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Lung lesions of slaughtered horses in southern Brazil®
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ABSTRACT.- Bianchi M.V,, Mello L.S., De Lorenzo C., Lopes B.C., Snel G.G.M., Driemeier D.
& Pavarini S.P. 2018. Lung lesions of slaughtered horses in southern Brazil. Pesquisa
Veterindria Brasileira 38(11):2056-2064. Setor de Patologia Veterinaria, Faculdade de Veterinaria,
Universidade Federal do Rio Grande do Sul, Av. Bento Gongalves 9090, Porto Alegre, RS
91540-000, Brazil. E-mail: saulo.pavarini@ufrgs.br

Respiratory diseases cause significant veterinary costs, reduce performance and require
withdrawal of horses. Yet, studies of the causes of pneumonia in horses are scant. This study
aimed to describe the pathological and microbiological features of lung lesions in slaughtered
horses in southern Brazil. In this study, 84 samples of lungs were examined, and a conclusive
diagnosis was obtained in 74 cases. These were composed of bronchopneumonia in 50 cases,
followed by granulomatous eosinophilic pneumonia (9/74), recurrent airway obstruction
(7/74), lung fibrosis (4/74), lung hemorrhage (3/74) and pulmonary pythiosis (1/74).
Bronchopneumonia had grossly firm focally extensive yellow to dark-red areas, which
consisted microscopically of multifocal to coalescing infiltrate of degenerate neutrophils.
Streptococcus equi subsp. zooepidemicus was identified in 21 of the 50 cases. Granulomatous
eosinophilic pneumonia had multifocal pinpoint firm-hard yellow areas, which microscopically
were composed of granulomas with a mineralized center surrounded by collagen fibers and
severe infiltrate of eosinophils. Recurrent airway obstruction had mild multifocal pinpoint
firm white areas that consisted microscopically of large amounts of mucus inside bronchi
and bronchiole. Lung fibrosis had two patterns: focally extensive areas of consolidation and
firm nodular areas. Microscopically, the first pattern had interstitial to peribronchial fibrosis,
while the second had, in addition to the interstitial fibrosis, a severe pneumocyte hyperplasia
and an alveolar infiltrate of neutrophils and macrophages with rare intranuclear inclusion
bodies (equine herpesvirus 5, EHV-5). Pulmonary pythiosis presented a focal firm nodular
area, with multiple kunkers observed in the cut surface, which corresponded microscopically
to areas of necrosis surrounded by a mixed inflammatory infiltrate. At the periphery of the
necrotic areas, multiple negatively stained hyphae were observed, which were evidenced
through Grocott’s stain and immunohistochemistry anti-Pythium insidiosum.

INDEX TERMS: Lung lesions, slaughtered horses, Brazil, equine multinodular pulmonary fibrosis,
granulomatous eosinophilic pneumonia, pneumonia, pythiosis, recurrent airway obstruction,
Streptococcus equi, horses, pathology.

RESUMO.- [Lesdoes pulmonares de equinos de
matadouro-frigorifico no Sul do Brasil.] Doencas respiratdrias
causam em equinos custos significativos com tratamento
veterinario, reducdo de performance e descarte de animais.
No entanto, estudos que abordem as causas de pneumonia em

1 Received on August 2, 2018.
Accepted for publication on August 14, 2018.
2Setor de Patologia Veterinaria, Faculdade de Veterinaria, Universidade Federal
do Rio Grande do Sul (UFRGS), Avenida Bento Gongalves 9090, Agronomia,
Porto Alegre, RS 91540-000, Brasil. E-mail: matheusviezzerb@hotmail.com;
*Corresponding author: saulo.pavarini@ufrgs.br

