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Abstract

Diseases related to the alimentary system are the main cause of death in horses. This retrospective study aimed
to describe the pathological findings of fatal parasite-induced enteritis and typhlocolitis caused by cyathostominae,
Eimeria leuckarti, Balantidium coli, and Strongyloides westeri in horses. The records of parasite-induced intestinal lesions
in horses necropsied in Southern Brazil between 2005 and 2017 were reviewed. Ten horses had fatal parasitic enteritis
and/or typhlocolitis, and the main causes were: cyathostominae typhlocolitis (6/10), E. leuckarti enteritis (1/10),
S. westeri enteritis (1/10), B. coli colitis related to cyathostominae (1/10), and infection by multiple agents (1/10).
Cyathostominae typhlocolitis showed marked mucosal thickening, with multifocal elevated nodules containing tangled
filiform parasites. Microscopic examination revealed that the mucosa and submucosa had encysted parasitic structures
surrounded by eosinophilic and granulomatous inflammation. E. leuckarti enteritis was microscopically characterized by
macrogamonts, microgamonts, and oocysts inside the host cells. S. westeri enteritis showed microscopic atrophy of the
villi with numerous mucosal encysted parasitic structures. B. coli typhlocolitis showed severe diffuse mucosal reddening,
with microscopic superficial mucosal necrosis associated with multiple protozoan trophozoites. Fatal parasite-induced
enteritis and typhlocolitis are important causes of death in horses in Southern Brazil.
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Resumo

Doengas relacionadas ao sistema alimentar sao as principais causas de morte em equinos. Esse estudo teve o objetivo
de descrever aspectos patoldgicos de enterites e tiflocolites parasitdrias fatais por ciatostomineos, Eimeria leuckarti,
Balantidium coli e Strongyloides westeri, em equinos. Foi revisado o banco de dados de lesoes intestinais parasitdrias em
equinos necropsiados de 2005 22017, no Sul do Brasil. Dez equinos apresentaram enterite e/ou tiflocolite parasitdria fatal,
e as principais foram: tiflocolite por ciatostomineos (6/10), enterite por E. leuckarti (1/10), enterite por S. westeri (1/10),
colite por B. coli com ciatostomineos (1/10), e infecgdo por multiplos agentes (1/10). A tiflocolite por ciatostomineos exibia
acentuado espessamento da mucosa, com nédulos multifocais elevados contendo parasitas filiformes. Microscopicamente, a
mucosa e submucosa apresentavam estruturas parasitdrias encistadas envoltas por inflamagio eosinofilica e granulomatosa.
A enterite por E. leuckarti era caracterizada microscopicamente por macrogamontes, microgamontes e 0ocistos no interior
de células do hospedeiro. Microscopicamente, a enterite por S. westeri apresentava atrofia de vilosidades com numerosas
estruturas parasitdrias encistadas na mucosa. A tiflocolite por B. coli exibia avermelhamento acentuado difuso da mucosa,
e microscopicamente necrose superficial associada a multiplos trofozoitos protozodricos. Enterites e tiflocolites fatais
parasitdrias sio importantes causas de morte em equinos no Sul do Brasil.
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Introduction

'The horse industry is an important part of the Brazilian economy,
with an effective herd size of 5.5 million animals, and the second
largest population of horses in Brazil (553,191 horses) is located in
Rio Grande do Sul state (IBGE, 2017). The industry is estimated
to generate an annual economic flow of R$ 16.15 billion and to
generate approximately 3.000.000 direct and indirect jobs (BRASIL,
2016). Diseases related to the alimentary system are the main cause
of death in horses in this state (PIEREZAN et al., 2009b), as in
other countries (BAKER & ELLIS, 1981). Among these diseases,
displacements of the intestines, obstructions, impactions, perforations,
and ruptures are the main cause of death in horses (BAKER &
ELLIS, 1981; PIEREZAN et al., 2009b).

