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ENZOOTIC ICTERUS - A FORM OF CHRONIC COPPER POISONING

G.F. BATH

ABSTRACT: Bath G.F. Enzootic icterus — A_form of chronic copper poisoning. Journal of the South African Veterinary
Association (1979) 50 No. 1 3 (En) Private Bag X528, 5900 Middelburg, Rep. of South Africa.

The findings of a recent investigation into the epizootiology, course, symptomatology, gross pathology, chemical pathology
and prevention of Enzootic Icterus are presented and the findings of previous investigations on these and other aspects are re-
evaluated. Enzootic Icterus and chronic copper poisoning are shown to be identical in all fundamental features. Both diseases
are characterised by sudden onset, high mortality, icterus, anaemia, haemoglobinaemia, methaemoglobinaemia, haemoglobinu-
ria and deeply pigmented kidneys. There are no described microscopic features on which the diseases can be differentiated.
Very high levels of copper in the blood, liver and kidneys are found in both diseases. In the present work 36 liver specimens
had a mean copper concentration of 701 ug/g. Of 31 kidney specimens no values under 10 ug/g were found while the mean was
107 ug/g. Prevention of Enzootic Icterus by salts of molybdenum given orally confirms the identity. No close relationship with
Geeldikkop is found other than the probability that the two diseases may act synergistically. Interpretation of existing knowl-
edge of mineral levels of natural grazing in the enzootic region shows that the levels can account for the presence of chronic

copper poisoning, although more investigation is required.

INTRODUCTION

Although enzootic icterus (EI, geelsiekte) has been the
subject of numerous studies, either direct of indirect, its
cause has remained the subject of considerable contro-
versy®-11 13 21 26 27 3641 4547 38 Brown and his co-workers
considered that EI and geeldikkop were different mani-
festations of the same disease condition, possibly sub-
clinical selenium poisoning®! '* 4547 byt this has not
been satisfactorily confirmed3®#! 45 47, No experimental
cases of selenium poisoning resembling either EI or
geeldikkop have been produced. Instead, later work
has shown that geeldikkop is distinct in both its aetiolo-
gy and pathology®.

Earlier workers quoted by Brown® 1° noticed that
close similarity between EI and described forms of
chronic copper poisoning. Notwithstanding these simi-
larities, Brown came to the conclusion that copper
poisoning was not involved in the aetiology of the dis-
ease®!! % However, the generally very high liver cop-
per levels found by him and others? #7 40 jn.cases of EI
were not satisfactorily explained. Erasmus? %7 has de-
monstrated that it is extremely unlikely that they could
have been the result of low grade haemolysis, and
noted that cases of EI had high levels of liver copper
while those in geeldikkop cases were generally normal®
*7. The constant presence of high liver copper levels in
EI remains unexplained except on the basis that the
disease is a form of chronic copper poisoning. Previous
conflicting findings on geeldikkop and EI have led to a
complete reappraisal of ovine diseases involving icterus
and photosensitisation. .

Numerous aspects of EI have been reviewed and in-
vestigated between 1972 and 1977. Since Browns!
considered that geeldikkop and EI were different forms
of the same disease condition, an immediate difficulty
was obvious. If all diseases involving icterus and photo-
scnsitisation in the enzootic region were to be investi-
gated on the assumption that they were aetiologically
linkcd, a very corifusing picture might have emerged. It
was accordingly decided that to qualify for the descrip-
tion of EI, the presenting syndrome had to have at least
Some of the diagnostic criteria by which EI is generally
recognised® 2!, These include icterus, anaemia, hae-
moglobinaemia, methaemoglobinaemia, haemoglobi-
::;13 and deeply pigmented dark brown to black kid-

S.

Slngc the prime aim of this investigation was to try to

establish beyond reasonable doubt whether or not EI is

a form of chronic copper poisoning, most investigation
was directed specifically to this end. This paper records
the findings in the present investigation and compares

- them to previous findings. Certain previous work is re-

evaluated in the light of the present investigation.

EPIZOOTIOLOGY

El occurs in sheep originating from a large area of the
Cape Province and the southern Orange Free State.
The approximate known extent of the main enzootic
area is indicated in the accompanying map (Fig. 1).
Areas outside this main area may experience the dis-
ease and conversely many farms within the area have
never reported cases. The southwestern part of the area
is most severely and frequently affected, but severe
outbreaks may occur almost anywhere in the area de-
pending on local circumstances. It is sometimes striking
that a particular farm may suffer regularly from the dis-
ease while neighbouring farms are apparently unaf-
fected. More commonly a whole region is susceptible to
outbreaks. A map showing actual incidence on specific
farms would thus be a patchwork throughout the gen-
eral region.

The enzootic area generally lies above 1000 m above
sea level and geologically is part of the Dwyka, Ecca
and Beaufort Series which consist mainly of shales,
sandstones and doleritic intrusions!? 13 3% A constant
feature of farms where the disease regularly occurs is
the presence of these doleritic intrusions, although they
are also found on many unaffected farms. The topogra-
phy of the area varigs from fairly mountainous regions
to undulating, brokén veld and flat, almost featureless
stretches of country. Most affected farms include
mountainous or hilly aspects.

Rainfall is generally low and falls mainly in the
second half of summer. As would be expected in a high
inland region, temperatures vary considerably both
daily and annually and very cold winters followed by
very hot summers are the rule.

It is evident from the accompanying map that the en-
zootic area covers a number of veld types’. As a general
rule, farms on which EI is encountered have been sub-
jected to bad veld management practices, although this
is not always the case. Well managed farms seem to suf-
fer less severely from outbreaks.

Outbreaks of the disease are brought on by a variety
of factors, which all involve a form of stress. In the first
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Fig. 1. The approximate extent of enzoctic icterus. Points do not represent actual outbreaks but rather the incidence in each district.

instance transportation or trekking, especially when ex-
tending over several days, is a potent trigger for the dis-
ease. Under these circumstances EI is found through-
out South Africa in sheep which emanate from the en-
zootic region. Within the region the most common fac-
tor is poor nutrition, brought on by deterioration of the
veld in late winter and early summer when little rain
falls and dry westerly winds blow. It is generally agreed
by farmers that most cases occur between September
and December but often large outbreaks can continue
into March. Outbreaks are more common and severe in
drought years than in good years. Farmers are almost
unanimous that during such outbreaks, good rains bring
a halt to further deaths, although many cases can still
occur within the first two weeks after rain has failen.
The latter phenomenon is probably related to a sudden
change in grazing and also happens when sheep are
brought onto lush pastures. In these cases an apparent
improvement in nutrition is responsible for initiating
the disease.

Other stress factors, particularly when in combina-
tion with each other or with poor nutrition, can cause
sporadic outbreaks at any time of the year in enzootic
areas. These factors include sudden changes in weather,
dosing, dipping, inoculation, shearing, lambing, preg-
nancy and lactation. Frequently sheep are driven for
several kilometres and held for prolonged periods for

shearing, dipping or dosing before being returned to
their pastures. Sometimes other diseases act as a stress
factor and precipitate an outbreak. In all these cases at
least an element of digestive disturbance and tempo-
rary or relative undernutrition seems to be the common
factor. In some outbreaks no obvious form of stress can
be identified. -

The disease occurs in all breeds of sheep which are
kept in the region. Because the Merino or its variations
and crosses is still the dominant breed in the region,
most cases occur in animals of this type. British mutton
breeds like the Hampshire Down seem relatively more
susceptible to EI although few are found in the enzootic
region. On farms where both Dorpers and Merinos are
kept, most farmers agree that Dorpers are relatively
more likely to develop the disease and die more readily
and rapidly from its effects. Goats are very seldom in-
volved and no cases have been seen in cattle or other
domestic species.

Rams, wethers and ewes can all contract the disease.
Ewes are most frequently affected, probably partly be-
cause they are kept for a long time for breeding pur-
poses and are more subject to stress when pregnant,
lambing or lactating. Because of their value, rams are
often given special care and feeding, which appears to
render them less susceptible. In wethers, there is an ap-
parent lower incidence ccmpared to ewes but this is
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probably due to their smaller number, comparative
youth when sold, and the absence of additional stress
related to breeding which is present in ewes.

