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RESUMO.- [Intoxicação acidental e experimental por 
Closantel em ovinos no Uruguai.] Descreve-se um surto 
de intoxicação por Closantel em ovinos no Uruguai. O surto 
ocorreu em um lote de 1300 cordeiros que foram dosados 

com uma solução de Closantel 10%, por via oral. Do total, 
148 apresentaram sinais clínicos de intoxicação e 14 mor-
reram. Os sinais clínicos incluíam midríase, nistagmo, refle-
xo pupilar negativo, cegueira bilateral, pressão da cabeça 
contra objetos e desvio lateral da cabeça. Lesões macroscó-
picas não foram observadas. Histologicamente havia vacuo-
lização citoplasmática das células ganglionares e nas célu-
las das camadas nuclear interna e externa. Na retina havia, 
também, diferentes graus de atrofia. Vacuolização e dege-
neração axonal foram observados no nervo óptico, com áre-
as multifocais de fibrose e infiltrado de linfócitos e células 
Gitter. Quatro ovinos receberam experimentalmente duas, 
quatro e 10 vezes a dose terapêutica de Closantel (0,1 g/kg 
de peso vivo). Apenas os animais que receberam 10 vezes 
a dose recomendada apresentaram sinais clínicos. O exame 
histológico nos ovinos experimentais mostrou resultados 
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semelhantes aos do surto, com exceção da ausência de fi-
brose e infiltrado inflamatório do nervo óptico, caracteri-
zando um quadro agudo. Foram observadas a perda da bai-
nha de mielina dos axônios e a presença de fibroblastos e 
fibras colágenas no estudo ultra-estrutural do nervo óptico 
de animais intoxicados espontaneamente. No nervo óptico 
de animais intoxicados experimentalmente havia vacúolos 
que separavam as bainhas de mielina dos axônios. Para evi-
tar surtos, sugere-se pesar os animais antes da administra-
ção de Closantel para evitar erros no cálculo da dose.
TERMOS DE INDEXAÇÃO: Closantel, sobredosagem, intoxicação, 
cegueira, ovinos.

INTRODUCTION
Closantel is an antiparasitic drug belonging to the salicyla-
nilide class used to control Haemonchus contortus, mature 
and immature forms of Fasciola hepatica and larvae of Oes-
trus ovis (Gill et al. 1999). This drug is toxic to many spe-
cies, including dogs (McEntee et al. 1995), sheep and goats 
(Gill et al. 1999, Barlow et al. 2002, Van del Lugt & Venter 
2007, Ecco et al. 2008). A combination of Closantel and al-
bendazole was also reported to be toxic for sheep and goats 
(Obwolo et al. 1989).

Accidental poisoning occurs when the drug is admi-
nistered in amounts that are 2-6 times the recommended 
dose (Borges et al. 1999, Barlow et al. 2002). In all of these 
cases, the exact dose that induced intoxication was only 
estimated.

The clinical signs described in intoxicated sheep inclu-
de lack of coordination, weakness, recumbency, mydriasis, 
blindness, walking in circles, depression, dark green diar-
rhea and death (Obwolo et al. 1989, Borges et al. 1999, Gill 
et al. 1999, Barlow et al. 2002).

The most important macroscopic findings are restricted 
to the ocular globe and central nervous system. When they 
are observable, they include brain inflammation and con-
gestion (Borges et al. 1999) and narrowing of the intraca-
nalicular and rostral segments of the optic nerve (Gill et al. 
1999, Barlow et al. 2002). The microscopic findings include 
bilateral degenerative changes in the retina, with detach-
ment of the pigment epithelium, loss of the photoreceptor 
cells and depletion of both outer and inner nuclear layers. 
Severe bilateral vacuolar degeneration of the intraorbital 
optic nerve, infiltration with Gitter cells and some perivas-
cular cuffing may be observed (Barlow et al. 2002). Myelin 
edema in the optic nerve and optic tracts, with scattered 
foci of myelinic edema within the brainstem and cerebellar 
peduncles also was described (Gill et al. 1999).

The aim of this study was to describe the epidemiology, 
clinical signs, gross and histologic findings, and ultrastruc-
tural features of an outbreak of accidental Closantel poi-
soning in sheep and the experimental reproduction of the 
intoxication.

MATERIALS AND METHODS
Description of the outbreak. The Northwestern Regional La-

boratory of DILAVE “Miguel C. Rubino” was consulted in reference 
to a case of collective neurological clinical signs in sheep. Epide-

miological information was obtained through interviews with the 
veterinarian responsible for the case and visits to the farm. Five 
affected sheep were necropsied between 2 and 12 months after 
the onset of clinical signs. All organs, including the central ner-
vous system, ocular bulb and optic nerve were fixed in 10% buffe-
red formalin, embedded in paraffin, sectioned at 5µm and stained 
with haematoxylin and eosin.