Gastrointestinal parasites are also one of the most important
problems in developing countries such as Brazil (PEREIRA &
VIANNA, 2006). However, most studies have only addressed the
general occurrence of gastrointestinal parasites in equines through
fecal examination (MARCOLONGO-PEREIRA et al., 2014;
PEREIRA & VIANNA, 2006; SHEFERAW & ALEMU, 2015).
Moreover, a few studies have described the clinical and pathological
findings related to fatal larval cyathostomiasis (BODECEK et al.,
2010; PIEREZAN et al., 2009a), Strongyloides westeri enteritis
(LUCENA etal., 2012) and Balantidium coli colitis(HEADLEY etal.,
2008). Nevertheless, recent studies have expressed concerns
regarding the increasing prevalence of cyathostomins, their potential
pathogenicity, and anthelmintic drug resistance (CORNING,
2009; LOVE et al., 1999). Thus, these parasites continue to pose
a potential threat to equine health and are becoming increasingly
difficult to control (NIELSEN & LYONS, 2017).

Therefore, the aim of this study was to describe the gross and
microscopic findings related to fatal parasite-induced enteritis and
typhlocolitis caused by cyathostominae, Eimeria leuckarti, B. coli
and S. westeri in horses.

Materials and Methods

A retrospective study of the necropsy database of horses
was conducted to search for records of parasite-induced lesions
involving the small and large intestines detected between January
2005 and December 2017 at the veterinary pathology laboratory.
These cases were grouped into non-fatal (incidental) and fatal
conditions, and only cases of fatal parasite-induced enteritis
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and typhlocolitis were selected. All horses studied were from
the metropolitan area of Porto Alegre, Rio Grande do Sul state.
Information regarding the clinical signs, seasonal occurrence, age,
sex, breed, and gross lesions were retrieved from the necropsy
database. Paraffin-embedded tissues of the selected cases were
routinely processed for histological examination, and stained using
hematoxylin and eosin. The Gordon & Whitlock (1939) technique
was performed post-mortem in two cases (horses #4 and #5)
with three replicates for each horse. Histological classification
of cyathostominae larval stages was based on previous studies
(NIELSEN et al., 2015; PIEREZAN et al., 2009a), with larger
larvae classified as late L3/L4 and small larvae as early L3.

Results

Between January 2005 and December 2017, 654 horses
were necropsied at the veterinary pathology laboratory. Of these,
10 horses had fatal parasitic enteritis and/or typhlocolitis. The main
cause for these were cyathostominae typhlocolitis in six cases, and
E. leuckarti enteritis, S. westeri enteritis and B. coli colitis associated
with cyathostominae in one case each. One of the horses was
infected by multiple agents, including large amounts of S. westeri
and E. leuckarti in the small intestine and few cyathostominae
in the large intestine. Age, sex, breed and seasonal occurrence of
fatal parasite-induced enteritis and typhlocolitis in each horse are
described in Table 1. Clinical signs associated with the conditions
diagnosed are provided in Table 2.

Cyathostominae typhlocolitis was grossly characterized in all
six cases by abundant greenish liquid and fetid content in both the
cecum and large colon, with large amounts of filiform reddish free
parasites measuring 1 cm in length in three cases (Figure 1A), and
marked thickening of the mucosa in all cases. The mucosal surface had
multifocal to coalescent red pinpoint areas (petechial hemorrhages)
in addition to multifocal elevated nodules measuring up to 3 mm
in diameter (Figure 1B), which occasionally had erosions on the
surface (3/6 cases) and commonly contained tangled filiform parasites
on the cut surface, measuring 0.5 to 1 cm in length (Figure 1C).
In addition, moderate to severe colonic and cecal lymphadenomegaly
was observed in all six cases. Microscopic examination in all cases
revealed that the cecum and large colon had their mucosa and
submucosa disrupted by moderate to large amounts of encysted
parasitic structures surrounded by an eosinophilic and granulomatous
inflammatory response (Figure 1D). These parasitic structures were

Table 1. Age, breed, sex and seasonal occurrence of fatal parasite-induced enteritis and typhlocolitis in horses, from Porto Alegre, RS, Brazil.

Horse Age Breed Sex Seasonal occurrence Condition diagnosed

1 1.4 years old Ciriollo M Autumn CT

2 1.5 years old Criollo NI Spring CT

3 10 months old Criollo F Spring CT

4 1 year old Mixed breed M Spring CT

5 1 year old Mixed breed M Spring CT

6 7 months old Criollo F Autumn CT

7 20 years old Mixed breed M Winter EE

8 1 month old Criollo M Spring SwE

9 2 months old Quarter horse F Spring BcT and CT
10 4 months old Mangalarga marchador M Autumn SwE, EE and CT

M = male; F = female; NI = not informed; CT = Cyathostominae typhlocolitis; EE = Eimeria leuckarti enteritis; SWE = Strongyloides westeri enteritis; B¢T = Balantidium

coli typhlocolitis.
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Table 2. Clinical signs associated to fatal parasite-induced enteritis and typhlocolitis in horses, from Porto Alegre, RS, Brazil.