A characteristic feature of EI is that almost without
exception only the older sheep of the flock "are in-
volved. The discase is extremely rare in sheep under six
tooth while old worn-mouth animals constitute the
overwhelming majority of clinical cases and deaths.

In most outbreaks the animals have lost some con-
dition before the discase begins. This is probably the
result of poor grazing and undernutrition as already
outlined. While sheep in poor condition are more likely
to develop the disease, those in good condition when
they do develop EI seem more likely to die suddenly.

Morbidity varies considerably depending on the epi-
zootiological factors involved. Usually it is between 0,5
and 5 % of the total flock but may reach 10 and even
20 %. A number of subclinical or inapparent cases may
also be present. Mortality is usually between 90 and
100 % of those obviously clinically affected.

Total losses in the region are difficult or impossible
to determine with any great accuracy. The area is huge,
there are few veterinarians or stock inspectors, and
many farmers are not aware of the disease or do not re-
port outbreaks. However, the enzootic region contains
over five million sheep according to the 1976 stock cen-
sus. Judging by the number of farmers who report
losses of between 20 and 200 sheep in different years,
the total loss in the region must be considerable. Prob-
ably at least a thousand sheep die annually but this
figure rises to well over ten thousand in bad years, de-
pending on various factors outlined previously. Addi-
tional economic losses are sustained in the loss of pro-
duction in survivors of milder attacks and there are in-
dications that sheep on El-prone farms may suffer
more from other unrelated diseases, especially when
these act as a precipitating stress factor for severe or
mild forms of EI. .

The findings on epizootiology in the present work
are largely in agreement with previous workers!? 1! 21 38,

COURSE OF THE DISEASE

In ET it is of prime importance to appreciate that the
stage the disease has; reached in individual animals
when examined considerably influences the symptoms,
necropsy findings and chemical pathological charac-
teristics encountered.

There is firstly a preclinical or incipient stage which is
only detected in apparently normal sheep in the flock
on close examination and, more commonly, by blood
analysis. Sometimes these preclinical cases may pass
over into inapparent, very mild haemolytic attacks
which are generally not noticed by the farmer. Normal-
ly, however, the preclinical phase is very rapidly fol-
lowed by a severe haemolytic episode which is so
characteristic of‘the disease. Again, sometimes this
Crisis may be fatal within hours but usually the animal
will survive for between twelve hours and four days of
becoming obviously affected. During this period fur-
ther'haemolytic crises may occur. In some cases sheep
survive well beyond four days and may even recover
completely over a period of thirty days or longer.
Often, however, they eventually die either from further
haemf’lySiS or secondary complications like nephrosis.

This clinical spectrum forms an infinite series of gra-
dations between mild or inapparent forms, the charac-

5

teristic severe .peracute and acute forms, and chronic
survivors of mild or severe episodes. If additional
severe or mild haemolytic crises occur at any stage, the
picture will naturally be further complicated. Gen-
erally, the duration of illness is inversely related to the
severity and rapidity of haemolysis. It is further
influenced by the breed, age and condition of the fiock
as well as the particular stress factors involved in pre-
cipitating an outbreak. Although clinical EI may run an
acute or chronic course and may be accordingly more
or less severe in individual animals, these differing
forms should not be interpreted as completely distinct
entities but rather as representative forms within a
large spectrum. When mention is made of these forms
the description should be seen in this light.

Although this description is essentially the same as
previous workers® 2! completely distinct acute and
chronic forms, without intermediate forms, are not rec-
ognised.

SYMPTOMATOLOGY

In many cases the course of the disease is too short for
symptoms to be observed under field conditions. Symp-
toms observed depend very largely on the time interval
between initial haemolysis and examination, as well as
the severity and number of haemolytic episodes. The
breed, age, condition, breeding status of ewes, as well
as the particular stress factors involved in an outbreak
and the presence of other intercurrent diseases in indi-
vidual sheep also modify the symptom complex. The
presence of other diseases would of course severely
complicate a description of characteristic symptoms;
their influence in cases of EI is accordingly discussed
separately.

Although the majority of affected animals are in
poor condition when first showing obvious signs of EI,
many are in fair or even good condition. As the disease
runs its course survivors become progressively more
emaciated. Typically sheep become apathetic and list-
less and frequently stand or lie alone for long periods in
one position with the head lowered. Affected sheep
often have an unsteady gait and lie down readily. When
driven they lag behind the flock, frequently fall down
and are unable to rise for a time. Anorexia is usually
total. Nasal discharge, conjunctivitis and keratitis are
sometimes seen in chronic survivors.

Respiration and heart rate are rapid even at rest but

“are most obvious after slight exercise. The pulse is

strong initially but'weak terminally. Body temperature
varies considerably. depending on the stage of the dis-
ease, ambient temperature and degree of exercise. In-
itially it is high and falls terminally. The faeces are
usually hard and dry, dark brown in colour and may be
covered by mucus which is sometimes tinged with
blood. In some instances diarrhoea may be present.
Palpation of the rumen usually reveals atony.

The most characteristic signs of EI are seen in the
mucous membranes, urine and blood. Visible mucosae
may be pale to very pale depending on the duration of
symptoms. In peracute cases there is little sign of anae-
mia, while the chronic survivors are characterised by
severe pallor. On this pallor a very characteristic dirty
brownish, greyish or greenish jaundice is usually super-
imposed. Like the anaemia in peracute cases, jaundice
is sometimes slight initially, increases to a height in sub-
acute cases, and falls to become slight or absent in
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chronic cases. The characteristic dirty discolouration is
-usually only seen in the first few days. It is difficult to
draw blood because of collapse of the veins. In acute
cases the blood is very watery and commonly a dark
brownish-red colour. The urine is a very characteristic
reddish-brown to almost black colour in acute cases,
while it becomes progressively more normal in chronic
survivors. Haemoglobinuria can be suspected if dark,
damp patches are seen on the ground where an affected
sheep has been standing.

The symptomatology as described here is generally
in agreement with previous workers? 2.

GROSS PATHOLOGY

Necropsy findings are modified by the same factors
which influence symptomatology. Carcasses are usually
in poor condition and often emaciated in chronic cases
but poor condition is not invariably present in acute
cases. Icterus is usually a prominent feature, though it
may be absent in animals which die in the peracute or
chronic stages. Sometimes icterus only becomes appar-
ent some time after the carcass has been opened. It is
usually a characteristic dirty brownish, greenish or
greyish yellow but can also be bright yellow. Carcasses
commonly contain scanty blood which clots poorly and
is often a characteristic dark brownish red colour.
Anaemia together with emaciation is the most striking
general feature in chronic cases.

Skeletal musculature is usually dark red. The lymph
nodes are swollen and moist in acute cases and atro-
phied in chronic cases. The medulla is characteristically
pigmented a brownish-green colour. The spleen is
usually enlarged and the contents are dark red to brown
and often pulpy.

Gastrointestinal stasis is common but not invariably
present. The walls of the gastrointestinal tract are
usually atrophic and the contents are hard and dry es-
pecially in chronic cases. Sometimes blood or bloody
brownish contents are found in the intestines. Haemor-
rhages may be found in the wall of the digestive tract
and elsewhere in the carcass. The heart is usually pale
and flabby. Lung oedema, hydropericard, hydrothorax
and ascites are common and the fluid is usually brown-
ish or yellowish.

In peracute cases the liver is reddish, while in acute
and subacute cases it is a dirty brownish yellow to khaki
colour which gradually returns to normal in chronic
cases. The consistency is initially friable but becomes
progressively firmer in later stages of the disease. Lobu-
li are prominent in acute stages and are a pale yellow
colour. The liver is initially swollen, smooth and tense
but progressively becomes smaller and more irregular
in chronic cases. The gall bladder becomes progre551ve-
ly distended with thick, greenish bile.

The most constant and characteristic lesions are seen
in the kidneys, which are always pigmented. Initially (in
the peracute form) pigmentation can be relatively slight
and the cortex is irregularly mottled by dark red or
brown areas which extend into the medulla. Much more
commonly the entire kidney is deeply coloured a dark
reddish-brown, grey-brown or black. Sometimes faint
irregular mottling between these colours can be seent on
close examination of the surface of the cortex. The
colours extend as radial streaks into the medulla, which
is often difficult or impossible to differentiate from the
cortex. In this classical acute phase, which constitutes

over 90 % of deaths, the kidney is also grossly swollen
and very friable. In chronic cases which relapse and die
or are slaughtered, lesser changes are seen. The kidneys
appear dark greyish brown and are not grossly swollen.
If urine is present in the bladder, it is reddish to brown-
ish-black in the acute phase, while in chronic cases it
may appear normal. Usually carcasses decompose very
rapidly and have a very unpleasant smell within hours
of death.

