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IEVADS

Vards Campylobacter (kampilobaktérijas) ir célies no grieku valodas varda
~kampylos”, kas nozimé izliekts. Pirmo reizi organismus, kas, iesp&jams, bija
kampilobakterijas, aprakstija Teodors Eserihs 1880. gada ar diareju slima b&rna
fekaliju parauga (Friedman et al., 2000).

Kaut gan lidz 20. gadsimta septindesmito gadu beigam bija vairaki zinojumi
par kampilobaktériju izraisitu diareju, tikai velak apzinaja kampilobaktérijas ka
svarigu cilvéku patogénu (Skirrow, 1977). Tas ir skaidrojams ar kampilobakteriju
jutigumu un ierobeZzoto sp&ju augt laboratorijas apstaklos. Musdienas attistitajas
valstis Campylobacter jejuni un C. coli ir visbiezak sastopamais bakterialas zarnu
trakta infekcijas izraisitajs cilvékiem (Hénnien et al., 2003). Eiropa, ASV, Kanada un
citas idustrializEtajas valstis kampilobakteriozes gadijumu skaits cilvékiem katru gadu
pieaug, un tas kop$ 1998. gada parsniedz salmonelozes gadijumu skaitu (Friedman et
al., 2000). Kampilobakterioze izraisa nopietnas socialekonomiskas sekas Eiropas
Savieniba, kur registréto gadijumu skaits 2007. gada parsniedza 200000 (EFSA,
2009), bet 2010. gada 212064 (EFSA, 2012). Cilveku kampilobakterioze parasti ir
sporadiska, kuras gadijuma enterits ir viegls vai paSlimit§joss, un parasti nav
nepiecieSama antibiotiku terapija (Allos and Blaser, 1995). Kampilobakteriozes
infekcioza deva ir apméram 500 Campylobacter jejuni $tnu uzpemsana, ko uzskata
par salidzino$i zemu infekciozo devu (Black et al., 1988). Kampilobakteriozes
kliniskas pazimes novéro 2 1idz 10 dienas p&c primaras inficésanas, kas raksturojas ar
drudzi, galvassapeém, muskulu sapem, sliktu dfiSu un asinainu caureju. SaslimSanas
gadfjumi nav smagi un simptomi beidzas nedglas laika. Dazos gadijumos infekcija var
izplatities uz citiem organiem un var skart asinsrites un nervu sistému.
Kampilobakteriju infekcija var izraisit pec-infekcijas komplikacijas, tadas ka: Millera
— FiSera (Miller-Fisher) sindromu, reaktivo artritu, Gijéna — Baré (Guillain Barré)
sindromu. Gijéna — Baré sindroms raksturojas ar autoimiiniem procesiem, kuru
rezultata tiek demialiniz&ti nervaudi, ka rezultata rodas parézes un paralizes
(Patterson, 1995).

Vairaki epidemiologiskie pétjjumi norada, ka svarigs riska avots
kampilobakteriozes izraisiSana ir putnu galas lietoSana uztura vai darbs ar to
(Friedman et al., 2000; Kapperud et al., 2003; Schonberg-Norio et al., 2004; EFSA,
2012). Auglu un darzenu krusteniska kontaminacija no putnu galas tiek uzskatita par
vera npemamu kampilobakteriozes avotu (Kapperud et al., 2003). Vairakos p&tijumos
ir pieradits, ka putnu liemeni ar termofilajam kampilobaktérijam no putnu zarnu trakta
tiek kontamin&ti kausanas laika (Mead et al., 1995; Newell et al., 2001; Stern et al.,
2003).

Ir zinams, ka kampilobakterijas var veidot antimikrobidlo rezistenci un
visbiezak rezistences veidoSanas ir saistita ar nepareizu antimikrobialo lidzeklu
izmantoSanu dzivniekiem un cilvékiem. Campylobacter spp. antimikrobiala rezistence
ir palielinajusies galvenokart sakara ar fluorokvinolonu, makrolidu un tetraciklinu
lietoSanu lauksaimniecibas dzivniekiem. Pastav briesmas, ka pret antibiotikam



rezistentas kampilobakt@rijas var izplatities no dzivnieka uz cilvéku ar partikas kedi
(Jacobs-Reitsma 1997; Piddock et al., 2000), tade] ir jasamazina kampilobakteriju
prevalence.
1pasibam lidz §im nav veikti.

Tade] §1 darba mérkis bija izpétit termofilo kampilobaktériju sastopamibu,
sugu izplatibu, antimikrobialo jutibu, ka ari ierobeZoSanas iespgjas broilercalu galas
razo$anas k&de Latvija.

Promocijas darba uzdevumi:

noteikt termofilo kampilobaktgriju sastopamibu broilercalu galas razosanas kedg;
noteikt izoléto kampilobakt&riju sugas, izmantojot multipleks PKR;

noteikt izoléto kampilobaktériju antimikrobialo jutibu;

izpétit iepakojuma gazu vides ietekmi uz kampilobaktériju dinamiku broilercalu
gala;

5. izpétit kampilobakteriju skaita dinamiku broilercalu gala p&c apstrades ar ozongtu
tdeni.

L=

Lai izpilditu uzstaditos uzdevumus, ir jaizpeta termofilo kampilobakteriju
sastopamiba, sugu izplatiba, antimikrobiala jutiba, ka ar1 kampilobakteriju
ierobezosanas iesp&jas broilercalu galas razoSanas kédé Latvija.

Darba zinatniska novitate:

1. pirmo reizi Latvija tika veikti pétjjumi par termofilo kampilobakteriju
sastopamibu Latvija audz&tos broilercalos, broilercalu kaklu adas un broilercalu
liemenos;

2. noskaidrotas biezak sastopamas kampilobakteriju sugas Latvija audzg&tos
broilercalos un to gala izmantojot molekularas biologijas metodes;

3. noskaidrota Latvija audz€to broilercalu kampilobakteriju antimikrobiala
rezistence;

4. noskaidrota iepakojuma atmosferas ietekme uz kampilobaktériju skaita dinamiku
broilercalu gala uzglabasanas laika;

5. noskaidrota ozongta TUdens ietekme uz kampilobaktériju skaita dinamiku
broilercalu gala uzglabasanas laika.



Pétljuma rezultatu aprobacija

Pe&tijuma rezultati aprobéti $adas starptautiskas zinatniskas konferences:

Roasto M., Miesaar M., Muutra K., Meremide K., Kovalenko K., Kramarenko T.
Campylobacter spp. and Listeria monocytogenes prevalence in 2012. FOODBALT-
2013 conference, 23-24 May, 2013, Tallinn, Estonia.

Kovalenko K., Roasto M., Méesaar M., Meremée K., Kramarenko T. Campylobacter
spp. prevalence in the Baltic States broiler chicken production. IAFP's European
Symposium on Food Safety, 14-17 May, 2013, Marseille, France.

Kovalenko K., Roasto M., Liepin$ E. The effect of air temperature on occurrence of
thermophilic Campylobacter spp. in Latvia broiler chicken production on day of
sampling. International scientific conference “Animals. Health. Food Hygiene”. 22-
23 November, 2012, Jelgava, Latvia.

Kovalenko K., Roasto M. High occurrence of Campylobacter jejuni and
Campylobacter coli in Latvia broiler chicken production. IAFP's European
Symposium on Food Safety, 21-25 May, 2012, Warsaw, Poland.

Kovalenko K., Roasto M., Ruzaike A., Liepin$ E. Campylobacter spp. occurrance on
broiler chicken carcasses at retail level in Latvia. International scientific conference
“Research for Rural Development”, 18-20 May, 2011, Jelgava, Latvia

Kovalenko K., Ruzaike A., Roasto M., Liepin§ E. Dynamics of Campylobacter jejuni
in raw poultry meat depending on packaging atmosphere. International scientific
conference “Animals. Health. Food Hygiene”. 29" October, 2010, Jelgava, Latvia.

Darba apjoms: promocijas darbs noforméts uz 120 lappusém ar 36 attéliem,
12 tabulam un sastav no anotacijas, ievada, literatliras apraksta, darba metodikas,
pétijuma rezultatiem, diskusijas, secinajumiem, ieteikumiem praksei un izmantotas
literattiras.



MATERIALS UN METODES

Pétijuma izmantoti 2400 fekaliju, 240 kakla adas un 240 broilercalu liemenu
paraugi no kliniski veseliem 40 — 42 dienas veciem ,,Ross 308 skirnes broilercaliem
(Gallus gallus domesticus), kas bija audzéti divas lielakajas Latvijas broilercalu
saimniecibas un kauti $o pasu saimniecibu kautuvés (uznpémums ,,A” un uznémums
,»B”). Galas paraugi nopemti arl no iepriekSminéto galas razoSanas uzp€mumu
broilercalu liemeniem divas tirdzniecibas vietas Jelgava.

Paraugu bakteriologiska izmekl&Sana un izolatu antimikrobidla rezistence
noteikSana veikta Latvijas Lauksaimniecibas universitates Veterinarmedicinas
fakultates Partikas un vides higi€nas instittita Partikas infekciju laboratorija.

Izoléto kultiru molekulara izmekléSana tika veikta Partikas drosibas,
dzivnieku veselibas un vides zinatniska institita ,,BIOR” Molekularaja biologijas
laboratorija un Latvijas valsts auglkopibas institita Molekularas biologijas
laboratorija.

Kopuma promocijas darbs tika izstradats no 2010. gada janvara lidz
2012. gada martam.

Broilercalu paraugu ievaksana

NepiecieSamais/minimalais paraugu apjoms kampilobakt€riju sastopamibas
noteikSanai tika noteikts, vadoties p&c Eiropas Komisijas 1émuma 2007/516/EK ,,Par
Kopienas finansialo atbalstu dalibvalstis planotam pé&tjjumam attieciba uz
Campylobacter spp. izplatibu broileru saimés un to antimikrobialo rezistenci un
Campylobacter spp. un Salmonella spp. izplatibu broileru liemenos” B dalas, kas
nosaka primara un sekundara parauga lielumu Latvija (EK, 2007).

Broilercalu fekaliju paraugi tika ieguti divas lielakajas Latvijas broilercalu
kautuvés péc putnu kausanas un evisceracijas, ievietojot 100 zarnu komplektus (visas
tievas zarnas un visas resnas zarnas) plastmasas maisos, pa 10 zarnu komplektiem
katra.

Broilercalu kakla adu paraugi tika ieglti reizi ménesi divas lielakajas
Latvijas kautuves (,,A” un ,,B”) p&c putnu liemenu dzes€Sanas cikla beigam un pirms
liemena iepakosanas.

Broilercalu liemenu paraugi (viss broilercala liemenis) tika iegadats divos
lielveikalu tiklos Jelgava, kuros tika pardoti broilercalu liemeni no uznémuma ,,A” un
uznémuma ,,B”. Liemeni tika pardoti svaigi, nesaldéti.

Broilercalu  galas  paraugu  (broilercalu  mugurinas)  ievakSana
kampilobaktgriju skaita ierobezoSanai broilercalu gala, izmantojot ozonétu fideni, tika
veikta ,,PF Kekava” veikala ,,Kekava” Jelgava. Visu paraugu razotajs bija AS ,PF
Kekava”.

Broilercalu galas paraugu (broilercalu stilbini) ievakSana kampilobakt&riju
skaita ierobezoSanai, izmantojot iepakoSanu dazadas iepakojuma gazu vides, tika
veikta veikala ,,Maxima”. Visu paraugu razotajs bija AS ,,PF Kekava”.



Visus paraugus péc to iegiiSanas ievietoja termosomas, kurds temperatiira
neparsniedz +6°C un 1 lidz 4 stundu laika nogadaja laboratorija talako izmekl&jumu
veiksanai.

Iegiito broilercalu paraugu sagatavoSana

Lai novérstu paraugu kontaminaciju, visus zarnu trakta komplektus pirms
izmekl&jumu veiksanas apstradajam ar 70% etanola Skidumu. No katra kopparauga
viena zarnu trakta aklas zarnas siena ar sterilu skalpeli aseptiski atvéram un zarnas
saturu 10 pl apméra ar 10 pl mikrobiologisko adatu uznesam tie$i uz mCCDA agara
(Oxoid, Lielbritanija, CM0739B) un Karmali agara (Oxoid, Lielbritanija, CM0935B)
kampilobakteriju noteikSanai. Fekaliju kopparaugu ieguvam, apvienojot 10 pul fekaliju
paraugus no 10 broilercalu aklajam zarnam, tadgjadi iegtstot 100 pl fekaliju
kopparauga, kas tika rpigi samaisits, un 10 pl no $1 kopparauga ar mikrobiologisko
adatu uznesam uz mCCDA agara un Karmali agara kampilobakteriju klatbiitnes
noteiksanai.

Kakla adas péc nogadasanas laboratorija iznémam no maisiniem ar sterilu
pinceti un 10g no katras kakla adas atdalfjam ar sterilam griezn€m un ievietotjam 100
ml Boltona buljona (Oxoid, Lielbritanija, CM0983B), kas pirms tam bija iepildits
plastmasas maisina. Ta sagatavots paraugs tika ievietots Stomahera aparata, kur
paraugs tika homogeniz&ts. P&c homogenizesanas plastmasas maisigu ar paraugu un
Boltona buljonu aiztaisija ta, lai paliktu 1-2cm liela gaisa sprauga maisina augsgja
dala un ievietoja termostata +37°C temperatiira uz 4 — 6 stundam, bet tad +41.5°C uz
4444 stundam bagatinasanai. Péc bagatinasanas no bagatinasanas buljona virsmas ar
10pl mikrobiologisko adatu panémam buljonu un uznesam uz mCCDA agara, tad
10pl buljona uznesam ari uz Karmali agara.

Broilercalu liemenu paraugu sagatavo$ana mikrobiologiskai izmeklés$anai bija
$ada: broilercala liemenis ar visu maisigu, kura tas bija iepakots, tika novietots uz
galda ar véderu uz leju stabila pozicija. Tad ar griezneém maisin$ virs broilercala
muguras tika pargriezts, tadgjadi atsedzot liemena muguru. Tad, izmantojot sterilus
instrumentus (pinceti un skalpeli), tika atdaliti 10g vistas adas. legiito adas paraugu
talak sagatavoja tiesi tapat ka broilercalu kakla adas paraugus.

Kampilobaktériju kultiiru izoléeSana un identifikacija

P&c paraugu uzneSanas uz mCCDA un Karmali agara barotném, tas
nekavgjoties ievietojam anaerobajos traukos (Oxoid, Lielbritanija, HPOO11A) kopa ar
vides nodrosinataju (Oxoid, Lielbritanija, CN0035), kas parveidoja atmosféru traukos,
nodrosinot mikroaerobus apstaklus - 5% O,, 10% CO,, 85% N,, tadgjadi radot
optimalu atmosféru kampilobaktériju augSanai. P&c trauku aizvérSanas paraugus
ievietojam termostata +41.5°C temperatiira un inkub&am 44+4 stundas. P&c
inkub&sanas kolonijas, kas uz mCCDA bija bali pelekas, bet uz Karmali agara
caurspidigas, parsg§jam uz Kolumbijas asins agara (CBA) (Oxoid, Basingstoke,



Hemsira, Lielbritanija) un inkub&jam 40-48 stundas mikroaeorobos apstaklos +41.5°C
temperatura.

