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Ai'bcle/ArtikeI 

THE PHARMACOKINETICS~ OF PHENOBARBITONE IN FASTING AND 
NON-FASTING DOGS 

G D THURMAN*, M L McFADYEN** and R MILLER**' 

ABSTRACT 
The pharmacokinetics of oral phenobarbitone was studied in 10 
clinically healthy adult dogs. The drug was given once daily in tablet 
form, at a dose of 5 mg kg-I of body mass. Serial venous blood samples 
(n=9) were collected from each dog on Day 1 (the first day of drug dos­
ing), on Day 22, and on Day 24 after continuous dosing. Trough serum 
concentrations were determined on Day 7, Day 14 and Day 21. The 
drug was administered to the dogs on an empty stomach, except on Day 
24, when it was given with food, in order to assess the influence offood 
on its absorption. Drug serum c~lncentrations were described by a one­
compartmental open model with first order absorption and elimination. 
An average steady-state trough serum level of phenobarbitone of 52,96 
± 8,40010101 £-1 was achieved after 3 weeks of daily dosing. The mean 
elimination half-lives for Day 1 and Day 22 were 46,3 ±: 11,3 h and 
29,3 ::I: 4,6 h respectively. The area under the curve for Day 22 was 
1 656,17 ±: 186,45 /Lmol h-I ~I and for Day 24 was 1 493,06 ;i: 205,4 

1-'0101 h-I i-I. The mean clearance value for Day 22 was 0,0133 ;:j: 

0,0016 £ h-I kg-I. Side effects of polyphagia, polydipsia, sedation and 
ataxia were commonly observed in the first 2-9 d, but disappeared 
thereafter. 

It was concluded that a dose of 5 ,mg kg-I would achieve an average 
serum cQncentration of 64,59 I-'mol £-! in adult dogs. Once daily dosing 
should be adequate, since relatively small peak-through fluctuations 
were observed (27,6 I-'mol £-1). The dose may be given with food for 
convenience, even though the extent of absorption is approximately 
10% less than when given on an empty stomach. If the 10% difference 
is considered clinically significant~ the dose tan be adjusted accordingly. 
Dosing should continue unchanged for at least 3 weeks to allow enzyme 
induction to settle and to achieve steady-state before adjusting doses 
based on serum concentrations. 

Key words: ·Canine, epilepsy, pharmacokinetics, phenobarbitone. 

Thurman G.D.; McFadyen M.L.; Miller R. The pharmacokinetics 
of phenobarbitone in fasting and non-fasting dogs. Journal oj the 
South Ajri&m Veterinary Association (1990) 61 No. 3~ 86-89 (En.) 
'Biomedical Resource Centre, University of Durban-Westville, Private 
Bag X54001, 4000 Durban, Republic of South Africa. 

INTRODUCTION 
Seizure disorders are amongst the most 
frequently seen neurological problem.s in 
small animal practice. Seizures often pre­
sent a diagnostic dilemma because they 

'Biomedical Resource Centre, University of Durban-West­
ville, Private Bag X 5400 I ,4000 Durban, Republic of South 
Africa 
"Department of Pharmacoloty, University of Durban­
Westville 
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are episodic, frequently not observed by 
the veterinarian and often present with no 
other clinical abnormality. Seizures, epi· 
lepsy, fits or convulsions have been des­
cribed as collective terms used to describe 
a disorder of brain function characterised 
by paroxysmal, stereotyped alterations in 
behaviour3. The term epilepsy indicates 
that the seizures are recurring, but does 
not imply the cause of the seizures. The 
inost common form of epilepsy in the dog 
presents as a tonic-clonic seizure, with 
petit·mal and Jacksonian forms of 

seizures being rarely diagnosed3. 
Epileptic'seizures in dogs may be con­

trolled by a variety of drugs, the most 
common of 'which is phenobarbitone 
alone or in combination with other anti­
convulsant drugs which is . administered 
orally7. 

Barbiturates were the first class of 
drugs to be used for treatment of epilep­
sy. Phenobarbitone was first introduced 
as an effective anticonvulsant in 1912, 
providing therapeutic control against 
most varieties of seizures except absence 
(petit-mal) seizures6• 

In order to achieve a reasonable thera­
peutic effect without marked adverse ef­
fects in man, phenobarbitone plasma con­
ce~trations of 40 to 110 ILmol 1-1 are con­
sidered necess~ry7. In order to achieve a 
therapeutic plasma level, the recommen­
. ded oral maintenance dose of phenobarbi­
tone in adl.dts and adolescents is from 1.5 
to 2 mg kg- I per dayl. Infants and chil­
dren require approximately twice the 
adult dosage, or 3 to 4.5 mg kg-I per day, 
because they clear the drug faster than 
adultsl. Because of its long half-life in 
man, dosing once daily at bedtime is ade­
quate in most patients. It requires 2-3 
weeks (5 half-lives) for phenobarbitone to 
reach steady-state therapeutic levels in 
man. 

The control of epileptic seizures in 
dogs is, however, not as well-described as 
is the case in man. The literature offers 
dosage ranges for dogs of 2 to 20 mg kg- I 

phenobarbitone per day which may be 
divided into twice daily or even 3 times 
daily dosing, or given "to effect"3 7. As 
phenobarbitone requires only once daily 
administration in man because of its long 
half-life (50-120 hours), it would there­
fore appear that, in dogs, the clearance of 
phenobarbitone is more rapid than in hu· 
mans. 

The purpose of this study was to moni­
tor and evaluate plasma serum phenobar· 
bitone concentrations over a period of 3 
weeks on daily dosing. The effect of food 
on the absorption of the drug was also in­
vestigated. 

MATERIALS AND. METHODS 
Ten adult dogs of mixed breeds and sex 
were selected for the purpose of the drug 
trial (Table 1). All were short-haired and 
without excess body fat. Two weeks prior 
to commencement of the trial, the dogs 
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Table 1: Breed, sex, age, body mass and condition of ex-
perimental dogs 

No. Breed Sex Age Mass Condition 
(yrs) (kg) 

1 Lab. X G.S.D. M 4 24 lean 
2 Mixed M 9 17 lean 
3 Mixed M 1 15 lean 
4 Fox Terrier X M 2 24 lean 
5 Bull Terrier M 2 23 well-muscled 
6 Mastiff X M 7 23 lean 
7 Bull Mastiff X M 8 28 lean 
8 Lab. X Bull Terrier F 1 19 well-muscled 
9 G.S.D. F 2 22 lean 

10 Doberman M 8 27 lean 

M = Male; F = Female; X = Mixed breed. 

were examined and evaluated .for tracta­
bility and clinical soundness. This in­
volved recording' the body mass of each 
animal, a thorough physical examination; 
and the collection of venous blood for 
haematological and biochemical screen­
ing (full blood count, plasma (P)-glucose, 
serum (S)-urea, serum (S)-creatinine, ala­
nine transaminase (AL T), serum (S)-bili­
rubin, serum alkaline phosphatase (ALP), 
total serum proteins (S-TSP), serum 
(S)-albumin and serum (S)-globulins). 
Animals showing any deviation from the 
accepted norm, were excluded from the 
test group. The selected animals were in­
oculated and dewormed in accordance 
with standard veterinary preventive 
medicine and quarantined individually in 
kennels for a period of 2 weeks prior to 
the study. For the duration of the drug 
trial, the animals were provided with 
water ad lib. and were fed dry commer­
cial, pelleted dog food daily at 15:00. 
Following the quarantine period, the 
dogs were again clinically examined for 
soundness and their mass was recorded. 

Sodium phenobarbitone (PHB) (Lethyl, 
Lennon Laboratories, 30 mg per tablet) 
was administered orally in tablet 'form at a 
dosage rate of5 mg kg-f, ofbody~mass per 
day. It was administered with 20 ml tap 
water to all the dogs on an empty stomach 
at 08:00 each day, until the last day of the 
trial. On Day 24, food was given directly 
after dosing, in order to evaluate the ef­
fects of food on drug absorption, as this 
would probably simulate the clinical 
situation. 

On Day 1 (the first day of drug dosing), 
Day 22 (empty stomach) and Day 24 
(with food), serial venous blood samples 
(n = 9) were withdrawn from ihe jugular 
vein, over a 24 h period following drug 
administration (i.e. at 0,5; 1; 2; 4; 8; 12; 
and 24 h after dosing). On Day 7, 14, and 
21, one blood sample was withdrawn 
from the cephalic vein just prior to dosing 
(i.e. trough-level). All blood samples were 
withdrawn into sterile, dry 3 ml syringes 

and placed into capped test tubes without 
anti-coagulant (Venoject-plain). The 
serum was separated bycentrifugation at 
1 500 rpm for 5 min at 20°C and then 
stored at -20°C until assayed for PHB 
concentration. 

The animals were monitored daily for 
signs of poor health or side-effects, in par­
ticular for polyphagia, polydipsia, poly­
uria, sedation, ataxia, and hyperkinesis 
which have been reported in the Iitera­
ture37 • 

The concentration of phenobarbitone 
in the serum samples was determined, us­
ing the TDx System which uses the 
fluorescence polarisation immunoassay 
(FPIA) technology (Abbot Laboratories 
Diagnostic Division, Irving Texas, Uni­
ted States of America). 

The serum concentration time pairs for 
each dog were fitted for single dose, 
steady state without food, and steady state 
with food using nonlinear least squares 
regression (ST A TIS (Version 2.1) 1987 
Aydesoft statistical and scientific soft­
ware, Larkhall). A one- and a two-com­
partment open model were compared for 
effectiveness of fit by the residual sum of 
squares and Akaike's Information 
Criterion (AIC)9. Estimations of the 
absorption rate constant (K ) and the 
elimination rate constant (K;) were ob­
tained. 

The first-order elimination constant 
(Kfi) was used to calculate the biological 
ha f-Iife using the following equation: 

(1) 

The area under the curve (AUC) was cal­
culated by the linear trapezoidal rule. 
The total body clearance at steady state 
can be calculated in a model-independent 
fashion by using the following equation: 

CI = Fxdose/AUC(£ hr- I kg-I) (2) 

Analysis of variance was used on the 
half-life and AUC values in order to test 
variation between subjects and also be-
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tween treatments (P < 0,05 taken to be 
significant). 

RESULTS 
A one-compartment open model was ade­
quate to describe the data. Calculated 
pharmacokinetic values indicating the ab­
sorption, accumulation and excretion of 
PHB from Days 1,22 and 24 are presen­
ted in Table 1 and Fig. 1. On Day 1 there 
was a fairly rapid absorption ofPHB with 
average peak serum concentrations of 
28.03 ± 2.84 p,mol £-1 occurring 2 h after 
dosing. Absorption rate Constants (Table 
2) showed a large variation. 

Serum levels measured on Day 22, 
showed a trough concentration of 52.96 
± 8.40 p,mol £-1. Following drug 
administration, there was again a fairly 
rapid absorption with an average peak 
concentration of 80.52 ± 6.63 p,mol £-1 
attained within 2 to 4 h of dosing. 

Following Day 1, there was a slow accu­
mulation in the PHB plasma concentra­
tion followed by a decline to a stable 
trough level of 52.96 ± 8.18 p,mol £-1 
which occurred 22 d from commence­
ment of initial dosing (Fig. 2). 

The mean eliI1J.ination half-life (til) for 
Day 1 was 46.3 ± 11.3 h and for Day 22 
it was 29.3 ± 4.6 h. The results are given 
in Table 2. Dog 5, a bull terrier, could 
not be used in this comparison as there 
was doubt as to the dose it had received 
on Day 1. The results obtained were com­
pared by two-way analysis of variance, 
which showed that there was no signifi­
cant difference between subjects 
(P < 0.5), but there was a significant dif­
ference between Day 1 and Day 22 
(P < 0.0066). 

The area under the curve (AUC) is a 
measure of extent of drug absorption if 
clearance is constant. A difference of ap­
proximately 10% in the AUC was found 
when Day 22 and Day 24 were compared 
(P = 0.0496), suggesting that a lesser 
amount of the drug had been absorbed 
when given with the food (Table 2). 

The mean clearance value for the sam­
ple group on Day 22, was 0.0133 ± 
0.0016 £h- I kg-I. 

The majority of dogs showed mild to 
moderate side-effects to the drug. The 
side-effects of polyphagia, polydipsia and 
sedation were initially observed from Day 
2 in all test animals. In addition, 3 dogs 
showed hindquarter ataxia. All these side­
effects, however, were of short duration 

and were no longer evident by Day 10. 
All haematological and biochemical para-
meters measured remained within normal 
physiological limits and no significant 
changes were recorded. 

DISCUSSION 
Phenobarbitone distributes into most 
body tissues fairly rapidly, permitting the 
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Table 2: Phenobarbitone pharmacokinetics in dogs given phenobarbitone once daily per os 

Day 
1 

t1I 
h

2 

Day Day 
22 1 

~ 
h-I 

Day Day 
22 1 

Day 
22 

AVC 
I-'mol h f-I 

Day Day 
22 24 

CI/F ..:lCp 
fh- I kg-I I-'mol f-I 

Day Day 
22 22 

MEAN 46.3 29.3 3.0085 0.9068 0.0156 0.0242 1656.17 1493.06 0.0133 27.60 
SD 11.31 4.6 , 2.7085· 0.7287 0.0032 0.0036 186.45 205.4 0.0016 7.49 
CV% 24.4 15.7 /., 90.02 80.35 20.5 14.9 11.3 13.8 12.0 27.18 

..:lCp = average peak - trough serum concentrations 

100 

::: 
'0 
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z 40 0 
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a: OAY 1 « 
'" 0 
z 20 w 
J: 
0-

0 
0 8 12 16 20 24 

TIME (HOURS) 

Fig. I: Average serum phenobarbito­
ne concentrations in dogs for 
the initial day of dosing (Day 
1), 22 days after dosing (Day 
22) and after the intake offood 
on Day 24 

plasma pharmacokinetics to be described 
adequately by a one-compartment open 
model. Absorption rate constants showed 
a 80-90% variation, but were within the 
ranges found in other studies. 5. The time 
required to reach peak levels after oral 
PHB, was between 2 to 4 h on Day I, 
Day 22, and Day 24. It would therefore 
appear that the administration offood, to­
gether with the tablets, has little effect on 
rate of absorption. However, if one com­
pares the extent of absorption using the 
AUC values, there is a statistically sig­
nificant difference between administra­
tion with and without food. The lower 
AUC on Day 24 is unlikely to be the 
result offurther enzyme induction and in­
creased clearance, as trough levels on Days 
21, 22 and 24 are simililr. Thus, it would 
appear that the feeding of food together 
with the tablets, reduces the extent of 
PHB absorption by approximately 10%. 
Continuous dosing with food therefore, 
would be expected to produce serum level 
profiles, on average 10% lower, than if 
dosing were given on an empty stomach. 

88 

In general, a difference of less than 20% 
is considered to be bio-equivalent8 • 

Therefore it is unlikely that feeding and 
simultaneously dosing the animals, will 
have a clinically significant effect on the 

·control of epilepsy in the dog. 
In this particular study, the mean 

elimination half-life of phenobarbitone 
sodium declined from 46.3 ± 11.6 h calcu­
lated for Day I, to 29.3 ± 4.6 h after 3 
weeks of daily oral dosing. It is as­
sumed that this decline is due to mi­
crosomal en.zyme induction57 • The initial 
rise in trough levels from Days I to 7 and 
the decline and stabilisation by 3 weeks, 
supports this assumption. Both the initial 
and final half-lives in this study were con­
siderably shorter than those reported in a 
single dose study by Pedersoli et a1.4, 
where the tl /

2 
for oral dosing was 72.3 ± 

15.5 h. The half-life of 53.0 ± 15 h 
reported in another study5 after 5 d of oral 
dosing, is comparable to the initial half­
life reported in this study. Five d is pro­
bably not long enough for enzyme induc­
tion to reach a maximum. Another possi­
ble reason for the relatively short half­
lives found in the present study could be 
the relatively short sampling interval of 
only 24 h after dosing, whereby distribu­
tion may still be operative. The other stu­
dies sampled over 288 and 131 h respec­
tively4 5. Considerable intersubject varia­
tion in the half-life has also been 
reported4 5 which was not as apparent in 
this study (coefficient of variation for Day 
22 = 15.7%) possibly because of our larger 
numbers. 

Steady-state is assumed to be close to 5 
times the elimination t l / . Using this to 
estimate the time necissary to reach 
steady-state in this study would have 
given a period of 6 or 9 d, utilising our 
calculated t l / 2 for Day I and Day 22 res­
pectively. Ravis et a15• in their study, as­
sumed steady-state would be reached at 
approximately II d. However, in this 
study where dosing was continued over a 
longer period of time, trough levels only 
stabilised between 14 to 21 d, as indicated 
in Fig. 2. 

It therefore is apparent that 3 weeks of 
daily dosing is required before enzyme in­
duction is complete (14 d at least) and 
steady state at a constant clearance can be 
achieved. 

Since phenobarbitone was not adminis'­
tered intravenously, it was not possible to 
estimate the relative bioavailability (F) of 
oral phenobarbitone. Clearance in this 
situation is therefore more correctly term­
ed . oral clearance, since it includes the 
oral bioavailability factdr (Cl!F). In 
humans and cfogs, bioavailability has 
been shown to be essentially complete 
(88-100%)2 4. Oral clearance (Cl/F) will 
therefore closely approximate total body 
clearance (Cl). 

Clearance' of phenobarbitone in dogs 
was calculated as 0.0133 ± 0.0016 fh- I 
kg- I which is more than 4 times that for 
humans (0.0032 f h- I kg-I)I. Using oral 
clearance, the following equation can be 
used to calculate a dose for a desired con­
centration (Cp ). [Note 0.232 is the con­
version factor from mmol to mg] 

Dose = CIIF x Cp x Dosing Interval x 
0.232 (3) 

U sing the above equation, therefore, indi­
cates that a dose of 5 mg kg- I 24 h- I 
should maintain an average serum con­
centration in the region of 65 I-'mol t-I 
which is within the therapeutic range de­
termined in man (40-110 I-'mol t-I)I 6 8. 

Further studies are being undertaken to 
determine the therapeutic range in epilep­
tic dogs. 

The small fluctuation in the serum con­
centration (..:lCp) as shown in Table 2, 
combin~d with the relatively long t l / 2 
(29,3 ± 4.6 h) would support that once 
daily dosing is probably adequate to 
maintain reasonable therapeutic effects. 
This would then enhance owner com­
pliance, thus hopefuliy achieving better 
epileptic control. 

In conclusion, our recommendations 
subject to determination of the thera­
peutic range in dogs, are as follows: 
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Fig. 2: Average trough serum pheno­
barbitone concentrations in 
dogs (n = 10) over 24 days 

I) An oral dose of 5 mg kg-I should give 
average serum PHB concentrations of 
65 I-'mol £-1 in adult dogs. Once daily 
dosing may be adequate since rela­
tively small peak-trough fluctuations 
were observed. 

2) The dose may be given with food, 
although the extent of absorption is 
approximately 10% less than when 

given on an empty stomach. This is 
probably of little clinical significance, 
especially if serum levels are moni­
tored. 

2. Levy R H, Wilensky A J, Friel P N 1986 Other 
antiepileptic drugs. In: Evans W E, Schentag J 
J, Jusko W J (ed.) Applied Pharmacokinetics. 
Principles of Therapeutic Drug Monitoring 
2nd edn Applied Therapeutics Inc. Spokane: 

3) Side-effects of polyphagia, polydipsia, 
sedation and ataxia are commonly ob-· 3. 

served in the first 2-9 d but disappear 
thereafter. This is probably due to 
tolerance to the effects. 

540-569 
Oliver J E 1980 Seizure disorders in companion 
animals. The Compendium of Continuing 
Education for the Practising Veterinarian 11: 
77-86 

4. Pedersoli W M, Wike J S, Ravis W R 1987 
Pharmacokinetics of single doses of pheno­
barbital- given intravenously and orally to dogs. 
American Journal of Veterinary Research 48: 
679-683 

4) After initiation of therapy, dosing 
should continue unchanged for 3 
weeks (steady-state) before measuring 
serum concentrations and adjusting 
the dose accordingly. 
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Articlel Artikel 

BOLO DISEASE: A SPECIFIC, LOCALISED SKIN DISEASE OF WOOLLED 
SHEEP 

PHILIPPA A COLLyl, LUCIA A LANGEl, ADRIANA DE RUITER], EM VAN TONDER\ S 0 VERMEULEN6, G E 
KELLERMAN5 and C J WHITEHEAD7 

ABSTRACT 
Bolo disease is limited to Merino and Dohne merino sheep in the Stut­
terheim and Cathcart districts of the eastern Cape Province. It occurs 
under natural grazing conditions regardless of the season of the year and 
the condition of the natural grazing. Ewes and wethers are most fre­
quently affected. Skin lesions are well-defined, and the corresponding 
fleece has dark-grey to almost black spots, patches or bands varying in 
number, size and distribution between individual sheep. The wool in 
the affected areas is visibly shorter, less dense and tender, and the tips of 
the staples are spiky. In freshly-shorn sheep, the affected areas appear 
chalky white. Chronic and superimposed acute lesions are present in 
the same specimen histologically. Skin lesions include superficial and 
follicular hyperkeratosis, acanthosis, and sebaceous gland hyperplasia 
and hypertrophy. These changes are accompanied by dilatation of some 
of the follicles in the midshaft 'area, and collapse of th subepidermal 
tissue with only a few remaining collagen fibres separating the. follicles 
and the sebaceous glands from the thickened epidermis. 

Corynebacterium spp. is the most consistent bacterium isolated from 
the lesions. Lesions produced by suspensions of this organism 
simulated both clinical signs and histopathological findings of the 
natural condition. 

Key words: Bolo disease, Corynebacterium spp., skin disease, wooDed 
sheep. 

Colly P.A.; Lange L.A.; De Ruiter A; Van Tonder E.M.; Vermeulen 
S.O.; Kellerman G.E.; Whitehead C.J. Bolo disease: A specitlc, 
localised skin disease ofwoolled sheep . Journal of lite Sourlt African. 
Veterinary Associalion (1990) 61 No.3, 90-95 (En.) State Veterina­
rian, Directorate of Animal Health, Private Bag X 1098, 1120 Lyden­
burg, T ransvaal, RepubUc of South Africa. 

INTRODUCTION in Australia3 17 and in Great BritainlO 12, 

and fleece-rot with or without accom­
panying bacterial discolouration l8 19, ap­
pear to be the more common and econo­
mically-important conditions affecting 
the skin of woo lied sheep in these coun­
tries. Despite the similar climatic condi­
tions under which these 2 diseases occur, 
they can be readily distinguished2 478 16 17 
21. Under South African conditions, both 
these problems intermittently assume se­
rious proportions I II 17 21. 

A wide variety of hereditary, nutritional, 
chemical, ectoparasitic, mycotic and 
bacterial conditions affecting the wool 
and often also the skin of sheep, have 
been categorised by Henderson8 . Lumpy 
wool caused by Dermatophifus congolensis 
first described in South Africa l , and later 

1. Slate Veterinarian, DlreclOrate of Aniinal Health~ 
Privale Bag X 1098, 1120 Lydenburg, Transvaal, Republic 
of SOUlh Afnca 
2. Private Veterinary Pathologist) Belville 
3 Regional Velermary Laboratory, Plelermanrzburg 
4. Regional Velennary Laboratory, Mlddelburg, Cape 
(deceased). 
5 Regional Vel en nary LaboralOry Mlddelburg, Cape 
6. Pmale PraCUlioner, Phllippolis 
7. Vetennary Laboratory, QueenslOwn 

Received. June 1988 AccepTed: Apnl 1990 
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More recently, a condition characteris­
ed by the appearance of localised areas of 
retarded wool growth in the fleece of 
rams fed highly nutritious diets, was re­
ported9• Its occurrence was associated 
with a high yolk content of the wool and 

the presence of enteric bacteria (Entero­
bacter aerogenes, Enterobacter ag­
glomerans, and Ha/nia alveI) in the af­
fected areas of wool. 

The purpose of this paper is to record 
preliminary obserVations on a specific 
skin condition of woolled sheep, locally 
known as Bolo disease, which differ from 
the above conditions. At present, the 
disease is mainly confined to certain 
districts of the eastern Cape Province of 
the Republic of South Africa5 22. 

Bolo disease was flfSt reported a few 
years ago from the Bolo area of the Stutter­
heim district in the eastern Cape Province. 
It has since been observed on some 40 
farms in the same, and the adjoining Cath­
can district, ,while a few suspected cases 
were also reported from elsewhere in the 
Cape Province~ 22 and from Natal (G F 
Bath 1986 Allerton Regional Veterinary 
Laboratory, PietermaritzburgJ personal 
communication). 

Thus far, the disease has only been 
found in Merinos and D6hne Merinos, 
and their crosses. All sex groups are af­
fected, but on account of their over­
whelming numbers, ewes and wethers are 
most frequently involved. Older sheep 
and those in poorer condition are mostly 
affected. The condition also seems to 
favour those animals carrying medium to 
medium-strong wool of the more dense 
type and with a high yolk content5 22. 

No specific climatic or nutritional fac­
tors appear to affect the occurrence of 
Bolo disease. It is encountered almost ex­
clusively in sheep under natural grazing 
conditions and its occurrence has re­
mained unaffected by the extreme fluc­
tuations in the climate experienced over 
the past decade. The problem is en­
countered with equal frequency through­
out the year. The restricted occurrence of 
the disease to the areas indicated, remains 
unexplained. 

In order of preference, typical lesions 
are found in the skin on the sides of the 
neck, the shoulders and then the rest of 
the body. Occasionally and in more sever­
Iy affected cases, they are also seen on the 
back. In unshorn sheep, lesions are more 
clearly visible on those carrying shorter 
wool (2-5 months growth). The lesions 
appear on the fleece as well-defiried, dark­
grey to almost black spots, patches or 
bands, varying in number, size and distri-
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Fig. 1: Typical dark-grey to almost black lesions of Bolo disease. Note the 
depressed surface of the fleece in these areas 

Fig. 2: The chalky-white lesions of Bolo disease in a freshly shorn sheep 

but ion (Fig. 1). In freshly-shorn sheep the 
affected areas are chalky-white5 22 (Fig. 2). 
The wool in the affected areas is visibly 
shorter than elsewhere on the body, less 
dense and tender. When the wool is par­
ted, yellowish to greyish-white, sticky, 
scaly deposits are found adjacent to the 
skin and in between the wool fibres caus­
ing the wool to stick together, resulting in 
a spiky staple. 

The appearance of the affected skin de­
pends on the nature and duration of the 
lesions. In the more acute form, the le­
sions are well-circumscribed, and 
reddish-purple in colour. The affected 
skin is tender and sensitive to the touch, 
and cracks easily when handled522 • 

None of the cases examined, showed 
any visible or microscopic evidence of ar­
thropod, insect, helminth or fungal invol­
vement. Histopathological lesions in the 

affected skin vary considerably and cor­
respond with the degree of severity. Con­
sistent microscopical features include 
varying degrees of acanthosis, superficial 
and follicular hyperkeratosis, and hyper­
pigmentation. In some instances, the 
follicular sebaceous glands are focally 
prominent and hyperplastic. In the more 
acute lesions, the subepidermal connec­
tive tissue is oedematous and shows mild 
haemorrhage, associated with focal ac­
cumulations of lymphocytes and a few 
neutrophils. In long~r-standing cases, 
there is collapse of the subepidermal con­
nective tissue and the hair follicles and 
sebaceous glands are consequently very 
close to the thickened epidermis. 

On account of the physical changes, af­
fected wool is of inferior quality and of 
low economic value. It has to be carefully 
sorted and classed with the inferior lines 

0038-2809 Tydskr.S.Afr.vet. Ver. (1990) 61(3):90-95 

of the clip, which in itself is a time­
consuming procedure. Often the entire 
fleece has to be degraded. If considerd 
that up to 90% of the members of any 
particular flock can be affected to a vary­
ing. degree, the economic impact is stag­
genng522• 

Investigations were undertaken to esta­
blish the aetiology of Bolo disease and to 
determine whether the condition could be 
reproduced experimentally. 

MATERIALS AND METHODS 
Animals in the Middelburg and Queens­
town areas of the Cape Province involved 
in these investigations, were either pre­
sented by the owners, or selected during 
farm visits on a random basis: Both re­
cently-developed and long-standing cases, 
representative of the typical disease, were 
used, irrespective of the age and sex of the 
sheep or the severity and distribution of 
lesions. Specimens from the Middelburg 
area were collected at a time when the 
fleeces of the animals were thoroughly 
wet, due to continuous rain. 

Wool specimens 
Wool specimens (n = 36) were obtained by 
clipping a stal?le of the affected wool as 
close to the skin as possible. The clipped 
end was then introduced into a sterile 

. ' wide-mouth McCartney bottle and 
severed approximately 2 em from the 
base, whereafter the container was closed. 

Specimens from the skin surface 
Two methods were used to obtain 
specimens of the affected skin surface. 
Firstly, the wool over the appropriate 
area was clipped as close to the skin as 
possible. The skin surface was then 
scraped with a sterile scalpel blade and 
the debris collected in a sterile container. 
Secondly, disposable, sterile throat swabs 
(Anchor Rand, POBox 83006, South 
Hills, 2136) were used for the collection 
of skin surface deposits. The cotton tip of 
the swab was thoroughly rubbed onto the 
bared, affected surface and the swab then 
replaced into its sterile container. 

Biopsy specimens 
Specimens from affected areas of the skin 
were excised without local anaesthesia 
and preserved in 10% buffered formalin. 
These were routinely processed in paraf­
fin wax, sectioned and stained with hae­
matoxylin and eosin for histological ex­
amination. 

Culture media and identification 
Columbia agar (Merck SA (Pty) Ltd, P 0 
Box 3067, Port Elizabeth, 6000) enriched 
with 5% of either horse or sheep blood, 
was used as the basic culture mediliIn. 
The processing of specimens, and the 
isolation and identification of bacterial 
cultures, were done according to routine 
laboratory methods. 
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Biological testing of cultures . 
Specific bacterial isolates were selected on 
the 'basis of th~ir known association with 
lesions of Bolo disease and the relative 
frequency, with which they were reco­
vered from the specimens examined 
(Table 1). The following fluids and/or 
isolates were tested on animals as indica­
ted: 
Experiment 1. From each of 3 different 
properties) samples of affected wool from 
different sheep on the same farm) were 
pooled. Between 5 and 109 Qreach of the 
poolled samples) were suspended in 50 
ml physiological saline and thoroughly 
stirred. These were then incubated for 2 
h at 37°C during which time they were 
well-stirred every half-hour. Each sus­
pension was then filtered through several 
layers of sterile cheese-cloth and the fil­
trate used as inoculum. 

