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RESUMO

MONITORAMENTO DE POTROS POR ULTRASSONOGRAFIA TORACI CA,
CULTIVO BACTERIOLOGICO E PCR: DIAGNOSTICO DE INFECC AO
SUBCLINICA POR Rhodococcus equi.

AUTOR: Laura Huber
ORIENTADOR: Petra Garbade

Rhodococcus equi (R.equi), uma bactéria gram-positiva intracelular facultativa, é
uma causa importante de pneumonia em potros com idade entre 3 semanas e 5
meses. A manifestacdo clinica mais comum da doenca € a broncopneumonia
piogranulomatosa com abscedacdo. Na pneumonia causada por R. equi 0s
primeiros sinais clinicos podem nao ser aparentes até que as alteracdes patoldgicas
estejam bastante avancadas, por esse motivo, o diagndstico precoce e acurado de
potros com pneumonia por R. equi se torna fundamental. O diagndstico definitivo
baseia-se na deteccédo de R. equi na cultura bacteriolégica e identificacdo molecular
a partir da amostra de lavado traqueal; no entanto, essa técnica € invasiva, traz
riscos para o animal e é relativamente cara. A ultrassonografia (US) para deteccéo
precoce tem se tornado uma pratica de rotina em muitas fazendas endémicas para
rodococose equina. Com o advento dessa pratica de triagem, a forma mais
identificada de pneumonia por R. equi tem sido a subclinica, onde os animais
apresentam presenca de alteragBes pulmonares mas ndo apresentam sinais clinicos
da doenca. Atualmente, vapA é o gene com funcdo demonstrada na viruléncia.
Identificacdo de R. equi por Reacdo em Cadeia da Polimerase (PCR) em amostras
de fezes tem se mostrado efetivo para o reconhecimento precoce do agente.
Ultrassonografia toracica e PCR das amostras de fezes e swab nasal foram
realizadas em 22 potros desde as 3 até as 16 semanas de idade (intervalos de 15
dias) de 3 fazendas endémicas de criacdo de cavalos no sul do Brasil para identificar
a ocorréncia de doenca subclinica. A associagdo entre a ultrassonografia toracica e
PCR das amostras de fezes possibilitaram a deteccdo de doenga subclinica e
identificacdo de pontos criticos de controle dessa doenca. Considerando o fato de
que 95.4% dos potros apresentaram doenca subclinica e que nenhum deles
desenvolveu a doenca clinica demonstra que o tratamento desses casos nao é
justificavel para a populacéo analisada.

Palavras chave: Rhodococcus equi, ultrassonografia, PCR, vap



ABSTRACT

Monitoring foals by thoracic ultrasonography, bacte rial culture and PCR:

diagnostic of Rhodococcus equi  subclinical pneumonia.

AUTHOR: Laura Huber
ADVISOR: Petra Garbade

Rhodococcus equi, a gram-positive facultative intracellular pathogen, is an important
cause of pneumonia in foals between 3 weeks and 5 months of age. Pneumonia
caused by R. equi is an insidious disease in which clinical signs may not be apparent
until pathologic changes are well progressed. Because of the insidious progression of
infection to severe clinical signs, early and accurate diagnosis of foals with R. equi
pneumonia is important. Definitive diagnosis is based on R. equi detection by
bacterial culture and molecular identification from tracheobronchial aspirate (TBA),
this procedure is invasive, labor-intensive, requires skill, carries risks to foals, and is
relatively expensive. The sequential thoracic ultrasonography (TUS) to early
detection of the disease has been adopted as a screening method in many endemic
farms; for this reason, subclinical disease has been the most frequently observed
form. Nowadays, vapA is the only virulent gene identified. Fecal polymerase chain
reaction (PCR) is a noninvasive technique with good diagnostic accuracy. Thoracic
ultrasound screening (TUS) and PCR from fecal and nasal swab samples were
performed in 22 foals from 3 to 16 weeks of age from 3 endemic farms at south of
Brazil to identify the occurrence of R. equi subclinical disease. The association of
TUS and fecal PCR detection of virulent R. equi provided a possibility of identification
of critical points in disease control. Considering the fact that 95.4% of the foals
showed evidence of subclinical disease and none of them developed any signs of
clinical disease, the antibiotic treatment was not reasonable for the foals followed.

Key words: Rhodococcus equi, ultrasonography, PCR, vap
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1. INTRODUCAO

1.1. Rodococose equina:

Rhodoccoccus equi (R. equi) € uma bactéria oportunista gram-positiva,
intracelular, facultativa e é a causa mais importante de pneumonia severa em potros,
levando a sofrimento animal substancial e perdas econdmicas. A doenca clinica em
potros € endémica em algumas fazendas, esporadica em outras e ndao reconhecida
em muitas (Giguere, et al, 2011), sendo que a morbidade pode chegar a até 40%
(Cohen, et al, 2014). Cepas virulentas (positiva para o gene vapA) de R. equi estao
associadas com broncopenumonia, linfangite ulcerativa, abscessos internos, diarréia
e pleurite em potros (Van Der Kolk, et al, 1999). Fatores ambientais como
temperatura, umidade, poeira, pH do solo podem influenciar no desenvolvimento da
infeccdo (Martens, et al, 2000 e Meijer, et al, 2004). A expressdao de vapA é
termorregulada, ocorrendo entre 34 e 41°C e aumentando em condi¢cdes de baixo
pH (Takali, et al, 1994).

Nas fazendas onde a doenca € endémica, 0s custos associados com a
morbidade e mortalidade podem ser muito elevados (Giguere, et al, 2011). A doenca
pode estar associada com diminuicdo das chances do cavalo competir em corridas
quando adulto e também, fazendas que tem casos frequentes da doencga, podem

sofrer restricdes comerciais (Ainsworth, et al, 1998).

