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SUMMARY 

Investigations of hyperkeratosis were begun in Texas in July 1946 and were terminated in 

These investigations are divided into two phases. The first phase was the investigation 
of typical field outbreaks, 1946-52, which were mainly the chronic type of hyperkeratosis. The 
phase was the investigation of and experimental work on the acute outbreak of 1952-53 in Texas 
of the other Southwestern States. 

Typical Field Outbreaks, 1946-52 
Inoculations of blood and mouth scrapings of field cases of hyperkeratosis into calves 

mouth lesions, salivation (one case only), lacrimation (one case only) and a low grade fever reaction 
calves, but failed to produce the typical field syndrome of hyperkeratosis. 

Fever was present in field cases of hyperkeratosis. 

A description of the field syndrome of hyperkeratosis, a discussion of the pathology and a 
summary of field cases of hyperkeratosis as observed in Texas are presented. 

Negative results were obtained from feeding experimental calves a number of materials 
petroleum products, such as oil-soaked refuse from a textile mill, old crank case oil drained from 
and automobiles, 75 pounds of caU starter, 25 bales of hay and other material picked up on 
hyperkeratosis had occurred in 1951. 

Of 22 lubricants from service statio.ns tested in 1952, only one brand produced hyperkeratosis. 
the first time this Station produced an experimental case of hyperkeratosis. 

Acute Outbreak, 1952-53 
An extremely widespread and disastrous outbreak of acute hyperkeratosis occurred principally 

range cattle in Texas beginning in the winter of 1952-53. 

Feeding regular comm~cial pellets from a Texas oil mill picked up from three ranches and 
resulted in acute hyperkeratosis in experimental calves. 

Experimental mill-run pellets made by the same oil mill produced hyperkeratosis. The 
proved to be grease containing 10 percent highly chlorinated naphthalene (H.C.N.) which 
lubricate the pelleting machine rollers. Several other feed mills unknowingly used this or a 
to lubricate their machinery. Variability in the toxicity of different sacks of pellets was observed. 

The symptoms and lesions in hyperkeratosis depend largely on the amount of H.C.N. 
the age of the animal. 

Lacrimation, salivation and a nasal discharge, which are considered early symptoms of a 
deficiency, are almost always the first symptoms noted in hyperkeratosis. 

Retardation of growth usually becomes apparent. In animals with hor.ns, a retardation 
development often is observed. 

Skin lesions may not develop in cases of acute or mild poisoning. 

Pregnant cows may abort, depending on the degree of poisoning. 

H.C.N. is excreted through the milk and the nursing caU may die while 
or .no symptoms. 

The susceptibility of cattle to H.C.N. varies according to the age of the animal. Baby calV81 
most susceptible and usually have acute hyperkerat03is. Five milligrams (mg.) of toxic grease 
of body weight will produce the vitamin A deficiency syndrome and slight mouth lesions in a 
caU, whereas 4 mg. per pound of body weight in two similar calves failed to produce symptoms or 
Nine mg. of grease per pound of body weight produced hyperkeratosis and death in a 32 
Fifteen mg. of grease per pound of body weight produced only slight symptoms of a vitamin 
syndrome in cows weighing 540 to 900 pounds. Fif'een mg. of grease per pound of body 
to a 700-pound lactating cow produced death of her first nursing calf and mouth lesions in 
calf. The cow showed only mild symptoms of hyperkeratosis. A.nother lactating cow received 
grease per pound of body weight, but her milk did not produce symptoms in a 265-pound 

The minimum lethal dose of toxic grease for a grown cow was not determined. H.C.N. 
not interfere permanently with the reproductive capacity of the bovine. The plasma level 
was not a reliable indicator of acute hyperkeratosis. Symptoms are present before a drop i.n 
of vitamin A occurs, and this level frequently does not drop until the terminal stage of the 

Sheep are much more resistant to H.C.N. than cattle. It requires 30 to 50 times the minimum 
in cattle to cause death in sheep. 

Goats are extremely resistant to H.C.N. They appear to be 140 to 450 times as resistant as 
a mg. per lb. of body weight basis. 
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Gj{ YPERKERATOSIS (X Disease-XX Disease
Proliferative stomatatis) is now more commonly 
poken of as highly chlorinated napthalene poi
oning. It no longer is an important problem in 

the United States since specific chemicals - a 
group of highly chlorinated napthalenes - were 
determined to be the active cause and have been 
eliminated from greases and other products which 
may come in contact with cattle. 

Chlorinated napthalenes are toxic to animals 
and man in varying degrees, however, the com
pounds containing principally mono, di and tri
chlor isomers are less likely to be harmful than 
the more highly chlorinated products. Chlori
nated napthalene waxes have a wide variety of 
uses in industry and were used jn various types 
of lubricants to increase the load-carrying ca
pacity in certain cutting oils, in some types of 
insecticides, in certain wood preservatives, in in-
ulation on electrical wires and in other industrial 

products which need to be resistant to extreme 
heat, pressure, water or electrical currents. 

The senior author's investigations over much 
of Texas led him to believe that the heavy death 
losses from hyperkeratosis occurred mainly from 
two sources. One is the accidental contamination 
of commercial feeds from outside sources. The 

*Respectively, formerly professor (deceased), Department 
of Veterinary Pathology, and associate professor, De
partment of Veterinary Microbiology. 

other is from greases treated with chlorinated 
napthalene which cattle lick off of farm machin
ery. 

The studies presented in this publication deal 
with the investigations carried on at this Sta
tion for 10 years and are presented as such. This 
publication is not presented as a comprehensive 
coverage of the literature on hyperkeratosis, but 
as an adjunct to what already h~s been published. 

REVIEW OF LITERATURE 
In the winter of 1939-40 a mysterious malady 

appeared in Southwestern New York which af
fected a herd of some 60 dairy cows (10). The 
efforts of veterinarians to make a diagnosis or 
prescribe an effective treatment were not success
ful and the herd finally was destroyed at state 
expense. These animals were emaciated, showed 
marked depression and their skin was hard and 
dry. The cows had wart-like lesions around the 
muzzle and in the mouth. The calves showed yel
lowish necrotic areas on the sides and ventral sur
face of the tongue. Diarrhea and frequent urina
tion were present. Temperatures were normal. 
A similar disease was diagnosed during 1940-46 
in several herds in New York and was reviewed 
in the annual reports of the New York State Vet
erinary College, Cornell University, as "The Un
diagnosed Cattle Disease of New York State" 
(15). Since the cause was unknown, veterinar-
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ians referred to it as "X Disease." This condition 
was first reported in the United States outside of 
New York by Adams (1) of Texas in 1946. Gib
bons (9) of Alabama in 1947 reported "X Dis
ease" in some of the Southeastern States and in 
Texas. Olafson (23) of New York reported on 
"X Disease" and its pathology in 1947 and term
ed the disease "hyperkeratosis." He also referred 
to a similar, if not identical, disease first describ
ed in Germany by A Gminder (13) (14) in 1929. 
Gminder states that the disease "Wendener" in 
Germany dates back to 1924 when the leather in
dustry complained about the hides from affected 
animals. Gmelin (12) investigated this disease 
and his pathological descriptions indicate that the 
lesions were identical to hyperkeratosis in Amer
ica, Schmidt and Franklin, 1949 (27). 

Gibbons (11) in 1948 reported outbreaks of 
hyperkeratosis in Alabama and mentioned its 
presence in 14 other states. Hufman et al (17) 
in 1949 reported that it occurred in Michigan as 
early as 1940. 

Following the first national meeting on hyper
keratosis in July 1948, the U. S. Department of 
Agriculture made a preliminary survey on "X 
Disease" (hyperkeratosis) in Alabama, Georgia, 
Tennessee, Virginia and Florida (10). This sur
vey indicated that the disease was on the increase 
in the states visited with the exception of Florida, 
and that it was a serious menace to the cattle in
dustry wherever it occurred. The national esti
mated loss for 1948 was $4,000,000. By this time 
the disease had been reported in 37 states, the 
West Indies, Cuba and Denmark (36). 

Eighteen states were represented at a national 
meeting on "X Disease" in Chicago on June 20-
21, 1948, and plans were made for an organized 
national research project. Three fields of re
search were selected for investigation by these 
states: 

Toxicological-N ew York 

Infectious-Texas, Georgia, Tennessee 
and Nebraska 

Nutritional-Pennsylvania and Nebraska 

Many workers had attempted to transmit and 
produce the disease by inoculation or contact, but 
all had failed (18). Olafson (36), probably on 
the basis of the failure of earlier tranmission ex
periments, thought the disease was of toxicologi
cal origin, but the first large scale evidence to 
point in that direction was an outbreak among 
16 groups of feeder calves at the Nebraska Agri
cultural Experiment Station, reported by Olson, 
et al, (25) (26). These calves, which were win
tered on hay and pellets, developed hyperkerato
sis with the exception of one group which was not 
fed the pellets. However, the toxic principle in 
the pellets was not determined. 

H. W. Schoening of the Bureau of Animal In
dustry, USDA, in 1950, learned of a hyperkerato
sis-producing compound, a wood preservative, and 
made arrangements with the German veterinar-
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ian, Kurt Wagener, who produced 
in Germany, to visit this country 
fected herds in cooperation with 
cultural experiment stations (37). 
wood preservative and lumber 
mental pens in Germany were 
country and the skin lesions of 
were reproduced experimentally ( 
batch of this wood preservative, 
and sold only in Germany, was f 
hyperkeratosis and this was shown 
been due to accidental contamination 
car previously loaded with chlorcmallhtll 
kylphenols and crude cresols (18). 
Hansel and McEntee (18) proved the 
ciple in the wood preservative to be a 
thalene. 

About this time, Olafson and 
(38) of Cornell had obtained a p 
trate (bread crumbs) from a 
that was suspected of causing hu""" .. l,. 
a field outbreak. This p 
consistent and rapid cause of 
experimental calves. Miller, Bortree 
(21) of Pennsylvania produced bovine 
atosis by feeding timothy hay which had 
pected of causing the disease in a field 

After the successful reproduction 
keratosis by the use of the wood 
vestigators turned their attention 
likely sources of toxic materials. 
gested that wood preservatives, 
ucts, roofing paper and coal 
should be considered when investiga 
of field outbreaks of hyperkeratosi . 
of workers fed such materials with 
sults. Link (18), however, produced 
atosis by feeding a particular asphalt 

Bell (2) of Virginia was the fir t 
hyperkeratosis with a petroleum 
lubricate trucks and farm machmery 
served that the calves were licking thO 
from the springs of trucks to which 
cess. He produced the disease by 
tration of the lubricant obtained at 
with a new sample obtained from a 
sold the lubricant to the farmer. 

Sikes and Bridges (33) of T""'''''''''''',_I 
first to demonstrate the causati 
ly chlorinated naphul(;LleIle-l[Jen:~a-lcru()n 
lene-involved in bovine 
dueing the disease in experimental 
this compound. 

At approximately the same time, 
cooperation with the Sinclair ' l UIIIIU ..... 

that the substance in the original 
which he produced hyperkeratosis 
additive, highly chlorinated nap 

Matthews (19) in 1946 reported a 
disease of cattle associated with 
which first became known in Texa 



eASe." About this time, the first reports of a 
Dew disease, "X Disease," of New York began to 
appear in Texas, which disease Schmidt later 
termed "double XX Disease." This term was 
used until it was definitely ascertained that this 
new disease of Texas was hyperkeratosis. 