Two areas) one on the shoulder and one 
on the rump) were clearly demarcateq ~n 
the fleece of each of 4 adult Merino ewes 
carrying 5 months of wool-growth. Each 
sheep was infiltrated on the marked areas 
with 20 ml of the suspension prepared 
from material from a particular farm) 
while the fourth sheep acted as a control) 
its fleece being infiltrated with physio­
logical saline. 

From the day following treatment, and 
once each day for 5 consecutive days 
thereafter) all the experimental sheep 
were sprayed with ordinary tap water un­
til thoroughly wet. 

Experiment 2: Pure cultures of bacteria 
isolated from natural cases of Bolo disease 
were used as inocula. These included P. 
aeruginosa, S. epidermidis, M. luteus, E. 
aero genes and a B-haemolytic Bacillus sp. 
(See Table 1). 

In each case) bacterial growth harvested 
from 24 h surface cultures, was suspen­
ded in physiological saline to obtain a 
density equal to Brown's opacity tube no. 
3. 

Of a group of Merinos consisting of2 to 
4 tooth old ewes and wethers carrying 4-5 
months of wool growth, 2 sheep were us­
ed for each treatment. On either side of 
each animal) two 10 cm square areas) one 
opposite the shoulder and one at the level 
of the rump) were distinctly marked. 
Within each treatment group, all the mar­
ked areas were infiltrated with 10 ml of 
the suspension of the specific bacterial 
growth. 

From the first day following treatment, 
the left side of the fleece of all experimen­
tal animals was thoroughly wetted with 
ordinary tap water) once daily for 8 d. 

Experiment 3. Suspensions in physio­
logical saline of 48 h cultures of Coryne­
bacterium spp. (Queenstown isolate) and 
P. aeruginosa, to a density equalling the 
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Table 1: Bacteria isolated at the Middelburg Regional 
Laboratory, from affected wool and skin deposit of 
sheep suffering from Bolo disease. Pr;or to collection 
of specimens, the fleeces were soaked due to con­
tinuous rains 

BACTERlALISOLATE 

No of specimens examined 

Bacillus spp 
Enterobacter aerogenes 
Micrococcus luteus 
Pseudomonas aeruginosa 
Staphylococcus epidermidis 

opacity of Brown's tube no. 3) were pre­
pared and administered to 2 adult Merino 
ewes carrying approximately 5 months of 
wool-growth. Two areas on each side) one 
opposite the shoulder and the other oppo­
site the rump of each ewe) were clearly 
demarcated. Each area was infiltrated 
with 10 ml of the bacterial suspension in 
such a way) that the shoulder areas of one 
ewe and the rump area of the other ewe) 
were infiltrated in turn by each suspen­
sion. 

The left sides of these animals were 
thoroughly wetted with ordinary tap 
water daily) for 3 weeks. 

Experiment 4. A suspension of Coryne­
bacterium spp. in physiologica! saline at a 
concentration of approximately 109 

organisms/ml was used as inoculum to ad­
minister the treatment to 2 freshly-shorn 
adult Merino rams. Areas) approximately 
15 cm square) on the flank and thigh of 
one side of each animal) were clipped 
short and clearly demarcated. 

An amount of 100 ml of the inoculum 
was infiltrated in each area) which was 
then massaged with sterile gloved hands) 
so as to effect thorough wetting and expo­
sure of the skin. 

Experiment 5. A suspension of Coryne­
bacterium spp. in nutrient broth was used 
as inoculum to administer to the same 2 
rams used in the previous experiment, 
after they had been rested for approxi­
mately 6 weeks. Two areas on either side 
of the shoulders of both rams were clearly 
demarcated and the wool clipped short. 
The skin in these areas was lightly curet­
ted and thoroughly wetted with 100 ml of 
bacterial suspension. This treatment was 
repeated again on Days 3) 11-15) 18 and 
29 after the first treatment) and each time 
after swabs for bacteriological examina­
tion were first taken. Swabs for bacterio­
logical examination were also taken on 
Days 59) 80) 147 and 169) while on Day 
59) biopsy specimens for histopatholo­
gical examination were also collected in 
10% buffered formalin. 

Wool samples Skin scrapings 

9 

2 
3 
5 
2 
4 

1 

1 

Experiment 6: Suspensions ofCoryne­
bacterium spp.) both in eh):"siological 
saline and in nutrient broth) were used in 
quantities of 100 ml. The same 2 animals 
from the previous experiments (4 & 5) 
were used in this experiment. An area on 
the left hip region of each ram was clearly 
marked) and the wool clipped to a length 
of approximately 1)5 cm. One ram was 
exposed to the bacterial suspension in 
saline and the other ram to that in nu-

, trient broth~ After exposure, the 2 rams 
became wet due to a sudden spell of rain 
and were then stabled) whereafter they 
were kept dry. 

RESULTS 
Bacteria isolated from sheep with Bolo 
disease from the Middelburg area are 
presented in Table 1. In sheep from the 
Queenstown area) Corynebacterium spp.) 
was the most prominent isolate obtained 
from swabs of the affected skin of sheep 
with Bolo disease. In the wool samples 
Bacillus spp. and yeasts (Rhodotorula 
spp.) were the more consistent isolates. 
(Table 2). 

Results of transmissions experiments: 
Experiment 1: Application of filtrates of 
wool from the lesions failed to cause Bolo 
disease. In 3 sheep) the filtrates only caus­
ed the development (from the 7th day on­
wards) of horizontal, light-brown bands 
immediately above the skin in the treated 
areas. On Day 10) 2 of the treated sheep 
developed a mild dermatitis which disap­
peared on Day 15 leaving greyish-white 
scales in the wool adjacent to the skin sur­
face) which by then appeared normal. 
One treated sheep and the control remain­
ed negative throughout. 

Experiment 2: Four bacteria P. aerugi­
nosa, S. epidermididis; M. luteus and a 
B-haeinolytic Bacillus sp. were consistent­
ly isolated from specimens taken from ex­
posed sheep. These bacteria) however) 
also failed to cause Bolo disease and) with 
the exception of E. aurogenes, only in-
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Table 2: Bacteria isolated from sheep -with Bolo disease from the Queensw"~od area 

NATURE AND NUMBER OF POSITIVE SPECIMENS 
BACTERIAL ISOLATE 

Wool samples Skin scrapings 

No of specimens examined 36 9 

Bacillus spp 
Corynebacterium xerosis 
Corynebacterium spp 
Enterobacter spp 
Escherichia coli 
Gram-negative bacilli 
Gram-negative cocco-bacilli 
Gram-positive cocci 
Gram-negative cocci 
Micrococcus roseus 
Pseudomonas spp 
Staphylococcus au reus 
Staphylococcus epidermidis 
Streptococcus spp 
Fungi - untyped 
Yeasts - (Rhodotorula spp) 

duced a mild dermatitits in the exposed 
areas on the wetted sides of all sheep. On 
the sides which were not wetted, slight 
signs of skin irritation in the infected 
areas were only noticed in the 2 sheep ex­
posed to S. epidermidis and one sheep ex­
posed to the Bacillus spp. The dermatitis 
became noticeable from Day 9-13 after 
exposure and disappeared 7-11 d later lea­
ving a fine, scabby layer which gradually 
grew out with the wool. 

Experiment 3: Cultures of P. aeruginosa 
caused lesions characteristic of fleece-rot. 
The reactions abated from approximately 
Day 6 after wetting treatme~t was stop­
ped, while the scale deposits and brown, 
discoloured band grew out with the wool 
towards the end of the experimental 
period. On the wetted· sides, Corynebacte­
rium spp. suspensiohs caused lesions in­
distinguishable from fleece-rot. The le­
sions on the 'dry' sides resembled Bolo 
disease both macroscopically and histo­
pathologically. These lesions remained 
unchanged until the end of the obser­
vation period of 3 months. From skin 
swabs taken from the lesions of experi­
mental Bolo disease on the 'dry' sides, 
both Corynebacterium spp. and P. aeru­
ginosa were isolated on Day 7 and 
again on Day 13 after exposure, where­
after Corynebacterium spp., but not P. 
aeruginosa, could regularly be isolated 
from skin swabs· taken at 14 d intervals 
until the end of experimental period. 
From the skin swabs taken from the infec­
ted areas on the wetted sides, P. 
aeruginosa could be regularly isolated 

35 2 

10 

4 
4 
1 

27 3 

throughout the experimental period. Co­
rynebacterium spp. on the other hand, was 
not isolated on any single occasion, as the 
primary cultures were invariably conta­
minated. 

Experiment 4: No visible affection of 
the skin could be produced. Skin swabs 
taken on 3 occasions, with weekly inter­
vals, proved negative for Corynebacterium 
spp. on bacteriological culture. 

Experiment 5 imd 6: Corynebacterium 
spp. did not invariably cause Bolo disease 
after experimental application. However, 
after reapplication of suspensions in both 
saline and nutrient broth to the same 
animals, lesions characteristic of Bolo 
disease developed. During the develop­
ment of the lesions in both rams, cultures 
were negative on Days 1 and 3 but were 
generally positive for Corynebacterium 
spp. from Day 11 onwards and con­
sistently so from Day 18 until Day 169 
when the experiment was terminated. An 
almost pure and abundant growth of Cor­
ynebacterium spp. was obtained from Day 
29 onwards. 

In the lesions of Bolo disease that de­
veloped during this period, scabs were 
clearly visible from Day 18 after infec­
tion. From Day 147 onwards and particu­
larly on Day 169, the ram with stronger 
wool appeared to be more severely affec­
ted. its skin had a more intense purple 
colour with profuse scab-formation, while 
the wool closer to the skin had lost its 
crimp. Histological examination of sec­
tions of the affected skin of both rams 
taken on Day 21 and 59, respectively, 
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Skin swabs 

129 

40 
3 
56 
11 
2 
3 
5 
4 
3 
2 
1 
1 
27 
1 

26 

revealed lesions consistent with those 
found in natural cases of Bolo disease, 
namely, mild follicular acanthosis and hy­
perkeratosis, hyperplasia and hypertro­
phy of sebaceous glands, mild subepi­
dermal oedema and perifollicular 
lymphocyte infiltration. 

Wetting and curetting of the skin prior 
to application, as well as application of 
the bacterial suspensions to clipped wool, 
appear to enhance the development of the 
experimental lesions of Bolo disease. The 
lesions were also more severe in the 
animals exposed to suspension in 
physiological saline, rather than to sus­
pensions in nutrient broth. 

DISCUSSION 
In the various trials aimed at the induc­
tion of Bolo disease, lesions resembling 
the natural disease both clinically and his­
topathologically, could only be produced 
when suspensions of Corynebacterium 
spp. were used without post-infective 
wetting of fleeces. 

The other experiments, where suspen­
sions of affected wool or other bacterial 
isolates were used, were either unsuccess­
ful or produced lesions comparable to 
fleece-rot, particularly where the fleece 
was wetted after exposure to the infective 
material. 

A wide variety of saprophytic bacteria 
are consistently found on the normal skin 
and in the fleece of sheep. Some of them 
may, under certain circumstances, exert 
harmful effects, such as in the case of 
fleece-rot. On the other hand, known 
pathogenic bacteria may also be found to 
be present on the skin and to invade the 
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skm trom tlme to time. 
From clinical, epidemiological and his­

topathological observationss 22, it seems 
clear that Bolo disease presents it disease 
entity quite distinct from lumpy woolIO 12 
1318, and fleece-rot with or without accom­
panying discolouration of the woo17 1920. 
The hot, humid conditions required for 
the occurrence of both lumpy woo16 ~ IO 12 
13 1821 and fleece-rot24 7 8 17 1921, are not 
essential for the occurrence of Bolo 
diseases 22. From an epidemiological point 
of view, Bolo disease also differs marked­
ly from the condition of retardation of 
wool-growth in Merino rams on- highly 
nutritious diets described by Jansen & 
Hayes9. 

The lesions of lumpy wool can readily 
be distinguished from those found in Bolo 
disease by the appearance of erythema, 
slight swelling and tenderness of the skin, 
papule formation, exudation, the forma­
tion of thin dome-shaped scabs which 
grow in depth by continuous exudation 
underneath. As the exudate is carried 
away from the skin, it becomes more 
sticky and dry with the result that wool 
fibres stick together to form hard, dome­
shaped lumps or spikes, particularly over 
the back and rump, while underneath 
these lumps the skin has a raw and often 
bleeding surface3 18 IO 1268221. 

The histopathological features of lum­
py wool are fairly typical with the fila­
ments of D. congolensis penetrating the 
epidermal layers down to the basement 
membrane causing cornification of the 
epidermal cells as soon as they are dama­
ged with a consequent thickening of the 
corneal layer of the epidermis. At the 
same time a dense mass of granulocytes 
accumulate beneath the epidermis, which 

. becomes separated from· its dermal 
matrix. This is followed by the formation 
of new hyperplastic epidermal tissue un­
derneath the accumulation of granulo­
cytes. These new layers of epidermal cells 
may again be penetrated by filaments 
from the sheaths of adjacent infected wool 
follicles, with consequent cornification 
and a repetition of the whole process. 
Filaments also penetrate the follicular 
sheath tissues, causing intense prolifera­
tion. Filaments of D. congolensis are rea­
dily found in the cornified tissues of the 
epidermis as well as in the sheaths of in­
fected wool follicles. 

From a diagnostic point of view, lumpy 
wool can be easily be distinguished by its 
epidemiological, clinical and histological 
features. Gram-stained smears prepared 
from debris of the affected skin surface, 
normally reveal the presence of typical, 
segmented filaments containing parallel 
rows of cocci 13 15 on microscopic examina­
tion, while the motile zoospores can also 
be demonstrated in wet preparations from 
the skin surface or prepared from broth. 
cultures, by phase-contrast microscopy. 
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Final identification of D. congolensis can 
be· done by bacterial isolationl3lS. 

The lesions of fleece-rot are more diffi­
cult to distinguish from those of Bolo 
disease, but can be differentiated by the 
fact that only in 2% of cases are they 
found in regions other than the withers 
and back. The wool in the affected areas 
is also always saturated with moisture and 
is characteristically leached and dingy, 
while individual locks become hard and 
stringy and the tips over the affected areas 
tend to be more open. Exudation normal­
ly continues for a few days after wet 
weather ceases, after which the serous ex­
udate dries to form the characteristic, 
matted band across the staple2 7817. In the 
active stage of the non-specific bacterial 
fleece-rot, the transverse band is usually 
dirty grey2 7 17, while subsequently it 
changes to a dirty greyish-yellow colour2 
8. Often when specific bacteria are involv­
ed, colours such as green, brown, or 
shades of orange, pink or blue are also 
seen2 4 7 8 17 19 2~. These colours are not 
always in association with the matted 
band7. . 

Although the lesions of fleece-rot47, 
wool retardation9 and bolo disease have 
some histopathological features in com­
mon, there are, however, distinct dif­
ferences A L Lange 1984, 1986. Unpu-
blished data). The common changes 
which, however, appear to be more severe 
in Bolo disease, include hyperaemia, mild 
sub-epidermal oedema, acanthosis, hyper­
keratosis and desquamation, cellular in­
filtration in the dermis and perifollicar 
areas74 9. (A L Lange 1984, 1986. U npu­
blished data). Whereas the infiltrated cells 
in fleece-rot7 4 and retarded wool-growth9 

mainly consist of neutrophilis, lympho­
cytes are the predominant cell-type in 
Bolo disease, and are accompanied by 
relatively few neutrophils, eosinophils 
and plasma cells. Distinghuishing fea­
tures of fleece-rot include focal spongiosis 
of the stratum germinativum and micro­
abscessation in the stratum corneum4. 

Whereas no mention is made of the ap­
pearance of lesions in shorn animals 
showing retarded w.ool-growth, the 
chalky-white lesions in shorn Bolo disease 
sheep are very typical (Fig. 2). 

Whereas the active lesions in both lum­
py wool and fleece-rot are of temporary 
nature and only last for a few days to a 
few weeks after the wet weather ceases, 
after which the affected wool grows out 
with the fleece2 7 8, the lesions in Bolo 
disease remain active for a prolonged 
period (E M van Tonder, P A Colly 1985 
Unpublished data). 

Epidemiologically, Bolo disease occurs 
under natural grazing conditions 
throughout the year, irrespective of pre­
vailing climatic conditionss 22. 

Further diagnostic evidence in the case 
of fleece-rot, wool retardation and Bolo 
disease can be obtained by bacteriological 
examination of specimens taken from the 
affected skin. Whereas P. aeruginosa and 
other chromogenic bacteria can usually 
be isolated from the skin lesions of fleece­
rot4 7 817 20 21, and the enteric organisms (E. 
aerogenes, E. agglomerans and H. alveI) 
from the lel)ions of retarded wool­
growth9, Corynebacterium spp. is the most 
consistent bacterium of pathogenic 
importance, that can be isolated from the 
affected skin of sheep suffering from Bolo 
disease. 
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HEPATOZOON AND EHRLICHIA IN THE SAME CANINE 
NEUTROPHIL 

The kennel tick Rhipicephalus sanguineus 
is the common vector of the rickettsial 
organism Ehrlichia canis and the protozoa 
HepalOzoon canis and Babesia canis in 
dogs4 • Concurrent infections of these 
organisms are frequently encountered in 
dogs2 7. In a canine peripheral blood smear 
of unknown origin in the teaching collec­
tion of the Department of Parasitology, 
we found a neutrophil harbouring both 
an Ehrlichia morula and a HepalOzoon 
gametocyte (Fig. I). The large 
gametocytes of HepalOzoon canis occur in 
the cytoplasm of neutrophils or 
monocytes t • Morulae of Ehrlichia canis 
typically occur in agrunulocytes such as 
monocytes and lymphocytes, and rarely 
in neutrophils J 4 6 8. Ehrlichia-like 
organisms in granulocytes are usually 
assigned to the genus CylOecelesB. It has 
been suggested that Ehrlichia organisms 
in canine neutrophils may actually be 
Ehrlichia equi6 , which has not been 
reported from South Africa. This 
organism, closely related to Ehrlichia 
canis but serologically distinct, causes 
severe clinical signs in horses but mild or 
subclinical infections in other animals, in­
cluding dogs, sheep, goats, cats and non­
human primates5. 

B L Penzhorn and A L Lange 
Departments of Parasitology and Pathology 
Faculty of Veterinary SCience 
University of Pretoria 
PrIvate Bag X04 
0110 OnderslepoorI. 

Fig. I: A canine neutrophil (outline in­
distinct) harbouring both an Ehrlichia 
morula (A) anc;l. a Hepatozoon gameto­
cyte (8) 
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BOLO DISEASE A BACTERIOLOGICAL SURVEY 

EM VAN TONDERl, PHILIPPA A COLLY2, S 0 VERMEULEN3, G E KELLERMAN4, ADRIANA DE 
RUITER' and C J WHITEHEAD6 

ABSTRACT 
A total of 718 sheep, 381 severely and 190 mildly affected with Bolo 
disease as well as 147 visibly unaffected animals emanating from 15 
farms in the Stutterheim and Cathcart districts in the eastern Cape 
were subjected to bacteriological examination of skin surfaces and wool 
specimens. Altogether, 1 168 specimens were examined. These included 
skin swabs, skin scrapings and wool samples. Corynebacterium spp 
represented 94,4% of the primary isolates in cultures prepared from all 
specimens and 97,2% in those derived from skin swabs only, while a 
variety of other bacteria collectively constituted the remainder of 
primary isolates. In all, Corynebacterium spp was isolated from speci­
mens of 94,2% of sheep severely affected with Bolo disease and from 
83,7% of those mildly affected, whereas it could only be isolated from 
1,36% clinically unaffected sheep. 

In a comparative study, swabs taken directly from the skin surface, 
proved to be the method of choice for the collection of specimens for 
bacteriological examination of Bolo disease. Using this method, Cor­
ynebacterium spp. was isolated from 98,7% of severely, and 85,3% of 
mildly affected sheep as well as 40/0 of sheep apparently unaffected by 
Bolo disease. The isolation of Corynebacterium spp. from skin scrapings 
collected from the 3 categories of affection (73,3%, 57,3% and 4% 
respectively) and from wool samples (52%, 41,3% and 1,3% respective­
ly) proved these 2 methods of sampling to be less reliable. 

A close association has been established between the incidence of 
Corynebacterium spp. and the occurrence of clinical Bolo disease: 

Key words: Bolo disease, Corynebacterium spp., bacteriological survey. 

Van Tonder E.M.; Colly P.A.; Vermeulen S.O.; Kellerman G.B.; De 
Ruiter A.; Whitehead C.J. Bolo disease: A bacteriological survey. 
Journal of the South Afrt'can Veterinary Association (1990) 61 No. 
3, 96-101 (En.) Regional Veterinary Laboratory, Directorate of Animal 
Health, Private Bag X528, 5900 Middelburg, Cape Province, Republic 
of South Africa. 

INTRODUCTION 
Bolo disease is a specific skin disease of 
sheep which was first noticed to occur in 
the Bolo area of the Stutterheim district 
and was first reported on by Vermeulen lO 

II and Colly4. 
In initial investigations to elucidate the 

possible cause of this condition, 5 dif­
ferent bacterial organisms, Micrococcus 
luteus, Staphylococcus epidermidis, Bacillus 

I(Deceased), Regional Veterinary Laboratory, Directorate 
of Veterinary Services, Private Bag X528, 5900 Middel­
burg, Cape Province, Republic of South Africa. 
2State Veterinarian, Lydenburg. 
Jprivate Practitioner, Philipolis. 
4Regional Veterinary Laboratory, Middelburg. 
'Allerton RegIOnal Veterinary Laboratory, Pietermaritz­
burg. 
6Queenstown Veterinary Laboratory. 
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spp., Pseudomonas aeruginosa and Ente­
robacter aerogenes were isolated from wool 
specimens taken at a time when con­
tinuous rain occurreds. In a subsequent 
investigation, 15 different types of bacte­
rial organisms and a specific yeast, 
Rhodotorula rubra, were isolated'. 

Typical clinical and histopathological 
changes could only be caused by exposure 
of the skin to suspensions of Corynebac­
terium spp. without subsequent wetting 
of the fleeces. Various other bacterial 
organisms also caused some form of irrita­
tion of the skin and superficial dermatitis, 
but only when the fleece was wetted regu­
larly after exposure. 

On investigating retardation of wool­
growth in Merino rams on highly 
nutritious diets from outside the known 
Bolo disease area, Jansen & HayesB 

isolated 3 different types of organisms viz 
E. aerogenes, Enterobacter agglomerans 
and Hafnia alvei from specimens of the 
affected wool. By using cellular extracts 
or live bacterial suspensions of these orga­
nisms, they succeeded in causing hyper­
aemia and a superficial dermatitis in ex­
perimental sheep. 

In a subsequent study, Jansen & Hayes9 

isolated 10 different bacterial species 
from specimens of the affected wool of 5 
Merino ewes suffering from Bolo disease 
from the Stutterheim district. By expos­
ing clipped areas of the skin of ex­
perimental sheep 3 times daily for 14 d to 
live suspensions of the organisms 
isolated, after the sites had been wetted 
with 0,15 N NaCl and horse-meat extract 
broth, irritation of the skin and round cell 
infiltration into the dermis were caused 
with suspensions of all 10 species of bac­
teria isolated. 

In order to" attempt to clarify the con­
fusing situation, and since farmers were 
experiencing the problem throughout the 
year irrespective of prevailing climatic 
conditions, it was decided to conduct a 
specific bacteriological survey on selected 
farms in the known Bolo disease area at a 
time when conditions would be most un­
favourable for the occurrence of other 
skin conditions such as fleece-rot and 
general bacterial and mycotic dermatitis. 

MATERIALS AND METHODS 

Time of the survey 

The survey was carried out during July 
1985. Total rainfall, mean monthly hu:mi­
dity as well as mean minimum and max~­
mum temperatures were recorded during 
July 1985 and the preceding 3 months. 
Data were obtained from 3 weather recor­
ding stations within the Bolo disease area, 
namely Dohne, Underchurch and Bolo 
(SA Weather Bureau: Department or 
Transport Services, Pretoria, 1985). 

Selection of farms 

Fifteen farms with a known history of a 
high incidence of Bolo disease in the 
Bolo, Henderson, Toise and Dohne areas 
of the Stutterheim and Cathcart districts 
were selected. 

Selection of animals and clinical eva­
luation 
The sheep on each farm were visually in­
spected for clinical signs of Bolo disease 
and then closely inspected for skin lesions 
by repeatedly parting the fleece on either 
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side of the body, starting in the neck 
region and working caudally. Sheep were 
classified as severely affected, mildly af­
fected or not affected. 

Apart from the presence of viscid, waxy 
scales on the surface of the skin, cases 
were classified as severe on account of the 
presence of well circumscribed, raised, 
reddish-purple lesions of the skin, which 
were tender, tore easily and were sensitive 
to the touch. 

Mildly affected cases were those where 
the skin lesions were not as pronounced 
and with a lesser degree of hyperaemia. A 
variable amount of yellowish to greyish­
white, sticky, waxy scales were present 
on the skin and between the wool fibres 
causing them to stick together to a lesser 
or greater extent. 

Animals were judged to be unaffected 
when no lesions could be found in a least 
25 inspection areas on either side of the 
sheep. 

The inspections of each particular flock 
continued until at least 10 animals in each 
category were identified, if available, for 
the collection of specimens. Following 
this, examinations were continued until, 
if available, another 20 severely or mildly 
affected animals were identified for the 
collection of specimens. Ultimately, 
specimens were obtained from 718 
sheep, comprising 381 severely affected, 
190 mildly affected and 147 sheep not af­
fected by Bolo disease. 

Collection of specimens 
In order to evaluate the efficiency of wool 
specimens, skin scrapings and skin swabs 
for bacteriological examination of skin 
and fleece abnormalities, parallel 
specimens, as close to one another as 
possible were collected from the first 5 
sheep in each category. Seventy-five 
sheep in each category or' affiiction were 
examined in this way and in addition skin 
swabs were collected from a further 306 
severely affected, 115 mildly affected and 
72 visibly unaffected sheep. 

Specimens from infected sheep were 
collected from the centre of well-defmed 
lesions and from non-infected sheep from 
any suitable site behind the shoulders. 

Wool specimens: After parting the 
fleece at the appropriate site, a staple of 

I wool was held at the tip and clipped as 
close to the skin as possible using a pair of 
sterile, curved scissors. The distal end of 
the staple was introduced into a sterile, 
wide-mouthed McCartney bottle for ap­
proximately 1 cm and severed, after 
which the container was immediately 
closed. 

Skin scrapings: By using a pair of 
sterile curved scissors, the wool at the ap­
propriate site was cut as close to the skin 
as possible. 

A sterile scalpel blade was then used to 

scrape the surface of the skin thoroughly, 
after which, the collected material was 
transferred to a sterile skin swab .(an-
chor Rand, Box 83006, South Hills) 
which had been moistened with sterile 
physiological saline solution. The swab 
was immediately replaced in its original 
container. 

Skin swabs: Skin swab specimens 
were collected from the surface of the 
skin, after the wool at the selected site had 
been parted. Disposable sterile throat 
swabs (Anchor Rand, South Hills) were 
thoroughly rubbed onto the skin surface 
and immediately replaced in their origi­
nal containers. All specimens were 
transported in suitable, insulated con­
tainers to the temporary laboratory at the 
Dohne Research Station, where they were 
processed and primary cultures prepared 
at the end of each (fay. Cultures of the 
previous day or days were examined at 
the same time and, where required, the 
necessary subcultures prepared. At the 
end of the week, all' cultures were sealed 
and transported in dust-free containers to 
the laboratories at Queenstown and 
Middelburg, Cape, where they were sub­
jected to further bacteriological examina-
tions. ". 

Wool specimens were removed from 
their containers by means of sterile for­
ceps and their distal ends streaked across 
the surface of the primary culture media, 
consisting of Columbia agar (Merck S A 
(Pty)Ltd, P.O. Box 3067, Port Elizabeth), 
enriched with 5% of either horse or sheep 
blood. 

Similarly the skin swabs, taken directly 
or containing. transferred material from 
the. skin scrapings, were streaked across 
the surface of the Columbia agar plates. 

Bacteriological examinations 
Primary and sub-cultures were incubated 
in an aerobic atmosphere at 37°C. All 
bacteriological examinations and tests 
were conducted following standard 
bacteriological techniques, while identifi­
cation of the organisms was done accor­
ding to Bishop et al.2 and Buchanan & 
Gibbons3• 

Cultures were examined after 48 h 
incubation and primary cultures were 
classified as negative when no bacterial 
growth was evident or when single col­
onies of obvious contaminants were pre­
sent; positive when possibly significant 
growth either in pure or predominant 
form occured; non-specific w hen single 
or a limited number of similar colonies of 
a wide variety of bacterial tyP!!S appeared 
on the same plate or oyergrown where 
cultures were overgrown by motile orga­
nisms or by fungi. 

All primary cultures that showed no 
growth or were overgrown by con­
taminants or showed obviously insignifi-

0038-2809 Tydskr.S.Afr. vet. Ver. (1990) 61(3):96-101 

cant or non-specific bacterial growth on­
ly, were discarded. 

Pure cultures were subjected' to im­
mediate further bacteriological testing, 
while in the case of mixed cultures, sub­
cultures were made from the predomi­
nant bacterial growth as well as from se­
cond and where necessary, also third 
forms of bacterial growth, in order of 
abundance of their bacterial colonies. 
Once obtained in pure form, each of these 
isolates was subjected to further standard 
bacteriological examinations in order to 
estabiish their identity. 

RESULTS 

Meteriological data 
Apart from a total precIpitation of 
0,2 mm recorded at Dohne, no rain oc­
curred in the area during July while total 
monthly rainfalls varying from 8,3 to 8,8 
mm for June, 10,8 to 11,2 mm for May 
and 13,5 to 22,9 mm for April were 
registered at the 3 stations. The, mean 
monthly relative humidity prevailing in 
the area during July, varied from 45,1 to 
57% while in the preceding 3 months it 
fluctuated between 44,5 and 59,9% ex­
cept for a mean recording of 63,3% in 
Bolo during April. Mean monthly fIgures 
of recorded daily temperatures showed 
that an average minimum temperature 
varying between 1,5° to 7,2°C, and max­
imum temperatures of 18,9° and 20,9°C 
were experienced in July with a similar 
range of temperature variations in June. 
The figures for April were somewhat 
higher, however, the highest mean 
minimum temperature of 12,9°C was re­
corded at Dohne and the highest mean 
maximum temperature was 26,1 °C 
recorded at U nderchurch for the month 
of April. 