Gross pathology of EI reported previously? ?! is in
agreement with present findings in most respects.

CHEMICAL PATHOLOGY AND HAEMATOLOGY

Since the present investigation was largely intended to
establish whether EI is essentially a form of chronic
copper poisoning, the blood, organ and urine tests car-
ried out were specifically selected to this end.

Standard methods were used to determine the
haematocrit (Ht), total plasma proteins (TPP), blood
urea (BU), conjugated (CBil) and total plasma biliru-
bin (TBil), plasma glutamic oxalacetic transaminase
(GOT), plasma iron (PFe), plasma copper (PCu) and
blood copper (BCu). The minerals in blood, plasma
and urine were determined by atomic absorbtion spec-
trophotometry. In some cases blpod haemoglobin, plas-
ma haemoglobin and creatinine were also determined
in blood samples. Liver and kidney specimens were
preserved in 10 % formalin and then wet ashed for cop-
per and iron analysis by atomic absorbtion
spectrophotometry. Organ values are therefore on a
wet bagis, which are approximately one third to one
quarter of those which would have been obtained on a
dry basis® 9. Urine was examined for the presence of
blood, protein, glucose and ketones, and the pH re-
action was determined by the use of semiquantitative
strip tests (Labstix, Ames). Haemoglobin, bilirubin,
iron and copper were determined by methods adapted
from blood analysis.

Blood was taken from 24 animals clinically suffering
from the disease in 11 outbreaks; their blood pathology
is shown in Table 1. In 10 outbreaks, random blood
samples from between ten and twenty sheep from the
rest of the flock were taken. Out of 172 samples, 22
showed changes consistent with the early outset of dis-
ease. In two of these at least, there was evidence of a
previous episode. The blood pathology of the 22 cases
is shown in Table 2. A further 27 sheep showed milder
disturbances of chemistry, particularly high plasma and
blood copper levels. Specimens of the liver and kidney
for mineral analysis, were taken from freshly dead sub-
jects or those slaughtered for autopsy. Altogether 36
liver and 31 kidney specimens were examined. The in-
dividual analyses are shown in Table 3.

Since there was no way of accurately determining the
stage of the disease, its severity or the number of pre-
vious haemolytic episodes in individual sheep when
they were first seen and bled and before the results of
blood tests became available, no attempt has been
made to classify individual cases further in the tables.
Later, determination of haematocrit readings and TPP,
GOT, PFe, PCu, BCu and bilirubin levels could be used
to assess the probable stage of the disease in individual
sheep.

A critical evaluation of the blood picture reveals that
preclinical cases (those in which blood abnormalities -
were found after bleeding a random sample of the
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Table 1: CLINICAL CASES

Case No. Ht TPP BU GoT PFe BCu PCu C Bil T Bil
73/111-1 0,13 93 33 133* 166,5 29.4 21,5 15,4 30,8
73/844-1 0,09 70 . 206 120* - - 37,1 6,8 10,3
73/844-2 0,14 73 315 135* - - 62,5 10,3 32,5
73/844-3 0,12 76 7.8 og* - - 294 0 86
73/844-4 0,12 64 25 11* - - 28,6 - -
73/844-5 0,12 85 231 100* - - 25,1 - -
73/844-6 0,12 75 19,1 150* - - 27.6 1,7 13,7
73/844-7 0,48 90 13,3 120* - - 101,0 - -
75/942-1 0,15 90 8,0 48 64,8 436 487 0 46,2
75/1023-1 0,18 73 27,2 190 31,3 51,5 59,0 25,7 58,1
76/372-1 0,25 75 2,2 570 86,5 27,0 34,9 - -
76/372-2 0,33 75 1,5 240 18,3 18,8 17,0 - -
76/448-1 0,13 112 - 190 147,5 52,8 51,3 - -
77/638-1 0,19 71 103 190 36,5 70,7 70,7 - -
77/641-1 0,29 82 27 110 63,9 51,8 89,5 0 6,8
77/641-2 , 0,09 83 37,4 190 36,5 77,7 33,0 0 6,8
77/668-1 0,08 64 136 110 3.5 61,2 61,2 0 8,6
77/668-2 0,12 104 11,8 340 100,4 75,4 103,6 8,6 8,6
77/668-4 0,37 74 22 670 54,8 75.4 61,2 0 15,4
77/668-5 0,22 101 4,0 240 91,3 4333 51,8 10,3 10,3
77/668-6 0,26 74 18,6 160 36,5 80,1 56,5 1,7 1,7
77/699-1 0,17 68 35,5 240 233 61,7 57,3 "o 86
77/699-2 0,14 82 13,6 80 46,5 68,3 738 8,6 20,5
77/784-1 0,14 83 15,8 280 91,3 166,4 125,6 17.1 27,4

] g/ mmol/ ¢ mu/mé umol/£ umol/¢ umol/¢ pmol/¢ umol/¢
*GOT levels in 1U/de

Table 2: FLOCK CASES

Case No. Ht TPP BU - GOT PFe BCu PCu C Bil T Bil
73/1219-1 0,38 o7 46 110 9,1 364,2 28,3 - -
73/1219-2 0,36 74 2.7 137 18,6 54,8 61,4 - -
73/1219-3 0,40 75 3.3 117 333 174,6 33,0 - -
73/1219-4 0,32 70 27 79 42,6 66.9 39,1 - -
73/1219-5 0,33 75 27 62 18,4 787 | 22.8 - -
73/1219-7 0,36 68 25 62 27.9 200,3 22,8 - -
73/1219-9 10,30 67 33 103 37,6 51,7 21,7 - -
74/965-15 10,37 80 11,0 35 102,7 85,6 83,2 3,4 27,4
74/965-18 0,37 98 10,8 45 177,6 359,5 208.3 90,6 1436
74/965-19 . 0,28 99 46 48 1237 215,6 148,2 18,8 37,6
74/988-1 ' 0,33 91 43 124 98,6 180.6 945 0 49,6
74/988-2 0,19 88 37 122 90,8 77,7 86,8 12,0 45
74/988-3 . 0,35 71 25 112 40,1 327 716 - -
74/988-7 ' 0.35 71 1,8 124 36,7 30,5 67,8 0 6,8
74/988-11 0,37 80 27 88 433 .43,3 86,8 0 3,4
74/988-12 0,30 90 3,0 91 86,8 314,0 94,5 15,4 99,2
75/942-13 0,34 74 25 40* 47,8 277,9 14,8 - -
75/942-14 . 032 69 1,5 40* 227 38,1 75.4 - -
75/942-20 0,33 87 43 80* 82,5 171,1 91,7 1,7 86
75/1138-11 0,18 83 2.2 80* 24,2 24,0 65,2 - -
76/618-12 0,35 80 1,8 400* 86,3 2421 47.1 0 12,0
76/618-13 0,40 92 1,8 240+ 428 200,2 89,6 8,6 20,5

1/1 g/¢  mmol/? 1U/de amol/¢  umol/? amol/¢  umol/  umol/e

*GOT values in mU/me -

flock) §how elevated GOT, PCu and BCu levels. Hae-
matocrit readings may be lower or normal in these
Cases. TPP is often raised, indicating haemoconcentra-
tion which can mask the drop in haematocrit. BU is in-
variably normal unless previous haemolytic episodes
have occurred (cases 74/965-15 and -18). PFe is usual-
ly normal but is raised at the onset of haemolysis or fol-
lowing previous crises. In clinical cases, the onset is

characterised by moderate to marked elevation of PCu
and a severe elevation of BCu, PFe rises a little later
and does not reach the same extreme peaks as copper.
At the same time there is a rapid fall in the haematocrit
reading and much free haemoglobin appears in the
plasma. Often anaemia may be masked by haemocon-
centration. GOT and TPP levels may be elevated or
normal. Bilirubin levels are elevated in- most cases.
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Table 3: LIVER AND KIDNEY MINERAL ANALYSIS (ug/g WET