Adams (1) in 1945, although it has been que-: 
tioned, likely was dealing with true hyperkerato-
'. Franklin (7) (8) in early 1946 reported a 

new disease in which he listed symptoms and au
topsy lesions and termed this di~ease "a stoma
titis and dermatitis combined." This was true 
hyperkeratosis as later described by Olafson. Also 
at this time, some practicing veterinarians in cer
tain areas of Texas were encountering this same 
mysterious disease. Schmidt (27), in July 1946, 
was called by a veterinarian to see an outbreak 
of a "puzzling disease" in a dairy herd which he 
recognized as a new disease entity in Texas. More 
reports began coming in from the field and by 
the end of 1946 its occurrence had been recorded 
in nine Texas counties. In 1947 it was reported 
from five more counties; in 1948, from 25 more 
counties; and in 1949, from 12 more counties, 
making a total of 51 counties. Later reports from 
veterinarians indicated that it had occurred in 
at least 10 more counties; however, tl"e greatest 
number of affected herds were in the south and 
central portion of Texas with an extension of 
this area to the northern and western part of the 
the State in the acute outbreak of 1953, which 
climaxed hyperkeratosis in the United States 
(31). 

Prior to 1949, there was no organized research 
rogram on hyperkeratosis but the Divi'3 ion of 

Veterinary Science, Texas Agricultural Experi
ment Station, had been making field investiga
tions and experimental inoculations since 1946. 

In 1951, attention was turned to materials of 
possible toxicological origin, such as used auto
mobile and tractor crankca'3e oil, painted feed 
trough, oil-soaked textile mill refuse, commercial 
feed and a rubber gasoline tank from a surplus 
bomber plane. Feeding all of these materials to 
separate experimental animals failed to produce 
the disease. 

Twenty-two samples of grease were collected 
from local service stations and tested on a like 
Dumber of experimental calves in the spring of 
1952. Only one sample caused hyperkeratosis 
(29) . 

The senior author was called to see an out
break of "stomatitis" in range cattle in North 
Texas in January 1953. He recognized it as an 
extremely acute type of hyperkeratosis and sus
»ected pelleted feed as the cause. Two herds 

hich he examined had experienced losses of 40 
and 50 head, respectively, in about 2 months. He 
later examined many herds in Texas and Okla
homa. Several sacks of pellets were obtained 

m the suspected feed and hyperkeratosis was 
roduced experimentally. Information from the 
'11 which produced the pellets showed that they 

were using a grease which contained 10 percent 
highly chlorinated naphthalene. 

It is estimated that approximately 100,000 
cattle were affected in Texas and Oklahoma in 
the spring of 1953 (31). Investigations revealed 
that several mills in Texas and Oklahoma had un
knowingly produced toxic pellets by using grease 
containing chlorinated naphthalene in the lubri
cation of their feed pellefing machines. 

Feed manufacturers, oil companies and live
stock people were warned publicly about the use 
of any highly chlorinated naphthalene product 
which might come in contact in any manner with 
livestock. No further outbreaks or cases, to the 
authors' knowledge, have been reported in this 
country. However, an extensive outbreak was re
ported from Germany in 1955 (16). This out
break involved 5,000 cattle in East Germany on 
some 300 farms. About half of the affected cat
tle died or were slaughtered. The source of in
fection was traced to binder twine which was 
coated with a mixture of waxes including 5 per
cent of a chlorinated naphthalene compound 
known as "halftax"-a substance used as an in
sulator in the electrical industry. A stomatitis 
virus also was coexistent with the disease, but 
was reported to be of little economic importance. 
Hyperkeratosis of the skin (chronic hyperkera
tosis) was absent from some of the natural or 
experimental cases. ' 

It is hoped that the final chapter in the United 
States has been written in one of the most wide
spread and costly disease entities of cattle. This 
disease, which had defied veterinarians and re
search workers for almost 14 years and had cost 
livestock owners millions of dollars, finally was 
brought under control. 

CHARACTERISTICS IN TEXAS 
Hyperkeratosis was described originally as a 

chronic disease, but it was observed l~ter that 
there may be an acute syndrome. It was ob
served early in this country that the younger ani
mals in a herd were affected more often (23). 
The authors recognized early an acute syndrome 
in young nursing calves. Blood inoculations ap
peared to eliminate a virus disease, and it became 
apparent that the acute symptoms and ' lesions 
were likely a phase of hyperkeratosis. 

The authors believe the terms chronic and 
acute hyperkeratosis are used better as general 
de~criptive terms rather than as actual scien
tific terms. One reason is that skin lesions gen
erally are considered a chronic lesion, but in some 
experimental cases in bovines, thi '1 lesion was pro
duced in 11 and 16 days (2) (39). 

The symptoms and lesions of hyperkeratosis 
in general depend on the following factors and 
possibly others: the age of the animal (the young
er animals are more susceptible) ; the amount and 
kind of highly chlorinated naphthalene consumed; 
and the manner of exposure of the animal to this 
chemical (17) (39). 
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Figure 1. Severe skin lesions of chronic hyperkeratosis 
in a young calf. No mouth lesions present. 

Chronic Hyperkeratosis 
Hyperkeratosis generally was observed in the 

field as a chronic disease. In most cases, only a 
few animals were affected on a farm, but in 
many cases, 75 to 100 percent were affected. As 
a rule, young animals, from 1 month up to 1 year, 
were most often affected, but mature animals 
also would develop lesions and die. The mortal
ity usually was around 95 pereent of the severely 
affected animals. The animal usually had been 
affected several weeks or months and showed a 
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Figure 2. A 0947}-Postmortem lesions showing red 
circular areas (macules) on muzzle and in nostril. A 
piece of the tongue was removed. B 0948}-Showing 
extensive mouth and tongue ':lesions. 

characteristic scurfiness, dryness and 
thickening and wrinkling of the skin. 
ling appeared first on the sides of the 
under the belly and between the 
be more extensive and cover the ",,"'UIU" 
and even the entire body, Figure 1. 

Mouth lesions were not always 
present, they may have been only 
or proliferative (raiEed wart-like) and 
atotic. Red circular and proliferative 
were present on the muzzle and nostrils 
cases. Superficial necrosis (flat 
tongue and bussal mucosa also were 
That these lesions became extensive in 
mals is shown in Figures 2a and 2b. 

Lacrimation generally was the 
tom, but usually was accompanied by 
and a nasal discharge. Sometimes one 
these symptoms were absent at the time 
vation. Diarrhea and coughing were 
frequently. Pneumonia occasionally 
cause of immediate death. 

In cows, the skin near the udder 
became wrinkled and later the lesions 
ward and involved the other 
the body. Mastitis, abortions, still births 
normal heat periods usually were severe 
in dairy herds. 

Acute Hyperkeratosis 
The acute syndrome of hyperkeratosia 

as was observed early in young calves, 
to a few months of age, but in the 1953 
it was observed in cattle of all ages, 
and 4. 

Acute hyperkeratosis usually began 
general symptomatology of a vitamin 
ciency, including excessive lacrimation, 
nasal discharge and salivation. On hot 
animal usually showed panting with 
protruded. These symptoms were espleCl&lD 
inent in nursing calves. Aff 
were night blind. The vitamin A naT''''''' •• 
lowed by characteristics lesions on the 
the mouth or muzzle, or both, including 
trance to the nares. These lesions also 
ly in extent and persistence. 
growth and some gastro-intestinal 
may be noted. Later in the course of 
ing, bilateral characteristic skin lesions 
over the body beginning at the neck 
frequently confined to the upper half 
Skin lesions generally are considered 
standing lesion of chronic "h"nn>.lr"·~n+'...d 

animals usually showed various types 
lesions ranging from highly reddened 
tensive spongy red lesions and 
ed areas (proliferative) on the gums 
lips, tongue and hard palate. 

Skin lesions often were absent, 
young calves in the field. 
loss of weight, nasal discharge, 



lacrimation, mouth lesions and skin lesions were 
present. Skin lesiens were not pre~ent in a num
ber of instances in the 1953 outbreak. Skin les
ions were observed in one herd, but no mouth 
lesions. Some of these symptoms might appear 
in other conditions, e3pecially in vitamin A-de
pleted animals. Texas was experiencing a severe 
drouth in 1952-53 and earlier. Schmidt and 
others observed that cattle herds in this outbreak 
which had a good feeding program suffered less 
than herds in which the diet was likely to be de
ficient. 

Discussion of Pathology 
The gross a:nd microscopic lesions of hyper

keratosis, as observed in Texas, generally corres
ponded to the pathology reported by other work
ers (2) (10) (23) (35). Smith and Jones in 
their Veterinary Pathology, state that the lesions 
of hyperkeratosis are summarized as an over
growth of epithelium. 

Results of 377 animals affected with hyper
keratosis, most of which were chronic, are tabu
lated in Table 1 as to the frequency and types of 
lesions found. The lesions reported are based on 
50 necropsies (13.3 percent) of , the 377 animals 
examined. This report does not include the 1953 
acute outbreak. 

Gross Lesions Observed 

Eye-Ulcerations and corneal opacity. This 
lesion was much more pronounced in the 1953 
acute outbreak. 

TABLE 1. SUMMARY OF HYPERKERATOSIS FIELD CASES 
COVERING 75 HERD INSPECTIONS AND NECROPSIES, 

1946-52 ' 

Number of adult cattle affected 
Number of yearlings affected 
Number of nursing calves affected 
Number of weaned calves affected 
Total number of animals affected 
Total number of animals necropsied 

Lacrimation' 
Salivation' 
Nasal Discharge' 
Emaciation' 
Off Feed 
Depression 
Ulcerated Eye' 
Diarrhea' 
Muzzle Affected' 
Mouth Lesions' 
Tongue Lesions' 
Skin Lesions' 
Esophagus Lesions 
Abomasum Lesions 
Small Intestine Lesions 
Large Intestine Lesions 
Ileo-cecal Valve 
Liver 
Gall Bladder 
Kidney 
Spleen 
Lungs 
Urinary Bladder 

50 03.3/'.> 
58 05.4 /'.> 

148 (39.2/'.> 
121 (32.1/'.> 
377 OOO/'.> 
~ 03.3/'. of total 

inspected> 
79 (21 /'0> 
46 02.3/'.> 
24 ( 6.4/'.> 
63 06.7/'0> 

Variable 
Commonly observed 

2 ( 0.5/'0> 
44 01.7/'.> 
31 ( 8.2/'.> 

150 (39.8/'.> 
63 06.7/'.> 

252 (66.8/'0> 
10 ( 2.7/'0> 
42 OLl /'. > 
25 ( 6.6/'.> 
42 o Ll/'o> 
12 ( 3.2/'.> 
26 ( 6.9/'.> 
13 ( 3.4/'0> 
39 00.3/'.> 
16 ( 4.2/'0> 
13 ( 3.4/'.> 
6 ( 1.6/'.> 

'All external symptoms and lesions were based on number of 
field cases inspected. Internal lesions were based on number 
of necropsies performed. 

