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Streszczenie

wPostaé ptucna i pozaptucna rodokokozy Zrebigt

w wybranych osrodkach hodowlanych w obrazie klinicznym i ultrasonograficznym”

Rhodococcus equi jest szeroko rozpowszechnionym, oportunistycznym patogenem
wystepujacym w srodowisku 1 organizmach wielu zwierzat, odpowiedzialnym gtownie za
powazne problemy zdrowotne u zrebigt w wieku przedodsadzeniowym. Wywotywana przez
niego rodokokoza jest obecna endemicznie w niektorych stadninach i zwykle klinicznie
objawia si¢ goraczka i dusznoscia, wskazujaca na zapalenie ptuc. Najczesciej choroba
wystepuje jednak w formie podkliniczniej, a niekiedy zdarzaja si¢ rdwniez jej postaci
zwigzane z innymi ukladami, tzw. pozaptucne. Diagnostyka terenowa opiera si¢ obecnie na
badaniu klinicznym 1 ultrasonograficznym ptuc, a zalecane leczenie obejmuje tylko jedng
uznang kombinacj¢ lekow przeciwbakteryjnych — polaczenie makrolidu z ryfampicyna.
Weciaz brakuje metod prewencji srodowiskowej i1 skutecznej profilaktyki tej choroby.

Badania epidemiologiczne, przeprowadzone w Polsce centralno-wschodniej
wykazaly, ze u 26% badanych Zrebiat wystgpowaty objawy oddechowe typowe dla ptucne;j
formy rodokokozy, a u 70% wykryto w badaniu ultrasonograficznym zmiany w ptucach.
Pojawienie si¢ 1 rozw6j zmian, uwidocznionych podczas ultrasonografii ptuc, byto $cisle
zwigzane z wiekiem. Srednica ropnia  przekraczajaca 15mm w  badaniu
ultrasonograficznym, zwigkszona ilo$¢ ptynu w jamie optucnej i zapalne pogrubienie
optucnej byty istotnie zwigzane z wystgpowaniem objawow klinicznych sugerujacych
posta¢ ptucng rodokokozy.

Rozpoznanie postaci pozaplucnej rodokokozy jest bardziej skomplikowane, czgsto
wigze si¢ z gorszym rokowaniem i zwykle potwierdzane jest w badaniu po$miertnym.
Czynniki predysponujace zrebigta do wystapienia tej formy choroby nie sa znane, a przebieg
choroby moze si¢ znacznie rdzni¢ u poszczeg6dlnych osobnikow. Z tego powodu, w pracy

doktorskiej opisano wybrane przypadki rodokokozy o nietypowym przebiegu.

Stowa kluczowe: Rhodococcus equi, zapalenie pluc, choroby Zrebiat, ultrasonografia ptuc
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Summary

“Pulmonary and extrapulmonary rhodococcosis in foal in selected studs

based on a clinical and ultrasonographic examination "

Rhodococcus equi is a widespread, opportunistic environmental and mammal
commensal pathogen, responsible mainly for major health concerns in pre-weaned foals.
Rhodococcosis occurs endemically on some farms and usually manifests with fever and
dyspnoea indicating pneumonia. Nevertheless, a subclinical course of the disease is the most
common one and on the occasion, extrapulmonary disorders also occur. Field diagnosis is
currently based on clinical examination and lung ultrasound (LUS) and recommended
treatment compounds only one acknowledged combination of antimicrobials — macrolides
with rifampicin. An environmental management strategy or effective prophylaxis method is
still lacking.

The epidemiological study from central-eastern Poland showed that 26% of foals
were affected with respiratory signs highly suggestive of pulmonary rhodococcosis, and 70%
of'the foals had subclinical abnormalities detected on LUS. The appearance and development
of abnormalities detected during lung ultrasound were age-related. An abscess diameter
exceeding 15 mm in LUS, an excessive amount of pleural fluid and signs of pleural
inflammation were significantly linked with the occurrence of clinical signs suggestive of
pulmonary rhodococcosis.

The diagnosis of an extrapulmonary form of the disease is more complicated, often
connected with a worse prognosis and usually confirmed through necropsy. The factors
predisposing foals to such disorders are unknown, and the course of the disease may vary

significantly hence the decision to analyse and describe the most unusual cases.

Keywords: Rhodococcus equi, pneumonia, foals’ diseases, lung ultrasound
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I.  WSTEP

Wywotywane przez Rhodococcus equi ropno-ziarniniakowe zapalenie ptuc, znane jako
rodokokoza, uznawane jest za jedng z gldwnych przyczyn upadkow lub eutanazji zrebigt do
momentu ich odsadzenia (Giguére i wsp., 2011; Giguére & Cohen, 2018). Corocznie generuje to
ogromne koszty zwigzane z prewencjy, diagnostyka, leczeniem oraz stratami hodowlanymi
(Ainsworth 1 wsp., 1998). R. equi to saprofityczna bakteria, powszechnie wystgpujaca na catym
Swiecie, zwlaszcza w glebie oraz przewodzie pokarmowym i kale zwierzat roslinozernych
i wszystkozernych, zarowno hodowlanych jak i dzikich (Cohen i wsp., 2008; Hines, 2014; Prescott,
1991; Takai, 1997; Vazquez-Boland i wsp., 2013). Jest ona oportunistycznym,
wewnatrzkomorkowym patogenem o potencjale zoonotycznym, lecz poza niewielkim odsetkiem
0s0b z istotnie uposledzong odpornoscia, nie stanowi powaznego problemu u ludzi (Lin i wsp., 2019;
Prescott, 1991), stanowi natomiast nieustajacy problemem w osrodkach hodowli koni, zwlaszcza
tam, gdzie choroba wystepuje endemicznie (Gigueére i wsp., 2011; Giguere & Prescott, 1997; Hines,
2014). Pomimo wieloletnich badan w wiodacych os$rodkach uniwersyteckich, zajmujacych si¢
medycyna weterynaryjna, nie opracowano dotychczas skutecznych metod zapobiegania i leczenia

rodokokozy.

Chorobotworczos¢ Rhodococcus equi

Za cechy chorobotworczosci R. equi uznaje si¢ zdolno$¢ do wnikania, przezycia
i wewnatrzkomorkowej replikacji w makrofagach, zwtaszcza ptucnych, i ich pdzniejszej degradacji,
co makroskopowo najczesciej przejawia si¢ ropno-ziarniniakowym zapaleniem ptuc (Coulson
i wsp., 2015; Hondalus & Mosser, 1994; Lithrmann i wsp., 2004). Zdolnos¢ ta wynika z obecnosci
odpowiadajacych za zjadliwos¢ plazmidow, zawierajacych tzw. wyspy patogenicznosci (ang.
pathogenicity island, PAI), kodujacych biatka powierzchniowe, warunkujace wewnatrzkomorkowy
charakter bakterii (Coulson i wsp., 2015). Zgodnie z obecnym stanem wiedzy, zjadliwo$¢ R. equi w
stosunku do koni zwigzana jest przede wszystkim z obecno$ciag na plazmidzie specyficznego
gatunkowo genu - vapA, kodujacego odpowiadajace mu bialko VapA (ang. virulence associated
protein A), zwigzane ze zjadliwoscig (Giguere, Hondalus, 1 wsp., 1999; Martens i wsp., 2000). Co
wiecej, czesciowo za zjadliwos¢ wydaja si¢ rowniez odpowiadac niektore geny w chromosomach,
jakkolwiek badania na ten temat sg jeszcze skape (Ren & Prescott, 2004; Vazquez-Boland i wsp.,
2013; Witkowski i wsp., 2017). Rozwiniecie i sprawdzenie powyzszej hipotezy umozliwitoby
bardziej precyzyjne ustalenie zaleznos$ci regulujacych wspotdziatanie zjadliwosci R. equi, opartej

o plazmid oraz chromosomalne;j.
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Genetyczna podatno$¢ niektorych koni na zachorowanie, mogaca czgsciowo thumaczy¢
doniesienia o wigkszym nasileniu problemu w niektorych liniach lub osrodkach hodowlanych,
rowniez wydaje si¢ prawdopodobna. Do tej pory nie udato si¢ jednak jednoznacznie wskaza¢ genow,
ktore moga mie¢ zwigzek z czegstszym wystegpowaniem rodokokozy w konkretnych liniach lub

rodzinach (Mcqueen i wsp., 2015).

Epidemiologia rodokokozy

R. equi jest sktadnikiem mikrobioty przewodu pokarmowego zwierzat roslinozernych,
w tym koni (Buntain i wsp., 2010), z czego wynika powszechno$¢ wystgpowania bakterii
w $rodowisku ich bytowania oraz wysokie ryzyko ekspozycji. Co wigcej, koprofagia jest typowym
sposobem nabywania prawidtowej mikrobioty jelitowej u zwierzat roslinozernych, a wiec pierwszy
kontakt zrebiecia z tym patogenem nastgpuje bardzo wczesnie i jest nieunikniony, nawet w wypadku
odizolowania klaczy w wysokiej cigzy w osobnej, higienicznej stajni porodowej. Zgodnie z obecnym
stanem wiedzy, do zakazenia, najprawdopodobniej droga wziewna, dochodzi nawet w pierwszych
godzinach zycia, natomiast rozw6j zmian w ptucach oraz ewentualnych objawéw klinicznych trwa
zwykle od kilkunastu dni (Wada i wsp., 1997) do kilku tygodni (Cohen i wsp., 2013; Coleman i wsp.,
2019; Giguere & Prescott, 1997; Horowitz i wsp., 2001). Czynniki warunkujace rozwdj i formeg
choroby wciaz nie zostaly precyzyjnie okreslone.

Wystepowanie rodokokozy, cho¢ ogoélnie powszechne, charakteryzuje si¢ duza zmiennoscia
sezonowg (Chaffin i wsp., 2003; Coleman i wsp., 2019; Muscatello i wsp., 2006), zarowno pod
wzgledem liczby, jak i przebiegu zachorowan. Pomimo wielu logicznych hipotez dotyczacych
wplywu utrzymania koni na wystapienie choroby, dotychczas nie udato si¢ uzyskac¢ spdjnych
i powtarzalnych wynikéw badan S$rodowiskowych, a na ich podstawie ustali¢ konkretnych
wytycznych higienicznych (Cohen i wsp., 2005; Gigueére i wsp., 2011). Od wielu lat prowadzono
badania nad wptywem srodowiska przebywania zrebigt (padok i/lub stajnia) (Muscatello i wsp.,
2010) i zageszczenia koni, utozsamiony ze wzrostem koncentracji bakterii w powietrzu (Chaffin
i wsp., 2003; Cohen i wsp., 2005, 2008; Muscatello 1 wsp., 2006), czy stosowania wapna (proba
podniesienia pH) lub kompostowania obornika konskiego (proba podniesienia temperatury) (Hébert
1 wsp., 2010; Huber, Giguére, Berghaus, i wsp., 2018) w celu zmniejszenia koncentracji patogenu
w srodowisku. Co ciekawe, wedtug niektorych danych obecnos$é i koncentracja zjadliwych szczepow
R. equi w podtozu niekoniecznie przeklada si¢ bezposrednio na wystapienie choroby, liczbe chorych
osobnikoéw czy przebieg zachorowan (Cohen 1 wsp., 2008; Martens i wsp., 2000; Muscatello i wsp.,

2006). U zrebigt, wraz z wydychanym powietrzem, obserwowano wydalanie zblizonych ilosci
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zjadliwych szczepow bakterii przez osobniki klinicznie chore oraz zdrowe (Muscatello i wsp., 2009).
W tym samym badaniu, az 86% zdrowych klinicznie zrebiat, bez zmian podklinicznych w ptucach,
wydalato zjadliwe szczepy R.equi z wydychanym powietrzem, natomiast w grupie zrebigt
wykazujacej kliniczne objawy rodokokozy procent ten byt o wiele nizszy (65%). Inne badanie
wykazato natomiast istotny wzrost wydalania zjadliwych szczepoéw wraz z katem zarowno przez
chore zrebieta, jak i ich matki, po eksperymentalnym zakazeniu przeprowadzonym w pierwszych
3 tygodniach zycia zrebigt (Huber, Giguére, Berghaus, i wsp., 2018). Klacze, ktérych zrebigta
ulegaly pozniejszemu zakazeniu, nie wydalaly natomiast wigkszych ilosci zjadliwych szczepow
bakterii w czasie porodu i pierwszego tygodnia zycia zrebigt, co mozna byloby uznawaé za
potencjalna przyczyne zakazenia (Grimm i wsp., 2007).

Pojedyncze doniesienia wskazuja na pewne powigzanie migdzy zachorowalnoscia
a miesigcem urodzenia Zrebigcia i dotyczg zwigkszonej koncentracja zjadliwych szczepow R.equi
w podlozu (Takai i wsp., 1986) oraz w plynie tchawiczo-oskrzelowym (Takai i wsp., 2022).
Obserwacje te pochodza jednak z Japonii, gdzie duza popularnoscig cieszg si¢ wyscigi konne
i hodowla koni pelnej krwi, ktore w zwigzku ze specyfika sezonu wyscigowego przychodza na §wiat
glownie wczesng wiosng, w celu maksymalnego wyrdéwnania wzrostu i tym samym szans na
poczatku kariery. Podobne obserwacje, rowniez zwigzane ze specyfika hodowli koni pelnej krwi
pochodzg z Australii (Muscatello i wsp., 2006), natomiast zaleznosci tych nie potwierdzajg prace
z USA, skupiajace si¢ na koniach rasy American Quarter Horse (AQH) (Coleman i wsp., 2019).
Zwiazek pomiedzy pora roku, wzrostem temperatur i zapylenia oraz liczba Zrebiagt wykazujacych
objawy kliniczne wcigz nie jest jasny, ale stanowi obowigzujace wytlumaczenie licznych
zachorowan w wielu praktykach terenowych, pomimo istnienia dowodow naukowych ttumaczacych
te zbiezno$¢ kumulacja wyzrebien oraz dlugim okresem inkubacji (Horowitz i wsp., 2001;

Muscatello, 2012a; Muscatello 1 wsp., 2006).

Objawy kliniczne

Do najczegsciej obserwowanych objawow klinicznych rodokokozy nalezy goraczka, apatia,
przyspieszenie oddechow, duszno$¢ i1 ostabienie apetytu. Patologiczne szmery oddechowe, kaszel
oraz wyplyw z nozdrzy, spowolnienie przyrostow i wyniszczenie wystepuja rzadziej (Giguere
& Prescott, 1997). Choroba moze mie¢ przebieg ostry, ktory czesto konczy si¢ $miercig w ciggu
kilkunastu do kilkudziesi¢ciu godzin od wystgpienia objawow klinicznych, lub przewlekty, mogacy
trwa¢ nawet kilka do kilkunastu tygodni. Dotychczas, najwigcej badan dotyczacych wystepowania
choroby pochodzi z duzych osrodkéw hodowlanych w USA, w ktorych choroba wystepuje

endemicznie. Objawy pojawiaja si¢ tam u 10-20% zrebiat z osrodkow, natomiast w przypadku
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monitoringu radiologicznego zmiany w ptucach dotycza zwykle ok. 30-60% osobnikow badanych
(Giguere i wsp., 2011; Huber, Gressler, i wsp., 2018; Venner i wsp., 2012, 2013).

Poza zapaleniem ptuc, zmiany moga dotyczy¢ takze innych uktadow (ang. extrapulmonary
disorders, EPD) (Le Corre i wsp., 2021; Reuss i wsp., 2009). Najczesciej obserwowane sa objawy
zwigzane z przewodem pokarmowym. tj. biegunka lub objawy morzyskowe (Reuss i wsp., 2011).
Rzadziej obserwowane sg objawy zapalenia stawow i kosci (Morresey i wsp., 2011), zmiany
dotyczace struktur oka (Tarancon i wsp., 2019), ropnie podskérme oraz ropnie weztéw chlonnych
(Giguére & Prescott, 1997). Pomimo ogolnej swiadomosci wystepowania atypowego przebiegu
rodokokozy, szczegoétowe opisy objawow klinicznych i patomorfologicznych wcigz pozostaja
nieliczne. Ponadto ustalenie czestosci wystgpowania tej formy choroby pozostaje wyzwaniem, gdyz
jest ona zdecydowanie trudniejsza do zdiagnozowania i z duzym prawdopodobienstwem moze by¢
czesciowo pomijana w statystykach, zwlaszcza pochodzacych z osrodkoéw, w ktorych nie prowadzi
si¢ rutynowo diagnostyki sekcyjnej padtych zrebigt (Reuss i wsp., 2009). Objawy wykraczajace poza
typowe dla zapalenia ptuc, wiazane sa roéwniez ze zdecydowanie gorszym rokowaniem (Cohen,

2014; Giguére i wsp., 2011; Reuss i wsp., 2009; Venner i wsp., 2012).

Diagnostyka

Zloty standard

Opracowane dwie dekady temu rekomendacje American College of Veterinary Internal
Medicine (ACVIM), ze wzglgdu na brak nowszej alternatywy, wciaz sa uznawane za ztoty standard
w diagnostyce rodokokozy Zrebiat.

Podstawg rozpoznania choroby jest wykrycie w badaniu mikrobiologicznym zjadliwego
w stosunku do koni szczepu bakterii w materiale z dolnych drog oddechowych (popluczyn
tchawiczo-oskrzelowych) metoda hodowlang i/lub molekularng (PCR): A) u Zrebiat wykazujacych
objawy kliniczne ze strony dolnych drég oddechowych, B) u zrebiat z bakteryjnym zapaleniem drog
oddechowych w obrazie cytologicznym, lub C) z potwierdzonym diagnostyka obrazowa zapaleniem
ptuc i oskrzeli (Giguére i wsp., 2011).

Obecnie, hodowla mikrobiologiczna lub molekularne potwierdzenie zakazenia stracity na
znaczeniu w zwigzku z powszechnym wystepowaniem zmian ropnych w plucach u Zrebiat,
a hodowla mikrobiologiczna R. equi shuzy przede wszystkim okresleniu lekoopornosci danego

szczepu (Higgins & Huber, 2023).
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Diagnostyka kliniczna

W ostatnich dekadach wielokrotnie analizowano i udoskonalano wiele réznych metod
diagnozowania rodokokozy. Pomimo wprowadzania nowych technologii i narzedzi, nadal
nicodzowne pozostaje regularne badanie kliniczne. Jedna z najstarszych i najprostszych metod
diagnostycznych jest cykliczny pomiar temperatury wewnetrznej ciata, prowadzony u Zzrebiat
w wieku przedodsadzeniowym w wielu osrodkach hodowlanych. Badanie to, cho¢ nieswoiste,
stanowi doskonate narzedzie do monitorowania stanu zrebigt w pierwszych miesigcach zycia, nie
tylko w zakresie wystgpienia rodokokozy. Niestety, wyniki pomiaru temperatury wewnetrznej czy
tetna wymagaja interpretacji podpartej odpowiednim doswiadczeniem klinicznym, gdyz parametry
fizjologiczne osobnikow mlodocianych sg szczegdlnie podatne na wplyw warunkow
srodowiskowych (np. wysoka temperatura otoczenia), jak i na wysitek fizyczny, czy stres zwigzany
z unieruchomieniem Zrebi¢cia do badania (Huber, Giguére, Berghaus, i wsp., 2018).

Kolejnym sposobem kontroli stanu zdrowia zrebiat jest oshluchiwanie klatki piersiowej
w celu wykrycia ewentualnych szmeréw oddechowych, wskazujacych na rozwijajace si¢ zapalenie
ptuc. Jakkolwiek przydatne i zasadne jest stosowanie osluchiwania, w wielu przypadkach zmiany
szmerow oddechowych sg juz zwigzane z wystgpieniem zaawansowanej, klinicznej postaci choroby
1 rownoznaczne z bardzo powaznymi zmianami wewnatrz klatki piersiowej. Niejednokrotnie
zdarzaja si¢ zrebieta chore podklinicznie, posiadajace duze zmiany ropne w ptucach, zdiagnozowane
metodami obrazowymi, nie odbiegajace w badaniu klinicznym od Zrebigt zdrowych (Giguere
& Prescott, 1997). Uzycie dodatkowych metod diagnostycznych, w tym obrazowych lub
laboratoryjnych, zdecydowanie zwicksza trafno$¢ rozpoznania, ale ze wzgledu na specyfike tej
choroby i wysokie ryzyko zachorowania zrebigt w osrodkach endemicznych, juz samo badanie

kliniczne moze okaza¢ si¢ niezwykle istotne.

Diagnostyka obrazowa

Przy podejrzeniu zapalenia pluc, wynikajacym z uwaznej obserwacji oraz badania
klinicznego, do niedawna zalecane byto badanie radiograficzne klatki piersiowej. Pomimo uznanej
skutecznosci wykrywania zmian patologicznych dolnych drég oddechowych (Bedenice, Heuwieser,
Brawer, 1 wsp., 2003; Bedenice, Heuwieser, Solano, i wsp., 2003; Giguere & Roberts, 2012), badanie
to zostalo obecnie wyparte przez badanie ultrasonograficzne, ze wzgledu na tatwos$¢ i szybkosc¢
wykonania oraz mozliwo$¢ regularnego jego powtarzania (McCracken, 2015; McCracken & Slovis,
2009; Ramirez i wsp., 2004; Venner i wsp., 2007). Badanie to cechuje si¢ bardzo wysoka czutoscia
diagnostyczng, dochodzaca wedlug niektorych autorow nawet do 95% (Huber, Giguére, Berghaus,
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i wsp., 2018). Niewatpliwym atutem ultrasonografii jest jej powszechna dostgpnos¢ w praktyce
hipiatrycznej, niezaleznie od S$ciezki specjalizacji oraz fakt, ze podstawowe badanie mozna
przeprowadzi¢ za pomoca dowolnej sondy, a jego interpretacja jest stosunkowo prosta. Najwicksza
wadg tej metody diagnostycznej stanowi brak penetracji fal ultradzwickowych w glab powietrzne;j
tkanki plucnej, jednak w przypadku typowych dla rodokokozy zmian umiejscowionych peryferyjne,
na obrzezach ptatow ptuc, nie powoduje to istotnego zmniejszenia trafnosci badania (McCracken
& Slovis, 2009; Ramirez i wsp., 2004). Ponadto badanie ultrasonograficzne ptuc moze ujawnié
zmiany niewidoczne w obrazie rentgenowskim, w tym nawet te o srednicy ok. I mm (Ramirez i wsp.,
2004). Ultrasonografia moze by¢ rowniez pomocna w wykrywaniu zmian zlokalizowanych poza
uktadem oddechowym (ang. Extrapulmonary Disorders, EPD), w tym ropni w jamie brzusznej czy
zagatkowych, ktorych zobrazowanie niestety zwykle pogarsza rokowania pacjenta (Reuss, 2021;

Reuss i wsp., 2011; Ruocco i wsp., 2020).

