12) un
56. dzives diena (n=34). Bakteriologiski izolgjam E. coli un sekojosi noteicam ta
jutibu pret antibiotikam, izmeklésanas metodiku skatit 1.3.3. apaksnodala.

Petjjuma beigas (sivénu 56. dzives diena) p&c nejausibas principa
atlastjam Cetrus sivénus no Katras p&tnieciskas grupas un divus sivénus no C
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grupas (n=14) un tie tika nokauti saimnieciska nolika atzita kautuve.
Gremos$anas satura paraugus ieguvam no tievas zarnas (intestinum tenuae)
tuksas (jejunum) zarnas dalas (20 cm proksimali no giizas zarnas un aklas zarnas
vederpléves krokas (plica ileocaecalis)) un resnas zarnas (intestinum crassum)
lokzarnas (colon) lejupejosas dalas (colon descendens). GremoS$anas saturd
noteicam E. coli, Enterobacteriaceae un Lactobacillus spp. skaitu (log kvv g?),
bakteriologisko izmekléSanas metodiku skatit 1.3.3. apak$nodala. Audu
paraugus histologiskai izmeklé$anai (1.5-2 cm apjoma) ieguvam no tuksas
zarnas (jejunum), 20 cm proksimali no giizas zarnas un aklas zarnas véderpléves
krokas (plica ileocaecalis) un resnas zarnas (intestinum crassum) lokzarnas
(colon) lejupejosas (colon descendens) proksimalas dalas. Iegiitos audu paraugus
fiksgjam 10% neitrala buferéta formalina $kiduma, paraugu histologisko un
imtinhistokimisko izmeklésanas metodiku skatit 1.3.5. un 1.3.6. apaks$nodala.

Muskulaudu paraugus (n=8) ieguvam no garaka muskula jostas un
krtsu dalas (m. Longissimus thoracis et lumborum) un noteicam nepiesatinato un
piesatinato taukskabju saturu, izmantojot gazu hromatografijas metodi, saskana
ar instrukciju BIOR-T012-131-2011.

1.3.3. Paraugu bakteriologiska izmekléSana

Cuku fekaliju paraugiem (n=615) (Pirma aktivitate) un sivénu rektalajiem
(n=46), fekaliju (n=93) un gremos$anas satura (n=28) paraugiem (Otra aktivitate)
veicam bakteriologisko izmeklésanu.

E. coli izolésana un ESBL producgjosa E. coli klatbitnes noteikSana
fekaliju paraugos. Lai izol&tu E. coli no fekaliju (n=615) un rektalajiem (n=46)
paraugiem, izmantojam Levina eozina metilénzila agaru (Levine EMB Blue
Agar, Biolife), bet, lai noteiktu fekaliju (n=615) un sivénu rektalajos (n=46)
paraugos ESBL producgjosa E. coli klatbiitni — izmantojam selektivi diferencialo
barotni — Hromogéno ESBL agaru (Chromart ESBL Agar, Biolife). 1zolétajam
aizdomigajam E. coli kultiram veicam biokimisko testu parbaudi, izmantojot
oksidazes (Oxidase Reagent Droppers, BD), ureazes (Urea Agar (Christensen),
Biolife), citratu (Simmons Citrate agar, Oxoid) un indola (Tryptophan Peptone
Water, Sifin; Kovacs™ reagent, Biolife) testus.

Fenotipiskais apstiprinosais tests ESBL producéSanai. Saskapa ar
EUCAST ieteikumiem (EUCAST, 2017b) aizdomigo ESBL producgjoso E. coli
(n=144) apstiprinasanai, izmantojam kombin&to disku testu un to izpildijam
saskana ar CLSI vadlinijam (CLSI, 2018b).

E. coli un ESBL E. coli jutibas noteik$ana pret antibiotikdm. Gan Pirmas,
gan Otras aktivitates laika izolétajiem E. coli noteicam jutibu pret 12
antibakterialiem  lidzekliem  (ampicilinu,  amoksicilinu+klavulanskabi,
cefazolinu, cefotakstmu, imipenému, sulfameoksazola+trimetoprimu,
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trimetoprimu, gentamicinu, hloramfenikolu, tetraciklinu, enrofloksacinu,
ciprofloksacinu (BD BBL Sensi-Disc, ASV)) saskana ar disku diftizijas metodi
(EUCAST, 2017a). ESBL producgjosajiem E. coli (n=50) bez jau min&tajam 12
antibiotikam, papildus noteicam jutibu vél pret se$am (mecilinu, tikarcilinu,
cefaleksinu, cefoksitinu, cefiksimu un cefepimu) antibiotikam.

Multirezistento E. coli noteik§ana. Visus E. coli izolatus, kuriem noteicam
jutibu pret antibiotikam, izvert€jam atbilstibai multirezistentas bakterijas
statusam (Magiorakos et al., 2012), bet to klasificEsanu limenos veicam saskana
ar Jahanbakhsha noradijumiem (Jahanbakhsh et al., 2016).

ESBL producgjo$o E. coli identificé§ana ar MALDI-TOF tehnologiju.
Fenotipiski apstiprinatos ESBL producgjosos E. coli izolatus (n=50),
identificgjam/parapstipringjam, izmantojot VITEK MS (bioMerieux SA,
Francija) identific€$anas sistému, kas balstas uz MALDI-TOF tehnologiju.

Enterobacteriaceae dzimtas, E. coli un Lactobacillus spp. skaita
noteik8§ana. Sivénu gremoSanas satura paraugos (n=28) noteicam
Enterobacteriaceae, E. coli un Lactobacillus spp. skaitu, savukart sivénu fekaliju
paraugos (n=93) noteicam Enterobacteriaceae un E. coli skaitu. Sakotngjo
suspensiju un sérijveida decimalskidumus sagatavojam saskana ar LVS EN ISO
6887-1:1999 standarta prasibam. Enterobacteriaceae dzimtas baktériju
izolésanu un uzskaitiSanu veicam saskana ar LVS EN ISO 21528-2:2007
standarta prasibam. E. coli izoléSanau un uzskaitiSanu veicam saskana ar LVS
EN 1SO 16649-2:2007 standarta prasibam. Lai izolétu un uzskaititu
Lactobacillus spp., izmantojam MRS agaru ar polisorbata 80 piedevu (MRS
agar with Tween® 80, Biolife) un izmeklgéSanu veicam saskana ar raZotaja
ieteikumiem. Lai aprékinatu Enterobacteriaceae, E. coli un Lactobacillus spp.
skaitu viena grama parauga, izmantojam LVS EN ISO 8199:2019 standarta
ieteikumus. Rezultatus izteicam ka logio kvv gL,

1.3.4. ESBL génu noteikSana, izmantojot molekularas
biologijas metodes

Lai identificetu ESBL génu bla (b|ac'rx.M, blaTem, b|8.s|-|v) klatbutni ESBL
producgjosajiem E. coli, izmantojam polimerazes kédes reakciju (PCR).

Sakotn€ji no 18+2 h vecas fenotipiski apstiprinatas ESBL producgjosas
E. coli tirkultiiras tika veikta DNS izdaliSana, izmantojot E.Z.N.A. baktériju DNS
izolésanas komplektu (Omega Bio-tek, ASV), nemot véra raZotdja protokolu.
Izdalita DNS daudzums tika kontroléts, izmantojot ND-1000 spektrofotometru.
PCR reakcija tika veikta, izmantojot HotStarTaq®Plus Master Mix komplektu
(QIAGEN, Vacija) saskana ar razotaja noradijumiem un izmantojot sekojosus
ESBL génu praimerus (J. Kim et al., 2009):
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1) TEM - F: (5-AGTGCTGCCATAACCATGAGTG-3’) un TEM R: (5’-
CTGACTCCCCGTCGTGTAGATA-3");

2) SHV - F: (5-GATGAACGCTTTCCCATGATG-3’) un SHV R: (5’-
CGCTGTTATCGCTCATGGTAA-3);

3) CTXM 1. grupa—F: (5-TCCAGAATAAGGAATCCCATGG-3) un CTX
M 1. grupa R: (5’-TGCTTTACCCAGCGTCAGAT-3").

DNS amplicésanas reakcijai izmantoja termisko ciklistu ABI2770 (Applied

Biosystems, ASV). PCR reakcijas nosléguma, amplicéto DNS sadalija,

izmantojot elektroforézi 2% agarozes ggla. DNS fragmentu pozicijas géla

noteica, apskatot elektroforézes g€lu transiluminatora ultravioletaja starojuma.

Ka DNS izméra markieris tika izmantots 50 bp markieris (GeneRuler 50 bp DNA

Ladder, Thermo Scientific, SM0371). TEM pozitivie izolati bija 431 bp gari,

SHV — 214 bp gari, bet CTX M — bija 621 bp gari.

1.3.5. Histologiska izmekléSana

Paraugu sagatavoSana histologiskajai izmekléSanai. Fiksgtos audu
(jejunum un colon zarnas) paraugus piegrieza un ielika audu kasetés (Bio-Optica,
Italija) apstradei audu procesora LEICA ASP200S (Leica, Vacija). Sekojosi tos
ieslédza parafina blokos (n=28), izmantojot ieguldiSanas iekartu Tissue
Embedding System TES 99 (MEDITE, Vacija). Izmantojot mikrotomu, tika
sagatavoti 4 um biezi griezumi (n=168) un krasoti péc Hematoksilina — Eozina
metodes (H&E) (Carson, 1997), Perjodskabes-Siffa metodes (PAS) (Kiernan J.
A., 2008) un Alcianzila pH 2.5 metodes (AB) (Bio-Optica protokols).

Histologisko griezumu mikroskopiska izmekl&$ana. Tievas (jejunum) un
resnas (colon) zarnas H&E histologiskajos griezumos (n=56) novértgja visparigo
morfologisko un histopatelogisko stavokli, izmantojot gaismas mikroskopu
(Zeiss, Vacija). Analizgja divus audu griezumus katram paraugam 100-1000 X
palielinajuma, nosakot iekaisuma smaguma pakapi (ballés no 0 Iidz 4), iekaisuma
izplatibu (difuzs, lokals, multifokals), iekaisuma §tinu, eritrocitu daudzumu (no
0 1idz 4) un mikroorganismu klatbiitni.

Lai iegttu tievas (jejunum) un resnas (colon) zarnas mikro-
morfometriskos mérijjumus, analizéjam H&E krasotos griezumus (n=56),
izmantojot gaismas mikroskopu (Leica, DM3000OLED, Vacija), kameru (Leica
DFC450, Vacija) un histologisko att€lu apstrades un analiz€Sanas programmu
(Leica Aplication Suite, versija 4.10.0). Ieguvam sekojoSus merijumus — zarnu
barkstinu (villi intestinales) augstumu (VH), platumu (VW) un kriptu (cryptae
intestinales) dzilumu (CD), kausveida $tinu (enterocyti calciformes, GC) skaitu
un blivumu. Griezumus mikroskop&jam 100-400X palielindgjuma tris
atkartojumos, izmérot 10 labi orient&tas zarnu barkstinu un kriptu strukttras. VH
mérijjam no zarnu barkstinas virsotnes Iidz barkstinas pamatnei. VW meérjjam
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zarnu barkstinas vidusdala, bet CD —no kriptas ieliekuma (invaginacijas) zemaka
punkta lidz barkstinas pamatnei. Skaitfjam kop&jo GC skaitu tievas un resnas
zarnas barkstinas un kriptas, un izteicam to ka n/kripta, n/barkstina un blivumu
—ka GC skaitu attieciba pret barkstinu augstumu vai kriptu dzilumu (um).
Neitralo (PAS+) un skabo mukopolisaharidu saturo$u (AB+)
kausveida $iinu (GC) diferencésanu un skaitiSanu veicam, analizgjot péc PAS
un AB metodes krasotus audu griezumus (n=112). PAS+GC iekrasojas purpura
krasa, bet AB+GC — gaisi zila krasa. Katra parauga trijos atkartojumos atlasijam
desmit labi orient€tas zarnu barkstinas un kriptu strukttiras. Noteicam PAS+GC
un AB+GC skaitu barkstinas un kriptas, ka arT izteicam to blivumu ka PAS+GC
un AB+GC skaitu attieciba pret barkstinas augstumu un kriptu dzilumu (pm).

1.3.6. Imiinhistokimiska izmeklesana

Krasojam sivénu zarnu audu griezumus ar imiinhistokimijas (IHC)
metodém un noteicam kodola proteinu Ki67, lai vizualizétu zarnu epitélija $iinas
to dzives cikla aktivajas fazeés, bet CD3 virsmas proteinu — lai identificétu T
limfocitus sivénu zarnas. Iminreaktivo (Ki67, CD3) Stnu iezim&Sanai tika
izmantots Dako EnVision®+System HPR reagentu komplekts un reakcijas
izpilditas saskana ar razotaja protokolu. Nemot véra nosakamos raditajus —
Ki67+ un CD3+ $unas, reakcijas izpildes laika attiecigi tika mainitas primaras —
Ki67 kodola proteina (Dako, clone MIB-1, IR621) un CD3 virsmas antivielas
(Dako, A0452). Lai arT abas iepriek§minétas antivielas ir razotas cilvéka $tinu
proteinu vizualizacijai, taéu autoru zinojumi (Wiarda et al., 2020; Wiyaporn et
al., 2013) pierada $o antivielu sp&ju iezimét attiecigos §iinu proteinus cikam.

IHC reakciju izpildes iek$gjai kvalitates kontrolei tika gatavoti pozitivas
un negativas kontroles paraugi, izmantojot cilvéka mandeles histologiskos
griezumus no Rigas Austrumu Kliniskas Universitates Slimnicas Patologijas
centra arhiva. Pozitivajos kontroles paraugos imunreaktivas CD3 $iinas
galvenokart lokaliz&jas mandeles ekstra-folikularaja zona un raksturiga CD3+
§inu membranu iekraso$anas brina krasa. Savukart imanreaktivas Ki67 $tnas
galvenokart lokaliz€jas mandeles germinativajos centros, kur to ipatsvars
sastadija 80-90% no $unu skaita, raksturiga Ki67+ $tnu kodolu iekrasoSanas
briina krasa. Negativas kontroles paraugi tika pagatavoti no iepriekSmingtajiem
audiem, bet primara antiviela (CD3/Ki67) tika aizvietota ar antivielas skidinataju
(Antibody Diluent, Dako, S3022). Negativas kontroles paraugos netika
konstatéta CD3+ un Ki67+ $tinu struktiiru iekrasos$anas briina krasa.

IHC griezumu mikroskopiska analize. Ar IHC metodi krasotu sivénu
zarnu audu griezumu analizi veicam izmantojot 100-400X palielinagjumu.
Prolifergjoso epitélija $tunu (Ki67+) skaitu noteicam desmit labi orientétas tievas
un resnas zarnas kriptu struktiiras un izteicam ka pozitivo §tnu skaitu n/100 pm.
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Intraepitelialo T limfocttu (IEL CD3+) skaitu noteicam desmit labi orient&tas
tievas un resnas zarnas barkstinu un kriptu strukttiras un izteicam ka pozitivo
§tnu skaitu n/100 um. CD3+ §tnu relativo biezumu analizgjam jejunum un colon
lamina propria (gan zarnu barkstinu, gan kriptu dala), Peijera plates
(interfolikulu, kupola + folikulu zona) un resnas zarnas submukoza. Katru
paraugu analiz&jam desmit péc nejausibas principa atlasitos redzes laukos Kkatrai
strukttirai. CD3+ §tinam vizualiz&jam briinu $tinas membranu, bet Ki67+ $tinam
— briina krasa iekrasotu kodolu. Relativo CD3+ §tnu biezumu noteicam péc
puskvantitativas skaitiSanas metodes (Pilmane et al., 1998).

1.3.7. Augu éterisko ellu (EO) kimiska satura noteik$ana

Kimisko sastavu miisu pasu ekstrah&tajam un komercialajam &teriskajam
ellam (EO, n=6) noteicam, izmantojot gazu hromatografijas metodi ar
hromatografu (Perkin EImer, Clarus 580), kas aprikots ar masselektivo detektoru
(Clarus SQ 8 C). Savienojumi izdaliti, izmantojot poli-etilénglikola stacionaras
fazes Omegawax 250 kapilaro kolonnu (30 m x 0.25 mm, 0.25 um sorbenta
slaniSsa biezums). Iekartas vadibu nodro§inaja ,, TurboMass Ver6.0.0”
programmatiira, bet datu apstrade realizéta ar ,,NIST MS 2.2 Library”(FairCom
Corp., ASV) datorprogrammu. EO komponenti tika identificéti atbilsto$i to
izdaliSanas indeksiem (lwanami et al., 1997; Keita et al., 2000; Njoroge et al.,
1996; Tabanca et al., 2006) un salidzinati ar atsauces spektru datu bazes (Wiley/
NIST). Visiem EO komponentiem tika eksperimentali noteikts izdali$anas
indekss vadoties péc n-alkanu izdaliSanas laiku programmetas temperatiiras
apstaklos, izmantojot divu funkciju aprékinu vienadojumu (Mjes, 2004).

1.3.8. Augu éterisko ellu (EO) un bagatinato EO
antibakterialas efektivitates parbaude

Lai noteiktu EO antibakterialo aktivitati, parbaudei izmantojam desmit
E. coli/ESBL producgjosos E. coli, kas tika izol&ti no cuku fekalijam un E. coli
references celmu ATCC 25922 kontrolei (Bioscience, Apvienota Karaliste).

EO antibakterialo aktivitati noteicam, izmantojot buljona mikro-
at8kaidijuma metodi (CLSI, 2018a), nosakot minimalo inhibitoro koncentraciju
(MIC) un minimalo baktericido koncentraciju (MBC) ka aprakstits ieprieks
(Mandrika et al., 2021). MIC ir minimala EO koncentracija, kura redzami kavé
baktériju augSanu, MBC — minimala EO koncentracija, kura nepiecie$ama, lai
panaktu bakteriju bojaeju — sakotngja inokulata bakterialas koncentracijas
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samazinajums par 99.5% un 95%. Inhib&to bakteriju procentualo daudzumu
aprekinajam saskana ar ieprieks zinotu vienadojumu (Cheng et al., 2015).

MIC noteikSanai izmantojam 20+2 h vecu E. coli standartkultaru ar
blivumu 0.5 McF. Sekojosi veicam tas atSkaidijumus, lai sasniegtu 1.5-10® kvv
mL1. EO at¥kaidijam ar DMSO (Dimethyl sulfoxide, Sigma-Aldrich, D2650)
Iidz koncentracijai 500 pL mL?. Sekojosi katra 96 iedobisu plates iedobé
ienesam 100 pL Millera-Hintona buljonu (Muller — Hinton Broth, Oxoid).
Pirmaja plates iedobitg ienesam test&jamas 100 uL EO pagatavoto $kidumu un
veicam sérijveida atSkaidfjumus. Paraléli veicam DMSO un gentamicina 0.5 mg
mL! antibakterialas efektivitates kontroli — tiem veicot sérijveida atSkaidijumus
tapat ka EO skidumam. Visas testa iedobités pievienojam 50 pL bakteriju
saturo$u inokulatu un vel 50 pL fiziologisko $kidumu (0.9% w/v) (bagatinato EO
antimikrobialas aktivitates noteikSanas testa fiziologiska Skiduma dala tika
aizstata attiecigi ar hipertonisku NaCl vai kaprilskabes skidumu) ka rezultata
katra plates iedobite bija bakteriju suspensija ar koncentraciju 5-10% kvv mL™2,
EO koncentracija iedob&s péc s€rijveida at$kaidiSanas bija no 125 pL lidz
0.000238 uL mL!. Negativajai kontrolei plates iedobite satur&ja tikai 200 uL
Millera-Hintona buljona, bet pozitivajai kontrolei — iedobite satur&ja 100 pL
Millera — Hintona un 100 pL bakteriju saturosas suspensijas. No pozitivas
kontroles 1 pL inokulgjam Millera-Hintona agara (Muller Hinton agar II,
Biolife), lai noteiktu realo kvv koncentraciju iedobiteé un izmantotu MBC
noteikSanai. Mikroplates inkub&jam 36+1 °C, 20+2 h. P&c inkubacijas nolasijam
MIC, kas bija pedgja dzidra iedobe pirms iedobes, kura nenovéro barotnes
sadulkosanos. Lai noteiktu MBC, no katras dzidras iedobes parsgjam 1 pL uz
Millera-Hintona agara. Inkubg&jam 36+1 °C, 2042 h un skaitijam kvv. Viszemaka
EO koncentracija, kas nodrosinaja 95% un 99.5% bakt@riju nogalinaSanu, tika
apziméta ka MBC 95% un MBC 99.5%. Katras EO antibakterialo efektivitates
parbaudi atkartojam divos atkartojumos.

Lai noteiktu bagatinato EO (ar 3% NaCl vai 1mM kaprilskabi) MIC un
MBC vértibas, sakotng&ji sagatavojam sekojoSus izejas Skidumus — 12% NaCl-
dejonizéta Gdens $kidums (w/v) un 4 mM kaprilskabes $kidums (nepiecie$amo
NaCl un kaprilskabi bagatinato EO antibakterialo efektivitati noteicam péc
ieprieks aprakstitas metodikas, bet testa izpildes laika pirms baktériju saturoSa
inokulata ieneSanas katra no testa iedobém fiziologiska $kiduma dalu (50 pL)
aizvietojam attiecigi ar 50 pL. 12% NaCl skidumu vai 50 pL. 4 mM kaprilskabes
spirta-tidens $kidumu, ka rezultata katra testa iedobite satur€ja attiecigi 3% NaCl
piedevas vai 1.0 mM Kkaprilskabes piedevas. Paraléli kontrolgjam 3% NaCl
ietekmi un 1.0 mM kaprilskabes spirta — Gdens $kiduma ietekmi uz baktériju
augsanas inhib&Sanu vai to baktericido efektu. Sekojosi noteicam bagatinato EO
MBC 99.5% un MBC 95% ka aprakstits ieprieks.
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1.3.9. Datu statistiska analize

Visiem kvantitativajiem mérfjjumiem aprékinajam tadus raditajus ka
vidgjo aritmétisko (x), standartnovirzi (SD) un (SE).

Lai raksturotu pret dazadam antibiotikam rezistenta E. coli izplatibu un
ESBL producgjosa E. coli sastopamibas at$kiribas starp lielajam un mazajam
cilkkopibas saimniecibam, starp dazada vecuma cliku grupam, izmantojam 7>
testu (Chi — Square test) un paru salidzinasanu ka post-hoc testu. Lai salidzinatu
antibiotiku rezistences izplatibu, ka ari ESBL kodg&joso génu sadalijumu ESBL
producgjosiem E. coli lielo un mazo ctikkopibas saimniecibu grupas, izmantojam
FiSera testu. Noteicam ESBL génu ietekmi uz antimikrobialas rezistences
fenotipisko izpausmi, izmantojot izredzes attiecibu (odds ratio) un 95%
ticamibas intervalu.

Izmantojam vienfaktoru dispersijas analizi, lai noteiktu faktora (baribas
komponenta veids) ietekmi uz p&tamajam pazimém — asins biokimijas un
hematologijas raditajiem, bakt€riju populacijas izmainam, tievas un resnas
zarnas histomorfologiskajam izmainam un taukskabju sastava izmainam
muskulaudos. Konstatgjot faktora biitisku iedarbibu, Dankana daudzpakapju
tests tika veikts, lai noteiktu starp kuram faktora gradacijas klasém pastav
butiskas atskiribas. Lai izverte€tu CD3+ $iinu relativa biezuma (semikvantitativs
datus) izplatibas batiskuma at$kiribas starp pétjjuma grupam, veicam
neparametrisko Kruskala-Vallisa (Kruskal-Wallis) testu, kas paredzets vairaku
neatkarigu grupu salidzinaSanai p&c vienas pazimes. Noraidot nulles hipotezi, ka
post-hoc testu izmantojam Konovera — Imana (Conover — Iman) vairaku paru
salidzinasanas testu.

Izmantojam divu faktoru dispersijas analizi, lai noteiktu faktoru EO
izcelsme (komerciala/Latvijas) un EO veids (T. serpyllum, T. vulgaris un
S. montana) ietekmi uz pétamo pazimi — antibakterialo darbibu (MIC/MBC).
Tapat divu faktoru dispersijas analize tika izmantota, lai noteiktu faktoru
(komercialas EO veids) un bagatinosas piedevas (kaprilskabes, NaCl) ietekmi uz
pétamo pazimi — antibakterialo darbibu (MIC/MBC). Noraidot nulles hipotézi,
ka post-hoc testu izmantojam Bonferroni testu, lai noteiktu batiskuma ITmeni
starp grupam. T-testu saistitam paraugkopam izmantojam, lai salidzinatu iegiito
pazimju (MIC/MBC) vidgjas vertibas katram EO veidam, savukart t-testu
nesaistitam paraugkopam — lai salidzinatu katras komercialas EO (ar/bez
piedevas) MIC vidgjas vertibas pret ESBL producgjosiem un ESBL ne-
producgjosiem, ka ari MDR un ne-MDR E. coli.

Rezultatus uzskatijam par statistiski nozimigiem, ja p veértiba bija mazaka
par 0.05, bet tendence uz nozimigumu, ja p vertiba bija intervala no 0.05-0.10.
Pétjjuma rezultatu datu ievadei un datu vizualajai atainoSanai izmantojam
datorprogrammu  Microsoft Excel 2016 (16.0.4266.1001). Datu statistisko
apstradi veicam ar R Studio programmu (versija 1.1.463).
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2. PETIJUMA REZULTATI UN DISKUSIJA

2.1. Rezistenta un ESBL producéjosa E. coli izplatiba
ciikkopibas saimniecibas

Escherichia coli (E. coli) ir komensiala baktérija cilvéku, dzivnieku,
tostarp ctiku gremosanas trakta, ta¢u dala no E. coli celmiem ir patogéni un var
izraisit dazadas slimibas, tostarp Kolibakteriozi, kas Tpasi aktuala zidgj- un
atSkirtiem sivéniem (Gyles & Fairbrother, 2010). Turklat E. coli pieder pie
Enterobacteriaceae dzimtas bakterijam, kam piemit sp&ja iegiit un apmainities
ar rezistences géniem konjugacijas jeb horizontalas génu parneses laika, padarot
E. coli par rezistento génu rezervuaru (C. Tan et al., 2012). Batiski, ka rezistentie
E. coli spgj izplafities ne tikai populacija starp dzivniekiem, bet ari uz cilvekiem,
turklat rezistentie géni konjugacijas laika var tikt parnesti citam patogénam
bakteriju sugam (EFSA & ECDC, 2020). Tadé| svarigi no sabiedribas un
dzivnieku veselibas aspekta ir noteikt komensiala E. coli rezistenci ciku
populacija, 1pasi pievérSot uzmanibu at$kiriga vecuma ciikam, saimniecibas
lielumam ka antimikrobialas rezistences ietekmé&josajiem faktoriem.

Saskana ar cikkopibas saimniecibu IpasSnieku/veterinararstu sniegto
informaciju vairums saimniecibas ctiku arstésana plasi lietoja penicilinus, plasas
darbibas penicilinus, bet cefalosporinu lietoSanu ciiku arsté$ana noradija divas
saimniecibas (L1 un L3). No ne-g-laktamu grupas antibiotikam visbiezak ciku
arstéSana  izmantoja  oksitetraciklinu,  trimetoprima-sulfadiazinu  un
fluorohinolonu grupas antibiotikas (2.1. tabula). Ta¢u jaatzist, ka jautajumi par
antibiotiku lietoSanas paradumiem ciku arstéSana tiek atbildéti izvairigi un
nepilnigi. Kada apjomiga pétijjuma Lekaguls ar Iidzautoriem konstatéja, ka
detalizétas informacijas iegtiSanai par antibiotiku lietosanu ciiku saimniecibas, ir
nepiecieSamas citas metodes nevis anketéSana, piemeram, antibiotiku
izlietoSanas parskati (Lekagul et al., 2019).

Saskana ar SPKC “Vienas veselibas” zinojumu (SPKC, 2019), 2015.-
2019. gada Latvija produktivajiem dzivniekiem pardotakas antibiotiku grupas
bija tetraciklini (29.4-28.2%), plaSa spektra penicilini (20.1-14.9%), makrolidi,
linkozamidi (10.6-14.5%), aminoglikozidi (8.8-15.6%), sulfonamidi un
trimetoprims (5.9-5.3%), fluorohinoloni (2.9-3.1%). Eiropa, saskana ar 10.
ESVAC zinojumu (European Medicines Agency, 2021), kur apkopoti dati par 31
Eiropas valsti, pardotakas antibiotiku klases bija tetraciklmi (30.7%), penicilini
(28.8%), makrolidi un linkozamidi (12.1%), sulfonamidi un trimetoprims
(10.1%), aminoglikozidi (6.2%) un fluorohinoloni (2.5%).