equinos sdo escassos. O objetivo deste estudo foi descrever os
aspectos patoldgicos e microbiol6gicos de lesdes pulmonares
em equinos abatidos em matadouro-frigorifico no Sul do Brasil.
Neste estudo, 84 amostras de pulmdes foram examinadas, e o
diagnostico conclusivo das condic¢des foi obtido em 74 casos.
Esses foram compostos por broncopneumonia em 50 casos,
seguido por pneumonia granulomatosa eosinofilica (9/74),
obstrucdo aérea recorrente (7/74), fibrose pulmonar (4/74),
hemorragia pulmonar (3/74) e pitiose pulmonar (1/74).
A broncopneumonia era caracterizada macroscopicamente
por areas focalmente extensas firmes de coloracdo amarelada a
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vermelho-escuras, as quais consistiam microscopicamente em
infiltrado multifocal a coalescente de neutrofilos degenerados.
Streptococcus equi subsp. zooepidemicus foi identificado em
21 dos 50 casos. A pneumonia eosinofilica granulomatosa
era caracterizada por areas multifocais puntiformes firmes a
duras e amareladas, que microscopicamente eram compostas
por granulomas com area central mineralizada circundados
por fibras de colageno e infiltrado acentuado de eosindfilos.
A obstrucdo aérea recorrente era caracterizada por discretas
areas puntiformes firmes e brancacentas que consistiam
microscopicamente em grande quantidade de muco no interior
de bronquios e bronquiolos. A fibrose pulmonar exibia dois
padrdes: areas de consolidacio focalmente extensas e areas
nodulares firmes. Microscopicamente, o primeiro padrao
exibia fibrose intersticial a peribronquial, enquanto no
segundo padrao havia, além da fibrose intersticial, intensa
hiperplasia de pneumécitos e infiltrado alveolar de neutréfilos
e macrofagos com raros corpusculos de inclusdo intranucleares
(herpesvirus equino 5, EHV-5). A pitiose pulmonar exibia uma
area nodular firme focal com multiplos kunkers ao corte, os
quais correspondiam microscopicamente a areas de necrose
circundadas por infiltrado inflamatério misto. A periferia das
areas necroticas, multiplas imagens negativas de hifas eram
observadas, as quais foram evidenciadas através da coloragao
de Grocott e imuno-histoquimica anti-Pythium insidiosum.

TERMOS DE INDEXACAO: Lesdes pulmonares, equinos, matadouro-
frigorifico, Brasil, fibrose pulmonar multinodular equina, pneumonia
eosinofilica granulomatosa, pneumonia, pitiose, obstrucdo aérea
recorrente, Streptococcus equi, patologia.

INTRODUCTION

Brazil has a horse population estimated at a total of 5.5 million
animals, which encompasses the fourth largest population
worldwide after United States, China and Mexico (FAO 2016).
Horses in Rio Grande do Sul state compose the second largest
population in Brazil, with approximately 537,159 animals
(IBGE 2016), and are widely employed for handling cattle
herds (Bianchi et al. 2016), for sports (Costa et al. 2014),
and occasionally they are slaughtered for meat consumption.
Horse meat consumption became popular in Europe after
World War II, among people with lower incomes, since cattle
beef was scarce (Padalino 2015).

Knowledge of diseases that occur in the equine species is
crucial for determining its economic importance as well as the
establishment of control procedures. Numerous studies described
the causes of death in horses in the United States (USDA 2017),
Europe (Baker & Ellis 1981) and Brazil (Pierezan etal. 2009,
Pereira et al. 2012, Marcolongo-Pereira et al. 2014). In these
studies, the alimentary and locomotor systems were the most
commonly affected (Baker & Ellis 1981, Pierezan etal. 2009,
Pereiraetal. 2012, USDA 2017), while the respiratory system
has been indicated as one of the five leading causes of death in
horses (Baker & Ellis 1981, Pierezan et al. 2009, Pereira et al.
2012, USDA 2017).

Respiratory diseases cause significant veterinary costs,
reduce performance and require the withdrawal of racehorses
(Wood etal. 2005, Carvallo etal. 2017). Bacterial pneumonia in
foals is mainly caused by Rhodococcus equi and Escherichia coli
(Lakritz etal. 1993), while in adult horses it has been associated

to upper respiratory tract normal flora and opportunist pathogens
that reach the lower respiratory tract, such as Streptococcus
equi subsp. zooepidemicus and S. equi subsp. equi (Carvallo et al.
2017). Still, data for the causes of pneumonia in slaughtered
horses have not yet been described.