Interpretacja wynikéw badan ultrasonograficznych

W badaniu ultrasonograficznym optucna powinna stanowi¢ cienka, jednolita i wyraznie
hiperechogeniczng linig, ponizej ktorej znajduja si¢ tylko jej wielokrotne powtorzenia, stanowigc
artefakty wynikajace z odbicia fali ultradzwigkowej przez powietrze, tzw. linie A. Poszerzona lub
rozmyta linia oplucnej §wiadczy o rozwijajacym si¢ procesie chorobowym. Mozliwe jest rOwniez
zaobserwowanie niewielkich zmian ogniskowych, wynikajacych np. z naptywu komorek zapalnych
i obecno$ci plynu w postaci tzw. linii B (Ramirez i wsp., 2004). Ich obecno$¢ wskazuje na proces
patologiczny, toczacy si¢ w obszarze podoptucnowym, ale nie jest swoista dla rodokokozy. Obraz
ultrasonograficzny, zwigzany z obecno$cig mnogich linii B, jest najbardziej charakterystyczny dla
srodmigzszowego zapalenia phluc, ktéore zwykle wynika z zakazenia innymi niz Rhodococcus
rodzajami bakterii (Punsmann i wsp., 2021). Wigksze zmiany ogniskowe zwykle obrazowane sg
jako drobne, hipoechogeniczne, owalne twory znajdujace si¢ bezposrednio pod linig optucnej. Ptyn
w jamie ophucnej jest mozliwy do zaobserwowania bezposrednio pomigdzy dwoma listkami
ophucnej, zwykle jako hipoechogeniczna linia, $wiadczaca o obecno$ci wysigku. Ropnie widoczne
sa zwykle jako wyraznie ograniczone, hipoechogeniczne zmiany o zréznicowanym ksztalcie
i $rednicy. W wyniku procesu zapalnego moze dochodzi¢ takze do powstawania punktowych,
nieuformowanych zmian zapalnych i zwtoknieniowych, w ktorych tkanka ptuc wrecz przypomina

w obrazie ultrasonograficznym tkanke watroby (Ramirez i wsp., 2004).
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Diagnostyka patomorfologiczna

W przypadku choroby o duzej $miertelnosci, jaka jest rodokokoza, diagnostyka sekcyjna
wcigz jest nieodzowna metoda jej ostatecznego potwierdzenia. Pozwala ona na pelna weryfikacje
rozpoznania, zarOwno obrazu uzyskanego w badaniu ultrasonograficznym, jak i pobranie materiatu
do hodowli mikrobiologicznej, uwzgledniajacej wykonanie antybiogramu. W badaniu sekcyjnym
w plucach stwierdza si¢ typowe, otorbione zmiany ropne, najczesciej zlokalizowane podoptucnowo
(Ramirez i wsp., 2004), zwtaszcza w ptatach doczaszkowych (Venner i wsp., 2014). Zmiany moga
wystepowac pojedynczo lub by¢ bardzo liczne, a ich wielko$s¢ moze by¢ bardzo zrdéznicowana.
Zazwyczaj ropnie majg od kilku mm do kilkunastu cm $rednicy. W bardziej zaawansowanych
przypadkach, stwierdzane sg czgsto cechy obrzgku phuc oraz zwigkszona ilo$¢ ptynu w jamie
ophlucnej. Nalezy zaznaczy¢, ze diagnostyka sekcyjna wciaz jest zdecydowanie najbardziej skuteczng
metoda rozpoznawania tzw. ,,zmian pozaptucnych”, zlokalizowanych poza uktadem oddechowym
(Reuss, 2016; Reuss i wsp., 2009). Zapalenie blony sluzowe;j i ropnie §rodscienne jelit, jak 1 weztow
chlonnych krezkowych, sa czesto nieuchwytne w badaniu ultrasonograficznym ze wzgledu na
jednoczesne zgazowanie zotadka i jelit (Reuss i wsp., 2009). Czynnik etiologiczny ropni
zagatkowych czy septycznego zapalenia stawow jest czesto mozliwy do stwierdzenia dopiero po
pobraniu materiatu sekcyjnego — wymazu z ropnia lub wycinka blony maziowej ze zmienionego
stawu, ktory czgsciej daje obiektywny wynik niz material pobrany w trakcie punkcji stawu,
niejednokrotnie dajacej wynik fatszywie ujemny (Reuss i wsp., 2009, Giguere i wsp., 2011; Reuss
i wsp., 2009).

Diagnostyka mikrobiologiczna

Pomimo watpliwosci dotyczacych tej metody, za ztoty standard potwierdzajacy zakazenie
R. equi wcigz uznaje si¢ dodatni wynik badania PCR i/lub hodowli mikrobiologicznej probek
aspiratu z dolnych drég oddechowych (ang. tracheo-bronchal aspirate, TBA) (Giguére i wsp., 2011).
Zdecydowana zaleta przeprowadzenia badania mikrobiologicznego jest mozliwos¢ oceny
lekoopornosci wyizolowanych szczepow. Dane dotyczace skutecznosci potwierdzenia zakazenia
R. equi, w tym zakazenia mieszanego, znacznie r6znig si¢ w zaleznosci od publikacji. W niektdrych
doniesieniach obecno$¢ zakazenia R. equi, w tym zakazenia mieszanego, udato si¢ potwierdzié
w zaledwie ok. 42% przypadkow zrebiat wykazujacych objawy ze strony uktadu oddechowego. Sama
efektywno$¢ hodowli mikrobiologicznej na podstawie materiatu z TBA oceniona zostata na
podstawie wczesniejszych danych literaturowych w powyzszym doswiadczeniu na 86%
w odniesieniu do materialu sekcyjnego, co stanowi stosunkowo satysfakcjonujacy wynik (Leclere

i wsp., 2011). W innej publikacji, dodatni wynik hodowli mikrobiologicznej uzyskano w 64% probek
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z TBA w stosunku do probek pobranych sekcyjnie od tych samych zrebiat oraz analogicznie dodatni
wynik w 64% badan materiatu z TBA pobranego od zrebiat ze zmianami w ptucach potwierdzonymi
radiologicznie (Hillidge, 1987). W kolejnych badaniach, zaledwie 20% zrebiat ze stwierdzonymi za
pomocg ultrasonografii zmianami w ptucach oraz objawami zapalenia ptuc mialo dodatni wynik
hodowli mikrobiologicznej (Arnold-Lehna i wsp., 2019). Ten sam zespot, w swojej innej pracy,
odwotat si¢ do 39-54% dodatnich wynikéw hodowli mikrobiologicznej materiatu z TBA od Zrebiat
wykazujacych objawy zapalenia ptuc w trakcie monitoringu ultrasonograficznego, pochodzacych
z wcezesniejszych badan (Wetzig i wsp., 2019). Powyzsza praca zawiera rowniez informacj¢ o 100%
dodatnich wynikow hodowli mikrobiologicznej z materialu sekcyjnego od zZrebigt padlych
z podobnymi objawami. Niemniej, znane sg rowniez doniesienia, w ktorych hodowla materiatu
z TBA byta w 100% zgodna z wynikami hodowli materialu pobranego sekcyjnie (Lavoie i wsp.,
1994).

Niestety, badanie uznawane za ztoty standard w przypadku potwierdzenia zakazenia R. equi
nie sprawdza si¢ w przypadku monitorowania stanu zrebiat przed wystapieniem objawow ani do
kontroli samoistnego ustgpowania ropni czy postepow leczenia. Zwykle wprowadzenie endoskopu
lub zglebnika nosowo-zotadkowego w celu pobrania materialu jest stosunkowo stresogenne dla
zrebigcia, oraz wymaga duzego zaangazowania ze strony pracownikoéw stajni lub zastosowania
lekéw uspokajajacych, ktoérych podanie, szczegdlnie wielokrotne, nie jest oboj¢tne dla miodego
organizmu ani bezpieczne, zwlaszcza w przypadkach osobnikoéw z wyraznymi objawami ze strony
uktadu oddechowego. Ponadto, wyniki tego badania rowniez moga by¢ mylace, poniewaz mozliwe
jest wystgpienie zarowno wynikow falszywie dodatnich, zwigzanych gtéwnie z wysokim ryzykiem
zanieczyszczenia $srodowiskowego, jak i falszywie ujemnych, powodowanych niewielka liczba
bakterii w plynie oskrzelowym, co wynika m.in. z wewnatrzkomérkowym charakterem patogenu.
Prostszg wersja pozyskania materialu wydawatyby si¢ wymazy z jamy nosowej lub odbytnicy, ale
zadne badania nie wykazaly ich przydatnosci diagnostycznej (Giguére i wsp., 2011; Huber, Giguére,
Berghaus, i wsp., 2018). Wirulentne szczepy bakterii byty wykrywane w powietrzu wydychanym
przez zdrowe zrebigta (Muscatello i wsp., 2009), a sama bakteria moze by¢ wyhodowana
z poptuczyn  tchawiczo-oskrzelowych  pobranych od zdrowych klinicznie Zrebigt, co
potwierdzono w 35% przypadkow (Ardans i wsp., 1987), a niekiedy i dorostych koni (Gressler
1 wsp., 2018).

Poza R. equi, najczgsciej wykrywane w probkach TBA rodzaje bakterii to Streptococcus
spp. (52% zakazen mieszanych, 83% zakazen w ktorych nie wykryto obecnosci R. equi)

i Actinobacillus (odpowiednio 32% i 59%); oba uznawane za czynniki powszechnie powodujace

24



stany zapalne dolnych drog oddechowych u koni, a zwlaszcza zrebiat, a takze Escherichia (po 20%),
bakterie z grupy beztlenowcow (odpowiednio 19% i 11%) i Pasteurella (odpowiednio 19% 1 5%)
(Leclere i wsp., 2011). Jako czynnik etiologiczny zapalenia pluc wykrywane byly takze bakterie
zrodzajow Klebsiella, Pseudomonas, Enterococcus i Bordetella (Leclere i wsp., 2011). Wyniki te
wskazuja na fakt, ze w znacznej czgéci przypadkow domniemanej rodokokozy, zapalenie ptuc
moze mie¢ charakter polietiologiczny lub, niekiedy, by¢ wywotane przez inne czynniki zakazne.
Powinno to zacheca¢ do weryfikacji leczenia, a zwlaszcza antybiotykoterapii, szczegdlnie, ze
nawet 45% rodzajow bakterii wyizolowanych w przypadkach polietiologicznych zapalen ptuc moze
by¢ opornana chemioterapeutyki przeciwbakteryjne standardowo stosowane w leczeniu rodokokozy.
Potwierdza to istotno$¢ prowadzenia hodowli mikrobiologicznej 1 wykonywania antybiogramu
oraz, by¢ moze, czgéciowo tlumaczy niepowodzenia czesci terapii terenowych (Leclere i wsp.,
2011). Z drugiej strony, rodzaj i sposdb pobrania materiatlu do badan mikrobiologicznych nie
wyklucza rowniez kontaminacji §rodowiskowej oraz uzyskania wynikow falszywie dodatnich.
Pomimo wystepowania przypadkow zakazen mieszanych wsroéd zrebiat z dodatnim wynikiem
badania mikrobiologicznego w kierunku R. equi (65% wg Leclere i wsp., 2011), autorzy nie wigzali
ich wystapienia z potencjalnym pogorszeniem obrazu klinicznego lub rokowania. Bardzo istotna
w praktyce obserwacja niektorych lekarzy hipiatrow jest rowniez fakt, ze wraz z wiekiem Zrebigcia
spada prawdopodobienstwo potwierdzenia u niego zakazenia R. equi, a ro$nie prawdopodobienstwo
wystapienia zapalenia ptuc na innym tle, zwlaszcza Streptococcus spp. (Leclere i wsp., 2011; Ramirez

i wsp., 2004).

Wskazniki hematologiczne

Ostatnig z grup testow diagnostycznych i stuzacych do monitorowania choroby stanowig
badania hematologiczne. W dotychczasowych badaniach uwzgledniane byly glownie parametry
stosowane rutynowo do okre$lania stanu zapalnego u dorostych koni (Crisman i wsp., 2008;
Westerman i wsp., 2015; Zabrecky i wsp., 2015) lub u noworodkéw innych gatunkow zwierzat i ludzi
(Cantey & Lee, 2021; Eschborn & Weitkamp, 2019; Tan i wsp., 2019). Niestety, do tej pory nie
udato si¢ wskazac¢ testow, ktorych wyniki wyrdzniatyby rodokokoze na tle innych chorob. Zakazenie
bakteryjne typowo zwiagzane jest z przej$ciowa leukocytoza, natomiast nie udato si¢ precyzyjnie
okresli¢ powigzania jej nasilenia, czasu pojawienia si¢ oraz utrzymania we krwi zrebigt z momentem
wystapienia, intensywnos$cia czy dlugoscia trwania objawdw klinicznych (Coleman i wsp., 2019;
Giguere 1 wsp., 2003; Martens i wsp., 2002). Pomimo zadowalajacej czutosci w wykrywaniu stanu
zapalnego w organizmie Zrebigcia, leukocytoza jest objawem na tyle nieswoistym, ze nie zostata

uznana za cech¢ rdznicujgcg chore zrebigta w powszechnej praktyce terenowej. Podobnie, niewielkie

25



znaczenie diagnostyczne majg zmiany stezen biatek ostrej fazy (ang. Acute Phase Proteins, APPs),
ktorych nazwa wynika ze znacznego i szybkiego pojawienia si¢ lub wzrostu ich stg¢zenia w ostrej
fazie zapalenia, w tym wynikajacej z zakazenia czy urazu. W badaniach dotyczacych diagnostyki
rodokokozy znalazty si¢ pomiary stgzen m.in. fibrynogenu, haptoglobiny (Hp), prokalcytoniny oraz
surowiczego amyloidu A (ang. Serum Amyloid A, SAA) (Barton i wsp., 2016; Cohen i wsp., 2010;
Giguére 1 wsp., 2016; McCracken, 2015; Passamonti i wsp., 2015; Westerman i wsp., 2015).
Nadzieje wigzano zwlaszcza z SAA, ktory jest gldwnym biatkiem ostrej fazy u koni. U zdrowych
osobnikow SAA zwykle jest niewykrywalny, ale w ostrej fazie zapalenia jego stezenie znaczaco
wzrasta. Niestety, parametr nie zostal uznany za uzyteczny, gdyz jego stezenia u Zrebiat
z rodokokozg byty bardzo zréznicowane, od niewykrywalnych do wysokich. Fibrynogen z kolei jest
wykrywany u wszystkich zdrowych koni i nie okre§lono stgzenia wskazujacego na zapalenie ptuc

(Gigueére i wsp., 2016; Leclere i wsp., 2011; Passamonti i wsp., 2015).

Leczenie

Jedna z gléwnych przyczyn strat ekonomicznych w przypadku stadnin, w ktérych
rodokokoza wystgpuje endemicznie, jest rodzaj i dlugo$¢ trwania leczenia. Wewnatrzkomoérkowy
charakter patogenu oraz tendencja do tworzenia otorbionych ropni powoduje znaczne zawezenie
mozliwosci wyboru skutecznych chemioterapeutykow. Od wielu lat, w leczeniu rodokokozy
rekomendowane jest zastosowanie ryfampicyny oraz antybiotykdéw z grupy makrolidow (Giguére
i wsp., 2004; Hillidge, 1987; Venner i wsp., 2007, 2009). Poczatkowo stosowana kombinacja
preparatow zawierala dostepng dwczesnie erytromycyne (Hillidge, 1987; Sweeney i wsp., 1987), od
ktorej obecnie odchodzi si¢ ze wzgledu na jej mniej stabilng struktur¢ chemiczna, gorsza
biodostepnos¢, nizsza koncentracje w tkankach (Suarez-Mier i wsp., 2007) oraz dziatania
niepozadane (Gustafsson i wsp., 1997; Stratton-Phelps i wsp., 2000). Dzi$, w terapii rodokokozy,
wykorzystuje si¢ glownie klarytromycyne Iub azytromycyne (podawane doustnie), albo
tulatromycyne (w postaci iniekcji domig$niowych). Skuteczno$¢ tej ostatniej wydaje si¢
satysfakcjonujagca przynajmniej w przypadku leczenia $redniozaawansowanych zmian, a jej
zastosowanie jest bardzo wygodne ze wzgledu na jednokrotne podawanie w tygodniowych odstepach
(Rutenberg i wsp., 2017; Venner i wsp., 2007). Niekorzystnym efektem stosowania makrolidow
iniekcyjnych jest jednak stosunkowo czeste tworzenie si¢ odczynéw w miejscu podania leku
(Venner i wsp., 2007).

Niestety, w przypadku tulatromycyny, jej stezenie w plucach maleje w wyniku zastosowania

rekomendowanej kombinacji z ryfampicyna (Venner i wsp., 2010), jednak nie jest to wykluczone
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rowniez w przypadku innych antybiotykéw z tej grupy. Istniejg doniesienia sugerujace
porownywalnie zadawalajace efekty leczenia antybiotykiem z grupy makrolidow jako monoterapii,
jak 1 jego potaczeniem z ryfampicyng (Giguere i wsp., 2011), lecz rozwigzanie to uwazane jest za
sprzyjajace rozwojowi antybiotykoodpornosci (Muscatello, 2012b). Z powyzszego wzgledu
rekomendowana pozostaje kombinacja dwoch antybiotykdéw w celu zredukowania przyrostu liczby
przypadkow lekoopornosci (Erol i wsp., 2021).

Do tej pory nie udalo si¢ ustali¢ alternatywnego, skutecznego schematu leczenia w sytuacji
wystapienia lekooporno$ci na powyzsze terapeutyki (Vazquez-Boland i wsp., 2013). W badaniach
rozwazano m.in. zastosowanie makrolidow w potaczeniu z doksycykling, gléwnie ze wzgledu na
wprowadzone w niektorych krajach ograniczenia w podawaniu ryfampicyny, wynikajace z jej
wykorzystania w leczeniu gruzlicy u ludzi. Sprawdzana do tej pory kombinacja azytromycyny
z doksycykling okazata si¢ mie¢ zblizong skuteczno$¢ w pordwnaniu z ryfampicyna, jednakze mogto
to wynika¢ ze $redniego zaawansowania zmian i objawdéw uwzglednianych w badaniu zrebiat.
Nalezy réwniez wzig¢ pod uwagg, ze u 73% zrebiat z grupy kontrolnej, u ktorych w tym badaniu nie
stosowano antybiotykoterapii, w obrazie ultrasonograficznym stwierdzono samoistne ustgpowanie
ropni (Wetzig i wsp., 2019).

Kolejng alternatywg, brang pod rozwage, bylo wykorzystanie gentamycyny, w tym
gentamycyny liposomalnej. Wykazuje ona bardzo obiecujace dzialanie in vitro, skuteczniejsze niz
powszechnie stosowane leki, a wynikajace z wysokiej zdolnosci do penetracji makrofagdéw
phucnych. Wykazuje ona jednak typowe dla gentamycyny dziatanie nefrotoksyczne, ktore pojawia
si¢ juz w pierwszych dniach jej stosowania, podobnie jak w przypadku jej standardowej formuty.
Biorac pod uwagg, iz rekomendowany czas trwania leczenia w przypadku rodokokozy wynosi min.
3 — 4 tygodnie, jej zastosowanie obecnie nie jest mozliwe, zwlaszcza ze charakterystyczne dla tej
choroby objawy (goraczka, biegunka czy brak apetytu), jak tez czesta koniecznos$¢ zastosowania
niesteroidowych lekow przeciwzapalnych (NLPZ), moga nasila¢ jej dziatanie nefrotoksyczne.
Z drugiej jednak strony, jej wykorzystanie w przysztosci nie jest wykluczone, gdyz koncentracja
gentamycyny w ptynie oskrzelowo-pgcherzykowym utrzymuje si¢ powyzej MIC diluzej niz 48 h,
a wiec odpowiednia modyfikacja dawki i czestotliwosci podania moze okaza¢ si¢ jednoczeSnie
skuteczna i1 bezpieczna. Niewykluczone jest tez opracowanie innej drogi podania tego antybiotyku,
np. w nebulizacji, co rowniez moze znaczaco ograniczy¢ jej toksycznosé (Cohen i wsp., 2016).

Niezwykle istotnym problemem, dotyczacym skutecznego leczenia rodokokozy, jest
precyzyjne ustalenie momentu rozpoczgcia leczenia antybiotykowego oraz optymalny czas jego
trwania. Wprowadzenie rutynowego monitoringu ultrasonograficznego znaczaco ulatwito

i przyspieszyto diagnostyke, zwlaszcza terenowa. Niestety, w niektorych osrodkach hodowlanych,
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wykrycie zmian w plucach zZrebigt szybko stalo si¢ podstawg do wprowadzania tzw.
antybiotykoterapii profilaktycznej, przed wystapieniem jakichkolwiek objawdw klinicznych, czyli
u zwierzat z podklinicznym przebiegiem choroby (McCracken & Slovis, 2009; Venner i wsp., 2007,
2009, 2012, 2013). O ile dzialania takie wg niektorych autoréw przyczynily si¢ do znacznej lub
nawet calkowitej redukcji upadkow wsérod zrebiat, w przypadku specyfiki przebiegu rodokokozy
okazaty si¢ by¢ one, jesli nie btedem, to przynajmniej lekkomyslnosciag w wykorzystaniu lekow
przeciwbakteryjnych, znaczaco zwigkszajac ryzyko narastania lekoopornosci (Burton i wsp., 2013;
Cauchard i wsp., 2013; Giguére i wsp., 2011). Narastajgca oporno$¢ bakterii jest problemem
szczegolnie szeroko opisywanym w Stanach Zjednoczonych, ktore rowniez jako jedne z pierwszych
wprowadzily leczenie antybiotykowe przypadkow podklinicznych na masowa skale (Huber,
Giguére, Slovis, i wsp., 2018). Kolejnym narastajgcym zagrozeniem stato si¢ rowniez izolowanie
wieloopornych szczepow R. equi (Vazquez-Boland i wsp., 2024).

Zgodnie z danymi epidemiologicznymi, pomimo wystapienia zmian ptucnych u wigkszosci
zrebiat w predysponowanym wieku, znaczna cze$¢ z nich nigdy nie wykazuje objawow klinicznych
choroby, a zmiany ustgpujg u nich w sposob samoistny (Cauchard i wsp., 2013; Giguére i wsp.,
2011; Venner i wsp., 2012, 2013). Nie zachodzi wigc bezwzgledna konieczno$¢ stosowania
antybiotykoterapii u wszystkich Zrebigt z uchwytnymi zmianami ultrasonograficznymi, zwlaszcza,
ze ich podanie obarczone jest istotnym ryzykiem wystgpienia dziatan niepozadanych. Skutkiem
ubocznym rozpoczecia u zrebiagt terapii antybiotykami z grupy makrolidéw najczesciej bywa
biegunka o ré6znym stopniu nasilenia. Leki z tej grupy sa catkowicie wykluczone ze stosowania
u koni dorostych, ze wzgledu na mozliwos¢ wywolywania ciezkich przypadkéw dysbiozy jelitowej
i zapalen okreznicy (Gustafsson i wsp., 1997). Niestety, w zwiazku z powyzszym, moga one
stanowi¢ niekiedy powazny czynnik ryzyka dla klaczy (Cohen, 2021). Ze wzgledu na doustng droge
podania i mozliwos$¢ kontaminacji boksu, wynikajacej najczgsciej z gorzkiego smaku i wyplucia
przez zrebie pewnej ilosci terapeutyku, przypadkowe spozycie go przez klacz nie jest wykluczone.
Innym, na szcze¢$cie rzadkim, dziataniem niepozadanym zastosowania lekow z tej samej grupy, sa
cigzkie, niekiedy nawet §miertelne przypadki hipertermii wywotanej anhydroza u leczonych Zrebigt
(Patterson Rosa i wsp., 2021; Stieler i wsp., 2016). Nieuzasadnione lub przedwczesne rozpoczecie
antybiotykoterapii wiaze si¢ z rowniez z nasilaniem rozwoju lekoopornosci wsrod bakterii.
W niektorych stanach USA lekooporne szczepy bakterii izolowane sg juz w 75% osrodkow hodowli
koni, a oporno$¢ na antybiotyki makrolidowe wzrosta tam o 15% w ciaggu 10 lat (Huber, Giguére,

Slovis, i wsp., 2018).
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Ze wzgledu na rosngca swiadomos¢ dotyczaca problemu antybiotykoopornosci bakterii,
odchodzi si¢ od podawania antybiotykdéw przed wystapieniem objawoéw klinicznych rodokokozy
(Higgins & Huber, 2023) Iub przynajmniej weryfikacji kryteriow wstepnych, zwigzanych z liczba
lub $rednicg ropni. Od kilkunastu lat, rekomendacja leczenia opierata si¢ 0 nowo wprowadzone
kryteria ultrasonograficzne. Pierwszy wskaznik - Slovis score - zakladal rozpoczecie
antybiotykoterapii w przypadku odnalezienia w badaniu ultrasonograficznym ropnia o okreslonej
srednicy (Cohen i wsp., 2015; McCracken & Slovis, 2009). Drugi z wprowadzonych wskaznikow -
TMD (ang. Total Maximal Diameter), sugerowal wprowadzenie terapii w przypadkach, gdy taczna
srednica rozpoznanych ropni przewyzszata konkretng warto$¢ graniczng (Madrigal i wsp., 2016).
Wartosci graniczne, okreslajace rekomendowany moment rozpoczgcia leczenia, w przypadku obu
tych wskaznikow byly juz wielokrotnie zwigkszane. Zasadno$¢ tego postepowania, a wigc zblizong
efektywnos¢ leczenia przy zaostrzeniu kryteriow wprowadzenia antybiotykoterapii, majaca na
uwadze ograniczenie rozwoju lekoopornosci, zostala juz opisana. W jednym z badan, prowadzonych
na duzej populacji zrebiat przez uznany i doswiadczony zespot, zaostrzenie kryteriow wprowadzenia
antybiotykoterapii nie tylko nie ograniczylo jej skutecznos$ci, ale rowniez obnizylo dodatkowo
prawdopodobienstwo nawrotu choroby (Arnold-Lehna i wsp., 2019). Ponadto, Zrebigta poddane
leczeniu nie zdrowialy istotnie szybciej niz te z grupy kontrolnej, pomimo uprzedniej argumentacji,
ze wczesniejsze wprowadzenie antybiotykoterapii pozwala skrdéci¢ czas jej trwania, a wigc
i ograniczy¢ koszty (Arnold- Lehna i wsp., 2019; Venner i wsp., 2012). Odnotowano roéwniez
przypadki calkowitego samoistnego ustgpienia podklinicznych zmian o lacznej srednicy zmian

nawet do 20 cm (Armold-Lehna, Venner, Berghaus, Berghaus i Gigueére, 2019).