24



2.1. tabula / Table 2.1.
Ciikkopibas saimniecibu raksturojums, profilaktiskie pasakumi un visbiezak lietotas antibiotikas (AB) ciiku
arstesanai / Characteristics of pig farms, prophylaxis and antimicrobial policy

Ferma, sivénmasu ASkirSanas Diarejas sastopamiba ZnO ki baribas | Lietotas antibiotikas / Antibiotics used
. vecums e . 1. -
skaits / (dienas) / Time sivéniem, kritiskie piedeva / _ .
Farm, Total to weaning periodi / Diarrhea, ZnO as feed f-laktamu AB/ | Ne-f-laktamu AB /
number of sows (days) critical periods additive f-lactams Non-g-lactams
L1, 2100 28 biezi/common 150mg kgt AMX, CFT CS, ENO, MAR,
OT, SXT?
L2, 700 33 biezi/common 150mg kgt P, AMX GM,OT, TMP+S,
L3, 1700 28 sporadiski/sporadically 150mg kg1, CFT, CFQ CS, ENO, GM, OT,
2500mg kg TMP+S,
L4, 1000 28 sporadiski/sporadically 150mg kgt P, AMC OT TMP+S,
S1, 15 28 biezi/common - P, AMX ENO, OT, TMP+S
S2, 40 28 —-42 reti/rare - - TY
S3,20 40 reti/rare - - ™
AMX — amoksicilins/amoxicillin, AMC — amoksicilins+klavulanskabe/amoxicillin-clavulanic acid, CFT — ceftiofurs/ceftiofur, CFQ —
cefkvinoms/cefquinome, CS - kolistins/colistin, ENO — enrofloksacins/enrofloxacin, GM — gentamicins/gentamicin, OT -

oksitetraciklins/oxytetracycline, P — penicilins/penicillin, MAR — marbofloksacins/marbofloxacin, TM+S — trimetoprims + sulfadiazins/
trimethoprim + sulfadiazine, ZnO — cinka oksids / zinc oxide 2 — antibiotikas tiek mainitas ik p&c trim ménesiem / the antibiotic is changed
every three months - Tslaicigi, 2-3 nedélas péc atskirsanas / short-term, 2-3 weeks after weaning.
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Balstoties uz miisu pétljuma rezultatiem, clikkopibas saimniecibas
komensialajam E. coli ir loti augsts rezistences limenis pret tetraciklinu 54.63%
(n=336); augsts — pret ampicilinu 32.03% (n=197), trimetoprimu 24.07%
(n=148), sulfametoksazola-trimetoprimu 22.44% (n=138), amoksicilinu-
klavulanskabi 22.28% (n=137); vid&ji augsts — pret hloramfenikolu 12.68%
(n=78); zems — pret fluorokvinaloniem (enrofloksacinu — 8.78%, ciprofloksacinu
— 3.58%), gentamicinu (5.69%), cefazolinu (4.55%) un tre$as paaudzes
cefalosporiniem (cefotaksimu) — 1.46%. Netika nov&rota E. coli rezistence pret
karbapen&mu grupas antibiotiku — imipenému.

Ja salidzinam izoléta E. coli rezistenci ciiku populacija un biezak lietotas
antibiotikas ctikkopibas saimniecibas, ka arT biezak pardotas antimikrobialas
vielas Latvija un Eiropa, vérojama sakariba, ka izoléta E. coli visaugstaka
rezistence verojama pret antibiotikam, kuras biezak tiek lietotas cliku arstéSana,
proti, tetracikliniem, plasas darbibas peniciliniem un trimetoprima kombinacijam
ar sulfonamidiem. Lidzigi ka miisu pétijuma rezultatos, ar1 Eiropas Savienibas
ikgadgja antimikrobialas rezistences zinojuma (EFSA & ECDC, 2020), un
vairums pétnieku pasaul€ ir uzsvérusi no ctikam izoléta E. coli augsto rezistenci
pret tetraciklinu, ampicilinu un trimetoprimu, sulfametoksazolu (Burow et al.,
2019; Hayer et al., 2020; Strom et al., 2017).

Valsts uzraudzibas programmas attieciba uz antimikrobialo rezistenci ir
verstas Uz noteiktu vecuma grupu dzivniekiem, ta¢u dazadam ciiku razo$anas un
vecuma grupam rezistences izplatiba butiski atSkiras (Burow et al., 2019).

Misu pétfjuma, no Cetru nedélu veciem sivéniem izolétiem E. coli
novérojam augstu rezistenci pret tetraciklinu (66.4%), trimetoprimu un ta
kombinaciju ar sulfametoksazolu (attiecigi 37.3% un 40.0%), ampicilinu
(38.2%), hloramfenikolu (25.5%), gentamictnu (10.9%), fluorohinoloniem
(7.2%) (2.2. tabula). Zidgjsivénu mikrobiotu liela méra ietekmé bakteriju
vertikala parne$ana no sivénmates (maksts, piens) un Vvides (gridas, dzirdnes
nipela virsmas); tacu laktacijas laika aizvien lielaku nozimi sivénu zarnu
mikrobiotai pieskir sivenmates fekala mikrobiota, Iidz laktacijas beigas sivéni to
imité (Chen et al., 2018). Sivénmasu arsté$ana ar antibiotikam p&cdzemdibu
perioda batiski palielina rezistento E. coli izplatibu sivéniem, turklat ne tikai pret
arste$ana lietotajam antibiotikam (Callens et al., 2015).

AtSkirtiem siveniem konstatgjam butisku E. coli rezistences
samazinasanos pret enrofloksacinu (0.7%), gentamicinu (2.7%), hloramfenikolu
(2.7%), bet nemainigi augsta saglabajas pret tetraciklinu (58.3%), trimetoprimu
(21.2%), savukart rezistencei pret ampicilinu (42.53%) un amoksicilinu-
klavulanskabi (32.18%) bija vérojama tendence pieaugt. Trijas no septinam
miisu pétljuma ieklautajam ciku saimniecibam diarejas sastopamiba tika
raksturota ka bieza, divas — sporadiska; turklat biezak pecatskirSanas perioda.
Lidzsingjie pétijumi uzsver, ka visbiezak antibiotikas tiek lietotas sivéniem
pécatskirSanas perioda (69.5%), kamér zidiSanas perioda — 22.5% gadijumu.
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P&catskirSanas perioda pamata (82%) tiek izmantota dzivnieku grupveida
arst€Sana (metafilakse), turklat biezak mingtas aktivas vielas ir paplaSinata
spektra penicilini (31.2%) un polimiksini (24.7%) (Sarrazin et al., 2019). Parasti
cuku arstéSana per os tiek saistita ar paaugstinatu rezistences attistibas risku
(Vargaetal., 2009), tacu ir autori, kas uzsver, ka ikviena antibiotiku terapija rada
risku (Burow et al., 2019).

2.2. tabula / Table 2.2.
Pret antibiotikam rezistenta E. coli izplatiba (%) dazada vecuma ciikam /
The prevalence of resistant E. coli (%) in pigs of different age

Rezistento E. coli izplatiba /
The prevalence of resistant E. coli, %

AB Ciku vecums nedgelas / Siven- vért?ba /
Age of pigs in weeks, n mates/ lue
4, 6, 8, 12, 20, Sows, | Pvau
n=110 n=151 n=105 | n=87 n=85 n=77
AM 38.22 35.8% 38.12 42.52 14.1b 15.6P <0.001
CIp 7.3 2.0 4.8 4.6 1.2 13 0.104
CTX 0.9 4.0 1.0 1.2 0.0 0.0 0.128
cz 0.1° 6.6" 3.8 11.5% 2.4P 1.3 0.004
IMP 0.0 0.0 0.0 0.0 0.0 0.0 1.000
GM 10.92 2.7 7.6 5.8% 0.0¢ 7.8% 0.010
AMC 30.0% 17.2% 29.5% 32.22 16.5¢ 6.5¢ <0.001
SXT 40.02 21.2° 26.7% | 21.8° 1.2° 18.2b <0.001
TMP 37.32 21.22 30.52 26.42 3.5° 22.12 <0.001
C 25.5° 2.7° 15.28 | 20.7% 3.5 11.7° <0.001
TE 66.42 58.3% | 58.1% | 65.52 30.6° 40.2 <0.001
ENO 7.32 0.7° 3.8 1.2% 0.0° 2.6% 0.012

AB - antibiotika/antibiotic, AM — ampicilins/ampicillin, CIP — ciprofloksacins/
ciprofloxacin, CTX - cefotaksims/cefotaxime, CZ - cefazolins/cefazolin, IPM -

imipenéms/imipenem, GM — gentamicins/gentamicin, AMC — amoksicilins-
klavulanskabe / amoxicillin-clavulanic acid, SXT — sulfametoksazols-trimetoprims/
sulfamethoxazole-trimethoprim,  TMP -  trimetoprims/trimethoprim, C -

hloramfenikols/chloramphenicol, TE — tetraciklins/tetracycline, ENO — enrofloksacins/
enrofloxacin; & ¢ — vidgjas vértibas viena rinda ar dazadiem burtiem ir biitiski atkirigas
(p<0.05) / mean values in the same row with different letters are significantly different
(p<0.05).

Nobarojamajam cikam novérojam butisku E. coli rezistences
samazinasanos pret vairumu no test€tajam antibiotikam — tetraciklinu (30.6%),
ampicilinu (14.1%), trimetoprimu un ta kombinaciju ar sulfametoksazolu
(attiecigi 3.5% un 1.2%), bet rezistence pret gentamicinu un enrofloksacinu
netika konstatéta. Rezistenta E. coli izplatiba samazinas cliku nobaro$anas
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perioda (Akwar et al., 2008; Burow et al., 2019), jo butiski samazinas arsté$anas
biezums (8%) (Sarrazin et al., 2019), turklat ir jaizvairas no antibiotiku
atliekvielam ciikgala (Akwar et al., 2008).

Salidzinot rezistenta E. coli izplatibu lielajas un mazajas ciikkopibas
saimniecibas, rezultati atklaj, ka ta ir augstaka (p<0.01) lielo saimniecibu grupa
pret astonam no 12 antibiotikam (ampicilinu, amoksicilinu-klavulanskabi,
sulfametoksazolu-trimetoprimu,  trimetoprimu,  gentamicinu, tetraciklinu,
hloramfenikolu un enrofloksacinu), Savukart, ne pret vienu no antibiotikam
nenovéroja butiski augstaku rezistenci mazo saimniecibu grupa. E. coli
rezistence pret ciprofloksacinu, cefotaksimu un cefazolinu bitiski neatSkiras
starp lielo un mazo saimniecibu grupam un tika vértéta ka loti zema (2.3. tabula).

2.3. tabula / Table 2.3.
Pret antibiotikam (AB) rezistenta E. coli izplatiba (%) lielajas un mazajas
cukkopibas saimniecibas / The prevalence of resistant E. coli (%) on the
large and small pig farms

Rezistento E. coli izplatiba /
The prevalence of resistant E. coli, %

Lielas saimniecibas / Mazas saimniecibas / p
AB Large farms, n=465 Small farms, n=150 vertiba
L1, L2, L3, L4, S1, | S2, | S3, Ip
= n= n= n= X n= n= n= X value
115 | 127 121 102 40 69 41

AM 357 1299 | 265 | 726|398 | 75 |13.0| 0.0 | 8.0 | <0.001
CIP 52 | 0.8 7.4 39 | 43 | 25 |15 | 00 | 1.3 | 0.213
CTX 09 | 55 0.8 00 | 19 | 00 | 0.0 | 0.0 | 0.0 | 0.488
cz 52 | 47 17 118 | 56 | 00 | 29 | 00 | 1.3 | 0114
IMP 00 | 00 0.0 00 | 0.0 | 00 | 00 | 00 | 00 1.000
GM 226 | 3.9 0.0 39 | 75 | 0.0 | 0.0 | 0.0 | 0.0 | 0.006
AMC | 244 | 79 | 141 | 716 | 275| 75 | 87 | 0.0 | 6.0 | <0.001
SXT 50.4 | 228 | 25,6 |17.7 | 293 | 25 | 15 | 0.0 | 1.3 | <0.001
TMP 50.2 | 244 | 322 | 157 | 314 | 25 | 15 | 0.0 | 1.3 | <0.001
Cc 313 | 47 | 910 | 206 | 159 | 0.0 | 44 | 24 | 2.7 | <0.001
TE 66.1 | 709 | 51.2 | 824 | 671 | 150 | 8.7 | 29.3 | 16.0 | 0.003
ENO 28.7 | 1.6 9.9 59 | 114 ] 25 | 00 | 0.0 | 07 0.004
AB - antibiotika/antibiotic, AM — ampicilins/ampicillin, CIP — ciprofloksacins/
ciprofloxacin, CTX - cefotaksims/cefotaxime, CZ - cefazolins/cefazolin, IPM -
imipenéms/imipenem, GM — gentamicins/gentamicin, AMC — amoksicilins-
klavulanskabe/amoxicillin-clavulanic acid, SXT - sulfametoksazols-trimetoprims/
sulfamethoxazole-trimethoprim, TMP — trimetoprims/trimethoprim, C — hloramfenikols/
chloramphenicol, TE — tetraciklins/tetracycline, ENO — enrofloksacins/enrofloxacin.
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Misu rezultati saskan ar citiem zinojumiem (Burow & Késbohrer, 2017
Strom et al., 2017), ka ciku ganampulka lielumam ir pozitiva asociacija ar
augstaku rezistenta E. coli izplatibu, tacu citi autori uzsver multifaktoru ietekmi
uz rezistenci veicino$iem apstakliem (Dewulf et al., 2007; Dohmen et al., 2017).

Multirezistento (MDR) baktériju raSanas rada bitisku apdraud&jumu ne
tikai dzivnieku veselibai, bet visai sabiedribai (Aarestrup, 2005; Tanwar et al.,
2014). Ja salidzinam MDR E. coli izplatibu lielajas un mazajas ciikkopibas
saimniecibas, tad butiski augstaku ta izplatibu konstatgjam lielajas (42.4%) neka
mazajas (2%) saimniecibas (2.4. tabula), turklat 27.92% (n=55) no izol&tajiem
MDR E. coli lielajas saimniecibas novérojam rezistenCi pret piecam un vairak
antibiotiku klasém. Ja salidzinam MDR E. coli izplatibu starp dazada vecuma
ciku grupam, augsts MDR E. coli izplatibas limenis (36.42-47.27%) tika
noverots 4 Iidz 12 ned@lu veciem sivéniem un jauncikam, viszemakais —
nobarojamajam ctkam (11.76%), bet sivénmateém — 14.29% (2.5. tabula).
Jauzsver, ka 63.64% no sivénmatém izolétie MDR E. coli uzradija rezistenci pret
piecam un vairak antibiotiku klasém, savukart nobarojamajam ctikam tik plasi
MDR E. coli fenotipi netika konstatéti. Cetru, astonu un 12 nedélu veciem
sivéniem to Tpatsvars sasniedza 30.77 Iidz 35.90%.

2.4. tabula / Table 2.4.
Multirezistento E. coli izplatiba (%, (n)) lielajas un mazajas cikkopibas
saimniecibas / The prevalence of multidrug-resistant E. coli (%, (n)) on the
large and small pig farms

Antimikrobialo lidzeklu kategoriju Saimniecibas/Farm
skaits / The number of antimicrobial Lielas/Large, Mazas/Small,

categories (Magiorakos et al., 2012) (n=465) (n=150)
0 23.01 (107) 71.33(107)
1 24.73 (115) 22.00 (33)

2 9.46 (44) 4.67 (7)

3 22.37 (104) 2.00 (3)

4 8.60 (40) 0.00 (0)

5 7.31(34) 0.00 (0)

6 3.44 (16) 0.00 (0)

7 0.86 (4) 0.00 (0)

8 0.22 (1) 0.00 (0)

Kopa/Total MDR E. coli (>3) 42.80 (199) 2.00(3)

MDR E. coli — multirezistentie / multidrug-resistant E. coli.

Ka viens no iemesliem augstakai MDR E. coli izplatibai lielaka izméra
ganampulkos ir daudzveidigaku antimikrobialo lidzeklu izmanto$ana cliku
arsteSanai (Strom et al., 2017), kas tika konstatéts arT misu pétijjuma, turklat
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MDR bakteriju, t.sk., E. coli atlasi sekmé antimikrobialo lidzeklu lietosana
kombinacijas (Varga et al., 2009). Interesanti, ka pétijuma Taizemé, augstaka
(95.7%) MDR E. coli izplatiba tika novérota vidgja liecluma (500-5000 ctikas)
neka lielajas (>5000 ctkas) saimniecibas — 87.7%, kas tika skaidrots ar
efektivaku biodrosibas vadibu un regularakam veterinararsta vizit€m
saimnieciba (Dawangpa et al., 2022). Salidzinot MDR E. coli izplatibu starp
dazadam ciku vecuma grupam, redzamas rezistenta E. coli izplatibas vispargjas
tendences — MDR E. coli izplatiba samazinas cuku razo$anas cikla laika, t.i.,
cliku nobaro$anas perioda, turklat tiem raksturigi Sauraki MDR E. coli fenotipi.
Bet bieza un dazadu antimikrobialo lidzeklu lictoSana per 0s at$kirSanas perioda
rezultgjas ar augstaku MDR E. coli izplatibu sivéniem (Varga et al., 2009).

2.5. tabula / Table 2.5.
Multirezistento E. coli izplatiba (%, (n)) dazada vecuma ciikam / The
prevalence of multidrug-resistant E. coli (%) in pigs of different age

) Antimikrobialo lidzeklu i‘;‘g‘;}f ;icé‘s"“isr’] ‘V‘V"e‘;"é” n/ Siven-
ategoriju skaits / The number of mates/
o - - 4, 6, 8, 12, 20,

antlmlcroblal categories e e e e e Sows,
(Magiorakos et al., 2012) 110 | 151 | 105 87 85 n=77

0 209 | 344 | 286 | 21.8 | 61.2 49.4

1 246 | 225 | 238 | 276 | 21.2 26.0

2 7.3 6.6 | 105 | 103 | 5.9 104

3 218 | 272 | 181 | 161 | 7.1 3.9

4 109 | 6.6 5.7 8.1 4.7 1.3

5 82 | 27 | 76 | 92 | 0.0 6.5

6 46 | 0.0 | 48 | 57 | 0.0 1.3

7 18 0.0 0.0 1.2 0.0 1.3

8 0.0 0.0 1.0 0.0 0.0 0.0

Kopa/Total MDR E. coli 473 | 364 | 37.1 | 40.2 | 118 14.3

MDR E. coli — multirezistentie / multidrug-resistant E. coli.

Kopuma pétijuma ieklautajas septinas ciikkopibas saimniecibas atklajam
89 dazadus rezistenta E. coli fenotipus. Visbiezak konstatétais fenotips TE (19%)
bija rezistents tikai pret vienu antibiotiku, t.i., tetraciklinu, bet tai pasa laika —
37% no visiem fenotipiem saturgja rezistenci pret fluorohinoloniem. Visbiezak
novérotie MDR E. coli fenotipi bija AM-AMC-TE (6.5%, n=40) un AM-SXT-
TMP-TE (4.9%, n=30). Viens no izol&tajiem E. coli fenotipiem AM-CZ-GM-
AMC-SXT-TMP-C-TE-ENO uzradija rezistenci pat pret 9 no 12 antibiotikam.
Gan misu rezultati, gan citu autoru pétjjumi atklaj loti lielu rezistenta E. coli
fenotipu dazadibu cuku populacija (Akwar et al., 2008; Jahanbakhsh et al., 2016),
ta¢u vairuma gadijumu tiem domin& rezistence pret tadam antibiotikam ka f-
laktamiem-trimetoprimu-sulfonamidiem-tetraciklinu.
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ESBL producéjosa E. coli sastopamiba ciiku populacija. Antibiotiku,
1pasi f-laktamu intensiva un nepareiza lietoSana humanaja un veterinarmedicina
ir sekm&jusi ESBL producgjoso baktériju selekciju un izplatibu. Pasaules
Veselibas organizacija ir noradijusi, ka pret tre$as paaudzes cefalosporiniem
rezistentie Enterobacteriaceae, t.sk., ESBL producgjosie E. coli ir viena no
pasaules nopietnakajam un kritiskakajam 21. gadsimta probléemam (WHO,
2017). Saskana ar misu rezultatiem, izmantojot selektivi diferencialo metodi un
izmeklgjot 615 ctku fekaliju paraugus no septinam ciikkopibas saimniecibam,
ESBL producgjosa E. coli klatbutni konstatejam ¢etras (L1, L2, L3 un S1) ciku
audz&Sanas saimniecibas, kopuma 144 paraugos (23.4%).

Starp lielajam ciikkopibas saimniecibam, visaugstako ESBL producgjosa
E. coli sastopamibu novérojam saimnieciba L1 (64.3%), kam@r starp mazajam —
saimnieciba S1 (47.5%). Lai ar1 ESBL producgjosie E. coli sastopami biezak
(p=0.029) lielajas (26.9%) neka mazajas cikkopibas saimniecibas (12.7%),
tomér jauzsver, ka ESBL producgjoso E. coli sastopamibas biezums biitiski
atSkiras savstarpgji starp fermam gan lielo, gan mazo saimniecibu grupas
(2.6. tabula).

2.6. tabula / Table 2.6.
ESBL producgjosu E. coli sastopamiba (%, (n)) lielajas un mazajas
cukkopibas saimniecibas / Occurrence of ESBL-producing E. coli on the
large and small pig farms, (%)

Saimiecibas lielums / Farm size Sastopamiba/Occurrence, % (n)
Lielas/Large L1 (n=115) 64.3%(74)
(n=465) L2 (n=127) 29.9° (38)
L3 (n=121) 10.7¢(13)
L4 (n=102) 0
Mazas/Smalll S1 (n=40) 4752 (19)
(n=150) S3 (n=41) 0
S2 (n=69) 0

b, _ vidgjas vertibas viena kolonna ar dazadiem burtiem ir biitiski atSkirigas / mean
values in the same column with different letters are significantly different (p<0.05).

Izveértgjot ESBL producgjoso E. coli izplatibu dazada vecuma un
fiziologiska stavokla ciikam, ievérojami augstaku ta izplatibu novérojam Cetru
un sesu nedelu veciem sivéniem (28.3% un 35.1%) un sivénmatém (41.6%),
savukart zemaku — 20 ned&lu vecam nobarojamajam ciikam (8.2%) (2.7. tabula).

Miisu rezultati atklaj, ka saimniecibas lielums var&tu buit viens no riska
faktoriem augstakai ESBL producgjoso E. coli sastopamibai cuku fekalijas, tacu
pret So apgalvojumu ir jabiit piesardzigiem, jo miisu p&tfjuma abas saimniecibas
ar visaugstako ESBL producgjosa E. coli sastopamibu bija novérojamas gan lielo
(L1), gan mazo saimniecibu grupa (S1). Lidz $im autori uzsverusi neskaitamus
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faktorus (piem. trikumi biodrosibas pasakumos, parmériga antibiotiku, Tpasi
cefalosporinu un fluorohinolonu lietoSana), kas veicina ESBL producgjosa
E. coli sastopamibu ciiku saimniecibas (Dohmen et al., 2017; Gay et al., 2018).
Ar1 m&s noverojam celonsakaribu starp palielinatu diarejas aktualitati sivéniem,
plasaku antibiotiku lietoSanu un sekojosi biezaku ESBL producgjoso E. coli
sastopamibu ciikkopibas saimniecibas. Visas ciikkopibas saimniecibas (L1, L2,
L3 un S1), kur konstatgjam ESBL producgjosu E. coli klatbutni, diarcjas
sastopamiba sivéniem tika verteta ka “bieza” (L1, L2 un S1) vai “sporadiska”
(L3), turklat arsteSana izmantoja amoksicilinu (L1, L2, S1), fluorohinolonus (L1,
L3, S1) un/vai cefalosporinus (L1, L3). Amoksicilins cikam ir pieejams per 0s
lictoSanai, tau tam ir zema uzsikSanas un biopieejamiba (Reyns et al., 2009),
tadgjadi radot lielu selektivu spiedienu uz zarnu mikrobiotu, kas sekmé
rezistences selekciju (Burch & Sperling, 2018). Domajams, amoksicilina per 0S
lietoSana var€tu bt viens no butiskakajiem faktoriem ESBL producgjoso E. coli
izplatibai sivéniem atskirSanas perioda. Fluorohinolonu loma ESBL producgjoso
E. coli izplatibas veicinasana ir zinota jau ieprieks$ (Basu & Mukherjee, 2018) un
vargja sekm&t ESBL producgjoso E. coli sastopamibu L1, L3 un S1 saimniecibas.
Turpreti saimniecibas S2 un S3 sivéniem diareju novéroja reti, arstéSana tika
izveleti ne-p-laktama grupas antibakterialie lidzekli, kas izskaidro ESBL
producgjoso E. coli neesamibu $o saimniecibu ciiku fekalijas.

2.7.tabula / Table 2.7.
ESBL producgjosu E. coli sastopamiba (%0, (n)) dazada vecuma cikam/
Occurrence of ESBL-producing E. coli in pigs of different age

Ciiku vecums / Age of the pigs Sastopamiba/Occurrence %, (n)
Ciku vecums nedélas | 4 (n=110) 28.2% (31)
Age of pigs in weeks 6 (n=151) 35.12 (53)
(n=538) 8 (n=105) 10.5° (11)
12 (n=87) 11.5° (10)
20 (n=85) 8.2°(7)
Sivénmates/Sows (n=77) 41.6°(32)

ab _ vidgjas vertibas viena kolonna ar dazadiem burtiem ir biitiski atskirigas / mean
values in the same column with different letters are significantly different (p<0.05).

Visiem ESBL producgjosajiem E. coli novérojam rezistenci pret
ampicilinu, tikarcilinu un cefazolinu. No lielajam cukkopibas saimniecibam
izoletajiem ESBL producgjosiem E. coli novérojam rezistenci (100%) pret
cefaleksinu, cefotaksimu, cefepimu, turklat biezi konstat€jam rezistenci pret
amoksicilinu-klavulanskabi (87%), trimetoprimu (84%), sulfametaksazolu-
trimetoprimu (84%), tetraciklinu (79%) un gentamicinu (53%), savkart mazajas
— tie biezi bija rezistenti pret ceftazidimu (83%), cefotaksimu (83%), cefiksimu
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(83%), hloramfenikolu (75%) un cefepimu (50%). ESBL producgjosiem E. coli
nenoveérojam rezistenci pret mecilinu un imipenému (2.1. attels).
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PP P IFATTELS S P S$
lLlelas saimniecibas / Large farms (L1,L2,L3) (n= 38)
Maza saimnieciba / Small farm (S1) (n=12)

2.1. att. / Fig. 2.1. Antibiotiku rezistences izplatiba (%) izolétajiem ESBL
producéjosajiem E. coli lielo un mazo ciiku saimniecibu grupas /
Prevalence of resistance (%) in isolated ESBL-producing E. coli from pigs on
the large and small farms
AM — ampicilins/ampicillin, MEL — mecilins/mecillinam, TIC — tikarcilins/ticarcillin,
AMC - amoksicilins-klavulanskabe / amoxicillin-clavulanic acid, CL — cefaleksins/
cefalexin, CZ — cefazolins/cefazolin, FOX — cefoksitins/cefoxitin, CAZ — ceftazidims/
ceftazidime, CTX — cefotaksims/cefotaxime, CFM — cefiksims/cefixime, FEP — cefepims/
cefepime, SXT - sulfametoksazols-trimetoprims / sulfamethoxazole-trimethoprim,
TMP — trimetoprims/trimethoprim, GM — gentamicins/gentamicin, C — hloramfenikols/
chloramphenicol, TE — tetraciklins/tetracycline, ENO — enrofloksacins/enrofloxacin,

CIP — ciprofloksacins/ciprofloxacin, IMP — imipenéms/imipenem.
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Miisu pétfjuma 96% (n=48) no izolétajiem ESBL producgjosiem E. coli
tika klasific&ti ka MDR, turklat tiem, kas izol&ti no atskirtajiem sivéniem (47.6%)
un sivénmatém (37.5%), biezi noveroja rezistenci pret astopam un vairak
antibiotiku klasém, bet §ada limena rezistentie ESBL producgjosie E. coli batiski
retak tika novéroti nobarojame'lm cﬁkém (14 2%) (2.2. attels). Plaée‘lki MDR
sivéniem salidzinot ar nobarOJ amajam caikam arf citos pétijumos (Akwar etal.,
2008; De Lucia et al., 2021). Vispargjie rezistences veicino$ie faktori, ka
parmériga/nepareiza antimikrobialo Iidzeklu lietoSana sivéniem metafilakses
forma ne tikai arstéSanai, bet arT profilaksei, pasi tadel, ka jauniem dzivniekiem
ir paaugstinats zarnu infekciju risks un biezak tie tiek paklauti dazadam stresa
situacijam (sivénu atSkirSanai, metienu apvieno$anai, baribas un vides mainai)
(Akwar etal., 2008) varetu veicinat art MDR ESBL producgjoso E. coli izplatibu.
Savukart sivénmates, lai arT biezak antibakterialos I1dzeklus sanem individuali
(parenterali), kas vargtu bt pozitivs faktors rezistences izplatibas ierobezoSanai
(Jensen et al., 2012). Tacu ta ka sivénmasu arstéSanai miZa perioda tiek izveleti
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dazadaka veida (aktivas sastavdalas) pretmikrobu lidzekli (Lekagul et al., 2020),
tas vargja veicinat ekstensivaku MDR ESBL producgjosu E. coli fenotipu

veidosanos, ka arT augstaku to izplatibu.

