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IEVADS

Darba aktualitate

Staphylococcus aureus (S. aureus) ir nozimigs partikas toksikoinfekciju,
pneimoniju, briicu infekciju un slimnicas iegiito infekciju, kas nereti pariet
septic€mija, ierosinatajs (Graveland et al., 2011). Tas spgj genétiski izmainit savas
Stnapvalka olbaltumvielas, padarot mikroorganismus neuznémigus pret antibiotiku
iedarbibu (Bocher, 2008). Meticilinrezistentais S. aureus (MRSA) ir viens no biezak
sastopamajiem augsti patog€najiem mikroorganismiem, kas rezistenci pret B-
laktama grupas antibiotikam ieguvis, pateicoties mecA4 genam. Ir konstatets, ka
MRSA ir multirezistents, un tam novero rezistenci pret cefalosporiniem,
tetracikliniem, aminoglikozidiem, makrolidiem, hloramfenikolu un
fluorokvinoloniem (Lee, 2003), ka arT pret vankomicinu (Tenover, Goering, 2009),
kas ir viens no efektivakajiem un biezak lietotajiem preparatiem MRSA infekciju
arstéSanai (Boucher et al., 2010), tadgjadi radot problémsituacijas slimibas arstésanas
gaita (gan veterinarmedicina, gan humanaja medicina) (Otter, French, 2010).

MRSA producé enterotoksinus (SE), kas toksikoinfekciju gadijumos
cilvékiem izraisa kliniskos simptomus — sliktu diisu, vemsanu, védera krampjus un
diareju (Nitzsche et al., 2007; Argudin et al., 2010; Chao et al., 2015). SEA, SEB,
SEC and SEH piemit emétiska iedarbiba (Argudin et al., 2010). Visbiezak
toksikoinfekciju gadijumos konstaté SEA, savukart SEC visbiezak konstate MRSA
dzivnieku izolatiem, bet SEB ir ticis pat pétits ka ,,biologiskais ierocis” (Pinchuk et
al., 2010). SEH ir viens no toksiniem, kas konstatéts pedgjos piecos gados, un ta
izp@te turpinas vl joprojam.

MRSA sastopams gan lauksaimniecibas dzivniekiem, gan mildzivniekiem un
eksotiskajiem dzivniekiem, tomér visbiezak tas konstatéts cikam (Graveland et al.,
2011; Cunny et al., 2013). MRSA rada potencialu inficéSanas risku ciikkopibas
industrija nodarbinatajiem (Wulf et al., 2008; Wettstein Rosenkranz et al., 2014). No
produktivajiem dzivniekiem, kuri ir MRSA n@sataji, kautuves kausanas un liemenu
apstrades procesa laika MRSA var tikt parnests no dzivnieka talak uz liemeni, vidi
un darbiniekiem. Savukart, ja liemeni un gala ir kontamin&ta ar MRSA, mikrobioms
var ieklut talak partikas k&de (Kluytmans et al., 2010).

Eiropa veiktajos pétjumos dazadas valstis MRSA sastopamiba cuku
novietn&s vari€ no 0.0% - 51.2% (EFSA, 2009). P&tfjumi liecina par to, ka MRSA ir
plasi sastopams cukkopibas industrija - gan dzivniekiem, gan nozaré stradajosajiem,
tomer nav pieejami dati par situaciju Latvija, par MRSA patogenitati, tas genotipisko
raksturojumu, ka arT maz ir pieejama informacija par MRSA sastopamibu un
parneses celiem ciiku ganampulkos, sastopamibu dazadas organisma sistémas, ka art
to, vai pastav saikne starp MRSA izolatu spa tipiem, antimikrobialo rezistenci un
stafilokoku enterotokstnu klatbtitni genoma.



Darba hipotéze

Atkariba no saimniecibas un kautuves darba intensitates un razosanas jaudas
varetu variét MRSA sastopamiba un genoma dazadiba, un ET génu klatbiitne MRSA
genoma vargtu liecinat par augstaku AMR.

AizstaveSanai izvirzitas tézes

Promocijas darba hipot€zes ir japierada ar $adam tézeém.

1. MRSA sastopamibu ietekmé&joss faktors ganampulka ir ciku vecums, ka ar1
rezistenta stafilokoka parnese var notikt no MRSA pozitivam lakt&josam
liemeniem, ka arT no cikam uz ciikkopibas industrija nodarbinato personalu.

2. Kautuves ir lielaka MRSA sastopamiba un genoma dazadiba neka ctkkopibas
saimniecibas.

3. Novietn€s un kautuves ar lielu razoSanas jaudu ir lielaka MRSA sastopamiba un
genoma dazadiba neka saimniecibas un kautuves ar mazu raZoSanas jaudu.

4. MRSA biezak konstatéjams ciikam elpoSanas sistema.

5. Nepastav sakariba starp MRSA antimikrobialo rezistenci, spa tipu un
eneterotoksinu kodgjoso génu klatbiitni genoma.

6. Retak izplatitakajiem MRSA spa tipiem ir zemaka antimikrobiala rezistence.

Darba merkis

Promocijas darba mérkis ir izpétit meticilinrezistenta Staphylococcus
aureus sastopamibu ciikkopibas industrija - majas ciku populacija, vidé, nozaré
stradajosam personam, un noskaidrot izoléta meticilinrezistenta Stpahylococcus
aureus antimikrobialo rezistenci un genotipu..

Darba uzdevumi

Lai mingto mérki Tstenotu, izvirziti sekojosi petnieciska darba uzdevumi.
1. noskaidrot MRSA sastopamibu:
1.1. saimniecibas dazada vecuma ctiku grupas;
1.2. kautuvés cukam un to liemenos atkariba no kautkermenu apstrades
tehnikas veida;
1.3. saimniecibu un kautuvju vide.
2. izpetit MRSA sastopamibu ctkkopibas industrija (saimniecibu un kautuvju)
nodarbinata personala vidd.



izvertet MRSA diagnostikas iespgjas atkariba no p&tama parauga veida
(nazalais, rektalais, piena paraugs).

izvertet MRSA izolatu rezistenci pret antibiotikam p&tamajas saimniecibas un
kautuves.

izvertet kautuves un saimniecibas izoleto MRSA genotipu:

5.1. noteikt un salidzinat izoleéto MRSA spa tipus.

5.2. noteikt izoleto MRSA ET kodgjoso génu klatbiitni genoma.

izvertet, vai pastav sakariba starp izoléto MRSA spa tipiem, ET kodg&joso génu
klatbiitni genoma un AMR.

noteikt, vai clikkopibas industrija nodarbinatais personals ir ciiku izcelsmes
MRSA né&sataji.

Darba zinatniska novitate

Pirmo reizi Latvija veikta MRSA izoléSana un sastopamibas izvertéSana
ctikkopibas saimniecibas un kautuves, ka ari to vidés un ciikkopibas industrija
nodarbinatajam personalam. Salidzinot ar citds Eiropas valstis veiktajiem
pétijumiem (Niderlandg - 40.0% ciiku (de Neeling et al., 2007; van Duijkeren et
al., 2008), Vacija — 50.0% (Mutters et al., 2016), Italija - 39.8% - 83.7% (EFSA,
2009; Batisti et al., 2010), Belgija —40.0% - 84.0% (Pletnickx et al., 2013;
Peeters et al.,, 2015)), Latvija konstateta vid&ji augsta MRSA sastopamiba
(saimniecibas - 19.7% ciiku, kautuves - 51.0%).

Pirmo reizi Latvija veikta ciikkopibas industrija iegiito MRSA izolatu
antimikrobialas rezistences noteikSana, genotipiska izvértéSana un stafilokoku
enterotoksinu noteiksana. Lidzigi citu autoru veiktajiem p&tijjumiem konstatgts,
ka viena MRSA spa tipa ietvaros novéro atskirigu antimikrobialo rezistenci,
tomér pretgji citu autoru pétjjumiem, kas norada, ka Eiropa lielakoties
konstatéjams MRSA, kas pieder pie ST398 sekvences tipa, més konstatéjam
MRSA, kas pieder pie ST9, kas péc citu autoru domam lieakoties raksturigs
Azijas regionam.

Pirmo reizi izvertetas sakaribas starp MRSA spa tipu, antimikrobialo rezistenci
un enterotoksinu génu klatbtitni un konstatéts, ka nepastav saistosas tendences
attieciba uz MRSA antimikrobialo rezistenci un enterotoksinu kodgjoso génu
klatbiitni, bet gan vérojama izteikta AMR un enterotoksinu kodgjoso génu v
dazadiba viena MRSA spa tipa ietvaros.

Pirmo reizi Latvija izvertéta MRSA diagnostikas efektivitate ciikam atkariba no
paraugu ieguves veida. Nemot veéra to, ka Sobrid pasaul@ ir maz pieejamu/ veiktu
pétijumu par MRSA izol&Sanas iesp&jam dzivniekiem atkariba no parauga veida,
it Tpasi par MRSA sastopamibu siv€nmasu piena paraugos, izp&te $aja joma
sniedz papildus informaciju par MRSA diagnostikas iesp&jam.



Personigais ieguldijums

Promocijas darba izstrades ietvaros veikta:

1. literatiras apkoposana un analize;

2. darba gaitas un metodikas planosana;

3. pétijuma iesaistito saimniecibu un kautuvju apsekosana, to darbibas un apstaklu
novertésana;

4. izpete izmantoto paraugu ieglisana;

saimniecibas un kautuves stradajosa personala aptauja;

6. iegito paraugu mikrobiologiska izmekléSana un antimikrobialas rezistences
noteikSana;

7. iegto datu statistiska apstrade un analize.
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MATERIALS UN METODIKA

Pétijuma laiks un vieta

Promocijas darbs izstradats no 2013. gada Iidz 2017. gadam LLU VMF PVHI
Mikrobiologijas laboratorija un Biotehnologiju zinatniskaja laboratorija, ka art RSU
Onkologijas institiita laboratorija.

Paraugi iegiiti no 3 dazada lieluma saimniecibam un 4 dazadas jaudas
kautuvém dazados Latvijas regionos (skat. 1. att.). Izmeklétas 405 cikas,
saimniecibu un kautuvju vide un darbinieki (paraugu sadalijumu skat. 2. att.).

) kautuves/ slaughterhouses
S saimniecibas/ farms

saimniecibas un kautuves/ farms and slaughterhouses

1. att. Pétijuma paraugu nemsanas vietas/
Fig.1 Sample taking places
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Saimniecibas/ Farms
A (n=219), B (n=248), C
(n=249)

Kautuves/ Slaughterhouses
D (2=83), E (n=51), F (0=90),
G (n=124)

2013. gada
oktobris Iidz
2014. gada marts/
October 2013 —
march 2014

Cukas (nazalie un rektalie paraugi)/

Pigs (nasal and rectal samples
- neatSKirtie sivéni un sivenmates/
- suckling piglets and sows (n=192);
- 3-3.5 meéneius veci sivéni/
- 3-3.5 month old piglets (n=128);
- 4-4.5 meénesus veci siveni/
- 4-4.5 month old piglets (n=144);
- nobarojamas cukas/
- fattening pigs (n=146);
Piena paraugi/
Milk samples (n=69)
Vides paraugi/

Cukas péc atasinoSanas (nazalie
un rektalie paraugi)/

Pigs after bleeding (nasal and
rectal samples) (n= 200)

Paraugi no liemeniem/

Samples from carcasses (n=105)
Vides paraugi/

Environmental samples (n=24)
Paraugi no stradniekiem/
Samples from workers (n=19)

Environmental samples (n=22)
Paraugi no stradniekiem/
Samples from workers (n=15)

2. att. Izmekleto paraugu sadalijums/
Fig. 2. Distribution of investigated samples

Paraugu izmekl€Sana un darba gaita att€lota Kopgja platijuma shéma (skat.

3. att.).

12



e R "\ (
Paraugi no cikkopibas Paraugi no kautuvem/
saimniectbam/ Samples from slaughterhouses
Samples from farms - (n=348)
\ (n=716) n-1064 h g

Mikrobiologiska izmekleSana/ Microbiological testing
| 8. anreus izole¥ana/ |
Isolation of S. aureus
(n=584)

R

MRSA izoleSana/ |

Isolation of MRSA
(n—286)

\ 2

Izmeklesana ar molekularas biologijas metodem/ Testing by molecular biologic methods

N
MRSA apstiprinasana — mecA geéna noteik¥ana/

Approving of MRSA — mecA gene detection
(n=163)

S J
% | MRsA spa tipeSana/
/" Enterotoksimu kodg&joso genu (sea, seb, sec, seh) N MRSA spa typing
- (n=132)
noteikSana/
Detection of enterotoxin coding gene (sea, seb, sec, seh)
L =132) ) @
-
MRSA MLST tipésana/
MRSA MLST typing
Mikrobiologiska izmekle¥ana/ (n=6)

Microbiological testing
e 2
Antimikrobialas rezistences noteikSana/
Detection of antimicrobial resistance
(n=132) P,

3. att. Kop€ja pétijuma shéma/
Fig. 3. Scheme of the study

Veicot mikrobiologisko izmekl&$anu, paraugi no transportbarotném vai petri
platém (vides gaisa paraugi, kas iegiiti ar Koha sedimentacijas metodi) tika uzseti uz
Baird-Parker agara. Raksturigakas kolonijas tika krasotas péc Grama,
mikroskopétas. Izolatu talakai parseSanai un apstiprinasanai izmantots Mannita sals
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agars (MSA), plazmas koagulacijas tests, S. aureus selektiva barotne CHROMagar
Staph aureus, MRSA selektiva barotne CHROMagar MRSA.

Izmantojot molekularas biologijas metodes, veikta DNS izdalisana, MRSA
noteikSana (apstiprinaSana pec mecA géna), enterotoksinu kodgjoso génu noteiksana,
MRSA izolatu tipeSana p&c spa géna un péc MLST.

Ar PCR apstiprinatajiem MRSA izolatiem veikta antimikrobialas rezistences
noteikSana pret 12 antibiotikam - penicilinu, amoksicilinu kopa ar klavulanskabi,
cefaleksinu ciprofloksacinu, tetraciklinu, klindamicinu, eritromicinu, gentamicinu,
meropenemu, oksacilinu, trimetoprim-sulfonamidiem un vankomicinu, izmantojot
Kirby Bauer disku diftzijas metodi.

Datu statistiska apstrade veikta, izmantojot SPSS 16 programmu (SPSS,
INC., Chicago, IL, USA). Darba tika izmantota kontingences analize un y? tests, lai
noteiktu stafilokoku sastopamibas atSkiribas starp ciiku vecuma grupam
saimniecibas un kautuvés. Atskiribas tika novertetas ka bitiskas, ja p vertiba bija
<0.05. Pazimju saistibas cieSuma noteikSanai izmantojam Kramera V koeficientu,
kas atrodas robezas no 0 lidz 1. Jo vertiba tuvaka 1, jo starp pazimém bija verojama
cieSaka saistiba jeb mikroorganismu sadalifjums izteikti atSkiras dazadas
saimniecibas /kautuves. Izmantojot Beijesa teorému, darba rezultatos tika pieraditas
stafilokoku diagnostikas iesp&jas ciikam ir atkarigas no izmekléta parauga veida.

PETIJUMA REZULTATI UN DISKUSIJA

MRSA sastopamiba cikam saimniecibas

S. aureus ir viens no nozimigakajiem partikas toksikoinfekciju, pneimoniju,
briicu infekciju un nozokomialo infekciju izraisitajiem (Tiemersma et al., 2004). Ir
konstatgts, ka starp visiem lauksaimniecibas dzivniekiem, tieSi ciikas ir potencials
MRSA infekcijas avots cilvekiem, kuri ir bieza kontakta ar Siem MRSA
kolonizgtajiem dzivniekiem, it Tpasi ciikkopibas nozaré stradajosie — novietnu un
kautuvju darbinieki un veterinararsti (Huijsdens et al., 2006; Voss et al., 2005; Wulf
et al., 2006). Niderlandé veiktaja p&tijuma konstatéts, ka 40.0% cuku bija MRSA
CC398 nésatajas (MRSA konstatéts nasis) (de Neeling et al., 2007; van Duijkeren et
al., 2008). Lidzigi zinojumi ir konstat&ti ar citas valstis - Belgija (Denis et al., 2009),
Danija (Guardbassi et al, 2009), Vacija (Witte et al., 2007), ASV (Smith et al., 2009),
un Singaptira (Sergio et al., 2007).

P&ttjumos pieradits, ka MRSA ir sameéra biezi sastopams majdzivnieku vidd,
pie kam, vérojams sastopamibas pieaugums. Vacija 2015. gada MRSA pozitivas bija
40.0% izmekl&to cuku (Idelevich et al., 2015), bet 2016. gada — jau 50.3% dzivnieku
(Mutters et al., 2016). MRSA vidgja sastopamiba miisu p&tijuma ieklautaja mazaja
(saimnieciba A) un vid&ja lieluma saimnieciba (B) ir attiecigi 4.2% un 9.5% (skat. 4.
att.), kas ir mazaka neka zinotais citas valstis. Pieméram, Italija MRSA prevalence
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ciku ganampulkos vari€ no 39.8% - 83.7% (EFSA, 2009; Batisti et al., 2010) un
Belgija — no 40.0% lidz 84.0% (Pletnickx et al., 2013; Peeters et al., 2015). Protams,
ka norada arT citi zinatnieki, rezistenta stafilokoka sastopamibas ietekmgjosi faktori
ir saimniecibas un novietnu lielums (Batisti et al., 2010), saimniecibas tips un ciku
iepirkS§ana no citam saimniecibam, un, ka augstaka sastopamiba tiek noverota
lielakas saimniecibas (Crombe et al., 2012), kas sakrit arT ar misu rezultatiem, jo
saimnieciba A, kur ir mazs dzivnieku skaits, MRSA sastopamiba ir vidgji 4.2%
dzivniekiem, bet saimnieciba C, kur ir vislielakais dzivnieku skaits, MRSA
sastopamiba ctikam sastada jau 44.2%.
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40.0
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0.0 -

Saimn.A/ Farma A Saimn.B/ Farm B Saimn.C/ Farm C

m S.aureus ®MRSA

4. att. S. aureus un MRSA sastopamibas salidzinajums saimniecibas/
Fig. 4. Comparison of S. aureus and MRSA occurrence on farms

Salidzinot ar citu valstu veiktajiem pé&tjjumiem, visds miisu pé&tijuma
ieklautajas ciiku saimniecibas ir konstatéts MRSA, bet citiem p&tniekiem - tikai pusei
saimniecibas, t.i., Vacija - 52.0% un Niderlandé 56.0% (Alt et al., 2011). Savukart
Italija veiktaja pétjuma (Batisti et al., 2010) MRSA konstatéts 38.1% no
izmekl&tajam ciiku turéSanas mitném, bet Kina — tikai 3.3% izmekl&to ciku (Guo et
al., 2018).

Misu pétfjuma rezultati lauj savstarpgji salidzinat S. aureus un MRSA
klatbtitni ciikkopibas saimniecibas. Konstat€jam, ka lielaka sastopamiba un zemaka
proporcionalitate starp minétajiem stafilokokiem ir v€rojama saimniecibas ar
augstaku dzivnieku blivumu un lielaku dzivnieku skaitu. Ta saimnieciba A (ar
vismazako dzivnieku skaitu) MRSA sastopamibu ciikam konstat&jam par videji 26%
retak neka S. aureus, savukart saimnieciba C (ar vislielako dzivnieku skaitu) — jau
par 21% retak neka S. aureus. ArT me&s kopuma noveérojam sakaribu - jo intensivaka
ir ciiku audzesana, lielaks ctku blivums un arT dzivnieku skaits novietng, jo biezaka
ir arT MRSA sastopamiba.
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MRSA biezaku sastopamibu lielajas saimniecibas varétu skaidrot ar lielaku
skaitu darbiniekiem, kuri ir MRSA koloniz&ti, ka arT citiem vektoriem — grauzgjiem
un insektiem, ar tuvuma esoSo saimniecibu/telpu gaisu, kas no ventilacijas sisttmam
izplaist arpusé (Alt et al., 2011; Friese et al., 2012; Shulz et al., 2012). Zinams, ka
MRSA pec iekluSanas ciku ganampulka izplatas starp dzivniekiem tieSa kontakta
cela, bet kuts vides putekli un kontamingtas virsmas kalpo ka bitisks MRSA
rezervuars (Broens et al., 2011a).

Joprojam ir saméra maz ilglaicigu p&tijumu par MRSA dinamiku ctikas, un
lielaka dala $adu pétijumu ir veikti, nosakot MRSA klatbutni cikam I1dz kauSanas
vecumam (Broens et al., 2011a, Burns et al., 2014, Verhegghe et al., 2013) vai pat
vel 1saka laika perioda, t.i., Iidz 70 dienu vecumam (Weese et al., 2011). Turklat, Sie
pétijumi neataino individualu dzivnieku rezultatus (Bangerter et al., 2016), savukart
citu autoru (Burns et al., 2014; Weese et al., 2011) p&tjjumi ir veikti tikai viena
saimniectba, bet Broens (Broens et al, 2011) veiktaja petjuma ir iegdti
mikrobiologiskie kopparaugi no cikam pirms un p&c transportésanas uz kautuvi.

Miisu pétljuma S. aureus un MRSA prevalence dzivnieku vecuma grupas
vari€. Vidgji vislielako S. aureus sastopamibu konstatgjam 4 Iidz 4.5 ménesus veco
sivénu vida (vidgji 52.8% dzivniekiem), bet zemako - sivéniem lidz atSkirSanai
(vidgji 33.3%) (skat. 5. att.). Kopuma 39.3% dzivnieku uzradija S. aureus klatbiitni.
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neatSkirtie/  3-3.5 mén./3-3.5 4-4.5 mén./ 4-4.5 nobarojamie/
suckling month month fattening

m S.aureus ®MRSA

5. att. S. aureus un MRSA sastopamibas salidzindjums saimniecibas ciikam
dazadas vecuma grupas/
Fig.5. Comparison of S. aureus and MRSA occurrence in farms for pigs in different
age groups
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Savukart, vidgji vislielako MRSA sastopamibu mes ciikam noverojam ne
tikai 4-4.5 ménesus (vidgji 31.9% dzivniekiem), bet jau ar1 3-3.5 méneSus vecu ciiku
vida (vidgji 26.6% dzivnieku). Burns ar lidzautoriem (Burns et al., 2014) sava
petijuma ir noradijis, ka visaugstaka MRSA sastopamiba ir v€rojama sivéniem 2
dienas pec atSkirSanas, bet samazinata — pirms atskirSanas perioda. Lidzigi rezultati
atrodami arT citu autoru p&tijjumos (Smith et al., 2009; Weese et al., 2010; Broens et
al., 2011; Verhegghe et al., 2011). Ar Belgija veiktaja pétjjuma (Pletinckx et al.,
2013) visaugstaka MRSA sastopamiba konstatéta atskirto sivénu vida — 86.3% un
nobarojamo ciiku vidi — 86.3%, bet viszemaka — neatskirto sivénu vidi.

AT m@s pétjjuma zemako MRSA sastopamibu konstatgjam sivéniem Iidz
atSkir§anai (12.5% gadijumu) un nobarojamam ciikam (vidgji 10.9% dzivnieku), bet
Vacija (Alt et al., 2011) — 52% un Niderlandé — 56% (Broens et al., 2011). No mums
atSkirigus rezultatus ir ieguvusi arT Mutters ar lidzautoriem (Mutters et al., 2016),
augstaku MRSA sastopamibu konstatgjot nobarojamo ctuku (59.8%), neatskirto
sivénu (49.0%) un sivénmasu (25.6%) vidd.

Kopuma 19.7% dzivnieku S. aureus uzrada meticilina rezistenci. No p&tfjuma
rezultatiem noverojam, ka MRSA sastopamiba palielinas proporcionali S. aureus
klatbtitnei un sivénu vecumam l1idz 4 - 4.5 meéneSiem.

Saskana ar autoru (Weese et al., 2010; Dewaele et al., 2014) skaidrojumiem,
MRSA prevalences paaugstinasanas atSkirSanas perioda ir saistita ar MRSA pozitivo
un negativo ciiku sajauksanos, veidojot jaunas grupas; ka arT atSkirSanas perioda
stresu; ar vecumam saistito imunitates samazinasanos (mates antivielu zudums);
jaunam telpam un to kontaminaciju no ieprieksgjiem dzivniekiem.

Misu pétfjuma ieklautajas saimniecibas, atkariba no ciuku audzgSanas
Ipatnibam, 3 - 4.5 mé&nesu vecuma ciikas tika parvietotas uz nobaroSanas kutim, kur
notika jaunu grupu veido$ana. Jaunas mitnes, telpas un aprikojums, ka arT pati
parvieto$ana un pargrup&sana, bitiski dzivniekiem izraisa papildus stresu, tadgjadi
tie ir riska faktori, kam vajadzetu bt pastiprinati kontroletiem, lai izvairitos arT no
MRSA parne$anas iesp&jamibas.

Analiz€jot MRS A sastopamibu ciikam daZadas vecuma grupas un dazada
lieluma saimniecibas (skat. 6. att.), konstatgjam, ka neatskirto sivénu grupa MRSA
sastopamiba vari€ja no nulles (saimnieciba A) Iidz 21.9% (saimnieciba C). Lai ar1
miisu MRSA sastopamibas raditaji ir zemaki neka Mutters (Mutters et al., 2016)
petijuma, tomér saimnieciba C izmekl&tajam ciikam neatskirtajiem sivéniem (MRSA
sastopamiba 21.9%) bija uz adas noveérojami strutojosi procesi. Lai arT visbiezak
strutojosSus adas procesus, abscesus un eksudativu epidermitu cikam izraisa tiesi
Staphylococcus hyicus, tomér, ka rada citu zinatnieku un veterinararstu pieredze
(Pomba et al., 2010), tris cuku saimniecibas tika konstatéts MRSA izcelsmes
eksudativs epidermits 15.0% seSu ned&lu veciem sivéniem, kas rezultgjas ar 20.0%
mirstibu. Diagnoze tika apstiprinata, izolgjot MRSA no briicu un adas bojajumu
paraugiem. Saja pétijuma (Pomba et al, 2010), tapat ka misu izmekletaja
saimnieciba C, galvenokart dominé MRSA spa tips t011 (10 MRSA izolatiem no
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13), kas norada uz to, ka, saimnieciba C neatskirtajiem sivéniem strutojo$o procesu
ierosinatajs varétu biit MRSA.
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Fig. 6. Occurrence of MRSA (%) in farms of different ages of pigs

Grupa — 3 lidz 3.5 ménesus vecas ciikas - MRSA konstatéts tikai saimnieciba
C (novietng ar vislielako dzivnieku skaitu), turklat ar loti augstu sastopamibas
raditaju, t.i., 70.8% izmeklétam ctkam.

