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Streszczenie

Wezly chlonne $win zrodlem bakterii zagrazajacych zdrowiu publicznemu — przestanki

do rozszerzonych badan poubojowych

Streptococcus dysgalactiae, Rhodococcus equi 1 Staphylococcus aureus wg danych
literaturowych sg bakteriami ropotworczymi najczesciej izolowanymi z weztow chionnych
$win ze zmianami ropnymi i bez zmian. Wystepowanie bakterii o potencjale zoonotycznym,
takich jak te trzy gatunki, w weztach chtonnych §win bez zmian chorobowych, szczegolnie
zagraza zdrowiu publicznemu, poniewaz w takich wypadkach, gdy nie ma podejrzenia
obecnosci patogenow podczas badania poubojowego, konsekwencja jest niepobieranie
materiatu do badan bakteriologicznych. Dodatkowo ustawodawstwo Unii Europejskiej ktadzie
nacisk jedynie na ocen¢ wizualng tusz i narzagdow, co utrudnia wykrywanie weziow chtonnych
ze zmianami. Badania okreslajace wartosci MIC chemioterapeutykdéw przy uzyciu metody
dyfuzyjno-paskowej wykazaly, ze niektére szczepy bakterii ropotwodrczych izolowanych
z weztdw chlonnych §win sg oporne na chemioterapeutyki przeciwdrobnoustrojowe; te wyniki
oraz wykrycie metoda PCR gendw opornosci fefM 1 tetO na tetracykliny oraz genu opornosci
ermB na erytromycyn¢ w szczepach Streptococcus dysgalactiae wskazuja, ze surowa
wieprzowina moze by¢ rezerwuarem gendéw opornosci na antybiotyki. Obecno$¢ takiej
populacji bakterii w tuszach wieprzowych moze umozliwia¢ horyzontalny transfer gendéw ze
szczepoOw obecnych w wieprzowinie do bakterii obecnych w organizmie czlowieka.
Wyizolowane bakterie ropotworcze charakteryzowaly si¢ w wigkszosci wysokim stopniem
polimorfizmu wewnatrzgatunkowego. Wskazane jest ich monitorowanie w stadach $win,
z uwzglednieniem oceny pokrewienstwa genetycznego np. metoda elektroforezy pulsacyjnej
w zmiennym polu elektrycznym (PFGE). Oprécz bakterii ropotwodrczych, w weztach
chtonnych $win moga wystgpowac inne bakterie zoonotyczne, wsrdd ktorych istotne znaczenie
ma Mycobacterium avium. Wykazano, ze zardwno liczba zmian, jak i procent powierzchni
przekroju weztéw chtonnych $win objetych zmianami gruzliczopodobnymi (badanie
fotogrametryczne), pozytywnie koreluja z obecno$cia M. avium - jednego z najczesciej
izolowanych  gatunkéw  atypowych  pratkow. Wobec  stosunkowo  wysokiego
prawdopodobienstwa obecnosci pratkow M. avium w weztach chtonnych bez zmian, wezty
takie powinny by¢ kwalifikowane jako ,,prawdopodobnie wolne”, a nie jako wolne. Jako$ciowe
nasilenie zmian, ple¢ zwierzat oraz wielko$¢ stada nie mialy wplywu na obecno$¢ M. avium

w badanych wezlach chtonnych. Kryterium liczby zmian oraz procent powierzchni przekroju
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weztéw chtonnych §win objetych zmianami gruzliczopodobnymi wydajg si¢ by¢ miarodajne
1 powinny by¢ wykorzystywane w badaniach przesiewowych. Ocena tych wskaznikdéw pozwala
na wybor materialtu o wysokim prawdopodobienstwie obecno$ci pratkéw do badan

bakteriologicznych oraz molekularnych mikrobiologicznych.

Stowa kluczowe: badanie poubojowe $win, bakterie ropotwoércze, koncepcja ,,One Health”,
lekoopornos¢, Mycobacterium avium, polimorfizm bakterii, we¢zty chlonne $win, zmiany ropne

1 gruzliczopodobne



Abstract

Pig lymph nodes as a source of bacteria endangering public health — presumptions for

expanded post-slaughter examinations

Streptococcus dysgalactiae, Rhodococcus equi and Staphylococcus aureus are, according to the
literature, the abscessogenic bacteria, most commonly isolated from lymph nodes of pigs with
and without purulent lesions. The occurrence of bacteria with zoonotic potential, such as these
three species, in porcine lymph nodes without lesions is a particular danger to public health. In
cases when there is no suspicion of pathogens at post-slaughter examination, the consequence
is that material for bacteriological examination is not collected. In addition, the insistence of
European Union legislation only on visual assessment of carcasses and organs makes the
detection of lymph nodes with lesions difficult. Studies determining the MIC values of
chemotherapeutics using the gradient diffusion-strip method have shown that some strains of
abscessogenic bacteria isolated from pig lymph nodes are resistant to antimicrobial
chemotherapy; this finding and the detection by PCR of the fefM and fetO resistance genes to
tetracyclines and the ermB resistance gene to erythromycin in strains of Streptococcus
dysgalactiae indicate that raw pork may be a reservoir of antibiotic resistance genes. The
presence of such a bacterial population in pig carcasses may enable horizontal gene transfer
from strains present in pork to bacteria present in the human body. The majority of the isolated
pyogenic bacteria were characterised by a high degree of intra-species polymorphism. This
implies that they should be monitored in pig herds, and their genetic relatedness assessed, e.g.
by pulsed-field gel electrophoresis (PFGE). Besides, these abscessogenic zoonotic bacteria,
porcine lymph nodes may have another significant zoonotic bacteria species present:
Mycobacterium avium. It has been shown that the percentage of the cross-sectional area of pig
lymph nodes affected by tuberculosis-like lesions as evaluated by photogrammetric
examination and the number of such lesions in the examined lymph nodes, correlates positively
with the presence of M. avium, one of the most commonly isolated species of atypical
Mycobacteria spp. However, even in lymph nodes without lesions, the probability of the
presence of M. avium is relatively high and such nodes should be classified as “probably free”
rather than as free of Mycobacteria spp. The qualitative severity of the lesions, the gender of
animals and the size of the herd had no effect on the presence of M. avium in the lymph nodes

examined. Criteria which are reliable in screening, seem to be the number of lesions and the



percentage of the cross-sectional area of pig lymph nodes affected by tuberculosis-like lesions.
Evaluation of these characteristics should select material for bacteriological and molecular

microbiological tests with a high probability of Mycobacteria spp. presence.

Keywords: antimicrobial resistance, bacterial polymorphism, Mycobacterium avium, “One
Health” concept, porcine lymph nodes, post-slaughter examination, pyogenic bacteria, purulent

or tubercular lesions
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AUC (ang. Area Under ROC Curve) - obszar pod krzywa ROC
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- Francuskie Towarzystwo Mikrobiologiczne

CAMP - akronim od ,,Christie-Atkins-Munch-Peterson”, test stuzacy do identyfikacji

m.in. paciorkowcoOw B-hemolizujacych, na podstawie tworzenia przez nie czynnika
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CIP ciprofloksacyna
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1 Laboratoryjnych
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FAO (ang. Food and Agriculture Organisation of the United Nations) - Organizacja
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LAY (ang. Liposomal Amikacin for Inhalation) - liposomalna amikacyna do inhalacji
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MAA Mpycobacterium avium subsp. avium
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PCR (ang. Polymerase Chain Reaction) - reakcja tancuchowa polimerazy
PEN penicylina

PFGE (ang. Pulsed Field Gel Electrophoresis) - elektroforeza pulsacyjna w zmiennym
polu elektrycznym

ROC (ang. Receiver Operating Characteristic) - ocena jakos$ci klasyfikatora
SXT trimetoprim — sulfametoksazol

TAE (ang. Tris-acetate-EDTA) - bufor zawierajacy w swoim skladzie Tris, kwas

octowy oraz EDTA

TBE (ang. Tris-borate-EDTA) - bufor zawierajacy w swoim sktadzie Tris, kwas
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TSB (ang. tryptose-soy bouillon) - bulion tryptozowo-sojowy

UPGMA (ang. unweighted pair group method with arithmetic mean) - metoda
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1. Wstep

Wedlug Organizacji Narodow Zjednoczonych do spraw Wyzywienia i Rolnictwa (FAO
— Food and Agriculture Organization of the United Nations), najcz¢séciej spozywanym migsem
na $§wiecie jest wieprzowina (https://ask.usda.gov/s/article/ What-is-the-most-consumed-meat-
in-the-world). W zwigzku z tym niezwykle wazne jest zapewnienie jej najwyzszej jakosci
mikrobiologicznej. Zmiany w weztach chtonnych gtowy, narzadow klatki piersiowej oraz jamy
brzusznej §win sg czgsta przyczyng uznawania mig¢sa wieprzowego za niezdatne do spozycia.
Nalezy to podkresli¢ przede wszystkim przez wzglad na ochron¢ zdrowia publicznego,
zuwzglednieniem jako konsekwencji takze znacznych strat ekonomicznych (Martin —
Hernando iin., 2007, Martinez i1 in., 2007, Lara i in., 2011, Di Marco i in., 2012, Cardoso-Toset
iin., 2015). Tym niemniej, obecne przepisy Unii Europejskiej odnoszace si¢ do procedur badan
poubojowych zwierzat rzeznych zalecaja ogledziny weztéw chionnych bez ich nacinania
(Rozporzadzenie wykonawcze Komisji (UE) 2019/627), co zdecydowanie ogranicza
mozliwos$¢ identyfikacji potencjalnych zmian patologicznych. Trzystopniowe badanie
poubojowe (ogladanie, omacywanie, nacinanie) zwigksza szans¢ na identyfikacj¢ zmian
w weztach chtonnych. Badanie opierajace si¢ tylko na ocenie wizualnej weztow chtonnych, bez
nacinania, wigze si¢ z ryzykiem przeoczenia zmian patologicznych, przez co takie migso moze

zosta¢ wlaczone do tancucha pokarmowego cztowieka.

Podczas badan poubojowych mozna zaobserwowa¢ zmiany w réznych narzadach,
w tym ropne zmiany w wezlach chtonnych. W przypadku trzody chlewnej zmiany w weztach
chtonnych moga by¢ wywotywane przez rézne patogeny, ktore czesto wykazuja potencjal
zoonotyczny. Do najczesciej izolowanych bakterii z takich zmian naleza: Mycobacterium
tuberculosis complex (MTC), Mycobacterium avium complex (MAC), Rhodococcus equi
(synonim Prescottella equi) (R. equi), Trueperella pyogenes (1. pyogenes), Staphylococcus
aureus (S. aureus) 1 rozne gatunki rodzaju Streptococcus (Kawataiin., 2003, Komijn1iin., 2007,
Cardoso-Toset 1 in., 2015, Kaczmarkowska 1 in., 2022). Co wigce], powszechne stosowanie
srodkow przeciwdrobnoustrojowych przyczynito si¢ do selekcji szczepow bakteryjnych
opornych na ich dzialanie. Bakterie oporne na $rodki przeciwdrobnoustrojowe sa obecnie
czgsto izolowane od wigkszo$ci gatunkow zwierzat hodowlanych. Opornos¢ w coraz wigkszym
stopniu zagraza skuteczno$ci lekow, takze tym stosowanym u ludzi (Monger i in., 2021).

W kontrolowaniu powyzszego zagrozenia podstawowg role odgrywa okreslanie warto$ci
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minimalnego st¢zenia hamujgcego chemioterapeutykow przeciwbakteryjnych (ang. MIC —
minimum inhibitory concentration), a takze wykrywanie gendéw opornosci na

chemioterapeutyki w szczepach bakteryjnych.

Gram-dodatnie bakterie z rodzaju Streptococcus czesto przyczyniajg si¢ do
powstawania zmian ropnych u ludzi i zwierzat, w tym u trzody chlewnej (Cardoso-Toset i in.,
2020). S. dysgalactiae jest czgscia fizjologicznej mikrobioty §win, ale u prosigt uwazany jest
za jeden z wazniejszych patogendow (Gottschalk i in., 2012, Oh 1 in., 2020). Streptococcus
dysgalactiae subsp. equisimilis, ktory jest patogenem ropotworczym nalezacym do grup
Lancefield A, C, G i L, jest coraz czgsciej izolowany z ciezkich przypadkow zakazen u ludzi
na calym $wiecie (Brandt i in., 2009, Oh i in., 2020). Bakteria ta moze powodowac zakazenia,
objawiajace si¢: ropniami skory, zapaleniem tkanki lacznej, zapaleniem gardla, zapaleniem
stawOw, bakteriemia, zapaleniem wsierdzia czy powodowaé wystapienie zespotu wstrzasu
toksycznego (Brandt i in., 2009, Oh i in., 2020). Z kolei beta-hemolityczny gatunek
Streptococcus equi subsp. zooepidemicus, zostat w 2019 r. zidentyfikowany jako patogen §win,
ktéry odpowiada za nagle zgony, poronienia i posocznice (Costa i in., 2022), natomiast u ludzi
bakterie te najcze¢sciej powoduja zakazenia u 0sob z obnizong odporno$cig (Salasia i in., 2004,

Baracco i in., 2019, Kim i in., 2022).

Ropne zakazenia u zwierzat gospodarskich, w tym §win, mogg by¢ takze wywotywane
przez R. equi, ktory jest szeroko rozpowszechniony w srodowisku. Ten tlenowy, Gram-dodatni,
oportunistyczny patogen wewnatrzkomoérkowy zostat po raz pierwszy wyizolowany w 1923
roku od zrebigt z zapaleniem ptuc. Co istotne R. equi jest wymieniany jako jeden
z najwazniejszych gatunkow bakterii izolowanych z we¢zlow chionnych §win (Lara in., 2011).
Nalezy zauwazy¢ takze, ze w ostatnich latach wzrasta ilo$¢ diagnozowanych zakazen
wywotanych przez R. equi u 0s0b zobnizong odpornoscia, w tym u pacjentdow po

przeszczepach narzadoéw (Lin 1 in., 2019, Suzuki 1 in., 2021).

Innym drobnoustrojem, ktéry powoduje zakazenia ludzi i zwierzat na catym $wiecie,
jest S. aureus. Ten Gram-dodatnim ziarniak jest oportunistycznym patogenem, ktdéry moze
wywotywac szereg chorob, w tym zakazenia skory 1 tkanek miekkich, zapalenie wsierdzia oraz
zespOl wstrzasu toksycznego. U zwierzat zakazenia te sg czesto trudne do wyleczenia ze
wzgledu na wielolekoopornos$¢ szczepow S. aureus 1 wigza si¢ z wysoka zachorowalnoscia,

Smiertelnoscig oraz znacznymi stratami ekonomicznymi (Samutela 1 in., 2021).
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Potwierdzenie obecno$ci wielu rodzajow patogendw ropotworczych, np. S. aureus czy
S. dysgalactiae, w wieprzowinie sprzedawanej detalicznie, budzi obawy, poniewaz niesie za
sobg zagrozenie dla konsumentéw (Cardoso — Toset i in., 2017, Tang i in., 2017, Tegegne i in.,
2021). Skutecznos¢ kontroli zakazen u zwierzat rzeznych podczas uboju, poza badaniem
sanitarno-weterynaryjnym, warunkuja takze badania mikrobiologiczne oraz badania
pozwalajace okresli¢ charakterystyke molekularng wyizolowanych szczepow bakteryjnych.
Elektroforeza pulsacyjna w zmiennym polu elektrycznym (PFGE - Pulsed Field Gel
Electrophoresis) jest jedng z najlepszych metod, wykorzystywang do badania ro6znorodnosci
genetycznej izolatow, pochodzacych z roznych probek klinicznych (Arbeit i in., 1995, Velai in.,
2003).

Inng bakteria mogaca powodowa¢ zmiany w wezlach chionnych $§win jest
Mycobacterium avium. MAC tworza wystepujace na catym $wiecie atypowe pratki o potencjale
zoonotycznym, przenoszone gldwnie przez zwierzeta gospodarskie i ptaki. Sg to Gram-
dodatnie pateczki kwasooporne zdolne do przetrwania w fagolizosomach gospodarza. Rodzaj
Mycobacterium wykazuje hydrofobowos¢, powolny wzrost, oporno$¢ na srodki do dezynfekce;ji
1 antybiotyki, co przypisuje si¢ obecnosci bogatej w lipidy $cianie komoérkowej, wzbogacone;j
dlugotancuchowymi kwasami mykolowymi (Falkinham i in., 2009). Do tej pory
zidentyfikowano ponad 180 gatunkéw pratkow (Kwon i in., 2019). Rodzaj Mycobacterium
obejmuje Mycobacterium tuberculosis complex (MTC), M. leprae 1 pratki niegruzlicze (NTM)
(ang. Nontuberculous Mycobacteria) inaczej atypowe (Rindi i in., 2014), w tym pratki z MAC,
szeroko rozpowszechnione w §rodowisku. Historycznie MAC skladat si¢ z dwoch gatunkow:
M. avium 1 M. intracellulare. Podziat ten opierat si¢ na zdolno$ci wywotania choroby u ptakow,
przy czym M. avium byt dla nich patogenny, natomiast M. intracellulare nie wykazywat
patogennosci. W 2018 r. zaproponowano nowy podzial taksonomiczny tego kompleksu,
obejmujacy gatunki: M. avium, M. intracellulare, M. bouchedurhonense, M. chimaera,
M. colombiense, M. ituriense, M. lepraemurium, M. marseillense, M. paraintracellulare,

M. scrofulaceum, M. timonense, M. lukis 1 M. yongonense (van Ingen 1 in. 2018).

Za najwazniejsze klinicznie podgatunki M. avium uwaza si¢ M. avium subsp.
hominissuis (MAH), M. avium subsp. paratuberculosis (MAP), M. avium subsp. avium (MAA),
M. avium subsp. silvaticum (MAS) oraz Mycobacterium avium subsp. intracellulare (MAI).
Sposrod nich MAH, wszechobecny saprofit srodowiskowy, powoduje u trzody chlewnej

przewlekta chorobe ptuc, a takze jest czynnikiem etiologicznym zapalenia weztdw chlonnych.
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Zakazenie MAH u §win ma zwykle przebieg subkliniczny, niemniej jednak stanowi ono duzy
problem ekonomiczny, bowiem tusze z uogolnionymi zmianami w wezlach chlonnych
uznawane sg za niezdatne do spozycia przez ludzi i zwierze¢ta. Zmiany patologiczne sg
zazwyczaj zlokalizowane w krezkowych lub podzuchwowych weztach chtonnych (Agdestein
1in., 2014). Warto zauwazy¢, ze u swin MAH jest najczesciej izolowanym patogenem wsrdd

pratkéw, podczas gdy MAA jest rzadko wykrywany.

Tusze wieprzowe sa poddawane badaniu poubojowemu, podczas ktorego nalezy
zwroci¢ uwage na obecno$¢ zmian moggcych sugerowac zakazenie pratkami. Podczas badania
poubojowego zmiany gruzliczopodobne zwigzane z zakazeniami pratkami MAC obserwuje si¢
w narzadach limfatycznych, najcze$ciej w krezkowych weztach chlonnych, a rzadziej
w weztach chtonnych podzuchwowych, kepkach Peyera lub migdatkach (Torriani 1 in., 1994,
Hibiyaiin., 2008, Hibiya i in. 2010, Hulinova Stromerova i in., 2018). Prawdopodobnie bardzo
czesto zmiany te pozostajg nierozpoznane (Agdestein i in., 2014). Wykazano, ze pratki MAC
moga wystepowac takze w weztach chlonnych, ktore nie wykazuja widocznych zmian podczas
badania poubojowego. Bardzo pomocne w tym kontek$cie jest stosowanie do oceny ryzyka

zwigzanego z zywnoscig metod molekularnych (Kriz i in., 2014).

Przypadki zakazenia MAH opisano réwniez u innych ssakow, w tym pséw, kotow,
bydta, k6z, krolikow domowych, jeleniowatych i koni (Madarame i in., 2017, Klotz 1 in., 2018,
Scherrer i in., 2019, Kinoshita i in., 2020). MAA i MAS sa najczgs$ciej izolowane od ptakow,
u ktorych objawy 1 przebieg choroby przypominajg gruzlice (Nishiuchi i in., 2017). Natomiast
MAP jest odpowiedzialny za chorobe Johnego, ktora dotyka gtownie przezuwacze, z kolei
M. chimaera zostala wyizolowana od ludzi, pacjentow po operacji zastawek serca, gdzie
spowodowata infekcje pooperacyjne, w tym zapalenie wsierdzia przebiegajace z wysokim

wskaznikiem $miertelnosci (Kohler 1 in., 2015).

Pratki z MAC s3a rowniez okreSlane jako MOTT (ang. Mycobacteria other than
tuberculosis) - pratki inne niz wywotujace gruzlice lub NTM (ang. Nontuberculous
Mycobacteria) — pratki niegruzlicze lub atypowe. Choroby wywotane przez niegruzlicze pratki
stanowig powazne zagrozenie dla zdrowia publicznego, zwlaszcza w krajach rozwinietych
(Choi 1 in., 2018). Szybki wzrost liczby zakazen wywotanych przez pratki z MAC na calym
Swiecie jest zwigzany z rosnacg liczba pacjentow z obnizong odpornoscia (Ratnatunga i in.,
2020). Ponadto ludzie i zwierzeta sg narazeni na ciggly wzrost liczby srodowiskowych zrodet

zakazen pratkami (Nishiuchi 1 in., 2017). Przeprowadzone badania potwierdzity obecnosé¢
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zywych bakterii 1 DNA pratkow w komercyjnie dostepnych produktach spozywczych, takich
jak surowa wieprzowina, mleko, fermentowane produkty migsne typu salami czy pieczone
migso (Klanicova i in., 2011). Dzieki opornosci na niekorzystne warunki, pratki moga
przetrwa¢ niektore procedury dezynfekcji stosowane w produkcji zywnosci, a takze obrobke
termiczng. Tak wigc zywnos$¢ pochodzenia zwierzecego moze by¢ zrédtem pratkow mogacych
potencjalnie przenosi¢ si¢ na ludzi (Klanicova i in., 2011, Sevilla i in., 2017, Gerrard 1 in.,

2018).

Kontakt ludzkiej skory z pratkami z MAC, spozycie zanieczyszczonej nimi zywnosci,
a takze wdychanie skazonych aerozoli, moze skutkowaé zapaleniem weztéw chtonnych,
zakazeniami pluc, skory i tkanek migkkich. Pacjenci immunokompetentni najczesciej cierpia
z powodu miejscowych zakazen, takich jak zapalenie weztow chtonnych szyjnych, podczas gdy
u 0s0b z niedoborem odpornosci pratki MAC powoduja rozsiane zakazenia pluc (Kaevska i in.,

2011, Despierres i in., 2012, Mukherjee i in., 2012).

Jak wspomniano zakazenia pratkami z MAC u ludzi staja si¢ coraz wigkszym
problemem, dlatego nalezy zwroci¢ szczegolng uwage na zapobieganie ich rozprzestrzenianiu
si¢ (Hulinova Stromerova 1 in., 2018). Stwierdzono, duze podobienstwo pomig¢dzy izolatami
M. avium pochodzacymi od ludzi a izolatami pochodzacymi od $win, co sugeruje istnienie
powiazan epidemiologicznych migdzy zakazeniami u §win i zakazeniami u ludzi lub istnieniu
wspolnych zrédet zakazenia dla obu gatunkow (Hiller i in., 2013). Swinie zwykle zakazaja sie
ze zrodel w srodowisku zewnetrznym, takich jak §ciotka, pasza, woda lub gleba, ktore zostaty
zanieczyszczone odchodami dzikich ptakéw lub matych ssakow ladowych (Slany 1 in., 2016),
a do zakazenia dochodzi zwykle droga pokarmowga (Komatsu 1 in., 2017, Hulinova Stromerova

iin., 2018).

Najczgsciej wybieranymi chemioterapeutykami przeciwdrobnoustrojowymi do
leczenia chorob wywotywanych przez bakterie z MAC u ludzi 1 zwierzat sa antybiotyki
makrolidowe, takie jak klarytromycyna czy azytromycyna (Moon i in., 2016, Fukushima i in.,
2021, Busatto 1 in., 2019). American Thoracic Society/Infectious Diseases Society of America
(ATS/IDSA) w 2007 r. rekomendowala, aby leczenie opieralo si¢ na antybiotykach
makrolidowych w potaczeniu z ryfampicyng 1 etambutolem. Dodatkowo zalecajg stosowanie
streptomycyny lub pozajelitowo amikacyny (Kwon i in., 2019). Alternatywnie sugeruje si¢
podawanie bedakiliny, ktora wykazata wysoka skuteczno$¢ przeciwko M. avium, oraz

liposomalnej amikacyny do inhalacji (LAI) (Chin 1 in., 2020). U ludzi 1 zwierzat leczenie
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choroby wywolanej przez pratki z MAC wymaga dlugotrwatej antybiotykoterapii,
kontynuowanej przez co najmniej 12 miesi¢cy po otrzymaniu ujemnych wynikéw posiewow.
Wielokrotnie, po pomys$lnie zakonczonej terapii nastepuje reinfekcja (od 32% do 48%

przypadkow) (Nishiuchi i in., 2017).