1.2. Situacao epidemiologica no Brasil:

De acordo com um estudo desenvolvido por Krewer (2008), em que foi
realizada a caracterizacdo genética do R. equi em amostras de fezes de potros e
animais adultos em fazendas endémicas localizadas no sul do Brasil, demonstrou a
ocorréncia de isolados positivos para vapA nas fezes dos animais. Esses achados
ndo estavam associados com a ocorréncia de sinais clinicos da doenca. A
identificacdo de isolados positivos para vapA ocorreu tanto em potros como em
adultos saudaveis indicando que esses animais tem um importante papel na
manutencao de cepas virulentas no ambiente.

Pesquisas sobre a ocorréncia de R. equi virulento nas fazendas do Brasil ja
foram realizadas, no entanto, nenhuma pesquisa demonstrou associacdo com outros
meétodos de triagem para avaliacdo de taxa de doenca subclinica em potros. Esse

dado se tornaria muito importante em fazendas de ocorréncia endémica de
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infeccdes por R. equi pelo fato de que esses animais subclinicos contribuem para a

manutencao de cepas virulentas no ambiente.

1.3. Isolamento e caracterizacdo genética:

A viruléncia do R. equi esta associada a fatores como a capsula
polissacaridea, enzimas fosfolipase C e colesterol oxidase (fator equi). Entretanto, a
presenca da capsula ndo é essencial para a sobrevivéncia do agente no ambiente
(Sydor, et al, 2008). O fator de viruléncia mais relevante associado a infeccdo de
potros por R. equi é a proteina conhecido como virulent-associated protein (vapA),
codificada pelo gene vapA, localizado em um plasmidio de viruléncia. (Byrne, et al,
2001). A importancia do gene vapA na patogénese da infec¢éo por R. equi e seu uso
como um marcador epidemiologico de viruléncia é bem estabelecida (Costa, et al,
2006; Makrai, et al, 2002; Takai, et al, 1995; Takai, et al, 1997). A viruléncia do R.
equi também esta associada com a habilidade da bactéria de impedir a fuséo
fagossomo-lisossomo e multiplicar-se nos macrofagos, resistindo a remocao pelas
defesas do organismo (Kanaly, 1993).

Ambos biotipos virulento e ndo virulento de R. equi tem sido identificados
(Dawson, et al, 2010). Isolados virulentos contém plasmidio de peso entre 85 e 90
kb e codificam a proteina associada a viruléncia vapA que é necessario para causar
doenca em potros. Os isolados virulentos podem ser identificados por deteccao de
gene vapA utilizando reacdo em cadeia de polimerase (PCR) (Sellon, et al, 2001). A
amplificacdo de vapA por PCR deve ser realizada em conjunto com a cultura
bacteriana, pois a PCR ndo permite a identificacdo de outros patdgenos bacterianos
e os testes de susceptibilidade in vitro dos isolados de R. equi (Giguere, et al, 2011).

1.4. Patogénese
A inalacdo de R. equi virulento é a rota principal de infeccdo pulmonar. O

periodo de incubacdo apos desafio intrabronquial experimental varia de 9 dias apos
administracdo de grande concentragdo do inoculo até 2-4 semanas apos
administracdo de concentragbes mais baixas (Barton, et al, 1987 e Giguere, et al,
1999). A consolidagdo pulmonar pode ser detectada tdo precocemente quando 3
dias apds uma concentracdo alta administrada (Barton, et al, 1987). O periodo de
incubacdo a campo ndo é conhecido e provavelmente depende de varios fatores

incluindo o numero de bactéria virulenta no ar do ambiente, idade do potro,
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mecanismos de defesa do hospedeiro (Giguere, et al, 1991). A ingestdo do
organismo € uma rota importante de exposicdo e também de imunizacdo, mas
raramente leva a pneumonia adquirida a menos que O potro seja submetido a
multiplas exposicdes de grande concentracdo de bactéria (Johson, et al, 1983).
Evidencia epidemioldgica sugere que a maioria dos potros de fazendas endémicas
se torne infectados nos primeiros dias de vida (Madison, et al, 1988). A idade média
de diagnostico da doenca € aproximadamente aos 35-50 dias de vida na maior parte
das fazendas endémicas (Chaffin, et al 2011 e Giguere, et al, 2002), o que concorda
com Madison (et al, 1998), considerando o periodo de incubacdo relativamente
longo para desenvolvimento da doenca. Em um estudo, potros de idades entre 3 e
13 dias foram mais suscetiveis a pneumonia por R. equi induzida experimentalmente
do que potros com idades de 14 a 36 dias (Martens, et at, 1989). No entanto, em
outro estudo, administracéo intra-traqueal de R. equi em 10 potros de idades entre
27-67 dias resultou em doenga em todos os potros inclusive os recebendo desafio

em baixas doses (Wada, et al, 1997).

1.5. Diagndstico:

O diagnostico definitivo da infeccdo por R. equi em potros com sinais de
doenca do trato respiratério inferior é baseado em cultura bacteriologica e
amplificacdo do DNA por PCR de amostra de lavado traqueal em combinagdo com
evidencia citologica de pneumonia séptica no fluido do mesmo (Giguere, 2011). O
procedimento para coleta desse material € invasivo, trabalhoso, requer profissional
qualificado e acarreta em riscos para o potro, além de ter um custo relativamente
alto. Por essas razfes, muitos veterinarios evitam realizar a coleta lavado traqueal a
campo e realizam apenas o diagndstico presuntivo de pneumonia por R. equi com
base no exame clinico e histérico. Portanto, se faz necessario um teste diagndstico

nao-invasivo para deteccdo de pneumonia por R. equi (Shaw, et al, 2015).

