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a  b  s  t  r  a  c  t

A  10-year-old  Quarter  Horse  gelding  presented  to the  Texas  A&M University  Veterinary  Teaching  Hospital
with  a six  month-history  of  ataxia  and lameness  in  the  hind  limbs.  The  horse  was treated  presumptively
for  equine  protozoal  myeloencephalitis  (EPM)  based  on  clinical  signs  but  was ultimately  euthanized  after
its condition  worsened.  Gross  lesions  were  limited  to  a small  area  of reddening  in the  gray  matter  of  the
thoracic  spinal  cord.  Histologically,  trypanosome  amastigotes  morphologically  similar  to Trypanosoma
cruzi,  the  agent  of Chagas  disease  in  humans  and  dogs,  were  sporadically  detected  within  segments
of  the  thoracic  spinal  cord  surrounded  by mild  lymphoplasmacytic  inflammation.  Ancillary  testing  for
Sarcocystis  neurona,  Neospora  spp., Toxoplasma  gondii  and  Leishmania  spp.  was  negative.  Conventional  and
real time  polymerase  chain  reaction  (PCR)  of affected  paraffin  embedded  spinal  cord  were  positive  for  T.
cruzi, and  sequencing  of the  amplified  T. cruzi  satellite  DNA  PCR fragment  from  the  horse  was  homologous
with  various  clones  of T. cruzi  in  GenBank.  While  canine  Chagas  disease  cases  have  been  widely  reported
in  southern  Texas,  this  is  the  first  report of  clinical  T. cruzi  infection  in an equid  with  demonstrable
amastigotes  in the  spinal  cord. In contrast  to previous  instances  of  Chagas  disease  in the  central  nervous
system  (CNS)  of  dogs  and  humans,  no  inflammation  or T.  cruzi  amastigotes  were detected  in the  heart

of  the  horse.  Based  on  clinical  signs,  there  is a potential  for misdiagnosis  of  Chagas  disease  with  other
infectious  diseases  that affect  the equine  CNS. T.  cruzi  should  be considered  as a differential  diagnosis  in
horses  with  neurologic  clinical  signs  and  histologic  evidence  of  meningomyelitis  that  originate  in  areas
where  Chagas  disease  is present.  The  prevalence  of T. cruzi  in horses  and  the  role of  equids  in the  parasite
life  cycle  require  further  study.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Chagas disease, or American trypanosomiasis, is caused by the
rotozoan parasite Trypanosoma cruzi (Gutiérrez et al., 2013; Kjos
t al., 2008). It is endemic in many non-Caribbean Latin American
ountries with a purported 5.7 million people currently infected
Anon, 2010). The protozoan multiplies within arthropod vectors

f the Reduviidae family (Rhodnius spp., Panstrongylus spp. and
riatoma spp.), also known as cone-nose or kissing bugs, which
arbor the protozoan epimastigote and metacyclic trypomastigote

∗ Corresponding author at: Texas A&M University, College of Veterinary Medicine
 Biomedical Sciences, Department of Pathobiology, 4467 TAMU, College Station,
X,  77843-4467, USA.

E-mail address: lbryan@cvm.tamu.edu (L.K. Bryan).

ttp://dx.doi.org/10.1016/j.vetpar.2015.11.016
304-4017/© 2015 Elsevier B.V. All rights reserved.
life stages within the midgut and hindgut, respectively (Gutiérrez
et al., 2013). Triatomine bugs transmit T. cruzi by defecating infec-
tious metacyclic trypomastigotes around cutaneous bite wounds
or mucous membranes, thereby allowing access to the host’s blood
stream where the trypomastigotes can either infect host cells to
form amastigotes or infect other kissing bugs feeding on the host
(Gutiérrez et al., 2013). Humans can become infected transpla-
centally, via blood or organs through transplantation (Rassi et al.,
2012). While autochthonous cases of acute Chagas disease in peo-
ple remain rare in the United States (US), there are an estimated
300,000 chronic cases in immigrants from endemic countries living
in the US (Bern and Montgomery, 2009). Chagas disease has been

frequently reported in dogs from the southeastern US where T. cruzi
persists through a sylvatic life cycle that involves infection of rac-
coons, opossums, armadillos, and skunks (Bern et al., 2011). While
the arthropod vector will readily feed on horses and other live-
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http://www.elsevier.com/locate/vetpar
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vetpar.2015.11.016&domain=pdf
mailto:lbryan@cvm.tamu.edu
dx.doi.org/10.1016/j.vetpar.2015.11.016