Rozporzadzenie wykonawcze Komisji (UE) 2019/627 z dnia 15 marca 2019 roku
ustanawiajace jednolite praktyczne rozwigzania dotyczace prowadzenia kontroli urzedowych
produktéw pochodzenia zwierzecego przeznaczonych do spozycia przez ludzi zgodnie
z rozporzadzeniem Parlamentu Europejskiego i Rady (UE) 2017/625 oraz zmieniajace
rozporzadzenie Komisji (WE) nr 2074/2005 w odniesieniu do kontroli urzedowych,
w przypadkach stwierdzania przez urzedowych lekarzy weterynarii prowadzacych badania
poubojowe $win oznak ewentualnego ryzyka dla ludzi i zwierzat lub dobrostanu zwierzat,
wskazanych zgodnie z art. 24, naklada na nich obowiazek rozszerzania na podstawie wtasne;j
opinii generalnie rekomendowanego badania wizualnego (unikanie zanieczyszczen
krzyzowych) o badanie dotykowe 1 nacinanie. W takiej sytuacji istnieje potrzeba formutowania
naukowych przestanek uzasadniajacych wdrazanie rozszerzonej procedury badania
poubojowego §win. Przeprowadzone badania wniosly w tym zakresie warto$ciowe obserwacje

1 wnioski.
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2. Cele pracy

1. Ocena wystepowania oraz zrdznicowania genetycznego potencjalnie zoonotycznych
szczepoOw ropotworczych Streptococcus spp., R. equi 1 S. aureus wyizolowanych z weztow
chlonnych $§win ze zmianami ropnymi i bez zmian, w zwigzku z ewentualng decyzja
urzedowego lekarza weterynarii o podjeciu, poza rekomendowanym badaniem wizualnym,

dodatkowej procedury badania poubojowego, rozszerzonej o badanie dotykowe i nacinanie.

2. Okreslenie dla potencjalnie zoonotycznych szczepdw ropotworczych Streptococcus spp.,
R. equi 1 S. aureus, wyizolowanych z weziéw chtonnych $win ze zmianami ropnymi i bez
zmian, wartosci minimalnego stezenia hamujacego (MIC) wybranych chemioterapeutykow

przeciwbakteryjnych w kontek$cie wykrywania determinant genetycznych lekoopornosci.

3. W zwigzku z wzrastajagcym zagrozeniem zakazeniami pratkami z MAC u ludzi 1 zwierzat,
ustalenie, czy mozna przewidzie¢ wystepowanie M. avium w weztach chtonnych §win na
podstawie rodzaju 1 wielkosci stwierdzonych w nich zmian, a takze czy na
prawdopodobienstwo obecnosci M. avium w weztach chtonnych $swin wptywa pte¢ zwierzat

oraz wielko$¢ stada.

23



24



3. Material i metody

3.1. Roznorodnos¢ genetyczna i opornos$¢ na chemioterapeutyki przeciwbakteryjne patogendéw
ropotworczych izolowanych z weztéw chtonnych §win

Podczas badania poubojowego w rzezniach, pobrano wezty chtonne podzuchwowe od 199
swin (99 samcoéw 1 100 samic). W dwoch przypadkach pobrano dwie probki od jednej $wini,
natomiast w jednym przypadku pobrano dodatkowo siedem probek od jednej §wini, poniewaz
w tuszy stwierdzono uogolnione zmiany chorobowe (pobrano wezly chtonne: tchawiczo -
oskrzelowe, $rddpiersiowe, pachowe pierwszego zebra, krezkowe 1 wngki watroby oraz probki
ptuc i watroby). Wezly chlonne oraz narzady ze zmianami ropnymi (n = 95) oraz losowo
wybrane niezmienione we¢zty chtonne podzuchwowe (n = 113) zbadano w kierunku obecnosci
wybranych bakterii ropotwérczych (Streptococcus spp., R. equi, S. aureus). Material do badan
zostal pobrany w dwodch rzezniach na terenie wojewodztwa wielkopolskiego, natomiast
zwierzeta pochodzity z 83 ferm zlokalizowanych w centralnej Polsce, o $redniej liczbie 117
osobnikow w stadzie. Sredni wiek $win wynosit 6,4 miesigca. Do czasu analizy, pobrany

material przechowywano w temperaturze -20°C.

3.1.1. Izolacja i identyfikacja bakterii

Po rozmrozeniu, tkanki rozdrabniano sterylnymi nozyczkami i umieszczano w workach
z membrang filtrujaca BagPack (BagPage®100). Nastgpnie dodawano sterylny roztwér soli
fizjologicznej 1 homogenizowano za pomocg stomachera przez trzy minuty przy 12 uderzeniach
na 1 s. Powstalg zawiesinge przenoszono do probdéwek o pojemnosci 15 ml 1 odwirowywano
z predkoscig 1500xg. Powstaly supernatant odrzucano, a do dalszej analizy wykorzystywano

uzyskany osad.

Po homogenizacji, osad przenoszono przy uzyciu sterylnych wacikow na poditoze Columbia
Agar z dodatkiem 5% krwi owczej (CAB) (Graso Biotech, Starogard Gdanski, Polska).
Posiewy inkubowano przez 48 h w 37°C w warunkach mikroaerofilnych (5-10% CO.). Bakterie
identyfikowano w oparciu o: cechy wzrostu, w tym rodzaj hemolizy na CAB; morfologi¢
komorek — wykonano barwienie metodg Grama; oraz aktywno$¢ katalazy. Ponadto, w celu
identyfikacji R. equi przeprowadzono test CAMP ze szczepem referencyjnym S. aureus
ATCC®25923. Wynik testu CAMP odczytywano po 48 godzinach inkubacji w 37°C
w warunkach tlenowych. W celu identyfikacji izolatow S. aureus wykonano test aglutynacji

lateksowej Microgen®Staph (Graso Biotech, Starogard Gdanski, Polska). Dodatkowo,
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identyfikacja izolatow S. aureus zostata potwierdzona przy wuzyciu techniki PCR
(ang. Polymerase Chain Reaction) (Sasaki 1 in., 2010). Izolaty Streptococcus spp.
zidentyfikowano na poziomie gatunku na podstawie testu PCR z uzyciem starteréw Sdy519
1 Sdy920 zaprojektowanych dla wysoce zroznicowanego 1 specyficznego dla gatunku regionu
genu kodujacego 16S rRNA S. dysgalactiae (Riffon 1 in., 2001) lub testu PCR z zestawami
starterow SodA-F i SodA-R dla genu sodA4 S. equi (Alber i in., 2004). Roznicowanie S. equi
subsp. zooepidemicus 1 S. equi subsp. equi przeprowadzono poprzez wykrycie genu seel
kodujacego superantygenowa toksyne S. equi subsp. equi, jak opisano przez Alber i in. (2004).
Dodatkowo do serotypowania izolatow paciorkowcéw wykorzystano test aglutynacji
lateksowej Microgen®Strep (Graso Biotech, Starogard Gdanski, Polska). Wszystkie badane
izolaty przechowywano w temperaturze -20°C w bulionie tryptozowo-sojowym (TSB)

zawierajagcym 20% glicerolu.

3.1.2. I1zolacja DNA

Do izolacji DNA badanych szczepoéw zastosowano metode termiczng. Kolonie bakteryjne
wyhodowane na CAB zawieszano w 500 pl wody wolnej od nukleaz. Zawiesing ogrzewano
przez 10 minut w temperaturze 99°C, po czym schtadzano na lodzie i odwirowywano (6 minut,
8000xg). Zebrany supernatant zawierajacy DNA, przechowywano w temperaturze -20°C

1 wykorzystano jako matryce w reakcji PCR.

3.1.3. Badanie wrazliwo$ci na chemioterapeutyki przeciwbakteryjne

Wartosci MIC dla o$miu chemioterapeutykdw przeciwbakteryjnych: amoksycylina
z kwasem klawulanowym (AMC; 0,016-256 pg/ml), penicylina (PEN; 0,002-32 ug/ml),
cefotaksym (CTX; 0,002-32 pg/ml), erytromycyna (ERY; 0,016-256 pg/ml), doksycyklina
(DOX; 0,016-256 ng/ml), gentamycyna (GEN; 0,016-256 pug/ml), ciprofloksacyna (CIP; 0,002-
32 pg/ml) 1 trimetoprim-sulfametoksazol (SXT; 0,002-32 pg/ml), okreslano stosujac metode
dyfuzji paskowej z uzyciem paskow testowych Liofilchem®MIC (Liofilchem, Via Scozia,
Wiochy) nasaczonych antybiotykiem w gradiencie st¢zen. Zawiesing bakterii w jalowym
roztworze soli fizjologicznej (gestos¢ 0,5 w skali McFarlanda) zaszczepiano na podlozu
Mueller-Hinton Agar z dodatkiem 5% krwi baraniej (Graso Biotech, Starogard Gdanski,
Polska). Na tak przygotowanym podiozu umieszczano paski z antybiotykami. Plytke
inkubowano przez 24 godziny w temperaturze 37°C w warunkach tlenowych. Warunki testowe
dla badanych gatunkéw bakterii zastosowane w badaniu byly zgodne z wytycznymi CLSI
(ang. Clinical Laboratory Standards Institute) (CLSI VETO08, 2018). Wartos¢ MIC
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odczytywano w punkcie, w ktorym krawedz elipsy zahamowania wzrostu przecinata pasek.
Ponadto dla kazdego chemioterapeutyku przeciwbakteryjnego okreslono wartosci MICso
(stgzenie antybiotyku wymagane do zahamowania wzrostu 50% izolatow) i MICoo (st¢Zenie
antybiotyku wymagane do zahamowania wzrostu 90% izolatow). Trzy szczepy referencyjne,
S. dysgalactiae subsp. equisimilis ATCC®12394, S. aureus ATCC®25923 i R. equi ATCC®6939,
zostaly wlaczone do badania. Punkty graniczne MIC zastosowane w tym badaniu
przedstawiono w Tabeli 2 — publikacja nr 1. W przypadku Streptococcus spp. wartosci
graniczne MIC dla PEN, CIP (jak dla enrofloksacyny), ERY, DOX (jak dla tetracykliny), GEN
1 SXT oparto na kryteriach zalecanych dla Streptococcus spp. zgodnie z wytycznymi Komitetu
ds. Oznaczania Wrazliwo$ci Drobnoustrojow Francuskiego Towarzystwa Mikrobiologicznego
(CA-SFM) VET2021 (CA — SFM, 2021). W przypadku CTX przyjeto kryterium dla
cefpodoksymu dla Streptococcus canis zgodnie z wytycznymi CLSI VETO08 (CLSI VETO08S,
2018). Kryterium dla AMC dla izolatéw Streptococcus spp. pochodzacych od $win, zostato
zaadoptowane z CLSI VETO08 (CLSI VETO08, 2018) dla szczepdéw wyizolowanych od kotow.
W przypadku S. aureus wykorzystano w interpretacji kryteria dla PEN, CIP (dla
enrofloksacyny), ERY, DOX (dla tetracykliny), GEN i SXT okre$lone dla Staphylococcus spp.
w wytycznych CA-FSM VET2021 (CA — SFM, 2021). Punkt odcigcia MIC dla CTX byt taki
sam jak dla cefpodoksymu w dokumencie CLSI VETO8 dla S. aureus i Staphylococcus
pseudintermedius w przypadku pséw, a AMC zostal rowniez zaadaptowany z tych samych
wytycznych jako kryteria kategoryzacji Streptococcus spp. izolatow pséw (CLSI VETOS,
2018). W przypadku R. equi, ERY 1 DOX zostaly zinterpretowane zgodnie z kryteriami
przyjetymi dla R. equi w dokumencie CLSI VET06 (CLSI VET06, 2017), podczas gdy wartosci
uzyskane dla innych chemioterapeutykoéw przeciwbakteryjnych zostaty odniesione do wartosci
Staphylococcus spp. zgodnie z wytycznymi CA-FSM VET2021 i CLSI VETO08 (CA — SFM,
2021, CLSI VETOS, 2018).

3.1.4. Wykrywanie wybranych gené6w opornosci na chemioterapeutyki przeciwbakteryjne
Wystgpowanie genéw zwigzanych z oporno$ciag na erytromycyn¢ (ermA i ermB)
i tetracykliny (tetK/L, tetM 1 tetO) oceniano dla szczepow paciorkowcdw przy uzyciu metody
PCR. Sekwencje wykorzystanych starterow oraz szczegoétowe warunki reakcji przedstawiono
w Tabeli 3 — publikacja nr 1. W pierwszej kolejnosci zastosowano uniwersalne startery
wykrywajace geny opornosci na tetracykliny, kodujace biatka chronigce rybosom. Nastepnie,
w przypadku izolatow, u ktorych uzyskano wynik pozytywny w tej reakcji, zastosowano

specyficzne startery dla gendw tetM 1 tetO. Wszystkie mieszaniny reakcyjne PCR zawieraly
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1 ul kazdego startera (10 pmol/ul), 12,5 ul DreamTaq Green PCR Master Mix (2x) (Thermo
Fisher Scientific, Waltham, MA, USA), 40 ng matrycy DNA i wode¢ wolng od nukleaz do
koncowej objetosci 25 ul. Produkty reakcji byly rozdzielane elektroforetycznie w 1% zelu
agarozowym w buforze Tris-Acetate-EDTA (TAE) z Midori Green DNA Stain (Nippon
Genetics, Diiren, Niemcy), a nastepnie wizualizowane i analizowane przy uzyciu Gel Doc™
EZ Imaging System z oprogramowaniem Image Lab Software (wersja 5.2.1) (Bio-Rad,

Hercules, CA, USA).

3.1.5. Ocena zrdoznicowania genetycznego z wykorzystaniem elektroforezy pulsacyjnej

w zmiennym polu elektrycznym (PFGE)

3.1.5.1. Analiza szczepdéw Staphylococcus aureus

Procedura PFGE zostala zaadaptowana z wczes$niejszych badan (Hennekinne i in., 2003,
Szalu$§ — Jordanow i in., 2013), z pewnymi modyfikacjami. Szczepy S. aureus zebrane z 24-
godzinnej hodowli na CAB zawieszano w jalowym roztworze soli fizjologicznej, aby uzyskac
gesto$¢ 3,5 w skali McFarlanda. Tak przygotowana zawiesing bakterii mieszano w rownej
objetosci z 2% agarozg CleanCut (Bio-Rad, Hercules, CA, USA). Uzyskane krazki agarozowe
inkubowano przez 18 h w 37°C w roztworze lizujacym zawierajagcym: 2 mg/ml lizozymu
(Sigma-Aldrich, Steinheim am Albuch, Badenia-Wirtembergia, Niemcy), 5 pg/ml RNazy
(A&A Biotechnology, Gdansk, Polska) 1 50 ng/ml lizostafiny (A&A, Gdansk, Biotechnology).
Po czasie inkubacji krazki przenoszono do roztworu z 1 mg/ml proteinazy K (A&A
Biotechnology, Gdansk, Polska) 1 inkubowano przez 24 h w 50°C. Krazki agarozowe trawiono
Smal (20 U/ul) (Thermo Fisher Scientific, Waltham, MA, USA) przez noc w 25°C. Fragmenty
restrykcyjne rozdzielano w 1,2% zelu agarozowym. Program rozdzialu obejmowat: catkowity
czas rozdziatu 20 h, temperatura 14°C, gradient napigcia 6 V/cm, poczatkowy czas impulsu 5 s
1 koncowy czas impulsu 30 s. W badaniu wykorzystano réwniez szczep referencyjny S. aureus

ATCC®25923.

3.1.5.2. Analiza szczepdw Streptococcus spp.

Analiz¢ PFGE przeprowadzono zgodnie z protokotem opisanym przez Vela 1 in. (2003)
(Vela i in., 2003), z pewnymi zmianami. Catonocne hodowle szczepdéw Streptococcus spp. na
CAB zawieszono w jalowym roztworze soli fizjologicznej, aby uzyskaé gestos¢ 4 w skali
McFarlanda. Rowna objetos¢ zawiesiny bakteryjnej i 2% agaroze CleanCut (Bio-Rad,
Hercules, CA, USA) zmieszano w celu przygotowania krazkéw agarozowych. Krazki

agarozowe inkubowano przez noc w 37°C z 1 mg/ml lizozymu (Sigma-Aldrich, Steinheim am
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Albuch, Badenia-Wirtembergia, Niemcy), a nast¢pnie inkubowano przez kolejne 24 godziny
w 50°C z 500 pg/ml proteinazy K (A& A Biotechnology, Gdansk, Polska). Aby przeprowadzié¢
trawienie restrykcyjne, przygotowano roztwor z 20 U/ul Smal (Thermo Fisher Scientific,
Waltham, MA, USA) i1 inkubowano przez noc w 25°C. Do elektroforezy uzyto 1,1% zelu
agarozowego. Parametry rozdzialu obejmowaty: czas rozdziatu 21 h, temperatura 14°C,
gradient napigcia 6 V/em, poczatkowy czas impulsu 1 s i koncowy czas impulsu 30 s.
W badaniu wykorzystano rowniez szczep referencyjny S. dysgalactiae subsp. equisimilis

ATCC®12394.

3.1.5.3. Analiza szczepéw Rhodococcus equi

Analize PFGE przeprowadzono zgodnie z wcze$niejszym protokotem (Cohen 1 in.,
2003, Witkowski 1 in., 2015), z niewielkimi modyfikacjami. Catonocne hodowle R. equi
w bulionie mézgowo-sercowym (BHI) z dodatkiem 1% glicerolu, 0,4% glukozy 1 0,2%
TWEEN®85 dostosowano do ODgoo = 0,65, a komoérki umieszczono w 1,5% krazkach
agarozowych przy uzyciu agarozy o niskiej temperaturze topnienia Top Vision (Thermo Fisher
Scientific, Waltham, MA, USA). Po 18-godzinne;j lizie w 37°C, z uzyciem 20 mg/ml lizozymu
(Sigma-Aldrich, Niemcy) 1 50 pg/ml RNazy (A&A Biotechnology, Gdansk, Polska), krazki
inkubowano przez noc z 20 mg/ml proteinazy K (A&A Biotechnology, Gdansk, Polska)
w 50°C. Nastepnie krazki agarozowe trawiono 10 U/ul Vspl (Thermo Fisher Scientific,
Waltham, MA, USA) przez noc w 37°C. Do elektroforezy uzyto 1,1% zelu agarozowego.
Parametry rozdzialu obejmowaly: catkowity czas rozdziatu 22 h, temperatura 14°C 1 gradient
napiecia 6 V/cm, przy czym program rozdzialu byt dwuetapowy: podczas pierwszego przebiegu
(7 h) zastosowano poczatkowy czas impulsu 6 s 1 koncowy czas impulsu 15 s; podczas drugiego
przebiegu (15 h) zastosowano poczatkowy czas impulsu 23 s i koncowy czas impulsu 40 s.

W badaniu wykorzystano réwniez szczep referencyjny, R. equi ATCC®6939.

Fragmenty restrykcyjne wszystkich badanych szczepow rozdzielono przy uzyciu
systemu CHEF-DR 1II (Bio-Rad, Hercules, CA, USA) w 0,5% buforze Tris-Borate-EDTA
(TBE). Zele barwiono bromkiem etydyny przez 15 minut, odbarwiano w wodzie destylowanej,
wizualizowano za pomocg systemu obrazowania Gel Doc™ EZ z oprogramowaniem Image
Lab (wersja 5.2.1) (Bio-Rad, Hercules, CA, USA). Do analizy wynikéw PFGE wykorzystano
oprogramowanie BioNumerics w wersji 7.6 (Applied Maths, Sint-Martens-Latem, Belgia).
Analize skupien przeprowadzono metoda niewazonych grup par ze S$rednig arytmetyczng

(UPGMA - ang. unweighted pair group method with arithmetic mean) przy uzyciu
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wspotczynnika podobienstwa Dice z optymalizacja i tolerancjg pozycji ustawiong na 1%.
Szczepy zostaly pogrupowane przy uzyciu 80% granicy homologii, powyzej ktorej zostaty
przypisane do tego samego klastra, poniewaz uznano je za blisko spokrewnione (Tenover i in.,

1995).

3.2. Przewidywanie obecnosci Mycobacterium avium w weztach chtonnych swin na podstawie
liczby, powierzchni (nasilenie ilo$ciowe zmian) oraz rodzaju zmian (nasilenie jako$ciowe
zmian) stwierdzanych podczas badania poubojowego

Lacznie 10 600 tusz §win poddano badaniu poubojowemu, ktére obejmowato naciecie
podzuchwowych i krezkowych weztéw chlonnych. U 86 zwierzat stwierdzono zmiany
patologiczne w podzuchwowych wezlach chlonnych. Wezly chlonne podzuchwowe ze
zmianami (n = 86) i losowo wybrane wezty chtonne podzuchwowe bez zmian (n = 113) zostaly
nastgpnie zbadane w kierunku obecno$ci Mycobacterium spp. Zwierzeta, z tusz ktérych
pobrano materiat do badan, byly w wieku od 5,5 miesigca do czterech lat (sredni wiek: 6,4
miesigca). Sposrod 199 zwierzat 99 bylo samcami, a 100 samicami. Zwierzgta pochodzity z 83
ferm zlokalizowanych w centralnej Polsce, o wielkos$ci od 2 do 3480 osobnikow; $rednia
wielko$¢ 117 zwierzat w stadzie. Pobrane wezty chtonne podzuchwowe byty przechowywane

przed analiza w temperaturze -20°C.

3.2.1. Klasyfikacja zmian i badanie histopatologiczne

Zebrane wezty chtonne zostaty podzielone na trzy grupy w zaleznosci od rodzaju zmian
1 trzy grupy w zaleznosci od liczby zmian (nasilenie iloSciowe zmian); klasyfikacja zostata
przeprowadzona przez lekarza weterynarii z oSmioletnim doswiadczeniem pracy w rzezni.
Wezly chtonne, w ktorych nie znaleziono zmian makroskopowych, zostaty przypisane do grupy
0, te z pojedynczymi zmianami wielkosci gtowki szpilki zostaly umieszczone w grupie 1
(Rycina 1 - publikacja nr 2), natomiast te z licznymi zmianami wielkosci glowki szpilki lub

zmianami rozsianymi w grupie 2 (Rycina 2 1 3 - publikacja nr 2).

Zebrany material zostal rowniez sklasyfikowany zgodnie z charakterem zmian
(nasilenie jakosciowe zmian): grupa A - zmiany nieropne (Rycina 1 1 2 - publikacja nr 2), grupa
B - zmiany ropne (Rycina 3 - publikacja nr 2), grupa C - bez zmian (brak zmian).
Przeprowadzono takze badanie fotogrametryczne weztéw chtonnych - zmieniong powierzchni¢
wezla chtonnego w przekroju mierzono za pomoca analizy obrazu, a nastepnie wyrazano jako
procent calej powierzchni przekroju wezta chtonnego. Fragmenty weztow chlonnych

podzuchwowych o wymiarach okoto 30 x 30 x 15 mm zostaty pobrane do 4% formaliny w celu
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przeprowadzenia badania histopatologicznego. Badanie histopatologiczne obejmowato tylko
kilka wybranych wezlow chlonnych z widocznymi zmianami, tj. pojedyncze wezty chionne
zgrup A, B, 112, wezly z grup C i 0 nie zostaty zbadane. Samo badanie histopatologiczne
opierato si¢ na standardowym barwieniu hematoksyling i eozyng w celu oceny nacieku

limfocytarnego oraz barwieniu Kinyoun majgcym na celu wykrycie pratkow.