Kas attiecas uz petama stafilokoka klatbiitni 4 - 4.5 m&nesus vecam ciikam,
tad tas konstatets visas petijuma ieklautajas saimniecibas, tacu MRSA sastopamiba
§1s grupas vecuma ciiku vidi vari€ no 8.3% (saimniecibas A un B) Iidz pat 79.2%
(saimnieciba C).

Savukart nobarojamo ciiku vidi MRSA konstatets visas saimniecibas
apm@ram vienadi, t.i., no 8.0% saimnieciba A Iidz 12.4% un 12.5% attiecigi
saimnieciba C un B.

Danija veiktaja pétijuma (Agerso et al., 2012), analiz§jot vairaku tipu
saimniecibas — 1) saimniecibas, kuras tiek turtas ciikas tikai nobaroS3anai, 2)
saimniecibas, kuras tiek turétas nobarojamas ctikas un atskirtie sivéni, ka ar1 3) pilna
cikla saimniecibas ar sivénmatem, atskirtajiem sivéniem un nobarojamam ctkam ir
konstatgts, ka vislielaka MRSA sastopamiba ir tiesi pilna cikla saimniecibas (20.9%),
tad nobarojamo ciiku saimniecibas — 12.2% un tad atskirto sivénu un nobarojamo
ciiku saimniecibas — 9.9%. Misu pétijuma datus $ada griezuma ir griiti analizet, jo
vienas saimniecibas ietvaros ir izveidotas vairakas ciiku mitnes un pat novietnes, kur
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attiecigd vecuma tiek parvietoti atSkirtie sivéni vai parvestas nobarojamas ciikas
vienas saimniecibas ietvaros, neveicot nobarojamo ciiku ganampulka komplektaciju
no dazadam saimniecibam un novietném, tadel misu skatijuma ciiku vecuma grupas
nav galvenais c€lonis MRSA sastopamibas atSkirtbam, jo saimniecibas tas ir loti
dazads.

MRSA sastopamiba ciikas un cuku liemenos kautuves

MRSA sastopamiba ciikas un ciku liemenos, kas paredzeti partikai, ir
sabiedribas veselibas probléma, jo MRSA saslimSanas gadijumi arvien turpina
picaugt (Witte et al., 2007). Citu zinatnieku analiz&tajos kautuves iegiitos paraugos
konstatéts, ka MRSA prevalence dzivas ciikas ir vidgji 39.0%, bet kautuves esosas
ciikgalas partijas pat 81.0% gadijumu ir MRSA pozitivas (De Neeling et al., 2007).
Ir arT pretgji rezultati, kad MRSA netika konstatéts nevienai no 440 izmekl&tajam
ciikam, ka arT netika izol€ts no puteklu paraugiem (n=15) (Horgan et al., 2011).

Veicot pétijuma izvéletajas kautuvés no 100 ciikam iegiito nazalo un rektalo
paraugu izmekl&$anu, konstatéts, ka S. aureus sastopamiba vari€ (skat. 7. att.), un ir
veérojamas biitiskas atSkiribas gan saistiba ar kautuves lielumu, gan ar izmeklgjama
parauga veidu. Izvertgjot stafilokoku sastopamibu kautuvés ar dazadu kauSanas
jaudu, konstatgts, ka visbiezak S. aureus ieguts tiesi no kautuvém ar lielaku kauSanas
jaudu. Kautuvé D (ar mazu kauSanas jaudu) S. aureus sastopamiba ciikam ir
konstateta vid&ji 52.0% dzivniekiem, turpretim kautuvé G (ar lielu kausanas jaudu)
— 89.6% ciku.

A1 MRSA sastopamiba bitiski varie¢ atkariba no kauSanas jaudas.
Kautuvé D (ar vismazako kauSanas jaudu) MRSA sastopamiba ir vid&ji 8.0%
dzivniekiem, turpretim kautuvé G (ar vislielako kausanas jaudu) —88.6% (skat. 7.
att.). Kopuma novérojam sakaribu: jo lielaka ir kausanas jauda un lielaks dzivnieku
skaits koncentr&jas kautuvé isaka laika perioda, jo augstaka ir pétamo stafilokoku
sastopamiba. Tatad konstatéjam vid€ji lielaku (51.0%) rezistenta stafilokoka
sastopamibu neka citi p&tnieki, piem., Danija veiktaja petijuma (Agerso et al., 2012)
MRSA sastopamiba kaujamo ciiku vidii pirms plaucésanas ir 13.0%. Savukart Sveice
veiktie petijumi (Overesch et al., 2012; Butner et al., 2014) 4 gadu dinamika uzrada
krasu MRSA sastopamibas kapumu, t.i., 2009. gada veiktaja pétijuma MRSA
sastopamiba kautuves bija 2%, bet 2013. gada sasniedza jau 20.8%.
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Fig.7. Comparison of S. aureus and MRSA occurrence in pigs in slaughterhouses

Kopiga tendence ar stafilokoka augsto sastopamibu cikam kautuvés liecina
par to, ka biitiska ietekme MRSA sastopamibai ir kontaminacijas faktors — kautuve
cukam ir lielas saskarsmes iesp&jas ar dazadu saimniecibu cikim un nereti
parvadasanas noliikos tiek izmantoti vieni un tie pasi transportlidzekli. Turklat par
kontaminacijas lielo ietekmi liecina no kautuvju cikam pétfjuma izoléto MRSA spa
tipu liela dazadiba.

Konstatgjam, ka lielai dalai no MRSA negativajiem dzivniekiem péc
parvietoS$anas uz kautuvi - 35-95% no ieprieks testétajam ciikam péc apdullinasanas
izole MRSA, ka ar1 visliclaka MRSA sastopamiba $aja pétijjuma konstatéta ctikam
nobaroSanas perioda sakuma posma, kas savukart atkal saistits ar ciiku pargrup&sanu,
jaunu grupu veidoSanu un ciiku parvietoSanu/transportéSanu no vienas mitnes vai
novietnes uz otru. Lidz ar to transporté$ana uz kautuvi un ciku uzturé$anas kautuve
ir uzskatams par kritisko punktu MRSA sastopamiba (Bangerter et al., 2016; Broens
et al., 2011; de Neeling et al., 2007).

Viens no galvenajiem iemesliem MRSA kontaminacijai varétu biit cieSais
kontakts Saura, ierobezota telpa dzivnieku transport€Sanas laika uz kautuvi. P&tnieki
norada, ka visbiezak MRSA kontaminacija ciikam notiek tieSa kontakta cela ar
deguna spoguli, adu, vaginu vai fekalijam (Moodley et al., 2011; Broens et al.,
2011a). Broens (Broens et al., 2011a) ir noradijis, ka iepriek§ parbauditas un
mikrobiologiski negativas ciikas uz MRSA p&c transport€Sanas un uzturé$anas
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kautuve (kopa 3,5-16.5h) ciesa kontakta ar citam ciikam no dazadam saimniecibam,
60% gadijumos apdullinaSanas posma jau ir MRSA pozitivas. lesp&jamais
kontaminacijas avots transporté$anas laika varétu bat arT automasinu vaditaji un/vai
kautuvju personals (Broens et al., 2011a).

Saja péttjuma konstatéts, ka, ievérojot kautuvés labu higiénas praksi, MRSA
kontaminaciju no dzivam ciikam (sastopamiba 40.0% - 88.6%) var samazinat (0.0%
- 24.0%). Musu pétijuma kopuma no 105 izmeklétajiem liemeniem, kautuvés uz
6.7% liemenu virsmas ir konstatéts MRSA.

A1 Danijas zinatnieki (Agerso et al., 2012) kopuma konstatgjusi, ka MRSA
sastopamiba dazadu valstu ctikgala ir vidgji 7.5%, kas ir tuvs raditajs miisu ptijuma
rezultatiem. Analiz&jot valstu datus ar izmekleto paraugu skaitu virs 10, p&tnieki
tomér visaugstako MRSA sastopamibu konstaté ciikgala, kas ievesta no treSajam
valstim — 42.5%, no Niderlandes — 19.0%, un biitiski zemaku — ar Danijas (4.6%) un
Vacijas (2.1%) izcelsmi (Agerso et al., 2012).

MRSA klatbiitne ctiku liemenos ir potencials partikas risks gan paterétajiem,
gan nozar€ stradajosSiem, tade] butiski ir to samazinat, ievieSot tadus pasakumus ka
personala apmaciba biodrosibas un labas higi€nas prakses jautajumos visos partikas
k&des posmos, sakot jau no primaras razoSanas, Iidz tirdzniecibas vietam.

Zinams, ka ievérojot atbilstosus higiénas un dezinfekcijas pasakumus (darba
apgérba, apavu un cimdu tiri$ana, virsmu un aprikojuma mazgasana un dezinfekcija),
ir iespgjams izvairities no liemenu kontaminacijas, tomér atsaro$ana, izmantojot
plaucéSanas metodi, Sobrid kautuvés potenciali ir viens no liclakajiem riska
faktoriem ciiku kautkermenu virsmas un dabigo atveru kontaminacijai. Ka pieradits
petijuma (Yaniarti et al., 2017) par S. aureus izturibu piena pie dazadiem
pasterizacijas laikiem un temperatiiram, S. aureus bojaeja ir noverota tikai sakot no
70 °C temperatiiras izturéSanas 50 miniites, savukart pazeminot laika intervalu, $aja
temperatira S. aureus saglaba dzivot un vairoties sp&ju. Cuku kautkermenu
atsaro$anas tehnologijas ietvaros plaucéSanas vannas Gdens temperatiira parasti tiek
uzturéta 1idz 60 °C (FAO, 1991), lai izvairitos no termiskas ietekmes uz adu. Tapat
kautuves plauceSanas vannas tidens tiek nomainits tikai p&c vairaku kautkermenu
atsaroSanas (musu pétijuma ieklautajas kautuvés tidens tika mainits vid&ji pec 10-15
kautkermenu apstrades). K& més to novérojam kautuves, plaucésanas tidens tiek
mainits tikai tad, ja vizuali ir acimredzami netirs un putains. Biezak Tidens tiek
nomainits tajas plauc@Sanas vannas, kuram nav atseviSks nodalfjums, kura tiek
savakti liela izméra nettrumi un sari, savukart tam plaucéSanas vannam, kuram ir $is
atseviskais nodalfjums, nereti darba gaita tiek iztuksots tikai tas un plaucésanas tidens
tikai papildinats. No iepriek§ minéta secinams, ka kautkermenu atsaroSanas
tehnologija, kura izmanto fideni ar temperatiiru Iidz 60 °C vairaku kautkermenu
atsaroSanai, kalpo ka viens no potencialajiem S. aureus ciku kautkermenu
kontaminacijas avotiem.
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MRSA sastopamiba saimniecibu un kautuvju vidé un
darbiniekos

Zinams, ka MRSA Kklatbiitne gaisa un puteklos apgriitina bakterijas
sastopamibas samazinaSanu, veicina mikroorganisma sastopamibu gaisa, turklat
MRSA puteklos spg&j izdzivot lidz pat septiniem ménesiem (Friese et al., 2012).

Lai arT petfjuma laika izmekl&tajos ciiku novietnu gaisa paraugos S. aureus
sastopamiba vidgji bija 9.1% gadijjumu (skat. 8. att.), tom&r p&tamo stafilokoku
konstatéjam tikai viena novietné (liclaja saimnieciba C 3-3.5 ménesus vecu ciiku
mitnés) 25.0% gadijumu (2 no 8 testétiem paraugiem), pie tam, $aja C saimnieciba
ctikam vidgji konstatgjam visaugstako MRSA sastopamibu. Ka galvenais c€lonis te
varétu but bieZza $1 vecuma dzivnieku pargrupéSana un parvieto$ana. No
saimniecibam A un B visi testéSanai iegilitic paraugi uzrada negativus rezultatus.
Atskirba no S. aureus klatbiitnes ciiku novietnu gaisa paraugos, MRSA pétijuma
laika tom@r nekonstat€jam, lai arT citi zinatnieki ir novérojusi, ka saimniecibas
MRSA pozitivo ctku attieciba ir ciesi saistita ar MRSA pozitivo gaisa paraugu
attiecibu mitn@s. Tas liecina par to, ka lielaks skaits MRSA pozitivo ctuku palielina
ar1 MRSA izplatibu gaisa un apkartgja kiits vide. Tapat neliels MRS A kopskaits ciku
nazalajos paraugos, kas korele ar baktgriju skaitu vides paraugos, liecina par MRSA
ciku nazalo kontaminaciju nevis par persistentu MRSA né&sasanu (Friese et al.,
2012). No ieprieks min&ta varam spriest, ka miisu p&tijjuma izvéletajas saimniecibas
tomér dzivnieki ir MRSA persistenti infic&ti.
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8. att. S. aureus un MRSA sastopamibas salidzinajums saimniecibas piena,
vides un no darbiniekiem iegiitos paraugos/
Fig. 8. Comparison of S. aureus and MRSA occurrence in milk, environmental and
employee samples
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Salidzinot citu pé&tnieku datus, MRSA sastopamiba ir atskiriga. Vides
paraugos, kas iegiiti aizgaldos (Friese et al. 2012), MRSA ir konstatéts 85.2%
paraugu, bet MRSA prevalence puteklu paraugos ir pat 100%, turprett EFSA (2009)
zinojusi MRSA prevalenci puteklu paraugos 0.0%, kamér Sveices zinatnieku
(Masclaux et al., 2013) pétijuma S. aureus konstatéts 32.4% ctkkopibas saimniecibu
gaisa paraugos. Dalgji rezultatus varétu izskaidrot ar atSkirigdm paraugu iegisanas
metodém, jo augstak mingtie petnieki izmantojusi gaisa un puteklu analizém
filtracijas un gaisa saspieSanas metodi ar specialu aprikojumu, bet més pé&tijuma
izmantojam Koha sedimentacijas metodi (Boucher et al., 2010), kas vargtu biit par
c€loni zemajai MRSA prevalencei (4.0%) miisu iegiitajos vides paraugos.

Lai p&c iespgjas samazinatu MRSA izplatibu vidé un mitnés, ka arT jauno
klatievesto ciku kolonizaciju ar ieprieks€jo dzivnieku grupu MRSA, loti svariga ir
efektivas tiriSanas un dezinfekcijas programmas ievieSana ciiku mitn€s pirms jauno
dzivnieku grupu ievietoSanas. Dezinfekcijas programma biitu nepiecieSams ieklaut
ne tikai kiits virsmu un konstrukciju dezinfekciju, bet arT ventilacijas sist€mu
dezinfekciju. Atkariba no katras saimniecibas ventilacijas sistémas uzbtives un ciku
mitnu savstarpgja izvietojuma un kontakta iesp&jam, MRSA izplatiba (gan viena
mitne un &ka, gan vairakas) ir iesp&jama pa ventilacijas sistemu, jo MRSA klatbiitne
gaisa var izraisit neskartu dzivnieku kolonizaciju pat bez tieSa kontakta iesp&jas ar
jau kolonizétiem dzivniekiem (Gibbs et al., 2004; Friese et al., 2012; Bos et al.,
2014).
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9. att. S. aureus un MRSA sastopamibas salidzinajums darbinieku, vides un
liemenu paraugos kautuves/
Fig. 9. Comparison of S. aureus and MRSA occurrence in samples of workers, the
environment and carcasses in slaughterhouses
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Misu pétijuma kautuvju vides paraugos (skat. 9. att.) (darba virsmas,
aprikojums un dazadi priekSmeti, kas saskaras ar liemeniem, kautuvju grida un gaiss)
MRSA pozitivi uzradijas tikai 2 paraugi (8.3%), t.i., paraugs, kas tika panemts no
plaucésanas vannas lieljaudas kautuvé (D), un paraugs, kas tika iegiits no gridas
kautuve F.

Misu pétijuma konstatetd zema MRSA sastopamiba virsmu paraugos
(aprikojums, darba galdi, cimdi, gridas, plii¢u kastes) un MRSA nekonstatSana,
izmantojot Koha sedimentacijas metodi, tomér norada, ka MRSA nav sastopams
kautuvju gaisa, lai arT zinams, ka putekli ir viens no galvenajiem faktoriem, kas
veicina bakteriju sastopamibu vide (Feld et al., 2018).

Konstatéts, ka MRSA ciiku audzésanas saimniecibas konstatéts ne tikai vidé
un dzivniekiem, bet arT tur esoSiem grauzgjiem, suniem, kakiem, ka arT saimniecibas
apkalpojoSiem veterinararstiem un saimniecibu darbinieku gimenes locekliem
(Pletinckx et al., 2013).

Augstas attistibas un industrializacijas valstis MRSA infekcijas cilvékiem ir
viens no biezak sastopamajiem naves c€loniem. Papildus jau tradicionalajiem
inficEsanas celiem ar MRSA, p&dgja laika arvien biezak tiek konstateéta MRSA
parnese tieSa kontakta cela starp cilvekiem un produktivajiem dzivniekiem
(Wendlandt et. al., 2013b), ka ari pieaug infic€Sanas risks no dzivnieku izcelsmes
neapstradatas partikas produktiem, it 1pasi jelas galas (EFSA 2009; Kock et al.,
2013).

Niderlandé 2011. gada veiktaja pétijjuma 39% no slimnicu pacientiem
ieglitajiem MRSA izolatiem, konstatéts, ka tiem ir majdzivnieku izcelsme (Hetem et
al., 2013.). Vacija joprojam turpina pieaugt MRSA majdzivnieku izcelsmes
prevalences raditaji (Schaumburg et al., 2012; Kocket al., 2013). Veicot genétiska
materiala apmainu ar virulentakam baktgrijam, majdzivnieku izcelsmes MRSA tatad
var kliit par nopietnu sabiedribas veselibas draudu (Cunny et al., 2013).

Kas attiecas uz pétijuma cukkopibas saimniecibas stradajoSiem ka
iespgjamiem stafilokoku nesatajiem, jo zinams, ka MRSA sastopamiba gaisa ir
potencials risks ctikkopibas nozaré stradajosajiem (Friese et al., 2012), tad kopuma
no iegilitajiem 15 nazalajiem paraugiem, pozitivus rezultatus uzrada vidgji 13.3%
stradajoso darbinieku (skat. 7. att.). Citu autoru p&tijjumi $aja zina krasi kontrastg ar
miisu datiem — Australija veiktaja pétijjuma (Shabizada et al., 2018) MRSA
konstatets 60.0% ciku audzesana saimniecibu darbinieku nazalajos paraugos, kamér
Italija veiktaja pétjjuma (Mascaro et al., 2018) — tikai 7.3% darbinieku. Misu
veiktaja pétfjuma saimniecibas C (ar vislielako dzivnieku skaitu) darbiniekiem
S.aureus nav konstatts vispar, turpretim saimniecibas A un B stradajosie 25%
gadijumos (1 no 4 paraugiem) uzrada S.aureus pozitivus rezultatus, pie tam, visi no
darbinieku elposanas celiem izolgtie stafilokoki uzrada ar1 rezistenci pret meticilinu.
Pretgji miisu ieglitajiem rezultatiem citu zinatnieku petfjumos (Smith. et al., 2013;
Reynaga et al., 2016) biezaka MRSA sastopamiba ctuikkopibas industrija iesaistito
darbinieku vidi ir tie$i saimniecibas ar visaugstako MRSA prevalenci ctuku vid,
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tom@r Vacija veiktajos petijumos (Anwar et al., 2001; Kock et al., 2011) konstat&ts,
ka tiesi augstaka MRSA sastopamiba konstateta kopgjai cilveku populacijai neka
tiem cilvékiem, kas nodarbinati ctkkopibas industrija. Arl arstéSanai noteiktu
antibiotiku izvéle saimnieciba var kalpot ka veicino$s vai ierobezojoss faktors
MRSA izplatibai ciiku un talak arT darbinieku vida (Schmitthaussen et al., 2015). To
apstiprina ar1 fakts, ka, lai arT miisu petitaja saimnieciba B antibiotikas ctikam tiek
pielietotas arT profilaktiskos noliikos, ne darbinieku, ne dzivnieku vidii nav novérotas
butiskas atSkiribas, salidzinot ar saimniecibu A, kur antibiotikas tiek lietotas tikai
arstnieciskos noltikos. S. aureus nekonstatéSana darbinieku vidi saimnieciba C
iesp&jams skaidrojama ar to, ka ctiku mitnes bija izbGivétas un tajas izvietotas ciikas
vien dazus méneSus pirms misu izmeklgjumu veikSanas, ka arT organoleptiski
vertgjot, mitnes gaiss, salidzinot ar abam ieprick§€jam saimniecibam, bija mazak
puteklains un sastavéjies, gaisa bija jitama zemaka amonjaka koncentracija, ka ar1
saimniecibas C darbinieki riipigak ievéroja higi€nas pasakumus (roku dezinfekcija
un mazgasana p&c katras ciiku grupas apmekl&juma).

Literatira mingts, ka augsta MRSA sastopamiba kautuvju ciku vidd ir
potenciali augsts riska faktors arT cikkopibas industrija stradajosajiem (saimniecibu
un kautuvju personals, ka arT So nozari apkalpojosie veterinararsti). Ir pieradits, ka
ciikkopibas nozaré stradajosie cilveki, kuri vairakas stundas ned€la pavada ciesa
kontakta ar MRSA kolonizeétam vai inficétam ctkam, ir paklauti augstam MRSA
nazalas kolonizacijas riskam (Voss et al., 2005; Witte et al., 2007; Moodley et al.,
2008; Denis et al., 2009). Kopuma cilvéku populacija ir vérojama augsta S. aureus
kolonizacija (apméram 30.0%), kamér MRSA nazalas kolonizacijas Iimenis ir
zemaks (0.7-1.5%) atkariba no geografiska areala (Wertheim et al.. 2004; Gorwitz et
al., 2008; Munckhow et al., 2009). Cilveku kolonizacija ar stafilokokiem nozimé, ka
sadi n€sataji klust par rezervuariem un tieSa kontakta cela var nodot So infekciju
citiem, var kontamingt partiku un virsmas, kas ir kontakta ar partiku. Turklat,
subkliniska MRSA n&sasana cilvéku vidi ir viens no riska faktoriem infekcijas
kliniskai izpausmei (Cohn, Middleton, 2010; Jordan et al., 2011). MRSA no
produktivajiem dzivniekiem var tikt parnests uz kautuvju vidi, tadgjadi kalpojot ka
kontaminacijas avots kautuvés stradajosajam personalam (Wendlandt et al., 2013a).

P&tot MRSA klatbiitni kautuves stradajosa personala augs€jos elpoSanas
celos, konstat§jam, ka mazas jaudas kautuvé D 21.1% darbinieku ir p&tama
stafilokoka n&sataji, bet lieljaudas kautuvés F - 24.0% un G - 16.7% (skat. 8. att.).
Vidgji Saja petijuma 21.1% kautuvju stradniekiem ir konstatets MRSA nazalajos
paraugos, kas ir augstaks raditajs neka vairums citu valstu pétijumos: Irija (Horgan
et al, 2011) MRSA konstatéts tikai diviem no 100 izmekletajiem kautuvju
darbiniekiem, Italija (Normanno et al., 2015) MRSA konstatéts 9 no 113 pétjjuma
ieklautajiem kautuvju stradniekiem, Sveicé — nevienam no 179 pétijuma ieklautajiem
darbiniekiem (Huber et al., 2009), Kina — nevienam no 107 kautuvju darbiniekiem
(Cui et al., 2009), Niderlandg - 5.6% kautuves stradajosajiem, kas ir augstak neka
prevalence vidgji cilvéku populacija (0.1%) (van Cleef et al., 2010). Lidzigi dati ir
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publicéti arT cita Niderlandes zinatnieku pétijuma (Gilbert et al., 2012), kur noradits,
ka 11 no 341 (3.2%) kautuvju darbinieki ir dzivnieku izcelsmes MRSA (LA-MRSA)
nésataji. Spanija veiktaja petijuma konstatéts, ka 14.3% kautuvju darbinieku ir
MRSA nésataji (Morcillo et al., 2011), savukart Vacija (Mutters et al., 2016) MRSA
konstatéts 61.9% ciikkopibas industrija iesaistito personu, tai skaita, saimniecibu
darbiniekiem, veterinararstiem un veterinarmedicinas studentiem. Augsta MRSA
koncentracija ciiku mitnés un kautuves var biit viens no $1s nozares arodslimibu
riskiem.

Citu autoru péetjumi ciku kautuvés uzrada MRSA sastopamibu 5.6%
darbinicku vidd un 22% automasinu vaditaju vidi, kas veic ciku parvadajumus
(Mulders et al., 2010; van Cleef et al., 2010). Tapat ir pieejami dati par to, ka 45.7%
saimniecibu darbinieku ir persistenti MRSA kolonizgti pat laika periodos, kad tiem
nav bijusi saskarsme ar majlopiem, savukart 54.3% ir periodiski MRSA n@sataji vai
negativi visu test€Sanas periodu (Kock et al., 2012).

Nemot vera, ka MRSA klatbiitne konstateta kautuve esosajas ciikas, liemenos
un vide, ir tikai likumsakarigi, ka MRSA ir sastopams arT paraugos no kautuvju
personala, jo darbinieki nevalka respiratoras maskas un ir cie$a kontakta ar ciikam,
turklat to rokas, cimdi, aprikojums, drébes un apavi var kalpot ka vektori infekcijas
parnesanai un talakai izplatibai.

