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Abstract 

Central nervous system disease occurred in a group 
of beef steers placed into confinement feeding pens dur
ing a period of prolonge.d drought and high environmen
tal temperatures. The steers began exhibiting 
neurological signs during the third week after placement 
into the pens. Microscopic examination of brain tissue 
revealed lesions consistent with polioencephalomalacia. 
Tissue analysis for lead and evidence of water depriva
tion-sodium ion toxicity were negative. 

The steers had been drinking well water contain
ing 3000 ppm sulfate. In addition, the total mixed ra
tion contained 2950 ppm total sulfur. Total sulfur intake 
was calculated to be 77 grams of sulfur per steer per 
day, which equated to 1 % (10,000 ppm) of the ration on 
a dry matter basis. Based upon clinical signs, histopa
thology and high levels of sulfate and sulfur in the wa
ter and feed, respectively, a diagnosis of sulfur-induced 
polioencephalomalacia was made. 

No further cases occurred after the steers were 
provided water with low sulfate content. 

Resume 

Une maladie du systeme nerveux central est 
apparue dans un groupe de bouvillons de boucherie 
maintenus dans des pares d'alimentation pendant une 
longue periode de secheresse et de temperatures elevees. 
Les bouvillons ont montre des signes neurologiques trois 
semaines suivant la mise en pares. L'examen 
microscopique de tissu cerebral a revele des lesions com
patibles avec la polio-encephalomalacie. L'examen des 
tissus pour la presence de plomb ou de signes 
d'intoxication aux ions sodium suite au manque d'eau 
se revelerent negatifs. 

Les bouvillons avaient bu de l'eau de puits contenant 
3000 ppm de sulfate. De plus, la ration alimentaire 
contenait plus de 2950 ppm de smifre total. La prise totale 

JUNE, 2002 

de soufre a ete estime a 77 g par bouvillon par jour, soit 
!'equivalent de 1 % (10 000 ppm) de la ration en matiere 
seche. Se basant sur les signes cliniques, l'histopathologie 
et la presence de soufre a des concentrations elevees dans 
l'eau et la nourriture, un diagnostic de polio
encephalomalacie causee par le soufre a ete fait. 

Aucun autre cas n'a eu lieu lorsque les bouvillons 
ont ete abreuve avec de l'eau contenant une faible 
quantite de sulfate. 

lnt-roduction 

Sulfur-induced polioencephalomalacia (PEM) results 
from excess sulfur consumption, including both organic 
and inorganic forms.2•5,9,n,I4-I7,I9 Consumption of water con
taining greater than 500 ppm sulfate, sulfur accumulat
ing plants, and corn, barley, sugar and dairy by-products 
are common causes of sulfur-induced PEM. I4-I6 Sulfur
induced PEM can also occur following exposure to fertil
izer, elemental sulfur and manure gas. I,5,7,Io,I2,20 

Water containing high levels of magnesium sul
fate, often called gyp water, is common in the western 
plains and intermountain areas of the United States 
and Canada. 3•5 Ideally water for livestock consumption 
should contain less than 500 ppm sulfate, and 1000 ppm 
is considered the maximum safe level in water for cattle 
exposed to moderate dietary sulfur levels or high envi
ronmental temperatures.Is Two-thousand (2000) ppm 
sulfate in drinking water is the taste discrimination 
threshold for cattle. Is Performance of feedlot cattle is 
reduced when offered water with sulfate levels of 2000 
ppm or higher. I2,20 The National Research Council (NRC) 
reports the requirement of sulfur in feed to be 1500 to 
2000 ppm for both growing and adult beef cattle; 4000 
ppm is considered the maximum tolerated dose. I3 

Signs of polioencephalomalacia caused by inges
tion of lead, water deprivation or sulfur toxicosis are 
clinically and microscopically indistinguishable, but the 
cause can be differentiated by determining tissue lead 
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and sodium levels.3,16 Whole blood, liver and kidney are 
routinely analyzed for lead content. Brain sodium lev
els greater than 1800 ppm, elevated sodium levels in 
serum or cerebral spinal fluid, and an appropriate case 
history support a diagnosis of PEM caused by water 
deprivation-sodium ion toxicity. 3 

Gross brain lesions associated with PEM include 
fluorescence under ultraviolet light at 365nm, 
swelling and edema. The swelling can cause her
niation of the medulla and cerebellum into the fo
ramen magnum. The brain loses its turgidity, becomes 
soft to the touch, and flattening of the gyri of the cere
bral hemispheres and yellowish brown discoloration is 
common. Bilateral laminar cortical malacia, with occa
sional hemorrhage, and varying degrees of cavitation 
are often visible. 8 

Microscopic examination of brain tissue reveals 
neurons in affected areas that are smaller than normal 
or missing. Astrocytes become acidophilic, swollen, and 
lose their processes, creating increased space between 
neurons. Spongiform degeneration is present and eosi
nophilic globules replace dead neurons. Blood vessels 
increase in size and the density of the macrophages in
creases. Astrogliosis is evident with healing. 8 

Clinical Report 

During late September of 2000, a northwestern 
Oklahoma cattleman moved 100 steers (estimated 
weight 650 lb; 295 kg) from summer pasture to feeding 
pens because of prolonged drought and peak daily tem
peratures in the upper 90 to low 100°F range. The steers 
were vaccinated with a combination IBR, BRSV, PI
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and BVD vaccine, a 7-way clostridial bacterin-toxoid and 
treated with an endectocide shortly after confinement. 

