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The popular terms “lamkruis”, “swaaigat” and *litsiekte” probably
owe their origin to the most noticeable or prominent symptom of the disease,
namely paralysis of the lumbar region, which is manifested by a helpless swinging
or swaying of the lumbar region and hindquarters and often by knuckling over
of the fetlock joint, especially of the hind limbs.

Definition.

s

“ Lamkruis ” is one of the most common conditions affecting lambs in some
« our coastal areas and is associated with a copper deficiency. It is a non-febrile
disease . =cting lambs at birth or up to the age of a few months. The charac-
teristic symiptom is inco-ordination of movement (ataxia), resulting in frequent
<tnmbling, followed by paresis or total paralysis of the hindquarters and eventuallv
> animal dies in a state of emaciation. Pathologically therc is destruction of
myelin in the nervous system to a variable degrec. A typical degencration in
the spinal cord always occurs and in severe cases symmetrical cavity formation,
involving both cerebral hemispheres to a varying extent is seen. The condition
may be successfully checked in the progeny of ewes, which had been dosed with
or had access to copper supplements during pregnancy.

History.

Although a report on this disease appeared only recently (Landbouweekblad,
)46), there is plausible evidence that the condition is not a new ailment according
to some of thc older farmers. They have known *lamkruis” for over 20 years
and their parents and grandparents were well acquainted with it. Indeed, cases
of “lamkruis > were far more frequent in the past than at present. The apparent
lack of cases they ascribed to the improved farming and stock-rearing methods
anrd the dosing of their sheep with wire worm remedy or some other copper
s Hhate preparation.

The first reference to ““lamkruis”, to our knowledge, appeared in a note
dealing with conditions in sheep in the * strandveld ” of the Bredasdorp District
published in 1930 by Bekker and Rossouw. 1e disease is characterized by an
inability of affected sheep to raise their hindqnrarters, drageging them when forced
to move. As a lack of phosphorus in the sc and vegetation could be demon-
strated and the animals in this arca were suftering from aphosphorosis (fragility
of skeletal bones), the authors assumed that this condition resulted from fractures
in the pelvis. Small game (duiker and steenbuck) which abound there are said
to suffer from the same condition.

Subsequently in a brief communication, unning (1933) described a fatal
ataxic condition, “ swingback 7, a disease similar to ““swayback ” (Stewart, 1932:
es and Shearer, 1940), in Britain, affecting lambs some time after birth on a
n in the Stellenbosch Kloof. The post mortem revealed no significant lesions,
unfortunately, no special reference was made to changes in the nervous system.
ine author suspected a nutritional deficiency to be a contributory cause, and
mentioned that bone meal feeding, although having a beneficial effect, did not
revent it completely.

Thomas and Malan (1937) who visited the “ strandveld ” area during 1937
were inclined to corroborate the observations of Bekker and Rossouw (1930)
although they had no opportunity of seeing a *‘lamkruis ” case. They suggested

a dislocation of or fracture of the pelvic girdle gave rise to the paretic condi-

in up to the e of one , and probably was a complication of a
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degree of accuracy the actual extent of the affected country. Possibly the disease
has a much wider geographical distribution than was generally accepted. In this
connection the occurrence of a disease “swingback ” in lambs on a farm in
the Stellenbosch District may be mentioned (Dunning, 1933).

From our investigations it would appear that some areas are distinctly un-

healthy, and others quite sound, while others again present an intermediate state.

L an “affected ” or “ unhealthy > area the distribution of the disease may vary
distinctly from farm to farm.

In the “ Strandveld ” lamkruis is more prevalent in the areas where the soil
has a cretaceous origin or has limestone outcrops (* Duine ™ and * Voorduine 7),
but is absent where the nature of the soil changes to what is known as Riiensveld ™.
Farmers are apt to refer to the area along the shore consisting of flats and sandy
nes as the “duine ”; and dunes are made up largely of crushed crustacean
material. The * voorduine” are more inland, are at a higher level than the
“duine 7, the soil is firmer and is characterized by outcrops of limestone formation.
The Riensveld is further inland, is undulated and the soil has not so much lime.
The vegetation on the “duine ” consists mostly of grass and is considered to be
sweet. On the “voorduine ” the grass becomes sparser and is replaced by a
variety of low shrub, whereas the vegetation is even poorer on the ruggensveld
and has a distinct tendency to become sour. The surface area of Vredenburg*
and its immediate environs comprises: —

(1) Dispersed surface lime:—
(a) A preponderance of seashell deposits in the near coast belt, and
(b) Land shells further away from the coast;

(¢) Secondary surface lime deposits presumably presenting a transmuted
phase of (a) and (b).

(2) Two young granite intrusions.
(3) Aeolian sand deposits.

The affected area was subjected to two perinds of submersion during recent
geological times in all probability during the ocene-Miocene and Pleistocene.
In the former period the lime deposits were laid down and during the latter period

: land was again submerged to a depth of 100 feet or more below the present
sea level. The lime deposits formed during the Eocene-Miocene were eroded
to a marked degree, leaving typical terraces when the sea rcceded. Deposits of

5 calcium phosphates and iron-aluminium phosphates are distributed through-
out the affected arca.*

On the south coast the “ affected ™ strip stretches from closc to Knysna west-
wards, and varies in width up to approximately twelve miles in places. The soil
in s region is of a calcareous nature, consisting of calcareous blown sands and
consolidated limestone formations probably of recent origin, the sand often covering
the limestone beds. At irregular intervals this strip is broken by sandstone forma-
tion running right down to the sea or alluvial and other soils cover the calcareous
d oosits. In this area the incidence of lamkruis seems to be closely correlated
wuul the calcareous soils.

On the west coast the occurrence of lamkruis was found to be very pronounced
in the Saldanha-Bay-Vredenburg Areca. Here also the incidence was greatest
« the calcareous soils (calcareous sands and limestone formations), but was also

sonal cor inication by Dr. F. C. Truter. geologist, Pretoria.
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und to occur on farms with an admixture of soils of a calcareous and rc
granite origin. Much further south in the Stellenbosch District, lar ruis was
found to occur where the soils are mainly of granite origin.

Epizootology.