Salidzinot HA-MRSA (humanas (cilvéku) izcelsmes MRSA) sastopamibu
Eiropa ir konstatéts, ka vismazaka HA-MRSA sastopamiba slimnicas ir
Ziemeleiropa (no 0.0% Zviedrija, Norvegija, Igaunija, Danija un Niderland€) un
pakapeniski paaugstinas Centraleiropas virziena, augstakos raditajus sasniedzot
Dienvideiropas valstis Portugalé — 49.1% un Griekija — 55.6% (Borg et al., 2012).
Tomér Sie raditaji attieciba uz Latviju (4.5%) (Borg et al., 2012) ir vairakkart zemaki
neka miisu petijuma dati par MRS A sastopamibu ctikkopibas industrija iesaistitajam
personalam — vidgji 17.4% cilveku.

Ir pieradits, ka misdienas Iidz pat 30% cilvéku populacijas ir pastavigi
S. aureus nesataji, kamér otra dala populacijas neuzrada persistentu S. aureus
nésasanu (Kaspar et al., 2016).

Ta cilvéku vida vidgji tikai 20% ir persistenti MRSA né&sataji, 60% -
periodiski n€sataji, bet 20% ir brivi no MRSA kolonizacijas (Wertheim et al., 2005).
MRSA kolonizacijas statuss darbiniekiem, kas neatrodas regulara kontakta ar
majdzivniekiem, ir apskatits vairakos pétijumos (Van Cleef et al., 2010; Kock et al.,
2012). Van Cleef et al. (2011) rezultati norada, ka tslaicigs cilveku kontakts ar
MRSA kolonizétiem dzivniekiem izraisa to kolonizaciju ar MRSA, bet lielakajai
dalai organisms no MRSA atbrivojas 24 stundu laika.

Tapat MRSA sastopamibas samazinasanu, manuprat, varétu panakt, izslédzot
vai lidz minimumam samazinot kontaktu ar cikam, kas nakuSas no dazadam
novietn€m un saimniecibam, vai veicot tikai MRSA negativu ctiku transportésanu.
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MRSA diagnostikas iesp€jas atkariba no paraugu veida
(nazalie, rektalie, piena paraugi)

Lai arT mikrobiologijas joma daudz un plasi tiek pétita MRSA sastopamibas
un izol€Sanas iesp€jas, tomer ir maz petijumu par MRSA izoléSanu no dazadiem
paraugu veidiem un efektivako paraugu nemsanas vietu. Lidz $im lielakoties MRSA
diagnosticésana ctikam tiek veikta, iegiistot nazalos paraugus. Francijas zinatnieku
veiktaja petjuma (Jouy et al., 2010) MRSA nav konstatets rektalajos paraugos, bet
ir konstat€ts nazalajos paraugos, savukart citu zinatnieku petijumos (Moodlay et al.,
2011; Broens et al., 2011 b; Szabo et al., 2012) MRSA tika konstatéts arT rektalajos
paraugos, tom@r ieverojami mazak neka nazalajos paraugos — ta Szabo pé&tjuma
(Szabo et al., 2012) MRSA ir izoléts 77.0% gadijumu no nazalajiem paraugiem un
40.0% gadijumu no rektalajiem paraugiem. Tomér iepriek§ mingtie p&tijumi liecina
tikai par mikrobioma sastopamibu un ta iesp&ju iekliit dazadas organisma sist€mas,
nesaistot tos ar MRSA sastopamibu vide un lielakajiem kolonizacijas riska
faktoriem, jo p&tfjumi un paraugu iegtsSana veikta p&c intaktu dzivnieku nazalas
inokulacijas ar MRSA suspensiju, un dzivniekus izvietojot MRSA neskarta vide.
Savukart Belgijas zinatnieku (Dewaele et al., 2011) veiktaja pétijuma bez dzivnieku
ieprieksgjas eksperimentalas kolonizacijas ar MRSA, kur pétita MRSA izoleSana no
nazalajiem, perineum apvidus, adas un rektalajiem paraugiem, konstatéts, ka
visaugstaka MRSA sastopamiba ir tie$i nazalajos paraugos (83.0%), perineum
apvidus paraugos (71.0%) un adas paraugos (69.0%), savukart viszemaka MRSA
sastopamiba novérota rektalajos paraugos (47.0%), kas norada, ka mikrobiologisko
paraugu iegiSana cikdm no deguna dobuma prieksgjas dalas ir viens no
efektivakajiem pan€mieniem, lai noteiktu, vai dzivnieks ir kolonizéts ar MRSA.
Turklat, palielinot izmekl&jamo apvidu un organu sist€ému skaitu, palielinas MRSA
izolesans iesp€jas, ka arT iesp&ja noteikt vienlaicigi dazadu sekvencu un spa tipu
MRSA Kklatbiitni viena dzivnieka (Dewacele et al., 2011).

Petijuma, izverte§jot MRSA sastopamibu saimniecibas ciikam dazadas
organisma (t.i., elpoSanas un gremosanas) sistémas, konstatgjam, ka vidgji biezi
(8.2% dzivnieku (n=25)) rezistentais stafilokoks ir atrodams dzivniekiem tikai
augsgjos elposanas celos vai ar vienlaicigi gan elpoSanas, gan gremosanas sistému
paraugos (vid&ji 7.9% dzivnieku (n=24)). Butiski mazak ir ciikas (vid&ji 3.6%),
kuram MRSA sastopamiba ir konstat€jama tikai zarnu trakta paraugos (skat. 10. att.).
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Fig. 10. Comparison of MRSA and S. aureus occurrence in pigs in different body
systems between farms and slaughterhouses

Saimnieciba A (ar vismazako dzivnieku skaitu) ciikam MRSA biezak ir
atrasts elpoSanas sist€émas paraugos (3.1% jeb n=3), saimnieciba B (ar vidgju
dzivnieku skaitu) - augstaka MRSA sastopamiba dzivniekiem ir konstatéta
gremoSanas sisttma (4.8% jeb n=5), bet elpoSanas sisttma (3.8% jeb n=4
dzivniekiem) — nedaudz mazak, savukart saimnieciba C - ar vislielako dzivnieku
skaitu un vislielako izoléto MRSA izolatu skaitu - rezistentais stafilokoks visbiezak
ir konstat@ts dzivniekiem vienlaicigi gan elpoSanas, gan gremosanas sistema —22.1%
(n=23), un nedaudz retak tikai elposSanas sisteéma — 16.3% (n=17). Pielietojot Beijesa
teorému, pieradas, ka, ja ciika ir MRSA nésataja, tad iespgjamiba So rezistento
stafilokoku diagnosticét, izmeklgjot tikai rektalos paraugus, ir 18.0%, savukart,
izmeklgjot tikai nazalos paraugus — jau 42.0%, bet, ja izmekle ciikai vienlaicigi gan
rektalos, gan nazalos paraugus, tad MRSA konstat€Sanas iespg&jamiba ir 40.0%.

Nemot veéra, ka MRSA ir sastopams gaisa un puteklos, ka arT ciku sugas
Tpatnibu ar $nukuru/deguna spoguli apostit un izzinat virsmas, dazadus materialus un
citus dzivniekus, ka arf to, ka, lai izietu cauri gremoSanas traktam, mikrobiomam ir
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jaiztur dazadu gremosanas sulu, kas satur fermentus, ka arT sastopamiba rektalajos
paraugos ir krietni zemaka neka nazalajos paraugos.

Salidzinosi augsta MRSA sastopamiba gremosanas sist€mas paraugos, kas
konstat&ta saimnieciba C, kur siv€éniem noveroti art strutojosi procesi uz adas, varétu
liecinat par samazinatu imunitati, persistentu kolonizaciju un pat klinisku
saslimSanu, jo MRSA dzivniekiem var but par c€loni eksudativam dermatitam,
urincelu infekcijam un mastita-metrita agalaktijas sindromam (vanDuijkeren et al.,
2007).

Analizgjot pétfjuma ieklautajas saimniecibas iegiitos sivéenmasu piena
paraugus (skat. 8. att.), konstat€jam, ka S. aureus sastopamiba vidgji ir 13.0%
paraugu, bet MRSA - 4.3% gadijumu. Izvértgjot sastopamibu saimniecibas,
rezistentais stafilokoks sivénmasu piena nav konstatéts mazaja saimnieciba (A), bet,
palielinoties novietné esoSo dzivnieku skaitam, piecaug ari MRSA sastopamiba,
respektivi, saimniecibas B un C stafilokoka klatbiitne ir konstat€jama piena attiecigi
4.0% un 7.7% sivénmasu. Nemot véra, ka vairaku autoru pétjjumos (Jouy et al.,
2010; Garzoni, Kelley et al., 2009; Sinha, Fraunholz et al., 2010, Szabo et al., 2011)
konstatets, ka MRSA kopa ar asinim pa audiem izplatas ar makrofagiem (jo spgj
pretdarboties makrofagu funkcijai), ka ar1 ir izoléts no mandelém un limfmezgliem,
tai skaita arT no aklas un giizas zarnas limfmezgliem, ir iespgjama MRSA migracija
uz piena dziedzeriem un izdaliSanas arvidé kopa ar pienu.

Analizéjot MRSA sastopamibu ciikam kautuveés icgiitajos daZados
organisma sistému paraugos, konstat€jam, ka vidgji visbiezak rezistentais
stafilokoks sastopams tie$i gremosSanas sistéma (19.0%), nedaudz zemaka MRSA
sastopamiba ir v€rojama vienlaicigi gan gremosanas, gan elpoSanas sist€mu
paraugos (18.0% ciiku), bet elposanas sisteéma — 14.0% kautuves izmekleto dzivnieku
(skat. 10. att.).

Tacu, salidzinot MRSA sastopamibu ciikam dazadu jaudu kautuves,
konstat€jam, ka pastav variacijas. MRSA cikam elpoSanas sisttma visbiezak
konstatets mazas jaudas kautuvé E — 40.0% dzivnieku, savukart gremosanas sist€éma
vai vienlaicigi abas organisma sistémas — biezak ir lieljaudas kautuvé G (attiecigi
34.3% un 45.7% izmekl&to dzivnieku). MRSA lielaka sastopamiba kautuves cikam
rektalajos paraugos, iesp&jams, skaidrojama ar to, ka paraugi ir iegiti cikam péc
apdullinaSanas un atasinoSanas. Lieljaudas kautuvés ir novérots, ka cikam péc
apdullinaSanas atasino$anas bridi no nasu atverém izdalijas asinains Skidrums, kas
vargja dalu deguna dobuma esoSo MRSA izskalot arvidé, kade] dalai cuku nazalajos
paraugos nav konstatets MRSA.

Viens no galvenajiem iemesliem MRSA kontaminacijai varétu biit cieSais
kontakts Saura, ierobezota telpa dzivnieku transportésanas laika uz kautuvi. Arf citi
pétnieki norada, ka visbiezak MRS A kontaminacija ctikam notiek tieSa kontakta cela
ar deguna spoguli, adu, vaginu vai fekalijam (Moodley et al., 2011; Broens et al.,
2011a). Broens (Broens et al., 2011a) ir noradijis, ka iepriek§ parbauditas un
mikrobiologiski negativas ciikas uz MRSA p&c transport€$anas un uzturé$anas
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kautuve (kopa 3,5-16.5h) ciesa kontakta ar citam ciikam no dazadam saimniecibam,
60% gadijumos apdullina$anas posma jau ir MRSA pozitivas. V&l viens iesp&jamais
kontaminacijas veids transport€Sanas laika ir automasinu vaditaji un/vai kautuvju
personals (Broens et al., 2011a).

Saimniecibas izoléta MRSA antimikrobialas rezistences analize

Antimikrobiala rezistence pasaulé arvien pieaug ka cilvéku un dzivnieku
patogénu, ta ari zoonotisko agentu vidi, 1idz ar to rodas arvien lielaks infekciju
arsteSanas risks cilvékiem un dzivniekiem (Batisti et al., 2010; Jackson et al., 2013).

Petijuma ieglito MRSA izolatu vidd ir konstat€jama multi-antimikrobiala
rezistence. Lielaka dala no izolatiem uzrada rezistenci pret divam vai vairak dazadam
antibiotiku klasém, turklat dala no izolatiem uzradija rezistenci pret meropenem un
vidgju jutibu pret vankomicinu, kas liecina par antimikrobialas rezistences
palielinasanos. Miisu pétfjuma dati ir saskana ari ar citu autoru rezultatiem, kuros
noradits, ka ir vérojama augsta MRSA prevalence un rezistence izolatiem, kas iegiiti
no cikam, ctikgalas un $aja industrija stradajosajiem (Batisti et al., 2010; Jackson et
al., 2013).

Kopuma antimikrobialas rezistences tendences saimniecibas izpauzas lidzigi
- 98.2% MRSA izolatu miisu pétfjuma uzradija rezistenci pret penicilinu un 89.1% -
pret tetraciklinu. SalidzinoS$i augsta rezistence ir noverojama ari pret eritromicinu
(69.1%), klindamicinu (65.5%), gentamicinu (50.9%) un trimetoprima
sulfonamidiem (40.0%) (skat. 11. att.).

Ari citu zinatnieku (van Duijkeren et al., 2008; Batisti et al., 2010; Fesler et
al., 2012; Crombe et al., 2012; Pletinckx et al., 2013) pé&tijumi ir uzradijusi misu
konstatéjumiem Iidzigas tendences, t.i., augstu rezistenci pret trimetoprimu,
linkomicinu un ciprofloksacinu. Lidzigi ka Burns (Burns et al., 2014), arT miisu
pétijuma rezistence pret tetraciklinu ir konstatéta 89.1% MRSA izolatiem un pret
eritromicinu - 69.1%. Interesanti, ka pétijuma 50.9% MRSA uzrada rezistenci pret
gentamictnu un 29.1% - pret cefaleksinu, kas netika izmantoti p&tamajas
saimniecibas ciuku arst€Sanai. Rezistence pret penicilinu un tetraciklinu, kas
apméram piecus lidz desmit gadus atpakal un dala novietnu vel joprojam tiek
izmantotas ka pirmas izveles antibiotikas lielos apjomos Latvija, pé&tjjuma
izolétajiem MRSA sasniedza attiecigi 98.2% un 89.1%.
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11.att. MRSA antimikrobiala rezistence saimniecibas/
Fig. 11. MRSA antimicrobial resistance in farms

Lidzigas tendences saistiba ar antimikrobialo rezistenci ka miisu petjjuma,
konstatétas arT Italija (Normanno et al., 2015), kur MRSA izolati lielakoties ir multi-
rezistenti, visbiezak wuzradot rezistenci pret klindamicinu, tetraciklinu un
eritromictnu. Salidzinot miisu ieglitos datus ar Kinas (Li et al., 2017), Taivanas (Lo
et al., 2012), Italijas (Batisti et al., 2010) un Vacijas (Mutters et al., 2016) zinatnieku
pétijuma datiem, konstatéts, ka Latvijas ciiku novietnés no dzivniekiem iegiitajiem
MRSA piemit zemaka rezistence neka iepriek§ minétajas citas valstis. Ta misu
petijuma iegiitie MRSA uzrada rezistenci pret ciprofloksacinu 4.5% paraugu,
savukart Vacija - 13.0% (Mutters et al., 2016), Italija 41.7% (Batisti et al., 2010),
Taivana 98.8% (Lo et al., 2012), bet Kina — 100% (Li et al., 2017). Lidzigi situacija
antimikrobialas rezistences zina Sajas valstls noverota arT pret citam antibiotikam,
salidzinot ar mtisu p&tijumu.

Mes petijuma MRSA izolatiem 20.0% gadijumu nov€rojam rezistenci pret
gentamicinu, 42.8% - pret eritromicinu, 33.6% - pret klindamicinu un 92.5% - pret
tetracikltnu. Savukart ieprieks mingtajas valstis — Vacija — pret gentamictnu — 20.0%,
pret eritromicinu — 73.0%, pret klindamicinu — 75.0%, pret tetraciklinu — 100%;
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Italija pret gentamicinu — 42.0%, pret eritromicinu — 75.7%, pret klindamicinu —
80.0%, pret tetracikliu — 100%; K1na — pret gentamicinu — 80.4%, pret eritromicinu
— 97.0%, pret klindamicinu un tetraciklinu — 100% (Batisti et al., 2010; Mutters et
al.,, 2014; Li et al., 2017) un Taivana — 99.4% pret gentamicinu, 100% pret
klindamicinu, 99.4% pret tetraciklinu, pret eritromicinu — 83.7, ka arT 90% pret
trimetoprim-sulfonamidiem (Lo et al., 2012), pret ko ir rezistenti 20.1% miisu MRSA
izolatu.

Kinas MRSA augstas rezistences raditaju fenomens, atSkiriba no Eiropas
datiem, ir skaidrojams ar to, ka Kina antimikrobialie lidzekli tiek pielietoti ne tikai
profilakses un arstniecibas noliikos, bet arT ka augSanas veicinataji, it Tpasi
enrofloksacins, tetraciklini, linkomicins un tiamulins (Li et al., 2016). Lai arT dazas
no antibiotikam Taivana tika aizliegts lietot produktivajiem dzivniekiem
terapeitiskos noliikos (klindamicins, ciprofloksacins), tomér MRSA antimikrobiala
rezistence joprojam saglabajas loti augsta, tapat ka pret tam antibiotikam
(gentamicins, tetraciklins, eritromicins un trimetoprim-sulfonamidi), kuras atlauts
izmantot ka baribas piedevas kermena masas pieauguma stimuléSanai (Li et al.,
2017).

Visbiezak antimikrobiala rezistence miisu petijuma ir noverota pret piecam
(24.6% no visiem MRSA izolatiem), sesam (19.3%) un septinam (15.8%) dazadam
antibiotikam, bet ASV veiktaja p&tijuma pret piecu veidu antibiotikam rezistenci
uzrada 9.3% izolatu, pret Cetru veidu antibiotikam — 32.7%, bet pret tris veidu
antibiotikam — 57.9% (Ge et al., 2017).

Salidzinot antimikrobialo rezistenci MRSA izolatiem, kuri iegiiti no
dzivnieka augsgjiem elpoSanas celiem un gremosSanas sist€mas, konstatets, ka
visbiezak tieSi izolati no gremoSanas sistémas uzrada rezistenci pret lielaku
antibiotiku skaitu neka MRSA izolati no augs€jiem elposanas celiem (skat. 12. att.).
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12. att. MRSA nazalo un rektalo izolatu antimikrobiala rezistence pret
noteiktu antibiotiku skaitu/
Fig. 12. Antimicrobial resistance of MRSA nasal and rectal isolates to a certain
number of antibiotics
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Antimikrobialo rezistenci esam noteikus$i arT no saimniecibu darbiniekiem
izoletajiem MRSA. Ta no mazas grupas saimniecibas (A) darbinieka izoletais MRS A
uzrada rezistenci pret penicilinu, cefelaksinu, tetraciklinu un meropenem, tacu izolats
no vidgja lieluma saimniecibas (B) darbinieka - pret penicilinu, tetraciklinu un
cefalekstnu. P&tjjuma nav konstatets identisks MRSA spa tips cilvékiem un
dzivniekiem, kas liecinatu par kopgjas izcelsmes MRSA.

Tomér interesanti ir tas, ka saimnieciba A cikam MRSA visaugstako
rezistenci arl uzradija tie$i pret cefaleksinu, tetraciklinu, penicilinu un vidgju
rezistenci - pret meropenem, bet saimnieciba B — pret penicilinu, tetraciklinu un
vid&ju rezistenci - pret cefaleksinu.

Kautuves izoléeta MRS A antimikrobialas rezistences analize

Miisu veiktaja pétijuma kautuvés iegiitic MRSA, visbiezak rezistenci
uzradija vienlaicigi pret seSam (26.1% no visiem MRSA izolatiem), septinam
(21.7%) un astonam (19.6% no visiem MRSA izolatiem) dazadam antibiotikam.
MRSA izolati 32.8% uzradija rezistenci pret eritromicinu, 92.5% pret tetraciklinu un
98.5% pret penicilinu (skat. 13. att.), savukart ASV veiktaja pétjjuma (Ge et al.,
2017) MRSA izolatiem novéro zemaku rezistenci — tikai 12.6% rezistenti pret
eritromicinu, 54.1% pret tetraciklinu un 69.8% pret penicilinu. Tapat arT Saja
pétijuma atSkirtba no miisu izolatiem, kas 25.4% rezistenti pret trimetoprim-
sulfonamidiem, rezistenci pret $o antibiotiku nenoveroja, bet noveroja vid&ju jutibu
pret vankomicinu, ko konstat€jam arT mes pétjjuma 6 MRSA izolatiem.

Salidzinot humanas (HA) un dzivnieku izcelsmes (LA) MRSA izolatu
antimikrobialo rezistencei, secinam, ka lielas atskiribas nav novérojamas, iznemot
dazus antimikrobialos Iidzeklus. Ta miisu pétijuma HA-MRSA izolatiem konstat&ta
augstaka rezistence pret penicilinu (100.0%), cefaleksinu (50.0%), gentamicinu
(33.3%) un meropenem (16.7%) neka LA-MRSA izolatiem (rezistence pret
penicilinu — 98.8%, cefaleksinu — 38.8%, meropenem — 7.5%). Savukart LA-MRSA
konstatéta augstaka rezistence pret tetraciklinu (92.5%) un trimetoprim-
sulfonamidiem (23.0%) neka HA-MRSA (rezistence pret tetraciklinu (83.3%, pret
trimetoprim-sulfonamidiem 20.1%), bet pret pargjiem antimikrobialajiem Iidzekliem
rezistencé krasas atskiribas nenovero.

Iepriek§ minéta situacija antimikrobialas rezistences izpausmés pret
atseviskiem Itdzekliem ir ciesi saistita ar So preparatu izmantosanas apjomu atskiribu
humanaja un veterinaraja medicina. Ta produktivajiem dzivniekiem (ipasi ciikam),
saskana ar Regulas 37/2010 prasibam, ir aizliegts arst€Sana izmantot tadas
antibiotikas ka cefaleksinu, meropenem, ciprofloksactnu un klindamicinu, savukart
noverots, ka tetraciklins un penicilins tiek izmantots loti biezi (Mutters et al., 2016).
Lidzigs rezistences limenis LA-MRSA un HA-MRSA vidi noverojams pret tam
antibiotikam, kuras lieto vienlaicigi gan humanaja, gan veterinaraja medicina —
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trimetoprim-sulfonamidi un amoksicilins kopa ar klavulanskabi. Arl citi p&tnieki
(Mutters et al., 2016) konstatgjusi, ka viskrasakas antimikrobialas rezistences
atSkiribas atrodamas starp HA-MRSA un LA-MRSA, jo pret ciprofloksacinu LA-
MRSA izolatiem konstatéta rezistence vairak neka 80.0% izolatiem, bet izolatiem no
ciikam un ciiku industrija iesaistitajiem darbiniekiem - nedaudz vairak tikai ka 10%
gadijumu.
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*Pen —penicilins, AmCl — amoksicilins ar klavulanskabi, Cef — cefaleksins, Cip —
ciprofloksacins, Clin — klindamicins, Ery — eritromicins, Gen — gentamicins, Me —
meropenem, Tetr — tetraciklins, TriSa — trimetoprim-sulfonamidi, Ox — oksaciklins, Van —
vankomicins/

**Pen - penicillin, AmCl - amoxicillin with clavulanic acid, Cef - cefalexin, Cip -
ciprofloxacin, Clin - clindamycin, Ery - erythromycin, Gen - gentamicin, Me - meropenem,
Tetr - tetracycline, TriSa - trimethoprim - sulfonamides, Ox - oxacycline, Van - vancomycin

13. att. Cukkopibas saimniecibas un kautuves iegiita MRSA antimikrobialas
rezistences salidzinajums/
Fig. 13. Comparison of MRSA antimicrobial resistance in pig farms and
slaughterhouses

Lidzigi ka misu pétijuma, ar1 Mutters ar [idzautoriem (Mutters et al., 2016)
nenovero krasas antimikrobialas rezistences atSkiribas starp LA-MRSA un HA-
MRSA izolatiem pret eritromicinu un klindamicinu, bet iev@rojami atSkirigaki
rezistences rezultati ir pret gentamicinu, kur rezistenti mazak neka 5% ir HA-MRSA
izolatu, bet 15-20% rezistenti LA-HA-MRSA un LA-MRSA izolatu. Savukart miisu
pétijuma LA-MRSA izolatiem novéro mazaku rezistenci pret gentamicinu (23.0%)
neka HA-MRSA (33.3%). Tapat krasas atSkiribas redzamas Mutters pétljuma
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(Mutters et al., 2016) rezistenc€ pret trimetoprim-sulfonamidiem, kur rezistenti ir
45% LA-MRSA izolatu un 52% HA-LA-MRSA izolatu, bet miisu pétfjuma $§is
atSkiribas ir nelielas, t.i., LA-MRSA izolatu vidd rezistenci pret trimetoprim-
sulfonamidiem novero tikai par 3.4% vairak neka HA-LA-MRSA izolatiem.

Verojamas gan kopgjas, gan atSkirigas tendences saimniecibas un kautuves
(skat. 13. att.). Antimikrobiala rezistence vidgji bija augstaka kautuvju izolatiem,
tomér saimniecibas iegltajiem MRSA augstaka rezistence konstatéta pret
amoksicilinu kombinacija ar klavulanskabi (17.3%), cefaleksinu (42.7%) un
tetraciklinu (96.0%), kamér kautuvju MRSA izolatiem lielaka rezistence konstatéta
pret trimetoprim sulfonamidiem — 38.8%, gentamicinu — 53.1%, pret klindamicinu —
64.4% un eritromicinu — 67.4%.

Netika noverotas krasas atkiribas starp saimniecibam un kautuvém -
saimniecibas rezistence tika nove€rota vienlaicigi pret septinam lidz vienpadsmit
antibiotikam, bet kautuves pret devinam lidz vienpadsmit testetajam antibiotikam.

Izoleéta MRSA genotipiska analize

Jaunakie pétijumi ir pieradijusi, ka MRSA n€sasanas fenomens ir saistits ar
produktivo dzivnieku kontaktu (Kock et al., 2016). Niderlande, kur cilveku
infic€Sanos ar MRSA novero reti, LA-MRSA no visiem MRSA izolatiem 2006. gada
konstatets 20% gadijumu, bet $T procentuala attieciba arvien turpina pieaugt (van
Rijen et al., 2008). Savukart Niderlande 97% no visiem MRSA, kas izdaliti no
ctikgalas, ietilpst klonalaja kompleksa ST398 (Buyukcangaz et al., 2013; Hanson et
al., 2011; Molla et al. 2012; O’Brien et al., 2012).