Clinical f"IDdings 
The nature and distribution of lesions in 
the animals from the 15 properties ex­
amined during the bacteriological survey, 
are shown in Table 1. Whereas the inci­
dence of severe lesions was only slightly 
higher in ewes than in rams and wethers, 
it was noted that these lesions tended to 
be more diffusely spread in the ewes. In 
the great majority of ewes and wethers 
with mild affiictions, the lesions were of a 
localised nature, while no conclusion 
could be drawn about the rams as too few 
were examined. 

Bacteriological culture 
Results of the primary bacterial cultures 
are given in Table 2. In Table 3, bacteria 
other than Corynebacterium spp which oc­
curred in pure or predominant growth in 
primary cultures of specimens from af­
fected and unaffected sheep, are listed 
and their incidence is expressed as a per­
centage of primary cultures. Table 4 in-
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Table 1: Nature and distribution of lesions in sheep with Bolo disease examined during a 
bacteriological survey 

: Nature and distribution oflesions 
Animals examined: __________________________________ _ 

Severe Mild 

Type Number Diffuse Focal Diffuse Focal 

Ewes 405 126 147 40 92 
(31,1%) (36,3%) (9,9%) (22,7%) 

Wethers 158 41 62 9 46 
(25,9%) (39,2%) (5,7%) (29,1%) 

Rams 8 2 3 1 2 
(25,0%) (37,5%) (12,5%) (25,0%) 

Table 2: The relative incidence of Corynebacterium spp and other bacteria in primary cultures of specimens collected 
during a bacteriological survey from sheep affected by and unaffected by Bolo disease 

Specimens and degree of NS Corynebacterium spp. *** Other bacteria *** 
affliction 

Predoml-
Degree of aftlic- NS* or Positive ** Pure nant Mixed Pure Predominant Mixed 
tion Number Negative overgrown growth growth growth growth growth growth growth 

Total specimens 1168 

Severe 531 11 63 457 241 139 72 5 ° ° (45,5%) (2,1%) 11,9% (86,1 %) (52,7%) (30,4%) (15,8%) (1,1%) (0,0%) (0,0%) 

Mild 340 20 64 256 123 63 45 23 2 ° (29,1%) (5,9%) (18,8%) (75,3%) (48,0%) (24,6%) (17,6%) (9,0%) (0,8%) (0,0%) 

Unaffected 297 84 193 20 7 ° 2 9 2 ° (25,4%) (28,3%) (65,0%) (6,7%) (35,0%) (0,0%) (10,0%) (45,0%) ( 10,0%) (0,0%) 

% of all specimens 115 320 733 371 202 119 37 4 ° 1168 ((9,8%) (27,4%) (62,8%) (31,7%) (17,3%) (10,2%) (3,2%) (0,3%) (0,0%) 

% of positive 371 202 119 37 4 ° growth only (50,6%) (27,6%) (16,2%) (5,0%) (0,5%) (0,0%) 

Skin swabs only: 718 

Severe 318 7 13 361 210 111 37 3 ° ° (53,1 %) (1,8%) (3,4%) (94,8%) (58,2%) (30,7%) ( 10,2%) (0,8%) (0,0%) (0,0%) 

Mild 190 14 11 165 92 45 20 7 1 ° (26,5%) (7,4%) (5,8%) (86,8%) (55,8%) (27,3%) (12,1%) (4,2%) (0,6%) (0,0%) 

Unaffected 147 57 81 9 4 ° 1 4 ° ° (20,5%) (38,8%) (55,1%) (6,1%) (44,4%) (0,0%) (11,1%) (44,4%) (0,0%) (0,0%) 

% of all skin swabs 78 105 535 306 156 58 14 1 ° 718 ( 10,9%) ( 14,6%) (74,5%) (42,6%) (21,7%) (8,1 %) (1,9%) (0,1%) (0,0%) 

% of positive growth 306 156 58 14 1 ° only (57,2%) (29,2%) (10,8%) (2,6%) (0,2%) (0,0%) 
to 

*Obviously non-significant bacterial growth 
** Appreciable number of morphologically similar colonies indicating possible. significance 
***Expressed as a % of positive cultures only 
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dicates secondary and tertiary isolates 
from specimens of affected sheep, and 
their incidence is expressed as a percen­
tage of_primary cultures. 

Table 5 compares the total number of 
Corynebacterium spp isolates to other 
bacteria recovered from primary cul­
tures froin alI affected as well as unaf­
fected sheep. Bactedologicili examination 
of skin swabs yielded more positive cul­
tures in comparison to examination of 
skin scrapings and wool speciments 
(fable 6). 

DISCUSSION 
In their report, Jansen & Hayes9 explain 
Bolo disease as it occurs in the Stutter­
heim district, to be due to the presence of 
sufficient moisture to cause bacteria pre­
sent on the skin to multiply and to initiate 
the lesions found on affected sheep; the 
moisture is however insufficient to cause 
typical fleece-rot. 

Table 3: Bacteria other than Corynebacterium spp which occurred in pure 
or predominant growth in primary cultures of specimens from af­
fected and unaffected sheep obtained during the bacteriological 
survey 

NUMBER OF BACTERIAL ISOLATES 

ORGANISMS ISOLATED 

Affected sheep Unaffected sheep 

* 
Staphylococcus epidermidis 14 1,9 4 0,55 
Staphylococcus aureus 3 0,4 ° ° Staphylococcus saprophyticus 5 0,7 ° ° _Micrococcus roseus ° ° I 0,14 
Streptococcus spp ° ° 2 0,27 
Gram-positive coccus 1 0,14 ° ° Alcaligenes faecalis 1 0,14 ° ° Proteus spp 2 0,27 4 0,55 

TOTAL 26 3,55% II 1,5% 

*Expressed as a percentage of primary cultures 

Table 4: Secondary and tertiary bacterial isolates from primary cultures of skin and wool 
specimens of affected sheep, collected during the bacteriological survey 

NUMBER OF BACTERIAL ISOLATES 
BACTERIA ISOLATED 

Secondary growth 

Staphylococcus epidermidis 22 3,0* 
Staphylococcus saprophyticus 7 0,95 
Staphylococcus aureus 5 0,7 
Micrococcus luteus I 0,14 
Micrococcus roseus 1 0,14 
Micrococcus spp 2 0,27 
Gram-negative coccus 5 0,7 
Pseudomonas spp 5 0,7 
Beta-haemolytic Bacillus spp 7 0,95 
A rthrobacter freundii 2 0,27 
Alcaligenes faecalis 2 0,27 
Yeasts 2 0,27 
Sub-cultures died 2 0,27 

TOTAL 63 8,63% 

*Expressed as a percentage of primary cultures 

Their assumption seems to be based on 
the annual incidence of an average of III 
rainy days, recorded in this district from 
1939 to 1975, which would amount to an 
average wet to dry day ratio of 1 :3,3. In 
the literature, continuous thorough 
wetness of fleece and skin of sheep in ex­
cess of 4 days7, for 4 to 6 weeks l or 1 week 
or longe~, is stated as being a basic prere­
quisite for the multiplication of bacteria 
present on the skin of sheep and for the 
development of fleece-rot. Furthermore, 
Hayman6 clearly showed that the ratio of 
wet to dry days and total precipitation, 

were critical climatic factors; that rainfall 
per wet day in itself was not critical, since 
fleece-rot was not observed after heavy 
downpours of rain of relatively short dura-
tion. In his studies Hayman6 found that 
ratios of wet to dry days were never more 
than I: I, I during periods of fleece-rot 
development and never less than 1 :3, I 
during periods when -it did not occur, 
while total precipitation for the corres­
ponding periods varied from 96,5 to 
413,75 mm and 73,25 to 138 mm respec­
tively. During these studies, conducted 
over 5 years, periods of continuous wet 
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Tertiary growth 

4 0,55* 

° ° ° ° I 0,14 

° ° ° ° I 0,14 
1 0,14 
1 0,14 
2 0,27 

° ° ° ° ° ° 
10 1,33% 

weather, preceding the occurrence of 
fleece-rot, persisted for 12 to 54 d. Com­
pared to these rainfall figures recorded 
over such limited periods, it seems un­
likely that the average figures of 736,7 
mm of rainfall and III wet days over a 
period of 12 months as presented by 
Jansen & Hayes8 could be conducive to 
the multiplication of bacteria on the skin 
of sheep and the persistent occurrence of 
a condition such as Bolo disease. 

During the year of this bacteriological 
survey (1985), total rainfall figures of 
753,3 mm at Underchurch, 1 022 mm at 
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Table 5: Comparison of the total number of Corynebacterium spp. isolates to other bacteria recovered from 
primary cultures of specimens from all affected as well as unaffected sheep, collected during a 
bacteriological survey of Bolo disease 

SPECIMENS TYPE OF SHEEP NUMBER OF ISOLATES 

Negative 
Type Number Type Number of Corynebacterium Other N/S* 

specimens spp. bacteria overgrown 

All 
Specimens 1 168 Affected 871 683 30 158 

(74,6%) (78,4%) (3,4%) (18,1%) 

Unaffected 297 9 11 277 
(25,4%) (3,0%) (3,7%) (93,3%) 

Skin swabs 
only 718 Affected 571 515 11 45 

(79,5%) (90,2%) (1,9%) (7,9%) 

Unaffected 147 5 4 138 
(20,5%) (3,4%) (2,7%) (93,9%) 

*Non-significant bacterial growth 

Table 6: An evaluation of 3 different methods for the collection of specimens for bacteriological examination of skin 
conditions in woolled sheep, with specific reference to Bolo disease 

Skin swabs Skin scrapings Wool 

Type of Number Negative Positive Positive Negative Positive Positive Negative Positive Positive 
aftliction of sheep N/S * CorynebGc- other N/S * CorynebGc- other N/S * CorynebGC- other 

overgrown terium spp. bacteria overgrown rium spp bacteria overgrown terium spp bacteria 

Severe 75 I 74 
(1,3%) (98,7%) 

Mild 75 7 64 
(9,3%) (85,3%) 

Unaffected 75 68 3 
(90,7%) (4,0%) 

*Non-significant bacterial growth 

Bolo and 1 167,1 mm at Dohne were 
recorded_ However, from the total rainfall 
figures for each of the preceding 3 
months as well as the month during 
which the survey was conducted, it can be 
seen that it was a relatively dry period 
with the highest recording of22,9 mm at 
Dohne during April and only 0,2 mm at 
this station during July. Despite these 
unfavourable rainfall conditions, particu­
larly during the 3 weeks preceding the 
survey, severe affiiction (acute lesions) 
was found in 66,7% of the affected 
animals examined (Table 1). It seems 
highly unlikely that wetness of the 
skin ,and fleece played any part in the 
development of the acute'lesions of Bolo 
disease encountered during this survey. 
Henderson7 states that production of ex­
udate stops spontaneously when the skin 
is dried, while Hayman6, found this 
period to be 2 to 3 d. 

JOO 

0 19 55 I 35 39 I 
(0,0%) (25,3%) (73,3%) (1,3%) (46,7%) (52,0%) (1,3%) 

4 18 43 14 41 31 3 
(5,3%) (24,0%) (57,3%) (18,7%) (54,7%) (41,3%) (4,0%) 

4 70 3 2 69 I 5 
(5,3%) (93,3%) (4,0%) (2,7%) (92,0%) (1,3%) (6,7%) 

According to Hayman6, the range of 
mean daytime relative humidity (69 to 
93%) when fleece-rot occurred, was dis­
tinctly higher than the range (58 to 76%) 
when lesions did not occur. Although not 
strictly comparable, the range of mean 
monthly daytime relative humidity values 
in this study is of a distinctly lower order 
when compared to the range of mean day­
'.:me values recorded by Hayman6 at 
times when lesions of fleece-rot did not 
occur. Apart from reflecting the dry 
climatic conditions which prevailed dur­
ing the period, and also during the bac­
teriological survey, the relative humidity 
values seem to emphasise the unlikeliness 
of wetness playing any role in the occur­
rence of Bolo disease. 

Should wetness have played a role, this 
situation, together with the low 
temperatures and relative humidity that 
prevailed, would have caused the skin le-

sions to abate6 7 and consequently no le­
sions would have been encountered; ex­
cept maybe for horizontal bands of scaly 
deposits and/or discolouration in fleeces, 
some distance away from the skin. Colly5 
successfully transmitted Bolo disease by a 
single application of a suspension of Co­
rynebacterium spp. in physiological 
saline. 

Possible explanations for the tendency 
towards a higher incidence of diffusely 
spread severe lesions in ewes could be 
their greater proportional representation 
and better opponunities for exposure, but 
more important, their poorer nutritional 
status, as was evidenced in a substantial 
percentage of these ewes which were 
weaned of their lambs shonly before the 
investigation. 

On the first inspection after incubation 
for 48 h, primary cultures were classified 
into 3 categories according to the nature 
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and extent of bacterial growth displayed, 
as was previously explained namely posi­
tive, negative and non-significant or over­
grown: The number of cultures in each 
category obtained from specimens of se­
verely and mildly affected, as well as of 
unaffected animals (Table 2), is of signifi­
cance. Of all the specimens examined, 
86, I % collected from severely affected, 
and 75,3% from mildly affected animals, 
showed significant bacterial growth on 
the primary cultures, as compared to only 
6,7% in the unaffected animals, which 
consequently had a substantial percentage 
(93,3%) of negative and non-significant or 
overgrown primary cultures. When skin 
swabs only were compared, the figures 
were even more dramatic, namely, 94,8% 
and 86,8% of possibly significant bacte­
rial growth on primary cultures of severe­
ly affected and mildly affected sheep 
respectively, as compared to 6,1% in the 
unaffected animals. These results tend to 
show that at least some forms of bacterial 
growth predominated the sites of afflic­
tion. 

From this bacteriological investigation, 
it soon became evident that Corynebac­
terium spp was the predominant type of 
growth. In Table 2 the incidence of Cor­
ynebacterium spp and other bacteria 
(grouped together) and the extent of 
growth on primary cultures prepared 
from specimens collected from severely 
and mildly affected sheep, as well as from 
unaffected sheep, are given. From this in­
formation it can clearly be seen that Co­
rynebacterium spp was the most impor­
tant isolate present. 

Other bacteria were only obtained as 
primary isolates in a small percentage of 
cases. Their better representation in pri­
·mary cultures of specimens from mildly 

affected sheep, seems to suggest their 
take-over of a primary infection as secon­
dary invaders only. 

The incidence of Corynebacterium spp 
in the form of pure or predominant 
growth on the primary cultures prepared 
from skin swabs of only affected sheep, 
was distinctly higher (87% of positive 
cases) and its presence in mixed cultures 
distinctly lower (10,8% of positive cases) 
than was the case in cultures prepared 
from all the specimens collected (65% + 
13,4% of positive cases respectively). 
This seems to confirm the belief that 
other types of bacteria, incidentally pre­
sent in specimens collected by skin scra­
ping or in wool samples, were eliminated 
by this method of specimen collection, 
thus making it possible for a primary in­
habitant such as Corynebacterium spp to 
be represented as a predominant or even 
pure growth on primary cultures in the 
majority of cases. 

These results seem to prove beyond 
doubt, the aetiological significance of Cor­
ynebacterium spp in the occurrence of le­
sions of Bolo disease. Its isolation from a 
small percentage of unaffected cases can 
only be explained to the effect that the 
organism had already been present on the 
skin of these sheep, but that clinical le­
sions had not yet developed at the time 
that these animals were examined. These 
sheep can therefore be regarded as pro­
spective cases of Bolo disease, as they 
were in the incubation stage of the disease 
at the time of bacteriological investiga­
tion. 
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Articlel Artikel 

A CLINICAL STUDY OF AURICULOTHERAPY IN CANINE THORA­
COLUMBAR DISC DISEASE 

J STILL* 

ABSTRACT 
Auriculotherapy (ear-point acupuncture) was used in dogs (n = 30) suf­
fering from thoracolumbar disc disease, Types I-IV, with a duration of 
1 to(47 x= 8) d. During auriculotherapy treatment, no analgaesics or anti­
inflammatory medications were used. Pressure-sensitive and electrically 
detectable points on the concave aspect of the external auricle were 
stimulated by insertion of stainless steel acupuncture needles for 20 
min. One to 6 needles were used on each occasion in a maximum of 3 
treatments. Fifty per cent of dogs recovered completely and 23% im­
proved. Dogs with backpain only (Type I) and dogs with paresis (Type 
II) responded best with mean recovery times of 1,7 and 3,2 d respective­
ly. The analgaesic effects were especially impresslve. Auriculotherapy 
failed in 3 (50%) paralysed dogs (Types III and IV) in which post­
mortem examinations confirmed focal myelitis and myelomalacia. Four 
of 12 dogs (33%) recorded relapsed in 1,4 to 26 weeks after successful 
treatment. 

Key words: Dog, acupuncture, thoracolumbar disc disease. 
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columbar disc disease. Journal of the South African Veterinary 
Association (1990) 61 No.3, 102-1 05 (En.) Department of Anaesthesio­
logy and Radiology, Faculty of Veterinary Science, Medical University 
of Southern Africa, 0204 Medunsa, Republic of South Africa. 

INTRODUCTION 
In human acupuncture, only one small 
part of the body (for instance the nose, 
face, hand, foot and ear) is often used as 
the site for treating various diseases. The 
ear zone or auriculotherapy (ear-point 
acupuncture) is often used.. Auricular 
acupuncture points are pressure-sensitive 
and show decreased electrical skin resis­
tance in comparison to the surrounding 
skin areas. Trials in humans. and 
animalsll 13 I. suggest that certain points 
reflect pathological processes situated in 
certain specific somatic regions and are 
thus diagnostically significant. The 
points are claimed to positively affect the 
corresponding pathological process when 
stimulated physically (for instance by a 
steel acupuncture needle)S 17. A large 
number of these points have been des­
cribed in humans56 • 

'Department of Anaesthesiology and Radiology, Faculty of 
Veterinary Science, Medical University of Southern Africa, 
0204 Medunsa, Republic of South Africa 

Received: July 1989 Accepted: May 1990 

Clinical human studies10 16 claim a high 
success rate with the use of auricular 
acupuncture (82-91 %) in selected condi­
tions. Musculo-skeletal pain is the main 
indication for auriculotherapy5 6 10 Ii. A re­
cent study by Melzack & Katz i , however, 
reported a powerful placebo effect of elec­
trical stimulation of the auricular points 
in 36 patients suffering from chronic 
pain. Electrical stimulation of selected 
auricular and periauricular points in­
duced analgaesia allowing a complete 
flank laparotomy in 46% of experimental 
dogs '2. 

The purpose of this study was to evalu­
ate auriculotherapy in dogs suffering 
from thoracolumbar disc disease. 

MATERIALS AND METHODS 
Dogs (n = 30) presented for treatment to 
the First Internal Clinic, University of 
Veterinary Science, Brno, Czechoslova­
kia, from May 1983 to May 1985 and 
classified according to the type of 
thoracolumbar disc disease3 (Table 1 and 
2), were treated by auriculotherapy. No 

dogs were excluded from the study. 
A detailed neurological examination ac­

cording to Hoerlein2 and Janssens3 was 
performed on each dog before the begin­
ning of auriculotherapy and before each 
of the consecutive treatments. All dogs 
were subjected to radiological examina­
tion and the results were correlated with 
clinical findings to confirm the diagnosis2 
Most of the dogs (93%) were presented 
for auriculotherapy in the acute stage of 
thoracolumbar disc disease and most 
(70%) showed signs of backpain. Motor 
and sensory deficits (Types II-IV) be­
hind the spinal lesion was diagnosed in 
63% of dogs (Table 2). 

All medical treatments prior to auricu­
lotherapy were recorded. Only 2 dogs 
(7%) received anti-inflammatory doses of 
short-acting corticosteroids (pred­
nisolone, Prednisolon - Galenika), before 
the beginning of auriculotherapy, one of 
which was suffering from Type I thoraco­
lumbar disc disease and had received 2 
doses of corticosteroids prior to acu­
puncture. Another dog which was suffe­
ring from Type IV thoracolumbar disc 
disease, received 4 doses of corticos­
teroids. Two days elapsed between the 
last corticosteroid treatment and auriculo­
therapy in both dogs. Non-steroidal 
analgaesics (aspirin, Acylpyrin-Spofa or 
ibuprofen, Bruffen - Galenika) were ad­
ministered to 6 (20%) dogs, 2-4 d before 
the beginning of auriculotherapy. All 
drug medication was excluded during the 
course of auriculotherapy, with the excep­
tion of 2 acute patients with hind limb 
paralysis (Type III and IV) which re­
ceived antibiotics (penicillin and strepto­
mycin, Penstrepten - Biotika). 

Acupuncture needles of 0.2mm gauge 
and 5-15 mm stainless steel were inserted 
into the pressure-sensitive and electrically 
active points on the concave aspect of the 
external auricle. The points were detec­
ted by an atraumatic spring-mounted 
search electrode probe of 1 mm2 diameter 
at a detection pressure of 80-120 g/mm2 
(784-1 177 kPa). The electrode was con­
nected to an Akudiast I apparatus (pro­
duced by Metra Blansko, Czechoslovakia) 
which registered changes of electrical skin 
resistance (impedance) in the points. A 
positive finding of the active point was 
characterised by a sudden jerk of the body 
and marked decrease of the electrical skin 
resistance under the value of 70 K!l. The 
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Fig. 1: Auricular pressure- and elec­
tro-sensitive zones used for 
treatment of canine thora­
columbar disc disease. The 
somatotopic representation 
of the spinal and hind limb 
nervous areas are shown1314 

1: "Hind paw" area; 2: "Knee" areas; 3: 
"Hip" area; 4: "Sacral and lumbar" area 
of the vertebral column,S: "Thoracic" 
area of the vertebral column; 6: "Cer­
vical" area of the vertebral column; 7: 
"Spinal cord" area; 8: "Hypothalamus" 
area 

points occurred within the somatotopic 
zones (Fig. 1). One to 6 needles were us­
ed. The needles were placed into the 
zones occurring on one or both external 
auricles to investigate whether unilateral 
or bilateral needling is clinically more ef­
fective. The needles were left in situ for 
20 min without any additional manipula­
tion and then removed. Clinical progress 
was recorded daily. 

The patients were considered to be ex­
periencing relief of pain when muscular 
relaxation of the back and abdomen and 
tranquilisation of the previously anxious 
subjects were observed. Improved motili­
ty, allowing running or climbing of a 
staircase was considered to be an addi­
tional criterion of the relief of pain in 
dogs which were previously reluctant to 
perform these activities due to pain in the 
back. Relief of pain and improvement of 
the voluntary motility were used as 
criteria for clinical success of auri­
culotherapy in dogs of Types II-IV (Ta­
ble 3). 

One to 3 treatments were used in each 
dog. Auriculotherapy was terminated if 
no essential clinical improvement oc­
curred after 3 sessions or if the dog's con­
dition deteriorated. 

Post-treatment clinical progress was 

followed up in the dogs by requesting 
owners to return a detailed questionnaire 
concerning the dogs' progress. A few 
dogs were also clinically re-evaluated. 

No control experiments on dogs af­
fected by thoracolumbar disc disease and 
non-treated or treated by drugs, were per­
formed. A comparable study of treatment 
of the condition using body-point acu­
puncture was performed in the clinicl5 16. 

Post-mortem examinations were perfor­
med on most of the dogs that died. 

The Chi-square test was used to analyse 
results of the treatments statisticalIy. 

RESULTS 
Results of auriculotherapy are summa­
rised in Tables 3 and 4. Overall, 73% of 
dogs recovered or improved. Only 2 dogs 
of Type I remained unimproved. One 
progressively deteriorated to Type IV and 
died within a week, in spite of corti­
costeroid therapy; another showed a sig­
nificant improvement only 1-2 d post­
treatment, but long-term alleviation of 
pain was only obtained following corti­
costeroid therapy. 

In the Type II group, 3 dogs did not 
improve during treatment. Two of them 
improved following acupuncture of 
points other than auricular points; one 
dog progressively deteriorated and died 
due to aggravation of associated chronic 
renal disease within a week. 

Three of 6 (50%) dogs suffering from 
hind limb paralysis (Types III and IV), 
improved substantially during the few 
days of treatment. One dog, with back­
pain and urinary retention (Type IV) re­
covered completely after 2 treatments 
over 2 days; one dog of Type III, was able 
to walk after the first treatment, but mild 
residual ataxia was present; the third dog 
responded similarly after 3 sessions in 2 
weeks. Another 3 dogs treated 1-3 times 
over a period of 2 to 6 d, did not im­
prove and were euthanased. Post mortem 
examinations confirmed local myelitis or 
myelomalacia resulting from thoracolum­
bar disc protrusion in all of them. 

Analgaesic effects were prominent, es­
pecially in Type I, in which 6 of 7 dogs 
(86%) were completely free of pain after 
one treatment. Four of 7 dogs (57%) 
(Type II) completely recovered from 
ataxia and backpain after one treatment. 
The difference in success rate between 
Types I and II was not significant 
(p> 0,05). Those with motor problems 
(hind limb paresis to paralysis) generally 
did not recover as well as those which on-
ly suffered pain. This was apparent in 
Type II, but especially in Types III and 
IV. 
No statistically significant difference 

(p> 0,05) between the success rates of 
auriculotherapy in the dogs with previous 
short-term analgaesic drug treatment 
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(88%), and non pre-treated dogs (57%) 
was confirmed. Bilateral auricular need­
ling (75% of cases) was not significantly 
(p > 0,05) more effective in the treatment 
of thoracolumbar disc disease than unila­
teral needling (50%). 

Post-treatment relapses to thoracolum­
bar disc disease, occurred in 4(31 %) of 
the recorded dogs (Table 5). Backpain re­
appeared in 2 dogs classified pre-treat­
ment as Type I, 3 weeks after temination 
of auriculotherapy, as well as in a Type II 
dog after 10 d. A dog classified as 
Type III, pre-treatment, relapsed to the 
same type 2 months after treatment. 

DISCUSSION 
Some recommended diagnostic methods 
of canine thoracolumbar disease2 3 18 were 
not used in this study. These methods im­
prove diagnostic reliability of the current­
ly used clinical neurological examination 
and spinal radiographyl318. Spinal myelo­
graphy can be potentially harmful to con­
servatively treated dogs2 3 18 and other 
recommended diagnostic methods such as 
lumbosacral venography, discography 
and computer tomographyl7 were not. 
available. The diagnosis of canine thora­
columbar disc disease was therefore not 
beyond doubt in this or other studiesl 3 15 
16 

The results indicate that auriculothera­
py in dogs was effective in acute thora­
columbar disc disease and can be classi­
fied as a conservative treatment. Corticos­
teroid therapy is commonly employed in 
practicel 2 and body-point acupuncture 
(needling points on the back and hind 
limbs) was also found to be highly effective 
in canine thoracolumbar disc disease, 
Types I and IV 15 16. However, only one 
sufficiently detailed comparable study of 
conservative treatment of Type I and II 
canine thoracolumbar disc disease (using 
body-point acupuncture) has been recor­
dedI; 16. Comparable and clinically accep­
tablel success rates were obtained in those 
studies. The mean recovery time was, 
however, shorter in the case of auriculo­
therapy (1,7 d for Type I and 3,2 d for 
Type II) than in the case of body-point 
acupuncture (3,4 and 9,2 d respectively). 
The reliability of analgaesic effects, the 
short duration of treatment and an accep­
tably high success rate, suggest auriculo­
therapy as an interesting therapeutic 
alternative to other therapies of thora­
columbar disc disease in dogs affected by 
less severe spinal Injury, classified 
clinically as Type I and II. Other com­
parable studies using conventional physi­
cal and drug treatments2, would be highly 
desirable to evaluate objectively the cli­
nical contribution of acupuncture in the 
treatment of canine thoracolumbar disc 
disease. 

As only 20% of the dogs in this study 
were suffering from Types III and IV 
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Table I: 

Type I 
Type II 

Type III 

Type IV 

Thoracolumbar disc disease classification 
(adapted according to Janssens3) at initial 
examination 

- backpain, no neurological deficit 
- hind limb paresis/ataxia, recurrent back-

pain 
- paraplegia with intact pain sensitivity of 

the hind limbs, back pain may be present 
- paraplegia with absence of pain sensitivity 

in the hind limbs, back pain may be pre­
sent 

Table 2: Sex, age and breed distribution of dogs and duration of pre­
treatment disease 

Dogs 

n 
Males/females 
Mean age 
Range (years) 
Chondrodystro­
phic breeds (%) 
Mean duration (d) 
of clinical signs pre­
treatment 
Range 

Type of thoracolumbar disc 
disease 

I 
II 

6/5 
7,0 

3,5-11 
82 

9 
2-30 

II 
13 

4/9 
6,1 

2,5-11 
85 

4 
1-9 

III 
4 

311 
7,8 

6-11 
100 

17 
2-47 

Table 3: Clinical therapeutic success of auriculotherapy 

IV 
2 

III 
5,0 
3-7 
50 

3 
1-5 

Therapeutic 
success 

Type of thoracolumbar disc disease 

Number treated 
Number and %( ) 
recovered* 
Number and %( ) 
improved** 
N umber and %( ) 
unimproved*** 

I 

11 

7(64) 

2( 18) 

2(18) 

II 

13 

7(54) 

3(23) 

3(23) 

III IV 

4 2 

0(0) 1(50) 

2(50) 0(0) 

2(50) 1(50) 

all cases 
30 

14116 
6,6 

2,5-11 
84 

8 
1-47 

all cases 

30 

15(50) 

7(23) 

8(27) 

* Types I to IV: no pain observed, motility as before the onset of the disease 
** Type I: clinically free of pain, but occasionally a mild discomfort associated with 

the backpain observed by the owner 
Type II: clinically free of pain, occasional gait instability of the hind limb 
Type III and IV: clinically free of pain, voluntary motility of the hind limb, but 
ataxia persists 

*** Types I to IV: no clinical improvement or deterioration 

thoracolumbar disc disease, firm conclu­
sions cannot be drawn as regards the 
therapeutic effectiveness of auriculo­
therapy in these cases. The method ap­
parently failed in dogs with acute myelitis. 
Auriculotherapy also did not prevent fur­
ther progressive deterioration in 2 dogs 
with Type I and II thoracolumbar disc 
disease, in which severe spinal injury 
could be suspected. The prognosis, using 
other conservative therapeutic methods, 
is generally poor in such cases2. The 
results of this study indicate that surpris­
ingly good response to auriculotherapy 
can be obtained occasionally in paralytic 
dogs (Types III and IV), but cases 
presented within 48 h after the onset of 
clinical signs, should probably preferably 
be treated surgicallyl 2 II. 