3.2.2. Izolacja pratkow

7 materialu izolowano pratki kwasooporne zgodnie z zaleceniami Referencyjnego
Laboratorium Mikrobiologicznego Panstwowego Instytutu Badawczego - Panstwowego
Instytutu Weterynaryjnego w Putawach. Material wstepnie rozdrabniano sterylnymi
nozyczkami i umieszczano w workach z membrang filtrujaca (BagPage® 100). Nastepnie do
materialu dodawano 5% roztwor kwasu szczawiowego (POCH, Polska) w celu odkazenia
1 homogenizowano za pomoca stomachera przez trzy minuty z predkos$cia 12 uderzen/sekunde.
Powstala zawiesing przelewano do probowek, ktére inkubowano przez 10-15 minut
w temperaturze 37°C, a nastgpnie odwirowywano przez 10 minut z predkoscig 1500xg.
W kolejnym kroku usuwano supernatant i dodawano sterylny 0,9% NaCl do maksymalne]
objetosci probowki. Probowki wstrzasano 1 wirowano przez 10 minut z predkoscig 1500xg.
Czynno$¢ te powtarzano dwukrotnie. Osad (5 pl) wykorzystywano do zaszczepienia podtozy
statych do hodowli pratkéw: Lowenstein-Jensen (MERCK, Niemcy) i Stonebrink (MERCK,
Niemcy). Hodowle inkubowano w temperaturze 37°C przez 12 tygodni. Pozywki byty
sprawdzane pod katem wzrostu kolonii pratkow co siedem dni. Brak wzrostu po 12 tygodniach

uznawano za wynik ujemny.

3.2.3. Izolacja DNA

Zebrane ezg pratki wyhodowane na podtozu Lowensteina-Jensena lub Stonebrinka
zawieszano w 150 ul wody destylowanej, a nastepnie inkubowano przez 30 minut w bloku
grzejnym w temperaturze 95°C. Po inkubacji probowki odwirowywano przez pi¢¢ minut
z predkosciag 15000xg. Supernatant zawierajacy DNA przenoszono do nowych proboéwek

1 wykorzystywano do testow.

3.2.4. Genotypowanie izolatow pratkow

Gatunki Mycobacterium spp. zostaly zidentyfikowane i zrdéznicowane przy uzyciu
komercyjnego testu GenoType Mycobacterium CM (Hain Lifescience, Niemcy). Wyizolowane
DNA byto selektywnie powielane za pomoca reakcji multipleks PCR (Polymerase Chain

Reaction). Powstale amplikony przenoszono na paski DNA pokryte wysoce specyficznymi
31



sondami, ktére byty komplementarne do wykrywanych sekwencji DNA specyficznych dla
poszczegblnych gatunkéw. Amplikony byly wigzane do miejsc komplementarnych, podczas
gdy niezwigzane fragmenty byty usuwane podczas ptukania. Nastgpnie dodawano koniugat —
streptawidyne, znakowany fosfataza alkaliczng, a gatunki pratkow identyfikowano na
podstawie wzoru hybrydyzacji specyficznych sond umieszczonych na paskach z produktem
reakcji multipleksowej PCR. Wynik odczytywano przy uzyciu dotaczonego przez producenta

szablonu.

3.2.5. Analiza statystyczna

Aby zidentyfikowa¢ czynniki, ktore zwigkszaja prawdopodobienstwo obecnosci
M. avium w weztach chtonnych, zastosowano uogoélniony liniowy model binarny. W modelu
tym obecno$¢ M. avium w wezle chlonnym zostata wykorzystana jako zmienna zalezna. Kazda
probka, w ktorej potwierdzono obecnos$¢ M. avium, zostala oznaczona jako 1, podczas gdy te,
w ktorych nie potwierdzono obecnosci M. avium, zostaly oznaczone jako 0. W analizie
uwzgledniono nast¢pujgce zmienne niezalezne: 1) jakosciowe nasilenie zmian w wezlach
chlonnych, 2) iloSciowe nasilenie zmian w weztach chtonnych, 3) ple¢ swin, 4) wielko$¢ stada.
Jakos$ciowe nasilenie zmian podzielono na trzy kategorie: A - zmiany nieropne, B - zmiany
ropne, C - brak zmian. [lo$ciowe nasilenie zmian chorobowych podzielono na trzy kategorie:
0 - bez zmian, 1 - pojedyncze zmiany i 2 - liczne zmiany. Aby znalez¢ najlepiej dopasowany
model, zbadano wszystkie warianty modelu (tj. zmienne zostaly uwzglednione we wszystkich
mozliwych kombinacjach, w tym w modelu zerowym), a modele poréwnano za pomoca
kryteriow informacyjnych Akaike (AIC — Akaike Information Criterion) zgodnie z Burnham
1 Anderson (Burnham 1 in., 2002). Model z najnizszg wartos$cig AIC zostat uznany za najlepiej
dopasowany. Gdy réznica AIC byla mniejsza niz 2, wybierano prostszy model (tj. z nizszym k)
zgodnie z zasadg brzytwy Ockhama. Porownanie post hoc czestosci wystepowania M. avium
w weztach chtonnych danej kategorii przeprowadzono za pomocg testu najmniejszej istotne]

roznicy (LSD — Last Significant Difference).

Przeprowadzono rowniez model regresji logistycznej w celu sprawdzenia, czy obecnosé
M. avium w weztach chlonnych §win mozna przewidzie¢ na podstawie analizy wyrazonej jako
procent zmienionej powierzchni przekroju wezta chtonnego. W modelu obecnos¢ M. avium
w wezle chlonnym byl zmienng zalezna, a procent zmienionej powierzchni przekroju wezla
chlonnego byl zmienng niezalezng. Zmienna zalezna byla podobna do stosowanej

w uogodlnionym lintowym modelu binarnym.
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Procent zmienionej powierzchni przekroju wezta chlonnego obliczano za pomoca
oprogramowania AutoCAD 2020. Zdjecia weztdw chtonnych wykonano aparatem Sony Cyber-
shot DSC-W830 ze skala liniowa, ktora zostata nastgpnie wykorzystana do przeskalowania
obrazow do skali 1:1. Powierzchnie przekrojéow weztow chlonnych i zmian chorobowych
oznaczono za pomocg narze¢dzia splajn. Dla kazdego wezta chtonnego obliczono catkowitg
powierzchnie przekroju i powierzchnie zajmowana przez zmiany (w cm?) za pomoca narzedzia
Area. Aby sprawdzi¢, czy procent zmienionej powierzchni przekroju weztow chlonnych lub
ilosciowe nasilenie zmian w weztach chtonnych moze lepiej przewidywac obecno$¢ M. avium,
podobny model regresji logistycznej zostat przeprowadzony na tym samym zestawie
obserwacji; ilosciowe nasilenie zmian zostato uzyte jako zmienna niezalezna w obu modelach.
Oba modele poréwnano zgodnie z R2, tabelami klasyfikacji i AUC (obszar pod krzywa ROC -

Receiver Operating Characteristic).

3.3. Mycobacterium avium complex — niedoceniane zagrozenie dla ludzi i zwierzat

Na podstawie baz danych PubMed i Google Scholar przeprowadzono analize¢
aktualnego stanu wiedzy na temat zakazen MAC u ludzi 1 zwierzat, czynnikow zjadliwosci
bakterii MAC, potencjalnych zrodet zakazenia, a takze postepéw w poszukiwaniu nowych
lekow. Nie przeprowadzono formalnej metaanalizy ani analizy statystycznej. Artykuty zostaly
sprawdzone pod katem warto$ci naukowej i1 przydatnosci, a takze pod wzgledem aktualnych
informacji. Ponadto przejrzano odniesienia w artykutach, aby znalez¢ dodatkowe publikacje.
Analiza uwzglednila czynniki etiologiczne 1 rozpowszechnienie mykobakteriozy, opis
sposobow identyfikacji bakterii, patogenez¢ 1 immunologi¢ zakazenia, objawy kliniczne,
a takze leczenie zarowno ludzi, jak 1 zwierzat. Podsumowano takze najwazniejsze informacje
i aktualne trendy w tej dziedzinie. Odpowiednio wyselekcjonowane informacje zawarte

w artykule uzupelniajg wstep i1 dyskusje niniejszego manuskryptu.
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4. Wyniki
4.1. Roznorodnos¢ genetyczna i opornos¢ na chemioterapeutyki przeciwbakteryjne patogenow

ropotworczych wyizolowanych z weztow chtonnych swin

4.1.1. lzolaty bakteryjne

Badane izolaty nalezaty do Streptococcus spp., S. aureus i R. equi (Tabela 1, Rycina 1 —
publikacja nr 1). Paciorkowce zidentyfikowano w znacznej liczbie (48 ze 199; 24,1%)
badanych probek, w tym w 31 wezlach chtonnych i narzadach ze zmianami (31/48; 64,58%)
i1 17 weztach chtonnych bez zmian (17/48; 35,4%). Przy uzyciu szybkiego testu lateksowego
14 szczepdw paciorkowcow (14/48; 29,2%) zaklasytikowano do grupy A wg Lancefield, a 34
(34/48; 70,8%) do grupy C. Wyniki PCR wykazaly, ze 45 szczepdw nalezalo do S. dysgalactiae
(45/48; 93,8%) a trzy izolaty (3/48; 6,2%) zidentyfikowano jako S. equi subsp. zooepidemicus.
R. equi wyizolowano z 17 probek (17/199; 8,5%), w tym o$miu z we¢ztéw chlonnych ze
zmianami ropnymi (8/17; 47,1%) i dziewigciu z we¢ztdw chlonnych bez zmian (9/17; 52,9%).
Na podstawie testu aglutynacji lateksowej 1 wynikow PCR pie¢ izolatéw gronkowcow (5/199;
2,5%) zidentyfikowano jako S. aureus. Jeden z nich (1/5; 20%) zostat wyizolowany z weztéw
chtonnych bez zmian, a cztery (4/5; 80%) z weztow chtonnych ze zmianami ropnymi. Ponadto
wyizolowano sze$¢ koagulazo-dodatnich szczepdw Staphylococcus spp. innych niz S. aureus:
cztery z wezlow chlonnych ze zmianami ropnymi i dwa z weztow chtonnych bez zmian.
Dodatkowo, w pojedynczym przypadku wyizolowano 7. pyogenes z wezta chtonnego
podzuchwowego ze zmianami ropnymi. Podczas badania bakteriologicznego wyizolowano
roOwniez inne bakterie, jednak ze wzgledu na ich niewielka liczb¢ nie zostaty one uwzglednione
w analizie. Byly to koagulazo-ujemne Staphylococcus spp., Enterococcus spp. oraz Gram-
ujemne pateczki wyizolowane zaréwno ze zmian ropnych, jak i tkanek bez zmian. Dwa szczepy
paciorkowcoOw zostaly wyizolowane od osobnikow, od ktorych pobrano wigcej niz jedna
probke, podczas gdy trzy szczepy paciorkowcow 1 jeden szczep R. equi zostaty wyizolowane

od osobnika z uogdlnionymi zmianami.

4.1.2. Fenotypy i genotypy opornosci na chemioterapeutyki przeciwbakteryjne

Badanie wrazliwo$ci na S$rodki przeciwdrobnoustrojowe przeprowadzono dla 45
szczepow S. dysgalactiae, 3 szczepow S. equi subsp. zooepidemicus, 17 szczepdw R. equi 1 5
szczepow S. aureus. Rozktady wartosci MIC (MICso i MICop) o$miu testowanych §rodkow

przeciwdrobnoustrojowych dla badanych izolatow przedstawiono w Tabeli 2 — publikacja nr 1.
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Dodatkowo dla szczepow S. dysgalactiae okre§lono genotypy opornosci na tetracykliny

i makrolidy.

4.1.2.1. Badanie lekowrazliwo$ci Staphylococcus aureus

Sposrod badanych szczepow S. aureus wszystkie byly wrazliwe na PEN, AMC, CIP,
ERY, DOX, GEN i SXT. Zgodnie z zastosowanym kryterium, dwa szczepy (2/5; 40%)
wykazaty opornos¢ na CTX, z warto$ciami MICso 1 MICoo wynoszacymi odpowiednio 12 pg/ml
1>32 pg/ml. Pozostate trzy szczepy (3/5; 60%) zostaty sklasyfikowane jako $rednio wrazliwe
na CTX, z warto$ciami MICso i MICoo odpowiednio 4 pg/ml i >32 ug/ml.

4.1.2.2. Badanie lekowrazliwo$ci Streptococcus spp.

W przypadku szczepow S. equi subsp. zooepidemicus stwierdzono ich wrazliwos$¢ na
prawie wszystkie testowane $rodki przeciwdrobnoustrojowe, w tym PEN, AMC, CTX, CIP,
GEN, ERY i DOX. Dwa z trzech testowanych szczepow (66,7%) byly rowniez wrazliwe na
SXT, ale jeden z nich (1/3; 33,3%) zostal sklasyfikowany jako $srednio wrazliwy. Wszystkie
szczepy S. dysgalactiae (n = 45) byly wrazliwe na antybiotyki B-laktamowe testowane w tym
badaniu, w tym PEN, AMC i CTX. Ponadto wszystkie szczepy byly rowniez wrazliwe na CIP
i GEN. Podobnie wysoka wrazliwo$¢ zaobserwowano w przypadku SXT: zdecydowana
wiekszos¢ szczepdéw byta wrazliwa (40; 88,9%), a kilka byto opornych (3; 6,7%) i $rednio
wrazliwych (2; 4,4%). Cztery szczepy byly oporne na ERY, wszystkie z wartoscig MIC >256
pg/ml. Lacznie 24 szczepy (50%), byty oporne na DOX, z MIC w zakresie od 12 pg/ml do 64
pg/ml. Pie¢ z czterdziestu pieciu (11,1%) szczepdw S. dysgalactiae (S1', S27, S44, S611S115
- z ktorych dwa zostaly wyizolowane z tego samego stada) byto jednoczesnie opornych na 2
srodki przeciwdrobnoustrojowe testowane w tym badaniu (fenotyp opornosci: ERY/DOX).
Podsumowujac wsrod szczepow wyizolowanych od $§win z tej samej fermy zauwazalne byty

roéznice w profilach opornosci na srodki przeciwdrobnoustrojowe.

Dwadziescia jeden z czterdziestu pigciu szczepdw S. dysgalactiae (46,7%) dalo
pozytywny rezultat w badaniu PCR z uniwersalnymi starterami do wykrywania gendéw biatka
ochronnego rybosomu warunkujgcego opornos¢ na tetracykliny. Osiemnascie szczepow (40%)
zawieralo gen tetM, a trzy (6,8%) zawieraly tetO. Dwa szczepy, wyizolowane od §win z tego
samego stada, byty nosicielami obu genéw opornos$ci na tetracykline, tetM i tetO. W przypadku
jednego szczepu wykryto produkt reakcji z uniwersalnymi starterami, ale nie z testowanymi

starterami dla okreslonych gendow tet. Cztery szczepy oporne na erytromycyne (8,9%)
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zawieraly gen ermB. Wszystkie izolaty S. dysgalactiae testowane w tym badaniu nie mialy

genow tetK/L ani ermA.

4.1.2.3. Badanie lekowrazliwo$ci Rhodococcus equi

Wszystkie 17 szczepdw R. equi (100%) wykazato opornos¢ na PEN. Jednak 12
szczepow (70,6%) wykazato opornos¢ na CTX, podczas gdy 5 (29,4%) zostato
zaklasyfikowanych jako $rednio wrazliwe na CTX. W przypadku AMC, 15 szczepow (88,2%)
bylto opornych, a 2 (11,8%) byly srednio wrazliwe. Wszystkie testowane szczepy byly wrazliwe
na ERY. Zdecydowana wigkszo$¢ szczepow byta rowniez wrazliwa na CIP 1 GEN, ale jeden
szczep byt oporny na oba z nich. W przypadku DOX, 13 szczepéw (76,5%) zostato
sklasyfikowanych jako $rednio wrazliwe. Oporno$¢ na SXT zaobserwowano w przypadku
szesciu szczepow (35,3%), podczas gdy jeden szczep (5,9%) byt $rednio wrazliwy, a dziesigé
szczepow (58,8%) bylo wrazliwych na ten §rodek przeciwdrobnoustrojowy. Zaobserwowano
fenotypy opornosci na trzy lub cztery $rodki przeciwdrobnoustrojowe, w tym
PEN/AMC/CTX/SXT (S107, S116, S124 1 S175), PPJAMC/CTX (S81, S83, S87, S125, S128,
S132 1 S170), PEN/AMC/SXT (S29), PEN/CTX/SXT (S11) i PEN/CIP/GEN (S177). Szczepy

wyizolowane z tych samych stad nie wykazywaty tych samych profili opornosci.

4.1.3. Pokrewienstwo filogenetyczne badanych szczepow

4.1.3.1. Staphylococcus aureus

Analiza PFGE wykazata trzy rdézne pulsotypy wsrod pigciu izolatéw S. aureus. Jeden
pulsotyp grupowat trzy szczepy, podczas gdy dwa szczepy wykazywaty specyficzny pulsotyp.
Wyrdzniono jeden klaster, ktory grupowat cztery szczepy ze wskaznikiem podobienstwa 84,2%
(Rycina 1 — publikacja nr 1). Kazde ze zwierzat, od ktorego wyizolowano szczepy S. aureus,

pochodzito z innego stada.

4.1.3.2. Streptococcus spp.

Wszystkie 48 izolatow Streptococcus spp. poddano analizie PFGE. Trzy szczepy S. equi
subsp. zooepidemicus uzyskane z roznych stad wykazywaly ten sam pulsotyp. Szeroka
réznorodno$¢ genetyczng uzyskano dla pozostatych 45 szczepow S. dysgalactiae
wyizolowanych od 42 zwierzat. Analiza dendrogramu wykazata siedem klastrow
o wskaznikach podobienstwa w zakresie od 85,7% do 100% po trawieniu DNA Smal (Rycina
nr 2 — publikacja nr 1). Klastry te grupowaty dwa szczepy (klastry 1, 4 1 7), trzy szczepy (klastry
213), cztery szczepy (klaster 6) i trzynascie szczepow (klaster 6). Klastry 2, 5 1 6 obejmowaty

niektore szczepy z tych samych stad. Wsrdd badanych szczepéw S. dysgalactiae
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zaobserwowano tgcznie 25 pulsotypow. Najczestszy pulsotyp byl charakterystyczny dla
dwunastu szczepdéw. Jeden pulsotyp grupowat cztery szczepy, jeden grupowal trzy szczepy,
a cztery grupowaly po dwa szczepy. Unikalne pulsotypy zaobserwowano dla 18 szczepow.
Ponadto analiza PFGE wykazata, ze genetycznie rozne szczepy S. dysgalactiae krazyly
w obrebie jednego stada, podczas gdy genetycznie podobne lub identyczne szczepy

wystepowaty w roznych stadach.

W jednym przypadku dwa rézne pulsotypy uzyskano z roznych narzagdéw tego samego
zwierzecia z podobienstwem 36,3%. W innym przypadku uzyskano trzy pulsotypy od tego
samego zwierzecia z roznych narzadow, z ktorych dwa (S30 i S31) nalezaty do tego samego

klastra: pierwsze dwa miaty podobienstwo 100%, a trzeci (S27) miat 58,7% podobienstwa.

Ocena dendrogramu nie wykazata znaczacej roéznicy miedzy izolatami z wezlow
chtonnych ze zmianami i bez zmian. Dla izolatow z weztéw ze zmianami (n = 31) uzyskaliSmy
19 pulsotypow 1 wyrdznilismy pie¢ klastrow, podczas gdy dla izolatéw weztow chtonnych bez

z zmian (n = 14) uzyskali§my 11 pulsotypdw i wyr6zniliSmy cztery klastry.

4.1.3.3. Rhodococcus equi

Analiza PFGE wykazata wysoka roznorodnos$¢ genetyczng wsérdd 17 izolatow R. equi.
Uzyskano jedenascie roznych pulsotypdéw. Pulsotyp 6.2 byl najbardziej rozpowszechniony,
poniewaz uzyskano go w pieciu izolatach, a nastepnie pulsotypy 6.3 1 7, ktore uzyskano
w dwoch izolatach kazdy. Osiem szczepow R. equi wykazato unikalny pulsotyp (Rycina 3 —
publikacja nr 1). Zarowno te same, jak i r6zne pulsotypy wystgpowaty u zwierzat z tej samej
fermy. Wyr6zniono dwa klastry grupujace dziewig¢ 1 dwa szczepy o podobienstwie

odpowiednio 81,3% 1 100%.

Szczegbdlowe informacje dotyczace przeprowadzonych badan znajdujg si¢ w pracy:

Kaczmarkowska A, Kwiecien E, Didkowska A, Stefanska I, Rzewuska M, Anusz K. 2023. The
Genetic Diversity and Antimicrobial Resistance of Pyogenic Pathogens Isolated from Porcine
Lymph Nodes. Antibiotics, 12(6), 1026. DOI: /doi.org/10.3390/antibiotics12061026
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4.2. Przewidywanie obecno$ci Mycobacterium avium w weztach chtonnych $win na podstawie

liczby i wielko$ci oraz rodzaju zmian stwierdzanych podczas badania poubojowego

4.2.1. Klasyfikacja zmian anatomopatologicznych i histopatologia

113 weztow chlonnych bez zmian makroskopowych zaklasyfikowano do grupy 0, 38
weztow chtonnych z pojedynczymi zmianami wielkosci glowki szpilki przydzielono do grupy
1, natomiast 48 weztéw chtonnych z licznymi zmianami wielkosci gtéwki szpilki lub zmianami
rozsianymi przypisano do grupy 2. 73 wezly chtonne, ktére wykazywaty zmiany nieropne
zaklasyfikowano do grupy A, 13 weztéw chltonnych ze zmianami ropnymi do grupy B,

natomiast 113 bez zmian makroskopowych do grupy C.

Zmienione we¢zly chtonne wykazywaty przewlekle, wieloogniskowe, ziarniniakowe lub
ropno-ziarniniakowe zapalenie z naciekiem wielojadrzastych komorek olbrzymich (Rycina 4 —
publikacja nr 2). Wigkszo$¢ weztow chionnych zawierala martwice skrzepowa z mineralizacja
lub martwice lityczna, otoczong rozrostem witoknistym. Czasami wykrywano rowniez §wiecacy
material eozynofilowy charakterystyczny dla zjawiska Splendore-Hoeppli, (Rycina 5 —
publikacja nr 2).

Czesto$¢ wystgpowania zmian gruzliczopodobnych w  weztach chtonnych
podzuchwowych u $§win wyniosta 0,81% - 86 wezldéw chltonnych ze zmianami

gruzliczopodobnymi na 10 600 zbadanych tusz.

4.2.2. 1zolacja pratkoéw

Sposréd probek pobranych z weztow chlonnych ze zmianami, wzrost bakterii
zaobserwowano na 63 podltozach Lowensteina-Jensena i na 36 podtozach Stonebrinka. Wzrost
bakterii na obu podtozach wykryto w 31 przypadkach. W przypadku weztow chtonnych bez
zmian makroskopowych wzrost bakterii na podtozu Lowensteina-Jensena lub Stonebrinka
zaobserwowano w 58 przypadkach: Lowensteina-Jensena w 29 przypadkach, Stonebrinka w 29

przypadkach, a na obu podtozach w 15 przypadkach.

4.2.3. Genotypowanie izolatow pratkéw

M. avium zidentyfikowano w znacznej liczbie izolatéw, pochodzacych zaréwno
z weztow chtonnych ze zmianami (49/86; 57,0%) jak 1 bez zmian (22/113; 19,5%). W trzech
izolatach bakteryjnych (3/86; 3,5%) z wezlow chlonnych ze zmianami zidentyfikowano

M. celatum, w kolejnych trzech stwierdzono obecnos$¢ M. avium oraz M. chelonae (3/86; 3,5%),
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a w jednym M. fortuitum (1/86; 1,2%). Z wezldw chlonnych bez zmian cztery izolaty
zidentyfikowano jako M. celatum (4/113; 3,5%).

4.2.4. Analiza statystyczna

W wyniku selekcji modelu usunigto wszystkie zmienne z wyjatkiem iloSciowego
nasilenia zmian w weztach chlonnych. Ani jako$ciowe nasilenie zmian w weztach chlonnych,
ani pte¢ zwierzat, ani wielkos$¢ stada nie wyjasnialy istotnie obecnosci M. avium. Najlepszy
model, oparty na iloSciowym nasileniu zmian w we¢ztach chtonnych, byt statystycznie istotny
(x> = 46,88, p<0,001). Nasilenie zmian byto istotnie zwigzane z obecno$cia M. avium. Ponadto
kategorie ,,liczne zmiany” i ,,pojedyncze zmiany” byly takze istotnie zwigzane z wigksza szansg
obecnosci M. avium niz kategoria ,brak zmian” (Tabela 2 — publikacja nr 2):
Prawdopodobienstwo obecnosci M. avium byto 2,5 raza wigksze w weztach chtonnych
z pojedynczymi zmianami w porOwnaniu z we¢ztami bez zmian, a ponad 13 razy wigksze

w wezlach chtonnych z licznymi zmianami.