Mechanizmy odpornosci i immunoprofilaktyka

Odporno$¢ humoralna jest wuznawana za kluczowy mechanizm odpowiedzi
immunologicznej w przebiegu rodokokozy (Vazquez-Boland i wsp., 2013). Doroste konie wykazuja
odpornos¢ na zakazenie R. equi, reagujac na nie wzrostem miana przeciwcial klasy IgG oraz
eliminacja bakterii z dolnych drég oddechowych, zanim dojdzie do pojawienia si¢ jakichkolwiek
objawow klinicznych (Lopez i wsp., 2002). Nowonarodzone zrebigta, w zwiazku ze specyfika
budowy tozyska kosmowkowo-nablonkowego, nabywaja przeciwciala matczyne dopiero
W momencie pobrania pierwszej porcji siary, ktorej jakosc, objetosé i szybkos$¢ pobrania w duzym
stopniu warunkuje zdolnos¢ przezycia okresu okotoporodowego i zwigzanych z nim zakazen, w tym
posocznicy noworodkow (McGuire i wsp., 1977). Niestety, modulacja i rozwdj odpornosci u zrebiat
wciaz jest stosunkowo stabo poznana, a zauwazalny wzrost miana przeciwciatl we krwi osobnikow

zakazonych R. equi nie przeklada si¢ na wystarczajaca skuteczno$¢ mechanizméw humoralnych
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w odpowiedzi na zakazenie (Lopez i wsp., 2002). W odpowiedz ochronng moga by¢ zaangazowane
rowniez mechanizmy komoérkowe, znaczaco rézniace si¢ u zrebiat i dorostych koni. Rdznice te
dotycza przede wszystkim liczby i fenotypéw limfocytoéw T oraz produkcji niektorych cytokin,
zwlaszcza IFN-y, peligcego kluczowa role w zwalczaniu patogendw wewnatrzkomorkowych

(Dawson i wsp., 2010; Giguere, Wilkie, i wsp., 1999).

Immunizacja czynna

Wprowadzenie wysoce skutecznej immunoprofilaktyki, ktéora wydawataby si¢ w przypadku
tak skomplikowanego problemu idealnym rozwigzaniem, pozostaje jednak jak do tej pory w sferze
planow i badan. Wszystkie dotychczasowe proby szczepienia Zrebigt okazaty si¢ nieskuteczne, co
moze czgSciowo wigzac si¢ z obecnoscig przeciwcial matczynych, chronigcych Zrebig zwykle az do
okresu odsadzenia i interferujagcych z wyksztalceniem wtasnej odpornosci poszczepiennej (Van
Oirschot i wsp., 1991). Skuteczno$¢ szczepien klaczy w okresie cigzy roOwniez nie zostala
jednoznacznie potwierdzona w literaturze i szczepienia te nie sa komercyjnie dostgpne. Niektorzy
autorzy prac zaprzeczajg skutecznosci takich szczepien (Martens i wsp., 1991; Prescott i wsp., 1997),
cho¢ w niektérych miejscach stosowane sa autoszczepionki uzyskiwane z lokalnych szczepow
R.equi, z satysfakcjonujacymi wynikami (Cauchard i wsp., 2004).

Przedmiotem nowszych badan bylo opracowanie szczepionki zawierajacej bakterie
inaktywowane za pomocg promieniowania (Electron Beam Inactivated Vaccine) (Bordin i wsp.,
2014). Pomyst wydawal si¢ by¢ obiecujacy ze wzgledu na potencjalnie wigksza mozliwosé
immunostymulacji, wynikajagca z mniejszego uszkodzenia bialek $ciany komorkowej podczas
inaktywacji bakterii, wzgledem typowo przygotowywanej szczepionki, inaktywujacej bakteri¢ za
pomoca formaliny lub wysokiej temperatury. Ponadto rozwigzanie to wydaje si¢ by¢ duzo
bezpieczniejsze z uwagi na mniejsze draznienie tkanek niz po iniekcji materiatu inaktywowanego
formaling. Niestety, wyniki wstepnych prob klinicznych nie przyniosty spektakularnych rezultatow,
a szczepionka nie zapobiegala rozwojowi zmian w plucach ani objawdéw klinicznych. Nie
odnotowano rowniez istotnych zmian w parametrach odpowiedzi immunologicznej u badanych
zrebigt (Rocha i wsp., 2016).

Kolejnym rozwigzaniem, rozwazanym w ostatnich latach bylo wykorzystanie N-poli-
acetylo-glukozaminy (Cohen i wsp., 2021), antygenu powierzchniowego charakterystycznego dla
wielu bakterii wewnatrzkomoérkowych, w tym rdwniez R. equi. Wstepne badania okazaty si¢ bardzo
obiecujace, poniewaz okoto 90% zrebigt pochodzacych od zaszczepionych matek nie wykazato

objawow klinicznych po zakazeniu doswiadczalnym, podczas gdy u zblizonego procentu Zrebigt
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z grupy kontrolnej (w ktérej matki nie zostaly poddane szczepieniu) rozwinety si¢ objawy. W tym
samym badaniu ocenie poddane zostaly rowniez efekty szczepienia zrebiat, jednak po raz kolejny
okazaty si¢ nieskuteczne. Pomimo nadziei, wigzanych z efektywnos$cia powyzszego szczepienia,
jego niewatpliwag wade stanowi fakt, ze Zzrebigta poddane badaniu otrzymaly immunogenng dawke
bakterii dopiero okolo 4-go tygodnia zycia, a nie w jego pierwszych dniach, kiedy wedlug
wigkszosci badaczy najprawdopodobniej dochodzi do zakazenia, nie tylko R. equi, ale i wieloma
innymi patogenami, w tym bakteriami powodujacymi podobnie problematyczne posocznice

noworodkow (Cywes-Bentley i wsp., 2018; Horowitz i wsp., 2001; Sanz i wsp., 2013).

Immunizacja bierna

Najszerzej rozpowszechnionym w Stanach Zjednoczonych rodzajem profilaktyki jest
podawanie osocza hiperimmunizowanego (Hiperimmune Plasma, HIP) (Chaffin i wsp., 1991).
Preparat jest komercyjnie dostepny na amerykanskim rynku pod nazwga ,,rhodoplazma”, jest jednak
stosunkowo drogi, a wedlug niektorych doniesien jego sklad nie jest wystarczajaco
wystandaryzowany, z czego prawdopodobnie wynikajg bardzo zréznicowane opinie dotyczace jego
skutecznosci (Dawson i wsp., 2010; Erganis i wsp., 2014; Giguére i wsp., 2011; Sanz i wsp., 2014,
2016). Preparat uzyskuje si¢ szczepigc doroste konie, tzw. dawcow, przeciwko R. equi i pobierajac
od nich osocze, zawierajgce przede wszystkim przeciwciata, ale rowniez wiele innych sktadnikéw,
w tym bialka i cytokiny, nieobecne lub obecne tylko w niewielkich ilo§ciach w siarze. R6znorodnos¢
szczepOw bakterii i ich zmienna immunogenno$¢ moga istotnie wplywac na oceng efektywnosci tego
typu immunizacji, podobnie jak sposob podania, jako$¢ przygotowanego produktu oraz status
immunologiczny konia - dawcy. Powazng wad¢ 1 ograniczenie w zastosowaniu osocza
hiperimmunizowanego stanowi réwniez koniecznos$¢ jego dozylnego podania, co znaczaco
ogranicza jego przydatno$¢ w praktyce terenowej, ze wzgledu na konieczno$¢ podawania
w powolnym wlewie oraz ryzyko wystapienia reakcji niepozadanych, w tym roéwniez wstrzasu
(Véazquez-Boland i wsp., 2013). Niemniej, cze¢$¢ autorow wskazuje na redukcj¢ zaawansowania
objawow klinicznych oraz $miertelnosci po jego zastosowaniu (Erganis i wsp., 2014; Sanz 1 wsp.,
2016). Co wigcej, podanie HIP ogranicza rowniez wydalanie R. equi z kalem, a wigc 1 jego
koncentracje w podlozu i powietrzu, co moze zmniejsza¢ ryzyko zakazen miedzy zrebigtami (Sanz
1 wsp., 2019). Ustalono rowniez, ze podanie wigkszej objetosci HIP w pierwszym okresie zycia (1L
vs 2L) moze zwiekszac skutecznos$¢ tej metody w redukcji przypadkow klinicznych oraz upadkow
na tle R. equi (Coleman i wsp., 2019; Kahn i wsp., 2019). Z drugiej strony, podanie HIP 7 dni po
eksperymentalnym zakazeniu zrebigt okazalo si¢ nieskuteczne, co potwierdza jego profilaktyczne,

ale nie lecznicze whasciwosci (Chaffin i wsp., 1991).
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Podsumowanie

Pomimo powszechnosci wystgpowania rodokokozy, coraz glebszej znajomosci rozwoju
i dziatania mechanizmow odpornosci u koni, a zwlaszcza u zrebiat, oraz wielu badan majacych na
celu znalezienie skutecznych i dostgpnych finansowo opcji radzenia sobie z tym problemem, wcigz
wiele aspektow pozostaje niewyjasnionych. Czynniki ryzyka wystapienia choroby oraz powody, dla
ktorych istniejg znaczne réznice w wystgpowaniu klinicznej formy choroby pomiedzy osrodkami,
atakze pomigdzy sezonami hodowlanym w jednym osrodku nie zostaty dotychczas ustalone.
Niewatpliwymi osiggnieciami ostatnich lat s3 poprawa skutecznosci 1 dostepnosci metod
diagnostycznych, obiecujace wstepne wyniki testow preparatow immunoprofilaktycznych oraz
znaczna redukcja $miertelnosci zrebiat, niemniej skuteczna profilaktyka oraz satysfakcjonujace
metody terapii wcigz stanowia cel badan w wielu osrodkach naukowych. Rodokokoza pozostaje
jednym z glownych probleméw zdrowotnych i ekonomicznych w osrodkach hodowli koni, co

wydaje si¢ by¢ wystarczajaca motywacja do podejmowania nowych wyzwan badawczych.
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II. CELE PRACY

Oszacowanie czgstoSci wystepowania klinicznej i podklinicznej formy rodokokozy
u zrebigt w wieku przedodsadzeniowym, w wybranych osrodkach hodowli koni w Polsce
centralno-wschodniej na podstawie badania klinicznego i ultrasonograficznego.
Okreslenie czestosci wystegpowania zmian wskazujacych na rodokokozg¢ w badaniu
ultrasonograficznym ptuc u zrebigt w roznym wieku.

Ocena zwigzku pomiedzy wystgpowaniem wybranych zmian w  badaniu
ultrasonograficznym ptuc a rozwojem klinicznej formy rodokokozy.

Opis obrazu klinicznego postaci pozaphucnej rodokokozy.
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III. OMOWIENIE PRZEPROWADZONYCH BADAN

Ponizej przedstawione zostaly problematyka, materialy i metody, wyniki oraz

podsumowania, zawarte w publikacjach sktadajacych si¢ na niniejszg dysertacje doktorska.

Pierwszy artykul stanowi prace przegladowa dotyczaca aktualnej wiedzy na temat
chorobotworczosci, przebiegu, zapobiegania i leczenia zakazen wywotywanych przez R. equi
u zrebigt w wieku przedodsadzeniowym. W konteks$cie tych danych zaplanowano badania dotyczace

wystepowania, diagnostyki i leczenia rodokokozy w Polsce.

Badania do$wiadczalne oraz opisy przypadkéow klinicznych w pozostalych dwoéch
publikacjach, pochodzg od 192 Zrebigt z czterech stadnin, nalezacych do Skarbu Panstwa
i specjalizujacych sie w hodowli koni oraz jednego prywatnego osrodka hodowlanego. Trzy osobniki
nie zostaty uwzglednione w statystyce ze wzgledu na btgdy w dokumentacji, a kolejne cztery zostaty
odrzucone w trakcie opracowania statystycznego ze wzgledu na brak badania USG w okresie
pierwszych 4 miesigcy zycia. Dane zbierane byly przez trzy kolejne sezony wyzrebien w latach
2019-2021. Stadniny biorace udziat w doswiadczeniu zajmowaty si¢ hodowlg koni czystej krwi
arabskiej (0o; stadniny A, D), koni matopolskich (m; stadniny A, B) oraz koni petnej krwi angielskiej
(xx; stadniny C, E). Kooperacja z powyzszymi o$rodkami opierala si¢ na umowie o wspotpracy
podpisanej z uczelniag (A, B, C) lub na zasadzie konsultacji specjalistycznej (D, E). W stadninach
B, C, D, E w sezonie rodzito si¢ ok. 15-30 Zrebiat, a w stadninie A ok. 100 Zrebiat. Dane dotyczace
wstepnego materiatu badawczego uwzglednionego w artykule badawczym zawiera tabela 1.

Wszystkie zwierzgta byly utrzymywane w stajniach, z mozliwoscig wychodzenia na padok
wraz z matkami, a w przypadku wigkszej liczby osobnikow (A) w grupach podzielonych ze wzgledu
na zblizony wiek zrebiat. W dwdch stadninach zrebieta od pewnego wieku utrzymywane byty na
biegalniach (A, B). Zrebigta wykazujace objawy kliniczne choroby, zwlaszcza dusznoié czy
podwyzszong temperaturg, oraz wymagajace leczenia pozostawaly z matkami w boksach. We
wszystkich stadninach prowadzone byly szczepienia matek przeciwko grypie koni (ang. Equine
Influenza Virus) i tezcowi oraz szczepienia przeciwko zakazeniom herpeswirusem koni (ang. Equine
Herpes Virus, EHV) typu 1 i 4, a takze regularne odrobaczanie zar6wno matek, jak i zrebiat.

Zgodnie z przeprowadzonym wywiadem epidemiologicznym, w czterech stadninach
bioracych udzial w doswiadczeniu, rodokokoza od dekad stanowila okresowo bardzo istotny
problem, a jej przypadki niejednokrotnie potwierdzane byly u Zrebigt za pomoca badania

mikrobiologicznego materialu pochodzacego z pobrania ptynu tchawiczo-oskrzelowego (TBA) lub
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badania anatomopatologicznego. Zgodnie ze swoja specyfika, choroba na przestrzeni lat
wystepowala z r6zng intensywnoscia, prowadzac niekiedy do utraty znaczacej liczby zrebiat
w danym roczniku.

Identyfikacja mikrobiologiczna czynnika etiologicznego polegata na badaniu materialu
klinicznego obejmujacego poptuczyny, wymazy i/lub wycinki z tkanek objetych zmianami
i przeprowadzana byla w Zakltadzie Mikrobiologii Katedry Nauk Przedklinicznych, Instytutu
Medycyny Weterynaryjnej, Szkoly Glownej Gospodarstwa Wiejskiego w Warszawie. Status

epidemiologiczny rodokokozy w piatej stadninie nie byt dotychczas potwierdzony.

Tab. 1 Wstepny materiat badawczy, uwzgledniony w oryginalnych artykutach stanowity wyniki

badania 189 zrebiat — 90 ogierkow (47.6%) and 99 klaczek (52.4%) z 5 stadnin:

Liczba Zrebiat
Stadnina objetych badaniem Ple¢ [n(%)] Rasa [n(%)]
n(%)
ogierki klaczki 00 XX m
A 69 (36.5) 38 (55.1) 31(449) | 62(89.9) 0 7 (10.1)
B 57 (30.2) 25 (43.9) 32 (56.1) 0 0 57 (100)
C 25(13.2) 9 (36.0) 16 (64.0) 0 25 (100) 0
D 24 (12.7) 9 (37.5) 15 (62.5) 24 (100) 0 0
E 14 (7.4) 9 (64.3) 5(35.7) 0 14 (100) 0
Razem 189 90 99 86 39 64

Dokumentacja kliniczna zatozona na potrzeby niniejszych prac pochodzi od Zrebiat w wieku
od ok. 2 do 16 tygodni, badanych cyklicznie co 2 tygodnie. Okres monitorowania byt przedtuzany
w wypadkach, w ktorych zrebie po ukonczeniu 12 tygodni nadal wykazywato kliniczne objawy
rodokokozy. W 23% przypadkow cykl badan zostal zaburzony ze wzgledu na upadek, eutanazje lub
zmiang migjsca pobytu zrebigcia wraz z matka. Dane statystyczne dotyczace wykonywanych badan
klinicznych i ultrasonograficznych przedstawione zostaly w tabeli 2. W okresie monitorowania
zrebigta byly poddawane badaniu klinicznemu obejmujgcemu ocene nastepujacych parametrow:
temperatura wewngtrzna ciata, stan blon $luzowych, czas kapilarowy, wielkos¢ i konsystencja
wezlow chtonnych zuchwowych, liczba uderzen serca na minute oraz prawidlowos¢ oddychania.
Klatke¢ piersiowg kazdorazowo obustronnie ostuchiwano za pomoca fonendoskopu. Po dokonaniu
oceny klinicznej zZrebigta poddawano badaniu ultrasonograficznemu klatki piersiowej. Byto ono
wykonywane kazdorazowo przez tego samego lekarza weterynarii, za pomocg aparatu Draminski
4Vet Slim z sondg liniowa 8-10 MHz i polegalo ono na skanowaniu kolejnych przestrzeni
migdzyzebrowych, zaczynajac doogonowo, od 17. przestrzeni i poruszajac sie¢ doczaszkowo, do

okoto 4.-5. przestrzeni migdzyzebrowej. Ostatnia przestrzen dostgpna do badania zalezata od wieku,
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budowy i stopnia umigsnienia danego zrebigcia. W badaniu ultrasonograficznym ocenie podlegat
wyglad oplucnej, obecno$¢ i liczba tzw. linii B, obecno$¢ i liczba zorganizowanych zmian

ogniskowych (ropni) oraz obecnos$¢ zwigkszonej ilosci plynu w jamie optucne;.

Tab. 2 Laczna liczba wykonanych badan klinicznych i ultrasonograficznych, powtarzanych

w ok. 2 tygodniowych odstepach:

. , . , Iloczyn liczby
Liczba bada wykonanych | ;1. iy | Udziat badafi wykonanych u wykonanych badar i
u pojedynczego zrebigcia pojedynczego zrebigcia (%) liczby zbadanych rebiat

1 24 12,7 24

2 16 8,5 32

3 14 7.4 42

4 20 10,6 80

5 43 22,8 215

6 47 249 282

7 19 10,1 133

8 5 2,6 40

10 1 0,5 10

189 100 858

W trakcie prac terenowych wyniki badan klinicznych i ultrasonograficznych zapisywane
byly w protokotach, a nast¢gpnie wprowadzane do zbiorczej tabeli wynikow w programie Microsoft
Excel. Rezultaty biezacych badan przekazywane byly opiekunom zwierzat i wspolnie z lekarzem

weterynarii opiekujacym si¢ dang stadning ustalany lub modyfikowany byt plan leczenia.
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Omowienie aktualnych trendéw w badaniach nad rozpoznawaniem

i zwalczaniem rodokokozy koni — artykul przegladowy

Celem niniejszej pracy bylo podsumowanie opublikowanych w ciggu ostatniej dekady
wynikéw badan nad rodokokoza zrebiat i ptyngcych z nich wnioskéw. Artykut przygotowywano
skupiajac si¢ na przegladzie aktualne;j literatury, dotyczacej chorobotworczosci, przebiegu choroby,
metod leczenia i zapobiegania zakazeniom R. equi oraz przypadkom zapalenia pluc Zrebigt
i badaniom ultrasonograficznym ptuc u tychze.

Praca rozpoczyna si¢ przedstawieniem molekularnych i komoérkowych mechanizmow
zwigzanych z zakazeniem R. equi, oraz proponowanych czynnikow genetycznych
i srodowiskowych, ktore moga wptywac na podatnos$¢ na zachorowanie lub odpornos¢ zrebiat. R.
equi jest szeroko rozpowszechniony w glebie i odchodach wigkszos$ci zwierzat, w tym koni,
a zrebigta sg narazone na kontakt z bakterig juz od pierwszych dni zycia. Metody umozliwiajace
wskazanie zrebiat, ktérych dotyczy¢ bedzie kliniczna posta¢ rodokokozy, w dalszym ciagu nie
zostaly opracowane. Pojawily si¢ natomiast szersze opisy przebiegu samego zakazenia, w tym
postaci pozaptucnej (ang. Extrapulmonary Disorders, EPD), oraz dane epidemiologiczne, dotyczace
powszechnego wystepowania podklinicznej formy choroby.

Artykut opisuje szerokie spektrum metod diagnostycznych rodokokozy u zrebiat, takich jak
badanie kliniczne, hodowla mikrobiologiczna, serologia, metody biologii molekularnej (PCR),
diagnostyka obrazowa oraz hematologiczna, podkreslajac znaczenie wczesnej i celnej diagnozy dla
pomyslnego wyniku terapii oraz konieczno$¢ kontynuowania prac w tym zakresie. Z wigksza
szczegotowoscia przedstawione sa metody stanowigce tzw. ,zloty standard” oraz nowosci
diagnostyczne, jak wykorzystanie ultrasonografii klatki piersiowej, czy oznaczania biatek ostrej fazy
(ang. acute phase proteins, APP). Nastepnie, przedstawione zostaty badania dotyczace skutecznosci
i bezpieczenstwa aktualnie rekomendowanych oraz potencjalnych srodkow
przeciwdrobnoustrojowych w leczeniu rodokokozy, z uwzglednieniem narastajgcego problemu,
jakim w ostatnich latach jest nasilanie i rozprzestrzenianie si¢ lekoopornosci na antybiotyki wsrod
szczepOw R. equi. Podkreslona jest rowniez konieczno$¢ weryfikacji schematu leczenia w zwigzku
z powszechno$cia wystepowania zmian podklinicznych.