MASS)
Liver Kidney

Case Cu Fe Cu Fe
73/844 1047 122 11 296
73/972 836 67 46 284
765 85 167 206

73/1009 979 148 46 286
979 170 17 744

74/965 563 102 49 229
1428 48 105 118

188 105 151 205

1428 55 - -

704 143 - -

74/988 734 77 123 146
842 74 279 393

75/942 1150 92 265 891
1250 168 - —

75/1023 627 2171 18 733
75/1118 806 211 92 327
76/362 544 83 34 303
76/372 513 50 187 72
76/448 313 449 120 845
534 425 64 543

76/595 416 475 27 1067
443 77 51 828

76/595 390 313 25 900
76/618 346 239 35 1007
319 181 68 1206

76/636 343 348 - -
77/638 576 264 379 539
77/641 605 217 96 572
77/688 1238 117 423 311
77/699 922 231 67 41
1512 161 144 539

145 84 27 588

77/700 619 72 26 303
77/784 116 217 17 1253
77/3044 326 241 38 406
‘Mean 701 175 107 534

Later the copper levels (especially PCu) fall and so
does iron. Bilirubin may continue to remain elevated
for some time. The BU levels begin to rise relatively
late and may only reach a peak several days or longer
after the initial haemolysis. The course of the disease is
frequently complicated by further haemolysis, as is evi-
dent in several of the clinical cases. If further haemoly-
tic episodes occur, they entail repetition of the sequ-
ence of events as previously outlined so that high BCu
and GOT levels may appear in a sheep already very
anaemic and uraemic. Chronic cases are characterised
mainly by severe anaemia and uraemia. BU levels are
useful in the prognosis for eventual recovery. It is
interesting to note that in the random flock samples,
some cases consistent with the onset of haemolysis were
found (for example, cases 74/965-18, 74/965-19,
74/988-1, 74/988-12, 76/618-12 and 76/618-13 in
Table 2).

Urine analysis in acute cases consistently reveals the
presence of protein, bilirubin and haemoglobin in mod-
erate to large amounts.The reaction is generally acid
and tests for ketones and glucose are usually negative.
Iron and copper levels in urine approach those found in

the plasma. Iron levels were between 15,8-54,8 umol/¢
while copper varied between 12,2-94,2 umol/€. All the
values dropped gradually in an instance where the long
term development of a chronic case was followed.

Levels of copper and iron in the kidneys and liver
show important and constant changes. It is quite clear
from the accompanying data that in nearly all cases the
liver copper was above 300 ug/g wet mass (WM) ap-
proximately equivalent to 1000 ug/g dry mass (DM).
Furthermore, no cases of kidney copper under 10 ug/g
(approximately 30-40 ug/g DM) were found. The liver
iron levels are generally elevated but the kidney iron le-
vels are even higher. The latter levels are evidently a
reflection of haemolysis and haemoglobin accumula-
tion.

The means of copper for liver and kidney are
701 ug/g and 107 ug/g respectively, while that of kid-
ney iron is 534 ug/g WM. These levels are grossly ab-
normal by any criteria® 7 23 31 %8 and the copper levels
are considered highly suspicious if not diagnostic for
chronic copper poisoning by most authorities® 7 2 2931 37
48 55

In general the results of these liver and kidney analy-
ses are similar to those quoted by Brown in earlier work
by de Boom!®. However, there are some considerable
differences in the other data presented here compared
to that reported previously by Brown'’. Some possible
reasons are to be discussed later in this paper.

Haematological studies have been undertaken by de
Kock? and Brown and de Boom*. Our limited studies
are in agreement with their work.

PREVENTION

The relatively low value of individual animals as well as
the severity and rapidity of the clinical course of the
disease has placed the emphasis of control measures in
EI largely on prevention rather than treatment. It re-
mains to be added that since most animals die despite
all treatment and some animals can recover with no
treatment at all, the alleged effect of various remedjes
must be evaluated with caution.

Because EI so closely resembles chronic copper
poisoning in its outward manifestations at least, veteri-
narians of the Regional Veterinary Laboratory at Mid-
delburg have over the past number of years been advis-
ing farmers experiencing losses from EI to treat the re-
maining sheep in the flock with ammonium or sodium
molybdate. Initially this was done tentatively and ex-
perimentally but the results were so encouraging that it
has latterly become standard practice. This preventa-
tive measure has also become known outside the en-
Zootic area where outbreaks have occurred in sheep
coming from these regions. In most cases further deaths
and clinical cases stop dramatically. This is in sharp
contrast to various other remedies and nostrums which
are tried from time to time. While various supporters of
individual home remedies claim good. results, there is
no general agreement on any one. Most farmers using
molybdate report an immediate and marked drop in
losses. Since they generally only begin dosing during an
outbreak, poorer results could be expected. Sheep are
already stressed, and dosing adds to the stress load.
Where poor results have been reported from dosing of
molybdate, the additional stress of dosing and handling
generally seems to outweigh the probable benefit of re-
ducing copper uptake and storage.
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Reducing the liver copper status or reducing uptake
should therefore preferably be done on.a long term
basis and not only when clinical cases occur.. A fair
number of farmers have in fact now taken to regular
dosing of molybdate or supplying it in lick form. On
these farms it is reported that EI has become much less
of a problem. When taken individually or even in tens,
favourable reports on any alleged remedy used under
field conditions without proper controls must be inter-
preted with some caution. However, when the reports
run into large numbers and favourable reports exceed
unfavourable ones by better than nine to one, while in
all other remedies the reverse is usually true, then some
definite conclusions may be drawn.

Some amelioration may result from improving natu-
ral grazing and by feeding sheep during periods of
drought. The elimination of various stress factors would
be desirable in theory but often difficult if not impossi-
ble to carry out in practice. While improvement of the
veld by grazing management certainly may be of value,
especially by preventing severe nutritional stress in
times of drought, this is not the whole answer to the
problem. The disease continues despite the Stock Re-
duction Scheme and the very good seasons of 1974 to
1977 which brought about a marked improvement of
veld generally. As a further example, at the Grootfon-
tein Agricultural College, where sound veld manage-
ment has been practiced for decades and where EI is
generally regarded as being absent, older sheep slaugh-
tered for consumption often have dangerously high
levels of liver copper. In 171 samples from aged (full
mouth) sheep, 41 were found to have liver copper le-
vels of above 300 ug/g WM (1000 ug/g DM). Our re-
cords show that EI does occur in sheep from the farm
but usually in limited numbers unless experimental
undernutrition has acted as a stress factor.

In theory one could avoid the problem by selling
sheep above the six tooth stage. This would, however,
be completely impractical since older ewes (which con-
stitute the bulk of clinical cases) have been retained for
their proven genetic worth and mothering ability. If EI
is accepted as a form of chronic copper poisoning then
British mutton breeds or their crosses would not be
kept on affected farms unless copper accumulation in
the liver is strictly controlled.

For these reasons the supplementation of molybdate
remains the preventative method of choice at present.
Most farmers use a 2 % solution of ammonium or so-
dium molybdate and dose 5 to. 10 ml daily, every
second day or weekly. This supplies between 100 and
200 mg per dose per sheep. Many farmers have de-
veloped their own variations on this basic recommen-
dation. Other farmers are using various formulations of
licks or supplementing molybdate in the drinking
water. The use of these various methods of supplemen-
tation as well as the possibility of using other supple-
ments like sulphur and zinc to reduce liver copper ac-
cumulation is currently under study.

RELATIONSHIP WITH OTHER DISEASES

Diseases like enterotoxaemia, ketosis and hypocalcae-
Mia are precipitated by the same sort of stress factors
which initiate outbreaks of EL It is therefore evident
that one or more of these diseases may well be present
concurrently with EI and modify the course of the dis-
case as well as its manifestations. This helps to explain

9

at least some of the apparent aberrations which are
seen in EI from time to time. Two or more disease con-
ditions present at the same time would undoubtedly ag-
gravate an already severe disease and probably result in
a more rapid course, so that a full development of the
characteristic lesions of EI would not be reached.

In addition, diseases like bacterial icterus, Rift Val-
ley Fever, Wesselsbron disease, verminosis and geel-
dikkop or other forms of photosensitisation, all have
some features in common with EI, notably icterus or
anaemia. If these diseases act as non-specific triggers
for El, extreme confusion of the clinical and patho-
logical picture could result.