Steers were offered a free-choice total mixed ra
tion (TMR) comprised of 45% alfalfa silage, 10% alfalfa 
hay, 30% crimped wheat and 15% pelleted supplement 
(calculated to balance the protein requirement). Water 
was provided by two wells. 

Three weeks after placement in confinement pens, 
three calves died and four others become ill within a 3-
day period. Affected calves exhibited ataxia (Figure 1), 
anorexia, depression, mental dullness and blindness 
(Figures 2 and 3). Some steers stood statue-like, were 
reluctant to move and had fine muscle tremors involv
ing the head and ears. They were examined by the owner 
and treated for clinical signs of polioencephalomalacia, 
without restraint, while loose in the pen. Others were 
found recumbent, unresponsive to external stimuli and 
died within 24 hours. 

On the third day of the outbreak, two calves were 
presented to the Oklahoma Animal Disease Diagnostic 
Laboratory (OADDL) for examination and necropsy. 
Both calves had been treated with florfenicola (9.1 mg/ 
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Figure 1. A calf with polioencephalomalacia exhibiting 
ataxia. Note that the front legs are crossed. 

Figure 2. A blind calf with polioencephalomalacia with no 
menace reflex. 

Figure 3. A blind heifer with polioencephalomalacia that 
trapped itself in a feed trough. 
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lb; 20 mg/kg IM) and thiamine ( 4.5 mg/lb; 10 mg/kg IM) 
earlier that day. One calf died in transit, the other was 
recumbent at arrival. The surviving calf was afebrile, 
in sternal recumbancy with its head turned to its flank, 
and unresponsive to external stimuli. It exhibited brux
ism, extreme mental dullness, appeared blind and lacked 
a menace reflex, but had sluggish palpebral and pupil
lary reflexes. No other clinical signs were present. Both 
calves were in excellent body condition and no signs of 
illness were evident until the morning of presentation. 

Based on the clinical findings and history, the dif
ferential diagnoses included lead poisoning, water dep
rivation-sodium ion toxicity and sulfur-induced PEM. 
Sulfur-induced PEM was considered the most probable 
cause because of the environmental conditions and lo
cation of the premises. 

A blood sample was collected from the live calf for 
blood lead analysis before it was humanely euthanized. 
Necropsy examination was performed on both calves. 
Lesions were limited to the brain in both calves, and 
consisted of softening and edema of the brain with flat
tened cerebral gyri (Figure 4). No other gross lesions 
were noted in either calf. No fluorescence was observed 
in either brain with ultra-violet illumination. The ru
men pH values were normal at 6.55 and 5.89. 

Fresh brain was collected for sodium analysis, liver 
and kidney were submitted to determine lead levels, and 
lung tissue was submitted for bacterial isolation. Brain, 
liver, kidney, lung and spleen samples were fixed in 10% 
formalin for histopathology. A feed sample and water 
samples from each well were analyzed for sulfur and 
sulfate levels, respectively. 

Blood ( <0.01 ppm) and t issue ( <0.01 ppm) lead val
ues were normal for both calves. Brain sodium levels 
of 1680 ppm and 1550 ppm were within normal limits. 
These tests ruled out lead and water deprivation-so
dium ion toxicity as the cause of the illness. Even 

Figure 4. Swelling of the brain of a calf with polioencepha
lomalacia as grossly evidenced by flattened gyri and cerebel
lar coning. 
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though the lungs appeared normal, cultures were taken 
as per lab protocol. Significant bacteria were not iso
lated from the lung. 

Microscopic examination of the brain revealed deep 
cortical laminar spongiosis at the interface of the white 
and gray matter with perineural edema and extensive 
neuronal degeneration, which is diagnostic for PEM. No 
significant lesions were found in the liver, kidney, lung 
or spleen. 

Well water samples contained 3000 ppm sulfate, 
the feed contained 2950 ppm sulfur. b These results sup
ported a diagnosis of sulfur-induced PEM. 

Discussion 

The cattleman was advised to discontinue water
ing the cattle from wells and to provide low sulfate wa
ter. If not possible, he was advised to turn them back to 
pasture until significant rainfall occurred or to promptly 
ship them to a feedyard. 