Auricular pressure-sensitive and electri­
cally active points on the canine external 
auricle can reflect some pathological pro­
cesses in the body with surprisingly high 
reliability'!. Previously we confirmed in 
154 dogs with various neurological and 
musculoskeletal diseases (including the 
thoracolumbar disc disease syndrome), 
that the diagnostic correlation between 
the pathologically injured part of the 
body and the related auricular point, was 
highest in acute inflammatory (88%) and 
painful processes (91 %)14. Most of the 
dogs treated by auriculotherapy in the 
present study, corresponded with these 
conditions and the auricular points were 
found in all of them within the projection 
areas (Fig. 1). Stimulation of the points 
by needling, induced clinically significant 
analgesia, which was not apparently asso­
cil\ted with differences in nervous ex­
citability (temperament) between the 
dogs. In contrast to this, significantly bet­
ter surgical analgesia (p < 0,05) was ob­
tained in nervous than in placid dogsl2 . 
No clinical pain or neurological disturban­
ces were present in those dogs. Compari­
son of the previous studyl2 with the pre­
sent results (experimental pain compared 
with clinical pain), suggests that adequate 
stimulation of corresponding auricular 
points can activate partially different 
pain-killing mechanisms in the dog, de­
pending on the characteristics of the in­
jury. Both unilateral and bilateral auri­
cular stimulation provoked good anal­
gesia. This finding may be important for 
practical application of the method. 

The physiological effects of auriculo­
therapy are mediated via the nervous sys­
tem45• However, mechanisms of action of 
classical acupuncture and ear-acupunc­
ture on the pathological process (rever­
sible spinal lesion in thoracolumbar disc 
disease), may differ between both 
variants of acupuncture, although both 
approaches can offer comparable results. 
Classical acupuncture, employing tradi­
tional Chinese points6 15 affect the local 
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Table 4: Duration and course of auriculotherapy 

Type of thoracolumbar disc disease 

I II III IV all cases 

Number treated 11 13 4 2 30 
Mean duration of 
treatment (d) 1,7 3,2 6,0 2,0 3,0 
Range 1-7 1-7 1-14 2 1-14 

N umber of sessions 
Average 1.3 1,7 1,2 2,0 1,5 
Range 1-2 1-3 1-3 2 1-3 

Number and %( ) 
improved after the 
first session 10(91) 7(54) 1(25) 1(50) 19(63) 

Table 5: Post-treatment evaluation of dogs treated by auriculotherapy 

Type of thoracolumbar disc disease 

I II III IV all cases 

Number recorded 
post-treatment 

4(50) 8(100) 1(50) 13(72) 

(% of total*) 

Follow-up period (m) 
Average 
Range 

Number relapsed 
(% of recorded) 

3,9 
1,75-5 

2(50) 

6,1 
2-14 

1(12) 

2 
2 

1(100) 

5,1 
1,75-14 

4(31) 

* recovered and improved cases in which no anti-inflammatory and/or analgaesic drugs 
were used during the follow-up period 

anatomical structures around and behind 
the spinal lesion by segmental and supra­
segmental mechanisms, but no apparent 
segmental connection exists between the 
lesion and related auricular points. The 
auricular method will involve the stimu­
lation of supra-spinal mechanisms. 
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Articlel Artikel 

OVERBERG RESEARCH PROJECTS. V. ANTHELMINTIC SALES IN THE 
BREDASDORP AREA OF THE SOUTHERN CAPE 

J P Louw* 

ABSTRACT 
In the Bredasdorp anthelmintic market segment with its 327 764 sheep 
and goats and 19 818 cattle, 1 323 770 therapeutic doses of anthelmintic 
for sheep and goats and 6 622 therapeutic doses for cattle, worth 
R456 800,46 and R22 548,31, respectively, were sold during 1988. 
Fewer than 4 market segment therapeutic doses of nematocide, with an 
annual total average cost of Rl,40 per animal, were sold for sheep and 
goats, while only an estimated 331/ % of the cattle received an anthel-

J 
mintic, at an annual average cost of R3,41 per animal. Anthelmintic 
prices fluctuated by -12 to +42% in 16 months. Benzimidazoles were 
responsible for 38,5%, ivermectins for 22,1% and combination pro­
ducts for 19,4% of sales. The injectable formulation of ivermectin was 
responsible for 38,5% of ivermectin sales and probably used primarily 
in the control of sheep scab. 

Key words: Anthelmintic market, market share, market segment 
therapeutic dose, price, price escalation. 

Louw J.P. Overberg Research Projects. V. Anthelmintic sales in 
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INTRODUCTION 
Determining the pattern and rate of ant­
helmintic usage is a difficult task. Stock­
piling and transit time through the distri· 
bution network, render manufacturer 
sales figures unsuitable indicators of the 
volume and timing of anthelmintic con· 
sumption. Retail sales to the farmer, as 
the penultimate step in the distribution 
process, although still not perfect, are 
more reliable indicators of actual ant· 
helmintic usage. 

Anthelmintic sales surveys are not only 
useful sources of market intelligence, but 
will provide the scientist with valuable in­
formation regarding the chemothera­
peutic helminth control practices in use, 
and their relevance to the known epizoo­
tiology of parasites of the region. The fre­
quency with which the different generic 

*Departrnent of Parasitology, Faculty of Veterinary 
Science, University of Pretoria, Private Bag X04, 0110 
Onderstepoort, Republic of South Africa 
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classes of anthelmintics are used, is an 
important factor in the development of 
parasite resistance to these anthelmintics l 

4 6. Reinecke5 alleged that farmers treat 
their stock too frequently. 

The purpose of the present study was 
to determine the number of therapeutic 
doses of all anthelmintics sold in a 
specific segment of the market, to relate 
the number of doses to the number of tar­
get animals and to determine the retail 
price, dosage cost and price adjustments 
which occurred in the anthelmintic mar­
ket during 1988. 

MATERIALS AND METHODS 
The segment of the anthelmintic market 
included in the present study, comprised 
the whole of the area affiliated with the 
Bredasdorp/Napier Agriculture Co-ope­
rative. This institution has 4 outlets and 
sells to stock farmers owning 326 074 
sheep, 1 690 goats and 19 818 cattle. As a 
result of extensive incentive schemes such 
as credit sales, deferred payment and dis-

counts offered by the Co-operative to its 
members, all anthelmintic sales, even 
those made by representatives of the 
manufacturers, are channeled through the 
insitution. For this reason anthelmintic 
sales by the Co-operative were regarded 
as the total of all anthelmintic sales in this 
area. All stock figures used, were the of­
ficial stock census figures for 1987/88, ob­
tained from the Depanment of 
Agricultural Economics and Marketing. 

Sales figures were processed by a cen­
tral data processing unit and the trade 
names of all anthelmintics, the pack vo­
lumes and their prices as well as the quan­
tities of each sold, recorded monthly. The 
crude sales figures were arranged by trade 
names and grouped generically by active 
ingredient, ivermectins (Ivm), benzimi­
dazoles (Bnz), levamisoles (Lvz),. mo­
rantel (Mrl) salicylanilides (Sa), combina­
tions of Bnz and Sa (Cmb) and the 
cestocides. Sales volumes were expressed 
in 50 kg doses sold monthly to the 
sheep/goat and cattle market, respective­
ly. Local prices for anthelmintics were 
recorded in August 1987 and again in 
December 1988 and the cost of individual 
doses, as well as the price fluctuation dur­
ing the 16 month period, calculated. 

Monthly sales of sheep/goat and cattle 
nematocides were accumulated in multi­
ples of327 764 doses of 50 kg and 19818 
doses of 450 kg, respectively. These were 
the number of doses required for a single 
treatment of all stock in this segment of 
the market (the market segment thera­
peutic dose). This analysis of the market 
provided a useful indication of the 
number of market segment therapeutic 
doses purchased, as well as the timing of 
anthelmintic treatments. 

Mean monthly temperature and total 
monthly rainfall recorded in the vicinity 
of Bredasdorp, were incorporated in the 
study. 

RESULTS 
The percentage division of the sheep and 
goat nematocide market by generic group 
of products, is illustrated in Fig. 1, while 
the monthly sales of the 3 leading generic 
groups of anthelmintics are pre~e~ted in 
Fig. 2. The benzimidazoles were the 
market leaders with a 38,5% share in the 
sheep and goat market, followed by the 
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Fig. I: Percentage division of the nematocide market for sheep and goats in 
the Bredasdorp area in 1988. Ivm = ivermectins; Bnz = ben­
zimidazoles; Cmb = combination of Bnz and Sa; Sa = salicylanilides; 
Lvz = levamisoles; Mrl = morantel 
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Fig. 2: Monthly sales of the 3 leading generic groups of anthelmintics for 
sheep and goats in the Bredasdorp area during 1988 
Bredasdorp area during 1988 
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ivermectins (22, I %) and the combination 
products (19,4%). Products containing a 
benzimidazole accounted for 57,9% of all 
sheep and goat anthelmintic sales. 

The number of 50 kg doses of ant­
helmintics sold during 1988, totalled 
I 383 370 of which I 323770 doses were 
sheep and goat and 59 600 doses cattle 
anthelmintics. Converted to 450 kg doses, 
the estimated live mass of adult cattle, on­
ly 6622 doses were sold for cattle. Only 
72 960 doses of the sheep and goat an­
thelmintics were pure cestocides, while 
I 250 810 doses were nematocides. A 
number ofbenzimidazoles have claims of 
efficacy against nematodes as well as 
cestodes, but, because the' purpose for 
which these benzimidazoles were pur­
chased could not be determined, they 
were classified as nematocides. The ac­
tual Compounded cost of all packs of each 
brand of anthelmintic sold, as well as the 
average cost of each therapeutic dose, 
were calculated and amounted to R479 
348,77 if based on prices which prevailed 
in December 1988, or R430 152,66 if bas­
ed on prices which prevailed in August 
1987. The value of the sheep and goat 
anthelmintic market segment would be 
R456 800,46 or R410 647,83, respec­
tively. Price fluctuations during the 16 
months the survey lasted, ranged from 
-12 to +42%. 

The total monthly sheep and goat 
nematocide and cestocide sales, together 
with mean monthly temperature and total 
monthly rainfall are presented in Fig. 3. 

A cumulative monthly sales flow 
diagram (Fig. 4) illustrates the timing and 
pattern which characterised the purcha­
sing of nematocides for sheep and goats in 
market segment therapeutic doses. 

DISCUSSION 
Market share 
The sales success of the pure benzimida­
zole products may be attributed to their 
attractive prices and the efficacy of some 
against cestodes of lambs. The high inci­
dence of nematode resistance to this 
group of products is to be expected, when 
taking into consideration ho,w intensively 
they are used. The rate at which parasites 
develop resistance to an anthelmintic, is 
directly rela,ed to the intensity of ex­
posure to that compound' . 

Although the sales of combination pro­
ducts were surpassed by ivermectin sales, 
the former were probably the anthel­
mintics of choice for the simultaneous 
control of nematodes and nasal bots. 
Nearly 40% of the doses of ivermectin 
sold were in injectable form, and were 
probably used primarily for the control of 
sheep scab and not applied as a dewor­
ming agent per se. 

Sales volume analyses by individual 
compound, revealed that anthelmintics 
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Market segment therapeutic doses of sheep and goat nematocides pur· 
chased in the Bredasdorp area during 1988 

contaInIng albendazole were in greatest 
demand for sheep and goats, followed by 
ivermectin and the anthelmintics contain­
ing mebendazole. 

Sheep nematocide sales peaked in 
March, September and November (Fig. 
3), coinciding with the time of year when 
sheep are moved to winter pastures, 
lambs are weaned and sheep are moved to 
summer pastures. This purchasing pat­
tern, if an indication of the helminth con­
trol programme which was being follow­
ed, indicated that the suggested strategic 
control programme based on the epizoo­
tiology of sheep helminths in the Ruens 
region of this area3, was being followed to 
a certain extent. Cestocide sales coincided 
with the lambing season, reaching a peak 
in June when lambs were approximately 
2 months of age, and in need of treatment 
(Fig. 3). 

The cumulative monthly sales flow 
diagram (Fig. 4) starting in January, indi­
cates that almost 4 market segment thera­
peutic doses of nematocides for sheep and 
goats were sold during 1988. These doses 
were sold by March, June, October and, 
with only 60 246 doses short, by Decem­
ber. Only 6 622 (450 kg) doses, 13 196 
short of a market segment therapeutic 
dose for the cattle, were sold during 1988. 

The injectable formulation of ivermec­
tin for sheep, indicated primarily for the 
control of sheep scab, was purchased 
mainly during late winter and spring 
when conventional control by means of 
dipping, was probably too risky as a result 
of the bad weather conditions which 
prevail during this time of the year. 

In December 1988 the average price of 
a dose of sheep and goat anthelmintic us­
ed in this segment of the market, was 35 
cents. Niclosamide, ivermectin and the 
combination products sold for more than 
the average price, and cost 80, 52 and 39 
cents, respectively. The cost of treating a 
50 kg sheep or goat 4 times per year, as 
indicated in Fig. 4, could be as high as 
R2,08 if ivermectin was used or as low as 
RO,76 if morantel was used, but the 
average cost was Rl,40. Cattle with a live 
mass of 450 kg would cost R3,42 to treat. 

The mean price increase of all sheep 
and goat anthelmintics was only 11 %, but 
the price of the ivermectins and the 
salicylanilides increased by 21% and 
12%, respectively. During 1986 the 
average cost of all anthelmitnics used in 
the country, was 16 cents2• The dif­
ference of 19 cents (119%) between the 
1986 national average cost of a thera­
peutic dose of sheep and goat anthelmin­
tic and the 1988 average for the market 
segment under discussion, was therefore 
not due only to price increases, but also to 
more expensive classes of anthelmintics 
probably being used in this segment of 
the market. 

The recorded average dosing frequency 
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pared to frequencies generally regarded as 
conducive to the development of anthel­
mintic tolerance in nematodes6• The ex­
tensive use made of the benzimidazoles as 
anthelmintics is more likely to precipitate 
such tolerance. 

The average amount ofRl,40 spent on 
sheep and goat anthelmintics is a negligi­
ble production cost factor and amounted 
to less than 1 % of the gross current in­
come of R159,18 quoted by the Direc­
torate of Agriculture Economics for sheep 
in this region. 

The timing and pattern of anthelmintic 
purchases corresponded to a large degree 
with the timing of treatment suggested in 
the strategic control programme based on 
the epizootiology of the parasites of sheep 
in the Riiens3, an area constituting a large 

discussion. 
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A SEROLOGICAL SURVEY FOR BRUCELLOSIS IN BUFFALO (SYNCERUS 
CAFFER) IN THE KRUGER NATIONAL PARK 

F CHAPARRO*, J V LAWRENCE*, R BENGIS**, and J G MYBURGH* 

ABSTRACT 
A serological investigation was undertaken to determine the prevalence 
of brucellosis titres in buffalo in the Kruger National park. A total of 
406 samples were collected over a period of one year. The rose bengal 
and the complement fixation tests were used in the investigation as 
these tests are routinely used for cattle sera and have proved to be 
reliable. In the females, 12,6% adult, 10,7% sub-adult and 3% juvenile 
animals reacted positively to the tests. In the males, 15,10/0 adults, 
10,6% sub-adults and 5,3% juveniles were recorded as positive. 

Key words: Buffalo, brucellosis, serology, prevalence 

Chaparro F.; Lawrence J.V.; Bengis R.; Myburgh J.G. A serological 
survey for brucellosis in buffalo (Syncerus caffer) in the Kruger 
National Park. Journal of the South African Veterinary Association 
(1990) 6"1 No.3, 110-111 (En.) Veterinary Research Institute, 0110 
Onderstepoort, Republic of South Africa. 

INTRODUCTION 
Brucellosis is a contagious disease caused 
by bacteria of the genus Brucella; it can 
affect most domestic animals, causing 
abortion in pregnant females and orchitis 
and infection of the accessory sex glands 
in males. It occurs in most parts of the 
world. Man can also be affectedl2 • 

The role of the disease in wildlife has 
not yet been adequately determined. On 
the African continent, isolations of 
Brucella abortus have been made from wa­
terbuck l, eland2, and buffal07, which con­
firms that this bacterium can infect non­
domestic animals. Several serological 
investigations have shown positive reac­
tors in non-domesticated species in 
Africa, these include buffalo (Syncerus 
cafferY 359151620, Burchell's zebra (Equus 
burchelliJ, eland (Taurotragus oryx)2 10 14 

IS, impala (Aepyceros melampus) 5 17 18, 

tsessebe (Damaliscus lunatus)4, bushbuck 
(Tragelaphus scriptus)4, waterbuck (Kobus 
ellipsiprymnus;S, hippopotamus (Hippopota­
mus amphibius;S 15, nyala (Tragelaphus 
angasl)1°, beisa oryx (Oryx beisa)14, blue 
wildebeest (Connochaetes taurinus)17 IS 20, 

black-backed jackal (Canis mesomelas)18, and 

*Vererinary Research Institute, 0110 Onderstepooft, 
Republic of South Africa 
.. Directorate of Animal Health, Kruger National Park. 

Received: January 1990 Accepted: May 1990 

spotted hyaena (Crocuta crocuta)18. 

On other continents, seropositive reac­
tions have been found among other 
animals, including foxes (Vulpes vulpes)ll 
19, coyotes (Canis latrans}, opossum 
(Didelphis marsupialis), racoon (Procyon 
10 to r}l9, bison (Bison bison), elk (Cervus 
canadiensis), and moose (Alces alces)13. 
Isolations have also been made from 
coyotes6, bison, elk, moose, white-tailed 
deer (Odocoileus virginianus)13, grey foxes 
(Dusicyon gymnocercus antiquus)19, and a 
large variety of rodents and hares11 19. 

The purpose of this study was to deter­
mine the prevalence of serological titres 
to brucellosis among buffalo in the 
Kruger National Park, and compare these 
results with those of other researchers. 

MATERIALS AND METHODS 
Blood was collected from Buffalo during 
routine culling in the park. It was left at 
room temperature until a clot had formed 
and the sera were collected in small 
plastic tubes and frozen. A total number 
of 406 samples were collected over a year, 
from different areas in the park. Before 
being sent to the serology laboratory at 
the Veterinary Research Institute, Onder­
stepoort, the samples were inactivated at 
58°C for 30 min to prevent the possibili­
ty of transporting live foot-and-mouth 
disease virus. 

Animals were classified according to 
age as adults (> 3 years old), sub-adults 
(1-3 years old) and juveniles « 1 year 
old) and according to sex. Of the 216 
females, 127 were adults, 56 sub-adults 
and 33 juveniles; of the 190 males, 86 
were adults, 66 sub-adults and 38 
juveniles. 

All samples were subjected to the 
complement fixation test (CFT) used for 
routine brucellosis testing in catdell. 
Titres are reported in International Vnits 
ml- 1 (IV ml- 1); titres equal to or above 30 
IV ml- 1 were considered as positive. 

All sera were also subjected to a rose 
bengal testS (RBT) done in WHO haem­
agglutination plates, and any reaction 
from a small rimming to the complete 
clumping of the reagents in the well was 
regarded as positive. 

RESULTS 
The serological results are presented in 
Table 1. In the CFT, 45/406 samples 
(11,1 %) showed a reaction equal to or 
above 30 IV ml-l. Of these, 23 (5,7%) 
were from female animals and 22 (5,4%) 
from male animals. In adult females, 
161127 (12,6%) reacted positively, in sub­
adults 6/56 (10,7%), and in juveniles 1133 
(3%). In males, 13/86 (15,1%) adults, 
7/66 (10,6%) sub-adults and 2/38 (5,3%) 
juveniles showed positive titres. 

All eFT-positive samples were also 
RBT positive, whilst not all RBT 
positives showed a CFT titre. 

DISCUSSION 
Compared with the results obtained by 
Herr & Marsha119, who recorded a 
prevalence of 37,8% positive CFT 
serological reactions in adult female cows, 
we found only 12,6% to be positive; in 
adult males, the prevalences were 28,5% 
and 15,1% respectively. In the other age 
groups there was a difference in the age 
classification of the animals, but it can be 
stated that in general, the prevalen~e was 
lower as well. 

De Vos & Van Niekerk5 found a 
prevalence of 11,06% in 253 animals cull­
ed in the park between May and August 
1964, which is similar to the prevalence 
found in this study; Condy & Vickers3 

described a prevalence of 22,6% in Wan­
kie National Park after a study done on 
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Table I: Number of buffalo reacting to the rose bengal test (RBT) and 
comple ment fixation test (CFT) 

Age and No. of RBT posi-
sex * samples tive(%) 

Adult F 127 28 (22) 
Sub-adult F 56 8 (14,3) 
Juvenile F 33 4 (12,1) 
Adult M 86 24 (27,9) 
Sub-adult M 66 9 (13,6) 
Juvenile M 38 5 (13,2) 
Totals 406 78 

*F = Females M = Males 

319 culled buffalo. Other reponsl6 20 des­
cribed the presence of serological positive 
titres for brucello:,is in buffalo, but a 
reliable comparison could not be made 
from the number of animals tested. 

The RBT is an exceedingly sen­
sitive screening test and in comparison 
with results obtained with the eFT at the 
30 IV ml- I level, there were understan­
dably a number of false positives i'n the 
RBT. This is commonly found in normal 
routine diagnostics on cattle sera as well. 

The importance of brucellosis in buf­
falo populations is not well known. De 
Vos and Van Niekerk5 stated that the 
disease has little effects on the buffalo 
population, nevertheless Brucella abortus 
biotype I has been isolated from foetal 
membranes of a buffalo foetus which ap­
parently died before the cow was culled7• 

In other species such as the american 
bison, abortions and retained placentas 
have been observed, and isolations from 
bulls with orchitis have been made13 • 

It is important, not only in the case of 
brucellosis, but with other controlled 
diseases as well, to consider that buffalo 
and wild antelope can become infected 
from domestic cattle and vice versa, and 
that this may have an impact on the con-

CFT ill ml- I 

18-24 30-49 ~ 60 

9 5 II 
0 I 5 
2 I 0 
4 5 8 
2 3 4 
3 2 0 

20 17 28 

trol and eradiction of these diseases, since 
it is becoming more popular to have com­
bined game and domestic stockfarming. 
The exact importance of brucellosis in 
buffalo populations should therefore be 
investigated. 
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HELMINTH AND ARTHROPOD PARASITES OF ANGORA GOATS ON IR­
RIGATED KIKUYU GRASS PASTURES IN THE EASTERN CAPE PRO­
VINCE 

B H FIVAZ*, I G HORAK** and E J WILLIAMS* 

ABSTRACT 
Angora goat kids and yearlings grazing irrigated Kikuyu (Pennisetum 
c1andestinum) grass pastures in the eastern Cape Province, became 
heavily infected with Teladorsagia circumcincta and Trichostrongylus 
rugatus, leading to high mortality in both age groups. Peak burdens of 
the former were recorded during March and May, and of the latter du· 
ring May and June. Larger numbers of the cestode Moniezia expanza, 
occurred in the kids than in the yearlings. Despite the stress of high 
helminth burdens, no clinical cases of coccidiosis were seen. 

Both groups of goats were infested with small numbers of immature 
stages of the tortoise tick, Amblyomma marmoreum, and the yellow dog 
tick, Haemaphysalis leachi. Infestation with the biting louse, Damalinia 
limbata, occurred within 2 d of birth, but never reached very large 
numbers. Larvae of the nasal botfly, Oestrus ovis, were present only 
from January to July. 

Key words: Angora goats, irrigated artificial pastures, Teladorsagia cir­
cumcincta, Trichostrongylus rugatus, Moniezia exapansa, Damalinia Iim­
bata, Oestrus ovis 

Fivaz B.H.; Horak I.G.; Williams E.J. Helminth and arthropod 
parasites of Angora goats on irrigated Kikuyu grass pastures in 
the eastern Cape Province. Journal of the South African Veterinary 
Association (1990) 61 No.3, 112-116 (En.) Tick Research Unit, 
Department of Zoology and Entomology, Rhodes University, 6140 
Grahamstown, Republic of South Africa. 

INTRODUCTION 
Angora goats are farmed extensively in 
the drier regions of the Cape Province of 
South Africa. Stock losses caused by 
severe winters, tick-borne disease and 
predation by caracal (Felis caracal) may be 
high under extensive conditions and 
therefore there has been a shift towards 
the intensification of Angora goat farming 
on artificial pastures. While there is some 
information on the occurrence of internal 
and external parasites of Angora goats 
grazing various natural veld types2 7 8 12, 

little is known of the prevalence of these 
parasites in or on goats on artificial 
pastures. 

'Tick Research Unit, Department of Zoology and En­
tomology, Rhodes University, 6140 Grahamstown, 
Repu blic of South Africa 
"Department of Parasitology, Faculty of Veterinary 
Science, University of Pretoria 
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This paper records the results of a 
survey of the parasites of Angora goats on 
irrigated Kikuyu grass (Pennisetum 
clandestinum) pastures on a property 
north of Grahamstown in the Great Fish 
River Valley, eastern Cape Province. 

MATERIALS AND METHODS 

Study site 
The farm "Kranzdrift" (33°08'S; 
26°31E; Alt 340 m) with a mean annual 
rainfall of 375 mm, is 5 000 ha in extent 
and situated 19 km north of Grahams­
town in a vegetation zone classified as 
Valley Bushveld l • Fifteen ha is planted 
with Kikuyu grass and this is regularly ir­
rigated by means of a centre-pivot sprink­
ler system. 

Pastures 
The pastures on which the survey 
animals grazed, consisted of 4x2 ha pad-

docks, planted with Kikuyu grass. These 
paddocks had been grazed intermittently 
throughout the year for a number of years 
by 20 to 30 stud goats, but remained 
ungrazed on occasions for periods of 1 to 
2 months. The paddocks were irrigated at 
1 to 2 weekly intervals throughout the 
year, depending on rainfall and usage. All 
the goats in the survey were run together 
and grazed rotationally in each camp for 
periods of 1 to 2 weeks. 

Goats 
Twenty-five Angora goat ewes, with new­
born kids at foot and 48 yearling goats 
that had previously grazed Valley 
Bushveld camps, were transferred to the 
Kikuyu grass pastures during October 
1987. All stock, except the new-born kids, 
were dipped in a pyrethroid-containing 
dip (Sumifleece, Shell Chemicals), and 
drenched with morantel citrate (Ban­
minth, Pfizer Laboratories) at 12,5 mg 
kg- I just prior to transfer. 

In order to serve as tracers of infestation 
on the pastures, 4 yearling goats (tracers) 
were drenched with ivermectin (Ivomec 
liquid, Logos Agvet) at 0,2 mg kg- I and 
niclosamide (Lint ex L, Bayer SA) at 50 
mg kg-I. No post-drenching faecal ex­
aminations were conducted to determine 
the efficacy of the drugs. These goats 
grazed the pastures for 30 d prior to 
slaughter. Commencing from October 
and December 1987 respectively, 2 of the 
untreated young kids and the 4 tracer 
yearlings were slaughtered at monthly in­
tervals. With the exception of the con­
secutive groups of 4 tracer animals, it was 
inteded that the survey goats remain un­
treated. However, a considerable increase 
in internal parasite burdens necessitated 
the treatment of all the remaining year· 
li~gs on 4 separate occasions (approxima· 
tely 2 months apart) during the trial 
period. These animals were treated with 
ivermectin and morantel citrate alterna­
tely at dosages of 0,2 and 12,5 mg kg- I 
respectively. The young kids were not 
treated at all. 

As all the yearlings had died from se­
vere helminth infection by May 1988, 
they were replaced by 20 others, which 
had in turn all died by September 1988. 
Goats which died, were excluded from 
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rable 1: Mean faecal nematode egg and coccidiai oocyst counts, and numbers of helminths recovered 
from suckling Angora goat kids on irrigated Kikuyu grass pastures 

Mean numbers of helminths recovered 

Mean 
Month Moniezia Mean faecal 

No of Age at Haemonchus Nematodirus Teladorsagia Trichostrongylus expansa nematode oocyst 
goats slaughter contortus spathiger circumcincta rugatus scoleces egg count count 

Adult 4L Adult 4L Adult 4L Adult 
Oct 1987 2 0 0 0 0 0 0 0 0 0 0 0 
Nov 2 1 0 0 0 0 0 0 0 0 0 50 
Dec 2 2 0 12 50 463 813 338 300 1 0 25425 
Jan 1988 2 3 150 188 475 2163 25 4925 5 1400 32200 
Feb 2 4 100 12 825 3600 100 3838 4 3500 25850 
Mar 3 5 401 141 2036 5146 773 21678 7 4800 8750 

4L = 4th Stage larvae 

Table 2: Mean faecal nematode egg and coccidial oocyst counts, and numbers of helminths recovered from 
yearling Angora goat tracers on irrigated Kikuyu grass pastures 

Month No. of goats 

Haemonchus Nematodirus 
contortus spathiger 

Ad 4L Ad 
Dec 1987 4 0 144 50 
Jan 1988 4 0 506 556 
February 4 0 31 75 
March 4 4 37 0 
April 4 10 431 331 
May 3 6 0 0 
June 4 7 231 6 
July 3 0 163 163 
August 4 0 400 175 
September 3 0 8 

4L = 4th StalEe larvae 

the survey and were not processed for 
parasite recovery. 

Necropsy 
At slaughter the carcasses were skinned, 
decapitated and eviscerated and the skins, 
heads, lungs and gastro-intestinal tracts 
placed in separate plastic bags and trans­
ported to the laboratory for examination. 

Faecal worm egg- and oocyst counts: 
Approximately 10 faecal pellets were col­
lected from the rectum of each slaugh­
tered goat and pooled in a composite sam­
ple. The pooled faecal pellets were tho­
roughly crushed and mixed in a mortar 
and pestle after which 4 g were weighed 
out and added to 46 ml of a 40% sucrose 
solution. This was followed by a further 
mix in a mortar and pestle, after which 
the contents were placed in a bottle and 
repeatedly inverted. Egg counts were car­
ried out in the conventional manner, us­
ing a McMaster slide. 