1.6. Prevencao
Métodos de controle e prevencao incluem testes de triagem para deteccao

precoce de pneumonia causada por R. equi, manejo ambiental, quimioprofilaxia e
prevencao utilizando imunidade passiva ou ativa (Giguere, et al, 2011).
O animal com pneumonia causada por R. equi pode ndo demonstrar sinais

clinicos da doenca até que as alteracdes patologicas ja estejam muito avancadas
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(Giguere, et al, 1997 e Prescott, et al, 1991). Consequentemente, a triagem para
deteccdo de potros nos estéagios precoces da doenca promove melhores resultados
terapéuticos, uma vez que a progressao avancada da doenca esta associada com o
mau prognostico (Giguere, et al, 2011). A doenca subclinica ja foi descrita apos tanto
infeccdo natural quanto experimental (Ardans, et al, 1986 e Martens, et al, 1989),
onde observa-se potros com lesdes pulmonares (consolidacdo pulmonar ou
formacdo de abscessos) identificadas por ultrassonografia toracica, mas que néao
desenvolvem sinais clinicos de pneumonia (Shaw, et al, 2015).

Em geral, a incidéncia cumulativa de pneumonia atribuida a infeccédo por R.
equi em fazendas nos EUA tem sido aproximadamente 10-20% do nascimento ao
desmame (Cohen, et al, 2005 e Chaffin, 2003). Em contraste, a incidéncia
cumulativa de potros com pneumonia subclinica em fazendas endémicas é
geralmente entre 30 e 60% (Giguere, et al, 2011). No entanto, muitos potros com
evidencia de doenca subclinica ndo vao desenvolver sinais clinicos de pneumonia
(Shaw, et al, 2015), evidenciando que essas lesdes se resolvem espontaneamente
sem intervencdo ou tratamento (Giguere, et al, 2011). Alguns estudos tém
demonstrado que a implementacdo de triagem diminui as mortalidades de potros
associadas a pneumonia por R. equi (Slovis, et al, 2005 e Prescott, et al, 1989).
Portanto, na auséncia de uma vacina eficaz para controle da doenca, o método de
triagem se faz extremamente util para controle de infec¢des por R. equi em fazendas
endémicas (Giguere, et al, 2011). Uma variedade de métodos de triagem tem sido
descrita, incluindo inspecdo visual, monitoramento de temperatura retal,
monitoramento de sinais clinicos de pneumonia, parametros hematolégicos,
sorologia, ultrassonografia ou radiografia toracica; com recomendacédo empirica de

inicio do triagem com 3 semanas de idade (Cohen, et al, 2014).

1.6.1. Ultrassonografia toracica

Triagem utilizando a ultrassonografia toracica (UST) consiste em exames
periodicos de potros entre 4 e 20 semanas de vida (Slovis, et al, 2005), podendo ser
utilizado aparelho de ultrassom com transdutor linear de frequéncia entre 5.0 a
7.5MHz. Alcool isopropilico é aplicado no pélo para proporcionar superficie de
contato entre o transdutor e o paciente, reduzindo a interferéncia na imagem pela
presenca de ar (Ramirez, et al, 2004). O térax deve ser examinado do plano dorsal

para o ventral do 16° ao 3° espaco intercostal (Slovis, et al, 2005). Segundo Ramirez
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(et al, 2004), os abscessos pulmonares sdo de tamanhos variaveis e podem estar
localizados em qualquer parte do pulméo; esses sao identificados no exame
ultrassonografico pela sua aparéncia cavitada; o seu centro pode ter aparéncia
hipoecoica, isoecoica ou septada dependendo do tipo de fluido presente. As
consolida¢cdes pulmonares sao hipoecdicas ou ha falta de eco normal na superficie
do pulméo. A visualizagdo das consolidacdes pulmonares ocorre pela substituicdo
do ar alveolar por fluidos ou células, que produzem uma janela acustica.

Segundo Slovis (et al, 2005), a UST é uma modalidade diagnostica pratica,
rapida, acurada e muito utii como método de triagem para R. equi. Esse mesmo
autor relata que apos realizar um estudo de uso de ultrassonografia tordcica como
meétodo de triagem em potros de 4 a 16 semanas de idade com intervalos de 15
dias, as fazendas em que foi implementado esse método ndo apresentaram
mortalidades e uma marcada reducdo de casos clinicos associados com infeccéo
por R. equi p6de ser observada.

Ramirez (et al, 2004) cita as vantagens e desvantagens do uso de
ultrassonografia toracica como método de triagem. As vantagens incluem: o
procedimento pode ser realizado com bastante agilidade, a competéncia para
realizar o teste pode ser rapidamente desenvolvida, o0s resultados estao
imediatamente disponiveis, o procedimento pode ser ainda mais sensivel que a
radiologia para deteccdo de lesbes em estagios precoces e os resultados sao
especificos para patologia pulmonar. As desvantagens incluem 0s custos para a
fazenda de exames ultrassonogréficos repetitivos, 0 aumento do manejo para
restricio desses animais repetidamente, e o aumento de potros tratados por
diagnéstico presuntivo de pneumonia por R. equi pelo aparente aumento de
incidéncia cumulativa, aumentando os riscos de efeitos colaterais associados ao
tratamento e desenvolvimento de resisténcia aos macrolideos (Giguere, et al, 2007).
Apesar disso, a ultrassonografia pulmonar, quando utilizada de maneira adequada, é
uma importante ferramenta de controle de infecgbes por R. equi em fazendas

endémicas (Giguere, et al, 2011).