Horse Condition diagnosed Clinical signs
1 CT Chronic liquid diarrhea
2 CT Profuse diarrhea
3 CT Diarrhea, pale mucous membranes, weight loss and weakness
4 CT Liquid diarrhea, abdominal increase, inappetence, polydipsia and weakness
5 CT Liquid diarrhea, abdominal increase, inappetence, polydipsia and weakness
6 CT Diarrhea, pale mucous membranes, bilateral ocular opacity and blindness
7 EE Severe weight loss (cachexia)
8 SwE Chronic liquid diarrhea, fever, apathy and dehydration
9 BcT and CT Inappetence, apathy and diarrhea
10 SwE, EE and CT Sudden death

CT = Cyathostominae typhlocolitis; EE = Eimeria leuckarti enteritis; SWE = Strongyloides westeri enteritis; BcT = Balantidium coli typhlocolitis.
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Figure 1. Gross and microscopic findings of cyathostominae typhlocolitis. (A) The large colon has an abundant greenish liquid content, with
uncountable filiform reddish free parasites measuring 1 cm in length; (B) The mucosa is markedly thickened with multifocal to coalescent
red pinpoint areas (petechial hemorrhages) in addition to multifocal elevated nodules; (C) On the cut surface, these nodules have tangled
filiform reddish parasites inside; (D) The mucosa and submucosa of the large colon are disrupted by encysted parasitic structures: late L3 and
L4 parasites (arrow) and early L3 parasites (arrowhead). Hematoxylin and eosin (H&E), 40x magnification; (E) Late L3 and L4 parasites have
a thick eosinophilic cuticle (thin arrow), thin platymyarian musculature (empty arrow), finely vacuolated lateral cords (asterisk), prominent
internal cuticular crests (thick arrow), and multinucleate intestines with a brush border in the apex and brown granular content (arrowhead).
H&E, 200x magnification; (F) The submucosa is expanded by an eosinophilic and granulomatous inflammatory response that surrounds the

parasitic structures. H&E, 200x magniﬁcation.

characterized by: multiple late L3 and L4 parasites (300-400 pm in
diameter), which were composed of a thick eosinophilic cuticle, thin
platymyarian musculature, finely vacuolated lateral cords, prominent
internal cuticular crests, and multinucleate intestines with a brush
border in the apex and brown granular content (Figure 1E), as well

as few early L3 parasites (80-100 pm in diameter), which were
only located in the mucosa, were composed of a thick eosinophilic
cuticle, and had a digestive tract with granular basophilic cells.
The submucosa was expanded because of a similar inflammatory
response that surrounded the parasitic structures, and showed
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severe edema, marked muscle layer hypertrophy of the arterioles,
moderate lymphoid hyperplasia with random necrosis, and mild
to moderate thrombosis (Figure 1F). The superficial erosions on
gross observation (3/6 cases) corresponded to focal areas of mucosal
ulceration with associated hemorrhage and fibrin deposition.
Frequently, the muscular layer of the mucosa was ruptured by the
emergence of the encysted larvae, and the mucosa was eroded.
Marked lymphoid hyperplasia and erythrophagocytosis were also
observed on the mesenteric lymph nodes. Surprisingly, the eggs per
gram of feces (EPG) of horses #4 and #5 were negative on all three
replicates. Moreover, a direct analysis of the larvae observed in the

Braz. J. Vet. Parasitol.

luminal content of these two horses revealed that only 1.4 parasites
were present, and the adult forms were absent.