Helminth recovery and counting 

Two 1150 representative samples of the 
contents of both the abomasum and small 
intestine were sieved on a sieve with 38 
/lm apertures and 2, 1150 representative 

0 

Mean numbers of helminths recovered Moniezia Mean Mean 

expansa nematode faecal 

Teladorsagia Trichostrongylus Trichuris sp. scoleces egg count oocyst 
count circumcincta rugatus 

4L Ad 4L Ad Ad 
525 1019 100 550 2 
513 3144 156 9813 0 
44 1281 19 670 0 

2644 7825 644 31 650 0 
238 4094 1094 16704 0 

1362 7875 I 475 48237 2 
1631 3126 7256 42050 I 

175 494 1844 19325 I 
481 1881 813 2019 8 
167 550 42 83 0 

samples of the contents of the large intes­
tine were sieved on a sieve with 150 /lm 
apertures. The mucosae of the abo­
masum, small intestine and large in­
testine were scraped separately and the 
scrapings were digested with pepsin/He 1 
prior to sieving on a sieve with 38 /lm 
apertures. The contents of the sieves were 
collected, preserved with formalin and 
stored. Total worm burdens were calcula­
ted from the worms counted in the 
various representative samples and in the 
digested material. 

Ectoparasite recovery and counting 

The skins were processed for the 
recovery of arthropod parasites and the 
latter were counted and identified as pre­
viously described5 6. Nasal botfly larvae 
were recovered from the nasal passages 
and paranasal sinuses, identified to stage 
of development and counted lO • 

RESULTS 
The survey was intended to run for I year 
in both groups of gOflts. However, all the 
kids had died after 5 months and all the 
yearlings, including the 20 that had been 
added to their number, after 11 
months on the pastures. 

0 125 
0 1225 
0 433 
0 2850 
I 1762 
0 2300 
2 3920 
2 1416 
0 187 
0 83 

Helminths and coccidia 

Suckling kids 

953 
2475 
2150 
2516 
2050 
2400 
4308 
1283 
6157 
6666 

The worm burdens and faecal oocyst 
counts of the kids are summarised in 
Table 1. None of the kids slaughtered at a 
few days or at 1 month of age was infec­
ted. Thereafter nematode burdens, 
consisting mainly of T. circumcincta and 
T. rugatus increased steadily to reach ap­
proximately 30 000 worms in the last 
suckling kids slaughtered. 

When kids from the survey group 
started dying at 3 months of age, during 
January 1988, the total burdens of the 
slaughtered kids, comprised approximate­
ly 8 000 worms. 

Although the faecal oocyst counts 
reached fairly high levels, no cases of 
clinical coccidiosis occurred. 

Tracer yearling goats 

The worm burdens and faecal oocyst 
counts of the tracer yearling goasts are 
summarised in Table 2. The total worm 
burdens increased erratically from De­
cember 1987 (when the first tracers were 
slaughtered), to May and June 1988. The 
decreased thereafter to reach the lowest 
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levels in the last goats slaughtered during 
September 1988. As in the case of the 
suckling kids, T. circumcincta and T. 
rugatus were the dominant parasites, with 
the former reaching peak levels during 
March and May, and the latter during 
May and June 1988. There were several 
mortalities amongst the yearling goats 
once the total burdens in those yearlings 
that served as tracers had reached approx­
imately 40 000 worms during March 
1988. 

The faecal worm egg counts (excluding 
Nematodirus spathigher) of the 
slaughtered yearling tracer goats, corres­
ponded fairly closely with their total adult 
worm burdens (Fig. 1). The faecal oocyst 
counts of the tracers never reached very 
high levels (Table 2). 

Arthropods 

Suckling kids 
The numbers of ixodid ticks, lice and 

larvae of the nasal botfly, Oestrus ovis, 
recovered from the suckling kids are sum­
marised in Table 3. 
A single larva of the tortoise tick, Ambly­
omma marmoreum, and 7 larvae and a 
single nymbph of the yellow dog tick, 
Haemaphysalis leachi, were recovered. 
The lice burdens rose steadily to reach 
the highest level in the last group of goats 
slaughtered during March 1988. Larvae 
of O. ovis were first recovered during 
February 1988 when the kids were 4 
months old. 

Tracer yearling goats 

The ectoparasite burdens of the tracers 
are summarised in Table 4. Larvae of A. 
marmoreum reached peak numbers from 
April to June 1988 and a single nymph 
was collected during December 1987. 
Three larvae only of H. leachi wen· 
recovered. Peak burdens of lice were pre­
sent during May and August 1988, and 
the larvae of O. ovis from January to July 
1988. 

DISCUSSION 

Helminths 
Nematodes 
Low worm burdens have previously been 
recorded in Angora goat kids and adults 
reliant on natural browse for their nu­
tritional requirements2 7 8. Horak7 8 has 
recorded total worm burdens below 500 
and 300 per head, respectively, in un­
treated Angora kids from birth to either 7 
or 18 months running on 2 farms, one 
close to "Kranzdrift" in the Valley Bush­
veld, and the other in N oorsveld, in the 
Karoo. The dominant parasites in these 
kids were T. rugatus and Strongyloides 
papillosus in the Valley Bushveld and N. 
spathiger in the Karoo78• 
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Fig. 1: A comparison of the mean total adult worm 
burdens and mean faecal nematode egg 
counts of yearling Angora goat tracers graz­
ing irrigated Kikuyu grass pastures 

In the case of adult Angora goats, 2 
surveys were conducted in Valley Bush­
veld, with N. spa th iger, T. circumcincta 
and Trichostrongylus pietersei dominant in 
one2, and T. circumcincta and T. rugatus 
in the other7, which, incidentally had 
been conducted on a farm close to 
"Kranzdrift". Individual total burdens in 
these animals exceeded 5 000 worms in 
only 5 of the 72 goats examined. 

The high total burdens encountered in 
the present surveys are undoubtedly 
closely related to absence of browse, the 
high stocking density, lush vegetation and 
regular irrigation. Despite these factors 
favourable for the survival and increase of 
nematode populations, only 3 species, 
namely N. spathiger, T. circumcincta and 
T. rugatus occurred in substantial 
numbers. It seems strange that Haemon­
chus contortus, which normally favours 
these conditions, never reached very large 

numbers, an observation also applying to 
Angora goats and sheep running in Valley 
Bushveld on a nearby farm7 • One is left to 
speculate whether the macro-climate for 
this region, which seems inimical to the 
establishment of H. contortus, overrides 
the advantages of the micro-climate 
created by regular irrigation of artificially 
established pastures. Suppression of H. 
contortus by the large T. circumcincta in­
fection, is a further possibilityl5. 

As could be expected, there appeared to 
be a direct relationship between the size 
or age of the goats and the size of the 
worm burdens which caused mortality3. 
The kids died when their total worm bur­
dens exceeded approximately 8 000, the 
yearlings when these numbers exceeded 
40 000 worms, and none of the adult ewes 
running with the kids died. Despite the 
death of all the experimental goats before 
the survey had run for one year, it was 

0038-2809}1 S.Afr.vet.Ass. (1990) 61(3):112-116 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



Table 3: Total numbers of ectoparasites recovered from suckling Angora goat kids on irrigated 
Kikuyu grass pasture 

Total numbers of ectoparasites recovered 
Month No. of Age at Ixodid ticks Lice Oestrid larvae 

goats slaughter 
(months) 

Amblyomma Haemaphysalis Damalinia Oestrus 
marmoreum leachi limbata ovis 

L N L N N Ad L 1,2,3 
Oct 1987 2 0 I 0 1 0 4 22 0 
Nov 2 1 0 0 4 1 202 70 0 
Dec 2 2 0 0 0 0 366 138 0 
Jan 1988 2 3 0 0 2 0 904 380 0 
Feb 2 4 0 0 0 0 2236 1344 3 
Mar 3 5 0 0 0 0 6588 5394 14 

L=Larvae; N=Nymphs; Ad=Adults; Ll, 2, 3 = Larval stages 

Table 4: Total numbers of ectoparasites recovered from yearling Angora goat tracers 
on irrigated Kikuyu grass pastures 

Total numbers of ectoparasites recovered 

Month No. of 
goats 

Dec 1987 4 
Jan 1988 4 
Feb 4 
Mar* 4 
April 4 
May** 3 
June 4 
July 3 
Aug 4 
Sept 3 

* Hyalomma sp. 1 female 
** Rhipicephalus simus 1 L 

Ixodid ticks 

Amblyomma 
marmoreum 

L N 
I 1 
0 0 
0 0 
2 0 
80 0 
35 0 
17 0 
3 0 
1 0 
2 0 

Lice Oestrid larvae 

Haemaphysalis Damalinia Oestrus 
leachi limbata ovis 

L N N Ad L 1,2,3 
2 0 1 816 3192 0 
0 0 2 576 2176 11 
0 0 10 652 5380 2 
0 0 4 168 5580 18 
0 0 4 188 4352 12 
1 0 11 103 10551 12 
0 0 3716 3124 12 
0 0 2397 2736 6 
0 0 15 280 18036 0 
0 0 6486 4434 0 

L = Larvae; N = Nymphs; Ad = Adult; Ll, 2, 3 = Larval stages 

possible to ascenain seasonal abundance 
in the yearling goats during the 10 
months of the survey. As both T. cz'rcum­
cincta and T. rugatus (the major parasites) 
exhibited similar trends in their seasonal 
abundance, they will be discussed toget­
her. 

Worm burdens of the tracer yearling 
goats, rose erratically but steadily to reach 
a peak in May and June 1988. Thereafter 
they declined to reach the lowest levels 
during September 1988, when the inves­
tigation was terminated (Fig 1). The most 
favourable time for the acquisition of in­
fection appeared to be from late summer 
(March) to early winter (June). This cor­
responds to the concept that these worm 
genera, generally prefer cooler condi­
tionsl3. It contrasts, however, with the 

findings of 2 other surveys conducted on 
Angora goats running in Valley 
Bushveld. In these surveys, total worm 
burdens were generally higher from 
August or September to January then 
were those from February to July2 7. It 
would thus appear as if the micro-climatic 
conditions pertaining on the irrigated 
pastures, overrode those of the macro­
climate for the region, resulting in an 
altered pattern of seasonal abundance for 
T. circumcincta and T. rugatus in contrast 
to H. contortus, for which the converse 
seemed to be true. 

The mean total faecal worm egg counts 
(excluding N. spathiger) closely cor­
responded to the mean total adult worm 
burdens of the tracer yearling goats. In 
this instance, faecal worm egg counts 
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could therefore be used as an indicator of 
total adult worm burdens and also of 
pasture contamination. If, however, large 
numbers of worms are arrested in their 
development in the host animal because 
of previous climatic stimuli, or where 
older hosts are used and a degree of 
immunity is present, worm egg counts do 
not accurately reflect the total worm 
burdens. 

Cestodes 
During surveys conducted on Angora 
goat kids in Valley Bushveld on a farm 
near "Kranzdrift" and on another in the 
Karoo, the kids became infected with 
Moniezia expansa during January when 
they were 3 or 4 months old7 8. The kids 
in Valley Bushveld were accidentally 
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treated with a cestocide during February, 
while those in the Karoo, spontaneously 
lost their infection by April. In the pre­
sent survey, the kids were first infected in 
December 1987 at the age of 2 months 
and infection was still present during 
March 1988 when the survey ended. 
Several of the tracer yearling goats were 
also infected (Table 2), whereas in the 
Karoo only 1 of 90 yearling goats har­
boured a single M. expansa7• Immunity to 
cestodes in the former yearling goats, may 
have been affected by the stress induced 
by the large nematode burdens. 

Arthropods 

Ixodid ticks 
Adult A. marmoreum prefer tortoises as 
hosts, while the immature stages can be 
found on reptiles, birds and mammals9 14. 

There are large numbers of tortoises in 
the Valley Bushveld region in which the 
survey was conducted and most mammal 
species in this area are infested with the 
immature stages of A. marmoreum9 • It is 
quite probable that tortoises also feed on 
the irrigated pastures at "Kranzdrift" and 
that the tick larvae on the goats, originate 
from adult ticks that have detached from 
the tortoises. The seasonal pattern of lar­
val abundance on the yearling goats, 
corresponds to that observed by Norval ll 

for A. marmoreum in the eastern Cape 
Province. 

The immature H. leachi on the goats, 
probably originate from adult ticks on the 
sheep-dogs used to herd the stock. 

Lice 
With the possible exceptions of May and 
August 1988 (Table 4), the burdens of D. 
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limbata were never very large on any of 
the goats and no clear pattern of seasonal 
abundance could be discerned. The kids 
were alrea~y infested at 2 d of age. 

Oestrid fly larvae 
The kids became infested with the larvae 
of O. ovis for the first time at 4 months of 
age, during February 1988. Infestation 
was, however, already present during 
January, as evidenced in the yearling 
goats. T~e seasonal pattern of infestation 
in the latter goats from January to July, 
differs from that observed in sheep 
slaughtered at the Pretoria Municipal 
Abattoir, where infestation mainly occur­
red from October to Mayor June4• 
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Research note/N avorsingsnota 

BLOOD CONSTITUENT RESPONSES OF ANIMALS CULLED WITH SUC­
CINYLDICHOLINE AND HEXAMETHONIUM 

,. 
J HATTINGH*, N I PITTS*, M F GANHAO*, D G MOYES*, and V DE VOS 

ABSTRACT 
Blood constituent responses of elephants and buffaloes culled in the 
Kruger National Park, using a mixture of succinyldicholine and hex­
amethonium, were compared to those of animals culled with succi­
nyldicholine only. The results show a decreased physiological response 
in the animals culled with the mixture, characterised by lower total 
catecholamine, cortisol and glucose concentrations. Neither a delay of 
up to 30 min in obtaining blood samples from culled animals, nor a 
delay of up to 30 min in processing samples obtained immediately after 
cessation of respiration, gave any significant difference in the blood con­
stituents which were measured. 

Key words: culling, scoline, stress. 

Hattingh J.; Pitts N.I.; Ganhao M.F.; Moyes D.G.; de Vos V. Blood 
constituent responses of animals culled with succlnyldicholine 
and hexamethonium. Journal of the South African Veterinary Associa­
tion (1990) 61 No.3, 117-118 (En.) Department of General 
Physiology, University of the Witwatersrand, 2050 Wits, Johan­
nesburg, Republic of South Africa. 

INTRODUCTION 
The results of a pilot experiment in 
which buffaloes were culled in the 
Kruger National Park (KNP) using a 
mixture of scoline (succinyldicholine) and 
hexamethonium, were reported recently!. 
The animals collapsed between 31 s and I 
min 35 s after darting(mean 57 s) and 
showed significantly higher haematocrit 
values, but significantly lower plasma 
cortisol, catecholamine and glucose levels 
compared to those of a control group of 
animals culled with scoline only. It was 
however not possible to investigate the 
control and experimental animals under 
the same culling conditions, because the 
carcasses from the hexamethonium group 
first had to be analysed for residues. On 
the basis of the results obtained in the 
pilot study, permission was granted by 
the Department of Agricultural 
Economics and Marketing to use such 
carcasses for human consumption. The 

'Departments of. General Physiology and Anaesthesia, 
University of the Witwatersrand, 2050 Wits Johannesburg, 
Republic of South Africa 
"Department of Research Information, Kruger National 
Park 

Received: November 1989 Accepted: May 1990 

results of the blood compositIOn from 
elephants and buffaloes culled in the 
same operation with either scoline or a 
mixture of scoline and hexamethonium, 
are now reported here. 

During elephant culling operations in 
the KNP, it is customary to chemically 
immobilise young ones for translocation 
purposes. They are darted towards the 
end of the procedure' and ground teams 
cannot move in until the last animal 
collapses. This prolongs the time before 
conscious, but paralysed culled animals 
can be shot rhough the brain. In order to 
avoid this additional suffering, paralysed 
elephants are now shot from the helicop­
ter. The delay between the time the 
animals collapse and the time of blood 
sampling, may influence the results. To 
ascertain whether this delay has any. effect 
on the blood constituents measured, 
samples were taken up to 30 min after 
death from animals killed with scoline, as 
well as analysing heparinised blood sam­
ples not centrifuged for up to 30 min after 
being taken. 

MATERIALS AND METHODS 
Culled animals: 
Buffaloes and elephants were culled In 
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the KNP as described previously2 4. 

Three groups were investigated: animals 
culled with scoline, animals culled with a 
'mixture of scoline and hexamethonium 
and animals culled by being shot through 
the brain after herding. Heparinised blood 
samples were taken as soon as' possible 
from the ears or jugular veins and the 
relevant times are shown in Table 1. 

Blood sampling after death and in vitro 
time effects: 

Six elephants and buffaloes were 
anaesthetised in the veld as described pre­
viously3. Control blood samples were 
taken after 20 to 30 min and the animals 
then received a culling dose of either 
scoline or scoline/hexamethonium. After 
cessation of respiration, a time zero (To) 
blood sample was taken and this was re­
peated at 10,20 and 30 min (Tlo' T 20 and 
T 3o)' In addition, heparinised blood 
samples were drawn from 6 immobilised 
elephants at a To. An aliquot of this was 
immediately centrifuged and the re­
mainder left to stand for up to 30 min in 
the shade (environmental temperature 
between 25° and 30°C). Further aliquots 
were centtrifuged at T lo' T 20 and T 3o ' 

Analytical techniques: 

Blood samples were analysed immediate­
ly for haem at ocr it and centrifuged to ob­
tain plasma, which was stored at -20°C 
for up to 7d. Plasma glucose, total lipids, 
cortisol and total catecholamine concen­
trations were determined as described 
previouslyl, Plasma lactate (enzymatic 
UV, Clinical Sciences), total protein 
(Biuret method) and osmolality (freezing 
point depression, Precision Instruments) 
were also determined. 

Results were compared statistically us­
ing a Student's T test or non-parametric 
statistics, where 'appropriate. P<0.05 or 
less was considered significant. Results 
are reported as means .± S.D. 

RESULTS 

Effect of time on the composition onn 
vitro blood samples: 
When heparinised blood samples were 
left to stand for up to 30 min in the shade, 
no significant change in concentration of 
any of the variables investigated occurred. 
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Table 1: Time intervals for culled and captured animals (E = elephant 
and B = buffalo) 

Procedure N Time(min}from 
start of herding dart/shot to dart to collapse 

to dart/shot sample taken 

Brain shot E 4 22.7 ±7.0 20.6 ± 1.3 
Bll 23.4±3.0 8.9±S.4 

Scoline E 16 23.2±8.3 21.0±6.6 
B 17· 16.6±2.9 14.3 ± 3.3 1.2±0.4 

Scolinel Ell 19.5 ±5.9 26.7 ±4.7 2.6±0.6 
" 

hexamethonium B 19 .~~ .. 7.7 ±3.1 24.4±S.9 1.4±0.S 

Table 2: Blood composition of elephants (E) and buffaloes (B) 
culled in different ways ("'indicates significantly dif­
ferent to the Scoline results) 

Variable Procedure 

Shot Scoline Scoline/ 
hexamethonium 

Cortisol (n mol £-1) E *243 ± III 348±6S *246±11S 
B *7S±26 100:±;2S * 42±22 

Total catecholamine (ng ml- 1) E lS0.7 ±86 112.7 ±61.2 *8S.2±4S.8 
B 34.9 ± lS.l 48.2±31.2 49.7±31.2 

Glucose (m mol £-1) E *3.9±0.S S.l ± 1.3 *4.7 ± 1.0 
B 8.2±3.3 9.1±2.S *7.S±2.4 

Effect of time after cessation of respira­
tion on the composition blood samples: 

Time zero blood samples were obtained 
from anaesthetised elephants and buffa­
loes after cessation of breathing due to an 
overdose of scoline or scoline/hexamet­
honium. Further samples were obtained 
at T

lO
, T

20 
and T

3o
• No differences in pat­

tern were observed between the results of 
the 2 procedures in any species or within 
a species, nor was a significant change 
observed for total protein and lipid con­
centrations and osmolality. For the other 
variables investigated, no consistent pat­
tern of change was observed. 

Blood composition of culled animals: 

DISCUSSION 
The results reported here, indicate that 
no change in concentration o( any of the 
variables' investigated occurred in vitro 
blood samples left standing for up to 30 
min after sampling. However, changes in 
composition did occur for some variables 
in samples obtained after cessation of 
breathing in both elephants and buffa­
loes, but no consistent trends were evi­
dent either within or between the species. 
The latter observation is in accordance 
with the results of Wesson et al6 and is 
also supported by our own observations 
on impala (unpublished data). It is sug­
gested here that cardiac activity is an 
important determinant as to whether 
changes in blood composition will occur 

dent from the data in Table 1 where the 
different times to blood sampling 
amongst the different groups of animals 
are reported. 

Hexamethonium as a possible adjunct 
to scoline during culling was introduced 
in an atterp.pt, not only to block neuro­
muscular transmission, but transmission 
at autonomic ganglia as well. Results 
from the pilot study have shown signifi­
cant differences between the haematocrit, 
cortisol, total catecholamine and glucose 
levels in animals culled with the mixture, 
compared to those culled with scoline on­
ly (see above)4. The present results, ob­
tained under actual Culling conditions, 
support the previous observations. It is 
suggested that, in the case of buffaloes, no 
difference in total catecholamine 
concentration was seen, because of the 
delay in time to sampling in the 
scoline/hexamethonium group (Table 1) 
compared to the scoline group. In the 
presence of cardiac activity, after col­
lapse, hypoxia is a powerful stimulant for 
catecholamine releases. The results in­
dicate a decreased physiological response 
to the stressors involved in the culling 
operation when the mixture is used, com­
pared to when scoline only is utilised. ,. 
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Articlel Artikel 

THE BENT-LEG SYNDROME IN SHEEP. 1. THE EFFECT OF PREGNANCY AND 
AGE OF THE EWE ON CONCENTRATIONS OF PLASMA MINERALS 

FE VAN NIEKERK*, C H VAN NIEKERK**, J COETZEE*** and E W P HEINEJIr":** 

ABSTRACT 
The effect of age of the ewe and pregnancy on concentrations of plasma 
calcium, phosphorus and magnesium and its relationship to the bent-leg 
syndrome in lambs, were investigated. This study included Merino 
ewes (n = 74), Dohne Merino ewes (n = 127), S A Mutton Merino ewes 
(n= 123) and S A Mutton Merino lambs (n= 145). Over a period of 8 
years, 52 S A Mutton Merino ram lambs out of a total of 602 ram lambs 
weaned (8,6%), developed the bent-leg syndrome compared to the 2 ewe 
lambs out of 591 ewe lambs (0,30/0) weaned. It was found that both the 
age of the ewe and pregnancy had no contributing effect in the develop­
ment of this syndrome. The ewes of which the offspring developed the 
bent-leg syndrome, had an inverse plasma Ca:P ratio. Approximately 
15% of the S A Mutton Merino ewes which gave birth to offspring 
which developed the bent-leg syndrome, had more than one lamb which 
developed.this condition over the past 8 years. It is suggested that these 
ewes are carriers of certain genetic factors which can cause excessive 
phosphorus absorption. No differences in the concentration of plasma 
calcium, phosphorus and magnesium were found between ewe and ram 
lambs. 

Key words: Age of ewe, pregnancy, plasma calcium, plasma phos­
phorus, bent-leg syndrome. 
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INTRODUCTION 
The importance of plasma .calcium (Ca) 
and phosphorus (I» concentrations for 
proper bone mineralisation were dis­
cussed by Van Niekerk et al lo . 

High dietary P intake and the variation 
in P absorption between individual sheep 
can alter the concentration of P in plasma 
to such an extent that it could affect bone 
mineralisation. Concentrations of plasma 
Ca are normally regulated within narrow 
limits6 • 
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The aim of this investigation was to 
confirm the hypothesis lO that a high con­
centration of plasma P, is a possible con­
tributing factor in the development of the 
bent-leg syndrome. The influence of age 
and pregnancy on concentrations of Ca, P 
and magnesium (Mg) in the plasma of 
ewes and the contributing effect thereof 
on the development of the bent-leg syn­
drome in their lambs, was investigated. 

MATERIALS AND METHODS 
Pregnant Merino (n=74), Dohne Merino 
(n= 127) and S A Mutton Merino 
(n = 123) ewes, kept as a single flock on 
the same pastures, were used in this in­
vestigation. The incidence of the bent-leg 
syndrome in the progeny of the 3 breeds 
had been recorded over the past 8 years . 
For the purpose of this study, the ewes of 
which the progeny never developed this 
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syndrome, are referred to as "normal" 
animals. Ewes of which the progeny 
developed the bent-leg syndrome, are re­
ferred to as "carrier" animals. 

Blood samples taken from the jugular 
vein, (10 ml), were collected from all the 
ewes of the 3 breeds at mid-pregnancy 
(J anuary, 1988) in heparinised vacuum 
tubes (Vac-u-Test, Radem Laboratories). 
Blood was centrifuged within a period of 
1 h after collection and the plasma re­
moved and stored at -20°C for the deter­
mination of Ca, P and Mg. 

Blood samples (10 ml) were collected 
from all the S A Mutton Merino lambs as 
well as from their dams after the lambs 
had been weaned, at the age of::l:: 100 d 
(J une, 1988). Plasma was removed, as 
described for the determination of Ca, P 
and Mg. The concentrations of Ca, P and 
Mg were determined spec­
trophotometrically as previously des­
cribed lO • The mass of the lambs of both 
sexes recorded at 100 d were also avai­
lable from the records kept over the 
previous 8 years. 

Results were analysed according to 
standard one-way analysis of variance 
procedures, using the P7D program of 
the BMDP statistical packets. Differences 
between treatment means were compared 
by the Bonferroni method9• The standard 
deviation of mean concentrations is in­
dicated. 

RESULTS 
The incidence of the bent-leg syndrome 
in the S A Mutton Merino lambs as well 
as the mean masses of the lambs, are 
presented in Table I. A mean of 8,6% of 
the S A Mutton Merino ram lambs 
developed the bent-leg syndrome over the 
previous 8 years. None of the lambs of the 
other 2 breeds developed the syndrome 
during this period. It also became evident 
that 15% of the ewes which were consi­
dered to be "carriers" of the "bent-leg 
gene", produced more than one lamb 
which developed this syndrome during 
this period (Table 2). The incidence of 
the development of the bent-leg syn­
drome in the progeny of the different 
rams used in this flock over the 8 years­
period in question are compared in Table 
3. 

At mid-pregnancy mean concentrations 
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Table 1: The occurrence of the bent-leg syndrome in the progeny of the ~ A Mutton Merino t10ck as 
well as the mean mass (kg ± sd) of the lambs 

Mean mass of lambs 
Number of lambs 

Year 
Number 
of ewes 
lambed 

Normal legs Bent-legs 

.: ... """ Rams Ewes Rams (%) Ewes (%) Rams 
Bent-leg 

rams Ewes 

1982 88 69 
1983 90 60 
1984 87 61 
1985 95 78 
1986 95 65 
1987 105 60 
1988 104 81 
1989 97 76 

TOTAL 550 

of plasma Ca, P and Mg (Table 4) reveal­
ed substantial differences betwee"n the 3 
breeds. Merino ewes had higher 
(P S 0,0 1) concentrations of plasma Ca, 
compared to those of the other 2 breeds. 
Plasma P concentrations were higher 
(P S 0,0 1) in S A Mutton Merinos than in 
the other 2 breeds, while Merino ewes 
had higher (P S 0,001) concentrations of 
plasma Mg. No consistently significant 
differences in the concentrations of these 
minerals between ewes of different age 
groups (Table 5) were found for any of 
the 3 breeds. 

Comparing concentrations of plasma 
Ca, P and Mg of "normal" (n = 79) and 
"carrier" (n= 12) S A Mutton Merino 
ewes at mid-pregnancy with those of non-

45 4 (5,5) 32,86 ± 5,0031,59 ± 2,3927,93 ± 5,03 
73 3 (4,8) 27,77 ± 6,81 31,82 ± 5,5525,48 ± 5,37 
84 11 (15,2) 33,97 ± 4,67 33,20 ± 3,67 30,86 ± 4,66 
62 6 (7,1) 37,32 ± 6,1940,95 ± 4,4534,43 ± 4,89 
84 10 (13,3) 37,96 ± 4,8039,06 ± 3,4832,82 ± 4,67 
79 12 (16,6) 32,16 ± 5,4734,92 ± 4,3228,85 ± 5,16 
79 1 (1,2) 32,49 ± 4,81 37,63 29,15 ± 4,00 
83 5 (6,2) 1 32,76 ± 4,8731,47 ± 3,4928,66 ± 3,60 
589 52 (8,6) 2 (0,3) 

pregnant ewes (Table 6), it became evi­
dent that reproductive status had no 
significant effect on the concentrations of 
plasma Ca. Nevertheless, carrier ewes 
had lower (P sO,05) concentrations of 
plasma Ca than normal ewes. Concentra­
tions of plasma P were affected by repro­
ductive status, as pregnant S A Mutton 
Merino ewes had lower (P SO,05) plasma 
P concentrations than did non-pregnant 
ewes (Table 6). Concentration of plasma 
Mg was not affected (Table 6). 

After their lambs had been weaned, the 
plasma Ca, P and Mg concentrations did 
not differ between normal and carrier 
ewes (Table 7). No differences were 
found when concentrations of plasma Ca, 
P and Mg of ram and ewe lambs of nor-

mal and carrier ewes were compared after 
they had been weaned (Table 8). 