1.6.2. PCR de amostra de fezes e swab nasal
De acordo com Pusterla (et al, 2007), Sellon (et al 2001) e Hashikura (et al,

2000) a cultura bacteriologica e amplificacdo de DNA por PCR a partir de amostras

de swab nasal ndo sédo sensiveis para o diagnostico de pneumonia por R. equi.
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Segundo Shaw (et al, 2015), PCR quantitativo de amostras de fezes é uma
técnica ndo invasiva com boa acuracia diagnéstica, assim sendo uma potencial
alternativa para uso de lavado broncoalveolar. Takai (et al, 1986), relatou que
durante um estudo em 43 potros de duas fazendas diferentes no Japéo, que a
prevaléncia de R. equi nas fezes foi maior em fazendas endémicas para a doenca
(94%; 16/17) do que as amostras de fazendas sem histérico de pneumonia por R.
equi (73%; 19/26). Takai (1986), sugere, ainda, que a cultura quantitativa de
amostras de fezes de potros em intervalos semanais € Gtil para diagnostico precoce
de infec¢Bes por R. equi, pois as concentracdes de R. equi nas amostras de fezes
aumentam ao mesmo tempo em que o0s sinais clinicos de doenca respiratoria
aparecem em alguns casos.

E importante ressaltar que Madrigal (et al, 2016), durante um estudo sobre
testes de triagem, detectou que a concentracdo media de copias de R. equi virulento
de fezes era 1 copia de vapA/g de fezes; indicando que a PCR quantitativo néo tinha
nenhuma vantagem evidente sobre um teste qualitativo que somente verifica a

presencga ou nao de R. equi virulento na amostra.

1.7. Tratamento dos casos subclinicos de infeccado por R. equi

Ainda ndo se tem uma conclusado se o tratamento de todos os casos subclinicos
€ apropriado. Slovis (et al, 2005) ressalta que ha especulacdes de que a diminuicdo
de casos de pneumonia por R. equi pode ter sido devido ao tratamento de potros
subclinicamente afetados, diminuindo a incubac¢do do agente virulento nas fezes. No
entanto, um estudo recente em uma fazenda endémica demonstrou que muitos
potros com lesfes pulmonares subclinicas se recuperaram sem tratamento e que o
tratamento dos animais subclinicos com azitromicina e rifampicina ndo acelerou a
recuperacdo comparando com o placebo (Venner, et al, 2011). Esses resultados
indicam que tratamento antimicrobiano realizado em todos os potros com pequenas
lesbes pulmonares subclinicas foram desnecessarias na fazenda. Estudos

adicionais nesse sentido sdo necessarios.

Diante do exposto acima, a seguir sera apresentado um manuscrito abordando a
ultrassonografia toracica e a analise de amostras de fezes e swab nasal por PCR
convencional para deteccdo de doenca subclinica e caracterizagdo genética de R.

equi em 22 potros provenientes de 3 fazendas endémicas para pneumonia por R.
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equi do Sul do Brasil. Esse manuscrito esta em fase de preparacdo para submisséo

a publicacao.
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2. MANUSCRITO

Monitoring foals by thoracic ultrasonography, bacte rial culture and PCR:
diagnostic of Rhodococcus equi subclinical pneumonia.
L. Huber?, L. T. Gressler?, M. Sanz*, P. Garbade', A. Vargas®, B. Petri*.

(Artigo em preparacdo para publicacdo — Journal of Equine Veterinary Science)
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do Sul, Brazil.
2 Microbiology Department, Faculty of Veterinary Medicine, Universidade de Passo Fundo, Brazil.
3\Nashington State University, USA
4Microbiology Department, Faculty of Veterinary Medicine, Universidade Federal de Santa Maria,
Brazil.

Correspondence email: laura.huberl6@hotmail.com

ABSTRACT

Pneumonia caused by Rhodococcus equi (R. equi) is an insidious disease in which
clinical signs may not be apparent until pathologic changes are well progressed,;
early and accurate diagnosis of foals with R. equi pneumonia is important. Thoracic
ultrasound screening (TUS) and polymerase chain reaction (PCR) from fecal and
nasal swab samples were performed in 22 foals from 3 to 16 weeks of age from 3
endemic farms at south of Brazil to identify the occurrence of R. equi subclinical
disease. The association of TUS and fecal PCR detection of virulent R. equi provided
a possibility of identification of critical points in disease control. Considering the fact
that 95.4% of the foals showed evidence of subclinical disease and none of them
developed any signs of clinical disease, the antibiotic treatment was not reasonable
for the foals followed.

1. INTRODUCTION

Rhodococcus equi (R. equi), a gram-positive facultative intracellular pathogen,
is an important cause of pneumonia in foals between 3 weeks and 5 months of age
(Slovis, et al, 2005). R. equi is a saprophytic inhabitant of soil and is widespread in
the environment of horse-breeding farms (Takai, et al, 1991). Its associated clinical

disease may be unrecognized or sporadic on some farms and enzootic and
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devastating on others with morbity rate sometimes exceeding 40% (Cohen, et al,
2014). Pneumonia caused by R. equi is an insidious disease in which clinical signs
may not be apparent until pathologic changes are well progressed (Giguere, et al,
1997). Because of the insidious progression of infection to severe clinical signs, early
and accurate diagnosis of R. equi pneumonia is crucial to foals recovery (Madrigal, et
al, 2016).

The definitive diagnosis is based on R. equi detection by bacterial culture and
molecular identification from tracheobronchial aspirate (TBA) in combination with
cytological evidence of sepsis in the TBA from animals with clinical signs of
pneumonia (Giguere, et al, 2011). Although the TBA importance to definitive
diagnosis, this procedure is invasive, labor-intensive, requires skill, carries risks to
foals, and is relatively expensive. For this reasons, many practitioners avoid
performing the TBA in farm setting. In the other hand, fecal gPCR is a noninvasive
technique with good diagnostic accuracy, making it a potential alternative to TBAs to
confirm R. equi aetiology (Shaw, et al, 2015).