W probkach ,,bez zmian" czesto$¢ wystepowania M. avium wynosita 0,23, co wskazuje,
ze M. avium moze by¢ obecne, nawet jesli nie byto zmian widocznych makroskopowo, ale
prawdopodobienstwo wystepowania byto niskie. Czgstos¢ wystepowania M. avium w probkach
,bez zmian” rdznila si¢ znaczaco od pozostatych dwoch kategorii (p = 0,020 w poréwnaniu
Z ,,pojedynczymi zmianami” i p<0,001 w poréwnaniu z ,,licznymi zmianami"). W kategorii
»pojedyncze zmiany" czesto$¢ wyniosta 0,44, co nie potwierdzilo jednoznacznie obecnos$ci
M. avium. Jednak wartos¢ ta wynosita 0,8 w kategorii ,,liczne zmiany”, co wskazuje na wysokie
prawdopodobienstwo wykrycia gatunku M. avium (ryc. 6). Stwierdzono réwniez, ze kategorie

»pojedyncze zmiany” i ,,liczne zmiany” r6znity si¢ istotnie w pordwnaniu parami (p<0,001).

Model regresji logistycznej wykazal, ze procent powierzchni zmiany w weztach
chtonnych moze znaczaco przewidywaé obecno$é M. avium (y* = 15,33, p<0,001). Zakazenie
M. avium bylto bardziej prawdopodobne, gdy zmiana obejmowala wigkszy obszar wezta
chionnego (Rycina 7 — publikacja nr 2): prawdopodobienstwo obecno$ci M. avium przekraczato

0,5, gdy dotkniete zmianami byto ponad 10% powierzchni wezta chtonnego.

IloSciowe nasilenie zmian i pomiar procentowej powierzchni zmian w weztach
chtonnych daty dos¢ podobne wyniki. Niemniej jednak model oparty na ilosciowym nasileniu
zmian wykazal lepsza sprawno$¢ modelu: wyzszg wartos¢ r-kwadrat Nagelkerke'a

(odpowiednio 0,325 i 0,126), wyzszy odsetek sklasyfikowanych przypadkow ogoétem
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(odpowiednio 77,1% 1 69,4%) oraz wigkszy odsetek prawidtowo sklasyfikowanych obserwacji
pozytywnych (odpowiednio 56,7% i 23,3%). Wspotczynnik AUC - pole pod krzywa ROC, byt
podobny (odpowiednio 0,74 1 0,734).

Szczegbdtowe informacje dotyczace przeprowadzonych badan znajdujg si¢ w pracy:

Kaczmarkowska A, Didkowska A, Brzezinska S, Klich D, Kwiecien E, Dolka I, Kociuba P,
Rzewuska M, Augustynowicz-Kope¢ E, Anusz K. 2022. Could the type and severity of gross
lesions in pig lymph nodes play a role in the detection of Mycobacterium
avium? PloSone, 17(7), €0269912. DOI: /doi.org/10.1371/journal.pone.0269912
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5. Dyskusja

Zarowno w Polsce jak 1 na §wiecie wieprzowina jest najczes$ciej spozywanym migsem
(Sto$ 1 in., 2022). Dlatego niezwykle wazna jest znajomo$¢ czynnikow mikrobiologicznych
obecnych w weztach chtonnych $win. Charakterystyka izolatow bakterii, w tym ocena
lekoopornos$ci, pozwala na okreslenie ich potencjatu zoonotycznego, ktory stanowi zagrozenie
dla zdrowia konsumentoéw. Jest to szczegdlnie istotne w sytuacji, kiedy w Polsce i wielu

regionach §wiata produkowane sg kietbasy wieprzowe, nie poddawane obrébce termiczne;j.

Czestos¢ wystepowania zmian gruzliczopodobnych w weztach chlonnych $win
wyniosta 0,81%. Zblizone wyniki uzyskali holenderscy badacze, ktorzy stwierdzili zmiany
ziarniniakowe w wezlach podzuchwowych u 0,75% $win z dwoch rzezni na terenie Holandii.
Tylko w jednym przypadku tego rodzaju zmiany byly zlokalizowane w weztach chtonnych
krezkowych (Komijn 1 in., 2007). Uzyskane wyniki wskazuja na znacznie wyzszy wskaznik
izolacji pratkéw z MAC niz w holenderskich gospodarstwach ukierunkowanych na intensywna
produkcje. Moze to wynika¢ z podatno$ci rasowej na zakazenia, charakteru systemu hodowli,

ekologii bakterii (Cardoso — Toset 1 in., 2015) lub wieku §win.

Badania mikrobiologiczne pozwolity na uzyskanie 48 izolatow Streptococcus spp. (45
S. dysgalactiae i trzy S. equi subsp. zooepidemicus), 17 R. equi oraz pigciu S. aureus. Otrzymane
wyniki sg podobne do prezentowanych we wczesniej opublikowanych doniesieniach, ale
czestos¢ izolacji poszczegdlnych gatunkow rdznita sie¢ (Martinez i in. 2007, Lara i in., 2011,
Cardos — Toset 1 in., 2015, Witkowski 1 in., 2016, Cardoso — Toset 1 in., 2020). Lara 1 in.
wykazali, ze R. equi 1 Streptococcus spp. byly dominujgcymi gatunkami izolowanymi z weziow
chtonnych §win (Lara i in., 2011), podobnie jak w naszych badaniach. Odnoszac si¢ do wielu
doniesien, mozna stwierdzi¢, ze Streptococcus spp. izolowany z ropnych zmian w weztach
chlonnych u §win, byl jednym z gléwnych patogenow (Martinez i in. 2007, Cardos — Toset 1 in.,
2015, Cardoso — Toset 1 in., 2020). Z drugiej strony nalezy podkresli¢, ze czgstos¢ izolacji
T pyogenes w przebiegu niniejszych badan byla znacznie nizsza niz wczesniej opisywano

u swin (Cardos — Toset 1 in., 2015, Cardoso — Toset 1 in., 2020).

W poréwnaniu z wczesniejszymi publikacjami, w przebiegu niniejszych badan znacznie
wiecej bakterii patogennych wyizolowano z weztow chtonnych bez zmian ropnych (Lin i in.
2019). W dwoch przypadkach z tego samego wezta chtonnego bez zmian ropnych wyizolowano
zaroOwno S. dysgalactiae, jak 1 R. equi. Wcze$niej opisano takze izolacje kilku rodzajow bakterii
z jednej probki wezla chtonnego (Martinez 1 in. 2007).
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Najczesciej izolowanym drobnoustrojem byt S. dysgalactiae. Nie przeprowadzono
identyfikacji szczepow S. dysgalactiae do podgatunku, poniewaz taksonomia S. dysgalactiae
pozostaje niejasna. Ostatnie badania wskazuja, ze S. dysgalactiae mozna podzieli¢ na dwie
odrebne grupy. Jedna obejmuje tylko szczepy ludzkie, podczas gdy druga zwierzece
pochodzace od $§win, psow 1 koni, a takze bardziej odrgbne filogenetycznie szczepy bydta
(Alves — Barroco i in., 2022). Wigkszo$¢ izolatéw S. dysgalactiae nalezata do grupy C
Lancefield, co jest zgodne z wczes$niejszymi doniesieniami (Katsumi i in., 1998, Oh i in., 2020).
Jednakze niektére szczepy nalezaty do grupy A. Do tej pory nie ma doniesien o zakazeniach
swin wywotanych przez S. dysgalactiae z grupy A Lancefield. Nalezy zaznaczy¢, ze szczepy
S. dysgalactiae z grupy A sa bardzo rzadko izolowane. Tym niemniej, szczepy te wykazuja

potencjat zoonotyczny i byly izolowane od pacjentow z bakteriemia (Ishihara i in., 2020).

Czestos$¢ wystepowania M. avium osiagneta 56,98% w weztach chtonnych ze zmianami,
a 19,47% w weztach bez zmian. Stosunkowo wysoka czgstos¢ wystepowania M. avium
w niezmienionych weztach chtonnych mozna ttumaczy¢ krétkim okresem zycia §win oraz
faktem, ze zakazenie wystapilo zbyt pdzno, aby zmiany mogty si¢ rozwing¢ (Van Ingen i in.,
2010). Podobne wskazniki izolacji M. avium opublikowali Pate 1 in., ktorzy wyizolowali
patogen od 47,3% $win ze zmianami w wezlach chtonnymi, dla kontrastu R. equi w ich badaniu

zostal wyizolowany tylko od 3,9% $win ze zmianami w w¢ztach chtonnych (Pate i in., 2004).

Na podstawie przeprowadzonych badaf oceniono pokrewienstwo genetyczne
1 opornos$¢ na leki przeciwdrobnoustrojowe bakterii ropotwoérczych wyizolowanych z weztow
chlonnych $win, pobranych podczas badania poubojowego. W przebiegu badan izolowano
bakterie z we¢zlow chtonnych ze zmianami ropnymi i bez zmian. Wyizolowane S. aureus
(Algammal 1 in., 2020), S. dysgalactiae (Schreiber i in., 2014, Koh i in., 2020), S. equi subsp.
zooepidemicus (Kim 1 in., 2022), R. equi (Vazquez — Boland 1 in., 2013, Takai 1 in., 2020)
1 T pyogenes (Deliwala 1 in., 2020) maja potencjal zoonotyczny. Nie tylko konsumenci
wieprzowiny, ale takze pracownicy rzezni, lekarze weterynarii i inni pracownicy przemystu

spozywczego sa szczegolnie narazeni na zakazenie tymi drobnoustrojami.

Do oceny pokrewienstwa genetycznego wyizolowanych szczepow wykorzystano
metode PFGE, uznang za "zloty standard" ze wzgledu na moc dyskryminacyjng w badaniach
réznych grup bakterii (Arbeit i in., 1995, Sabat i in., 2013). Zaobserwowano wysoka zmienno$¢
genetyczng szczepodw S. dysgalactiae - 25 rdéznych pulsotypow PFGE. Jest to zgodne

z wezesniejszymi doniesieniami na temat réznorodno$ci genetycznej paciorkowcow, w tym
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S. dysgalactiae, pochodzacych od zwierzat (Cardoso — Toset 1 in., 2020, Costa 1 in., 2022).
Zastosowana metoda PFGE wykazata wysoki stopien polimorfizmu wewnatrzgatunkowego,
zaro6wno miegdzy izolatami pochodzacymi z réznych gospodarstw, jak i pomiedzy izolatami
pochodzacymi z tego samego gospodarstwa. Podobnie jak w badaniu Cardoso - Toset i in.,
analiza PFGE wykazala, ze genetycznie rozne izolaty S. dysgalactiae krazyty w jednym stadzie,
podczas gdy genetycznie podobne izolaty krazyly w roznych stadach (Cardoso — Toset i in.,
2020). Znaczacy polimorfizm wsréd szczepow S. dysgalactiae potwierdza, ze PFGE jest
wysoce dyskryminujacym narzedziem w badaniach epidemiologicznych zakazen zwierzat

wywotanych przez te bakteri¢ .

Obserwowano niskg rdéznorodnos¢ wzoréw PFGE dla szczepdéw S. equi subsp.
zooepidemicus 1 S. aureus. Nalezy jednak zauwazy¢, ze liczba badanych szczepoéw byta
ograniczona. Trzy szczepy S. equi subsp. zooepidemicus z roznych ferm miaty jeden pulsotyp.
Podobne wyniki uzyskano podczas genotypowania izolatow S. equi subsp. zooepidemicus od

$win i matp w Indonezji (Saasia i in., 2004).

W przypadku S. aureus uzyskano trzy pulsotypy dla pigciu szczepow z rdéznych stad,
a cztery szczepy nalezaty do jednego klastra. W literaturze istniejg ograniczone dane dotyczace
typowania PFGE szczepow S. aureus izolowanych od $swin (Gomez-Sanz i in., 2010, Broens
iin.,, 2011). W naszych badaniach wzory PFGE wykazaly wysokie podobienstwo.
Porownywalne wyniki uzyskat Broens i in., ktorzy dowiedli takze, ze $winie MRSA-ujemne
moga zosta¢ skolonizowane przez szczepy MRSA-dodatnie podczas transportu z gospodarstwa
do rzezni (Broens i1in., 2011). Mozna przypuszczac, ze zrodtem kolonizacjt MRSA u $win moga
by¢ zanieczyszczone ci¢zarowki, rzeznie lub personel. Ponadto mieszanie §win z roéznych
gospodarstw w transporcie i w magazynach zywca moze réwniez prowadzi¢ do kolonizacji
szczepami MRSA-dodatnimi (Broens 1 in., 2011, Molla 1 in., 2012). Istnieja doniesienia,
wskazujace na duza zmienno$¢ wzorcow PFGE miedzy szczepami MRSA-dodatnimi
izolowanymi od §win, co sugeruje rozlegte rearanzacje DNA 1 potencjat do uzyskania lub utraty
cech genetycznych, to znaczy zdarzen genomowych zachodzacych w krétkim czasie (Lo i in.,

2012).

Genotypowanie szczepéw R. equi metoda PFGE wykazato wysoka réznorodnosé
genetyczng posrdd badanych izolatoéw. Dwa izolaty z tego samego stada wykazywatly ten sam

pulsotyp; jednak ten sam pulsotyp stwierdzono rowniez w trzech izolatach pochodzacych od
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swin z trzech réznych stad. Podobne wyniki uzyskali Pate i in., ktérzy ocenili ré6znorodnos¢

genetyczna R. equi izolowanych od §win w Stowenii (Pate i in., 2009).

Wobec stwierdzenia wysokiego stopnia polimorfizmu wewnatrzgatunkowego bakterii
ropotworczych wyizolowanych z weztow chtonnych $§win ze zmianami ropnymi i bez zmian,
szczegOlnie w odniesieniu do S. dysgalactiae 1 R. equi, w pelni uzasadnione jest
rekomendowanie ich monitorowania w stadach $win, z uzupelieniem badan
bakteriologicznych oceng pokrewienstwa genetycznego przy uzyciu metody PFGE — wysoce
dyskryminujgcego narzedzia w badaniach epidemiologicznych. Takie postepowanie bedzie

zgodne z koncepcja ,,One Health”.

W badaniach dotyczacych wrazliwo$ci na antybiotyki wykorzystano metod¢ dyfuzji
paskowej, ktora jest powszechnie stosowana w laboratoriach diagnostycznych. Badane szczepy
paciorkowcow wykazywaly najnizsze wartosci MIC dla antybiotykow [-laktamowych,
aminoglikozydow, fluorochinoloné6w 1 sulfonamidéw, a najwyzsze dla tetracyklin
i makrolidow.  Znanych jest tylko kilka doniesien na temat wrazliwosci
przeciwdrobnoustrojowej izolatow Streptococcus spp. od $win. Wyniki potwierdzity, ze
antybiotyki B-laktamowe sg najlepszym wyborem do leczenia zakazen paciorkowcami u ludzi
1 $win, co jest zgodne z wczesniejszymi publikacjami (Oh i in., 2020, Moreno i in., 2016).
W przedmiotowych badaniach makrolidy i tetracykliny wykazaly najwyzsze wartosci MICso
1 MICoo wérod badanych zakresow rozcienczen, co jest zgodne z badaniami opornosci na
antybiotyki szczepow S. dysgalactiae od $§win pochodzacych z Brazylii, Austrii 1 Korei
(Moreno i in., 2016, Oh 1 in., 2020, Renzhammer 1 in., 2020). Nalezy podkresli¢, ze makrolidy
1 tetracykliny sa powszechnie stosowane w leczeniu zakazen u zwierzat gospodarskich,
a w przedstawionych badaniach opornos¢ na te klasy antybiotykow stwierdzono u szczepdéw
wyizolowanych zar6wno z weztdéw chlonnych $win ze zmianami i1 bez zmian. Badania
koreanskich naukowcéw dotyczace wrazliwosci na $Srodki przeciwdrobnoustrojowe ludzkich
szczepOw S. dysgalactiae wykazaly znaczny wzrost czgsto$ci wystgpowania opornosci na
erytromycyng - z 9,4% do 34,8% (Kim i in., 2018). Otrzymane wyniki niniejszych badan maja
duze znaczenie z punktu widzenia ochrony zdrowia publicznego, poniewaz osoby z zapaleniem
migdatkow 1 gardta z powodu zakazenia paciorkowcami, ktore sg uczulone na antybiotyki -
laktamowe, podlegaja alternatywnej terapii makrolidami. W przypadku potwierdzenia
opornosci na makrolidy, jako leki drugiego wyboru nalezy rozwazy¢ tetracykliny

1 fluorochinolony (Savini i in., 2008, Oh i in., 2020).
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Badania skoncentrowano réwniez na wystegpowaniu gendw opornosci na makrolidy
1 tetracykliny wsrod szczepow S. dysgalactiae. Odnoszac sie¢ do publikacji koreanskich badaczy
opublikowanej w 2020 roku, uzyskano takie same wyniki dotyczace braku genu ermA
w badanych szczepach S. dysgalactiae (Oh 1 in., 2020). Z kolei gen ermB byt obecny w 7,8%
badanych szczepow, podczas gdy w badaniu Sang Oh i in. gen ten wykazato 18,2% szczepow
(Oh i 1in., 2020). W odniesieniu do genéw opornosci na tetracykliny otrzymane wyniki roznity
si¢ od wczesniejszych badan innych autoréw. W przedmiotowym badaniu gen tetM byt
dominujacy (42,2%) w stosunku do genu fefO (6,8%), kiedy w badaniach izolatow z Korei
dominowat zetO (90,9%), a tetM byt obecny jedynie w 18,2% szczepéw (Oh 1 in., 2020).
Natomiast podobne wyniki otrzymano w przypadku gendw fetK i tetL, ktére nie zostaly wykryte

(Oh i in., 2020).

Istnieje zauwazalna rozbiezno$¢ miedzy fenotypowa 1 genotypowa opornoscia
przeciwdrobnoustrojowa izolatow S. dysgalactiae. Mozna to wytlumaczy¢ obserwacja Smith
M. iin., ze posiadany fenotyp opornos$ci bakterii nie zawsze jest dokladnym odzwierciedleniem
gendéw opornosci przeciwdrobnoustrojowej (Smith 1 in., 2014, Oh 1 in., 2020). Ponadto nie
mozna wykluczy¢ obecno$ci w badanych szczepach innych gendéw, ktore nie zostaly

uwzglednione w tym badaniach.

Wszystkie badane izolaty S. aureus wykazywaly wrazliwo$¢ na niektére antybiotyki -
laktamowe, aminoglikozydy, makrolidy, tetracykliny 1 sulfonamidy. Sposrdd pigciu szczepdw,
dwa byly oporne (40%), a trzy miaty posrednig wrazliwo$¢ (60%) na CTX. Porownujac
otrzymane wyniki z wczesniej opublikowanymi danymi, nie stwierdzono oporno$ci na
tetracykliny, penicyliny, makrolidy lub linkozamidy, podczas gdy opornos$¢ na wszystkie cztery
grupy stwierdzono wérod szczepow S. aureus wyizolowanych od §win na targach rolniczych
w USA (Dressler 1 in., 2012). Badane szczepy byly takze znacznie bardziej wrazliwe na
antybiotyki w porownaniu do szczepdw wyizolowanych od belgijskich swin w 2013 roku, gdzie
98,6% szczepodw wykazalo oporno$¢ na tertacykling, 96,2% na trimetoprim, 61,1% na
cyprofloksacyne, 57,8% na erytromycyn¢ 1 45,5% na gentamycyn¢ (Peeters i1 in., 2015).
Ponadto belgijscy badacze wykazali znaczacy wzrost opornosci na cyprofloksacyne, z 32% do

61,1% rok do roku (Peeters i in., 2015).

Wszystkie badane szczepy R. equi okazaty si¢ wrazliwe na makrolidy, a zdecydowana
wickszo$¢ byla réwniez wrazliwa na fluorochinolony i aminoglikozydy, co jest zgodne

z wynikami innych autoréw (Cisek i in., 2014). Nie ma publikacji, ktére dostarczalyby danych
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na temat lekoopornosci R. equi u $win, co uniemozliwia poréwnanie wynikéw. Jednak
w przypadku izolatow uzyskanych od koni odnotowano wysoka wrazliwo$¢ na
aminoglikozydy i tetracykliny oraz wzgledna wrazliwo$¢ na makrolidy (Berghaus i in., 2015).
Obecnos¢ szczepdw R. equi sklasyfikowanych jako umiarkowanie wrazliwe na tetracykliny,
moze by¢ zwigzana z zastosowang metoda badawczg. Niektore badania sugerujg bowiem, ze
metoda dyfuzji paskowej moze zaniza¢ warto$ci MIC dla tej klasy antybiotykéw (Berghaus
iin., 2015). Mozna zatem przypuszcza¢, ze badane szczepy byly oporne na tetracykliny.
Wysoka opornos$¢ szczepoOw R. equi na antybiotyki P-laktamowe nie byta zaskakujaca,

poniewaz stwierdzano wczesniej wiele takich przypadkéw (Giguere i in., 2017).

Wobec stwierdzonej opornosci na chemioterapeutyki przeciwdrobnoustrojowe bakterii
ropotworczych wyizolowanych z weztéw chtonnych §win ze zmianami ropnymi i bez zmian,
nalezy zwrdci¢ szczegdlng uwage na zagrozenie powstawaniem rezerwuarOw genow
determinujacych oporno$¢ na antybiotyki w surowym migsie wieprzowym. Geny moga by¢
przenoszone horyzontalnie ze szczepéw bytujacych w migsie do szczepow klinicznych
w organizmie czlowieka. Zjawisko nabywania 1 rozprzestrzeniania opornosci na S$rodki
przeciwdrobnoustrojowe zachodzace za pomocg mobilnych elementow genetycznych i ich
transferu do antybiotykowrazliwych drobnoustrojow za posrednictwem horyzontalnego
transferu gendéw (ang. HGT - Horizontal Gene Transfer) stanowi najwicksze zagrozenie dla

zdrowia publicznego (Tao i in., 2022).

Przeprowadzone badania potwierdzity statystycznie istotng korelacje miedzy
wielko$cig zmian gruzliczopodobnych w podzuchwowych weztach chlonnych $win
a obecnoscia M. avium. Biorac pod uwage rosnacg liczbe zakazen pratkami z MAC u ludzi,
a takze mozliwo$¢ przedostania si¢ bakterii do tancucha pokarmowego, spekulowano, ze
algorytm naukowy oparty na ocenie wizualnej, ktory mogtby by¢ przeprowadzany w rzezniach,
moze by¢ przydatny. Zostato to potwierdzone przez analize statystyczng, ktora wykazata
wysokie prawdopodobienstwo izolacji Mycobacterium spp. z weztow chtonnych ze zmianami
gruzliczopodobnymi i niskie w przypadku ich braku. W tym kontek$cie nalezy przypomnie¢,
ze wczesnie] wykazano powigzania epidemiologiczne migdzy zakazeniami u $win

1 zakazeniami u ludzi lub zakazeniami pochodzacymi ze wspolnych zrodet (Hiller 1 in., 2013).

Wiadomo, Ze u §win do zakazenia M. avium dochodzi drogg pokarmowa. Nastgpstwem
sa zmiany zlokalizowane gtéwnie w glowie, §rédpiersiu 1 wezlach chionnych przewodu
pokarmowego (Mijs 1 in., 2002, Matlova 1 in., 2003). Opierajac si¢ na tych ustaleniach
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1 wezesnie] przeprowadzonych obserwacjach wiasnych, dotyczacych czestosci wystepowania
zmian u $win, zdecydowano si¢ zbada¢ podzuchwowe wezty chtonne, ktére sa tatwo dostgpne

a ich ocena zajmuje niewiele czasu (okoto 5 sekund).

Wyniki wskazuja, ze wstgpna ocena zmian makroskopowych na podstawie ogledzin
moze by¢ przydatng metoda w wykrywaniu M. avium, ponadto ocena ilo$ci zmian wydaje si¢
by¢ szybkim i tanim narzgdziem. Jedynym wymogiem jest odpowiednie przeszkolenie osob
badajacych migso. Jednakze, jest to nowa propozycja, prawdopodobnie pierwsza i ma pewne
ograniczenia. Po pierwsze, jest to subiektywna ocena zmian w wezlach chtonnych, ponadto
wyniki wskazuja na stosunkowo wysokie prawdopodobienstwo obecnosci M. avium w we¢ztach
chlonnych bez zmian makroskopowych. Tak wigc, nalezy ostroznie podchodzi¢ do kontroli
wzrokowej, a wezty chtonne nie wykazujace zmian gruzliczopodobnych nie powinny by¢

automatycznie kwalifikowane jako wolne od M. avium, ale jako ,,prawdopodobnie wolne”.