This study aimed to describe the pathological and
microbiological features of lung lesions observed in slaughtered
horses in the southern Brazil, and to provide and discuss the
differential diagnosis of these conditions.

MATERIALS AND METHODS

From January 2014 to December 2016, lung samples from adult
horses (more than 5 years-old) submitted to slaughter were received
refrigerated by the pathology laboratory for gross and histopathological
analysis. Samples were collected at a slaughterhouse, which is located
350 km distant from the pathology laboratory in the municipality of
Sdo Gabriel (30°20°11” S; 54°19’12” W), only when the veterinary
inspector of the abattoir had a suspicious of pneumonia due the
presence of gross lesions, while respiratory clinical signs were not
reported by the veterinary inspector. These samples were then sent
refrigerated or frozen to the pathology laboratory, where the lung
lesions were grossly described.

Bacterial culture was performed when a bacterial etiology was
suspected and it consisted in the inoculation of tissue fragments
and purulent contents in Blood agar plates (5% sheep blood,
Mueller Hinton, Kasvi®, Brazil) and MacConkey agar (Kasvi®, Brazil)
followed by aerobic incubation at 37°C for 72 hours. Streptococcus
equi subsp. zooepidemicus, Streptococcus equi subsp. equi and S. equi
subsp. ruminatorum were identified by Gram staining, microscopic
appearance, and by epidemiology, cultural and biochemical
characteristics (Table 1) (Fernandez et al. 2004, Markey et al. 2013).

Samples were fixed in 10% neutral buffered formalin for 24-48h,
trimmed, processed routinely for histopathology and stained by
hematoxylin and eosin (HE). Microscopically, when a granulomatous
response was observed, the slides were submitted to the Ziehl-Neelsen
(ZN) histochemistry exam, in addition to Grocott’'s methenamine
silver (GMS) stain to evidence fungal structures. Cases of recurrent
airway obstruction were submitted to alcian blue stain. In the cases
where fibrosis was microscopically observed, tissue sections were
submitted to Masson’s trichrome stain.

Fungal-suspected cases were submitted to the immunohistochemistry
anti-Pythium insidiosum, according to a protocol previously described
(Konradt et al. 2016) with a polyclonal antibody. The reaction was
revealed with 3-amino-9-ethylcarbazole (AEC; Biocare Medical,
Pacheco/CA, USA), followed by counterstaining with Harris hematoxylin.

RESULTS

From January 2014 to December 2016, 84 samples of lungs
(containing 1 to 2 lung lobules) from slaughtered horses
were examined. Horses slaughtered in this slaughterhouse
were originated from multiple sites in the state and from the
neighboring state of Santa Catarina, with a maximum travel
distance of 750km. A conclusive diagnosis was obtained
in 74 cases, which were mainly composed of suppurative
inflammation involving the bronchi, bronchioles and alveolar
spaces (bronchopneumonia; 50/74), followed by granulomatous
eosinophilic pneumonia (9/74), recurrent airway obstruction
(7/74), lung fibrosis (4/74), lung hemorrhage (3/74) and
pulmonary pythiosis (1/74).
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Suppurative bronchopneumonia content within the bronchi (22/36), occasionally extending

Grossly, the lungs with suppurative inflammation had  to the parenchyma (7/36). Microscopically, a moderate to
firm (36/50) focally extensive to multifocal yellow (24/36) intense multifocal to coalescing inflammatory infiltrate
to dark-red (17/36) (Fig.1A,B) areas in addition to purulent ~ of degenerate neutrophils involving the bronchi (36/50),

Table 1. Biochemical characteristics useful in distinguishing Streptococcus equi subsp. equi from S. equi subsp. zooepidemicus
and S. equi subsp. ruminatorum