Kolejng czegs¢ pracy stanowi analiza strategii 1 wyzwan, zwigzanych z zapobieganiem lub
ograniczaniem wystepowania rodokokozy u zrebigt. Wiele badan koncentruje si¢ na roli srodowiska,
higieny oraz bioasekuracji w redukcji nasilenia wystgpowania bakterii, a tym samym potencjalnego

zmnigjszenia ryzyka zakazenia. Bardzo istotne s rowniez doniesienia dotyczace rozwoju metod
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skutecznej, bezpieczniej i ogdlnie dostgpnej immunoprofilaktyki, w tym wykorzystania osocza
hiperimmunizowanego znanego jako ,rhodoplazma” oraz poszukiwania nowoczesnych metod
aktywnej immunizacji klaczy Zrebnych.

Podsumowanie artykulu podkresla istniejace ograniczenia w dotychczasowych badaniach
nad zakazeniami R. equi, obecne pomimo pozostawania od wielu lat jednym z gtownych wyzwan
zdrowotnych w hodowli koni na calym $wiecie. Przedstawia rowniez niezwykle istotne znaczenie
prowadzenia dalszych badan, w celu ustalenia czynnikow predysponujacych do wystgpienia
klinicznej formy choroby, efektywnych praktyk srodowiskowych, skutecznej immunoprofilaktyki
oraz dopracowywania rekomendacji i schematu leczenia antybiotykowego w celu zmniejszenia

zachorowalnosci, kosztow ekonomicznych i $miertelnosci z powodu rodokokozy.

Szczegotowe informacje dotyczace powyzszej pracy znajdujg si¢ w artykule:

Rakowska A, Cywinska A, Witkowski L. Current Trends in Understanding and
Managing Equine Rhodococcosis. Animals (Basel). 2020 Oct 18;10(10):1910. doi:
10.3390/ani10101910
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Ocena zaleznoS$ci miedzy zmianami w plucach na podstawie badania ultrasonograficznego
phluc a objawami klinicznymi ze strony ukladu oddechowego u Zrebiat z podejrzeniem

rodokokozy plucnej — artykul badawczy

W powyzszej pracy zawarte sg wyniki obserwacji i badan klinicznych oraz
ultrasonograficznych zrebiat pochodzacych z 5 osrodkéw w sezonach 2019-2021. W badaniu
uwzgledniono 185 osobnikdw, nalezacych do trzech ras: czystej krwi arabskiej (85), matopolskiej
(63) oraz pelnej krwi angielskiej (37). Zrebicta monitorowane byly w wieku od ok. 2 tygodni do ok.
4 miesigcy lub do zakonczenia ich leczenia. Praca miata na celu opisanie wygladu i progresji
charakterystycznych dla rodokokozy zmian ptucnych w pierwszych miesigcach zycia na podstawie
badania ultrasonograficznego oraz ocen¢ zwigzku migdzy obecnoscia i nasileniem widocznych
w badaniu obrazowym zmian patologicznych a wystepowaniem objawoéw klinicznych ze strony
uktadu oddechowego u zrebiat ze stadnin, w ktorych zakazenia R. equi wystepuja endemicznie.

Do oceny zwigzku pomigdzy wybranymi objawami klinicznymi a obecnos$cia zmian
ultrasonograficznych w plucach sugerujacych zakazenie R. equi wykorzystano mieszany model
liniowy (ang. mixed linear model, MLM). Zgodne z wcze$niejszymi obserwacjami stwierdzono, ze
rodokokoza zazwyczaj objawia si¢ gtownie goraczka (u ok. 15% Zrebiat) i zmianami osluchowymi
(u 20%). Lacznie, symptomy ze strony ukladu oddechowego zaobserwowano u ok. 26% zrebiat,
natomiast zmiany patologiczne w obrazie ultrasonograficznym dotyczyty ok. 70% osobnikow. U ok.
62% zrebigt wykryte zostaly zmiany ropne w ptucach, charakterystyczne dla zakazenia R. equi.
Wystepowanie zmian w badaniu ultrasonograficznym bylo istotnie pozytywnie powigzane
z wiekiem zrebiat, a ich szczyt wystepowania przypadal na 7-8 tydzien zycia, kiedy dotyczyly one
ok. 46% zrebiat. Po ukonczeniu przez zwierze¢ta 2-go miesigca zycia, objawy podkliniczne
stopniowo ustepowaly, z duzym prawdopodobienstwem réwniez pod wplywem leczenia,
stabilizujac si¢ na poziomie ok. 25% w wieku 4 miesigcy.

Wykrycie zmian podklinicznych okazato si¢ zwigksza¢ prawdopodobienstwo wystapienia
klinicznej formy choroby. Osobniki, u ktorych wykryto minimum 1 ropien o S$rednicy
przekraczajacej 15 mm oraz zwigkszong ilo$¢ ptynu w jamie optucnej lub zapalne pogrubienie
ophlucnej, z duzym prawdopodobienstwem wykazywaly objawy ze strony ukladu oddechowego
(P<0,001). Na podstawie wywiadu, badan klinicznych i obrazowych oraz po indywidualnym
rozwazeniu kazdego przypadku, do leczenia antybiotykami zostato zakwalifikowanych 29% zZrebiat.
W leczeniu stosowano rekomendowane do tego celu ryfampicyn¢ p.o. oraz antybiotyki

makrolidowe: klarytromycyng¢ p.o. lub tulatromycyne i.m. Upadkowo$§¢ wynosita ok. 5%,
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a kazdy przypadek byl potwierdzany sekcyjnie i1 badaniem mikrobiologicznym. Izolowane
od padtych zrebiat szczepy R. equi nie wykazywaty oporno$ci na standardowo rekomendowane do
leczenia antybiotyki.

Czestos¢ wystepowania klinicznych objawdéw rodokokozy u zrebigt w pierwszych
miesigcach zycia w wybranych osrodkach w Polsce oszacowano na ok. 25%, co jest zblizone do
wynikow uzyskiwanych wczesniej w innych krajach. Najpowszechniejsza zmiang dostgpna
w badaniu ultrasonograficznym phuc byly ropnie, najczesciej obserwowane u zrebigt w wieku ok.
2 miesigcy. Wnioski te uzupehiaja wiedze na temat obrazu klinicznego i radiologicznego choroby,
niemniej konieczne jest prowadzenie dalszych badan dotyczacych skutecznego monitoringu oraz

leczenia.

Szczegdlowe informacje dotyczace powyzszej pracy znajdujg si¢ w artykule:

Rakowska A, Czopowicz M, Bereznowski A, Witkowski L. Investigation of the
relationship between pulmonary lesions based on lung ultrasound and respiratory clinical signs in
foals with suspected pulmonary rhodococcosis. Sci Rep. 2023 Nov 8§;13(1):19401. doi:
10.1038/541598-023-46833-2
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Nietypowy przebieg zakazen Rhodococcus equi u zrebiat — artykul badawczy —

opis przypadkéw klinicznych

W artykule przedstawione zostaly opisy pigciu przypadkow podejrzenia zakazenia R. equi
u zrebiat, przebiegajace w sposob atypowy, wykraczajacy poza klasyczne dla tej choroby ropno-
ziarniniakowe zapalenie pluc. Ta forma rodokokozy, okreslana jako pozaplucna (ang.
extrapulmonary disorders, EPD), jest stosunkowo rzadko szczegdlowo opisywana, cho¢ stanowi
istotny problem w hodowli i od dawna wigzana jest z pogorszeniem rokowan. Przypadki
wykorzystane w tej pracy stanowig wybor 5 mato typowych historii chorob z puli 192 Zrebiat
i obserwowane byly w trakcie badan dotyczacych rodokokozy w sezonach wyzrebien 2019-2021.
Nadmienione w artykule zrebigta pochodzity z 2 stadnin, w ktérych rodokokoza wystepuje
endemicznie.

Pierwszy przypadek dotyczyl potencjalnego udzialu przewleklego zakazenia R. equi
w zaawansowanym przebiegu rodokokozy i jej postaci pozaptucnej u zrebigcia, urodzonego jako
wczesniak 1 utraconego jako roczniak. Zwierzg zachorowato klinicznie w wieku 5 tygodni i leczone
bylo przez kolejnych 10 tygodni. Leczenie nie przyniosto oczekiwanych wynikoéw. Obserwowano
progresje Srednicy ropni, nawracajaca goraczke oraz zapalenie blony naczyniowej oka lewego
iropien zagatkowy, ktory doprowadzitl do jednostronnej utraty wzroku i zaniku gatki ocznej.
Kondycja zrebiecia dlugo odbiegata od oczekiwanej, niemniej leczenie zostalo zakonczone ok. 4-go
miesigca zycia, ze wzgledu na stabilizacj¢ stanu ogoélnego. Rok pozniej, jako roczniak, kon
zgloszony zostat do weryfikacji i badania stanu zdrowia po sezonie pastwiskowym, ze wzgledu na
zty stan ogolny. Niedtugo potem kon padl, a material pobrany w trakcie sekcji potwierdzit
przewlekte zakazenie R. equi.

Kolejne dwa przypadki dotycza tak zwanych ,,zmiany pozaplucnych” i hipotezy
dziedzicznego niedoboru odpornosci w linii matek hodowlanych z jednej ze stadnin. Zrebieta od
matek z tej samej rodziny zenskiej (matki i corki), w tym samym roku zachorowaty na kliniczng
posta¢ rodokokozg oraz padly lub zostaly poddane eutanazji ze wzgledu na zaawansowanie zmian
pozaptucnych, dotyczacych uktadu pokarmowego, koséca oraz potaczen kosci. Material pobrany
sekcyjnie w obu przypadkach potwierdzil zakazenie R. equi. Ze wzglgdu na podobne problemy
odnotowywane w tej rodzinie w przesztosci, zaproponowane zostaty wstepne badania dodatkowe,
ktore wskazywalo na dziedzicznie problemu, zwigzanego z niedoborem odpornosci humoralne;.

Czwarty przypadek podejrzenia zakazenia R. equi zwigzany byt z mniej typowa lokalizacjg

ropnia plucnego oraz podejrzeniem nieuchwytnych w badaniu ultrasonograficznym zmian
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w uktadzie pokarmowym, podejrzewanych na podstawie obrazu klinicznego, a zwlaszcza apatii,
zahamowania wzrostu i utrzymujacych si¢ biegunek. Zrebie pozytywnie zareagowalo na leczenie
i dalsza diagnostyka, w tym potwierdzenie mikrobiologiczne, nie byto prowadzone.

Ostatni opis dotyczyl przypadku wskazujacego na hipertermi¢ na tle anhydrozy, wywotanej
antybiotykami z grupy makrolidow, stosowanymi w zwigzku z kolejnym podejrzeniem
zaawansowanej postaci ptucnej zakazenia R. equi. Pomimo §wiadomosci dziatan niepozadanych tych
lekéw, brak alternatyw w terapii rodokokozy 1 zaawansowany stan kliniczny zrebigcia sugerowat
konieczno$¢ ich zastosowania. Wnikliwa obserwacja pacjenta umozliwita jednak wczesna
identyfikacje problemu oraz utrzymanie wymaganej antybiotykoterapii i skuteczne leczenie
zrebigcia.

Praca koncentrowata si¢ na praktycznym - klinicznym i ultrasonograficznym wkladzie
w diagnostyke 1 monitorowanie choroby w warunkach terenowych oraz opisie rzadkich

1 interesujacych przypadkdéw, wartych uzupetnienia w doniesieniach naukowych.

Szczegdlowe informacje dotyczace powyzszej pracy znajduja sie w artykule:

Rakowska A, Marciniak-Karcz A, Bereznowski A, Cywifiska A, Zychska M, Witkowski
L. Less Typical Courses of Rhodococcus equi Infections in Foals. Vet Sci. 2022 Oct 31;9(11):605.
doi: 10.3390/vetsci9110605

53



Omowienie ograniczen zwigzanych z terenowym charakterem badan

Terenowy charakter pracy sprawia, ze jej wyniki mozna uznac¢ za wysoce reprezentatywne dla
rzeczywistego obrazu klinicznego rodokokozy w monitorowanych stadninach. Naklada on jednak
rOwniez pewne ograniczenia.

Jednym z najistotniejszych czynnikow utrudniajacych prowadzenie pracy byl zréznicowany
iniewiodacy wplyw osoby wykonujacej badanie ultrasonograficzne na decyzje dotyczace leczenia
zrebiat w poszczegdlnych stadninach. Z calg pewnoscia, wigksza dostepnosé i czgstotliwo$é badania
ultrasonograficznego oraz specjalistycznych konsultacji moglaby poprawi¢ wspotprace i mieé
pozytywny wplyw na skuteczno$¢ leczenia. Niestety, zwickszenie dostepnosci monitoringu lub
mozliwo$¢ przeprowadzania interwencyjnego badania byla ograniczona znacznymi odleglo$ciami
dzielagcymi poszczegoélne osrodki hodowlane. Z kolei zwigkszenie liczby 0s6b wykonujacych badania
ultrasonograficzne redukuje jego odtwarzalno$¢, gdyz procedury diagnostyczne takie jak ostuchiwanie
lub interpretacja badan obrazowych zawsze sg do pewnego stopnia subiektywne.

Kolejnym istotnym aspektem badania bylo wykorzystanie che¢tnych do wspotpracy
endemicznych stadnin. Pozwolito to na obserwacje naturalnie wystgpujacych zakazen na duzej grupie
zwierzat, ale rowniez spowodowato pewne trudnos$ci organizacyjne, jak cho¢by rotacje pracownikow,
sprzedaz i zakup koni, w tym matek i/lub zrebiagt, w trakcie trwania badania, oraz ograniczenia
ekonomiczne dotyczace decyzji diagnostycznych i terapeutycznych. Kolejnym istotnym utrudnieniem
byl zréznicowany udziat poszczegdlnych stadnin w projekcie. Ograniczenia te udaje si¢ eliminowac
tworzac grupy monitorowanych zwierzat podlegajace bezposrednio pod jednostki badawcze, wymaga to
jednak czgsto duzo wigkszych naktadow finansowych oraz zwykle nie pozwala na obserwacje
naturalnych zakazen, ktore, jak w przypadku zakazen powodowanych przez R. equi potrafig by¢ bardzo
zroznicowane pod wzgledem sezonu, specyfiki osrodka i lokalnych praktyk profilaktycznych oraz
zoohigienicznych. Dodatkowo, stworzeniu takich grup badawczych czesto towarzyszy rowniez wigcej
procedur warunkujacych etyczno$¢ badan, gdyz zwierzeta zwykle przebywaja wtedy w specjalnie
przygotowanych warunkach, a nie w naturalnym $rodowisku i zwykle podlegaja zakazeniu
do$wiadczalnemu.

Pewne zastrzezenia dotyczace pracy z cala pewnoscig budzi rowniez brak kazdorazowego
potwierdzenia czynnika etiologicznego za pomocg hodowli mikrobiologicznej. Takie podejscie wynika
w duzej mierze z odchodzenia od ustalonego wiele lat temu przez ACVIM zlotego standardu
diagnostycznego, ze wzgledu na potencjalne wyniki falszywe, znaczne ryzyko zwigzane z pobieraniem

materiatu z dolnych drog oddechowych w warunkach terenowych oraz zdecydowany wzrost kosztow
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diagnostyki i leczenia pojedynczego zrebigcia, opisywane we wstepie pracy. Z drugiej jednak strony,
wszystkie przypadki w trakcie trwania monitoringu, w ktoérych mozliwe bylo wykonanie hodowli
mikrobiologicznej, potwierdzily zakazenie R. equi.

Analiza statystyczna wynikow roéwniez miata swoje ograniczenia wynikajace z terenowego
charakteru pracy. Jednym z gldownych byt niewatpliwy wptyw wprowadzenia antybiotykoterapii na czas
utrzymywania si¢ zmian ultrasonograficznych w ptucach u leczonych zrebigt w stosunku do zrebiat,
u ktorych wystgpowaty zmiany podkliniczne i nie bylo podstaw do rozpoczgcia leczenia. Co wigcej,
kombinacje lekow rowniez bywaly modyfikowane w trakcie trwania terapii na podstawie obrazu
klinicznego danego Zrebigcia oraz wystgpujacych objawow niepozadanych, co uniemozliwia ewentualne
porownanie skutecznosci poszczegdlnych preparatow. Niemniej, badanie byto w stanie wykaza¢ typowy
czas pojawienia si¢ zmian ultrasonograficznych, zarbwno w postaci klinicznej, jak i podklinicznej
u zrebigt z wybranych stadnin.

Z pewnos$cig wykorzystanie innych narzedzi diagnostycznych rowniez podniostoby warto$¢
pracy. Badanie radiologiczne klatki piersiowej, przynajmniej raz w trakcie monitorowania konkretnego
zrebigcia, umozliwitoby bardzo konkretne pordéwnanie dwoch rodzajow technik obrazowych. Niestety,
duze zréznicowanie w dostgpnosci i jakosci sprzgtu w poszczegolnych stadninach oraz bardzo wysoki
koszt zakupu aparatu uniemozliwity przeprowadzenia takiego poréwnania.

Przypadki rodokokozy pozaptucnej, opisane w ostatniej pracy stanowig bardzo niewielki procent
puli przebadanych zrebiat i niestety, réwniez nie wszystkie zostatly potwierdzone badaniem
mikrobiologicznym. Na ich podstawie trudno jest wiec wysnu¢ bardziej ogdlne wnioski poza rzadkos$cia
ich wystepowania oraz przysparzanymi przez nie trudnosciami diagnostycznymi. Z cala pewnoscia
jednak badanie sekcyjne padlych Zrebigt stanowi nieocenione zrodlo wiedzy na temat problemow

zdrowotnych w danej stadninie.

Szczegdlowa dyskusja dotyczaca wynikow pochodzacych z poszezegdlnych prac znajduje si¢

w odpowiadajacych artykutach.
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IV.  WNIOSKI

W osrodkach hodowlanych, w ktorych choroba wystgpuje endemicznie, objawy kliniczne
rodokokozy obserwuje si¢ u 25% zrebiat, a objawy podkliniczne u okoto 70% zrebiat
w wieku przedodsadzeniowym. Wartosci te sg zblizone do opisywanych dotychczas
danych literaturowych.

Najczesciej wystepujacymi  w  phlucach  zmianami, wykrywalnymi w badaniu
ultrasonograficznym u zrebigt w wieku przedodsadzeniowym sa kolejno: ropnie, linie B
oraz pogrubienie oplucnej i obecnos¢ zwigkszonej ilosci ptynu w jamie optucne;.
Stwierdzenie u Zrebigcia w badaniu ultrasonograficznym ropnia o $rednicy 15 mm lub
wigkszej jest powigzane z istotnym zwigkszeniem prawdopodobienstwa wystapienia
objawow klinicznych rodokokozy w pierwszych miesigcach zycia.

W okresie prowadzenia badan, ws$rod monitorowanych Zrebigt, stwierdzane byly
pojedyncze przypadki rodokokozy pozaphlucnej, ze zmianami w postaci ropni
zlokalizowanych najczgsciej w przewodzie pokarmowym. Posta¢ ta stanowi duze
wyzwanie diagnostyczne w warunkach terenowych ze wzgledu na zréznicowany przebieg

choroby i brak opracowanych rutynowych schematow jej rozpoznawania.

57



58



Publikacje stanowigce rozprawe doktorskg

59



60



f animals WbPy

Review

Current Trends in Understanding and Managing
Equine Rhodococcosis

Alicja Rakowska "*{9, Anna Cywinska 2(” and Lucjan Witkowski !

1 Department of Veterinary Epidemiology and Economics, Institute of Veterinary Medicine, Warsaw

University of Life Sciences, Nowoursynowska 159¢c, 02-787 Warszawa, Poland;
lucjan_witkowski@sggw.edu.pl

Department of Pathology and Veterinary Diagnostics, Institute of Veterinary Medicine, Warsaw University
of Life Sciences, Nowoursynowska 1, 02-787 Warszawa, Poland; anna_cywinska@sggw.edu.pl

*  Correspondence: alicja.rakowska@wp.pl

check for

Received: 19 September 2020; Accepted: 14 October 2020; Published: 18 October 2020 updates

Simple Summary: Pneumonia caused by soil bacteria Rhodococcus equi occurs in the foals of most
horse breeds all over the world, posing a significant challenge for veterinary practitioners. For
this reason, many researchers constantly try to find new solutions for successful prevention and
management of the disease, but it still remains poorly controlled. This paper presents some promising
ideas published during the last decade. Several strategies mentioned below have already been
introduced to clinical practice like a variety of immune stimulators, but many others are still under
academic considerations. The compilation of these materials may help to understand the complexity
of the problem and show the directions for effective practice in the future.

Abstract: The aim of this review was to summarize studies on equine rhodococcosis over the
last decade. For many years Rhodococcus equi has remained one of the major health challenges in
the equine breeding industry worldwide. Recently, many novel approaches and ideas have been
described and some of them were initially implemented into the clinical practice. This study reviews
a variety of new information about neonatal susceptibility, clinical appearance, considered and
applied diagnostic procedures and treatment alternatives, factors limiting accurate prognosis, ideas
regarding environmental management and prophylaxis considerations. Although multiple research
were conducted, the main problems such as high morbidity and mortality, a lack of reliable prevention
strategies and treatment limitations are still unresolved and require further scientific effort.

Keywords: Rhodococcus equi; rhodococcosis; foals” pneumonia

1. Introduction

Rhodococcosis is one of the major causes of health problems in foals before weaning. Its etiological
agent, a well-known, ubiquitous, opportunistic, intracellular soil saprophyte, Rhodococcus equi, may be
responsible for severe pyogranulomatous bronchopneumonia often leading to deaths of affected foals.
Morbidity rates may exceed 40% [1,2] on some farms, but the problem remains strictly endemic and as
such in other places it may never occur. Relevant costs of the disease include the high expenses of
prevention, antimicrobial treatment and management of the patients but are also suspected to lower
probability of successful performance in adulthood [1,3] and finally a loss of foals [4]. Rhodococcal
pneumonia presents a clinical and scientific challenge and many aspects still remain unclear. This
study is focused on current trends and recently reported solutions aimed to improve the management
of equine rhodococcosis.
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2. Pathogenesis and Virulence

Up to now the virulence of Rhodococcus equi is believed to be related mainly with 90 kb virulence
associated plasmid (VAP), which contains pathogenicity islands (PAls) considered responsible for
its pathogenic potential [5]. Environmental strains of Rhodococcus often do not contain Vaps unlike
most of those obtained from clinical patients [6,7]. Among 20 different proteins encoded on PAls, 6
determine the virulence of a certain strain. Only one of those proteins, virulence associated protein
A (VapA) for many years has been known as connected with intracellular survival in equine lung
alveolar macrophages and subsequent development of clinical pneumonia [8,9]. What has been recently
discovered is that there are actually three genes encoding proteins required for intracellular survival
and growth, hence implicating death of phagocytic cells. Whereas vapA had been confirmed to play a
central role in rhodococcal virulence, another two genes, virR and virS, have been revealed to modify
chromosomal transcriptome and allow for intracellular parasitism [5].