P&tijuma més konstatéjam, ka MRSA un to spa tipu sastopamiba varié
atkariba no kautuves kausanas jaudas un labas higiénas prakses nosacijumiem, no
saimniecibas lieluma, ka arT ciiku skaita un blivuma.

Misu pétfjuma ieklautas ciikas ir no dazadiem Latvijas regioniem, kas var bt
par iemeslu augstai MRSA spa tipu heterogenitatei, jo ciikkopibas saimniecibas
iegiitajiem ciiku, piena un darbinieku MRSA izolatiem konstat€jam 10 dazadus spa
tipus (skat. 1. tab.) — t.i., t011, t899, 693, t1333, t400, t1255, t808, t1580, t1985,
t2383, kas norada, ka varetu but MRSA parnese starp saimniecibam ar darbinieku,
inventara un tehnikas starpniecibu. Turklat vissastopamakais ciiku populacija ir t011
(69.0%), kas dominé visas pétljuma ieklautajas saimniecibas, kamér pargjie
konstatetie MRSA spa tipi ir izol&ti tikai atsevisSkas saimniecibas. MRSA izolats no
sivénmates piena pieder spa tipam t400. MRSA izolats no saimniecibas A darbinieka
pieder spa tipam t693, bet B saimniecibas darbinieka MRSA izolats — spa tipam
t1255.

Misu petijuma ieklautajas kautuves MRSA izolatiem konstatéti 15 dazadi
spa tipi (skat. 1. tab.), t.i., tO11, t127, t318, t337, t421, t808, t899, t1333, t1250,
t2421, t1255, t2451, t11744 un divi jauni spa tipi (A un B). Tadgjadi, konstateta
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MRSA spa tipu liela variabilitate norada uz to, ka pastav atskirtbas MRSA genoma
starp dazadam saimiecibam, no kuram ciikas nonak kautuves. Savukart izmainas
MRSA genoma var veicinat tadi faktori ka dazadu antibakterialo un dezinfekcijas
lidzeklu izmantoSana un atSkirigs saimniecibu menedzments (Becker et al., 2017).
Lai arT me@s petijuma ieguvam lielu MRSA spa tipu dazadibu (kopuma 21 spa tips uz
131 parauga), tomér citu valstu zinatnieku petjjumi (Becker et al., 2017) rada, ka §1
variabilitate var bt arT augstaka (131 spa tips uz 331 MRSA izolatu), kaut gan ir arT
petijumi, kur §7 variabilitate ir butiski zema — 453 MRSA izolatiem konstatgti tikai 7
dazadi spa tipi (Pletinckx et al., 2013).

1. tabula/ Table 1
MRSA spa tipu sastopamiba ciikkopibas saimniecibas un kautuves/
Occurrence of MRSA spa types in pig farms and slaughterhouses

Saimnieciba/ Farm Spa tins/ Spa ¢
Kautuve/ Slaughterhouse Pa tipsi dpa type
A t011 (n=1), t899 (n=3), t693 (n=1)
Saimniecibas/ B t011 (n=3), t1333 (n=3), t400 (n=4), t1255 (n=1)
Farms c 1011 (n=47), t308 (n=5), t1580 (n=1), t1985 (n=4),
2383 (n=1)
D t899 (n=2), jauns B (n=1)
E t011 (n=4), t1250 (n=1), t318 (n=3)
Kautuves/ F t1333 (n=13), t011 (n=2), t2451 (n=1), t127 (n=2),
Slaughterhouses t1255 (n=1)
t1333 (n=2), 337 (n=12), t808 (n=1), t11744
G (n=7), t1250 (n=1), 22421 (n=2), t421 (n=1),
jaunais A (n=1)

Lidzigi ka miisu veiktaja pétijuma, ar citi p&tnieki (Friese et al., 2012;
Pletinckx et al., 2013; Peeters et al., 2015) gan no ciikam, gan no vides paraugiem
visbiezak izolgjusi MRSA t011 spa tipu, ka arT izol&jusi t1255 izolatu no nazalajiem
paraugiem, ko més izol&jam no kautuves darbinieka.

Kopuma pétijuma ir izoléts MRS A spa tips t011, kurs saimniecibas konstatéts
68.9%, bet kautuves — 10.5%, un starp visiem MRSA izolatu spa tipiem sastopamiba
sastada 43.5%. Otrs biezakais MRSA tips ir t1333, kas sastopams kautuvés 26.3%
un saimniecibas — 4.1%, bet starp visiem MRSA izolatu spa tipiem kopuma
sastopamiba sastada 26.3%. Tips t127 ir sastopams tikai kautuvés 2 MRSA
izolatiem, t.i., 1.5% no visiem MRSA izolatu spa tipiem.

Salidzinot citu autoru publicgto, Italija (Batisti et al., 2010) un Taivana (Lo et
al., 2012) veiktaja petijuma no saimniecibam iegiitajiem MRSA izolatiem visbiezak
konstatets MRSA spa tips t899 (48.9% novietnu), savukart misu petijuma Sis spa
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tips konstatéts viena saimnieciba (4.1% no visiem saimniecibu spa tipetajiem MRSA
izolatiem jeb 3.8% no visiem spa tip&tajiem MRSA izolatiem). Ka otru biezak
sastopamako MRSA spa tipu italu petnieki konstateé t127, kas misu petijuma
konstatéts tikai 1 kautuve (3.5% no visiem MRSA spa tip&tajiem izolatiem kautuves
jeb 1.5% no visiem MRSA spa tipétajiem izolatiem). Savukart miisu pétjuma
visbiezak sastopamais MRSA spa tips ir t011, kas konstatéts visas ciikkopibas
saimniecibas (68.9% no visiem saimniecibu spa tipétajiem MRSA izolatiem jeb
43.5% no visiem spa tipétajiem MRSA izolatiem) un divas kautuvés (10.5% no
visiem MRSA spa tipétajiem izolatiem kautuves), bet italu petjjuma tas ir konstatéts
tikai 8.9% ciiku novietnu. Tapat MRSA spa tips t899 ir konstatets Taivana MRSA
ciiku izolatiem (Lo et al., 2017).

MLST ir balstita uz géniem, kuros izmainas notiek 1énam Iidz ar to sniedz
informaciju par S. aureus evolocionaram izmainam un globalo sastopamibu (Feil et
al., 2003; O’Hara et al., 2016. Zinatniskaja literatiira tiek uzsverts, ka S .aureus
genétiska tipa izvertésanai tomer precizaka informacija tiek iegita, ja tick izmantotas
genotipiskas metodes (spa tip€Sana, MLST) kombinacija (Dhawan et al.,2014).

Analizéjot MRSA spa tipu sekvenCu rezultatus (skat. 2. tab.), mes
konstatgjam, ka petijuma biezak konstatetajam MRSA spa tipam t011 miisu p€tijuma
ir konstatéts ST398 raksturigais klonalais komplekss (tapat ka italu p&tijuma (Batisti
et al., 2010)), ka arT ST398 komplekss pieder ar1 t808 spa tipam. Lai arT lielaka dala
Eiropas MRSA izolatu nepieder pie sekvences ST9 (Mutters et al., 2016), miisu
pétijuma ir pieradas, ka MRSA spa tipi t11744, t337 un t899 pieder klonalajam
kompleksam ST9, kura citu autoru publikacijas lielakoties noradita ka raksturiga
Azijas un it IpaSi Japanas MRSA ciiku izcelsmes izolatiem, savukart sekvence
ST398, kas vairak raksturiga Eiropai, sastopams Japana krietni vien retak (Asai et
al., 2012; Cui et al., 2009).

ukart, miisu petijuma no ciikam iegiitic MRSA spa tipi t808 un t011 pieder
pie sekvences tipa ST398, kas literattira tick mingta ka viena no biezak sastopamajam
sekvencém Eiropa MRSA izolatiem no majdzivniekiem (Becker et al., 2017; George
etal., 2017).

Konstatgjam, ka p&tijuma nevienam no 6 MRSA ciiku industrija iesaistitajiem
darbiniekiem nav konstatéts MRSA spa tips, kas ieklautos ST398 klonalaja
kompleksa. LA-MRSA CC398 klonalais komplekss, lidzigi ka citi HA-MRSA
raksturigie klonalie kompleksi no dazadam biofilmam, sp€j izraisit cilvékiem
epitelij§tinu infic€Sanos un izraisit citotoksisku ietekmi (Nicholson et al., 2013; Witte
et al., 2007).
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2. tabula/ Table 2
MRSA saimniecibu un kautuvju izolatu spa tipu piederiba sekvencém/
Affiliation of MRSA isolates from farms and slaughterhouses to sequences

R . Spa MLST
Izolata izcelsme/ Type of isolate Tips/ Type ST
Saimn. A, nobarojamie, rektalais paraugs/ Farm A,
: . t899 9
fattening pigs, rectal sample
Saimn. C, 3-3.5 meén., rektalais paraugs. Farm C,
3-3.5 month, rectal sample 1808 398
Saimn. C., 3-3.5 mén., rektalais paraugs/ Farm C,
3-3.5 month, rectal sample 1011 398
Saimn. B, nejatslg.l, nazalais paraugs/ Farm B, 400 578
sucling piglets, nasal sample
Kautuve G, nazalais paraugs/ Slaughterhouse G, (11744 9
nasal sample
Kautuve G, nazalais paraugs/ Slaughterhouse G,
t337 9
nasal sample

Lai arT zinatnieku (epidemiologu) domas jautajuma par LA-MRSA parneses
iespgjam cilveku vidi dalas un tiek uzskatits, ka $aja zina risks ir minimals
(Wassenberg et al., 2011; Hetem et al., 2013) un LA-MRSA ir mazak virulents neka
hospitalas izcelsmes MRSA (HA-MRSA) (Bootsma et al., 2011; Wassenberg et al.,
2011; Garcia-Graels et al., 2012; van de Sande-Bruinsma et al., 2015), tomer ir
pieradits, ka klonalas Itnijas CC398 MRSA, kas arT tiek pieskaitits pie LA-MRSA,
var tikt viegli parnests no cilveéka uz cilveku (MCarthy et al., 2012; Price et al., 2012;
David et al., 2013), cieSa kontakta cela ar produktivajiem dzivniekiem, izraisot
riskam paklauto personu kolonizaciju vai pat inficéSanos (Layer et al., 2012; Nair et
al., 2016). Tadgjadi veterinararsti, veterinarmedicinas studenti, kautuvju darbinieki
un lauksaimniecibas dzivnieku industrija nodarbinatie, ka arT citi cie$a kontakta
esosie individi ar iepriek$ min&tajam grupam, ir riskam visvairak paklautas personas
(Frana et al., 2013; Bos et al., 2014; Verstappen et al., 2014; Smyth, Wardyn et al.,
2015), jo galvenokart So cilveku vidii netiek novéroti klniskie simptomi (Smyth,
Wardyn et al., 2015). Tomér MRSA ST398 uzliesmojumi slimnicas noverojami reti
(Verkade et al., 2012), kas skaidrojams ar lielo ST398 MRSA spa tipu variabilitati
un lidz ar to arT ar loti atskirigo genoma un fenotipisko raksturojumu, tai skaita,
virulenci un antimikrobialo rezistenci (MCarthy et al., 2012; Price et al., 2012; David
et al., 2013). Savukart Niderlande veiktaja petljuma - no pacientiem izol&tajiem
MRSA bija raksturigs LA-MRSA tips (Hetem et al., 2013). Ar1 Vacija veiktie
petijumi liecina, ka turpina pieaugt slimnicas izoléto LA-MRSA proporcija attieciba
pret HA-MRSA sastopamibu (Schaumburg et al., 2012; Kock et al., 2013). Tapat ir
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pieradits, ka tiem individiem, kas ir nazalie MRSA ngsataji, ir arT augstaks MRSA
infekcijas risks neka pargjai populacijai (Kluytmans et al., 1997).

Nemot veéra augstos MRSA nazalos kolonizacijas raditajus cukkopibas
industrijas darbinieku vidd, $is varétu but viens no profesionalas darbibas riskiem
(LA-MRSA kolonizacija darbiniekiem), kas pat ir augstaks neka HA-MRSA
kolonizacijas risks. Tapat ir noradita informacija, ka vairakas valstis laika posma no
2006. gada I1dz 2015. gadam ir konstateti LA-MRSA infic€Sanas gadijumi personam,
kas iesaistitas lauksaimniecibas dzivnieku audze$anas industrija (Albrich, Harbarth
et al., 2008).

Izoleto MRSA spa tipu un antimikrobialas rezistences
savstarpéjais raksturojums

Veicot MRSA spa tipu un antimikrobialas rezistences analizi, konstatets, ka
petamajam stafilokokam rezistence vari€ pat viena spa tipa ietvaros. Tapat
konstatgts, ka no ciikkopibas saimniecibas izoleétiem MRSA vienam spa tipam
novero no diviem Iidz vienpadsmit dazadiem antimikrobialas rezistences profiliem
un galvenokart divos biezak izplatitakajos rezistences profilos (Pen-Tetr un Pen-Cef-
Tetr) ietilpst 63.5% no visiem MRSA izolatiem. (skat. 3. tab.)

Savukart kautuvés (skat. 3. tab.) MRSA viena spa tipa ietvaros novéro no
diviem lidz astoniem dazadiem antimikrobialas rezistences profiliem un piecos no
biezak izplatitakajiem antimikrobialas rezistences profiliem (Pen-Tetr-Clin-Ery-
Gen-TriSa, Pen-Tetr, Pen-Cef-Tetr-Clin-Ery-Gne-TriSa, Pen, Pen-Tetr-Clin-Ery-
Ge) ietilpst kopuma 52.5% MRSA izolati.
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Lidzigas paraléles ar misu pétijuma rezultatiem atrodamas ari Belgija
veiktaja petijuma (Pletinckx et al., 2013), kur pavisam konstatéts 51 antimikrobialas
rezistences profils un piecos no biezak izplatitakajiem antimikrobialas rezistences
profiliem (Cip-Tetr-Tri, Cip-Tetr-Tri-Sa, Tetr-Tri-Ery-Lin-Tyl, Tetr-Tri-Gen-Cip-
Kan-Lin-Tobr, Tetr-Cip-Clr-Lin-AmCl) ietilpst 54.3% visu MRSA izolatu. Savukart
Italija veiktaja petijuma (Batisti et al., 2010) MRSA spa tipu izolatiem t011, 2899
un t127 konstatéta augstaka antimikrobiala rezistence neka musu pétijjuma.

Misu rezultatos iegiitajiem MRSA 1011 spa tipa izolatiem rezistenci pret
ciprofloksacinu konstaté 3.4% gadijumu, pret trimetoprim-sulfonamidiem — 5.2%,
pret gentamictnu — 10.3%, pret eritromicinu — 21.0, pret klindamicinu — 13.8%, bet
pret tetraciklinu — 98.3%. Savukart Italijas zinatnieki (Batisti et al., 2010) pret
ciprofloksacinu rezistenci konstateé 25.0% gadijumu, pret trimetoprim-
sulfonamidiem — 75.0%, pret gentamicinu — 50.0%, pret eritromicinu — 75.0, pret
klindamicinu — 75.0%, bet pret tetraciklinu — 100%, tomér kautuvju un saimniecibu
ietvaros rezistence ir nedaudz atskiriga (skat. 14. un 15. att.).
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| -lJl.lnL“““

Van Cip TriSa Gen Ery Me Clin AmCI Cef Tetr Pen Ox

%
S S S

(]

@011 @400 Wt1985 W8O8

*Pen —penicilins, AmCl — amoksicilins ar klavulanskabi, Cef — cefaleksins, Cip —
ciprofloksacins, Clin — klindamicins, Ery — eritromicins, Gen — gentamicins, Me —
meropenem, Tetr — tetraciklins, TriSa — trimetoprim-sulfonamidi, Ox — oksaciklins, Van —
vankomicins

**Pen - penicillin, AmCIl - amoxicillin with clavulanic acid, Cef - cefalexin, Cip -
ciprofloxacin, Clin - clindamycin, Ery - erythromycin, Gen - gentamicin, Me - meropenem,
Tetr - tetracycline, TriSa - trimethoprim - sulfonamides, Ox - oxacycline, Van - vancomycin

14. att. Saimniecibas visbiezak sastopamo MRSA spa tipu antimikrobiala
rezistence/
Fig. 14. The antimicrobial resistance of most common MRSA spa types on farms
Tapat zemaka antimikrobiala rezistence neka citu zinatnieku rezultatos
((Batisti et al., 2010) muisu p&tljuma ir noverota ari citiem MRSA spa tipiem. Ta
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MRSA spa tipam t899 miisu petljuma nav noverota rezistence pret ciprofloksacinu,
bet 20.0% gadijumos rezistenci uzrada pret gentamicinu, trimetoprim-
sulfonamidiem, eritromicinu un klindamicinu, bet pret tetraciklinu — 100%. Savukart
Italijas zinatnieku pétijuma (Batisti et al., 2010) augstaka novérota rezistence pret
trimetoprim-sulfonamidiem — 65.0%, gentamicinu 26.0%, eritromicinu — 52.0%,
klindamicinu — 52.0%, bet pret tetraciklinu — ar1 100%.
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*Pen —penicilins, AmCl — amoksicilins ar klavulanskabi, Cef — cefaleksins, Cip
ciprofloksacins, Clin — klindamicins, Ery — eritromicins, Gen — gentamicins, Me —
meropenem, Tetr — tetraciklins, TriSa — trimetoprim-sulfonamidi, Ox — oksaciklins, Van —
vankomicins

**Pen - penicillin, AmCl - amoxicillin with clavulanic acid, Cef - cefalexin, Cip
ciprofloxacin, Clin - clindamycin, Ery - erythromycin, Gen - gentamicin, Me - meropenem,
Tetr - tetracycline, TriSa - trimethoprim - sulfonamides, Ox - oxacycline, Van - vancomycin

15. att. Kautuvés visbiezak sastopamo MRSA spa tipu antimikrobiala
rezistence/
Fig. 15. The antimicrobial resistance of most common MRSA spa types in
slaughterhouses

Viskrasakas atSkiribas starp miisu un citu autoru konstateto (Batisti et al.,
2010) ir noverotais MRSA spa tipa t127 izolatiem. Mes to p€tjjuma izolgjam no
kautuvém, un rezistenci 100% gadijumos uzrada tikai pret tetraciklinu, savukart italu
petijuma (Batisti et al., 2010) rezistence ir noverota 50.0% gadijumos pret
trimetoprim-sulfonamidiem un ciprofloksacinu, bet pret gentamicinu, eritromicinu,
klindamicinu un tetraciklinu — 100% gadijumu. Krasas atSkiribas antimikrobialaja
rezistencé ar misu iegltajiem rezultatiem varetu bit skaidrojams ar to, ka
Dienvideiropas regiona valstis ir daudz augstaka MRSA izplatiba, lidz ar to
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konsekventi ir arT lielaks antimikrobialo Iidzeklu paterins, kas savukart ka
atgriezeniska saite noved pie antimikrobialas rezistences palielinasanas.

Dazu pétnieku (Tenhagen et al., 2009) rezultati lauj secinat, ka visizplatitakais
MRSA spa tips ir t1333. Savukart miisu petijuma MRSA spa tipa t1333 visi izolati
uzrada rezistenci ar1 pret klindamicinu (43.0%), eritromicinu (50.0%), tetraciklinu
(75.0%) un penicilinu (93.0%) (skat. 15. att.). Tatad, no miisu rezultatiem ir redzams,
ka antimikrobiala rezistence MRSA spa tipam t1333 ir augusi.

Pétijuma (Gonzalez-Dominguez et al., 2012) no slimnicas pacientiem
izoletajiem MRSA izolatiem konstatéta rezistence pret klindamicinu (17.2%),
eritromictnu (44.8%) un gentamicinu (27.6%), turpretim misu petijuma no
saimniecibu darbiniekiem izolétie MRSA (n=2) neuzrada rezistenci pret ieprieks
mingtajam antibiotikam, bet MRSA izolati no kautuvju darbinieckiem (n=3) divos
gadijumos uzrada rezistenci pret klindamicinu, eritromicinu un gentamicinu. Lai arT
kopuma misu iegiitic MRSA izolati uzrada nedaudz augstaku rezistenci pret
klindamicinu (40.8%), tacu pret eritromicinu (40.1%) un gentamicinu (29.4%)
rezistences Itmenis krasi neatskiras.

Literattira minéts, ka ST398 klonala linija klGst arvien biezak sastopama
slimnicu vidé (Verkade et al., 2014; Williamson et al., 2014). Ir noskaidrots, ka
rezistence pret tetraciklinu (Tet®) var kalpot ka viens no agrinajiem (ekspres) CC398
un citiem ar produktivajiem dzivniekiem saistito MRSA klonalo Iiiju raditajiem.
P&tjumos MRSA CC398 proporcionali uzrada jau loti augstu MRSA- Tet? (67.3%)
rezistenci (Lozano et al., 2012b). Konstatéts, ka 25.5% slimnicas pacientiem, kuriem
izolets MRSA- TetR, tie atraduSies kontakta ar ciikdm vai putniem, bet 42.9%
pacientiem nebija ieprieks bijis kontakts ar produktivajiem dzivniekiem (Benito et
al., 2014). Tapat petjjuma grupa ieklauto pacientu, kuriem bijis kontakts ar
produktivajiem dzivniekiem, MRSA izolatiem ST398 klonalo Iiniju novéro par
14.0% biezak neka to pacientu grupas MRSA izolatiem, kuriem nav bijis kontakts ar
produktivajiem dzivniekiem. Savukart misu pétjuma no kautuvé stradajosa
darbinieka izol&tais MRSA izolats uzrada rezistenci tikai pret penicilinu.

Lai ari misu MRSA ST398 izolatiem ari ir novérota rezistence pret
eritromictnu (t011 - 12.0%; t808 - 20.0%) un klindamicinu (t011 — 13.8%; t808 —
20.0%) iepriek§ mingto autoru p&tijuma pret Sim antibiotikam ir konstatéta augstaka
rezistence — respektivi 58.0% un 63.0%, kaut gan pret gentamicinu miisu MRSA
izolati uzrada augstaku rezistenci (t011 — 10.3%; t808 — 20.0%) neka Benito (Benito
et al., 2014) p&tijuma — 7.0%.

MRSA klonalai CC398 Imijai lielakoties piemit multirezistences fenotips,
tadgjadi butiski ierobezojot So infekciju arstéSanas iesp&jas (Cunny et al., 2013).
Zinatnieku vidi pastav arT viedoklis, ka MRSA-CC398 var kalpot ka antimikrobialo
rezistenci noteicoso génu rezervuars (Kadlec et al., 2012), un, lidzigi ka Benito
(Benito et al., 2014) p&tijuma, arT miisu MRSA spa tipu t011 un t808 izolatiem, kas
pieder pie ST398 klonalas Iinijas, ir novérota multirezistence, jo spa tips t011
vienlaicigi ir rezistents pret 11 antibiotikam, bet spa tips t808 - pret 8 antibiotikam.
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Lidzigi ka citur veiktajos p&tijumos (Cunny et al., 2013), arT miisu izol&tajiem
MRSA ST398 izolatiem konstateta loti zema antimikrobiala rezistence pret
kvinoloniem - tikai spa tipam t011 pret ciprofloksacinu 3.4% izolatu, bet kopuma
visiem MRSA izolatiem - tikai 4.5% gadijumos. Tom@r jaatzimé, ka misu p&tljuma
konstatéta saméra neliela rezistence pret kvinoloniem un v&l jo vairak ievérojami
lielaka rezistence pret makrolidiem (rezistence pret eritromicinu 32.8% MRSA
izolatu) un tetracikliniem (rezistence pret tetraciklinu 92.5% MRSA izolatu) rada
pamatotas bazas par MRSA infekciju arsté$anas iesp&jam, jo makrolidi, kvinoloni
un tetraciklini saskana ar Pasaules Veselibas organizacijas klasifikaciju humanaja
medicina tiek deveti par loti svarigajam antibiotikam, tadeé] So antibiotiku
izmanto$anu dzivniekiem ir rekomend&jams samazinat (Collignon et al., 2009).

P&tTjuma rezultata arT konstatéts, ka, lai arT lielaka dala MRSA izolatu ir jutigi
pret vankomicinu, tomér devini MRSA izolati no saimniectbam — t011 (n=5), t693
(n=1), t899 (n=2) un t400 (n=1) un sesi izolati no kautuvém — t011 (n=1), t2337
(n=2), t11744 (n=2), t2421 (n=1), uzrada vid&ju jutibu pret vankomicinu. Zinatnieki
(Moreno et al., 2016) ir zinojusi, ka MRSA izolatam ar spa tipu t953 (ST398
sekvences piederiba), kas iegiits no ctikas ar eksudativu epidermitu, konstateta vidgja
jutiba pret vankomicinu, bet, tai pat laika, konstateta rezistence pret 20 citam
antibiotikam. Interesanti, ka misu MRSA (ar vid&ju jutibu pret vankomicinu)
izolatiem, tapat ka pétijjuma (Bhattacharyya et al., 2016) no kazu un aitu piena
izolétajiem MRSA vankomicina rezistentajiem izolatiem, piemit loti variabla
antimikrobiala rezistence. Miisu MRSA izolatiem esam konstat&jusi antimikrobialo
rezistenci gan pret vienu antibiotiku (penicilins), gan 1idz pat devinam antibiotikam
vienlaicigi (penicilins, amoksicilins un klavulanskabe, cefaleksins, tetraciklins,
klindamicins, eritromicins, gentamicins, trimetoprim-sulfonamidi un meropenem),
savukart citi petnieki (Bhattacharyya et al., 2016) rezistenci konstate vienlaicigi pret
divam (co-trimaxzole un piperacillin ar tazobaktamu vai -ceftriaksons ar
klindamicinu) Iidz pat astonam antibiotikam (amikacins, amoksicilins un
klavulanskabe, ceftriaksons, ciprofloksacins, polimiksins B, piperacillin ar
tazobaktamu, tetraciklins). Indijas MRSA vankomicina rezistentajiem izolatiem,
atskirtba no miisu MRSA vankomicina vidgji jutigajiem izolatiem, ir raksturigi t527,
t267, t362 un 2800 spa tipi. Tapat rezistence pret vankomicinu konstatéta MRSA
ST9 sekvences izolatiem, kas iegiiti no nokautajam ctikam Kina (Kwok et al., 2013).
Interesanti, ka misu pétjjuma vankomicina vid&ji jutigajiem MRSA izolatiem
konstateta tas pasas sekvences, kas ieprieks mingtajos petijumos (ST398 un ST9) un
vel papildus art ST528 sekvence. NeapSaubami bakterijas S$tnas sieninas
uzbiezinasanas kalpo par galveno raditaju, kas liecina par baktErijas rezistences
palielinasanos pret vankomicTnu. Nereti vél pat pirms vanAd gena, kur§ nosaka
rezistenci pret vankomicinu, noteikSanas/klatblitnes MRSA genoma, uzbiezinas
bakterijas Stinas sienina, kas ir viens no rezistences mehanismiem pret So baktériju
(Howden et al., 2010). Ka zinams, pret antibiotikam vid&ji jutigi mikroorganismi
gruti paklaujas arstéSanai (EUCAST, 2013), ar1 Kwok norada (Kwok et al., 2013)
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sava petijuma, ka LA-MRSA var prakse uzradit samazinatu jutibu pret vankomicinu
un ietekmét arste8anas rezultatus. Ta ka vél joprojam nav noteikti vienoti gengtiskie
markieri zemas vankomicina rezistences MRSA, ir apgriitinata vankomicina vidgji
jutigo MRSA noteikSana (Kwok et al., 2013). LA-MRSA vankomicina rezistencei
zinatnieku vida pastav divas teorijas. Tiek skaidrots (Bhattacharyya et al., 2016), ka
Sie izolati dzivnieku vidi ir cilveku izcelsmes (iesp&jama augsnes fekala
kontaminacija) vai arT vankomicina rezistence veidojas LA-MRSA lauksaimniecibas
dzivniekiem, nepartraukti dodot antibiotikas.