DISCUSSION 
The freque9t occurrence of the bent-leg 
syndrome in the male offspring of the 
same S A Mutton Merino ewes, suppons 
the theory of Van Niekerk et al lO that the 
cause of this syndrome may be of genetic 
origin. Present results indicate that the 
number of lambs affected by this syn­
drome vary considerably from year to 
year (Table 1). The mass of the lambs 
(Table 1) is not considered to be a contri­
buting factor in the development of this 
syndrome. This condition mainly affects 
ram lambs and only 2 ewe lambs out of a 
total of 591 (0,3%) ewe lambs weaned, 

Table 2: The occurrence of the bent-leg syndrome in the progeny of the carrier ewes over a 
period of 8 years 

Number Number of 070 with 
of seasons seasons in Number oflambs Bent-legs 
in which which bent- Number of Normal legs Bent-legs 

ewe lambed leg lambs ewes 
were produced 

Ewe Ram Ewe Ram Ewe Ram 

1 1 8 7 1 9 90 
2 1 3 2 4 3 43 

2 1 1 1 2 66 
3 1 II 19 26 11 30 

2 1 3 2 100 
4 1 8 25 24 8 25 

2 1 5 2 2 50 
5 1 6 29 16 6 27 

3 1 5 3 16 100 
6 2 1 9 4 2 33 
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Table 3: A comparison of the incidence of the bent-leg syndrome in 
the male progeny of the rams used in this flock over a 
period of 8 years 

Ram Number of seasons Male progeny % of male 
Nr used for breeding progeny with 

Normal legs Bent-legs bent-legs 

0,28 1 25 
5130 .1 32 
1160 1 20 
5421 1 25 I 3,8 
8128 1 24 2 7,6 
0.60 1 10 1 9, I 
7301 1 7 1 12,5 
4219 1 7 3 30,0 
7107 1 14 7 33,3 
3242 2 38 1 2,5 
0.67 2 39 2 4,8 
2310 2 49 3 5,8 
3126 2 29 2 6,4 
0042 2 39 6 13,3 
1101 2 36 8 18,2 
3433 2 32 9 21,9 
0037 3 59 3 4,8. 
2009 3 62 6 8,8 

Table 4: A comparison of the mean concentrations (m moff- I ) of plasma Ca, 
P and Mg of S A Mutton Merino, Dohne Merino en Merino ewes at 
mid-pregnancy 

BREED 
MINERAL Level of 

Signifi-
SA MUTTON DonNE MERINO cance 

MERINO MERINO ·n.=74 
n= 123 n= 127 

Ca 2,09' ±0,26 1,87b ± 0,24 2,23c ±0,35 ** 
( 1,49-2,69) ( 1,22-2,46) (1,42-3,33) 

P 1,80.±'0,30 1,61b±0,28 1,65b±0,49 ** 
(1,15-2,98) ( 1,08-2,64) (0,57-3,01) 

Mg 0,76'± 0,05 0,78'±0,05 1,30b±0,30 *** 
(0,61-0,97) (0,48-0,90) (0,87 -2,41) 

Ca:P ratio 1,16:1 1,16:1 1,35:1 

a,b,cValues with different superscripts differ significantly ***(p:50,001); **(p:50,01) 

developed this syndrome, compared with 
the 52 ram lambs out of 602 ram lambs 
weaned (8,6%), over the period of8 years. 
The dam of the one ewe lamb, weaned 3 
ram lambs which all developed the bent­
leg syndrome. It became evident that the 
progeny of cenain rams were more suscep­
table to the development of the bent-leg 
syndrome. Of the 18 rams used in this 
stud, 5 had a reasonably high percentage 
of bent-leg offspring ranging from 13,3% 

up to 33,3% (Table 3). The considerable 
variation in the occurrence of the bent-leg 
syndrome between different years, can 
partly be explained by the contributing 
effect of these specific rams which further 
emphasises the possibility of a genetic 
background. 

Although S A Mutton Merino ewes had 
higher plasma P concentrations at mid­
pregnancy (Table 4) than those of the 
other 2 breeds, these concentrations were 
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still withi~ normal ranges (1,29-1,94 
mmol £-1) for adult sheeplO. Differences 
in P metabolism between individual 
sheep, were descibed by Scott & 
McLean8• Sheep fed an excess P, excreted 
this excess mineral in the faeces, although 
in a small number of the sheep, the main 
route of excretion was via the urineS. The 
excretion of P in urineS only increased 
after plasma P concentrations exceeded 
2,0 mmol £-1. Mean concentrations of 
plasma Ca differed (P :5 0,0 I) between the 
3 breeds with the Dohne Merino having 
the lowest and the Merino the highest 
concentrations (Table 4). Although there 
was no difference between the Ca:P ratios 
of the first 2 breeds, both the ratio as well 
as the concentrations of Ca and P in the 
plasma should be considered important. 

No consistent significant effect of age 
oop~~C~PmdMg~~~um~ 
pregnancy could be found (Table 5) 
within these 3 breeds. Consequently it 
may be accepted that age of the ewe has 
no effect on the concentrations of these 
minerals and therefore it seems to be an 
unimportant factor in the development 
of this syndrome. 

Non-pregnant carrier ewes had a mean 
Ca:P ratio of 0,93: I compared to the 
1,14: I of the normal, non-pregnant ewes. 
The mean plasma Ca:P ratio of the preg­
nant carrier ewes, was 1,09: I compared 
with the 1,19: I of the normal, pregnant 
ewes. Consequently, the ewes which are 
considered to be carriers of the 'bent-leg 
genes', have a lowered plasma Ca:P ratio 
which is caused by a lower plasma Ca and 
a higher plasma P concentration com­
pared to that of normal animals. This 
condition can possibly lead to improper 
mineralisation of the foetal skeleton. 

Although the bent-leg syndrome 
develops under a wide variety of feeding 
conditions, it most frequently occurs on 
farms where ram lambs are raised partly 
or totally on concentrated diets (F van 
Niekerk, unpublished results). Many of 
these diets were found to have a P content 
in excess of 0,30% (F van Niekerk, un­
published results). Recommendations of 
the NRO, stipulate that the P content of 
the diet should be approximately 0,2% 
for growing ram lambs with a mass of 40 
to 60 kg. In such cases, the existence of 
hyperphosphatemia cannot be excluded, 
although not confirmed, due to excessive 
P intake. 

Normal plasma Ca concentrations, as 
well as normal Ca:P ratios, are controlled 
by the P concentration in the plasma, but 
also by the Ca homeostatic agents such as 
Vig. D, parathyroid hormone and calcito­
nin4. Besides individual differences in 
the absorption of P, ewes are also 
unable to absorb enough dietary Ca du-

121 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



...... 
~ 

~ 
~ 
~ 
~ 
'::f! 
~ 

~ :< 
~ 
~ 
~ 
~ 
~ 
~ 

~ 
~ 
t:> 'ii-...... ...... 
~ ...... 
~ 

Table 5: A comparison of the mean concentrations (m mol £-1) of plasma Ca, P and Mg of the ewes in different age groups 

Ca P 
Age in 
years 

Mer DM SAMM Mer DM 

3 2,29ab ±0,27(16) 1,96'±0,24(29) 2,19'±0,26(31) 1,89':::1;:0,38 1,64·b ± 0,26 
4 2,34' ± 0,41(19) 1,86·b ± 0,20(27) 2,18' ± 0,26(25) 1 ,58·b ± 0,41 1,70'±0,32 
5 2,22·b ± 0,28( 1 7) 1 ,88·b ± 0,21 (19) 2,04b ± 0, 19(30) 1,58·b±0,54 1,59·b ± 0,33 
6 2, 14·b ± 0,36(10) 1,89·b ± 0,27(26) 1,95b ± 0,25(27) 1,49b±0,64 1,50b±0,20 
7 2,03b±0,41(8) 1,75b±0,29(l9) 1,93b±0,26(5) 1 ,66·b ± 0,54 1 ,6Qab ± 0,26 
8 2, 15.bb ± 0,39(4) 1,80·b ± 0,24(7) 2, ll' ± 0,28(5) 1 ,68·b ± 0,29 1,58·b±0,36 

*Mer - Merino; DM - Dohne Merino; SAMM - S A Mutton Merino 
*Figures in parenthesis indicate the number of ewes in each age group of each breed 
',b Values in the same column with different headings differ significantly (P:::; 0,05) 

Table 6: A comparison of mean concentrations (mmol £-1) of plasma Ca, P and Mg be­
tween normal and carrier pregnant and non-pregnant S A Mutton Merino ewes 
at mid-pregnancy 

CARRIER (n = 18) NORMAL (n = 106) EFFECT DUE TO 
MINERAL 

Preg. Non-Preg. Preg. Non-Preg. Genetic Reprod~ 

(n = 12) (n: 6) (n = 79) (n= 27) status status 
... 

Ca 1,99 ±0,25 1,88 ± 0,19 2,09 ±0,26 2,17 ±0,25 * n.s. 
p. 1,83±0,28 2,02 ±0,23 1,75±0,31 1,91 ±0,28 n.s. * 

Mg· 0,74±0,04 0,74±0,04 0,76±0,05 0,74±0,06 n.s. n.s. 
Ca:P 1,09 : 1 0,93 : 1 1,19 : 1 1,14: 1 * n.s. 

Level of significance * (P:::; 0,05) 

SAMM 

1,92'±0,32 
1,73b±0,32 
1,78b±0;29 
1,76b±0,27 . 
1,92a±0,33 
1,82'±0,33 

Mg 

Mer DM SAMM 

1,17 ± 0, 17 0,78±0,04. 0,75 ±0,06 
1,34 ±0,20 0,79 ± 0,04"<' 0,75 ± 0,05 
1,25 ±0,26 0,79±0,05 : 0,76±0,07 
1.,39 ±0,43 0,77 ±0,08 0,77 ±0,04 
1,36 ±0,46 0,77 ±0,06 0,73±0,03 
1,45±0,45 0,78±0,05 0,74±0,04 

Table 7: A comparison of. the mean 
concentrations* (mmol £-1) of 
plasma Ca, P and Mg of nor­
mal and carrier S A Mutton 
Merino ewes after weaning 

Carrier Normal 
Mineral n: 12 n=84 

Ca 2,45±0,24 2,35±0,25 
P 2,21 ±0,50 2,33 ±0,44 

Mg 0,57 ±O,1O 0,60±0,09 
Ca:P ratio 1,11: 1 1,01: 1 

*None of the values differed significantly 
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Table 8: A comparison of the mean concentrations* (mmol £-1) of Ca, P, 
Mg and Ca:P ratio between normal and carrier S A Mutton 
Merino ram and ewe lambs at weaning 

CARRIER NORMAL 
Mineral 

Rams (n = 11) Ewes (n = 8) Rams (n = 62) Ewes (n = 64) 

Ca 
P 
Mg 
Ca:P 

2,38±0,18 
2,64±0;29 
0,74±0,07 

2,27 ±0,15 
2,51 ±0,34 
0,74 ± 0,08 

2,29 ±0,12 
2,54±0,32 
0,71 ±0,07 

2,35±0,19 
2,76±0,43 
0,75 ±0,06 

0,92:1 0,92:1 0,92: 1 0,87:1 

*None of the values differed significantly 

ring late pregnancy and early lactation to 
meet the increasingly high demands of 
the foetus and suckling lamb l • Under 
these circumstances, Ca is mobilised from 
the maternal skeleton to keep the plasma 
Ca concentration constant. Ewes can lose 
up to 20% of their total skeletal Ca during 
pregnancy and early lactation, and it is 
largely replaced one month after the end 
oflacta tion2. 

Accumulation of Ca in the foetus in­
creases rapidly from 90 d of gestation, 
and reaches a maximum at 143 d3• Foetal 
Ca homeostasis is largely independent of 
the ewe, and the former plays the major 
role in the control of Ca transport from 
mother to foetus, which is believed to be 
an active process3• 

When the concentrations of plasma Ca, 
P and Mg of the normal and carrier ewes 
were compared at the end of lactation, no 
differences were found in the concentra­
tions of these minerals between these 2 
goups. This is the period when replace­
ment of the maternal skeletal mineral 
reserves are taking place at a high rate l • 

The higher plasma Ca concentrations of 
the carrier ewes at this stage, and the 
lower P concentratiohs than that of the 
normal ewes, resulting in a ,more favou­
rable Ca:P ratio (1,16: I carrier and 1,05: I 
normal) for the carrier ewes, is JUSt the 

opposite of those concentrations and 
ratios obtained during mid-pregnancy 
(Table 6). However, this could be a possi­
ble indication that the Ca metabolism of 
the carrier ewes is affected, especially 
during pregnancy. 

N either the sex of the lambs nor the 
genetic status of the mother had any ef­
fect on the concentrations of Ca, P and 
Mg or the plasma Ca:P ratio of the lambs. 
However, it is unknown if the lambs born 
from the carrier ewes in this experiment 
in fact inherited the bent-leg genes. Du­
ring the present study (1988 lambing 
season), only one ram lamb developed the 
bent-leg syndrome, which is an excep­
tionally low figure for this flock, com­
pared with that of the previous 6 years. 
Similarly, no differences in the concen­
tractions of plasma Ca, P and Mg were 
found between ram lambs with normal, 
and ram lambs with bent-legs at the age of 
6 months lO • 

Consequently, the variation in the con­
centrations of plasma Ca and P, and 
especially the Ca:P ratio in certain sheep, 
can be considered to be a precipitating 
factor in the development of the bent-leg 
syndrome. The age of the ewes has no ef­
fect on Ca, P and Mg concentrations in 
the plasma of the ewes or of their lambs. 
The higher P concentration in the plasma 
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of the carrier ewes compared to the nor­
mal ewes, can be due to genetic diffe­
rences in their P metabolism. The possi­
bility of genetic causes, is supported by 
the fact that certain ewes repeatedly pro­
duced offspring with bent-legs. Further­
more, it was evident that the male pro­
geny of certain rams, were more suscep­
tible to the development of this syn­
drome. 
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Case report/Gevalverslag 

UNILATERALE LENTEKTOMIE IN 'N BLOUVALKIE 

W.H. VAN NIEKERK" en S.W. PETRICK"" 

ABSTRACT 
An extracapsular lentectomy was performed on an adult black­
shouldered kite (E/anus caeruleus) presented with' a history of head 
trauma resulting in a unilateral cataract and ventro-medial synechia of 
the right eye. One week post-operatively, the eye contents were clear 
and the iris appeared normal. The bird was released into a flight cage 
3,5 weeks post-operatively. Two weeks later it was presented with a 
ruptured right cornea as a result of trauma and enucleation was recom­
mended. 

Key words: Black-shouldered kite (Elanus caeruleus), cataract, synechia, 
lentectomy. 

Van Niekerk W.H.; Petrick S.W. Unilaterallentectomy in a black­
shouldered kite. Journal of the South African Veterinary Association 
(1990) 61 No. 3, 124-125 (Afr) P.O. Box 168, 1170 Machadodorp, 
Republic of South Africa. 

In 'n retrospektiewe studie6 van 931 
vrylewende roofvoeJs wat aangebied is vir 
veeartsenykundige behandeling, is gevind 
dat 135 (14,5%) van hulle oogletsels 
gehad het . Sowat 90% hiervan was as 
gevoJg van fisiese beserings. Botsings met 
voertuie het 33% van die oogle!sels ver· 
oorsaak. U nilaterale letsels het meer alge­
me en as biJaterale letsels voorgekom en 
die anterior segment van die oog was 
meer dikwels betrokke2 6 . Volgens 
Keymer4 kom katarakke in vrylewende 
voeJs baie seide v~~r. Murphy et al6 het 
berig dat slegs 9% van vrylewende roof· 
voeJs met oogletsels aan katarakke ly en 
slegs 1,5% aan posterior sinegie. 

'n Volwasse blouvaJkie (Elanus caeruleus) 
is gevind met 'n besering aan die regter· 
kant van die kop; die weefsel om die reg· 
teroog was erg gesweJ en hifeem was teen· 
woordig. Na enkele weke was dit duidelik 
dat daar geen sig in die regteroog was nie 
en is die valkie vir ondersoek aangebied. 

Die valkie (massa ca 200g), het sy kop 
voortdurend effens na die regterkant ge· 
kantel, maar was in 'n goeie algemene toe· 
stand . Die regteroog is ondersoek met be· 
huJp van 'n penlig en oftaJmoskoop. 'n 

• Posbus 168, 1170 Machadodor p, Republiek van SUld· 
AfTika 
,. Depanemem Chlrurglc, FakulteH Veeansenykunde. 
Umversuell van Pretoria 

Omvang' Jume 1989 Aanvaar : April 1990 

Duidelike posterior sinegie was ventro· 
mediaal teenwoordig, asook 'n vJieserige 
katarak met stukkies verskrompelde mate· 
riaal van die geskeurde lens daarin (Fig . 
I). 'n Effense unilaterale miose kon aan 

Fig. I: Die beseerde regteroog van 
'n blouvalkie met '0 katarak 
en ventro-mediale posterior 
sinegie 

die sinegie toegeskryf word (Fig. 2). 
Weens die katarak, kon geen ander struk· 
ture in die posterior segment van die oog 
behoorlik ondersoek word nie . 

Vir kalmering van die valkie is 4mg 
ketamienhidrochloried (Ketalar, Parke -
Davis) in die pektoraJe spier toegedien. 
Ongeveer 5 min daarna is begin om 2% 
halotaan (Fluothane, leI) deur middel 
van 'n masker toe te dien. Intubasie is ge­
doen met 'n 2mm pediatriese endotra· 
cheale buis, wat met nie-rekbare kleef­
band aan die snawel vasgeplak is. Die 
buis is aan 'n Mapleson E·tipe T-buis 
asemhalingsbaan gekoppel en narkose is 
met 0,5 to! 0,75% halotaan gehandhaaf. 
'n Warmwatersak (40DC) is onder die 
valkie geplaas. 

Die area om die regteroog is chirurgies 
voorberei. '/l. Laterale kantotomiesnit van 
ongeveer 6mm is gemaak om die palpe­
brale opening te vergroot. Lokale 
hemostase is bewerkstellig. Drie housteke 
van 2/0 Nylon is geplaas om die 3 ooglede 
oop te spalk. Die oogbal is gefikseer deur 
dit met 'n pinset aan die dorsale kant van 
die limbus vas te hou. Die oog is deeglik 
met normale soutoplossing afgespoel. 

'n Steekwond is met 'n horingvliesmes 
op die twaalfuurposisie, net langs die lim­
bus, deur die horingvlies gemaak. Water­
vog het ontsnap. Die pupil was steeds 
groot genoeg oop om deur te werk sodat 
'n midriatikum onnodig was. Die steek­
wond is met 'n horingvliessker verI eng tot 
by die nege-uurposisie en die drie-uur­
posisie. Die horingvliesflap is met behulp 
van 'n 7/0 Vicryl housteek weggetrek. 'n 
Irishaak is gebruik om die posterior 
si~egie los te wikkel sonder enige bloe­
ding. Die voorste lenskapsel is met 'n sis­
totoom in 'n vertikale snit deurgesny. 'n 
Arruga-Ienskapseltang is gebruik om die 
voorste lenskapsel en die stukkies harde, 
verskrompelde lensmateriaal en los 
kapselvesels te verwyder terwyl die oog 
van tyd tot tyd met normale soutoplossing 
uitgespoelis. Die proses van uithaal en 
uitspoel is herhaal totdat die meeste los 
materiaal verwyder is . 'n Paar kapselve­
sels het agter teen die iris gaan Ie en kon 
nie met die kapseltang verwyder word 
nie . 

Die horingvlies is met 7/0 Vicryl in 'n 
aaneenlopende wyse geheg. Voordat die 
laaste steek styfgetrek is, is di.e punt van 
'n stomp spuitnaald deur die horingvlies­
wond gedruk en die oogbal opgevul met 

124 0038-2809 Jl S.A/r.ver.Ass. (1990) 61(3):124-125 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



Fig. 2: Die kop van die blouvalkie 
om die miose van die regter­
oog te toon 

Fig. 3: Post-operatiewe edeem en 
dofheid van die horingvlies 
van 'n blouvalkie 

normale soutoplossing. Die kantotomie­
snit is met 2 enkel onderbroke Vicryl­
steke geheg. 

Post-operatief was die horingvlies dof 
weens edeem (Fig. 2). Salivasie as newe­
effek van die ketamien het ook voor­
gekom. Die valkie kon ongeveer een uur 
na die operasie sonder ondersteuning 
regop sit en is ontslaan met prednisi­
loonasetaatoogdruppels (Pred-Mild, Al­
lergan) waarvan een druppel 2 keer per 

dag vir 7 dae toegedien moes word. 
'n Week na die operasie was die horing­

vlies en ooginhoud helder en deursigtig. 
Die iris het normaal voorgekom en 'n 
pupillere refleks was teenwoordig. Die 
valkie self was in 'n baie goeie toestand en 
het goed geeet wanneer dit met stukkies 
vleis per hand gevoer is. Die valkie is na 
3,5 weke in 'n vlieghok losgelaat. 

Na 5 weke is die valkie, met erge 
trauma van die kop en skouer aangebied, 
nadat hy in voorwerpe en in die draad van 
die vlieghok vasgevlieg het. Ten spyte 
hiervan, kon die valkie wei veilig op 'n tak 
land. Die beserings was slegs aan die reg­
terkant, wat moontlik daarop dui dat sig 
met die regteroog onvoldoende was. Rup­
tuur van die horingvlies met inhoudsver­
lies het voorgekom en enukleasie is aanbe­
vee!. 

Katarakke in voels word hoofsaaklik 
deur seniliteit offokale trauma veroorsaak 
of mag geneties van oorsprong wees. 
Allder potensiele oorsake is post-inflam­
matoriese veranderinge in die lens, voe­
ding of metaboliese siekte, chemies­
geinduseerde veranderinge, bestraling, 
elektriese skok en liggeinduseerde veran­
deringeS. Volgens Ke~er is seniliteit 
die grootste oorsaak van katarakke in 
voels in aanhouding. Murphy et al6 het 
egter getoon dat trauma die grootste oor­
saak van katarakke in vrylewende roof­
voels is. Wanneer 'n roofvoel teen hoe 
spoed op sy prooi afduik, word sy oeaan 
gevaar blootgestel; 90% van aile oog­
letsels in vrylewende roofvoels vind 
plaas as gevolg van fisiese besering6. 
Voels in aanhouding leef langer en kan 
deegliker bestudeer word. Dit kan dus 
verwag word dat die verspreiding van 
waargeneemde gesondheidsprobleme van 
die van vrylewende voels sal verski!. Die 
groot verskille in habitat, vreetgewoontes 
en gedrag van verskillende spesies kan 
ook, soos deur Keymer aangetoon, tot 'n 
groot variasie in die voorkoms van kata­
rakke in verskillende spesies lei. 
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voelspesies in aanhouding beskryf. Len­
tektomie is bevredigend op 'n Andiese 

Katarakverwydering is reeds in verskeie 
kondor6, 'n gebande uiJi en 'n kanarie 
uitgevoer, terwyl fako-ernulsifikasie op 'n 
uil en 'n valk toegepas is3. 

Aangesien 'n ruptuur van die lens by 
die blouvalkie die oorsaak van harde, ve~­
skrompelde lensmateriaal was, is daar op 
'n ekstrakapsulere lentektomie besluit. 
Fako-emulsifikasie is egter aangewese 
wanneer 'n sagte vorm van katarak ver­
wyder moet word3. Na bilaterale verwy­
dering van katarakke deur fako-emulsifi­
kasie, was die sig van 'n uil van so 'n 'aard 
dat hy sonder probleme kon vlieg en self 
sy prooi kon yang en doodmaak3. 

Die oorsaak van die katarak, ander oog­
probleme en die fisiese toestand van die 
voel, is belangrike faktore wat in ag 
geneem moet word wanneer op katarak­
chirurgie besluit word. 
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Case report/Gevalverslag 

CLINICAL, PATHOLOGICAL AND HISTOPATHOLOGICAL FINDINGS 
IN LAMBS IMPLANTED WITH A GROWTH PROMOTING PRODUCT 
CONTAINING PROGESTERONE AND OESTRADIOL 

JENNIFER L. RANDLES' 

ABSTRACT: 
Six live wether lambs and the urogenital tracts of 4 others from 4 
separate farms were presented for examination. In each case the wethers 
had been implanted several weeks previously with a growth 
promoting product containing progesterone and oestradiol. The af­
fected wethers presented with dorsal retroflexion of a markedly distend­
ed bladder which caused persistent straining, bulging of the perineal 
muscles and rectal prolapse.' Enlargement of the bulbo-urethral glands 
and seminal vesicles, with an increase in the volume and viscosity of the 
secretion of the bulbourethral glands was evident on gross examination. 
Histopathological examination of the prostate and bulbourethral 
glands revealed cystic dilation of the glands and hyperplasia and 
squamous metaplasia of the glandular epithelium. Desquamated cells 
and eesinophilic-staining material were present in many of the dilated 
lumens. In the seminal vesicles, interstitial fibrosis had resulted in the 
obliteration of large areas of glandular tissue. 

The enlargement of the prostate and bulbo-urethral glands, and par­
ticularly the increased viscosity of the gland secretions, probably 
hindered urination, resulting in only partial evacuation of the bladder. 
Attempts to urinate by active contraction of the abdominal muscles may 
have accounted for the dorsal retroflexion of the distended bladder. The 
oestrogenic influence of the growth implants is thought to be responsi­
ble for these changes. 

Key words: Hormonal implants, lambs, cystic dilation, bulbo-urethral 
glands. . 

Randles J .L. Clinical pathological aDd histopathological fmdings 
in lambs implaated with a growth promoting product contain· 
ing progesterone and oestradiol. Journo.l of lhe South African 
Veterinary Association (1990) 61 No.3, 126-127 (En.) Allenon 
Regional Veterinary Laboratory, P/Bag X9005, 3200 Pietermaritzburg, 
Republic of South Africa. 

During 1987 and 1988, hormonal growth 
implants containing 100 mg progesterone 
and 10 mg oestradiol (Synogain C·L, 
Coopers Animal Health) were frequently 
used on farms in natal and elsewhere in 
the country to promote growth in 
slaughter lambs. Four instances where 
undesirable side effects occurred in 2 to 
5% of implanted wethers were brought 
to the attention of Allerton Regional 

• Allerton RegiOnal Veterinary Laboratory, Private Bag 
X900S, J200 Plttermantzburg, Republic of Soulh Africa 
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Veterinary Laboratory, Pietermaritzburg. 
Clinical signs were noticed 2-5 months 

after implantation in pastured animals (3 
instances), but within 2 weeks of implan­
tation in feedlot animals (I instance). A 
total of 6 live wethers were submitted for 
examination and presented with bulging 
of the perineal muscles and rectal pro­
lapse of varying severity. In 4 cases, the 
distended bladder lying in the pelvic 
canal, could be felt on digital palpation 
per rectum and caused the lamb to strain 
almost continuously_ 

The bladder of one animal was drained 
under epidural anaesthesia by means of a 

needle inserted per rectum. Once the 
bladder was sufficiently reduced in vo­
lume, digital pressure was used to return 
it to its normal position . The wether was 
then seen to be able to urinate unaided, 
albeit slowly. 

The remaInIng 3 wethers were 
euthenased by means of barbiturate over­
dose. Post mortem examination revealed 
that dorsal retroflexion of the markedly 
distended bladder had resulted in ob­
struction of urine flow from the bladder. 
In 2 instances, rupture of the bladder or 
one of the ureters had resulted in uro­
peritoneum. Dilation of the ureters and 
hydronephrosis was observed in 4 instan­
ces. Onoe the intact bladders of wethers 
were returned to their normal position, it 
was possible to slowly express urine from 
the bladder. The seminal vesicles and 
bulbo-urethral glands were noticeably 
enlarged. The secretion of the enlarged 
bulbo-urethral glands was copious and 
viscious, and oozed from the glands as 
they were dissected away from the penis. 
No evidence of urolithiasis was found. 
Four urogenital tracts from other wethers 
were also submitted for examination. Fin­
dings in these were similar to those des­
cribed above. 

Histopathological examination of the 
enlarged bulbo-urethral glands, revealed 
varying degrees of cystic dilation and hy­
perplasia and squamous metaplasia of the 
glandular epithelium. Cellular debris and 
eosinophilic-staining material were visi­
ble in many of the dilated lumens (Fig. I 
& 2) . Similar changes were also evident in 
the prostate glands (Fig. 3). Examination 
of the enlarged seminal vesicles revealed 
extensive proliferation of fibrous connec­
tive tissue in the interlobular and intra­
lobular septae, resulting in occlusion and 
obliteration of much of the glandular 
tissue (Fig. 4). 

It seems likely that the increased 
viscosity and volume of the bulbo­
urethral gland secretion passing into the 
pelvic urethra, together with cellular 
debris, hindered urination sufficiently to 
result in damming up of urine in the blad­
der. Enlargement of the prostate gland 
surrounding the pelvic urethra and the 
bulbo-urethral glands situated on either 
side of the penis at the ischial arch, might 
have exacerbated the problem. 
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Fig. I: Squamous metaplasia of the glandular epithelium in a bulbo­
urethral gland, with cellular debris in the gland lumens. HE X 3.2 

Fig. 2: Dilation of the gland lumens in a bulbo-urethrai gland, with pro­
teinaceous material and cellular debris in the gland lumens. HE X 
3.2 

Fig. 3: Squamous metaplasia of the glandular epithelium and ilation of 
gland lumens in a prostate gland, with accumulation of ceUular 
debris in many gland lumens. HE X 3.2 

0038-2809 Tydskr.SAfr.vet. Ver. (1990) 61(3):126-127 

Attempts by affected wethers to 
urinate, by active contraction of their ab­
dominal muscles, may have resulted in 
dorsal retroflexion of the distended blad­
der. Once in the pelvic canal, the pressure 
of the distended bladder would have re­
sulted in further straining, causing bulg­
ing of the perineal muscles and rectal pro­
lapse, as noted on clinical examination. 
Slackening of the pelvic ligaments under 
the influence of the oestradiol, might also 
have contributed to the pathogenesis. 

Oestrogenic substances in clover and 
other pastures are of relative importance 
in Australia and New Zealand, but their 
importance in South Africa is uncertainl 2 

3. On 2 of the farms investigated, ,he 
lambs were grazing a mixed clover 
pasture, so the influence of other 
oestrogenic substances cannot be ruled 
out entirely. 

Although phyto-oestfogens present in 
certain clovers and lucerne are reported to 
cause similar changes in the bulbo­
urethral glands of wethers l 2 J, the fact 
that only lambs which had received these 
implants were affected in these cases sup­
ports the hypothesis that these implants 
were responsible for the histopathological 
changes observed in the accessory sex 
glands of these wethers and hence the 
clinical signs observed. 
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Cl~ical 'communication/Kliniese berig 

A PUTATIVE OUTBREAK OF EQUINE LYME BORRELIOSIS IN NATAL 

B n FiVAZ', l' BOTRA** and L M CAIRNS*** 

. ~:.' 

Lyme disease is caused by Borrelia burg­
dorferi which infects a wide range of 
mammals and birds and is transmitted by 
a variety of Ixodid tick species l • The 
disease in humans has been extensively 
reported in recent years and is charac­
terised by the appearance of an enlarging 
annular erythematous rash at the site of 
the tick bite, termed erythema chronicum 
migrans (E C M). The skin lesioq is fol­
lowed by further clinical manifestations 
including pyrexia, fatigue, arthralgia and 
arthritis and a variety of neurological and 
cardiac symptoms5 7. Similar symptoms 
have been described in domestic animals, 
although they may subsequently remain 
symptomless carriers2 3. 