Gross abnormalities of £. leuckarti enteritis were only evidenced
by the abundant liquid content in the small intestine, in addition to
severe cachexia, pale mucous membranes, dehydration, and serous fat
atrophy in the pericardial adipose tissue. Microscopic examination
revealed that the villi of the jejunum and ileum had mild atrophy
and multiple parasitic structures at distinct stages (macrogamonts,
microgamonts, and oocysts) inside the hypertrophied host cells,
which were flattened (signet-ring appearance) at the apex (Figure 2A).
Macrogamonts were round, measured up to 80 pm in diameter,
and contained multiple peripheral eosinophilic round granules

s
SR
£ gl

=

%
2

S
ye N

,u.%

o

-
V'l
&

Figure 2. Microscopic findings of Eimeria leuckarti and Strongyloides westeri enteritis (A-D), and gross and microscopic findings of Balantidium coli
typhlocolitis (E, F). (A) The villi of the jejunum and ileum are mildly atrophied and have multiple Eimeria parasitic structures at distinct stages
(macrogamonts, microgamonts, and oocysts) inside hypertrophied host cells at the apex. Hematoxylin and eosin (H&E), 100x magnification;
(B) Macrogamonts are round and contain multiple peripheral eosinophilic round granules (arrow). Microgamonts are round and contain
multiple swirling microgametes inside, which are characterized by pinpoint basophilic granules (asterisk). Unsporulated oocysts are oval,
with a micropyle at one end, an enlarged region at the opposite side, a thick eosinophilic capsule, and a sporoblast with granular eosinophilic
material (arrowhead). H&E, 200x magnification; (C) S. westeri enteritis shows severe atrophy of the villi with numerous encysted parasitic
structures at the base of the villi. H&E, 100x magnification; (D) These have external unevenly spaced cuticular ridges, a thin eosinophilic
cuticle, with platymyarian musculature, a uninucleate large intestine with granular dark pigment in the cytoplasm, and a paired genital tract
often containing embryonated eggs (arrow). H&E, 400x magnification; (E) B. co/i typhlocolitis is grossly characterized by diffusely reddened
mucosa of the cecum and ventral large colon; (F) The mucosa of the large colon and cecum present superficial necrosis associated with multiple
oval parasitic structures covered by cilia on the surface (trophozoites of B. coli). H&E, 200x magnification.
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(4-20 pm). Microgamonts were round, measured up to 190 um in
diameter, and contained multiple swirling masses of microgametes
characterized by pinpoint basophilic granules. Unsporulated
oocysts were oval (70 x 50 pm), with a micropyle at one end, an
enlarged region at the opposite side, a thick eosinophilic capsule
and a sporoblast with granular eosinophilic material (Figure 2B).
Surrounding these structures there was moderate fibrous connective
tissue proliferation and mild inflammatory infiltration of eosinophils
in the lamina propria.

S. westeri enteritis was grossly characterized by abundant liquid
and fetid content in the small intestine, which had on the mucosa
multiple irregular red areas. In addition, mesenteric lymphatic and
blood vessels were evident. Microscopic examination revealed that
the segments of the duodenum to ileum had severe atrophy of
the villi with numerous encysted parasitic structures at the base
of the villus, measuring from 45 x 60 um (transverse cut surface)
t0 190 x 30 pm (longitudinal cut surface) (Figure 2C). These had
a characteristic morphology of S. westeri (LUCENA et al., 2012),
with external unevenly spaced cuticular ridges, a thin eosinophilic
cuticle, with platymyarian musculature, a uninucleate large intestine
with granular dark pigment in the cytoplasm, and a paired genital
tract often containing embryonated eggs (Figure 2D). Numerous
embryonated eggs were also observed retained in the epithelial
tunnels at the base of the villi. The mucosa also showed marked
hyperemia, hemorrhage, and moderate inflammatory infiltration
of lymphocytes, neutrophils, and eosinophils.

B. coli typhlocolitis associated with cyathostominae in horse
#10 was grossly characterized by a diffusely reddened serosa
of the cecum and ventral large colon. Both had the mucosa
diffusely and markedly reddened and intermixed with multifocal
whitish pinpoint areas (Figure 2E). In addition, cyanotic mucous
membranes and moderate mesenteric lymphadenomegaly were
observed. Microscopic examination revealed that the mucosa of
the large colon and cecum had superficial necrosis associated with
multiple oval parasitic structures covered by cilia on the surface
(trophozoites of B. coli; Figure 2F). These trophozoites measured
25 x 40 um and contained a prominent basophilic macronucleus,
multiple micronuclei, occasional clear contractile vacuole, and
prominent cytostome. In addition, there was severe inflammatory
infiltration of eosinophils, lymphocytes and plasma cells in the
lamina propria and submucosa; mild crypt-cell hyperplasia; decreased
goblet cells; severe lymphoid hyperplasia; and moderate edema
in the submucosa. Rare cut sections of the large intestine had in
addition to protozoans, occasional encysted cyathostominae in
the mucosa. Mesenteric lymph nodes showed diffuse hyperplasia.