1 y Para

s
l
b

2

s
M
a
C
i
r
a
i
t
a
m
i
c
n
d
t
A
d
h
r
a

d
m
w
w
D
o
(
n
s
w
c
i
w
a
t
i
f
l
p
i
n
b
w
t
w
s
w

n
h
(
t
o
H
T
b

4 L.K. Bryan et al. / Veterinar

tock in experimental situations (Grundemann, 1947), the various
ife stages of T. cruzi have never been reported before in peripheral
lood or tissues from horses.

. Case report

A 10-year-old, Quarter Horse gelding, used for barrel racing, pre-
ented in mid-summer to the Texas A&M University Veterinary
edical Teaching Hospital with a six-month history of lameness

nd ataxia in the hind limbs. The horse lived in southern Bexar
ounty, Texas and had been previously diagnosed with chronic

mpar ligament desmitis in the right front foot. Four months prior to
eferral, the horse was seen by a veterinarian when the owner noted

 new left hind limb lameness. At that time, the gelding was ataxic
n both hind limbs, with the right hind more severely affected than
he left hind. Cerebrospinal fluid (CSF) was tested for antibodies
gainst Sarcocystis neurona, the causative agent of equine protozoal
yeloencephalitis (EPM), via surface antigen 2, 4/3 enzyme-linked

mmunosorbent assay (ELISA), Western Blot and indirect fluores-
ent antibody test (IFAT). All tests on the CSF were negative for S.
eurona, and a Neospora hughesi IFAT was also negative. However,
ue to the difficulty of ante-mortem diagnosis of EPM in horses,
reatment with ponazuril (5 mg/kg, per os) for 28 days was  initiated.
n additional 10-day course of levamisole and tapering course of
examethasone (starting at 0.1 mg/kg) were administered after the
orse failed to improve with ponazuril treatment. Nuclear scintig-
aphy (bone scan) did not reveal any significant musculoskeletal
bnormalities.

Upon neurologic examination at referral, no cranial nerve
eficits were noted and mentation was appropriate. A standing
usculoskeletal exam was unremarkable and no muscle atrophy
as appreciated. Range of motion of the cervical vertebrae was
ithin normal limits and the cutaneous trunci reflex was  intact.
uring a moving examination, the patient had difficulty pivoting
n his hind limbs and would swing his rear legs into wide arcs
circumduction) when circled tightly. The horse also had difficulty
avigating around low obstacles, such as curb stones, and would
crape the tops of his hind hooves on the pavement (knuckling)
hen transitioning from a walk to a trot. The hind end deficits were

onsistent with upper motor neuron paresis, as on tail pull the geld-
ng had good resting muscle tone with adequate extensor strength

hile standing, but was easily pulled to the side while walking. His
taxia was asymmetric, with the right side more severely affected
han the left, and he was  assessed as Grade 3/5 and 4/5 ataxic
n the left and right hind limbs, respectively. Assessment of the
ore limbs was complicated by the severity of ataxia in the hind
imbs, but they were apparently unaffected. Lesion localization was
resumed to be within the T3-L3 region based on neurologic exam-

nation. Radiographs of the cervical and lumbar vertebrae revealed
o abnormalities. Ultrasonography of the caudal lumbar verte-
rae, sacrum and pelvis (both transcutaneous and transrectal) was
ithin normal limits. Serum vitamin E concentration was within

he normal range (3.32 �g/mL; reference 2.5–4.0 �g/mL) and there
ere no hematologic or serum chemistry abnormalities. Euthana-

ia was elected three months after neurologic evaluation due to
orsening condition and poor prognosis for recovery.