3. Susceptibility

According to epidemiological data, clinical signs occur in 10-20% of foals in endemic farms in the
US [10] but ultrasound evidence of pulmonary lesions have been reported to vary between 30 and
60% [4]. Currently, it is mostly accepted that the foals become infected in the very first moments of life,
probably days or even hours due to the presence of R. equi in soil, manure and in the airborne dust,
which is easily inhaled and can cause infection [6,11,12]. This hypothesis was partially confirmed by
one of the clinical studies, where the doses and time of highest susceptibility were checked. The results
have shown that neonatal foals were the most susceptible for rhodococcal infection and much more
likely to develop clinical evidence of pneumonia even after lower doses of bacteria. Older foals, 3 or 6
weeks of age, were already less susceptible and often did not progress to clinical signs after the same
low doses of bacteria [13]. These results revised a partially inadequate approach in many previous
studies, where older foals, in their 3rd or 4th week of life, were challenged with high doses of bacteria.
This experimental protocol resulted in acute and a very severe form of pneumonia, not common in field
conditions after natural exposure, where subclinical or chronic pneumonia with many spontaneous
regressions predominate. The aforementioned studies confirmed that R. equi infection is strictly age
and dose dependent. Susceptibility is the highest in neonates and decreases with age, but high doses of
bacteria cause the severe, rapidly progressing form of pneumonia and usually subsequent euthanasia,
even in older foals [13]. Pulmonary abnormalities were detectable in all challenged animals. Foals that
received lower doses (107 cfu or 10° cfu) developed mostly well-defined hypoechoic lesions whereas
those challenged with higher doses (10* cfu to 10° cfu) usually presented large areas of consolidated
lungs. All lesions seemed to decrease in size over time. Survival probability peaked significantly for
foals challenged later in life (3-6 weeks) or for those infected with lower doses [13]. Although foals
between 3 weeks and 8 months of age are 14 times more likely to be infected with R. equi than any
other bacteria [14], mixed bacterial infections are frequent but not yet linked with worse prognosis [15].
Neither genetic factors [16] nor microbiome and fecal metagenome traits have been confirmed to
increase susceptibility [17].

4. Clinical Signs

Clinically, rhodococcal pneumonia is a form of lower respiratory tract infection. The most common
presentation in foals includes fever, cough, increased respiratory rate and heart rate and abnormal
tracheal and lung sounds on auscultation. Nasal discharge may occur in some cases. Progression of
pneumonia is insidious and pulmonary lesions may already become quite extensive before the clinical
signs appear. On rare occasions, the disease may occur as a peracute form, when previously healthy
foals develop respiratory distress, sudden in onset and progressing rapidly to death within less than
48 h. Foals may also manifest extrapulmonary signs of infection with R. equi. These manifestations
usually include diarrhea, colic and weight loss. Since extrapulmonary pathologies are usually linked
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with higher mortality rate [18,19], an early diagnosis is beneficial and should be recommended to
improve reliability of the prognosis and treatment possibilities [19,20]. Other extrapulmonary signs
are less common and include aseptic and septic inflammations in the joints and abscessations in the
eyes [19] or other tissues [18,21,22]. Unfortunately, the disease is quite frequently confirmed at necropsy.
Post mortem examination usually reveals pyogranulomatous pneumonia and abscessation of other
tissues in the case of the extrapulmonary form, which may refer to as much as 76% of lost foals, which
underwent necropsy according to one paper [18]. In acute cases, foamy exudate in trachea and bronchi
is observed indicating severe pulmonary oedema.

5. Diagnosis

Rhodococcal pneumonia is usually confirmed by the isolation of virulent type of bacteria from
tracheobronchial aspirate (TBA) obtained from a foal presenting clinical signs or positive PCR test and
detection of radiographic or ultrasonographic signs of pneumonia [23]. Previously, many methods were
recommended for diagnosis, including X-rays [1,24-26] or white blood cell count (WBC count) [14,27],
however most of them are currently considered ineffective or too labor demanding.

At present, ultrasound is found the easiest and most common for both diagnosis and monitoring
of the disease [1,2,28-30]. Among the advantages of ultrasound, the safety for the personnel, short time
of testing and data interpretation and availability to screen the animals regularly without causing major
stress or health risk should be listed. What is more, this method is more sensitive for the assessment
of peripheral lung masses or lesions located in the areas superimposed over any other soft tissues,
which are hard to assess radiologically. Ultrasound examination was also mentioned to be suspected
of greater usefulness in assessing pleural effusion or lymphadenopathy [1]. On the other hand, not all
of the lesions are located superficially so some of them may not be recognized with this technique. The
most common ultrasound findings in thorax screening are comet tails, reflecting any fluid or cellular
infiltration on the pleura. When they are limited in number and occur ventrally, they are considered
clinically irrelevant, however an increased amount mid or cranially located comet tails should be
interpreted as pulmonary inflammatory disease [31]. On ultrasonographic examination, abscesses
are well-defined hypoechoic nodules, variable in size, whereas consolidated lungs are ill-defined,
hypoechoic regions sometimes with visible vessels and/or bronchi [13]. Ultrasound is performed
successfully by using any transducer 5-7.5 MHz that fits in between the ribs and wetting the ribcage
with alcohol, which makes it available to be performed by the vast majority of field veterinarians
Clipping is usually not necessary. In healthy patients only the pleura can be visualized due to the
reflection of ultrasounds by normally aerated lung parenchyma. Pleura is a thin, highly hyperechoic
line that looks like it multiplicated due to air reflection, called the reverberation artifact. Lung
parenchyma can only be visualized through an acoustic window when fluid or cellular accumulation
occurs just below the pleura. The echogenicity of the lesions depends on the presence of cells, fluid
or type of nodule and presence of the capsule [32]. One of the field research programs revealed that
over 95% of foals without any clinical signs, from the farm with endemic rhodococcosis developed
lesions detected on the ultrasound, including pulmonary abscessation or consolidation, diagnosed
within the examination period (3—-16 weeks of age). Similarly to the challenge with R. equi mentioned
above, abscesses’ size decreased with time. Changes were detected predominantly in the 5th and the
7th week of age [2].

The method generally accepted as golden standard in antemortem diagnosis of R. equi is to
confirm the presence of bacteria in TBA. However, in one paper 36% of foals positive for post-mortem
culture and the same percentage of those positive for radiological or ultrasonographic lesions were
negative in the PCR test from TBA [33]. Another paper has reported that R. equi was cultured only
from up to 54% of the foals presenting ultrasonographical signs of pneumonia, checked during the
clinical trials. Nevertheless, in the same trial the presence of R. equi was confirmed in all 24 lost
foals with ultrasonographic lesions [30]. Possibly some foals can be positive in TBA samples due to
subclinical infection or inhalation of the pathogen that does not result in any clinical abnormalities [4].
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Moreover, TBA sampling has some significant limitations. The procedure is expensive, invasive and
requires attendance of stable staff to handle the animals. Foals usually need sedation during the
endoscopic examinations, which creates additional risk and cost for the owner and so that it should
not be recommended for multiple use as regular monitoring of the disease [2]. The risk may also be
unacceptable for the foals with severe respiratory distress. In addition, microbiological culture takes
more than 3 days in total to confirm the presence of the pathogen, which is unacceptably long in severe
and often acute disease. On the other hand, TBA culture is much more popular in clinics, where the
probability of rhodococcal infection is relatively lower than on endemic farms and a well-equipped
laboratory is fully available [14].

Basic parameters routinely used in the diagnosis of equine respiratory diseases are of limited
importance in rhodococcosis. One of the recent papers analyzed the results of basic tests performed in
the foals presenting respiratory signs during hospitalization [14]. The following parameters were taken
into consideration: radiological picture, the presence of bacteria in TBA, temperature, abnormalities in
the respiratory rate, pulse, hematocrit, log of WBC and neutrophil counts, number of band neutrophils,
monocytes, lymphocytes, eosinophils, total protein, globulins and fibrinogen concentrations. Only four
of them: WBC count above 20,000 cells/uL, plasma fibrinogen concentration above 700 mg/dL, Gram +
coccobacilli in TBA and radiological evidence of pulmonary abscessation were found suggestive but
yet not definitive for rhodococcosis, so they cannot be considered as a single diagnostic tool [14].

Even if some parameters, like acute phase proteins (APPs) concentrations are elevated in most
clinically affected foals [13], they do not seem clinically relevant. Fibrinogen is one of the major APPs
in horses. Its concentration, although non-specific, is frequently measured as an additional and easily
available parameter and is suspected to peak more quickly or highly during development of pneumonia
in foals than in most of the other conditions, but still it is neither sensitive nor specific enough [14]. Its
concentration is considered to be significantly different between healthy and subclinically affected
foals during weekly testing. However, due to the lack of standardized physiological values for foals
and a low number of animals analyzed up to now, the method requires further studies [34]. As an
alternative, serum amyloid A, also belonging to major APPs in horses, has been proposed. It has been
suspected to be more sensitive due to its minimal or undetected concentration in healthy animals and
high (more than 100 times) peak in inflammatory conditions [34]. Unfortunately, one paper has shown
that clinically healthy foals had elevated levels of SAA without any clinical signs while nearly 30% of
foals with bacterial bronchopneumonia had normal SAA levels during the test [35], and others found
no significant differences between affected and healthy foals [34,36].

Nasal and fecal swabs are widely considered invalid [4,37], however one paper reported that
54.5% of foals presenting subclinical pulmonary findings were positive for Rhodococcus equi vapA
in either nasal or fecal swabs or both [2]. What is more, the virulent type of bacteria was identified
during the occurrence of ultrasonographic changes or even before them. Up to date there are also
no blood tests specific to detect rhodococcal pneumonia. Serology tests have been acclaimed as not
useful [14,38]. Trials with five different serological assays have shown low sensitivity in the case of a
low cut off point and low specificity when the cut-off point was increased [38].

6. Treatment

The most important problems in treating Rhodococcus equi infections are the limited number of
effective antimicrobial drugs (Table 1) and an increasing resistance. Generally, the number of antibiotic
groups used in equine medicine is very restricted and antimicrobial resistance has grown significantly
over the last decades [39-41]. Recommendations for treatment strategy were settled a few decades ago
but prior to the 2000s reports on resistance were very rare [42]. A similar problem refers to the treatment
of equine rhodococcosis and human tuberculosis, also alike due to its intracellular character [11]. There
are very few newly discovered antibiotics in the last decades and new substances from the same group
are much more likely to be ineffective due to cross-resistance [30]. When it comes to other antimicrobial
groups, less frequently used in horses, most of them produce serious adverse reactions, especially in
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foals like aminoglycosides (nephrotoxic), fluoroquinolones (arthropathy) or most of tetracyclines (bone
deformities) [39]. At last, some drugs for which Rhodococcus is generally susceptible (e.g., imipenem
and vancomycin [39]) belong to substances that are or should be or may be restricted only for human
clinical use [43].

Table 1. Antibiotics recommended in equine rhodococcosis.

Duration of

Active Substance Dose Recommended Reference
Treatment
ESiﬁEﬂ;ﬁﬂ 521151 gé?kzgfégﬁiy 4-9 weeks [33]
Clili‘if’?lﬁgrirf;r;in 57n;grﬁ(gg/1£)go z/zéi?li}l,y 3-12 weeks [4]
Avithromyen 10 mefg PO daily 6 weeks 2o
o 10 mg/keg PO 2/day 6 weeks m
Aithromyein Sk PO daly 6 weeks (0]
T‘ﬁ‘;ﬁg:}ri}rl;glyin 2.5 mg/kg IM 1/week 6 weeks [45]
Gamithromycin in 6 mg/kg IM 1/week 6 weeks (46]

monotherapy

The combination of a macrolide with rifampicin remains the recommended therapy for foals
with clinical signs of infection caused by R. equi for about 40 years. However, the most recent
papers suggest that combining rifampicin with some macrolides like clarithromycin or one of the
newest, semi-synthetic macrolide tulathromycin can allow for lowering the effective concentration
of rifampicin’s in bronchoalveolar cells [40,44,47]. There are also papers suggesting that the use of
macrolide as the only antimicrobial treatment (azithromycin or gamithromycin) may be at least equally
effective as a standard combination of antibiotics [4,46]. Nevertheless, this approach is suspected to
create more risk of increased antimicrobial resistance than combination with rifampicin [48]. Progress in
rhodococcosis therapy for many years has been limited only to the implementation of new macrolides.
There were no data that could indicate the preferred antimicrobial agent or agents for foals infected
with isolates resistant to macrolides or rifampicin. Recently, a combination of doxycycline and
azithromycin has been evaluated as equally effective to the standard combination for the cases with
mild or moderate pneumonia [30]. Doxycycline is wildly used in veterinary pulmonary issues and in
bronchoalveoli it can reach Minimal Inhibitory Concentration for 90% of microorganisms (MICy) for
most bacteria responsible for bronchopneumonia in foals. At last, doxycycline combinations seem to
have less adverse effects such as diarrhea than rifampicin [30]. Another alternative recently checked
for antirhodococcal potential in foals was liposomal gentamicin, which exceeds MICyg for Rhodococcus
in bronchoalveolar fluid for over 48 h. Its main disadvantage is a wildly described nephrotoxicity,
which considerably shortens the time of safe use. However, long antimicrobial activity in the affected
tissues may be a key to modify the administration protocol and its effective use in the future [49].

Other promising results refer to gallium maltolate, a semi metal that mimics ferric iron and can
inactivate some iron-dependent enzyme reactions in some bacteria, including Rhodococcus, which
seems equally effective as a standard antimicrobial therapy for the subclinical form of pneumonia.
Unfortunately, this prevention strategy is not commercially available yet [50]. Treatment is generally
prolonged, expensive and, what is the worst, sometimes ineffective. Furthermore, the macrolides
recommended for R. equi infections can cause life-threatening hyperthermia and diarrhea in foals and
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fatal colitis in mares. Despite many attempts, solid recommendations for the appropriate moment of
implementation of antimicrobial treatment are also unknown. Currently there are two methods for the
evaluation of lesions: the Slovis score is based on the maximal diameter of the largest lesion [50,51] and
the total maximal diameter (TMD) is based on the total diameter of all detected lesions [37]. However,
the cut off point for both scores is also not settled and usually used on the basis of individual clinical
experience and changes significantly over time [29]. Surprisingly, in the last decade, it has been shown
that in the foals with clinical signs and abscess score (based on the total lesions’ diameter) lower than
11 cm (2013-2015) or even 15 cm (2016) the treatment may not be necessary (Table 2). What is more, a
lack of treatment in these cases did not increase mortality rates in the corresponding year [29], but
a percentage of foals treated with antimicrobials decreased significantly from 81.9% in 2008-2011
to 50.9% in 2012-2016 [29]. Similarly, failures of treatments and recurrences of pulmonary abscess
decreased over the mentioned periods. In other studies, one farm was able to decrease antimicrobial
use for nearly 80% without increasing mortality rates [45,46].

Table 2. Changes in size of the lesion recommended for treatment over time.

Size of the Lesion Year Reference
>10 mm * 2004 [51]
>21 mm * 2005 [51]
>80 mm " 2012 [29]
>100 mm * 2014 [29]

*—according to the Slovis score; “—according to the total maximal diameter (TMD).

Early detection of subclinical findings and temporary implementation of an antimicrobial treatment
to these foals seemed a valuable method to prevent clinical onset and mortality due to Rhodococcus
pneumonia. The prophylaxis with macrolides was reported over a decade ago [52]. However, decades
of widespread overuse of antibiotics in control and prevention programs implemented at breeding
farms created another problem—increasing resistance to macrolides and rifampicin in equine R. equi
isolates. Many authors have suggested that when ultrasound screening became more popular, the use
of antimicrobial preventive treatment increased at many farms, which may contribute to significant
increase of antimicrobial resistance during the last twenty years [53,54]. It should be highlighted that in
most of the cases spontaneous regression of the lesions occurs without any treatment [4,28,29,44] and
may refer even to all foals affected subclinically [2,30,44]. A recent epidemiological study identified
that 76% of isolates from the tested farms were resistant to either one or both antimicrobials [42] and
showed an alarming increase of nearly 15% during the last 10 years [53]. On the other hand, most
of the papers mentioned decrease in the mortality rates due to antimicrobial treatment. It is also
not clear if the resistance occurs only on endemic farms or results from increased use of rifampicin
and macrolides in human medicine. Regardless of the cause, widespread dissemination of resistance
genes in the environment where many other pathogenic bacteria exist is a concern for both animal
and human health [53]. Additionally, in one study only 55% of coexisting bacteria were susceptible to
erythromycin and/or rifampicin. It creates additional risk of stimulating bacterial resistance in species
other than Rhodococcus, especially considering the fact that about 65% of the infections reported in this
paper were of mixed origin [14]. On the other hand, some research did not find an association between
mixed bacteria infection and the severity of radiographic findings [1].

7. Prognosis

The prognosis seems to depend partially on the severity of the clinical signs. Some authors
reported that survival rate increased from 20% before use of the combined treatment to about 80%
currently [18,33]. Generally, a successful treatment is estimated for 60-70% [15,51,55]. There is
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also one record claiming nearly 100% success when both ultrasound screening and antimicrobial
prophylaxis for foals with pulmonary changes were used [56]. Unfortunately, there are no methods
to distinguish between the foals that require treatment and spontaneous regressors yet. During
radiological evaluation, the presence and number of cavitary lesions and nodules claimed to be helpful
in distinguishing survivors and non-survivors [1].

8. Environmental Management

Several factors positively correlating with increased bacteria concentration in inhaled air have been
suspected to influence the morbidity rates, e.g., density of mares and foals, higher mean temperatures,
less soil moisture, reduced grass height or late foaling season. A previously suspected theory that
rhodococcosis is more popular or even restricted to areas with warmer climate was generally proven
to be wrong [34,47]. In another paper, a correlation between the month of birth and probability of
developing subclinical lesions has been explained by environmental reasons [57]. Some practitioners
consider lime as a limiting factor due to prolonged influence on maintaining higher soil pH, whereas
Rhodococcus prefers a more acidic environment [47].

Another interesting hypothesis claims a correlation between dietary management and the severity
of some bacterial infections. Preliminary studies revealed that high protein and high carbohydrate diet
may lead to development or exacerbation of clinical signs in one of the most popular equine bacterial
diseases—strangles [58]. A more recent paper describes the relation between an excessive diet and its
influence on the production of cell wall polysaccharides, which are one of the major pathogenicity
factors in many bacteria, including Streptococcus, Pasteurella and Clostridium but also Rhodococcus [59].
Since the equine gastrointestinal tract and gut microbiota effectively uses food very high in fiber, an
overnutritious diet may trigger intestinal dysbiosis and eventually diminish natural immunity [59].
This finding may bring partial explanation of a wide variety of clinical manifestations among different
studs and breeding seasons. Unfortunately, no environmental management practice has been reported
as effective enough to be strongly recommended for the control of the disease yet [4].

On the other hand, some papers indicate a higher risk of rhodococcal pneumonia in foals exposed
to higher air concentrations of pathogens in their first two weeks of life [12]. Moreover, in older
foal concentrations of fecal shedding seems higher, which in turn may affect airborne concentrations,
posing a significant risk for the younger ones [47]. Another study has shown that after the intratracheal
challenge, 34 week old foals developed clinical symptoms and R. equi shedding increased in both the
foals and their mothers, regardless of the dose of inoculation. These results have proven a significant
role of infected foals but also their dames in increasing the airborne concentration of Rhodococcus in the
environment, which may have yet an undetected effect on the prevalence of the disease. What is more,
the same study confirmed a significant decrease of bacteria number in equine manure after standard
composting for 7 days, which can also be taken into consideration as a future recommendation for
environmental practices [60].

9. Inhibitory Compounds

The newest techniques of genome sequencing may help to turn antirhodococcal strategies into
a new direction. The recent studies have revealed the genes responsible for secondary metabolites,
which may not occur in standard laboratory conditions but have strong inhibitory effects on most of
the Rhodococcus strains tested up to date. Based on the molecular mass the molecular composition
was postulated to be Cs5pHygO13. What is more R. equi seemed to be particularly sensitive for these
newly discovered molecules. Surprisingly, this new substance was detected when selected isolates
of soil Rhodococcus were grown in the temperatures below 22 °C. Thus, it may pose at least a partial
explanation for some field observations regarding a higher prevalence of rhodococcal infections during
warmer months or in warmer climates, when inhibitory molecules are not produced. These novel
metabolites may be the key to the future environmental management of Rhodococcus but require further
attention and research [61].
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10. Prevention Strategies

According to clinical data, there is no prevention strategy effective enough against rhodococcosis,
although many methods have been considered [41,52,56,62]. Due to the structure of equine placenta,
foals are born immunologically naive and need to gain a maternal antibody via colostrum [63]. Thus,
the quality of colostrum, its amount and time of first suckling are absolutely essential for a neonates’
immunity. Prevention of rhodococcal pneumonia can be partially obtained by administration of
hyperimmune plasma (HIP), which is a standard procedure in many breeding farms in US [4,57]. It
is believed to reduce the severity of pneumonia in foals after the experimental challenge or natural
exposure, but it creates some risk due to intravenous administration and it seems not to be fully
effective in prevention of developing clinical signs in general. The efficacy of HIP administration is still
controversial, as it has not been proven as 100% effective [4]. Commercially available plasma in the US
is quite expensive and its quality is not standardized due to individual differences of donor horses and
diversity of Rhodococcus equi strains in particular areas. Even if general IgG concentrations were similar,
specific anti-VapA ones varied among samples [64]. Some of the latest papers also indicated that the
effectiveness of this strategy might be dose-dependent, because 2 L of HIP was more beneficial than
administration of 1 L or less of the same product [57]. What is more, when two methods: vaccination of
mares and administration of HIP were used, clinical sings in the foals occurred later, were less severe
and mortality rate was lower [65]. As it has been previously confirmed, clinical signs of pneumonia in
foals can be associated with significantly higher fecal shedding of Rhodococcus equi. Administration of
hyperimmune plasma has become a recommended solution despite its poorly understood mechanisms
of action, because it decreased the severity of the clinical signs of pneumonia, but also seemed to
decrease the overall risk by lowering the level of shedding by affected foals [64].

Vaccinations against R. equi are wildly awaited and often considered a form of prophylaxis.
Unfortunately, despite many trials none of them was claimed effective enough to become commercially
available [65]. Up to now there are no vaccinations available neither for mares nor for the foals [62]. In
some countries different types of autogenous vaccines are used [66]. Many different methods have been
used for mares and foals immunization thus far and some of them provided even encouraging results
during preliminary study on a small research group. A promising method of inactivation of Rhodococcus
using an electron beam in the foal vaccine has been recently proposed. The eBeam inactivation allows
the maintenance of the outer cell wall integrity crucial in promoting the immune response [62,67].
Unfortunately, there were neither significant improvement in regard to the severity and durability of
the infection nor desirable changes in both systemic and mucosal immune responses [37]. However,
immunization of mares with the eBeam vaccine seems worthy to consider in the future.

Another recent study concerned a vaccine based on highly conserved microbial surface
polysaccharide, which is expressed on some intracellular pathogens including Rhodococcus. To
promote the cell mediated response, which was suspected to be protective in foals, the researchers tried
to vaccinate mares against poly-N-acetyl glucosamine (PNAG). Most foals from vaccinated dames did
not develop clinical signs of the disease whereas unvaccinated dams gave birth to foals, which the
majority developed pneumonia after being challenged with Rhodococcus equi in the 4th week of life.
Foals from vaccinated mares presenting clinical signs had also shorter and less severe clinical onset and
smaller and fewer ultrasonographic lesions. The major weakness of this study design was challenging
foals at 25th—28th days of age, which is too late to mimic the naturally occurring infection [68]. What is
more, foals challenged after administration of hyperimmune plasma from mares vaccinated against
PNAG that would mimic colostral antibody transfer presented similar results and seemed to be more
resistant to the disease and also did not present clinical sings whereas the control group of foals that
received normal plasma developed signs of pneumonia.