P&c primaro biokimisko testu veikSanas un mikroskopiskas izmeklésanas 2-3
kolonijas ievietojam stobrina ar Sirds — smadzenu inflizijas buljonu (Brain-heart
infusion broth, OXOID, Lielbritanija), kam bija pievienoti 5% glicerina. Sie stobrini
nekavgjoties pec aizversanas tika ievietoti saldétava -70°C temperatiira.

Lai noteiktu izoléto kampilobaktériju sugu, izmantojam koloniju multipleks
polimerazes k&des reakcija (Wang et al., 2002), kas ir balstita uz vairaku génu
vienlaicigu noteikSanu. Lai noteiktu Campylobacter spp., izmantojam 23s rRNA génu,
nosakot C. jejuni hipO génu, bet nosakot C. coli un C. lari glyA génu.

Sugas noteikSanai nejausda seciba atlasijam 74 sasaldétas izolEto
kampilobakteriju kultiiras (50 no saimniecibas ,,A” un 24 no saimniecibas ,,B”), ko
atkaus€jam un 10ul no katra stobrina uznesam uz Kolumbijas asins agara, un
inkubgjam 48 stundas 41.5°C temperatiira, mikroaerobos apstaklos. Péc inkub&sanas
un DNS izdaliSanas visiem 74 atSkaiditajiem paraugiem, ,,BIOR” Molekularas
biologijas laboratorija veicam koloniju multipleks PKR, izmantojot Wang et al., 2002
aprakstito metodi.

Pec PKR veikSanas 10ul katru parauga sajauca ar 2ul DNS krasosanas
krasvielas (6X DNA Loading Dye, Fermentas, Lietuva) un tad uznesa uz 1.5%
agarozes g€la, kas pirms tam bija ievietots horizontalas elektroforézes iekarta (GE
Heltcare, ASV). Agarozes gg€ls sastavéja no agarozes (Sigma-AldrichCorporation,
ASV), EDTA bufera ( MerckKGaA, Darmstad, Vacija) un etidija bromida. Péc géla
aizpildiSanas ar iekrasoto paraugu uzsakam agarozes gé€la elektroforgzi (30 mindtes,
120V, 130mA). Kad elektroforézes cikls bija noslédzies, agarozes gélu ievietojam
transiluminatora (Syngene, Lielbritanija), lai veiktu elektroforézes izvertéSanu un
nofotografetu iegtito rezultatu.

1zoléto kampilobaktériju antimikrobialas jutibas noteikSana

P&c visu paraugu morfologiskas, biokimiskas izmekléSanas nejausa seciba
izvéletiem 60 kampilobaktériju izolatiem (30 no katras saimniecibas) noteica
antimikrobialo rezistenci. Antimikrobialas rezistences noteik$anai izmantoja Vet
MicCamp ver.2 (SVA, Upsala, Zviedrija) minimalas inhibitoras koncentracijas
noteikSanas testu, kas balstits uz buljona mikroatSskaidijuma metodi, kad nosaka
minimalo antibiotisko lidzeklu inhibitoro koncentraciju, pie kuras nenovéro
kampilobaktgriju augsanu.

Peéc atkaus€Sanas paraugus uznesam uz Kolumbijas asins agara un plates
ievietojam anaerobajos traukos ar vides raditaju. Paraugus inkubgjam +41.5°C
temperatiira, 44+4 stundas. Péc tam mikroskopiski noteicam baktériju morfologija un
kustibas.

Testa sagatavoSanai izmantojam katjonu lidzsvarotu Millera Hintona buljonu
(Cation Adjusted Mueller Hinton Broth (CAMHB), OXOID, Lielbritanija), kam
pievienotas 5-10% lizétas zirgu asinis. Desmit ml s $kiduma pievienojam 100ul
fiziologisko §kidumu ar 10% KVV/ml kampilobakteriju suspensijas. Katru Vet Mic
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Camp testa iedobiti piepildijam ar 100ul $ada maisijuma. Izmantojot So testu,
noteicam kampilobaktériju antimikrobialo rezistenci pret $adam antibiotikam:
eritromicinu, ciprofloksacinu, tetraciklinu, streptomicinu, gentamicinu un
nalidiksinskabi. P&c visu iedobiSu aizpildiSanas testa plates ievietojam termostata
37°C temperatiira mikroaerobos apstaklos uz 48 stundam. P&c inkubacijas perioda
beigam rezultatus tika nolasTjam, izmantojot tumsSu fonu. Par rezistences robezu tiek
uzskatita pedgja iedobe, kura novéro baktériju augSanu, kas var izskatities gan ka
gaiSaks punkts iedobes dibena, gan ka viegla barotnes sadulkoSanas (SVARM, 2010).
Disku diftizijas metodi izmantojam ka kontroles metodi Vet Mic Camp testam.
Ar disku difuzijas metodi noteicam antimikrobialo rezistenci 10 kampilobakt&riju
celmiem, kuriem paraléli veicam Vet Mic Camp testu. Saja metodé rezistenci
noteicam pret tiem paSiem antibiotiskajiem lidzekliem ka Vet Mic Camp testa.

Kampilobaktériju skaita ierobeZoSana putnu gala, izmantojot dazadas
iepakojuma gazu vides

P&tijumam izmantojam 27 vistas galas paraugus (svaigi vistu stilbini), kas tika
iegadati veikala ,,Maxima”. Visu paraugu razotajs bija a/s ,,PF Kekava”.

Paraugu sagatavos$ana tika veikta LLU Veterinarmedicinas fakultates Partikas
un Vides higiénas institiita partikas infekciju laboratorija $ada seciba:

Ieprieks$ izoletais Campylobacter jejuni celms tika atkauséts no -70°C lidz
istabas temperattirai. Desmit mikrolitru atkaus€tas barotnes ar mikropipeti parnesa uz
Kolumbijas asins agara (Columbia blood agar, OXOID, Anglija). Barotnes inkubgjam
vadoties péc ISO 10272-2: 2006 metodes.

Parauga inokuléSanu ar kampilobaktérijam veicam no iepriek§ iegutas
tirkultiras, pagatavojot baktériju un fiziologiska Skiduma suspensiju. 10 ml
fiziologiska skiduma atSkaidijam 10 pl kampilobaktériju tirkultoras, tadgjadi iegiistot
atSkaidijumu 10°KVV. So baktériju suspensiju pievienojam visiem galas paraugiem,
kas pirms tam bija ievietoti Stomahera maisina. P&c tam divas minfites paraugi rupigi
tika ,,miciti”.

Vienam kontroles paraugam noteicam kontaminacijas pakapi, izmantojot ISO
10272-2: 2006 metodi.

Péc inokulacijas veikSanas galas paraugus nogadajam LLU Partikas
tehnologijas fakultaté un iepakojam dazadas gazu vidés. Piecus no paraugiem
iepakojam vakuuma, piecus paraugus MAP (gazu maisijuma sastavs — CO, = 43.8%,
0, = 0.2%, N, = 57%) un piecus gaisa atmosféra. P&c iepakoSanas paraugus
uzglabajam temperatiira no +2°C lidz +4°C.

Ik p&c 48 stundam no paraugu sagatavoSanas sakuma parbaudijam visus tris
paraugu veidus, nemot 10g adas parauga un izmeklgjot p&c ISO 10272-1:2006 un ISO
10272-2:2006 metodeém. Kopuma péetijums ilga 192 stundas.
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Kampilobaktériju skaita ierobeZoSana, izmantojot ozonétu ideni

No astoppadsmit paraugiem cetrus kontroles paraugus ievietojam sterilos,
markétos maisinos un nekavéjoties ievietojam +4°C + 2°C temperattird, nepaklaujot
tos apstradei ar ozonétu Gideni.

No divu paraugu virsmam (adas) nopémam virsmas noslaucijumus ar
steriliem vates tamponiem no 1cm? liela laukuma. Izmantojot tieSo parsésanas metodi
veicam uzs€jumu uz mCCDA (Modificéta ogles cefoperazona dezoksiholata agars)
(Oxoid, Lielbritanija) — Campylobacter spp. klatbiitnes noteik$anai.

AtlikuSos 12 paraugus uzkaram uz speciali eksperimentam sagatavotam
stiepléem. Paraugus izvietojam ta, lai tie sava starpa nesaskartos un apstrades laika
atrastos vienada stavokli. Péc paraugu izvieto$anas un sagatavosanas sekoja tiilitja
apstrade ar ozonétu tideni.

Paraugu sagatavoSanas laika paraléli sagatavojam ozonétu tideni ar
koncentraciju 2.3 mg/l un idens temperatiiru 7.2°C + 0.1°C.

Ozonéta tdens sagatavo$ana noritéja §adi: Ozona generatora ,,SOZ-Yob-10g”,
kura darbiba, pamatojoties uz ozona veidoSanos augstsprieguma stravas ietekmé, tiek
sarazots ozons, kuru péc tam ar miksera 25UP palidzibu izSkidina tideni, radot ar
ozonu piesatinatu tideni.

Uz visiem divpadsmit paraugiem no vienada attdluma nepartraukti
izsmidzinaja ozon&tu Udeni, radot péc iesp&jas lidzigakus apstaklus dzesESanas
procesam galas parstrades uzpémumos. Pirmos Cetrus paraugus ar ozon&tu tdeni
apstradadja 25 miniites, nakamos Cetrus paraugus apstradaja 35 miniites, bet ped&jos
Cetrus - 45 minites. Talit pec apstrades visus paraugus noné€ma un ievietoja markétos,
sterilos maisinos, kurus nekavéjoties aizkausgja.

Péc apstrades ar ozon&tu tideni visi paraugi tika nogadati uzglabasanai 4 + 2°C
temperatura.

Mikrobiologiskas analizes tika veiktas péc 120 stundu ilgas produktu
uzglabasanas, izmantojot ISO 10272-2 (2006) metodi.

Datu statistiska apstrade

P&tijuma rezultatu datu ievadei izmantojam datorprogrammu MS Excel 2010
(Microsoft Corporation, Redmonda, VaSingtona, ASV). Lai noteiktu Pirsona
korelaciju, veiktu korelacijas analizi, Studenta t-testu, noteiktu vidgjos raditajus un
standartklidu, veicam datu statistisko analizi, izmantojot Statistical Package R: A
language and environment for statistical computing (Vine, Austrija) datorprogrammu.
Atskiribas raditajos ka statistiski butiskas pie biitiskuma limena a=0.05.
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PETIJUMA REZULTATI UN DISKUSIJA

Kampilobakteriju sastopamiba broilercalu paraugos no diviem lielakajiem
broilercalu raZosanas uzpémumiem Latvija

Pétljuma laika no 240 broilercalu fekaliju kopparaugiem vid&ji 95.8%
gadijumu tika izoltas kampilobaktérijas. Kopuma kampilobaktériju sastopamiba
broilercalu fekaliju kopparaugos Latvija 2010. gada ir augstaka, salidzinot ar
pieejamajiem datiem par kampilobakt€riju sastopamibu broilercalu fekaliju
kopparaugos Polija, Somija un Cehija (2008. gada) (EFSA, 2010°). Savukart
broilercalu fekaliju individualajos paraugos kampilobaktérijas tika atrastas vid&ji
68.8% gadijumu. Kampilobakteriju pozitivo fekaliju kopparaugu un individualo
paraugu skaits abas saimniecibas bija salidzinoSi augsts, jo saimnieciba ,,A” tas
sastadija 97.5% fekaliju kopparaugiem un 75% fekaliju individualajiem paraugiem,
bet saimnieciba ,,B” attiecigi 94.1% un 62.5%.

Kampilobaktériju sastopamiba broilercalu fekaliju kopparaugos un
individualajos fekaliju paraugos 2010. gada paradita 1. attéla.

Analizgjot kampilobaktériju sastopamibu individualajos fekaliju paraugos
uzpémuma ,,A” atkariba no paraugu ievakSanas méneSa un salidzinot to ar vidgjo
kampilobakteriju sastopamibu uzge€muma ,,A” individualajos fekaliju paraugos
(75%), ta butiski (p<0.05) augstaka bija noverojama aprili, maija un septembrl
(100%), bet bitiski (p>0.05) zemaka janvari (50%), februari (60%), oktobr1 (60%) un
decembrT (20%). Bet uzng@muma ,,B” individualajos fekaliju paraugos biitiski (p<0.05)
augusta (80%) un maija (100%), bet biitiski zemaka janvari (30%), oktobri (20%) un
decembri (30%), salidzinot to ar vidéjo kampilobaktériju sastopamibu uznémuma ,,B”
(62.5%) individualajos fekaliju paraugos 2010. gada.
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o & og VAERN /\ % paraugifindividual
B~% Zn 2 LN NN samples
E\o-lg 0 f?’ A \ A R -
ZES 4 Y/ [N VARY - === "B'individualie
& 5 ¥ oo g AN ff‘\ paraugifindividual
E8E 40— N sarnples
2= ! p
i1 & 30 4 \\" t ............. Iy
o< .
TR %8 kopparaugi/pooled
g 0 sarnples
1 2 3 4 5 6 7 8 @ 101112 =t
MEenesi kopparaugi/pooled
Mounths saples

1.att.Campylobacter spp. sastopamiba broilercalu fekaliju kopparaugos un
individualajos paraugos no uznpémuma ,,A” un ,,B”
Fig. 1. Occurrence of Campylobacter spp on pooled fecal samples and individual
fecal samples from company A and B
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Kampilobakteriju sastopamiba broilercalu fekaliju kopparaugos no uznémuma
,A” butiski (p<0.05) zemaka bija decembrT (80%), bet no uzpémuma ,,B” janvari
(80%), oktobri (80%) un decembri (70%), salidzinot to ar kampilobaktériju vid&jo
sastopamibu uzgémuma ,,A” un ,,B” fekaliju kopparaugos (attiecigi 97.5% un 94.1%).