A necropsy was conducted at the Texas A&M Pathology Diag-
ostic Laboratory. A focally extensive area of the dorsal and ventral
orn gray matter of the T8-T13 spinal cord segments was dark red
congestion and hemorrhage) (Fig. 1a). No lesions were apparent in
he heart or other major parenchymal organs. An unfixed section

f the pons and cerebellum sent to the Texas State Department of
ealth was negative for rabies via immunofluorescence assay (IFA).
issues from all major organ systems were preserved in 10% neutral
uffered formalin and routinely processed for paraffin embedding.
sitology 216 (2016) 13–17

Slides (5 �m sections) were stained with hematoxylin and eosin
(HE). Histologically, small perivascular clusters of lymphocytes,
fewer plasma cells and macrophages were scattered randomly
throughout all levels of the spinal cord meninges, gray and white
matter. A few axons near inflamed areas were mildly swollen with
dilated myelin sheaths (spheroids). Lesions were most severe in
the thoracic spinal cord within the reddened area observed at
necropsy. Inflammatory cells occasionally surrounded pseudocysts
in the white matter that contained a few 2–3 �m,  round protozoan
amastigotes (Fig. 1b) characterized by an outer thin periplasmic
membrane, 1 �m basophilic nucleus and a rod-shaped kinetoplast
(Fig. 1b inset) that was sometimes oriented parallel to nucleus.
Amastigotes were not observed in the brainstem, cerebrum or cere-
bellum, and no histologic lesions were apparent in the heart and
other parenchymal organs. The protozoa were not stained by peri-
odic acid Schiff or Gomori methenamine silver stains. Unstained
sections of affected areas of the spinal cord were sent to additional
diagnostic laboratories for further identification of the protozoa.
Although clusters of organisms were apparent in sections, the pro-
tozoa did not stain on immunohistochemistry for Sarcocystis spp.
(University of Georgia Veterinary Diagnostic Laboratory; Fig. 1c),
Neospora spp. or Toxoplasma gondii (United States Department of
Agriculture, Beltsville). DNA in situ hybridization for Leishmania
spp. (Michigan State University Diagnostic Center for Population
and Animal Health) was also negative. Electron microscopy of the
affected spinal cord was  attempted, but the paucity of the protozoa
and fixation artifacts prevented a thorough examination.

Sections (containing approximately 50 �m of tissue) from
affected spinal cord and heart formalin-fixed paraffin embedded
(FFPE) tissue blocks were processed for DNA extraction using two
different methods: the E.Z.N.A® Tissue Extraction (Omega Bio-Tek,
USA) and BiOstic® FFPE Tissue DNA Isolation (MO-BIO, USA) kits as
per the manufacturers’ instructions. DNA from the extracted horse
samples was quantified using an Epoch spectrophotometer (Bio-
tek, USA) with readings of 34–128 ng/�L DNA for the spinal cord
samples and 800 ng/�L for the heart sample. Conventional poly-
merase chain reaction (PCR) was  conducted using the TCZ1/TCZ2
(Moser et al., 1989) and Tc121/Tc122 (Virreira et al., 2003; Wincker
et al., 1994) primer sets, which target the nuclear satellite and
kinetoplast minicircle DNA sequences, respectively (Fig. 2). Quan-
titative real-time PCR (qPCR) was  performed with the Cruzi 1/2
primer set with 6-carboxyfluorescein (FAM)-labeled Cruzi 3 probe
(Duffy et al., 2013; Piron et al., 2007) as previously described except
with an initial denaturation time of 3 min. FFPE heart tissue from
a canine clinical isolate confirmed via histopathology and T. cruzi
Sylvio X10 strain (ATCC©, USA) were used as positive controls,
while negative controls consisted of distilled water and reaction
mix with no template added. Positive bands were seen for the horse
spinal cord samples with both conventional PCR primer sets. For
qPCR, two  separate extractions from a thoracic spinal cord block
had positive cycle threshold (Ct) values of 27 and 24. Additional
spinal cord sections from the thoracolumbar region had border-
line positive Ct values (32 and 33). The heart sample was  negative
using all conventional and qPCR primer sets evaluated. The TCZ1/2
DNA fragment from the horse and the FFPE canine clinical isolate
control were purified using a Wizard® SV Gel and PCR Clean-Up Sys-
tem (Promega, USA) and were sequenced offsite (Eton Biosciences,
USA). The sequences were analyzed with the nucleotide Basic
Local Alignment Search Tool (NCBI, USA) to determine homology.
Both sequences had 98% identity with multiple T. cruzi accessions
(AY520047.1, HM015662.1 and HM015648.1) in GenBank and cor-
responded to the T. cruzi satellite sequence as previously described