100

80

60

2 40 ]
20 E=—

0

Atskirtie/ Nobarojamas/ Sivénmates/ Lielas/Large Maza/Small
Weaned Growing-  Sows (n=8) (L1,L2,L3) (S1)(n=12)
(n=21) finishing (n=38)
(n=21)
One-MDR/non-MDR O3 04 £5 =6 @7 m8 m9

2.2. att. / Fig. 2.2. Multirezistences limenu sadalijums (%) ESBL
producgjosiem E. coli, izolétiem no dazada vecuma ciikam un
saimniecibam / Proportion of different levels of MRD in ESBL-producing E.
coli isolates from pigs of different age stages and farms of different sizes

Visi ESBL producgjosie E. coli no lielajam ciikkopibas saimniecibam tika
klasificeti ka MDR, turklat vairums no tiem raksturojas ar plasiem MDR
fenotipiem, t.i., 79% bija rezistenti pret sesam un vairak antibiotiku klasem.
Pretstata mazaja ctku audzeSanas saimnieciba nevienam no izolétajiem ESBL
producgjosajiem E. coli nenovéroja rezisenci pret seSam vai vairak antibiotiku
klasem, turklat 16,7% netika klasificeti ka MDR. (2.2. att&ls).

Misu iegiitie rezultati apstiprina citu autoru novérojumus, ka MDR ESBL
producgjosie E. coli biezak tiek izoléti no lielajam neka mazajam ciikkopibas
saimniecibam (Strom et al., 2017). Misu pétijuma augstaku MDR ESBL
izplatibu lielajas cukkopibas saimniecibas vargja veicinat ne tikai metafilakse
(Varga et al., 2009), bet ari cinka oksida ka baribas piedevas izmantosana. Visas
miusu apsekotajas lielajas ciiku saimniecibas (L1, L2, L3 un L4) izmantoja cinka
oksidu ka baribas piedevu sivéniem pécatskirSanas perioda, tadel tas vargja but
vera nemams faktors ekstenstvaku MDR fenotipu izplatibai lielajas ctikkopibas
saimniecibas. Ir vairaki zinojumi, ka augstas devas cinka oksida ieklauSana ciiku
baribas deva var sekmét antimikrobialas rezistences un MDR fenotipu selekciju
ctku zarnas (Ciesinski et al., 2018; Holzel et al., 2012).

ESBL producgjo$o E. coli un to kodéjosie ESBL géni. Visos fenotipiski
apstiprinatajos ESBL producgjosajos E. coli konstatgjam vismaz vienu ESBL
kodgjoso geénu, kas apstiprina, ka miisu izoltie E. coli spgj razot ESBL enzimus.
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Visbiezak konstatétais ESBL kodgjosais géns bija blatem (94%; n=47), tad
sekoja blacTx-m (86%, n=43) un blasny (48%, n=24). Vairuma gadijumu (90%;
n=45) ESBL kodgjosos génus noveérojam divu vai vairaku génu kombinacijas.
Visbiezak novérota ESBL génu kombinacija bija blatem un blacrx-m (42%;
n=21), kam sekoja visu tris génu (blarem, blaskv un blacrx-m) lidzaspastavésana
(36%; n=19), bet retak blarem un blasyv (10%; n=5) génu kombinacija. Lidzigi
ka m&s noveérojam sava pétijuma, ari vairaki Eiropas zinatnieki ir konstatgjusi
augstu blacrx-m un blatem izplatibu ctiku populacija, un visbiezak Sie ESBL
kodgjosie géni ir konstatéti esot kombinacija (Barilli et al., 2019; Biasino et al.,
2018; Von Salviati et al., 2014).

Mazaja saimnieciba (S1) ESBL kodgjosa géna blasyv klatbitni, kopa ar
citiem bla kodgjosajiem géniem, konstatgjam ievérojami biezak neka lielajas
saimniecibas (83.3% pret 36.8%, p=0.007), savukart blactx-m kod&josa géna
klatbiitni ievérojami biezak noverojam lielajas saimniecibas (97.4% pret 50.0%,
p<0.001). Lielajas saimniecibas visizplatitakas ESBL kodgjoso geénu
kombinacijas bija blarem un blacrx-m (52.6%, n=20), bet mazajas saimniecibas —
blarem un blasuv (41.7%, n=5) (2.3. att€ls). Masuprat, viens no galveniem
iemesliem augstakai géna blacrx-m izplatibai lielajas saimniecibas var&tu but
profilaktiska cinka oksida ka baribas piedevas iz€dinasana cikam. Kada nesena
pétfjuma, izmantojot fekaliju mikrobioma modeli in vitro, tika atklats, ka cinka
oksida pievienosana fekaliju suspensijai palielinaja plazmidu kodéto génu
blactx-m saturo$u E. coli ipatsvaru salidzinot ar pargjo mikrobiotu; turklat cinks
sekmgja rezistences génu ekspresiju E. coli celmos (Peng et al., 2020).
Domajams, arT misu petijuma ieklautajas lielajas saimniecibas cinks vargja
sekmét plazmidas kodétu ESBL producgjoso E. coli celmu izplatibu, ka ari
induc@t géna blacrx-m ekspresiju.

8 30

20

10
- -

blaTEM blaCTX-M blaTEM + blaTEM + blaTEM +
blaCTX-M blaSHV blaSHV +
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m Lielajas saimniecibas / Large farms " Mazaja saimnieciba / Small farm

2.3. att. / Fig. 2.3. ESBL kodgjoso géenu sadalijums (%0) izoletajiem E. coli
lielajas un mazaja ciku saimniecibas / Distribution of ESBL gene(s) on the
large and small farms
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Ta ka paplasinata spektra SHV un TEM p-laktamazes raksturojas ar
augstaku ceftazidima hidrolitisko aktivitati (Liakopoulos et al., 2016), bet CTX-
M — ar spécigaku cefotaksima hidrolitisko aktivitati (Bonnet, 2004), tas izskaidro
sakaribu, ka lielajas ciiku saimniecibas biezak konstatétais géns blacrx-m noteica
ESBL producgjoso E. coli fenotipisko rezistenci pret cefotaksimu, bet mazaja
saimnieciba domingjosais géns blasny — rezistenci pret cefotaksimu.

Analizgjot ESBL producgjoso E. coli fenotipisko rezistenci un kodgjosos
génus, noverojam pozitivu asociaciju starp géna blasnv klatbutni un fenotipiski
izpausto rezistenci pret amoksiciklu-klavulanskabi, ceftazidimu un cefiksimu,
bet génam blacTx-m — pret cefaleksinu un vairakam ne-f-laktama antibiotikam —
enrofloksacinu, tetraciklinu, gentamicinu, trimetoprimu un sulfametoksazolu-
trimetoprimu (2.8. tabula).

2.8. tabula / Table 2.8.
Statistiski nozimigas asociacijas starp ESBL kod&joSiem géniem un
fenotipiski konstatéto antibiotiku rezistenci ESBL producgjosiem E. coli
izolatiem / Statistically significant associations between ESBL gene and
antimicrobial resistance in ESBL-producing E. coli isolates

ESBL géns / Demonstréta rezistence/ p vértiba/
ESBL gene Demonstrated resistance OR 95% CI p value
AMC 6.79 1.39 - 66.10 0.0083
CL 0.12 0.03-0.41 0.0001
CAZ 8.38 247 —-37.17 0.0001
blaskv CFM 4.36 1.70 - 12.00 0.0009
FEP 0.15 0.01-0.79 0.0124
SXT 0.30 0.12-0.77 0.0067
TMP 0.30 0.12-0.77 0.0067
CL 34.86 | 6.63 —357.80 0.0001
CTX 6.77 0.45-101.68 0.0931
CAZ 0.08 0.01-0.33 0.0001
blactm SXT 15.03 | 3.02-148.12 0.0001
TMP 15.03 | 3.02-148.12 0.0001
GM inf 2.90 —inf 0.0003
TE 12.11 | 2.45-118.82 0.0003
ENO inf 1.46 —inf 0.0093

AB — antibiotika/antibiotic, AMC — amoksicilins-klavulanskabe / amoxicillin-clavulanic
acid, CL — cefaleksins/cefalexin, CAZ — ceftazidims/ceftazidime, CFM — cefiksims/
cefixime, FEP - cefepims/cefepime, SXT - sulfametoksazols-trimetoprims /
sulfamethoxazole-trimethoprim, TMP — trimetoprims/trimethoprim, CTX — cefotaksims/
cefotaxime, GM — gentamicins/gentamicin, TE — tetraciklins/tetracycline, ENO —
enrofloksacins/enrofloxacin, OR — izredzes attieciba / odds ratio, 95% CI — 95% ticamibas
intervals / confidence interval, inf — bezgaliba/infinity.
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Daziem SHV (ar1 TEM) p-laktamazu mutantiem ir viena aminoskabes
maina Amblera numeracija, tadel tie nem parsvaru par pirmas paaudzes -
laktamazes inhibitoriem (klavulanskabi) (Bush & Bradford, 2019; Canton et al.,
2008), kas vartu izskaidrot novéroto pozitivo asociaciju blasyy ar fenotipisko
rezistenci pret amoksiciklinu-klavulanskabi. Savukart ESBL kodgjosa geéna
blashv un ta fenotipiski izpausta rezistence pret ceftazidimu tiek skaidrota ar
Glu240Lys aizvietosanu, kas nodro$ina sp&cigaku hidrolitisko aktivitati pret
ceftazidimu neka cefotaksimu (Liakopoulos et al., 2016). Vairums plasa spektra
p-laktamazes ir Tpasi aktivas pret pirmas paaudzes cefalosporiniem (Paterson &
Bonomo, 2005), tapéc neparsteidz géna blacrx-m pozitiva asociacija ar novéroto
rezistenci pret cefaleksinu. Savukart géna blacrtx-m pozitiva asociacija ar
noveroto rezistenci pret vairakam ne-f-laktama antibiotikam var€tu noradit uz
noteiktu MDR ESBL producgjoso E. coli klonu izplatibu. Turkat ESBL géni
visbiezak lokalizgti plazmidas un kopa ar citiem tur inkorporétiem rezistences
géniem, sp&j nodrosinat lidzrezistenci ar aminoglikozidiem, fluorohinoloniem,
trimetoprimu-sulfametoksazolu, tetraciklinu un citam antibiotikam (Balkhed et
al., 2013; Ozgumus et al., 2008). Tadgel arT géns blacrx ir saistits ar ekstensiviem
MDR baktériju celmiem (Zeynudin et al., 2018).

2.2. Probiotiku, griku Kkliju un augu komponentu izbaro$anas
ietekme uz sivénu visparigo un zarnu veselibu

Cukkopibas industrija ir nozimigi uzlabot dzivnieku &dinasanas
strat€giju, izmantojot ari dazadas dabigas augu izcelsmes baribas piedevas, kas
uzlabotu dzivnieku veselibas stavokli, stimulétu augSanu un samazinatu
antibiotiku lieto$anu. Lai izvertétu vispar€jo sivénu veselibas stavokli pirms un
péc pétijuma, ieguvam un izveértéjam hematologiskos un atseviskus seruma
biokimiskos raditajus. Gan uzsakot pétijumu (14.diena), ka arT pétijjuma
nosléguma (56. diena) visi hematologiskie un seruma biokimiskie raditaji
ieklavas sivénu vecumam atbilsto$ajas normu robezas.

Viens no svarigakajiem sivénu veselibas priekSnosacijumiem kritiskaja
perioda ir zarnu labvéligas mikrobiotas attistiba. Komensala mikrobiota,
koloniz&jot zarnas un piesaistoties zarnu glotadas slanim, nover§ patogéno
bakteriju kolonizaciju (O’Hara & Shanahan, 2006), turklat ta piedalas
gremoSanas procesos, sekmé zarnu glotadas nobrieSanu un iminsist€émas
attistibu, piedaloties tas indukcija un funkcionésana (Kamada et al., 2013;
O’Hara & Shanahan, 2006).

Petfjuma sakuma, sivéniem 14. dzives diena, nenoverojam biitiskas
Enterobacteriaceae dzimtas baktériju un E. coli skaita at$kiribas fekalijas starp
pétijuma ietvertajam grupam. Sivénu 35. dzives diena, Enterobacteriaceae
dzimtas bakteriju skaits bija zemaks (p<0.05) P grupa, salidzinot ar C grupu.
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Sivénu 56. dzives diena, H grupas sivéniem noverojam butiski zemaku
Enterobacteriaceae un E. coli skaitu salidzinot ar C grupu, bet PB grupa
Enterobacteriaceae dzimtas baktériju (p<0.05) un E. coli skaits bija zemaks
(p>0.05), salidzinot ar P grupu (2.9. tabula).

Probiotiku pozitivais efekts uz fekaliju mikrobiotu bija verojams atrak,
jau péc tiITs pétfjuma nedélam, t.i., nedélu péc sivénu atskirSanas. In vitro
petijumos pieradits, ka probiotikas samazina gremoSanas trakta pH, tadgjadi
samazinot patogéno bakteriju augsanu (Gibson, 1999). Baribas komponentu (H
un PB) labveligo efektu uz fekaliju mikrobiotu konstatgjam pétijuma nosléguma
(sivénu 56. dzives diend), samazinot E. coli un Enterobacteriaceae dzimtas
bakteriju skaitu fekalijas. Baribas komponentu iedarbibas laika at3kiribas varétu
skaidrot ar to, ka p&c atSkirSanas sivéni iziet ta saukto akiito un adaptivo
atSkirSanas fazi. Akuitas fazes efekts ir samazinata baribas uznemsana — var paiet
pat septinas dienas, lidz atSkirtie siveéni iemacas &st sauso baribu un uzpem
nepiecieSamo sausnas apjomu (Pluske et al., 1997). Nemot véra $o faktu,
misuprat, misu petijuma ieklautie sivéni neuznema pietieckami liela apjoma ar
augu izcelsmes baribas sastavdalam papildinato baribu, lai novérotu to labvéligo
ietekmi uz fekalo mikrobiotu jau sivénu 35. dzives diena. Savukart probiotiku,
kas tika pievienotas sivéniem pie dzerama tdens, iedarbiba bija novérojama jau
sivénu atSkirSanas akiitaja fazg.

2.9. tabula / Table 2.9.
Baribas komponentu ietekme uz Enterobacteriaceae dzimtas bakteriju un
E. coli skaitu fekalijas 14., 35. un 56. sivenu dzives diena, x+SE / Effect of
feed components on the number of Enterobacteriaceae and E. coli in faecal
on the 14", 35™ and 56™ day of piglet life, ¥*SE

Mikrobiotas raditajs / Grupa/Group
Parameter of microbiota
(logso kwv g) C P PB H

fekalijas/faecal 14.d:
Enterobacteriaceae 3.48+0.30 3.69+0.30 3.15+0.89 3.88+0.47
E. coli 3.21+£0.44 3.16+0.43 2.86+0.69 3.56+0.54
fekalijas/faecal 35.d:
Enterobacteriaceae 3.37+0.47% | 1.73+0.38° | 2.78+0.432P | 2.95+0.4720
E. coli 2.91+0.29 1.66+0.38 | 2.05+0.35 2.92 +£0.44
fekalijas/faecal 56.d:
Enterobacteriaceae 5.19+0.7025 | 5.41+0.232 | 3.93+0.52P¢ | 3.18+0.37°
E. coli 4.94+0.602 | 5.02+0.222 | 3.85+0.49%0 | 3.16+0.33°

d — dzives diena / days of piglet life, ® ® ¢ — vidgjas vértibas viena rinda ar dazadiem
burtiem ir batiski atSkirigas / mean values in the same row with different letters are
significantly different (p<0.05).
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Vertgjot gremosanas satura mikrobiotas izmainas, atkariba no dazadu
baribas komponentu ieklausanas sivénu baribas deva, kontatéjam, ka ieklaujot
probiotikas, butiski palielinajas Lactobacillus spp. skaits tievas zarnas (p<0.05)
un resnas zarnas saturd, salidzinot ar H un C grupam (2.10. tabula). Augu
piedevai bija tendence (p=0.064) samazinat Enterobacteriaceae dzimtas
bakteriju skaitu resno zarnu satura salidzinot ar C grupu, tapat H grupas tievo un
resno zarnu satura novérojam viszemako E. coli skaitu, ta¢u samazinajums nebija
statistiski nozimigs.

2.10. tabula / Table 2.10.
Baribas komponentu ietekme uz Enterobacteriaceae, E. coli un
Lactobacillus spp. skaitu jejunum un colon gremosanas satura, Xx+SE / The
effect of feed components on the number of Enterobacteriaceae, E. coli and
un Lactobacillus spp. in the digestive content of jejunum and colon, x+SE

Lokalizacija, Grupa/Group

mikrobiota / Site, S
microbiota (logzo C P PB H veml a
kv o) p value
jejunum
Enterobacteriaceae | 5.29+2.69 3.92+0.56 3.04+0.85 2.99+0.67 0.470
Escherichia coli 4.74+2.21 3.54+0.46 3.96+0.83 2.99+0.67 0.594

Lactobacillus spp. | 6.27+0.82P | 7.75+0.24% | 6.62+0.14®° | 5.98+0.51° | 0.035

colon

Enterobacteriaceae | 5.80+0.80% | 5.57+0.29% | 4.00+1.04% | 3.55+0.28Y 0.094

Escherichia coli 4.86+0.61 5.21+0.26 3.88+0.99 3.51+0.29 0.214

Lactobacillus spp. 6.48+0.27Y | 7.99+0.03% | 7.12+0.42% | 7.12+0.38% | 0.084

b _ vidgjas vértibas viend rinda ar dazadiem burtiem biitiski atSkiras / mean values in the
same row with different letters are significantly different (p<0.05); * Y — vidgjas vértibas
rinda ar dazadiem burtiem norada uz tendenci atskirties starp grupam pie 0.05<p<0.10 /
Mean values within a row with different letters indicate a tendency for difference between
groups at 0.05<p<0.10.

Probiotiku sp&u palielinat Lactobacillus spp. skaitu zarnas ir
dokumentéta arT citu autoru p&tijumos (Liao & Nyachoti, 2017). Interesanti, ka
probiotikam un griku klijam nebija tik bitiska loma Lactobacillus spp. skaita
palielinasana, salidzinot ar P grupu. Lai arT griku klijam ir dokument&ta
prebiotikam Iidziga aktivitate (Coman et al., 2013; Préstamo et al., 2003), tacu
no otras puses, griku klijas koncentr&jas vairaki fenoli (Kalinova et al., 2019),
kuriem ir pieradita antibakteriala aktivitate (Radovanovi¢ et al., 2013; Wang et
al., 2013). Tadgjadi, griku klijas esoSo fenolu antibakteriala aktivitate,
domdjams, bija veérsta ne tikai uz Enterobacteriaceae dzimtas bakteriju
samazinaSanu gremoSanas saturda, bet arT ietekm&a caur tUdeni uznemto
probiotiku darbibas efektivitati. Masu izvéléta augu kombinacija (U. dioica,
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P.major un H. perforatum) samazinaja Enterobacteriaceae, tacu butiski
neietekmgja Lactobacillus spp. skaitu gremosanas satura. Ka zinams, augi satur
daudz aktivas sastavdalas, kuram piemit antibakteriala darbiba, kuru dg] tos
uzskata par vienu no daudzsolo$akajam antibiotiku alternativam ari ciiku
audze$ana (Omonijo et al., 2018). Tadu tai pat laika neraugoties, ka Lactobacillus
Spp., kas lokalizgjas gremosanas trakta, pieder pie Gram pozitivajam bakterijam
un nereti tas ir jutigakas pret vairums augos esosajam antibakterialajam vielam,
salidzinot ar Gram negativajam baktérijam (Burt, 2004), Lactobacillus spp. esot
ka komensala mikrobiota veido biomembranas pie zarnu glotu slana, kas
izskaidro to, ka saimniekorganisma rezid€jo$a mikrobiota ir nesalidzinami
rezistentaka (Donaldson et al., 2016; Omonijo et al., 2018). Masuprat, tas
izskaidro pétijuma izmantotas augu kombinacijas sp&ju sekmigi modulét zarnu
mikrobiotu, samazinot Enterobacteriaceae dzimtas baktériju skaitu, bet tai pasa
laika butiski neietekmgjot rezid€joso Lactobacillus spp. skaitu.

Izoléto E. coli antimikrobiala rezistence. [zmeklgjot fekaliju paraugus
no 14 un 56 dienu veciem sivéniem, ESBL producgjoso E. coli klatbutne netika
konstatéta, tacu, lai raksturotu baribas komponentu ietekmi uz rezistenta E. coli
izplatibu, analiz&jam 80 E. coli izolatus. No 14 dienu veciem sivéniem, 66.7%
izoléto E. coli bija rezistenti pret vismaz vienu antibiotiku klasi, savukart no
56 dienu veciem sivéniem — 50%. No ta redzams, ka ierobezojot antibiotiku
lictoSanu sivéniem, rezistences izplatibai ir tendence samazinaties. Tacu,
neraugoties uz to, rezistences izplatiba kopuma tika vértéta ka augsta — pirms
pétijuma izolétajiem E. coli novérojam biezaku rezistenci pret ampicilinu (42%)
un trimetoprimu (33%), savukart p&tjjuma nosléguma biezak rezistence tika
novérota pret tetraciklinu P grupa (50%), PB (50%) un H (44%) un pret
trimetoprimu — P (50%) un PB (44%) grupas. Rezistence pret hloramfenikolu
(38%) un cefotakstmu (8%) tika noverota tikai kontroles grupa. Sivéniem zarnu
mikrobiotas attistiba biitiska loma ir apkartgjas vides un sivénmates mikrobiotas
ietekmei (Langlois et al., 1986). P&tnieki ir novérojusi, ka augsta rezistence
izoletajam bakterijam no jaunu dzivnieku gremoSanas trakta ne vienmer ir
saistita ar antibiotiku izmantoSanu, bet gan saistita ar genétiskas rezistences
elementu plaso izplatibu zarnu mikrobiotas vidi, turklat, parejot uz bez-
antibiotiku ciiku audzg€Sanu, var samazinat rezistento izolatu izplatibas ltmeni,
taCu, visticamak, pilnigi elimin&t pret antibiotikam rezistentos g€nus fekaliju
mikrobiota neizdosies (Mathew, 2001). Turklat nemot véra, ka kontroles grupas
sivéni sanéma péecatskirSanas perioda cinka piedevu, izskaidro augsto MDR
E. coli izplatibu gan kontroles grupa, gan arl pargjas pétnieciskajas grupas.
Smago metalu loma multirezistento bakteriju selekcija sivénu gremosanas trakta
un vide ir plasi aprakstita arT zinatniskaja literatira (Bednorz et al., 2013;
Ciesinski et al., 2018). Masuprat, cinka oksids ir sekmg&jis MDR bakteriju augsto
izplatibu saimniecibas vidg, kas ietekméjis arT milsu petjjuma rezultatus. Tacu
neskatoties uz to, pétijuma nosléguma, salidzinot no pétnieciskajam grupam

40



izol&to rezistento E. coli fenotipisko dazadibu, visvairak variacijas tika novérotas
C grupa (7 dazadi fenotipi, rezistence kopuma pret 8 antibiotikam(AB)), kam
sekoja P grupa (6 dazadi fenotipi, rezistence kopuma pret 6 AB) un viszemaka —
PB un H grupas (4 dazadi fenotipi, rezistence kopuma pret 5 AB) (2.11. tabula).
Ir autori, kas novérojusi probiotiku antagonisku ietekmi uz antibiotiku rezistento
génu parnesanu, tacu S§is iedarbibas mehanisms joprojam ir neskaidrs
(Moubareck et al., 2007). Redzam, ka ari augu piedeva samazina rezistento
E. coli fenotipisko dazadibu, tau plasaki pétijumi nepiecieSami darbibas
mehanismu noskaidrosanai.

2.11. tabula / Table 2.11.
Izol&to rezistento E. coli fenotipiska dazadiba (n) fekalijas 56 dienu
veciem sivéniem / Phenotypic diversity of isolated resistant E. coli (n) in
faeces in 56-day-old piglets

Grupa/Group, n=32
C n P n PB n H n
AM-TE-SXT- AM-TE-SXT- AM-CZ-TE-
TE-SXT-TMP-C | 4 | 1vp 3| TMP 3 | SXT-TMP 3
AM-TE-SXT- AM-CZ-TE- AM-TE-SXT-
TMP-C 1| TE-SXT-TMP 3| SXT-TMP 3| TMP 2
AM-TE-AMC- AMTE-
SXT-TMP-C AME-SXT-
1| TMP 1| TE-TMP 1| TE-TMP 1
AM-CZ-TE- TE 1| TE 1
TE-TMP-C 1| SXT-TMP 1
TE-C 1| TE-SXT-TMP | 1
AM-AMC 1| TE-TMP 1
AM-CTX-CZ 1
AM — ampicilins/ampicillin, CTX — cefotaksims/cefotaxime, CZ — cefazolins/cefazolin,
AMC — amoksicilins-klavulanskabe [/ amoxicillin-clavulanic acid, SXT -

sulfametoksazols-trimetoprims / sulfamethoxazole-trimethoprim, TMP — trimetoprims/
trimethoprim, C — hloramfenikols/chloramphenicol, TE — tetraciklins/tetracycline.

Zarnu epitelijs un imiinas $tinas kopa ar glotu slani nodroSina pirmo
barjeru pret zarnu mikrobiotu, patog€niem un argjiem antigé€niem. AtskirSana no
sivénmates, sivéniem izraisa stresu, turklat, vides, baribas un socialas hierarhijas
maina padara to par kritisko periodu ctiku dzive; tas izraisa kunga-zarnu trakta
disfunkciju, glotadas barjeras noardisanos un rezultgjas ar zarnu iekaisumu un
diarejas attistibu (Moeser et al., 2007).

Histopatologiskas izmeklésanas laika visu pétniecisko grupu, 56 dienu
vecu sivénu tievo (jejunum) un resno (colon) zarnu histologiskajos griezumos
noverojam vieglu [idz mérenu hronisku, diftizu enterokolitu ar vieglu lidz
mérenu eozinofilo leikocTtu, limfocitu un plazmocitu infiltraciju. Vertgjot
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iekaisumu smaguma pakapes, nekonstatgjam biitiskas atSkiribas starp p&tijuma
grupam, ne tievaja (p=0.11), ne resnaja (p=0.12) zarna. Ka minéts ieprieks,
atSkirSanas perioda izraisits stress, izmainas sivénu uztura un vide, var rezultgties
ar ievérojamam funkcionalam un morfologiskam izmainam sivéniem kunga-
zarnu trakta, ko me&dz saukt par “ar atSkirSanu saistitu zarnu iekaisumu” (Moeser
etal., 2007).

Par butiskiem zarnu veselibas raditajiem tiek uzskatiti tadi
histomorfologiskie mérijumi, ka, pieméram, barkstinu augstums (VH), kriptu
dzilums (CD) un VH:CD attieciba (Han et al.,, 2013). Bagatinot sivénu
pamatbaribu ar probiotikam un augu izcelsmes dzivnieku baribas sastavdalam,
bitiski palielinajas zarnu barkstinu augstums H grupa (+35%, p<0.05), P grupa
(+17%, p<0.05) un PB grupa (+12%, p<0.05). Novértgjot VH:CD attiecibu,
butiski augstaka ta tika konstateta H, P un PB grupam. Resnaja zarna, grupam P,
PB un H konstatgjam dzilakas kriptas (p<0.05), salidzinot ar C grupu (2.12.
tabula).

