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A case of a neurological disease affecting adult camels (locally called Altair) was described. A fe-
male camel was presented with typical clinical signs: weakness of legs, continuous head shaking
especially when the animal was stressed and wry neck. There were no respiratory, cardiovascular or
digestive abnormalities. The she-camel ate and drank normally. Complete blood count results and
liver and kidney functions were normal. No visible macroscopic lesions were seen in the carcass ex-
cept for meningeal congestion. Microscopic examination of the brain showed malacic lesions and the
meninges were congested and oedematous. The concentration of sulphur in the drinking water was
13.56 £5.8 g/L which is considered very high for the nutrition of farm animals. The concentration of
copper, molybdenum and selenium in water and feed were normal.
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Neurological diseases caused by excess
sulphur in the diet or drinking water have

of sulphur to sheep was found to be asso-
ciated with malacic lesions in the brain

been documented worldwide (Gooneratne
et al., 1989; Niles et al., 2000). Central
nervous system disease was observed in a
herd of beef cattle drinking water with
high sulphate content. Clinical signs,
pathological findings, and high water
sulphate levels confirmed the diagnosis
(Haydock, 2003; Kul et al., 2006). Ex-
perimental feeding of high concentrations

with consequent development of neuro-
logical signs (Gooneratne et al., 1989;
Olkowski et al., 1992). It was suggested
that effect of sulphur on the nervous sys-
tem could be through its role in affecting
vitamin B; metabolism as supplementa-
tion with dietary thiamine to sheep given
high levels of sulphur prevented the de-
velopment of nervous signs but did not
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totally prevent the development of micro-
scopic brain lesions (Olkowski et al.,
1992). The relationship between brain
malacia and dietary sulphur intake was
studied by Rousseaux et al. (1991). They
concluded that inorganic sulphur was
associated with brain malacia and that
dietary thiamine might decrease the sever-
ity of the lesion in some affected areas of
the central nervous system.

Most of the reports on the toxic effect
of sulphur were carried out by controlled
experimental feeding of diets containing
high concentrations of the mineral to the
animals. Only few reports on the natural
toxicity of sulphur were reported in sheep
and cattle feeding on diets or drinking
water with naturally or artificially high
content of the mineral (Mahmoud et al.,
1993; Jeffrey et al., 1994; Low et al.,
1996).

Altair is a neurological disease of
adult camels that is linked to drinking
deep bore wells' water. Its treatment of
choice is vitamin B, injections but its eti-
ology remained unknown. This paper
investigates the possible etiology of the
disease.

A she-camel, of about 8 years of age,
was admitted to the Veterinary Teaching
Hospital of Qassim University for inves-
tigation of the etiology of a neurological
disease, locally called Altair. History of
the disease revealed that it started with
slight gait staggering followed by shaking
of the head after two to three weeks. The
condition was chronic and had been going
on for about 2 months. Wry neck deve-
loped after 6 weeks from appearance of
clinical symptoms (Fig. 1). There were no
systemic signs and the ability of the af-
fected camel to eat and drink was good.
The she-camel was diagnosed as being
affected with Altair, a neurological dis-
ease of unknown etiology.
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Fig. 1. Wry neck in a she-camel with Altair
disease.

Blood samples were obtained from the
jugular vein for haematological studies,
and biochemical analysis. A blood smear
was made and stained with Giemsa stain
for parasitological examination. Complete
blood counts (CBC) were done by manual
methods. Activity of the enzyme aspartate
amino transferase (AST) and the concen-
trations of serum bilirubin and creatinine
were determined by an automated ana-
lyzer (Reflotron, Switzerland) using
commercial assay Kits.

Clinical examination showed no respi-
ratory, cardiovascular or digestive mani-
festations. Blood was negative for para-
sites and haematology results were nor-
mal (Hb: 122 g/L, PCV: 0.32 L/L). Serum
analysis results showed normal liver
(AST activity of 15.2 TU/L, and bilirubin
concentrations of 1.1 umol/L) and kidney
functions (normal creatinine concentra-
tion).

The animal was then humanely eutha-
nized with intravenous injection of 50 mL
pentobarbital sodium (Vetoquinol, 200
mg/mL, UK) and necropsied. Pieces of
tissues from the liver, kidneys and brain
were fixed in 10% formol saline, proc-
essed in wax, sectioned at 5 pum and
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stained with haematoxylin and eosin
(H&E) for histopathological examination.

Five samples of drinking water and
five from alfalfa normally fed to camels
were collected from the area for mineral
analysis. The concentrations of sulphur,
copper, molybdenum and selenium in
water and feed were determined by the
methods described in the Ministry of Ag-
riculture, Fisheries and Food Bulletin No.
74 (1973).

Sulphur concentration in drinking wa-
ter was 13.56 £5.8 g/L (Table 1) which is
considered too high for the nutrition of
ruminants. The concentrations of copper,
molybdenum and selenium in the drinking
water and fodder were within normal
range.