Since Brown considered EI and geeldikkop as differ-
ent manifestations of the same basic disease condition®
9 1011 13" the relationship between these two diseases
must receive special consideration. At least some of the
specific characteristics by which they are generally
known and identified must be used in a comparison be-
tween the two diseases. The more non-specific charac-
teristics which are common to many other diseases
must carry less weight unless it is postulated that all the
conditions involving these features are also somehow
interrelated. Specific features common to both EI and
geeldikkop are nearly all subject to qualification. Both
discases are characterised by a more or less severe icte-
rus but only in El is it characteristically a dirty brownish
yellow. In both there is some degree of anaemia, in
geeldikkop it is mild while in EI it is extremely severe.
Both diseases may involve gastrointestinal stasis and
splenomegaly but these lesions are not invariable or of
vital significance. Certainly gastrointestinal stasis can-
not be considered specific or diagnostic in either case.

Although photosensitisation of some degree (usually
very severe) is a constant feature in geeldikkop, it is ex-
tremely rare in cases of uncomplicated EI. The most
that is seen in the latter disease is a very mild reddening
and crusting of the muzzle. Other lesions like conjunc-
tivitis, keratitis and nasal or ocular discharges, though
common in both diseases, are nonspecific and not re-
lated to photosensitisation as such.

Macroscopically the livers may appear somewhat
similar but microscopically EI is characterised by a
more centrilobular distribution of lesions, megalocyto-
sis and a brownish pigment!® 2 21 4 while in geeldikkop
almost diagnostic, cholestéerol-like clefts in hepatocytes
and bile ducts are seen and lesions are more perilobular
in distribution®?, -

Nephrosis is séen in both diseases but the brownish-
black pigmentation seen macroscopically in EI and the
microscopic picturé dominated by haemoglobin in the
tubules, which is so'characteristic of EI, is never seen in
uncomplicated geeldikkop?! 49 ©2,

The differences are far more numerous. Many of the
vital points have already been noted in certain apparent
similarities. haemoglobinaemia, haemoglobinuria and
methaemaglobinaemia (which gives blood its charac-
teristic colour in EI) are all absent in geeldikkop while
they are almost diagnostic in EI. High plasma copper
levels may be seen in geeldikkop but never reach the
same heights as in EI. It bears mentioning that moder-
ately elevated plasma copper levels are a non-specific
concomitant of many diseases of sheep'®. Blood copper,
as a reflection of red cell copper, is extremely high in
the majority of cases of EI.

Liver copper is always elevated in cases of EI® 10 26 27
(see also Table 3) but variable in geeldikkop'® 2¢ 27,
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Erasmus has reported high liver copper levels in only a
small minority of geeldikkop cases?. Kidney copper le-
vels are within normal limits in geeldikkop in most
cases reported by Brown but definitely raised in oth-
ers'®. Bearing in mind that the two cases quoted having
kidney copper levels over 20 ug/g had liver copper
values of 708 ug/g and 1520 ug/g WM, it seems more
than likely that these sheep..could have been suffering
not only from geeldikkop but also from chronic copper
poisoning. The kidney copper values reported in the
present paper are all high, these levels are consistent
with chronic copper poisoning? 3 7 23 29-31 35 37 43 44 48 55,

Liver iron values in geeldikkop reported by Brown!®
are generally normal and those of the kidney are nor-
mal or markedly high (these cases may again be related
to chronic copper poisoning). The figures in this paper
show generally normal to raised liver iron and generally
excessive values in the kidneys. This is in agreement
with de Boom’s findings on EI quoted by Brown?'?. Sim-
ilarly the levels of plasma iron in EI reported in this
paper are generally higher than those for geeldikkop?®.

In addition to these striking differences it must also
be remembered that while geeldikkop is most severe in
lambs, EI affects older sheep almost exclusively. Geel-
dikkop first appears after rains while in EI rains gen-
erally end an outbreak. Stress factors which feature in
the latter disease are not important in geeldikkop. Me-
rinos are more susceptible to geeldikkop but resistant
to EI while the reverse is true of Dorpers.

While these two diseases therefore do resemble each
other in certain respects, on the most important diag-
nostic criteria of each there are vital distinctions. When
both diseases are present concurrently in an animal
considerable confusion can result. It has been observed
earlier that geeldikkop, like any other stress factor, may
act as a trigger to an outbreak of EI. In these circum-
stances it would be a herculean task to try to sort out
which finding should be attributed to which disease.
This could certainly give the impression that the two
diseases are closely related.

It has been established by Gardiner that sheep with
high liver copper levels are more prone to lupinosis and
suffer more severely from its effects?. Although to date
this has not yet been reported in cases of geeldikkop,
there appears to be no good reason why the same
should not be true in the latter disease. The generally
high copper levels of normal sheep in the karoo, where
both EI and geeldikkop are most prevalent, has been
previously observed by Brown® ® and Erasmus® ¥’ and
is confirmed by unpublished data at the Regional Vete-
rinary Laboratory at Middelburg. Thus it is more than
likely that many sheep affected by geeldikkop will have
copper levels higher than sheep raised elsewhere. In-
deed, at least part of the severe icterus, haemolysis and
nephrosis sometimes seen in geeldikkop may be due to
high liver copper levels which can result in the libera-
tion of copper into the blood stream in times of stress.
Some of Brown’s data points to this® ? 1°. In addition,
animals with toxic levels of liver copper show increased
levels of enzyme activity in the plasma’ 5° %, which pre-
sumably is indicative of liver damage. These livers
might well be more susceptible to the toxin which
causes geeldikkop. Thus El-prone sheep might be more
susceptible to and suffer more severely from geeldik-
kop and the latter disease may act as a trigger for the
former. In this sense only are the diseases related; they
may act synergistically though they are actiologically
distinct.

COMPARISON WITH CHRONIC COPPER POISONING

Chronic copper poisoning in its various forms is today a
very well documented entity. Only a relatively few ref-
erences are given to prevent repetition. Since enzootic
jaundice or the “Yellows” of Australia has been shown
to be a form of chronic copper poisoning, it has been in-
cluded with chronic copper p01son1ng in the discussion
although heliotrope poisoning is sometimes referred to
separately. These latter forms of chronic copper
poisoning are important in this discussion since they
occur in sheep on range grazing. The findings of this
paper on EI are usually not mentioned specifically but
should be kept in mind in this comparison.

When comparing chronic copper poisoning and EI, it
soon becomes clear that the similarities far outnumber
the differences which are of a minor nature. The symp-
tomatology of both diseases is characterised by depres-
SlOna 16 20 21 23 24 30 37 43 48 54 anorex1a16 20 21 24 29 43 48
weakness? 3 20 21 24 29 37 48 rapid respiration and pulse? 20
2137 48 34 and rapid loss of condition?® 2* *8 34 Nasal dis-
charge? 2 and gastrointestinal stasis® 20 24 9 54 may be
present, while in other cases diarrhoea? 24 2 37 54 may be
seen. The temperature is variable? 16 20 21 37 48 34 The
most diagnostic signs are dark reddish-brown urine?® 3 10
14 16 20 21 24 29 30 37 43 48 54, anaemia2 371016 20 21, iCteI‘US2 37
15 16 20 21 23 30 35-37 48 54’ haemoglobinaemia3 10 12 14 21 54 61_
and methaemoglobinaemial® 1# 20 21 23 24 60 The Jast
three characteristics are probably responsible for the
characteristic dirty yellow colour? 14 2t 24 29 37 54 of the
mucous membranes.