Dalot gadu gadalaikos pa trijiem méneSiem katra (ziema — decembris,
janvaris, februaris; pavasaris — marts, aprilis, maijs; vasara — jlnijs, julijs, augusts;
rudens — septembris, oktobris, novembris), tika novérots, ka vidéja kampilobakteriju
sastopamiba individualajos fekaliju paraugos butiski (p<0.05) zemaka bija ziema
(43.3%), salidzinot to ar vidgjo kampilobakteriju sastopamibu pavasari (88.3%) un
vasara (81.7%). Rudeni vid&a kampilobaktériju sastopamiba broilercalu
individualajos fekaliju paraugos (61.7%) bija biitiski (p<0.05) augstaka neka ziema un
bitiski (p<0.05) zemaka ka pavasari, bet salidzinajuma ar sastopamibu vasara nebija
biitiskas atskiribas (p>0.05). Vid¢ja kampilobaktgriju sastopamiba broilercalu fekaliju
kopparaugos viszemaka bija ziema (88.3%), bet 1 atSkiriba nebija statistiski butiska
(p>0.05), salidzinot to ar vid§jo kampilobakteriju sastopamibu broilercalu fekaliju
kopparaugos pavasarT, vasara (100%) un rudent (96.7%).

Citas Eiropas Savienibas valstls kampilobaktgriju sastopamiba individualajos
fekaliju paraugos 2006., 2007. un 2008. gada svarstijas vid&ji no 21.7% lidz 25.2% ar
viszemako kampilobaktériju sastopamibu 2006. gada Igaunija un Islandé un 2007.
gada Igaunija, kur no visiem izmeklEtajiem paraugiem netika atrasts neviens
kampilobakteriju pozitivs paraugs. Visaugstaka kampilobaktériju sastopamiba
broilercalu fekaliju individualajos paraugos péc EFSA datiem bija novérojama 2007.
gadébltélijé, kur 82.8% izmekleto paraugu tika konstat€tas kampilobaktgrijas (EFSA,
2010°).

Lidzigi ka citos pétijumos, kad kampilobakteriju sastopamiba broilercaliem
vienas valsts teritorija esoSajas broilercalu saimniecibas var variét, ar Latvija var
noverot atskirtbu par 12.5% starp divam lielakajam broilercalu saimniecibam ,,A” un
,,B” (Zweifel et al., 2008; Saleha, 2002; O'Mahony et al., 2011).

Vairakos pétijumos ir pieradits, ka kampilobakt€rijas visbiezak uz liemena ir
atrodamas tiesi broilercalu kakla adas salidzinajuma ar citam broilercalu liemena
dalam (Baré et al., 2013; Malher et al., 2011), tad€l, nemot paraugus kautuvée, tika
izveleti liemena regioni ar iesp&ami visaugstako kampilobaktériju Iimeni. P&tijuma
ietvaros tika ievakti 240 broilercalu kakla adas paraugi no divam lielakajam Latvijas
broilercalu razo$anas uzpémumu kautuvém. Sajos paraugos kampilobakterijas tika
konstatetas vidgji 60.8% (n=146) gadijumu, kas kopuma atbilst arT citu autoru
veiktajiem pétjjumiem, kad kampilobaktérijas tika konstatétas 15.3% Vjetnama,
96.7% Jaunkaledonija, bet Sveicé un Italija attiecigi 70% un 40% gadfjumu (Garin et
al., 2012; Kuhnert et al., 2012; Pepe et al., 2009). Uznémuma ,,A” kampilobaktgrijas
konstatétas 69.2% (n=83), bet uzpémuma ,B” 52% (n=63) paraugu. Salidzinot
kampilobakteriju sastopamibu broilercalu kakla adas paraugos pa méneSiem
uzpémuma ,,A” un ,,B”, ir novérojams, ka butiski (p<0.05) zemaka kampilobaktériju
sastopamiba $aja paraugu veida bija uznémuma ,,B” aprili, maija un septembrT. Citos
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menesSos kampilobakt&riju sastopamiba broilercalu kakla adas paraugos no uznémuma
,-A” un ,,B” nebija butiski atskiriga (p>0.05).

Kampilobakteriju sastopamiba broilercalu kakla adas paraugos uzpémuma
,,A”, salidzinot to ar vid€jo kampilobaktriju sastopamibu uzgpémuma ,,A” broilercalu
kakla adas paraugos (69.2%), ta bitiski (p<0.05) zemaka ir novérojama janvarl
(20%), julija (40%) un decembri (40%). Bet uznémuma ,,B” broilercalu kakla adas
paraugos bitiski (p<0.05) augstaka kampilobakteriju sastopamiba bija noverojama
julija  (90%), bet butiski zemaka janvari (20%), salidzinot to ar vidgjo
kampilobaktgriju sastopamibu uzpémuma ,,B” broilercalu kakla adas paraugos 2010.
gada (52.5%). Visbiezak broilercalu kakla adas tiek kontamingtas ar
kampilobaktérijam broilercalu evisceracijas un atspalvosanas laika, kad
kampilobaktgérijas no zarnu trakta ar skaloSanas Tideni notek uz kakla adam un
sakrajas spalvu folikulos un adas krokas (Cason et al., 2004; Guerin et al., 2010; Son
et al., 2007). Kampilobaktériju sastopamiba kakla adas paraugos no uznpémuma ,,A”
bija par 16.7% augstaka neka paraugiem no uznpé€muma ,,B”, kas gan nebija statistiski
butiska (p>0.05). lesp&jams, kampilobakteriju sastopamibas atSkiriba kakla adas ir
skaidrojama ar to, ka kampilobaktérijas uznémuma ,,A” broilercalu individualajos
fekaliju paraugos bija sastopamas par 12.5% biezak neka paraugos no uzpémuma
,B”, kas tadgjadi vargja palielinat risku kampilobaktérijam no zarnu trakta nonakt uz
broilercalu kakla adam.

Lidzigi ka fekaliju paraugiem, arT kakla adas paraugiem no kautuves ,,A” un
,,B”, kampilobaktériju sastopamiba bija bitiski (p<0.05) zemaka ziema (40%) un
rudent (55%), salidzinot to ar kampilobakt@riju pozitivo paraugu skaitu kakla adas
paraugos vasara (75%) un pavasarl (73.3%). Kampilobaktériju sastopamiba
broilercalu kakla adas paraugos pavasarl un rudeni uzp@muma ,,A” bija butiski
(p<0.05) augstaka neka uznémuma ,,B”, attiecigi pavasarT par 33.3%, bet rudenT par
30% (1. tabula).

1. tabula / Table 1
Kampilobaktériju sastopamiba kakla adu paraugos atkariba no gadalaika
Occurrence of Campylobacter positive neck skin samples depending on season

Pozitive kakla adu paraugu skaits (%) /
Uzpémums / Number of positive neck skin samples (%)
Company Ziema/ Pavasaris / Vasara / Rudens /
Winter Spring Summer Autumn
LA 12(40) 27(90) 23(76.7) 21(70)
»B” 12(40) 17(56.7) 22(73.3) 12(40)
Kopa / Total 24(40) 44(73.3) 45(75) 33(55)

No izmekletajiem 240 broilercalu liemenu paraugiem 59.2% (n=142) paraugu
tika konstatétas Campylobacter spp. Kampilobaktériju sastopamiba broilercalu
liemenos no uzpémuma ,,A” bija 71.7% bet no uzpémuma ,,B” 46.7%. Jaatzime, ka
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visaugstaka kampilobaktériju sastopamiba gan uznpémuma ,,A”, gan uznpémuma ,,B”
liemenu paraugos bija vérojama vasara, pavasari, bet zemaka ziema un rudeni (2.

tabula).

2. tabula / Table 2
Kampilobakteriju sastopamiba liemenu paraugos atkariba no gadalaika
Occurrence of Campylobacter positive carcass samples depending on season

Pozitivo liemenu paraugu skaits (%) / Number of positive carcass
Uzpémums / samples (%)
Company Ziema/ Pavasaris / Vasara / Rudens /
Winter Spring Summer Autumn
»A” 21(70) 25(83.3) 25(83.3) 15(50)
»B” 7(23.3) 16(53.3) 18(60) 15(50)
Kopa 28(43.3) 41(68.3) 43(71.7) 30(50)
Tapat ka fekaliju individudlajiem paraugiem un kakla paraugiem,

kampilobakteriju sastopamiba visaugstaka ir novérojama pavasara, vasaras un rudens
ménesos, ar bitiski (p<0.05) zemaku sastopamibu ziema. Kopuma mérena klimata
josla kampilobaktériju sastopamiba dzivnieku galas produktos visaugstaka parasti ir
noverojama tiesi siltajos gada meneSos, kad vienlaicigi ar1 cilvékiem ir novérojams
vislielakais kampilobakteriozes gadijumus skaits (Friedman et al., 2000; EFSA, 2012;
EFSA, 2010°% EFSA, 2008).

Kampilobakteriju sastopamiba liemenu paraugos
ievakSanas ménesa ir paradita 2. Attgla.

atkariba no parauga
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2. att. Campylobacter spp. sastopamiba broilercalu liemenu paraugos no
uzpémuma ,,A” un ,,B”
Fig. 2. Occurrence of Campylobacter spp. on broiler chicken carcass
samples from company A and B

10 11 12

16



Salidzinot kampilobaktériju sastopamibu broilercalu liemenu paraugos
uzpémuma ,,A” un ,,B” 2010. gada, ir novérojams, ka bitiski (p<0.001) augstaka
kampilobaktériju sastopamiba ir uznémuma ,,A” janvarl un marta. Sajos ménesos
kampilobaktgrijas no uznémuma ,,B” broilercalu liemenu paraugiem tika izolétas par
80% retak, jo salidzinajuma ar kampilobaktériju sastopamibu liemenu paraugos
uznémuma ,,A” janvarl (80%) un marta (100%), uzpémuma ,,B” kampilobaktériju
sastopamiba Saja paraugu veida marta bija 20%, bet janvarT netika konstatets neviens
pozitivs paraugs. V&l butiski (p<0.05) augstaka kampilobakteriju sastopamiba
liemenu paraugos uzpémuma ,LA” Dbija noverojama julija (100%), kad
kampilobakteriju sastopamiba liemenu paraugos no uznémuma ,,B” bija 60%. Citos
ménesos kampilobaktériju sastopamiba broilercalu liemenu paraugos no uzgémuma
,,A” un ,,B” nebija biitisku atskiribu (p>0.05).

Uzpémuma ,,A” vidgja kampilobaktériju sastopamiba liemenu paraugos
(71.7%) bija batiski (p<0.05) zemaka salidzinajuma ar vid&jo kampilobakteriju
sastopamibu liemenu paraugos uznémuma ,B” (46.7%). Kampilobakteriju vidgja
sastopamiba uzpémuma ,B” bija bitiski (p<0.05) augstaka salidzinajuma ar
sastopamibu janvari (0%), novembrT (0%) un decembr (10%), bet biitiski (p<0.05)
zemaka salidzinajuma ar sastopamibu septembrl (100%). Starp kampilobakteriju
sastopamibu liemenu paraugos uznémuma ,,B” novembri, janvari, decembri un marta
nenoveéro bitiskas (p>0.05) atSkiribas, bet, salidzinot So méneSu kampilobakteriju
sastopamibu ar kampilobakteriju sastopamibu liemenu paraugos februari, aprili,
Kampilobakteriju sastopamiba liemenu paraugos uznémuma ,,B” septembrl nebija
butiski (p>0.05) augstaka ka maija (80%) un junija (80%).

Starp  kampilobaktériju  sastopamibu broilercalu liemenos, fekaliju
individualajos paraugos un kakla adu paraugos nebija noveérojama biitiska (p>0.05)
atSkirtba ne uzpémuma ,A”, ne ,B”, to iespgams var skaidrot ar to, ka
kampilobaktériju skaits butiski nesamazinas liemenu dzes€Sanas procesa nepilnibu
del, jo ir pieradits, ka liemenu dzes€Sana, izmantojot gaisa dzes€Sanas sist€émas,
butiski samazina kampilobaktériju un Enterobecteriaceae dzimtas baktériju skaitu
(Sanchez et al, 2002; Rosenquist et al., 2003; EFSA, 2011b). Zemaka
kampilobaktgriju sastopamiba broilercalu liemenos salidzinajuma ar kakla adu
paraugiem, iesp&jams, ir skaidrojama ar liemenu uzglabasanu veikalos, kuras laika
kampilobaktgriju skaits uz tiem samazinas skabekla kaitigas ietekmes dél (Rajkovic et
al., 2010; Cardinale et al., 2003; Boysen et al., 2007). Janem vera arT tas, ka atskirigas
paraugu nemsanas vietas uz liemena kampilobaktériju daudzums var atskirties, jo,
pieméram, kakla ada kampilobaktérijas ir biezak sastopamas lielaku spalvu folikulu
del, kuros liemenu skaloSanas laika kampilobakterijas biezi tiek ieskalotas un spgj tur
izdzivot ilgak, izvairoties no gaisa skabekla kaitigas ietekmes. Salidzinajuma spalvu
folikuli uz broilercalu liemenu muguras ir mazaki (Berndtson et al., 1992;
Chantarapanont et al., 2003; Cason et al., 2004°). Kampilobakteriju skaitu un
klatblitni var ietekm@t ari izvéleta liemena izmekl€Sanas metode, jo liemeni ir
iespgjams izmekl&t, to visu skalojot buferskiduma, vai arT izmeklgjot tikai dalu ta
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adas, visbiezak apjoma no 10 — 25g. Lai gan izmantojot visa liemena skaloSanas
metodi var iegit lielaku kampilobakteriju skaitu, kampilobakteriju klatbiitnes
noteikSanai $1 metode salidzinajuma ar adas parauga izmekl€Sanas metodi bitiski
neatskiras (ISO, 2006; Scherer et al., 2006; Musgrove et al., 2003).

Saja pétijuma, analizot kampilobaktériju sastopamibas atskiribas starp
divam kautuvém, no kuram tika iegiiti broilercalu liemenu paraugi, tika konstatta
batiski (p<0.05) augstaka kampilobaktériju sastopamiba uzpémuma ,,A”, bet,
salidzinot kampilobakteriju sastopamibu broilercalu kakla adu paraugos no Siem
uznémumiem, bitisku (p>0.05) atSkiribu nenovéroja, iesp&jams, skaidrojums varétu
bat dazadas liemenu iepakoSanas metodes, ko izmanto uzpémums ,,A” un ,,B”
liemenu iepakosanai. Liemeni no kautuves ,,A” bija iepakoti liemenim ciesi piegulosa
polietiléna pléves iepakojuma, atSkiriba no kautuves ,,B”, kur liemeni bija iepakoti
brivos, ciesi nepieguloSos polietiléna maisinos. Ka rada pétijumi, broilercalu liemenu
iepakosana cies$a polietiléna pléves iepakojuma var nodro§inat aizsardzibu no gaisa
skabekla kaitigas ietekmes uz kampilobakteriju §Gnam, samazinot to oksidativo
stresu, ka arT pagarinot un palielinot to izdzivosanas iespgjas salidzinajuma ar
liemeniem, kas ir iepakoti liemenim nepiegulosa iepakojuma (Garénaux et al., 2008;
Kovalenko et al., 2010; Harrison et al., 2001).