Discussion

The diagnose in the present cases were obtained by associating
the gross and microscopic findings with the observation of
parasites inside the mucosa and associated surrounding lesions.
Parasitological examinations were performed for identifying
cyathostominae species in two cases (horses #4 and #5), but no
adult parasites were identified, and only L4 parasites were detected.
Most pathogenic effects related to cyathostomins arise when the
developed L4 parasite emerges from the cysts and into the intestinal
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lumen (CORNING, 2009), as was observed in three of the cases
wherein large numbers of filiform reddish parasites were freely
intermixed in abundant liquid intestinal content. Interestingly,
these three cases also showed associated mucosal ulceration
similar to that reported in a previous study (NIELSEN et al,,
2015), suggesting that the mucosal lesions are important in the
pathogenesis of this condition, and differing from a previous
study which stated that ulceration of the mucosa in these cases is
mostly related to the alimentary behavior of adult cyathostomin
(REINEMEYER, 1986). Nevertheless, the remaining three cases
may have showed a distinct pathogenesis mostly related to the
invasion of the mucosa by the parasites, since L3 enter the glands
of Lieberkuhn in the large intestine and penetrate the cell at the
base (REINEMEYER, 1986), with subsequent development of
encysted larvae, and later reduced nutritional metabolism in the
intestine (COLLOBERT-LAUGIER et al., 2002).

Clinically, cyathostominae typhlocolitis had diarrhea as a
constant finding in all horses, and this was different from the
findings of a previous study wherein it was considered variable
(PIEREZAN et al., 2009a). Several clinical syndromes may
occur with cyathostome infection, including acute protein-losing
diarrhea, recurrent diarrhea, rapid weight loss, subcutaneous
edema, lethargy, inappetence and variable fecal consistency
(MAIR, 2002). In a previous study, cyathostomiasis caused acute
diarrhea in three horses, of which only one had a clinical recovery
(BODECEK et al., 2010). This study, in which all the horses
were younger than 1.5 years old, theorized that foals are more
susceptible to severe acute protein-losing diarrhea, while aged
horses may present mostly recurrent diarrhea (BODECEK et al.,
2010). Previous studies have also shown that foals have less
resistance to helminths, with higher mean EPG (SHEFERAW &
ALEMU, 2015), and are thus more susceptible to this condition
(PIEREZAN et al., 2009a) because of their as-yet undeveloped
immune system (NIELSEN & LYONS, 2017); these findings are
similar to the present findings.

On gross examination, the mucosa of the colon and cecum was
markedly thickened with numerous elevated nodules containing
tangled filiform parasites, similar to those previously described
(PIEREZAN et al., 2009a). On histological examination, these
nodular lesions had both early and late stages of L3 and L4 parasites
surrounded by an eosinophilic and granulomatous inflammatory
infiltrate. Both larval stages were expected to be observed, since are
part of the cyathostomins life cycle progression, as has been previously
described in juvenile horses infected by a fenbendazole-resistant
cyathostominae population (NIELSEN etal., 2015) and in 5 horses
described in other study (PIEREZAN et al., 2009a). However, early
L3 parasites were observed only in the mucosa, and this can may
be related to the acute clinical course of the present cases with a
concomitant mucosal invasion by these stages (CORNING, 2009),
followed by the emergence of immature parasites to the intestinal
lumen (REINEMEYER, 1986). Corroborating these data, previous
studies have shown that early stage L3 parasites may be observed
exclusively in the lamina propria if horses are treated with a less
efficient anthelmintic (fenbendazole), while late stage L3 and L4
parasites may be observed in both the mucosa and submucosa
(NIELSEN et al., 2015), similarly to the observations in the
present study. Moreover, previous studies showed that L3 and L4
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parasites are more likely to be encysted in the mucosa than in the
submucosa (BODECEK etal., 2010; STEUER et al., 2018), but
these works may be related to the same species of cyathostomes,
since some species may prefer to occupy a particular tissue level
(REINEMEYER, 1986). Indeed, our cases may be related to similar
cyathostome species, as the distribution of late stage L3s and 1.4
parasites was predominantly in the mucosa/submucosa, which
is similar to the distribution described in other foals (NIELSEN
& LYONS, 2017). Still, prolonged persistence of larvae in the
third stage may occur, since these stages molts to the L4 within
the tissue cyst (REINEMEYER, 1986).