Enterotoksinu kodéjoso genu sastopamiba MRSA

Staphylococcus aureus producg dazadus eksoproteinus, kas palielina ta spgju
kolonizét ziditajus un veicina dzivnieku saslimSanu. Visiem stafilokoku
enetrotoksiniem piemit tadas ipasibas, ka sp&ja izraisit vemSanu un gastroenteritu
primatu modeli, superantigénisms un vidgja izturiba pret karséSanu un fermenta
pepsina ietekmi (Dinges et al., 2000).

Daudzi partikas produkti var biit piemérota vide S. aureus augSanai un lidz ar
to var bt par c€loni partikas toksikoinfekcijai. Galvenais kontaminacijas avots ir
cilveki (partikas industrija iesaistitie darbinieki bakteriju iegiist tieSa kontakta vai
respiratora cela — Skaudot, klepojot), kas var kontamin€t jau gatavu partikas produktu
pec apstrades augstds temperatiiras. Savukart termiski neapstradata partikas
produkta, it Ipasi galas kontaminacija, ir sastopama visbiezak, un tas galvenie avoti
ir MRS A kolonizgti vai inficéti dzivnieki (le Loir et al., 2003).

Lidzigi Kina veiktajam pétijumam (Chao et al., 2015), kur 54.4% S. aureus
izolatu satur enterotoksinus kodgjosos génus (EG), misu pétijuma 53.5% no visiem
MRSA satur EG. Nemot véra faktu, ka genotipiska analize miisu p&tjjuma ir veikta
tikai MRSA, iespgjams, EG sastopamibas rezultati, analizgjot ari S. aureus izolatus,
biitu krietni lielaki.

Literattira mingti vairak neka 20 dazadi stafilokoku enterotoksini (SEA Iidz
SEI, SER Iidz SET un SEW lidz SET) un SE lidzigie proteini (SE/J Iidz SE/Q, SE/U,
SE/U2 un SEIV). Biezak sastopamie SE ir SEA, SEB, SEC, SED, SEE, SEF, SEG,
SEH un SEI (Argudin et al., 2010).

Mes péetjuma laika enterotoksinu kodgjosos génus no cukkopibas
saimniectbam un kautuvém izolétajiem MRSA konstatéjam dazadas attiecibas - sea
(48.4%), seh (9.7%), sec (5.9%) un seb (2.4%). Salidzinot, Kina (Chao et al., 2015)
cukam un citiem dzivniekiem sec géns nav konstatts, bet ses gé€ns konstatets tikai
vistam un pilém (1.13% abam sugam), turprett més MRSA ciiku izcelsmes izolatiem
atradam sec génu 7.3% un seh génu - 10.8% gadijumu. Literatira sea géns tiek
minéts ka viens no biezak sastopamajiem SE kodgjosie géniem, kas konstatets
stafilokoku izolatiem, kas saistiti ar partikas toksikoinfekcijam (Argudin et al.,
2010).
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Analizgjot petijuma eneterotoksinu kodgjoso génu sastopamibu saimniecibas,
konstatgts, ka pret€ji MRSA sastopamibai, kas palielinds pieaugot saimniecibas
lielumam un ciiku blivumam, kopuma visu test&to enterotoksinu lielaka sastopamiba
MRSA pozitivajam ciikam ir noverota tie§i mazajas saimniecibas (skat. 16. att.).

Kas attiecas uz sea génu, tad to mazaja saimnieciba konstateé visam MRSA
pozitivajam ctikam, bet lielaja - 50.0% dzivnieku. Pie tam, enterotoksinus kodg&josa
géna sea sastopamiba vari€ no 30.0% nobarojamo cuku vidd lidz 60.9% 4-4.5
ménesu vecu ciiku vidi. ArT mazjaudas kautuvé pétamais EG ir konstatets visam
MRSA pozitivajam ctkam, bet 41.9% - lieljaudas kautuvé. Tadgjadi pétijuma
konstateta sea géna klatblitne norada uz ctikkopibas industriju ka butisku partikas
toksikoinfekciju avotu (Argudin et al., 2010).

100.0 100.0 100.0
88.6
80.0
60.0
BN
40.0

20.0 \ - 0.0 9.2 4

s-A s-B s-C k-D k-E k-F k-G

N scq NN sch B gec == \[RSA

16. att. sea, sec, seh génu un MRSA sastopamiba saimniecibas un kautuves/
Fig. 16. The occurrence of sea, sec, seh and MRSA in farms and slaughterhouses

SEA ir bijis arT viens no visbiezak konstatetajiem enterotoksiniem
toksikoinfekciju uzliesmojuma Francija (69.7% gadijumu) dazada veida partika laika
posma no 1981. gada lidz 2002. gadam (Kerouanton, 2007), ka arT uzliesmojumos
Austrija, ASV (Schmid et al., 2007), Brazilija (Veras et al., 2008), Taivana (laika
perioda no 2001. gada Iidz 2003. gadam). Koreja pat sea géns konstatéts 90.0% no
MRSA partikas izcelsmes izolatiem (Chiang et al., 2008), Italija MRSA izolatiem no
sieriem 42.8% gadijumu konstatets sea géns un 42.8% gadijumu - sec géns (Basanisi
etal., 2016).

Kas attiecas uz cuku audz€Sanas industrija iesaistitiem darbiniekiem, tad
autoru (Mutters et al., 2014) veiktaja pétijuma tikai 3.0% cukam un 6.3%
darbiniekiem MRSA izolatos konstatéta sea géna klatbiitne, kameér miisu p&tijuma
sea géns tika konstatets 50.4% izmekl€to cliku un 66.7% - darbiniekiem.

Augsts sea génu sastopamibas raditajs konstatéts arT Vacija slimnicu
pacientiem, tomér no cikam iegiitajos paraugos - tikai 3%, bet personu, kam

46



profesionala joma saistita ar ciiku industriju un ir cie$a kontakta ar ciikam, izolatos -
6.3% (2 no 32) (Mutters et al., 2016). Miisu p&tjjuma sea géns ir konstatéts 5 no 7
MRSA pozitivo darbinieku izolatiem. Savukart citu valstu dati uzrada augstaku sea
géna sastopamibu MRSA izolatu vidii — 33.0% Kina (Wang et al., 2013), 17.5% -
Malaizija (Kim et al., 2006), 27.0% - Koreja (Peck et al., 2009), 12.0% - Cehija (Sila
et al., 2009) un 30.0% - Turcija (Demir et al., 2011).

Pretgji citu autoru atradém (Holtfreter et al., 2007; Varshney et al., 2009;
Chao et al., 2015), kur lielakoties ir multipla EG klatbtutne apméram 80.0% MRSA
izolatu, misu pétjjuma tikai 22.2% no visiem MRSA satur divus un vairak EG
(biezak sea un seh génus).

Pretgji apgalvojumam (Pinchuk et al., 2010), ka sec geéns ir visbiezak
konstatgtais enterotoksinu géns MRSA dzivnieku izcelsmes izolatos, més atradam
sec génu 5.9% no visiem testetajiem MRSA izolatiem un 7.2% - MRSA pozitivo
cuku.

Miisu pétfjuma rezultati atSkiras no citiem p&tjjumiem (Smyth et al., 2005;
Monecke et al., 2007; Ikawaty et al., 2010), kur MRSA nav sastopams dzivnieku
izcelsmes LA-MRSA izolatos (no govim), bet savukart augsti sastopamibas raditaji
ir konstat@ti sec g&nam —no 30% lidz 100% govju. Citi zinatnieki (Hallin et al., 2011;
Huber et al., 2011) savos pétijumos nav konstat&jusi sec géna klatbtitni MRSA ciiku
un govju izolatos. Kinas zinatnieki (Chao et al., 2015) - 10.7% un citi - 5.9% MRSA
ciiku izolatos konstatgjusi sea génu (Huber at al., 2010), vai to nav konstatgjusi
nemaz (Wendlandt et al., 2013b).

Miisu pétijuma kopuma enterotoksinu génu sastopamiba vari€ no nulles lidz
pat 100.0%. Novérots, ka sea geéna sastopamiba dazadu MRSA spa tipu vidi varig,
t.i., no 42.9% (spa tips t1174) Iidz pat 100.0% (spa tips t127, t899, t1255, 12421,
t2451 un jaunais A); bet sec g€na sastopamiba varié no 8.3% (spa tips t337) lidz
50.0% (spa tipi t33127 un t400). Savukart sef géna sastopamiba vari€ no 25.0% (spa
tips t337) Iidz 100% (spa tipi t127 un t2451). Interesanti, ka visiem MRSA spa tipa
t127 izolatiem ir konstatets enterotoksinus kodgjosais géns seb.

MRSA spa tipu izolatiem t1580, t2383 un t1580, kas tika konstatgti
ciikkopibas saimniecibas, un izolatiem t318, t1250, t421, kas tika iegiti no
kautuvém, genoma nav Kkonstatéta entertoksinus kod&joso génu klatbiitne.
Neskatoties uz to, ka MRSA spa tipa t899 visiem izolatiem ir novérota sea géna
klatbiitne, min&ta tipa izolatiem tomér konstat€ta viszemaka antimikrobiala
rezistence, t.i., stafilokoka izolati ir rezistenti tikai pret penicilinu un tetraciklinu,
kamer citi MRSA spa tipu izolati vienlaicigi ir rezistenti pret vismaz astonu veidu
antibiotikam. MRSA spa tipu t1744 un t1333 izolati, kam novero augstu
antimikrobialo  rezistenci  pret trimetoprim-sulfonamidiem, gentamicinu,
klindamicinu un eritromicinu, vienlaicigi satur sea, sec un seh génus, bet spa tips
t127, kam piemita zema antimikrobiala rezistence, neuzrada rezisteni pret
meropenem, amoksicilinu un klavulanskabi, ciprofloksacinu,

47



trimetoprimsulfonamidiem, klindamicinu, gentamicinu un eritromicinu, tomer satur
ne tikai sea, sec un seh ge€nus, bet ar1 seb génu.

Ar1 Kinas zinatnieki (Chao et al., 2015) konstatgjusi, ka pat viena MRSA spa
tipa ietvaros atSkiras virulences géni, pieméram, MRSA spa tipa t127 izolati satur
sea, seb un seh génus, kas ir novérojams ar1 miisu p&tijuma. Pretgji Kinas zinatnieku
konstat€jumam (Chao et al., 2015), me&s paradijam, ka MRSA spa tipu t011 un t899
izolati satur ari sec génu.

Lidzigi ka Vacijas zinatnieki (Becker et al., 2017), arT mes konstatgjam, ka
MRSA spa tipa t127 izolatiem (izolatam no kautuves F gridas virsmas un izolatam
no liemena) atrodams sea géns, savukart MRSA spa tipa t011 izolatiem (tos
konstatgjam visas vides kautuves un saimniecibas) sec géna klatbiitnes nav.

P&tijuma cuku liemenos un darbiniekos visbiezak tika konstatéts
enterotoksinus (ET) kodgjosais géns sea, savukart sivenmasu piena — sec (skat. 5.
tab.). Vides paraugos konstatéts MRSA, kura genoma atrodami gan sea, gan sec, gan
seh ET kodg@josie géni. Tapat liemenos atrodami arT MRSA, kuru genoma ir pargjie
testetie ET geéni — seb, seh un sec, kas liecina par liemenu kontaminaciju apstrades
procesa un iesp&jamo risku paterétajiem.

5. tabula/ Table 5
MRSA enterotoksinu kodéjosie géni liemenu, vides, sivéenmasu piena un
darbinieku izolatos/
MRSA enterotoxin-encoding genes in carcass, environment, sow milk and workers

Izmekléto
Paraugu MRSA
ieguves pozitivo
avots/ skaits (n)/
Source of Number of
samples positive
MRSA (n)

Konstatéts Konstatéets Konstatéts Konstatéts
sea/ seb/ seh/ sec/

Detected Detected Detected Detected
sea seb seh sec

Liemeni/ 7 4 o o 1
(105) 61  L143%) 1(143%) (14.3%)
Vide/ 1 1
1 0, 0,
EnV|rr](t)nme (46) (100.0%) 1 (100.0%) 1 (100%) 0
siens sows IS ! 0 2
P (69) (33.3%) (66.7%)

milk

Darbinieki/ 6 4 1 0
Workers (34) (66.7%) (16.7%)
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Izvertejot ET kodgjoso génu klatbiitni MRSA genoma, konstatgjam, ka sea
géns lielakoties sastopams izolatos viens pats (70.4% no visiem MRSA izolatiem,
kuriem konstatéti ET kodg&joSie géni) vai kopa ar sek génu (14.8%); seh g€nam ir
tendence izolatos biit kopa ar citiem ET kodgjoSiem géniem — sea un seb; bet géns
sec izolatos sastopams gan viens pats, gan kopa ar sea génu (skat. 6. tab.).

A1 citi autori ir konstat&jusi faktu, ka dazadu vel Iidz §im nezinamu iemeslu
del stafilokoku enterotoksinu kodgjoSie geni vienas izcelsmes kliniskajiem
stafilokoku izolatiem ir loti atSkirigi un batiski vari€ atkariba no stafilokoka genotipa
(Honeyman et al., 2006)). MRSA izolati, kuri vienlaicigi satur vairakus
enterotoksinu kodgjosos génus, spgj izraisit komplicEtakas saslim$anas un radit

6. tabula/ Table 6
Enterotoksinu kod&jo$o génu sastopamiba un kombinacija/
The occurrence and combination of enterotoxin encoding genes

ET pozitivie MRSA/
ET positive MRSA
n =83

ET genu kombinacijas/
Combination of ET gene

Tapat vél aizvien nav pieradits, ka pastav izteikta korelacija starp S. aureus
antimikrobialo rezistenci un enteropatogenitati (sp&ja producét enterotoksinus), proti
nav pieradijumu, ka atSkiras enteropatogenitate starp meticilinsensitivo S. aureus un
MRSA (Ortega et al., 2010), tomér miisu p&tjjuma konstat€jam, ka nebiit ne tie
MRSA izolati, kas uzrada rezistenci pret lielaku skaitu antibiotiku, satur arT vairakus
enterotoksinu kodgjosos génus.
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SECINAJUMI

P&ttjuma ieklautajas novietnés vidgji 19.7% ciiku ir MRSA pozitivas, tacu
saimniecibas ar lielu dzivnieku skaitu MRSA konstatgjams biezak (vid&ji
44.2% dzivniekiem). Rezistentais stafilokoks biezak ir konstat€jams 3 lidz
4.5 méneSus veciem sivéniem (31.9%), ka ar sivéenmasu piena (4.3%
paraugos). Saimniecibu ietvaros konstatéta identisku MRSA spa tipu (t011,
t400) sastopamiba vienlaicigi gan sivénmatém, sivénmasu piena, gan
noteikts dzivnieku vecuma posms nav MRSA sastopamibu noteicoSs
faktors.

Petijuma ieklautajas kautuvés vidgji 51.0% ciiku ir MRSA pozitivas.
Lielaka kautuves jauda uzrada tendenci ar1 palielinatai MRS A sastopamibai
(lieljaudas kautuvés MRSA konstatéts vid&ji 88.6%, bet mazjaudas — 8.0%
dzivniekiem).

Kautuvés izmantota atsaroSanas metode var ietekm& MRSA noklusanu
liemenos. Izmantojot plaucésanas un svilinasanas metodi, MRSA pozitivi
vidgji ir attiecigi 8.9% un 2.9% cuku liemenu. P&tTjuma ieklautajas kautuves
konstatéta identisku MRSA spa tipu (t1333 un t127) klatbiitne gan ciikas,
gan liemenos un vide, tadejadi noradot uz liemenu kontaminacijas parnesi
no MRSA pozittvam ciikam un vides.

Lai arT kautuvju darbiniekiem pastav augstaka iesp&jamiba (MRSA pozitivi
21.1% cilvéku un 8.3% vides paraugu) inficéties ar MRSA neka cuku
novietnu personalam (MRSA pozitivi 13.3% cilvéku un negativi vides
paraugi), tomér pétijuma (gan saimniecibas, gan kautuvEs) iegiitajiem
humanas un ciiku izcelsmes MRSA tika konstatéts atskirigs genoms, 1idz ar
to nepieradas endémiska clku izcelsmes MRSA nésasana cikkopibas
industrija nodarbinatajam personalam.

Saimniecibas ctikam MRSA biezak konstaté nazalajos (vid&ji 8.2%
dzivniekiem), ta¢u kautuvés — rektalajos (19% dzivniekiem) paraugos,
tadgjadi, tradicionali kautuves iegiistot tikai nazalos paraugus, samazinas
MRSA diagnostic€$anas iespgjas.

Petijuma HA-MRSA izolati uzradija augstaku rezistenci pret penicilinu
(100.0%), cefaleksinu (50.0%) un meropenem (16.7%) neka LA-MRSA
izolati (penicilina rezistence - 98.8%, cefaleksins - 38.8%, meropenem-
7.5%), turpretim LA-MRSA bija augstaka rezistence pret tetraciklinu
(92.5%) un trimetoprima-sulfonamidiem (23.0%) neka HA-MRSA
(rezistence pret tetraciklinu 83.3%, trimetoprima-sulfonamidi 20.1%).
Augsta MRSA-Tet rezistence cukam saimniecibas rada, ka tas nakotne
varétu klut par izplatitako HA-MRSA tipu miisu regiona.

Kautuvju MRSA izolatiem lielaku rezistenci konstatgjam pret eritromicinu
(67.4%), klindamicinu (64.4%), gentamicinu (53.1%) un trimetoprim-
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10.

sulfonamidiem (38.8%), noradot, ka arT Saja cukkopibas industrijas posma
sastopamais rezistentais stafilokoks var radit potencialu apdraud&umu
patéretaju veselibai.

MRSA visbiezak sastopamajiem spa tipiem (t011, t1333, t337, t1985, t808,
t400) noveéro zemaku antimikrobialo rezistenci neka retak konstatetajiem
spa tipiem, turklat MRSA spa tipam t011 (7.9%) konstatéta vidgja jutiba
pret vankomicinu (kopuma 19.8% MRSA izolatukonstatgta vidgja jutiba
pret vankomicinu), kas norada uz visaugstako tendenci spa tipam t011 klut
rezistentam pret vankomicinu un apgriitinatu arstniecibu cilvekiem un
dzivniekiem nakotng.

Eiropai raksturigais LA-MRSA klons ST398 ir endémiski konstatgjams
Latvija ciikkopibas saimniecibas, bet Azijas valstim raksturigais ST9 —
kautuves. Kautuves ir lielaka MRSA spa tipu dazadiba (n= 18) neka
saimniecibas (n=12), tadgjadi kautuves varetu kalpot ka vide MRSA
parnesei un izmainu veicina$anai genoma. Saimniecibas sastopamakie
MRSA spa tipi ir t808, t1985 un t400, bet kautuves - t337, t11744 un t318.
Petijuma nekonstat€jam saistibu starp MRSA AMR un enterotoksinu
kodgjoSo genu klatbiitni stafilokoka genoma. MRSA vidgji 53.5%
gadijumos satur enterotoksinu génus - biezak sea (48.8%) un retak seh
(9.7%), sec (5.9%) un seb (2.4%). Novérojam, ka, samazinoties ciiku
saimniecibu lielumam, palielinas enterotoksinu saturoso MRSA daudzums.
MRSA spa tipiem t1333 un t127 konstatéta visu test€to enterotoksinu
kodgjoso génu (sea, seb, sec, seh) klatblitne genoma, ka ari visi Sie
enterotoksinus kodgjosie géni konstateti MRSA izolatos no liemeniem,
tadgjadi noradot, ka liemeni var biit toksikoinfekcijas avots paterétajam.
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PRIEKSLIKUMI

Nemot véra to, ka S. aureus un MRSA sastopamibu veicina cuku
pargrupésana un kontakts ar cikam no citiem ganampulkiem, ieteicams
ciiku novietn€s péc iesp&jas samazinat ciiku pargrupésanu dazadas grupas,
ka art ciiku kontaktésanas iesp€jas kautuves no dazadam novietném. Tapat
batiski ir nodrosinat mitnu, transporta un aizgaldu (it Tpasi kautuves, kur ir
liela dztvnieku mainiba un koncentracija) efektivu tirisanu un dezinfekciju,
lai p&c iesp€jas samazinatu MRSA parneSanu no apkartgjas vides uz
dzivniekiem, darbiniekiem un liemeniem.

Veikt regularu un biezu plaucgsanas vannu tidens nomainu, lai samazinatu
liemenu kontaminacijas risku ar S. aureus un MRSA.

Lai nodrosSinatu efektivaku S. aureus un MRSA diagnostikas iespgjas,
ieteicams no viena dzivnieka iegiit mikrobiologiskos paraugus no vairakam
organu (gan elposanas, gan gremosanas) sistémam.

P&éc iespgjas samazinat ciikkopibas industrija iesaistita personala tuva
kontakta laiku ar cikam gan saimniecibas, gan kautuves. Ta ka MRSA ir
sastopams elpoSanas sistéma, ieteicams lietot respiratoras maskas.
Profilaktiskos nolikos, it Tpasi sivenmasu mastitu gadijumos, ka arT
gadijumos, kad novéro masveida purulentus patologiskos procesus ctikam
un vienlaicigi So slimo dzivnieku palielinatu mirstibu, ieteicams nonemt un
izmekl&t mikrobiologiskos paraugus uz MRSA.
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INTRODUCTION
Topicality of the work

Staphylococcus aureus (S. aureus) is an important initiator of food
toxicoinfections, pneumonia, wound infections and hospital-acquired infections that
often pass into septicemia (Graveland et al., 2011). It is able to genetically alter its
cellular protein, making microorganisms susceptible to antibiotic exposure (Bocher,
2008). Methicillin-resistant S. aureus (MRSA) is one of the most common highly
pathogenic microorganisms that acquired resistance to 3-lactam antibiotics due to the
mecA gene. MRSA has been found to be multidrug resistant and has resistance to
cephalosporins, tetracyclines, aminoglycosides, macrolides, chloramphenicol and
fluoroquinolones (Lee, 2003) as well as vancomycin (Tenover, Goering, 2009), one
of the most effective and frequently used antibiotics for the treatment of MRSA
infections (Boucher et al., 2010), thus creating problem situations in the treatment of
disease (both in veterinary medicine and in human medicine) (Otter, French, 2010).

MRSA produces enterotoxins (SE) that causes toxicoinfections usually with
nausea, vomiting, abdominal cramps and diarrhea (Nitzsche et al., 2007; Argudin et
al., 2010; Chao et al., 2015). SEA, SEB, SEC and SEH have emetic effect (Argudin
et al., 2010). s, SEA mostly is found in cases of toxicoinfections, while SEC most
often is detected in MRSA from animal isolates, but SEB has even been studied as a
"biological weapon" (Pinchuk et al., 2010). SEH is one of the toxins found in the last
five years and its research is still ongoing.

MRSA is found in both farm animals and pets and exotic animals, but most
often in pigs (Graveland et al., 2011; Cunny et al., 2013). MRSA poses a potential
risk of infection in the pig industry (Wulf et al., 2008; Wettstein Rosenkranz et al.,
2014). During the slaughter and carcass processing MRSA can be transferred from
colonized pigs to carcasses, environment and workers. Conversely, if carcasses and
meat are contaminated with MRSA, the microbe may enter the food chain further
(Kluytmans et al., 2010).

In studies of different European countries, the occurrence of MRSA in pig
holdings varies from 0.0% to 51.2% (EFSA, 2009). Studies have shown that MRSA
is widely found in the pig industry - both for animals and for the employees working
in pig industry, but there are no data available on the situation in Latvia concerning
the pathogenicity of MRSA and its genotypic characteristics, the occurrence of
MRSA in different body systems, as well as the relationship between the spa types
of MRSA isolates and their antimicrobial resistance, and the presence of
staphylococcal enterotoxins in the genome.
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Hypothesis of the study

The prevalence of methicillin-resistant Staphylococcus aureus and variability

in genome could vary depending on the labour intensity and production capacity of
the slaughterhouse and farm, and the presence of enterotoxin coding genes in the
methicillin-resistant Staphylococcus aureus genome could indicate a higher
antimicrobial resistance.

Research thesis

The hypotheses of the doctoral thesis must be proved by the following theses.

1.

The main factor influencing occurrence of MRSA in the herd is the age of the
pigs, as wels as the transfer of resistant staphylococci may occur from suckling
sows to MRSA positive lactating sows, from MRSA positive slaughter pigs to
carcasses, as well as from pigs to the staff involved in pig industry.
Slaughterhouses have a higher occurrence of MRSA and genome diversity than
pig farms

In farms and slaughterhouses with high production capacity the occurrence of
MRSA is higher as in farms and slaughterhouses with low production capacity.
MRSA is most common detected in pigs respiratory system.