Currently, veterinary practitioners use several screening methods to identify
foals that will develop R. equi pneumonia based on the rationale that early
intervention will lead to greater therapeutic success and shorter duration of treatment
(Madrigal, et al, 2016, Giguere, et al, 2011). The sequential thoracic ultrasonography
(TUS) is a highly sensitive screening method used to detect peripheral lung
abscesses (McCracken, et al, 2005), which may be detected in early stages of the R.
equi pneumonia. It is the most widely adopted approach to detect abscesses in the
periphery of the lung and it is easily performed in farms (Madrigal, et al, 2016).

R. equi pneumonia has been commonly reported in farms from Brazil,
however its subclinical occurrence is unknown. Moreover, a screening test to
evaluate the population has not been well tested. The main goal of this study is to
identify the occurrence of R. equi subclinical disease in foals from 3 to 16 weeks of
age in 3 endemic farms from Brazil, using TUS and conventional PCR from fecal and
nasal swab samples. We also intended to isolate R. equi and genotypically
characterize its virulence as well as to follow the development of the cases to
determine the necessity of treatment of subclinical disease in the population studied.
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2. MATERIALS AND METHODS

2.1. Target population and data collection

This study was conducted in 22 randomly selected foals from three different
breeding farms located in the state of Rio Grande do Sul, Brazil. These farms were
selected because they had a history of occurrence for R. equi infection based on
medical records from 2000 to 2014. Client consent for foal inclusion was obtained,
and the project was approved by the animal ethics committee of the Universidade
Federal do Rio Grande do Sul (UFRGS), Brazil. The foals were examined at 3,5, 7, 9
and 16 weeks of age. During the evaluation, a complete physical exam (including
rectal temperature, heart rate, respiratory rate and pulmonary and cardiac
auscultation) and bilateral thoracic ultrasound were performed. At the same time,
fecal and nasal swab samples were collected from each foal. The foals were visually

evaluated by distance daily.

2.2. Thoracic ultrasound exam:

Ultrasound was performed using minimal restraint as described before (Slovis
et al 2005). Briefly, ethyl ethanol (70%) was applied over the pulmonary area
bilaterally and the exam was performed using a 5mHz linear transducer. Based on
the ultrasonographic evidences the lungs were classified as: without significant
abnormalities, with evidence of pulmonary consolidation (ill-defined, hypoechoic
regions with a hyper-echoic margin) or with pulmonary abscess (well-defined,
hypoechoic nodules relative to the surrounding lung parenchyma) (Ramirez et al
2004). The affected areas were measured (largest diameter in mm) and the images

were recorded.

2.3. Feces and nasal swabs sampling

Fecal samples were collected directly from the rectum by digital palpation and
stored in sterile containers at 2-8°C for transportation. Nasal swab samples (both
nostrils) were taken by inserting sterile swabs (swab haste plastic sterile — Labor
Import) deep into the nasal cavity previously cleaned with paper towels. Swabs were
kept in semi-solid medium transport (CO CitotestLabware Manufacturing, Ltd.,
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Jiangsu, China).All samples were kept at 2-8°C and were shipped to the Bacteriology
Laboratory at the Universidade Federal de Santa Maria (UFSM), Brazil within 48
hours after collection within 48 hours after collection. Thereafter samples were

immediately processed and aliquots were kept at -20°C.

2.4. Bacterial analysis and conventional PCR:

The nasal swabs samples were streaked on agar plates containing 5% sheep
blood for the selective isolation of R. equi, and fecal samples were streaked to
nalidixic acidnovobiocin-actidione (cycloheximide)-potassium tellurite (NANAT)
medium, as previously described by Woolcock (et al, 1979). The plates were
incubated aerobically at 37 °C for 72 h. Bacterial colonies suggestive of R. equi were
subcultured and phenotypically identified using standard procedures that included
colony morphology, Gram staining, and CAMP testing (Quinn et al., 1994). For
isolates phenotypically similar to R. equi, the DNA was extracted using the CTAB
protocol (cetyltrimethyl ammonium bromide) preceded by digestion with proteinase K
(20 mg/ml) for 60 minutes at 37 °C (Sambrook and Russell, 2001). The DNA
templates were submitted to multiplex PCR targeting a region in the gene coding for
16S rRNA in R. equi (458 bp), and the virulence gene vapA (564 bp). The primers
used were: genus/species-Forward (5-GGT CTA ATA CCG GAT ATG AGC TCC
TGT C) and Reverse (5-CGC AAG CTT GGG GTT GAG CCC CAA) according to
BELL et al. (1996), vapA-Forward (5-ACA AGA CGG TTT CTA AGG CG) and
Reverse (5-TTG TGC CAG CTA CCA GAG CC) according to Monego et al. (2009).

3. RESULTS

3.1. Physical and ultrasonographic examination

Complete physical examination was performed in all the 22 foals at each
predetermined time of samples collection. Heart rate and respiratory rate decreased
progressively from the 3™ week to the 16™ week. Rectal temperature remained
constant through the evaluations (Figure 1). No abnormal findings on the pulmonary
auscultation were observed during the study. The foals were visually evaluated daily
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for signs of respiratory distress, apathy, inappetence, none of which observed in
period of the study.
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Figure 1: mean and standard deviation of heart rate, respiratory rate and temperature (°F) measured
of all foals at the 3", 5™, 7", 9" and 16" week.