The presence of larvae on gross and histopathological
examinations is essential to obtain a final diagnosis of cyathostomiasis,
since fecal egg counts are often zero or very low during larval
cyathostomiasis, with the passage of many L4 with the feces
(LOVEetal., 1999; LYONS et al., 2000; REINEMEYER, 1986).
However, identification at the species level was not possible in
the present study, since foals less than 1 year old mostly present
juvenile nematodes (KUZMINA et al., 2011), with no adult
parasites present, as in the present study. This probably occurred
due to the fact that cyathostomiasis is related to the emergence of
immature parasites that do not reproduce yet (REINEMEYER,
1986), and species identification relies mainly on adult parasites
rather than larval stages (CORNING, 2009), because the larval
stages possess fewer morphological characters than do adult
worms (KHARCHENKO et al., 2009). Additionally, the size
of cyathostome populations, mostly adult stages, may vary
with the age of the horse, exposure history, management, use
of anthelmintics, and the level of nutrition (REINEMEYER,
1986). Another potential differential pathological diagnosis would
be typhlocolitis and lymphadenitis caused by Rhodococcus equi;
however, unlike in the present cases, the mucosal lesions would
have been observed in both the small and large intestines with
purulent elevated ulcers (pyogranulomas), and the mesenteric or
colonic lymph nodes would have been obliterated by edema and
caseous/purulent foci (UZAL et al., 2016).

Cyathostominae typhlocolitis was observed mainly in the
spring (4/6 cases) and autumn (2/6 cases) in the present study,
unlike in a previous study in which most of the cases occurred
in the winter and autumn (PIEREZAN et al., 2009a). This
seasonal difference may be explained by the subtropical climate
of the region, with marked differences in temperature and rainfall
between the seasons (COPAERGS, 2018), since the development
of larvae is directly related to the environmental temperature, with
lower temperatures being very lethal to preinfective larval stages
(REINEMEYER, 1986). Thus, in the warmer summer months,
the larvae are inhibited and may reemerge in the autumn, while
the opposite may occur in the cooler months (winter), with
the larvae reemerging as the weather warms up in the spring
(BAUDENA et al., 2000; REINEMEYER, 1986).

Strongyloides spp. are small nematodes that infect all species of
domestic animals, and their larvae typically establish and persist
within tunnels in the small intestine (GARDINER & POYNTON,
2006; UZAL etal., 2016). The pattern of lesions, which is related
to the morphological features of the parasite and the involvement
of the duodenum/ileum, was characteristic of S. westeri infection
in this case. This species mostly infects foals (LUCENA et al,,
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2012) and may be fatal in heavily infected animals (UZAL et al.,
2016), as was observed in horse #8. Outbreaks usually occur in the
summer (LUCENA et al., 2012); however, since lactation is an
important pathway for S. westeri infection (LYONS et al., 1973)
and since foals are usually born in the spring in the study area,
these factors were probably related to the fatal enteritis observed
in horse #9. Nevertheless, the occurrence of S. westeri enteritis
in horses seems to be low so far, most likely because of the use
of highly effective drugs, such as benzimidazoles and ivermectin
(LYONS et al.,, 1993). Despite that, a recent study showed an
overall elevated prevalence of patent S. westeri infections in foals in
the USA, probably resulting from the diminished use of ivermectin
owing to recent resistance in Parascaris equorum (LYONS &
TOLLIVER, 2014), which may increase the overall importance
of that parasite in horses in the near future.

The clinical findings observed in our study in S. westeri parasitism
(chronic diarrhea, apathy, fever and dehydration) are similar to
those previously described in an outbreak in Brazil (LUCENA etal.,
2012), and are related to the gross and microscopic lesions caused
by this parasite, wherein heavy parasite loads may persist for at
least 10 weeks in foals (BOWMAN, 2014). The gross findings
were mainly characterized by multifocal red areas on the mucosa
and the accumulation of fluids in the intestinal lumen. This loss
of fluids most likely occurred because of numerous encysted
parasitic structures occupying the base of the villi; these may
also be related to the atrophy of the villi, as described in previous
studies (LUCENA et al., 2012).