11. Conclusions

Rhodococcus equi infection in foals is a very well known and widely described problem, but there
is still a lot of significant information missing. Hence, new ideas are still welcome and carefully
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examined as a potential key factor responsible for proper solutions. Since the majority of current
recommendations are not completely satisfying in the field, further research is extremely necessary.
Considerations regarding risk factors and predispositions, immunoprophylaxis, especially effective
vaccinations or immunostimulants like HIP and, at last, methods of successful management and
treatment are likely to be the main scientific goals for the future.

Funding: This study received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Investigation of the relationship
between pulmonary lesions based
on lung ultrasound and respiratory
clinical signs in foals with suspected
pulmonary rhodococcosis

Alicja Rakowska"’, Michat Czopowicz, Andrzej Bereznowski & Lucjan Witkowski

Rhodococcus equiis a widely recognized bacterium responsible for pneumonia in preweaned foals.

On endemic farms, foals with a subclinical course of the disease usually outnumber those presenting
clinical signs. The disease is typically chronic and mainly manifests as fever and dyspnoea. Currently,
field diagnosis is often based on lung ultrasound (LUS); however, both diagnostic and therapeutic
approaches vary among practitioners and considerably change over time. This longitudinal,
prospective study was designed to describe the appearance and progression of rhodococcal pulmonary
lesions during the first months of life based on LUS and to evaluate the relationship between the
presence and severity of rhodococcal pulmonary lesions and the occurrence of respiratory clinical signs
in foals from farms with endemic R. equi infections. Nearly 26% of foals demonstrated respiratory
signs highly suggestive of pulmonary rhodococcosis, and approximately 70% of the foals had
abnormalities detected on LUS without concurrent clinical signs. The appearance and development

of LUS abnormalities were age-related. An abscess diameter exceeding 15 mm in LUS and other
pleural lesions were significantly linked with the occurrence of clinical signs suggestive of pulmonary
rhodococcosis (P <0.001) and may be considered predictive factors of rhodococcal pneumonia in foals.

Rhodococcus equi is an opportunistic, ubiquitous, intracellular, gram-positive pathogen responsible for pyo-
granulomatous pneumonia in preweaned foals'?. The disease mostly occurs sporadically; however, some breed-
ing farms suffer from endemic rhodococcosis, possibly due to favourable environmental and management
conditions?. The main clinical signs are fever, lethargy and decreased appetite, ill-thrift, intermittent cough,
and respiratory distress. Rhodococcal pneumonia usually takes a chronic, rarely subacute or acute course, with
a large proportion of subclinical cases®=°.

The increasing popularity of lung ultrasound (LUS) screening of foals before weaning has improved the
ability to identify foals with subclinical pulmonary rhodococcosis in equine practice. The highest prevalence
of LUS abnormalities was estimated at 92% and described in 2010 in one of the German breeding farms® and
95% in southern Brazil*; however, the relationship between LUS abnormalities and the risk of developing clini-
cal pneumonia has not been established. To date, most of the clinical studies on R. equi infection in foals are
focused on establishing diagnostic criteria for treatment implementation®. Two scores were proposed to evaluate
the severity of LUS abnormalities and recommend therapy: total maximal diameter (TMD) based on the total
diameter of all detected lesions®” and the Slovis score based on the maximal diameter of the largest detected
lesion®. Recommendations for therapy considering both scores have changed significantly over the past decade.
Nevertheless, in many countries, the most common practice in field settings remains to start treatment at the
onset of clinical signs®'°.

Epidemiological data regarding rhodococcosis are still limited and are mainly restricted to a few studies
from large equine breeding farms. In studies from Texas, 17% of foals were diagnosed as clinically affected, 63%
as subclinical cases, and 20% as unaffected’. In a very recent paper including 5 farms over 3 breeding seasons
in North America, the cumulative incidence of clinical rhodococcosis was estimated at 5%!!. In another study,
27% of foals on a large American Quarter Horse farm in Texas were diagnosed with rhodococcal pneumonia,
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with a mortality rate of 4%?®. The previous epidemiological data from 12 stud farms in central and eastern Poland
estimated the clinical prevalence at 5-10% and the mortality rate at 3-7%% Considerable seasonal variations
and very divergent morbidity and mortality in endemic farms are observed.

Our study was designed to (i) investigate the progression of rhodococcal pulmonary lesions in foals during
the first 4 months of life, (ii) evaluate the relationship between the appearance and presence of rhodococcal
pulmonary lesions in LUS examination and the occurrence of respiratory clinical signs, and (iii) evaluate the
diagnostic potential of clinical signs in pulmonary rhodococcosis.

Materials and methods

Study population

The study was carried out during 3 breeding seasons from 2019 to 2021, and foals born on 5 Polish farms (A to
E, 4 national studs and one private horse farm) were enrolled. Two farms (A and B) participated in the study for
the entire period: foals from one were enrolled during two breeding seasons (C in 2019 and 2020), and foals from
two were enrolled during one breeding season (D in 2020 and E in 2021). Four farms (A-D) were considered
endemic based on the history of multiple R. equi infections confirmed either by postmortem sampling (mostly)
or bronchoalveolar lavage sampling and positive microbiological cultures during over a decade of cooperation
with the university *(since 2002). The endemic status of the fifth farm has not yet been confirmed.

The study population included 185 foals, 87 colts (47.0%) and 98 fillies (53.0%), of 3 breeds—85 Pure Arabians
(45.9%), 63 Polish Anglo-Arabians (34.1%), and 37 Thoroughbreds (20.0%). The sex distribution did not differ
between farms (P =0.245). Four farms included only one breed of horses, and one farm consisted of 2 breeds:
Pure Arabians and Polish Anglo-Arabians (Table 1). The study population was considered representative of the
Polish population of foals aged up to 4 months kept in studs affected by pulmonary rhodococcosis.

Three farms (A-C) participated in a voluntary screening program established by the Department of Veterinary
Epidemiology and Economics (Institute of Veterinary Medicine, SGGW, Poland) with the objective of improving
and promoting noninvasive and widely available field identification of foals affected by clinical or subclinical
pulmonary rhodococcosis based on clinical and LUS examination. All the participating farms practised internal
parasite control and followed vaccination protocols against infections with equine influenza virus and equine
herpesvirus type 1 and 4 in pregnant mares.

Screening schedule and procedures

The foals were examined approximately every two weeks between the 2nd week and 4th month of life. In total,
797 examinations were performed; however, the number of examinations each foal underwent varied consider-
ably, with 107 foals (57.9%) examined 5 to 7 times, 35 foals (18.9%) examined 3 or 4 times, and 43 foals (23.2%)
examined only once or twice (Table S1). The number of examinations of individual foals varied due to practical
problems with cooperation between the stable personnel, stable attending veterinarian, stable manager, and
veterinarian skilled in LUS. The median (interquartile range [IQR]) age at the first examination was 29 (23 to 47)
days, with a range from 12 to 111 days. The detailed number of foals examined at each age is presented in Table S2.

Each screening procedure was performed by the same veterinarian and comprised three elements: (i) clinical
history including expected foaling date, duration of gestation, observed or assisted parturition, and foal illness
during the first week of life; (ii) physical examination including rectal temperature, the appearance of the mucous
membranes and capillary refill time, palpation of the submandibular lymph nodes, heart rate, respiratory rate,
general respiratory pattern, and thoracic auscultation; and (iii) LUS examination.

Based on our clinical experience, foals were suspected of R. equi pneumonia if they demonstrated at least one
of the following clinical signs (henceforth referred to as respiratory clinical signs): (i) fever>39.5 °C provided that
other apparent potential causes of fever were ruled out; (ii) dyspnoea defined as a respiratory rate > 30 breaths per
minute accompanied by a noticeable increase in the respiratory effort; and (iii) marked murmurs or crackles on
thoracic auscultation'®. The decision to include fever as a diagnostic criterion for R. equi pneumonia was based
on the endemic status of the farms and previously documented association of pyrexia with R. equi pneumonia
in foals at a certain age”!>'4.

LUS examination was performed using a portable ultrasound scanner (4Vet Slim, Draminski, Gietrzwald,
Poland) with a linear 8—10 MHz transducer (Draminski, Gietrzwald, Poland), the type of transducer most suited
to the evaluation of pleura and superficial pulmonary lesions'.

Number of foals (% from the Ll (B8 b el Epidemiological status of the
Stud study population) Number (%) of colts | Pure Arabians (00) | Thoroughbreds (xx) | Polish Anglo-Arabians | stud
A 67 (36.2) 36 (54) 61 (91) 0 6(9) Endemic
B 57 (30.8) 25 (44) 0 0 57 (100) Endemic
C 25(13.5) 9 (36) 0 25 (100) 0 Endemic
D 24 (13.0) 9 (38) 24 (100) 0 0 Endemic
E 12 (6.5) 8 (67) 0 12 (100) 0 Unknown
Total | 185 87 (47.0) 85 (46.0) 37 (20.0) 63 (34.0)

Table 1. Characteristics of foals in the study population.
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During the examination, foals were restrained by stable personnel. No sedation was used; however, examina-
tion of some foals needed using a twitch. Hair was not clipped, and the chest was drenched with alcohol. Each
intercostal space was examined dorsoventrally, and the transducer was moved forward from the 17th intercostal
space to the area of the musculus triceps brachii (approximately the 5-6th intercostal space). Three types of LUS
abnormalities were defined, observed and analysed as follows: first, multiple B-lines, defined as hyperechoic,
vertical artefacts originating from horizontal pleural line, visible simultaneously on the screen and are hard to
count due to their considerable number and the dynamic type of ultrasonographic visualization; second, the
presence of irregular or thickened lining of the pleural surface and/or free pleural fluid (referred to as other
pleural lesions); third, the presence, number, and diameter of suspected lung abscesses were defined as focal
hypoechoic areas of consolidation within the lung. If multiple abscesses were present, the maximum diameter
of the largest abscess was used in further analyses.

Treatment of foals suspected of clinical R. equi pneumonia

During our study, antimicrobial therapy was implemented based on the individual veterinarian’s decision (ours or
the attending veterinarian of the stud) given the presence of respiratory clinical signs at the moment of examina-
tion (or in a few preceding days as reported by foals caretakers), the presence of LUS abnormalities and endemic
status of the stud. In total, 53/185 foals (28.7%) were treated based on the aforementioned criteria: 15/67 (22.4%)
in Stable A, 28/57 (49.1%) in stable B, 2/25 (8.0%) in stable C, 6/24 (25.0%) in stable D, and 2/12 (16.7%) in stable
E. Recommended antimicrobial treatment during the study included the combination of rifampicin (5 mg/kg
p-o. BID) and clarithromycin (7.5 mg/kg p.o. BID) or tulathromycin (2.5 mg/kg i.m. weekly)'*!>!6. The dura-
tion of a particular treatment depended on the clinical presentation and presence of LUS findings; however, the
duration was never shorter than 5 weeks.

R. equi isolation

Clinical specimens taken from diseased or dead foals were submitted to bacteriological examination in the Micro-
biological Diagnostic Laboratory, Institute of Veterinary Medicine, Warsaw University of Life Sciences-SGGW.
Samples were cultured on Columbia Agar supplemented with 5% sheep blood (Graso, Poland) and selectively
modified CAZ-NB medium incubated for 48 h at 37 °C in aerobic conditions'”. R. equi isolates were recognized
based on their growth and cell morphology as well as biochemical characteristics using the API Coryne test
(bioMérieux, France). To confirm the isolate identification, the CAMP test with Staphylococcus aureus ATCC
25923 was performed. Additionally, the presence of two R. equi genes, choE and vapA, was determined by PCR
as previously described"’. Antimicrobial susceptibility testing for R. equi isolates was performed according to
the guidelines of the Clinical and Laboratory Standards Institute'®. None of the R. equi strains isolated from the
foals that died during our study were found to be resistant to the recommended drugs.

Statistical methods
Categorical variables are presented as counts and percentages and were compared between groups using the
maximum likelihood G-test. The age-related prevalence was calculated as a ratio between the number of foals
affected by a given condition at a particular age (defined as 2-week age classes: 1-2 weeks, 3-4 weeks, etc.) and
the total number of foals examined at this age. The 95% confidence intervals (CI 95%) for percentages were
calculated using Wilson’s score method'®. Numerical variables were assessed with respect to the normality of
distribution using histograms and the Shapiro—Wilk W test. As normality of distribution was violated in most
cases, numerical data were summarized using the median, interquartile range (IQR), and range and compared
between groups using the Mann—Whitney U test.

The relationship between the presence of various LUS abnormalities (the explanatory variables) and the
occurrence of clinical signs suggestive of rhodococcal pneumonia (the outcome variable) was evaluated using
the mixed-effect binary logistic regression model according to the following formula:

1
1+ e~ (Bo+Bage X Xage+Bp X Xp+BpL X XpL+Bra X X1A+Bs X Xs+Bpr xXpL+F+5+D)

PY=1 =

where P(Y =1) is the probability of the occurrence of respiratory clinical signs and B, is an intercept. Three vari-
ables were fitted as random effects and forced into the model: the foal (F) to control for the various number of
times the same foal was examined (paired data), the stud (S) to control for the environmental conditions in the
stud from which a foal came, and the year (D) to control for different microclimatic conditions in subsequent
years®. Six variables were fitted as fixed effects: the age at which a foal was examined (X,), which was expressed
as 2-week intervals and forced into the model to control for the dependent nature of data associated with the
longitudinal design of this study; the breed (X; binary variable: Pure Arabians or Polish Anglo-Arabians vs.
Thoroughbreds?!) to control the potential breed-related susceptibility to rhodococcosis; the presence of other
pleural lesions (Xp;, binary variable: absent vs. present), the number of lung abscesses (X 5, binary variable:
none vs. > 1), the maximum diameter of the largest lung abscess (X, binary variable: < 15 mm vs.> 15 mm), and
the occurrence of multiple B-lines (Xp;, binary variable: absent vs. present). The variables corresponding to the
LUS abnormalities were included first individually (univariable analysis) and then en bloc and eliminated from
the model according to the backwards stepwise procedure (multivariable analysis).

The relationship between the presence of various clinical signs (the explanatory variables) and the presence
of lung abscesses in LUS, considered as a basis for the presumptive diagnosis of rhodococcal pneumonia (the
outcome variable), was evaluated using the mixed-effect binary logistic regression model according to the fol-
lowing formula:
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1

PY=1)=
( ) 1 + ¢ (Bo+Bage XXage+Bp, XX +Bpr X Xpr+Brpr X XHR +BMm X XMMA+BLN XX1N+Bp XXp+Ba XX +F+5+D)

where P(Y =1) was the probability of the occurrence of lung abscess in LUS and B, was an intercept. The above
three variables (foal (F), stud (S), and year (D)) were fitted as random effects, while the age at which a foal was
examined (X,,) and breed (X,;) were fitted as fixed effects. These 5 variables were forced into the model. The
following six variables corresponding to clinical signs were fitted as fixed effects, entered into the model, and
eliminated according to the backwards stepwise procedure (multivariable analysis): body temperature (Xgy,
numerical variable), heart rate per minute (Xyz, numerical variable), mucous membranes (X 3-class nominal
variable: pink and moist vs. pale vs. congested), lymph nodes (X y; 3-class nominal variable: normal vs. unilater-
ally enlarged vs. bilaterally enlarged), dyspnoea (Xp; binary variable: absent vs. present), and thoracic ausculta-
tion (X,; 3-class ordinal variable: normal vs. mild murmurs and crackles vs. marked murmurs and crackles).
The relationships between variables were described using crude odds ratios (ORs) in the univariable analysis
and adjusted ORs (OR,) in the multivariable analysis. The cutoff values for numerical variables (the number of
abscesses and the size of the largest abscess) were determined using area under the receiver operating character-
istic curve (AUROC) analysis based on maximizing Youden’s index (J). For the optimal cutoff value, diagnostic
sensitivity (Se) and specificity (Sp) as well as positive (LR+) and negative (LR-) likelihood ratios were calculated.
The significance level (a) was set at 0.05, and all statistical tests were two-tailed. Data were analysed in TIBCO Sta-
tistica 13.3 (TIBCO Software Inc., Palo Alto, CA) and IBM SPSS Statistics 28.0 (IBM Corporation, Armonk, NY).

Ethics

The study was carried out following the standards recommended by The Act of the Polish Parliament of 15
January 2015 on the Protection of Animals Used for Scientific or Educational Purposes (Journal of Laws 2015,
item 266). According to Polish legal regulations (The Act of the Polish Parliament of 15 January 2015 on the
Protection of Animals Used for Scientific or Educational Purposes, Journal of Laws 2015, item 266), no formal
ethics consent was required for this study except for the informed consent for participation in the study, which
was obtained from the person responsible for each of the studs.

Informed consent
All of the representatives responsible for animals involved in the study were informed in advance about the
intended publication of the collected results.

Results

Occurrence of respiratory clinical signs and LUS abnormalities in foals

Respiratory clinical signs were observed in 48/185 foals—25.9% (CI 95% 20.2-32.7). Marked murmurs or crackles
on auscultation were the most frequent findings (20.0%, CI 95% 14.9-26.3%; 37/185 foals), followed by fever
(14.6%, CI 95% 10.2-20.4%; 27/185 foals) and dyspnoea (3.8%, CI 95% 1.8-7.6%; 7/185 foals). Respiratory
clinical signs were observed in a significantly higher percentage of foals in stud B (51%) than in the remaining
4 studs, in which 12% to 20% showed respiratory signs (P <0.001) (Fig. 1). Body temperature ranged from 36.9
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Figure 1. Age-related occurrence (with 95% confidence intervals) of respiratory clinical signs and lung
ultrasound (LUS) abnormalities in foals.
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to 41.5 °C, with a median (IQR) of 38.3 °C (38.1-38.6 °C). The heart rate ranged from 48 to 168 bpm, with a
median (IQR) of 80 (72-92) bpm. Enlargement of lymph nodes was observed in 84/185 foals (45.4%; CI 95%
38.4-52.6%), of which 50 foals had bilateral lymph node enlargement.

LUS abnormalities were observed in 130/185 foals (70.3%; CI 95% 63.3-76.4%). Lung abscesses were found
significantly more often (61.6%, CI 95% 54.4-68.3%; 114/185 foals) than multiple B-lines (40.5%, CI 95%
33.7-47.7%; 75/185 foals) and other pleural lesions (20.5%, CI 95% 15.3-26.9%; 38/185 foals). In total, B-lines
were observed in 174/185 foals (94.1%, CI 95% 89.7-96.6%). An increased amount of pleural fluid was detected
only in 7 foals (3.8%, CI 95% 1.8-7.6%). The percentage of foals with LUS abnormalities did not differ signifi-
cantly between studs (P=0.248), and in all studs, LUS abnormalities were observed significantly more often
than respiratory signs (Fig. S1).

The number of lung abscesses detected in a foal during a single LUS examination ranged from 1 to 14, with
a median (IQR) of 2 (1-3). The maximum diameter of the largest lung abscess found in a foal ranged from 2
to > 50 mm, with a median (IQR) of 20 (10-34) mm.

Development of rhodococcal pulmonary lesions in foals during the first 4 months of life

The age-related prevalence of respiratory signs ranged from 6 to 13% and did not change significantly in the
study period (P=0.659). In contrast, the prevalence of lung abscesses (P <0.001), multiple B-lines (P=0.004), and
other pleural lesions (P=0.048) was significantly associated with age (Fig. 1). The number of these abnormalities
increased significantly in the first weeks of life and peaked at the age of 7-8 weeks. At this age, the occurrence
of lung abscesses was 45.8% (CI 95% 37.5-54.3%), which was significantly higher than that of multiple B-lines
(27.5%, CI 95% 20.6-35.7%) and other pleural lesions (13.0%, CI 95% 8.3-19.8%). After this timepoint, the
prevalence of LUS abnormalities decreased gradually and stabilized in the 4™ month of life at 25%, 12-14%,
and 7-8%, respectively. The percentage of foals with lung abscesses was 2.4-fold (11-12 weeks old) to 6.3-fold
(5-6 weeks old) higher than that of foals demonstrating respiratory signs. Detailed data on age-related prevalence
are presented in Table S3.

Relationship between the appearance and progression of LUS abnormalities and the occur-
rence of respiratory clinical signs

Controlled for the random effect of the foal, the stud, and the year in which the foal was born and the fixed effect
of the breed and age at the time of examination, the occurrence of respiratory signs was significantly associated
with the presence of lung abscesses (OR 6.10, CI 95% 3.43-10.9; P<0.001), other pleural lesions (OR 8.14, CI
95% 3.89-17.1; P<0.001), and multiple B-lines (OR 3.03, CI 95% 1.68-5.46; P<0.001) in the univariable analysis.

Compared to foals without lung abscesses, the prevalence of respiratory signs was significantly higher in 7- to
8-week-old foals with lung abscesses and remained significantly elevated until 15-16 weeks of age (Fig. 2a). Two
numerical characteristics of lung abscesses were significantly positively linked with the occurrence of respiratory
signs: the number of abscesses (OR 1.52, CI1 95% 1.33-1.74; P<0.001) and the maximum diameter of the largest
lung abscess (OR 1.07, CI 95% 1.06-1.09; P<0.001). Based on the AUROC analysis, the optimal cutoff value for
the discrimination between foals with and without respiratory signs was > 1 lung abscess (AUROC 75.2%, CI 95%
68.8-81.5%) and maximum diameter of the largest lung abscess of > 15 mm (AUROC 78.3%, CI 95% 71.7-84.8%).

Compared to foals without B-lines or with only a few B-lines (which we usually call 3-5 B-lines visible on
the screen) during the LUS, the prevalence of respiratory signs was significantly higher in foals with multiple
B-lines at the age of 7-8 weeks (P=0.012) and 9-10 weeks (P=0.012) (Fig. 2b).

Compared to foals without other pleural lesions, the prevalence of respiratory signs started to be significantly
higher in foals with other pleural lesions at the age of 7-8 weeks and remained significantly elevated until the
foals turned 13-14 weeks old (Fig. 2¢).

From the multivariable analysis, we identified two LUS abnormalities significantly and independently linked
with the occurrence of respiratory signs—the presence of lung abscess of maximum diameter > 15 mm and the
presence of other pleural lesions (Table 2). The presence of at least 1 lung abscess (irrespective of its maximum
diameter) and the presence of multiple B-lines turned out to be insignificant in the multivariable analysis. Lung
abscesses with a maximum diameter > 15 mm were found in 42/185 foals (22.7%; CI 95% 17.3-29.3%). The age-
related prevalence of respiratory signs was significantly higher in foals with lung abscesses of maximum diam-
eter > 15 mm at the age of 3-4 weeks. The age-related prevalence of respiratory signs decreased to a level similar
to foals without lung abscesses or with lung abscesses of diameter < 15 mm at the age of 15-16 months (Fig. 2d).

Diagnostic potential of clinical signs in pulmonary rhodococcosis

Two clinical signs were significantly positively linked to the presence of lung abscesses: body temperature
(P<0.001) and the presence and severity of murmurs and crackles in lung auscultation (P<0.001) (Table 3).
The AUROC of body temperature was 60.9% (CI 95% 56.5-65.2%), and the optimal cutoff value was >38.6 °C.
At this cutoff value, body temperature had a diagnostic sensitivity (Se) of 38.9% (CI 95% 33.2-45.0) and a diag-
nostic specificity (Sp) of 79.6% (CI 95% 76.0-82.8%) in predicting the presence of lung abscesses. The presence
of mild or marked murmurs and crackles also had low Se (30.9%; CI 95% 25.6-36.8%) but high Sp (89.2%; CI
95% 86.2-91.5%). The positive likelihood ratio (LR+) of mild murmurs was 1.78 (CI 95% 0.70-4.55), while the
LR+ of marked murmurs was 7.43 (CI 95% 4.83-11.4). Generally, clinical signs lack sufficient sensitivity to allow
for an accurate diagnosis of pulmonary rhodococcosis.