2.12. tabula / Table 2.12.
Baribas komponentu ietekme uz tievas (jejunum) un resnas (colon) zarnas
barkstinu un kriptu morfomikrometriskajiem raditajiem, x=SE / The
effect of feed components on the morphomicrometric indicators of villi and
crypts of the jejunum and colon intestines, Xx+SE

Raditajs/ Grupa/Group p
Indi- c p PB H vertiba/
cators p value
jejunum

VH, pm 357.4+23.43¢ | 416.949.81° 400.8+8.87° | 482.9£14.96* | <0.0001

VW, pm 146.846.60° | 176.8+6.56 168.6+5.502 168.3+5.67¢ | 0.0310

CD, um 327.2£21.48 | 306.0+6.95 299.0+7.94 290.5+9.61 0.1625

VH:CD 1.1+0.05° 1.440.04° 1.440.05° 1.7+0.072 <0.0001

colon

CD,um | 461.3+7.01° | 533.9+10.86% | 525.9+12.82% [ 498.6+5.70° | 0.0002

VH — barkstinu augstums / villus height, VW — barkstinas platums / villus width, CD —
kriptas dzilums / crypt depth, VH:CD — zarnu barkstinu augstuma (VH) un kriptu dziluma
(CD) attieciba / ratio of intestinal villi height (VH) to crypt depth (CD), SE —
standartkliida / standard error of measurements & ® — vértibas viena rinda ar dazadiem
burtiem batiski atSkiras / mean values in the same row with different letters are
significantly different (p<0.05).

Augu labveliga ietekme uz zarnu histomorfologiskajiem raditajiem
galvenokart saistita ar to sp&ju samazinat baktériju radito slodzi zarnas (Zeng et
al., 2015). Savukart probiotikas, nonakot zarnas, veic adhéziju pie glotu slana un
enterocitiem, kolonizé noteiktas niSas un izraisa ta saukto “kolonizacijas
rezistenci” un aizsarga zarnu barkstinas pret patogé€niem. Samazinata toksicitate
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un labaka baribas vielu uzsiik§anas veicina barkstinu augSanu un atjauno$anos
(Donaldson et al., 2016; Song et al., 2014). Griku klijas un augos esoSie
polisaharidi uzrada prebiotikam lidzigas ipaSibas (Kamada et al., 2013; Yahfoufi
et al., 2018). Pienskabajam baktérijam tos fermentgjot, veidojas gaistosas
taukskabes (SCFA — acetats, propionats, butirats), kas ir svarigs energijas avots
kolonocitu augSana (Hooper et al., 2002), tadgjadi probiotikas un augu izcelsmes
baribas sastavdalas var&ja sekmét kriptu dzilumu resnaja zarna, turklat butirats ir
aktivs iekaisuma inhibitors, kas stimulé glotadas atjaunoSanos (Cornick et al.,
2015).

Zarnas starp cilindrisko apmaloto epitéliju atrodas izkaisitas kausveida
§anas (GC), kas sekrete glikoproteinus, kas veido glotu slani un parklaj epitélija
§tnas. Zemaku (p<0.05) GC blivumu novérojam H grupas tievas zarnas
barkstinas, turpreti probiotikas palielindgja GC skaitu resnas zarnas kriptas
(2.13. tabula).

2.13. tabula / Table 2.13.
Baribas komponentu ietekme uz kausveida $iinu skaitu un blivumu sivénu
zarnas / The effect of feed components on the total number and density of
goblet cells in the intestine of piglets, x+SE

Kausveida Sinu skaits Grupa/Group
un blivums, lokalizacija/ Fib /
Number and density of C P PB H Veml A
goblet cells p value
barkstinas/villi (jejunum)
9.05+ 10.88+ 9.98+ 9.55+ 0.2330
GC n/barkstina/villus 0.809 0.714 0.481 0.491 '
GC/ augstuma vienibas / 0.03+ 0.03+ 0.03+ 0.02+ 0.0042
unit height (um)* 0.0042 0.0022 0.0012 0.001° '
kriptas/crypts (jejunum)
21.55+ 23.43+ 22.08+ 20.75+ 0.2761
GC n/kripta/crypt 1.550 1.138 0.966 0.699 '
GC/ dziluma vienibas / 0.07+ 0.08+ 0.08+ 0.08+ 0.8101
unit depth (um)* 0.007 0.004 0.004 0.003 '
kriptas/crypts (colon)
34.90+ 38.38+ 3530+ 3435+ 0.0394
GC n/kripta/crypt 1.610° 1.1182 1.222% 0.660° '
GC/ dziluma vienibas / 0.08+ 0.07+ 0.07+ 0.07+ 0.2751
unit depth (um)* 0.004 0.002 0.002 0.003 )

GC - kausveida Sunas / goblet cells, n — skaits/number, *kausveida $tinu skaits attieciba
uz barkstinu augstumu vai kriptu dzilumu / number of goblet cells per unit of villus height
or crypt depth @ ° — vidgjas vértibas viena rinda ar dazadiem burtiem ir biitiski at3kirigas /
mean values in the same row with different letters are significantly different (p<0.05), SE
— standartk]iida / standard error of measurments.

43



Kausveida sunu (GC) raZotie glikoproteini tiek iedaliti neitralajos
(PAS+) un skabajos (AB+) apakstipos. Gan AB+, gan PAS+ mucini paliclina
glotu slana viskozitati epitélija aizsardzibai, tacu AB+ mucini specifiski aizsarga
pret bakteriju translokaciju (Cao & Wang, 2009). Salidzinot ar C grupas
sivéniem, probiotikas palielingja AB+GC skaitu tievas zarnas barkstinas
(p<0.05), tendenciozi — ari tievo un resno zarnu kriptas, bet augu piedeva
samazinaja (p<0.05) AB+GC blivumu tievas zarnas barkstinas. C grupas
sivéniem novérojam samazinatu (p<0.05) PAS+GC skaitu resnas zarnas kriptas.

Par probiotiku spg&ju palielinat GC proliferaciju un diferenciaciju ir
zinojusi autori jau iepriek§ (Desantis et al., 2019; El Aidy et al., 2013).
Probiotikas, kolonizgjot glotu slani un atbrivojot dazadus mucinu fermentacijas
galaproduktus, bioaktivos faktorus, aktivizé dazadas signalu kaskades un
sekrécijas elementus, ta iedarbojoties tiesi uz GC (Meslin et al., 1999; Schutte et
al., 2014). Tacu probiotikas spgj regulét mucina géna ekspresiju netiesi — caur
saimniekorganisma imtinas atbildes reakcijam — uz tam iedarbojoties ar bakteriju
struktiiras elementiem (lipopolisaharidiem (LPS), flagellinu A, lioteicoinskabém
(LTA) un vairakiem metabolitiem (SCFA, adenozina trifosfatu) (Dharmani et al.,
2009). Savukart misu pielietota augu piedeva, pateicoties tas antimikrobialajam
Tpasibam, sp&ja samazinat mikrobiotas radito slodzi gremosanas trakta; sekojosi
tas vargja samazinat GC blivumu jejunum barkstinas.

Pamatojoties uz misu pétjjuma iminhistokimisko izmekléjumu
rezultatiem, pétjjuma ieklautas probiotikas un augu izcelsmes dzivnieku baribas
sastavdalas paliclinaja epitelija $anas (Ki67+) proliferaciju jejunum kriptas,
bet probiotikas+griku klijas un augu piedeva — paliclingja proliferaciju gan
jejunum, gan colon kriptas (2.4. att€ls). Zinatnieki ir konstatéjusi vairakus
mehanismus ka probiotikas sp&j veicinat epitélija §tinu proliferaciju: pirmkart,
atseviski probiotiku celmi samazina ar integrinu saistitas kinazes géna ekspresiju
enterocttos, tad€] samazinas citoskeleta f-aktina Iimenis bazalaja membrana un
tas sekojosi destabiliz€ enterocitu mijiedarbibu ar So bazalo membranu un
palielina $iinu migracijas atrumu gar kriptu-barkstinu asi; otrkart, probiotikas
palielina §Gnu proliferaciju kriptas (Preidis et al., 2012), mijiedarbojoties un
regul&jot zarnu cilmes §anas (Preidis et al., 2012; Walker et al., 2009); treskart,
laktatam ir kritiski svariga loma zarnu cilmes $tinu attistiba (Lee et al., 2018).

Augu izcelsmes baribas sastavdalu ieklauSana (PB un H grupas)
ievérojami palielindja epit€lija §tnu proliferaciju resnaja zarna. Griku klijas ir
Skiedrvielu avots (Taylor & Emmambux, 2008), bet augi satur daudz glikozidu
un oglhidratus (Feng et al., 2018). Batiski, ka augi un griku klijas ir svariga
izejviela SCFA razosanai (Ushida & Hoshi, 2002; Zhao et al., 2019). Resnaja
zarna absorbétas SCFA ir ka “degviela” glotadas epitélija stinam (Cook & Sellin,
1998), tadgjadi papildus skiedrvielu ieklausana ciku baribas deva vargja
palielinat SCFA razosanu resnaja zarna un sekmét kolonocttu proliferaciju.
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Nozimiga loma saimniekorganisma aizsardziba pret patog€niem ir
glotadas imtnsistémai, ko realize “ar zarnam saistitie limfoidie audi” (GALT) un
tie sevi ietver organiz&tos audus (Peijera plates) un izkaisitas $tnas (glotadas
pamatkarta (lamina propria) un starp epitélija $inam (intraepitelialie limfociti —
IEL) (Mowat & Viney, 1997). Zarnu trakta homeostazi nodro$ina vajas reakcijas
stavoklis pret rezidgjoSo mikrobiotu un vienlaicigi aktiva gataviba pret
patogéniem (Maeda et al., 2001). Zarnu epitélija, dendritiskas un M $iinas tiesi
uztver glotadas mikrobiotas, tas metabolitu antigénus un induc€ svecveidigo
(toll-like) receptoru veidoSanos, lai saistitu T un B limfocitus un sekmé&tu imtinas
atbildes reakcijas (Gutzeit et al., 2014). TpaSi uzmanibu mes pievérsam T
limfocTtu izplatibai, jo tiem ir butiska nozime zarnu homeostazes nodrosinasana
un imiinas atbildes aktiviz&S$ana pret patogéniem (Van Wijk & Cheroutre, 2010).
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2.4, att. / Fig. 2.4. Baribas komponentu ietekme uz Ki67+ epitelija $tinu
blivumu (x+SE) sivenu zarnu kriptas / Effect of feed components on the
density (x+SE) of Ki67+ epithelial cells in the crypts of piglets intestines
(a, b) atskirigi burti nozime bitiskas atSkiribas starp pétijuma grupam / different letters
mean significant differences between the study groups, p<0.05.

Sivéniem tievaja zarna intraepitelialo CD3+ $unu (IEL) blivums bija
lielaks (p<0.05) P grupa, tacu H grupa tas biitiski samazinajas (p<0.05). Resnaja
zarna lielaks |EL blivums tika nove@rots visas pétijuma grupas, kur baribas
pamatdevai tika pievienotas probiotikas vai augu izcelsmes dzivnieku baribas
sastavdalas (2.5. attéls).

Noverteéjot CD3+ §unu relativo daudzumu zarnu glotadas lamina
propria dala, konstatéjam, ka tievas zarnas barkstinu dala tas bija augstaks
(p<0.05) P un PB grupu sivéniem, ta¢u resnas zarnas kriptu dala tas batiski
augstaks bija P, PB un H grupu sivéniem (2.6. attéls).

Vertgjot CD3+ Stnu relativo daudzumu zarnu limfoldo audu
sakopojumos un resnas zarnas submukozas dala, konstatgjam, ka probiotikas
un augu piedeva palielingja (p<0.05) CD3+ §tnu relativo daudzumu Peijera plasu
interfolikularaja un folikularajatkupola zona (2.7. att€ls), taCu nenoveérojam
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statistiski nozimigas atSkiribas starp p&tijuma grupam, vertgjot peéc CD3+ Stnu
sadalfjuma resnas zarnas submukoza.
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2.5. att. / Fig. 2.5. Baribas komponentu ietekme uz intraepitelialo CD3+
$tinu blivumu (x+SE) sivénu zarnas / Effect of feed components on the
density (x+SE) of intraepithelial CD3+ cells in the intestines of piglets
(a, b, c) at8kirigi burti nozime biitiskas atkiribas starp p&tijuma grupam / different
letters mean significant differences between the study groups, p<0.05.
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2.6. att. / Fig. 2.6. Baribas komponentu ietekme uz CD3+ $iinu relativo
daudzumu (x¥£SE) sivénu zarnu glotadas lamina propria (LP) dala / Effect
of feed components on the relative fregency (x=SE) of CD3+ cells in the
lamina propria (LP) of piglets’ intestines
(a, b) atskirigi burti nozZime bitiskas atSkiribas starp pétijuma grupam / different letters
mean significant differences between the study groups, p<0.05.

Miisu rezultati atklaj, ka probiotiku izédinasana sivéniem palielina IEL
blivumu, T limfocitu izplatibu lamina propria (LP) un Peijera platés (PP).
Saimniekorganisma iminsist€émas attistiba visbutiskaka loma ir zarnu
mikrobiotai, ko pierada pétijumi sterilo dzivnieku modelos (germ-free), kur tiem
novéro reducétas PP, butiski samazinatu T limfocitu skaitu PP un audos (Maeda
et al., 2001). Probiotiku strukturalie elementi (LPS, LTA) ir svarigi iedzimtas un
adaptivas imunitates stimulatori (Dharmani et al., 2009), tadgjadi daudzi autori
ir zinojusi par augstaku T limfocttu skaitu PP un LP p&c probiotiku ieklau$anas
sivénu digta (Smelt et al., 2013; Suthongsa et al., 2017). Vairuma gadijumu
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augstaks T limfocttu skaits LP tiek panaks, palielinoties regulgjoso T limfocitu
skaitam (Suthongsa et al., 2017). Ir zinojumi par probiotiku lomu palielinat IEL
skaitu sivénu zarnas (Rieger et al., 2015), ta spgjot atri reagét uz patogénu
infictajam vai bojatam $tinam, noversot to sistemisku izplatisanos (Van Wijk &
Cheroutre, 2010). Nemot veéra, ka misu pétjjuma izmantota probiotikas
palielinaja T limfocttu skaitu gan zarnu glotadas imiinsistému indukcijas (PP),
gan efektora vietas (LP, IEL), ta vert€jama ar aktivu imtinmodul&josu efektu.
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2.7. att. / Fig. 2.7. Baribas komponentu ietekme uz CD3+ §iinu relativo
daudzumu (X¥£SE) tievas zarnas (jejunum) Peijera platés un resnas zarnas
(colon) zemglotada / The effect of feed components on the relative frequency

of CD3+ cells in the Peyer’s patches of jejunum and in the submucosa of

colon

(a, b, c) atskirigi burti nozimé butiskas atskiribas starp pétijuma grupam / different

letters mean significant differences between the study groups, p<0.05.

Probiotiku un griku kliju kombinacija paliclinaja [EL un T limfocitu
skaitu LP, galvenokart resnaja zarna, kur, domajams, griku klijas tika ferment&tas
lidz SCFA, tostarp butiratam (Koh et al., 2016). Butirats var ietekmét imiinas
$tnas, gan netieSi caur mikrobiotas modulaciju, gan tiesi — iedarboties uz
imiinajam S$tnam zarnu glotada, palielinot regul€joso T limfocitu skaitu un
samazinot efektoro T limfocitu aktivitati, tadgjadi veicinot iedzimto imiino
toleranci (Gongalves et al., 2018; Wu et al., 2017). Interesanti, ka probiotiku+
griku kliju kombinacija nepalielinaja IEL skaitu tievaja zarna, kas varétu atkal
liecinat par griku kliju inhib&joso iedarbibu uz ieklautajam probiotikam.

Mg&s noverojam, ka augu piedeva samazinaja IEL skaitu jejunum, tacu
palielingja T limfocitu skaitu gan interfolikularaja zona, gan PP. Savukart
neviennozimigs iedarbibas efekts tika noverots uz T limfocitu blivumu LP. No
vienas puses [1dz§ingjos zinojumos ir uzsverta augu polisaharidu sp&ja stimulét
iminkompetentas S$tnas PP (Georgiev et al., 2017), tau no otras puses
arstnieciskajiem augiem piemit antibakterialas pasibas (Field et al., 2017);
modulgjot vai samazinot bakteriju slodzi, tick samazinata arT sve¢veidigo (toll-
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like) receptoru aktivacija, tadgjadi tiek samazinata arl imunitates stimulacija
(Smith & Garrett, 2011), kas varétu izskaidrot samazinatu IEL skaitu un T
limfocitu daudzumu LP. Turklat pétijuma izmantotie augi (P.major un
H. perforatum) raksturojas ar spécigu pretickaisuma iedarbibu (Albert et al.,
2002; Beara et al., 2010), kas savukart var¢ja samazinat T limfocitu migraciju uz
barkstinu epitéliju (Michiels et al., 2010). IEL un T limfocitu pieaugumu resnas
zarnas colon dala, visdrizak ietekméja potencialais SCFA pieaugums, pateicoties
augos esoso polisaharidu prebiotiskajam tpasibam (Yahfoufi, et al., 2018).

Taukskabju sastavs ir ciesi saistits ar galas uzturveértibu, tacu dzivnieku,
pasi cliku intramuskularie taukaudi raksturojas ar augstu piesatinato taukskabju
saturu. Piesatinatas taukskabes ir riska faktors kardiovaskularajam slimibam
(CVD), turpreti, nepiesatinatas taukskabes uzlabo vielmainu, samazina CVD
risku, mazina iekaisuma simptomatiku (Shramko et al., 2020).

Analiz&jot taukskabju saturu m. longissimus thoracis et lumborum
muskulaudos, konstatejam, ka P grupas sivéniem ir augstaks (p<0.05) a-
linolénskabes un palmitoleinskabes, bet zemaks (p<0.05) stearinskabes
procentualais daudzums, turklat novérojam zemaku (p<0.05) piesatinato
taukskabju saturu un augstaku polinepiesatinato un piesatinato taukskabju
attiecibu (PUFA:SFA), salidzinot ar C grupas sivéniem. Probiotiku labvéligo
ietekmi uz muskulaudu taukskabju profilu, samazinot piesatinato un palielinot
mononepiesatinato un polinepiesatinato taukskabju daudzumu muskulaudos ir
noverojis ari Ross ar lidzautoriem (Ross et al., 2012). Turklat, tikai P grupas
sivénu muskulaudos PUFA:SFA attieciba bija virs 0.4, kas atbilst veseliga
taukskabju profila pamatraditajam saskana ar Apvienotas Karalistes Veselibas
ministrijas rekomendacijam (Department of Health, 1994).

2.3. Eterisko ellu (EO) kimiska sastava raksturojums,
antibakteriala darbiba un dazadu piedevu ietekme uz EO
efektivitati pret ESBL producgjosiem E. coli

Lamiaceae dzimtas augi tradicionalaja medicina ir izmantoti gadsimtiem
ilgi, tacu arT musdienu medicina, veterinarmedicina un partikas riipnieciba tiem
aizvien vairak tiek pievérsta uzmaniba, jo to EO piemit spéciga antimikrobiala,
antioksidativa un pretiekaisuma darbiba (Nieto, 2017).

Salidzinot Latvijas un komercialo EO kimisko sastavu, konstatgjam, ka
komercialas EO vairuma gadijumu satur augstaka koncentracija aromatisko
monoterpenoidu (timols, karvakrols) procentualo koncentraciju (30-56%) neka
Latvijas EO (12-37%), iznemot T. vulgaris EO, kur to saturs biitiski neatskiras
(31% un 30%). Jauzsver, ka visu Latvijas EO sastava butiski augstaku novérojam
y-terpinéna procentualo koncentraciju (17.8-22.4%), savukart p-ciméns biezak
augstaka koncentracija tika novérots komercialajas EO (2.14. tabula).

48



2.14. tabula / Table 2.14.
Komercialo un LV izcelsmes éterisko ellu nozimigakie kimiskie savienojumi* un identificéto molekularo klasu kopgjais
daudzums / The most important chemical compounds and the total number of identified molecular classes of commercial
and native essential oils, x+SE

Komponentu nosaukumi /

Saturs/Composition, mg kg'+SD, (%)

RI Thymus vulgaris Satureja montana Thymus serpyllum
Compound name C LV C LV LV
1165 | p-mircéns+a-fellandréns / 38.8+3.4 54.3+2.4 58.0+1.3 172.8+15.2 188.0+17.7 201.7+15.6
B-myrcene+a-phellandrene ! (1.51) (0.20) (1.14) (3.36) (4.30) (3.43)
1200 limonéns/limonene * 91.1£10.1 13.940.6 16.4+0.3 44.1£3.0 18.8+0.9 25.340.7
(3.55) (0.57) (0.32) (0.86) (0.43) (0.43)
1249 y-terpinéns/y-terpinene * 149.0+15.2 | 437.8+16.3 336.7+8.3 1152.1450.7 | 404.4+£28.7 1291.0+18.4
(5.81) (17.83) (6.64) (22.42) (9.24) (21.93)
1275 p-ciméns/p-cymene ! 908.5+35.9 | 580.2+22.6 | 660.1+21.9 543.6+42.6 358.0+30.1 526.6+29.7
(35.4) (23.63) (13.02) (10.58) (8.18) (8.94)
1548 | p-linalols/g-linalool 2 187.5£13.9 88.0+7.0 35.2+1.0 103.5+10.5 138.7+10.0 11.2+0.8
(7.31) (3.58) (0.69) (2.01) (3.17) (0.19)
1614 | B-cariofiléns/ 42.3+3.6 79.3+4.9 728.6+25.6 173.4+17.4 149.7+£10.3 735.4+26.9
p-caryophyllene 4 (1.65) (3.23) (14.37) (3.37) (3.42) (12.49)
1851 trans-geraniols/ — 5.240.2 6.2+0.2 — — 492.5+15.9
trans-geraniol 2 (0.21) (0.12) (8.37)
2143 timols/thymol 3 684.2+36.9 | 677.6+£36.3 867.3+18.1 72.6+5.9 43.942.7 220.3+13.7
(26.66) (27.59) (17.10) (1.41) (1.00) (3.74)
2183 karvakrols/carvacrol 3 78.9+6.2 34.7+2.2 1337.3£8.4 1826.0+£69.1 | 2334.4+46.1 453.1+£22.3
(3.07) (1.41) (26.37) (35.54) (53.34) (7.70)
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2.14. tabulas turpinajums / Continuation of table 2.14.

Saturs / Composition, mg kg*+SD, (%)

Molekularas klases / Molecular class: Thymus vulgaris Satureja montana Thymus serpyllum

C LV C C LV C
Kopa identificéti / Total identified: (29593% (29398.%7) ?9094;'19) ?909?292) égg) 5849.1(99.77)
monoterpéna oglidenrazi / 1391.0+£74.4 | 1229.6+49.3 | 1280.5+35.1 | 2302.3+144 | 1335.2+105.9 | 2446.4+90.2
monoterpene hydrocarbons
skabekli saturo§i monoterpéni / 312.4+£22.9 | 216.7+14.2 339.7+6.2 308.8+28.5 302.5+20.2 1008.4+56.5
oxygenated monoterpenes
aromatiskie monoterpenoidi / 766.4+43.1 | 749.7+40.2 2233.8+27 1906.1+75 2382.8+48.8 742.6+39.3
aromatic monoterpenoids
seskviterpéna oglaidenrazi / 50.1+4.0 93.7£5.7 1029.8+37.1 | 308.8+28.5 209.6+14.8 1188.5+£72.9
sesquiterpene hydrocarbons
skabekli saturosie seskviterpéni / 12.4+0.9 20.1+0.9 51.3+0.9 23.7+£1.2 21.4+0.8 263.8+19.7
oxygenated sesquiterpenes
alifatiskie aldehidi un ketoni / — 4.9+0.1 4.4+0.1 45+0.1 — 30.7+0.7
aliphatic aldehydes & ketones
alifatiskie spirti / aliphatic alcohols — 46.7+3.1 75.9+1.4 191.8+24.1 14.7+0.4 57.3+2.1
esteri/esters 4.640.2 27.540.9 26.6+0.8 53.6+4.8 3.840.9 111.548.6
Timols/Thymol ** 836.1+44.4 828.0+44.0 | 1056.1+21.8 100.0+7.1 65.36+3.3 278.41+16.5

* — Tabula nav atainoti visi identific&tie kimiskie komponenti / In the table not shown all of the identified chemical components. **— aprekinats
péc timola argjas kalibracijas / calculated by external calibration of thymol. RI — aprékinatais aiztures indekss / retention index calculated. C
— komercialas &teriskas ellas / commercial essential oils, LV — ellas no vietéjiem augiem (Latvijas) / essential oils of native plants (Latvian).
Auggraksta/Superscript® — molekularas klases / Molecular class: 1 — monoterpéna ogliidenrazi / monoterpene hydrocarbons, 2 — skabekli
saturo§i monoterpéni / oxygenated monoterpenes, 3 — aromatiskie monoterpenoidi / aromatic monoterpenoids, 4 — seskviterpéna ogludenrazi /
sesquiterpene hydrocarbons
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Autori (Lozioné & Venskutonis, 2006) ir zinojusi, ka ziemelu klimats
negativi ietekmé gaistoSo fenola savienojumu sintézi, kas no vienas puses varétu
izskaidrot zemaku timola un karvakrola procentualo koncentraciju arT miisu
iegtitajas EO. Tacu no otras puses, m&s nenoveérojam bitiskas atSkiribas starp
kopgjo aromatisko gaistoso vielu daudzuma Latvijas un komercialaja T. vulgaris
EO, tapéc, domajams, ka augu genétika, nevis klimats, galvenokart vargtu
ietekmé@t aromatisko gaistoSo savienojumu sintézi augos.

Saskana ar EO antibakterialas darbibas rezultatiem visas petjjuma
analizétas EO raksturojas ar baktericidu darbibu, jo nenovérojam butiskas
atskiribas starp EO minimalo inhib&joso koncentraciju (MIC) un minimalo
baktericido koncentraciju (MBC) attieciba pret references un fekalajiem E. coli.

EO antibakterialo efektivitati pret E. coli butiski ietekmé tadi faktori ka
EO izcelsme (komerciala, Latvijas) un augu sugas veids. Latvijas EO bija
augstakas (p<0.001) MIC vertibas, salidzinot ar komercialajam EO, turklat
novérojam bitiskas (p<0.001) atkiribas starp EO augu sugam. No Latvijas EO
viszemaka MIC vértiba bija S. montana, bet visaugstaka — T. serpyllum, savukart
no komercialajam EO viszemaka MIC vértiba bija S. montana, tacu nenoveérojam
butiskas atskiribas starp T. vulgaris un T. serpyllum (2.8. attels).
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2.8. att. / Fig. 2.8. Komercialo un Latvijas &terisko ellu (LV EQ) MIC
veértibu (Xx£SE) salidzinajums pret references E. coli ATCC 25922 un
E. coli, izoletiem no ciiku fekalijam / Comparison of MIC values (x£SE) of
commercial and Latvian (LV EOs) essential oils against reference E. coli
ATCC 25922 and pigs’ faecal E. coli
*p<0.05; ** p<0.01; ***p<0.001.
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Citi pétnieki ir zinojusi, ka skabekli nesaturo$i ogludenrazi ir vajas
antibakterialas aktivitates indikatori EO (Guimarées et al., 2019). Nemot véra,
ka Latvijas EO raksturojas ar p-terpinénu parpilnibu, tas izskaidro So EO
samazinatu antibakterialo aktivitati. Skabekli nesaturo$ie monoterpéni samazina
skabekli saturoso terpénu $kidibu tideni, ka rezultata rada antagonisku darbibas
efektu pret skabekli saturo§iem monoterpénu oglidenraziem (Cox et al., 2001).

Savukart p-ciména salidzino$i augsta koncentracija komercialajas EO
licla méra ir veicinajusi antibakterialo aktivitati pret E. coli. P-ciména un
karvakrola sinergiskais efekts ir apstiprinats ari citos p&tijumos (Ultee et al.,
2002), kur p-ciména hidrofobas ipasibas veicina karvakrola penetraciju cauri
baktériju $tnas membranai, ta sekmé&jot bakterijas S$linas membranas
destabilizaciju un karvakrola inhib&oSo aktivitati (Rattanachaikunsopon &
Phumkhachorn, 2010; Ultee et al., 2002).