E. leuckarti is the only valid species of Eimeria in equids
(DUBEY & BAUER, 2018), and oocyst detection has been widely
reported through fecal examinations, mainly in foals (SOUZA et al.,
2009; DUBEY & BAUER, 2018; FIGUEIREDO et al., 1993).
However, as shown in the present study, it may also occur in
older horses (HIRAYAMA et al., 2002). Nevertheless, the
present study reinforces the fact that post-mortem examinations
may provide useful diagnostic insights in these cases, since the
morphological features of unsporulated oocysts are similar to those
described through coproscopic techniques (SOUZA et al., 2009).
Clinically, this infection may present with or without clinical
signs of lower alimentary tract disorders (HIRAYAMA et al,,
2002), as in the present study wherein horse #7 had few clinical
signs other than severe cachexia. A minor proportion of horses
excreting E. leuckarti organisms may present with temporary
diarrhea (STUDZINSKA et al., 2008). This probably led to the
accumulation of abundant liquid content in the small intestine
in the present case, similarly to previous descriptions (REPPAS &
COLLINS, 1995), and most likely resulted in severe dehydration,
serous fat atrophy, and death.

On microscopic examination, Eimeria organisms (macrogamonts,
microgamonts, and oocysts) are frequently found in the cytoplasm
of hypertrophied host cells in the lamina propria at the tips of the
villi of the jejunum and ileum (HIRAYAMA et al., 2002). However,
microgamonts may be mistaken for schizonts because of their size;
even though these have not yet been identified in naturally infected
equids (DUBEY & BAUER, 2018). The parasites may also be
found in the extracellular spaces surrounded by macrophages and
lymphocytes (HIRAYAMA etal., 2002), but this was not observed
in the present study, and only minor changes were evident.
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In this study, B. coli typhlocolitis was diagnosed mainly on the
basis of the association between the gross and microscopic findings.
Morphology has been the basis for species identification, and, thus,
B. coli was identified by its large size, ovoid shape, dense curved
macronucleus, adjacent small micronucleus, contractile vacuoles,
and the presence of cilia on the surface (HEADLEY et al., 2008;
SCHUSTER & RAMIREZ-AVILA, 2008; UZAL et al., 2016).
In horses, it has previously been associated with an abrupt onset
of colic and severe hemorrhagic and eosinophilic colitis without
any obvious simultaneous primary infection (HEADLEY et al.,
2008). This differs from the present case wherein rare cut sections
of cyathostominae were also observed in the mucosa of the large
intestine, suggesting that this infection probably favored B. coli
invasion and proliferation in the large intestine of horse #9. A similar
pathogenesis has been proposed for abomasal and lymphatic
balantidiasis in the Barbary sheep (Ammotragus lervia), which
was associated with a previous coccidial development of Eimeria
spp. in the epithelial lining of the intestine (CHO et al., 2000).

B. coli infection may have three clinical manifestations:
asymptomatic, chronic infection with non-bloody diarrhea,
and fulminant balantidiasis with mucoid and bloody stools
(SCHUSTER & RAMIREZ-AVILA, 2008). The latter seems
to be the case in horse #9, which showed gross lesions mainly
characterized by hemorrhagic typhlocolitis. In support of this
theory, the parasite was also considered pathogenic since it was
observed invading the mucosa and elicited a predominantly
necrotic and eosinophilic inflammatory response, as reported in
previous studies (HEADLEY et al., 2008).

Horse #10 was infected by multiple parasites, including
helminths (S. westeri and cyathostomins) and protozoans. Mixed
infection by helminths could be attributed to the fact that these
roundworms have direct life cycles, with their free-living larvae
having similar bionomics (MATTO et al., 2015).

Conclusions

Fatal parasite-induced enteritis and typhlocolitis are important
causes of death in horses, especially in foals aged less than 1.5 years
old in Southern Brazil. Cyathostominae typhlocolitis was the main
condition diagnosed, followed by E. leuckarti enteritis, S. westeri
enteritis and B. coli colitis.
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