Although the vegetation along the coast is fairly luxuriant during the ran
season and is considered sweet, it becomes exceedingly sparse after the dry season
has set in. During the latter period the feed is not only unbalanced i~ regard to
protein, and carbohydrates but was deficient in other respects also.  rotein \
qualitatively deficient, vitamin A practically absent and a mineral deficiency.
especially of P is a serious limiting factor in stock rearing in the Bredasdo
“Strandveld ”* area. The P deficiency is complicated and accentuated by at leas.
two factors, ¢.g. protein deficiency and food scarcity (Thomas and Malan, 1937).
Stock rearing cannot be carried out here successfully. Horses contract * been-
siekte ” (osteofibrosis), cattle develop “ heupsiekte” (hip disease) and a discace
resembling “ Falling Disease ” of cattle in Australia (Bennetts et al.,, 1941a, 194
1942), and lambs become affected with * lamkruis . Older sheep become unthriftv,
their wool becomes “ stringy ”, and they die of malnutrition if kept continuou
on such veld. This last condition is known by several names such as * Duine-
siekte 7, “ Duinetering ”, and * Bleeksiekte 7. As suggested this condition and
“Jamkruis ” may have a common cause (Thomas and Malan, 1937; Du Toit a
Schulz, 1939). 1In this area young pigs are sometimes paralysed in the hir
quarters; but the cause of the disease could not be determined.

As a rule affected lambs may be born from ewes of all ages, but on some
farms, the older ewes, reared on the ““ affected ” area, were more prone to do so.
Presumably they are not carriers of “lamkruis ” as it does not follow that once
an ewe has produced a “ diseased ” lamb she will always do so. Either sex may
be affected with *lamkruis ” and while many .mbs are diseased at birth, symn-

toms appear in others only after a period varying from a few days to weeks ar
even months.

General Incidence.

The disease in confined to the progeny of ewes which have been pastured
continuously for several months on “ affected ” farms. There is no evidence that
it spreads to healthy districts despite transfers of stock from affected areas.
in other parts of the world where demyelinating diseases occur in lambs, it for
one of the most serious diseases of sheep in the coastal areas mentioned abc
Some irmers asserted that if the dosing of sheep with copper sulphate +
neglected, the mortality would be as high as 80 to 90 per cent. of the total lamb
cron on badly “affected country ™ (Du Toit and Schulz, 1939). The incidence,
however, varies considerably on different farms in a * lamkruis > area, and is even
known to vary on the same farm from year to year. In some flocks only a fi
cases may occur, in others the percentage of animals affected varied from 10 to S0
per cent., and in exceptional cases the incidence may be as high as 90 per ce
If certain measures, enumerated below, are adopted, the number of cases ¢
considerably reduced on “affected ” country. It would appear that, since la:
have been cultivated more intensely to produce higher wheat crops and the sh
dosed more regularly with wire worm remedy or other preparations containuy
copper sulphate, the disease has become less prevalent. By changing the grazing
periodically from strandveld to rliensveld or vice versa in the Bredasdorp, Riv -
dale and Swellendam Districts, the number of “lamkruis > cases is reduced w0 a
minimum. Therefore, most farmers who can afford it have * wisselplase ”, i.e.
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farms situated outside the affected area to which the sheep can be moved during
the year. However, diflerence of opinion still exists as to whether sheep should
be allowed to lamb on the strandveld or on the rlensveld. Another procedure to

'vent any serious losses is to purchase fresh breeding stock. usually from the

rroo, each season or two. The introduced animals should not be younger than
two tooth and should not be kept on the affected farms too long before the lambs
are dropped. On some farms sheep rearing has been discontinued, and only hamels
are kept on these properties.  After two to three wool crops have been obtained.
the sheep are fattened and sold to the butcher for slaughter (Du Toit and Schulz,
1939). In the Saldanha-Vredenburg area the procedure is to move sheep from
*affected ” farms to the “ Swartland ” (Malmesbury and Darling Districts) for
several weeks prior to lambing.

Climatic Influence and Seasonal Variation.

There is cvidence that climatic and seasonal variations have at least some
influence on the prevalence of the disease. It was recorded that during cold and
rainy spells at the beginning of June, 1941, the mortality in lambs of untreated
ewes on the farm Witteklip was considerably higher than that in lambs of the
control flock. However, towards the end of June under similar unfavourable
~limatic conditions there was no appreciable difference in the losses of the two

icks. It would appear that ““ lamkruis ” lambs are more susceptible to exposure
at the beginning of the lambing season than later. Cases of lamkruis, according
to the farmers, arc far more prevalent after a very dry summer than after a less
droughty one. There is no definite seasonal occurrence; lambs born at any period
of the year may develop the disease; however, more lambs are affected at the
beginning of the lambing season with lush growth of pasture than towards the
Iatter part when the vegetation is less luxuriant. It may well be thought strange

at most cases occur at a time when there is actually an excellent growth of
pasture, but, if the intra-uterine origin of the disease is borne in mind, the state
of vegetation during the greater part of the gestation period should be considered
rather than that at the actual time of lambing. In the ““lamkruis > areas, with a
winter rainfall, mating of the ewes takes place from November onwards and the
whole or part of the gestation period falls within the dry summer months. Now,
as a result of the prevailing arid condition, the increasing scareity of food leads to
cachexia and a marked nutritional deficiency in the sheep. especially in the pregnant
ewes which may reach its climax at the time the rains set in. This state may often
be accentuated by a heavy worm infestation. The lambs, thus, dropped early in
the lambing season, which incidentally coincides with the onset of the rainy season
and a marked improvement of the vegetation, are more likely to be born with
ataxic symptoms than those born later when the pasture is less luxuriant. Possibly
the mothers of the latter lambs have had an opportunity of improving their
condition while gestating and possibly the factors responsible for the malady could
haye been partially or totally eliminated. It seems feasable that the incidence of

2 disease would be much higher after a very dry summer than after a less severe
one. An interesting observation which seems to bear out this contention has

2en made by Bennetts and Beck (1942), in Australia. Exoverimental evidence
led them to believe that, in general, ewes in good strong condition at the beginning
of the gestation period are less likely to produce ataxic progeny than those in
poorer condition,

It would appear, therefore, that climatic and seasonal variations may indirectly
influence the prevalence of the disease and are predominently responsible for the
iatic inthe rlyinci
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Breed Incidence.

“ Lamkruis ” affects all breeds of sheep in the district. The disease has been
observed in Merinos, blackhead Persians., bastard sheep and in the progeny of
these breeds and their crosses sired by karakul rams. The nun 2r of cases was
too small to state definitely whether one or other of the breeds was more suscep-
tible to the disease.

Species Incidence.

3

The disease “lamkruis” is confined to lambs but somectimes affects kids
also. On some of the farms in the Vredenburg-Saldanha Bay Area on which
“lamkruis 7 is known to occur, young pigs at the age of a few months may
develop a posterior paralysis. The aetiology of this condition remains undeterminec
as no material was obtainable for histological or chemical examination. Adult
cattle in this area (farm Geelbek) may be suffering from a wasting disease
characterized by anaemia. From the data at our disposal the condition may be
associated with a copper deficiency (Truter and Schulz).