The incidence of Lyme disease in 
South Africa is unknown, as laboratory 
methods to identify the disease here have 
only been established relatively recently. 
This report describes an outbreak of ar­
thritis which occurred in horses on a pro­
perty in Natal during 1982/3. Recently 
acquired clinical and serological data pro­
vides speculative evidence that this 
disease outbreak may have been Lyme 
disease. 

In 1982 the authors (BHF and LMC) 
were presented with 2 geldings which ap­
peared stiff during walking and trotting. 
Palpation of the joints revealed nothing of 
significance, although flexion of both 
hind limbs elicited a distinct crepitus in 
the knee joints. Joint fluid aspirates were 
red-tinged and microscopic examination 
revealed a preponderance of lymphocytes 
and a few macrophages. Clinically the 
horses were normal and had no history of 
illness, apart from a transient febrile reac­
tion 1-2 months before. A tentative 
diagnosis of arthritis was made and pre­
liminary treatment comprised a daily oral 
administration of pheynylbutazone 
("Equipalazone", Centaur) for 10 d. 

Approximately one month later, the 
first horse was found cast in the stable 
and was unable to stand. The horse was 
euthanased and a full post mortem exami­
nation was performed. The second horse 

'Tick Research Unit, Department of Zoology and En­
tomology, Rhodes University, Box 94, 6140 Grahamstown, 
Republic of South Africa 
"Department Medical Microbiology, University of the 
Orange Free State 
***Private Practitioner, Hillcrest 
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was euthanased a few weeks later, after 
similarly becoming recumbent in the sta­
ble. A post mortem examination was also 
conducted on this animal. Altogether 
7/115 horses on the property were eutha­
nased under similar circumstances over a 
9-month period. It is noteworthy that all 
the horses had experienced a febrile reac­
tion 1-6 months prior to the development 
of joint stiffness and recumbency. The 
febrile reaction had lasted for 2-3 d and 
occurred mainly during the preceding 
summer in January and February. The 
cause of the pyrexia was attributed to a 
suspected arbovirus, as a hitherto uniden­
tified flavivirus had been isolated from a 
febrile horse sorpe years previously by the 
Veterinary Research Institute, Onderste­
poort. Treatment of the febrile cases 
varied with the consulting veterinarian 
concerned and included the use of long­
acting penicillin ("Compropen", Glaxo), 
tetracycline ("Engemycin", Coopers) or 
antipyretics ("Dexatomanol", Byk Gul­
den). No further clinical cases of this na­
ture occurred at the riding school after 
May 1983. 

The most consistent finding in the 4 
horses necropsied, was a severe bilateral 
serofibrinous arthritis and synovitis in 
most limb joints. This was particularly 
marked in the knee joints of the hind 
limb. Synovial membranes were inflamed 
and thickened, while the articular sur­
faces were pitted, eroded and indurated. 

The kidneys of 3 of the cases, showed 
evidence of subacute nephritis, while 
small focal areas of consolidation of the 
lungs were identified in 2 of the horses. 

Severe lymphocytic synovitis was the 
most consistent finding in all cases ex­
amined and in one case, there was mild 
subsynovial infiltration by neutrophils. 
Affected kidneys showed subacute, multi­
focal, interstitial lymphocytic nephritis 
while the lungs manifested a focal 
pulmonary necrosis and peribronchitis. 

Routine microbiological tests of syno­
vial fluid and organs for bacteria, myco­
plasmas and viruses were negative; 8/39 
horses tested for chlamydia antibodies 
were positive, but showed titres of less 
than 24. 

In 1988, all domestic animals at the 
riding school were tested for antibodies to 
Borrelia burgdorferz~ following· the in­
creasing number of reports of Lyme 

disease in domestic animals in the litera­
ture. Serum samples from horses and 
dogs on the property were subsequently 
tested against B. burgdorferi antigen, 
using the indirect fluorescent anitbody 
test (IFAT). Positive titres of 11256 and 
higher were found in 71/117 (61 %) horses 
and 6111 (55%) dogs. Although chronic 
stiffness and lameness occurred in 15 of 
the horses tested, these cases could not be 
correlated with positive titres. There was 
no relationship between the seropositive 
dogs and any undiagnosed clinical symp­
toms, except for one dog which had a re­
cent history of pyrexia of unknown 
origin, which was only responsive to a 
prolonged course of tetracycline. 

In OC\Dber 1988, the 38-year-old owner 
of the riding school developed severe 
headache following a tick bite, but failed 
to respond to a course of tetracycline, 
following the diagnosis of tick bite fever. 
Her condition deteriorated over the fol­
lowing few weeks during which time s-he 
developed severe arthralgia, especially of 
the neck and knees, depression, vertigo 
and slurred speech. Serological tests con­
ducted by the department of Medical 
Microbiology, University of the Orange 
Free State, Bloemfontein, were negative, 
except for a positive I F A test for Borrelia 
burgdorferi. The serum was referred to a 
reference centre, Hygiene-Institut der 
Universitiit, Vienna, for confirmation as a 
previous report from Vienna had des­
cribed a case of Lyme borreliosis in a tou­
rist who had recently returned from a vi­
sit to Natal6• Enzyme-linked immuno­
sorbent assay (ELISA) and Western blot 
results, confirmed the I FAT with the 
39,5 KD blot, indicating a recent infec­
tion. 

The treatment was changed to 6-hourly 
intravenous injections of 2 million units 
of penicillin for 5 d, followed by a single 
long-acting intramuscular penicillin 
injection on the sixth day. The patient 
made a prompt and uneventful recovery. 

Subsequently, 3 more adults at the ri­
ding school have presented with similar 
symptoms of ,headache, lethargy and ar­
thralgia. A cleat history of tick bite, was 
recorded in only one case. Two cases had 
developed an erythematol,ls rash. All cases 
were I FAT positive for B. burgdorferi 
and clinical improvement followed after 
high doses of penicillin therapy. 
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DISCUSSION 
There is a need to exercise caution in 
diagnosing Lyme disease on symptoms 
alone, in view of the multi-organ involve­
ment of the disease. The definitive diag­
nosis of Lyme disease is based on the iso­
lation of the causative organism and the 
demonstration of rising titres of specific 
B. burgdorJeri antibodies. However, the 
occurrence of polyarthritis in all the 
horses and nephritis and pulmonary in­
volvement in some of the horses examin­
ed after euthanasia, was very unusual but 
in keeping with the symptomatology of 
Lyme disease described elsewhere2 3. 

No attempts were made to isolate Bor­
relia organisms in joint fluid aspirates and 
organs because the authors were unaware 
of Lyme disease at the time and a suc­
cessful isolation of the causa~ive organism 
would have been unlikely with the use of 
routine bacteriological tests. Moreover 
the joint involvement had become 
chronic by the time the horses were 
euthanased and in any case the joint 
pathology is regarded as immune-media­
ted, rather than being due to the direct ef­
fects of the organism per se7 • 

Acute and convalescent sera from affec­
ted horses were unfortunately discarded 
in 1985, thereby eliminating another 
possibly valuable indicator of Lyme infec­
tion. 

Perhaps the strongest evidence for the 
possible involvement of B. burgdorferi in­
fection in the horses, was the occurrence 
of the disease in the 4 humans associated 
with the riding school. It is regrettable 
that cerebrospinal fluid taken from the 
first patient, was not submitted for bacte­
riological examination prior to com­
mencement of the penicillin therapy. 

It is notable that a recent report from 

Belgium, discusses the possible role of 
horses as reservoirs of B. burgdorJeri in­
fection and cites a case of Lyme borrelio­
sis which occurred in a stable hand who 
was tending sick horses which were found 
to be seropositive for B. burgdorJerz"4. 

It could be argued that the seropositive 
tests in the horses and dogs reported here, 
were not sufficiently specific as the sera 
were not screened against other Borrelia 
organisms which occur in Africa. For ex­
ample, nothing is known of the antigenic 
relationship between B. burgdorJerz~ B. 
theileri and B. duttoni, the cause of re­
lapsing fever in humans. 

It would be logical to attempt to isolate 
the causative organism from ticks on the 
property. Large numbers of spinose ear 
ticks Otobius megnini and red-legged 

. ticks Rhipicephalus evertsi evertsi occur on 
horses on the property, but a perliminary 
attempt failed to isolate Borrelia from a 
batch of dissected ticks and whole tick 
homogenates. 

Finally, an intriguing finding on the 
property was the regular occurrence of 
febrile reactions in many of the horses 
during the summer. The temperature 
reactions would ordinarily remain un­
detected, except that the daily tem­
perature of every horse is routinely re­
corded. Renewed attempts are being 
made to isolate the causative organism 
from febrile cases. It is notable that the 7 
horses described in this paper, had 
manifested high febrile reactions for vary­
ing periods prior to their death. A single 
intramuscular injection of long acting 
antibiotic would have been insufficient to 
eliminate B. burgdorferi7 • 

The occurrence of Lyme disease in 
domestic animals in South Africa awaits 
confirmation. This report highlights the 
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possibility that this infection may be 
estalbished in the domestic animal 
population and there is a need for 
veterinarians and medical practitioners to 
be aware of that possibility. 
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ELECTROCARDIOGRAPHIC CHANGES ASSOCIATION WITH ALTERED 
THYROID FUNCTION IN TWO DOGS 

J.M. WYSOKE* and J. VAN HEERDEN* 

ABSTRACT 
Two dogs with altered serum thyroid hormone concentrations and elec­
trocardiographic changes are presented: low voltage QRS complexes 
and low amplitude, inverted T-waves associated with hypothyroidism; 
and tachyarrhythmia and increased amplitude QRS complexes in all 
leads, associated with hyperthyroidism. 

Key words: Electrocardiogram, hyperthyroidism, hypothyroidism, dog 

Wysoke lM.; Van Heerden J. Electrocardiographic changes 
associated with altered thyroid function in the dog. Journal of the 
South African Veterinary Association (1990) 61 No.3, 130-132 (En.) 
Department of Companion Animal Medicine and Surgery, Faculty of 
Veterinary Science, Medical University of Southern Africa, 0204 
Medunsa, Republic of South Africa. 

INTRODUCTION 
Electrocardiographic (ECG) changes 
associated with thyroid disorders have 
received scant mention in the veterinary 
literature. Although the numerous other 
clinical signs should be indicative of a 
possible thyroid disorder, ECG changes 
may lead to incorrect suspicion of some 
primary cardiac pathology. Awareness of 
the ECG changes will allow for earlier, 
correct diagnosis and treatment without 
unnecessary investigation of the cardiac 
manifestations. 

CASE I 
A 9-year-old female Bul1 Mastiff-cross 
was presented with a complaint of weak· 
ness and malaise of a few weeks duration. 
At the time of presentation, the dog was 
recumbent and had been anorexic for 3 d. 

Clinical examination revealed a severe· 
Iy obese dog with a rectal temperature of 
37,5 Q C and a coarse, sparse haircoat. The 
facial skin appeared thickened and puffy, 
resulting in a so~called "tragic" facial ex­
pression. The heart sounds and the pulse 
were extremely faint with a rate of B2 
beats per min. Abdominal palpation in­
dicated an abdominal mass and a disten­
ded bladder. 

• Department of Companion Animal Medicine and 
Surgery, Faculty of Veterinary Science, Medical University 
of Southern Africa, 0204 Medunsa, Republic of South 
Africa 
Received: November 1989 Accepted: April 1990 

The urine had a low specific gravity 
(1,013). Subsequent laboratory data ex­
cluded an azotaemia. Haematological exa­
mination revealed a nun-regenerative, 
normocytic, normochromic anaemia 
(Table I). 

The electrolyte status of the dog was 
normal (Table I). Serum thyroid deter­
mination revealed a profound hypothy­
roidism (Table I). On sequential ECG 
examinations, the heart rate fluctuated 
between 90 and 120 beats per min. This 
rate persisted despite the presence of 
atrial fibrillation (absent P-waves and the 
presence of F-waves). The maximum 
amplitude of the QRS complex was 0,7 
m V (lead II) with a duration of 0,04 s. 
The T·wave was indistinct but tended to 
be inverted in leads I, II, A VR and A VF. 
Thoracic radiographs did not indicate 
any change in the size of the cardiac sil­
houette. 

Treatment with T3 and T4 supplemen­
tation (Diotroxin, Lilly) at a dose rate of 
20 ug kg-'day-' divided into 2 equal 
dosages was initiated. By Day 2 the 
habitus and appetite had improved slight­
ly. The dog died 2 d later. 

On post-mortem examination, a severe 
megacolon fil1ing the abdomen and pelvis 
was found. Histopathology revealed a 
chronic, atrophic, lymphocytic 
thyroiditis. Marked distention of scat­
tered myelin sheaths was observed in the 
cauda equina, with no inflammatory reac­
tion associated with these lesions. The ax-

ons were histological1y normal. No other 
significant findings were reported. 

CASED 
An B,5-year-old male Pointer was 
presented with a complaint of poly­
phagia, restlessness and loss in body con­
dition. Clinical examination revealed a 
dull haircoat, a strong rhythmic pulse 
with a rate of 132 beats per min, con­
gested mucous membranes and the pre­
sence of a firm localised nodule, ap­
proximately 3x2 cm in size, situated sub­
cutaneously at the midventral aspect of 
the neck. 

Urine analysis revealed a specific gravi­
ty of 1,013, a proteinuria and the pre­
sence of leukocytes and red blood cells in 
the stai5ed sediment. The results of blood 
chemical and hormonal assays are presen­
ted in Table I. 

Electrocardiographic examination 
revealed a sinus rhythm with a heart rate 
of 132 beats per min. High-amplitude R 
waves were seen in Leads 1 (2 mV), Lead 
II (3 mV), Lead III (1,7 mV), and aVF 
(2,3 mV). Prominent Q-waves occurred in 
Leads I (O,B mV), II (0,9 mV) and aVF 
(O,B mV). Prominent T-waves were obser­
ved in Leads II, III, aVR and aVF. The 
average duration of the QRS-complexes 
was 0,06 s. 

The nodule was excised and subse­
quent histological examination confirmed 
it to be a well-encapsulated mass of thy­
roid tissue, i.e. an adenoma of ectopic 
thyroid tissue. The dog made an unevent­
ful recovery and its physical condition 
gradually returned to normal. 

DISCUSSION 
In human medicine, there are numerous 
reports on hypothyroid-associated ECG 
changes, including sinus bradycardia, 
conduction disturbances such as bundle 
branch blocks, low voltage, axis devia­
tions, prolongation of the QRS interval 
and flattened or inverted T-waves9• The 
ECG findings in Case I are consistent 
with the most common hypothyroid-asso­
ciated ECG changes, namely, low voltage 
complexes and· depressed or inverted 
T-waves7• A list of differential diagnoses 
for low-voltage QRS-complexes is provi­
ded in Table 2. Experimental studies 
have indicated that thyroid hormones 
prolong the refractory period and the at-
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Fig. 1: Electrocardiographs of the 
dog with hypothyroidism 
(Case 1) 

e 

Fig. 2: Electrocardiographs of the 
dog with hyperthyroidism 
(Case II) 

rioventricular conduction time of the 
heart'. The influence on nerve conduc­
tion is not restricted to the cardiac system 
as there are reports on hypothyroid-asso­
ciated nerve conduction disturbances 
manifesting as neurological I' and neuro­
muscular disturbances5. A dynamic ileus, 
resulting in a megacolon, is further 
evidence of nerve conduction disturban­
ces'. 

Histological studies of the myocardium 
of hypothyroid humans revealed intersti­
tial oedema, basophilic degeneration, 
myofibrillar swelling, loss of striations, 
fibrosis and mucinous vacuolisation with 
a positive periodic acid-Schiff reactions 9. 

Myelin degeneration resulting in dener­
vation atrophy of muscles, was detected 
in one study on hypothyroid-associated 
neuromuscular disorders5. 

It therefore appears that the cardiac 
manifestation of hypothyroidism may 
contain components of both neurological 
and myocardial changes. Despite these 
changes, congestive heart failure, in the 
~bsence of underlying cardiac pathology, 
1S uncommon. All these manifestations 
are reversible with the supplementation 
of thyroid hormonesl 5 7. 

Table 1: Laboratory f"mdings in a dog with hypothy­
roidism (Case I) and a dog with hyperthyroidism 
(Case II) 

Case I Case II Normal Range 
I 

Haematocrit ~~ 0,43 0,37-0,55 
MCV (fl) , 65 60-77 
MCHC (g d£-I) 35,8 38,3 32-36 
Sodium (mmol £-1) 150,0 152 126-157 
Potassium (mmol £-1) 5,0 4,4 3,6-5,1 
Urea (mmol £-1) 4,0 6,0 3,6-8,9 
Creatinine (J-Lmol £-1) 78 107 <133 
Total T4 (nmol £-1) <10,0 55,96 10-40 
Free T4 (pmol £-1) <2,8 28,72 7-20 
Total T3 (nmol £-1) <0,5 3,17 0,5-1,5 

Table 2: Conditions associated with 
low-voltage QRS com­
plexes* 

1. Normal variation 
2. Incorrect standardisation 
3. Pericardial effusion 
4. Severe myocardial damage (infarc­

tion, cardiomyopathy, fibrosis, 
neoplasia) 

5. Pulmonary disease (oedema, em-
physema, pneumonia) 

6. Obesity 
7. Pneumothorax 
8. Pleural effusion 
9. Cardiomyopathy after adriamycin 

chemotherapy 
10. Space-occupying intrathoracic masses 
11. Hypothyroidism 
* Adapted from TilleylO 

Due to the frequency of its occurrence, 
the ECG changes associated with hyper­
thyroidism in cats are more frequently 
reported than in dogs. The incidence and 
clinical signs of this condition in humans 
have also been widely documented. It is 
perhaps due to the reliability of the car­
diac manifestation of canine hyperthyroi­
dism, that these signs are more readily 
recognised and correctly associated with a 
thyroid disorder. Table 3 lists conditions 
associated with high-voltage QRS-com­
plexes. 

The tachycardia associated with canine 
hyperthyroidism is attributed to an in­
crease in l3-adrenergic reseptors, in­
creased receptor activity and an increase 
in free catecholamine levels in the tissues2 

34. Abnormal parasympathetic restraint of 
sinus node automaticity has also been do­
cumentedll . Thyrotoxicosis causes an in­
crease in cardiac rate and output2. The 
tachycardia may be associated with a sup­
raventricular arrhythmia, atrial fibrilla­
tion or a more forceful apical beat and 
arterial pulse3• As this is sometimes asso­
ciated with decreased peripheral resis-

tance, high output cardiac failure may re­
sult2• Major ECG findings are an increas­
ed rate and amplitude of the QRS com­
plex in all leads as seen in Case 2. Ven­
tricular ectopic beats and arrhythmias are 
sometimes seen2• In cats, symmetric 
hypertrophy of the ventricular septum 
and left ventricular free wall have been 
found in conjunction with hyperthyroi­
dism6. The hypermetabolic state of 
hyperthyroidism and subsequent demand 
on the heart for increased tissue perfusion 
with resultant increases in myocardial 
contractility, myocardial oxygen 
consumption, cardiac output and energy 
turnover, are the proposed mechnisms 
which could result in compensatory myo­
cardial hypertrophy;. Histopathological 
findings in the myocardium of these cats 
included large, hyperchromatic nuclei, 
interstitial fibrosis, endocardial fibro­
plasia, fibrosis of the atrioventricular 
node and disorganisation of cardiac mus­
cle cells6. These changes are reversible 
when serum thyroid levels are reduced to 
euthyroidism6. 

Thyroid disorders represent some of the 
most common endocrine conditions pre-

Table 3: Conditions associated with 
high-voltage QRS com­
plexes* 

I. Eccentric hypertrophy secondary to 
volume overload (mitral insufficiency, 
aortic insufficiency, ventricular septal 
defect, patent ductus arteriosus) 

2. Concentric hypertrophy secondary to 
pressure overload (aortic stenosis) 

3. Primary myocardial disease (dilated 
form of cardiomyopathy) 

4. Normal variation 
5. Incorrect standardisation 
6. Thin-chested breeds 
7 . Young animals 
8. Emaciated animals 
9. Hyperthyroidism 
* Adapted from TilleylO 
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sented to the veterinarian. Awareness of 
the .carq.iac and electrocardiographic 
manifestations of hyper- and hypothyroi­
dism will provide a more readily accessi­
ble means of confirming one's suspicion 
of a thyroid disorder before definitive thy­
roid hormone determinations are embark­
ed upon. Prior knowledge will also pre­
vent the unneccessary investigation of the 
cardiac disorder and allow one to empha­
cise the underlying metaboli~ c?nditio.n. 

.~>' 
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PRACTICE ON THE FRINGE A LEGAL PERSPE2rIVE 

The last 2 decades have seen a growing 
acceptance in South Africa of many of the 
"alternative" or "fringe" varieties of 
medical therapy, notably homeopathy, 
herbalism, naturopathy, acupuncture, 
chiropractics and physiotherapY". As far 
as the treatment of humans is concerned, 
these "alternative" practices have to a 
greater or lesser extent been officially 
recognised and are now regulated by 
statuteb • 

As far as animals are concerned, a 
similar rapid growth in the acceptance 
and availability of "alternative" vete­
rinary therapy has occurred, and a sub­
stantial number of veterinary 
physiotherapists and osteopaths, together 
with homeopaths, herbalists and 
acupuncturists who have extended the 
ambit of their practices to cater for 
veterinary patients, are now practising in 
South Africa. The law, however, has by 
and large failed to keep pace with these 
developments, and as it stands, is unable 
to accommodate such practitioner~ and so 
to cater for the needs of the animal-own­
ing public in general. 

The diagnosis and treatment of 
pathological conditions in animals in 
South Africa is regulated by the Veteri­
nary and Para-Veterinary Profession Act, 
1982, as amended by the Veterinary and 
Para-Veterinary Professions Amendment 
Act, 1989d • 

It would seem logical to suggest that 
such legislation should serve a d.ual pur­
pose: on the one hand, to protect animals 
and the animal-owning public from char­
latans and incompetent practitioners, and 
on the other hand, in order to further the 
welfare of the animals concerned, to 
facilitate and regulate the provision of as 
wide a range of veterinary treatments as 
possible. The Act, however, like so many 
of its genre, simply creates a monopoly of 
the treatment of animals for registered 
veterinarians and para-veterinarians, 
thereby achieving the first objective, but 
failing entirely to achieve the second. 

The Act divides the world into 3 classes 
of people: 

a. Although the practice of physiotherapy on humans has 
become so widely accepted that it may no longer seem 
appropriate to refer to it as an "alternative" treatment, 
the use of the term, it is suggested, draws attention to 
the fact that the therapy came to be regarded as "con­
ventional" by way of a process of acceptance, and is 
quite appropriate in describing the present status of 
physiotherapy in the context of veterinary medicine. 

b. The Medical, Dental and Supplementary Health Ser­
vice Professions Act No 56 of 1974 and the Rules pro­
mulgated in terms of it, regulate the practice of 

(i) registered veterinarians; 
(ii) registered para-veterinarians; and 
(iii) unregistered persons. 
and then proceeds to prohibit the practi­
sing of any aspect of veterinary medicine 
by unregistered persons as follows: 

23(1)(a) "No person shall in any manner 
whatsoever practise a veterinary profes­
sion or para-veterinary profession unless 
he is registered or deemed to be registered 
in terms of this Act to practise the profes­
sion concerned ... " 

Subsection (2) as read with subsection (3) 
of section 23 defines what, for the pur­
poses of the Act, constitutes the practice 
of a veterinary or pa'ra-veterinary profes­
sion: 

"[F] or gain, directly or indirectly, whet­
her for own account or within the scope 
of employment with any employer, ... 
performing any act which has as its pur-

'pose diagnosing, treating or preven­
ting any pathological condition in any 
animal ... and is deemed in terms of the 
rules to pertain specifically to a veterinary 
[or para-veterinary] profession .... 

Rule 2 of the rules relating to the practi­
sing of the veterinary profession- reads as 
follows: 

"For the purposes of the Act -

2.1 the diagnosis, treatment or preven­
tion of an infectious disease or orga­
nic disease or a pathological condition 
in an animal; 

2.2 a surgical operation on an animal; 
and 

2.3 the prescribing or administration ofa 
veterinary medicine to an animal 

shall be deemed to be services which per­
tain specially to a veterinary profession" 

The word "pathological" is defined in 
the Oxford English Dictionaryr as 
follows: "pertaining to or dealing with 
the causes and nature of diseases, or ab­
normal bodily affections or conditions". 

physiotherapy, while the Associated Hemh Service Pro­
fessions Act No 63 of 1982 regulates~the practice of 
homeopathy, osteopathy, herbaHsm a~;chiropractics. 

c. Act No 19 of 1982. :"," 
d. Act No 19 of 1989. Although the comme~ement of this 

Act has to date not been gazetted, its provisions serve 
only to emphasise the points made in this anicle and so 
the amended versions of these are employed throughout. 

e_ Government Gazette 8402 1/10/82 and Government 
Notice R2086. 

f. 1978 Ed: Murray, Bradley, Craigie and Onions, Claren-
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Thus the treatment of conditions caused 
by both illness and injury are brought 
witbin the ambit of the Act. 

Section 41 of the Act renders the con­
travention of section 23 a criminal offen­
ce. A person alleged to have contravened 
the section is therefore liable to be arres­
ted by the police and tried before a magis­
trate's court, and iffound guilty, on a first 
conviction, to a fine not exceeding R2 000 
or to imprisonment for a period not ex­
ceeding one year, or to both such fine and 
such imprisonment. 

The exclusionary effect of section 
23(1)(a) and the Rules promulgated in 
terms of it, would seem to be quite ex­
traordinarily broad, in that the treatment 
for gain of any ailment in an animal by 
any unregistered person is outlawed. But 
this broadness is itself problematic. If the 
words of the Act and the Rules are given 
their plain' and ordinary meaning in 
accordance with the normal conventions 
by which statutes are interpreted, then a 
groom who notices that a horse has a stiff 
leg and applies liniment to it to make it 
better, faUs foul of the Act. Similarly, a 
boarding kennel owner who notices that 
one of the dogs in his care is off-colour 
and gives it a condition tablet, renders 
himself liable to prosecution. It seems 
unlikely that this is what the legislature 
intended, but it is what the Act says. 

The legislation as it stands therefore 
places 2 categories of people in a quite in­
vidious position. The first is comprised of 
persons such as grooms, servants and ken­
nel keepers who must care for animals in 
the course of their ordinary employment, 
and whose treatment of such animals is 
unlikely to amount to much more than 
that of maintaining them in a reasonable 
condition and, in the case of an accident, 
of rendering first aid. The second consists 
of the substantial number of practitioners 
providing the various forms of "alterna­
tive" medical treatment for animals men­
tioned above. 

As regards the first category, although 
the relevant sections of the Act clearly 

don Press, Oxford. 
g. Government Gazette 8402 1/10/82, Government Notice 

R2085 and Government Notice R397. 
h. Act No 10 I of : 965. 
i. Act No 36 of 1947. 
j. Act No 10 I of 1965. 
k. Act No 56 of 1974. 
1. 16 September 1977, Government Gazette 5741. 
m. by para 2 of the schedule to Regulation R1731, 9 August 

1985, Government Gazette 9886. 
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need to be reworded in order to remedy 
the' illogicality inherent in them, it is 
quite"possible that in order to circumvent 
the most obvious difficulties, a court 
might interpret the legislation restric­
tively so as to include only those instances 
in which the treatment of an animal is 
central rather than peripheral to the gain­
ful employment of the person concerned. 
However, as the persons in this group fall 
neither into the category of charlatans 
from whom the animal-o~~ing public 
need to be protected, nor oC-practitioners 
to whom access by the public should be 
facilitated and regulated, their position 
need not be considered further here. 

As regards the second category, the 
question arises as to what avenues are 
open to these practitioners to bring them­
selves within the ambit of the Act. Would 
it avial them not to charge a fee 
for their services, but merely to receive a 
donation at the discretion of the owners of 
the animals which they treat? This 
avenue is not open to them, as the recei­
ving of donations is as fIrmly ex~luded by 
the Act as, the receipt offees: section 23( d) 
outlaws any activity "by virtue of which 
any advantage, whether for a person 
himself or any other person, can be ob­
tained by means of... a donation or gift; 
or by means of the provision of accommo­
dation, or by means of any other profit 
whatsoever, whether direct or indirect. 

May they register as para-veterinarians 
in terms of the Act? Section 21(1) em­
powers the Minister, on the recommenda­
tion of the Veterinary Council, to declare 
by notice in the Government Gazette that 
the provisions of the Act shall be ap-, 
plicable to any profession which has as its 
object the rendering of services supple­
mentary to the services, which in terms of 
the rules, are' deemed to pertain specifi­
cally to the veterinary profession. In other 
words, he may declare any such profes­
sion a para-veterinary profession. To 
date, only 2 professions have been so 
declared: these are those of veterinary 
nurses and veterinary technologist:;g. In 
order to register as a para-veterinarian, a 
person is required by section 24 of the 
Act to hold a Dip. Cur. Anim, a Dip. Vet. 
Nur. or a national Diploma in Veterinary' 
Technology, or, if he is not a holder of 
any of these, to have applied for registra­
tion within 6 months of the dates of the 
above Government Gazettes, providing 
proof that he had practised the para-vete­
rinary profession concerned for a con­
tinuous period of 5 years, prior to the date' 
of publication of the abovementioned Ga­
zettes, and had passed an examination 
determined by the Council. The prac­
titioners concerned, fall into neither of 
these categories of person and so would 
not be entitled to register as para-veterina­
rians. 
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May they practise in conjunction with, 
or under the su-pervision of a registered 
veterinarian? The answer to this question 
would appear to turn on the issue of who 
in fact would under such circumstances 
be making the ultimate decision as to the 
treatment which the animal should 
receive. If their function could be con­
strued as being no more than that of as­
sisting a veterinarian in applying the 
treatment prescribed by him in pursuance 
of his own diagnosis, it would seem unex­
ceptionable. But where treatments such 
as homeopathy or acupuncture are con­
cerned, which require expert knowledge 
not necessarily held by a conventionally 
trained veterinarian, the "alternative" 
practitioner would, irrespective of any 
amount of supervision by the veterinarian 
concerned, of necessity have to operate by 
applying his own expert knowledge to the 
treatment of the animal, and so would in 
fact continue to operate independently of 
the registered veterinarian and thus fall 
foul of the Act. However, this solution 
would in any eV,ent prove unsatisfactory 
from the point of view of the 
"alternative" practitioners who could 
rightly maintain that such direct "super­
vision" was pointless, and of the animal­
owning public; who would be required to 
incur the additional expense and inconve­
nience of a superfluous veterinary con­
sultation whenever they sought to avail 
themselves of the services of an "alter­
native" practitioner. 