Neskatoties uz to, ka petjuma izmantota Latvijas un komerciala
T. vulgaris EO uzradija lidzvértigu aromatisko, skabekli saturo$o un skabekli
nesaturo$o monoterpénu daudzumu, tomer abu EO antibakteriala aktivitate
biitiski at3kiras. Sis novérojums atklaj skaitliski mazakuma eso$u atsevisku
molekulu sp&ju batiski ietekm&t EO antibakterialo darbibu. Piem&ram,
komerciala T. vulgaris EO saturgja lielaku limonéna un f-linalola procentualo
daudzumu, kuriem piemit sp&ciga antibakteriala darbiba (Cosentino et al., 1999;
Guimardes et al., 2019), turklat nevar izslégt timola un S-linalola un/vai limonéna
sinergiju, ka tas bija novérojams karvakrola un p-ciména savstarpgjas
mijiedarbibas gadijuma. Tapat mazakuma esoSas atseviSkas molekulas spgja
butiski ietekméja ari T. serpyllum EO darbibu, kur neskatoties uz to, ka ta saturgja
loti augstu karvakrola koncentracija (53.34%, 2334mg kg?), tomeér tas
antibakteriala aktivitate bija ievérojami zemaka, neka gaidits. Lidzigu fenomenu
novéroja ari Vesolovska ar lidzautoriem (Wesolowska et al., 2015), ierosinot, ka
tas vargtu bt EO atseviSku savienojumu antagoniskas mijiedarbibas rezultats.
Piemeéram, Gallucii ar lidzautoriem ir zinojis, ka karvakrols un f-mircéns
mijiedarbojoties izraisa antagonisku efektu uz antibakterialo darbibu pret E. coli
un Gram pozitivajam baktérijam (Gallucci et al., 2009). Jauzsver, ka vislielako
S-mircéna daudzumu més konstatgjam tie$i komercialaja T. serpyllum EO.

Balstoties uz miisu pétjjuma rezultatiem, vienas pasas piedevas — gan 3%
NaCl, gan arT ImM kaprilskabe neizraisija E. coli aug8anas nomaks$anu vai
baktericido efektu ne pret vienu no pétijuma ieklautajiem E. coli, tacu tai pasa
laika, komercialo EO papildinasana ar 3% NaCl (p<0.001) vai 1 mM
kaprilskabi (p=0.012) batiski palielindja to antibakterialo darbibu pret E. coli.
Papildinot T. serpyllum, T. vulgaris un S. montana EO ar kaprilskabi, MIC
vertiba samazinajas attiecigi par 29% (p=0.810), 51% (p=0.011) un 64%
(p=0.017), savukart, papildinot §1s pat EO ar 3% NaCl, MIC vértiba samazinajas
attiecigi par 63% (p=0.018), 78% (p<0.001) un 69% (p=0.001) (2.9. attels).
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2.9. att. / Fig. 2.9. Kaprilskabes (CA) un 3% NaCl piedevu ietekme uz
komercialo eterisko ellu (EO) antibakterialo darbibu (MIC, X+SE) pret
ciiku fekaliem E. coli / The effect of caprylic acid (CA) and 3% NacCl
supplements on the antibacterial activity (MIC, X£SE) of commercial

essential oil (EO) against pigs’ faecal E. coli
*p<0.05; ** p<0.01; ***p<0.001

Kaprilskabe ir piesatinato taukskabju parstavis, kuras antibakterialo
aktivitati raksturo taukskabju sp&ja mijiedarboties ar baktériju $inas membranam
(Yoon et al., 2018) un izjaukt elektronu parneses reakcijas, ka ari izraisit
traucgjumus oksidativas fosforilacijas procesos (Desbois & Smith, 2010; Yoon
et al., 2018). Miisu pétijuma rezultati saskan ar citu pétnieku zinojumiem, ka
pastav sinergiska mijiedarbiba starp EO/fenoliem un vid&jo kézu taukskabém
(MCFA) (Hulankova & Bofilova, 2011; S. A. Kim & Rhee, 2016; Rani et al.,
2022); tadgjadi velamas antibakterialas darbibas nodro§inasanai ir nepiecieSams
izmantot zemaku EO koncentraciju, ja to lieto kopa ar kaprilskabi.

Zinams, ka augsts argjais osmotiskais spiediens, ko rada hipertoniska
vide, veicina baktérijam osmotisko Soku (Wood, 2015), ta¢u, misu pétijuma
rezultati apliecina, ka E. coli spgj veiksmigi izdzivot un pat augt paaugstinatas
osmolaritates vidé (3% NaCl). Tomeér, baktériju $Gna eso$as energijas
novirzisana uz osmoregulacijas sisttmam ir veicindjusi EO iedarbibu
hipertoniska vide. EO aromatisk0o monoterpenoidu hidrofobitate veicina to
uzkrasanos bakterijas citoplazmatiskas membranas fosfolipidu dubultslani un
palielina tas caurlaidibu (Ben Arfa et al., 2006), savukart aromatisko
monoterpenoidu molekula eso$a briva hidroksilgrupa ietekmé jonu apmainas
reakcijas, samazinot baktérijam vitali svariga adenozintrifosfata sintézi un,
izsikstot §Tm energijas rezervém, tiek ierosinata bakteriju $tinas nave (Ben Arfa
et al., 2006; Ultee et al., 2002). Masu pétfjuma rezultati apstiprina, ka 3% NaCl
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lietosana kopa ar EO bitiski samazina nepieciesamo EO koncentraciju
antibakterialas darbibas nodro$inasanai pret E. coli.

Salidzinot katras EO (ar/bez piedevam) efektivitati pret ESBL
producéjosiem un ESBL ne-producgjosiem E. coli, tika konstatéts, ka tirajai
S. montana EO ir butiski zemakas MIC vertibas pret ESBL ne-producgjosiem
E. coli salidzinot ar ESBL producgjosiem E. coli, lidziga tendence tika novérota
ar1 T. serpyllum EO gadijuma. Savukart T. vulgaris EO, kas papildinata ar 3%
NaCl piedevu, bija tendence biit zemakam MIC vértibam pret ESBL
producgjosiem E. coli neka ESBL ne-producgjosiem E. coli, turklat pargjas
papildinatas EO bija vienlidz efektivas gan pret ESBL producgjosiem, gan ESBL
ne-producgjosiem E. coli (2.10. attels).
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2.10. att. / Fig. 2.10. Tiru &terisko ellu (EO) un bagatinatu EO (+ 3%NacCl,
+CA) antibakterialas aktivitates (MIC, X+SE) salidzinajums pret ESBL
producgjosajiem un ESBL ne-producéjosiem E. coli / Comparison of the

antimicrobial activity (MIC, x+SE) of pure essential oils (EO) and enriched

EO (+3%NacCl, +CA) against ESBL-producing E. coli and ESBL-non-
producing E. coli
CA — kaprilskabe/caprylic acid, * p=0.05-0.10; * p<0.05; ** p<0.01.

Salidzinot katras EO (ar/bez piedevam) antibakterialas darbibas
efektivitati pret MDR un ne-MDR E. coli, konstat&jam, ka tira S. montana EO
bija butiski efektivaka pret ne-MDR E. coli, ta¢u gan ar kaprilskabi (p=0.061),
gan ar 3% NaCl (p=0.032) papildinata T. vulgaris EO bija efektivaka pret E. coli
ar augstaku rezistences limeni, t.i. pret MDR E. coli neka ne-MDR E. coli (2.11.
attels).
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2.11. att. / Fig. 2.11. Tiru &terisko ellu (EQ) un bagatinatu EO (+3%NaCl,
+CA) antibakterialas aktivitates (MIC, x£SE) salidzinajums pret
multirezistentajiem (MDR) un ne-MDR E. coli / Comparison of the
antimicrobial activity (MIC, ¥£SE) of pure essential oils (EO) and enriched
EO (+ 3%NaCl, +CA) against multi-drug resistant (MDR) E. coli and non-
MDR E. coli
CA — kaprilskabe/caprylic acid ® p=0.05-0.10; * p<0.05; ** p<0.01.

ESBL producgjoso E. coli rezistence ir saistita ne tikai ar hidroliz&jo$o f-
laktamazu klatbiitni, bet ari ar€jas membranas samazinato caurlaidibu porinu
zuduma vai modifikacijas dé] (Khalifa et al., 2021; Pages et al., 2008). Turklat
izplades siikni (eflukss) ir izplatits MDR baktgriju rezistences mehanisms, kam
ari piemit fiziologiskas funkcijas, Tpasi stresa apstaklos, reaggjot uz vides un
fiziologiskajiem signaliem (Sun et al., 2014). Misuprat, membranas caurlaidibas
samazinasanas ESBL producgjosajiem E. coli un izplades stikna klatbiitne MDR
E. coli vargja bt galvenie iemesli, kas izraisTja dazu tiru EO zemaku aktivitati.

Misu pétijuma ar kaprilskabi vai NaCl piedevu bagatinatas EO bija
vienlidz efektivas pret ESBL un ne-ESBL, ka ari MDR un ne-MDR E. coli.
Turklat konstatgjam, ka ar NaCl bagatinata T. vulgaris EO ir efektivaka pret
E. coli ar augstaku rezistences limeni. Tas liecina, ka bagatinatas EO spgj
iedarboties uz bakt€riju Stinu vispusigak un tas savukart varétu but sekmigaks
risinajums, lai apietu bakteriju rezistences mehanismus. Citi autori ir noverojusi
ar1 citus labvéligus NaCl saturosu Skidumu efektus, pieméram, ka samazina
biomembranu veidoSanos un bakteriju kustigumu (F. Li et al., 2021), savukart
sals skiduma raditais abiotiskais stress varétu veicinat plazmidu eliminaciju un
inhibiciju horizontalaja plazmidu parnesé (L. Tan et al., 2019).
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SECINAJUMI

1. Cakkopibas saimniecibas komensialajam E. coli ir loti augsts rezistences
limenis pret tetraciklinu (54.63%), augsts — pret ampicilinu (32.03%),
trimetoprimu  (24.07%), sulfametoksazolu-trimetoprimu  (22.44%) un
amoksicilinu-klavulanskabi (22.28), bet zems — pret fluorohinaloniem
(enrofloksacinu (8.78%), ciprofloksacinu (3.58%)), gentamicinu (5.69%),
cefazolinu (4.55%) un tresas paaudzes cefalosporiniem (cefotaksimu (1.46%)).
Antibiotiku rezistentos E. coli biezak izolgjam lielajas saimniecibas un ctikam
no 4 lidz 12 ned@lu vecumam, kas norada uz plasaku dazadaka spektra
antibiotiku lietojumu lielajas saimniecibas un attiecigaja ciiku audz€$anas
posma.

2. Ar selektivi diferencialo metodi konstatéjam salidzinosi augstu (23.4%) ESBL
producgjosa E. coli izplatibu cukkopibas saimniecibas, turklat biezak ta
klatbiitni konstatgjam siveénmatém (41.6%) un sesas ned€las veciem sivéniem
(35.1%). Lai arT biezak un augstaku ESBL producgjosa E. coli sastopamibu
noverojam lielajas saimniecibas (Iidz 64%), tomér arT mazajas saimniecibas
var konstatet augstu (47.5%) ta klatbatni, noradot, ka saimniecibas lielums ne
vienmg@r ir noteicosais faktors rezistento baktériju augstakai izplatibai.

3. Starp ESBL producgjosiem E. coli ir novérojama loti augsta (96%)
multirezistences izplatiba, turklat lielajas saimniecibas tie raksturojas ar
plasakiem rezistences fenotipiem. Plasa amoksicilina, cefalosporinu,
fluorohinolonu lieto$ana, ka arT cinka oksida pievieno$ana baribai var&tu biit
veicino§ie faktori multirezistento ESBL producgjoso E. coli izplatibai
saimniecibas.

4. Latvijas cukkopibas saimniecibas visbiezak konstatetie ESBL kodgjosie géni
bija blatem (94%) un blactx-m (86%), retak blaswy (48%). Mazaja saimnieciba
ieverojami biezak noverojam blasny, savukart lielajas — blactx-m. Konstatgjam
statistiski nozimigas asociacijas starp génu blasyy un rezistenci pret
ceftazidimu, cefiksimu un amoksicilinu-klavulanskabi, bet génam blactx.m —
pret cefotakstmu, cefalekstnu un vairakam ne-f-laktama antibiotikam, tadgjadi
apstiprinot faktu, ka ESBL kodg&josie géni bieZi ir inkorpor&ti starp citiem
rezistenci noteicosajiem géniem.

5. Probiotikas saturos$as papildbaribas ‘“ProbioHelp” ieklausana baribas deva
samazinaja (p<0.05) Enterobacteriaceae (vidgji par 49%) un E. coli (vidgji par
43%) skaitu (log kvv g') fekalijas siveéniem jau 35. dzives diena, savukart
petijuma nosléguma (sivénu 56. dzives diend) konstat€§jam zarnu saturd
Lactobacillus spp. skaita (log kvv g?) pieaugumu (p<0.05) vidgji par 23%,
salidzinot ar kontroles grupas dzivniekiem.
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. Augu (Plantago major, Urtica dioica, Hypericum perforatum 1:1:1) izcelsmes

baribas sastavdalu pievienoSana sivénu baribai ne tikai samazinaja (p<0.05)
Enterobacteriaceae (vidgji par 39%) un E.coli (vid&ji par 36%) skaitu (log kvv
gl fekalijas sivénu 56. dzives diena, salidzinot ar kontroles grupas
dzivniekiem, bet samazinaja ari rezistento E. coli fenotipisko dazadibu,
tadgjadi to ieklausana baribas deva varétu sekmét antibakterialas rezistences
izplatibas ierobezosanu ciikkopibas saimniecibas.

. Probiotikas saturo$a papildbariba “ProbioHelp” palielinaja (p<0.05) jejunum
barkstinu garumu, VH:CD attiecibu, enterocttu proliferaciju, skabo mucinu
producgjoso kausveida $iinu skaitu tievaja un tendenciozi arl resnaja zarna;
savukart augstaks (p<0.05) intraepitelialo limfocttu blivums zarnas, ka ar1 T
limfocTtu relativais daudzums Peijera platés un lamina propria dala, salidzinot
ar kontroles grupu, var liecinat par papildbaribas imtinmodul&joso iedarbibu.

8. Augu izcelsmes baribas sastavdalu (Plantago major, Urtica dioica,
Hypericum perforatum 1:1:1) pievieno$ana sivénu bariba palielinaja (p<0.05)
jejunum barkstinu garumu, VH:CD attiecibu un epitélija §tnu proliferaciju;
savukart zemaks (p<0.05) intraepitelialo limfocitu blivums jejunum, ka ari
augstaks (p<0.05) T limfocTttu relativais daudzums Peijera platgs, resnas zarnas
lamina propria dala, salidzinot ar kontroles grupu, var noradit uz augu
izcelsmes sastavdalu pretiekaisuma un imiinmodulgjosam Tpasibam.

9. Latvijas izcelsmes T. serpyllum, T. vulgaris un S. montana &teriskas ellas
uzrada augstakas (p<0.05) MIC un MBC vértibas pret E. coli, kas skaidrojams
ar sastava salidzino$i augsto ogliidenrazu monoterpénu klatbiitni, noradot uz
Latvijas izcelsmes &terisko ellu augstakas koncentracijas nepiecieSamibu
antibakterialas efektivitates nodrosinasanai.

10. T. serpyllum, T. wvulgaris un S. montana komercialo &terisko ellu
bagatinasana ar kaprilskabi lauj samazinat nepiecieSamo minéto ellu pat€rinu
attiecigi par 29%, 51% un 64%, bet, bagatinasana ar 3% NaCl — attiecigi par
63%, 78% un 69%. Bagatinata T. vulgaris &teriska ella uzradija tendenci
augstakai efektivitatei pret ESBL producgjosiem E. coli, salidzinot ar
antibiotiku jutigiem E. coli celmiem, tadgjadi timiana &terisko ellu varétu
sekmigi izmantot multirezistento E. coli kontrolg.
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PRAKTISKAS REKOMENDACIJAS

1. Lai novérstu ESBL producgjoSu baktériju strauju izplatibu cikkopibas
saimniecibas, ir nepiecie$ams veikt skriningu uz ESBL producgjosa E. coli
klatbttni, Tpasi, ja saimnieciba sivéniem bieZi konstaté diareju, profilaktiski
perorali tiek lietots cinka oksids vai arstéSana tiek izmantotas fluorohinolonu
un S-laktamu grupas antibiotikas.

2. Lai samazinatu ESBL producgjoso baktériju izplatibu produktivajiem
dzivniekiem, rekomend&jam kritiski svarigas antibiotikas (3. un 4. paaudzes
cefalosporinus, fluorohinolonus) lietot tikai tad, ja zemaka kategorija nav
alternativu antibiotiku un lietoSanas nepiecieSamiba ir pamatota ar antibiotiku
jutiguma parbaudes rezultatiem.

3. Rekomendg&jam augu (Plantago major, Urtica dioica, Hypericum perforatum
1:1:1) saturoSu baribas sastavdalu pievienoSanu 1.5% apjoma sivéniem
pamatbaribai no 14.-56. dzives dienai, lai modulétu zarnu mikrobiotu
adaptivaja sivénu atskirSanas perioda, uzlabotu zarnu veselibu un sekmétu
imiinmodulgjo$o darbibu zarnu trakta. Arstniecibas augu piedeva ne tikai
samazina fekalijas esoSo E. coli skaitu, bet ari rezistento izolatu fenotipisko
dazadibu.

4. Bagatinot &teriskas ellas ar 1mM kaprilskabes vai 3% NaCl piedevu, biitiski
var samazinat nepiecieSamas &teriskas ellas daudzumu.

5. Rekomend&jam bagatinato T. vulgaris &terisko ellu izmantot virsmu
dezinfekcijas lidzeklu izstradé ka ESBL producgjosa E. coli kontroles
komponentu.
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INTRODUCTION

Escherichia coli is a facultative anaerobic bacterium, widely represented
in the intestinal tract of most animal species. In young animals, E. coli is
commensal — quickly colonizes the intestinal tract and becomes part of the
normal microbiota, but some E. coli strains are pathogenic.

The most important for pigs are: Enterotoxigenic E. coli (ETEC),
enteropathogenic E. coli (EPEC), shiga-toxigenic E. coli (STEC) and
extraintestinal pathogenic E. coli (EXPEC), including septicemic ones E. coli
(SEPEC) strains. Particularly relevant for suckling and weaned piglets is
colibacteriosis caused by enterotoxigens E. coli strains. Fast-growing piglets are
affected by hemolytic (STEC) E. coli, which causes piglet Edema disease.
EXPEC and EPEC are like opportunistic pathogens and are part of the normal
intestinal microflora (Gyles & Fairbrother, 2010).

E. coli pathogenicity is associated with virulence genes encoded in mobile
genetic elements (Gyles & Fairbrother, 2010). In addition, predisposing factors
play an important role, ie insufficient passive immunity, inadequate hygiene,
neonatal status and stress factors such as piglet weaning and for intensive pig
farming, which is the dominant way of farming in the world and in Latvia
particularly. The high density of pigs and the sensitivity of animals of this specie
to stress factors contribute to the concentration and transmission of diseases.

Pig farmers traditionaly have tried to improve protective functions of the
digestive tract by using antibiotics as growth promoters (Cromwell, 2002), but
this has also contributed to bacterial resistance to antibacterial products (Canton
& Ruiz-Garbajosa, 2011). For Enterobacteriaceae bacteria of the digestive tract,
including E. coli is characteristic conjugation or horizontal resistance transfer
mechanism, which allows to exchange plasmids both within their own bacterial
specie or to other species. Plasmids often incorporate many resistance genes, so
bacteria can quickly develop multidrug resistance (Boerlin & White, 2013).

Due to growing concerns about the global spread of antibiotic-resistant
bacteria and the risk they pose to public health, the use of antibiotics as growth
promoters in animals, including pigs, has been banned since 2006. Despite the
fact that the use of antibiotics as growth promoters is forbiden in the European
Union, the works of several researchers (Bednorz et al., 2013; Haenni et al.,
2014; Von Salviati et al., 2014) show the high prevalence and increasing
relevance of resistant E. coli. Particular attention is payed to extended-spectrum
p-lactamase (ESBL)-producing E. coli, whose secreted enzymes hydrolyze and
inactivate most of the S-lactam antibiotics, including 3rd and 4th generation
cephalosporins. The last ones are recognized by the the World Health
Organization as the "critically important antibiotics in humanitarian medicine".

The World Health Organization in it’s 2014 annual overview report on
antibiotic resistance identifies it as the "greatest global threat" to human health,
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as antibacterial resistance continues to grow, creating the risk of development of
"postantibiotic era" when people die from simple infections that have been
treatable for decades (WHO, 2015).

In addition, as reported by Global Trends about the use of antibiotics in
food producing animals, pigs have the highest consumption of antimicrobials per
kilogram of live weight, ahead of chickens and cattle (Van Boeckel et al., 2015).
Most importantly, the release of resistant bacteria from the macroorganism
pollutes the environment, thereby endangering other animals and humans, and as
pigs are productive animals, there is a high risk of resistant bacteria entering the
food chain (WHO, 2015).

The ban on antibiotics as growth promoters has created a need for
effective alternative solutions (Liu et al., 2018; Stein & Kil, 2006). Our study
focused on the effect of probiotic-containing supplementary feed and plant-based
animal feed ingredients both on the health of piglets and their intestines, and also
on the effect on prevalence of resistant of E. coli in faeces. In our opinion, a
comparison in vitro of the antibacterial efficacy of essential oils against porcine
E. coli isolates of different resistance levels would facilitate their wider use in
control of resistant E. coli in animals.

The theses to be defended:

1. in Latvian pig farms there is a high prevalence of antimictrobial resistant
E. coli, moreover, it differs significantly between farms and age groups of
pIgs;

2. in some pig farms there is a high incidence of ESBL-producing E. coli, often
with extensive multidrug-resistant (MDR) phenotypes;

3. for individual ESBL coding genes are observed positive associations with
phenotypic resistance caused by certain antibiotics, in addition, the presence
of the gene bla crx-m provides E. coli with extensive MDR phenotypes;

4. feed components of natural origin (probiotics, probiotics+buckwheat bran,
herbal supplement) improve the health of piglets and their intestines — by
modulating the intestinal microbiota, improving the histomorphological
indicators of the intestinal mucosa and affecting the distribution of T
lymphocytes in the mucosa of the small intestine, Peyer's patches. The plant-
based feed components reduce the number of E. coli and its diversity of
phenotypic resistance;

5. the essential oils of plants of the Lamiaceae family grown in Latvia are
characterized by a lower antibacterial activity against pig commensals E. coli
than commercial essential oils;

6. antibacterial activity of commercial essential oils against E. coli is
significantly improved by enriching them with caprylic acid or addition of
3% NacCl.
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The hypothesis put forward in the thesis: bacteria Escherichia coli
resistance to antibiotics is highly widespread in pig farming farms in Latvia and
the use of probiotics, as well as herbal products, could limit the spread of E. coli
and ESBL-producing E. coli.

The purpose of the thesis: to study the prevalence of resistant
Escherichia coli in pigs in Latvia, to evaluate the possibilities of its reduction by
using feed components and means of natural origin.

Tasks of the doctoral thesis set to achieve the goal:

1. find out the prevalence of the resistant to antibiotics Escherichia coli in pig
farms in Latvia. To identify extended-spectrum beta-lactamase (ESBL)-
producing E. coli occurrence in pigs;

2. evaluate the effect of supplementary feed containing probiotics and feed
components of plant origin on the health of piglets and their intestines —
prevalence of resistant E. coli, intestinal microbiota, histomorphological and
immunological condition, meat quality;

3. to compare the antibacterial activity of Latvian and commercial essential oils
in vitro against porcine faecal extended-spectrum beta-lactamase (ESBL)-
producing E. coli, as well as to evaluate the use of essential oils enriched with
caprylic acid and sodium chloride in the control of this resistant E. coli.

The scientific novelty of the study:

1. obtained original data on the occurrence of antibiotic-resistant, multidrug-
resistant and extended-spectrum beta-lactamase (ESBL)-producing E. coli in
pig farms in Latvia, the differences in their prevalence in large and small farms
and in pigs of different ages;

2. obtained original data on ESBL-producing E. coli phenotypic resistance, as
well as the prevalence of multidrug resistance phenotypes among ESBL-
producing E. coli isolated from pigs in Latvia,;

3. we determined the E. coli most common ESBL coding genes (blacrx-m,
bla tem and blasny), the differences in their distribution in large and small pig
farms;

4. obtained original data on statistically significant associations between ESBL-
coding genes and phenotypically detected antibiotic resistance of E. coli from
pig faeces;

5. obtained original data how the use of complementary feed "ProbioHelp",
probiotic+buckwheat (Fagopyrum esculentum) bran and the herbal
supplement (Plantago major, Urtica dioica, Hypericum perforation 1:1:1) in
4-56-day-old piglets effect the:

a. changes of intestinal content and faecal microbiota,
b. prevalence of resistant E. coli,
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c. measurements of histomorphological structure of the mucosa of small
and large intestinal,

d. the number of goblet cells and their secreted mucins,

e. proliferation of epithelial cells (Ki67) and infiltration of T lymphocytes
(CD3 positive cells) in the structures of the small and large intestine
mucosa, submucosa and Peyer's patches, as well as

f. certain effects on the content of fatty acids in muscle tissue;

6. for the first time in Latvia, the antibacterial effectiveness of the essential oils
of commercially available plants grown in Latvia (T. serpyllum, T. vulgaris
and S. montana) against commensals was determined and compared E. coli
isolated from pigs; the effect of the chemical composition of these essential
oils on the antibacterial activity was assessed,;

7. for the first time, the antibacterial activity of commercial essential oils
(T. serpyllum, T. vulgaris and S. montana) enriched with caprylic acid and 3%
NaCl was evaluated against commensal E. coli derived from pigs; determined
the antibacterial efficiency of these combinations against different resistance
levels of E. coli (ESBL-producing/non-producing E. coli and multidrug-
resistant/ non-multidrug-resistant E.coli).

Personal contribution:

1. bacteriological examination of faecal samples (commensal indicator bacteria
E. coli isolation and biochemical confirmation; testing samples for the
presence of ESBL-producing E. coli, their phenotypic confirmation; E. coli
and ESBL-producing E. coli determination of antimicrobial sensitivity
(antibiotic resistance) against 12 and 18 antibiotics, respectively, preparation
of isolated cultures for long-term storage);

2. collection of medicinal plants, preparation of a herbal supplement containing
them for the implementation of the piglet feeding study;

3. bacteriological examination of the faeces and intestinal contents of obtained
piglets (Enterobacteriaceae, E. coli and Lactobacillus spp. determination of
the number, isolation of E. coli and determination of its antimicrobial
sensitivity (antibiotic resistance);

4. wild and cultivated medicinal plants in Latvia (T. vulgaris, T. serpyllum and
S. montana) extraction, extraction of essential oils using the hydrodistillation
method,;

5. examination of the antibacterial activity of Latvian and commercial essential
oils, as well as commercial enriched (with caprylic acid and NaCl) essential
oils in vitro.
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1. MATERIAL AND METHODOLOGY

1.1. Study time, place and study scheme

The doctoral research was developed in three activities in the period from
2014 to 2022 — at the Institute of Food and Environmental Hygiene of the Faculty
of Veterinary Medicine of the LLU and the Department of Molecular Biology
and Microbiology of the Scientific Laboratory of Biotechnology of the LLU.

In order to determine the prevalence of antibiotic-resistant and ESBL-
producing E. coli in pigs, in the first activity of the study we obtained samples of
pig faeces in seven pig farms in three regions of Latvia — Vidzeme, Pieriga and
Zemgale. We carried out the bacteriological and molecular biological
examination of the samples at the Department of Molecular Biology and
Microbiology of the Scientific Laboratory of Biotechnology of the LLU (LLU
BZL MBMN).

In order to evaluate the possibilities of reducing resistant and ESBL-
producing E. coli in pig farming farms, two more activities were carried out —
piglet feeding study (second activity) and development of active substance
components for potential environment treatment agents (Third activity).

In the second research activity, in one pig farm in the Pieriga region, we
carried out a piglet feeding study. We fed the piglets with three different feed
suplements of natural origin — probiotic-containing "ProbioHelp™ (hereinafter
referred to as probiotics), probiotics+buckwheat bran and herbal supplement. In
the blood samples obtained during the activity, hematological and biochemical
parameters were determined in the laboratory of the Veterinary Clinic of the
LLU. We performed the bacteriological examination of piglet faeces and
digestive content samples at the LLU BZL MBMN. Histological preparations of
tissues were prepared in the Laboratory of Comparative Pathology of the
Preclinical Institute of the Faculty of Veterinary Medicine of the LLU, while
immunohistochemical preparations of tissues were prepared in the Pathology
Center of Riga Eastern Clinical University Hospital. Histopathological
evaluation of histological preparations was performed in the Microbiology and
Pathology Laboratory of the Scientific Institute of Food Safety, Animal Health
and Environment "BIOR". Histomorphological measurements and
immunohistochemical evaluation of tissue sections we performed at the LLU
BZL MBMN. The content of fatty acids in pig musculature was determined in
the Chemistry laboratory of the scientific institute "BIOR".

In the third research activity, we obtained essential oils (EOs) of wild
plants and plants grown in Latvia in the Laboratory of Processing of Forest raw
Materials of the Latvian State Institute of Forestry "Silava", while the chemical
composition of plant EOs was determined in the Department of Agronomic
Analysis of the Biotechnology Scientific Laboratory of the LLU. The
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antibacterial efficiency of commercial EO, EOs produced by authors' and
enriched commercial EOs we tested at LLU BZL MBMN.