Age Incidence.

Lambs carried to full term may be still-born or may die shortly after birth
without any apparent reason. In * lamkruis”, however, most of the cases are
affected at birth and some show symptoms a few days to scveral weeks later.
whereas “ enzootic ataxia ™ is not often seen in lambs before they have reached
the age of from 3 to 6 weeks and generally not later than at four months, the
time of weaning. (Bennetts and Beck, 1942). As in man onc can assume that
demyelinating diseases in lambs have either a congenital or post-natal origin.

Hereditary Infliences.

From our investigations it would appear that “lamkruis ” is not hereditary in
nature. There is conclusive evidence that “ swayback ™ or “warfa™ is not =
hereditary disease. Cases have been recorded where slightly affected ewes nursc
perfectly normal and healthy lambs.

Economic linportance.

The exact economic importance of ““lamkruis 7 is difficult to assess, as the
actual distribution of the disease in this country is still unknown. However, the
losses sustained each year as a result of this disease must be considerable, if the
high mortality of lambs, the decreased value of the *“stringy ” wool, & expensec
mvolved in moving the sheep to better grazing and the periodical purchasing
fresh breeding stock are considered. In addition large tracts of coastal and semi-
coastal country arc totally unsuitable for sheep rearing and proper development
is restricted. As the administration of copper supplements to sheep in these ar
has proved an efficient prophylactic for © lamkruis ” and incidentally is responsi
for a better condition of the sheep and growth of wool, it would appear that these
vast tracts should be capable now of great development.

Svimptoms and Course.

il

The symptoms and course of ““lamkruis ” may vary considerably in the affected
animals. Three distinct types of “lamkruis ™, a congenital, a “delayed ” or
“chronic ”, and a post-natal, may be distinguished. The former type is noted at
shortly after birth of the lamb. Such an animal may lie prostrate on the grou
or ic rerymbent in the sterno-abdominal position, being unable to rise or suckle.
alt it ap rs otherwise apparently normal. The head is cither held ere
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normal in amount and distribution. In all cases no qhanges could be dgtected by
a rsory examination of the cerebellum, hypophysis, medulla, choroid plexus,
ana the whole spinal cord and peripheral nervous system.

A more detailed account will be published at a later date and will serve
further to illustrate the divergence of the morbid changes in the central nervous
system of “lamkruis ™ cases.

Histology.

Viscera—Apart from fairly extensive fatty changes in the liver and kidneys,
degenerative changes and haemorrhages of varying extent in the adrenals and
degenerative changes in the lymph glands of some animals, no significant lesions
were observed in the visceral organs examined of affected animals. As the
pathological changes enumerated were not constantly present too much importance
cannot be attached to them. The costo-chondral junction appeared normal in
the young animals, but in the older ones slight signs of atrophy were present.

Musculature —Slight to fairly marked diffuse fatty changes were confined to
several fibres of the semitendinosis, semimembranosis and psoas muscles of some
of the older lambs but these changes were not present in the muscles of any of the
young affected ones. Other muscles were, however, not collected and of the above-
mentioned only a limited number have been examined. The fatty changes cannot
be considered a constant feature of the disease.

Nervous System.—The histological changes in the nervous system vary con-
siderably in animals affected with “lamkruis 7. The variations are more marked

in the acute (severe) than in the chronic milder cases. The lesions are described
in fair detail below.

Brain.—No constant lesions were observed in the brains of discased animals.

1en noted their intensity varied from slight (marked congestion) to severe (cavity

formation). All gradations varying from congestion of the bloodvessels, oedema of

the brain substance, and foci of softening of the white matter, to extensive cavity

formation may be recognized in severe cases, whereas in a less marked case any

one or several of the enumerated changes may occur. In some, however, especially
in the older lambs, there were no apparent changes.

A striking feature of the acute disease is that the most pronounced lesions
are usually confined to the white substance of the cerebral hemispheres, but
exceptionally the cortex may be involved (Du Toit and Schulz, 1939). The
nature of the lesions in the cortex was that of a coagulating necrosis, whereas a
colliquaceous necrosis (intravitam autolysis) involved the white matter of the
subcortex. Demyelination and loss of axis cylinders lead to cavity formation, which
may vary considerably in extent. In the most severe cases the central white matter
is reduced to a thin subcortical layer around the cavity (fig. 4 and 5). Rarely do the
lesions extend into the deeper cortical layers. In the milder cases, as a rule, no
distinct cell changes were recognized in any part of the cortex, midbrain or brain
stem; the cells retaining their normal form, arrangement and structure in spite of
changes in the white matter. Where gross demyelination of the hemispheres is
present, however, there is a distinct derangement of the architectural structure of
of the cortical layers manifested by an apparent reduction of the pyramidal cells
and a definite increase in the other nerve cell elements. Degenerative changes of
varyi  degree and even int remaini py nidal
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nonstrated. Neither were any joint lesions nor affections of the muscles indica-
uve or bacterial invasions present. It may be reasonably assumed that the disease
is not of an infectious or contagious nature; normal lambs kept in close contact
with diseased ones never became affected.

A toxic substance either of vegetable or mineral origin in the ewes’ milk has
been suggested, but lambs suckled on ewes which had dropped lamkruis lambs did
not contract the disease. Apparently the causal agent was either not excreted by
the milk of the ewe as has been previously suggested for enzootic ataxia (Bennetts,
1935), or was present in such small quantities to have no hazardous results.
Lamkruis could not be associated with a poisonous plant or fungus infestation of
the pasture. Whether lead is a contributory cause can not be stated at present,
since this factor has not received attention in the past.

The strictly regional occurrence and the beneficial effect that change of pasture
has on the incidence of the disease strongly suggest a nutritional origin. The
possibility of a vitamin deficiency as a likely cause or as a complicating factor
cannot be definitely excluded, if the nature of the feed during the whole or part
of the gestation period is considered. However, an avitaminosis A or a lack of
vitamin E may be eliminated as likely causes, since the characteristic lesions of
these affections (mentioned above) were not demonstrable in the material examined
of “lamkruis” cases. Vitamin B should receive more attention in the future,
since feeds lacking in this ingredient may give rise to affections characterized by
demyelination in the nervous tissue.