Interpretgjot iegiitos datus saistiba ar kampilobaktériju sastopamibu atkariba
no gadalaika, kurd paraugs ir ticis ievakts, ir novérojama sezonala variacija ar
augstako kampilobakt€riju izoléSanas biezumu fekaliju paraugos pavasara, vasaras un
rudens ménedos, bet ar viszemako ziemas méneSos. Sadu kampilobakteriju
sastopamibas Tpatnibu atkariba no gadalaika ir aprakstijusi vairaki autori, kas uzsver
to, ka sada kampilobakteriju variacija fekaliju paraugos ir novérojama galvenokart
mérena klimata zona (Jacobs — Reitsma et al., 1994°; Nylen et al., 2002). Lidzigi ka
$aja petljuma, ar citos petijumos ir noverojams kampilobakteriju sastopamibas strauj$
kritums ziemas un rudens ménesos un nevienmériba gada griezuma, bet taja pat laika
saglabdjot sezonalitati (Vandeplas et al., 2010; Jorgensen et al., 2011). ASV veiktaja
Willis et al. (2002) pétijuma novéroja, ka kampilobaktérijas biezak izdevas izol&t tiesi
ziemas un rudens ménesos. Ka viens no faktoriem, kas var ietekmét kampilobaktériju
sezonalitati un sastopamibu, ir gaisa temperatira (Guerin et al., 2007%; Guerin et al.,
2007% Vandeplas et al., 2010; Patrick et al., 2004). Tapéc $aja sakara paraugu
ievaksanas diena pulksten 17:00 tika noteikta gaisa temperattira Jelgava, vadoties pec
VSIA ,Latvijas Vides, geologijas un meteorologijas centrs” datiem. Rezultata
novérojam tendenci, ka broilercalu individualie paraugi biezak satur
kampilobakterijas, ja gaisa temperatiira ir 10°C > 20°C (2. Attels) un ka gaisa
temperattirai un kampilobakteriju sastopamibai individualajos fekaliju paraugos ir
augsta, ticama, pozitiva korelacija (r=0.77; p<0.005).
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Fig. 3. Occurrence of Campylobacter positive samples and air temperature of
sampling day at 5pm

Salidzinot iegiitos datus par kampilobaktériju sastopamibu broilercalu
liemenos Latvija ar kampilobaktériju sastopamibu broilercalu liemenos un galas
paraugos Igaunija (Tartu), bija vérojama neliela sezonala atSkiriba. Tartu augstaka
tadas ka Zviedrija, Somija, Danija un Norvégija (Roasto et al., 2005; Kapperud, 1994;
Rautelin and Hénninen, 2000; Wingstrand et al., 2006). Savukart tiem galas
paraugiem, kas bija importéti Igaunija un bija nopérkami Tartu pils€tas tirgd,
kampilobaktgrijas bija sastopamas visu gadu bez izteiktas sezonalas variacijas, jo
broilercalu gala visbiezak tika pardota sasaldéta, Iidz ar to nebija zinams arT tas
iegiifanas laiks (Roasto et al., 2005). So sezondlo kampilobaktériju sastopamibas
variaciju Latvija, tapat ka citas mérena klimata zonas valstis, iesp&jams, var skaidrot
ar kampilobaktériju dzivotsp&ju atkariba no gaisa temperatiiras, jo gan Norvégija, gan
Islandg veiktajos pétijumos ir noskaidrots, ka gaisa temperattira, kas ir augstaka par
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6°C Norvegija vai par 4°C Islandg, butiski ietekmé kampilobaktériju sastopamibu
broilercalos novietné un kautuvé (Jonsson et al., 2012; Guerin et al., 2008). Si
pétljuma ietvaros noskaidrojam, ka temperatiirai paraugu ievaksanas diena ir butiska
ietekme uz kampilobaktériju sastopamibu broilercalu fekaliju paraugos (r=0.75;
p<0.005), kakla adu paraugos (r=0.66; p<0.01), ka arT kampilobaktériju sastopamibai
liemenu paraugos (r=0.65; p<0.05). Gaisa temperatiiras ietekme uz kampilobakteriju
sastopamibu liemenu paraugos bija zemaka iesp&jams tadel, ka liemenu paraugi tika
ievakti no citas kausanas partijas un bija zinams, ka tie veikalos bija nogadati pedgjo
piecu dienu laika, bet precizi kad nebija zinams, lidz ar to nebija precizi iesp&ams
noteikt kausanas dienas gaisa temperatiiru.

Kampilobaktériju skaita ierobeZo$ana broilercalu liemenu paraugos

ST promocijas darba ietvaros veikts eksperiments ar broilercilu galas
iepakoSanu dazadas iepakojuma atmosféras un kampilobakteriju skaita dinamika p&c
uzglabaSanas ir paradita 3. tabula. Veért§jot kampilobaktériju skaita dinamiku
uzglabasanas laika, konstat€jam, ka Campylobacter jejuni skaits jau péc 48 stundam
visstraujak samazinas tiesi broilercalu gala, kas iepakota gaisa atmosféra, tatad satur
aptuveni 20% skabekla, bet bitiski 1énaks kritums bija novérojams MAP (modificétas
atmosferas iepakojuma), kas sastavéja no gazu maisfjuma (CO, = 43.8%, O,=0.2%,
N, =57%) ar augstu CO, saturu.

3. tabula / Table 3
Kampilobakteériju skaita dinamika uzglabasanas laika atkariba no iepakojuma
gazu vides
Effect of packaging gas mixture to Campylobacter dynamics during storage period

Kampilobaktériju skaits

Uzglabasanas
laiks h (dienas) log K\//V/lg
/

Number of Campylobacter log KVV/1g

Storage time h (days) Gaiss / Air MAP / MAP Vakuums / Vacuum
0 (0)* 6.36% 6.36% 6.36*
48 (2) 5.41 6.22 5.96
96 (4) 5 5.96 5.87
144 (6) 5 5.82 5.81
192 (8) 4.8 5.81 5.7

*Kontroles paraugs / Control sample

legiitie rezultati sakrit ar citu autoru pétijumu rezultatiem, kuri atzime, ka, lai
gala panaktu kampilobakteriju skaita samazinasanos, galas iepakoSanai nepiemérots ir
gazu maisfjums ar augstu CO, un zemu O, saturu, kaut gan tas pagarina produkta
uzglabasanas laiku, ierobezojot bojasanas mikrofloras attistibu, pagarinot
mikroorganismu stacionaro fazi (Rajkovic et al., 2010; McMillin, 2008; Mangaraj and
Goswami, 2009; Boysen et al., 2007). Tomer ir janem véra, ka Campylobacter spp.
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populacija var pastavét arl celmi, kas ir izturigi pret oksidativo stresu vai arl
kampilobaktériju genoma mutaciju d&] gaisa skabeklis tos ietekmé mazak (Garénaux
et al., 2008; Gaynor et al., 2005; Gundogdu et al., 2011).

Papildus iepriekSmingtajai metodei tika veikta broilercalu galas apstrade ar
ozonétu Tideni, bet ta nesniedza vélamo rezultatu, jo kampilobakteriju skaits péc 25,
35 un 45 minGsu ilgas apstrades uzglabaSanas laika nevis samazindjas, bet
palielinjas. So fenomenu, iesp&jams, izraisija vairaki faktori vai $o faktoru
kombinacija, pieméram, ozona sp&a $kidinat taukus un saistities ar tiem. Sis
mehanisms dalgji ari atbild par ozona dezinficgjosam ipasibam, jo oksidé bakteriju
§@nu sieninu nepiesatinatos taukus. ST mehanisma efekts uz kampilobaktérijam kuru
skaits uzglabasanas laika palielinajas no 3.3 logKVV/1g (kontroles parauga) lidz
7.110gKVV/1g (parauga péc 45 mintsu ilgas apstrades) skaidrojams ar broilercalu
adas Tpatnibam, jo pirms apstrades ar ozon&tu tideni adas spalvu folikuli, iesp&jams,
spalvu folikulus un palielinot kampilobakteriju skaitu uz liemenu virsmas (Khadare et
al., 2001; Osiriphun et al., 2009; Cason et al., 2004b). Papildus ozona efektivitati
kampilobakteriju skaita samazinaSana, iesp&jams, ietekm& ar1 kampilobakterijas
virsmas polisaharidu Kkimiskas IpasSibas, kas nelauj ozonam efektivi iespiesties
kampilobaktrijas apvalka dzilakajos slanos, jo, tiklidz kampilobaktérijas paklauj
oksidativajam stresam, tas pastiprinati veido polisaharidu apvalku (Garénaux et al.,
2008; Gundogduet al., 2011; Karlyshev et al., 2001; Khadare et al., 2001). Ozona
efektivitati veiktaja eksperimenta vargja samazinat ar broilercalu adas tauku karta,
citas bakterijas un dazads organisko vielu piesarnojums, kas vargja piesaistit ozonu,
tadgjadi samazinot briva ozona daudzumu (Virender et al., 2010).

Kampilobakteriju sugas broilercaliem un to produkcija divas lielakajas kautuves
Latvija

Petfjuma ietvaros izmekl€jot 74 nejausa seciba atlasitus kampilobakteriju
celmus, kas bija izol&ti no uzg€muma ,,A” un ,,B”, tika konstatets, ka visi 74 celmi
pieder kampilobaktériju gints mikroorganismiem, jo, veicot koloniju multipleks PKR,
gtla elektroforéze bija redzams 23S rRNS géna aplikons, kas izgaismojas ka 650 bazu
paru gar§ fragments. No visiem 74 kampilobaktériju celmiem 37.8% (n=28) bija
C. jejuni, 60.8% (n=45) C. coli, bet 1.3% (n=1) (4. Attels).
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4. att. Kampilobaktériju sugas izolatiem no uzpémuma ,,A” un ,,B”

Fig. 4. Campylobacter species isolated from company A and B samples

Analizgjot kampilobaktériju izolatus no diviem Latvijas broilercalu galas
razo$anas uzpémumiem, kampilobaktériju sugu sadalijums starp uzpémumiem ir
at8kirigs, jo fekaliju kopparaugos no kautuves ,,A” galvenokart bija sastopamas
Campylobacter coli (86.9%), bet no kautuves ,,B” Campylobacter jejuni (88.9%).
Petijuma rezultati apstiprina, ka broilercalu fekalijas var saturét tormofilas
kampilobakterijas, kas, ja netiek ievérota kausSanas higiéna, var kalpot ka
kontaminacijas avots (Melero et al., 2012; Hermans et al., 2011).

Kampilobaktgrijas, kas izolétas no kaklu adu paraugiem (n=14), kas bija
iegti péc liemenu dzes€Sanas kautuvé ,,A”, 100% gadijumu parstavéja tikai
Campylobacter coli, bet kampilobaktérijas, kas izolétas no kaklu adu paraugiem
(n=5), kas iegiti péc liemenu dzes€Sanas kautuvé ,B”, 100% gadijumu tikai
Campylobacter jejuni. Pétijuma rezultati apstiprina faktu, ka broilercalu liemenos,
kakla adas un fekalijas ir sastopamas divas biezak izplatitdas termofilas
kampilobaktériju sugas, kas var izraisit kampilobakteriozi cilvékiem (Bolla et al.,
2008; Denis et al., 2011). Iesp&jams tadel, ka liemeni kausanas laika un p&c kausanas
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lielas broilercalu kautuves atrodas piekarti pie linijas aiz kajam un ar kranialo galu uz
leju, tie tiek kontaminéti ar kampilobaktérijam tie$i no zarnu satura, kas kopa ar
skaloSanas Tideni liemenu apstrades laika notek gar to kakla adam (Normand et al.,
2008; EFSA, 2011 FSAI 2011; Ugarte-Ruiz et al., 2012). Sis fakts arf izskaidro
kampilobakteriju sugu vienveidibu kakla adas, jo fekaliju kopparaugos abas
saimniecibas domingja viena no termofilo kampilobaktériju sugam, kas arT bija
visbiezak sastopama uzp€muma audz€to broilercalu fekalijas.

Pétijjuma ietvaros tika izmekl&tas ari izolétas kampilobaktérijas no divos
Jelgavas lielveikalos iegitajiem broilercalu liemeniem (n=23). No broilercalu
liemeniem izol&ja gan C. coli, gan C. jejuni. Paraugos no uzpémuma ,,B” 90%, bet no
uznémuma ,,A” 31% gadijumu izolétas kampilobaktérijas pieder&ja sugai C. jejuni.
Kampilobaktgrijas, kas piederéja C. coli sugai paraugos no uzpémuma ,,A”, izolgja
69% gadijumu, savukart no uznémuma ,B” tikai viens izolats piederéja C. coli.
Lidzigi rezultati ka no uznémuma ,,B” ir iegiiti vairakos iepriek§ veiktos p&tjjumos
gan Eiropa (EFSA, 2011¢; EFSA, 2012), gan citur pasaulé (Pamuk and Akgun, 2008;
Bao et al., 2006; Mc Crea et al., 2008; Son et al., 2007), kad paraugos no uznpémuma
bija sastopama galvenokart tikai C. jejuni. Attieciba uz augsto C. coli sastopamibu
paraugos no uznémuma ,,A” literatlira ir atrodami tikai dazi gadijumi, kad C. coli
domin€ viena saimnieciba un lidz ar to ari liemenu paraugos iegilitos no S§is
saimniecibas, lai gan valsts ietvaros domingjosa kampilobaktériju suga ir C. jejuni
(Cesare et al., 2008; Manfreda et al., 2006).

Pétijumos ir noskaidrots, ka broilercaliem, tapat ka saimniecibas vidg,
galvenokart ir sastopamas C. jejuni, bet krietni retak C. coli (Newell and Fearnley,
2003; Tram et al., 2012; Melero et al., 2012; Schnide et al., 2010; Malher et al., 2011;
Kuhnert et al., 2010; Pepe et al., 2009), kaut gan C. coli sastopamiba broileriem var
palielinaties p&c piektas dzives ned€las (El-Shibiny et al., 2005). Cita pétijjuma ir
pieradits, ka dazkart broilercalus novietné var kolonizet tikai viena kampilobakteriju
suga, bet citkart vairakas (Reich et al., 2008). ST pétijuma laika tika noskaidrots, ka
saimniecibas ietvaros putnus var koloniz& abas (C. jejuni un C. coli) putniem
visbiezak izplatitas kampilobaktériju sugas. Uz doto mirkli nav iesp&jams noteikt,
kade] viena uznémuma ir sastopamas galvenokart C. coli, bet pastav iesp&jamiba, ka
§1 kampilobaktériju suga novietné tiek ienesta no arvides, kur C.coli var bat
sastopams gan grauzgjiem, gan kukainiem, un ziemas perioda ari savvalas putniem
(Horrocks et al., 2009; Hald et al., 2003, Hald et al., 2008). Biezak C. coli no savvalas
putniem izol€ ziemas perioda, kad ierobezotas baribas pieejamibas d€| tie baribas
mekl&umos var doties uz broilercalu novietpu teritoriju un tadéjadi var kontaming&t
baribu (Hald et al., 2003), turklat janem véra, ka ziema ievérojami zemakas gaisa
temperatliras dg], salidzindgjuma ar vasaras gaisa temperatiru, kampilobaktérijas
bariba spgj ilgak saglabat dzivotsp&ju (Newell and Fearnley, 2003; Bui et al., 2011;
Holler et al., 1998). Analizgjot kampilobakteriju sugu atskiribas starp divam
saimniecibam ,,A” un ,B”, nevar izslégt ietekmi, ko veido saimniecibas ,,A”
salidzinosi nelielais attalums (100-200m) no meza masiviem, kur savvalas dzivnieki,
taja skaita meza ciikas un citi savvalas dzivnieki, var kalpot ka kampilobakteriju
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rezervuars, bet savvalas putni un grauzgji gan ka kampilobaktériju rezervuars, gan ka
kampilobaktériju potencialais vektors, kas var sekmé& kampilobaktériju sugu
transmisiju no savvalas uz broilercalu novietném (Wahlstrom et al., 2003; Hald et al.,
2003). Ta ka uz doto mirkli nav zinama kampilobaktériju sugu sastopamiba un
izplatiba savvala Latvija, tad Saja sakara var izdart tikai min&jumus.