There is no correlation between the antimicrobial resistance of MRSA, the type
of spa and the presence of genes encoding eneterotoxin in the genome.

Less common MRSA spa types have lower antimicrobial resistance.

The aim of the research

The aim of the study is to investigate the occurrence of methicillin-resistant

Staphylococcus aureus in the pig-breeding industry - the domestic pig population,
the environment, people working in the industry, and to identify isolated methicillin-
resistant Staphylococcus aureus antimicrobial resistance and genotype.

The objectives of the doctoral thesis

In order to achieve this goal, the following research tasks have been set.

1.

identify the occurrence of MRSA:

1.1. in farms of different age groups of pigs;

1.2. in slaughterhouses for pigs and their carcasses depending on dehairing
method,;

1.3. in the environemnt of herds and slaughterhouses.
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2. identify the occurrence of MRSA among workers employed in porc production
industry (farms, slaughterhouses).

3. asses the diagnostic effectivness depending from sample type (nazal, rectal,
milk).

4. assess the resistance of MRSA isolates to other group antibiotics and compare
isolated MRSA in AMR farms and slaughterhouses.

5. evaluate the genotype of isolated MRSA and compare between herds and
slaughterhouses.
5.1. determine the spa type of isolated MRSA.
5.2. determine the eneterotoxin encoding genes in the genome of isolated

MRSA.

6. asses wether is there a relationship between spa types and eneterotoxin encoding
genes in genome of isolated MRSA.

7. determine wether workers employed in pig production industry are carriers of
MRSA from pig origin.

Scientific novelty of the research

For the first time in Latvia, MRSA isolation and assessment of incidence in pig farms
and slaughterhouses, as well as in their environment and in the pig industry were
performed. Compared to studies in other European countries (40.0% of pigs in the
Netherlands (de Neeling et al., 2007; van Duijkeren et al., 2008), Germany - 50.0%
(Mutters et al., 2016), Italy - 39.8% - 83.7% (EFSA, 2009; Batisti et al., 2010),
Belgium - 40.0% - 84.0% (Pletnickx et al., 2013; Peeters et al., 2015)) in Latvia a
medium high MRSA occurence (on farms - 19.7 % of pigs in slaughterhouses -
51.0%) was detected.

For the first time in Latvia, antimicrobial resistance detection, genotypic evaluation
and detection of staphylococcal enterotoxins of MRSA isolates from the pig industry
were performed. Similarly, studies by other authors have shown that one MRSA
observes different antimicrobial resistance within the spa type, however, contrary to
studies by other authors, which indicate that MRS A belonging to the ST398 sequence
type is mostly found in Europe, we found MRSA belonging to ST9. According to
other authors, it is characteristic of the Asian region.

For the first time, the relationship between MRSA spa type, antimicrobial resistance
and the presence of enterotoxin genes was assessed and there was find no binding
tendency for MRSA antimicrobial resistance and enterotoxin-encoding genes, but
marked diversity in AMR and enterotoxin-encoding genes within one MRSA spa
type.

For the first time in Latvia, the effectiveness of MRSA diagnostics for pigs has been
evaluated depending on the type of sample. Given that there is currently little / no
research available on the potential for MRSA isolation in animals in the world,
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depending on the type of sample, especially on the presence of MRSA in samples of
sows milk, research in this area provides additional information on diagnostic
capabilities of MRSA.

Personal contribution

1. Compilation and analysis of literature.

2. Planning of work progress and methodology.

3. Survey of farms and slaughterhouses involved in the study, evaluation of their
activities and conditions.

4. Gathering of the samples.

5. Survey of staff working on farms and slaughterhouses.

6. Microbiological examination of the obtained samples and determination of
antimicrobial resistance.

7. Statistical processing and analysis of the data obtained.

Structure and volume of doctoral thesis

The doctoral thesis is summarized on 151 pages including 51 figures and 35
tables. It consists of annotation, introduction, literature review, material and
methods, research results, discussion, 12 conclusions, thesis for defense,
recomendations for pracitice, list of references (277 sources of literature) and 4
appenidices.
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MATERIAL AND METHODS

Location and time of the research

The study has been performed from 2013 to 2017 at the Latvia University of
Life Sciences and Technologies Faculty of Veterinary Medicine Microbiological
Laboratory of Institute of Food and Environmental Hygiene and Biotechnology
Scientific Laboratory, as well as at the Riga Stradins University Institute of
Oncology.

Samples were obtained from 3 farms of different sizes and 4 different capacity
slaughterhouses in different regions of Latvia (see Fig.1). 405 pigs, farm and
slaughterhouse environment and workers were surveyed (see Fig.2 for sample
distribution).

Sampling and workflow patterns are shown in the Scheme of the study (see
Fig. 3).

Samples from transport media or petri dishes (ambient air samples obtained
by the Koch sedimentation method) were taken from the microbiological
examination on Baird-Parker agar. The most characteristic colonies were colored by
Gram, microscoped. Mannitol salt agar (MSA), plasma coagulation test, selective
medium for S. aureus CHROMagar Staph aureus, selective medium for MRSA
CHROMagar MRSA were used for further isolation and confirmation of isolates.

Using molecular biology techniques, DNA isolation, detection of MRSA
(confirmation by mecA gene), detection of enterotoxin-encoding genes, typing of
MRSA isolates by the spa gene and by MLST were performed.

PCR-approved MRSA isolates were tested for antimicrobial resistance
against 12 antibiotics - penicillin, amoxicillin, clavulanic acid, cefalexin
ciprofloxacin, tetracycline, clindamycin, erythromycin, gentamicin, meropenem,
oxacillin, trimethoprim-sulfonamides, and vancomycin using Kirby Bauer Disc
Diffusion method.

Statistical processing of the data was performed using SPSS 16 program
(SPSS, INC., Chicago, IL, USA). There were used a contingency analysis and a 2
test to determine differences in staphylococcal occurrence between pigs in farms and
slaughterhouses. Differences were assessed as significant if value of p was <0.05.
We used the V-coeficient of the Cramer, ranging from 0 to 1, for the determination
of the characteristics of the tightness. As the value is closer to 1, as there was a closer
link between the signs, or the distribution of microorganisms differs significantly
between different farms / slaughterhouses. Using the Bayesian theorem, the results
of the work on staphylococcal diagnostics in pigs were shown to be dependent on the
type of sample investigated.
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RESULTS OF THE RESEARCH AND DISCUSSION

The occurrence of MRSA in pigs on farms

S. aureus is one of the most important source of food toxicoinfections,
pneumonia, wound infections and nosocomial infections (Tiemersma et al., 2004).
Among all farm animals, it has been found that pigs are a potential source of MRSA
infection in people who are in frequent contact with these MRSA colonized animals,
particularly in the pig farming sector - sheds and slaughterhouses and veterinarians
(Huijsdens et al., 2006; Voss et al., 2005; Wulf et al., 2006). A study conducted in
the Netherlands found that 40.0% of pigs were carrying MRSA CC398 (MRSA
found in the nostrils) (de Neeling et al., 2007; van Duijkeren et al., 2008). Similar
reports have been reported in other countries - Belgium (Denis et al., 2009), Denmark
(Guardbassi et al, 2009), Germany (Witte et al., 2007), USA (Smith et al., 2009), and
Singapore ( Sergio et al., 2007).

Studies have shown that MRSA is relatively common among pigs, with an
increase in occurrence. In Germany, in 2015, MRSA was positive for 40.0% of pigs
tested (Idelevich et al., 2015), and in 2016 - 50.3% (Mutters et al., 2016). The average
occurrence of MRSA in the small (farm A) and medium-sized farm (B) included in
our study is 4.2% and 9.5%, respectively (see Fig.4), which is lower than that
reported in other countries. For example, the prevalence of MRSA in pig herds varies
from 39.8% to 83.7% in Italy (EFSA, 2009; Batisti et al., 2010) and in Belgium from
40.0% to 84.0% (Pletnickx et al., 2013; Peeters et al., 2015). Of course, as other
scientists have pointed out, the occurrence of resistant staphylococci depends from
the size of the farm and housing (Batisti et al., 2010), the type of farm and the
purchase of pigs from other farms, and the higher occurrence is observed in larger
farms (Crombe et al. , 2012), which also coincides with our results, because on a
farm with a small number of animals, the occurrence of MRSA is on average 4.2%
in animals, while on C, with the highest number of animals, the occurrence of MRSA
in pigs is already 44.2%.

Compared to studies carried out in other countries, MRSA has been found in
all pig farms included in our study, while in other cases only half of the farms, i.e.
52.0% in Germany and 56.0% in the Netherlands (Alt et al., 2011). Meanwhile, in
Italy (Batisti et al., 2010), MRSA was found in 38.1% of pigs tested, but in China
only 3.3% of pigs tested (Guo et al., 2018).

The results of our study allow us to compare the presence of S. aureus and
MRSA in pig farms. We find that the higher occurrence and lower proportionality
between these staphylococci is observed in farms with higher animal density and
higher number of animals. On the farm A (with the smallest number of animals), the
occurrence of MRSA in pigs is on average 26% lower than that of S. aureus, while
on farm C (with the highest number of animals), 21% less than S. aureus. In general,
we also observe a relationship: as the more intensive porc industry became and the
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higher the density of pigs and the number of animals in the shed is, as the more
frequent also is MRSA.

The higher occurrence of MRSA in large farms could be explained by the
higher number of MRSA colonized workers, as well as other vectors - rodents and
insects, with nearby farm / room air flowing out of ventilation systems outside (Alt
et al., 2011; Friese et al., 2012; Shulz et al., 2012). It is known that MRSA spreads
through animals through direct contact with the swine herd, while the dust and
contaminated surfaces of the barn serve as an essential reservoir for MRSA (Broens
etal., 2011a).

There are still relatively few long-term studies of the dynamics of MRSA in
pigs, and most of these studies have been conducted to determine the presence of
MRSA in pigs until slaughter age (Broens et al., 2011a, Burns et al., 2014, Verhegghe
et al., 2013) or even for a shorter period of time, ie up to 70 days of age (Weese et
al., 2011). In addition, these studies do not reflect the results of individual animals
(Bangerter et al., 2016), whereas studies by other authors (Burns et al., 2014; Weese
et al., 2011) have been conducted on only one holding but Broens (Broens et al.,
2011)) in his research gathered microbiological samples from the pigs before and
after transport to the slaughterhouse.

In our study, the ccurrence of S. aureus and MRSA in animal age groups
varies. On average, the highest incidence of S. aureus was found in piglets between
4 to 4.5 months old (on average 52.8% in animals) and lowest in piglets to weaning
(on average 33.3%) (see Fig. 5). A total of 39.3% of the animals showed the presence
of S. aureus.

We observed the highest occurrence of MRSA in pigs not only in 4-4.5
months (on average 31.9% in animals), but also in 3-3.5 months old pigs (on average
26.6% in animals). Burns with co-authors (Burns et al., 2014) has stated in his study
that the highest occurrence of MRSA is observed in piglets 2 days after weaning, but
reduced - before weaning. Similar results can be found in studies by other authors
(Smith et al., 2009; Weese et al., 2010; Broens et al., 2011; Verhegghe et al., 2011).
Also in Belgium (Pletinckx et al., 2013), the highest occurrence of MRSA was found
in weaned piglets - 86.3% and in fattening pigs - 86.3%, but lowest — in suckling
piglets.

We also found the lowest MRSA occurrence in weaning piglets (12.5% of
cases) and fattening pigs (10.9% on average), while in Germany (Alt et al., 2011) -
52% and in the Netherlands - 56% (Broens et al., 2011 ). Mutters and co-authors
(Mutters et al., 2016) have also obtained different results from us, with a higher
incidence of MRSA in fattening pigs (59.8%), susckling piglets (49.0%) and sows
(25.6%).

In total, 19.7% of animals in S. aureus exhibit methicillin resistance. The
results of the study show that the occurrence of MRSA is increasing in proportion to
the presence of S. aureus and the age of piglets up to 4 - 4.5 months.
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According to the authors (Weese et al., 2010; Dewaele et al., 2014), the
increase in MRSA prevalence during the weaning period is associated with the
mixing of the positive and negative pigs of MRSA with the formation of new groups;
as well as the stress of the separation period; decreased age-related immunity (loss
of maternal antibodies); new premises and contamination from previous animals.

In the farms included in our study, depending on the peculiarities of pig
breeding, pigs were moved to fattening houses at the age of 3 to 4.5 months, where
new groups were formed. New housing, facilities and equipment, as well as the
relocation and regrouping itself, cause significant stress to the animals, so they are
risk factors that should be more closely controlled to avoid the possibility of MRSA
transmission.

Analyzing the occurrence of MRSA in pigs in different age groups and
farms of different sizes (see Fig. 6), we find that the occurrence of MRSA in
suckling piglets ranged from zero (holding A) to 21.9% (holding C). Although our
MRSA occurrence rates are lower than in Mutters et al., 2016, however, pigs tested
on farm C for susckling piglets (MRSA prevalence of 21.9%) were purulent
processes on the skin.

Although the most common purulent processes on skin, abscesses and
exudative epidermitis in pigs are caused directly by Staphylococcus hyicus, however,
as shown by the experience of other scientists and veterinarians (Pomba et al., 2010),
three pig farms found exudative epidermitis of MRSA of 15.0% in six-week-old
piglets, which resulted in 20.0% mortality. The diagnosis was confirmed by isolating
MRSA from samples of wounds and skin lesions. In this study (Pomba et al., 2010),
as in our investigated farm C, predominantly MRSA spa type t011 (10 MRSA
isolates from 13) dominates, suggesting that MRSA may be the initiator of the
process of purulent piglets on farm C.

In the group of 3 to 3.5 months old pigs, MRSA was found only on holding
C (the holding with the highest number of animals), with a very high occurrence rate,
i.e. 70.8% of the pigs tested.

Regarding the presence of the study staphylococci in 4 - 4.5 months old pigs,
this was found in all farms included in the study, but the occurrence of MRSA among
pigs in this age group ranged from 8.3% (farms A and B) to 79.2% (holding C).

Meanwhile, in the case of fattening pigs, MRSA was found to be
approximately the same on all holdings, i.e. from 8.0% on farm A to 12.4% and
12.5% on farm C and B respectively.

In a Danish study (Agerso et al., 2012), analyzing several types of farms - 1)
holding pigs for fattening only, 2) farms keeping pigs for fattening and suckling
piglets, and 3) full-cycle farms with sows, isolated piglets and pigs for fattening have
been found to have the highest incidence of MRSA in full-cycle farms (20.9%), in
pig farms for fattening - 12.2% and then in piglets and fattening pigs - 9.9%. In this
section, it is difficult to analyze the data of our research, because within the same
farm there are several pig houses and even sheds, where at the respective age the
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weaned piglets are moved or the fattening pigs are transported within one farm
without fattening pig stocking from different farms and herds, therefore from the our
point of view the age groups of pigs are not the main cause of the differences in the
occurrence of MRSA, as it is very different on farms.

The occurrence of MRSA in pigs and pig carcasses in
slaughterhouses

The occurrence of MRSA in pigs and carcasses intended for food is a public
health problem as the sases of ilnesses of MRSA continue to grow (Witte et al.,
2007). Other scientists analyzing samples from slaughterhouses have found that the
occurrence of MRSA in live pigs is 39.0% on average and that in pigs in
slaughterhouses, 81.0% are MRSA positive (De Neeling et al., 2007). There are also
opposite results when MRSA was not detected in any of the 440 pigs studied, nor
was it isolated from dust samples (n = 15) (Horgan et al., 2011).

During the study of nasal and rectal samples from 100 pigs in the selected
slaughterhouses, it was found that the occurrence of S. aureus varies (see Fig.6), and
there are significant differences in both the size of the slaughterhouse and the type
of sample being investigated. When assessing the occurrence of staphylococci in
slaughterhouses with different slaughter capacity, it was found that S. aureus was
most often obtained directly from slaughterhouses with higher slaughter capacity. In
slaughterhouse D (with low slaughter capacity), the prevalence of S. aureus in pigs
was found to be on average 52.0% in animals, while in slaughterhouse G (with high
slaughter capacity), 89.6% of pigs.

Also, the occurence of MRSA varies significantly depending on the
slaughter capacity. In slaughterhouse D (with the lowest slaughter capacity), the
occurrence of MRSA is on average 8.0% in animals, while in slaughterhouse G (with
the highest slaughter capacity) it is 88.4% (see Fig.7). In general, there is a
relationship: the higher the slaughter capacity and the higher the number of animals
concentrated in the slaughterhouse in the shorter period, the higher the occurrence of
staphylococci is. Thus, we find a higher average (51.0%) prevalence of resistant
staphylococci than other researchers, eg in a Danish study (Agerso et al., 2012), the
prevalence of MRSA in slaughter pigs before scalding is 13.0%. In Switzerland,
however, studies (Overesch et al., 2012; Butner et al., 2014) show a dramatic increase
in the occurence of MRSA in 4-year dynamics, ie, in a 2009 study, the occurrence of
MRSA in slaughterhouses was 2%, but in 2013 reached 20.8%.

The common tendency for staphylococcal high occurrence in pigs at
slaughterhouses shows that a significant impact on the occurrence of MRSA is a
contamination factor - the pigs in the slaughterhouse have great contact with pigs
from different farms and often the same vehicles for transport purposes are used. In
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addition, the large variety of MRSA spa types isolated from slaughterhouse pigs
indicates the high impact of contamination.

We find that most of the MRSA negative animals after moving to the
slaughterhouse - 35-95% of the previously tested pigs after stunning are isolated by
MRSA, and the highest incidence of MRSA in this study was found in pigs at the
start of the fattening period, which in turn is associated with the regrouping of pigs,
grouping and moving/transporting pigs from one establishment to another.
Consequently, transportation to the slaughterhouse and the stay of the pigs in the
slaughterhouse can be considered a critical point in the occurrence of MRSA
(Bangerter et al., 2016; Broens et al., 2011; de Neeling et al., 2007).

One of the main causes of contamination of MRSA could be close contact in
a narrow, limited space during transport of animals to the slaughterhouse.
Researchers point out that the most common contamination of MRSA in pigs occurs
through direct contact with the nose mirror, skin, vagina or facces (Moodley et al.,
2011; Broens et al., 2011a). Broens (Broens et al., 2011a) has indicated that pre-
tested and microbiologically negative pigs on MRSA after transport and stay in a
slaughterhouse (total of 3.5-16.5h) in close contact with other pigs from different
farms, 60% in the stunning phase is MRSA positive. Drivers and/or slaughterhouse
staff (Broens et al., 2011a) may also be a potential source of contamination during
transportation.

This study found that MRS A contamination from live pigs (occurrence 40.0%
- 88.6%) can be reduced (0.0% - 24.0%), taking into account good hygiene practices
in slaughterhouses. In our study, on surface of 6.7% carcasses (in total investigated
105) was found MRSA.

Also, Danish scientists (Agerso et al., 2012) have generally found that the
prevalence of MRSA in pork from various countries is on average 7.5%, which is
close to the results of our study. However, when analyzing national data with the
number of samples tested above 10, researchers find the highest occurrence of
MRSA in pork imported from third countries - 42.5%, the Netherlands - 19.0%, and
significantly lower - with Danish (4.6%) and German (2.1%) origin (Agerso et al.,
2012).

The presence of MRSA in pig carcasses is a potential food risk for both
consumers and industry, and it is therefore important to reduce it by introducing
measures such as personnel training on biosecurity and good hygiene practices at all
stages of the food chain, from primary production to sales outlets.

It is known that, with appropriate hygiene and disinfection measures (cleaning
of working clothes, footwear and gloves, washing and disinfecting surfaces and
equipment), it is possible to avoid contamination of carcasses, however, dehairing
using the scalding method is currently one of the biggest risk factors for
contamination of carcass surfaces and natural openings. As demonstrated in a study
(Yaniarti et al., 2017) on S. aureus resistance to milk at various pasteurisation times
and temperatures, S. aureus death has been observed only from a temperature of 70
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° C for 50 minutes, while lowering the time interval at this temperature S. aureus
keeps living and reproducing ability. As part of the pig carcass technology, the water
temperature of the scalding bath is usually maintained at 60 ° C (FAO, 1991) to avoid
thermal effects on the skin. In the slaughterhouses, the water in the scalding baths is
replaced only after the removal of several carcasses (in the slaughterhouses included
in our research, the water was changed on average after 10-15 carcasses). As we
observed in the slaughterhouses, scalding water is only changed when it is obiously
visually dirty and foamy. More often water is replaced in scalding baths that do not
have a separate compartment, where large dirt and bristles are collected, while in
slaughterhouses where scalding baths have this separate compartment, oten are
emptied only apartment and water is added. From the above it can be concluded that
the carcass dehairing technology using water with a temperature of up to 60 ° C for
multi-carcase scalding serves as one of the potential sources of contamination of
S. aureus.

The occurrence of MRSA in farms and slaughterhouses,
environment and workers

It is known that the presence of MRSA in air and dust makes it difficult to
reduce the occurrence of bacteria, contributes to the presence of the microorganism
in the air, and MRSA can survive in dust for up to seven months (Friese et al., 2012).

Although the prevalence of S. aureus in the air samples of the pig farms
investigated during the study was on average 9.1% (see Fig. 8), however, we detect
the staphylococci under study in only one holding (large farm C 3-3.5 months old
pig housing) in 25.0% of cases (2 out of 8 samples tested), meanwhile, we found the
highest occurrence of MRSA in pigs in this C farm. The main reason for this could
be the frequent regrouping and relocation of animals in this age. From the farms A
and B all samples obtained for the test show negative results. Unlike the presence of
S. aureus in swine air samples, however, MRSA does not detect during the study that
other scientists have observed that the MRSA positive pig ratio is closely related to
MRSA positive air sample ratios in housing. This suggests that a larger number of
MRSA positive pigs also increase the spread of MRSA in the air and in the ambient
shed environment. The small total number of MRSA in pig nasal samples correlated
with the number of bacteria in environmental samples indicates nasal contamination
of MRSA pigs rather than the persistent wearing of MRSA (Friese et al., 2012). From
the above, we can judge that in the farms selected in our study, however, animals are
MRSA persistently infected.

When comparing data from other researchers, the occurrence of MRSA
varies. In environmental samples from farms (Friese et al. 2012), MRSA has been
detected in 85.2% of samples, while MRSA prevalence in dust samples is as high as
100%, whereas EFSA (2009) reported the prevalence of MRSA in dust samples of
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0.0% while Swiss scientists (Masclaux et al., 2013) 32.4% of air samples from pig
farms were found S. aureus. Partial results could be explained by different sampling
methods, as the above-mentioned researchers used a filtration and air compression
method with special equipment for air and dust analysis, but we used the Koch
sedimentation method (Boucher et al., 2010), which could be the cause of the low
MRSA prevalence (4.0%) in our environmental samples.

In order to minimize the spread of MRSA in the environment and housing, as
well as the colonization of the new live pigs with the previous animal group MRSA,
it is very important to implement an effective cleaning and disinfection program in
the pig housing before the introduction of the new animal groups. The disinfection
program should include not only disinfection of shed surfaces and structures, but also
disinfection of ventilation systems. Depending on the design of each farm's
ventilation system and the placement and contact capabilities of the pig housing, the
distribution of MRSA (both in the same housing and in the building and in several)
is possible through the ventilation system, as the presence of MRSA in the air can
cause intact colonization of animals even without the possibility of direct contact to
colonized animals (Gibbs et al., 2004; Friese et al., 2012; Bos et al., 2014).

In our study of environmental samples of slaughterhouses (see Fig. 9) (work
surfaces, equipment and various objects that come into contact with carcasses,
slaughterhouse floor and air), only 2 samples (8.3%) were positive for MRSA
(sample taken from a scalding bath at a heavy duty slaughterhouse (D) and a sample
from a floor in slaughterhouse F).

The low incidence of MRSA in surface samples (equipment, work tables,
gloves, flooring, plank boxes) and MRSA not detected by the Koch sedimentation
method, however, indicates that MRSA is not present in the air of slaughterhouses,
although it is known that dust is one of the main factors that increases the prevalence
of bacteria in the environment (Feld et al., 2018).

MRSA has been found in pig farms not only in the environment and animals,
but also in rodents, dogs, cats and farm veterinarians and family members (Pletinckx
etal., 2013).

In countries of high development and industrialization, MRSA is one of the
most common causes of death in humans. In addition to the traditional routes of
infection with MRSA, the transfer of MRSA through direct contact between humans
and food-producing animals has recently been increasing (Wendlandt et al., 2013b)
and the risk of contamination from unprocessed food of animal origin, especially raw
meat, is increasing. (EFSA 2009; Kock et al., 2013).

In a study conducted in the Netherlands in 2011, 39% of MRSA isolates from
hospital patients were found to have domestic aniaml origin (LA-MRS) (Hetem et
al., 2013). In Germany, the prevalence rates of MRSA in domestic animals continue
to grow (Schaumburg et al., 2012; Kocket al., 2013). Thus, when exchanging genetic
material with more virulent bacteria, LA-MRSA can become a serious threat to
public health (Cunny et al., 2013).
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As regards the study of pig farmers working as potential staphylococci
carriers, as the prevalence of MRSA in air is known to be a potential risk for workers
in the pig breeding sector (Friese et al., 2012), a total of 13.3% of workers in the
workforce show positive results on the whole (see Fig. 7). Research by other authors
in this respect contrasts sharply with our data — in a study conducted in Australia
(Shabizada et al., 2018), MRSA was found in 60.0% of nasal samples taken from pig
farm workers, while in Italy (Mascaro et al., 2018) - only 7.3% of workers. In our
study, in farm C (with the highest number of animals) we did not detect S. aureus in
workers at all, while on the farm A and B in 25% of cases (1 in 4 samples) showed
positive results for S.aureus, all isolated from workers' respiratory tract
staphylococci also showed resistance to methicillin. Contrary to our results in other
scientists' research (Smith. Et al., 2013; Reynaga et al., 2016), the more frequent
occurrence of MRSA among pig workers in the pig industry is in farms with the
highest prevalence of MRSA in pigs, but in German studies (Anwar et al. , 2001;
Kock et al., 2011) found that a higher occurrence of MRSA was found in the overall
human population than in those employed in the pig industry. The choice of treatment
antibiotics on the farm can also be a contributing or limiting factor for the spread of
MRSA among pigs and also among workers (Schmitthaussen et al., 2015). This is
also confirmed by the fact that although antibiotics are also used for preventive
purposes in the farm B we studied, no significant differences have been observed
between workers and animals compared to farm A, where antibiotics are only used
for therapeutic purposes. The non-detection of S. aureus among workers at farm C
may be explained by the fact that pigs were built and housed in pigs just a few months
before our examinations, and the organoleptic evaluation was less dusty and stale
than the two previous farms, air ammonia concentrations were lower, as well as
hygienic measures (hand disinfection and washing after each group of pigs) were
carried out by the stuff in farm C.