Figure 3. Acute hyperkeratosis, 1952-53 outbreak. Cow 
showing loss of flesh, depression and extensive lacrima
tion. 

Muzzle - Raised, circular, reddened macules 
occasionally are seen. These lesions may cover 
or extend over the nose and into the nostrils. 
PU3tuies also may be seen especially near the 
hairline of the nose, or it may be crusted over 
and scabby. 

Mouth-The gums, dental pad, entire roof of 
the mouth and lips may show reddened areas 
which vary in size at first and later may become 
extensive-an acute type lesion. These may be 
followed by raised papillary projections (fungoid 
type lesions) which may show superficial necro
sis (ulcerative). In the acute form, there may 
be only reddened areas or a spongy, cheesy-type 
lesion inside the lips or on the gums with no pro
liferative lesions present, Figure 5. 

Tongue-There usually is a raised gray, wart
like or papillary projection with superficial ne
crosis, Figure 2. These may be covered with a 
yellowish, fibrinous material. Flat ulcers often 

Figure 4. Acute hyperkeratosis in young calves nursing 
cows which had eaten toxic pellets in the field outbreak 
of 1953. 
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Figure 5. Acute hyperkeratosis in calf 3 (Table 5) 
produced by feeding 8.25 pounds of toxic grease con
taminated pellets picked up in the field in 1953. Note 
the spongy-type mouth lesion. 

are seen on the sides of the tongue and on the 
side of the buccal cavity. 

Plw.,rynx-May be abcesses on the wall of the 
pharynx and at the base of the tongue. 

Esophagus - Flat ulcers were seen occasion
ally in the esophagus. 

Abomasum-Eccyhmotic and petechial hem
orrhages were seen with usually ulcers present 
near the pylorus. Sometimes ulcers were numer
ous and covered with a yellowish, fibrinous exu
date. 

Small Intestine-Hemorrhages on mucosa and 
serous surfaces may be present. Enteritis is 
seen often with thickening of mucosa. 

Large Intestine-The ileo-cecal valve is com
monly inflamed and often covered with a yellow
ish, fibrinous exudate. An area (lymphoid pla
que), approximately 20 inches posterior to the 
ileo-cecal valve, usually is thickened and the mu
cosa ulcerated, Figure 6. 

Liver-The liver usually shows some hepatitis 
and commonly shows a burnt orange color on 
exposure to the air. This lesion was noticed in 
most case] in Texas. Bile ducts may be dist ended 
with nodular mucoid projections in the linings 
of the larger ducts. Fibrosis of the liver also was 
seen in cases with extensive bile duct prolifera-

Figure 6. Ulcers in the large intestine, 1948. 
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tion. Small necrotic areas may be seen 
surface of the liver. 

Kidney - Kidneys usually are 
larged, pale, gray and the capsule 
Pale streaks were seen in the cortex; 
characteristic in hyperkeratosis and is 
cystic dilation of the cortical tubules. 

Gall Bladder-May show 
rosa or mucosal lining. Mucosa may be 
ed or ulcerated. Cystic dilation of the 
proliferative lesions occasionally may 
Gall bladder usually is distended with 

Pancreas-May be hard and fibrotic. 

Spleen - Commonly atrophic with 
capsule. Capsule may show a wrinkled or 
ly paper" appearance. 

Lungs-May find abcesses with 
in thoracic cavity. Pulmonary lymph 
monly are edematous. Pneumonia may be 
mediate cause of death. 

Urinary Bladder - Mucosa may be 
with petechial hemorrhages on the lining. 

Skin-Dry, thickened and wrinkled in 
chronic hyperkeratosis. It has lost its 
and has a "lifeless feel" when handled. 

Microscopic Lesions Observed 

Skin-Excessive accumulation of 
the surface of the epithelium, resulting 
ening and loss of elasticity of the skin. 
no cellular changes were observed in the 
lying tissues. 

Liver-Cloudy swelling, infiltration of 
cells, focal necrosis, hyperemia and 
of bile ducts with fibrosis around them. 
become extensive in some cases. 

Kidneys-Enlargement and dilation 
pally of the cortical tubules. Cystic 
collecting tubules is probably the most 
microscopic lesion in kyperkeratosis ( 
fibrosis may be seen. Severe cloudy 
congestion commonly are observed. 

Pancreas-Moderate to marked 

Intestines-Surface epithelium may be 
ed with ulcers present. Increased , ....... ""' ...... 
cosa with hyperplasia of the columar 

Oral Mucosa-Marked hyperplasia 
tion of gland ducts with hyperkeratosis of 

Genitalia-Bulls with hyperkeratosis 
develop squamous metaplasia of the 
glandular organs. In cows and 
ner ducts usually show squamous '''~''Mt'.,
become cystic. -

Effect on Reproduction 
Schmidt (32) published an article 

mainly this Station's experience with the 



of hyperkeratosis on breeding animals. This ar
ticle is abstracted and quoted only as it applied 
to our own observations. Schmidt's article was 
written for the livestock owners and general pub
lic and it poses two questions: "One, how much 
has the animal been damaged, and two, in the 
ease of breeding animals, how does it affect their 
future breeding performance? With regard to 
the first question, the answer depends, first, upon 
the amount of poison taken up, and second, upon 
the age of the animal. With regard to this sec
ond point in question, it may be stated that if 
the animal is mature or nearly so and it contin
ues to thrive at this time, its c~hance3 of complete 
recovery are very good, whereas in young ani
mals more or less permanent stunting may oc
cur." 

The first experience the authors had along 
this line was when an approximately 6-month-old 
heifer and bull from the same herd were pre
sented showing chronic hyperkeratosis with ex
tensive skin lesions. Also about this time another 
heifer with extensive skin lesions and approxi
mately the same age from a different herd was 
presented for observation. When the heifers were 
old enough to breed, they were bred to this af
fected bull. These heifers were bred about 15 
months after they were first noticed to be af
fected with hyperkeratosis. Both heifers conceiv
ed promptly and gave birth to healthy calves 
which grew to maturity with no evidence of dis
ease. 

The second experience which this Station had 
a chance to observe is quoted from the above men
tioned article: "A second observation by the 
author concerns a dairy herd of 58 animals in 
which the disease had raged for 10 months be
fore a diagnosis was made. At that time, 9 
cows, 15 yearling heifers and a number of calves 
had died in this herd. There were 15 calves, 10 
to 14 months old, on the place, all of which ,vere 
born about the time the disease first appeared 
on the premises. All their mothers probably were 
pregnant at the time of our investigation, Lut 
DO special checkup was made. Seven calves had 
been born during the 10 weeks prior to our first 
investigation and three abortions had occurred. 
Every cow had thus calved and been bred dur
ing the time the disease was prevalent on the 
premises. Fifty-four· of the 58 animals on the 
premises showed skin lesions and three of the 
four remaining healthy cows also developed these 
lesions during the next 60 days. This shows 
that the exciting cause was still active and 
apparently had been active at that time for 
some 11 to 12 months. There were 28 milking 
cows in the herd at the time of the first ex
amination and they stayed in production and re
mained profitable producers for another 120 days, 
with the exception of two cows. One of these two 
aborted and died soon after, while the second cow 
became emaciated as a result of the poisoning 
and died en route to market. All of these 28 cows, 
with the possible exception of 4, were bred to the 
bull on the premises and calved while they were 

still showing skin lesions and possibly were still 
taking up some of the poison, since the source 
was unknown. Many of the ~ows were pregnant 
at the time they were disposed of. At this time 
the author acquired two of the pregnant cows to 
study the breeding performance further. Both 
cows calved normally and produced fine, vigorous 
calves some 4 months later (July), but it was 
noticed both calves showed rapid respiration for 
the first 30 days of their lives. Both cows were 
bred again and conceived promptly, each again 
producing a strong calf. These last conceptions 
took place while the skin of the cows still showed 
one or more small patches of unhealed skin les
ions as a result of the original poisoning and 1 
year after the cows were originally seen by the 
author." 

In this 1953 outbreak, many cows aborted 
some time after ingestion of chlorinated naph
thalene pellets and were observed by the senior 
author, practicing veterinarians and livestock 
owners to become unthrifty, emaciated with 
roughened coats, many later died and in general 
became an immediate liability although many 
later recovered. 

EXPERIMENTAL INVESTIGATIONS 

Inoculation of Calves 

Table 2 presents data on the inoculation of 
blood and mouth scrapings from field cases to de
termine whether an infectious agent was the 
cause of the disease. It also shows the results of 
contact exposure of experimental calves to field 
cases of hyperkeratosis. 

Young, healthy, weaned Hereford or Jersey 
calves were selected from two ·herds which did 
not have hyperkeratosis. Most of the experi
mental calves were inoculated with varying 
amounts of fresh blood drawn from field cases of 
hyperkeratosis. A few calves were left in con
tact with field cases and two calves were inocu
lated with mouth scrapings from field cases by 
scarification of their gums. 

Because an acute phase of hyperkeratosis with 
fever had been observed in some cases, the theory 
of an infectious agent was suggested. 

As indicated in Table 3, some experimental 
calves showed a temperature rise and mild mouth 
lesions, but none developed the typical field syn
drome of hyperkeratosis. 

No evidence from our inoculated experimental 
calves or field cases brought to the Station indi
ciated that we were dealing with a transmissible 
agent as the cause of hyperkeratosis or with a 
virus diarrhea, as reported by Olafson (22) or by 
Gibbon3 (9). In calf 5, Table 2, we evidently pro
duced a similar type of lesion as reported by Olaf
son and Fincher and cited by Hagan (15). Sippel 
of Georgia tabulated the results of a large number 
of experimental bovines inoculated over a period 
of 5 years and reported transient temperature 
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TABLE 2. EXPERIMENTAL CALVES INOCULATED FROM FIELD CASES OF HYPERKERATOSIS. 