Experimental reproduction. Five Corriedale crossbreed 
male sheep were used. These sheep were 6-year-old, castrated, 
with body weights (BW) between 37.5 and 44.5 kg. The treat-
ments performed are presented in Table 1. Daily clinical exami-
nation was performed.

Between 5 and 10 minutes after the death of sheep 3 and 4, 
a necropsy was performed and material was collected, including 
the central nervous system, ocular bulb and optic nerve for histo-
logical and ultrastructural study.

Ultrastructural study. Two sheep of the accidental outbreak 
that presented chronic clinical signs of blindness eight months af-
ter the administration of Closantel were euthanized and necrop-
sied. Small fragments of the central nervous system, ocular bulb 
and optic nerve were collected between 5 to 10 minutes after eu-
thanasia and placed in a solution of 2% glutaraldehyde and 2% 
paraformaldehyde buffered with 0.4 M cacodylate (pH 7.4). The 
tissues were subsequently fixed in osmium tetroxide 1% buffe-
red in 0.4 M sodium cacodylate (pH 7.4). Lastly, they were placed 
in Epon 812. The sections of tissue were stained with methylene 
blue. Ultrathin sections were stained with lead citrate and uranyl 
acetate and were examined by electron microscope Zeiss EM 10 
at 60 kV.

The same procedure was performed for the collection of ma-
terial for ultrastructural study in the case of the experimentally 
intoxicated sheep 3 and 4.

RESULTS
Description of the outbreak

The outbreak occurred on a farm in Tacuarembó, Uru-
guay (31°43´5.22”S- 55°59´6.93”0) in 2011. From a total of 
1300 Corriedale sheep, 148 lambs (morbidity 14%) pre-
sented neurological clinical signs twenty days after oral 
administration of 10% Closantel (January 2011). Fourteen 
lambs died from accidents secondary to the neurological 
signs such as blindness and lack of coordination. Clinical 
signs included mydriasis, nystagmus, negative papillary 
reflex to light, bilateral blindness, lateral movement of the 
head and bump into objects (Fig.1AB). The ataxia was in-
tensified when the animals were moved.

No gross lesions were found in the necropsies perfor-
med on the five lambs. Microscopic lesions were main-
ly restricted to the retina, characterized by cytoplasmic 
vacuolization of ganglion cells and cells of the inner and 

Table 1. Experimental reproduction: Identification of sheep, 
body weight and Closantel dose

 Sheep Body weight (BW) (kg) Overdose* Dose (g/kg of BW)

 1 44.5 2.5 0.25
 2 39.5 4 0.40
 3 44.5 10 1
 4 37.5 10 1
 5 40.0 0 0

* Overdoses administered were 2.5, 4 and 10 times the therapeutic dose 
for sheep (0.1g/kg of BW).
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Fig.1. (A) Sheep accidentally intoxicated by Closantel bumping 
into a wire fence due to bilateral blindness. (B) Sheep with 
marked dilatation of the pupil (mydriasis).

Fig.2. Sheep. Retina. Accidental 
Closantel outbreak. (A) Cyto-
plasmic vacuolization of gan-
glion cells and cells of the inner 
and outer nuclear layer. HE, 
obj. 40x. (B) Melanin pigment 
migration towards the inner re-
gion of the retina. HE, obj. 25x. 
(C) Retina: Negative control 
animal. HE, obj. 10x. *Referen-
ces: Pigmented epithelium (1), 
Outer nuclear layer (2), Outer 
plexiform layer (3), Inner nu-
clear layer (4), Inner plexiform 
layer (5), Ganglion cells (6), 
Layer of optic nerve fibers (7), 
HV = vitreous, E = sclera.

Fig.3. Sheep. Optical nerve. Accidental Closantel outbreak. (A) 
Cross section of the retrobulbar portion of the optic nerve. 
Fibroblast proliferation, neovascularization and Gitter cells 
(arrow). HE, obj.40x. (B) Infiltrate of lymphocytes and Gitter 
cells (arrow). HE, obj.40x.

outer nuclear layer. The outer plexiform layer also sho-
wed vacuolization of the axons of the inner nuclear layer 
neurons (Fig.2A), associated with areas of pigmented epi-
thelial hyperplasia and melanin pigment migration to the 
inner layers (Fig.2B). In the central nervous system, there 
was vacuolization (status spongiosus) of the white matter 
of the brain.

The optic nerve showed axonal degeneration (axonal 
vacuolization) with multifocal areas of fibrosis in the intra-

orbital portion and a lymphocytic monocytic (Gitter cells) 
infiltrate (Fig.3A and 3B).