An aphosphorosis as a contributory cause has been suggested in the pa
(Bekker and Rossouw, 1930; Dunning, 1933; Thomas and Malan, 1937) but one
oi the authors (Dunning, 1933) has pointed out that, although bone meal feeding
had beneficial effect, its use did not prevent the occurrence of “ swingback ” of
lambs in the Stellenbosch District and that some other factor must be involved.
Evidence was produced (Du Toit and Schulz, 1939) substantiating this latter
supposition, indicating that ““lamkruis ” was associated with a copper and not a
phosphorus deficiency. The paralytic condition formerly ascribed to fractures or
dislocation of the pelvis has nothing in common with this condition under s-
cussion. The lambs did not suffer from fragile bones and it was shown that the
bone structure of a *“lamkruis ” lamb did not differ from that of a normal lamb of
the same age. The term * lamkruis ” should therefore not be used in those cacec
resulting from fragile bones. The results of our investigation corroborate
above conclusion. It could be demonstrated that *lamkruis ™ is not prima
caused by a copper deficiency and a lack of phosphorus is probably not a con
butory cause as the animals (sheep) in the Saldanha-Bay area do not suffffer from
an aphosphorosis. Corroborative evidence was produced by examining the costn-
chondrlal junctions of older sheep, the bony structure of which being apparen
normal.

The exact role that copper plays in the aetiology is not understood, but
possibly it forms a link in a chain of contributory causes. We are not inclined
to believe that the demyelinating process which occurs in this disease can
reasonably explained by a mere co, er deficiency. The aetiology of lamkrus
still remains obscure but there is eviuence indicating that the lesions are of a
vascular and/or circulatory nature, presumably as the result of functional dis-
turbances, wnich are known to produce similar changes in the central nervous
system of the human being (Josephy and Lichtenstein, 1943). Abnormal prodvcts
may be formed wnich may further accentuate the morbid changes in the inv. ed
areas. Attention is drawn to a nutritional en _halo-malacia of chicks in which
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A OCHEMICAL INVESTIGATION ON THE INCIDENCE OF “ LAMKRUIS ~ IN Lam
IN THE SALDANHA BAY, VREDENBURG AND ST. HELENA BAY ENVIRONS.

(Remarks by P. K. van der Merwe.)
Collecrion of Material.

Blood —Blood samples (20-30 m.l) were collected from individual animals
in specially cleaned bottles containing copperfree Lithium citrate as anticoagulant.

Organs—After the post-mortem the organs (liver, kidney and humerus) wer»
efully washed with copper-free distilled water and stored in copper-free, purific
malin solution.

~ Pasture samples—Pasture samples (green) were collected and stored in glass
jars and dried before destructive changes could set in.

Methods of Analysis.

Reagents—The nitric and perchloric acids used in the wet ashing method
were carefully re-distilled in an all-glass unit to render these acids copper free.

It was found that a gradual resorption of copper from the bottle takes place
if these acids are stored for any length of time. This is especially the case with
nitric acid. It is advisable to prepare only small supplies of these acids at a time.

The copper content of analytical reagent sulphuric acid shows wide variations
and it is advisable to select (by trial and error) a batch with a low copper content.

The Determination « Copper.

A. Blood.—Three successive 5 ml, aliquots of the citrated blood are wet
ached according to the method of Eden and Green (1940), in a specially cleaned
inch by 1 inch tube.

The final clear acid residure is allowed to cool and two to three ml. water
~dded to hydrolyze the stable nitrosyl-sulphuric acid (a point not stressed in the
rature) and the contents of the tube again boiled to sulphuric-acid fumes.

The development of the yellow copper lake of diethyl-dithio carbonate and
¢ final measurement of the extinction in the Pulrich Photometer is essentially the
method outlined by Eden and Green (1940).

B. Organs—The livers and kidneys were cut in thin slices with a stainless
steel knife, dried to constant weight at 105° C. and powdered.

C. Pasture Samples—The pasture samples were dried to constant weight and
yresentative samples wet ashed.

It was found that the silica content of pasture samples exerts a marked
influence on the final values arrived at for copper.

Apparently absorption of copper on the silica particles takes place. This
is contrary to the findings of Piper (1938) who states that copper is precluded from
absorption on silica if plant material is wet ashed with perchloric acid.

It was found in the present study that the addition of a few ml. of a staturated
solution of copper-free sodium fluoride to the clear acid digest with a subsequent
vole ~ tion of hydrofluoric and hydrofiuo-silinic acids results in a quantitative

>overy of copper.
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Anaemia in Ewes ana ~ 'mbs.

The haemoglobin content of the blood of the ewes examined is definitely of a
low order. Mean values of the order 64 to 7-76 were arrived at for the various
groups.

From extensive work carried out by Bennetts and Beck (1942) it would appear
that a haemoglobin content of less than 8-0 points to an anaemic condition.

A “normal” haemoglobin value for the blood of lambs is more difficult to
arrive at, but from numerous determinations carried out both here and elsewhere it
would appcar that it is reasonable to accept haemoglobin values of less than an
approximate 9-5 as a manifestation of anaemia.

No definite correlation exists between the haemoglobin content of the ewc’s
blood and the blood of the progeny.

The haemoglobin content of the ewe’s blood is no indication of (a) the copper
content of the ewe’s blood, (b) the copper and iron status of the ewe’s organs
(kidneys and liver), (¢) the haemoglobin content - the lamb’s blood, (d) the copper
content of the lamb’s blood, (¢} the deveiopment of an ataxic condition in the
lamb.

The mean haemoglobin content of the blood of lambs examined is significantly
higher than the corresponding mean value arrived at for the haemoglobin content of
ewe’s blood.

Unfortunately no blood haemoglobin values are available for the blood of both
ewes and lambs from a “ healthy ” farm (Appendix [ group H).

The Blood Copper.

The concentration of copper in the blood of sheep in health or apparent health
shows a fair degree of variance. A normal value would reasonably fall in range
0-30 to 1:0 p.p.m. The lower value represents an average for healthy sheep on
winter grazing in the Transvaal. The higher figure represents on an average the
copper status of the blood of Karrco sheep pastured on vegetation with an
average copper content of 14 parts per million. Probably the upper figure of
this range is unduly high as it was shown at this Institute that some sheep pastured
on Karroo vegetation may develop enzootic icterus, a pathologic condition charac-
terized by a super-saturation of the liver, kidney and spleen with endogenous
copper.

The copper status of the blood of ewes and lambs in the experimental group
on the farm Witteklip (Coctzee) almost conforms to the lower *“ normal ” copper
Ievel. whereas the blood copper value of the ewes in the control group (dosed)
and not dropping ataxic lambs was within the *“ normal ” range.