Kontrola wzrokowa jest skuteczng metodg przesiewowsa, pozwala rowniez uniknaé
innych ograniczen zwigzanych z przeprowadzeniem testow laboratoryjnych - dlugiego czasu
potrzebnego do uzyskania wynikéw i1 znacznych naktadow finansowych. Uzasadnione jest
zastosowanie wizualnych badan przesiewowych w celu wybrania materialu do badan

molekularnych np. z wykorzystaniem testu GenoType Mycobacterim CM.

Jak wskazuja wyniki, obliczenie obszaru zmian jest skutecznym parametrem
prognostycznym obecnosci M. avium. Metoda zastosowana w niniejszym badaniu do
obliczenia procentu zmienionej powierzchni przekroju wezta chlonnego $wini jest dos¢
czasochlonna oraz wymaga okreslonego sprzg¢tu i oprogramowania. Ponadto nie zapewnia
lepszych wynikow niz wizualna ocena liczby zmian w weztach chtonnych. Niemniej jednak,
nizsza precyzja modelu w odniesieniu do oceny procentowej zmian mogta wynika¢ z mniejsze;j
liczebno$ci proby. Ograniczeniem tej metody moga by¢ takze duze obszary zmian
gruzliczopodobnych, ktéore mozna przypisa¢ zakazeniu mieszanemu przez M. avium
1 Streptococcus spp., S. aureus lub R. equi. Doniesienia autorow innej publikacji wskazuja, ze
w niektorych przypadkach niemozliwe bylo wyizolowanie i wyhodowanie jakiegokolwiek
czynnika etiologicznego z zaawansowanych zmian ze wzgledu na ich silne zwapnienie

1 obumarcie pratkow (Matlova i in., 2005).

W metodzie okreslajacej ilosciowe nasilenie zmian, czgstosS¢ wystepowania M. avium

w kategorii ,,pojedyncze zmiany” nie odzwierciedlala obecno$ci bakterii. Jedynie sytuacje,
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w ktorych nie zaobserwowano zadnych zmian lub zaobserwowano liczne zmiany, okazaly si¢
wyraznymi wskazaniami mozliwej obecno$ci M. avium. Z tego powodu uzasadnione wydaje
si¢ stosowanie kombinacji metod jednoczesnie, to znaczy liczby zmian i procentu zmienione;j
powierzchni przekroju weztdw chionnych, przynajmniej dla kategorii ,,pojedynczych zmian”.
Wyniki regresji logistycznej wskazuja na 50% ryzyko obecnosci M. avium, nawet jesli
zmianami objete jest tylko 10% przekroju wezta chtonnego. Pojedyncze zmiany, ktdre stanowia
ponad 10% powierzchni przekroju, réwniez wykazuja na zwigkszone ryzyko obecnosci
M. avium, ktore wzrasta wraz z procentem zmienionej powierzchni przekroju wezta chtonnego.
Gdy zmiany obejmuja 50% przekroju wezla, obecno$¢ M. avium jest prawie gwarantowana.
Oszacowanie powierzchni zmian wydaje si¢ wigec wiarygodng metoda oceny ryzyka

wystapienia M. avium.

Przeprowadzone badania histopatologiczne potwierdzity obecno$¢ w weztach
chlonnych §win ognisk martwicy i zwapnien, ktore sa zmianami typowymi dla p6znego stadium
zapalenia ziarniniakowego wywotanego przez M. avium (Hibiya i in., 2008). Badania nie

wykazaty jednak istotnych r6znic miedzy materiatami pobranymi z réznych typdéw zmian.

Wielko$¢ stada nie ma wptywu na wystepowanie M. avium w weztach chtonnych swin.
Moze to wynika¢ z faktu, ze hodowla $win w Polsce nie jest skonsolidowana, a badane
zwierzeta pochodzity gtdownie z matych gospodarstw o podobnym statusie zoohigienicznym.
Nalezy jednak pamigtaé, ze zakazenia M. avium wystepuja rowniez w duzych gospodarstwach
o lepszych warunkach zoohigienicznych, nastawionych na intensywng produkcje trzody
chlewnej (Wellenberg 1 in., 2010, Hulinova Stromerova i in., 2018). Ponadto nie
zaobserwowano korelacji miedzy wystgpowaniem M. avium a charakterem zmian
chorobowych ani picig $win. Podobne wyniki odnotowano dla populacji dzikéw z poludniowe;j

Hiszpanii (Garcia - Jimenez 1 in., 2015).

Uzyskane wyniki badan i wnioski z nich ptynace stanowig naukowo udokumentowane
przestanki do czgstszego podejmowania przez urzedowych lekarzy weterynarii zgodnej
z ustawodawstwem UE rozszerzonej procedury badania poubojowego $win, wzbogaconej
o badanie dotykowe 1 nacinanie we¢ztow chtonnych. Rozszerzona procedura powinna by¢
podstawa wizualnych badan przesiewowych ukierunkowanych na wybor materialu o wysokim
prawdopodobienstwie obecnosci migedzy innymi bakterii ropotwdrczych czy pratkéw,
przeznaczonego do badan bakteriologicznych i molekularnych. Jej czgstsze stosowanie

zwigksza bezpieczenstwo konsumentow wieprzowiny. Ponadto wykrycie wielu zmian ropnych,
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czy tez gruzliczopodobnych u §win z okreslonej fermy powinno by¢ istotnym sygnatem dla

hodowcy do podjecia programu monitorowania i prewencji zakazen bakteryjnych.
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6. Whnioski

1. S. dysgalactiae, R. equi i S. aureus sa najczesciej izolowanymi bakteriami ropotwdrczymi
z weztow chlonnych $win zardwno ze zmianami ropnymi, jak i bez zmian. Wystepowanie
bakterii o potencjale zoonotycznym w weztach chlonnych bez zmian jest szczegdlnie grozne
z punktu widzenia ochrony zdrowia publicznego, uniemozliwia bowiem podj¢cie podejrzenia
obecnosci patogenéw podczas badania poubojowego, czego konsekwencja jest niepobieranie

materialu do badan bakteriologicznych.

2. W swietle obowigzujacego w Unii Europejskiej ustawodawstwa ktadgcego nacisk na oceng
jedynie wizualng tusz i narzadéw zwierzat rzeznych (bez nacinania i badania dotykowego),
utrudnione jest wykrywanie weziow chlonnych ze zmianami wywotywanymi migdzy innymi
przez bakterie ropotworcze (S. dysgalactiae, R. equi, oraz S. aureus), co zagraza zdrowiu
publicznemu. Wobec powyzszego lekarze weterynarii wykonujacy badania poubojowe powinni
w szerszym zakresie korzysta¢ z zapisu artykulu 24 Rozporzadzenia wykonawczego Komisji
(UE) 2019/627, zobowigzujacego do podejmowania wedtug ich opinii dodatkowej procedury

badania poubojowego przy zastosowaniu badania dotykowego i nacie€.

3. Niektore szczepy bakterii ropotwdrczych o potencjale zoonotycznym, wyizolowane zaro6wno
z weztow chtonnych $win ze zmianami ropnymi, jak i bez zmian, sg oporne na $rodki
przeciwdrobnoustrojowe, czego konsekwencja moze by¢ powstawanie rezerwuardw gendow
determinujacych oporno$¢ na antybiotyki w surowym migsie wieprzowym, a nastgpnie
horyzontalny transfer genow (HGT - horizontal gene transfer) ze szczepow bytujacych w migsie

do szczepow klinicznych w organizmie ludzkim.

4. Bakterie ropotworcze izolowane z weztow chlonnych §win ze zmianami ropnymi 1 bez zmian
charakteryzuja si¢ w wiekszosci wysokim stopniem polimorfizmu wewnatrzgatunkowego.
Zgodnie z koncepcja ,,Jedno Zdrowie” wskazane jest ich monitorowanie w stadach $win,

z uwzglednieniem oceny pokrewienstwa genetycznego.

5. Zar6éwno liczba zmian na przekrojach weztow chlonnych §win, jak 1 procent zmienionej
powierzchni przekroju weztow chtonnych §win pozytywnie koreluja z prawdopodobienstwem

obecnosci M. avium (ilo§ciowe nasilenie zmian).

6. Jakosciowe nasilenie zmian w wezlach chlonnych §win, pte¢ zwierzat oraz wielko$¢ stada

nie wplywaja na prawdopodobienstwo obecnosci M. avium.
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Abstract: According to the Food and Agriculture Organization of the United Nations, pork remains
the most consumed meat in the world. Consequently, it is very important to ensure that it is of the
highest microbiological quality. Many of the pathogens that cause lymph node lesions in pigs are
zoonotic agents, and the most commonly isolated bacteria are Mycobacterium spp., Streptococcus spp.,
Staphylococcus aureus and Rhodococcus equi (synonymous with Prescottella equi). The prevention and
treatment of zoonotic infections caused by these bacteria are mainly based on antimicrobials. However,
an overuse of antimicrobials contributes to the emergence and high prevalence of antimicrobial-
resistant strains, which are becoming a serious challenge in many countries. The aim of this study
was to evaluate the genetic diversity and antimicrobial resistance of the Streptococcus spp. (n = 48),
S. aureus (n = 5) and R. equi (n = 17) strains isolated from swine lymph nodes with and without lesions.
All isolates of S. dysgalactiae, S. aureus and R. equi were subjected to PFGE analysis, which showed
the genetic relatedness of the tested bacteria in the studied pig populations. Additionally, selected
tetracycline and macrolide resistance genes in the streptococcal strains were also studied. The results
obtained in the present study provide valuable data on the prevalence, diversity, and antimicrobial
resistance of the studied bacteria. Numerous isolated bacterial Streptococcus spp. strains presented
resistance to doxycycline, and almost half of them carried tetracycline resistance genes. In addition,
R. equi and S. aureus bacteria presented a high level of resistance to beta-lactam antibiotics and to
cefotaxime, respectively.

Keywords: antimicrobial resistance; genetic diversity; lymph nodes; pigs; pork; R. equi; S. aureus;
S. dysgalactiae; S. equi; zoonoses

1. Introduction

The assessment of the microbiological quality of food is an important step in providing
safe food products. Due to the fact that pork is one of the most popular meats in the world,
it is especially important to ensure that it is of the highest quality. During inspection
at slaughterhouses, lesions of different organs may be observed, including suppurative
lesions in lymph nodes. In the case of swine, lymph node lesions may be caused by
various pathogens that frequently have zoonotic potential. The bacteria most often isolated
from such lesions are the Mycobacterium tuberculosis complex (MTC), Mycobacterium avium
(M. avium), Rhodococcus equi (synonymous with Prescottella equi) (R. equi), Trueperella pyogenes
(T. pyogenes), Staphylococcus aureus (S. aureus) and various Streptococcus species [1-4].

According to the available data, the Gram-positive bacteria of the genus Streptococcus
seem to be pathogens that are relatively often associated with suppurative lesions in hu-
mans and animals, including pigs [5]. Streptococcus dysgalactiae subsp. equisimilis, which is
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a pyogenic pathogen from Lancefield groups A, C, G and L, is increasingly being recovered
from severe invasive infections in humans worldwide [6,7]. This bacterium can cause a
broad spectrum of infections in humans, including skin abscesses, cellulitis, pharyngitis,
arthritis, bacteremia, endocarditis and toxic shock syndrome [6,7]. S. dysgalactiae is part of
the normal microbiota of pigs and is also considered an important pathogen, especially in
piglets [7,8]. In contrast, another beta-hemolytic species, Streptococcus equi subsp. zooepi-
demicus, was identified as an emerging pig pathogen in 2019 and is associated with sudden
deaths, increased miscarriages and septicemia [9]. In humans, these bacteria cause invasive
infections in immunocompromised hosts [10-12].

Purulent infections in livestock, including pigs, may also be caused by R. equi. This
aerobic, Gram-positive, opportunistic, and facultative intracellular pathogen was first
isolated in 1923 from foals with pneumonia. It is widespread in the environment but
is mainly isolated from suppurative lesions of various livestock species, including pigs.
Moreover, R. equi is mentioned as one of the most important pathogens associated with
lymph node infections in swine [13]. It should be noted that R. equi infections have also
been increasingly diagnosed in immunocompromised persons in recent years, including
patients who have received organ transplants [14,15].

Another pathogen that is sometimes involved in various multidrug-resistant infections
worldwide is S. aureus. This bacterium is a Gram-positive coccus and is an opportunistic
pathogen found in both humans and animals. It causes a range of diseases, including
skin and soft tissue infections, infective endocarditis and toxic shock syndrome. These
infections are often difficult to treat due to the multidrug resistance of S. aureus strains and
are associated with high morbidity, mortality and a significant economic impact [16].

Swine lymph node lesions are a significant cause of the condemnation of pig meat
during slaughterhouse inspections and thus lead to significant economic losses [1,13,17].
Although these lesions in pigs are often limited to the lymph nodes of the head, sometimes
the lymph nodes and organs of the thorax or abdominal cavity are also affected [1,18,19].
Despite continuous efforts to increase food safety by improving the quality of processes,
the confirmed presence of many types of pathogens, e.g., S. aureus or S. dysgalactiae, in retail
pork still poses a significant risk to consumers [20-22]. The molecular characterization of
bacterial strains isolated from animals in slaughterhouses may be one of the most important
steps to achieving effective infection control. Pulsed-field gel electrophoresis (PFGE) is one
of the best typing methods and has successfully been used to study the diversity of isolates
of various species recovered from different clinical samples [23,24].

Moreover, the widespread use of antimicrobials has contributed to the evolution-
ary selection of bacterial strains that are resistant to various antimicrobial compounds.
Antimicrobial-resistant bacteria are now frequently isolated from most species of farmed
animals; therefore, this resistance is increasingly threatening the efficacy of drugs, including
those historically used in humans [25].

The purpose of our study was to estimate the genetic relatedness of the pyogenic
zoonotic pathogen strains Streptococcus spp., R. equi and S. aureus, which were isolated
from swine lymph nodes. Moreover, the minimum inhibitory concentration (MIC) values
of selected antimicrobial agents for the studied bacteria, as well as the tetracycline and
macrolide resistance determinants in streptococci, were determined.

2. Results
2.1. Bacteriological Examination

The studied pathogenic isolates belonged to Streptococcus spp., S. aureus and R. equi
(Table 1, Figure S1). Streptococci were identified in a significant number (48 out of 199;
24.1%) of the tested samples, including 31 lymph nodes and organs with lesions (31/48;
64.58%) and 17 lymph nodes without lesions (17/48; 35.4%). Using the rapid latex test,
14 streptococcal strains (14/48; 29.2%) were classified into Lancefield group A, and 34
(34/48; 70.8%) were classified into group C. The PCR results showed that 45 S. dysgalactiae
strains (45/48; 93.8%) and three isolates (3/48; 6.2%) were identified as S. equi subsp.



Antibiotics 2023, 12, 1026

30f17

zooepidemicus. R. equi was isolated from 17 samples (17/199; 8.5%), including eight tissues
with lesions (8/17; 47.1%) and nine lymph nodes without lesions (9/17; 52.9%). Based on
the latex agglutination test and the PCR results, five isolates (5/199; 2.5%) were identified
as S. aureus. One of them (1/5; 20%) was isolated from lymph nodes without lesions, and
four (4/5; 80%) were isolated from tissue with lesions. Moreover, six coagulase-positive
Staphylococcus spp. other than S. aureus were isolated: four from tissue with lesions and two
from tissue without lesions. Additionally, T. pyogenes was isolated once from a mandibular
lymph node with lesions. During the bacteriological examination, other bacteria were also
isolated; however, due to their small number, they were not included in the analysis. These
bacteria were coagulase-negative Staphylococcus spp., Enterococcus spp. and Gram-negative
rods isolated from both lesions and tissues without lesions. Two strains of streptococci
were isolated from individuals from whom more than two samples were taken, while
three strains of streptococci and one strain of R. equi were isolated from an individual with
generalized lesions.

Table 1. The result of microbiological examination of the lymph nodes and tissues collected from
pigs in this study (total number of isolates = 70).

Streptococcus Streptococcus equi

Samples dysgalactiae subsp. zooepidemicus Staphylococcus aureus Rhodococcus equi
L.n. mandibular with
lesions (1 = 86) 28 0 4 8
L.n. mandibular without
lesions (n = 113) 14 3 1 9
L.n. m.edlastmal with 1 0 0 0
lesions (n = 1)
L.n. of the hilum of a liver
with lesions (n = 1) 1 0 0 0
Liver with lesions (1 = 1) 1 0 0 0
L. of t.he first rib with 0 0 0 0
lesions (n =1)
Ln. retrqpharyngeal with 0 0 0 0
lesions (n = 1)
L.n. tracheobronchlal with 0 0 0 0
lesions (n = 2)
L. mesenterlc with 0 0 0 0
lesions (n =1)
Lung with lesions (n = 1) 0 0 0 0
Total 45 3 5 17

L.n.—Lymph node.

2.2. Phenotypes and Genotypes of Antimicrobial Resistance

Antimicrobial susceptibility testing was carried out for 45 S. dysgalactiae strains,
3 strains of S. equi subsp. zooepidemicus, 17 R. equi strains, and 5 strains of S. aureus. The
MIC value distributions (MICsp and MICq) of eight tested antimicrobials for the studied
isolates are shown in Table 2. Additionally, the genotypes of resistance to tetracyclines
and macrolides were determined for the S. dysgalactiae strains. The distribution of the
minimum inhibitory concentration (MIC) of the eight antimicrobial agents for the tested
isolates of Streptococcus spp., R. equi and S.s aureus from pigs is provided in Supplementary
Tables S1-53.
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Table 2. Minimal inhibitory concentrations of 50 and 90 of selected antimicrobials for Streptococcus
spp. isolates (n = 48), R. equi isolates (n = 17) and S. aureus isolates (n = 5).

: b
Antimicrobial Agent ? MIC (ug/mL) MIC Breakpoints (ug/mL)
MICs MICyg S R
N PEN 0.0006 0.016 <0.25 >16¢
o AMC 0.016 0.047 <0.25/0.12 >1/054
2 CTX 0.032 0.094 <2 >g84
g cIp 05 0.75 <05 >2¢
S ERY 0.19 0.75 <1 >4¢
. DOX 0.5 24 <4 >8 ¢
= GEN 15 3 <250 >500 €
@ SXT 0.38 3 <2/38 >8/152 ¢
- PEN 12 >32 <0.25 >0.25¢
2 AMC 15 2 <0.25/0.12 >1/054
2 CTX >32 >32 <2 >gd
8 CIP 0.75 15 <2 >2¢
S ERY 0.25 0.38 <05 >ge
3 DOX 8 12 <4 >16¢
s GEN 05 0.75 <1 >1¢
SXT 2 >32 <2/38 >8/152°¢
g PEN 0.032 0.125 <0.25 >0.25¢
g AMC 0.125 0.25 <0.25/0.12 >1/0.54
. CTX 4 >32 <2 >gd
S cIp 0.25 0.75 <2 >2¢
S ERY 0.094 05 <1 >4¢
= DOX 0.38 0.5 <4 >8 ¢
s GEN 0.19 0.19 <1 >1¢
B SXT 0.19 0.38 <2/38 >8/152 ¢

2 PEN—Penicillin, AMC—amoxicillin/clavulanic acid; CTX—cefotaxime; CIP—ciprofloxacin; ERY—
erythromycin; DOX—doxycycline; GEN—gentamicin; SXT—trimethoprim-sulfamethoxazole; b S—susceptible;
R—resistant. ¢ According to the CA-SFM document VET2021 [26]; 9 according to the CLSI document VET0S [27];
¢ according to the CLSI document VETO06 [28].

2.2.1. Study for S. aureus

Among the tested S. aureus strains, all were susceptible to PEN, AMC, CIP, ERY, DOX,
GEN and SXT. According to the used criterion, two strains (2/5; 40%) showed resistance
to CTX, with MICsp and MICyq values of 12 ug/mL and >32 pg/mlL, respectively. The
remaining three strains (3/5; 60%) were classified as intermediate to CTX, with MICsy and
MICg values of 4 ug/mL and >32 pug/mL, respectively.

2.2.2. Study for Streptococcus spp.

In the case of the S. equi subsp. zooepidemicus strains, their susceptibility to almost
all the tested antimicrobial agents was found, including PEN, AMC, CTX, CIP, GEN, ERY
and DOX. Two of the three tested strains (66.7%) were also susceptible to SXT, but one of
them (1/3; 33.3%) was categorized as intermediate. All S. dysgalactiae strains (n = 45) were
susceptible to the 3-lactam antibiotics tested in this study, including PEN, AMC and CTX.
Moreover, all strains were also susceptible to CIP and GEN. A similarly high susceptibility
was observed for SXT: the vast majority of strains were susceptible (40, 88.9%), and a few
were resistant (3, 6.7%) and intermediate (2, 4.4%). Four strains were resistant to ERY, all
of them with an MIC value >256 pug/mL. More strains, 24 (50%) in total, were resistant
to DOX, with an MIC ranging from 12 ug/mL to 64 ug/mL. Five of forty-five (11.1%)
S. dysgalactiae strains (S1’, S27, S44, S61 and S115—two of which were isolated from the
same herd) were concurrently resistant to 2 antimicrobials tested in this study (resistance
phenotype: ERY/DOX). Generally, among the strains isolated from pigs from the same
farm, differences in antimicrobial resistance profiles were noticeable.
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Twenty-one of forty-five S. dysgalactiae strains (46.7%) were positive during the PCR
with universal primers for the detection of tetracycline ribosome protection protein genes.
Eighteen strains (40%) harbored the tetM gene, and three (6.8%) harbored tetO. Two strains,
isolated from pigs from the same herd, carried both tetracycline resistance genes, tetM
and tetO. In the case of one strain, the product of the reaction with universal primers was
detected but not with the tested primers for specific genes. Four erythromycin-resistant
strains (8.9%) were positive for the ermB gene. All S. dysgalactiae isolates tested in this study
were negative for tetK/L and ermA genes.

2.2.3. Study for R. equi

All 17 strains of R. equi (100%) showed resistance to PEN. However, 12 strains (70.6%)
showed resistance to CTX, while 5 (29.4%) were grouped as CTX intermediate. In the
case of AMC, 15 strains (88.2%) were resistant and 2 (11.8%) were intermediate. All tested
strains were susceptible to ERY. Generally, the vast majority of strains were also susceptible
to CIP and GEN, but one strain was resistant to both of them. In the case of DOX, 13 strains
(76.5%) were classified as intermediate. Resistance to SXT was observed for six strains
(35.3%), while one strain (5.9%) was intermediate, and ten strains (58.8%) were susceptible
to this antimicrobial. Resistance phenotypes with three or four antimicrobial agents were
observed, including PEN/AMC/CTX/SXT (5107, S116, S124 and S175), P/AMC/CTX
(581, 583, S87, S125, S128, S132 and S170), PEN/AMC/SXT (S29), PEN/CTX/SXT (511)
and PEN/CIP/GEN (5177). Strains isolated from the same herds did not present the same
resistance profiles.

2.3. Pulsed-Field Gel Electrophoresis Analysis
2.3.1. S. aureus

PFGE analysis showed three different pulsotypes among five S. aureus isolates. One
pulsotype grouped three strains, while two strains showed a specific pulsotype. One cluster
was distinguished that grouped four strains with a similarity index of 84.2% (Figure 1).
Each of the animals from which S. aureus strains were isolated represented a different herd.

Strain Herd PFGE pulsotype
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Figure 1. Dendrogram showing the degree of similarity among the five tested S. aureus strains based
on the results of PFGE analysis. Red lines show the obtained PFGE patterns. One cluster (green
square) was defined from groups of closely related strains sharing at least 80% similarity.

2.3.2. Streptococcus spp.

All 48 isolates of Streptococcus spp. were analyzed by PFGE. Three strains of S. equi
subsp. zooepidemicus that were obtained from different herds showed the same pulsotype.
On the other hand, broad genetic diversity was obtained for the remaining 45 S. dysgalactiae
strains isolated from 42 animals. The dendrogram analysis showed seven clusters with
similarity indexes ranging from 85.7% to 100% after Smal DNA digestion (Figure 2). These
clusters grouped two strains (clusters 1, 4 and 7), three strains (clusters 2 and 3), four strains
(cluster 6) and thirteen strains (cluster 6). Clusters 2, 5 and 6 included some strains from
the same herds. A total of 25 pulsotypes were observed among the tested S. dysgalactiae
strains. The most common pulsotype was characteristic of twelve strains. One pulsotype
grouped four strains, one grouped three strains, and four grouped two strains each. Unique
pulsotypes were observed for 18 strains. In addition, the PFGE analysis showed that
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genetically different S. dysgalactiae strains circulated within a single herd, while genetically
similar or identical strains occurred in different herds.