Research scheme and description of activities. During the first research
activity (2015-2018), we determined the prevalence of resistant and ESBL-
producing E. coli in pigs. In total, we surveyed 7 pig farms, conducted their
questionnaire and obtained 615 samples of pig faeces. Examined the samples
bacteriologically — isolated the commensal indicator bacteria E. coli (n=615), and
determined its sensitivity to 12 antibiotics; tested all faecal samples (n=615) for
the presence of extended-spectrum g-lactamase (ESBL)-producing E. coli. We
performed phenotypic confirmation for isolates with suspected ESBL -producing
E. coli (n=144) and selected 50 ESBL E. coli isolates using a stratified random
sampling method to detect the ESBL-encoding gene bla (TEM, SHV, CTX-M)
presence by using molecular-biological methods. We determined the sensitivity
to 18 antibiotics for the confirmed ESBL-producing E. coli (n=50).

During the second research activity (2015-2017), we purchased/prepared
three feed components of natural origin (probiotics, probiotics+buckwheat bran
and herbal supplement), which would show positive effects equivalent to use of
antibiotics and would allow replacing antimicrobial agents in the feed ration for
piglets; followed by feeding them to piglets from the 14th to the 56th day of life.

During the piglet feeding study, blood samples (n=50) were obtained,
and their hematological and biochemical examination was performed. We
examined faecal, rectal and digestive contents sample bacteriologically. In faecal
samples (n=93) we determined the number of E. coli and Enterobacteriaceae in
log kvv g From rectal samples (n=46) we isolated E. coli (n=80) and
determined its resistance to 12 antibiotics. In turn, in the samples (n=28) of
intestinal (jejunum and colon) content we determined the number of E. coli,
Enterobacteriaceae and Lactobacillus spp. (log kvv g?).

Intestinal (jejunum and colon) tissue (n=28) sections (n=280) were
examined histologically (n=168) and immunohistochemically (h=112). We
evaluated the histo-pathological state of the intestine, obtained
histomorphological measurements of intestines-crypt depth (CD), villi height
(VH), villi width (VW), VH:CD ratio, the number and density of goblet cells
(GC), number and density of GC containing neutral and acidic
mucopolysaccharide. We determined immunohistochemically the number and
relative frequency of Ki67+ and CD3+ cells in various intestinal structures of
small and large intestines. To determine the content of unsaturated and saturated
fatty acids in muscle tissue, the content of fatty acids was determined using the
gas chromatography method in meat samples (n=8).

During the third research activity (2018-2022), with the aim to promote
the possibility to reduce the number of resistant E. coli in the environment of pig
farms using plant-based agents, we carried out the development of active
substance components for potential environmental treatment agents. Using the
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hydrodistillation method, we obtained plant essential oils (EO) (n=3) from
medicinal plants grown in Latvia, as well we purchased commercially available
analogs (n=3). Next, we determined the chemical composition of EO (n=6) using
the gas chromatography method. We determined the antibacterial activity of all
EOs comparing their effectiveness in vitro against ESBL-producing E. coli of
difent levels of resistance isolated from pig faeces during the first research
activity. We determined and compared the antibacterial activity of commercial
and enriched (with caprylic acid, NaCl) commercial EOs, which would
contribute to the practical use of these natural products for the reduction of
resistant E. coli, including ESBL-producing E. coli in the pig industry.

1.2. Characteristics of the material

Characteristics of pig farms. During the first research activities period
with the aim to find out about antibiotic resistance prevalence of E. coli in pigs
in Latvia and to obtain faecal samples (n=615), we surveyed seven pig farms
with a closed production cycle. Four of them (L1, L2, L3 and L4; n=465) were
considered large (humber of sows 700-2100) and three (S1, S2 and S3; n= 150)
as small (number of sows 15-40). In the form of questionary, we colected
information about pig farms, the actuality of diarrhea in piglets, treatment and
prevention.

Characterization of feed components for piglets. In order to evaluate
the effect of different feed components of natural origin (probiotic-containing
supplementary feed and animal feed components of plant origin) on the
modulation of intestinal microbiota, the prevalence of resistant E. coli, the health
of pigs and their intestines, during the second research activity (piglet feeding
study) we used the following feed components:

4) herbal supplement — component of permitted plant origin feed (powdered
substance prepared from the aerial parts of the medicinal plants collected in
July 2015) — greater plantain (Plantago major L.), stinging nettle (Urtica
dioica L.) and St. John's wort (Hypericum perforation L.), prepared in a ratio
of 1:1:1 (further on in the text — herbal supplement).

5) Buckwheat bran — a plant-based feed ingredient made from buckwheat
(Fagopyrum esculentum L.). We bought buckwheat bran from the
commercial producer Z/s "Bebri" (hereinafter referred to as buckwheat
bran).

6) prob)iotics. As probiotics, we used the commercially available supplement
containing probiotics "ProbioHelp™ (1 ml contains: Bacillus subtilis ATCC
PTA 6737 — 7.42-10 * cfu; Bacillus subtilis DSM 15544 — 2.2-10 © cfu;
Saccharomyces cerevisiae NCYC Sc47 — 7.0-10 2 cfu; Lactobacillus casei
ATCC7469 - 6.0-10 3 cfu; Lactobacillus plantarum CNCM 1-3235 —2.0-10°
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cfu; Lactococcus lactis NCIMB 30117 — 4.0-10° cfu; Saccharomyces
cerevisiae IFO 0203 — 7.0-10 3 cfu) (hereinafter referred to as probiotics).

Characteristics of groups of piglets in the feeding study. Piglet feeding
research (the second research activity) was realized in one of the pig farms — L3,
where the above-mentioned probiotics and permitted animal feed components of
plant origin were fed to the piglets. We selected four litters for the study, where
there were sows with 14-day-old crossbred piglets of the Landrace and Djurok
breed (n=44), with an average live weight of 4.96+0.13 kg. The piglets of each
litter were further divided into research groups — i.e. control group (C group,
n=11), probiotics group (P group, n=11), probiotics and buckwheat bran group
(PB group, n=11) and herbal group (group H, n=11). During the study, we added
probiotics in a certain concentration to the drinking water of the P and PB group,
while in the PB group additionally we added buckwheat bran in a certain
concentration to the basic feed. For group H, we added the herbal supplement in
a certain concentration to the basic feed. The research period was 6 weeks, ie
from the 14th to the 56th day of piglets' life. The course of the feeding study is
described in the part 1.3.2.

Characterization of essential oils (EO). To evaluate possibilities of
reducing the resistant E. coli and ESBL-producing E. coli using herbal
remedies — EO, during the third research activity we obtained plant EOs grown
in Latvia and their analogues available on the commercial market.

We obtained EO from the aerial parts of medicinal plants grown in Latvia
collected in July 2019: breckland thyme (Thymus serpyllum L.), common thyme
(Thymus vulgaris L.) and mountain savory (Satureja montana L.) using the
hydrodistillation method. We purchased three EOs: breckland thyme (Thymus
serpyllum L.), producer "Primavera” (Germany), country of origin — Turkey;
common thyme (Thymus vulgaris L.), producer "Oils4life" (United Kingdom)
country of origin — Spain; mountain savory (Satureja montana L.), distributor
"Hermitage Oils", country of origin — Croatia. According to the distributor, all
commercial EOs are obtained by steam distillation.

1.3. Methodology description

1.3.1. Sampling of pig faeces in seven Latvian pig farms

During the first research activity, from seven pig farms we obtained in
a total 615 faecal samples from the following groups: piglets of 4 weeks old
(n=110), 6 weeks (n=151), 8 weeks (n=105), 12 weeks (n=87), 20 weeks (n=85)
and from sows (n=77) randomly selecting two to four samples from the pig pen,
depending on the circumstances, ie immediately after defecation or by selecting
the freshest possible faecal masses from the pen floor. We isolated E. coli from
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the samples and determined the presence of ESBL-producing E. coli. Then
determined the sensitivity of the isolated cultures to antibiotics. ESBL-producing
E. coli were examened for the presence of ESBL-encoding genes. See chapter
1.3.3 for the methodology applied to the examination of the obtained samples
(Bacteriological examination of samples) and 1.3.4. (Determination of ESBL
genes using molecular biology techniques).

1.3.2. Piglet feeding study and sampling methodology

During the second research activity, at farm L3 we fed to piglets from
the 14th to the 56th day of life probiotic-containing supplementary feed and
plant-based feed components. Until the 28th day of the piglets’ life (weaning),
we kept the piglets of each research group together with the sow in the farrowing
cage. After weaning, we moved the piglets to the weaned piglet room and the
study continued in the same research groups until the piglets reached the age of
56 days.

Piglets in group C received basic feed and for the first two weeks after
weaning, basic feed supplemented with 1000 mg ZnO kg*. Group P piglets
received basic feed and probiotics, which we added to the drinking water in a
certain concentration (1%, 0.75%, 0.45%, 0.34%, 0.32%) according to the age of
the piglets (14th, 28th, 35th, 42nd, 49th day of life). The piglets of the PB group
received basic feed and buckwheat bran in the amount of 3% of its mass.
Together with the drinking water, probiotics were given in a certain
concentration (1%, 0.75%, 0.45%, 0.34%, 0.32%) according to the age of the
piglets (14th, 28th, 35th, 42nd, 49th day of life). Group H piglets received basic
feed with a herbal supplement in the amount of 1.5% of its mass. The recipe of
the basic feed for piglets corresponded to the age and physiological needs of the
piglets. Piglets received food and water ad libitum.

For feeding of piglets, we used mobile plastic feeders, and for dosing
probiotics, we used the medicator "Lubing" (Lubing Maschinenfabrik,
Germany).

Blood samples (n=50) were obtained from each animal on the first (14th
day of piglet life) and the last (56th day of life) study day with a vacuum tube to
which a needle was attached or with the help of a syringe from v. jugularis
externa/v. brachialis. In blood samples hematologically we determined the total
number of leukocytes, erythrocytes, granulocytes, lymphocytes, the hematocrit,
hemoglobin, mean corpuscular volume, mean corpuscular hemoglobin and mean
corpuscular hemoglobin concentration using a veterinary hematological analyzer
(Exigo Eos, Boule Medical AB, Sweden). In the serum we determined glucose,
calcium, phosphorus, gamma-glutamyltransferase, alkaline phosphatase and
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aspartate amino-transferase using a clinical chemistry analyzer (Mindray BS-
200E, Shenzhen Mindray Bio-Medical Electronics Co., Ltd., China).

We obtained faecal samples (n=93) of piglets on the 14th (n=13), 35th
(n=37) and 56th (n=43) days of life immediately after their defecation,
bacteriologically determined the number of E. coli and Enterobacteriaceae (log
cfu g%). We obtained rectal samples (n=46) from the piglet's rectum with the
help of a sterile cotton swab on the 14th (n=12) and 56th day (n=34) of the piglets'
life, bacteriologically isolated E. coli and then determined its sensitivity to
antibiotics. The investigations methodology, see in chapter 1.3.3.

At the end of the study (on the 56th day of piglets life), we randomly
selected four piglets from each research group and two piglets from group C
(n=14) and slaughtered them in a certified slaughterhouse. Intestine content
samples were obtained from the small intestine (intestinum tenuae) jejunum
(jejunum) part [20 cm proximal from the ileocecal fold of the peritoneum (plica
ileocaecalis)] and from the large intestine (intestinum crassum) — the proximal
part of descending colon (colon descendens). We determined the number of E.
coli, Enterobacteriaceae and Lactobacillus spp. in the digestive contents (log cfu
g?), bacteriological investigation methodology see in chapter 1.3.3. Tissue
samples for histological examination (1.5-2 cm in size) were obtained from the
jejunum [20 cm proximal from the ileocecal fold of the peritoneum (plica
ileocaecalis)] and from the large intestine (intestinum crassum) — the proximal
part of descending colon (colon descendens). We fixed the obtained tissue
samples in 10% neutral buffered formalin solution, histological and
immunohistochemical investigation methodology, see in chapters 1.3.5. and
1.3.6.

Muscle samples (n=8) obtained from the lumbar and pectoral part of the
longissimus muscle (m. Longissimus thoracis et lumborum) and we determined
the content of unsaturated and saturated fatty acids using the gas chromatography
method, according to the instruction BIOR-T012-131-2011.

1.3.3. Bacteriological examination of samples

We performed bacteriological examination of pig faecal samples (n=615)
(first activity) and piglet rectal (n=46), faecal (n=93) and digestive contents
(n=28) samples (second activity).

Isolation of E. coli and detection of ESBL-producing E. coli in faecal
samples. To isolate E. coli from faecal (n=615) and rectal (n=46) samples, we
used Levin's eosin methylene blue agar (Levine EMB Blue Agar, Biolife), but to
detect the presence of ESBL-producing E. coli in faecal (n=615) and piglet rectal
(n=46) samples — we used a selective differential medium — Chromogenic ESBL
Agar (Chromart ESBL Agar, Biolife). For confirmation of the suspected E. coli
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isolates we performed biochemical tests — oxidase (Oxidase Reagent Droppers,
BD), urease [Urea Agar (Christensen), Biolife], citrate (Simmons Citrate agar,
Oxoid) and indole (Tryptophan Peptone Water, Sifin; Kovacs' reagent, Biolife).

Phenotypic confirmatory test for ESBL production. According to
EUCAST recommendations (EUCAST, 2017b) for confirmation of suspected
ESBL-producing E. coli (n=144), we used the combination disk test and
performed it according to CLSI guidelines (CLSI, 2018b).

E. coli and ESBL E. coli susceptibility to antibiotics determination. For
E. coli isolated both during the first and second activity we determined sensitivity
to 12 antibacterial agents [ampicillin, amoxicillin+clavulanic acid, cefazolin,
cefotaxime, imipenem,  sulfameoxazole+trimethoprim,  trimethoprim,
gentamicin, chloramphenicol, tetracycline, enrofloxacin, ciprofloxacin (BD BBL
Sensi-Disc, USA)] according to the disc diffusion method (EUCAST, 2017a).
ESBL-producing E. coli (n=50) besides the already mentioned 12 antibiotics, we
additionally determined the sensitivity to six more (mecillin, ticarcillin,
cephalexin, cefoxitin, cefixime and cefepime) antibiotics.

Multidrug-resistant E. coli detection. All E. coli isolates for which we
determined sensitivity to antibiotics were evaluated for compliance with the
status of multidrug-resistant bacteria (Magiorakos et al., 2012), but we classified
them into different levels of multi-resistance according to Jahanbakhsh's
instructions (Jahanbakhsh et al., 2016).

ESBL-producing E. coli by MALDI-TOF technology. Phenotypically
confirmed ESBL-producing E. coli isolates (n=50), we identified/reconfirmed
using the VITEK MS (bioMerieux SA, France) identification system, which is
based on MALDI-TOF technology.

Determination of the number of Enterobacteriaceae, E. coli and
Lactobacillus spp. We determined the number of Enterobacteriaceae, E. coli and
Lactobacillus spp. in the samples of piglets' digestive content (n=28), while in
piglet faecal samples (n=93) we determined the number of Enterobacteriaceae
and E. coli. The initial suspension and serial decimal solutions we prepared in
accordance with the requirements of the LVS EN 1SO 6887-1:1999 standard. The
isolation and enumeration of bacteria of Enterobacteriaceae family we
performed in accordance with the requirements of the LVS EN 1SO 21528-
2:2007 standard. lIsolation and enumeration of E. coli we performed in
accordance with the requirements of the LVS EN 1SO 16649-2:2007 standard.
For the isolatation and enumeration of Lactobacillus spp., we used MRS agar
with the polysorbate 80 additive (MRS agar with Tween ® 80, Biolife) and the
investigation was performed according to the manufacturer's recommendations.
To calculate the number of Enterobacteriaceae, E. coli and Lactobacillus spp.
per gram of a sample, we used the recommendations of the LVS EN ISO
8199:2019 standard. We expressed the results as logio cfu g.
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1.3.4. Detection of ESBL genes using molecular biology
techniques

For the identification of the presence of ESBL genes bla (blactx-m,
bla tem, blasnvy in ESBL-producing E. coli, we used polymerase chain reaction
(PCR).

First, the DNA isolation was performed from an 18+2 h old
phenotypically confirmed of ESBL-producing E. coli pure culture, using the
EZNA Bacterial DNA Isolation Kit (Omega Bio-tek, USA) following the
manufacturer's protocol. The amount of obtained DNA was monitored using an
ND-1000 spectrophotometer. The PCR reaction was performed using
HotStarTaq®Plus Masters Mix kit (QIAGEN, Germany) according to the
manufacturer's instructions and using the following ESBL gene primers (J. Kim
et al., 2009):

4) TEM - F: (5-AGTGCTGCCATAACCATGAGTG-3) and TEM R: (5-
CTGACTCCCCGTCGTGTAGATA-3);

5) SHV - F: (5-GATGAACGCTTTCCCATGATG-3") and SHV R: (5'-
CGCTGTTATCGCTCATGGTAA-3Y;

6) CTXM Group 1-F: (5-TCCAGAATAAGGAATCCCATGG-3") and CTX
M Group 1 R: (5-TGCTTTACCCAGCGTCAGAT-3).

A thermal cycler ABI2770 (Applied Biosystems, USA) was used to perform the

DNA amplification reaction. At the conclusion of the PCR reaction, the

amplified DNA was seperated using electrophoresis in a 2% agarose gel. The

positions of the DNA fragments in the gel were determined by viewing the

electrophoresis gel in a transilluminator under ultraviolet light. A 50 bp marker

(GeneRuler 50 bp DNA Ladder, Thermo Scientific, SM0371) was used as

marker for DNS size. TEM-positive isolates were 431 bp long, SHV-214 bp

long, and CTX M - 621 bp long.

1.3.5. Histological examination

Preparation of samples for histological examination. Fixed intestine
(jejunum and colon) tissue samples were sectioned and placed in tissue cassettes
(Bio-Optica, Italy) for processing in a tissue processor LEICA ASP200S (Leica,
Germany). After they were embedded in paraffin blocks (n=28) using the
Embedding System TES 99 (MEDITE, Germany). Using a microtome, 4 um
thick sections (n=168) were prepared and stained by the Hematoxylin-Eosin
method (H&E), (Carson, 1997), Periodic Acid-Schiff methods (PAS) (Kiernan
J.A., 2008) and Alcian blue pH 2.5 methods (AB) (Bio-Optica protocol).

Microscopic examination of histological sections. In the H&E
histological sections of the jejunum and colon (n=56), the general morphological
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and histopathological condition was observed using a light microscope (Zeiss,
Germany). Two tissue sections for each sample were analyzed, at a magnification
of 100-1000, determining the severity of inflammation (in points from 0 to 4),
the spread of inflammation (diffuse, local, multifocal), the amount of
inflammatory cells, erythrocytes (from 0 to 4) and the presence of
microorganisms.

To obtain micromorphometric measurements of the small (jejunum)
and large (colon) intestines, we analyzed H&E stained sections (n=56) using a
light microscope (Leica, DM3000LED, Germany), a camera (Leica DFC450,
Germany) and histological image processing and analysis program (Leica
Application Suite, version 4.10.0). We obtained the following measurements —
intestinal villi (villi intestinales) height (VH), width (VW) and crypts (cryptae
intestinales) depth (CD), number and density of goblet cells (enterocyti
calciformes, GC). We microscoped the sections at 100-400 X magnification, in
three repetitions, measuring 10 well-oriented structures of intestinal villi and
crypts. We measured VH from the apex of the intestinal villi to the base of the
villi. VW was measured in the middle part of the intestinal villi, and CD — from
the lowest point of the crypt invagination to the base of the villi. We counted the
total number of GCs in the villi and crypts of the small and large intestines and
expressed it as n/in crypt, n/villi and density — as the number of GCs in relation
to the height of the villi or the depth of the crypts (um).

The differentiation and counting of the neutral (PAS+) and acidic
mucopolysaccharide-containing (AB+) goblet cells (GC) was performed by
analyzing stained tissue sections (n=112) by PAS and AB methods. PAS+GC
stained purple, but AB+GC stained light blue. From each sample, in three
replicates we selected ten well-oriented intestinal villi and crypt structures. We
determined the number of PAS+GC and AB+GC in villi and crypts; expressed
their density as the number of PAS+GC and AB+GC in relation to the height of
the villi and the depth of the crypts (um).

1.3.6. Immunohistochemical examination

We stained piglet intestinal tissue sections with immunohistochemistry
(IHC) methods and determined the nuclear protein Ki67 to visualize intestinal
epithelial cells in the active phases of their life cycle, but the surface protein
CD3 - to identify T lymphocytes in piglet intestines. To label immunoreactive
(Ki67, CD3) cells was used the Dako EnVision®+System HPR reagent kit and
reactions were performed according to the manufacturer's protocol. Taking into
account the parameter to be determined — Ki67+ and CD3+ cells, during the
execution of the reaction were changed accordingly the primary ones — Ki67
nuclear protein (Dako, clone MIB-1, IR621) and CD3 surface antibodies (Dako,
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A0452). Although both of the above-mentioned antibodies have been produced
for the visualization of human cellular proteins, the authors' reports (Wiarda et
al., 2020; Wiyaporn et al., 2013) demonstrate the ability of these antibodies to
label the relevant cellular proteins in pigs.

For internal quality control of IHC reactions, positive and negative control
samples were prepared using histological sections of human tonsils from the
archives of the Pathology Center of Riga Eastern Clinical University Hospital.
In the positive control samples, the immunoreactive CD3 cells mainly are
localized in the extra-follicular zone of the tonsils and the CD3+ cell membranes
are characterized by brown staining. In turn, the immunoreactive Ki67 cells
mainly are localized in the germinal centers of the tonsils, where their proportion
was 80-90% of the number of cells, characteristic brown staining of Ki67+ cell
nuclei. Negative control samples were prepared from the above mentioned
tissues, but the primary antibody (CD3/Ki67) was replaced with the antibody
solvent (Antibody Diluent, Dako, S3022). No brown staining of CD3+ and
Ki67+ cell structures was detected in the negative control samples.

Microscopic analysis of IHC sections. The analysis of piglet intestinal
tissue sections stained with the IHC method we performed using 100-400 X
magnification. The number of proliferating epithelial cells (Ki67+) we
determined in ten well-oriented crypt structures of small and large intestines and
expressed as the number of positive cells n/100 pm. The number of intraepithelial
T lymphocytes (IEL CD3+) we determined in ten well-oriented villi and crypt
structures of small and large intestines and expressed as the number of positive
cells n/100 pum. The relative frequency of CD3+ cells we analyzed in jejunum
and colon lamina propria (both in the intestinal villi and crypts), Peyer's patches
(interfollicular, dome + follicular area) and colon submucosa. Each sample we
analyzed in ten randomly selected fields of view for each structure. For CD3+
cells we visualized a brown cell membrane, and for Ki67+ cells — a brown
colored nucleus. The relative frequency of CD3+ cells we determined according
to the semi-quantitative counting method (Pilmane et al., 1998).

1.3.7. Determination of the chemical content of plant essential
oils (EO)

The chemical composition of our own extracted and commercial essential
oils (EO, n=6) we determined using the gas chromatography method and using a
gas chromatograph (Perkin Elmer, Clarus 580), equipped with a mass-selective
detector (Clarus SQ 8 C). Compounds were separated using a polyethylene
glycol stationary phase Omegawax 250 capillary column (30 m x 0.25 mm, 0.25
um sorbent layer thickness). The control of the equipment was provided by
"TurboMass Ver6.0.0" software, while data processing was realized with "NIST
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MS 2.2 Library" (FairCom Corp., USA) computer program. EO components
were identified according to their release indices (Iwanami et al., 1997; Keita et
al., 2000; Njoroge et al., 1996; Tabanca et al., 2006) and compared with reference
spectrum in databases (Wiley/NIST). For all EO components, the release index
was experimentally determined based on the release times of n-alkanes under
programmed temperature conditions using the two-function calculation equation
(Mjes, 2004).

1.3.8. Testing the antibacterial efficacy of plant essential oils
(EOs) and enriched EOs

To determine the antibacterial activity of EOs, we used ten E. coli /
ESBL-producing E. coli isolated from pig faeces and E. coli reference strain
ATCC 25922 for control (Bioscience, United Kingdom).

The antibacterial activity of EOs was determined using the broth micro-
dilution method (CLSI, 2018a), by detecting the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) as
described previously (Mandrika et al., 2021). MIC is the minimum concentration
of EO that visibly inhibits the growth of bacteria, MBC — the minimum
concentration of EO required to Kkill bacteria — in the bacterial concentration of
the initial inoculum reduced by 99.5% and 95%. We calculated the percentage
of inhibited bacteria according to a previously reported equation (Cheng et al.,
2015).

For determination of MIC we used 20+2 h old E. coli standard culture
with a density of 0.5 McF. Next, we made its dilutions to reach 1.5-108 cfu mL" 2.
We diluted the EO with DMSO (Dimethyl sulfoxide, Sigma-Aldrich, D2650) to
a concentration of 500 uL mL™. Next, we introduced 100 pL of Muller-Hinton
broth into each well of a 96-well plate (Muller-Hinton Broth, Oxoid). Into the
first well of the plate we brought the prepared solution of 100 puL of the EO to be
tested and made serial dilutions. In parallel, we performed control of the
antibacterial efficiency of DMSO and gentamicin 0.5 mg mL™— by performing
serial dilutions in the same way as for the EO solution. In all the test wells, we
added 50 pL of bacterial inoculum and another 50 pL of physiological solution
(0.9% wiv) (in the test for the antimicrobial activity of the enriched EOs, the
physiological solution part was replaced by hypertonic NaCl or caprylic acid
solution, respectively) resulting in a bacterial suspension in each well of the plate
with a concentration of 5-10° cfu mL. The concentration of EO in the wells after
serial dilution was from 125 pL to 0.000238 uL mL*. For the negative control,
the well of the plate contained only 200 pL of Miller-Hinton broth, and for the
positive control, the well contained 100 pL of Miller-Hinton and 100 puL of
bacterial suspension. From the positive control, 1 uL we inoculated in Muller-
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Hinton agar (Muller Hinton agar Il, Biolife) to determine the real concentration
of cfu in the well and for use of MBC determination. Microplates we incubated
at 36x1 °C, 20+2 h. After incubation, we read the MIC, which was the last clear
well before the well where no turbidity of the medium was observed. To
determine MBC, 1 pL of each clear well was plated onto Miller-Hinton agar.
We incubated at 361 °C, 20+2 h and counted cfu. The lowest EO concentration
that provided 95% and 99.5% bacterial killing was designated as MBC 95% and
MBC 99.5%. We repeated the antibacterial efficacy test of each EO in two
replicates.

In order to determine the MIC and MBC values of the enriched EO
(with 3% NaCl or 1 mM caprylic acid), we initially prepared the following stock
solutions — 12% NaCl-deionized water solution (w/v) and 4 mM caprylic acid
solution (we dissolved the necessary amount of caprylic acid in a 20% alcohol-
distilled water solution). We determined the antibacterial efficiency of the EO
enriched with NaCl and caprylic acid according to the methodology described
above, but during the execution of the test, before introducing the bacteria-
containing inoculum into each of the test wells, we replaced the part of
physiological solution (50 pL) with 50 pL of 12% NaCl solution or respectively
with 50 pLL of 4 mM alcohol-water solution of caprylic acid. As a result each test
well contained respectively either 3% NaCl additive or 1.0 mM, caprylic acid
additive. In parallel, we controlled the effect of 3% NaCl and 1.0 mM the effect
of caprylic alcohol-water solution on the inhibition of bacterial growth or their
bactericidal effect. Next, we determined the enriched EO MBC 99.5% and MBC
95% as described above.

1.3.9. Statistical analysis of data

For all quantitative measurements, we calculated indicators such as
arithmetic mean (x), standard deviation (SD) and standard error of the mean (SE).

For the charactisation of the differences in the prevalence of resistant to
various antibiotics E. coli and the occurrence of ESBL-producing E. coli between
large and small pig farming farms, between groups of pigs of different ages, we
used the y?test (Chi-Square test) and pairwise comparison as a post-hoc test. To
compare the prevalence of antibiotic resistance, as well as the distribution of
ESBL-encoding genes in ESBL-producing E. coli in groups of large and small
pig farms, we used Fisher's test. We determined the associations between f-
lactamase genes and antimicrobial resistance using the odds ratio (odds ratio)
and 95% confidence intervals.

We used the one-way analysis of variance (one-way ANOVA) to
determine the influence of the factor (type of food component) on the
investigated characteristics — blood biochemistry and hematology indicators,
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changes in the bacterial population, histomorphological changes in the small and
large intestine and changes in the composition of fatty acids in muscle tissue.
Upon finding a significant effect of a factor, Duncan's multiple range test was
performed to determine between which classes of the factor gradation there were
significant differences. In order to evaluate the differences in the distribution
significance of the relative frequency (semiquantitative data) of CD3+ cells,
between the study groups we performed the non-parametric Kruskal-Wallis test,
which is intended for the comparison of several independent groups by one
characteristic. Rejecting the null hypothesis, we used the Conover-Iman)
multiple pair comparison test as a post-hoc test.