The owner stated that he had been providing pur
chased water to his livestock since a similar occurrence 
of PEM two years earlier. Environmental conditions at 
that time were very similar to those in lf!te summer of 
2000. In 1998, the same well water contained 2500 ppm 
sulfate. He had recently switched back to the well wa
ter because water purchased from the rural water dis
trict cost as much as $ 1000 per month. Neighboring 
cattlemen had convinced him that purchasing water was 
not necessary and too expensive. 

Based on NRC guidelines, 30g of sulfur is the cal
culated maximum tolerated dose of sulfur for a 650 lb 
steer consuming 16.25 lb (7.39 kg; 2.5% of body weight) 
of feed daily. When the environmental temperature 
reaches 90°F (32°C), a 650 lb steer can drink 14.5 gal
lons (53.9 liters) of water daily. 13•18 Consumption of 14.5 
gallons of water containing 3000 ppm sulfate results in 
a daily intake of 55g of sulfur. A 650 lb steer with daily 
feed intake of 2.5% of its body weight would also con
sume 22.2g of sulfur from feed containing 3000 ppm sul
fur. The total daily intake of 77.2g of sulfur from both 
feed and water is 2.5 times the maximum tolerated dose, 
and equates to a total daily sulfur intake of 1 % of the 
ration on dry matter basis. This illustrates that during 
very hot weather, the daily sulfur intake from high sul
fate water alone exceeds the NRC's suggested maximum 
tolerance level. Ruminant diets normally contain be
tween 1500 to 2000 ppm (0.15-0.20%) sulfur. 16 

A dramatic increase in PEM cases diagnosed at 
OADDL occurred because of prolonged drought condi
tions in the southern plains of the United States during 
the summer and fall of 2000. High sulfate levels in water 
from wells, natural springs and ponds have been asso
ciated with the higher incidence of PEM in stocker, feed
lot and mature cattle. 
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Numerous samples of well water tested at OADDL 
have contained 2000 to 3000 ppm sulfate. One sample 
of well water in use for years contained 8000 ppm sul
fate. Water from a natural spring in north-central 
Kansas that dried up because of drought con
tained 32,000 ppm sulfate, and water in a two-acre 
pond fed by this spring contained 8000 ppm sul
fate. High sulfate water samples have been re
ceived by OADDL from Texas, Oklahoma, New 
Mexico, Colorado and Kansas. 

The number of reported cases of sulfur-induced 
PEM has dramatically increased. One author theorized 
that cattle have become less tolerant to excess sulfur in 
their diets. 16 

Conclusions 

High sulfate water poses a significant management 
problem to cattlemen, especially when drought and high 
temperatures persist. When these conditions exist, it is 
imperative that cattlemen know the sulfate content of 
the drinking water and the sulfur content of the feed. 
When cattle must consume water containing more than 
500 ppm sulfate, supplemental feeds and mineral mixes 
should contain minimal amounts of sulfur. 

Footnotes 

aNuflor, Schering-Plough Animal Health, Union, NJ 
hfoductively Coupled Plasma Analysis 
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Only Surroundrn offers you the expanded protection your program needs in 

the fight against diseases caused by BVDla and BVDlb. And we do it with 
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M inactivated cattle vaccines 
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Surround1
M cattle vaccines - your best protection against 

BVDla and lb. 

Surrouncf: mHe onli w.accine witli B~D1!6. 

New data on prevalence 

of BVDla and lb 
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p resents it se lf in two genotypes - BVD l 

and BV D2 . But more rece nt studies 

show th at the BVDl genotype is actually 

comprised of two gene tica ll y di stinct 

sub-genotyp es - BVDl a and BVDlb (1) (2). 

These and o ther findin gs are caus ing 

many lo rethink th ei r vaccination 

strategies agains t BVD as a more comp lete 

picture is emerging: 

• In No rth Am erica, th e prevalence of 

BVD l a and BVD lb sub-genotypes 

accou nts for approxima tely 

two -thi rd s o f the samp les cont a ining 

th e BV D v iru s. 

• In ac t ivated BV D vaccines are speci f ic 

to genotype and sub-genotype. And 

th ei r cross protec t ive propert ies are 

weak or non -ex isten t (2 ). 

Fo r th e la tes t re searc h and information 

on th e preva lence an d contro l of 

th e BVD v iru s in Nor th Am erica, see u s 

on l ine at www.bioco rah .com. 

( 1) Fu lton RW. Saliki JT. el al. 2000. Bouine uiral diarrhea 
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J. Vet Diag. ln uest. 12:23-38 

(2) Bolin SR and Ridpath JF, .1998. Preualence of bouine 

uiral diarrh ea uirus genotypes and antibodies against 

those uiral genotypes in fetal bouine serum. 
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