On the other hand, the limited number of cases examined from * affected ™
farms in other parts of the Vredenburg district definitely show that (@) a low copper
status of the ewc’s blood co-incides with a very low copper content of the lamb’s
I >d (less than 0-1 p.p.m., this incidentally being the lowest concentration of
¢ per that can be determined with any degree of accuracy of 10 ml. of blood):
(uy the blood copper may fall to a very low level (less than 0-1 p.p.m.) without

yparently interfering with normal haemopoiesis.

In two cases (Appendix 1 group G) lambs were found to exhibit definite
symptoms of ataxia only when hard driven. These lambs were in the 6 to 8 weeks
group.
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Tt may be held to suggest that a grz 1al rehabilitation to a normal iron--
copper metabolism may take place but that the intra-uterine injury to the central
nervous system is permanent.

The Copper Status of the Organs.

The copper content of the livers of normal sheep falls within a very wide range
and depends on numerous factors such as (a) the copper content of the pastu
{b) the ingestion of copper-containing medicines, (¢) the actual mobilization o
endogenous copper during the development of enzootic icterus, a condition whi
apparently enjoys a certain incidence in this country.

From numerous determinations carried out at this Institute it would appear
that a copper range of 100 to 1,000 p.p.m. expressed on the absolute dry basis
constitutes a reasonable normal range. It was shown at this Institute that in
cases of enzootic icterus the copper content of livers of apparently healthy she
~ay reach the extreme value of seven thousand parts per million though the she

finitely had no access to exogenous copper.

Without a single exception the copper value of the livers of the ewes and
lambs from both healthy and affected farms in the Vredenburg district is at an

exceptionally low order and falls comparatively speaking in a narrow range
(2-2 t0 24°9 p.p.m.).

The striking depletion of the copper stores of the liver and kidneys is accom-
panied in the majority of cases examined by a marked increase above the norm
for the iron content of the liver and kidney.

This is identical to the state of affairs encountered by the Australian workeve
Underwood, Bennetts ef al. and in one isolated case by du Toit ar Schi
(1939) in this country.

In all cases examined and especially in the cases from farms other than the
farm on which the experiment was conducted the incidence of ataxia is coupled
with an exceedingly low copper content of both livers and kidneys. Again it
should be pointed out that a low copper status of the liver and kidney of the ewe
(in the cases examined) is not necessarily an indication that the developme
of an ataxic condition of the lamb is to be expected.

Five ewes from a “healthy ” farm (see Appendix I group H) have a mean
copper content of the liver of a lower order than ewes from * affected ” farms.
and yet the incidence of ataxia amongst this specific flock is unknown.

A significant difference between the ewes examined from the healthy farm
and the ewes from affected farms is the “normal” iron status observed for the
former group. The mean copper content of the livers of the lambs from =
“healthy ” farm is significantly higher than the mean value arrived at for lambs
showing definite and marked signs of ataxia. Of special interest is the compara-
tively high “ mean ™ copper content of the kidneys of these “healthy ” lambs.

The Iron Status of the Organs.

The livers of “normal ” sheep may vary greatly in their iron content and the
finite establishment of a“normal ” value 1s impracticable.

From available data it would appear, however, that a range of 500-800 p.p.m.
conld reasonably be held to represent a “ normal ” status of the iron posits of t
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seritnents with Lambs.

Experiment 1.-—The first experiment conducted in 1939, was of a preliminary
nature. On several farms in the afflicted areas healthy lambs of approximately one
or two months old were selected and each given half a dose weekly of the T.
mixture. Unfortunately some of the control lambs were also dosed as soon as
the slightest signs of lamkruis became evident with the result that the control
figures were not reliable. Although control lambs and many other lambs on these
farms contracted lamkruis, none of the lambs dosed developed any of the symp-
toms.

Experiment 2—In 1940 a series of controlled experiments were conduc
on six different farms in the Saldanha Bay-Vredenburg Area. On each farm a
number of lambs of from one to two months old were selected and divided at
random into three groups, two groups being dosed weekly with the salt mixture<
E and D and the third serving as control. On farm No. 10 mixture B was usc
a< very favourable results were obtained with this mixture the previous season.
1e experiment lasted for approximately three months.

TABLE 2.—COPPER AND COBALT SUPPLEMENTS FOR PREVENTING LAMKRUIS IN

LAMBS.
Group 1 Grour 11 ‘ Grour III (Control)
: : . . Water Methyl
Mixture E(Cu Co) Mixture D(Cu). Orange.
Farm Ref. No. ‘ | |
No. No. No. | No. No. | No.
Dosed.  Lamkruis. | Dosed. Lamkruis.| Dosed. !Lamkruis.
! —
15 ‘ 0 15 0 15 1
2 e e 10 0 10 0 10 0
R TR 10 0 10 0 10 0
Ao 10 ‘ 2 10 0 10 4
B 10 ~ 0 10 0 10 4
100 o 10 | 0 — — 10 6
TOTAL. oo .. 65 | 2 55 0 65 15
PER CENT.......... — | 31 — 0 — 231

Only two out of 120 lambs (1-7 per cent.) receiving copper or cobalt and
copper supplements developed lamkruis, whereas 15 out of 65 (23-1 per cent.)
receiving no supplements developed the symptoms of lamkruis. One of the
copper-cobalt group that developed lamkruis was probably on the verge of develop-
ing the symptoms when selected, as the first indications were noticeable only four
days after the commencement of the experiment. The other one developed it
a month later. We cannot account for these two cases as they were the only ¢ores
that occurred in all our experiments where a copper salt was one of the sup -
ments given to lambs or pregnant ewes.

It would appear from the above table 1at a copper containing supplement
prevented the incidence of lamkruis v 2n given to lambs as a weekly drench
an intake of 93-5 mgm. of copper sulphate ner lamb per week. As the co
salt alone ve as ~~od results as the coj zr-cobalt mixture, one may de:
that lamkius may ue associated with a copper deficiency in the n pastu
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..e outstanding feature of this experiment is that not a single lamb droj i

the dosed ewes contracted lamkruis, whereas 48 per cent. of the 'ambs born

'm the control ewes developed the symptoms. From this it is  ar that a

weekly drench of the B. mixture given to ewes kept on deficient pastures will

inhibit the incidence of lamkruis in lambs dropped from them. Another feature

is the higher lambing percentage of the dosed ewes showing an increase of 11-5

per cent. over the controls. Also the high mortality of lambs in the control group

is very striking. This can be accounted for by the high mortality amongst the
lamkruis lambs of which 77-5 per cent. eventually died.