Experimental reproduction
The clinical signs of the sheep during the experimental 

reproduction are shown in Table 2. Sheep 1 and 2 had no 
clinical signs after administration of Closantel. In sheep 3, 
bilateral blindness with negative pupillary reflex to light 
was observed six days after Closantel administration. On 
day 9, this sheep remained constantly recumbent, showing 
signs of anorexia and depression and was euthanized. She-
ep 4 had after 72 hours of the administration of the medi-
cine, signs of depression, anorexia, along with positive pu-
pillary reflex and an abnormal posture with open forelimbs 
and closed pelvic limbs. Ninety-six hours after the Closan-
tel administration, the animal was in deep depression, with 
bilateral blindness and negative pupillary reflex to light, 
dying a few hours later.
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Bilateral edema of the intracanalicular portion of the 
optic nerve was macroscopically observed only in sheep 4. 
The histological lesions were similar in the sheep 3 and 4. 
There was vacuolization of ganglion cells and the cells of 
the inner and outer plexiform layers of the retina (Fig. 4A). 
In the central nervous system, there was vacuolization of 
the white matter of the cerebellum and brainstem. Vacuoli-
zation and degeneration of axons was observed in the optic 
nerve (Fig.4B and 4D).

Ultrastructural study
In the optic nerve of accidental intoxicated sheep, most 

axons had lost their myelin sheath (demyelination). Fibro-
blasts and collagen fibers were also observed replacing 
axons (Fig.5).

The lesion at the optic chiasm was similar to that obser-
ved in the optic nerve (Fig.6), except for the lack of fibro-
blasts and collagen fibers.

In the experimental reproduction, the spongy areas in 

Fig.4. Sheep. Experimental reproduction of Closantel intoxication. (A) Sheep 3. Retina: cytoplasmic vacuolization of ganglion cells and 
cells of the inner and outer nuclear layer. HE, 200x. (B) Sheep 4. Cerebellum: vacuolization of the white matter. HE, obj. 40x. (C). She-
ep 5. Optic nerve: negative control animal. HE, obj.20x. (D) Sheep 4. Optic nerve: vacuolization and axonal degeneration. HE, obj.40x.

Table 2. Experimental reproduction: Closantel dose, clinical signs and evolution

 Sheep Closantel dose Blindness Pupillary reflex Recumbence Anorexia Depression Onset of clinical Clinical
  (g/kg of BW)  negative    sign (days) course

 1 0.25 - - - - - - -
 2 0.40 - - - - - - -
 3 1 + + + + + 6 Euthanized
         (day 9)
 4 1 + + + + + 2 Death
         (day 4)
 5 0 - - - - - - -

Fig.5. Sheep. Optical nerve. Accidental Closantel outbreak. (A*) 
Axons without myelin sheath, (A) axon with myelin sheath. 
The presence of fibroblast (F) and collagen fibers (C). Trans-
mission electron microscopy.
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Fig.7. Sheep. Experimental reproduction of Closantel intoxication. 
Optic nerve. Axon with myelin layers separated by a large 
vacuole. Separation of the layers of myelin (detailed image). 
Transmission electron microscopy.

Fig.6. Sheep. Optic chiasm. Accidental Closantel outbreak. Swollen 
axons without myelin sheath (A*) and a single axon with mye-
lin sheath (A). Transmission electron microscopy.

histological lesions were atrophy of the retina, pigment 
epithelial hyperplasia and cell pigment migration. Same le-
sions have been reported by Van der Lugt & Venter (2007) 
in sheep and goats 56-70 days after of administration of 
Closantel. Degeneration of the optic nerve, with prolife-
ration of fibrous tissue, was also observed. Van der Lugt 
& Venter (2007) also described vacuolar degeneration of 
myelin and eventually irreversible fibrosis of the optic ner-
ve with contraction.

The spongy appearance of the white matter of the brain 
and spinal cord was also reported in spontaneous cases by 
Furlan et al. (2009). The spongy status induced by Closan-
tel in the central nervous system is due to the formation of 
vacuoles between the layers of myelin. This lesion is also 
observed as a result of intoxication by substances such as 
ammonia (Cho & Leipold 1977) and copper (Morgan 1973), 
by ingestion of plants such as Stypandra imbricate (Huxta-
ble et al. 1980, Main et al. 1981) and Helichrysum argyros-
phaerum (Basson et al. 1975, Van der Lugt et al. 1996) or 
by ingestion of fungi such as Stenocarpella maydis (Keller-
man et al. 1981, Prozesky et al. 1994). The physiopathology 
of the separation of myelin layers is not known (Van der 
Lugt & Venter 2007). However, some authors report that 
oligodendrocyte death may play a role in the separation of 
myelin after administration of aniline in mice (Okazaki et 
al. 2001).