Strain Herd PFGE pulsotype
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Figure 2. Dendrogram showing the degree of similarity among 45 tested S. dysgalactie strains based
on the results of PFGE analysis. Red lines show the obtained PFGE pulsotypes. Seven clusters
(colored squares) were defined from groups of closely related strains sharing at least 80% similarity.

In one case, two different pulsotypes were obtained from different organs of the same
animal with a similarity of 36.3%. In another case, three pulsotypes were obtained from
the same animal from different organs, two of which (S30 and S31) belonged to the same
cluster: the first two had a similarity of 100%, and the third (527) had 58.7% similarity.

The evaluation of the dendrogram showed no significant difference between isolates
from lesioned and non-lesioned lymph nodes. For isolates from lesioned lymph nodes
(n =31), we obtained 19 pulsotypes and distinguished five clusters, while for isolates
from non-lesioned lymph nodes (n = 14), we obtained 11 pulsotypes and distinguished
four clusters.
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2.3.3. R. equi

The PFGE analysis showed high genetic diversity among 17 R. equi isolates. Eleven
different pulsotypes were obtained. Pulsotype 6.2 was the most prevalent as it was found
in five isolates, followed by pulsotypes 6.3 and 7, which were found in two isolates each.
Eight R. equi strains each presented a unique pulsotype (Figure 3). Both same and different
pulsotypes were present in animals from the same farm. Two clusters that grouped nine
and two strains with 81.3% and 100% similarity, respectively, were distinguished.

Strain Herd PFGE pulsotype
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Figure 3. Dendrogram showing the degree of similarity among the tested R. equi strains based on
the PFGE typing. Red lines show the obtained PFGE patterns. Two clusters (colored squares) were
defined from groups of closely related strains sharing at least 80% similarity.

3. Discussion

In this research, we evaluated the genetic relatedness and antimicrobial resistance
of bacteria isolated from pig lymph nodes collected during post-mortem examination
at a slaughterhouse. One of the main limitations of this study was the restriction of
the geographic area of the study to Poland as the pigs came from only three provinces:
Wielkopolska (Greater Poland), £.6dzkie and Kujawsko-Pomorskie. Another limitation
was the freezing of lymph nodes prior to testing, which may have resulted in the reduced
growth of some bacterial species.

The farm types and herd sizes are typical of Poland [29]. In our study, we isolated
bacteria from lymph nodes both with and without lesions. Pathogens isolated from lymph
nodes in pigs may be zoonotic, including S. aureus [30], S. dysgalactiae [31,32], S. equi subsp.
zooepidemicus [11], R. equi [33,34] and T. pyogenes [35]. Not only pork consumers but also
abattoir workers, veterinarians and other industry workers who come into direct contact
with infected tissues are particularly vulnerable to infection from these microorganisms.

The microbiological analysis showed that 48 isolates belonged to Streptococcus spp.,
including 45 S. dysgalactiae and 3 S. equi subsp. zooepidemicus; 17 isolates were R. equi; and
5 were S. aureus. The obtained results are similar to previously published reports regarding
isolated pathogens, but the frequency of the isolation of each species varied [1,5,13,17,36]. In
a study conducted by Lara et al. (2011), R. equi and Streptococcus spp. were the predominant
species isolated from porcine lymph nodes, similarly to in our study. Generally, Streptococcus
spp. were often isolated as one of the main pathogens from purulent lesions of lymph
nodes in pigs [1,5,17]. On the other hand, it should be mentioned that the frequency of
T. pyogenes isolation in this study was much lower than previously reported in pigs [1,5].

However, compared to previous reports, significantly more pathogens were isolated
from lymph nodes without lesions in our study [14]. In two cases, both S. dysgalactiae and
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R. equi were isolated from the same lymph node without lesions. The isolation of a few
kinds of bacteria from one lymph node sample has previously been reported [17].

The most common bacterium isolated in this study was S. dysgalactine. However,
the identification of S. dysgalactiae strains into subspecies was not performed because the
taxonomy of S. dysgalactiae remains unclear. Recent studies indicate that S. dysgalactiae may
be segregated into two distinct groups: one includes only human strains, while the other
includes animal strains of swine, canine and equine origin, as well as more phylogenetically
distinct bovine strains [37]. Most S. dysgalactiae isolates in this study belonged to Lancefield
group C, as is consistent with previous reports [7,38], but some isolates belonged to group
A. To date, there are no reports in the literature of infections caused by S. dysgalactiae from
Lancefield group A in pigs. Moreover, it should be highlighted that the presence of group
A S. dysgalactiae strains are very rare. It is worth noting that S. dysgalactiae group A has
zoonotic potential and has been reported in patients with bacteremia [39].

To assess genetic relatedness, we used the PFGE method, which has been recognized
as the “gold standard” due to its excellent discriminatory power in studies of various
groups of bacteria [23,40]. High genetic variation was observed for S. dysgalactiae strains
of 25 different PFGE pulsotypes. These results are consistent with previous studies on the
genetic diversity of streptococci from animals, including S. dysgalactiae [5,9]. The PFGE
method used showed a high degree of intra-species polymorphism, both between isolates
from different hosts and between isolates from the same host. As in the study by Cardoso-
Tosset et al. (2020) [5], the PFGE analysis showed that genetically different S. dysgalactiae
isolates circulated within one herd, while genetically similar isolates circulated in different
herds. The significant polymorphism revealed by the PFGE method among S. dysgalactiae
strains confirms that it is a highly discriminating tool in epidemiological studies of animal
infections caused by this bacterium.

Low diversity in PFGE patterns was observed for the S. equi subsp. zooepidemicus and
S. aureus strains; however, it should be noted that the number of tested strains was limited.
Three S. equi subsp. zooepidemicus strains from different farms were of a single pulsotype.
This is in line with the results of genotyping S. equi subsp. zooepidemicus isolates from pigs
and monkeys in Indonesia [12].

In the case of S. aureus, three pulsotypes were obtained for five strains from different
herds, and four strains belonged to one cluster. There are limited data in the literature on
the PFGE typing of S. aureus strains isolated from pigs [41,42]. In our study, PFGE patterns
showed high similarity. Comparable results were obtained in a study by Broens (2011),
which found that MRSA-negative pigs can be colonized by MRSA-positive strains during
transport from farm to slaughterhouse, suggesting that the source of MRSA colonization
in pigs could be contaminated trucks, slaughterhouses or staff. In addition, mixing pigs
from different farms in transport and in slaughterhouse livestock stores could also lead
to colonization by MRSA strains [41,43]. However, there are also reports indicating wide
variation in PFGE patterns between MRSA strains isolated from pigs, thus suggesting
extensive DNA rearrangements and the potential for the gain or loss of genetic traits, i.e.,
genomic events occurring over short timescales [44].

Genotyping R. equi strains by PFGE showed high genetic diversity between the studied
isolates. Two isolates (5170 and S181) from the same farm (AB) showed the same pulsotype;
however, the same pulsotype was also found in isolates (5125, 5132 and S177) from pigs
from different farms (AE, AR and AS). Similar results were obtained by Pate et al., who
evaluated the genetic diversity of R. equi isolated from pigs in Slovenia [45].

In our study, the strip diffusion method, which is widely applied in diagnostic labo-
ratories, was used to assess antimicrobial susceptibility. The studied streptococcal strains
showed the lowest MIC values for 3-lactam antibiotics, aminoglycosides, fluoroquinolones
and sulfonamides, while tetracyclines and macrolides presented the highest MIC values.
There are only a few reports on the antimicrobial susceptibility of Streptococcus spp. isolates
from pigs. The results of our study confirmed that 3-lactam antibiotics are the best choice
for treatment, which is consistent with previous studies in pigs and humans [7,46]. In
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our study, macrolides and tetracyclines showed the highest MIC50 and MIC90 values
among the dilution ranges tested, which is consistent with antibiotic resistance studies on
S. dysgalactiae strains from pigs from Brazil, Austria and Korea [7,46,47]. It is noteworthy
that macrolides and tetracyclines are commonly used to treat infections in livestock, and in
our study, resistance to these classes of antibiotics was found in strains isolated from lymph
nodes both with and without lesions. Interestingly, a study by Korean researchers on the
antimicrobial susceptibility of human S. dysgalactiae strains showed a marked increase in
the prevalence of erythromycin resistance: from 9.4% to 34.8% [48]. The results of our study
appear to be an important public health warning as people with tonsillopharyngitis due
to streptococcal infection who are allergic to 3-lactam antibiotics are usually treated with
macrolides as an alternative antimicrobial therapy. If macrolide resistance is confirmed,
then tetracyclines and fluoroquinolones should be considered as a second choice [7,49].

Moreover, in this research, the occurrence of macrolide and tetracycline resistance
genes among S. dysgalactiae strains was investigated. There are few reports of antimicrobial
resistance in S. dysgalactine swine strains. In comparison to data from a Korean study
published in 2020, we obtained the same results regarding the lack of the ermA gene in the
S. dysgalactiae strains studied [7]. In contrast, the ermB gene in this study was present in 7.8%
of the strains tested, while in the study by Sang Oh et al., 18.2% of the strains carried this
gene [7]. Among tetracycline resistance genes, our results differed from previous studies.
In our study, the tetM gene was more dominant (42.2%) compared to the tetO gene (6.8%);
in isolates from Korea, tetO was predominant (90.9%), and tetM was carried by 18.2% of
strains [7]. However, similarly to our results, the tetK and fetL genes were not detected [7].
There is a noticeable discrepancy between the phenotypic and genotypic antimicrobial
resistance of S. dysgalactiae isolates. This can be explained by the observation, as reported by
Smith M. et al., that the bacterial resistance phenotype possessed is not always an accurate
reflection of antimicrobial resistance genes [7,50]. In addition, the presence in the tested
strains of other genes that were not detected in this study cannot be ruled out.

All tested S. aureus isolates showed susceptibility to some 3-lactam antibiotics, amino-
glycosides, macrolides, tetracyclines and sulfonamides. Of the five strains, two were
resistant (40%), and three had an intermediate susceptibility (60%) to CTX. Comparing
our results to previous studies, we did not find resistance to tetracyclines, penicillins,
macrolides, or lincosamides, whereas resistance to all four groups was found among the
S. aureus strains isolated from pigs at farmers’ markets in the US [51]. The strains we tested
were significantly more susceptible to antibiotics compared to the strains described in
a Belgian swine survey in 2013, in which 98.6% of strains showed resistance to tertacy-
cline, 96.2% to trimethoprim, 61.1% to ciprofloxacin, 57.8% to erythromycin and 45.5% to
gentamicin [52]. In addition, these authors showed a significant increase in resistance to
ciprofloxacin, from 32% to 61.1% year-on-year [52].

All tested R. equi strains were shown to be susceptible to macrolides, and the vast
majority of strains were also susceptible to fluoroquinolones and aminoglycosides, which is
consistent with data from the literature [53]. There are no publications that provide data on
drug resistance in R. equi from pigs, making our findings impossible to compare. However,
a high susceptibility to aminoglycosides and tetracyclines and a relative susceptibility
to macrolides were noted for isolates obtained from horses [54]. The presence of R. equi
strains classified as moderately sensitive to tetracyclines in our study may be related to the
method we used because some research has suggested that the strip diffusion method may
underestimate MIC values for this class of antibiotics [54]. Thus, it can be presumed that
the tested strains were resistant to tetracyclines. The high resistance of R. equi strains to f3-
lactam antibiotics observed in our study was not surprising since this is not uncommon [55].

In Poland, pork is the most frequently consumed type of meat [56]; thus, it seems im-
portant to know the microbiological factors present in the lymph nodes. The characteristics
of isolates, including the assessment of their drug resistance, makes it possible to determine
their zoonotic potential and whether they pose a potential threat to consumer health. This
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is particularly important considering that pork sausages that are not subject to thermal
processing are produced in Poland and many regions of the world.

Research into the prevalence of Mycobacteriaceae in swine lymph nodes has been
described previously [2].

4. Materials and Methods
4.1. Material Collection

During post-mortem inspection in slaughterhouses, mandibular lymph nodes were
collected from 199 pigs. (In two cases, two samples were collected from 1 individual
pig. In one case, seven samples were collected from 1 individual pig as general lesions
were found throughout the carcass. Tracheobronchial, mediastinal, first rib, mesenteric
and porta hepatis lymph nodes were collected for examination. Lung and liver organ
samples were also collected.) Lymph nodes, organs with lesions (n = 95) and randomly
selected unchanged mandibular lymph nodes (1 = 113) were then tested for the presence
of the selected pyogenic bacteria. The material for the research was collected in two
slaughterhouses in the Greater Poland region, while the animals came from 83 farms
located in central Poland, with an average number of 117 individuals in a herd. The mean
age of the pigs was 6.4 months. Of the 199 pigs tested, 99 were male and 100 were female.
The collected material was stored in a freezer at —20 °C before analysis.

4.2. Bacterial Isolation and Identification

After thawing, the tissues were minced with sterile scissors and placed into bags
with a BagPack (BagPage® 100) filtering membrane. Then, sterile 0.9% saline solution was
added and homogenized using a stomacher at 12 strokes/1 s. The resulting suspension
was poured into 15 mL tubes and centrifuged at 1500x g. In the next step, the supernatant
was poured out, and the pellet was used for further analysis.

After homogenization, the supernatant was transferred to Columbia Agar supple-
mented with 5% sheep blood (CAB) (Graso Biotech, Starogard Gdanski, Poland) using ster-
ile cotton swabs. It was then smeared and cultured for 48 h at 37 °C under microaerophilic
conditions. Isolates of the tested bacterial species were primarily identified based on their
growth features, including the type of hemolysis on CAB; the cell morphology, including
Gram staining; and the catalase activity. Moreover, for the identification of R. equi, the
CAMP test with S. aureus ATCC®25923 reference strain was performed. The result of
the CAMP test was read after 48 h of incubation at 37 °C under aerobic conditions. The
Microgen®Staph latex agglutination tests (Graso Biotech, Starogard Gdariski, Poland) were
performed to identify S. aureus isolates. The identification of S. aureus isolates was con-
firmed using the PCR technique, as described previously [57]. Streptococcus spp. isolates
were identified at the species level based on a PCR assay using 5dy519 and Sdy920 primers
designed for the highly divergent and species-specific region of the gene encoding 16S
rRNA of S. dysgalactiae [58] or a PCR assay with the primer sets SodA-F and SodA-R for
the sodA gene of S. equi [59]. The differentiation of S. equi subsp. zooepidemicus and S. equi
subsp. equi was performed by detecting the seel gene encoding superantigenic toxin of S.
equi subsp. equi, as described by Alber et al. (2004). Additionally, the Microgen®Strep latex
agglutination test (Graso Biotech, Starogard Gdarski, Poland) was used to serotype the
streptococci isolates. All studied isolates were stored at —20 °C in a tryptic soy broth (TSB)
containing 20% glycerol (v/v) for future use.

4.3. DNA Extraction

The boiling method was used to extract DNA from all tested isolates. Colonies grown
on CAB were suspended in 500 pL of nuclease-free water. The suspension was heated at
99 °C for 10 min, after which it was cooled on ice and centrifuged (6 min, 8000x g). The
supernatant was collected, stored at —20 °C and used for further PCR studies.
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4.4. Antimicrobial Susceptibility Testing

Using a strip diffusion method with Liofilchem®MIC Test Strips (Liofilchem, Via
Scozia, Italy), the MIC values for eight antimicrobials were determined for the tested iso-
lates: amoxicillin with clavulanic acid (AMC; 0.016-256 ng/mL), penicillin (PEN; 0.002-32
ug/mL), cefotaxime (CTX; 0.002-32 pug/mL), erythromycin (ERY; 0.016-256 nug/mL), doxy-
cycline (DOX; 0.016-256 png/mL), gentamicin (GEN; 0.016-256 pg/mL), ciprofloxacin (CIP;
0.002-32 pg/mL) and trimethoprim-sulfamethoxazole (SXT; 0.002-32 pg/mL). The bacterial
suspension in saline (a density of 0.5 McFarland standard) was inoculated on Mueller—
Hinton Agar supplemented with 5% sheep blood (Graso Biotech, Starogard Gdariski,
Poland). The plate was covered with strips and was incubated for 24 h at 37 °C under
aerobic conditions. The testing conditions used in the study were in accordance with the
CLSI guidelines [27] for the studied bacterial species. The MIC value was read at the point
where the edge of the growth inhibition ellipse intersected the strip. Moreover, the MIC50
(antibiotic concentration required to inhibit the growth of 50% of isolates) and MIC90
(antibiotic concentration required to inhibit the growth of 90% of isolates) values were
determined for each antimicrobial agent. Three reference strains, S. dysgalactiae subsp.
equisimilis ATCC®12394, S. aureus ATCC®25923 and R. equi ATCC®6939, were also included
in the study for quality control.

The MIC breakpoints used in this study are shown in Table 2. In the case of Strep-
tococcus spp., the MIC breakpoints for PEN, CIP (as for enrofloxacin), ERY, DOX (as for
tetracycline), GEN and SXT were based on the criteria recommended for Streptococcus spp.,
as defined by the Antibiogram Committee of the French Microbiology Society (CA-SFM)
guidelines VET2021 [26]. For CTX, the criterium for cefpodoxime specific to Streptococcus
canis according to the Clinical Laboratory Standards Institute (CLSI) guidelines VET08
was adopted [27]. Moreover, the criterium for Streptococcus spp. isolates from cats against
AMC was also adapted from CLSI VET08 [27]. For S. aureus, the criteria for PEN, CIP (for
enrofloxacin), ERY, DOX (for tetracycline), GEN and SXT were as defined for Staphylococcus
spp. in the CA-FSM guidelines VET2021 [26]. The MIC breakpoint for CTX was the same
as that for cefpodoxime in the CLSI VET08 document for S. aureus and Staphylococcus
pseudintermedius in the case of dogs, and AMC was also adapted from the same guidelines
as criteria for Streptococcus spp. categorization of canine isolates [28]. For R. equi, ERY
and DOX were interpreted according to the criteria adopted for R. equi in CLSI docu-
ment VET06 [29], while other antimicrobials were referenced to Staphylococcus spp. values
according to the CA-FSM guidelines VET2021 and CLSI VETO08 [26,27].

4.5. Detection of Antimicrobial Resistance Genes

The presence of genes commonly associated with erythromycin resistance (ermA and
ermB) and tetracycline resistance (tetK/L, tetM and tetO) was assessed for the streptococci
strains using PCR with the primers and conditions presented in Table 3. Universal primers
that detect tetracycline resistance genes encoding ribosome protection proteins were used
first. Then, in the case of the isolates that tested positive in this reaction, the specific primers
for tetM and tetO were used. All PCR mixtures contained 1 pL of each primer (10 pmol/uL),
12.5 uL of DreamTaq Green PCR Master Mix (2x) (Thermo Fisher Scientific, Waltham, MA,
USA), 40 ng of DNA template and nuclease-free water up to 25 pL. Reaction products
were recognized by electrophoresis in 1% (w/v) agarose gel in Tris-Acetate-EDTA (TAE)
buffer with Midori Green DNA Stain (Nippon Genetics, Diiren, Germany), visualized and
analyzed using a Gel DocTM EZ Imaging System with Image Lab Software (version 5.2.1)
(Bio-Rad, Hercules, CA, USA).
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Table 3. Primers and PCR conditions used in this study.

Primer . I_al Annealing . .
Designation Primer Sequence (5'-3') Target Gene Temperature (°C) Amplicon Size (bp) Reference
DI_F GAYACICCIGGICAYRTIGAYTT
Tet @ 53b 1100 [60]
DII_R GCCCARWAIGGRTTIGGIGGIACYTC
tetM_F TTAAATAGTGTTCTTGGAG
tetM 54°¢ 656 [61]
tetM_R CTAAGATATGGCTCTAACAA
tetO_F GGCGTTTTGTTTATGTGCG
tetO 50 ¢ 559 [62]
tetO_R ATGGACAACCCGACAGAAGC
TKI_F CCTGTTCCCTCTGATAAA
tetK/L 50 1050 [63]
TL32_R CAAACTGGGTGAACACAG
ermA_F TCTAAAAAGCATGTAAAAGAA
ermA 52¢ 645 [64]
ermA_R CTTCGATAGTTTATTAATATTAGT
ermB_F GAAAAGGTACTCAACCAAATA
ermB 52¢ 639 [64]
ermB_R AGTAACGGTACTTAAATTGTTTAC

2 Universal primers that detect the tetracycline resistance genes that encode ribosome protection proteins. ® PCR
conditions: initial denaturation at 95 °C for 3 min; 35 cycles of denaturation at 95 °C for 1 min; annealing for
1 min at variable temperatures; extension at 72 °C for 2 min; final extension at 72 °C for 5 min. ¢ PCR conditions:
initial denaturation at 95 °C for 3 min; 30 cycles of denaturation at 95 °C for 45 s; annealing for 45 s at variable
temperatures; extension at 72 °C for 1 min; final extension at 72 °C for 2 min.

4.6. Pulsed-Field Gel Electrophoresis
4.6.1. Analysis of S. aureus Isolates

The pulsed-field gel electrophoresis (PFGE) procedure was adapted from previous
research [65,66] with some modifications. The S. aureus isolates collected from a 24 h culture
on CAB were suspended in saline to achieve a density of 3.5 on the McFarland standard.
The bacterial suspension was mixed with 2% CleanCut Agarose (Bio-Rad, Hercules, CA,
USA). The obtained agarose discs were incubated for 18 h at 37 °C in a lysis solution
with 2 mg/mL of lysozyme (Sigma-Aldrich, Steinheim am Albuch, Baden-Wiirttemberg,
Germany), 5 pg/mL of RNase (A&A Biotechnology, Gdansk, Poland) and 50 pg/mL
of lysostaphin (A&A, Gdarisk, Biotechnology). After the indicated time, the discs were
transferred to the solution with 1 mg/mL of proteinase K (A&A Biotechnology, Gdansk,
Poland), where they were incubated for 24 h at 50 °C. The agarose discs were digested with
Smal (20 U/uL) (Thermo Fisher Scientific, Waltham, MA, USA) overnight at 25 °C. The
restriction fragments were separated in 1.2% agarose gel (w/v). The separation program
was a running time of 20, a temperature of 14 °C, a voltage gradient of 6 V/cm, an initial
pulse time of 5 s and a final pulse time of 30 s. The reference strain S. aureus ATCC®25923
was also used in this study.

4.6.2. Analysis of Streptococcus spp. Isolates

PFGE was performed as described by Vela et al. (2003) [24] with some changes. Briefly,
the overnight cultures of Streptococcus spp. isolates on CAB were suspended in saline to
obtain a density of 4 according to the McFarland standard. An equal volume of bacterial
suspension and 2% CleanCut Agarose (Bio-Rad, Hercules, CA, USA) were mixed to prepare
agarose discs. The agarose discs were incubated overnight at 37 °C with 1 mg/mL of
lysozyme (Sigma-Aldrich, Steinheim am Albuch, Baden-Wiirttemberg, Germany) and then
incubated for another 24 h at 50 °C with 500 pg/mL of proteinase K (A& A Biotechnology,
Gdansk, Poland). To perform the restriction digest, a solution with 20 U/uL of Smal
(Thermo Fisher Scientific, Waltham, MA, USA) was prepared and incubated overnight at
25 °C. A total of 1.1% (w/v) agarose gel was used for the electrophoresis with the following
parameters: a running time of 21 h, a temperature of 14 °C, a voltage gradient of 6 V/cm,
an initial pulse time of 1 s and a final pulse time of 30 s. The reference strain S. dysgalactiae
subsp. equisimilis ATCC®12394 was also used in this study.
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4.6.3. Analysis of R. equi Isolates

PFGE was performed as previously described [67,68] with minor modifications. Briefly,
overnight cultures of R. equi in brain-heart infusion (BHI) broth with 1% glycerol, 0.4%
glucose and 0.2% TWEEN®85 were adjusted to OD600 0.65, and the cells were incorporated
into 1.5 % (w/v) agarose discs using Top Vision Low Melting Point Agarose (Thermo
Fisher Scientific, Waltham, MA, USA). After 18 h lysis with 20 mg/mL of lysozyme (Sigma-
Aldrich, Germany) and 50 ug/mL of RNase (A&A Biotechnology, Gdarisk, Poland) at 37 °C,
the discs were incubated overnight with 20 mg/mL of proteinase K (A&A Biotechnology,
Gdansk, Poland) at 50 °C. Then, the agarose discs containing DNA were digested with
10 U/uL of Vspl (Thermo Fisher Scientific, Waltham, MA, USA) overnight at 37 °C. For
the electrophoresis, 1.1% (w/v) agarose gel was used with running conditions as follows:
a running time of 22 h, a temperature of 14 °C and a voltage gradient of 6 V/cm. The
program ran twice: during the first run (7 h), an initial pulse time of 6 s and a final pulse
time of 15 s were used; during the second run (15 h), an initial pulse time of 23 s and a final
pulse time of 40 s were used. The reference strain, R. equi ATCC®6939, was also used in
this study.