No divu Latvijas lielako broilercalu razo$anas uznémumu broilercaliem izoléto
kampilobakteriju antimikrobiala rezistence

Veicot Vet Mic Camp testu, tika noskaidrots, ka visbiezak rezistence bija
novérojama pret ciprofloksacinu un nalidiksinskabi, kad 83.3% (n=50) izolatu auga
pie ciprofloksacina koncentracijas >8ug/ml un 78.3% pie nalidiksinskabes
koncentracijas 64 pg/ml, savukart visretak rezistence tika noverota pret streptomicinu
un gentamicinu, kad 20% (n=12) izolatu auga pie streptomicina un gentamicina
koncentracijas 8pg/ml un lielakas. Starp fluorokvinolonu (ciprofloksacins un
nalidiksinskabe) un aminoglikozoidu (streptomicins un gentamicins) grupas
lidzekliem biitiskas atSkiribas kampilobaktériju rezistences raditajos netika novérotas
(p>0.05), péc ka var spriest, ka testa rezultati ir ticami. Pret citiem antimikrobialajiem
lidzekliem rezistences raditaji bija salidzinoSi augsti pret eritromicinu 35%, pret
tetraciklinu 36.7%. Kopuma 41.6% (n=25) izmekl&to izolatu bija rezistenti pret divam
un vairak neradnieciskam antibiotisko lidzeklu grupam, no tiem 30% (n=18) bija
rezistenti pret trijam un vairak neradniecisku grupu antibiotikam, bet 13.3% (n=8) bija
rezistenti pret visam testa izmantotajam antibiotikam. Visbiezak tika noverota
antimikrobialas rezistences kombingSanas pret nalidiksinskabi, ciprofloksacinu,
tetraciklinu un eritromicinu (5. att€ls).
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No. of resistant isolates (%)

Rezistento izolatu skaits % /

1 — Eritromicins / erythromycin; 2 — Ciprofloksacins / ciprofloxacin; 3 — Tetraciklins /
tetracycline; 4 — Streptomicins / streptomycin; 5 — Gentamicins / gentamicin;
6 —Nalidiksinskabe / nalidixicacid; 7- Multirezistentie izolati / multiresistant isolates
5. att. I1zoleto kampilobakteriju antimikrobiala rezistence
Fig. 5. Antimicrobial resistance of isolated Campylobacter

24



Analizgjot izolatu antimikrobialo jutibu pret vienu antimikrobialo lidzekli,
tika konstatéts, ka kopuma butiski (p<0.05) vairak izolatu bija jutigi pret eritromicinu,
tetraciklinu, streptomicinu un gentamicinu salidzinajuma ar izolatiem, kas uzradija
rezistenci pret Siem antimikrobidlajiem Iidzekliem. Bet bitiski (p<0.005) vairak
izolatu bija rezistenti pret ciprofloksacinu un nalidiksinskabi pretstata pret Siem
antimikrobialajiem Iidzekliem jutigo izolatu skaitam.

Vertgjot izoléto kampilobaktériju antimikrobialo rezistenci atkariba no
kautuves, kura §ie paraugi bija iegiti, noskaidrojas, ka pret eritromicinu rezistento
kampilobaktériju izolatu skaits no uzgpémuma ,,A” ir batiski (p=0.0001) augstaks
salidzinajuma ar rezistento kampilobakteriju izolatu skaitu no uzpémuma ,,B”. No
uzpémuma ,,A” un ,,B” izoléto kampilobaktériju rezistences raditdjos starp pargjiem
testa izmantotajiem antimikrobialajiem lidzekliem biitiskas (p>0.05) atskiribas nebija
noveérojamas.

Pétijuma laika izolétajam kampilobaktérijam tika noteikta antimikrobiala
jutiba, izmantojot gan mikroatskaidijuma metodi, gan disku difiizijas metodi. Saja
petijuma kampilobaktgrijas, kas tika vienlaicigi izmekl&tas ar abam antimikrobialas
rezistences noteikSanas metodém, uzradija vienadus antimikrobialas rezistences
raditajus, kaut gan citu autoru pétfjumos ir noskaidrots, ka disku diftizijas metode
salidzindgjuma ar mikroatskaidijuma metodi kampilobakteriju antimikrobialas
rezistences noteikSanai, ir neprecizaka (Lehtopolku et al., 2012; Campana et al., 2010;
van der Beek et al.,, 2010). Galvenas atSkiribas ir novérojamas kampilobaktériju
rezistenc€ pret eritromicinu un ciprofloksacinu (Lehtopolku et al., 2012; van der Beek
et al., 2010). Kaut gan ir ar citi petijumi, kuros biitiskas atSkiribas starp $Tm metodém
netika noverotas (Holasova et al., 2007; Khosravi et al., 2011; Mc Gill et al., 2009;
Rahimi et al., 2012), ka arT uzsverts, ka disku diftizijas metode ir 1€taka un atrak
veicama metode ikdiena, lai noteiktu kampilobakteriju antimikrobialo rezistenci
(Khosravi et al., 2011; Mc Gill et al., 2009).

Visbiezak (80.8%) izolétajam kampilobaktérijam no kautuves ,,A” un ,,B” bija
novérojama antimikrobiala rezistence pret fluorokvinolonu grupas antibiotiskajiem
lidzekliem (ciprofloksacinu un nalidiksinskabi), bet no kautuves ,,A” salidzinosi biezi
rezistence (56.7%) bija novérojama ari pret makrolitu grupas preparatu eritromicinu.
Sis grupas preparatus ka pirmas un otrds izvéles preparatus iesaka lietot cilveku
kampilobakteriozes gadijuma (Zhao et al., 2010), kaut gan pieaugosa rezistence pret
Siem preparatiem ir noverojama, kop§ tos saka izmantot galas razoSanas industrija
profilaktiskos un arst€sanas noliikos (Smith et al., 1999; Engberg et al., 2001; Ge et
al., 2003; Gupta et al., 2004; Kinana et al., 2006; Serichantalergs et al., 2007).

Tapat ka $aja petijuma, ta arl citos pétijumos ir noskaidrots, ka aptuveni 50%
kampilobaktgriju ir rezistentas pret vismaz divam neradniecigam antibiotisko lidzeklu
grupam, bet viena treSdala pret vairak ka trim. Galvenokart §1 rezistence ir
noverojama pret fluorokvinolonu un makrolidu grupas antibiotikam (Mozina et al.,
2011). Ta, pieméram, 2010. gada Eiropas Savieniba C.coli 50% gadijumu bija
rezistents pret tetraciklinu, ciprofloksacinu un streptomicinu, bet 20% gadijumu pret
eritromicinu, ciprofloksacinu un tetraciklinu (EFSA, 2012). Vairakos pétijumos tiek

25



akcentéts, ka C. jejuni, biezak uzrada rezistenci pret kadas konkrétas antibiotiku
grupas lidzekliem, bet multirezistenci tam noveéro retak (Kim et al., 2008; D’lima et
al., 2007).

SECINAJUMI

1. Latvija razota broilercalu gala var kalpot ka kampilobakteriozes ierosinataju
avots, jo Latvija audz&tos broilercalos, ka arT to gala, vidgji 63% gadijumu ir
atrodamas termofilas kampilobaktériju sugas un to sastopamiba starp diviem
lielakajiem Latvijas broilercalu galas razoSanas uzp@mumiem nebija butiski
atSkiriga (p>0.05).

2. Bija noverojama pozitiva ticama korelacija starp termofilo kampilobaktériju
sastopamibu broilercalu fekaliju paraugos, kakla adu paraugos, liemenu paraugos
un gaisa temperatiiru (attiecigi r=0.75; r=0.66; r=0.65; p<0.05), kas ar1 izskaidro,
kadg] butiski (p<0.05) biezak kampilobakterijas tika izol€tas no Siem paraugiem
pavasara un vasaras menesos.

3. Uzp@muma “A” audz€tajiem broilercaliem ieveérojami biezak (p<0.05) visos
paraugu veidos tika konstatétas Campylobacter coli salidzinajuma ar uzpémumu
“B”, kur biezak tika izolétas Campylobacter jejuni. Tas liecina, ka Latvija ir plasi
izplatitas abas biezak sastopamas kampilobaktériju sugas.

4. Tzoletajiem Campylobacter spp. celmiem bija novérojama augsta rezistence pret
pétijuma izmantotajiem antibiotiskajiem lidzekliem, it ipasi flurokvinolonu
grupas, bet bitiski zemaka (p<0.05) pret tetraciklinu, eritromicinu un
aminoglikozoidu grupas antibiotikam, tadgjadi cilveku kampilobakteriozes
gadijuma arstesana ar flurokvnolonu grupas antimikrobialajiem lidzekliem var bt
neefektiva.

5. Visstraujakais kampilobaktgriju skaita kritums uzglabasanas laika bija novérojams
broilercalu galas paraugiem, kas tika iepakoti iepakojuma ar gaisu salidzinajuma
ar paraugiem, kas tika iepakoti MAP un vakuuma iepakojumos.

6. Broilercalu galas kampilobaktériju kontaminacijas samazinaSanai apstrade ar
ozonéto tideni nesniedz vélamo rezultatu.
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IETEIKUMI PRAKSEI

1. Ir japaaugstina biodrosibas Itmenis broilercalu galas razoSanas saimniecibas
un jauzlabo broilercalu kauSanas un galas apstrades higiéna, tadejadi
samazinot kampilobakt&riju sastopamibu saimniecibas un broilercalu gala.

2. Liemenu kontaminacijas limena samazina$anai uzglabasanas laika var
izmantot liemena iepakoSanu aizsargazu vidg ar augstu skabekla saturu, bet
buitu jaizvairas no liemenu iepakoSanas vakuuma iepakojuma, vai iepakojuma,
kas ciesi piegul broilercalu liemenim.

3. Broilercalu galas gala patérétajam, lai samazinatu risku inficéties ar
kampilobaktérijam riipigi ir jaievero virtuves higiéna, nepielaujot gatava
produkta saskari ar termiski neapstradatu produktu vai virsmam, kas
nonakusas saskare ar $o produktu.
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INTRODUCTION

The name Campylobacter is derived from the Greek word kampylos meaning curved.
For the first time, organisms that probably were Campylobacter were described by
Theodore Escherich in 1886, from the fecal samples of infants with diarrhea
(Friedman et al., 2000).

Only in seventies Campylobacter was identified as an important human pathogen
(Skirrow, 1977). This is due to the sensitivity of Campylobacter and the limited
ability to grow under laboratory conditions. Nowadays in developed countries,
Campylobacter jejuni and Campylobacter coli is the most common human bacterial
gastrointestinal pathogen (Hénnien et al., 2003). In Europe, USA, Canada and other
industrialized countries campylobacteriosis cases increase every year and since 1998
are more frequent than salmonellosis cases (Friedman et al., 2000).
campylobacteriosis is causing serious socioeconomic consequences in the European
Union, where the number of cases registered in 2007 were over 200,000 (EFSA,
2009), but in 2010 they were 212,064 (EFSA, 2012). Human campylobacteriosis
cases are sporadic, and if enteritis is mild they do not require antibiotic therapy (Allos
and Blaser, 1995). Campylobacteriosis infectious dose is approximately 500
Campylobacter jejuni cells, which is considered a relatively low infectious dose
(Black et al., 1988). Clinical signs of campylobacteriosis occur 2 to 10 days after
primary infection, characterized by fever, headache, muscle pain, nausea and bloody
diarrhea. Usually infection is not serious and the symptoms end within a week. In
some cases, the infection can spread to other organs and can affect the circulatory and
nervous system. Campylobacter infection can cause post-infectious complications,
such as Miller-Fisher syndrome, reactive arthritis and Guillain-Barré syndrome.
Guillain-Barré syndrome is characterized by autoimmune processes leading to
demialinization of nervous tissues, resulting in paralysis and paresis (Patterson, 1995).
Several epidemiological studies have indicated that an important source of
campylobacteriosis is the consumption of poultry meat or work with it (Friedman et
al., 2000; Kapperud et al., 2003; Schonberg-Norio et al., 2004; EFSA, 2012). Fruit
and vegetable cross-contamination with poultry meat is considered to be a significant
source of campylobacteriosis (Kapperud et al., 2003). Several studies have shown that
a bird carcass with a thermophilic Campylobacter from poultry gastrointestinal tract is
contaminated during slaughter (Mead et al., 1995; Newell et al., 2001, Stern et al.,
2003).

It is known that Campylobacter can develop antimicrobial resistance and it is often
associated with improper use of antimicrobials in animals and humans.
Campylobacter spp. antimicrobial resistance has increased mainly due to use of the
fluoroquinolones, macrolides and tetracyclines in farm animals. There is a risk that
antibiotic resistant Campylobacter can spread from animals to humans through the
food chain (Jacobs-Reitsma 1997; Piddock et al., 2000).

The studies to detect Campylobacter occurrence, species and their properties in food
chain in Latvia so far have not been done.
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The aim of the research was to investigate the thermophilic Campylobacter
occurrence, species distribution, antimicrobial susceptibility, as well as possibilities of
Campylobacter reduction in broiler chicken meat production chain.

Objectives of the research

1. To determine the occurrence of thermophilic Campylobacter in broiler
chicken meat production chain.

2. To determine isolated Campylobacter species by using colony multiplex

PCR.

To determine the antimicrobial susceptibility of Campylobacter isolates.

4. To investigate the packaging gas environment on the dynamics of
Campylobacter in broiler chicken meat during the storage period.

5. To investigate the dynamics of Campylobacter in broiler chicken meat after
treatment with ozonated water.

w

Scientific novelty

1. For the first time studies on the thermophilic Campylobacter occurrence in broiler
chickens reared in Latvia were performed.