Exp. Source 6, First day Days of 

calf 
Type of inoculum descriptionl

•
2

•
3 of fever4 first symptoms 

of and lesions 

8 cc blood s.c. F.C. 6-acute None 13 Red line on gums. 
2-wk.-old calf Two small ulcers in 

2 8 cc blood s.c. F.C. 7-chronic None 47 
from each of 2 1 6, I1h-year-old 
calves calves 

5 Mouth scrapings F.C.12A-acute None 10 Two lesions about 6 
rubbed into scari- dental pad. (Not 
fied gums 6, con- inoculation). Also 2 
tact lesions about 5 mm. 

disappeared in 10 

6 20 cc blood s.c. F.C. 12A-acute 42 only 12 Two suspicious 
(04) lip which later 

7 Contact for 9 F.C. 12B-acute 10 None None 
days (103) 

8 Mouth lesion scrap- F.C. 12B-acute 5 only None None 
ings rubbed on (03) 
scarified gums 

9 48 cc blood i.v. F.C. 20-chronic 12 thru 14 None None 
Also drenched with (03) 
mouth washings 

10 70 cc blood i.v. F.C. 29-acute 2 thru 4. 22 
and contact 3-wk.-old calf 226, 15 days 

003.2) 

12 6 cc blood s.c. Exp. calf 11 6 23 4 Profuse 
003.6) continued 

14 9 cc blood s.c. Exp. calf 136 1 None None 
002.8) 

15 100 cc blood i.v. F.C. 38-chronic 8 None None 
and contact 003.6) 

16 80 cc blood i.v. F.C. 39-chronic 50 None None 
plus 20 cc s.c. 003.6) 

17 100 cc blood i.v. F.C.41A-chronic 2 None None 
002.6) 

18 100 cc blood i.v. F.C. 41B-chronic 5 None None 
002.8} 

19 60 cc blood i.v. F.C. 42A-chronic 8 None None 
002.6) 

20 100 cc blood i.v. F.C. 42B-chronic 11 None None 
002.6) 

27 Egg propagated 3 drops in eye 72 None None 
material from field allantoic fluid-
case passage 5 cc s.c. also 

30 85 cc blood Exp. calf 18 5 004.6) None None 
Fevered for 
4112 months 

31 60 cc blood i.v. Exp. calf 20 5 002.8} None None 
Fevered for 
4112 months 

35 10 cc allantoic fluid Fevered for None None 
Lv. (egg propagated) 40 days. 
Also 5 cc s.c. and (Considered due to 
2 cc i.d. material injected) 

IF. C.-field case 
2 Acute-acute form of hyperkeratosis 
3Chronic-typical of chronic hyperkeratosis 
4Fever-early morning temperature above 102.6°F. considered slight fever. 
6All calves that showed any symptoms or slight lesions, or both, recovered. 
cExp. calf 11 6, 13-See under feve.r discussion 
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rises, pneumonias, some liver lesions and a pro
liferative growth in one instance (34). 

It is evident from the discussion on fever, 
Table 3, that a few of our inoculated calves which 
developed mild mouth lesions compared somewhat 
clinically with calves 11 and 13 born of cows 
showing lesions of hyperkeratosis. McEntee and 
Olafson (20) stated that highly chlorinated naph
thalene will remain in the patient's body for a 
long time after the source of the poison has been 
removed. 

The authors believe that although they did not 
ucceed with blood inoculations or mouth scrap

ings in producing the typical field syndrome of 
hyperkeratosis, we may have inoculated enough 
of the free chlorinated naphthalene in the blood 
or mouth scrapings to have caused mild mouth 
lesions, profuse lacrimation (one case), profuse 
salivation (one case) and a low grade fever in 
everal calves. No specific chemical test was 

made on the blood as the causative chemical had 
not been shown to be the cause of hyperkeratosis 
at that time (1946-51). 

Fever in Hyperkeratosis 

It was observed early in some field outbreaks 
of hyperkeratosis by the authors and a few others 
that there was a significant rise in temperature 
(fever). Experiments were conducted to deter-

mine the degree and frequency of fever in animals 
with hyperkeratosis, to present the temperature 
response in experimentally i1!oculated calves and 
to compare this response to that present in field 
cases of hyperkeratosis. Table 3 presents the 
data on fever from the inoculated calves in Table 
2. Table 4 presents the data on fever from typi
cal field cases of hyperkeratosis. 

Typical field cases of hyperkeratosis (mostly 
chronic type) were brought to the experimental 
farm for extended observation. 

Young, healthy, weaned and nursing calves 
were inoculated and left in contact with field 
cases of hyperkeratosis. The temperature of each 
animal was taken daily during an observation of 
60 days or longer. 

There is a lack of published information on 
fever in hyperkeratosis. Gibbons (11) reports 
on a 5-year-old Hereford cow with hyperkerato
sis which ran a temperature of 105 ° F. for 2 
weeks. Sippel (34) reported that a large num
ber of calves inoculated with material from hy
perkeratosis field cases showed transient temper
ature rises. Boyd (4), a Texas practitioner, re
ported on two field cases of hyperkeratosis which 
had temperatures of 104 and 104.8° F., respec
tively. Bell (2) later reported on fever 103 to 
104.6° F. occurring in the early stages of hyper
keratosis in four out of six experimental cases in 
calves. 

TABLE 3. SUMMARY OF FEVER PERIODS IN CALVES INOCULATED WITH BLOOD> 

Exp. 
calf 

2 

9 

10 

11 

12 

13 

14 

IS 

16 

11 

18 

19 

20 

Highest temp. 
recorded, OF. 

None 

None 

None 

None 

104.4 

104'.6 

104.8 

105.2 

103.6 

105.2 

103.8 

103.6 

103.2 

104.6 

104.4 

103.8 

105.0 

Days since last 
fever reaction 

None 

None 

None 

None 

27 

7 

201 

165 

41 

11 

126 

121 

151 

74 

126 

154 

151 

Days under 
observation 

110 

112 

62 

62 

69 

21 

384 

420 

413 

360 

249 

413 

358 

351 

348 

325 

325 

lCalves 11 and 13 were not inoculated but were born to cows with hyperkeratosis. 

Fever period summary 

N one in 108 days 

None in 110 days 

None in 62 days 

None in 62 days 

1 day only in 60 days 

1 period of 3 days in 28 days 

1 period of 44 days, 
1 period of 11 days, 
2 periods of 12 days in 385 days 

1 period of 16 days, 
1 period of 21 days, 
2 periods of 1 day only in 14 months 

10 periods of 1-12 days in 413 days 

24 periods of 1-30 days in 13 months 

6 periods of 1-4 days in 249 days 

17 periods of 1-3 days in 292 days 

18 periods of 1-6 days in 254 days 

28 periods of 1-8 days in 232 days 

38 periods of 1-11 days in 225 days 

25 periods of 1-4 days in 171 days 

27 periods of 1-9 days in 174 days 
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In Table 4, field case 6, a 2-week-old Hereford 
calf showed a temperature of 105.6° F. on initial 
examination. The following day its temperature 
had dropped to normal, 102.8° F. 

Two calves were born on the experimental 
farm in 1949 to two dairy cows with hyperker
atosis.1 The cows showed some skin lesions on 
the udder and legs, Figure 7. 

Temperature reactions of the first calf (No. 
11) born to one of these cows were: 

First morning (17 hours after birth) the tem
perature was 104.4° F. The second morning the 
temperature was 102.4 ° F., and for the next 16 
days the temperature varied from 102.8 to 105.2° 
F., being above 104 ° F. on 10 of 16 days. The 
following 2 days the temperature was normal, 
102.6° F. or less. For the next 21 days, the calf 
showed another similar fever period of 102.8 ° to 
105.2° F. 

'These cows are from a dairy herd of 58 head mentioned 
under the discussion on "Effect on Reproduction" in this 

publication. 

The calf's re£pirations were rapid for a month, 
yet the calf never appeared sick. Shortly after 
birth, this calf's mouth was examined and a 
bright red line Ya inch wide extend along its low
er gums. This line disappeared on the fourth 
day. Lacrimation also was noticed. It contin
ued for some time and gradually disappeared. 

The reaction of the other calf ( No. 13) born 
to the second dairy cow, previously mentioned. 
was: 

Temperature a few hours after birth was 
102.6 ° F. From the second morning its temper
ature varied from 102.6 to 105.2° F. to the 34th 
day, then the fever was intermittent. Complete 
periods are shown in Table 3. 

Respirations were rapid from birth for about 
a month, then they gradually subsided. At no 
time did this calf appear sick or fail to nurse 
normally. No mouth or skin lesions of hyperker
atosis were found, but profuse lacrimation was 
noted from both eyes. It continued sporadically 
for 48 days. 

TABLE 4. SUMMARY OF FEVER PERIODS IN HYPERKERATOSIS FIELD CASES1 

Field 
case 

6 

12A 

12B 

20 

29A 

49 

29B 

38 

39A 

39B 

39C 

40A3 

40B 

41A 

41B 

42A 

42B 

47A 

47B 

47C 

47D 

47E 

63 

Age 

2 wk. 

Nurs. calf. 

Calf 

4mo. 

3 wk. 

8 mo. 

Calf 

Heifer 

Heifer 

Heifer 

Bull 

Heifer 

Heifer 

Steer 

Heifer 

Heifer 

Bull 

Steer 

Calf, 2-4 mo. 

Calf, 2-4 mo. 

Calf, 2-4 mo. 

Calf, 2-4 mo. 

Calf, 2-4 mo. 

Calf, 2-4 mo. 

Type 
case 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Lesions 

Mouth only 

Mouth cS. muzzle 

Mouth cS. muzzle 

Mouth cS. skin 

Mouth cS. skin 

Mouth 

Skin only 

Extensive skin 

Mouth cS. skin 

Extensive skin 

Extensive skin 

Extensive skin 

Extensive skin 

Extensive skin 

Skin 

Skin 

Mouth and skin 

Extensive skin 

Mouth cS. skin 

Mouth cS. skin 

Mouth cS. skin 

Mouth cS. skin 

Mouth cS. skin 

Mouth cS. slight skin 

Highest temp. 
recorded FO Fever period summary 

105.6 2 periods of 2 days only-destroyed 

103.4 3 days only, normal thereafter in 9 days-died 

104.6 period of 3 days only in 9 days-died 

104.6 6 periods of 1 day each in 21 days-died 

104.6 6 periods of 1 to 3 days 

104.0 1 period of 1 day only. Only day temperatured 

104.6 

103.6 

103.6 

103.8 

104.8 

102.6 

None 

103.0 

102.6 

103.0 

103.4 

104.4 

104.0 

104.0 

103.5 

103.0 

101.0 

103.8 
103.6 
104.2 

9 periods of to 11 days in 86 days 

9 periods of to 11 days in 86 days 

21 periods of 1 to 10 days in 272 days 

8 periods of 1 to 4 days in 276 days 

34 periods of 1 to 9 days in 276 days 

All but 3 days in 30 days 

None in 52 days 

2 periods of 1 to 2 days in 52 days 

1 period of 1 day only on 82nd day out of 
348 days 

16 periods of 1 to 4 days in 348 days 

First 21 days of 28 days-died 

Fevered all but 3 days in 30 days 

Temperatured on day only 

Temperatured on day only 

Temperatured on day only 

Temperatured on day only 

Temperatured on day only 

Temperatured on one day only. 

'Field cases kept under observation and temperatured daily an 1 in some cases for several months. 
2Fever-Early morning temperature over 102.6°F. applies to all t:zbles and discussions. 
sServes as a temperature ~ontrol on other animals' temperatures. 
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Both cows again calved in 1950, dropping nor
mal calves which showed no symptoms. The skin 
lesions on the cows' udders and legs had practi
cally disappeared at this time. 

The fever periods formed a general pattern, 
running roughly parallel with the progress of 
skin lesions found in the field cases insofar as 
they lasted up to and in some case] over 200 d~ys. 
The fever periods usually were of short duratIOn, 
mostly 1 to 3 days, but periods as long at 8, 9, 
10 and 11 days were observed. As many as 34 
such fever periods were observed in one animal 
and lasted to the 219th day of ol!lservation. None 
was observed during the following 185 days in 
this animal. 

Fever in both chronic and acute hyperkera
tosis is variable with a tendency for a low grade 
(103 + 0 F.) intermittent fever over a prolonged 
period in the chronic type. In the acute type, t~e 
temperature may be high (104 to 105 + F) m 
the early stages of the disease. 