The restriction fragments of the tested isolates were separated by clamped homoge-
nous electric field electrophoresis with a CHEF-DR II System (Bio-Rad, Hercules, CA, USA)
in a 0.5x TBE buffer. The gels were stained with ethidium bromide for 15 min, destained in
distilled water and visualized and photographed using a Gel DocTM EZ Imaging System
with Image Lab Software (version 5.2.1) (Bio-Rad, Hercules, CA, USA). BioNumerics soft-
ware version 7.6 (Applied Maths, Sint-Martens-Latem, Belgium) was used for the PFGE
results analysis. The cluster analysis was performed by the unweighted pair group method
with arithmetic mean (UPGMA) using the Dice similarity coefficient with optimization and
position tolerance set at 1%. The strains were clustered using an 80% homology cut-off,
above which strains were assigned to the same cluster because they were considered to be
closely related [69].

5. Conclusions

In summary;, in this study, the most common pyogenic bacteria isolated from swine
lymph nodes, including lymph nodes without lesions, were S. dysgalactiae, R. equi and
S. aureus. The occurrence of pathogenic bacteria in lymph nodes without lesions is alarming
because this prevents pathogen detection during meat inspection at slaughterhouses. In
addition, it should be noted that some bacterial strains showed antimicrobial resistance
and carried antibiotic-resistant genes. Thus, the presence of these potentially zoonotic
pathogens should be considered when testing meat from slaughtered pigs. Moreover,
pork can be a potential source of bacteria, thus causing a significant risk to human health.
Therefore, it seems reasonable to monitor the occurrence of these bacteria in pig herds.

In addition, it should be highlighted that bacterial strains with the same PFGE profile
occurred in pigs from the same herd, suggesting the possibility of pathogen transmission
between animals.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/antibiotics12061026/s1. Table S1: Distribution of minimum in-
hibitory concentration (MIC) of eight antimicrobial agents; MICsy and MICyq values for the studied
Streptococcus spp. isolates from pigs (n = 48). Table S2: Distribution of minimum inhibitory concentra-
tion (MIC) of eight antimicrobial agents; MICsy and MICy values for the studied Rhodococcus equi
isolates from pigs (1 = 17). Table S3: Distribution of minimum inhibitory concentration (MIC) of eight
antimicrobial agents; MICsy and MICyq values for the studied Staphylococcus aureus isolates from pigs
(n =5). Figure S1: Location of slaughterhouses and farms of the studied pigs, from which pyogenic
bacteria were isolated. Location of farms where pyogenic pathogens were isolated from pigs and
location of slaughterhouses. Black dot—slaughterhouse; blue dot—S. dysgalactiae-positive farm; red
dot—S. aureus-positive farm; yellow dot—R. equi-positive farm.
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Abstract

The Mycobacterium avium complex (MAC) comprises a widespread group of slowly-grow-
ing bacteria from the Mycobacteriaceae. These bacteria are responsible for opportunistic
infections in humans and animals, including farm animals. The aim of the study was to deter-
mine whether it is possible to predict the presence of M. avium in pig lymph nodes based on
the size and type of lesions found during post-mortem examination at a slaughterhouse.
Lymph nodes were collected from 10,600 pigs subjected to such post-mortem examination.
The nodes were classified with regard to their quality, and the number of tuberculosis-like
lesions; following this, 86 mandibular lymph nodes with lesions and 113 without visible mac-
roscopic lesions were selected for further study. Cultures were established on Léwenstein-
Jensen and Stonebrink media, and a commercial GenoType Mycobacterium CM test was
used to identify and differentiate M. avium species. The prevalence of M. avium was
56.98% in the lymph nodes with lesions and 19.47% in the unchanged ones. Statistical anal-
ysis indicated that visual assessment of lesions in the mandibular lymph nodes, in particular
the number of tuberculous lesions, is a highly-efficient diagnostic tool. Similar results were
obtained for estimated percentage area affected by the lesion, i.e. the ratio of the changed
area of the lymph node in cross-section to the total cross-sectional area of the lymph node;
however, this method is more laborious and its usefulness in slaughterhouse conditions is
limited. By incising the lymph nodes and assessing the number of tuberculosis-like lesions,
it is possible to limit the inclusion of meat from pigs infected with M. aviuminto the human
food chain.
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Introduction

The Mycobacterium avium complex (MAC) is a group of globally-occurring opportunistic bac-
teria with zoonotic potential that are transmitted mainly by livestock and birds. MAC infec-
tions in humans represent an increasingly pressing problem, and there is a need for special
measures intended to prevent their spread [1]. The complex is responsible for various diseases,
including localized infections such as cervical lymphadenitis in immunocompetent patients,
and disseminated pulmonary infections in immunodeficient ones [2-4].

Some of the most commonly-occurring species in pigs are M. avium ssp. avium, M. avium ssp.
hominissuis, M. avium ssp. silvaticum, and M. avium spp. paratuberculosis [5]. They infect mainly
the respiratory and intestinal tract, and lead to economic losses among pig farmers [6, 7].

According to the United Nations Food and Agriculture Organization, pork remains the
most widely-consumed meat in the world. As such, it is critically important to ensure it is of
the highest microbiological quality. This poses a significant challenge, as the pathogenesis of
MAC infection in pigs remains not fully understood [8, 9]. Carcasses are typically subjected to
post-mortem examination, during which, attention should be paid to the presence of gross
lesions suggesting mycobacteria infection. These lesions can be detected in lymph nodes, most
commonly intestinal ones, in which they take the form of tuberculosis-like lesions [8]. In both
humans and pigs, the predominant target organ of MAC is the liver [10, 11].

During the morphological inspection of carcasses at slaughterhouses, tuberculosis-like
gross lesions are most commonly observed in the lymphatic organs, such as the mesenteric
lymph nodes, and less often in the mandibular lymph nodes and Peyer s patches or tonsils [1].
It is suspected that those lesions frequently go unrecognized [12], and some molecular detec-
tion solutions are being introduced for foodborne risk assessment [13].

Current European Union legislation recommends visual inspection of the lymph nodes
without incision [14], which makes it impossible to identify potential pathological lesions.
This three-stage post-mortem examination increases the chance of identifying lesions in the
lymph nodes, which is one of the objectives of the examination. Purely visual examination,
without incision, runs the risk of missing pathological lesions, which can enter the human
food chain. Minced meat, with the addition of lymph nodes, seems to be particularly risky as a
potential source of human infection with M. avium [15].

Thanks to their resistance to unfavorable conditions, mycobacteria can survive some disinfec-
tion or decontamination procedures used in food production, as well as thermal processing.
Many studies have reported detection of mycobacteria in animal tissues and milk, thus confirm-
ing that food of animal origin can be a source of mycobacterial transmission to humans [16].
Research has also confirmed the presence of mycobacterial DNA and live bacteria in commer-
cially-available food products such as raw pork, fermented salami-type products and heat-treated
roast meat [17]. Considering the potential threat to public health posed by infected food, the aim
of this study was to determine whether it is possible to predict the occurrence of Mycobacterium
avium in swine lymph nodes based on the type and size of gross lesions found on them. An addi-
tional aim was to determine the frequency of tuberculosis-like lesions and atypical mycobacteria
in pigs in the study area and assess whether there is a relationship between the incidence of M.
avium and the sex of animals and the size of the farms where the animals were kept.

Materials and methods
Material

A total of 10,600 pig carcasses were subjected to post-mortem examination including the inci-
sion of submandibular and mesenteric lymph nodes. In 86 animals, anatomical lesions were
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found in the mandibular lymph nodes but not in the mesenteric lymph nodes. The mandibular
lymph nodes with lesions (n = 86) and a randomly-selected group of mandibular lymph nodes
without lesions (n = 113) were then tested for the presence of Mycobacterium spp. The animals
from which the material was collected were aged between 5.5 months and four years (mean
age: 6.4 months). Of the 199 carcasses, 99 were male and 100 were female. The animals came
from 83 farms located in central Poland, ranging in size from 2 to 3480 individuals; mean size
117 animals. The harvested mandibular lymph nodes were kept in a freezer at -20° C before
analysis.

No ethical approval was required from the National Ethical Committee for Animal Experi-
ments to conduct the tests because the lymph nodes were collected as a part of the post-mor-
tem inspection of pigs in the slaughterhouse. No animal was intentionally sacrificed for this
study.

Lesion classification and histopathology

The collected lymph nodes were all classified into three groups based on the type of lesion, and
three groups based on the number of lesions; the classification was performed by a veterinarian
with eight years of experience in a slaughterhouse. The nodes in which no macroscopic lesions
were found were assigned to Group 0, those with pinhead-size, nodule-like individual lesions
were placed in Group 1 (Fig 1), and those with numerous pinhead-size or diffuse lesions into
Group 2 (Figs 2 and 3).

The collected material was also classified according to the nature of the lesions: group A—
non-purulent lesions (Figs 1 and 2), group B—purulent lesions (Fig 3), group C—no lesions. A

Fig 1. Mandibular lymph node with single lesions, non-purulent.

https://doi.org/10.1371/journal.pone.0269912.g001
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Fig 2. Mandibular lymph node with numerous pinhead-size lesions, non-purulent.

https://doi.org/10.1371/journal.pone.0269912.9002

photogrammetric examination of the lymph nodes was also performed; briefly, the changed
area of the node in cross-section was measured by image analysis and this was then expressed
as a percentage of the entire cross-sectional area of the lymph node. Fragments of mandibular
lymph nodes approximately 30 x 30 x 15 mm in size were collected into 4% formalin for histo-
pathological examination. The histopathological examination only included a few of the
selected lymph nodes with apparent lesions, i.e. some from groups A, B, 1 and 2: the nodes
from groups C and 0 were not examined. The histopathological testing itself was based on
standard hematoxylin and eosin staining to assess lymphocytic infiltration and Kinyoun stain-
ing to detect mycobacteria.

Mycobacterial isolation

Acid-fast mycobacteria were isolated from the material according to the recommendations of
the Reference Microbiological Laboratory of the National Research Institute—National Veteri-
nary Institute in Pulawy, Poland. The material was pre-minced with sterile scissors and placed
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Fig 3. Mandibular lymph node with numerous pinhead-size lesions, purulent.

https://doi.org/10.1371/journal.pone.0269912.9003

in bags with a filtering membrane (BagPage® 100). The material was then submerged in a 5%
solution of oxalic acid (POCH, Poland) for decontamination and homogenized with a stomacher
for three minutes at 12 strokes/second. The resulting suspension was poured into tubes. These
were incubated for 10-15 minutes at 37°C, and then centrifuged for 10 minutes at 1500 x g. In the
next step, the supernatant was removed, and sterile 0.9% NaCl was added to the maximum vol-
ume of the tube. The tubes were shaken and centrifuged for 10 minutes at 1500 x g. This operation
was repeated twice. The sediment (5ul) was used for inoculation on solid media for mycobacterial
cultures: Lowenstein-Jensen (MERCK, Germany) and Stonebrink (MERCK, Germany). The cul-
tures were incubated at 37°C for 12 weeks. The media were checked for mycobacterial colony
growth once a week. No growth after 12 weeks was considered a negative result.

DNA isolation

The loop of an inoculation loop filled with mycobacterial colonies isolated on Lowenstein-Jen-
sen or Stonebrink media was suspended in 150 ul of water, and then incubated for 30 minutes
in a heating block at 95°C. After incubation, the tubes were centrifuged for five minutes at
15000 x g. The supernatant was transferred into new tubes and used for testing.
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Genotyping

Mycobacterium avium species were identified and differentiated using a commercial Geno-
Type Mycobacterium CM test (Hain Lifescience, Germany). The isolated DNA was selectively
replicated by polymerase chain reaction (PCR). The resulting amplicons were transferred onto
DNA strips covered with highly-specific probes which were complementary to the amplified
DNA sequences. The amplicons were bound to their complementary sites, while the unbound
fragments were removed during washing. Following this, a conjugate labeled with alkaline
phosphatase was added, and the mycobacterial species were identified based on the hybridiza-
tion pattern of specific probes placed on the strips with the product of the multiplex PCR reac-
tion. The result was read using a dedicated template attached by the manufacturer.

Statistical analysis

To identify the factors that can explain the presence of M. avium, a generalized linear binary
model was employed. In the model, the presence of M. avium in the samples was used as a depen-
dent variable. Each sample where the presence of M. avium was confirmed was marked as 1,
while those where no M. avium presence was confirmed were marked as 0. The following inde-
pendent variables were included in the analysis: 1) qualitative severity of the lesions in the lymph
nodes, 2) quantitative severity of the lesions in the lymph nodes, 3) sex of the pigs, 4) herd size.
The qualitative severity of the lesions fell into three categories: A-non-purulent lesions, B-puru-
lent lesions, C-no lesions. The quantitative severity of the lesions fell into three categories: 0 —-no
lesions, 1 —single lesions, and 2 -numerous lesions. To find the best fit model, all model variants
were run (i.e. the variables were included in all possible combinations, including the null model),
and the models were compared using Akaike Information Criteria (AIC) according to Burnham
and Anderson [18]. The model with the lowest AIC value was regarded the best fit. When the
AIC difference was below 2, the simpler model (i.e. with lower k) was selected according to the
Ockham’s razor rule. A post hoc pairwise comparison of the frequency of M. avium in lymph
nodes of given category was performed with the least significant difference test (LSD).

A logistic regression model was also run to verify whether the presence of M. avium in the
samples could be predicted from the percentage of lesions in the lymph nodes. In the model,
the presence of M. avium in the samples was the dependent variable and the percentage of
lesions was the independent variable. The dependent variable was similar to that used in the
generalized linear binary model.

The percentage of the lesion area was calculated using AutoCAD 2020 software. Photos of
the lymph nodes were taken with a Sony Cyber-shot DSC-W830 camera with a linear scale,
which was then used to scale the images to 1:1 scale. The surfaces of the lymph nodes and
lesions were marked with a spline tool. For each lymph node, the total cross-sectional area and
the area occupied by the lesions (in cm?) were calculated with the Area tool. To verify whether
percentage cover of lesions or quantitative severity of lesions in lymph nodes can better predict
the presence of M. avium in the samples, a similar logistic regression model was run on the
same set of observations; the quantitative severity of lesions was used as the independent vari-
able in both models. Both models were compared according to R?, classification tables and
AUC (area under the ROC curve).

Results
Lesion classification and histopathology

The lymph nodes collected for the study were classified into the following groups 0 (n = 113),
1 (n=38),2(n=48), A (n=73),B (n=13),and C (n = 113). Affected lymph nodes presented
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Fig 4. Histopathologic examination of mandibular lymph node. The nodes presented multifocal to coalescing
coagulation necrosis, with areas of mineralization. The necrosis was separated by a thick layer of proliferating fibrous
tissue. Sinusoids contain a large number of macrophages, partly with a granular brownish cytoplasmic pigment.
Multifocally prominent lymph follicles are evident, with a large germinal center and prominent parafollicular
lymphocyte proliferation.

https://doi.org/10.1371/journal.pone.0269912.g004

chronic, multifocal to diffuse, granulomatous or purulent-granulomatous inflammation with
polynuclear giant cells (Fig 4). The majority of the lymph nodes contained thrombotic necrosis
with mineralization or lytic necrosis, surrounded by fibrous proliferation. Sometimes bodies
similar to the Splendore-Hoeppli phenomenon were also detected, represented by luminous eosin-
ophilic material (Fig 5).

The incidence of tuberculosis-like lesions in pig lymph nodes was found to be 0.81%: i.e. 86
lymph nodes with tuberculosis-like lesions out of 10 600 examined carcasses.

Mycobacterial isolation

Of the samples taken from affected lymph nodes, bacterial growth was observed in 63 samples
cultured on Lowenstein-Jensen medium, and in 36 samples on Stonebrink medium. Bacterial
growth on both media was detected in 31 cases. For the lymph nodes without macroscopic
lesions, bacterial growth on Lowenstein-Jensen or Stonebrink media was observed in 58 cases:
Lowenstein-Jensen in 29 cases, Stonebrink medium in 29 cases, and for both media in 15
cases.

Genotyping
The incidence of M. avium was found to be 56.98% in the lymph nodes with lesions, and
19.47% in those without. The results are presented in Table 1.
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Fig 5. Histopathologic examination of mandibular lymph node with Splendore-Hoeppli-like material. Multifocal
to coalescing granuloma formation can be seen. Granulomas consist of a central area of necrosis surrounded by a thick
rim of partially epithelial macrophages and sometimes multinucleated giant cells. A visible demarcation formed by
collagen-rich connective tissue is also present. Splendore-Hoeppli material can be observed, represented by a radiating
club-shaped eosinophilic material.

https://doi.org/10.1371/journal.pone.0269912.9005

Statistical analysis

The model selection resulted in the removal of all variables except for quantitative severity of
lesions in lymph nodes. Neither the qualitative severity of lesions in lymph nodes, sex of the
animals nor herd size significantly explained the presence of M. avium. The best model, based
on quantitative severity of lesions in lymph nodes, was, however, statistically significant (* =
46.88, p<0.001). The severity of the lesions was significantly associated with the presence of M.
avium. In addition, the categories “numerous lesions”and “single lesions” were associated with
a significantly higher chance of M. avium than the”no lesions” category (Table 2): M. avium
was 2.5 times more likely to be present in the lymph nodes with single lesions compared to
nodes without lesions, and over 13 times higher in the lymph nodes with numerous lesions.

In the “no lesions” samples, the frequency of M. avium was 0.23, indicating that M. avium
could still be present even if there were no lesions, but the probability was low. The frequency
of M. avium in the “no lesions” samples differed significantly from the other two categories
(p = 0.020 in comparison with “single sessions” and p<0.001 in comparison with “numerous

Table 1. Number of submandibular lymph nodes from which M. avium was isolated.

M. avium 49 22
M. celatum 3
M. fortuitum 1
M. avium + M. chelonae 3

https://doi.org/10.1371/journal.pone.0269912.t001
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Table 2. Effect of qualitative severity of lesions in lymph nodes on the presence of M. avium in the generalized linear binary model (* reference category).

Swe B Swndadeor  LowerCl  UpperCl  p Exp (B)
Intercept -1.208 0.224 -1.646 -0.770 <0.001

Quantitative (Numerous lesions) 2.569 0.419 1.747 3.390 <0.001 13.050
Quantitative (Single lesions) 0.950 0.393 0.180 1.720 0.016 2.586
Quantitative (No lesions) 0*

https://doi.org/10.1371/journal.pone.0269912.t002

sessions”). In the “single lesions” category, the frequency was found to be 0.44, which did not
unequivocally confirm the presence of M. avium. However, this value was 0.8 in the “numer-
ous lesions” category, indicating a high probability of species detection (Fig 6). The “single
lesions” and “numerous lesions” categories were also found to differ significantly in the pair-
wise comparison (p<0.001).
The logistic regression model indicated that the percentage of the lesion area in the lymph

nodes could significantly predict the presence of M. avium (x> = 15.33, p<0.001). M. avium
infection was more likely where the lesion covered a greater area of the lymph node (Fig 7):
the probability of M. avium being present exceeded 0.5 when over 10% of the lymph node area

was affected.

The descriptive quantitative severity of lesions and measuring the percentage cover of
lesions in lymph nodes yielded fairly similar results. Nevertheless, the model based on the
quantitative severity of lesions demonstrated better model fitness: a higher Nagelkerke’s r-
square value (0.325 and 0.126 respectively), higher percentage of total classified cases (77.1 and
69.4% respectively), and a greater percentage of correctly classified positive observations (56.7

Frequency of M. avium presence

1.0

0.8

0.6

0.4

0.2

0.0

p=0.020

No

lesions

p < 0.001
. p < 0.001
Single Numerous
lesions lesions

Qualitative severity of lesions in lymph nodes

Fig 6. Frequency of M. avium presence (and 95% confidence intervals) with regard to the qualitative severity of
lesions in lymph nodes, and pairwise comparison with least significant difference test.

https://doi.org/10.1371/journal.pone.0269912.g006
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Fig 7. The probability of M. avium presence with 95% confidence intervals (shaded area) depending on the
percentage cover of lesions in the lymph node.

https://doi.org/10.1371/journal.pone.0269912.9007

and 23.3% respectively). The AUC, i.e. area under the ROC curve, was similar (0.74 and 0.734
respectively).

Discussion

Our study confirmed a statistically significant correlation between the size of gross lesions in
pig submandibular lymph nodes and the presence of M. avium. Taking into consideration the
increasing number of MAC infections in humans, and the possibility that the bacteria could
enter the food chain, we speculated that a scientific algorithm based on visual inspection that
could be carried out in slaughterhouses might be of value in managing the problem. This was
confirmed by our statistical analysis, which demonstrated a high probability of isolating Myco-
bacterium spp. from the changed lymph nodes and a low probability of M. avium infection in
their absence.

In pigs, M. avium is known to cause oral infections with localized gross lesions mainly in
the head, mediastinum and digestive tract lymph nodes [19, 20]. Based on these findings, and
our earlier observations on the frequency of lesions in pigs, we decided to investigate the sub-
mandibular lymph nodes, which are easily accessible and take little time to evaluate, i.e. about
five seconds.

Our results indicate that preliminary assessment of macroscopic lesions based on visual
inspection may be of value in detecting M. avium, and that assessing lesion size can be a rapid
and cost effective means to achieve this. The only requirement is that the meat examiners
receive adequate training. However, this being a new proposal, possibly the first, it does have
some limitations. Firstly, regarding the subjective assessment of lesions in lymph nodes, our
findings indicate a relatively high probability of M. avium being present in lymph nodes with
no lesions observed. This indicates the need for a careful approach to visual inspection, and an
individual not displaying lesions should not be automatically qualified as free from M. avium,
but as “probably free”. Another limitation is that infection may occur naturally in pigs; as a
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result, the lesions observed in the individuals were at different stages of development, or they
may not have had time to develop at all. However, this may be an advantage of our methodol-
ogy, as this method may be used during post-mortem inspection in slaughterhouses that do
not receive experimentally-infected animals.

Visual inspection is an efficient screening method, while the sensitivity of other methods,
such as cultures or molecular tests, still needs improvement. It also avoids the other limitations
of laboratory testing, such as the long time needed to obtain results and the significant finan-
cial costs. It seems reasonable to use visual screening to select material for molecular testing,
possibly using GenoType Mycobacterim CM. Such improved screening would support public
health protection and avoid the great economic losses caused by mycobacterial infections [1];
in addition, detecting a large number of lesions in a specific location can be an important indi-
cator for pig farmers.

Our findings indicate that calculating the lesion area is an efficient prognostic factor for the
presence of M. avium. However, large areas of tuberculosis-like lesions can also be attributed
to co-infection by M. avium and Streptococcus spp., Staphylococcus aureus or Rhodococcus
equi. In some cases, it is impossible to isolate and culture any etiological factor from advanced
lesions due to their strong calcification and devitalization of mycobacteria [21].

The method used in the present study to calculate the percentage area of a lesion is time-
consuming and troublesome and requires specific hardware and software. In addition, it does
not provide better results than the visual assessment of the number of the lymph node lesions.
Nevertheless, it should be noted that the lower precision of the model regarding the assessment
of percentage lesions could have been due to the smaller sample size, as not all the nodes were
inspected for the lesions on their surface.

Moreover, in the descriptive quantitative method, the frequency of the “single lesions” cate-
gory did not reflect the presence of M. avium. Only situations where no lesions or numerous
lesions were observed proved to be clear indications of the possible presence of M. avium. For
this reason, it seems justified to use a combination of both methods simultaneously, i.e. lesion
number and node coverage, at least for the “single lesions” category. The lesion area can be
visually assessed on site. The results of the logistic regression indicate a 50% risk of M. avium
even when only 10% of the lymph node cross section is affected: single lesions that account for
over 10% of the cross section area also demonstrate an increased risk of M. avium, which
increases further with percentage cover. When 50% of the node section is affected, the pres-
ence of M. avium is nearly guaranteed. Therefore, estimating the area of the lesions seems a
reliable and convenient method for assessing the risk of M. avium incidence.