Gross pathology in both diseases is dominated by the
same characteristic signs described under symptomato-
logy viz. anaemia, icterus, methaemoglobinaemia and
haemoglobinuria. The general colour of the carcass is
often a dirty greyish, brownish or greenish yellow? 1* 2!
2454 and darkens on exposure to air?! %, Livers are swol-
len, yellow and friable in acute case? 3 20 2! 29 30 35 37 48 54,
but become more fibrotic in chronic cases? 2° % %7, Kjd-
neys are strikingly pigmented in both diseases, usually
being an almost pathognomonic dark brown to black
colour? 3 10 14 17 20 21 24 30 35 37 48 34 (GGastrointestinal stasis
is common (especially in chronic cases) but not invaria-
ble in either disease3 10 20 21 2437 3 Dark faeces or frank
blood may be present in the intestinal tract? 3 21 %7 54,
The spleen is often enlarged and the substance is fre-
quently dark and pulpy? 2¢ 2! 30 35 37 48 While lymph
nodes are swollen in acute cases, they are atrophied and
pigmented in chronic cases? *° 21 37 Skeletal muscula-
ture is dark? *® and oedema of the lungs hydrothorax,
hydropericard and ascites are often present?® 2! 29 35 37 34,
usually with a yellow-brown tinge. There is rapid de-
composition of the carcass? 2! 24 54 and an unpleasant
odour? %,

In both diseases the chief histopathological liver le-
sions are centrilobular degeneration or necrosis? ' # %
37 4950 54 pigmentation? 2! ¥ 4 34 gwollen hepatocytes®
35 4950 and karyomegaly with some nucleicontaining va-
cuoles or inclusion bodies® 4 % 50 while megalocytosis
is reported in both EI and heliotrope poisoning!* ' 2* 49,
Both diseases are further characterised by haemoglobin
casts in kidney tubules and brownish pigment granules®
14 21 29 35 49 50 54

The haematology of both diseases, besides anaemia,
is characterised by ‘“‘ghost” erythrocytes which do not
stain well, anisocytosis, poikilocytosis, Jolly bodies,
normoblasts and polychromasia? 1© 12 16 21 34,

High plasma copper levels are seen in both diseases,
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especially transiently just prior to the haemolytic crisis®
10 14 23 30 43 60 while red cell copper levels may rise ten-
fold or more for a longer period® 1 2 4, This finding is
very clear in the present work, where a number of gross
elevations of plasma copper are present while many
more extremely high levels are found in the whole
blood analyses, which are an index of red cell copper.
Both diseases also feature increased plasma levels of
GOT? 5° %6 Haemoglobinaemia and methaemoglobi-
naemia has been chemically determined in both dis-
eases'® 2 ®_1In chronic¢ copper poisoning liver copper
levels are high, usually above 300ug/g WM (or
1000 pg/g DM)3 5 8 10 14 15 28 30 44 48 4]though in some
cases lower values are found, probably due to the dura-
tion of the disease where leaching of copper takes
place®” *. The same picture is evident in EI from the
analyses presented in this paper as well as de Boom’s
figures quoted by Brown'® and those of Erasmus® who
found levels between 500-1528 ug/g WM. It is impor-
tant to note that, while liver copper levels of normal

sheep from elsewhere are usually below 200 ug/g WM?

78102 48 this does not hold true in the case of karoo
sheep. Brown has reported liver values of between 183
and 349 ug/g (mean 251 pug/g WM) for his control
sheep'® while Erasmus has given normal values of be-
tween 20 and 1400 ug/g DM (mean 475 pg/g )*. Valu-
es for normal aged Grootfontein sheep mentioned pre-
viously have a mean of 227 ug/g WM (171 animals).
Therefore, high copper levels in the liver are not diag-
nostic of chronic copper poisoning but are indicative of
potential toxicity if liberation of some of this copper
into the bloodstream should occur. The kidney copper
levels are of far greater value in diagnosing toxicity? 2% 3
4448 52 55 56 Normal copper levels are very seldom above
10 pg/g WM?23 29 44 48 56 while levels above 20 ug/g WM
should be considered toxic® # 48 52 35 56 Tp the present
work no values under 10 ug/g were obtained, and only
4 out of 31 were under 20 ug/g. These values must be
considered highly significant. Liver and kidney iron
values are also important. While normally kidney valu-
es are less than those of the liver, in EI the reverse is
usually true. Some limited evidence of this is found in
chronic copper poisoning® 2® *, Elevated kidney iron
content is probably a' reflection of haemolysis.

Both diseases are of sudden onset and are triggered
by non-specific stress? 11 14 21 31 36 50 55 35d gutbreaks of
EI and chronic copper poisoning under range con-
ditions may occur in' droughts!! * 2¢ 54 Again, under
natural conditions, both diseases are more common in
aged sheep? 10 111420 24 36 37 34 and British mutton breeds
or their crosses are more susceptible than Merinos? 17 24
%054 The form that both diseases take is related to the
duration of survival after haemolysis?* % # 5% and the
degree of haemolysis!® 2° 24 3 35_In both diseases, mild
or chronic forms are described as well as the classical
severe or acute form? 16 20 24 30 36 37 54 g there may be
several haemolytic episodes!® 20 29 30 35 36 Perhaps the
most convincing evidence that EI is a form of chronic
copper poisoning is that they can both be prevented by
dosing salts of molybdenum®! 52 55-57_1t s difficult to
see how this fact can be explained on any other basis.

.C.0mpared to these similarities, the differences are
trivial and are rather variations in degree than absolute
distinctions. Nervous symptoms® and brain lesions® *
which are described in chronic copper poisoning have
not been recorded in EI, but have also not been spe-
cifically sought and eliminated. The enzootic area in
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South Africa is in general unsuited to British mutton
breeds and is subject to severe droughts. Therefore, the
relatively resistant Merino or crossbreeds are usually
the animals involved. They appear to accumulate cop-
per more slowly and need greater stress (usually nutri-
tional) to trigger the disease. Many cases in South Afri-
ca therefore develop less rapidly than elsewhere,
though the severe and rapid course is well known.
These factors explain why findings associated with
chronic forms are relatively more common in EI. Ema-
ciation, severe gastrointestinal stasis, severe anaemia
and elevated BU levels are to be expected under these
circumstances. It has already been noted that where
farmers have both Merinos and Dorpers (derived from
the Dorset Horn and the Blackhead Persian) it is the
Dorper which is more inclined to develop EI which also
runs a more acute course than in Merinos. Other dis-
eases may be present concurrently with EI and the re-
sulting syndromes may well have been the apparently
aberrant forms of EI described in the past.

MECHANISM OF COPPER ACCUMULATION

If El is accepted as a form of chronic copper poisoning,
the mechanism of accumulation of liver copper which
preceeds the haemolytic crisis must be explained. While
detailed work on this aspect has awaited confirmation
that the diseases are identical in other respects, some
possibilities can be deduced from available infor-
mation. '

Careful investigation of the history of outbreaks re-
vealed that the use of remedies, molluscicides and dips
containing copper was not a constant enough feature to
account for the source of copper. The epizootiology of
EI is strongly indicative of a poisoning of a cumulative
nature. This has led to studies of the chemical composi-
tion of both plants and soils in the enzootic region?® 1! 13
31 and to an evaluation of the plant populations and
soil types involved®, -

Brown? 1 11 13 found high levels of selenium in plants
and the soil from El-prone farms. He also reported de
Boom’s findings of relatively high levels of copper in
plants from farms where EI is regularly severe. Cop-
per levels between 6 and 32 ug/g DM were reported,
and the means of eight common fodder species varied
between 14 and 18 ug/g. In this report de Boom is,
however, quoted as finding that there was no difference
between copper levels in soils or rocks from farms

" where the disease was either severe, or unknown. Dole-

rite samples weré.regularly high in copper, containing
180 to 335 ug/g of: the -element. Other rock and soil
types were far lower. Brown nevertheless, concluded
that these levels were not high enough to cause toxicity
and that copper was not involved in the pathogenesis of
the disease?®. '

Louw and coworkers?*! could not find evidence to
support the postulate that geeldikkop and EI were the
result of subclinical selenium intoxication. They found
levels of between 0,05 and 0,89 ng/g DM in 77 differ-
ent plant species, compared to Brown’s figures of 3 to
71 ug/g. They ascribed the higher values reported by
Brown to the codein complex method he had used,
which they found less reliable than their D A B
method®. In this report, selenium content is shown to
be roughly correlated to soil pH. The authors point out
that the soils of the more mountainous parts where EI
is more common, generally have a lower pH than do
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the soils of the plains where geeldikkop is more com-
mon. Thus lower selenium levels were found in appar-
ently more El-prone areas. A relationship was found
between the incidence of EI and the ether extract con-
tent of the grazing.