(Moser et al., 1989). Further attempts to determine the T. cruzi dis-
crete typing unit of the positive samples through amplification and
DNA sequencing of the TcSC5D gene (Cosentino and Agüero, 2012)
were unsuccessful, but the low sensitivity of this assay in samples



L.K. Bryan et al. / Veterinary Parasitology 216 (2016) 13–17 15

Fig. 1. Gross and histologic lesions within the spinal cord of a 10-year-old Quarter Horse gelding from Texas. (a) Longitudinal and transverse sections of the thoracic spinal
cord  reveal multifocal areas of congestion and mild hemorrhage within the dorsal and ventral horn gray matter. (b) Histologically, clusters of 2–3 �m in diameter, protozoan
amastigotes surrounded by a few plasma cells are in the hyperemic areas of spinal cord identified in panel a. In the insert, amastigotes have a thin outer membrane, contain
a  1 �m basophilic nucleus and have a bar-shaped kinetoplast (arrow) that is often oriente
are  negative with Sarcocystis spp.—specific immunohistochemical staining, which would
peroxidase, 1000×.

Fig. 2. DNA gel electrophoresis of PCR amplicons from the horse and control samples
using the T. cruzi TCZ1/TCZ2 and Tc121/Tc122 PCR primer sets, 2% agarose gel, 100 V
for 30 min. Each band of the DNA ladder (L) represents 100 bp. From left to right for
the TCZ1/TCZ2 primer set: formalin-fixed paraffin embedded (FFPE) heart from a
canine patient with IFA confirmed Chagas disease; FFPE horse spinal cord (BiOstic®
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form large tissue cysts (Dubey et al., 2001). Ancillary testing was
xtraction) and PCR reaction blank. For the Tc121/Tc122 primer set: T. cruzi Sylvio
10 strain positive control; FFPE horse spinal cord (E.Z.N.A® extraction) and PCR
eaction blank.

hat are not from pure parasite culture may  have contributed to the
ack of amplification.

. Discussion
In light of the histologic and molecular findings, the scattered
rotozoa in the spinal cord of the horse were identified as T. cruzi.
istologically, T. cruzi forms large pseudocysts within host cells
d parallel to the nucleus; HE, 1000×, Bar = 10 �m.  (c) Large clusters of amastigotes
 stain organisms bright red if positive; IgG antibody conjugated with horseradish

that are filled with amastigotes (Fig. 3a) that have a distinctive
morphology and features that are not apparent in the circulatory
life stages (Taylor and Authié, 2004). A prominent feature of Try-
panosoma spp. is the presence of a kinetoplast, which is housed
in the mitochondrion of the basal body and is composed of a net-
work of circular DNA that encodes the mitochondrial genome (Rassi
et al., 2012). Known trypanosome species that infect horses include
Trypanosoma evansi and Trypanosoma equiperdum. A third species,
Trypanosoma equinum, is now thought to be a variant of T. evansi or
equiperdum (Gutiérrez et al., 2013). T. evansi is widespread in South
America and causes the neurologic disease Mal  de Cadeiras (surra)
in horses with sporadic infections in cattle and dogs (Desquesnes
et al., 2007). T. evansi is genetically similar to T. equiperdum, the
cause of the venereal disease, dourine in equids. Both species
are considered to be mutants of Trypanosoma brucei,  the agent of
African sleeping sickness, that have lost kinetoplast DNA (Lai et al.,
2008). T. evansi does not form amastigotes (Rodrigues et al., 2009),
and the infective trypomastigotes (Fig. 3b) are often not visible
in section without immunolabeling (Fig. 3c). T. equiperdum trypo-
mastigotes localize to capillaries within the mucous membranes
of the urogenital tract and do not form pseudocysts within tissues
(Taylor and Authié, 2004). Additional protozoa that can infect the
CNS of horses and cause clinical disease include S. neurona and N.
hughesi (Dubey et al., 2001; Marsh et al., 1996). T. gondii has also
been reported incidentally in the CNS of horses at slaughter with-
out appreciable clinical signs (Evers et al., 2013). These agents do
not have kinetoplasts (Dubey et al., 2001) and produce tissue stages
that are morphologically distinct from trypanosome amastigotes.
S. neurona does not form sarcocysts in equine tissues (Dubey et al.,
2001), and schizonts in the CNS are composed of 3–5 �m long,
slender merozoites (Fig. 3c). Neospora spp. (Fig. 3d) and T. gondii
(Fig. 3e) are histologically indistinguishable from each other and
negative for these agents as well as the closest morphological alter-
native to T. cruzi, visceral Leishmania spp., which have been reported
to cause cutaneous lesions in horses in Europe, Puerto Rico and
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Fig. 3. A comparison of selected protozoal agents that affect the CNS. The details of the cases in panels b and c have been previously published (Rodrigues et al., 2009), and
the  cases were re-photographed for this report. (a) Trypanosoma cruzi amastigotes (arrow) within the cerebrum of a dog; HE, 1000×, Bar = 10 �m.  (b) Trypanosoma evansi
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rypomastigotes in the peripheral blood of a horse; Dif-quick, 1000×. (c) Immuno
vidin–biotin–peroxidase complex, 1000×, Bar = 10 �m.  (d) Sarcocystis neurona me