It is reported in the literature that the high occurrence of MRSA among
slaughter pigs is a potentially high risk factor for those working in the pig industry
(farm and slaughterhouse staff as well as veterinarians in the sector). It has been
shown that people working in the pig sector who spend several hours a week in close
contact with MRSA colonized or infected pigs are at high risk of MRSA nasal
colonization (Voss et al., 2005; Witte et al., 2007; Moodley et al. 2008; Denis et al.,
2009). In general, a high level of S. aureus colonization (about 30.0%) is observed
in the human population, while the MRSA level of nasal colonization is lower (0.7-
1.5%) depending on the geographical range (Wertheim et al. 2004; Gorwitz et al.,
2008; Munckhow et al. al., 2009). Colonization of humans with staphylococci means
that such carriers become reservoirs and can directly pass this infection on to others,
contaminating food and surfaces that are in contact with food. In addition, human
MRSA carrying is one of the risk factors for clinical manifestation of infection
(Cohn, Middleton, 2010; Jordan et al., 2011). MRSA can be transferred from
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productive animals to the slaughterhouse environment, thus serving as a source of
contamination for slaughterhouse personnel (Wendlandt et al., 2013a).

When studying the presence of MRSA in the upper respiratory tract of
slaughterhouse staff, we find that 21.1% of the staff in the low-capacity
slaughterhouse are carriers of staphylococci, while in high-capacity slaughterhouses
F - 24.0% and G - 16.7% (see Fig. 8). On average, in this study, 21.1% of
slaughterhouse workers have been detected MRSA positive by nasal samples, which
is higher than in most other countries: in Ireland (Horgan et al., 2011) MRSA was
found only in two out of 100 slaughterhouse workers investigated, in Italy
(Normanno et al., 2015) MRSA was found in 9 out of 113 slaughterhouse workers
included in the study, in Switzerland - none of the 179 workers included in the study
(Huber et al. , 2009), China - none of the 107 slaughterhouse workers (Cui et al.,
2009), in the Netherlands - 5.6% of slaughterhouse workers, which is higher than the
prevalence in the average human population (0.1%) (van Cleef et al., 2010). Similar
data have also been published in another study by Dutch scientists (Gilbert et al.,
2012), which states that 11 of 341 (3.2%) slaughterhouse workers are carriers of
MRSA (LA-MRSA) of animal origin. A Spanish study found that 14.3% of
slaughterhouse workers are MRSA carriers (Morcillo et al.,, 2011), whereas in
Germany (Mutters et al., 2016), MRSA found 61.9% of pig farmers, including farm
workers, veterinarians and veterinary medicine students. High concentrations of
MRSA in pigs and slaughterhouses can be one of the risks of occupational diseases
in this sector.

Research by other authors in pig slaughterhouses shows the occurrence of
MRSA in 5.6% of workers and 22% of car drivers carrying pigs (Mulders et al. 2010;
van Cleef et al., 2010). Data are also available that 45.7% of farm workers are
persistently MRSA colonized even during periods of non-contact with livestock,
while 54.3% are periodic MRSA carriers or negatively throughout the testing period
(Kock et al., 2012).

Given that the presence of MRSA has been detected in pigs, carcasses and the
environment in the slaughterhouse, it is only natural that MRSA is also present in
samples from slaughterhouse staff, as workers do not wear respiratory masks and are
in close contact with pigs. Moreover their hands, gloves, equipment, clothes and
shoes can serve as vectors for the transmission and further spread of infection.

Comparing the prevalence of HA-MRSA (human MRSA) in Europe, the
lowest prevalence of HA-MRSA is in hospitals in northern Europe (from 0.0% in
Sweden, Norway, Estonia, Denmark and the Netherlands) and gradually rising to
Central Europe has been observed, reaching the highest rates in southern Europe
countries in Portugal - 49.1% and Greece - 55.6% (Borg et al., 2012). However, these
numbers for Latvia (4.5%) (Borg et al., 2012) are several times lower than the data
of our study on the incidence of MRSA in the pig industry - an average of 17.4%.
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It has been shown that up to 30% of human populations are permanent carriers
of S. aureus, while the other part does not show persistent carrying of S. aureus
(Kaspar et al., 2016).

On average, only 20% of MRSA carriers are persistent, 60% are periodic
carriers, and 20% are free from MRSA colonization (Wertheim et al., 2005). The
status of MRSA colonization for non-regular workers is discussed in several studies
(Van Cleef et al., 2010; Kock et al., 2012). Van Cleef et al. (2011) shows that short-
term human contact with MRSA in colonized animals causes their colonization with
MRSA, but most of the body releases MRSA within 24 hours.

Likewise, the reduction of MRSA's occurrence could, in my opinion, be
achieved by excluding or minimizing contact with pigs coming from different
holdings and farms or by carrying only MRSA negative pigs.

MRSA diagnostic options based on sample type (nhasal, rectal,
milk samples)

Although there is a great deal of research into the potential for occurrence and
isolation of MRSA in the field of microbiology, there is little research on the isolation
of MRSA from different sample types and the most efficient sampling site. To date,
most of the diagnosis of MRSA in pigs is carried out by obtaining nasal samples. In
a study by French scientists (Jouy et al., 2010), MRSA has not been detected in rectal
samples, but has been detected in nasal samples, while other scientists (Moodlay et
al., 2011; Broens et al., 2011b; Szabo et al., 2012) MRSA also found in rectal
samples, but significantly less than in nasal samples - in the Szabo study (Szabo et
al., 2012) MRSA was isolated in 77.0% of nasal samples and 40.0% of rectal
samples. However, the above-mentioned studies only show the occurrence of
microbioma and its ability to enter various body systems without linking them to the
MRSA occurrence in the environment and major colonization risk factors, because
the studies and sampling were done by nasal inoculation of intact animals with
MRSA suspension, and placing the animals in an MRSA-free environment. In
contrast, a study conducted by Belgian scientists (Dewaele et al., 2011) without prior
experimental colonization of animals with MRSA, which investigated the isolation
of MRS A from nasal, perineum, skin and rectal samples, found the highest incidence
of MRSA in nasal samples (83.0%), perineum samples (71.0%) and skin samples
(69.0%), while the lowest MRSA prevalence was observed in rectal samples
(47.0%), indicating that obtaining microbiological samples from the front of the
nasal cavity is one of the most effective ways to determine whether the animal is
colonized with MRSA. In addition, increasing the number of investigated areas and
organ systems increases the potential for MRSA isolation, as well as the ability to
detect the simultaneous presence of different sequences and types of MRSA in one
animal (Dewaele et al., 2011).
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In a study evaluating the occurrence of MRSA in farms in pigs in different
body (respiratory and digestive) systems, we find that on average (8.2% of animals
(n=25)) resistant staphylococci are found in animals only in the upper respiratory
tract or at the same time in both respiratory and digestive systems (on average 7.9%
of animals (n=24)). There are significantly fewer pigs (3.6% on average) for which
the presence of MRSA can only be detected in rectal samples (see Fig. 10).

In the holding A (with the smallest number of animals) in pigs, MRSA was
found more frequently in the samples of the respiratory system (3.1% or n=3), the
holding B (with the average number of animals) - the higher incidence of MRSA in
animals was found in the digestive system (4.8% or n=5) , but in the respiratory
system (3.8% or n=4 animals) - slightly less, while on farm C - with the highest
number of animals and the highest number of isolated MRSA isolates - resistant
staphylococcus is most commonly found in animals both in the respiratory and
digestive systems - 22.1% (n = 23) and slightly less in the respiratory system - 16.3%
(n = 17). When using the Bayesian theorem, it was shown that if the pig is a carrier
of MRSA, the probability of diagnosing these resistant staphylococci by examining
only rectal samples is 18.0%, while by examining only nasal specimens - 42.0%, but
if a pig is investigated simultaneously in rectal, and nasal specimens, the probability
of finding MRSA is 40.0%.

Considering that MRSA is present in air and dust, as well as the peculiarities
of the pig species with a snout/nose mirror inhale and explore surfaces, various
materials and other animals, and that the microbiome has to withstand various
digestive fluids to pass through the digestive tract containing enzymes and the
occurrence of rectal samples is much lower than in nasal samples.

The relatively high occurrence of MRSA in samples of digestive system
found in farm C, where the piglets also have purulent processes on the skin, could
indicate reduced immunity, persistent colonization, and even clinical disease as
MRSA in animals can cause exudative dermatitis, urinary tract infections and
mastitis-metritis agalactic syndrome (vanDuijkeren et al., 2007).

Analyzing the samples of sows milk obtained from the farms included in the
study (see Fig. 7), we find that the average occurrence of S. aureus is 13.0%, while
MRSA is 4.3%. When assessing the occurrence on farms, resistant staphylococci in
sow milk have not been detected in the small farm (A), but with the increase in the
number of animals in the holding, the occurrence of MRSA is also increasing, the
presence of staphylococci in farm B and C in milk is 4.0% and 7.7% respectively.
Considering that in several authors' studies (Garzoni, Kelley et al., 2009; Jouy et al.,
2010; Sinha, Fraunholz et al., 2010, Szabo et al., 2011), it has been found that MRSA
is spread by blood in the tissues with macrophages (able to counteract macrophage
function), as well as isolated from tonsilla and lymph nodes, including from the
caecum and ileum lymph nodes, migration of the MRSA to the mammary glands and
excretion into the milk together with milk is possible.

68



Analyzing the occurrence of MRSA samples from different body systems
of slaughered pigs, we find that the most common resistant staphylococci occurs
directly in the digestive system (19.0%), while the somewhat lower prevalence of
MRSA is observed in both digestive and respiratory samples (18.0% of pigs) and in
the respiratory system - 14.0% of the slaughtered animals (see Fig. 10).

However, when comparing MRSA to pigs in different -capacity
slaughterhouses, we find that there are variations. MRSA in the respiratory system
were most often found in a low-capacity slaughterhouse E - 40.0% in animals, while
in the digestive system or in both systems of the body - more often in a high-capacity
slaughterhouse G (34.3% and 45.7%, respectively). The higher prevalence of MRSA
in pigs in rectal samples may be explained by the fact that the samples were obtained
from pigs after stunning and bleeding. In high-capacity slaughterhouses, it has been
observed that pigs had a bloody fluid from the nostrils following stunning bleeding,
which could rinse some of the MRSA present in the nasal cavity, so that some of the
pig nasal specimens did not detect MRSA.

One of the main causes of contamination of MRSA could be close contact in
a narrow, limited space during transport of animals to the slaughterhouse. Other
researchers also report that the most common contamination of MRSA in pigs occurs
through direct contact with the nose mirror, skin, vagina or facces (Moodley et al.,
2011; Broens et al., 2011a). Broens (Broens et al., 2011a) has indicated that pre-
tested and microbiologically negative pigs on MRSA after transport and stay in a
slaughterhouse (total of 3.5-16.5h) in close contact with other pigs from different
farms, 60% in the stunning phase is MRSA positive.). Another possible form of
contamination during transportation is for car drivers and/or slaughterhouse staff
(Broens et al., 2011a).

Analysis of antimicrobial resistance of MRSA isolated from
farms

Antimicrobial resistance in the world is increasing among human and animal
pathogens as well as zoonotic agents, resulting in an increased risk of infection
treatment for humans and animals (Batisti et al., 2010; Jackson et al., 2013).

Multi-antimicrobial resistance is found among MRSA isolates obtained in the
study. Most isolates exhibit resistance to two or more different antibiotics, and some
of the isolates showed meropenem resistance and moderate sensitivity to
vancomycin, suggesting an increase in antimicrobial resistance. The data from our
study are also consistent with the results of other authors, which show a high
prevalence of MRSA and resistance to isolates from pigs, pork and workers in this
industry (Batisti et al., 2010; Jackson et al., 2013).

Overall, antimicrobial resistance trends on farms are similar - 98.2% of
MRSA isolates in our study showed penicillin resistance and 89.1% against

69



tetracycline. Relatively high resistance is also observed for erythromycin (69.1%),
clindamycin (65.5%), gentamicin (50.9%) and trimethoprim sulfonamides (40.0%)
(see Fig.11).

Research by other scientists (van Duijkeren et al., 2008; Batisti et al., 2010;
Fesler et al., 2012; Crombe et al., 2012; Pletinckx et al., 2013) has also shown trends
similar to our findings, ie high resistance to trimethoprim, lincomycin and
ciprofloxacin. Similar to Burns (Burns et al., 2014), in our study, resistance to
tetracycline has also been found in 89.1% of MRSA isolates and 69.1% of
erythromycin. Interestingly, in the study, 50.9% of MRSA showed gentamicin
resistance and 29.1% of cefalexine, which was not used in the investigated farms for
pig treatment. Resistance to penicillin and tetracycline, which are still used as first-
choice antibiotics in large quantities in Latvia for about five to ten years ago and in
part of the housing, reached 98.2% and 89.1%, respectively, of MRSAs isolated in
the study.

Similar trends in antimicrobial resistance as in our study were also found in
Italy (Normanno et al., 2015), where MRSA isolates are mostly multi-resistant, most
often showing resistance to clindamycin, tetracycline and erythromycin. Comparing
our data with the data from a Chinese (Li et al., 2017), Taiwan (Lo et al., 2012),
Italian (Batisti et al., 2010), and German (Mutters et al., 2016) study, found that that
the MRSA of animal pigs in Latvia has lower resistance than the other countries
mentioned above. Thus, the MRSA obtained in our study shows resistance to
ciprofloxacin in a 4.5% sample, while in Germany - 13.0% (Mutters et al., 2016),
41.7% in Italy (Batisti et al., 2010), 98.8% in Taiwan (Lo et al., 2012), but in China
- 100% (Li et al., 2017). Similarly, the antimicrobial resistance situation in these
countries has also been observed against other antibiotics compared to our study.

In a study of MRSA isolates, 20.0% of cases showed gentamicin resistance,
42.8% erythromycin, 33.6% clindamycin and 92.5% tetracycline. In contrast, in the
previous mentioned countries - Germany - gentamicin - 20.0%, erythromycin -
73.0%, clindamycin - 75.0%, tetracycline - 100%; in Italy against gentamicin -
42.0%, erythromycin - 75.7%, clindamycin - 80.0%, tetracycline - 100%; in China -
gentamicin - 80.4%, erythromycin - 97.0%, clindamycin and tetracycline - 100%
(Batisti et al., 2010; Mutters et al., 2014; Li et al., 2017) and Taiwan - 99.4%
gentamicin , 100% against clindamycin, 99.4% against tetracycline, erythromycin
83.7, and 90% against trimethoprim-sulfonamides (Lo et al., 2012), against which
20.1% of our MRSA isolates are resistant.

The phenomenon of high MRSA resistance indicators in China, unlike
European data, can be explained by the fact that in China antimicrobials are used not
only for prevention and treatment purposes, but also as growth promoters, especially
enrofloxacin, tetracyclines, lincomycin and tiamulin (Li et al. , 2016). Although some
of the antibiotics in Taiwan were banned for use in food-producing animals for
therapeutic purposes (clindamycin, ciprofloxacin), however, the antimicrobial
resistance of MRSA remains very high, as do the antibiotics (gentamicin,
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tetracycline, erythromycin and trimethoprim-sulfonamides) permitted as feed
supplements to stimulate weight gain (Li et al., 2017).

The most common antimicrobial resistance in our study has been observed
against five (24.6% of all MRSA isolates), six (19.3%) and seven (15.8%) of
different antibiotics, but in the US study of five types of antibiotics, 9.3% isolates,
four types of antibiotics show resistance. - 32.7%, but against three types of
antibiotics - 57.9% (Ge et al., 2017

Comparing antimicrobial resistance to MRSA isolates derived from the
animal's upper respiratory tract and digestive system, it has been found that isolates
from the digestive system most often show resistance to a higher number of
antibiotics than MRSA isolates from the upper respiratory tract (see Fig. 12).

We have also identified antimicrobial resistance in MRSA isolated from farm
workers. MRSA, isolated from a small group farm (A) worker, shows resistance to
penicillin, cefelaxin, tetracycline, and meropenem, but isolate from a medium-sized
farm (B) worker — to penicillin, tetracycline, and cefalexin. The study did not identify
the identical MRSA spa type for humans and animals that would indicate MRSA of
common origin.

However, interestingly, the highest resistance of MRSA in pigs in farm A was
also shown directly against cefalexin, tetracycline, penicillin and moderate resistance
to meropenem, and on farm B against penicillin, tetracycline and medium resistance
to cefalexin.

Analysis of antimicrobial resistance of MRSA isolated in
slaughterhouses

In our study, MRSA from slaughterhouses most often showed resistance to
six (26.1% of all MRSA isolates), seven (21.7%) and eight (19.6% of all MRSA
isolates) different antibiotics. MRSA isolates showed 32.8% resistance to
erythromycin, 92.5% to tetracycline and 98.5% to penicillin (see Fig. 13), whereas
in the US study (Ge et al., 2017) MRSA isolates show lower resistance - only 12.6%
resistant erythromycin, 54.1% tetracycline and 69.8% penicillin. In this study, in
contrast to our isolates 25.4% resistant to trimethoprim-sulfonamides, no resistance
to this antibiotic was observed, but there was a moderate susceptibility to
vancomycin, which we also found in our study in six of MRSA isolates.

Comparing the human (HA) and animal (LA) MRSA isolates to antimicrobial
resistance, we conclude that there are no major differences except for some
antimicrobial agents. In our study, HA-MRSA isolates showed higher resistance to
penicillin (100.0%), cefalexin (50.0%), gentamicin (33.3%) and meropenem (16.7%)
than LA-MRSA isolates (penicillin resistance - 98.8%, cefalexin - 38.8%,
meropenem - 7.5%). In contrast, LA-MRSA showed higher resistance to tetracycline
(92.5%) and trimethoprim-sulfonamides (23.0%) than HA-MRSA (resistance to
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tetracycline 83.3%, trimethoprim-sulfonamides 20.1%), but no significant
differences in resistance to other antimicrobials were observed.

The above-mentioned situation in the form of antimicrobial resistance against
certain agents is closely related to the difference in the use of these preparations in
human and veterinary medicine. It is forbidden to use antibiotics such as cefalexin,
meropenem, ciprofloxacin and clindamycin for the treatment of food-producing
animals (especially pigs) in accordance with the requirements of the EC Regulation
37/2010. Similar levels of resistance among LA-MRSA and HA-MRSA are observed
with antibiotics used concurrently in both human and veterinary medicine -
trimethoprim-sulfonamides and amoxicillin with clavulanic acid. Other researchers
(Mutters et al., 2016) have also found that the strongest differences in antimicrobial
resistance can be found between HA-MRSA and LA-MRSA, as more than 80.0% of
isolates were resistant to ciprofloxacin LA-MRSA isolates, but isolated from pigs
and in pigs industry involved staff - just over 10% of cases. Similarly, there are
drastic differences in the Mutters study (Mutters et al., 2016) in resistance to
trimethoprim-sulfonamides, which are resistant to 45% of LA-MRSA isolates and
52% of HA-LA-MRSA isolates, but in our study these differences are small, ie LA
Among MRR isolates, resistance to trimethoprim-sulfonamides is only 3.4% higher
than for HA-LA-MRSA isolates.

There are both common and different trends in farms and slaughterhouses
(see Fig. 13). On average, antimicrobial resistance was higher in slaughterhouse
isolates, but higher levels of MRSA resistance in farms were found against
amoxicillin in combination with clavulanic acid (17.3%), cefalexin (42.7%), and
tetracycline (96.0%), whereas the MRSA isolates found a higher resistance to
trimethoprim sulfonamides - 38.8%, gentamycin - 53.1%, clindamycin - 64.4% and
erythromycin - 67.4%.

There were no marked differences between farms and slaughterhouses -
resistance was observed at farm level against seven to eleven antibiotics at the same
time, and in the slaughterhouses at nine to eleven tested antibiotics.

Genotypic analysis of isolated MRSA

Recent studies have shown that the carrying of MRSA is associated with the
contact of productive animals (Kock et al., 2016). In the Netherlands, where MRSA
infections are rare, LA-MRSA from all MRSA isolates was detected in 20% of cases
in 2006, but this percentage continues to increase (van Rijen et al., 2008). In the
Netherlands, however, 97% of all MRSA excreted from porc belongs to the clonal
complex ST398 (Buyukcangaz et al., 2013; Hanson et al., 2011; Molla et al. 2012;
O’Brien et al., 2012).
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In the study, we found that the occurrence of MRSA and its spa types varies
depending on slaughterhouse slaughter capacity and good hygiene practices, farm
size, and number and density of pigs.

The pigs included in our study are from different regions of Latvia, which can
cause high heterogeneity of MRSA spa types. MRSA isolates from pigs, milk and
workers from pig farms found 10 different types of spa (see Table 1) - ie, t011, t899,
1693, t1333, t400, t1255, t808, t1580, t1985, 12383, indicating that there might be a
transfer of MRSA between farms through personnel, inventory, and technique. In
addition, the most prevalent in pig population is t011 (69.0%), which dominates in
all farms included in the study, while the other MRSA spa types found are isolated
only on separate holdings. The MRSA isolate from sows milk belongs to the spa type
t400. The MRSA isolate from the farm worker A belongs to the spa type t693, while
the B farm worker MRSA is a spa type t1255.

In our study at slaughterhouses we detected 15 different MRSA spa types
(see Table 1) - t011, t127, t318, t337, t421, t808, t899, t1333, t1250, t2421, t1255,
t2451, t11744 and two new spa types (A and B). Thus, the high diversity of the
detected MRSA spa types indicates that there are differences in the MRSA genome
between the different farms from where pigs come to slaughterhouses. Conversely,
changes in the MRSA genome can be facilitated by factors such as the use of various
antibiotics and disinfectants and different farm management (Becker et al., 2017).

Although we obtained a large variety of MRSA spa types in the study (a total
of 21 spa types on 131 samples), research from other countries (Becker et al., 2017)
shows that this variability can also be higher (131 spa types on 331 MRSA isolates),
although there are also studies where this variability is significantly low - 453 MRSA
isolates showed only 7 different types of spa (Pletinckx et al., 2013).

Similar to our study, other researchers (Friese et al., 2012; Pletinckx et al.,
2013; Peeters et al., 2015) isolated the MRSA t011 spa type from pigs and
environmental samples and isolated t1255 isolate from nasal specimens, that we
isolated from a slaughterhouse worker.

Overall, in this study has isolated MRSA spa type t011, which was found in
farms 68.9%, but in slaughterhouses - 10.5%, and among all types of MRSA isolates
the occurrence is 43.5%. The second most common spa type of MRSA is t1333,
which is found in slaughterhouses of 26.3% and in farms - 4.1% of samples, but
among all spa types of MRSA isolates, the prevalence is 26.3%. Type t127 is found
only in slaughterhouses in two MRSA isolates, i.e. 1.5% of all MRSA isolate spa
types.

Comparing the results of the MRSA isolates obtained from farms in Italy
(Batisti et al., 2010) and Taiwan (Lo et al., 2012), the most commonly detected was
MRSA spa type t899 (48.9% of farms), whereas in our study this spa type was found
on a single farm (4.1% of all MRSA isolates in the farm spa, or 3.8% of all spa-typed
MRSA isolates).
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As the second most common MRSA spa type, Italian researchers find t127
which in our study is found in only one slaughterhouse (3.5% of all MRSA spa types
isolated in slaughterhouses, or 1.5% of all isolated MRSA spa types). In our study,
the most common of MRSA spa type is t011 found in all pig farms (68.9% of all
MRSA isolates in farms or 43.5% of all spa typed MRSA isolates) and two
slaughterhouses (10.5% of all MRSA spa typed isolates in slaughterhouses) but in
the Italian study it is found in only 8.9% of pig farms. Similarly, MRSA spa type
t899 is found in Taiwan for MRSA pig isolates (Lo et al., 2017).

MLST is based on genes in which changes occur slowly, providing
information on evolutionary changes and global incidence of S. aureus (Feil et al.,
2003; O’Hara et al., 2016). Scientific literature highlights, that more accurate
informatin is obtained when genotypic methods are combined (spa tying, MLST)
(Dhawan et al.,2014).

Analyzing the results of the MRSA spa type sequences (see Table 2), we
found that the most frequent MRSA spa type t011 in our study has the characteristic
clonal complex of ST398 (as in the Italian study (Batisti et al., 2010)) as well. The
ST398 complex also belongs to the t808 spa type. Although most of the European
MRSA isolates do not belong to the ST9 sequence (Mutters et al., 2016), our study
has shown that the MRSA spa types t11744, t337 and t899 belong to the clone
complex ST9, which in other authors' publications is mostly referred to as
characteristic of Asia, especially the Japanese MRSA pig isolates, while the ST398
sequence, which is more specific to Europe, is much less common in Japan (Asai et
al., 2012; Cui et al., 2009).

In our study from pigs, MRSA spa types t808 and t011 belong to the sequence
type ST398, which is cited in literature as one of the most frequent sequences in
Europe for MRSA isolates from domestic animals (Becker et al., 2017; George et al.,
2017).

We found that none of the 6 workers in the MRSA pig industry had MRSA
with spa type that belongs to ST398 clonal complex. The clonal complex of LA-
MRSA CC398, like other HA-MRSA-specific clonal complexes from different
biofilms, is capable of inducing human epithelial cells and causing cytotoxic effects
(Nicholson et al., 2013; Witte et al., 2007).