Neethling® subsequently analysed tissues for seleni-
um by neutron activation and confirmed that levels
were elevated, although not as high as in Brown’s orig-
inal work. It should be mentioned here that selenium
supplementation has been shown to increase both sele-
nium and copper levels in the liver*. Therefore, margi-
nally high selenium intake would in fact promote
chronic copper poisoning.

In later publications®®*' Louw and coworkers ana-
lysed plants collected in summer and winter in the
western mountain karoo (where EI is very severe) and
in some adjacent north western karoo veld types, where
the disease is also present in some parts. This supported
their contention that selenium levels were not high
enough to cause toxicity. In the same publications, in
addition to many other analyses, values for copper and
molybdenum in common plants are given. The accom-
panying table (Table 4) shows a summary of their
findings. Generally copper levels were higher in sum-
mer than in winter. This has been observed elsewhere!
3, Copper levels from the western mountain karoo
were generally higher than those of the north western
karoo. Many of the plants in both areas had copper le-
vels over 10 ug/g DM, and few plants had molybdenum
levels over 0,5 ug/g in either district, while only five
plants in the north western karoo and none in the
western mountain karoo had molybdenum levels over
1 ng/g. However, the authors came to the conclusion
that copper and molybdenum levels were such that
neither deficiency nor toxicity could be expected.

Table 4: COPPER AND MOLYBDENUM VALUES OF GRAZING IN

ug/g DM*
Western North
mountain western
karoo karoo

Number

of plant analyses Summer Winter Summer Winter

Mean copper 10,19 7,25 8,53 7,52
Mean molybdenum 0,47 0,52 0,53 0,38
Lowest copper 6,65 4,15 4,02 2,86
Highest copper 15,18 10,12 13,92 20,01
Highest molybdenum 0,73 0,64 1,94 0,88
Mean Cu: M ratio 26,64 23,61 21,41 26,89
Lowest Cu: M ratio 7,8 3,6 5,0 54

Highest Cu: M ratio 69,0 29,6 67,6 95,3

*Extracted from Louw, Steenkamp and Steenkamp® *'.

In neither these publications*® *! nor that quoted by
Brown!® is the soil type or geology of the exact area of
collection mentioned. This may considerably affect the
chemical composition of plants growing in adjacent
parts of the same farm!® 1 3_ To arrive at a reasonable
estimate of the probable copper and molybdenum in-
takes of sheep grazing on any pasture, the relative nu-
tritional dominance of various plant species would also
have to be considered. This implies that those species
supplying the most fodder in a given region are rela-
tively far more important than the rest. In addition, the
sheep is well known as a highly selective grazer and
samples collected by hand are often significantly differ-
ent to those obtained by oesophageal fistula® 1 %

For these reasons, a small investigation was carried
out in two camps of a farm on which EI had just broken
out. Samples were taken of apparently dominant
bushes growing on doleritic ridges, sandy alluvial soil
and areas betweeen these extremes. The tiny leaves and
growing tips of each plant species were then carefully
stripped by.hand and analysed for copper content. The
results appear in Table 5. It is evident that the copper
levels in nearly all cases were above 10 ug/g DM. The
mean for samples on doleritic ridges was 17 ug/g (n =
10), that of middle veld 12 pg/g (n = 3), and that of the
sandy flats 11 ug/g (n=7). Means for the two camps
were very close. These figures in general agree with
those of de Boom but are higher than those of Louw.
This might be due to the method of collection as well as
the choice of bushes and the site of sampling. Further
investigation is required.

The pH of soils also might have a decided influence
on copper uptake in the sheep, since low pH levels in-
hibit both selenium and molybdenum uptake in plants!*
17.36 39 Both these elements affect copper metabolism.
It is well known that molybdenum depresses liver cop-
per accumulation? #! 3¢ 42 59 while selenium enhances it*
3152 The values quoted here therefore certainly do not
exclude the possibility of chronic copper poisoning
being the essential factor of EL In fact, they support the
contention since the occurrence of clinical EI mainly in
older sheep indicates a gradual low level buildup of
copper in the liver.

Although Skinner®® observed that EI was more com-
mon on farms dominated by shales and sandstone than
dolerite, the findings of this work indicate that the re-
verse may be true. A further factor favouring doleritic
soils in the aetiology of the disease, besides the high
copper levels in the parent rock, is the generally lower
pH of these soils. However, since many farms contain-
ing extensive doleritic instrusions are seemingly free of
EI and vice versa, there may be other special factors in-
volved, possibly occurring only in certain localities. For
example, low molybdenum levels in certain acidic soils
and high selenium levels in certain basic soils could be
responsible for the apparent anomaly. In addition to
molybdenum and selenium, other elements like sul-
phur, zinc, manganese, iron, calcium, phosphorus and
cobalt may be involved in a complex imbalance!® 2 31 33
36 42 5152 61 while a poison similar to heliotrope cannot
be ruled out. In fact, there are histopathological simila-
rities!® 9.

Skinner®® found a correlation between the incidence
of EI and overgrazing or poor veld management. This
indicates either that the plants which become dominant
under these conditions supply a diet which is conducive
to copper accumulation or that on these farms the fod-
der reserve is so low that in droughts nutritional stress
is more severe and more clinical cases appear. Both fac-
tors may be in operation.

Several authorities have noted the- occurrence of
chronic copper poisoning in sheep whose feed or pas-
ture was not grossly high in copper? !4 22 31 32 36 48 52,53,
There seems to be a general consensus of opinion and
experience that when feed copper levels are greater
than 10ug/g and molybdenum levels are less than
1 ng/g DM the danger of chronic copper poisoning ex-
ists. EI is largely confined to the oldest sheep in a flock,
which indicates a gradual copper accumulation and
therefore relatively low copper levels in the herbage.
Even disregarding other mineral interrelationships
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Table 5: COPPER LEVELS IN ung/g (DRY MASS)-IN VARIOUS BUSHES IN TWO CAMPS OF A FARM WHERE ENZOOTIC ICTERUS

HAD OCCURRED

Plant (Camp 1) Site Cu Plant (Camp 2) Site Cu

Galenia procumbens v 2,5  Eriocephalus spinescens \ 13,2
Pentzia spinescens \ 14,4 Pentzia spinescens Vv 18,7
Eriocephalus pauperrimus M 13,9  Nestlera humilis \' 10,5
Pentzia spinescens M 10,5 Pteronia glauca v 10,9
Eriocephalus ericoides M 12,5 Osteospermum spinescens V. " 10,2
Eriocephalus pauperrimus R 22,4  Eriocephalus spinescens R 11,0
Pentzia spinescens R 16,0  Eriocephalus pauperrimus R 17,1
Pentzia pinnatisecta R 23,9 Eriocephalus pauperrimus "R 16,4
Eriocephalus ericoides R 15,7 Helichrysum luciliodes R 25,4
Lebecka spinescens R 71 Pentzia spinescens R 20,2

R = Doleritic ridges M = Middle veld

which may be involved and remembering that due
weight should be given to relative nutritional domin-
ance of plants and selective grazing habits of sheep, on
this basis chronic copper poisoning in the area of El is a
decided possibility. From the conflicting reports on le-
vels of copper and molybdenum necessary to produce
chronic copper poisoning®! it is quite clear that dogmat-
ic assertions regarding toxic or safe levels for sheep are
extremely hazardous.

At present it is known that chronic copper accumula-
tion is occurring in sheep in the enzootic region al-
though the mechanism of this accumulation has not
been properly elucidated.

CONCLUSIONS

While much work remains to be done on several as-

pects of EI, even on the basis of present imperfect

knowledge certain conclusions can be drawn with rea-
sonable certainty:

1 There is no firm evidence that the uncomplicated
forms of geeldikkop and EI are closely linked in
their aetiology. The diseases apparently may act sy-
nergistically but are aetiologically distinct. The en-
zootic areas of both diseases largely overlap so that
their concurrent appearance in the same animal is a
definite possibility and probably explains their ap-
parent clinical congruence.

2 There are no reasonable grounds for continuing to
doubt that EI and chronic copper poisoning are es-
sentially the same- disease. Their symptomatology,
pathology, haematology, chemical pathology, histo-
pathology and epizootiology are so similar that any
other interpretation must be rejected.

3 The mechanism of copper accumulation remains in
some doubt and should be the subject of further in-
vestigation, since this might in the long term influ-
ence control measures.