n  the brain of a dog; HE, 1000×, Bar = 10 �m.  (f) Toxoplasma gondii tissue cyst with

lorida but are not known to affect the equine CNS (Reuss et al.,
012). Further supporting description of the equine CNS protozoa
s a Trypanosoma spp., the T. cruzi qPCR primer and probe set used in
his case has also been validated to not cross-react with L. infantum
Piron et al., 2007).

Chagas disease has been frequently reported in dogs from the
outhern US, and especially in Texas, where one study (Kjos et al.,
008) identified 537 positive cases over a 14-year period in 48 of
54 Texan counties (20.3% prevalence) either through serology or
istopathology at necropsy. In that study, more than 25 cases of
anine Chagas disease were reported in Bexar County, where this
orse originated, and 60% of the cases occurred within the south-
entral or coastal regions of Texas (Kjos et al., 2008). Dogs are
mportant reservoir hosts for T. cruzi in Central and South America,
ut their role in the domestic transmission cycle in the US is less cer-
ain (Bern et al., 2011). While horses could also have the potential
o be reservoir hosts in the US and Latin America, only a few stud-
es have evaluated T. cruzi seroprevalence in horses and the sample
ize has been small (Fujita et al., 1994; Ikenga and Richerson, 1984).
n serologic surveys of domestic animals and livestock conducted
n endemic regions of Central and South America, the majority of
xamined horses were seronegative for T. cruzi antibodies (Fujita
t al., 1994). A few T. cruzi seropositive horses were identified in
rgentina, but T. cruzi antibody detection is complicated in regions

hat are also endemic for T. evansi where there may  be significant
ntibody cross-reactivity between the two species (Desquesnes
t al., 2007). A study of potential T. cruzi hosts in Brewster County,
exas conducted in the early 1980s identified two  clinically normal
orses that were seropositive for T. cruzi via indirect hemagglutina-
ion assay (Ikenga and Richerson, 1984). While the seropositivity in
he Texan horses may  also be due to antibody cross reaction with
nother Trypanosoma spp., the most likely confounder, T. evansi,
as never been reported in the US. Blood was not retained from the
orse of this report after initial examination, so it is unknown if the
atient was seropositive for T. cruzi or had trypomastigotes in circu-

ation. Discrete typing could not be performed on the equine FFPE

pinal cord sample to determine the lineage of the T. cruzi strain
nfecting the horse and whether it represented a unique haplotype.
he presence of seropositive horses in Texas coupled with evidence
hemistry identifies a Trypanosoma evansi trypomastigote in the brain of a horse;
es within the brain of a horse; HE, 1000×, Bar = 10 �m. (e) Neospora spp. tissue cyst

 brain of a cat; HE, 1000×, Bar = 10 �m.

of amastigotes in tissues in this case report suggests that horses can
be reservoir hosts for Chagas disease, but additional study is needed
to determine the overall impact on the human population and if the
CNS lesions observed in this case represent a unique feature of T.
cruzi infection in horses or are related to a specific haplotype.