Feeding Various Materials 
Since a condition indistinguishable from "X 

Disease" had been produced in Germany with a 
wood preservative, attention was directed to the 
presence of similar materials on affected prem
JSes. This was enlarged to include unusual re
eeptacles used for watering or feeding and any 
material not ordinarily consumed by cattle or ac
eessible to them. No clue as to the presence of 
uch suspicious material could be found in most 

eases nor could information of any having been 
pres;nt or used on the premises be obtained from 
the owner. 

Materials thus collected" included: part of a 
rubber gasoline tank of a bomber (surplus gov
ernment material) ; tractor crank case oil; a feed 
trough painted with some black material; oil
lIOaked textile mill refuse; some kerosene left over 
from treatment of some calves about 10 days be
ore "X Disease" was diagnosed in them; 75 

}lclUnds of calf starter left over from the feeding 
of these calves; two troughs, each treat~d with 
two different kinds of wood pre]ervatIve; 25 
bales of Bermudagrass hay from a small meadow 
m which one out of three nursing calves con
tracted the disease' used crank case oil drained 
from a passenger type automobile and which had 
Jl()t been connected with a case of the disease. 

A!l of these materials were fed to or appl~ed 
to the skin of separate experimental calves WIth 
Degative results. 

We continued to direct attention to lubricanb 
ased on machinery and automotive vehicles on the 
farm to which cattle might gain access as indi
tilted in our last report. Since only a few cases 
of hyperkeratosis were found in Texas in 1952, 
we turned our attention to testing various brands 
of lubricants ordinarily used for such purposes. 
These lubricants were obtained from local serv
ICe stations. The lubricant was put in gelatine 

capsules and administered with a balling gun. 
Beginning March 3, 1952, 22 samples of grease 
were tested in this manner, .. only one of which 
produced hyperkeratosis. The first 3;nimal died 
after the administration of 208 grams m 25 doses. 
The next animal showed lesions in the mouth af
ter it was given 56 grams in 15 doses and devel
oped skin lesions after the mouth ~esiom ~ad 
healed. A sample of this brand of lubrIcant WhICh 
had been drained from a tractor was picked up 
on a farm where four cases of hyperkeratosis oc
curred. It was administered to two healthy cal
ve] with negative results. 

Seven grease samples produced scours in the 
corresponding experimental calve~, with .panting 
in two of them. The cause for thIS remamed un
determined since none of these calves developed 
clinical lesions of hyperkeratosis. It was con
sidered unlikely that there was any chlorinated 
naphthalene in these grease samples since e3:ch 
calf received more than 200 grams of the m
dividual grease except as noted in the preceding 
paragraph. 

Feeding Toxic Pellets 

Table 5 is a comparative clinical summation 
of experimental hyperkerato~is in nine calves fed 
pellets from four separate premises to determine 
whether the samples would cause hyperkeratosis. 
The nine samples or sacks of pellets were made 

Figure 7. A (1949)-Dairy cow showing hyperkeratosis 
skin lesions on neck. rear leg and udder. B (1949)
Dairy cow from same herd as "A" showing hyperkera
tosis skin lesion on udder. 
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TABLE 5. TOXIC FEED PELLETS OBTAINED FROM FARM OR RANCH SOURCES1
,2 

ACUTE OUTBREAK OF HYPERKERATOSIS 

Length Total First day of Weight Weight 

Calf Sam-
Daily of feed at start at end Gain 

pIe feed feed- .J::Ul Ul of of or Visible 
intake, con- "E..s::i _s:: s:: feed- feed- loss, lesions no. 3 ing, sumed, 'tS ~ ts g.~ .5 .~ no. 

lb. :::::Q) ts Q) u "E 
Ul u ing, ing, lb. days lb. O.!2 

..... .J:: ts ~~ ~.! ...!II Q) Clio< ...:I CIl CIl_ lb. lb. 

GTRa 112-1 62 30112 22 74 23 23 23 51 400 350 - 50 Extensive skin & 
mouth lesions 

2 GTRb 1-11/4 44 49% 13 15 15 15 25 380 510 + 130 One small 
mouth lesion 

3 BMRa %-11/4 21 8112 10 35 42 325 emaciated Mouth lesions 

4 BMRb %-2 78 1031/4 300 405 +105 No symptoms or 
lesions 

5 BMRc %-11/4 45 44% 21 70 21 21 325 340 +15 Lesions on 
mouth & muzzle 

6 F-a 112-11/4 62 53112 265 365 + 100 None 

7 F_b 112-1 47 37% 30 30 20 36 87 285 240 - 45 Extensive skin & 
mouth lesions 

8 Ma 1/4-112 42 151/4 14 18 18 58 35 230 160 - 70 Red spots on 
muzzle; exten-
sive mouth & 
lip lesions 

9 BMRa 1/4-1lj4 77 47% 13 7 44 14 63 325 270 - 55 Severe skin 
lesions on neck 

IT-Cotton Oil Mill cottonseed pellets contaminated through use of grease containing 10% highly chlorinated 
pelleting machine. 

~Represents four separate field outbreaks. 
3Super letters represent different sacks of feed. 

as regular commercial pellets by an oil feed mill 
in Texas. 

Nine good grade, healthy, weaned Hereford 
calves, weighing 230 to 400 pounds, were selected 
from the Station's herd. Following is a list of 
the sources with the amounts of pellets obtained 
for experimental feeding trials: 

G TR Ranch- two opened 100 pound sacks 

BM Ranch-three unopened 100 pound sacks 

F-Farm-two opened 100 pound sacks 

M-Ranch-one unopened 100 pound sack 

Each experimental calf was fed approximately 
1 pound daily from only one of the eight sacks, 
except calves BMR 3 and 9 which were fed from 
the same sack. Several of the calves refused the 
pellets alone and it was necessary to mix them 
with a commercial ground feed. The commercial 
ground feed alone was used to feed the Station 
herd and control calves. They showed no signs 
of hyperkeratosis at any time. 

Seven of the nine calves on this experiment 
developed symptoms or lesions of hyperkeratosis. 

Clinical Summary 

Calves 1, 7 and 9 showed skin lesions on the 
51st, 87th and 63rd days, r,espectively. Skin les-
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ions became extensive in calves 1 and 
were on pellets made by the same mill, 
ferent field samples. Calf 9 had severe 
ions over the neck only. 

Calves 1, 2, 3, 5, 7 and 8 showed 
ions of hyperkeratosis. 

Calf 1 showed a typical prol 
on the tongue on the 23rd day and the 
mouth was reddened. On the 37th 
more lesions were observed and on the 
the lesions were under the tongue, in 
behind the incisor teeth. on the gums 
lower lip. 

Calf 2 showed only one small 
the incisor teeth on the 25th day. 
healed during the next 30 days and 
recovered. 

Calf 3 first showed lesions on the 
on the 42nd day. It had marked 
erotic foci (spongy type) in front 
teeth on the 47th day, Figure 5. 
were observed behind the incisor 
like lesions first observed were healed in 

Calf 5 first showed typical lesions 
tongue on the 21st day. On the 35th 
had developed behind the incisor teeth. 
72nd day, two lesions had appeared on 



zle. Thirty days later the visible mouth lesions 
had healed, but on autopsy, 133rd day, three 
small lesions were found on the tongue. 

Calf 7, large lesions behind the incisors were 
seen on the 36th day after feeding began. On 
the 43rd day, a lesion had developed on the side 
of the tongue. Lesions developed under the ton
gue until the 94th day. Then lesions were ob
served on the nose near the opening of each nos
tril. Calf was destroyed on the 118th day. 

Calf 8 first showed about 10 red spots on the 
muzzle on the 35th day and proliferative lesions 
behind the incisors, on the tongue and hard pal
ate. On the 42nd day, the lesions on the muzzle 
were red and inflamed. On the 58th day, lesions 
on the nose and roof of the mouth were scarlet 
red. Calf died on the 74th day. 

Gross Pathology 

Calves 1, 7 and 9 developed skin lesions. These 
lesions were extensive in calf 1 and 7, but calf 
9 showed severe lesions over the neck only. 

Calves 1, 2, 3, 5, 7 and 8 developed typical 
mouth lesions of hyperkeratosis. Calf 3 had a 
severe spongy-red-necrotic type mouth lesion. 

Swelling and hyperemia of the mucosa of the 
abomasum with numerous small hemorrhages 
were present in calves 7 and 9. Gelatinous infil
tration of the abomasal walls was observed in 
calf 9. Active abomasal ulcers were present in 
calves 5 and 8. Healed ulcers were observed in 
calf 7. 

Inflammation and hemorrhages of the lym
phatic plaque were present in the large intestine 
of calves 7 and 9. There was a marked thicken
ing of the intestinal wall in calf 9. Ulceration of 
the lymphatic plaque in the large intestine was 
observed in calves 7 and 8. 

The liver was orange colored in all calves. A 
few small areas of orange discoloration and bile 
duct proliferation were observed in calf 9. 

The gall bladder was enlarged in calf 9 and 
the mucosa was hemorrhagic in this calf and in 
calf 7. Calf 9 also had a gelatinous infiltration of 
the walls and there was cystic proliferation of 
the bile ducts. 

Bilateral pneumonia in calf 8. 

Kidneys were pale in calves 5, 7 and 9, and 
howw an orange cast in calf 9, and were gray 

and firm in calf 1. 

Vitamin A Variability 

Calf GTR 1 developed hyperkeratosis. It was 
fed one of two open sacks of pellets picked up at 
the GTR ranch. Plasma vitamin A varied from 
15 micrograms (mcg.) per 100 milliliters (ml.) 
on 74th day to 44 mcg. on the 144th day. 

Calf GTR 2 developed slight mouth lesions 
of hyperkeratosis. It was fed one of two open 

sacks of pellets picked up at the GTR ranch. 
Plasma vitamin A varied from 25 mcg. on 77th 
day to 58 mcg. 1 week later. ,. 

Calf BMR 3 developed mouth lesions, Figure 
4. It was fed one of three unopened sacks of 
pellets picked up at the BM ranch. Plasma vita
min A varied from 28 mcg. on 4th day to 16 mcg. 
on 14th day. On the 39th day, it was 39 mcg. 
At no time did it drop below 17 mcg. 

Calf BMR 4, no lesions of hyperkeratoris de
veloped. It was fed one of three unopened sacks 
of pellets picked up at the BM ranch. This is the 
only negative calf's vitamin A values given in 
this summary. Plasma vitamin A varied from 
14 to 50 mcg. 

Calf BMR 5 developed mouth lesions of hy
perkeratosis. It was fed one of three sacks of 
pellets picked up at the BM ranch. Plasma vita
min A ranged above 29 mcg .. for March and 36 
mcg. for May and June. On the 133rd day when 
the calf was destroyed, the vitamin A· had drop
ped to 10 mcg. 

Calf F -6, no lesions of hyperkeratosis devel
oped. 

Calf F -7 developed mouth and skin lesions of 
hyperkeratosis. Plasma vitamin A determina
tions began on the 4th day of feeding and con
tinued to 9th day before death. . Only on two oc
casions did plasma vitamin A drop below 20 mcg.; 
on the 49th day, 17 mcg.; and on the 105th day, 
9 mcg. 