Strain

Test S. equi subsp. equi S. equi subsp. zooepidemicus S. equi subsp. ruminatorum
CAMP reaction - - +
Hydrolysis of hippurate - - +
Hydrolysis of esculin -
Production of acid from:
Sorbitol - +
Trehalose -
Lactose - + +
Ribose - +
Maltose + +(-)
Sucrose + +

- Negative, + positive; (-) = a few strains are negative.
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Fig.1. Suppurative inflammation involving the bronchi, bronchioles and alveolar spaces (bronchopneumonia) in slaughtered horses.
(A-B) The lungs had focally extensive to multifocal yellow to dark-red areas in the parenchyma. (C) Intense multifocal to coalescent
infiltrate of degenerate neutrophils involving the bronchioli and alveolar spaces. HE, obj.10x. (D) Severe infiltrate of neutrophils in the
alveolar spaces. HE, obj.20x.
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bronchioles (48/50) and alveolar spaces (40/50) characterized
these lesions (Fig.1C,D), in addition to occasional coccoid
bacterial myriad mainly in the bronchi (11/50) and a severe
and diffuse alveolar edema (32/50), which rarely involved
the lobular septum (7/50). The suppurative infiltrate was
often accompanied by fibrin deposition in the alveolar spaces
(32/50), occasionally by interstitial fibrosis (11/50) and rarely
by areas of intra-alveolar hemorrhage (3/50).

Lung suppurative processes involved a bacterial cause in
26 cases (26/50). Strains showing beta-hemolytic mucoid
colonies (1-3 mm in diameter), with gram-positive spherical or
ovoid cocci in pairs or chains, that were catalase-negative, with
no growth in 6.5% NaCl were identified as S. equi. According to
the biochemical characteristics available in Table 1, 21 isolates
were identified as Streptococcus equi subsp. zooepidemicus,
followed by S. equi subsp. equi (2/26), and S. equi subsp.
ruminatorum (1/26). The identification of two strains was
not possible through cultural and biochemical methods, and,
thus, these were identified as f3-hemolytic Streptococcus spp.

Granulomatous eosinophilic pneumonia
Granulomatous eosinophilic pneumonia was grossly
characterized in all cases by multifocal pinpoint firm to
hard yellow areas (0.1-0.3cm in diameter) involving mainly
the lung parenchyma and occasionally the pleura (Fig.2A).
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Microscopically, these pinpoint areas had a central area of
dystrophic mineralization surrounded by abundant collagen
fibers, occasional epithelioid macrophages and foreign
body-type multinucleated giant cells. At the periphery of these,
there was a severe inflammatory infiltrate mainly composed
of eosinophils, with a few plasma cells and lymphocytes
(Fig.2B). The lumen of bronchi and bronchioli was filled by
an amorphous amphophilic material intermixed by an intense
inflammatory infiltrate of eosinophils. At the ZN and GMS,
neither acid-fast bacilli nor fungi were identified. No bacterial
agent was obtained through aerobic culture.

Recurrent airway obstruction

Recurrent airway obstruction (RAO) was characterized
grossly by non-collapsed areas in the lung, which on the cut
surface showed multifocal discrete pinpoint firm white areas with
accumulation of mucopurulent content inside bronchi (7/74).
Histologically, bronchiand bronchioles contained in the lumen
large amounts of an amphophilicamorphous material (mucus)
intermixed by a mild inflammatory infiltrate of eosinophils
and the mucosa was often hyperplastic with large numbers
of goblet cells (metaplasia) (Fig.2C). The smooth muscle of
these bronchi and bronchioles was variably hypertrophic.
Alcian blue histochemistry exam evidenced the mucus in the

Fig.2. (A-B) Granulomatous eosinophilic pneumonia and (C-D) recurrent airway obstruction in slaughtered horses. (A) Multifocal pinpoint
yellow areas (0.1-0.3cm in diameter) involving the lung parenchyma. (B) Microscopically these had a central area of mineralization
surrounded by collagen fibers and occasional epithelioid macrophages, and at the periphery large numbers of eosinophils. HE, obj.20x.
(€) Mucus filled the lumen of bronchi and the mucosa was hyperplasic. HE, obj.10x. (D) Mucus in the lumen and increased numbers
of goblet cells in the mucosa of this bronchiole were evidenced. Alcian blue stain, obj.10x.