Experiment 2—Giving Copper Sulphate i6 Ewes with a Feed (1940-41).—1In
this experiment only copper sulphate was allowed to ewes, not as a drench but
absorbed in crushed oats. The object was to ascertain whether copper alone
would have the same effect as the B mixture in preventing the occurrence of
lamkruis in their lambs and secondly to try an easier, yet equally effective means
of supplementing the trace element deficiency of the pastures. Crushed oats
was used for this purpose as it proved to be a good absorber of the copper sulphate
solution and the sheep take to it readily.

Jn each of the farms Nos. 5 and 8, 220 ewes were selected and divided
into three groups. Group I consisted of 150 ewes and were allowed a ration
once a week consisting of 15 1b. of crushed oats treated with 28 grm. of copper
sulphate in solution. This would allow an intake of 187 grm. of copper sulphate

r week per sheep. Group II consisted of 50 ewes which were dosed weeklv
with copper sulphate solution to give a weekly intake of -187 grm. of copper
sulphate per sheep. Group 111 consisted of 20 ewes which were to serve as
control. The ewes were all run together in the same flock. Rams were put in
with the ewes in December, supplementing commenced in February and con-
tinued for four months.

In the case of farm No. 5, to the surprise of the owner himself none of the
lambs of the control group developed lamkruis. It will therefore suffice to state
that also none of the 200 ewes allowed the copper sulphate dropped lambs that
developed the malady. It was however noticed that the percentage of lambs
was greater in the supplemented than in the unsupplemented group.

The results obtained on farm No. 8 are given in Table 5.

TABLE 5.

Influence of Copper Sulphate on the Incidence of Lamkruis.

No. ’ No. of No. Per Cent,

Grou No. of of Pregnant | Total in | Per Cent. of of
Aroup. Ewes. Ewes Ewes Lamb. in Lamb. | Lamkruis.
Lambed. Died. Lambs. Lambs.

‘ | N
1.(Cu OQats).... 150 83 30 ! 113 75 0 0
2.(Co)en ... 50 43 4 \ 47 94 0 0
3. (Control). .. 20 8 4 12 60 7 875

The main features of the results obtained on the one farm were: —

(i} The high incidence of lamkruis in lambs dropped by the unsupplemented
ewes. Of the eight lambs dropped alive seven contracted lamruis.
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(i) The complete prevention of lamkruis in lambs by supplementing the
mothers when pregnant with a copper salt only.

(iii) The high effectiveness of adding the supplement to the feed as com-
pared with the method of giving it as a drench. )

(iv) The higher percentage of the copper supplemented ewes that came in
lambs.

We may conclude from this experiment that ‘187 grams of copper sulphate
per cwe given weekly with the feed during the gestation period will prevent lamkruis
occurring in their lambs. If only small quantities of feed are given as in this
experiment, special care must be taken that all the ewes get their due share. Oats
was used as a meduim in this experiment at it was available on the farms, the
shecp took to it readily and it was grown in the copper-deficient areas. In general

ictice any feed can be used and it may prove practicable to incorporate the
icient elements in feed pellets that can be broadcasted to sheep.

Influence on Live Weights of Ewes.

The live weights of the ewes used in Exp. 1 were taken but no reliable

~onclusions can be drawn from these c» account of the high percentage of lambs

at died in the control group thus r eving the mothers from the extra drain
on their bodies caused by suckling lambs.

Influence on Haemoglobin Content of Blood.

During August 1940 haemoglobin determinations were made on the blood
« ewes used in Experiment 1. The determinations were made with a Sicca
haemometer. The Hb readings correspond with the Haldane standard. The
results are given in Table 6.

When comparing the whole of the dosed group with the control group it
appears that there is a significant difference in favour of the dosed group. However,
when the results of the individual farms are compared we find that only on one
farm (No. 7) did the dosed group show a significantly higher haemoglobin value

n the control group.

In the course of our various experiments 189 haemoglobin determinations were
made on the blood of sheep in the coastal regions and 56 in the interior. There
was found to be a general trend for higher values on the inland farms than on
the coast, the average being 79-7 per cent. for the coastal and 97-3 per cent. for

> more inland farms. Of the voastal regions Vredenburg-Saldanha Bay arca
gave on the average the lowest value. An outstanding feature was the very wide
variation: in Hb values amongst sheep.

Control Measures.
Any control measure should aim at preventing and not at curing ¢ disease.

If ewes are not given a regular change of pasture outside these coastal areas.
lamkruis may be controlled in their lambs by any of the following measures:- -

I. From the time the ewes are put to the ram they must be given a dose ot
copper sulphate at least once weekly at the rate of 0-187 grm. per ewe
per week. One ounce of copper sulphate to be dissolved in one gallon
of rain water and this solution given at the rate of one ounce per
shegp per week. Enamel, glass or earthern ware receptacles must be
used.

2. Where sheep take a lick the copper salt may be added to the lick,
Add 8 ounges of ¢opper sulphate to 100 1b of lick.
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3. The copper sulphate may be given with a feed. Add one ounce of
copper sulphate to the week’s ration of 150 ewes. The copper sulphate
should be dissolved in 1 gallon of rain water and this thoroughly mixed
with feed. The necessary precavton must be taken that all the ewes
get their due share of the feed. eeding should commence when the
ewes are put to the ram and shoula continue at least until lambing time.
Crushed oats have proved to be a good absorbent of the solution and
are readily taken by sheep. Copper sulphate may also be incorporated
in teed pellets or blocks for feeding sheep in lamkruis areas.

4. To lambs of one month and older whose dams had no copper supplements
or change to healthy pastures give half an ounce weekly of a solution of
one ounce copper sulphate in a g¢ n of rain water.

5. In Australia the topdressing of pastures at the rate of 10 to 20 lb. of
copper sulphate per acre has given good results. In the grain area of
our coastal belt the chief grazing is obtained from the grain lands
Fertilizing these lands with a copper salt for increased yields may
also prove to be a practical means for controlling lamkruis in these
areas. Experiments in progress are showing promising results.

Summary and Conclusion.

It cannot be claimed that the observations recorded have led to specific infor-
mation as to the cause of the disease known as ““ lamkruis ”, yet valuable information
has been obtained which makes it clear that the factors originally suspected, i.¢

phosphorus and copper deficiency. can now be disregarded as the primary aetiologic
factors.

An ataxia of lambs called “lamkruis” or “litsiekte ” was found to occur
on the south and west coast of South Africa, mostly on the calcareous soils
recent origin but also on soils of partly granitic origin. Clinically it is a non-febrile
disease characterized by a swaying gait in the hindquarters. When the lambs are
driven they stumble easily and fall on to their sides. The striking pathologic
feature is destruction of the myelin in the nervous system, and, in extreme cases,
symmetrical areas of softening or cavity formation occur in both cerebral hemis-
pheres. The white brain substance is principally affected. Cavity formation is
extemely rare in the spinal cord.