2. Most common Campylobacter species were detected in Latvia grown broilers and
meat using molecular biology techniques.

3. Antimicrobial resistance of Campylobacter was established in broiler chickens
reared in Latvia.

4. The influence of different packaging atmosphere on Campylobacter dynamics in
broiler chicken meat during the storage time was determined.

5. The effect of ozonated water on the dynamics of Campylobacter in broiler chicken
meat during the storage period was evaluated.

The research results and approbation

Results of the study have been reported at the following international
conferences:

Roasto M., Méesaar M., Muutra K., Mereméde K., Kovalenko K., Kramarenko T.
Campylobacter spp. and Listeria monocytogenes prevalence in 2012. FOODBALT-
2013 conference, 23-24 May, 2013, Tallinn, Estonia.

30



Kovalenko K., Roasto M., Méesaar M., Meremée K., Kramarenko T. Campylobacter
spp. prevalence in the Baltic States broiler chicken production. IAFP's European
Symposium on Food Safety, 14-17 May, 2013, Marseille, France.

Kovalenko K., Roasto M., Liepin$ E. The effect of air temperature on occurrence of
thermophilic Campylobacter spp. in Latvia broiler chicken production on day of
sampling. International scientific conference “Animals. Health. Food Hygiene”. 22-23
November, 2012, Jelgava, Latvia.

Kovalenko K., Roasto M., Ruzaike A., Liepin$ E. Campylobacter spp. occurrance on
broiler chicken carcasses at retail level in Latvia. International scientific conference
“Research for Rural Development”, 18-20 May, 2011, Jelgava, Latvia.

Kovalenko K., Roasto M. High occurrence of Campylobacter jejuni and
Campylobacter coli in Latvia broiler chicken production. IAFP's European
Symposium on Food Safety, 21-25 May, 2012, Warsaw, Poland.

Kovalenko K., Ruzaike A., Roasto M., Liepins E. Dynamics of Campylobacter jejuni
in raw poultry meat depending on packaging atmosphere. International scientific
conference “Animals. Health. Food Hygiene”. 29 October, 2010, Jelgava, Latvia.

Scope of work: thesis is written on 120 pages including 36 Figures and 12 Tables. It
consists of annotation, introduction, literature review, methodology, results,
discussion, conclusions, recommendations for the practice, references.
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MATERIALS AND METHODS

In the study, 2400 fecal, 240 neck skin and 240 broiler chicken carcass samples were
used from clinically healthy, 40 - 42 days old Ross 308 breed broiler chickens (Gallus
gallus domesticus), which were grown on the two largest Latvian broiler chicken meat
producing company farms and slaughtered in the same company slaughterhouses.
Meat samples were taken from the above-mentioned company broiler chicken
carcasses from two supermarkets in Jelgava.

Sample bacteriological examination and antimicrobial susceptibility testing was
performed at the Laboratory of food infection of the Institute of Food and
Environmental Hygiene, Faculty of Veterinary Medicine (FVM), Latvia University of
Agriculture (LUA), and at the Institute of Veterinary Medicine and Animal Sciences,
Estonian University of Life Sciences (EULS).

Molecular investigations of the isolated Campylobacter were conducted at the
Laboratory of molecular biology of the Scientific Institute of Food Safety, Animal
Health and Environment BIOR, and Laboratory of molecular biology of the Latvian
State Institute of Fruit Growing.

The research was carried out from January 2010 to March 2012.

Sampling

Required/minimum sample volume to determine the occurrence of Campylobacter
was determined according to the European Commission Decision 2007/516/EC:
Commission Decision of 19 July 2007 concerning a financial contribution from the
Community towards a survey on the prevalence and antimicrobial resistance of
Campylobacter spp. in broiler flocks and on the prevalence of Campylobacter spp.
and Salmonella spp. in broiler carcasses to be carried out in the Member States.
Broiler meat, skin and fecal samples were obtained on monthly basis from two major
Latvian broiler chicken producer companies at the slaughter level for the fecal, and
the neck skin samples and at the retail level for the carcass samples. Fecal samples
were obtained during the evisceration by placing 100 intestines (entire small intestines
and the large intestines) into plastic bags by 10 intestine samples in each.

The broiler neck skin samples were obtained from carcasses after the end cooling
cycle and before the carcass packaging.

Broiler chicken carcass samples (whole broiler carcass) were bought in two
supermarkets in Jelgava. Carcasses were sold fresh, not frozen.

Also, broiler chicken meat samples for limiting the number of Campylobacter in
broiler chicken meat by using ozonated water was obtained from Putnu Fabrika
Kekava butcher shop Kekava in Jelgava. For the experiment to evaluate dynamics of
Campylobacter in broiler chicken meat during the storage period after packaging in
different packaging atmosphere samples (broiler drumsticks) were collected from the
store Maxima.
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After acquisition, all samples were placed into thermo bags at temperature +6°C and
transported to the laboratory within 1 to 4 hours to carry out further investigations.

Preparation of the samples obtained from broilers

To prevent sample contamination, all intestinal samples before the examinations were
treated with 70% ethanol solution. From each pooled intestinal sample one cecal wall
was opened with a sterile scalpel aseptically and 10 ml of the fecal content was plated
directly on the mCCDA agar (Oxoid, United Kingdom, CM0739B) and Karmali agar
(Oxoid, United Kingdom, CMO0935B). Pooled fecal sample was obtained by
combining 10 ml of fecal samples from 10 broiler cecal content thus obtaining 100 ml
of fecal material. After that, it was carefully mixed and 10 ml of the pooled sample
was plated on the mCCDA agar and Karmali agar for the detection of Campylobacter
spp.

In laboratory, 10g of each broiler chicken neck skin sample and carcass skin sample
was placed in a plastic bag filled with 100 ml of Bolton broth (Oxoid, United
Kingdom, CM0983B). The sample with broth was homogenized in the Stomacher
apparatus. After homogenizing, the plastic bag with the sample was placed into an
incubator for enrichment at +37°C for 4-6 hours and then at +41.5°C for 44 + 4 hours.
After enrichment, from the surface of the enriched broth 10 pl were taken and plated
on the mCCDA agar and Karmali agar using a 10 pl microbiological needle.

Campylobacter culture isolation and identification

After the plating to selective culture medium, the medium was immediately placed in
anaerobic container (Oxoid, United Kingdom, HP0011A) with CampyGen (Oxoid,
United Kingdom, CNO0035) that modified the atmosphere within the container
providing conditions for Campylobacter growth (5% O,, 10% CO, , 85% N,). After
closing, the container was placed in a thermostat at +41.5°C and was incubated for 44
+ 4 hours. After incubation, typical colonies, which were pale gray on mCCDA and
transparent on Karmali agar, were plated on Columbia blood agar (CBA) (Oxoid,
Basingstoke, Hampshire, UK) and incubated for 40-48 hours in microaerobic
conditions at +41.5°C.

After the primary biochemical tests and microscopic examination of the colonies, 2-3
colonies were inserted into a tube with the brain-heart infusion broth (OXOID, UK)
supplemented with 5% of glycerol. After that, the tubes immediately were placed in a
freezer at -70°C.

In order to identify Campylobacter species in 74 randomly selected isolates (50 from
the company A and 24 from the company B) colony multiplex polymerase chain
reaction (PCR) (Wang et al., 2002) was used. To identify Campylobacter species we
used 23s rRNA, hyp O, gly A genes.

33



After thawing and incubation, deoxyribonucleic acid (DNA) extraction and PCR was
performed.

Following the PCR cycle we performed electrophoresis in agarose gel for
electrophoretic evaluation.

Isolated Campylobacter antimicrobial susceptibility testing

The determination of antimicrobial resistance was performed during the year 2011.
All randomly selected 60 Campylobacter isolates were tested for minimal inhibitory
concentration (MIC) by a broth microdilution method (National Veterinary Institute,
Uppsala, Sweden) against erythromycin, ciprofloxacin, tetracycline, gentamicin,
streptomycin and nalidixic acid. The MIC based microdilution was carried out in the
laboratory of the Institute of Food and Environmental Hygiene of the FVM, LUA,
Jelgava, Latvia. After frozen storage, the Campylobacter isolates were cultured on
Columbia blood agar (Oxoid, Basingstoke, Hampshire, England) and incubated at
41.5°C for 48 h. After incubation, a loopful (1 pl) of bacterial growth was transferred
to 2 ml 0.9% saline and then 100 pl of suspension were added to 10 ml of cation-
adjusted Mueller-Hinton broth (CAMHB, Oxoid, Basingstoke, Hampshire, England)
with 2.5-5% lysed horse blood to get the final inoculum of 10® CFU/ml. Then each
well of MIC panel (VetMIC Camp Ver.2, SVA, Uppsala, Sweden) was inoculated
with 100 pl of 10® CFU/ml Campylobacter suspension. After filling of the panel,
10 pl of inoculums were streaked to Columbia blood agar plates for purity control.
The density of the bacterial suspension was controlled according to the guidelines of
The National Veterinary Institute (SVA, Uppsala, Sweden). The plates and MIC panel
were incubated at 37°C for 48 h in microaerobic conditions. After incubation, the
MIC was read as the lowest concentration completely inhibiting visible growth of
Campylobacter in accordance with the instructions given by the test manufacturer
(SVA, Uppsala, Sweden). The following MIC breakpoints for resistance were
applied: erythromycin 32 pg/ml, ciprofloxacin 4 pg/ml, tetracycline 16 pg/ml,
gentamicin 8pg/ml, streptomycin 8 pg/ml and nalidixic acid 64 pg/ml (NARMS,
2004).

Limiting the number of Campylobacter in broiler chicken meat by different
packaging atmospheres

In the study we used 27 chicken samples (fresh chicken drumsticks).

Sample preparation was carried out at the Institute of Food and Environmental
Hygiene, Faculty of Veterinary Medicine, LUA, in the following order:

Previously isolated Campylobacter jejuni strains were thawed from -70°C to room
temperature. Ten microliters of the thawed medium with a micropipette were
transferred to Columbia blood agar (Columbia blood agar, OXOID, England). The
medium was incubated for 48 h in microaerobic conditions at +41.5°C. After
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incubation, the culture purity was evaluated macroscopically, microscopically and
biochemically.

Sample inoculation with Campylobacter was made with 10 ml of 10 CFU
Campylobacter suspension in 0.9% saline solution. This bacterial suspension was
added to all meat samples that were previously placed in the stomacher bag. After
inoculation, samples were mixed carefully for two minutes.

Contamination level of control sample was determined by ISO 10272-2: 2006
method.

After inoculation, meat samples were delivered to the Faculty of Food Technology
LUA and packaged in various gas environments. Five of the samples were packed in
vacuum, five samples in modified atmosphere packaging (MAP) (MAP gas mixture
composition - CO, = 43.8%, O, =0.2%, N, = 57%) and five in air atmosphere. After
packing, the samples were stored in a refrigerator at a temperature of +2°C to +4°C.
Every 48 hours after sample preparation 10g of skin from all three sample types were
examined in accordance with ISO 10272-1:2006 and ISO 10272-2:2006 methods.
Overall, the study lasted for 192 hours.

Limiting the number of Campylobacter on meat samples by using ozonated water

In the study, 18 broiler chicken carcass back samples were used from which four were
control samples. Control samples were placed into sterile, labeled plastic bags
immediately at +4°C £ 2°C temperature, and they were not subjected to a treatment
with ozonated water. Additionally, two samples were examined by ISO 10272-1:2006
and ISO 10272-2:2006 methods to determine starting value of Campylobacter load.
The remaining 12 samples were hung on a specially prepared wire. Samples on the
wire were located so that they did not touch each other during the processing. After
sample preparation, an immediate treatment with ozonated water was applied.

During the sample preparation time ozonated water was prepared at a concentration
2.3 mg/l and at water temperature 7.2 °C + 0.1°C.

All 12 samples were sprayed with ozonated water continuously from the same
distance creating conditions as close as possible to the cooling process at the meat
processing plants. The first four samples with ozonated water were treated for 25
minutes; four samples were treated for 35 minutes, but the last four for 45 minutes.
Immediately after processing, all the samples were collected and placed into labeled,
sterile plastic bags which immediately were sealed.

After treatment with ozonated water, all samples were placed for storage at 4°C + 2°C
temperature.

Microbiological analysis was performed after 120 hours of products storage by using
ISO 10272-2 (2006) method.
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Statistical data processing

All individual results were recorded using MS Excel 2010 software (Microsoft
Corporation, Redmond, Wash.), and statistical analysis was performed with the
Statistical Package R (Vienna, Austria) in order to determine the Pearson correlation,
perform correlation analysis, Student's t-test, determine the average and standard
deviation. Differences in figures as statistically significant were considered at the
significance level a = 0.05.
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RESULTS AND DISCUSSION

During the study, from 240 broiler chicken pooled fecal samples on average in 95.8%
of the cases Campylobacter spp. was isolated. Overall in Latvia during the year 2010,
the occurrence of Campylobacter positive broiler chicken pooled fecal samples was
higher compared with available data on the occurrence of Campylobacter in broiler
chicken pooled fecal samples in Poland, Finland and the Czech Republic (year 2008)
(EFSA, 2010°). Conversely, in broiler chicken individual fecal samples
Campylobacter were found on average in 68.8% of cases. The level of positive pooled
fecal and individual fecal samples on both farms was relatively high. In the company
A, it was 97.5% for pooled fecal samples and 75% for individual fecal samples, while
in the company B it was 94.1% and 62.5%, respectively.

Analyzing the occurrence of Campylobacter in individual fecal samples from the
company A, depending on the month of sample collection, and comparing it to the
average occurrence of Campylobacter in individual fecal samples (75%) of the
company A it was significantly (p<0.05) higher in April, May and September (100%),
but significantly (p>0.05) lower in January (50%), February (60%), October (60%)
and December (20%). But the Campylobacter occurrence in the company B
individual fecal samples was significantly (p<0.05) higher in March, April, June, July,
August (80%) and May (100%), but significantly lower in January (30%), October
(20%) and December (30%), compared with an average Campylobacter occurrence in
the company B individual fecal samples in 2010 (Figure 1).

The occurrence of Campylobacter in broiler chicken pooled fecal samples from the
company A and B was significantly (p<0.05) lower in December (80%), compared
with the average occurrence of Campylobacter in fecal pooled samples in company A
and B (97 5% and 94.1%, respectively).

Dividing the year into seasons by three months in each (winter - December, January,
February; spring - March, April, May; summer - June, July, August; autumn -
September, October, November), we observed that the average occurrence of
Campylobacter in individual broiler chicken fecal samples was significantly (p<0.05)
lower in the winter (43.3%), compared with the Campylobacter occurrence in the
spring (88.3%) and summer (81.7%). In the autumn, Campylobacter occurrence in the
same sample type (61.7%) was significantly (p<0.05) higher than in winter, but
significantly (p<0.05) lower than in spring; but compared to the occurrence in
summer there were no significant (p>0.05) differences. The average Campylobacter
occurrence of broiler chicken pooled fecal samples was lower in winter (88.3%), but
this difference was statistically insignificant (p>0.05), compared with an average
occurrence of Campylobacter in broiler chicken pooled fecal samples in the spring,
summer (100%) and autumn (96.7%).