Table 1. Mineral concentration in deep-bore
wells drinking water and alfalfa (mean +SD)

Mineral Water Alfalfa, DM
(n=5) basis (n=5)
Sulphur 13.56 + 1.46 £

5.8 g/L 0.68 g/kg

Copper 0.005 £ 5.66 =
0.001 ppm  1.80 ppm

Selenium 0.013 + 1.04 +
0.004 ppm  0.28 ppm

Molybdenum  0.070 + 0.229 +
0.02ppm  0.04 ppm

Postmortem examination showed ab-
sence of gross lesions except for menin-
geal congestion. Histopathological ex-
amination showed malacic lesions in the
brain seen as vacuoles in the nervous tis-
sue (Fig. 2). The meningeal blood vessels
were congested and there was perivascu-
lar and pericellular oedema (Fig. 3).

The authors are not aware of a previ-
ous report describing sulphur-induced
polioencephalomalacia in Arabian cam-
els. Brain malacia could be naturally or

BJVM, 12, No 4

experimentally induced in animals by a
number of factors including high dietary
level of sulphur, lead poisoning or the
anti-coccidian amprolium. These would
directly or indirectly interfere with the
metabolism of thiamine (Gould et al.,
1991; Tanwar et al., 1993; Wernery et al.,
1998). The histopathological picture of
the brain and the results of water analysis
in this study pointed to the effect of high
concentration of sulphur as a cause of the
brain malacia seen in the she-camel af-
fected with Altair.

Fig. 3. Congestion and perivascular and pericel-
lular oedema of the meninges. H&E, x250.

Natural sulphur toxicity is so far un-
known among camels in Saudi Arabia but
Mahmoud et al. (1993) reported malacic
lesions in the brain of sheep drinking
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deep bore well's water high in sulphur in
certain farms at central Saudi Arabia. Af-
fected sheep suffered complete paralysis
and massive liquefactive necrosis of the
brain.

Cattle, drinking water high in sulphur
are reported to develop nervous signs and
malacic brain lesions (Gould et al., 1991;
1997; Gould, 1998).

In the past all brain malacic diseases
were blamed on primary thiamine defi-
ciency causing cerebrocortical necrosis
(Jones et al., 1997). Many cases with ma-
lacic lesions had a low content of thia-
mine in blood and brain, and thiamine
administration is often therapeutic.

Vitamin B, injection was found effec-
tive in the treatment of malacic conditions
of the brain caused by sulphur excess
(Raisbeck, 1982; Gooneratne et al.,
1988). Some controversy exists however
as to whether high concentration of sul-
phide is the primary cause of sulphur-
induced polioencephalomalacia (PEM).
High levels of sulfur have been impli-
cated in decreased levels of thiamine
(Brent & Bartley, 1984). Excess sulphur
may decrease the levels of thiamine, ei-
ther directly and/or through the stimula-
tion of the production of thiaminase
(Olkowski et al., 1992). It has also been
suggested that the transient sulphite that is
produced during the reduction of sulphate
to sulphide, could have a direct impact on
the brain tissue itself (Brent & Bartley,
1984; Olkowski et al., 1992; Oliveira et
al., 1996). Sulphite-derived radicals have
been postulated to cause lipid peroxida-
tion and to damage biological mem-
branes. Because of the high lipid content
of the brain, and its inability to be effi-
ciently repaired, it becomes apparent why
lesions are first seen in its tissue
(Olkowski et al., 1992).

The incidence of Altair in camel herds
is usually very low (1-2%) even when the
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whole herd was exposed to the high
level of sulphur in drinking water. Gould
et al., (1991) showed that the experimen-
tal ingestion of toxic amounts of sulphur
failed to induce clinical signs in all treated
calves. Different reasons could be in-
volved in this failure, such as previous
dietary sulphur level, production of hy-
drogen sulphide by rumen microflora,
ruminal pH affecting thiamine metabo-
lism and amount of easily digestible poly-
saccharides in the diet (Gould er al.,
1991).

Copper, molybdenum or selenium de-
ficiencies might cause clinical signs simi-
lar to those induced by sulphur excess
(Jones et al., 1997). Yet, our results have
showed that the histopathological lesions
seen in the necropsied she-camel were
inconsistent with those seen in copper or
selenium deficiencies. Further, the con-
centrations of these minerals in the diet
and drinking water consumed by the af-
fected camel were normal and thus, the
possibility for them to cause Altair dis-
ease was excluded.

In conclusion, our results obtained for
Altair disease as a high dietary sulphur-
associated PEM were similar with those
reported for other animals worldwide.
The high concentrations of sulphur in the
drinking water in this study were sug-
gested to cause the lesions of Altair dis-
ease of the camel, as its concentrations in
blood or tissues were not determined.
Since most of the camels in central Saudi
Arabia drink water from deep-bore wells,
analysis of its sulphur content is neces-
sary to safeguard the health of camels as
well as sheep in the area.
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