4 Finally, dependable and practical methods of reduc-
Ing copper dccumulation in sheep to safe levels
under extensive conditions in the enzootic region
must be found. ‘
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ELECTRICAL STUNNING OF KARAKUL LAMBS

K.J. KUHNE, W.L. JENKINS* and J.M. KRUGER

ABSTRACT:Kiihne, K.J.; Jenkins, W.L_; Kruger, J.M. Electrical stunning of Karakul lambs. Journal of the South A frican Vere-
rinary Association. (1979) 50 No. 1 15 (En), Department of Physiology, Pharmacology and Toxicology, Faculty of Veterinary
Science, University of Pretoria, P.O. Box 12580, 0110 Onderstepoort, Republic of South Africa.

An apparatus designed to electrically stun Karakul lambs prior to slaughter was tested for efficiency using the cardiac pain
reflex and electrocorticograms to assess unconsciousness. The electrical shock delivered by the apparatus was found to produce
unconsciousness, as opposed to curarisation, of sufficient duration to allow for subsequent slaughter.

INTRODUCTION

This study arose out of a request by Swakara, the
S.W.A. Karakul Board, to evaluate the efficiency of an
apparatus designed to stun Karakul lambs immediately
prior to slaughter. Electrical stunning of animals prior
to slaughter is widespread, and the accepted require-
ments of stunning apparatus have been reviewed by
Warrington’. Because of the subjective nature of pain,
1t 1s necessary to utilize reflex indicators of pain percep-
tion in animal experimentation, and for an investigation
of this sort in particular, it is in addition required that
the reflex be functional independently of the motor sys-
tem, in order to avoid the danger of regarding an ani-
mal which is merely “‘electrically curarised” as being
unconscious. For this reason the cardiac pain reflex as
described by Croft? was used. An attempt was also
made to correlate the state of consciousness of the ani-
mal with the electrocorticogram.

EXPERIMENTAL PROCEDURE

Fig. 1. The apparatus assembled for use, showing the power unit
(A) connected to the battery, the electrodes (B) and foot
switch (c).

Apparatus (Fig. 1)

The apparatus consists basically of a transistorised DC-
AC converter with the following specifications:

Input: 12 volt DC
Output:  (relative to 12v DC input)
(a) Voltage 110 volt AC
(b) Wave form Square
(c) Frequency 50Hz.
(d) Power rating 120 watts

(e) Current capability in excess of I Amp

*Department of Veterinary Physiology and Pharmacology.
College of Veterinary Medicine,

Texas A & M University, College Station,

Texas 77843

The circuit includes a time-switch which maintains the
current for 5 seconds. The apparatus can be activated
by means of either a hand or a foot switch. Current is
applied to the animal by means of metal electrodes
mounted in a pair of insulated spring-loaded calipers.

Experimental animals

The animals used were 6 Merino lambs approximately
2 weeks old and 12 Karakul lambs 12—48 hours old. As
it was found that animals recovered fully from the ex-
perimental treatment, some of the lambs were used re-
peatedly.

Experimental method

Following induction of general anaesthesia using fluo-
thane applied with a mask, metal electrodes (stainless
steel gramaphone needles) with a polyethylene insula-
tion were placed bilaterally at a point on the temporal
line approximately midway between the lateral canthus
of the eye and the base of the external ear. The elec-
trodes were placed so that the point penetrated the
skull and just penetrated the outer layer of the cortex.
Positioning of the electrodes was confirmed by radio-
graphs (Fig. 2).

Fig. 2. Radiographs showing the EcoG electrodes in situ.

After allowing the animals to recover from the ana-
esthetic, they were restrained either on an insulated
table or in a specially designed sling. The animal was
then connected to an electrocardiograph using the
standard limb leads and to an electroencephalograph
via the implanted cranial electrodes.

Recordings were taken at rest and following applica-
tion of a pain stimulus (nose-prick).

An electrical current was applied to the wet skin with
the tong electrode placed just adjacent to the implanted
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electrodes. In some cases the tong electrodes were
placed in the external auditory meatus. Following cur-
rent application, the pain stimulus was again applied.
The animals were either allowed to recover or sac-
rificed by severence of the carotid arteries immediately
following the shock. For purposes of comparison, iden-
tical recordings were obtained from animals sacrificed
without prior electrical stunning and from animals ana-
esthetised with thiopentone sodium.

Table 1: VARIATION IN RESISTANCE (Ohms) BETWEEN
OPPOSITE SIDES OF THE HEAD IN KARAKUL LAMBS UNDER
DIFFERENT CIRCUMSTANCES.

Dry Wet Electrode gel
Sheep
No. inear infront inear infront inear in front
1 10,000 17,200 11,500 3,500 3,500 3,500
2 11,000 120,000 11,000 5500 6,500 4,800
3 11,800 55,000 18,000 6,000 5,000 6,000
4 22,000 40,000 22,000 9,000 19,000 10,000
5 20,000 11,000 20,000 5,000 6,000 13,500
6 30,000 200,000 28,000 9,000 22,000 4,800
RESULTS

Electrical resistance across the skull (Table 1)

Tests performed on 6 lambs prior to stunning showed
that there was a significant difference in the electrical
resistance across the skull between the two chosen sites
for current application, provided that the site was either
wet or electrode jelly was applied. The use of the appa-
ratus on dry skin was unsatisfactory. There was a con-
siderable variation in resistance between different ani-
mals of the same breed.

Current output by the apparatus

Due to the variation in the resistance described, a vari-
ation in current flow was found to occur. The voltage
varied between 90 and 130 volts. The usual pattern of
current flow was an initial flow of 120-180 mAmps in-
creasing to up to 350 mAmps over the 5-second period.
A current flow of under 60 mAmps was ineffective in
inducing a satisfactory shock. The current cycle fre-
quency was tested at 50 Hz.

Pain response

The change in heart rate in response to a nose-prick
was evaluated (Table 2 and Fig 3). In 12 of 15 lambs an
increase in heart rate (average 17,5 %) was obtained.
The response was abolished by barbiturate anaesthesia
and by an adequate electrical shock. Following electri-
cal shock this pain reflex response was absent for at

\ Y Al L

Heart Rate 1

Heart Rate 120/minute

1 !
)

Fad
f

AN A N S
k \WA/\/WW\/\/\J\ W\NWW/\V&\”WM\N;{M

Stimulus (Nose-Prick}

Wi

Fig. 3 The cardiac pain reflex.

least 60 seconds (in 1 case 150 seconds) but had reap-
peared by 90 seconds.

Table 2: THE CARDIAC PAIN REFLEX IN LAMBS

Heart Rate
After Duration
Num- Pain of . %
ber Breed Normal Stimulus change increase
1 Karakul 180 210 4 sec 16
3 Karakul 160 160 - -
4 Karakul 140 180 6 sec 28
5 Karakul 140 160 3 sec 14
6 Karakul 140 160 4 sec 14
9 Karakul 160 180 4 sec 12
17 Karakul 160 160 - -
21 karakul 120 140 4 sec 16
22 Karakul 100 120 2 sec 20°
1 Merino 180 220 3 sec 22
2 Merino 160 180 4 sec 12
3 Merino 140 160 3 sec 14
4 Merino 140 180 3 sec 28
5 Merino 160 160 - -
& Merino 140 160 4 sec 14

Physical effects of electrical shock’

Following an adequate shock the typical sequence of

events of an electropletic fit were seen:

1. Initial momentary flexion of the hind legs, followed
by violent extension; the forelegs were stiff and ex-
tended at this stage and the head was flexed strongly
backwards. Respiration was arrested for ¢ to 10
seconds.

2. Rigidity gradually passed off and weak clonic con-
tractions of all limbs occurred for 10 to 30 seconds.

3. Respiration restarted and the animal became flaccid
for 30-60 seconds.

4. Muscular tone normal, but the animal lay motion-
less for periods up to 5 minutes. 1t was found that at
this stage the animal was able to remain standing if
placed in a standing position; it tended to remain in
whatever position it was placed in.

Electrocorticogram (Tables 3,4 and Figs 4, 5, 6)

The normal awake animals showed a characteristic low
amplitude wave pattern with a cycle frequency of 5-8
cycles per second. Following barbiturate anaesthesia
the amplit