Pesq. Vet. Bras. 38(11):2056-2064, novembro 2018
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lumen of the bronchi and bronchioli, in addition to the large
numbers of Goblet cells in the mucosa (Fig.2D).

Lung fibrosis

Lung fibrosis occurred in two distinct gross and microscopic
patterns. The first one involved two cases and was grossly
characterized by focally extensive whitish poorly limited
areas of lung consolidation. Microscopically, these cases had
interstitial to peribronchial fibrosis, in addition to moderate
infiltrate of macrophages containing a brown granular pigment
in the cytoplasm (hemosiderosis) in the alveolar septum.
The second pattern occurred in two cases and was grossly
characterized by a firm and whitish nodular area in each
case, which measured 8x5x4cm and 4x3x2cm, and, on the cut
surface, it was outlined by a red halo from the remaining of the
lung parenchyma in one of the cases (Fig.3A). Microscopically,
both cases had moderate to severe interstitial fibrosis and a
severe type Il pneumocyte hyperplasia in the alveolar spaces,
which was associated to a moderate inflammatory infiltrate of
degenerate neutrophils, macrophages and rare multinucleated
giant cells. Multiple basophilic and round intranuclear inclusion
bodies were observed in the macrophages in one of these
cases (Fig.3B) and, thus, this was compatible with equine
multinodular pulmonary fibrosis (EMPF) caused by equine

Matheus V. Bianchi et al.

herpesvirus 5 (EHV-5). Masson’s trichrome stain evidenced
the interstitial fibrosis in all cases.

Lung hemorrhage

Grossly, lungs with hemorrhage were reddened on gross
examination, while microscopically there was a moderate
to severe diffuse hemorrhage in the alveolar spaces (3/3),
occasionally associated to a multifocal infiltrate of macrophages
containing granular brownish pigment (hemosiderosis) in
the alveolar septum (1/3).

Pulmonary pythiosis

Pulmonary pythiosis corresponded to a focal nodular and
firm area in the lung parenchyma, measuring 11x9x5cm. On the
cut surface, this nodular area had multifocal to coalescing yellow,
irregular, firm, but friable masses (compatible with “kunkers”),
which were surrounded by a moderate red halo and outlined
by a thick white tissue (capsule) (Fig.3C). Microscopically,
these consisted of multifocal to coalescing nodular structures
which contained a central amorphous eosinophilic necrotic
material surrounded by a marked inflammatory infiltrate
of neutrophils, eosinophils, epithelioid macrophages and
Langhans-type multinucleated giant cells, in addition to severe
fibrous tissue proliferation. At the periphery of the necrotic
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Fig.3. (A-B) Equine multinodular pulmonary fibrosis (EMPF) and (C-D) pulmonary pythiosis. (A) Focally extensive whitish nodule outlined
by a red halo in the lung parenchyma. (B) Alveolar spaces had severe pneumocyte hyperplasia associated to infiltrate of degenerate
neutrophils and macrophages, often containing intranuclear inclusion bodies (suggestive of EHV-5; arrow). HE, obj.40x. (C) Pythiosis
corresponded to a focal nodule that on the cut surface had multifocal to coalescing “kunkers”. (D) Microscopically, these had a central
eosinophilic necrosis surrounded by a marked inflammatory infiltrate of neutrophils, eosinophils, epithelioid macrophages and
Langhans-type multinucleated giant cells. Negatively stained sections of hyphae were observed at the periphery of the necrotic areas. HE,
0bj.10x. Inset: marked immunostaining of hyphae within the “kunkers”. Immunohistochemistry anti-Pythium insidiosum. AEC, obj.40x.
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areas, multiple negatively stained transverse and longitudinal
sections of hyphae were observed (Fig.3D). Sections of lung
stained by GMS evidenced abundant branching, rarely septate
and 5-pum-in-diameter irregular hyphae, which were also
stained by IHC for P, insidiosum (Fig.3D inset).