Calf MTP 8 developed mouth lesions of hyper
keratosis. It was fed pellets in the unopened 
sack picked up at the M ranch. Plasma vitamin 
A was 26 mcg. on the 5th day of feeding. It drop
ped to 16 mcg. on the 14th day and remained at 
this level for 30 days. On the 49th day, the vita
min A had dropped to 4 mcg. On the 64th day, 
it rose to 10 mcg. and remained at that level to 
its death on the 71st day. 

General Observations 

Feed consumption of the experimental calves 
varied greatly, especially after the calves had con
sumed a toxic amount. In the case of calf 3, this 
amounted to 8.5 pounds of the total pellets con
sumed. This was enough to produce acute hy
perkeratosis. Another sack of pellets from the 
same premises failed to produce any signs of hy
perkeratosis when 103.25 pounds were fed to calf 
4. 

Feeding Contaminated Pellets 

After the mill's commercial pellets from four 
separate field sources had proved poisonous, 
Table 5, probably due to H.C.N. contained in the 
grease used to lubricate their machinery, it was 
then necessary to set up an experiment and at
tempt to duplicate what had probably taken place 
in their regular commercial production of pellets. 
The senior author recognized the acute field 
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symptoms and soon determined the probable 
source through which the pellets became contam
inated. 

Table 6 presents experimental data on 8 calves 
fed six samples of experimental pellets and two 
samples of meal to determine if a toxic grease, 
T.M.E.P. 1 (Texaco Multex E. P. No.1), had got
ten into the mill's commercial feed pellets during 
the manufacturing process and, if so, where and 
at what stage in the process had this occurred. 
These were experimental samples of feed made 
by T -Oil Mill (a Texas cottonseed oil pellet mill) 
after their commercial run pellets had been shown 
to produce hyperkeratosis. See Table 5. 

The T-Oil Mill made an experimental produc
tion run of 8 feed samples: one IOO-pound sam
ple of ground cake (meal), sampled and compos
ited during a run with Marfak grease, but ahead 
of the pellet mill; three IOO-pound samples of pel
lets, sampled and composited during the run with 
Marfak grease; one IOO-pound sample of meal, 
sampled and composited during a run with T .M. 
E.P.I grease, but ahead of the pellet mill; three 
IOO-pound samples of pellets sampled and com
posited during the run with T.M.E.P.I grease. 
One 3-pound sample of IVlarfak grease and one 
3-pound sample of T.M.E.P.I grease also were 
fed, Table 7. 

Each of these samples was fed individually to 
a separate calf. 

This feed was received from the T -Oil Mill, 
April 4, 1953. Healthy, weaned, Hereford calves 

weighing 290 to 365 pounds from the 
herd, were fed the pellets free 
amounts consumed daily and the total 
sumed are shown in Table 6. 

Table 6 shows that three samples 
and one sample of cottonseed meal 
an experimental production run with 
non-toxic grease) were harmless when 
perimental calves 10, 11, 12 and 13, 
sample of meal taken during a run 
grease was used, but ahead of the 
chine, was harmless when fed to 
ever, when toxic grease was used 
meal was made into pellets, the 
toxic and produced hyperkeratos' 
the toxic grease pellet samples nl'(\nn.I>AII 

of hyperkeratosis in three calves with 
of calf 15. These clinical symptoms 
of the calves also show, as did Table 5, 
bility of toxicity between separate 
sacks of contaminated feed pellets. 

The experiments on toxic pellets 
from field sources, Table 5, and on 
ly produced toxic pellets, Table 6, show 
ed difference in the time required to 
ical symptoms of hyperkeratosis. 

Seven of nine calves fed field pellets 
some symptoms, usually by the 22nd day 
symptoms by the 30th day, with 
from the 21st to the 42nd day. The 
on experimental toxic pellets usually did 
symptoms until the 52nd day (33rd day 

TABLE 6. RESULTS OF FEEDING EXPERIMENTAL PELLETS INTENTIONALLY CONTAMINATED WITH 

Daily Days Total First day of 
feed 

Calf Sample feed of -:S~ . k f d con- ~ t:S 'E..tl no. mta e. ee - d U III U ='.2 lb . sume. t:S Q) 'E ~~ 
o III . mg lb. • .... .J::: t:S 
::E~ 0" ~ til 

10 Meal 1-2112 49 93% 

11 Marfak2 1-3 44 84 
pellets 

12 Marfak 1-3 48 96 
pellets 

13 Marfak 1-3 49 98 
pellets 

14 C.S. 1-3 53 109 
meal 

15 MuItex3 1-3 52 106 70 52 70 52 70 
pellets 

16 Multex 1-3 56 96112 76 54 54 54 76 
pellets 

17 Multex 1-2 68 108 54 33 33 83 
pellets 

IThese pellets sent in by T-Oil Mill for experimental testing. 
2Marfax-Non toxic grease used to lubricate pelleting machine. 

Weight Weight Loss start of end of 
III 

feed- feed- or Re- Lesions s:: 
gain. suIts .5 .~ ing. ing. lb. ...!o: Q) lb. lb. til ..... 

290 370 +80 Neg. None 

325 385 +60 Neg. None 

325 400 +75 Neg. None 

310 390 +80 Neg. None 

350 440 +90 Neg. None 

83 365 435 +70 Pos. Extensive skin 
lesions. Ulcers 
of eye 

350 430 +80 Pos. Numerous 
mouth lesions 
which healed 

345 420 +75 Pos. Slight lesion 
on nostril & 
mouth which 
healed 

3Multex E.P. No. I-Toxic grease., containing 10% highly chlorinated naphthalene used to lubricate pelleting machia 

16 



TABLE 7. RESULTS OF DOSING CALVES WITH GREASE SAMPLES FROM FIELD SOURCES1 

Rate of Total 
First day of 

Weight Weight Loss 
Calf Grease Days Daily dosage, dos- ,..s:::tIl til at at or Post-mortem 

& dosed do- mg/lb/ age, ,:. tj "6..ti _s:: s:: start, end, gain, lesions Disposition 
DO. v 5'~ .5 .~ source sage tj Q) "6 

til U lb. lb. lb. bw gm . .... ,..s::: tj ~:6 ~~ ...!>o:Q) Q,.. ...:I Ul Ul_ 

18 Marfak: 20 9.7gm. 27.3 194 355 Released 
after 100 days 

19 Multex 16 185 mg. 9.1 2.96 43 12 39 12 17 325 210 -115 Mouth lesions Destroyed on 
EP P 55th day 

20 S.O.A.P.3 4 9gm. 109 36 27 4 9 5 Exfolia- 330 190 -140 Fewexfoliations Destroyed on 
McK-Farm tion of hair on neck &, 39th day 

of hair withers but no 
thickening of skin 

21 S.O.C.G.4 2 81hgm. 65.3 17 3 5 3 2 260 180 -80 No skin or Destroyed on 
P-Home mouth lesions 16th day 

22 T.M.E.P.15 10 165 mg. 5.7 1.65 38 38 38 24 ? 290 ? Mouth lesions Recovered 

23 T.M.E.P.l 23 550 mg. 47 12.65 31 21 21 21 21 27 270 172 -98 Mouth &, skin Destroyed on 
lesions 84th day 

24 T.M.E.P.l 20 250 mg. 20.8 5 27 15 15 240 ]80 -60 Tongue lesions Died on 
37th day 

All grease samples except Marfak grease (calf 18) contained highly chlorinated naphthalene as a chemical additive. 
'Grease samples from T -oil mill. 

iDclair Opaline All-Purpose Lubricant. 
'iDclair Opaline Chassis Grease. 

exaco Multex E. P. No.1 Grease (Texas Company). 

ealf) and mouth lesions did not appear until the 
70th to 83rd day. There was a great difference 
between the two groups in daily and total feed 
consumption. As the calves in Table 5 on field 
pellets became sick, the pellet consumption usu
ally dropped sharply, but the feed consumption 
of the group in Table 6, remained steady and their 
total feed intake was much higher. The field 
pellets from the regular commercial run evidently 
were more toxic than the experimentally pro
duced pellets, although both proved toxic. 

Feeding Samples of Grease 

Table 7 is a summary of the results of d03ing 
seven experimental calves with grease samples 
from the field to test three toxic grease samples 
and one non-toxic grease. Two different types 
of grease made by one company (Sinclair) were 
picked up at two farms and tested. The non-toxic 
grease (Marfak) and TMEP 1 (Texas Company) 
samples were from the T -Oil Mill. 

Seven young, weaned, healthy Hereford calves 
from the Station herd, weighing 240 to 355 
j)Ounds, were used. These calves were dosed in
dividually with the grease contained in hard gela
tin capsules. 

Calf 18, which was fed Marfak grease at a 
dosage rate of 27.3 mg. per lb. body weight, total 
dosage of 194 grams, remained healthy and was 
released from the experiment after 100 days. 
Calf 19 which was fed TMEP 1 at 9.1 mg. per lb. 
body weight, total 2.96 grams, developed acute 
hyperkeratosis on the 17th day and was destroyed 
on the 55th day. The results showed that the 

Marfak grease used by the T-Oil Mill in the pro
duction of experimental feed samples 1, 2, 3 and 
4 proved to be non-toxic (Table 7) and also was 
harmless when given in large doses to calf 18. 
In turn, the toxic grease which had been used in 
the commercial and experimental production of 
T -Oil Mill pellets (Tables 5 and 6) was shown to 
be a cause of acute hyperkeratosis in experi
mental calves, Table 7. 

Two Sinclair grease, samples 3 and 4 (S.O. 
A.P. and S.O.C.G.), were extremely toxic in large 
doses, and produced symptoms of acute hyperker
atosis in a few days in calves 20 and 21, followed 
by the death of both calves. 

Calves 20 and 21 showed experimental evi
dence that field cases of hyperkeratosis were pro
duced on the Mck-Farm by calves gaining access 
to S.O.A.P. from a drum and licking it and later 
developing hyperkeratosis. The P-Home, how
ever, used a S.O.C.G. which had been used to 
lubricate their feed grinder. Cases of hyperker
atosh;j, had been observed over a number of years 
on each of the farms. 

Calves 22, 23 and 24 were dosed with TMEP 
1 at a low dosage rate of 5.7 mg. per lb. body 
weight (calf 22, to a high of 47 mg. per lb., calf 
23). We evidently were approaching a minimum 
lethal dose in the case of calf 22 as it developed 
only mouth lesions of hyperkeratosis and recov
ered. Calf 23, at the high dosage rate, developed 
severe lesions of hyperkeratosis and died. That 
less than half (20.8 mg. per lb.) of the high dos
age rate (47 mg.) was lethal was shown by calf 
24 which developed severe hyperkeratosis and 
died on the 37th day. 
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Clinical Summary of a Typical Case 

A clinical description of calf 19 is given as it 
was dosed with the grease (TMEP 1) which was 
used to grease the pelleting machines of T -Oil 
Mill. It was found later that this grease was 
used in the machinery of a few other feed mills in 
Texas and Oklahoma. 

Calf 19 was dosed with 9.1 mg. per lb. body 
weight TMEP 1 per day for 16 days for a total 
of 2.96 grams. 

Weight of animal-325 pounds at start of ex
periment. 

12th day-lacrimation and a clear nasal dis
charge. 

17th day-Iacrinlating badly and the mucosa 
of the hard palate was intensely 
reddened. 