The retinopathy observed in Closantel poisoning, as 
well as in intoxication by Stypandra imbricata and Heli-
chrysum argyrosphaerum, in sheep and goats occurs due to 
acute degenerative damage to the layers of the retina. The-
se injuries would be a direct effect of the active substances 
and not a secondary effect of the optic nerve neuropathy 
(Gill et al. 1999).

Three possible causes have been suggested for the 
neuropathy induced by Closantel (Van der Lugt & Venter 
2007), Stypandra imbricate (Huxtable et al. 1980) and Heli-
chrysum argyrosphaerum (Van der Lugt et al. 1996). These 
would be the direct effect on axons, edematous nerve com-
pression within the optical channel, or a combination of 
both causes (Huxtable et al. 1980).

According to the literature, blindness is the primary cli-
nical sign presented in animals intoxicated by Closantel as 
observed in the outbreak presented here, followed in some 
cases by ataxia and the death of some animals (Gill et al. 
1999, Barlow et al. 2002, Van del Lugt & Venter 2007, Ecco 
et al. 2008, Furlan et al. 2009). In this accidental case, the-
re were no deaths in the affected sheep probably because 
of the acute intoxication, consistent with findings by other 
authors (Borges et al. 1999, Gill et al. 1999, Furlan et al. 
2009); this could be related to the dose utilized. The deaths 
that occurred were secondary accidents due to the blind-
ness and the lack of coordination of the animals.

It was not possible to identify the toxic dose that caused 
cases of accidental intoxication. The recommended Closan-
tel dose for sheep is 0.1g/kg of BW (Radostits et al. 2007). 
In some reports of intoxication, it has been estimated that 
the overdose sufficient to produce clinical signs must have 
been 3 to 6 times more the therapeutic dose (Borges et al. 
1999) and, in other reports, 2 to 5 times more the thera-

the optic nerve observed in the histological study corres-
ponded to vacuoles that separated the myelin sheaths of 
axons (Fig.7). The vacuoles (single or multiple) were diffe-
rent sizes and empty. Axonal swelling was also observed.

DISCUSSION
The lesions observed in both accidental and experimental 
intoxication are similar to those reported in Closantel in-
toxication (Gill et al. 1999, Barlow et al. 2002, Van del Lugt 
& Venter 2007). The lesions were mainly restricted to the 
retina, optic nerve and white matter of the central nervous 
system. The clinical signs manifested by these sheep were 
related to the specific lesions found.

Accidental cases were defined as chronic because the 
main lesions in optic nerve and retina were registered be-
tween 2 and 12 months after onset of clinical signs. The 
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peutic dose (Barlow et al. 2002). It is presumed that the 
dose error in the outbreak could have occurred because 
adult sheep (average 40 kg of BW) were dosed together 
with lambs (average 15 kg of BW) and the adult dose was 
administered in both cases. The fact that adult animals 
were not affected reinforces this idea. In other reports of 
Closantel-related poisonings, young animals, especially 
those younger than one year, are the main affected category 
(Van der Lugt et al. 1996, Borges et al. 1999, Barlow et al. 
2002, Furlan et al. 2009).

Differential diagnoses of blindness in sheep should be 
undertaken in relation to other drugs such as rafoxanide 
(Prozesky & Pienaar 1977). Other diseases, such polioence-
phalomalacia as a result of vitamin B1 deficiency and lead 
poisoning, also induce blindness, causing a characteristic 
laminar cortical necrosis of the gray matter. Other diseases 
that can also cause neurological clinical signs should also 
be differentiated, such as Listeria monocytogenes infection, 
Coenurus cerebralis, Visna virus infection, rabies, intoxica-
tion by Halimium brasiliense, toxemia of pregnancy in ewes 
and intoxication by Ramaria flavo-brunnescens (Riet-Cor-
rea & Méndez 2007, van der Lugt et al. 1996). All of these 
diseases have a particular epidemiology as well as gross 
and microscopic lesions that distinguish them from Closan-
tel intoxication, with the exception of rafoxanide that could 
be confused. It is critical to send the ocular bulb, optic ner-
ve and central nervous system to the laboratory for proper 
diagnosis of this type of intoxication.

In this outbreak, the epidemiology, clinical signs, gross 
and microscopic findings confirm the diagnosis of intoxi-
cation by Closantel. It is recommended that, prior to the 
administration of this anthelmintic drug, maximum and 
minimum weight must be determined, especially in young 
animals. They should be dosed in small group sizes based 
on body weight to avoid dosing errors.
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