Mortality risk
Of 185 foals enrolled in our study, 9 died (5 females, 4 males), yielding a crude mortality of 4.9% (CI 95%
2.6-9.0%). Three foals died unexpectedly with no apparent signs of pneumonia 24 h before death. Additionally,

Scientific Reports |

(2023) 13:19401 | https://doi.org/10.1038/s41598-023-46833-2 nature portfolio



www.nature.com/scientificreports/

70%

90%

60%

50%

40%

30%

20%

$Foals with lung abscesses in LUS
$Foals without lung abscesses in LUS

b $Foals with multiple B-lines in LUS
$Foals with no or single B-lines in LUS

80%
70%

60%

50%

*

*

4 b 40%

. 30%

20%

A Al S ol k s /’4/
@ 10% . i o [ 5
R g e e S S I A n A S SRS
) || L - e 5o ’ o - - ~ .
S 0%} e 0% ]
5
g_ 12 3-4 56 7-8 9-10 1112 13-14 15-16 1-2 3-4 56 7-8 9-10 11-12 13-14 15-16
8
5 9% 80%
® $Foals with pleural lesions in LUS d $Foals with lung abscesses >=15mm in LUS
g 30% $Foals without pleural lesions in LUS - T 70% $Foals without lung or with lung <15 mmin LUS ®
© *
3 : *
= 70%
a * * 60%
60% *
50%
. * .®
50% S 8% o2,
F 85 40% : i
40% ; s o .
g > 1 Sox, £ !
, e 30% L y S ;
30% ; . s ,f A
20% / I 20% R %
’ N .
1“ ¥ (\
10% "\ 10%
2 O S VA Srr SRS GINRIPEY SEETRESY S Sl A l g e I
e : 5 . L l o T vana L see
R " \ - i =
0% 6~ e------ % ) 0% &
1-2 34 56 7-8 9-10 112 13-14 15-16 1-2 34 56 7-8 9-10 1112 13-14 15-16
Age [weeks]

Figure 2. (a-d) Age-related prevalence of respiratory clinical signs (with 95% confidence intervals) in foals
with and without: lung abscesses (a), multiple B-lines (b), other pleural lesions (c), and lung abscesses > 15 mm
in the lung ultrasound (LUS) examination. Asterisks (*) indicate difference in the prevalence of respiratory
clinical signs between foals with and without abnormalities detected on LUS at the same age (P <0.05).

LUS findings during the last examination in these three foals did not indicate an increased risk of death (mild
or multiple B-lines detected). Lung consolidations but no abscesses > 10 mm were discovered during these three
necropsies. Nevertheless, the bacterial cultures collected from the lungs of all 9 foals lost during necropsies were
R. equi positive. The remaining 6 foals that were lost had dyspnoea, and rectal body temperature was persistently
elevated above 39.5 °C. In 5 of them, lung abscesses increased in size over time, despite the implemented treat-
ment. They had at least one abscess visible on LUS with a maximum diameter > 15 mm and other pleural lesions
prior to death. The number of abscesses varied during the monitoring period; however, fusion of the nearest
abscesses and multifocal, diffuse pulmonary lesion development seemed common in the most severe cases.

The 3 foals that died unexpectedly had no apparent reasons for sudden death discovered during necropsies. All
3 foals had the last screening examination performed over one week prior to death. Our hypothesis of the most
likely cause of death in these cases was acute septicemia due to R. equi or a mixed infection (bacterial or viral).

The foals that died belonged to 3 studs; however, 7 foals belonged to the same stud (B). Nonsurvivors were
born by 7 mares; two mares in stud B delivered 2 foals that died: one mare in 2019 and 2020 and another mare
in 2020 and 2021. The relationship between the month of birth and nonsurvival was significant (p =0.006): 5/9
(56%) foals that died were born in April (Table S4). However, due to the low number of nonsurvivors and clus-
tering of deaths in only 1 of 5 studs no further conclusions should be made.

Discussion

Although R. equi infection in foals has been considered a serious and widespread problem on endemic farms
for decades, data on the field occurrence of rhodococcosis are often incomplete or apply to only one breeding
season or a single breeding farm. Our study shows that respiratory clinical signs were observed in over 25% of
the foals, whereas approximately 70% of the foals between the 2nd week and 4th month of age developed LUS
abnormalities. Respiratory clinical signs were observed significantly (from 2 to 3 to even 6-8 times) more often
in foals with LUS abnormalities, including lung abscesses, multiple B-lines, and other pleural lesions. These
findings are comparable to those described in Texas® despite different environment and preventive strategies
routinely used on breeding farms. Moreover, the age of the first appearance of LUS abnormalities and clinical
signs in our study correspond to previously published data, in which a significant decline in rhodococcal colos-
tral antibody levels was observed after the third week of life?>. To some extent, this finding is in line with earlier
studies showing a correlation between the depletion of maternal antibodies and the occurrence of respiratory
signs suggestive of rhodococcal pneumonia**?*, The peak of LUS abnormalities was observed in 7-8 weeks of
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Variable ‘ Regression coefficient (standard error) | Model statistic ‘ P-value ‘ Adjusted odds ratio (95% confidence intervals)
Fixed effects
Intercept —3.76 (0.64) - - -
Age at examination - - 0.497 -
Breed

Pure Arabian or Polish Anglo-Arabian Reference category

Thoroughbred 0.04 (0.79) 0.06 0.957 1.04 (0.22-4.89)
Maximum diameter of the largest lung abscess

<15 mm Reference category - - -

>15mm 1.96 (0.30) 6.51 <0.001 |7.12(3.94-12.9)
Other pleural lesions

None Reference category - - -

Present 1.69 (0.40) 429 <0.001 |5.44(2.51-11.8)
Variables removed in the backward stepwise elimina-
tion
Number of lung abscesses

None Reference category - - -

21 0.52 (0.51) 1.01 0.312 1.68 (0.61-4.61)
B-lines

None or single Reference category - - -

Multiple B lines 0.56 (0.35) 1.60 0.109 1.76 (0.88-3.51)
Random effects
Foal (F) 0.68 (0.35) 1.96 0.050 -
Stud (S) 0.44 (0.50) 0.89 0.374 -
Year (D) 0.01 (0.13) 0.05 0.962 -

Table 2. The mixed-effect binary logistic model evaluating the relationship between the presence of lung
ultrasound (LUS) abnormalities and respiratory clinical signs suggestive of Rhodococcus equi pneumonia.

life. In our study, a continuous decrease in LUS abnormalities partially correlated with the time of treatment
implementation. The severity of respiratory clinical signs remained similar throughout the study, which further
supports the low sensitivity of clinical parameters to diagnose R. equi pneumonia. In studies by other authors,
foals developed clinical signs suggestive of rhodococcal pneumonia and were treated later in life, possibly due
to different management practices®!%.

Our findings only partially agreed with one of the recent and most important results from a breeding farm
in Germany that linked only very high TMDs of lung abscesses (up to 15 cm) with treatment implementation®.
Foals described in another study from Germany?® showed clinical signs significantly later than ours (approxi-
mately 14-16 weeks of age vs. 7-8 weeks of age, respectively). The age of affected foals appeared to be negatively
correlated with the severity of the disease?’; however, these findings might also be associated with specific
management strategies, climate or location and do not necessarily represent general conclusions between the
age and severity of the disease. To our knowledge, the morbidity and mortality rates as well as the severity of
disease may vary significantly between regions, breeding seasons, or even particular studs®. Some of the factors
that can explain differences between the situations in studs include the number of foals born per season, the size
and construction of the stables, the number of qualified workers, and the availability of pastures®. Finally, we
consider it difficult to agree with treating only foals presenting both clinical signs and very severe pulmonary
lesions, as indicated in one paper®, since fever and dyspnoea may be of serious concern, especially in very young
foals. Although highly sensitive, LUS also has some limitations in diagnosing pulmonary pathology, and it can
visualize abnormalities located close to the pleural surface but not in the pulmonary parenchyma; thus, certain
lesions might sometimes be omitted!®'#*. Additional diagnostic modalities, such as thoracic radiographs and
computed tomography, can also be considered in more complex cases.

According to the results from our study, the presence of LUS abnormalities in foals among Polish studs
included in our program did not differ considerably; however, on one of the farms, substantially more foals
developed clinical signs. The exact reason for this finding is unknown; however, some of the explanations include
different environmental conditions and management strategies. We plan to thoroughly examine this stud in the
future. Previous data have shown that despite being a ubiquitous pathogen, virulent R. equi may not always be
isolated from soil, even on farms with confirmed endemic infections**-2. Some authors have indicated the rela-
tionship between the density of mares and foals and the increased risk of developing clinical signs*’. Although
there are no strict environmental management practices established for prophylaxis against rhodococcosis, some
papers indicate a link between early exposure to airborne R. equi and a subsequent higher risk of developing
pneumonia®***. The significantly higher prevalence of respiratory signs and mortality rate in stud B further sup-
port the effect of the environment on the development of disease. We consider stud B to have worse biosecurity
management strategies due to the higher density of horses in one stall and more intense rotation of external
mares coming for obstetrical diagnostic and insemination to the stud applied veterinarians. Moreover, studies
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Variable ‘ Regression coefficient (standard error) | Model statistic ‘ P-value ‘ Adjusted odds ratio (95% confidence intervals)
Fixed effects
Intercept —-30.6 (9.11) - - -
Age at examination —0.10 (0.05) -2.05 0.041 0.90 (0.82-0.996)
Breed
Arabian (Pure or mixed) Reference category
Thoroughbreds —0.14 (0.48) -0.30 0.765 0.87 (0.34-2.20)
Body temperature (°C) 0.79 (0.24) 3.33 <0.001 2.20 (1.38-3.50)
Lung auscultation
Normal Reference category
Mild murmurs and crackles 0.89 (0.27) 3.24 0.001 2.43 (1.42-4.16)
Marked murmurs and crackles 1.85 (0.40) 4.63 <0.001 |6.35(2.90-13.9)
Variables removed in the backward stepwise elimina-
tion
Heart rate per minute 0.01 (0.01) 0.87 0.376 1.01 (0.99-1.02)
Lymph nodes
Normal Reference category
Unilaterally enlarged 0.53(0.38) 1.38 0.168 1.69 (0.80-3.57)
Bilaterally enlarged -0.01(0.32) -0.02 0.987 1.00 (0.53-1.88)
Dyspnea 0.84 (1.25) 0.67 0.501 2.31(0.20-26.8)
Mucous membranes
Pink and moist Reference category
Pale —-0.84(0.93) -0.90 0.369 0.43 (0.07-2.69)
Congested 0.95 (1.71) 0.55 0.580 2.58 (0.09-73.9)
Random effects
Foal (F) 0.83 (0.23) 3.60 <0.001 -
Stable (S) 0.14 (0.27) 0.54 0.591 -
Year (Y) 0.19 (0.25) 0.75 0.456 -

Table 3. The mixed linear model (MLM) evaluating the relationship between various clinical signs and the
presence of lung abscesses suggestive of Rhodococcus equi pneumonia.

have shown that both affected foals™ and their dams*® may have increased faecal shedding of virulent R. equi.
Insufficient hygienic practices may result in higher levels of so-called alveolar permeable fractions of dust, which
are known to reach the lower respiratory tract’” and convey some biological particles, such as bacteria®®. This find-
ing is also compatible with the observation that the air concentration of virulent R. equi strains was significantly
higher inside the stables than on paddocks®. These observations may indicate the influence of environmental
factors on the prevalence or course of the disease and partially explain the exacerbation of severe and even fatal
cases observed during our study among foals born at the end of the most intense foaling season in Poland. The
aforementioned hypothesis is in line with a recent study from Japan, showing an association between the month
of birth and initial colonization of R. equi in the trachea of neonatal foals, suggesting that a certain period during
the foaling season might be positively correlated with developing R. equi pneumonia. Moreover, this paper also
demonstrates that the greatest percentage of R. equi-positive foals based on clinical signs and microbiological
culture from transtracheal aspiration detected in foals were born in March and April®.

Our study confirmed previous findings that LUS abnormalities suggestive of pulmonary rhodococcosis start
to develop from the first weeks of foals’ life, peak around the age of 2 months, and then gradually decline, either
with or without treatment. The most common LUS abnormalities are lung abscesses, followed by multiple B-lines
and other pleural lesions. Contrary to LUS findings, respiratory clinical signs remained unchanged for the entire
period of the first 4 months of foal life. The occurrence of multiple B-lines and other pleural lesions decreased
with the resolution of clinical signs, while lung abscesses persisted beyond the first 4 months of life in approxi-
mately one-fourth of all foals examined in the study. Our results are in line with previous studies reporting similar
routine monitoring of foals for R. equi infection>”%?7,

To some extent, our work supports recently made recommendations to examine the effects of selective anti-
microbial treatments'. Our results strongly indicated that the presence of pulmonary abscesses with diameters
above 15 mm and other pleural lesions are significantly linked with the occurrence of clinical signs of pulmonary
rhodococcal infections. They cannot be viewed as the only criteria for treatment implementation but may justify
the monitoring of subclinical foals. Unfortunately, the use of LUS has already gained some negative opinions due
to excessive antimicrobial treatment of subclinical cases with mild sonographic pulmonary lesions and subse-
quent alarming growth of antimicrobial resistance>***~%3, Accurate criteria for recognizing foals with suspected
R. equi infection that truly need antibiotic therapy are yet to be determined.

Recently, LUS has been shown to be a valid method of recognizing and monitoring pneumonia in preweaned
calves*!. This approach in cattle can be considered similar to the one to rhodococcal pneumonia in foals due to
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challenges with antemortem diagnosis, field settings, a great number of patients, diversification between farms,
and potential disadvantages of other diagnostic tools. LUS examination allows us to monitor the affected animals
safely and continuously and to base the decision regarding the introduction and discontinuation of antimicrobial
therapy on more precise grounds*. This is important in the management of infectious diseases due to possible
rapid changes in clinical signs in response to appropriate antibiotic therapy. Early discontinuation of antibiotics
in the face of persistent severe pulmonary lesions may lead to the reoccurrence of clinical diseases and signifi-
cantly worsen the prognosis for survival, especially if antimicrobial resistance has developed*®. On the other
hand, unnecessarily prolonged treatment with antimicrobials may also result in increased antimicrobial resist-
ance; thus, a method of assessing the current status of pneumonia is highly desired**. This problem has not
been frequently investigated in clinical studies, despite the very long duration of recommended therapy. Proper
monitoring of clinical signs might allow safe shortening of the treatment, compared to recommended standard
protocols, based on LUS findings supporting the decision of discontinuation of the antimicrobials®!'>*.

Ultrasound screening has become popular in clinical settings because it can be performed quickly and safely,
and the result is immediately available. This is particularly valuable in field conditions, where numerous animals
have to be examined in a short time. Laboratory diagnostic methods, such as inflammatory markers (white blood
cell counts, fibrinogen concentration, serum amyloid A, or procalcitonin), were not considered accurate factors
to recognize the onset and progression of rhodococcosis*’~>°. Additionally, microbiological or PCR confirmation
based on methods such as bronchoalveolar lavage (BAL) or tracheobronchial aspirate (TBA) presents serious
disadvantages, including the risk of endoscopic examination, which may alter breathing in already dyspnoeic
animals or require sedation of the severely ill and pyretic foal*>!. Moreover, this method has the potential for
false results® and requires some time, which is highly unwanted in regard to neonatal diseases. These concerns
especially apply to an early diagnosis in field conditions. Our results, along with some previous studies, support
the hypothesis that developing an appropriate ultrasound monitoring program may lead to more effective moni-
toring of clinical signs and management of pulmonary rhodococcosis in the field condition of a stud. Based on
the findings from our study, we propose that performing LUS at least every 2 weeks may improve the diagnosis
of the diseases, especially in the most severe cases.

Our study has several limitations, mostly due to its field character and the multiple participants involved.
Only two studs participated in the screening for the entire period. Moreover, for organizational reasons, foals
were not followed up for the same period, and the number of examinations they underwent was not the same
for all of them. This could have influenced the power and reliability of the statistical analysis. Additionally, some
procedures needed to be simplified or unified among the participating studs, especially diagnostic procedures.
Based on our clinical experience, we decided to shorten the lists of clinical signs and LUS findings connected
with pulmonary rhodococcosis to the three most common observations each. Nevertheless, we are aware that the
clinical manifestation of rhodococcosis can sometimes differ significantly and depend on the form (pulmonary
or extrapulmonary), age of the foal, or severity of LUS findings. Some of our encounters with less typical courses
of rhodococcal infections have already been described™.

One of the crucial concerns in regard to infectious diseases is the most precise diagnosis. The majority of
researchers would prefer to have microbiological or PCR confirmation of the pathogen involved. We agree that
such evidence ends most of the discussions about the accuracy of the diagnosis. However, we believe that the
risk of misdiagnosis in the case of rhodococcal pneumonia is very limited. The combined clinical and ultra-
sonographic manifestation of pulmonary rhodococcosis is highly specific. Although not pathognomonic, lung
abscessation in the preweaned age is rarely described in cases other than R. equi*”>"**. On the other hand, one
study showed that the concentration of virulent R. equi in the exhaled air of both healthy and affected foals does
not differ significantly®. The same results may apply to the material collected during BAL or TBA. The mate-
rial collected from the trachea and bronchi might be R. equi positive in most foals, independent of their health
status due to its environmental characteristics. It may result in many false-positive diagnoses. Finally, the most
important concern is to limit unnecessary antimicrobial use, but positive results alone of microbiological culture
or PCR do not define which foals truly require treatment.

We agree that the results from two (or more) independent veterinarians would add more accuracy to our
research; however, no other veterinarian was available to perform such a comparison. Nevertheless, having the
same person perform all the diagnostics enabled a high level of consistency. Moreover, the veterinarian who
performed LUS was the one most experienced in this procedure on the team, and they were always able to consult
with another equine-specialized veterinarian regarding the results.

Owing to the field character of this study, it may be considered highly representative of the actual health status
and decisions regarding rhodococcosis. However, its character may also impose a limit to some of the analysis
and results. We expect the implementation of antimicrobial treatment to have a substantial impact on the pres-
ence of clinical findings and lung abnormalities'. In most cases, implementing antimicrobial drugs allowed us to
reduce fever and improve clinical conditions within a few days. Moreover, the size of most abscesses also gradu-
ally decreased after treatment implementation. Unfortunately, we cannot be sure about the extent of the effect of
antimicrobial therapy since we did not compare treated foals with any foals given a placebo. Such a comparison
would certainly be highly valuable from an academic point of view, but we consider such a study unethical. A
paper considering some of the effects of different drugs or their combinations, including the placebo group, was
already published; however, the study was performed on foals with lung abscesses and elevated WBC, regardless
of their clinical status®. Moreover, changes in the therapeutic plan were regulated in accordance with the cur-
rent health status of a particular foal and often modified. The relationship between the size of the abscesses and
the presence of clinical findings in our study might be partially influenced by these variabilities; however, these
limitations would be very hard to eliminate.

Additionally, some unfortunate circumstances, including widespread abortions due to the equine herpes
virus outbreak in 2019 and limitations in travelling in 2020/2021 due to the COVID-19 pandemic, substantially
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reduced the number of participating foals. Finally, as university workers, we were responsible for repeated clinical
and ultrasound examinations according to the LUS monitoring program. While we could recommend additional
diagnostic procedures and treatment options, the decisive voice belonged to the owners and stud veterinarians. In
the case of field clinical research on quite expensive animals, the consequences of invasive diagnostic procedures
and different treatment approaches were also vastly considered.

Conclusions

In Poland, clinical pulmonary rhodococcosis affects approximately 1/4 of the population of foals in some selected
endemic studs, while subclinical pulmonary rhodococcosis appears to be present in approximately 70% of foals in
these studs. The most frequently observed LUS abnormalities in preweaned foals are lung abscesses occurring at
approximately 2 months of age. Other pleural lesions and multiple B-lines were less frequent. The presence of lung
abscesses of a maximum diameter larger than 15 mm and the presence of other pleural lesions are significantly
and strongly linked with the occurrence of clinical rhodococcosis, so they may be considered factors indicating
the development of clinical disease. Increased body temperature and the presence of wheezes and crackles in
chest auscultation are significantly associated with the presence of lung abscesses; however, clinical signs lack
sufficient diagnostic sensitivity to allow for an accurate diagnosis of rhodococcosis. Future studies are needed
to develop more efficient monitoring and treatment protocols in equine breeding farms.
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Any additional information might be available on request from the corresponding author.
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Simple Summary: For decades, Rhodococcus equi infections remain one of the most common causes of
death in foals before weaning, coming from endemic studs. The pathogen can create many problems
other than its classical form—pneumonia. Such issues are described in the clinical cases presented
in this paper. The first case concerns the potential contribution of rhodococcal infection to a grave
outcome in a prematurely born foal lost as a yearling. Another presents so-called “extrapulmonary
disorders” (EPD) and a theory of inherited immunodeficiency in a breeding dam line from one stud.
The third case is connected with a suspected atypical location of the pulmonary abscess. The last
example is associated with drug-induced anhidrosis. These clinical pictures may be considered rare
or interesting and worth presenting in a scientific report.

Abstract: This article aims to present several interesting and less typical courses of Rhodococcus equii
infections in foals, collected during the 2019-2021 foaling seasons in some Polish studs. The study was
conducted by the Division of Veterinary Epidemiology and Economics, Warsaw University of Life
Sciences—SGGW, and concentrated on ultrasonographic contribution to diagnostics and treatment
of the disease. Among many standard cases of rhodococcal pneumonia, some rare ones occurred.
The aforementioned issues include the potential contribution of rhodococcal infection to a grave
outcome in a prematurely born filly, lost as a yearling, so-called “extrapulmonary disorders” (EPD),
a hypothesis of inherited immunodeficiency with grave outcome in a breeding dam line from one
stud, and macrolide-induced anhidrosis. The main benefit of this report would be to supplement the
general picture of clinical rhodococcosis.

Keywords: Rhodococcus equi; extrapulmonary disorders; macrolide-induced anhidrosis; primary
IgM deficiency

1. Introduction

For many decades, Rhodococcus equi remains one of the main problems in foals before
weaning worldwide. Despite being thoroughly described, this ubiquitous, opportunistic,
intracellular, Gram + pathogen creates a severe risk of significant health problems and loss
of foals in certain endemic studs. Its impact in a particular season and stud varies [1-5].

Commonly, rhodococcal infections are classified as pyogranulomatous pneumonia;
however, the latest clinical papers identify many different forms of the disease, affecting
tissues and organs other than the respiratory system. Increasing numbers of so-called “extra-
pulmonary changes” are being reported [4,6-9]. Additionally, many problems arise from the
management of the disease. Lack of satisfying immunoprophylaxis, different approaches to
diagnosis, no validated treatment alternatives, and problems with antimicrobial resistance
creates a constant challenge for both researchers and field veterinarians [1,3,4,10-14].

This clinical report presents some less typical cases that have been presented for
clinical and ultrasound evaluation during the studies on equine rhodococcosis provided

Vet. Sci. 2022, 9, 605. https:/ /doi.org/10.3390/vetsci9110605

https:/ /www.mdpi.com/journal /vetsci


https://doi.org/10.3390/vetsci9110605
https://doi.org/10.3390/vetsci9110605
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/vetsci
https://www.mdpi.com
https://orcid.org/0000-0002-4858-9702
https://orcid.org/0000-0001-9796-7784
https://orcid.org/0000-0003-1069-3384
https://doi.org/10.3390/vetsci9110605
https://www.mdpi.com/journal/vetsci
https://www.mdpi.com/article/10.3390/vetsci9110605?type=check_update&version=2

Vet. Sci. 2022, 9, 605

20f13

in central and eastern Poland by the Division of Veterinary Epidemiology and Economics,
Warsaw University of Life Sciences (SGGW), during 2019-2021 breeding seasons.