Of the 22 foals evaluated, 21 (95.4%) developed subclinical disease
characterized by presence of ultrasonographic abnormalities consistent with
abscessation or consolidation but without signs of lower respiratory tract infection (ie
fever, cough, nasal discharge, tachypnea, respiratory effort or distress). Five (22.7%)
presented unilateral pulmonary abscessation (Figure 2). The foal number 15 had
abscess on the left lung at 5™ and 7" week measuring 11.3mm and 16.4mm of
diameter respectively (Figure 2A). The foal number 16 had an abscess measuring
24.0mm of diameter on the left lung at 9" week that reduced to 5.0mm of diameter at
the 16™ week (Figure 2B). The foal number 18 presented abscess on the left lung at
the 7" week measuring 11.0mm of diameter (Figure 2C); the foals number 20 and 21
had abscess on the right lung at the 5" week measuring 13.4mm and 11.8mm
diameter, respectively (Figure 2D). All abscess resolved spontaneously within the
study period.

The incidence of pulmonary consolidation and pulmonary abscess verified on
the US examination increased at 5™ (in 50% and 14% of the animals) and 7™ (59%
and 9%, respectively) week. The pulmonary abscesses were initially detected at 5™

week and reduced in size on the following exams (Table 1).
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Figure 2: A - Foal number 15 presenting 11.3mm diameter abscess at 5" week and 16. 5mm at 7"
week. B - Foal number 16 presenting 24mm of diameter abscess at o Week and 5mm at 16" week. C
- Foal number 18 presenting abscess measuring 11.0mm of diameter at 7" week. D - Foals 20 and 21
presenting pulmonary abscess at 5™ week measuring 13.4mm and 11.8mm diameter respectively.

3.2. Detection _and characterization of R. equi_from nasal swabs and fecal
samples

R. equi vap A could be detected on the samples (feces and nasal swabs) from
twelve of the 22 foals (54.5%) (Tablel). In nine of them (75%) virulent R. equi was

isolated from exclusively feces samples, in two of them (16.66%) from both feces and
nasal swab samples, and one (8.33%) from exclusively nasal swab samples. Of the
12 foals with R. equi vap A positive samples, two had pulmonary abscess unilaterally
that resolved completely on the following exams. All R. equi positive foals had some
degree of pulmonary consolidation. Of the 10 foals that remained negative for virulent
R. equi, 3 (30%) had pulmonary abscesses also unilaterally which completely
resolved. Nine (90%) had pulmonary consolidation bilaterally. R. equi was verified in
feces samples either at the same period (2 from the 12 positive cases), after (6 from
the 12 positive cases) or before (3 from the 12 positive cases) the signs of pulmonary
consolidation was found by TUS examination. Of the 5 foals with evidence of
pulmonary abscess by TUS, in 75% (3/5) R. equi could not be identified on the fecal
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or nasal swab samples. One of the 3 R. equi vap A positive samples from nasal swab
was indentified before its isolation from fecal samples. In this case, the evidence of
pulmonary consolidation on the TUS exam appeared at the same period of R. equi
detection. The number of samples positive for R. equi increased on the 7" week
(40.9%) and later on the 16" week (33.33%).

A =3 week B =5 week C=7 week D =9 week E =16 week
Num. Farm us us us us us
F R L NS F R L NS F R L NS F R L NS F R L
1 A 0O 00 + 0 1 11 + 1
2 A 0O 01 00 00
3 A 0O 0O + 00 00 11
4 A 00 00 00 00 11
5 B + 0 O 11 1 1 10
6 B 00 01 00 00
7 B 00 11 1 1 00 11
8 B 0 1 11 11 11
9 B 00 00 11
10 B 0O 11 11 01 00
11 B 0O 00 00 00
12 B 00 00 11 11 + + 00O
13 A 0 1 11 1 1 00 11
14 A 00 01 00 11 + 00
15 A 00 1 2 + 1 2 10 11
16 A 0O 00 11 20 20
17 A 0O 11 00 00 00
18 C 11 + 11 12 11
19 C 10 0O + 10 + 0O
20 C 00 2 1 10 00 00
21 C 0 1 2 1 11 01
22 C 11 11 11 00 00
N 22 22 22 21 15

Table 1: Time of appearance of virulent R. equi on nasal swab (NS) and fecal samples (F).
Ultrasonographic exam (US) showing time of appearance of consolidation (1), abscess (2) or no
alterations found (0) on the right (R ) and left(L) lung. The number of animals analyzed on each group
is represented by N.

When analyzing the results by farm separately(Figure 3), Farm A (Figure 3a)
presented the highest number of R. equi vap A positive at 7" week (55.5%), and
pulmonary consolidation/pulmonary abscess appeared more frequently at 16" week
(62.5% and 12.5%, respectively). Farm B (Figure 3b) presented the highest number

of R. equi isolation at 16™ week (60%) while pulmonary consolidations signs were
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more evident at 7" week (75%). No signs of pulmonary abscess were seen in these

animals. At farm C (Figure 3c), R. equi detection was between 5 and 9 weeks (20%)

while the sings of pulmonary consolidation were observed more frequently between 3

and 7 weeks (80% at 3" and 5" week and 100% at 7™ week). Pulmonary abscess

was identified more frequently at 5" week (40%).
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Figure 3: Presence of virulent R. equi on fecal samples (PCR), lung consolidation and lung abscess
on Farm A (3a), Farm B (3b) and Farm C (3c) through examinations of the foals at 3, 5, 7, 9 and 16
weeks of age.

When comparing the findings between farms, R. equi identification was more
frequently observed at the farm A (66.66%) while abscess cases were significantly
important at farm C (60%). Presence of pulmonary consolidation identified by US
examination was expressively high at all farms (100% at farm A and C and 87% at
farm B) (Table 2).

FARM vap A F. equi Consolidation Abhscess

A BE.7 % 100.0% 224.0%
B 50.0% a7.0% 0%
C 40.0% 100.0% 60.0%

Table 2: percentage of virulent R. equi on fecal samples and lung abscess and consolidation
visualized by TUS on farms A, B and C, considering all foals and all exams.