In other European Union countries, the occurrence of Campylobacter in individual
fecal samples in 2006, 2007 and 2008 ranged from an average of 21.7% to 25.2%
with the lowest occurrence of Campylobacter in 2006 in Estonia and Iceland, and in
2007 in Estonia, where all of the analyzed samples were Campylobacter negative. The
highest occurrence of Campylobacter in broiler chicken individual fecal samples
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according to the EFSA was observed in 2007 in Italy; where in 82.8% of the
examined samples were found Campylobacter spp (EFSA, 2010).

Similar as in other studies, the occurrence of Campylobacter in broiler chicken fecal
samples within the country may vary, as it was in Latvia, where the difference of
12.5% was observed between the two largest broiler chicken producing companies
(Zweifel et al., 2008; Saleh 2002; O'Mahony et al., 2011).

Several studies have shown that most often Campylobacter can be found in broiler
chicken neck skins compared to other carcass parts (Bar¢ et al., 2013; Malher et al.,
2011), that is why the sampling at the slaughterhouse level this carcass region was
selected. During the study, 240 broiler chicken neck skin samples were collected from
two major Latvian broiler production company slaughterhouses A and B. In this
sample type, Campylobacter spp. was found on average 60.8% (n=146). In other
authors’ studies on Campylobacter occurrence in broiler chicken neck skin samples at
slaughterhouse level were found that in Vietnam the occurrence was 15.3%, in New
Caledonia 96.7%, but in Switzerland and Italy 70% and 40%, respectively (Garin et
al., 2012; Kuhnert et al., 2012; Pepe et al., 2009). In the company A, Campylobacter
were found in 69.2% of samples (n=83), but in the company B in 52% (n=63) of
samples. Comparing the occurrence of Campylobacter in broiler chicken neck skin
samples by months, in the company A and B, it may be observed that a significantly
(p<0.05) lower occurrence of Campylobacter in this sample type was found in the
company B in April, May and September. In other months the Campylobacter
occurrence in broiler chicken neck skin samples from the company A and B were
insignificantly different (p>0.05).

The occurrence of Campylobacter in broiler chicken neck skin samples from the
company A, compared with the average occurrence of Campylobacter in the neck
skin samples in the company A (69.2%), it was significantly (p<0.05) lower in
January (20%), July (40%) and December (40%). Whereas in the company B,
significantly (p<0.05) higher Campylobacter occurrence was observed in July (90%),
but significantly lower in January (20%), compared with the average occurrence of
Campylobacter in broiler chicken neck skin samples in the company B (52.5%). Most
commonly broiler neck skins are contaminated with Campylobacter during broiler
defeathering and evisceration when Campylobacter from the intestinal tract with the
rinse water drains to the neck skin and collects in the feather follicles and skin folds
(Cason et al., 2004; Guerin et al., 2010, Son et al., 2007). Campylobacter occurrence
of the neck skin samples from the company A was 16.7% higher than in the same
sample type from the company B, although the difference was statistically
insignificant (p>0.05). Perhaps the difference in the occurrence of Campylobacter in
the neck skin is due to the fact that Campylobacter in the company A broiler
individual fecal samples were found to be 12.5% higher than in samples from the
company B, that could increase the risk of the neck skin contamination with
Campylobacter from the broiler chicken intestines.

The average occurrence of Campylobacter in broiler chicken neck skin samples in
2010 in the company A and B was insignificantly (p>0.05) different.
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Like the Campylobacter spp. occurrence in the fecal samples, also in the neck skin
samples from the slaughterhouse A and B, Campylobacter were observed
significantly (p<0.05) rarer in winter (40%) and autumn (55%) compared with the
occurrence of Campylobacter positive neck skin samples in summer (75%) and spring
(73.3%). The occurrence of Campylobacter in broiler neck skin samples in spring and
autumn in the company A was significantly (p<0.05) higher than in the company B,
by 33.3% in the spring and 30% in autumn (Table 1).

From the investigated 240 broiler chicken carcass samples 59.2% (n=142) of them
were identified as Campylobacter spp. positive. The occurrence of Campylobacter in
broiler carcasses in the company A was 71.7% while in the company B it was 46.7%.
The highest occurrence of Campylobacter in broiler chicken carcass samples was
observed in summer and spring (Table 2).

Comparing the occurrence of Campylobacter in broiler chicken carcass samples from
the company A and B, it may be observed that a significantly (p<0.001) higher
occurrence of Campylobacter in the company A was in January and March. During
these months Campylobacter from the company B broiler chicken carcasses were
isolated 80% less as compared to the occurrence of Campylobacter in samples from
the company A in January (80%) and March (100%). There were also a significant
(p<0.05) higher occurrence of Campylobacter in carcass samples from the company A
in July (100%), while the occurrence of Campylobacter in carcass samples of the
company B was 60%. In other months, the occurrence of Campylobacter in broiler
carcass samples from the company A and B were insignificantly different (p>0.05).
The average occurrence of Campylobacter in carcass samples was significantly
(p>0.05) lower in the company B compared with the average occurrence of
Campylobacter in carcass samples in the company A. The average occurrence in the
company B was significantly (p<0.05) higher than the same occurrence in January
(0%), November (0%) and December (10%) but significantly (p<0.05) lower than in
September (100%). Between the occurrence of Campylobacter in carcass samples
from the company B in November, January, December and March significant
(p>0.05) differences were not observed, but compared with occurrence in February,
April, May, June, July and September it shows significantly (p<0.05) higher
occurrence in these months. Campylobacter occurrence in carcass samples from the
company B in September differed insignificantly (p>0.05) from that in May (80%)
and June (80%) (Figure 2).

The difference between the occurrence of Campylobacter in broiler chicken carcasses,
individual fecal samples and neck skin samples were insignificant (p>0.05) in the
company A and B; the reason may be that the number of Campylobacter was not
reduced during the carcass cooling process. It has already been proved that carcass
cooling by using air cooling system, significantly reduces Campylobacter,
Enterobacteriaceae family and the total number of bacteria (Sanchez et al., 2002;
Rosenquist et al., 2003; EFSA, 2011°%;). Insignificantly (p>0.05) lower occurrence of
Campylobacter on broiler carcasses compared with the neck skin samples can be
explained by the storage of carcasses at the retail level, during which the number of
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Campylobacter on them will reduce because of the oxygen harmful effects (Rajkovi¢
et al., 2010, Cardinale et al. , 2003; Boysen et al., 2007). Also, the different sampling
sites on the carcass may influence the Campylobacter detection rates because the neck
skin has larger feather follicles where Campylobacter often are rinsed in during the
carcass rinsing process thus they are able to survive there for a longer time avoiding
the toxic effect of oxygen. Feather follicles on broiler chicken carcass back skin
usually are much smaller (Berndtson et al., 1992; Chantarapanont et al., 2003; Cason
et al., 2004°). The numbers and occurrence of Campylobacter may also be affected by
the choice of carcass investigation technique, because it is possible to investigate the
carcass by rinsing it all in the buffer solution or by investigating only a portion of the
skin, most commonly within the range from 10 to 25g. Although the whole carcass
rinse method yields a higher number of Campylobacter, Campylobacter presence by
this method does not differ significantly (ISO 2006, Scherer et al., 2006; Musgrove et
al., 2003).

In individual fecal samples and neck skin samples, Campylobacter occurrence was
observed the highest in the spring, summer and autumn months with a significantly
(p<0.05) lower occurrence in winter. In general, in a temperate climate zone
Campylobacter occurrence in meat products are observed the highest in the warm
months of the year; when at the same time people have the highest number of
campylobacteriosis cases (Friedman et al., 2000, EFSA 2012, EFSA, 2010°, EFSA,
2008).

In our study, the analysis of the Campylobacter occurrence in broiler chicken carcass
samples showed a significantly (p<0.05) higher occurrence of Campylobacter in
samples from the company A compared with the company B while the occurrence of
Campylobacter in broiler chicken neck skin samples from these companies differed
insignificantly (p>0.05). It may be due to the different carcass packaging methods
used by the companies. Carcasses from the company A were packed in tight
polyethylene packages, in contrast to the company B where the carcasses were packed
in loose polyethylene bags. The research shows that packing of the broiler carcasses
in a close polyethylene packaging can provide protective conditions to the
Campylobacter cells from the harmful effects of oxygen in the air by reducing the
oxidative stress, as well as extending and enhancing their chances of survival
compared with the carcasses that are packed in loose packages (Garénaux et al., 2008;
Kovalenko et al., 2010; Harrison et al., 2001).

Interpreting the data of Campylobacter occurrence, depending on the season in which
the sample has been collected, there is evidence of seasonal variation with the highest
frequency of Campylobacter isolation in fecal samples in the spring, summer and
autumn months, and the lowest in winter months. This type of seasonal
Campylobacter occurrence cycle have been described by a numerous authors who
point out that such variation of Campylobacter in fecal samples is observed mainly in
a temperate climate zone (Jacobs - Reitsma et al., 1994b; Nylen et al., 2002). Similar
to our study, other researchers have also observed a radical decline in the occurrence
of Campylobacter in the winter and autumn months and irregularity during the year,
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but at the same time preserving the seasonality (Vandeplas et al., 2010, Jorgensen et
al., 2011). In the USA, Willis et al. (2002) study reported that Campylobacter often
were isolated in the winter and autumn months. As one of the factors that may affect
Campylobacter seasonality and the occurrence is the air temperature (Guerin et al.
2007a; Guerin et al. 2007b; Vandeplas et al., 2010; Patrick et al., 2004). Therefore, in
this context, the sampling day temperature was recorded at 5 pm in Jelgava according
to the VSIA ,,Latvijas Vides, geologijas un meteorologijas centrs” data. As a result,
we observed a tendency that broiler individual samples often contained
Campylobacter when the air temperature was 10°C>20°C (Figure 3).The air
temperature and the occurrence of Campylobacter in individual fecal samples had a
high, statistically confident, positive correlation (r=0.77, p<0.005).

When comparing the data on the occurrence of Campylobacter in broiler carcasses in
Latvia with the Campylobacter occurrence in broiler carcasses and meat samples in
Estonia (Tartu), there was a little seasonal difference. In Tartu, the highest occurrence
was observed in June, July and August, as in the other Nordic countries such as
Sweden, Finland, Denmark and Norway (Roast et al., 2005; Kapperud, 1994; Rautelin
and Hanninen, 2000; Wingstrand et al., 2006). Whereas the meat samples that were
imported into Estonia and were commercially available on the Tartu market had a
Campylobacter occurrence without a significant seasonal variation. The broiler meat,
from which the samples were obtained, most often was sold frozen, and consequently
it was impossible to know its production time (Roast et al., 2005). The seasonal
variation of the occurrence of Campylobacter in Latvia as well as in other temperate
zone countries may be explained by Campylobacter viability depending on the
temperature. Studies in Norway and Iceland have shown that air temperature higher
than 6°C in Norway and 4°C in Iceland affects significantly the occurrence of
Campylobacter in broiler chicken houses and in slaughterhouses (Jonsson et al., 2012;
Guerin et al., 2008). Our study found out that the air temperature of the sample
collection day had a significant (p<0.01) effect on the occurrence of Campylobacter
in the broiler fecal samples, neck skin samples and carcass samples (p<0.05). The air
temperature had a lower effect on the occurrence of Campylobacter in the carcass
samples probably because the carcass samples were collected from different slaughter
batches, so it was not possible to determine accurately the slaughter day air
temperature.

Limiting the number of Campylobacter in broiler carcass samples

The experiment conducted with broiler meat packaging in different packaging
atmospheres and evaluation of Campylobacter dynamics during the storage time have
shown that the number of Campylobacter jejuni in 48 hours decreased most rapidly in
broiler meat packed in the air atmosphere containing about 20% of oxygen, while a
significantly slower decrease was observed in MAP (modified atmosphere packaging)
which consisted of a mixture of gases (CO, = 43.8%, O, = 0.2%, N, = 57%). The
dynamics of Campylobacter during the storage are shown in Table 3.
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The results coincide with the results of studies by other authors who have noted that
in order to reduce meat Campylobacter number packing in gas mixture with a high
CO, and low O, level, even though it extends the shelf life of the product, limiting the
development of spoilage microflora and extending microorganism lag phase is
inadequate (Rajkovi¢ et al., 2010; McMillin, 2008; Mangaraj and Goswami, 2009,
Boysen et al., 2007). However, it should be noted that in Campylobacter spp.
population may exist strains that are resistant to oxidative stress or due to
Campylobacter genome mutations the air oxygen is less toxic to them (Garénaux et al.
2008; Gaynor et al. 2005; Gundogdu et al., 2011).

In addition to the above method broiler chicken meat sample treatment with ozonated
water did not reach the desired result because the number of Campylobacter after 25,
35 and 45 minutes of treatment during the storage time did not decrease but
increased. This phenomenon is thought to be caused by several factors or combination
of these factors such as ozone ability to dissolve fats binding to them. This
mechanism is also partly responsible for the ozone disinfectant properties in the cell
walls of bacteria where ozone oxidizes unsaturated fat. The mechanism of the
increase of the number of Campylobacter during the storage is due to the
characteristics of the broiler skin because before the treatment with ozonated water
feather follicles in the skin were closed with the "fat plugs" that ozone dissolved,
thereby opening the feather follicles and increasing the number of Campylobacter on
the carcass surface (Khadar et al., 2001; Osiriphun et al., 2009; Cason et al. 2004"). It
could explain the increase in the number of Campylobacter from 3.3 log CFU/1g in
control sample to 7.1 log CFU/1g in the treated sample in 45 minutes of treatment. In
addition, the ozone ineffectiveness in reducing the number of Campylobacter is
affected by the chemical properties of Campylobacter cell surface, which consists
mostly of polysaccharides, may effectively prevent ozone to penetrate into the deeper
layers of the Campylobacter outer membrane as soon as Campylobacter are exposed
to oxidative stress they expand their polysaccharide sheath (Garénaux et al., 2008;
Gundogdu et al., 2011; Karlyshev et al., 2001; Khadar et al., 2001). The ozone
efficiency probably was also reduced because of the fat layer of the skin, other
bacteria and various organic matters which could attract ozone, thereby reducing the
amount of free ozone (Virender et al., 2010).