39th day-marked lesion developed behind the 
incisor teeth and under the ton
gue; animal salivating and losing 
weight; lacrimation and nasal dis
charge. 

43rd day-watery diarrhea developed, lacri
mation and nasal discharge con
tinued; animal losing weight rap-
idly. -

54th day-nasal discharge, lacrimation, cor
neal turbidity in both eyes, roof of 
mouth quite red, lesions on dental 
pad, behind the incisors and a 
large one under the tongue; ani
mal is very thin, weak and unabIe 
to get up. 

Animal destroyed for autopsy on 55th day. 
Weight 210 pounds; lost 115 lbs. 
during the experiment. 

Clinical Comparisons 

Clinical comparison between experimental cal
ves 22 and 24, based on two different dosage lev
els, follows: 

Calf 22 was dosed with 5.7 mg. per lb. body 
weight TMEP 1 for 10 days for a total of 1.65 
gms. 
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Weight of animal-290 pounds at start of ex
periment. 

24th day-large lesions on gums at base of in
cisor teeth (unusual that no symp
toms were shown before lesions ap
peared) ; one lesion on edge of low
er lip and two large lesions just in
side the upper lip. 

38th day-slight lesions behind incisor teeth, 
nasal discharge, lacrimation, sali
vation. 

56th day-old lesions behind incisors and on 
dental pad. Calf recovered . 

Calf 24 was dosed with 20.8 mg. per 
weight TMEP 1 grease for 20 days for 
of 5 grams. 

Weight of animal-240 pounds at 
periment. 

15th day-lacrimation and nasal 

20th 

27th day-Iacrimating; no lesions; 
watery diarrhea; profuse 
tion; nasal discharge; 
end of tongue; calf 
up. 

Calf died on the 27th day . Weight 180 
lost 60 pounds. 

Vitamin A Variability 2,3 

GREASE SOURCE CALF NO. 
TMEPI T-Oil Mill 19 
Plasma vitamin A varied from 33 to 22 

S.O.A.P. Mck-Farm 20 

Plasma vitamin A varied from 25 meg. 
m!. on the 12th day after the first dose to 
per 100 m!. on the 39th day when it 
stroyed. 

S.O.C.G. P-Home 21 
gue 

Plasma vitamin A was 31 mcg. per 100 
the 2nd day after dosing and was 10 meg. 
16th day (died). 

TMEP 1 T -Oil Mill 22 
Plasma vitamin A-lowest plasma vitamin 
on 6-24-53 (the day after the last dose) 
was 31 mcg. per 100 m!. 

TMEP 1 T -Oil Mill 23 Mouth 
lesion 

Plasma vitamin A-was 54 mcg. per 100 
day before the experiment started. V 
17.3 mcg. on the 65th day to 21 mcg. per 
on the day of its death (84th day). 

TMEP 1 T -Oil Mill 24 
gue 

Plasma vitamin A varied from 20 meg. 
m!' on the 29th day to 5 mcg. per 100 mI. 
day before death (36th day). 

Observations in Cows and 
Table 8 summarizes the observations 

1954-56 in the experimental production of 
kera tosis in dry and lacta ting Jersey 
their calves. 

2Vitamin A values given in meg. per 100 ml. of 
3Vitamin A determination were made at 7 and 
tervals, but only significant variations are 



The adult animals were dosed per orum with 
TMEP 1 grease or its equivalent of H. C. N. (Hal
owax) 4 in hard gelatin capsules according to the 
dosage shown in Table 8. 

It was noted early in outbreaks of hyperker
atosis in this country that younger animals were 
more often affected than older animals (23). 

An acute type of hyperkeratosis was observed 
early by the author s and others in very young 
nursing calves. This observation was made com
monly in the 1953 acute outbreak and was con
sidered to be due to a vitamin A deficiency re-

CHalowax 1014 is a commercia l wax with a high melting 
Jloint and is a mixture of penta and hexa-chloro naphtha
lene having a chlorine content of 6.2 percent. It was in
corporat ed in Texaco Multex E. P. No. 1 t o produce a 
grease to wit hstand extremely high pressur es a nd tem
peratures. 

suIting from the destruction or interference of 
the vitamin A by the highly chlorinated naphtha
lene. 

As baby calves, naturally raised, depend solely 
on their mothers' milk for their nutrition, it was 
theorized that the milk of an affected cow must 
be an important factor in producing hyperker
atosis in a nursing calf. 

The minimum lethal dose was not established 
because of the varying degrees of resistance of 
individual cows to H. C. N. poisoning. 

Five mg. per lb. body weight produced only 
lacrimation in one cow, whereas 15 mg. per lb. 
body weight produced symptoms but no lesions of 
hyperkeratosis.· Ten mg. per lb. body weight pro
duced acute hyperkeratosis and death in cow 
43. However, with the exception of cow 46, all 
dosages of grease containing 10 percent H. C. N. 

TABLE 8. OBSERVATION ON THE EXPERIMENTAL PRODUCTION OF HYPERKERATOSIS IN DRY AND LACTATING COWS 
AND THE EFFECTS OF THE MILK ON NURSING CALVES1 

Animal no. No.of Rate of Total Day Day Day Day of Day 
days dosage, dosage, of of of nasal of &descrp.2 
dosed mg/lb/bw gm. symp. lac. sal. disch. diarrhea 

43 D. cow 10 10.0 8.00 12 27 12 12 

47 D. cow 10 5.0 3.60 47 47 

49 D. cow 10 7.5 7.05 18 18 21 21 

46 D. cow One dose only 15.0 12.07 11 90 18 11 

48 D. cow 7.5 5.55 15 15 15 18 

49 D. cow 15.0 13.60 9 14 9 9 

Bull 20.0 16.40 50 50 55 

Heifer D. 25.0 12.50 10 10 

51 D. cow4 30.0 21.00 6 6 55 

52 D. cow4 30.0 18.00 20 37 20 20 

50 D. cow4 Control 

44 Lt. cow 10 7.5 5.32 14 106 14 

44 Cf.6 20 50 66 

46 Lt. cow 10 15.0 10.50 

46 Cf.P 14 46 25 

46 Cf.2G 14 19 65 65 

48 Lt. cow 10 7.5 4.57 61 61 80 80 

48 Cf.6 77 77 

50 Lt. cow One dose only 15.0 8.12 9 11 9 9 

50 Cf.6 13 14 14 

51 Lt. cow One dose only 7.5 4.16 11 15 11 11 

51 Cf.6 20 20 64 

52 Lt. cow One dose only 10.0 4.75 8 8 9 9 

52 Cf.5 9 9 24 

IGrease used was Texaco Multex E. P. No.1 containing 10% highly chlorinated naphthalene. 
:0. cow-dry cow: cf-calf: It. cow-lactating cow. 
'Animal died of hyperkeratosis. 
Ifreviously dosed in 1955 and showed symptoms but no lesions of hyperkeratosis. 
'Cfl-first nursing calf. 
'Cf2-second nursing calf placed on cow after first calf died. 

110 

20 

14 

14 

Day of Day of 
mouth skin 
lesions lesions 

297 

46 

72 
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produced symptoms of hyperkeratosis. When a 
level of 20 mg. per lb. body weight or higher of 
toxic grease was used, symptoms and lesions of 
hyperkeratosis with death were produced in all 
except cow 52. 

Only mild symptoms of hyperkeratosis were 
produced in lactating cow 44 from 7.5 mg. per lb. 
body weight, however, her first nursing calf died 
from hyperkeratosis on the 83rd day. Fifteen 
mg. per lb. body weight produced no symptoms in 
a lactating cow 46, however, her first nursing 
calf (46 cfl) died on the 50th day from hyperker
atosis and a second calf (46 cf2) developed mouth 
lesions, but recovered. All nursing calves except 
calf 48 showed positive symptoms of hyperker
atosis, however, all except calves 44 and 46 re
covered without showing mouth or skin lesions. 

H.C.N. was shown to be excreted through the 
milk and to produce hyperkeratosis and death in 
nursing calves even though their mothers showed 
only mild or no symptoms. 

Dry cows given 15 mg. per lb. body weight 
showed symptoms of hyperkeratosis as did lac
tating cows on the same dosage level. Apparently 
the symptoms in the mature lactating animal are 
not influenced greatly by the excretion of H.C.N. 
through the milk. 

Vitamin A Variability 

Cow 43-dry, acute hyperkeratosis; died; vita
min A plasma showed a marked dip on the 21st 
day-9.5 mcg. per 100 mI.-but on the 77th day 
(day of death) it was normal, 33.6 mcg. 

Cow 44-symptoms of hyperkeratosi&, but died 
of anaplasmosis; plasma vitamin A varied from 
14.5 to 55 mcg. 

Calf 44-nursed cow 44; died of acute hyper
keratosis, Figure 8; plasma vitamin A varied 
from 8.8 to 94.5 mcg. on 22nd day. 

Cow 46-no symptoms or lesions developed; 
vitamin A varied from 10.5 mcg. on 32nd day to 
3.7 mcg. 

Figure 8. Acute hyperkeratosis in nursing call in 1954. 
produced by dosing the calfs ·'mother with toxic grease. 
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Calf 46 (cfl) - first calf to nurse 
,plasma vitamin A varied from 10.5 
32nd day to 34.2 mcg. on the 46th day 
before death). 

Calf 46 (cf2)-second calf to nurse 
developed mouth lesions of 
ma vitamin A varied from 3.5 mcg. on 
to 13.95 mcg. 

Cow 47 dry; profuse lacrimation 
tom; died of anaplasmosis; plasma 
varied from 11.6 to 41.2 mcg. 

Previous work by Olafson and 
had shown that, on a body weight 
were more resistant to H. C. N. in 
cattle. Brock (5) reported on 15 ewes 
contaminated pellets along with 
sheep failed to show lesions. 
and co-workers published on 15 ewes 
H. C. N. They reported that mature 
withstand approximately 100 times more 
than calves on a per-pound body weight 

Following the acute hyperkeratosis 
of 1953, an experiment on sheep and 
on goats were conducted to determine 
tive toxicity of H. C. N. for these 

Thirteen healthy, weaned sheep 
to 118 pounds were dosed with 
ing 10 percent H. C. N. according to 
schedule following. Ten goats weighing 
pounds were dosed with toxic grease 
10 percent H. C. N. or its equivalent 
cent Halowax in oil), as shown in Table 

Sheep Study 

Thirteen sheep were used in this 
were healthy lambs weighing 62 to 1 
and were dosed at various intervals 88 

Sheep I-Initial weight 75 pounds. 
13 doses of 5 mg. per lb. at . 
intervals during 234 days by 
of 77 days with none; 6 doses of 50 
during 78 days followed by a period 
with none; 2 doses of 200 mg. per 
sheep died on the 488th day after it 
sumed 765 mg. of grease per pound. 

Sheep 2-Initial weight 95 pounds. 
13 doses of 5 mg. per lb. at annl'nV;'M"'. 
intervals during 234 days followed by 
of 77 days with none; 4 doses of 50 
and the sheep died on the 384th day 
consumed 265 mg. of grease per pound. 