4. DISCUSSION

In this study, TUS was performed on foals from 3 to 16 weeks (15 days
intervals between evaluations) and subclinical disease was identified on 95.5%
(21/22) of them, which agrees with statement from McCracken (et al, 2005) that TUS
is a highly sensitive screening method used to detect peripheral lung abscesses in
early stages of R. equi pneumonia. Foals with subclinical disease were considered

those who presented lung alterations (consolidation or abscess formation) identified
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by thoracic ultrasound but did not develop clinical signs of pneumonia according to
Shaw (et al, 2015). None of the foals in this study developed clinical signs of R. equi
pneumonia (ie fever, cough, nasal discharge, tachypnea, respiratory effort or
distress, etc). High temperatures (between 102.2 and 103.8 °F) were not commonly
observed and did not associate with any other clinical signs of pneumonia, being
more related to environment conditions and capture stress. Heart and respiratory rate
as well as rectal temperature decreased over time as a result of ageing of the foals
and familiarization with handling (Piccione, et al, 2006 and Bernard and Barr, 2011).
These findings agree with statement from Shaw (et al, 2015) that many foals with
findings consistent with R. equi infection will not develop clinical signs. It was recently
reported that among 270 foals at a large breeding farm in Texas, 80% (216/270)
developed ultrasonographic evidence of pulmonary consolidations or abscess
greater than 10mm in diameter; of these 216 foals, only 46 (21%) ultimately
developed clinical signs of pneumonia (Chaffin, et al, 2013).

In the present study, the incidence of signs of pulmonary consolidation and
pulmonary abscess increased at 5" (50% and 14% respectively) and 7" (59% and
9% respectively) week. The pulmonary abscesses started to be detected at 5™ week
and reduce in size on the following exams. Age-related deficiencies in R. equi-
specific cytotoxic T lymphocytes (CTL) activity have been documented in 3-week-old
foals. Activity of CTLs is improved by 6 weeks of age and is similar to that of adult
horses by 8 weeks (Giguere, et al, 2011). This improvement on the immunity of the
foal may be one of the factors that contribute to abscess reduction in size and to
nearly extinction by the 16™ weeks.

Of the 5 foals with evidence of pulmonary abscess by TUS, in 75% (3/5) R.
equi could not be identified on the fecal or nasal swab samples. In addition, 90% of
the foals in which R. equi was not detected on the samples presented subclinical
disease. These findings are in line with the conclusion reported by Madrigal et al.
(2016). These authors reported that gPCR for vapA on serial fecal samples was not
clinically useful to identify foals that will develop R. equi pneumonia. On the other
hand, when analyzing each case separately, this study demonstrates that from the
12 foals with identified R. equi vap A on the samples, the detection of R. equi
occurred before or at the same period as the signs of pulmonary consolidation could
be seen by thoracic ultrasound in 42% (5/12) of the time. According to Takai (1986),
guantitative culture of the feces of foals at weekly intervals has been advocated to
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aid in early diagnosis of R. equi infections, because the fecal concentration of R. equi
increased at the same time as clinical signs of respiratory disease appeared in some
cases.

R. equi vap A was detected on the samples (feces and nasal swab) from
twelve of the 22 foals (54.5%). In this study, only in 17% (2/12) of the foals, R. equi
was isolated from both fecal and nasal swab samples and only 8% (1/12) was
isolated exclusively from nasal swab samples. In 75% (9/12) of the foal, R. equi was
isolated exclusively from fecal samples. The results from this study demonstrate that
fecal samples may be more useful to detect virulent R. equi than nasal swab
samples, agreeing with Pusterela (et al, 2007), Sellon (et al 2001) and Hashikura (et
al, 2000) studies that show that bacterial culture and PCR amplification of nasal
swabs are insensitive for diagnosis of R. equi pneumonia.

In a group of experimentally infected foals, all foals younger than 14 days old
at the time of the infection developed terminal pneumonia but all foals older than 14
days of age at the time of infection developed pneumonia and recovered without
treatment (Horowitz, et al, 2001). The fact that only in 4.54% (1/22) of the samples
virulent R. equi was identified on the 3™ week could indicate that the animals in this
study had contact with R. equi later than 2 weeks of life and why they didn’t develop
the clinical disease. Even that, in this project, Real Time PCR (RT-PCR) was not
performed to identify the bacterial load in the fecal samples, Madrigal (et al, 2016)
during a study on screening tests showed that the threshold concentration was
essentially 1 copy of vapA/g of feces, indicating that quantitative PCR had no
advantage over a qualitative test that simply detected the presence or absence
of vapA.

Because ultrasonographic screening for early detection has become a routine
practice at many farms endemic for pneumonia caused by R. equi, the most
frequently recognized form of R. equi infection on those farms is a subclinical form in
which foals develop sonographic evidence of peripheral pulmonary consolidation or
abscessation without manifesting clinical signs (Venner, et al, 2011). On those farms,
the cumulative frequency of sonographically visible areas of focal pulmonary
consolidation or abscessation considerably exceeds the historical frequency of
clinical pneumonia attributed to R. equi suggesting that many subclinical foals might
spontaneously recover without treatment. In this study, 95.4% (21/22) of the foals

developed subclinical disease, without clinical signs of R. equi pneumonia until 16
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weeks of age, indicating that treatment for these subclinical cases is not justifiable.
Moreover, it is important to highlight that mass antimicrobial treatment of sub-
clinically affected foals is not without potential problems, including macrolide-
associated hyperthermia and diarrhea (Stratton-Phelps et al., 2000) and selection of
antimicrobial resistant strains (Giguere et al., 2010).