We used the two-way analysis of variance (two-way ANOVA) to
determine the factor EO-origin (commercial/Latvian) and EO type (T. serpyllum,
T. vulgaris and S. montana) influence on the studied characteristic-antibacterial
activity (MIC/MBC). Similarly, two-way analysis of variance was used to
determine the influence of factors (type of commercial EO) and enrichment
additive (caprylic acid, NaCl) on the investigated characteristic-antibacterial
activity (MIC/MBC). Rejecting the null hypothesis, we used the Bonferroni test
as a post-hoc test to determine the level of significance between groups. We used
the paired sample t-test to compare the mean values of the obtained
characteristics (MIC/MBC) for each type of EO, while the unpaired t-test was
used to compare the mean MIC values of each commercial EO (with/without
additive) against ESBL-producing and ESBL-non-producing as well as MDR
and non-MDR E. coli.

We considered the results to be statistically significant if the p-value was
less than 0.05, and the trend towards significance if the p-value was in the interval
from 0.05-0.10. We used the computer program Microsoft Excel 2016
(16.0.4266.1001) for data input and visual display of the research results.
Statistical data processing was performed with the R Studio software (version
1.1.463).

2. RESEARCH RESULTS AND DISCUSSION

2.1. Prevalence of resistant and ESBL-producing E. coli in pig
farms

Escherichia coli (E. coli) is a commensal bacterium in the digestive tract
of humans, animals, incl. pigs, but some E. coli strains are pathogenic and can
cause various diseases, e.g. colibacteriosis, which is especially relevant in
suckling and weaned piglets (Gyles & Fairbrother, 2010). In addition, E. coli
belongs to bacteria of the family Enterobacteriaceae, which has the ability to
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acquire and exchange resistance genes during conjugation, or so called horizontal
gene transfer, making E. coli a reservoir of resistant genes (C. Tan etc et al.,
2012). 1t is essential that the resistant ones E. coli are able to spread not only
between animals in the population, but also to humans, moreover, resistant genes
can be transferred to other pathogenic bacterial species during conjugation
(EFSA & ECDC, 2020). Therefore it is important from the point of view of
public and animal health to determine the commensal E. coli resistance in the pig
population, paying special attention to pigs of different ages, farm size as
influencing factors of antimicrobial resistance.

According to the information provided by the owners/veterinarians of pig
farms, penicillins, broad-spectrum penicillins were widely used in the treatment
of pigs in most farms, but the use of cephalosporins in the treatment of pigs was
indicated by two farms (L1 and L3). From other than g-lactam antibiotics, most
often in the treatment of pigs were used — oxytetracycline, trimethoprim-
sulfadiazine and fluoroguinolone (Table 2.1). However, it must be admitted that
questions about antibiotic use habits in the treatment of pigs are answered
evasively and incompletely. In a large-scale study, Lekagul and his co-authors
realised that to obtain detailed information about the use of antibiotics in pig
farms, methods other than questionnaires are needed, for example antibiotic use
reviews (Lekagul etc et al., 2019).

According to SPKC "One Health" report (SPKC, 2019) during the period
of 2015-2019 the most sold groups of antibiotics for productive animals in Latvia
were tetracyclines (29.4-28.2%), broad-spectrum penicillins (20.1-14.9%),
macrolides, lincosamides (10.6-14.5%), aminoglycosides (8.8-15.6%),
sulfonamides and trimethoprim (5.9-5.3%), fluoroquinolones (2.9-3.1%). In
Europe, according to the 10th ESVAC report (European Medicines Agency,
2021), where data about 31 European countries are collected, the most sold
antibiotic classes were tetracyclines (30.7%), penicillins (28.8%), macrolides
and lincosamides (12.1%), sulfonamides and trimethoprim (10.1%),
aminoglycosides (6.2%) and fluoroguinolones (2.5%).

Based on the results of our research in pig farms there is the commensal
E. coli has a very high level of resistance to tetracycline 54.63% (n=336); high —
against ampicillin - 32.03% (n=197), trimethoprim 24.07% (n=148),
sulfamethoxazole-trimethoprim 22.44% (n=138), amoxicillin-clavulanic acid
22.28% (n=137); moderately high — against chloramphenicol 12.68% (n=78);
low — against fluoroquinalones (enrofloxacin — 8.78%, ciprofloxacin — 3.58%),
gentamicin (5.69%), cefazolin (4.55%) and third generation cephalosporins
(cefotaxime) — 1.46%. No resistance of E. coli to imipenem, an antibiotic of the
carbapenem group, was observed.

If we compare the resistance of isolated E. coli in the pig population and
the most frequently used antibiotics in pig farms, as well as the most frequently
sold antimicrobial substances in Latvia and Europe, we can see the relationship
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that the highest resistance of isolated E. coli is observed against antibiotics that
are more often used in the treatment of pigs, namely tetracyclines, broad-
spectrum penicillins and combinations of trimethoprim with sulfonamides.
Similar to the results of our study, the annual antimicrobial resistance report of
the European Union (EFSA & ECDC, 2020) and most researchers in the world
have emphasized the high resistance of E. coli isolated from pigs to the
tetracycline, ampicillin and trimethoprim, sulfamethoxazole (Burow etc et al.,
2019; Hayer etc et al., 2020; Strom etc et al., 2017).

National surveillance programs for antimicrobial resistance focus on
animals of a certain age group, but the prevalence of resistance varies
significantly between different pig production and age groups (Burow et al.,
2019).

In our study, E. coli isolated from four-week-old piglets showed high
resistance to tetracycline (66.4%), trimethoprim and its combination with
sulfamethoxazole (37.3% and 40.0%, respectively), ampicillin (38.2%),
chloramphenicol (25.5%), gentamicin (10.9%), fluoroquinolones (7.2%) (Table
2.2). The microbiota of newborn piglets is largely influenced by the vertical
transfer of bacteria from the sow (vagina, milk) and the environment (floor,
drinking nipple surface); however, during lactation, the intestinal microbiota of
piglets is easily colonized by the sow 's fecal microbiota until the piglets imitated
it at the end of suckling period (Chen et al., 2018). Treatment of sows with
antibiotics in the postpartum period significantly increases the spread in piglets
the resistant E. coli, and not only against antibiotics used in treatment (Callens et
al., 2015).

In weaned piglets, we found a significant decrease of resistant E. coli to
enrofloxacin (0.7%), gentamicin (2.7%), chloramphenicol (2.7%), but remained
consistently high against tetracycline (58.3%), trimethoprim (21.2%), while
resistance to ampicillin (42.53%) and amoxicillin-clavulanic acid (32.18%)
showed an increasing trend. In three of the seven pig farms included in our study,
the occurrence of diarrhea was characterized as frequent, in two-as sporadic;
more often in the post-weaning period. Current studies emphasize that antibiotics
are most often used in piglets in the post-weaning period (69.5%), while in the
lactation period — 22.5% of cases. In the post-weaning period, mainly (82%)
group treatment of animals is used (metaphylaxis), the most frequently
mentioned active substances are extended-spectrum penicillins (31.2%) and
polymyxins (24.7%) (Sarrazin etc et al., 2019). Usually, treatment of pigs per os
is associated with an increased risk of developing resistance (Varga etc al., 2009),
but there are authors who emphasize that any antibiotic therapy carries risks
(Burow etc et al., 2019).

In fattening pigs, we observed a significant decrease of resistant E. coli
to most of the tested antibiotics — tetracycline (30.6%), ampicillin (14.1%),
trimethoprim and its combination with sulfamethoxazole (3.5% and 1.2%,
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respectively), but resistance to gentamicin and enrofloxacin was not detected.
The prevalence of resistent E. coli decreases during the fattening period of pigs
(Akwar et al., 2008; Burow et al., 2019), due to a significant reduction in the
frequency of treatment (8%) (Sarrazin et al., 2019), and antibiotic residues in
pork must be avoided (Akwar et al., 2008).

To compare the prevalence of resistant E. coli in large and small pig
farms, the results show that it is higher (p<0.01) in the group of large farms
against eight out of 12 antibiotics (ampicillin, amoxicillin-clavulanic acid,
sulfamethoxazole-trimethoprim,  trimethoprim,  gentamicin, tetracycline,
chloramphenicol and enfofloxacin); on the other hand, we did not observe
significantly higher resistance to any of the antibiotics in the small farms. E.coli
resistance to ciprofloxacin, cefotaxime and cefazolin did not differ significantly
between large and small farm groups and was rated as very low (Table 2.3).

Our results are consistent with other reports (Burow & Késbohrer, 2017,
Strém et al., 2017) that pig herd size has a positive association with higher
distribution of the resistant E. coli, but other authors emphasize the multifactorial
influence on resistance-promoting conditions (Dewulf et al., 2007; Dohmen et
al., 2017).

The emergence of multidrug-resistant (MDR) bacteria poses a
significant threat not only to animal health, but to the entire society (Aarestrup,
2005; Tanwar et al., 2014). If we compare prevalence of the MDR E. coli in
large and small pig farms, we found a significantly higher prevalence in large
(42.4%) than in small (2%) farms (Table 2.4). Moreover, we observed that in
large farms 27.92% (n=55) of isolated MDR E. coli were resistant to five or more
antibiotic classes. If we compare the prevalence of MDR E. coli among pig
groups of different ages, a high prevalence (36.42-47.27%) of MDR E. coli was
observed in 4- to 12-week-old piglets and gilts, the lowest in fattening pigs
(11.76%), and in sows — 14.29% (Table 2.5). It should be emphasized that
63.64% of MDR E. coli isolated from sows showed resistance to five or more
classes of antibiotics, while in fattening pigs we did not detect so extensive MDR
E. coli phenotypes; but in 4, 8 and 12-week-old piglet groups, the proportion of
MDR E. coli reached 30.77 to 35.90%.

As one of the reasons for higher MDR E. coli prevance in larger herds is
the use of more diverse antimicrobial agents for the treatment of pigs (Strém et
al., 2017), what was found also in our study. Moreover, the selection of MDR
bacteria, including E. coli, is facilitated by the use of antimicrobial agents in
combinations (Varga etc et al., 2009). Interestingly, in a study in Thailand, the
higher (95.7%) prevalence of MDR E. coli was observed in medium-sized farms
(500-5000 pigs) than in large farms (>5000 pigs) — 87.7%, which was explained
by more effective biosecurity management and more regular veterinary visits to
the farm (Dawangpa et al., 2022). Comparing the prevalence of MDR E. coli
among different age groups of pigs, one can see the general trends — the
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prevalence of resistant MRD E. coli decreases during the pig production cycle,
i.e. during the fattening period of pigs. Moreover, suich MDR E. coli are
characterized by narrower phenotype; but frequent and use the of different
antimicrobial agents per os during the weaning period results in higher MDR E.
coli distribution in piglets (Varga etc et al., 2009).

In total, in seven pig farms included in the study, we found 89 different
phenotypes of the resistant E. coli. The most frequently detected phenotype TE
(19%) was resistant to only one antibiotic, i.e. tetracycline, but at the same time
— 37% of all phenotypes contained resistance to fluoroquinolones. The most
frequently observed MDR E. coli phenotypes were AM-AMC-TE (6.5%, n=40)
and AM-SXT-TMP-TE (4.9%, n=30). One of the isolated E. coli phenotypes
AM-CZ-GM-AMC-SXT-TMP-C-TE-ENO showed resistance to even 9 out of
12 antibiotics. Both our results and the studies of other authors reveal a very large
diversity of the phenotypes of the resistant E. coli in the pig population (Akwar
et al., 2008; Jahanbakhsh et al., 2016), but in most cases the dominant is
resistance to such antibiotics as p-lactams-trimethoprim-sulfonamides-
tetracycline.

ESBL-producing E. coli in a pig population. The intensive and misuse

of antibiotics, especially g-lactams in human and veterinary medicine has
contributed to the selection and spread of ESBL-producing bacteria. The World
Health Organization has indicated that the third-generation cephalosporin-
resistant Enterobacteriaceae, incl. E. coli, is one of the world's most serious and
critical problems of the 21st century (WHO, 2017). According to our results,
using the selective differential method and examining 615 pig faecal samples
from seven pig farms, the presence of ESBL-producing E. coli we found in four
(L1, L2, L3 and S1) pig farms, in a total of 144 samples (23.4%).
Among the large pig farms, the highest occurrence of ESBL-producing E. coli
was observed in farm L1 (64.3%), while among small farms — in the farm S1
(47.5%). Although ESBL-producing E. coli occurs more often (p=0.029) in large
(26.9%) than small pig farms (12.7%), it should be emphasized that the
frequency of ESBL-producing E. coli differs significantly between farms, both
in the large and small farms groups (Table 2.6).

When evaluating the prevalence of ESBL-producing E. coli in pigs of
different ages and physiological conditions, we observed a significantly higher
prevalence in four- and six-week-old piglets (28.3% and 35.1%) and sows
(41.6%), while it was lower in 20-week-old fattening pigs (8.2%) (Table 2.7).

Our results reveal that farm size could be one of the risk factors for a
higher incidence of ESBL-producing E. coli in pig faeces, but this statement
should be taken with caution because in our study the two farms with the highest
incidence of ESBL-producing E. coli were observed in both the large (L1), and
in the group of small farms (S1). So far, authors have highlighted numerous
factors (e.g. deficiencies in biosecurity measures, excessive use of antibiotics,
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especially cephalosporins and fluoroquinolones) that contribute to the
occurrence of ESBL-producing E. coli in pig farms (Dohmen et al., 2017; Gay
et al., 2018). We also observed a causal relationship between the increased
incidence of diarrhea in piglets, the wider use of antibiotics and the subsequent
higher incidence of ESBL-producing E. coli in pig farms. In all pig farms (L1,
L2, L3 and S1) where we detected the presence of ESBL-producing E. coli, the
incidence of diarrhea in piglets was assessed as 'frequent’ (L1, L2 and S1) or
'sporadic’ (L3) and treatment was done by using amoxicillin (L1, L2, S1),
fluoroquinolones (L1, L3, S1) and/or cephalosporins (L1, L3). Amoxicillin is
available per os for use in pigs, but it has low absorption and bioavailability
(Reyns et al., 2009), thus creating a large selective pressure on the intestinal
microbiota, which contributes to the selection of resistance (Burch & Sperling,
2018). Presumably, the use of amoxicillin per os could be one of the most
important factors for the prevalence of ESBL-producing E. coli in piglets during
the weaning period. The role of fluoroguinolones in the spread of ESBL-
producing E. coli has been reported previously (Basu & Mukherjee, 2018) and
could have contributed to the occurrence of ESBL-producing E. coli in L1, L3
and S1 farms. On the other hand, diarrhea was rarely observed in piglets of farms
S2 and S3, non-p-lactam antibacterial agents were chosen for treatment, which
explains the absence of ESBL-producing E. coli in the faeces of pigs from these
farms.

We observed that all isolated ESBL-producing E. coli were resistant to
ampicillin, ticarcillin and cefazolin; but isolates from large pig farms were
resistant (100%) to cephalexin, cefotaxime, cefepime and we also often found
resistance to amoxicillin-clavulanic acid (87%), trimethoprim (84%),
sulfamethoxazole-trimethoprim (84%), teracycline (79%) and gentamicin
(53%). While the isoslates from small farms often were resistant to ceftazidime
(83%), cefotaxime (83%), cefixime (83%), chloramphenicol (75%) and cefepime
(50%). We did not observe resistance to mecillin and imipenem in ESBL-
producing E. coli (Figure 2.1).

In our study, 96% (n=48) of the isolated ESBL-producing E. coli were
classified as MDR, and those isolated from weaned piglets (47.6%) and sows
(37.5%) often showed resistance to eight or more antibiotic classes. Such level
of resistant ESBL-producing E. coli was significantly less frequently observed
in fattening pigs (14.2%) (Figure 2.2). More extensive MDR ESBL-producing
E. coli phenotypes have been reported in weanling and weaned piglets compared
to fattening pigs in other studies as well (Akwar et al., 2008; De Lucia et al.,
2021). General factors contributing to the development of resistance, such as
excessive/incorrect use of antimicrobials, [in piglets in the form of metaphylaxis
— not only for treatment, but also for prevention, especially because young
animals have an increased risk of intestinal infections and are more often exposed
to various stressful situations (weaning of piglets, pooling of litters, feed and
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environmental change) (Akwar et al., 2008)] could also contribute to the spread
of MDR ESBL-producing E. coli. On the other hand, sows, although more often,
receive antibacterial agents individually (parenterally), which could be a positive
factor in limiting the spread of resistance (Jensen et al., 2012), but since different
types (active ingredients) of antimicrobial agents are chosen for the treatment of
sows during their lifetime (Lekagul et al., 2020), could contribute to the
formation of more extensive MDR ESBL-producing E. coli phenotypes, as well
as their higher prevalence.

All ESBL-producing E. coli from large pig farms were classified as MDR,
and most of them had broad MDR phenotypes, ie 79% were resistant to six or
more classes of antibiotics. In contrast, none of the ESBL-producing E. coli
isolated from the small pig farm showed resistance to six or more antibiotic
classes, and 16.7% were not classified as MDR (Figure 2.2).

Our results confirm the observations of other authors that MDR ESBL-
producing E. coli are more often isolated from large than small pig farms (Strém
et al., 2017). In our study, not only metaphylaxis (Varga et al., 2009), but also
the use of zinc oxide as a feed additive could contributed to the higher prevalence
of MDR ESBLs producing E. coli in large pig farms. All surveyed large pig farms
(L1, L2, L3 and L4) used zinc oxide as a feed additive for piglets in the post-
weaning period, so this could have been a noteworthy factor in the prevalence of
more extensive MDR phenotypes in the large pig farms. There are several reports
that the inclusion of high-dose zinc oxide in pig diets can contribute to the
selection of antimicrobial resistance and MDR phenotypes in the pig intestine
(Ciesinski et al., 2018; Holzel et al., 2012).

ESBL-producing E. coli and their encoding ESBL genes. In all
phenotypically confirmed ESBL-producing E. coli, we detected at least one
ESBL-encoding gene which confirms that our isolated E. coli are capable of
producing ESBL enzymes. The most frequently detected ESBL-encoding gene
was blarem (94%; n=47), followed by blactx-m (86%, n=43) and blasnyv (48%,
n=24). In most cases (90%; n=45), we observed ESBL coding genes in
combinations of two or more genes. The most common ESBL gene combination
was blatemand blacrx-m (42%; n=21), followed by all three genes (blatem, blasky
and blacrx-m) coexistence (36%; n=19), but less frequently blarem and blasny
(10%; n=5) gene combination. Similar to what we observed in our study, several
European scientists have also found high blacrx-w and blatem distribution in the
pig population, and most often these ESBL-encoding genes have been found to
be in combination (Barilli et al., 2019; Biasino et al., 2018; VVon Salviati et al.,
2014).

In the small farm (S1), we found the presence of the ESBL-coding gene
blasnv, together with other bla-coding genes significantly more often than in the
large farms (83.3% vs. 36.8%, p=0.007), while the presence of the blacrx-m
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coding gene significantly more often was observed in the large farms (97.4% vs.
50.0%, p<0.001). In large farms, the most common combinations of genes
encoding ESBLs were blarem and blacrx-m (52.6%, n=20), and in small farms —
blarem and blasny (41.7%, n=5) (Figure 2.3). In our opinion, one of the main
reasons for the higher prevalence of gene blacrx-m in large farms could be the
preventive feeding of zinc oxide as a feed additive to pigs. In a recent study using
a faecal microbiome model in vitro, it was found that the addition of zinc oxide
to a faecal suspension increased the proportion of a plasmid-encoded blactx-m-1
E. coli compared with the total microbiota; moreover, zinc may induce the
expression of resistance genes in E. coli strains (Peng et al., 2020). Presumably,
also in the large farms included in our study, zinc could promote the spread of
plasmid-encoded ESBL-producing E. coli strains, as well as the induce the
expression of the gene blactx-wm.

Whereas extended-spectrum SHV and TEM p-lactamases are
characterized by higher ceftazidime hydrolytic activity (Liakopoulos et al.,
2016), but CTX-M — with stronger cefotaxime hydrolytic activity (Bonnet,
2004), this explains the connection that the gene blactx-m, Which is more
frequently detected in large pig farms determined ESBL-producing E. coli
phenotypic resistance to cefotaxime, but the dominant gene blasny in the small
farm is — resistance to cefotaxime.

Analyzing ESBL-producing E. coli phenotypic resistance and coding
genes, we observed a positive association between the presence of the gene
blasnv and phenotypically expressed resistance to amoxicillin-clavulanic acid,
ceftazidime and cefixime, but the gene blactx-m— to cephalexin and several non-
p-lactam antibiotics — enrofloxacin, tetracycline, gentamicin, trimethoprim and
sulfamethoxazole-trimethoprim (Table 2.8).

Some SHV (also TEM) f-lactamase mutants have a single amino acid
change at the Ambler position, therefore they overtake the first generation f-
lactamase inhibitors (clavulanic acid) (Bush & Bradford, 2019; Cant6n et al.,
2008), which could explain the observed positive association of blasny with
phenotypic resistance to amoxicillin-clavulanic acid. In turn, the ESBL-encoding
gene blasnv and its phenotypically expressed resistance to ceftazidime are
explained by the substitution of Glu240Lys, which provides a stronger hydrolytic
activity against ceftazidime than cefotaxime (Liakopoulos et al., 2016). Most
extended-spectrum S-lactamases are particularly active against first-generation
cephalosporins (Paterson & Bonomo, 2005), so the positive association of the
gene blacrx-m with the observed resistance to cephalexin is not surprising. On the
other hand, the positive association of the blactx.m gene with the observed
resistance to several non-g-lactam antibiotics could indicate the prevalence of
certain MDR ESBL-producing E. coli clones. In addition ESBL genes are most
often localized in plasmids and, together with other resistance genes incorporated
there, are able to provide co-resistance with aminoglycosides, fluoroquinolones,
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trimethoprim-sulfamethoxazole, tetracycline and other antibiotics (Balkhed et
al., 2013; Ozgumus et al., 2008). Therefore the gene blacrx-m is associated with
extensive MDR bacterial strains (Zeynudin et al., 2018).

2.2. Effect of feeding probiotics, buckwheat bran and herbal
components on general and intestinal health of piglets

In the pig industry, it is important to improve the feeding strategy of
animals, also using various natural plant-based feed additives, which would
improve the health of the animals, stimulate growth and give the possibility to
reduce the use of antibiotics. In order to evaluate the general state of health of
piglets before and after the study, we obtained and evaluated hematological and
individual serum biochemical indicators. Both at the start of the study (day 14"
and at the end of the study (day 56™), all hematological and serum biochemical
indicators were within the normal limits for the age of the piglets.

One of the most important prerequisites for the health of piglets during
the weaning period is the development of the beneficial intestinal microbiota.
The commensal microbiota, by colonizing the intestines and attaching to the
intestinal mucous layer, prevents the colonization of pathogenic bacteria (O'Hara
& Shanahan, 2006), in addition, it participates in digestive processes, contributes
to the maturation of the intestinal mucosa and the development of the immune
system, participating in its induction and functioning (Kamada et al., 2013;
O'Hara & Shanahan, 2006).

At the beginning of the study, on the 14th day of piglets' life, we did not
observe significant differences in the number of bacteria of the
Enterobacteriaceae family and E. coli in faeces between the groups included in
the study. On the 35th day of the life of piglets, the number of bacteria from the
family Enterobacteriaceae was lower (p<0.05) in the P group compared to the C
group. On the 56th day of the piglet's life, in group H piglets we observed a
significantly lower number of Enterobacteriaceae and E. coli compared to group
C, but in group PB the number of Enterobacteriaceae (p<0.05) and E. coli was
lower (p>0.05) compared to group P (table 2.9).

The positive effect of the use of probiotics on the fecal microbiota was
observed faster, already after three weeks of the study, ie one week after weaning
the piglets. In in vitro studies have shown that probiotics reduce the pH of the
digestive tract, thereby reducing the growth of pathogenic bacteria (Gibson,
1999). At the end of the study (on the 56th day of the piglet's life), we found the
beneficial effect of the feed components (in the groups H and PB) on the fecal
microbiota — reduced number of E. coli and Enterobacteriaceae bacteria in the
faeces. Differences in feed components during exposure could be explained by
the fact that after weaning, piglets go through the so-called acute and adaptive
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weaning phases. The effect of the acute phase is a reduced feed intake — it can
take up to seven days for weaned piglets to learn to eat dry food and take in the
required amount of dry food (Pluske et al., 1997). Considering this fact, we
believe that the piglets included in our study did not consume enough amount of
the diet supplemented with herbal-based ingredients to observe their beneficial
effect on fecal microbiota as early as the 35th day of the piglet's life. On the other
hand, the effect of probiotics, which were added to the piglets' drinking water,
was already observable in the acute phase of piglet weaning.

When evaluating the changes in the microbiota of the digestive content,
depending on the inclusion of different feed components in the feed of piglets,
we concluded that the inclusion of probiotics significantly increased the number
of Lactobacillus spp. in the contents of the small intestine (p<0.05) and large
intestine compared to groups H and C (Table 2.10). The herbal supplement had
a tendency (p=0.064) to reduce the number of Enterobacteriaceae in the large
intestine contents compared to group C, also we observed the lowest number of
E. coli in the small and large intestine contents of group H, but the decrease was
not statistically significant.

The ability of probiotics to increase the number of Lactobacillus spp. in
the intestines has also been documented in studies by other authors (Liao &
Nyachoti, 2017). Interestingly, combination of probiotics and buckwheat bran
(group PB) did not play such a significant role in increasing the number of
Lactobacillus spp. compared to the P group. Although it has been documented
that buckwheat bran have a prebiotic-like activity (Coman et al., 2013; Préstamo
et al., 2003), on the other hand, buckwheat bran contains several phenols
(Kalinova et al., 2019), and it is proved that they have antibacterial activity
(Radovanovi¢ et al., 2013; Wang et al., 2013). Thus, the antibacterial activity of
the phenols in buckwheat bran was thought to be the reason not only for the
reduction of Enterobacteriaceae in the digestive content, but also influenced the
effectiveness of probiotics ingested through water. The herbal supplement
(U. dioica, P. major and H. perforatum) chosen by us reduced
Enterobacteriaceae, but did not affect significantly the number Lactobacillus
spp. in the digestive content. As known, plants contain many active ingredients
that have antibacterial activity, due to which they are considered as one of the
most promising alternatives to antibiotics also in pig farming (Omonijo et al.,
2018). But at the same time despite the fact that Lactobacillus spp., which
localize in the digestive tract, belong to Gram-positive bacteria and often are
more sensitive to antibacterial substances present in most plants compared to
Gram-negative bacteria, being as a part of commensal microbiota resident in a
host is incomparably more resistant. It is explained by the fact that commensal
microbiota form biomembranes at the intestinal mucus layer (Donaldson et al.,
2016; Omonijo et al., 2018). In our opinion, this explains also the ability of the
herbal supplement used in the study to modulate successfully the intestinal
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microbiota, reducing the number of Enterobacteriaceae bacteria, while at the
same time not significantly affecting the number.of resident Lactobacillus spp.