DISCUSSION

The diagnosis in all cases was obtained by the association of
the gross, microscopical, immunohistochemical, histochemical
and bacteriological features. Our findings indicated that
suppurative bronchopneumonia was the main lung lesion in
slaughtered horses. Primary pneumonia in adult horses may
happen due to stressful events, such as transportation and long
distance travel (Mair & Lane 1989), as we have observed in this
study. Stress may predispose lower respiratory tract infection
in horses by impairing the pulmonary defense mechanisms
(Bayly et al. 1986), and, thereby;, it facilitates colonization by
Streptococcus equi subsp. zooepidemicus, which is considered
an upper respiratory tract commensal bacterium. Still, it is
one of the most frequently isolated bacterial pathogen of
young (Lakritz et al. 1993) and adult horses (Bailey & Love
1991). Since horses of the present study were transported for
long distances with variable duration of trips, we speculated
that these were the main predisposing factors for the lesions
observed. S. equi subsp. zooepidemicus was identified in
21 cases, followed by S. equi subsp. equi in two cases. When
these pathogens are compared, S. equi subsp. zooepidemicus
has a broader tissue tropism (Carvallo et al. 2017), being
able to infect, in addition to the lungs, other reproductive
organs (Erol et al. 2012). On the other hand, S. equi subsp.
equi, the etiologic agent of strangles, predominantly involves
the upper airways and associated lymph nodes with abscess
formation, but spread to other organs may occur in “bastard
strangles” through blood, lymphatic or aspiration of pus
into the lungs (Timoney 2004, Caswell & Williams 2016),
with the development of necrotizing pneumonia. In this
study, however, both S. equi subsp. zooepidemicus and S. equi
subsp. equi most likely spread through the airway system,
affecting the lower respiratory tract with a suppurative
bronchopneumonia. This lesion distribution is consistent
with inhalation of aerolised bacteria and has been referred
as acentric-acinar, corresponding, grossly, to well-defined
areas of dark red consolidation (Oikawa et al. 1995, Racklyeft
& Love 2000). Still, further evaluation of the pathogenesis of
the condition was compromised by the lack of all lung lobes
in the samples analyzed. A bacterial agent was not obtained
in 24 cases, yet the gross and microscopical lesions were
characteristic of a bacterial cause. However, culture may be
unsuccessful during the incubation and early clinical phases
of the condition (Timoney 2004).

Fibrosing granulomas involving the lungs were initially
described as primary lesions of the liver and peritoneum of
horses, and were grossly characterized by numerous firm
and gritty nodules (Buergelt & Greiner 1995), similarly to
the ones observed in the present study. Likewise, similar
gross lesions in the lungs without systemic involvement
have been described in horses, being referred as idiopathic
eosinophilic pneumonia or disseminated eosinophilic
pulmonary granulomas (Uhlhorn etal. 2006, Bell et al. 2008,
Magi etal. 2016). Since lesions observed in the present study
were both gross and microscopically similar to these studies,
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the condition was referred as granulomatous eosinophilic
pneumonia, which was the second most common condition
involving the lungs of slaughtered horses. Microscopically, the
granulomas of the present study had large amounts of dense
fibrous tissue, epithelioid macrophages and multinucleated
giant cells surrounding a necrotic or mineralized center,
and at the periphery there was a severe inflammatory
infiltrate of eosinophils, corroborating with previous findings
(Uhlhorn etal. 2006), but it differed from another description
of associated vascular lesions (Magi et al. 2016).