Herein the TUS was useful to early detection of subclinical R. equi pneumonia.
The association with fecal PCR detection of virulent R. equi, provide a possibility of
identification of critical points in disease control. Considering the results of this study,
the foals were most likely submitted to higher concentration of R. equi after 3 weeks
of age which could be one of the reasons none of them developed the clinical
disease. Considering the fact that 95.4% of the foals showed evidence of subclinical
disease and none of them developed any signs of clinical disease, the antibiotic

treatment was not reasonable for the foals followed.

5. CONCLUSIONS

Finally, we consider this study valid since an analysis associating TUS and
laboratory findings for detection of R. equi subclinical pneumonia was never

performed in Brazil and our results are in line with the literature worldwide.
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3. CONSIDERACOES FINAIS

A rodococose equina é uma doenca presente nas fazendas de criacdo de
equinos no mundo todo. As caracteristicas de patogenia da rodococose tornam o
controle dessa doencga muito dificil, além de que ainda n&o existem meétodos de
prevencdo 100% eficazes. Considerando a grande importancia econbmica e o
iImpacto ao bem estar animal que as infecgbes por Rhodococcus equi causam na
producdo de equinos, o0 presente estudo procurou demonstrar maneiras praticas de
identificacéo precoce da doenca para auxiliar na sua prevengao e controle.

Apesar da relativamente pequena amostra de animais (22 potros) submetida
a essa pesquisa, 0 estudo contou com uma boa variedade de dados devido ao
constante acompanhamento desses animais desde as 3 até as 16 semanas de vida.
Os resultados possibilitaram a identificagdo de uma elevada taxa (95.4%) de
diagnostico de doenca subclinica ndo antes documentada nos rebanhos brasileiros.
Esses resultados concordaram com a literatura anteriormente descrita,
principalmente se tratando da taxa e dos periodos de aparecimento das evidencias
de doenca subclinica.

Apesar de a PCR quantitativo ndo ter sido uma possibilidade de realizagao
nesse estudo, os resultados obtidos com a PCR convencional foram aparentemente
bastante fidedignos, pois concordaram com os resultados anteriormente descritos na
literatura sobre os periodos de maior prevaléncia de isolamento de R. equi nas
fezes. Além disso, conforme ja revisado na literatura anteriormente, a concentracdo
comumente isolada nas amostras de fezes, é 1 vapA/g, portanto a realizacdo de
PCR qualitativo fornece resultados tao fidedignos quanto o quantitativo.

A ultrassonografia toracica se mostrou uma técnica de triagem bastante
pratica e acurada na identificacdo de potros subclinicamente afetados e facilmente
adaptavel a rotina diaria das fazendas. Como ja revisado na literatura anteriormente,
esse meétodo de triagem, quando implementado em fazendas de ocorréncia
endémica, pode diminuir os casos de mortalidade e morbidade por pneumonia
causada por R. equi. Nesse estudo, a associacdo entre o0 emprego da
ultrassonografia toracica e a avaliacdo dos resultados do isolamento e identificacao
genética do R. equi nas fezes trouxe informagfes valiosas sobre pontos criticos de
controle da doenca. Por exemplo, apés realizar os testes de triagem, pudemos

perceber que nas fazendas A e B houve um aumento nas taxas de R. equi vapA
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positivos nas amostras na 162 semana, que acreditamos gue possa ser devido ao
manejo de trazer as éguas e potros até a mangueira e/ou cocheira para alimentacao;
na fazenda C, notamos uma elevada taxa de aparecimento de abscessos
pulmonares, e acreditamos que esses potros estejam sido submetidos a situacbes
de superlotacdo, aumentando os riscos de contaminagdo por R. equi desses
animais. Com essa analise € possivel identificar os pontos mais criticos e modificar o
manejo a fim de reduzir os riscos do desenvolvimento da doenca clinica. Além disso,
acreditamos que o acompanhamento dos potros mais afetados (com abscesso
pulmonar evidente) possa identificar mais precocemente o desenvolvimento da
doenca clinica melhorando a resposta desse animal ao tratamento.

Nesse estudo, verificamos uma taxa de 100% de recuperacdo espontanea
dos casos subclinicos, sem a necessidade de tratamento, concordando com o0s
achados na literatura. No entanto, existem também especulacbes de que o
tratamento de animais subclinicos seria benéfico para diminuir a contaminagéo
ambiental causada pela manutencdo de animais portadores assintomaticos de R.

equi virulento.

4. CONCLUSOES

* A rodococose eqlina é considerada endémica em muitas regides do
Brasil e do mundo e métodos de identificacdo precoce e controle da
doenca sdo necessarios para evitar as perdas econdémicas e 0
sofrimento animal.

* No Brasil, ndo havia sido descrito na literatura casos de doenca
subclinica identificados por ultrassonografia toracica.

* A avaliacdo sequencial dos dados de PCR obtidos de amostras de
fezes juntamente com a avaliacdo clinica dos potros e ultrassonografia
de térax permitiu a identificacdo de infeccdo subclinica por R. equi.
Além disso, foi possivel a identificacdo dos pontos criticos de controle
da doenca. Esse reconhecimento possibilita 0 acompanhamento dos
potros mais afetados para que a doenca clinica, se ocorrer, possa ser
identificada precocemente contribuindo para o sucesso do tratamento.

As amostras de swab nasal ndo forneceram dados tdo precisos,
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portanto, ndo recomendamos a analises de amostras de swab nasal
isoladamente como método de screening.

O tratamento em massa dos casos subclinicos se torna injustificavel na
populacdo analisada ja que em 100% dos casos houve recuperacao de
forma espontanea.

O estudo contribuiu para demonstrar formas simples e aplicaveis de
investigacdo da doenca nas fazendas endémicas.
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