2. Clinical Cases: History and Examination Results
2.1. Clinical Approach

The monitoring program of rhodococcosis in foals including lung ultrasound was
established in 5 horse studs in cooperation with SGGW. The participating studs are con-
sidered endemic based on the history of multiple Rhodococcus equi infections confirmed by
post-mortem examinations and positive microbiological culture on blood agar, CAZ-NB
and API Coryne tests from the samples collected in previous breeding seasons. A total of
192 foals were examined during the program. The screening aimed to improve and promote
non-invasive and widely available field management of rhodococcosis in equine breeding
centres. Considering the prior history of multiple foal loss due to Rhodococcus equi and
scientific reports which claimed a higher probability of such infections in pneumonic foals
of 2-3 months of age than any other pathogens [15-19], the diagnosis was based on the
clinical picture and ultrasonographic evaluation of the lungs and pleural cavity (Draminski
4Vet Slim, linear transducer 8-10 MHz) [6,20,21]. Imaging diagnostics were performed
roughly in two-week intervals, between the 3rd week and 4th month of life or later in case
of clinical problems in older foals. The alluded approach emerged from a constant need to
improve clinical diagnostics and treatment protocols which vary significantly in different
seasons, counties, and studs [1,17,22,23].

2.1.1. Case 1—Premature Foal

A one-month-old Anglo-Arabian filly, born nearly a month prematurely was appointed
for a clinical and ultrasound examination in early June 2019. At the delivery, apparent signs
of immaturity were observed, such as small size, domed forehead, silky hair, tendon laxity,
and general weakness. Because of the presence of the suckling reflex, the owner decided to
introduce the treatment. She received colostrum within the first 12 h of her life from the local
high-quality colostrum reserves (>30% of sugar, digital Colostrum Refractometer, KRUUSE,
Langeskov, Denmark). Supportive treatment with dexamethasone (0.05 mg/kg IV) and
butafosfan with B12 vitamin (0.05 mg/kg IV) was also administered. During her first weeks
of life, she was bottle-fed with a milk replacer and received supportive therapies including
physiotherapy and assistance with standing up and learning to nurse whenever it became
possible. The foal was isolated from other horses for a prolonged time due to its weakness
and significantly smaller size.

Her first examination took place at 5 weeks of age. This stud participated in a lung
ultrasound screening program; however, the inclusion of the filly was primarily delayed
due to her isolation and specific maintenance. Physical examination revealed pyrexia
(rectal temperature of 39.6 °C) with a mildly elevated respiratory rate (56 breaths/min),
tachycardia (108 beats/min), capillary refill time (CRT) of 2 s, pink and moist mucus
membranes and mandibular lymph nodes within a normal range. She had no audible
abnormalities on the thoracic auscultation. During the ultrasound examination, multiple B-
lines were detected bilaterally. A multifocal abscess of significant size was detected on the
left side at the 12th intercostal space (ICS). Furthermore, a 10 mm abscess occurred at the
14th ICS on the right side, and an irregular abscessation was visible cranially from the 9th
ICS (Figure 1). Antimicrobial treatment with clarithromycin (7.5 mg/kg 2/daily PO) and
rifampicin (5 mg/kg 2/daily PO) was implemented on the same day and continued for the
following ten weeks, according to the changes in the filly’s weight [1].
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Figure 1. Ultrasonographic picture of an irregular abscessation observed in the right lobe from 9th
ICS cranially during the first examination of Case 1. Visible parts of the abscess are 35.6 mm in width
and 21.7 mm in depth.

During the treatment, she presented both recurrent fever and lesions of variable size
and number. In her third month of life, the filly developed clinical signs of retrobulbar ab-
scess. It progressed to partial blindness and left-sided microphthalmia over the next month,
despite the additionally implemented treatment of topical tropicamide and gentamicin.

The filly was monitored until she was nearly 5 months old. Neither clinical findings
nor major ultrasound abnormalities were present at that time. She had a small number of
B-lines of variable width, present mostly in the cranial parts of the lungs and suggestive of
post-inflammatory fibrous changes.

The case came back in July 2020, when she was 14 months old. This yearling was
appointed for an ultrasound examination due to her quickly deteriorating condition and
significant dyspnoea. Noticeable underweight and left-side microphthalmia were observed.
On physical examination, a rectal temperature of 37.9 °C with a mildly elevated respiratory
effort (28 breaths/min) and heart rate (HR; 76 beats/min), CRT of 2 s, pink and moist mucus
membranes and mandibular lymph nodes within a normal range were noted. Apparent and
loud wheezes were detected during thoracic auscultation. No other clinical abnormalities
were reported. Ultrasound examination revealed a significant amount of free fluid in the
pleural cavity bilaterally, with multiple hyperechoic shadows suggestive of fibrin clots. A
few days later the yearling died. A shortened field necropsy was performed on the same day.
A significant amount of fibrotic, turbid pleural fluid was confirmed in the thoracic cavity.
Moreover, the size of the lungs was severely decreased and macroscopically presented
major post-inflammatory and fibrotic changes. A small amount of turbid, fibrotic fluid
was also present in the abdominal cavity, with chronic inflammatory changes in intestinal
mucosa and mildly enlarged mesenteric lymph nodes. The owner decided not to pursue
further post-mortem diagnostics. Bacteriological examination of the lung parenchyma
revealed the presence of Rhodococcus equi and Streptococcus sp. 3-haemolytic type.
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2.1.2. Case 2—Problematic Bloodline

Two foals from the same Anglo-Arabian dam breeding line were undergoing a clinical
and ultrasound examination as a part of a monitoring program aiming to recognize early
signs of rhodococcosis in foals. Both mares, mother (Dam 1) and daughter (Dam 2) from
this line had been successfully inseminated with two different, unrelated sires and were
expecting foals in the 2020 breeding season. Both dams had a history of abortions or losses
of foals in prior years; however, due to breeder change, it was not yet investigated.

2.1.3. Case 2.1
Dam 2 Gave Birth to a Healthy Colt at the End of January 2020

This foal underwent his first monitoring examination at the 3 weeks of age. He had no
history of previous health issues. On physical examination, a rectal temperature of 38.7 °C
with a respiratory rate within normal and tachycardia (100 beats/min), CRT < 2 s, pale pink
and moist mucus membranes and mandibular lymph nodes within a normal range were
noted. No auscultation abnormalities were detected. Ultrasound examination revealed
a small number of B-lines, which might be considered acceptable for a foal at his age.
The monitoring was performed in two weeks intervals, with no significant exacerbations
detected until 8 weeks of age.

The foal was reported pyrectic at 10 weeks. On physical examination, a rectal temper-
ature of 40.1 °C with a mildly elevated respiratory rate and HR of 76 beats/min, CRT of
2 s, pale pink and moist mucus membranes, and mandibular lymph nodes within normal
were noted. No auscultation abnormalities were detected. A small number of B-lines and a
few small consolidations in the right cranial lobe were recognized during the ultrasound
examination. Since then, the colt was treated with tulathromycin (2.5 mg/kg 1/week IM)
and rifampicin (5 mg/kg 2/daily PO) according to the changes in the foal’s weight [1,13].
He was euthanized a month later, at 14 weeks old, due to progressive deterioration.

A necropsy was performed on the following day. The external evaluation showed
significant underweight, bilateral uveitis (Figure 2a), and arthritis with a significant amount
of synovial fluid, especially in the tarsal joints. Additionally, excessive overgrowth of the
synovia was recognized. Internal evaluation of the thorax revealed fibrotic pleural fluid,
inflammatory foci, and a few abscesses of 10-15 mm in diameter in the lung parenchyma
(Figure 3a), particularly in the cranial and dorsal parts. Mediastinal lymph nodes were
severely enlarged and purulent, which is rarely described [19]. Internal evaluation of the
abdomen showed fibrotic, turbid fluid in the peritoneum, multiple abscesses along the
large intestine with mesenteric lymph nodes abscessation (Figure 3b,c), and advanced
inflammatory changes in the intestinal mucosa. Moreover, scrotal oedema (Figure 2b) with
fibrotic, turbid fluid inside the tunica vaginalis, bilateral testicle atrophy, and inguinal hernia
with omentum partially inside the scrotum were present. A bacteriological examination of
the samples from the lung tissue and mesenteric lymph nodes confirmed the presence of
Rhodococcus equi. The inflammatory changes in tarsal joints seemed to be immune-mediated
aseptic polysynovitis since no microbiological culture from the synovial membrane samples
was confirmed.
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Figure 3. Anatomopathological findings concerning Case 2.1. Dissection of a pulmonary abscess (A),
large intestine and mesenteric abscessation (B,C).

2.1.4. Case 2.2
Dam 1 Gave Birth to a Healthy Filly at the Beginning of June 2020

This foal also underwent her first screening at 3 weeks old. She had no history of prior
health issues. On physical examination, a rectal temperature of 38.6 °C with a respiratory
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rate within a normal range and HR of 104 beats/min, CRT < 2 s, pink and moist mucus
membranes and mandibular lymph nodes within a normal range were detected. She had
no abnormalities audible on thoracic auscultation. Ultrasound examination revealed a
small number of B-lines, which might be considered acceptable for a foal of this age. During
the next ultrasound examination (5 weeks old) clinical parameters of the filly stayed within
a normal range; however, a significant number of B-lines up to 5 mm was recognized with
a few small consolidations in cranial lobes.

The filly was reported pyrectic with 39.9 °C being 7 weeks old. She also had a
mildly elevated respiratory rate and tachycardia (96 beats/min), CRT of 2 s, pink mucus
membranes, and mandibular lymph nodes within a normal range were detected. She
had audible wheezes on thoracic auscultation. Ultrasound examination revealed two
significant abscesses of 25 and 40 mm in diameter localized in 12 and 11 intercostal spaces,
respectively on the left side (Figure 4a) and two abscesses on the right side, one of 43 mm in
11 ICS and another one, multifocal and irregular of significant size in 10-8 ICS (Figure 4b).
The treatment was started on the same day (tulathromycin 2.5 mg/kg 1/week IM and
rifampicin 5 mg/kg 2/daily PO) and conducted according to the changes in the filly’s
weight [1,13]. The foal was examined for the last time at 12 weeks, with poor improvement
and persistent recurrent fever, and died three days later.

(A) (B)

Figure 4. Ultrasonographic picture of an irregular abscessation with hypoechoic fluid in the left lobe
in 11th ICS (A) and a multifocal abscessation in the right lobe from 11th ICS cranially in the right lobe
(B) observed during the first examination of Case 2.2.

A necropsy was performed on the following day. The foal was in moderate body
condition. The examination revealed multiple variable sizes of abscesses and inflammatory
changes in lung parenchyma and a moderate amount of turbid pleural fluid. No extra-
pulmonary changes were detected. Bacteriological examination of the lung parenchyma
revealed the presence of Rhodococcus equi and Streptococcus sp. 3-haemolytic type.

Due to significant health issues and deaths of the previous foals and suspicions of the
breeder about congenital predispositions, it was decided to perform a laboratory test to
determine the Immunoglobulin levels of the family. Accordingly, the mother’s (Dam 1),
daughter’s (Dam 2), and grandson’s Ig levels were investigated in the laboratory at the
beginning of May. The second examination took place in August and included Dam 1 and
her filly. The results of the examinations are presented in Table 1.
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Table 1. Results of immunoglobulin levels investigation. The Ig reference values for foals above
60 days of life are the same as for adult horses.

Results from Results from
Horse the Beginning of May 2020 the End of August 2020
IgG (Ref. IgM (Ref. IgG (Ref. IgM (Ref. IgA (Ref.
Value 500-2000) Value 90-150) Value 500-2000) Value 90-150) Value 60-130)
Dam 1 1480 mg/dL 340.1 mg/dL 2190 mg/dL 272.3 mg/dL 55.4 mg/dL
Filly from Dam 1 630 mg/dL 4.5mg/dL 101.9 mg/dL
Dam2* 1310 mg/dL 34.8 mg/dL
Colt from Dam 2 1390 mg/dL 142 mg/dL
* Daughter of Dam 1.

The results indicated that none of the horses had IgM levels within a normal range, and
all of the offspring showed significant IgM deficiency. Thus, it might be suspected that Dam
1 might pass some congenital immunological defect affecting the foals’ losses. No apparent
clinical signs that might indicate infection were detected in both mares during the blood
sampling. As a result, the breeder decided to withdraw both mares from reproduction
without further investigation.

2.1.5. Case 3—Suspicion of Extrapulmonary Disorders

A 6-week-old Arabian filly was appointed for a clinical and ultrasound examination
due to weakness, mild diarrhoea, reduced appetite, no weight gain, and apathy for a
few days. She was not included in an ultrasound screening program. Her daily rectal
temperature measurements had stayed within a normal range and there have been no other
health complaints about her since birth.

During the first physical examination, a rectal temperature of 38.3 °C with a respiratory
rate within a normal range and HR of 64 beats/min, CRT of 2 s, pink and moist mucus
membranes and mandibular lymph nodes within normal were detected. She had mild
auscultation wheezes present on the left side of the thorax. A small number of B- lines were
detected bilaterally during the ultrasound examination, which may be considered normal
for a foal at this age. However, on the left side at the 16th intercostal space, an abscess
of 45 mm was detected. This location is considered less common for a single pulmonary
consolidation since most of the lesions are usually detected in the cranial and medial
parts of the lungs [20]. Moreover, her clinical appearance described above implied the
possibility of extrapulmonary disorders connected with abdominal abscessation; however,
no such changes were available to visualize during the ultrasound examination. Due to
the significant size of the abscess and the poor general condition of the filly, antimicrobial
treatment was recommended and implemented on the following day. She was treated with
tulathromycin (2.5 mg/kg 1/week IM) according to the changes in the filly’s weight [13].
The antimicrobial treatment was conducted until she reached 11 weeks when no signs of
abscessation were detected during the ultrasound examination.

Clinical parameters stayed within a normal range during the treatment, and no fever
incidents were detected. It took approximately two weeks for the foal to regain the expected
condition and the abscess to reduce in size (26.4 mm). On the following examination, the
abscess became irregular due to fibrotic tissue appearing in the lung parenchyma and the
exact abscess’ size was not available to be measured. During the last examination, there
were no remains of the abscess detected.

2.1.6. Case 4—Drug-Induced Hyperthermia

A 5-week-old Angloarabian filly, was appointed for a clinical and ultrasound exam-
ination due to pyrexia and dyspnoea. The haematologic results from the day of pyrexia
onset presented in Table 2 indicate acute inflammation and dehydration. Her daily rectal
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temperature measurements stayed within a normal range until two days before the ultra-
sound examination, when it reached 39.2 °C. She was given benzylpenicillin (8 mg/kg, IM)
with streptomycin (10 mg/kg, IM) and metamizole (22 mg/kg, IV) for three days which
reduced the fever.

Table 2. Haematological results of Case 4 from the day of pyrexia onset with reference values [24].

RBC MCV HCT PLT MPV WBC HGB MCH MCHC LYMF GRAN MID
vlazlelf'e 6.5-9.99 38-53 3348 115450 - 5.0-12.6 11-16 12-16 31-37 14-23 2.75-8.19 -
Case 4 9.96 32 31.9 360 7.3 29.7 20.7 20.8 64.8 4.6 23.5 15

RBC—red blood cell count; MCV—mean cell volume; HCT—haematocrit; PLT—platelet count; MPV—mean
platelet volume; WBC—white blood cell count; HGB—haemoglobin; MCH—mean cell haemoglobin; MCHC—
mean corpuscular haemoglobin concentration; LYMF—Ilymphocytes; GRAN—granulocytes; MID—mid-range
absolute cell count.

During the first examination two days later, she presented dyspnea. Her rectal tem-
perature was 38.6 °C HR 64 beats/min, CRT 2 s, pink mucus membranes, mandibular
lymph nodes within a normal range, and she had no other apparent health issues. She
had no audible auscultation abnormalities on any side of the thorax. A moderate number
of B- lines were detected bilaterally during the ultrasound examination, which might be
considered acceptable for a foal at this age for a short period. An irregular abscess of
significant diameter was detected on the left side at the 8-6th intercostal space. On the
right side of the thorax, another irregular abscess occurred at the 11-8th intercostal space.
Antimicrobial treatment was recommended and implemented on the same day. The filly
was treated with clarithromycin (7.5 mg/kg 2/daily PO) and rifampicin (5 mg/kg 2/daily
PO) according to the changes in the filly’s weight [1]. The antimicrobial treatment was
conducted until the filly reached 14 weeks when no abnormalities were detected during an
ultrasound examination.

The second examination of the filly happened to occur at the beginning of June
(7 weeks of age). The outdoor temperatures were reaching 30 °C during the daytime and
the foal presented rectal temperatures from 39.5 °C up to 41.0 °C for a few days, with little
response to antipyretic drugs. However, an ultrasound examination revealed a significant
reduction in the abscesses’ size (Figure 5). Since macrolides are known to have an anhidrosis
potential in some horses, such a case was suspected. Therefore, the stable staff was asked
to wet the filly with cold water regularly and to carefully monitor the rectal temperatures
for a few days. Hyperthermia secondary to macrolide-induced anhidrosis seemed to be the
proper diagnosis and owing to regularly wetting the filly and careful temperature checks,
no other antipyretic drugs were needed. The procedure was implemented throughout the
treatment, which took nearly two months in total. Wetting was conducted whenever the
outdoor temperature was high and the stable staff reported increased rectal temperature
(above 39 °C) during the morning examination.
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Figure 5. Ultrasonographic picture of a circular abscessation observed in the left lung, 16th ICS
during the second examination of Case 3. Visible parts of the abscess are 26.4 mm in depth and
23.3 mm in width.

3. Discussion

Rhodococcus equi is commonly associated with respiratory signs in foals from endemic
studs. However, attaining reports about extrapulmonary findings and persisting impact of
Rhodococcus on the health of endemic areas may indicate underlying issues. Extrapulmonary
findings are often bound with more severe cases and worse prognoses [6,8,25-27]. This
approach may be very accurate, but our ability to diagnose some of them, especially those
connected with abdominal abscessations, is limited due to the most common locations of
the changes, often superimposed by gaseous loops of the intestines. Moreover, clinical find-
ings of abdominal abscessation are usually very unspecific and often restricted to diarrhoea
and underweight. Those cases can also be difficult to differentiate from macrolide-induced
problems. Many extrapulmonary incidents are confirmed and reported only based on
post-mortem examination [25,27], or, in the case of skeletal abscesses during the radio-
logical examination due to different reasons. Both types of changes may be significantly
underdiagnosed. In the aforementioned Case 2.2, abdominal signs were suspected due to
cachexia, persisting diarrhoea and slow response to antimicrobial treatment.

Ophthalmic changes are barely reported and generally worsen prognoses [6,26]. What
is more, the papers describe cases of rhodococcal infections referred for hospital treatment,
which are usually more severe [6]. In the alluded cases, ophthalmic changes terminated
in the loss of foals. Filly described in Case 1 seemed to have the retrobulbar abscess at
least partially cured. The eye bulb became microphthalmic, but the filly reacted properly to
rapid movements and light changes on the affected side.

One of the most important problems while managing rhodococcosis is undoubtedly an
extremely limited number of therapeutics effective in vivo [1,4,12-14,25,28]. Additionally,
increasing antimicrobial resistance presents a serious threat to both human and veterinary
medicine [29-31]. Unfortunately, in many countries, we lack such data, or, as in Poland,
they are limited only to some regions [28,31]. In all of the aforementioned fatal cases,
antimicrobial resistance against antibiotics selected for treatments was not detected.

Antimicrobial resistance does not end the list of disadvantages. Digestive issues and
dysbiosis resulting from the use of certain drugs, especially macrolides, may create a serious
risk for both mares and foals [32]. What is more, macrolide-induced anhidrosis may present
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even greater peril. These reactions in certain foals are connected with ion channels and
[32-adrenergic receptors, but the proceedings and prognosis in such incidents are still not
settled [33,34]. Up to date, in case of such antimicrobial adverse effects, the only solution
implemented in cooperating studs relies on careful monitoring of the foals by appropriately
qualified and responsible stable staff and their minute fulfilment of the recommendations.

Genetic susceptibility for rhodococcal infections in foals was not established and sci-
entific reports on that matter are also extremely limited [2,35]. Some genes were suspected
to possibly influence the development and course of clinical rhodococcosis but were not
yet extended for more biological samples and results. Other papers claim no strict reliance
on genetic factors in the development of clinical rhodococcosis [35]. It might be possible
that some mares deliver foals that are of higher risk due to lower colostrum quality. Some
foals may also be more prone to the disease due to increased exposure to pathogens caused
by environmental factors or higher periodic faecal shedding among the group [3,4,36-38]
but not for any strictly genetic problem. Thus some epigenetic and environmental factors
may become crucial for further investigation.

Another suspicion arises around recurrent problems in certain bloodlines, frequently
reported by field practitioners but not mentioned in scientific reports. In such cases, stud
veterinarians often briefly investigate the matter in local laboratories; however, it usually
ends with no clear answer. The key to resolving the problem may stay beyond genetic
profile. For instance, some authors report a correlation between early Equine Herpes
Virus type 1 or 2 (EHV1 and 2) infections and an increased risk of developing clinical
rhodococcosis [39,40]. This hypothesis may be at least partially true for many reasons. The
possibility of post-viral immunosuppression after early herpes infection being connected
with increased susceptibility to clinical rhodococcosis is worth considering. Other species,
including humans, significantly less affected by environmental Rhodococcus, suffer from the
disease mostly when immunologically deficient [4,10,41-45]. What is more, susceptibility
often occurs simultaneously with the highest exposure to a significant number of clinical
and subclinical foals confirmed to have increased faecal shedding [36]. This hypothesis can
also be supported considering that clinical signs usually develop during the immunological
gap in foals. Nevertheless, these matters are still to be investigated.

The deficiency in immunoglobulins type M (IgM) of possibly inherited background
suspected above partially binds earlier hypotheses. Reports about deficient IgM in horses
are extremely rare. Primary selective IgM deficiency is usually mentioned in the manuals
with a grave prognosis due to the foals being highly prone to multiple and recurrent
bacterial and viral infections, especially pneumonia. The issue typically occurs in Arabians
or AQH breeds [24,46]. The IgM deficiency was also described in a colt with a confirmed
impaired B-cell response. IgMs are known to take part in initial antigen recognition and
humoral activation, so this may partially explain the primary inability to fight infection
in such foals and the following deterioration [47]. Secondary selective IgM deficiency is
associated with lymphoma in adult horses; however, despite high sensitivity, it failed to be
its only marker during diagnostic trials [48,49]. Although IgG seems to play a major role in
clearing rhodococcal infections, IgM levels were also found elevated in the bronchoalveolar
lavage (BAL) of foals affected with rhodococcosis [49]. These immunologic patterns remain
yet undetermined; however, congenital immunological deficiencies could be considered in
some recurrent problems of certain bloodlines.

The study presents certain limitations. The monitoring program was introduced as
an additional tool to improve diagnostic procedures and treatment outcomes in endemic
studs, thus the veterinarian performing lung ultrasound diagnosis was only an advisor to
the stud veterinarians, who held full responsibility for the decisions regarding diagnosis
and treatment. Moreover, the article gathers a few retrospective clinical cases, which
unfortunately made most of the additional diagnostic procedures no longer available
to perform.
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4. Conclusions

Regardless of being an old and common dilemma, Rhodococcus equi and its clinical pre-
sentation remain a very challenging problem in endemic horse studs. What is particularly
important is to preserve both scientific and clinical points of view to critically assess the
ideas and implement proper solutions in managing the disease in field conditions, which
remains an ultimate goal in solving clinical problems.
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