Lamkruis is probably identical with ot.._r demyelinating diseases affecting
lambs in various parts of the world, for instance, enzootic ataxia or ataxia of young
lambs in Australia and New Zealand, “ swayback ” or “ singback 7, or “ warfa”
in England and Scotland, and “ renguera ” in Peru, Patagonia and the Argentine.

“ Lamkruis 7 as we know it in this country only develops in the progeny of
c¢wes subjected to a pasture of a “low” copper content. Without a sin
exception the liver copper value of both ewes and their lambs was of a low orde1.

There is evidence, however, that a low copper content of the liver is not pathogno-
monic for lamkruis.

Presumably, therefore, the ataxia is not necessarily caused primarily by a
copper deficiency.

The ataxia is, therefore, probably not due to a copper deficiency alone. 1
this respect it differs from enzootic ataxia or ataxia of young lambs and is similar
to swayback and renguera. It is assumed that copper may only be a link of a chain
of contributory causes. The process of demyelination cannot be ascribed to a
st ctor such as a copper deficiency.
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It has been own that, although the common lesion-demyelination is an
itomical entity, its aetiology nced not necessarily be identical in each case.
view is cxpressed that in the case of *lamkruis” the lesions must be corrclated
with a circulatory disturbance and/or a possible defective tissuc anabolism brought
about by a deficiency of circulating copper. The bilateral symmetry of the lesions

suggests a systemic involvement.

The beneficial effect of administering co  zr salts to pregnant ewes in reducing
or preventing the appearance of *lamkruis in their progeny has becn demon-
strated. In this respect our findines are close agrecement with those of the
other demyelinating discases of lamos. It cannot be claimed, however, that the
administration of copper salt has a curative ¢ffect on diseased lambs.

The administration of copper salts to affected lambs may scem to have a
curative cffect in some cases. It should be remebered however that a number of
animals may recover without any trcatment at all. Apparent or total recovery,

robably depends on the extent and degrec of the lesion and the affected structure.

Presumably in “lamkruis ™ the demyelination is due to a patho-physiologic
rocess and the beneficial cffects of copper may be ascribed to its physiologic or
wicrapeutic properties rather than to its direct association with myclination.

The ataxia seen in ““lamkruis ” is presumably not associated with the lesions in

the cercbral hemispheres, since there was no relationship between the severity of

2 clinical symptoms and the extent of the lesions. The possibility that the ataxia

15 associated with alterations in the cerebellum or brain-siem or both, must be
considered.

The high concentration of iron and the low copper level in the livers of adult
sheep and lambs on “ affected ™ properties indicate a disturbance in the iron
metabolism and may possibly be duc to the absence from the food supply
of some factor (cobalt) necessary for its utilization as is the case in enzootic maras-
mus. Presumably most of this iron is immobilized and stored in the organs, since
only a very small amount is demonstrable in sections stained with Berliner Blue
and this docs not occur principally in the form of haemosiderin.

The hacmoglobin values for both ewes and lambs may reasonably be considercd
to be of a low order. However, thc magnitude of the values obtained is not such
that one is justified in stating that hacmoglobin synthesis and haemopoicsis have
scriously been affected, since a very low blood copper level (less than 0-1 p.p.m.)
apparently does not interferc with normal hacmopoiesis.

Evidence has been produced suggesting that a gradual rehabilitation to a
normal iron-copper mectabolism may take place but that the intra-uterine injury to
the central nervous system1 may be permanent.

It seems that the biochemical processes concerned in the copper and iron
metabolism of the body may proceed normally, in spite of a marked deplction of
the copper stores of the ewes and the developing lamb, and the condition mayv

irther be complicated by a significant deviation of the iron stores of the body
trom the normal.

Based on the present evidence we wish to emphasise a post-natal as well
as a pre-natal onset for ““lamkruis” and related diseases. Possibly all cases
developing within three months aftcr birth may be look=d upon as *“declayed ”

re-natal cases, whereas those occurring later are most lik - post-natal. Although
wie end results may be identical, the pathogenesis in the various forms may differ
in several respects.
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APPENDIX |.—Table of |

EWwEs,
Blood. Liver. Kidney.
Group.
Hb. Cu, G Fe. Cu. Fe. I
o | | [
Ay s, st Ao | 826 0-38 13-68 945-2 5:21 120-1
| 902 0-26 14-93 1,582 8-34 240-2
5-31 0-24 11-14 2,212:4 4-91 8706
5-31 0:30 12-28 1,713 5-78 90-7
1) . 697 0:295 13-0 1,6131 6-06 330-4 )
i . | s I ¥
B s oesonse: s ST 8:90 0-32 — — 2 —z 1
6:0 0-30 — — — -
664 0-36 13-80 3,267-4 3-8 216
7-89 0-28 — — — ——
9-16 0-34 — —_ e —
6-31 0-38 9:02 965-7 - —
Mean e wses sewases 7-48 0-33 11-41 2,116-5 3-8 216 !
— —_ No materilal from ewels. — =
R L onnsn DN - — 7-85 584-1 — e |
§:37 0-24 10-76 2,611-4 — o |
8:26 0-30 11-26 2,119-0 —- -
Mean,............. 8-31 0-27 9-96 1,771-5 — -
— No ;a!eri al [I'D:’l ewels. — — =
Bl o snmsig wuss 7-89 0-22 9-51 1,445-7 — |
7-43 0-24 15-84 1,247 —
6-47 0-36 22-58 9543 — —
5-49 0-44 11:05 1,690 — —
Mean:: v s 6-82 0-36 14-77 1,334-2 — —
Bocnic saim i 005062 8-54 0-24 7-16 2,481 5-84 283
5-61 0-38 10-27 1,844 9-24 441
6-16 0-42 24-91 1,910 14-82 534
8-48 0-36 17-82 844 13-74 84:6
MEHT .o in wamarims @ 719 0-35 15-04 1,519 1031 335-6 |
B s oa o 5. 5-49 0-30 — — — -
7:52 0-36 8-09 1,032 6-82 96
7-39 0-22 16-41 392-6 11-42 220
Mean.............. 6-80 039 12-25 6061 9-12 158
. No ;ateri al from ewels. — —
Hicoin s s — — 11-08 629-4 9-34 849 |l
— 8-21 936-9 8:93 118:6
— — 9-0 459-5 8:66 92-8 77-78b
- - 12-25 4285 10:42 138-3
— - 8-5 394-9 9-72 72:6
Meéatt e woamdaom — — 9-80 569-8 9-41 101-44 ’