Although the opinion of epidemiologists about the transferability of LA-
MRSA among people are divided and the risk is considered to be minimal in this
respect (Wassenberg et al., 2011; Hetem et al., 2013) and LA-MRSA are less virulent
than hospital origin MRSA (HA-MRSA) (Bootsma et al., 2011; Wassenberg et al.,
2011; Garcia-Graels et al., 2012; van de Sande-Bruinsma et al., 2015), however, it
has been shown that MRSA of clonal lines CC398, also counted as LA-MRSA, can
be easily transferred from person to person (MCarthy et al., 2012; Price et al., 2012;
David et al., 2013), in close contact with productive animals, causing colonization or
even infection of at-risk individuals (Layer et al., 2012; Nair et al., 2016). Thus,
veterinarians, veterinary medical students, slaughterhouse workers, and the livestock
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industry, as well as other people in close contact with the above-mentioned groups,
are the most exposed to risk (Frana et al., 2013; Bos et al., 2014; Verstappen et al. ,
2014; Smyth, Wardyn et al., 2015), since no clinical symptoms are primarily
observed among these people (Smyth, Wardyn et al., 2015). However, the outbreaks
of MRSA ST398 in hospitals are rare (Verkade et al., 2012), which can be explained
by the high variability of the ST398 MRSA spa types and, consequently, by the very
different genome and phenotypic characteristics, including virulence and
antimicrobial resistance (MCarthy et al. , 2012; Price et al., 2012; David et al., 2013).
In the Netherlands, on the other hand, the type of MRSA isolated from patients was
characterized by the type of LA-MRSA (Hetem et al., 2013). Studies in Germany
also show that the proportion of LA-MRSA isolated in hospitals in relation to the
prevalence of HA-MRSA continues to increase (Schaumburg et al., 2012; Kock et
al., 2013). It has also been shown that individuals who are nasal MRSA carriers also
have a higher risk of MRSA infection than the rest of the population (Kluytmans et
al., 1997).

Considering the high MRS A nasal colonization rates among pig workers, this
could be one of the occupational risks (colonization of LA-MRSA for workers),
which is even higher than the risk of HA-MRSA colonization. It is also reported that
in several countries between 2006 and 2015, cases of LA-MRSA infection have been
detected in persons involved in the livestock farming industry (Albrich, Harbarth et
al., 2008).

Characteristics of isolated MRSA spa types and antimicrobial
resistance

In the MRSA spa type and antimicrobial resistance analysis, it was found that
the staphylococcal resistance variet even within one spa type. Also, MRSA isolated
from pig farms was found to have two to eleven different antimicrobial resistance
profiles for one spa type and 63.5% of all MRSA isolates are mainly found in the
two most common resistance profiles (Pen-Tetr and Pen-Cef-Tetr) (see Table 3).

On the other hand, in slaughterhouses (see Table 3) MRSA within one spa
type are evident two to eight different antimicrobial resistance profiles and five of
the most common antimicrobial resistance profiles (Pen-Tetr-Clin-Ery-Gen-TriSa,
Pen-Tetr, Pen- Cef-Tetr-Clin-Ery-Gne-TriSa, Pen, Pen-Tetr-Clin-Ery-Ge) comprises
a total of 52.5% MRSA isolates.

Similar parallels with the results of our study can also be found in a study
conducted in Belgium (Pletinckx et al., 2013), where a total of 51 antimicrobial
resistance profiles and five of the most common antimicrobial resistance profiles
(Cip-Tetr-Tri, Cip-Tetr-Tri, Sa) were found. Tetr-Tri-Ery-Lin-Tyl, Tetr-Tri-Gen-
Cip-Kan-Lin-Tobr, Tetr-Cip-Clr-Lin-AmCI) comprise 54.3% of all MRSA isolates.
Meanwhile, a study conducted in Italy (Batisti et al., 2010) found higher
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antimicrobial resistance in MRSA spa type isolates t011, 2899 and t127 than in our
study.

In our results, MRSA spa type t011 isolates were found to be resistant to
ciprofloxacin in 3.4% of cases, trimethoprim-sulfonamides - 5.2%, gentamicin -
10.3%, erythromycin - 21.0, clindamycin - 13.8% and tetracycline - 98.3%. In
contrast, Italian scientists (Batisti et al., 2010) detect ciprofloxacin resistance in
25.0% of cases, trimethoprim-sulfonamides 75.0%, gentamicin 50.0%, erythromycin
75.0%, clindamycin 75.0%, and clindamycin 75.0%, and tetracycline 100%
however, resistance within slaughterhouses and farms is slightly different (see Fig.14
and 15).

Lower antimicrobial resistance than other scientists ((Batisti et al., 2010) has
been observed in other MRSA spa types in our study. MRSA spa type t899 do not
shows resistance to ciprofloxacin in our study, 20.0% shows resistance to
gentamicin, trimethoprim-sulfonamides, erythromycin and clindamycin, and 100%
to tetracycline.

The most striking differences between our and other authors (Batisti et al.,
2010) are observed in MRSA spa type t127 isolates. We isolated it from
slaughterhouses in the study, and resistance to 100% was reported only against
tetracycline, while in the Italian study (Batisti et al., 2010), resistance was observed
in 50.0% of trimethoprim-sulfonamides and ciprofloxacin, but against gentamicin,
erythromycin, clindamycin and tetracycline - 100% of cases. The sharp differences
in antimicrobial resistance with our results could be explained by the much higher
prevalence of MRSA in the countries of the southern European region, and
consequently the increased use of antimicrobials, which in turn leads to increased
antimicrobial resistance.

The results of some researchers (Tenhagen et al., 2009) suggest that the most
common spa type of MRSA is t1333. In our study, all isolates of the MRSA spa type
t1333 show resistance to clindamycin (43.0%), erythromycin (50.0%), tetracycline
(75.0%) and penicillin (93.0%) (see Fig.15). So, our results show that antimicrobial
resistance to MRSA spa type t1333 has grown.

In a study (Gonzalez-Dominguez et al., 2012), MRSA isolates isolated from
hospital patients showed resistance to clindamycin (17.2%), erythromycin (44.8%)
and gentamycin (27.6%), whereas in our study MRSA isolated from farm workers
(n=2 ) does not show resistance to the antibiotics mentioned before, but MRSA
isolates from slaughterhouse workers (n=3) show resistance to clindamycin,
erythromycin and gentamicin in two cases. Although our MRSA isolates generally
show slightly higher resistance to clindamycin (40.8%), resistance to erythromycin
(40.1%) and gentamicin (29.4%) does not differ significantly.

In the literature, the ST398 clonal complex is becoming more common in
hospitals (Verkade et al., 2014; Williamson et al., 2014). It has been found that
resistance to tetracycline (TetR) can serve as one of the early (express) CC398 and
other MRSA indicators of clonal line associated with productive animals. In studies,
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MRSA CC398 exhibits a relatively high MRSA-TetR (67.3%) resistance already
(Lozano et al., 2012b). 25.5% of hospital patients with MRSA-TetR isolated were
found to be in contact with pigs or poultry, while 42.9% had no previous contact with
productive animals (Benito et al., 2014). Similarly, in the MRSA isolates of the
study-treated patients, the ST398 clonal complex was observed to be 14.0% more
frequent than the MRSA isolates of non-productive animals. In our study, however,
the isolated MRSA isolate from a slaughterhouse worker shows resistance to
penicillin only.

Although our MRSA ST398 isolates also have resistance to erythromycin
(1011 - 12.0%; t808 - 20.0%) and clindamycin (t011 - 13.8%; t808 - 20.0%), the
authors mentioned before declare the higher resistance to these antibiotics —
respectively - 58.0% and 63.0%, although our MRSA isolates show higher resistance
to gentamicin (t011 - 10.3%; t808 - 20.0%) than in Benito (Benito et al., 2014) study
- 7.0%.

The MRSA clonal CC398 line largely possesses a multidrug phenotype, thus
significantly limiting the treatment options for these infections (Cunny et al., 2013).
There is also an opinion among scientists that MRSA-CC398 can serve as a reservoir
for antimicrobial resistance-determining genes (Kadlec et al., 2012), and, as in
Benito (Benito et al., 2014) study, also our MRSA spa type t011 and t808 isolates
belonging to the ST398 clonal line have multiple resistance, as spa type t011 is at
the same time resistant to 11 antibiotics, and spa type t808 - to 8 antibiotics.

Similarly to studies carried out elsewhere (Cunny et al., 2013), our isolated
MRSA ST398 isolates also showed very low antimicrobial resistance to quinolones
- only spa type t011 against ciprofloxacin 3.4%of isolates, but overall for all MRSA
isolates - only 4.5%. However, it should be noted that the relatively low resistance
to quinolones found in our study and, in particular, the higher resistance to
macrolides (resistance to erythromycin 32.8% MRSA isolates) and tetracyclines
(resistance to tetracycline 92.5% MRSA isolates) raise justified concerns about
treatment options for MRSA infections, because macrolides, quinolones and
tetracyclines are referred to as very important antibiotics by the World Health
Organization classification in human medicine, therefore the use of these antibiotics
in animals is recommended to be reduced (Collignon et al., 2009).

The study also found that although the majority of MRSA isolates are
sensitive to vancomycin, nine MRSA isolates from farms - t011 (n=5), t693 (n=1),
t899 (n=2) and t400 (n=1) and six isolates from slaughterhouses - t011 (n=1), t2337
(n=2), t11744 (n=2), t2421 (n=1) show intermediate sensitivity to vancomycin.
Scientists (Moreno et al., 2016) have reported that MRSA isolate with spa type t953
(ST398 sequence) derived from pigs with exudative epidermitis has a intermediate
sensitivity to vancomycin, while at the same time shows resistance to other 20
antibiotics. Interestingly, our MRSA (with intermediate sensitivity to vancomycin)
isolates, as in the study (Bhattacharyya et al., 2016) of MRSA vancomycin-resistant
isolates isolated from goats and sheep's milk, have very variable antimicrobial
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resistance. Our MRSA isolates have shown antimicrobial resistance against one
antibiotic (penicillin) and up to nine antibiotics at the same time (penicillin,
amoxicillin and clavulanic acid, cefalexin, tetracycline, clindamycin, erythromycin,
gentamicin, trimethoprim-sulfonamides and meropenem), while other researchers
(Bhattacharyya et al., 2016) detected resistance against two (co-trimaxzole and
piperacillin with tazobactam or ceftriaxone with clindamycin) up to eight antibiotics
(amikacin, amoxicillin and clavulanic acid, ceftriaxone, ciprofloxacin, polymyxin B,
piperacillin with tazobactam, tetracycline). In contrast to our MRSA vancomycin
intermediate sensitive isolates, MRSA vancomycin-resistant isolates in India are
characterized by the t527, t267, t362 and t2800 spa types. Resistance to vancomycin
has also been found in isolates of MRSA ST9 derived from slaughtered pigs in China
(Kwok et al., 2013). Interestingly, in our study, vancomycin's intermediate
sensitivive MRSA isolates showed the same sequences as in the above-mentioned
studies (ST398 and ST9) and in addition to the ST528 sequence. Undoubtedly,
bacterial cell wall swelling is the main indicator of bacterial resistance to
vancomycin. Often even before the detection/presence of the vanAd gene for
resistance to vancomycin in the MRSA genome, the bacterial cell wall thickening is
one of the mechanisms of resistance to this bacterium (Howden et al., 2010). As is
known, the micoorganims with intermediate sensitivity to antibiotics are hardly
treated (EUCAST, 2013), and Kwok also states (Kwok et al., 2013) in his study that
LA-MRSA can show reduced susceptibility to vancomycin in practice and in the
same time influence treatment results. Since there are still no common genetic
markers for low vancomycin resistance MRSA, it is difficult to detect intermediate
vancomycin sensitive MRSA (Kwok et al., 2013). There are two theories of LA-
MRSA vancomycin resistance among scientists. It is explained (Bhattacharyya et al.,
2016) that these isolates in animals are of human origin (possible soil faecal
contamination) or vancomycin resistance is formed in LA-MRSA farm animals by
continuous administration of antibiotics.

The occurrence of enterotoxin-encoding genes in MRSA

Staphylococcus aureus produces a variety of exoproteins that increase its
ability to colonize mammals and promote animal disease. All staphylococcal
enetrotoxins have properties such as the ability to induce vomiting and gastroenteritis
in the primate model, superantigenicity and moderate resistance to heating, and the
effect of enzyme pepsin (Dinges et al., 2000).

Many foods may be suitable for the growth of S. aureus and may therefore be
the cause of food contamination. The main source of contamination is humans (food
industry workers get the bacteria in direct contact or respiratory - sneezing,
coughing), which can contaminate already finished foods after treatment at high
temperatures. In contrast, not processed food, in particular meat contamination, is
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most common, and its main sources are MRSA colonized or infected animals (le Loir
etal., 2003).

Similar to a Chinese study (Chao et al., 2015), where 54.4% of S. aureus
isolates contain enterotoxin-encoding genes (EG), in our study, 53.5% of all MRSA
contains EG. Considering the fact that genotypic analysis in our study has only been
performed with MRSA, the incidence of EG in the analysis of S. aureus isolates
might be much higher.

More than 20 different staphylococcal enterotoxins (SEA to SEI, SER to SET
and SEW to SET) and SE-like proteins (SElJ to SEIQ, SEIU, SEIU2 and SEIV) are
mentioned in the literature. The most common SEs are SEA, SEB, SEC, SED, SEE,
SEF, SEG, SEH and SEI (Argudin et al., 2010).

During the study, we find the enteric toxin-encoding genes from MRSA
isolated from pig farms and slaughterhouses in different proportions - sea (48.4%),
seh (9.7%), sec (5.9%) and seb (2.4%). In comparison, in China (Chao et al., 2015),
no sec gene has been detected in pigs and other animals, but the ses gene has been
detected only in chickens and ducks (1.13% for both species), whereas we found the
sec gene for sec gene in MRSA pigs 7.3% and seh 10.8% of cases. In the literature,
the sea gene is referred to as one of the most common SE coding genes found in
staphylococcal isolates associated with food toxic infections (Argudin et al., 2010).

Analyzing the prevalence of eneterotoxin-encoding genes in farms, it was
found that, contrary to the prevalence of MRSA, which increases with increasing
farm size and pig density, overall the prevalence of all tested enterotoxins in MRSA
positive pigs was observed in small farms (see Fig. 16).

As for the sea gene, it is found in the small farm for all MRSA positive pigs,
but in the large - 50.0% of the animals. In addition, the occurrence of enterotoxin-
coding gene sea ranges from 30.0% in fattening pigs to 60.9% in 4- 4.5 months old
pigs. Also in a low-capacity slaughterhouse, the investigated EG has been found in
all MRSA positive pigs and 41.9% in a high-capacity slaughterhouse. Thus, the
presence of the sea gene found in the study points to the pig industry as an important
source of food toxic infections (Argudin et al., 2010).

The SEA has also been one of the most commonly found enterotoxin in the
outbreak of toxic infections in France (69.7% of cases) for various types of food
between 1981 and 2002 (Kerouanton, 2007) and outbreaks in Austria, USA (Schmid
et al., 2007) , Brazil (Veras et al., 2008), Taiwan (2001-2003). In Korea, even sea
gene was detected in 90.0% of MRSA food isolates (Chiang et al., 2008), in Italy,
42.8% of cases of MRSA isolates were found in porcine and 42.8% in sec (Basanisi
et al., 2016).

In the case of workers involved in pig industry, in a study conducted by
authors (Mutters et al., 2014), only 3.0% of pigs and 6.3% of workers in MRSA
isolates found the presence of sea while in our study, the sea gene was detected in
50.4% of pigs and 66.7% - for employees.
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A high occurrence of sea genes was also found in hospital patients in
Germany, but only 3% in pigs and 6.3% in pigs (2 out of 32) (in Mutters et al. al.,
2016). In our study, the sea gene has been detected in 5 of 7 isolates of MRSA
positive workers. In contrast, data from other countries show a higher incidence of
sea gene among MRSA isolates - 33.0% in China (Wang et al., 2013), 17.5% in
Malaysia (Kim et al., 2006), 27.0% in Korea (Peck et al., 2009), 12.0% in the Czech
Republic (Sila et al., 2009) and 30.0% in Turkey (Demir et al., 2011).

In contrast to the findings of other authors (Holtfreter et al., 2007; Varshney
etal., 2009; Chao et al., 2015), where the majority of multiplex EG presence is about
80.0% of MRSA isolates, in our study, only 22.2% of all MRSA contains two and
more EG (more often sea and seh genes).

Contrary to the claim (Pinchuk et al., 2010), the sec gene is the most
commonly found enterotoxin gene in MRSA animal isolates, we found a 5.9% sec
gene from all tested MRSA isolates and 7.2% MRSA positive pig.

The results of our study differ from other studies (Smyth et al., 2005;
Monecke et al., 2007; Ikawaty et al., 2010), where MRSA is not present in animal-
derived LA-MRSA isolates (cows), but high rates of occurrence have been found in
the sec gene - from 30% to 100% cows.

Other scientists (Hallin et al., 2011; Huber et al., 2011) have not identified the
presence of sec gene in MRSA pig and cow isolates in their studies. Chinese
scientists (Chao et al., 2015) - 10.7% and others - 5.9% in MRSA iolates from pigs
have identified a sea gene (Huber at al., 2010) or have not found it at all (Wendlandt
et al., 2013b).

In our study, the overall occurrence of enterotoxin genes ranges from zero to
100.0%. It has been observed that the occurrence of sea gene variation among
different MRSA spa types varies - from 42.9% (spa type t1174) to 100.0% (spa type
t127, t899, t1255, t2421, t2451 and new A); but the occurrence of sec gene varies
from 8.3% (spa type t337) to 50.0% (spa types t33127 and t400). In turn, the
prevalence of the seh gene varies from 25.0% (spa type t337) to 100% (spa types
t127 and t2451). Interestingly, all MRSA spa type t127 isolates have been found to
have enterotoxin-encoding gene seb.

In the genome of MRSA spa types isolates t1580, t2383 and t1580, which
were detected in pig farms and isolates t318, t1250, t421, obtained from
slaughterhouses, the presence of entertoxin-encoding genes has not been detected in
the genome. Despite the presence of sea gene in all isolates of the MRSA spa type
t899, the lowest antimicrobial resistance was found in this type of isolates -
staphylococcal isolates are resistant only to penicillin and tetracycline, while other
MRSA spa type isolates are resistant to at least eight types of antibiotics. The MRSA
spa type t1744 and t1333 isolates, which show high antimicrobial resistance to
trimethoprim-sulfonamides, gentamicin, clindamycin and erythromycin, in the same
time contain sea, sec and seh genes, but spa type t127 with low antimicrobial
resistance does not show resistance to meropenem, amoxicillin and clavulanic acid,
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ciprofloxacin,  trimethoprimulfonamides,  clindamycin,  gentamicin  and
erythromycin, however, contain not only the sea, sec and seh genes, but also the seb
gene.

Also, Chinese scientists (Chao et al., 2015) have found that even within one
MRSA spa type, virulence genes, such as MRSA spa type t127 isolates, contain sea,
seb and seh genes that are also present in our study. Contrary to the findings of
Chinese scientists (Chao et al., 2015), we showed that the isolates of the MRSA spa
type t011 and t899 also contain a sec gene.

Similar to German scientists (Becker et al., 2017), we also found that the
MRSA spa t127 isolates (isolate from the slaughterhouse F floor and from the
carcass) contain a sea gene, while the MRSA spa type t011 isolates (found in all
environments in slaughterhouses and farms) had no sec gene.

In our study in pig carcasses and workers we mostly find EG — sea, while in
sows' milk - sec (see Table 5). MRSA was found in environmental samples, which
contain both sea, sec and seh ET genes in their genome. Also found in carcasses are
MRSA, whose genome contains other tested ET genes - seb, seh and sec, which
indicate carcass contamination in the process and the potential risk to consumers.

When evaluating the presence of ET-encoding genes in the MRSA genome,
we found that the sea gene is mostly found in isolates alone (70.4% of all MRSA
isolates that contained ET-encoding genes) or with the seh gene (14.8%); seh gene
tends to be in isolates with other ET encoding genes - sea and seb; but sec gene is
present in isolates both alone and in combination with the sea gene (see Table 6).

Other authors have also found that for various reasons still unknown, the
staphylococcal enterotoxin-encoding genes of the same staphylococcal isolates of
the same origin are very different and vary widely depending on the staphylococcal
genotype (Honeyman et al., 2006). MRSA isolates that contain multiple enterotoxin-
encoding genes are capable of causing more complex illnesses and more severe
health problems.

There is still no evidence of a strong correlation between antimicrobial
resistance and enteropathogenicity of S. aureus (the ability to produce enterotoxins)
- there is no evidence that there is a difference in enteropathogenicity between
methicillin-sensitive S. aureus and MRSA (Ortega et al., 2010), but in our study we
found that not all MRSA isolates that show resistance to a larger number of
antibiotics also contain several enterotoxin-encoding genes.
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CONCLUSIONS

On average, 19.7% of pigs in the holdings included in the study are MRSA
positive, but in farms with a high number of animals, MRSA can be found more
frequently (on average 44.2% in animals). Resistant staphylococci is more
common in 3 to 4.5 months old piglets (31.9%) aswellas is found in sow milk
(4.3% in samples). Within the holdings, identical MRSA spa types (t011, t400)
was observed at the same time in sows, sow milk and suckling piglets, indicating
that MRSA was transmitted at an early age. Thus, a certain age of the animals is
not a determining factor for the occurrence of MRSA.

On average, 51.0% of pigs are MRSA positive in slaughterhouses. Greater
slaughterhouse capacity shows a tendency for increased MRSA occurence
(MRSA found in large-capacity slaughterhouses averaged 88.6% and low-
capacity- 8.0%).

The dehairing method used in slaughterhouses may affect the conamination
process of carcases. Using the scalding and whistling method, MRSA has a
positive average of 8.9% and 2.9% of pig carcasses respectively. In the
slaughterhouses included in the study, the presence of identical MRSA spa types
(t1333 and t127) was detected in both pigs and carcasses and the environment,
indicating the transfer of carcass contamination from MRSA positive pigs and
the environment.

Slaughterhouse workers have a higher tendency (MRSA positive 21.1% of
people and 8.3% of environmental samples) to get infected with MRSA than pigs
servicing staff (MRSA positive 13.3% of human and negative environmental
samples), and there is a likelihood of contamination of MRSA carcasses with
HA-MRSA. A different genome has been observed in the human and porcine
MRSA, both on farms and in slaughterhouses, and consequently there has been
no endemic detection of MRSA in pigs in the pig industry.

In pigs on farms, MRSA is more commonly found in nasal (on average 8.2% in
animals), but in slaughterhouses - in rectal (19% in animals) samples, thus, by
conventional nasal sampling in slaughterhouses, the diagnostic capabilities of
MRSA are reduced.

In the study, HA-MRSA isolates showed higher resistance to penicillin (100.0%),
cefalexin (50.0%) and meropenem (16.7%) than LA-MRSA isolates (penicillin
resistance - 98.8%, cefalexin - 38.8%, meropenem-7.5%), whereas LA-MRSA
had higher resistance to tetracycline (92.5%) and trimethoprim-sulfonamides
(23.0%) than HA-MRSA (resistance to tetracycline 83.3%, trimethoprim
sulfonamides 20.1%). High MRS A-Tet resistance in pig farms shows that it could
become the most common type of HA-MRSA in our region in the future.
MRSA isolates in slaughterhouses showed greater resistance to erythromycin
(67.4%), clindamycin (64.4%), gentamicin (53.1%), and trimethoprim-
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sulfonamides (38.8%), indicating that this strain of staphylococci occurring in
this pig-breeding industry may also pose a potential health hazard to consumers.
MRSA for the most common spa types (t011, t1333, t337, t1985, t808, t400)
exhibits lower antimicrobial resistance than the less common spa types, and
MRSA spa type t011 (7.9%) has a moderate susceptibility to vancomycin (a total
of 19.8% MRSA isolates found in medium sensitivity) vancomycin), which
indicates the highest tendency for spa type t011 to become resistant to
vancomycin and to make future treatment difficult for humans and animals.
Europe-specific LA-MRSA clone ST398 is endemic in pig farms in Latvia, but
Asian-specific ST9 - in slaughterhouses. In slaughterhouses is a greater variety
of MRSA spa types (n = 18) than on farms (n = 12), so slaughterhouses could
serve as an environment for MRSA transfer and change of genome. The most
common MRSA spa types on farms are t808, t1985 and t400, but in
slaughterhouses - t337, t11744 and t318.

There was no relationship between the presence of MRSA AMR and enterotoxin-
encoding genes in the staphylococcal genome. On average, MRSA contained
enterotoxin genes in 53.5% of cases, mot often sea (48.8%) and less frequently
seh (9.7%), sec (5.9%) and seb (2.4%). We observed that with the decrease in the
size of pig farms, the amount of enterotoxin-containing MRSA increases. MRSA
spa types t1333 and t127 showed the presence of all tested enterotoxin-encoding
genes (sea, seb, sec, seh) in the genome as well as all these enterotoxin-encoding
genes found in MRSA isolates from carcasses, indicating that carcasses may be
a source of toxic infection for the consumer.
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RECOMENDATIONS FOR PRACTICE

. Given that the occurrence of S. aureus and MRSA is facilitated by the regrouping
of pigs and by contact with pigs from other herds, it is advisable to minimize the
regrouping of pigs in different groups in pig holdings as well as he possibility of
pig contact in slaughterhouses from different holdings should be avoided. It is
also important to ensure efficient cleaning and disinfection of housing, transport
and pens (especially in slaughterhouses with high animal turnover and
concentration) in order to minimize the transfer of MRSA from the environment
to animals, workers and carcasses.

. Perform regular and frequent replacement of scalding water to reduce the risk of
contamination of carcasses by S. aureus and MRSA.

. In order to provide more effective diagnostic for S. aureus and MRSA, it is
recommended to obtain several microbiological samples (both respiratory and
digestive systems) from one animal.

. To minimize the time of close contact with the pigs in the pig-breeding industry,
both on the farm and in the slaughterhouse. As MRSA is present in the respiratory
system, respiratory masks are recommended.

. For prophylactic purposes, especially in cases of sow mastitis, and in cases of
massive purulent pathological processes in pigs and at the same time increased
mortality of these sick animals, it is recommended to take and investigate
microbiological samples on MRSA.
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