After extensive search for parasitary structures in the
lesions, these were absent. Previous studies have also failed
to identify the cause of these lesions in the lungs (Buergelt &
Greiner 1995, Uhlhorn et al. 2006, Magi et al. 2016). Yet, we
believe that these were initially caused by a parasite migration,
considering that while the chronic reaction progresses, the
dead eggs or larvae may disappear through degeneration
and calcification in these lesions (Buergelt & Greiner 1995).
Migrating helminths parasites, as Parascaris equorum or
Dictyocaulus arnfield, are possible causes of these lesions
(Nicholls et al. 1978, Mackay & Urquhart 1979). Yet, the
larvae of P equorum usually undergo pulmonary migration
when horses are young (Bell et al. 2008), whilst the horses
of the present study were all adults, and the lesions are
usually transitory (Nicholls et al. 1978). On the other hand,
Dictyocaulus arnfieldi causes eosinophilic bronchitis in
adult horses (Mackay & & Urquhart 1979), which was not
observed in the present study. Heterobilharzia americana, a
schistosome that causes canine schistosomiasis in the USA,
is able to cause a similar granulomatous and eosinophilic
pneumonia in llamas and horses, but is mostly an hepatic
disease (Buergelt & Greiner 1995, Corapi et al. 2012, 2015).
Still, this parasite has not been reported in Brazil, neither have
the characteristic eggs and empty eggshells been observed in
the center of the granulomas in the present study.

Granulomatous and eosinophilic lesions in the lungs of
horses should be differentiated mainly from Mycobacterium spp.
infections, fungi infections (Buergelt & Greiner 1995),
multisystemic eosinophilic epitheliotropic disease (MEED),
eosinophilic bronchiolitis and parasitic bronchopneumonia
(Bell et al. 2008, Magi et al. 2016). Mycobacterium spp. and
fungi infections were ruled out in these cases based on
the absence of staining through ZN and GMS, as reported
previously (Buergelt & Greiner 1995, Uhlhorn et al. 2006,
Magi et al. 2016), as well as by the marked eosinophilic infiltrate,
which are not typical of these conditions (Uhlhorn etal. 2006).
MEED typically affects young horses (Uhlhorn et al. 2006),
while the horses of the present study were all adults, and
significant involvement of the respiratory tract is uncommon
(Pucheu-Haston & Del Piero 2013).

RAO or “heaves” is an inflammatory airway disease of
mature horses (Caswell & Williams 2016), formerly known as
chronic obstructive pulmonary disease (Buergelt & Del Piero
2014). Similarly to the observed in the present study, the most
characteristic gross lesions of this condition in horses are the
lack of pulmonary collapse (Buergelt & Del Piero 2014) and
the accumulation of mucopurulent secretions throughout the
tracheobronchial tree (Pirie 2014). Lesions are usually more
severe in the caudodorsal lung (Caswell & Williams 2016);
however, since only fragments of lung lobes were evaluated in
this study, this focal involvement was not analyzed, as well as

Pesq. Vet. Bras. 38(11):2056-2064, novembro 2018
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the clinical importance of this lesion may not be extrapolated
from these cases. Microscopically, this condition presents
the accumulation of mucus and neutrophils in bronchiolar
lumens and hyperplasia of goblet cells (Caswell & Williams
2016), which were observed in all horses, in addition to a
variable peribronchial and peribronchioli smooth muscle
hypertrophy (Caswell & Williams 2016), which may explain
the gross pinpoint white firm areas, as previously described
(Buergelt & Del Piero 2014).

Interstitial lung fibrosis is a proliferative response to
the damage of the alveolar walls and loss of functional
alveolar-capillary in horses. A specific cause for this condition
may not be recognized (Buergelt et al. 1986), as in three of
the four cases in this study. Interstitial lung fibrosis was
identified in six horses in a retrospective study in Brazil
(Estima-Silva et al. 2017), which were microscopically
similar to all the four cases described in the present study.
In older horses, this condition may result in interalveolar
septal thickening by fibrosis, in addition to fibrosis in the
visceral pleura (Buergelt et al. 1986). This pattern of lesion
was observed in two of the horses of the present study,
while in the other two cases we observed a preservation of
the “alveolar-like” architecture with the lumen of the alveoli
delineated by type Il pneumocyte hyperplasia, which have
been described as characteristic of EMPF (Williams et al.
2007). This is a chronic infectious disease caused by EHV-5
in adult horses, which forms numerous coalescing nodules
in the lungs (Williams et al. 2007). This condition has been
previously described in Brazil in two horses (Panziera et al.
2014, Estima-Silva etal. 2017), and in this study a suggestive
diagnosis of EMPF by EHV-5 in one of the cases was obtained
by the association of the gross and the microscopic features.
Similarly to the previously described changesin arace horse,
the multiple intranuclear inclusion bodies associated to
the interstitial fibrosis are characteristic of this condition
(Williams et al. 2007, Carvallo et al. 2017). The histological
features of EMPF are distinct from other causes of fibrosis
(Williams et al. 2007), as it was observed in the remaining
two cases of interstitial fibrosis, in which a specific cause
could not be determined.