Antimicrobial resistance of isolated E. coli. Examining fecal samples
from 14- and 56-day-old piglets we did not detect the presence of ESBL-
producing E. coli. But to characterize the effect of feed components on resistant
E. coli prevalence, we analyzed 80 E. coli isolates. From 14-day-old piglets,
66.7% of isolated E. coli were resistant to at least one antibiotic class, while from
56-day-old piglets — 50%. This shows that by limiting the use of antibiotics in
piglets, the spread of resistance tends to decrease. Despite this, the prevalence of
resistance was generally assessed as high. For E. coli isolated before the study,
we observed more frequent resistance to ampicillin (42%) and trimethoprim
(33%), while at the end of the study more often resistance was observed to
tetracycline [in the P group (50%), PB (50%) and H (44%)] and against
trimethoprim [in P (50%) and PB (44%) groups]; only in the control group was
observed resistance to chloramphenicol (38%) and cefotaxime (8%). The
development of the intestinal microbiota of piglets is significantly influenced by
the environment and the microbiota of the sow (Langlois et al., 1986).
Researchers have observed that the high resistance of bacteria isolated from the
digestive tract of young animals is not necessarily related to the use of antibiotics,
but is related to the widespread distribution of genetic resistance elements among
the intestinal microbiota. By switching to antibiotic-free pig farming, it is
possible to reduce the level of resistant isolates, but it is likely that it will not be
possible to completely eliminate antibiotic-resistant genes in the fecal microbiota
(Mathew, 2001). Fact, that piglets in the control group during the post-weaning
period received zinc supplementation (as well as it is common practice on this
farm), explains the high prevalence of MDR E. coli both in the control group and
in the other research groups. The role of heavy metals in the selection of
multidrug-resistant bacteria in the digestive tract of piglets and in the
environment is also widely described in the scientific literature (Bednorz et al.,
2013; Ciesinski et al., 2018). In our opinion, the use of zinc oxide has contributed
to the high prevalence of MDR bacteria in the farm environment, which is
reflected in the results of our study. But despite that, at the end of the study,
comparing phenotypic diversity of the resistant E. coli isolated from the research
groups, the most variations were observed in the C group [7 different phenotypes,
resistance to a total of 8 antibiotics (AB)], followed by the P group (6 different
phenotypes, resistance to a total of 6 AB) and the lowest in the PB and H groups
(4 different phenotypes, resistance in total to 5 AB) (Table 2.11). There are
authors who observed the antagonistic effect of probiotics on the antibiotic
resistant gene transfer, but this mechanism of action remains unclear (Moubareck
et al., 2007). We can see that the herbal supplement also reduces the phenotypic
diversity of resistant E. coli, but more research is needed to clarify the
mechanisms of action.
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The intestinal epithelium and immune cells together with the mucus layer
provide the first barrier against the intestinal microbiota, pathogens and external
antigens. Weaning from the sow causes stress to the piglets, moreover, the
change of environment, feed and social hierarchy makes it a critical period in the
life of pigs; it causes gastrointestinal dysfunction, breakdown of the mucosal
barrier and results in intestinal inflammation and the development of diarrhea
(Moeser et al., 2007).

During the histopathological examination we observed mild to
moderate chronic diffuse enterocolitis with mild to moderate infiltration of
eosinophilic leukocytes, lymphocytes and plasma cells in the histological
sections of the small (jejunum) and large (colon) intestines from all research
groups, 56-day-old piglets. When assessing the severity of inflammation, we did
not find significant differences between the study groups, neither in the small
(p=0.11) nor the large (p=0.12) intestine. As mentioned above, the stress caused
by the weaning period, changes in the diet and environment of piglets, can result
in significant functional and morphological changes in the gastrointestinal tract
of piglets, which is often called "weaning-related intestinal inflammation”
(Moeser et al., 2007).

As important predictors of intestinal health are considered such
histomorphological measurements as villus height (VH), crypt depth (CD) and
VH:CD ratio (Han et al., 2013). Enriching piglets basic feed with probiotics and
feed ingredients of plant origin significantly increased: the height of the intestinal
villi in the H group (+35%, p<0.05), the P group (+17%, p<0.05) and the PB
group (+12%, p< 0.05). When evaluating the VH:CD ratio, it was found to be
significantly higher for the H, P and PB groups. In the colon, in the groups P, PB
and H we found deeper crypts (p<0.05) compared to group C (Table 2.12).

The beneficial effect of herbal supplement on intestinal
histomorphological indicators is mainly related to their ability to reduce the
bacterial pressure in the intestine (Zeng et al., 2015). In turn, probiotics, when
entering the intestines, adhere to the mucus layer and enterocytes, colonize
certain niches and cause the so-called "colonization resistance" and protect the
intestinal villi against pathogens. Reduced toxicity and better absorption of
nutrients promote growth and regeneration of the villi (Donaldson et al., 2016;
Song et al., 2014). Polysaccharides present in buckwheat bran and the herbal
supplement show properties similar to prebiotics (Kamada et al., 2013; Yahfoufi
et al., 2018). When the lactic acid bacteria ferment those polysaccharides,
volatile fatty acids (SCFA — acetate, propionate, butyrate) are formed, and this is
an important source of energy for the growth of colonocytes (Hooper et al.,
2002). So probiotics and plant-based feed ingredients could contribute to the
depth of crypts in the colon. In addition, butyrate is an active inflammatory
inhibitor that stimulates mucosal regeneration (Cornick et al., 2015).
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In the intestines between the cylindrical squamous epithelium the
scattered goblet cells (GC) are located, which secrete glycoproteins and form a
mucus layer and cover epithelial cells. We observed a lower (p<0.05) GC density
in the villi of the small intestine of group H, whereas probiotics increased the
number of GCs in the crypts of the large intestine (Table 2.13).

Glycoproteins produced by goblet cells (GC) are divided into neutral
(PAS+) and acidic (AB+) subtypes. Both AB+ and PAS+ mucins increase the
viscosity of the mucus layer for epithelial protection, but AB+ mucins
specifically protect against bacterial translocation (Cao & Wang, 2009).
Compared to group C piglets, probiotics increased the number of AB+GC in the
villi of the small intestine (p<0.05), tendentially — also in the crypts of the small
and large intestines, while the herbal supplement decreased (p<0.05) the density
of AB+GC in the villi of the small intestine. In group C piglets, we observed a
reduced (p<0.05) number of PAS+GC in the colon crypts.

About the ability of probiotics to increase GC proliferation and
differentiation has been reported by the authors previously (Desantis et al., 2019;
El Aidy et al., 2013). Probiotics, by colonizing the mucus layer and releasing
various end products of mucin fermentation, bioactive factors, activate various
signal cascades and secretory elements, so acting directly on GC (Meslin et al.,
1999; Schutte et al., 2014). However, probiotics are able to regulate mucin gene
expression indirectly via the host's immune responses — by acting on them with
structural elements of bacteria (lipopolysaccharides (LPS), flagellin A,
lipoteichoic acids (LTA) and several metabolites (SCFA, adenosine
triphosphate) (Dharmani et al., 2009). In turn, the herbal supplement we used,
thanks to its antimicrobial properties, was able to reduce the pressure caused by
the microbiota in the digestive tract; consequently, it could reduce GC density in
the jejunum villi.

Based on the results of immunohistochemical examinations of our
study, the probiotics and plant-based feed components included in the study
increased the proliferation of epithelial cells (Ki67+) in crypts of jejunum, but
probiotics+buckwheat bran and herbal supplement increased proliferation in
both — crypts of jejunum and colon (Figure 2.4). Scientists have found several
mechanisms by which probiotics can promote the proliferation of epithelial cells:
firstly, certain strains of probiotics reduce the expression of the integrin-related
kinase gene in enterocytes, therefore decrease cytoskeletal g-actin levels in the
basement membrane and this subsequently destabilizes the interaction of
enterocytes with this basement membrane and increases cell migration velocity
along the crypt-villi axis; secondly, probiotics increase cell proliferation in the
crypts (Preidis et al., 2012) by interacting with and regulating intestinal stem cells
(Preidis et al., 2012; Walker et al., 2009); third, lactate plays a critical role in the
development of intestinal stem cells (Lee et al., 2018).
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The inclusion of plant-based feed ingredients (in the PB and H groups)
significantly increased the proliferation of epithelial cells in the colon.
Buckwheat bran is a source of fiber (Taylor & Emmambux, 2008), but plants
contain a lot of glycosides and carbohydrates (Feng et al., 2018). Significantly,
that plants and buckwheat bran are important raw materials for SCFA production
(Ushida & Hoshi, 2002; Zhao et al., 2019). SCFAs absorbed in the large intestine
act as “fuel” for mucosal epithelial cells (Cook & Sellin, 1998). So the inclusion
of additional fiber in pig diets could increase SCFA production in the large
intestine and promote proliferation of colonocytes.

An important role in the host's defense against pathogens is played by the
mucosal immune system, which is implemented by the "gut-associated lymphoid
tissue" (GALT). They include organized tissue (Peyer's patches) and scattered
immune cells [in the basal layer of the mucosa (lamina propria) and between
epithelial cells (intraepithelial lymphocytes — IEL)] (Mowat & Viney, 1997).
Homeostasis of the intestinal tract is ensured by a state of weak reaction against
the resident microbiota and at the same time active readiness against pathogens
(Maeda et al., 2001). Intestinal epithelial, dendritic and M cells directly perceive
the antigens of mucosal microbiota, its metabolites and induce the formation of
toll-like receptors to bind T and B lymphocytes and promote immune responses
(Gutzeit et al., 2014). We paid particular attention to the distribution of T
lymphocytes, as they play a vital role in maintaining intestinal homeostasis and
activating the immune response against pathogens (Van Wijk & Cheroutre,
2010).

The density of intraepithelial CD3+ cells (IEL) in the small intestine of
piglets was higher (p<0.05) in the P group, but significantly decreased in the H
group (p<0.05). In the large intestine, a higher density of IELs was observed in
all study groups where probiotics or plant-based animal feed components were
added to the basic feed ration (Figure 2.5).

Assessing the relative amount of CD3+ cells in the intestinal mucosal
lamina propria, we found that it was higher (p<0.05) in the villi part of the small
intestine of piglets of P and PB groups, but in the crypts part of the large intestine
it was significantly higher in piglets of P, PB and H groups (Figure 2.6).

When evaluating the relative amount of CD3+ cells in the collections of
intestinal lymphoid tissue and the submucosa of the large intestine, we found
that probiotics and herbal supplement increased (p<0.05) the relative amount of
CD3+ cells in the interfollicular and follicular+dome areas of Peyer 's patches
(Figure 2.7), but we did not observe statistically significant differences between
the study groups as assessed by the distribution of CD3+ cells in the submucosa
of the large intestine.

Our results reveal that feeding probiotics to piglets increases the density
of IELs, distribution of T lymphocytes in the lamina propria (LP) and Peyer's
patches (PP). Intestinal microbiota plays the most essential role in the
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development of the host's immune system, which is proven by studies in sterile
animal models (germ-free), where there are observed reduced PPs, significantly
reduced number of T lymphocytes in PPs and tissues (Maeda et al., 2001). The
structural elements of probiotics (LPS, LTA) are important stimulators of innate
and adaptive immunity (Dharmani et al., 2009). So many authors have reported
a higher number of T lymphocytes in PP and LP after including probiotics in the
diet of piglets (Smelt et al., 2013; Suthongsa et al., 2017). In most cases, a higher
number of T lymphocytes in LP is achieved by an increase in the number of
regulatory T lymphocytes (Smelt et al., 2013; Suthongsa et al., 2017). There are
reports on the role of probiotics in increasing the number of IELs in the intestine
of piglets (Rieger et al., 2015), being able to respond quickly to pathogen-
infected or damaged cells, preventing their systemic spread (Van Wijk &
Cheroutre, 2010). Considering that the probiotics used in our study increased the
number of T lymphocytes both in the induction (PP) and effector sites (LP, IEL)
of the immune system of the intestinal mucosa, the use of probiotics can be
considered as giving an active immunomodulatory effect.

The combination of probiotics and buckwheat bran increased the
number of IELs and T lymphocytes in the LP, mainly in the colon, where it is
thought that buckwheat bran was fermented to SCFAs, including butyrate (Koh
et al., 2016). Butyrate can affect immune cells, both indirectly through
modulation of the microbiota, and directly — influencing the immune cells in the
intestinal mucosa, increasing the number of regulatory T lymphocytes and
reducing the activity of effector T lymphocytes, thus promoting innate immune
tolerance (Gongalves et al., 2018; Wu et al., 2017). Interestingly, the combination
of probiotics + buckwheat bran did not increase the number of IELSs in the small
intestine, which could again indicate an inhibitory effect of buckwheat bran on
the included probiotics.

We observed that the herbal supplement reduced the number of IELs in
the jejunum, but increased the number of T lymphocytes in both the
interfollicular zone and the PP. On the other hand, an ambiguous effect of
exposure was observed on the density of T lymphocytes in LP. On the one hand,
previous reports have emphasized the ability of plant polysaccharides to
stimulate immunocompetent cells in the PP (Georgiev et al., 2017), but on the
other hand, medicinal plants have antibacterial properties (Field et al., 2017); by
modulating or reducing the bacterial load, the activation of toll-like receptors is
also reduced, thus the immune stimulation is also reduced (Smith & Garrett,
2011), which could explain the reduced number of IELs and the amount of T
lymphocytes in the LP. In addition, the plants used in the study (P. major and
H. perforatum) are characterized by a strong anti-inflammatory effect (Albert et
al., 2002; Beara et al., 2010), which in turn could reduce the migration of T
lymphocytes to the villous epithelium (Michiels et al., 2010). The increase of
IEL and T lymphocytes in the colon part of the large intestine was most likely
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influenced by the potential increase of SCFA due to the prebiotic properties of
polysaccharides present in plants (Yahfoufi, et al., 2018).

The composition of fatty acids is closely related to the nutritional value
of meat, but the intramuscular adipose tissue of animals, especially pigs, is
characterized by a high content of saturated fatty acids. Saturated fatty acids are
a risk factor for cardiovascular diseases (CVD), whereas unsaturated fatty acids
improve metabolism, reduce the risk of CVD, reduce inflammation symptoms
(Shramko et al., 2020).

Analyzing the fatty acid content of m. Longissimus thoracis et lumborum
muscle tissue, we found that P group piglets have a higher (p<0.05) percentage
of a-linolenic acid and palmitoleic acid, but a lower (p<0.05) — of stearic acid,
and we also observed a lower (p<0.05) saturated fatty acid content and a higher
polyunsaturated and saturated fatty acid content ratio (PUFA:SFA) compared to
group C piglets. The beneficial effect of probiotics on the fatty acid profile of
muscle tissue, by reducing saturated and increasing the amount of
monounsaturated and polyunsaturated fatty acids in muscle tissue, has also been
observed by Ross and co-authors (Ross et al., 2012). In addition, only the muscle
tissues of P group piglets had a PUFA:SFA ratio above 0.4, which corresponds
to a healthy fatty acid profile basic indicator according to the recommendations
of the Ministry of Health of the United Kingdom.

2.3. Characterization of the chemical composition of essential
oils (EO), antibacterial activity and the effect of different
supplements on the efficacy of EO against ESBL-producing E.
coli

Plants form the Lamiaceae family have been used in traditional medicine
for centuries, but also in modern medicine, nowadays more and more attention
is paid to them in veterinary medicine and the food industry, because their EOs
have strong antimicrobial, antioxidative and anti-inflammatory activity (Nieto,
2017).

Comparing the chemical composition of Latvian and commercial EOs,
we found that commercial EOs in most cases contain a higher concentration (30-
56%) of aromatic monoterpenoids (thymol, carvacrol) than Latvian EOs (12-
37%), except for T. vulgaris EOs, where the content of EOs did not differ
significantly (31% and 30%). It should be emphasized that we observed a
significantly higher percentage concentration of y-terpinene (17.8-22.4%) in the
composition of all Latvian EOs, while p-cymene in higher concentrations more
often was observed in commercial EOs (Table 2.14).
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The authors (Lozioné & Venskutonis, 2006) have reported that the
northern climate negatively affects the synthesis of volatile phenolic compounds,
which on the one hand could explain the lower concentration of thymol and
carvacrol also in the EOs we obtained. But on the other hand, we did not observe
significant differences between the amount of total aromatic volatiles in Latvian
and commercial T. vulgaris EO. So it is assumed that plant genetics, not climate,
could mainly affect the synthesis of aromatic volatile compounds in plants.

According to the study results, the antibacterial activity of all EOs
analyzed were characterized by bactericidal activity, as we did not observe
significant differences between the minimum inhibitory concentration (MIC) and
the minimum bactericidal concentration (MBC) of the EOs in relation to both
reference and fecal E. coli.

The antibacterial efficiency of EO against E. coli is significantly
influenced by such factors as the origin of the EO (commercial, Latvian) and the
type of plant species. Latvian EOs had higher (p<0.001) MIC values compared
to commercial EOs, and we observed significant (p<0.001) differences between
EO plant species. From Latvian EOs, the lowest MIC value was S. montana, and
the highest — T. serpyllum, while from commercial EOs, the lowest MIC value
also was S. montana, but we did not observe significant differences between
T. vulgaris and T. serpyllum (Figure 2.8).

Other researchers have reported that non-oxygenated hydrocarbons are
indicators of weak antibacterial activity in EOs (Guimardes et al., 2019).
Considering that Latvian EO was characterized by an abundance of y-terpinenes,
this explains the reduced antibacterial activity of those EO. Non-oxygenated
monoterpenes reduce the water solubility of oxygenated monoterpenes, resulting
in an antagonistic action of the first against oxygenated monoterpene
hydrocarbons (Cox et al., 2001).

In turn, the relatively high concentration of p-cymene in commercial EOs
has greatly contributed to the antibacterial activity of them against E. coli. The
synergistic effect of p-cymene and carvacrol has also been confirmed in other
studies (Ultee et al., 2002), where the hydrophobic properties of p-cymene
contribute to carvacrol penetration through the bacterial cell membrane, thereby
contributing to the destabilization of the bacterial cell membrane and carvacrol
inhibitory activity (Rattanachaikunsopon & Phumkhachorn, 2010; Ultee et al.,
2002).

Despite the fact that the Latvian and commercial T. vulgaris EOs used in
the study showed equivalent amounts of aromatic, oxygenated and non-
oxygenated monoterpenes, the antibacterial activity of the two EOs differed
significantly. This observation reveals the ability of a numerical minority of
individual molecules to significantly influence the antibacterial activity of EOs.
For example, commercial T. vulgaris EO contained higher amount of limonene
and g-linalool, which both have strong antibacterial activity (Cosentino et al.,
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1999; Guimardes et al., 2019), moreover, cannot be excluded the synergy of
thymol and g-linalool and/or limonene, as it was observed in the case of the
interaction between carvacrol and p-cymene. Likewise, the minority of
individual molecules were able to affected significantly the activity of
T.serpyllum EO, where despite the fact that it contained a very high
concentration of carvacrol (53.34%, 2334mg kg?), the ability of a its
antibacterial activity was significantly lower than expected. A similar
phenomenon was also observed by Wesolowska and co-authors (Wesolowska et
al., 2015), suggesting that it could be the result of the antagonistic interaction of
individual EO compounds. For example, Gallucii and co-authors have reported
that carvacrol and g-myrcene cause antagonistic effects by interacting on
antibacterial activity against E. coli and Gram-positive bacteria (Gallucci et al.,
2009). It should be emphasized that we found the highest amount of f-myrcene
in commercial T. serpyllum EO.

Based on the results of our study, the supplements alone-both 3% NacCl
and 1mM caprylic acid did not cause the growth suppression or bactericidal
effect against any of the E. coli included in the study, but at the same time,
supplementing commercial EO with 3% NaCl (p<0.001) or 1 mM caprylic acid
(p=0.012) significantly increased their antibacterial activity against E. coli.
Complementing T. serpyllum, T. vulgaris and S. montana EO with caprylic acid,
the MIC value decreased by 29% (p=0.810), 51% (p=0.011) and 64% (p=0.017),
respectively, while supplementing these same EOs with 3% NaCl, the MIC value
decreased by 63% (p=0.018), 78% (p<0.001) and 69% (p=0.001) (Figure 2.9).

Caprylic acid is a representative of saturated fatty acids, whose
antibacterial activity is characterized by the ability of fatty acids to interact with
bacterial cell membranes (Yoon et al.,, 2018) and disrupt electron transfer
reactions, as well as cause disturbances in oxidative phosphorylation processes
(Deshois & Smith, 2010; Yoon et al., 2018). The results of our study are
consistent with the reports of other researchers that there is a synergistic
interaction between EOs/phenolics and medium chain fatty acids (MCFA)
(Hulankova & Botilova, 2011; SA Kim & Rhee, 2016; Rani et al., 2022);
therefore, to achieve the desired antibacterial activity, it is necessary to use a
lower concentration of EO, when used together with caprylic acid.

It is known that high external osmotic pressure caused by a hypertonic
environment promotes osmotic shock to bacteria (Wood, 2015), but the results
of our study confirm that E. coli is able to survive successfully and even grow in
an environment of increased osmolarity (3% NaCl). However, the diversion of
energy within the bacterial cell to osmoregulatory systems has contributed to the
effects of EOs in hypertonic environments. The hydrophobicity of aromatic
monoterpenoids of EO’s promotes their accumulation in the phospholipid double
layer of the bacterial cytoplasmic membrane and increases its permeability (Ben
Arfa et al., 2006). In the same time the free hydroxyl group present in the
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molecule of aromatic monoterpenoids, affects ion exchange reactions, reducing
the synthesis of adenosine triphosphate, which is vital for bacteria, and when
these energy reserves are depleted, the bacterial cell death is introduced (Ben
Arfaet al., 2006; Ultee et al., 2002). The results of our study confirm that the use
of 3% NaCl together with EQ significantly reduces the required concentration of
EO to ensure antibacterial activity against E. coli .

Comparing the effectiveness of each EO (with/without additives) against
ESBL-producing and ESBL non-producing E. coli, it was found that pure
S. montana EO has significantly lower MIC values against ESBL non-producing
E. coli compared to ESBL-producing E. coli, a similar trend was also observed
for T. serpyllum EO. On the other hand, T. vulgaris EO supplemented with 3%
NaCl tended to have lower MIC values against ESBL-producing E. coli than
ESBL non-producing E. coli, and the other supplemented EOs were equally
effective against both ESBL-producing and ESBL non-producing E. coli (Figure
2.10).

Comparing the antibacterial effectiveness of each EO (with/without
additives) against MDR and non-MDR E. coli, we found that pure S. montana
EO was significantly more effective against non-MDR E. coli, but T. vulgaris
EO supplemented both with caprylic acid (p=0.061), and with 3% NaCl
(p=0.032) was more effective against E. coli with a higher level of resistance ie
to MDR E. coli than to non-MDR E. coli (Figure 2.11).

ESBL-producing E. coli resistance is related not only to the presence of
hydrolyzing p-lactamases, but also to the reduced permeability of the outer
membrane due to the loss or modification of porins (Khalifa et al., 2021; Pagés
et al., 2008). In addition, efflux pumps are a common resistance mechanism of
MDR bacteria, which also have physiological functions, especially under stress
in response to environmental and physiological signals (Sun et al., 2014). In our
opinion, the decrease in membrane permeability in ESBL-producing E. coli and
the presence of an efflux pump in MDR E. coli may have been the main reasons
for the lower activity of some pure EOs.

In our study, EOs supplemented with caprylic acid or NaCl were equally
effective against ESBL and non-ESBL, as well as MDR and non-MDR E. coli.
In addition, we found that T. vulgaris EO enriched with the NaCl is more
effective against E. coli with higher levels of resistance. This suggests that the
enriched EOs are able to act on the bacterial cell in a more comprehensive
manner and this in turn could be a more successful solution to bypass the
bacterial resistance mechanisms. Other authors have observed also other
beneficial effects of solutions containing NaCl, for example, that they reduce the
formation of biomembranes and bacterial motility (F. Li et al., 2021), while the
abiotic stress caused by the saline solution could promote the elimination of
plasmids and the inhibition in the horizontal transfer of plasmids (L. Tan et al.,
2019).
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CONCLUSIONS

1. In pig farms there is a very high level of resistance of commensal E. coli
against tetracycline (54.63%), high — ampicillin (32.03%), trimethoprim
(24.07%), sulfamethoxazole-trimethoprim (22.44%) and amoxicillin-
clavulanic acid (22.28), but low — fluoroquinolones [enrofloxacin (8.78%),
ciprofloxacin (3.58%)], gentamicin (5.69%), cefazolin (4.55%) and third
generation cephalosporins [cefotaxime (1.46%)]. Antibiotic-resistant E. coli
more often we isolated from large farms and in pigs from 4 to 12 weeks of age,
which indicates a wider use of antibiotics of a different spectrum in large farms
and in the relevant stage of pig breeding.

2. With the selective differential method, we found a relatively high (23.4%)
prevalence of ESBL-producing E. coli in pig farms, and we found its presence
more often in sows (41.6%) and six-week-old piglets (35.1%). Although we
observed more frequent and higher incidence of ESBL-producing E. coli in
large farms (up to 64%), though a high (47.5%) presence of it can also be
detected in small farms, indicating that the size of the farm is not always a
determining factor for the higher prevalence of resistant bacteria.

3. Thereisa very high (96%) prevalence of multidrug resistance observed among
ESBL-producing E. coli, and in large farms wider resistance phenotypes are
observed. The widespread use of amoxicillin, cephalosporins,
fluoroquinolones, as well as the addition of zinc oxide to feed could be
contributing factors to the spread of multidrug-resistant ESBL-producing
E. coli on farms.

4. In Latvian pig farms most frequently found ESBL coding genes were — blarem
(94%) and blacrx-m (86%), less often blashy (48%). In the small farms
significantly more often we observed blasyy, while in the large ones —
blactx-m. We found statistically significant associations between the gene
blasnv and resistance against ceftazidime, cefixime and amoxicillin-clavulanic
acid, and between the gene blacrx-w — against cefotaxime, cephalexin and
several non-S-lactam antibiotics, thus confirming the fact that ESBL-encoding
genes are often incorporated among other resistance-determining genes.

5. Inclusion of probiotics-containing supplementary feed "ProbioHelp™ in the
feed, reduced (p<0.05) the number (log cfu g*) of Enterobacteriaceae (on
average by 49%) and E. coli (on average by 43%) in the piglet faeces already
on the 35th day of their life. While at the end of the study (on the 56th day of
piglets life), we found increase (p<0.05) of Lactobacillus spp. in the intestinal
content by an average of 23% compared to control group animals.
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6. Addition of plant origin ingredients (Plantago major, Urtica dioica,
Hypericum perforatum 1:1:1) to the feed of piglets not only reduced (p<0.05)
the number (log cfu g*) of Enterobacteriaceae (on average by 39%) and E.coli
(on average by 36%) in the faeces of piglets on the 56th day of their life,
compared to animals of the control group, but also reduced phenotypic
diversity of resistant E. coli. So, inclusion of plant origin ingredients in the
feed could contribute to limiting the spread of antibacterial resistance in pig
farms.

7. Complimentary feed containing probiotics "ProbioHelp™ increased (p<0.05)
the length of jejunum villi, VH:CD ratio, proliferation of enterocytes, the
number of goblet cells producing acidic mucins in the small and, tendentially,
also in the large intestine; while higher (p<0.05) density of intraepithelial
lymphocytes in the intestine, as well as the relative amount of T lymphocytes
in Peyer's plates and lamina propria compared to the control group, may
indicate the immunomodulatory effect of the supplement.

8. Addition of plant origin feed ingredients (Plantago major, Urtica dioica,
Hypericum perforatum 1:1:1) to piglet feed, increased (p<0.05) the length of
jejunum villi, VH:CD ratio and proliferation of epithelial cells; while a lower
(p<0.05) density of intraepithelial lymphocytes in the jejunum, as well as a
higher (p<0.05) relative amount of T lymphocytes in the Peyer's patches and
in lamina propria of colon part, compared to the control group, may indicate
the anti-inflammatory and immunomodulatory properties of the herbal
ingredients.

9. Latvian origin essential oils of T. serpyllum, T. vulgaris and S. montana show
higher (p<0.05) MIC and MBC values against E. coli, which can be explained
by the presence in the oils the relatively high hydrocarbon monoterpenes,
indicating the need for a higher concentration of essential oils of Latvian origin
for ensuring antibacterial effectiveness.

10. Addition of caprylic acid to the commercial essential oils of T. serpyllum,
T. vulgaris and S. montana allows to reduce the required amount of the
aforementioned oils by 29%, 51% and 64%, respectively, while enrichment
with 3% NaCl — by 63%, 78% and 69%. Enriched T. vulgaris essential oil
showed a trend towards higher efficacy against ESBL-producing E. coli
compared to antibiotic-susceptible E. coli strains, thus thyme essential oil
could be successfully used in multidrug-resistant E. coli control.
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PRACTICAL RECOMMENDATIONS

1. In order to prevent the rapid spread of ESBL-producing bacteria in pig farms,
it is necessary to screen for the presence of ESBL-producing E. coli, especially:
a. if diarrhea is often detected in piglets on the farm,
b.  zinc oxide is used orally as a preventive measure,
c. or fluoroguinolone and p-lactam antibiotics are used for
treatment.

2. In order to reduce the spread of ESBL-producing bacteria in productive
animals, we recommend to use critically important antibiotics (3rd and 4th
generation cephalosporins, fluoroquinolones) only if there are no alternative
antibiotics of a lower category and the need for use is justified by the results
of antibiotic sensitivity testing.

3. We recommend to add to the basic feed for piglets from the 14"-56" day of
the life, the herbal origin (Plantago major, Urtica dioica, Hypericum
perforatum 1:1:1) supplement in the amount of 1.5% — to modulate the
intestinal microbiota during the adaptive weaning period of piglets, to improve
intestinal health and promote immunomodulatory activity in the intestinal
tract. The herbal supplement not only reduces the number of E. coli in the
faeces, but also the phenotypic diversity of resistant isolates.

4. Enriching essential oils with ImM caprylic acid or 3% NaCl addition, can
allow to reduce the needed amount of essential oil significantly.

5. We recommend the use of enriched T. vulgaris essential oil in the development

of surface disinfectants as a component for the control of ESBL-producing
E. coli.
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