In humans, Chagas disease occurs in acute and chronic forms
where initial infection is characterized by trypomastigote invasion
of leukocytes and hyperplasia of peripheral lymph nodes draining
lymph from the area of the insect bite wound (Rassi et al., 2012)
with most patients experiencing no symptoms. Direct invasion of
the CNS by the parasite is rare, and severe encephalitis is most
frequently observed in patients with acquired immunodeficiency
syndrome (Py, 2011). In a previous case of neurologic Chagas dis-
ease in a dog from Texas, the patient also presented with hind limb
paresis and proprioceptive deficits with minimal signs of cardiac
compromise (Berger et al., 1991). Inflammation in the brain and
spinal cord consisted primarily of perivascular and parenchymal
aggregates of macrophages, plasma cells and lymphocytes with
occasional amastigotes that had a similar morphology to those
observed in the horse of this report (Berger et al., 1991). This partic-
ular pattern of inflammation is similar to the presentation of EPM,
which is a more common protozoal neurologic disease in horses
that is often diagnosed presumptively post-mortem due to diffi-
culty in detecting S. neurona merozoites in tissue (Marsh et al.,
1996). The present case is an unusual presentation of Chagas dis-
ease in that inflammation and amastigotes were not observed in
the myocardium or other organs outside of the CNS. However, the
presence of T. cruzi amastigotes in tissue without apparent cardiac
involvement is not without precedent; another dog from Texas had
T. cruzi PCR-positive amastigotes within a peripheral lymph node
without significant heart lesions (Nabity et al., 2006).

The anti-protozoal drugs benznidazole and nifurtimox are used
in Latin America for the treatment of acute and chronic forms of
Chagas disease in humans (Gutiérrez et al., 2013). These drugs
are not widely available in the US but are provided by the Cen-
ters for Disease Control for use in treatment of confirmed human

cases and have had some success in treating experimental infec-
tions in dogs (Bern et al., 2011). However, most clinical canine cases
are treated only with supportive therapy (Bern et al., 2011). The
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Wincker, P., Britto, C., Pereira, J.B., Cardoso, M.A., Oelemann, W.,  Morel, C.M., 1994.

Use of a simplified polymerase chain reaction procedure to detect
L.K. Bryan et al. / Veterinar

ossible side effects of these drugs in horses are unknown, but in
umans, peripheral neuritis and dermatitis are potential adverse
eactions to nifurtimox and benznidazole, respectively. Itracona-
ole and allopurinol have also been evaluated with mixed results
Rassi et al., 2012). The effect of ponazuril and levamisole treat-

ent, the standard EPM therapeutics used in this case report, on
itigating T. cruzi infection has not been investigated.
This report represents the first documented incidence of clin-

cal disease related to T. cruzi infection in equids, and is the first
istologic description of T. cruzi amastigotes in the tissues of a
orse. The diagnosis of Chagas disease in the horse of this report
as confirmed via conventional and qPCR from FFPE tissue blocks.
hile the use of FFPE tissues can be problematic due to increased

ncidence of fixation artifacts and potential fragmentation of DNA
Ludyga et al., 2012), this report shows that FFPE tissues can be
sed for molecular confirmation of Chagas disease in equine tis-
ues. In addition to retrospective analysis of archival specimens
or T. cruzi, FFPE tissues could also be useful in determining the
revalence of Chagas disease in horses from areas that cannot pro-
ess fresh tissues due to limited access to refrigeration or lack of
earby veterinary diagnostic laboratories. Three different primer
ets reported to be specific for T. cruzi in samples derived from
uman patients were used in this report. While there is a possi-
ility that the primer sets developed for use in people could be
ross reacting with another Trypansoma spp. found in animals, the
istopathologic morphology of the protozoa and geographic loca-
ion from which the horse originated support a diagnosis of Chagas
isease. The similarity of the spinal cord lesions to the more com-
on  cause of protozoal myelitis, S. neurona, suggests that there

s a potential for misdiagnosis and T. cruzi should now be consid-
red as a differential diagnosis in horses with similar neurologic
linical signs and lesions, especially in areas where canine Chagas
isease is present. Further study to determine the prevalence of
hagas disease in horses and their role in the parasite life cycle is
arranted.
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