Pythiosis is a tropical to subtropical disease caused by
Pythium insidiosum that mostly affects horses (Mendoza et al. 1996),
and lesions are usually cutaneous to subcutaneous
(Souto et al. 2016). This condition is considered endemic in
the Brazilian Pantanal (Leal et al. 2001) and in the Rio Grande
do Sul state (Weiblen et al. 2016). Pulmonary pythiosis has
been described in a Panthera onca (Camus etal. 2004) and in
horses (Goad 1984, Reis Junior et al. 2003, Souto et al. 2016),
being mainly associated to the inhalation of the agent in water
and/or ingestion with subsequent aspiration of infective
material (Goad 1984). It is possible that the lesion observed
was associated to a nasal infection, since it has been reported
previously in horses (Reis Junior et al. 2003, Vaz et al. 2009,
Galiza et al. 2014, Souto et al. 2016), but grossly the origin
of this lesion was not determined. In addition to that, some
authors have described previous cutaneous lesions that would
allow the hematogenous dissemination of the pathogen to
internal organs, such as the lungs, through detached hyphal
segments of P, insidiosum (Reis Junior et al. 2003). This form
of dissemination would lead to a multifocal distribution of
these lesions (Goad 1984, Reis Junior et al. 2003), and seems
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less likely considering that the focal nodular was isolated from
the remaining parenchyma. Sequestra in the lungs, which
commonly develops with masses of necrotic lung parenchyma
(Caswell & Williams 2016), has been described in a case of
lung pythiosis in a horse (Goad 1984), similarly to the present
case, suggesting that the response of the organism may be
effective in isolating the lesion. On the other hand, the presence
of “kunkers” seems to be a constant finding in horses both in
cutaneous, nasal, alimentary and pulmonary lesions (Goad
1984, Reis Junior et al. 2003, Martins et al. 2012, Souto et al.
2016). Microscopical lesions were similar to those observed
in nasal and lung lesions (Goad 1984, Souto et al. 2016), but
distinct from cutaneous or subcutaneous lesions, in which
an eosinophilic dermatitis associated with the formation of
granulation tissue predominates (Martins etal. 2012). The gross
and microscopic lesions, in addition to the immunohistochemical
features observed, were characteristic of the condition, and
allowed us to differentiate it from Conidiobolus spp. and
Basidiobolus spp. infections, as previously described (Reis
Junior et al. 2003).

CONCLUSIONS

Bacterial bronchopneumonia caused by Streptococcus
equi subsp. zooepidemicus is the main cause of lung lesions
in slaughtered horses.

No etiological agent was detected in granulomatous
eosinophilic pneumonia cases, although microscopically
these were characteristic of parasite induced lesions with a
mineralized center surrounded by collagen and large numbers
of eosinophils at the periphery.

Recurrent airway obstruction had mild gross lesions, while
microscopically it presented an accumulation of mucus and
eosinophils in the airways associated to hyperplasia of the
epithelium and goblet cells.

Lung interstitial fibrosis was mostly of unknown cause,
while in one of the cases the lesion was characteristic of EMPF
caused by EHV-5.

Lung pythiosis occurred in one horse and shared similar
gross and microscopic features to cutaneous, alimentary
and nasal pythiosis. Inmunohistochemistry is essential for
pythiosis diagnosis in the absence of culture.
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