* The copper and iron values on liver and kidneys are expre

77_7%a whole blood. Haemoglobin expressed in grams per 10(
From the above table it will be seen that material was collec

severe symptoms which varied from slight ataxia to pro



APPENDIX I.—Table of Work done on the Farm Witteklip and Grouped according to the Age of the |

77-78a

~elf—

FOETI AND LAMBS,

Blood. ‘ Liver. Kidney.
. Group = 1 1
| ’ Hb. | Cu Cu ’ Fe Cu. | Fe.
B |
' 1
|A. Foeti............ 8-72 0-40 91 1,015 20 | 530
8-00 0-42 g-2 786 43 21-9
11-00 0-36 7-6 957-3 1-8 196
601 0-34 89 1,688 3.7 75-8
Mean.............. 843 0-38 8-45 1,338-6 32 42-6
B. Lambs at Birth.... - — — —— — —
— - 10:9 1,981 2:9 72-6
{jor 032 | 82 1,788 54 928
Mean. ... -7 0-32 9-55 1.885 43 827
| 9.71 018 5-62 3111 1-8 443
i 9-87 0-20 515 3,709 27 580
7-80 0-15 5-43 1,684 2-1 320
9-02 0-22 5-64 | 2,430 2-9 283
11-00 016 691 2,156 1-65 23]
1036 014 631 4714 1-38 457
10-71 0-16 4-64 | 6237 2-25 728
Mean.............. 9-78 0-17 5-67 3434 211 434-5
C. Lambs about 1| 815 0-28 7-34 1,943 5455 473
Week Old 9-50 0-32 7.56 | 2,780 313 541
11-00 030 872 1,293 2-18 323
Mean.............. 9-55 0-30 7-87 2,005 2-74 446
9-16 0-10 535 | 4,832 5-48 691
10-36 | <0-10 7-44 5.403 473 651
709 | <0-10 2-20 641 3-18 219
60 <0-10 640 1,206 2-34 273
Mean. .. ........... 815 | <010 5:35 30018 3-93 458-5
D. Lambs about 2| 105 0-20 892 1,720 3-75 218
Wezks Old. 11-48 038 942 1,281 428 385
9-79 035 12:62 | 2,020 2-92 428
9-71 0-30 659 1,491 2-85 194
Mean.............. 10-37 0-31 9-39 1628 3-43 306
E. Lambs about 3 | 10-11 0-20 6-57 5,977 4-97 1,948
Weeks Old 9.7l 0-38 11-32 1,911 6-54 283
8-90 0-50 10-46 1,243 5-82 107
9-87 0-24 872 1,782 4.32 59
7-80 0-16 5-46 3.462 2-46 493
MBS o vws oo s 9-28 0-29 850 | 3,055 482 578
F. Lambs about 1 | 10-20 0 34 9.87 1,874 5-84 229
Month OId 9-80 0-40 9-02 1,242 766 308
9-54 0-36 8-72 893 3-92 117
Mean.............. 9-85 0-37 9-20 1,336 5.80 218
G. Lambs about 6-8 | 12-63 0-28 8-07 1,095 6-54 97
Weeks Old 9-57 0-20 3-79 | 2,237 1-55 252
Mean. ............. 11-1 0-24 5.93 1,666 404 175
H. Healthy Ewes and - - 10-23 3,258 9-42 278:2
Lambs from the — s 13-29 | 2,016 10-57 357-4
Farm Skuitjiesklip o 10-87 2,561 11-64 620-4
= — 26-93 3,557 14-42 153-5
- 11-34 | 3,480 10-38 218-7
Mean. . ............ — — 14-53 | 2.974 11-28 325-6

.u

77-78¢

—

| iron values on liver and kidneys are expressed in parts per million on absolute dry basis.

Haemoglobin expressed in grams per 100 cc.
:able it will be seen that material was collected from 58 animals, of these 18 were ewes, 35 lambs and 5 foetuses.

oms which varied from slight ataxia to prostration, All the lambs showing symptoms are marked with asterisks.

77-78b

The copper value for blood is expressec

Twenty of the lambs
One ewe (X) shc
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rding to the Age of the Lambs.

77-78b

SWART.

REMARKS.

Foetus nearly full time.
Foetus nearly full time.
Foetus nearly full time.
Foetus nearly full time.

Lamd was placed in formalin. Contaminated with copper. Ewe was only bled.

Lamb born and died during night, Material collected 6.6.41.
Lamb born and died during night. Material collected 7.6.41.
Material of lamb useless for histological purposes.

*Lamb showed slight symptoms in hind limbs.

Lamb was placed in formalin. Contaminated with copper. Ewe was only bled.

*Lamb showed marked symptoms of disease.

*Lamb showed marked symptoms of disease.

*Severe symptoms but less marked than above.
*Symptoms less marked than above, able to rise.

*Severe symptoms of disease, unable to rise.

*Symptoms not quite as severe as above. Moves head.
*Symptoms not quite as severe as above. Holds head up.

Ewe died, lamb showed slight symptoms in hindquarters.
Lamb showed no symptoms; slight increase of fluid in cranium.
Lamb showed nothing unusual except some dermatitis.

*Slight symptoms in forelimbs.

“Distinct signs of ataxia. Walks with hind limbs sideways.
*Severe symptoms. Lamb lies prostrate.,
*Distinct signs of ataxia in hindcuarters.

*Lamb showed distinct sign of ataxia. Unable to keep balance, somersaults. Ewe only bled.

*Slight ataxia in hind limbs, myosis and dermatitis.
Lamb shows nothing unusual except some dermatitis.
*Lamb well grown, slight ataxia in hind limbs.
Lamb appears to be normal.

Lambs appeared normal. Both not killed.

*Lamb weak, knuckles over in hind fetlocks and falls on side,
Retarded growth, poor condition and myiasis in lamb.
Lamb apparently healthy, shows no symptoms.

Lamb apparently healthy. No symptoms.

*Slight symptoms in hindquarters.

Lamb shows no symptoms. Ewe and lamb not killed,
Lamb shows no symptoms. Ewe and lamb not killed.

Lamb apparently healthy, shows no symptoms.

Lamb apparently healthy. No symptoms noted.
XEwe slight signs of ataxia. Lamb no symptoms noted.

Lamb no symptoms noted. Ewe and lamb not killed.

*Lamb in good condition. Marked symptoms of ataxia when driven.
*Lamb in good condition and well grown. Signs of ataxia when forced to run.

Lamkruis has never been known to occur on this farm.

value for blood is expressed in parts per million

etuses. Twenty of the lambs showed either slight or 77-78c

asterisks.

One ewe (X) showed slight symptoms.