Campylobacter species in broiler production at the two largest slaughterhouses in
Latvia

In the study, we investigated 74 randomly selected Campylobacter strains which were
isolated from the company A and B. Performing colony multiplex PCR and gel
electrophoresis it was found out that all 74 strains belonged to the genus
Campylobacter because the 23S rRNA gene aplicon that was 650 base pair long
fragment and was observed in all samples. Of all 74 Campylobacter spp strains 37.8%
(n=28) were C. jejuni, 60.8% (n=45) C. coli, and 1.3% (n=1) were unidentified
(Figure 4).
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Analyses of Campylobacter isolates from two Latvian broiler chicken meat producing
companies were significantly different in pooled fecal samples. From the company A
mainly Campylobacter coli (86.9%) were found, while in the company B pooled fecal
samples mainly Campylobacter jejuni (88.9%). The study results confirm that broiler
feces can contain thermophilic Campylobacter species because the failure of proper
slaughter hygiene can serve as a source of meat contamination (Melero et al., 2012,
Herman et al., 2011).

Campylobacter isolated from the neck skin samples (n=14) obtained after cooling of
carcasses in the slaughterhouse A in 100% of cases represented only Campylobacter
coli, but Campylobacter isolated from the slaughterhouse B broiler chicken neck skin
samples (n=5) in 100% of cases were only Campylobacter jejuni. The research results
confirm the fact that the broiler chicken carcasses, neck skins and feces contain the
two most prevalent species of thermophilic Campylobacter which can cause
campylobacteriosis in humans (Bolla et al., 2008, Denis et al., 2011). Probably
because of the carcasses position during the slaughter and processing in large
slaughterhouses where they are hung by legs up with the cranial end down they are
contaminated with Campylobacter directly from the intestinal content, which along
with the rinse water during the processing drains along the carcass (Normand et al.,
2008, EFSA, 2011¢, FSAI 2011, Ugarte-Ruiz et al., 2012). This fact also explains the
uniformity of Campylobacter species in the neck skin samples which contained the
dominated Campylobacter species. The study investigated the Campylobacter isolates
from broiler chicken carcasses from two supermarkets in Jelgava (n=23). Samples of
the company B in 90% of cases were C. jejuni contaminated but in the company A
only in 31%. Campylobacter, which belonged to species C. coli, in samples from the
company A were isolated in 69% of cases, while from the company B only one isolate
(10%) belonged to the species C. coli. Similar results as in the samples from the
company B are in a number of previous studies in Europe (EFSA, 2011° EFSA,
2012) and elsewhere (Pamuk and Akgun, 2008; Bao et al., 2006; McCrea et al., 2008;
Son et al., 2007). Concerning the high C. coli occurrence in the samples of the
company A, in literature are mentioned only few cases when C. coli is dominated
within a single farm and the same farm produced broiler chicken carcasses while in
the state level the dominant Campylobacter species has been C. jejuni (Cesare et al.,
2008; Manfred et al., 2006).

Studies have shown that in broilers just as on the farm environment mainly
Campylobacter species C. jejuni is found but much less frequently C. coli (Newell
and Fearnley, 2003; Tram et al., 2012; Melero et al., 2012; Schnide et al., 2010;
Malher et al., 2011; Kuhnert et al., 2010; Pepe et al. 2009), although C. coli
occurrence in broilers can increase after the fifth week of life (El-Shibiny et al.,
2005). Another study has shown that sometimes broiler chicken house may be
colonized only by one Campylobacter species but sometimes even several (Reich et
al., 2008). In the present study we have found that farm birds can be colonized with
two in birds’ most prevalent Campylobacter species (C. jejuni and C. coli). At
present, it is impossible to determine why in one company C. coli is mainly found;
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however, it is likely that Campylobacter is transmitted in the chicken house from the
outdoor where C. coli can be found in both rodents and insects and in the winter
period also in wild birds (Horrocks et al., 2009; Hald et al., 2003; Hald et al., 2008).
During the winter, C. coli can be isolated more frequently from the wild birds; also
the limited availability of feed for the wild birds my induce foraging near the broiler
chicken houses and may contaminate the feed (Hald et al., 2003). Also, it should be
taken into account that in winter air temperatures are significantly lower, compared
with a summer temperature, and Campylobacter are more capable of prolonged
viability in the environment and feed (Newell and Fearnley, 2003; Bui et al., 2011;
Holler et al., 1998). Analyzing differences of Campylobacter species between the
company A and B, we cannot exclude the impact of the forest on the chicken houses.
A relatively small distance between the company A chicken houses and the forest is
around100 to 200m. In large forests wildlife, including wild boar and other wild
animals, can serve as a reservoir for Campylobacter, but wild birds and rodents as a
reservoir of Campylobacter and also as a potential Campylobacter vector which can
facilitate transmission of Campylobacter species from the wild to broiler houses
(Wahlstrom et al., 2003; Hald et al., 2003). Since the occurrence of Campylobacter
species and prevalence of Latvian wildlife are unknown, we can only speculate about
this matter.

Antimicrobial resistance of Campylobacter isolated from broiler chicken fecal
samples obtained from the two major broiler chicken meat producing companies

The present studies established that most of isolates were resistant to ciprofloxacin
and nalidixic acid: 83.3% (n=50) of isolates grew at ciprofloxacin concentration of
8 pg/ml, and 78.3% (n=47) at nalidixic acid concentration of 64 pg/ml. The least
observed resistance was to streptomycin and gentamicin, while 20% (n=12) had
grown at streptomycin and gentamicin concentrations of 8 pg/ml and higher. Between
fluoroquinolone and aminoglycoside antimicrobial group a significant difference of
resistance of Campylobacter was not observed (p>0.05). In the present study, 35%
(n=21) of the tested isolates were resistant to erythromycin, 36.7% (n=22) to
tetracycline (Figure 5).

Overall, 41.6% (n=25) of Campylobacter isolates were resistant to two or more
unrelated antimicrobials of which 30% (n=18) were resistant to three or more
unrelated antimicrobials, and 13.3% (n=8) were resistant to all studied antimicrobials.
The most common antimicrobial resistance pattern was in combination of nalidixic
acid, ciprofloxacin, tetracycline and erythromycin.

A statistically significant difference (p=0.0001) was found out in erythromycin
resistance between samples from the slaughterhouse A and B. Among the other
antimicrobials, no significant (p>0.05) resistance differences in Campylobacter
isolates from different slaughterhouses were observed. When analyzing the
differences of resistance of Campylobacter isolated from the slaughterhouse A, there
was a significant difference (p<0.01) between the resistance to erythromycin and
ciprofloxacin, streptomycin and gentamicin. Campylobacter isolates from the
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slaughterhouse B resistance to erythromycin differed significantly (p<0.0001) only
from antimicrobial resistance rates of the fluoroquinolone group antimicrobials.
Generally, resistance to fluoroquinolones for isolates from the slaughterhouse A was
significantly (p<0.05) higher than the resistance to tetracycline, gentamicin and
streptomycin. Resistance to ciprofloxacin was significantly (p<0.01) higher than that
to erythromycin. From the slaughterhouse A isolated Campylobacter strains resistance
to tetracycline was significantly (p<0.05) higher than the resistance to antimicrobials
belonging to the aminoglycoside group. Isolates from the slaughterhouse A showed
no significant (p>0.05) differences between the mentioned antimicrobials.
Campylobacter isolates from the slaughterhouse B showed significantly (p<0.0001)
higher resistance to the fluoroquinolone group of antimicrobials, compared with
tetracycline and aminoglycoside group.

Most commonly determined resistance in the tested Campylobacter strains from both
slaughterhouses was determined for the fluoroquinolone group of antibiotics.
Separately, Campylobacter strains from the slaughterhouse A were most frequently
resistant to the macrolide group of antimicrobials, when 56.7% of the examined
strains showed resistance to erythromycin. Macrolides and fluoroquinolones are first
and second line medicines recommended for human campylobacteriosis (Zhao et al.,
2010), and increasing resistance to these antimicrobials has been observed since they
began to be used in meat production (Smith et al., 1999; Engberg et al., 2001; Ge et
al., 2003; Gupta et al., 2004; Serichantalergs et al., 2007).

In our previous research, when the broiler chicken fecal, meat and neck skin samples
from the same slaughterhouses were tested, it was found that in the samples from the
slaughterhouse A a dominant Campylobacter species was Campylobacter coli, while
in the slaughterhouse B — Campylobacter jejuni. We believe that the resistance of
Campylobacter in these two companies is affected by Campylobacter species, as
several authors in their publications highlight Campylobacter resistance vary by the
Campylobacter species. C. coli resistance to erythromycin has been reported more
frequently in many previous studies (Garin et al., 2012, Gallay et al., 2007;
Lehtopolku et al., 2010). Relatively higher C. coli resistance to erythromycin is due to
the fact that it has more frequent A2059G point mutation in the 23S RNA gene, which
is in 91% of cases responsible for the development of resistance to erythromycin. The
same mutation in the mentioned gene is responsible for macrolide resistance in E. coli
(Lehtopolku et al.,, 2011, Cui 2011). Comparing the resistance rates of
Campylobacter, especially from the slaughterhouse A, to erythromycin, it becomes
obvious that C. coli resistance to erythromycin in other EU countries is lower than in
our study. In Poland, it was 9.3% (Mackiw et al., 2011), in Austria 9%, in Netherlands
5%, in France 10%, and in Spain 35%, while C. jejuni resistance to erythromycin in
EU during the year 2010 was no higher than 6% (EFSA, 2012). At the same time, the
Campylobacter isolated from humans in EU during the year 2010 showed on average
11% for C. coli and 1.1% for C. jejuni resistance to erythromycin (EFSA, 2012). In
Finland, 50% of C. coli isolates that were isolated during the period 2003 to 2005
were resistant to erythromycin (Lehtopolku et al., 2010).
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The resistance to fluoroquinolone group of antimicrobials among Campylobacter
species also tends to differ. In a number of studies it has been found out that C. jejuni
resistance to ciprofloxacin and nalidixic acid is more uncommon compared with C.
coli (EFSA, 2012; Gallay et al., 2007; Desmonts et al., 2004). In other studies, C.
jejuni resistance rates were higher than in C. coli (Chen et al., 2010; Piddock et al.,
2008; Son et al., 2007; Salihu et al., 2012). The present study showed that the
Campylobacter isolates from the slaughterhouse A were less resistant to
fluoroquinolones, compared with Campylobacter isolates originated from the
slaughterhouse B. The resistance of Campylobacter from the slaughterhouse B was to
ciprofloxacin (90%) and to nalidixic acid (86.7%). A similar resistance was observed
in 2010 in Poland, where resistance to ciprofloxacin among C. jejuni isolates was
83%, and to nalidixic acid 80%. In the same Polish study, it was found that resistance
among C. coli to ciprofloxacin and nalidixic acid was 90% (EFSA, 2012).
Campylobacter resistance to tetracycline in isolates from the slaughterhouse A and B
was insignificantly different (p>0.05). It was similar to EU countries in general. In
2010, only nine of EU countries were notifying about C. jejuni isolate resistance to
tetracycline, and it was 32%. While the resistance of C. coli was higher, because in
five of EU countries the average of 73% of C.coli isolates were resistant to
tetracycline (EFSA, 2012). In the past ten years, the lowest resistance of
Campylobacter to tetracycline was registered in Denmark, and it was only 10%, but
the highest was reported in China as 100% (Hariharan et al., 2009; Han et al., 2009;
Bester and Essack, 2012; Son et al., 2007; Chen et al., 2010; Mackiw et al., 2012;
Skjet-Rasmussen et al., 2009).

The lowest resistance of Campylobacter strains isolated from the slaughterhouse A
and B was observed in aminoglycoside antimicrobials which on average did not
exceed 30%. Among EU countries in 2010, only in Spain 25% of C. coli isolates were
resistant to gentamicin. On average, only 0.8% of the EU C. jejuni isolates showed
resistance to these antimicrobials (EFSA, 2012). Other studies have similarly
observed a relatively low Campylobacter resistance to gentamicin, such as Poland. In
2008-2009 it was found out that 11.4% of C. jejuni isolates and 4.6% of C. coli
isolates were resistant to gentamicin (Mackiw et al., 2012). In 2008, in China it was
found that 92.3% of C. coli isolates were resistant to gentamicin, but among C. jejuni
isolates only 27.2% were resistant (Chen et al., 2010). Usually, the resistance to
streptomycin is not significantly different from the resistance to gentamicin, as they
affect the same resistance mechanisms (Oporto et al., 2009; Guévremont et al., 2006).
In our study, it was found out that 41.6% of the Campylobacter strains were resistant
to at least two unrelated groups of antimicrobials, and 30% were resistant to more
than three different antimicrobials. High level of multiresistance among these isolates
may lead to difficult to treat campylobacteriosis cases in humans. Therefore, a
constant monitoring of resistance is required in both human and poultry
Campylobacter strains, and the usage of antibiotics in poultry meat production should
be more restricted in Latvia.
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CONCLUSIONS

Broiler chicken meat produced in Latvia can serve as a source of
campylobacteriosis causative agent vector in humans, because in the broilers
reared in Latvia, as well as in the broiler chicken meat on average 63%
thermophilic Campylobacter contamination was found and Campylobacter
occurrence between the two largest Latvian broiler chicken meat producing
companies were insignificantly different (p>0.05).

There was a positive correlation between the probable occurrence of thermophilic
Campylobacter in broiler chicken fecal samples, neck skin samples and carcasse
samples and the air temperature on sampling day (r=0.75, r=0.66, r=0.65, p<0.05,
respectively), what also explains why the significantly (p<0.05) more likely
Campylobacter were isolated from these samples in the spring and summer
months.

In the company A reared broiler chicken samples significantly more often
(p<0.05) were contaminated with Campylobacter coli contrary to the company B
in which samples had a higher prevalence of Campylobacter jejuni. It shows that
in Latvia two most common Campylobacter species are widely distributed.

Isolated Campylobacter spp. strains had a high level of antimicrobial resistance,
especially to fluroquinolones, but significantly lower (p<0.05) to tetracycline,
erythromycin and aminoglycoside group of antibiotics, therefore in human
campylobacteriosis cases treatment with antimicrobials of fluroquinolone group
may be ineffective.

The most rapid decline in the number of Campylobacter during the storage was
observed in broiler meat samples packed in packages with air compared with the
samples packed in MAP and vacuum packaging.

Broiler meat treatment with ozonated water to minimize contamination with
Campylobacter did not give the desired result of Campylobacter reduction.
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RECOMMENDATIONS FOR PRACTICE

1. The safety level should be inspected in the broiler chicken producing companies;
the slaughter and meat processing hygiene of broiler chickens also should be
improved, thus the occurrence of Campylobacter would be reduced on farms and
broiler chicken meat.

2. To limit the contamination level of carcasses during the storage time, a modified
atmosphere packaging with high oxygen content can be used while the use of
vacuum packaging or other type of tight packaging should be avoided.

3. To reduce the risk of being Campylobacter infected, consumers of broiler chicken
meat should meticulously observe the kitchen hygiene avoiding contact of already
cooked product with a raw one as well as surfaces being in contact with this
product.
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