Our histopathological analysis confirmed the presence of necrosis and calcification foci,
these being lesions typical of late stage granulomatous inflammation caused by M. avium [10].
However, the examination did not reveal any significant differences between materials col-
lected from different types of lesions; this confirms our hypothesis regarding the value of the
macroscopic assessment of lymph nodes.

Our findings indicate that herd size has no influence on the incidence of M. avium in pig
lymph nodes. This could be due to the fact that pig breeding in Poland is not consolidated, and
the investigated animals mostly came from small farms of similar zoohygienic status. Never-
theless, it should be remembered that M. avium infections also occur at large farms with better
zoohygienic conditions focused on intensive pig production [1, 7]. In addition, no correlation
was observed between the incidence of M. avium and neither the nature of the lesions, nor the
sex of the pigs. Similar findings have been noted for a population of wild boars from southern
Spain, which also showed no links between the animal sex and infection rate [22].

The incidence of tuberculosis-like lesions in pig lymph nodes in the present study was
found to be 0.81%. Similar results were achieved in a study conducted in two slaughterhouses
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in the Netherlands, in which 0.75% of animals presented granulomatous lesions in the sub-
mandibular nodes, and were located in mesenteric nodes in only one case. Our present find-
ings indicate a much higher MAC isolation rate than in Dutch farms aimed at intensive
production; this difference may be due to the susceptibility of the pig breed to infection, the
nature of the animal husbandry system, the ecology of the bacteria [23], or the age of the pigs.

The prevalence of M. avium reached 56.98% in the lymph nodes with lesions, but only
19.47% in the unchanged ones. The relatively high incidence of M. avium in unchanged lymph
nodes can be explained by the short life span of the pigs, and the fact that the infection
occurred too late for the lesions to properly develop [24]. Similar M. avium isolation rates
were published by Pate et al., who isolated the bacterium in 47.3% of pigs with changed lymph
nodes and R. equi in 3.9%.

Conclusions

The most effective screening method for the presence of M. avium in pig lymph nodes is an
assessment of the number of tuberculosis-like lesions present during post-mortem inspection.
In addition, evaluating the percentage of the node area covered with lesions also appears to be
a useful indicator. In both cases, the recommended method of assessment is visual inspection.
For material in the “single lesions” category, we recommend the simultaneous use of both
methods. It should however, remembered that the latter method, i.e. estimating the area of the
node covered with lesions, is difficult in slaughterhouse conditions, and that the nature of the
lesion does not definitely confirm the presence of M. avium.
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1 Abstract

Introduction and objective. The Mycobacterium avium complex (MAC) is a group of acid-resistant bacteria within the
Mycobacteriaceae. Their cell walls have a specific structure impervious to many disinfectants. Mycobacteria are widespread
in the environment and can also be found in food. This aim of the article is to review the current state of knowledge about
the sources of infection, symptoms and treatment of MAC diseases in humans and animals, and summarizes the available
methods for identifying the bacteria. It pays a special attention to the zoonotic potential of MAC bacteria and possible
routes of transmission between humans and animals, including possible food-borne routes.

Brief description of the state of knowledge. MAC bacterial infections occur both in immunocompetent people and
those with functional predispositions and compromised immunity, particularly during HIV infection orimmunosuppressive
treatment. The incidence of MAC infections in humans is growing, with the most common form of infection being pulmonary
disease (MTC-PD); however, there are conflicting reports on the role of Mycobacterium avium paratuberculosis (MAP) in the
development of Crohn’s disease. MAC bacteria can also attack livestock, household pets, and wild animals. Unfortunately,
treatment is lengthy and often fails due to microbiological relapse; there is also increasing evidence of MAC bacteria are
developing multi-drug resistance.

Conclusions. Although new antibiotics are being created to inhibit the growth and division of Mycobacterium avium, there
is clearly a need for further research into the virulence factors associated with MAC bacteria. Further studies should also

examine the role of MAP in the etiopathogenesis of Crohn’s disease.

1 Key words

biofilm, Crohn'’s disease, MAC, multi-drug resistance, MAP, MOTT, Mycobacteriosis, pets

INTRODUCTION AND OBJECTIVE

The Mycobacterium avium complex (MAC) is a group of
slow-growing bacteria of the Mycobacteriaceae, classified as
MOTT, i.e. Mycobacteria Other Than Tuberculosis. MOTT
are found globally and are widespread in the environment;
they are also responsible for opportunistic infections in
humans, livestock and wild animals. Such non-tuberculous
mycobacterial diseases present a major threat to public health,
especially in developed countries [1]. The rapid increase in
MAC infections worldwide is associated with the growing
number of immunocompromised patients [2]. In addition,
humans and animals are subject to a continuous increase
in environ and milk, as well as in heat-treated animal
products [4, 5]. In humans, skin contact with MAC bacteria,
consumption of contaminated food, or even aerosols, can
result in a range of symptoms, such as lymphadenitis, lung
infections, and infections of the skin and soft tissue [6].
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OBJECTIVE

The aim of this review article is to present the current state
of knowledge about MAC infections in humans and animals,
the virulence factors of MAC bacteria and potential sources
of infection, as well as future research on new drugs. The
review describes the etiological factors of mycobacteriosis,
prevalence of these diseases, ways of identification,
pathogenesis and immunology of infection, clinical signs
and treatment in both humans and animals. A summary of
the most important information and current trends in this
area is also presented.

STATE OF KNOWLEDGE

Etiological factor. Mycobacteria are gram-positive acid-
resistant bacilli capable of surviving in host phagolysosomes.
The Mycobacterium genus demonstrate hydrophobicity,
impermeability, and slow growth; they are also resistant to
disinfectants and antibiotics, which has been attributed to the
presence of a lipid-rich outer membrane enriched with long-
chain mycolic acids [7]. Over 180 species of mycobacteria
have been identified to-date [8]. The genus Mycobacterium
includes Mycobacterium tuberculosis complex (MTC),
M. leprae and no-tuberculous mycobacteria (NTM) [9],
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including MAC, which are widespread in the environment.
Historically, the MAC consisted of two species: M. avium and
M. intracellulare. This division was based on pathogenicity in
birds, with M. avium being pathogenic and M. intracellulare
non-virulent. However, in September 2018, a new taxonomic
division was proposed, comprising Mycobacterium avium,
M. intracellulare, M. bouchedurhonense, M. chimaera,
M. colombiense, M. ituriense, M. lepraemurium,
M. marseillense, M. paraintracellulare, M. scrofulaceum,
M. timonense, M. lukis, and M. yongonense [10].

The most clinically-important subspecies of M. avium
are believed to be M. avium subsp. hominissuis (MAH),
M. avium subsp. paratuberculosis (MAP), M. avium subsp.
avium (MAA) and M. avium subsp. silvaticum (MAS), and
Mpycobacterium avium intracellulare (MAI). Of these, MAH,
aubiquitous environmental saprophyte, causes chronic lung
disease and is an etiological agent of lymphadenitis in pigs.
MAH also has a wide range of hosts: cases of disseminated
MAH infection have been described in other mammals,
including dogs, cats, cattle, goats, domestic rabbits, cervidae
and horses [11, 12, 13, 14]. MAA and MAS are most often
isolated from birds, in which their symptoms and course
resemble tuberculosis [3]. MAP is responsible for Johne’s
disease, which mainly affects ruminants. M. chimaera has
also been isolated from patients after heart valve surgery,
where it caused infections at the site of surgery, as well as
endocarditis, both with a high mortality rate [15].

Prevalence. The majority of MAC species are found in
natural waters, water supply systems, and soils [16, 17, 18],
as well as in raw [19], cooked and fermented meat products
[4], pasteurized milk [20] or other dairy products [21]. Fresh
or frozen fruit and vegetables can also be a source of infection
[22]. NTMs are oligotrophs that are capable of growing in low
carbon environments, and thus surviving in nutrient-poor
environments. In addition, thanks to their oligotrophicity
and capacity for biofilm production, the bacteria can grow
in drinking water distribution systems and water supply
networks [7]. This can pose a serious threat: humans can
become infected by inhaling aerosols containing NTMs in
the shower or in the swimmimg pool [23]. Interestingly, MAC
can persist in amoebas: wild amoebas can provide an ideal
environment for bacteria to multiply, and can promote their
persistence in macrophages [3, 24, 25].

Identification. Microbiological identification involves mainly
isolation and culture of the bacteria on selective media in
conventional or automatic systems. Conventional approaches
include the use of Lowenstein-Jensen (with malachite green),
Ogawa (with sodium glutamate) and Stonebrink (sodium
pyruvate) media. Bacterial growth lasts from four to twelve
weeks and the results are based on visual evaluation [26].
Automatic systems (Bactec MGIT 960, Bactec 460 Tb) [27,
28] automatically record the growth of mycobacteria using
a liquid media with known composition. The presence of
bacteria is typically confirmed after around five to twelve days
of culture. After multiplication of the bacteria on the media,
a common identification method is Ziehl-Neelsen staining
[29]. The obtained strains can also be used in further, more
advanced molecular identification methods.

Serological diagnostics are most commonly performed by
detecting specific antibodies using ELISA (enzyme-linked
immunosorbent assay). This approach is mainly used to detect

anti-MAP antibodies [30]. The test is fast and inexpensive,
has a relatively high sensitivity and specificity, and serum or
milk samples are easy to obtain [31]. Mycobacterium infection
can also be detected by the agar gel immunodiffusion test
(AGID) [32]: the antigen and antibodies diffuse through a
semi-solid agar medium, forming a precipitation where they
interact. Typically, a positive result would be indicated by the
presence of one or more visible lines in the gel. The AGID has
many advantages: it is inexpensive, easy to perform and does
not require any specialized auxiliary equipment; however its
main disadvantage is its relatively low sensitivity [33].

When identifying Mycobacterium species, molecular
techniques have a higher sensitivity than serological methods
and the results are typically available within 24-48 hours.
Molecular methods also offer the further advantage that they
can be used to directly identify a species or subspecies, and
to detect drug resistance. Polymerase Chain Reaction (PCR)
is a fast and practical identification technique that can be
found in a range of variant, such as Ligase Chain Reaction
(LCR), Strand Displacement Amplification (SDA), Nucleic
Acid Sequence - Based Amplification (NASBA) [34], and
Polymerase Chain Reaction - Restriction Fragments Length
Polymorphism PCR-RFLP [35]. Commercial linear probe
assays (LPA) are also used to identify the most commonly-
occurring NTM strains at species or subspecies level [36].
Several commercial hybridization probes are available,
including AccuProbe (Genprobe, San Diego, California),
INNO-LiPA (Innogenetics, Ghent, Belgium) or GenoType
Mycobacterium assay (Hain, Lifescience, Germany) [6].

In 2012, a reference genotyping technique was introduced,
known as MIRU-VNTR (Mycobacterial Interspersed
Repetitive Units — Variable Numbers of Tandem Repeat),
based on the analysis of a variable number of tandem
repetitions, [37]. The Mycobacterium genome contains
repeated sequences of several to several dozen base pairs,
the number of which varies between strains of the same
species. The largest group of VNTR motifs comprises 46—
100 nucleotide MIRU sequences. Of the 41 loci that have
been identified so far, the 15 with the highest variability are
used in mycobacteria genotyping. Briefly, in MIRU-VNTR
analysis, individual loci are amplified using appropriate
oligonucleotide starter sequences, and the amplicons
are then separated in agarose gel. The number of MIRU
motif repetitions calculated for each locus allows the
results to be catalogued as a 15-digit MIRU-VNTR code
[38]. Nowadays, MALDI-TOF MS (Matrix-Assisted Laser
Desorption Ionization) is gaining significance in MAC
identification: a mass spectrometry-based approach which
enables identification of microorganisms by comparing their
protein content with reference spectra in a database [39, 40].

Pathogenesis and immunology of infection. The exact
pathogenesis of MAC infections and their virulence factors
are not yet fully understood. However, evidence suggests that
after passing through the oral cavity, the bacteria interact with
the gastrointestinal mucosa: in vitro studies have confirmed
that MAC are able to bind to enterocytes [41]. Such binding
may be facilitated by the presence of adhesion proteins on the
surface of the bacteria. After passing through the mechanical
barriers, mycobacteria are recognized by mononuclear
macrophages. This interaction leads to phagocytosis and
the release of reactive metabolites, resulting in the initiation
of intracellular signaling and the release of cytokines and
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chemokines; these are responsible for further activation of
the host immune response and chemotaxis of immune cells.
MACs employ several mechanisms to survive in adverse
conditions inside macrophages: they produce agents that
inhibit the mechanisms associated with an oxidative burst
(e.g. superoxide dismutase or heat shock proteins), or inhibit
the fusion of phagosome and lysosome [42].

The recognition of MAC by macrophages mainly acts
through toll-like receptor 2 (TLR2) [43]; this leads to
the production of pro-inflammatory cytokines, such as
interleukins IL-1@, IL-12, IL-18, tumour necrosis factor o
(TNFa), as well as chemokines such as the C-X-C motif
chemokine 10 (CXCL-10) [42]. Chemokines and TNFa cause
taxis of inflammatory cells such as lymphocytes, macrophages
and dendritic cells, to the inflammation site. The activated
macrophages, together with the living mycobacteria, migrate
to lymph nodes; here, the antigen is presented to T helper
cells by the major histo-compatibility complex class II (MHC
IT). This mechanism induces a specific immune response in
the host [42]. The ability of macrophages to kill mycobacteria
is enhanced by the presence of Thl lymphocytes, which
secrete IFN-y and IL-2. In addition, mycobacteria can also
be recognized by the MHC II independent pathway thanks
to cluster of differentiation 1 (CDI1) [42]. Such recognition
is specific to y8T lymphocytes, which are highly reactive
towards mycobacteria and capable of killing them [42].

The immune response develops for four to six weeks after
infection. Eventually, the bacteria stop multiplying and
become trapped in granulomas formed as a result of the host
immune response, thus isolating the pathogen. However, this
isolation provides the mycobacteria with a niche in which
they can survive for a long time by modulating the immune
response. The granuloma consists mainly of blood-derived
macrophages, epithelial cells (differentiated macrophages)
and multinuclear giant cells (also known as Langhans giant
cells), which are surrounded by T lymphocytes and fibroblasts
[6]. In the middle of the granuloma, a caseous necrosis can
occur, in which the decayed cells are located.

Pathogenesis and clinical signs in humans. MAC infections
occur mainly in people with functional predispositions or
compromised immunity [44]. NTM infections are most
commonly associated with secondary immunodeficiency
caused by Human Immunodeficiency Virus and TNF-a
antagonist therapy, as well as by pulmonary diseases, such
as cystic fibrosis and chronic obstructive pulmonary disease,
and by immunosuppressive treatment after transplantation
or other systemic diseases [6, 45]. Gastro-oesophageal
reflux disease (GERD), vitamin D deficiency, rheumatoid
arthritis or low body mass index are also risk factors for
NTM infection [2]. However, the disease may also develop
in immunocompetent people [8, 46, 47].

The most frequently detected NTM causing infection in
humans is MAH [6]. Infection usually occurs by inhalation,
via contaminated aerosols, or through injured skin [6]. The
most common form of infection caused by MAC complex
worldwide is MAC-PD pulmonary disease [48,49], which
has two clinical forms: fibrous-cavernous and nodular.
The former is usually associated with lung diseases already
developing in the body, such as lung tuberculosis or chronic
obstructive pulmonary disease (COPD); this variant often
affects older men and demonstrates rapid progression [8]. The
nodular form is characterized by bilateral bronchial dilatation

with numerous nodules (Lady Windermere syndrome). It
usually occurs in non-smoking post-menopausal women
and is characterized by a slow progression [2, 18]. Clinical
indications of NTM-PD may be indistinguishable from
those of tuberculosis or other respiratory diseases, including
lung cancer. The general symptoms are fatigue, fever, and
weight loss, while the respiratory symptoms are coughing,
haemoptysis and dyspnea [49].

MAC is also known to be responsible for a lung disease
resembling hypersensitivity pneumonitis. It was first
described at the end of the last century in patients who had
used rehabilitation pools or spa baths before the symptoms
occurred. Initially, it is accompanied by flu-like symptoms,
followed by coughing, dyspnea, fever and night sweats [6].
Another relatively common form of disease caused by MAC,
particularly among children, is peripheral lymphadenopathy.
The infection most likely occurs through the digestive tract
[6]. In humans, MAC can also cause gastrointestinal, skin
and soft tissue infection [2, 50].

There are conflicting reports on the role of MAP in the
pathogenesis of Crohn’s disease. The fact that Crohn’s disease
follows a similar course to Johne’s disease, and MAP have
been isolated from peripheral blood mononuclear cells in
50-100% of patients with Crohn’s disease [51] suggests that
MAP may play a role in the origin of the disease [51, 52, 53,
54]. Crohn’s disease can attack any part of the gastrointestinal
tract from the mouth to the anus and is often manifested by
abdominal pain, loss of energy and weight, mouth ulcers
and joint pain. It is commonly associated with diarrhea
interspersed with mucus, pus or blood, and about 40% of
patients need an ileostomy or colostomy [18].

Pathogenesis and clinical signs in animals. MAC bacteria
are also known to cause disease in many animal species,
such as dogs [55], cats [56], pigs [42], cattle [57], horses [12]
and birds [58]. MAC infections are rarely diagnosed in dogs,;
however, the presence of the disease is generally regarded
to be associated with immunodeficiency. Some breeds are
more susceptible to MAC infection, particularly miniature
schnauzers [59] and bassets [60]. In miniature schnauzers,
this MAC susceptibility has been attributed to a recessive
inherited defectin CARDY adaptive protein [59, 61]. However,
most of the described cases of canine mycobacteriosis concern
MAP infections, which can cause long-lasting diarrhea and
vomiting [62, 63]. Indeed, MAP-specific DNA was found in
intestinal biopsy in 19% of dogs with chronic vomiting and
diarrhea, while in dogs without gastrointestinal diseases,
MAP DNA was not detected [63]. Occasionally, M. avium
may cause skin lesions in dogs [64]. Given the zoonotic
potential of a MAC-infected dog, it can pose a health risk to
humans [59], especially to immunocompromised owners.

In cats, infections with MA complex bacteria occur as
infrequently as in dogs. The most common clinical signs
include weight loss, lethargy and anorexia [56, 65]. However,
one study reported a case of CNS symptoms in a cat during
empyema-complicated meningitis caused by MAH [13].

In pigs, MAH is the most frequently-isolated pathogen,
while MAA is rarely detected. Although MAH infection
usually has a subclinical course in pigs, it is nevertheless
an economic problem: the pathological lesions are usually
located in the mesenteric or mandibular lymph nodes
[66], and these are rejected as unfit for human and animal
consumption during post-mortem examination, together
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with other infected tissues. New studies show that M. avium
complex can occur in lymph nodes that demonstrate no
visible changes during the veterinary sanitary examination,
and such carcasses are a potential source of human infection
[67]; this is particularly the case for minced meat, which can
contain lymph nodes [4]. M. avium isolates of human origin
have been found to closely resemble those of pig origin [68],
suggesting the existence of epidemiological links between
infections in pigs and infections in humans, or of infections
from common sources [68]. Pigs commonly become infected
from sources in the external environment, such as litter, feed,
water or soil, following contamination with the faeces of wild
birds or small land mammals [6]; infection typically occurs
through the alimentary route [42, 69].

The tissue changes caused by MAC bacteria in cattle are
indistinguishable from those caused by MTC bacteria, which
may make diagnosis difficult. Granulomatous lesions are
mainly located in the lymph nodes of the gastrointestinal
and respiratory systems, although there have been cases
of systemic disease [57, 70, 71]. Ruminants are most often
infected by MAP, resulting in chronic inflammation of
the intestines, called Johne’s disease or paratuberculosis.
Johne’s disease is a progressive intestinal disease that impairs
nutrient absorption due to thickening the intestinal wall [72,
73]. Infected individuals are exhausted by diarrhea, which
can lead to the death of the animal. MAP infections hence
lead to big economic losses, especially in dairy herds [72, 73].

Horses are relatively resistant to MAC infections, with
documented cases referring more to MAA [74] and MAH
[12] infections. In the course of the disease, horses often suffer
from diarrhea, mastitis and neck stiffness, as well as dyspnea
and chronic cough. However, since these symptoms can
occur in many other diseases, a diagnosis of mycobacterial
infection is difficult: diagnostics require a biopsy of the
rectum or distal part of the colon, followed by staining for
acid-resistant mycobacteria and bacteriological culture of
granulomatous lesions [74].

The main etiological factor of mycobacteria in birds is
MAA. In such cases, the bird usually becomes sick first, and
then acts as the main reservoir of bacteria. Mycobacterioses
are a common problem in poultry as well as domestic birds
[58, 75]. The disease is rare in intensive poultry breeding due
to improved breeding practices. Transmission usually occurs
by the oral route, and airborne infections are less common
[76]. Symptoms in birds include emaciation, apathy and
diarrhea, along with a distinct atrophy of the chest muscles.
M. avium infection initially involves the intestine, and then
spreads to the liver, spleen, bone marrow, lungs, air sacs, and
gonads [77]. Later stages of the disease are characterized by
the appearance of non-calcified nodules [77]. In some cases,
skin lesions can also be observed [76]. So far, no evidence of
direct transmission of atypical mycobacteria between birds
and humans has been shown, but it cannot be excluded that
diseased animals may be a source of infection for humans
in their environment [75]. Studies conducted in the Murcia
region, Spain, confirm that M. avium plaatstudy was regular
contact between children and hens [78].

Treatment. The main treatment options for diseases caused
by MAC bacteria in humans and animals are macrolide
antibiotics such as clarithromycin or azithromycin [79, 80,
81]. The 2007 American Thoracic Society/Infectious Diseases
Society of America (ATS/IDSA) guidelines recommend that

treatment should be based on macrolides in combination
with rifampicin and ethambutol. Additionally, streptomycin
or parenteral amikacin can be administered [8]. Recently
suggested alternatives include bedaquiline, which has shown
high efficacy against M. avium, and Liposomal Amikacin
for Inhalation [82]. In humans and animals, treatment
of an MAC-caused disease requires prolonged antibiotic
therapy, i.e. continuing for at least 12 months after negative
cultures with continuous drug use, and even after successful
completion, recurrence has been found to recur in 32% -
48% of cases, usually due to MAC-reinfection [3]. A similar
treatment protocol based on a combination of ethambutol
with multiple antimicrobial agents, including rifampicin,
clarithromycin, moxyfloxacin and doxycycline, is used in
companion animals [79]; however, cats tend to respond better
than dogs [79].

Due to the growing incidence of multidrug resistance
among MAC bacteria [6,75], there is a constant need
for new antibiotics. Studies have been conducted on the
inhibitory effects of Ga(NO,),, GaCl,, gallium meso
tetraphenylporphyrine (GaTP) and gallium nanoparticles
(GaNP) on intra- and extra-cellular MAC bacteria [83].
MAC bacteria also show resistance to chemical disinfectants
and ultraviolet radiation [18], mainly due to the structure
of their cell wall and the impermeability of their cell
membrane [6]. In addition, MAC bacteria are capable
of producing enzymes that break down or inactivate
antimicrobial agents [82]. Another resistance mechanism
observed in M. avium is the development of biofilms in the
environment, water distribution systems and the human
respiratory tract, especially in people with cystic fibrosis or
bronchial dilatation, which further reduces the effectiveness
of antimicrobial agents [84]. Moreover, the biofilm allows
M. avium to survive traditional disinfection procedures
and confers resistance against chlorine and acidic pH [82].
Biofilm production allows MAC to reduce its interaction
with the drug by generating an impermeable biofilm layer.
In addition, mutations in the bacterial genome cause primary
or induced resistance to therapeutic preparations such as
macrolides or rifampicin [6].

CONCLUSIONS

M. avium is one of the most commonly-isolated NTM species
worldwide and a potential zoonotic agent. Although the
transmission of MAC bacteria from animals to humans
has not been confirmed, the number of infections caused
by MAC in both humans and animals has been increasing.
Such infections are difficult to treat due to the production
of various resistance factors that protect the bacteria
from antibiotics. The search continues for new drugs that
will be effective against MAC infections; however, there is
a need to identify all the virulence factors associated with
infection to better understand its mechanism. In addition,
further research on the etiopathogenesis of Crohn’s disease
is needed to determine whether MAP plays a role in its
development.
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