Sheep 3-Initial weight 75 pounds. 
8 doses of 10 mg. per lb. at 
intervals during 141 days followed by 
of 77 days with none; 6 doses of 30 

*Compiled by H. Schmidt and T. E. 
cited, and by C. H. Bridges, associate 
ment of Veterinary Pathology. 



TABLE 9. EXPERIMENTAL GOAT DOSAGE SCHEDULE 

Weight Days between 
doses 

Total days 
treated 

No. doses 
given 

Total grease, .. 
mgperlb. Results 

Group I. Given Multiplex EP No.1 (101'0 chlorinated naphthalene) 
58 
77 
80 
40 
54 
47 

14 244 16 3,700 Died on 290th day 
Died on 166th day 
Died on 186th day 
Died on 167th day 
Died on 152nd day 
Died on 152nd day 

14 146 7 1.425 
14 172 9 2,325 
14 212 13 3,300 
14 201 12 3,000 
14 201 12 3,150 

Group II. Given Halowax 1014 in cottonseed oil (101'0 chlorinated naphthalene) 
91 7 78 11 4.400 Died on 86th day 

Died on 96th day 
Died on 37th day 
Died on 47th day 

80 7 56 9 4,500 
69 5 20 5 2,250 
61 5 42 9 4,050 

ing 78 days followed by a rest of 75 days with 
ne; 2 doses of 150 mg. per lb. and the sheep 

'ed on the 401st day after it had consumed 560 
mg. of grease per pound. 

Sheep 4-Initial weight 62 pounds. Received 
doses of 10 mg. per lb. at approximate 14-day 

mtervals during 141 days followed by a period 
f 77 days with none; 6 doses of 30 mg. per lb. 
uring 78 days followed by a rest of 75 days with 

llOne; 2 doses of 150 mg. per lb. and the sheep 
'ed on the 401st day after it had consumed 560 

. of grease per pound. 
Sheep 5-Initial weight 118 pounds. Received 

1 doses of 15 mg. per lb. at approximate 21-day 
tervals during 200 days followed by a period 
161 days with none; 3 doses of 100 mg. per 

, at 30 day intervals during 60 days followed 
f a rest of 180 days with none; two doses of 
50 mg. per lb. at approximate 45-day intervals 
uring 44 days and the sheep died on the 677th 
y after it had consumed 765 mg. of grease per 
undo 

Sheep 6-Initial weight 118 pounds. Received 
1 doses of 15 mg. per lb. at approximate 21-day 
tervals during 200 days followed by a period 

161 days with none; 3 doses of 100 mg. per 
. at 30 day intervals during 60 days and the 

heep died on the 451st day after it had consumed 
6 mg. of grease per pound. 
Sheep 7-Initial weight not recorded. Re

ived 3 doses of 150 mg. per lb. at approximate 
-day intervals during 62 days. The sheep died 

n the 93rd day after it had consumed 450 mg. 
f grease per pound. 

Sheep 8-Initial weight 85 pounds. Received 
doses of 20 mg. per lb. at approximate 21-day 
tervals during 148 days and the sheep died on 
e 328th day after it had consumed 180 mg. of 
ease per pound. Marked parasitic anemia con-
'buted to its death. 
Sheep 9-Initial weight 97 pounds. Received 

t doses of 20 mg. per lb. at approximate 21-day 
mtervals during 148 days followed by a period of 

61 days with none; 3 doses of 75 mg. per lb. at 
pproximate 30 day intervals during a period of 

60 days followed by a period of 180 days with 
none; 3 doses of 150 mg. per lb. at approximate 
six weeks intervals during 62 days and the sheep 
died on the 639th day after it had consumed 855 
mg. of grease per pound. 

Sheep 10-Initial weight 96 pounds. Received 
3 doses of 150 mg. per lb. at approximate 30-day 
intervals during 93 days and the sheep died on 
the 115th day after it had consumed 450 mg. of 
grease per pound. 

Sheep II-Initial weight 99 pounds. Received 
2 doses of 150 mg. per lb. at approximate 30-day 
intervals during 35 days and the sheep died on 
the 120th day after it had consumed a total dos
age of 300 mg. of grease per pound. Marked 
parasitic anemia contributed to its death. 

Sheep 12-Initial weight 96 pounds. Received 
3 doses of 175 mg. per lb. at approximate 30-day 
intervals during 93 days and the sheep died on 
the 113th day after it had consumed 525 mg. of 
grease per pound. 

Sheep 13-Initial weight 76 pounds. Received 
2 doses of 175 mg. per lb. at approximate 30-day 
intervals during 35 days and the sheep died on 
the 123rd day after it had consumed 325 mg. of 
grease per pound . 

Symptoms 

First symptoms were a loss of weight, lethar
gia and anorexia a few days before death. The 
weight loss was marked in the individuals with 
protracted illness. Excessive lacrimation was 
present frequently during the terminal stages, 
and most developed dyspnea which gradually in
creased until death. 

Pathology 

Liver-Color varied from tan to orange. En
largement of areas of nodular regenerative hy
perplasis was noted on the surface of three liv
ers. Others had the "nutmeg liver" appearance 
of chronic passive congestion. Fibrosis also was 
indicated. 

Abdominal Cavity-Ascites was present in 8 
of 12 sheep. There was a definite correlation of 
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the degree of the ascites with the degree of cen
trolobular (cardiac) fibrosis in the liver. 

Abomasum was not remarkable. 

Kidney was slightly swollen and cortex usu
ally pale. The medulla was congested. 

Microscopic Pathology 

Liver-Regenerative hyperplasia and moder
ate to marked centrolobular fibrosis were present 
in five sheep. Proliferation of bile ducts with 
fibrosis was evident in all animals. There was 
fatty infiltration in all cases. 

Kidney-There was regenerative hyperplasia 
of the renal tubular epithelium and a small de
gree of necrosis in tubular epithelium. Albumi
nuria was noted. Sheep receiving the largest dose 
(1055, 1076 and 169) showed necrosis of tubular 
epithelium. 

Pancreas - There was a slight ductal prolif
eration in three sheep. 

Abomasum-Only three sheep showed epithe
lial or glandular hyperplasia. 

Genitalia - Epithelial hyperplasia and squa
mous metaplasia were present in the two animals 
examined. 

Goat . Study 
The goats showed no clinical symptoms until 

shortly before death. Loss of weight and com
plete anorexia were frequent during the last week. 
The abdomens of some of the goats were slightly 
distended due to ascites. Lacrimation was ob
served in some animals. The animals finally be
came weak, recumbent and died. 

Pathology 
Liver-The color usually was normal, but they 

were enlarged and congested. Two livers showed 
a definite orange cast. 

Abdominal Cavity - There was ascites with 
edema of the mesentery in all but one case. 

Abomasum - Edematous thickening of the 
serosa was present in five goats. Several small 
ulcers were present in the mucosa of seven ani
mals. 

Kidney-Most of the kidneys were not re~ 
markable. One had pale streaks from cortex to 
medulla. 

Microscopic Patholog y 
Liver - Changes in the liver and bile ducts 

were remarkably constant in all goats. There was 
chronic passive congestion, regenerative hyper
plasia and some epithelial hyperplasia in bile 
ducts, but slight or no cirrhosis. 

Kidney-There was regenerative hyperplasia 
of the renal tubular epithelium and a small degree 
of necrosis in tubular epithelium. Albuminuria 
was marked in most of th.~ kidneys. 

22 

Pancreas - Mild epithelial 
present. 

Abomasum-Epithelial hyperplasia 
ent in all goats. The submucosa was 
in most cases. 

Uterus-Squamous metaplasia wa 
ing in goats which had received H. 
longer time. 

Genitalia--The genitalia was not 

Discussion of Results 
The amount of chlorinated 

quired to produce consistent death 
300 to 500 mg. per lb. body weight 
containing 10 percent H. C. N. or its 
in divided doses of 150 mg. per lb. 
at 2 to 4-week intervals over 30 to 90 
is approximately 30 to 50 times the 
the grease (10 percent H. C. N.) 
duce hyperkeratosis and death in 
on a per-pound of body weight basi 
mg. per lb. of grease containing 1 
H. C. N. as a minimum dosage).:; 

The goat apparently is extremely 
lethal poisoning with H. C. N. From 
given, goats could be considered to 
ima tely 140 to 450 times the lethal 
grease needed for large calves (based 
mg. per lb. body weight dosage). By 
ratio, goats could stand 5 to 10 times 
of H. C. N. needed to produce death 
This becomes more obvious when it i 
that goat 170 received 
grams of pure H. C. N. based on 
ing 10 perecent H. C. N. (Halowax). 

The clinical syndrome of h 
cattle was not produced in sheep or 

The pathological changes in goat 
lar to those seen in sheep. Brock, et 
tioned only centrolobular fibrosis in 
imental sheep. Both centrolobular 
fibrosis were present in this study. 
rence of the former appeared to have 
relation with the occurrence of 
biliary fibrosis did not. Centrolobular 
fibrosis was present in only one goat 
liferation of the bile ducts was 
biliary fibrosis. Squamous metaplasia 
inently marked in the goats' uterus and 
respect similar to cattle and sheep. 

The difference in lesions and 
goats, sheep and cattle is one of 
than of basic character. 

Acknowledgment is made to all 
and agencies who aided the research 

510 mg. per lb. for calves may be a little 
imum dosage but is used for convenience in 
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State-"Wide Resscllc 

* 
The Texas Agricultural Experiment 

is the public agricultural research 

of the State 

parts of the Texas A&M College 

Location of field research units of the Texas 
Agricultural Experiment Station and cooperating 
agencies 

ORGANIZA TION 

OPERATION 

IN THE MAIN STATION, with headquarters at College Station, are 
matter departments, 2 service ' departments, 3 regulatory 
administrative staff. Located out in the major agricultural areas 
21 substations and 9 field laboratories. In addition, there are 
stations owned by other agencies. Cooperating agencies . 
Forest Service, Game and Fish Commission of Texas, Texas 
U. S. Department of Agriculture, University of Texas, Texas 
College, Texas College of Arts and Industries and the King 
experiments are conducted on farms and ranches and in rural 

THE TEXAS STATION is conducting about 400 active research proj 
in 25 programs, which include all phases of agriculture in Tex 
these are: 

Conservation and improvement of soil 
Conservation and use of water 
Grasses and legumes 
Grain crops 
Cotton and other fiber crops 
Vegetable crops 
Citrus and other subtropical fruits 
Fruits and nuts 
Oil seed crops 
Ornamental plants 
Brush and weeds 
Insects 

Beef cattle 
Dairy cattle 
Sheep and goats 
Swine 
Chickens and turkey 
Animal diseases and 
Fish and game 
F arm and ranch 
F arm and ranch 
Marketing agricultural 
Rural home economics 
Rural agricultural 

Plant diseases 

Two additional programs are maintenance and upkeep, and 

Research results are carried to Texas farmers, 

ranch men and homemakers by county agents 

and specialists of the Texas Agricultural Ex

tension Service 

AGRICULTURAL RESEARCH seeks the 
WHYS, the WHENS, the WHERES and the 
hundreds of problems which confront op4na11ors 
and ranches, and the many industries deJ;.encliDQ' 
or serving agriculture. Workers of the 
and the field units of the Texas Agricultural 
Station seek diligently to find solutions 
problems. 
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