One possible route out of'this dilemma 
is contained in the wording of the Act it­
self. Section 23(1)(c) reads as follows: 
"(c) The [Veterinary Council of South 
Africa] may, after consideration of an ap­
plication by a person not registered or 
deemed to be registered in terms of this 
Act, authorise him in writing to render 
for gain a particular service deemed in 
terms of the rules to pertain specifically to 
a veterinary profession or para-veterinary 
profession." 

This section would appear to make provi­
sion for a person who would not be eligi­
ble to be registered as either a veterina­
rian or a para-veterinarian, but who is 
competent to perform one of the number 
of services usually performed by them, to 
be authorised by the Council to perform 
that specific service for gain. 

However, the section stands alone in 
the Act and no reference has been made 
to it in the Rules promulgated in terms of 
the Act to date. It is therefore far from 
clear quite how the legislature intended 

,this section to be put into effect. None-
theless the section exists, and, if 
necessary, could be relied on by such a 
person to require the Veterinary Council 
to formulate some manner of dealing with 
his application. It is further trite law that 
whet) an Act of Parliament provides the 

means by which a statutory body may 
regulate the provision of certain services, 
that body is obliged to do so, and may not 
merely hold that no such services may be 
provided at all. 

Placing reliance on this section, how­
ever, would not be without risk for per­
sons presently practising "alternative" 
veterinary medicine, in that, in the ab­
sence of any legislated guidelines, the 
Veterinary Council would be at liberty to 
decide on the criteria by which such ap­
plications would be judged, and may well 
set these at a level which certain practi­
tioners would be unable to meet. How­
ever, if the legislation is to serve the func­
tion of protecting members of the public 
against persons who are not competent to 
treat their animals, the exclusion of prac­
titioners who could not meet such re­
quirements may well be desirable. A fur­
ther problem, however, is that given the 
unconventional nature of the "alterna­
tive" treatments under discussion, it is far 
from clear whether the Veterinary Coun­
cil would be in any position to properly 
examine or assess the competence of the 
"alternative" practitioners in the first 
place. It may well be possible that an ex­
amining body comprised of persons 
familiar w~th these treatments could be 
appointed, but quite what form an exami­
nation would need to take to cater for the 
individualistic nature of "alternative" 
practice, remains open to question. 

An additional complication exists in 
respect of homeopaths administering 
homeopathic medicines to animals. As 
was set out above, in terms of Rule 2,3 
the prescription or administration of a 
veterinary medicine to an animal, is 
deemed to be a service which pertains 
especially to the veterinary profession and 
so may not be performed by an unregis­
tered person. But what is a veterinary 
medicine? Rule 1 of the Rules, which 
contains the definitions of the terms used 
in them states: 

"veterinary medicine" means a veteri­
nary medicine as defined in section 1 of 
the Medicine and Related Substances 
Act, 1965."h. 

Section 1 reads as follows: 
"veterinary medicine' means any sub­
stance or mixture of substances, other 
than an stock remedy or farm feed to be 
registered in terms of the Fertilizers, 
Farm Feeds, Agricultural Remedies 
and Stock Remedies Act, 1947i, used or 
purporting to be suitable for use ... in 
connection with vertebrates, for the 
treatm~nt,. diagnQ~~s, pre~ention or care I 
of any dIsease, mfectlon or other 
unhealtiiy condit!o~ ... " 

In terms of the Act: 

"stock remedy' means a substance in-
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tended or offered to be used in conjunc­
tion with domestic animals, 
livestock ... [etc] for the diagnosis, 
prevention treatment or cure of any 
disease, infection or other unhealthy 
condition ... , but excluding any sub­
stance insofar as it is controlled under 
the Medicine and related Substances 
Control Act, 1965"i. 

The definition is thus entirely circular 
and it remains far from clear which 
remedies may be administered by an un­
registered person and which not. 

What then is the solution to the pro­
blem posed by the wording of the Act? It 
is suggested that it may lie in the adoption 
of some of the provisions relating to the 
practice of physiotherapy on human pa­
tients contained in the Medical, Dental 
and Supplementary Health Service Pro­
fessions Act 1974k and the Regulations 
and Rules made in terms of it. 

Regulation R 18381 issued in terms of 
section 50( 1) of the Act, specified a num­
ber of acts or omissions by physiothera­
pists in respect of which disciplinary 
steps may be taken against them by the 
Professional Board of Physiotherapy and 
the South African Medical and Dental 
Council. Rule 21 in its original form dealt 
with the performance of forbidden profes­
sional acts by physiotherapists and inclu­
ded among them: 

"( 1) the treatment of any patient unless 
that patient has been referred by a 
registered medical practitioner ... except 
in an emergency." 

The effect of this provision was strongly 
contested by practitioners of physiothe­
rapy who saw the requirement that pa­
tients be referred to them by a medical 
practitioner as an unnecessary restriction. 
Their arguments prevailed and the rule 
was finally amendedm to read as 
follows: 

"(1) The treatment of any patient, ex­
cept in an emergency-
(a) where such patient has not been 
referred by a registered medical prac­
titioner ... ; or 
(b) where such treatment, in the case of 
a patient not so referred, is given other­
wise than in close collaboration with a 
registered medical practitioner. 

Provided that the expression 'in close 
collaboration' in this subrule shall 
mean that the physiotherapist at one or 
other stage of the physiotherapy treat­
ment, though not necessarily before un­
dertaking such treatment, consults a 
registered medical practitioner ... on 
the case concerned 'and at the end of 
such treatment furnishes him with a re­
port on such treatment." 

It is suggested that the interests of the 
animal-owning public might best be ser­
ved by the establishment of a register of 
"alternative" practitioners by the Veteri­
nary Council, upon which the name of 
any person wishing to practise as such, 
would be entered upon their making 
application to the Veterinary Council in 
terms of section 23(1)(c). Such enrolment 
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should be allowed without the need for 
the practitioner to undergo any examina­
tion as to his competence or to establish 
any formal qualifications, but it would 
mean that any such enrolled practitioner 
would then fall under the jurisdiction of 
the Veterinary Council, and as such could 
be made subject to a disciplinary enquiry 
into any allegations of dishonesty or mal­
practice or of causing harm to animals 
brought against him by members of the 
publiC or of the veterinary or para-veteri­
nary professions. In terms of this arrange­
ment, were an "alternative" practitioner 
to be found guilty of such a charge, the 
Council would be entitled to strike his 
name off the register, thereby rendering 
his continuing to practise illegal and sub­
ject to the penalties prescribed by section 
41 of the Act. 

Furthermore, if this system were coupl­
ed with the promulgation of a Rule simi­
lar to the amended Rule 21, relating to 
the practice of physiotherapy on humans, 
then the animal-owning public would be 
further protected without incurring un­
necessary expense, by the requirement 
that all "alternative" practitioners should 
at least consult with a registered vete­
rinarian during the course of adminis­
tering treatment and by the element of in­
direct, but qualified veterinary super­
vision inherent in that provision. 

J Fletcher; Lecturer in Laws, University 
of the Witwatersrand, Advocate of the 
Supreme Court of South Africa. 
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. Continuing educationN oortgesette opleiding 

A REVIEW OF CHEMICAL METHODS AVAILABLE FOR THE CONTROL 
OF GASTROINTESTINAL NEMATODES OF SHEEP AND CATTLE 

}.A. VAN WYK* 

The modern anthelmintf{ i~"the most pp­
tent aid avialable for the control of the 
gastrointestinal nematodes of sheep and 
cattle. These modern drugs have vastly 
improved in efficacy, safety, ease of ad­
ministration and applicability. 

For the past 2-3 decades the anthelmin­
tic has had a far-reaching effect on the ap­
proach to worm control, often replacing 
other methods completely;. 

In the past, researchers often' had un­
warranted confidence in the ability of the 
various drugs to control or possibly even 
eradicate worms, even when these drugs 
were far less effective than the modern 
anthelmintics8 24. Optimism grew, until 
resistance spread and brought about the 
realisation that research into alternative 
methods of control was urgently re­
quired29 30 33. 

Sporadic use of anthelmintics without 
additional management practices aimed at 
prevention or retardation of reinfection 
after treatment, is not to be recommen­
ded. Hence, for the purposes of the follo­
wing discussions, it is accepted that 
anthelmintics are not applied in isolation, 
but only in the context of fully-integrated 
worm control. It is essential to monitor 
the efficacy of treatment, otherwise hete­
rozygotic-resistant worms survive after 
treatment and safe pastures become 
populated with their offspring, thus 
leading to very severe seltction for resis­
tancel4 . 

Certain general considerations are 
important when deciding on a drenching 
programme: 

- Poor growth rates3 with the advent of 
winter commonly result from a 
combination of malnutrition and nema­
tode infection; 

- The effect ofagiven control programme 
is very dependent on the type offarming 
enterprise practised; 

- Management practices are critical; 
- Initial production advantages in treated 

versus control animals are often lost at a 
later stage through compensatory 
growth in the controls. 

- Excessive drenching increases the threat 
of resistance to the drugs used, and may 

·Section of Helminthology, Veterinary Research Institute, 
0110 Onderstepoort, Republic of South Africa 
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delay the development of immunity to 
reinfection in the hosts, leaving them 
susceptible to worm infection when 
adult. 

Anthelmintic drenching may be em­
pirical, curative or preventive. Drenching 
is called empirical when it is not based on 
any strategy. In~curative drenching, treat­
ment is often aelayed until pastures are 
heavily infeste{i and clinical signs or 
even deaths occuf'l. It has the disadvan­
tage that considerable production losses 
have already been incurred by the time 
clinical signs are visible in the hostl 5, and 
reinfection takes place directly after 
drenching unless the animals are removed 
from the infested pasture at the time of 
treatment. Despite the disadvantages, 
curative drenching is favoured by some, 
as it causes a relatively low selection 
pressure for resistance, and because it is 
considered unnecessary to drench adult 
sheep routinely4. . 

Preventive drenching is most important 
for forestalling excessive contamination 
of the pasture with free-living stages of 
the worms, and thus' minimising the ex­
posure of susceptible hosts to verminosis. 
Preventive drenching may be applied in 
the form of strategic or tactical drenching. 

STRATEGIC DRENCHING 
Strategic drenching comprises treatment 
at predetermined intervals, based on 
seasonal fluctuations in the prevalence of 
specific worm species; on managerial con­
siderations such as mating, lambing or 
weaning; or on combinatioIJ.s of these. 
Thus it can be regarded as a fixed or regu­
lar drenching programme, in contrast to 
other systems where decisions on dren­
ching are made with regard to changes in 
climate and in the worm burdens of the 
hosts. 

When the fixed drenching programme 
is applied in conjunction with other 
methods of control such as pasture spell­
ing, the system can be termed integrated 
strategic worm control. 

Most often, strategic drenchin'g consists 
of a series of drenches at the start of the 
worm season, when the worm species 
concerned commence egg production, 
and conditions become favourable for the 
development of free-living worm stages 

on the pasture. This ensures that worms 
do not accumulate excessively at the be­
ginning of the season, and constitute a 
threat to susceptible animals later. 

Strategic drenching in the "off-season" 
when conditions are unsuitable for worm 
development on pasture and the worms I 

that do occur in the animal are usually 
hypobiotic, is referred to as offensive or 
"extended" drenching. 

At that stage, it is reasoned, drenching 
will have the most far-reaching effect. As 
the worm is practically non-viable outside 
its host on the pasture, it is "cornered" 
in the host where it is at its most vul­
nerable. This system of dosing is recom­
mended by some of the most experienced 
contemporary helminthologists6 10 21. 

. Ho:ever, there are also negative conse­
quences. In the first place, many worm 
species can survive the winter on pasture, 
in which case they are not exposed to the 
offensive drenching. Furthermore, the 
majority of the common worm species are 
hypobiotic in the host when conditions 
are unfavourable for survival on pasture. 
These hypobiotic larvae are commonly 
less susceptible to anthelmintics than nor­
mally developing larvae that are not retar­
ded in development. For example, drugs 
such as c1osantel, disophenol and rafox­
anide (which have an extended residual 
effect on reinfection with H. contortus 
after drenching) have practically no effect 
on hypobiotic larvae in the hostl 2 23. 

In my opinion, it is unnecessary to run 
the risk that the worms will not be 
susceptible to drugs used offensively, 
since treatment can be delayed for a short 
while until the larvae resume develop­
ment once conditions on pasture have 
again become favourable (usually in 
spring in South Africa). Reinecke21 , for 
instance, recommends that H. contortus 
be removed by drenching in July, in the 
winter. But if the drenching is delayed 
until August/September, the retarded lar­
vae will have resumed development, and 
there is almost no risk of reduced 
susceptibility to trceatment. By then, some 
of the larvae will already have matured . . \ 
and started laying· .. eggs, but there are indi-
cations at ''p(esent that, at least on the 
Transvaal Highveld, these ova will either 
not develop at all, or else be delayed in 
development and not give rise to infective 
larvae before the beginning of summer26 • 
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Another variation of preventive treat- the ewe, and from residual larvae on pas­
ment is suppressive drenching, also term- ture, e.g. from those which have survived 
ed "protective" drenching. In this ap- the winter. After weaning, outo-infection 
proach, verminosis is suppressed when it also occurs, owing to the development of 
becomes an immediate threat to the ani- worm ova. v.p~ded. by the lambs themsel­
mal. The most important difference from ves. 
other methods of strategic drenching, is The sheep ewe is the main source of in­
that treatment is delayed until the worms fection of the Jamb .. Owing to the phe­
have substantially contaminated the nomenon of peri-parturient relaxation of 
pasture and are accumulating in the host. resistance, the ewe becomes more suscep­
Treatment therefore suppresses the para- tible to infective larvae on pasture, adult 
site in the host, before it can do signifi- worms are expelled more slowly, and 
cant damage. mature worms also produce more ova 

The suppressive treatment is common- than in less susceptible animals l5 • Hence, 
Iy applied as continuous low-level admi- in the past it was reasoned that peri-par­
nistration of the drugs (in licks, or by turient drenching would pay dividends 
means of slow-release devices) or as re- both on account of a decrease in the like­
pea ted drenchings at intervals as short as lihood that lambs would become heavily 
every 2-3 weeks while the worm threat re- infected, and in improved milk production 
mains.. by the ewe, which in turn could lead to 

This form of control can ·be very effec- improved production in the lamb. How­
tive2, but is dependent on the intensive ever, at least for New Zealand, it has been 
use of drugs, thus considerably increasing found that these advantages are not realis­
the chances of selection for anthelmintic ed unless the animals can be spelled to 
resistance13 . safe pasture at drenching3 6. 

The purpose of drenching particularly In the absence of specific investiga-
ewes before introduction of the rams, is to tions, the situation is unclear in South 
increase their fertility, Which may be re- Africa. However, wireworm is such a pro­
flected in an increase in the number of lific egg-layer and it is so pathogenic in 
lambs born per ewe, or in the number of the summer-rainfall region, that sheep 
animals that conceive, or both. may die unless salvage drenching is ap-

As discussed by Donald5, it has been plied to animals that cannot be moved to 
widely accepted that a pre-mating drench safe pasture. 
will improve the fertility of the animals. On condition that lambs are not weaned 
However, after reviewing the results of 81 late, drenching trials involving suckling 
trials, Brunsdon et aJ3. conclude that the lambs have thusfar shown almost no ad­
results were very erratic, and that, if vantage for drenching, compared to 
anything, only the number of twins in- lambs left undrenched. Brunsdon et al3 go 
creased and not the percentage of ewes so far as to say that, irrespective of the ex­
that lambed. The possibility is men- tent of the peri-parturient rise in faecal egg 
tioned, however, that better results could count in the .. ewe, worm infection will 
be expected if the ewes are heavily infec- not affect the production of the suckling 
ted at the time of mating. Iamb if it is weaned no later than the age 

For New Zealand, Brunsdon et a1. 3 of 12 weeks. However, these recommen­
do not recommend a drench at mating at dations are also based on trials in New 
all, unless it is possible to move the Zealand, where brown stomach worm pre­
animals to safe pastures afterwards. Fur- dominates. The more pathogenic wire­
thermore, owing to the relatively poor worm of South Africa, may necessitate 
ability of lighter ewes to produce twins, drenching to prevent ruinous losses in 
they point out that it will probably also those instances where the ewes and their 
not be economical' to drench only these lambs c!lnnot be spelled to safe pasture. 
lighter animals in the flock. .' Weaners, usually the most susceptible 

Unfortunately, we have insufficient class of animals on a farm, must be dren­
local data to indicate whether a pre- ched and moved to safe pastures for op­
mating drench would be beneficial in timal production. In New Zealand, sus­
South Africa. However, H. contortus (the ceptible young lambs and calves contri­
predominant helminth in most of the bute 5-10 times as much as adult animals 
summer-rainfall regions of South Africa) to the total pasture contamination in 
has a far greater ability to propagate itself autumn, when heaviest contamination of . 
than the Ostertagia (= Teladorsagia) spp. pastures occurs. Despite this fact, 
that predominate in New Zealand. There- Brunsdon et a1. 3 recommend no dren­
for~, it seems unlikely that we in South ching at weaning to New Zealand 
Afnca shall have any better results if the farmers, unless a move to safe pastures is 
ewes remain on contaminated pasture possible. Instead, if the sheep cannot be 
after having been drenched. moved, 3 drenches are recommended 

As discussed by Brunsdon2, young after weaning, commencing at the start of 
SUckling lambs are exposed to larvae from the worm season and not necessarily at 
2 ~ain sources, namely infection origi- weaning. 
natlng from contamination of pastures by Once again, in the summer-rainfall 
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regions of South Africa it may be neces­
sary to dose particularly spring lambs at 
weaning, even if the animals cannot be 
spelled, or else run the risk of heavy 
losses. 

Owing to the risk of anthelmintic resis­
tance, intensive suppressive drenching of 
set-stocked weaners is to be avoided, if at 
all possible. 

TACTICAL DRENCHING 

Tactica! drenching ("drenching by the 
weather")7 consists of preventive dren­
ching when an excessive accumulation of 
worms is to be expected, e.g. after good, 
soaking rains when the climate is suitable 
for development of the free-living worm 
stages on pasture. 

Usually, tactical drenching is used to 
support the strategic drenching pro­
gramme for those periods when the set 
drenches are not sufficient for the ex­
pected worm challenge. 

With an erratic rainfall (as occurs in 
most parts of South Africa) the fixed stra­
tegic programme cannot be conprehen­
sive enough to allow for substantial worm 
challenge after spells of good rain, unless 
drenching is' so intensive that a large risk 
is run regarding the development of 
anthelmintic resistance. 

Depending on the timing, tactical dren­
ching can be either preventive (e.g. at the 
time that the climate first becomes favou­
rable for the accumulation of worms on 
pasture), or suppressive, after con­
siderable numbers of infective larvae have 
already become available on pasture. 

No hard and fast rule can be laid down 
for the timing of tactical drenches. For in­
stance, rainfall over a number of days, is 
more dangerous for worm infection 
than a similar amount of rain on a single 
day. Local conditions, farming types and 
managerial practices also playa role, e.g. 
the species and class of animal concerned, 
the possibility of spelling pasture, etc. A 
severe drought is often followed by an 
abundance of infective larvae on pasture 
itfter the first good rains. In general, it is 
advisable to drench tactically after good 
rains have fallen over a period of 15 to 30 
d and then to move the animals to safe 
pastures, if possible. The drenching 
should commence about 3 to 6 weeks 
after the start of the good rains, and the 
course of the infection in the animals 
should be monitored by means of the 
faecal worm egg counts, to guard against 
overwhelming infections. 

In time, experience should indicate the 
best control systems for each farming 
enterprise and managerial system. 

DRENCHING PROGRAMMES 
(SHEEP) 
It seems likely that in the more extensive 
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Table 1 Drenching programmes. suggested by 
3 authors for sheep in the non-seasonal 

. rainfall regions of the RSA 

Table 2: Drenching programmes suggested by Reinecke 19 20 21 

for sheep in the winter-rainfall region 

Programme 1 Programme 2 Programme 3 Programme 4 
Rossiter Muller Reinecke ** 
(22) (17) (21) 

January 
July March March March March 
August August May 
September July 

November October October *' •. 

December December:~:" 

March March March 

farming areas, multiple camps may be an 
important aid to worm control, if the 
animals need not return to a given camp 
for at least 8 to 1 0 weeks. Under such 
conditions, it may be sufficient to drench 
2 or 3 times at the time of pasture spelling 
during the worm season, if sufficient 
camps are available. On the other hand, 
given fewer camps, it may be necessary to 
drench more often. Integrated control 
systems have however, not been tested in 
South Africa. 

Take note that, although not supported 
by a recent reporpo, some investigators 
maintain that selection for worm resis­
tance may be very severe in the drench­
and-move control system unless the dren­
ching is extremely effective6 II 13. The 
solution is to monitor regularly the effi­
cacy of drenches used at the time of 
pasture spelling. 

1. SUMMER-RAINFALL REGION 
Conventional drenching programmel9 

Drench in: 
May (before winter) 
September (after winter) 
December (mid-wireworm season) 
January (mid-wireworm season) 

SUMMER-RAINFALL REGION 
Programme containing drugs with a 
residual action: 
Drench in: 

May Drug with short 
action 

August/September Drug with short 
action 

End November Drug with resi­
dual action 

December/January Drug with short 
action 

End of January Drug with resi­
dual action 

For more intensive conditions, a modi­
fied programme is suggested in which 
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November 

** - This applies to adult sheep; lambs should be dewormed when 4 
months of age and in November/December, but not in March; 
Nasal worm should be controlled in May and September 

both short- and long-acting drugs are 
drenched in September, November and at 
the end of January, and a short-acting 
drug alone at the end of March. 

Drugs with residual efficacy against 
wireworm are e.g. closantel or diso­
phenol, each at 10 mg kg-I. These drugs 
continue to remove incumbent worm in­
fections for at least 7 weeks after having 
been administered to the animals. If clo­
santel is used at 5 mg kg- I, or if the 
animals are anaemic, it will be necessary 
to drench more frequently in mid­
summer. 

2. NON-SEASONAL RAINFALL 
REGIONS 
The most important worm species in 
these regions are Ostertagia (= Teladorsa­
gia) spp. and Trichostrongylus spp. Al­
though H. contortus is also present, it is 
less important than in the summer-rain­
fall region l7 . 

Drenching programmes have been sug­
gested by Rossiter22 , Mullerl7 and Reinec­
ke21 (Table 1). 

3. WINTER-RAINFALL REGIONS 
As in the non-seasonal rainfall region, 
brown stomachworm and bankruptworm 
are the dominant species, and in general, 
wireworm is usually less important. How­
ever,there has been a recent report of 
marked losses in sheep production in this 
region when a strain of wireworm, but 
not brown stomachworm, became resis­
tant to ivermectin (unpublished data). In 
this case, the removal of competition 
from brown stomachworm apparently 
favoured development of the wireworm. 

Reinecke has suggested 4 different 
drenching programmes for the winter­
rainfall region (Table 2). One possible 
reason for his drawing up so many dif­
ferent programmes, is the dearth of infor­
mation regarding the epidemiology of 
gastrointestinal nematodes in this region. 

4. SEMI-ARID REGIONS 
a) Karoo While wirewom, long-necked 
bankrumptworm and, possibly, nodular 
worm are the most prevalent worm 
species in the eastern Karoo, only bank­
ruptworm and long-necked bankrupt­
worm are common towards the west. It 
appears that long-necked bankruptworm 
is suppressed by wireworm; as the latter 
increases ~rogressively from west to east, 
the occurrence of the former decreases27 
28 

Viljoen27 28 suggested 2 different dren­
ching programmes for routine use in this 
region (Table 3), but particularly in the 
drier western part of the Karoo it is pro­
bably not necessary to follow a routine 
drenching programme at all (except in 
times of particularly good rainfall) unless 
2 or more relatively good rainy seasons 
should occur consecutively. 

Table 3: Drenching programmes 
suggested by Viljoen27 28 for 
sheep in the semi-arid 
rainfall regions in the 
Karoo 

Programme 1 

March 

July 

March 

Programme 2 

April 

September 
December 

b) Kalahari In a survey by Biggs & An­
thonissen l, wireworm and nodular worm 
were found to be the most prevalent, but 
relatively few worms were encountered, 
possibly owing to a control programme 
followed before the survey on the farm 
commenced. 
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They-suggested drenching in: 
October (for worms and Oestrus ovis), and 
in April/May, after the first frost. 

DRENCHING PROGRAMMES 
FOR CATTLE 
It should be borne in mind that, in 
general, cattle are better able than sheep 
to develop immunity to reinfection by 
most worm species. Theretore, partIcu­
larly for adult cattle, drenching pro­
grammes are generally not as necessary as 
for sheep, as the cattle are, to a large ex­
tent, able to control worm infection 
without being drenched. 

On the other hand, young beef and 
dairy cattle may acquire heavy worm bur­
dens during their first year at pasture9 • 

Newly-weaned calves are considered to be 
the most important source of pasture con­
tamination in a beefherd9• 

1. SUMMER-RAINFALL REGIONS 
The most important worm species are 
wireworm, cattle bankruptworm, nodular 
worm, and, to a certain extent, hook­
wormlS. 

Although Reinecke21 suggested dren­
ching in March, May and September, (ex­
cept for the more susceptible classes of 
cattle, e.g. weaners) it may not be 
necessary to drench adult cattle at all if 
they are in good condition and gaining 
weight satisfactorily. Faecal egg counts 
should be routinely monitored to ensure 
that the cattle are not subjected to un­
acceptable levels of parasitism. 

Weaners and Dairy Replacement 
Heifers 
Worm control in newly weaned beef cal­
ves should focus on prevention of infec­
tion in the immediate post-weaning 
period, as a small number of strategic 
treatments at this time can reduce pasture 
contamination and the consequent accu­
mulation of larvae on pasture9• 

Replacement dairy heifers also merit 
special consideration in worm control9: 

Owing to shrinking· profit margins and 
increasing costs of drenching cattle, faecal 
egg Counts will most probably become 
progressively more important as an aid to 
gauging the necessity for drenching. The 
practitioner should therefore be prepared 
to supply this service to his clients. 

2. WINTER- AND NON-SEASONAL 
RAINFALL REGIONS 
For the winter-rainfall region Reinecke21 

recommends drenching in: April, July 
and November. 

Once again, the practitioner should use 
routine faecal worm egg counts in order 
to decide on the necessity of drenching at 
such a high frequency. Infections with 
particularly brown stomachworm, may 
reach important levels. 

GENERAL FACTS ON THE USE 
OF ANTHELMINTICS 
It is essential that the practitioner is com­
pletely conversant with the properties of 
the an~helmintics in Qrder to advise the 
clients properly. 

It is important also to know the diffe­
rent anthelmintic groups (based" on their 
modes of action), in order to be able to 
give advice on the correct alternation of 
anthelmintics. 

As important as knowing the spectrum 
of efficacy of a given drug, is knowledge 
of those worm species that are not con­
trolled. For example, the drugs that have 
a residual action against wireworm and 
hookworm, are very valuable in any dren­
ching programme, but they are unable to 
control bankruptworm and nodular 
worm, as well as hypobiotic larvae of 
wireworm. 

OTHER FORMS OF WORM CON­
TROL 
Some successes have been obtained with 
worm control by vaccines, and by bree­
ding animals that are genetically able to 
resist infection more effectively than the 
average member of a given breed. How­
ever, none of these methods can as yet be 
used in practice for control of gastrointes­
tinal nematodes in sheep and cattle. 

CONCLUSION 
/ 

In South Africa little work has been done 
to determine the efficacy of integrated 
worm control in practice. In fact, it is not 
even known which, if any, of the basic 
principles apply to the prevalent worm 
species in this country. On the other 
hand, much time and labour will be re­
quired to test even the most important 
principles, and meanwhile there are 
reasonable indication that the system can 
be applied to good effect. 

The solution to worm control lies in 
giving an intensive service to the client. 
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Continuing educadon/Voortgesette opleiding' 

INTEGRATED WORM CONTROL AS A STRATEGY IN THE CONTROL 
OF GASTROINTESTINAL NEMATODES OF SHEEP AND CATTLE 

J.A. VAN WYK* 

Over the past 3 decades a great deal of 
information has. a~cumulated on alter­
native methods of control of helminth in­
fections that could extend the useful life 
of anthelmintics. 

In this paper the use of various manage­
rial practices for. worm control is consic· 
dered. 

Most nematode species of'domesticated 
ruminants are reasonably well-adapted to 
their natural hosts, and large-scale deaths 
of animals are uncommon in nature. In­
creased production of production animals 
has often resulted in an upset in the ba­
lance of the host-parasite relationship, 
usually in favour of the parasitell , and 
decreased the ability of the farmer to in­
cur indirect losses from suboptimal far­
ming. Improvements of pasture through 
irrigation increases the chances of sur­
vival of the free-living stages of the 
parasitic helminths, while increased, graz­
ing pressure increases the rate of pasture 
contamination with worm eggs, and the 
degree of reinfection of the grazing host. 
Practices such 'as farming exclusively 
with either sheep or cattle have further 
added to the problem of worm infection. 
Furthermore, animals have been, bred for 
increased production without considera­
tion being paid to their susceptibility to 
worms, and breeds of animals have been 
introduced to regions where ~hey have not 
occurred previously. These potential dan­
gers were unrecognised because of the ex­
pectations raised by an increasing number 
of drugs that were highly effective against 
a growing number o(worm species. 

Anthelmintic resistance, however, soon 
developed and increased to the extent that 
today some researchers fear that we may 
return to the era before the advent of safe 
and effective drugsl. 

PROBLEMS IN WORM CONTROL 
Almost all sheep and cattle must be regar­
ded as being continually infected with 
helminths, and contamination of the en­
vironment is continuous 12. Both sheep 
a.nd cattle develop immunity to reinfec­
tion, but particularly in sheep it is by no 
means solid. It may fluctuate due to 
changes in the availability of larvae on 

'Section of Helminthology, Veterinary Research Institute, 
a II 0 Onderstepoort, Republic of South Africa 

pasture and to periods of reduced resis­
tance, such as the so-called "PPRR" or 
peri-parturient relaxation of resistance l3 • 

This situation of continuous, but fluc­
tuating levels of infection complicate at­
tempts at worm control, since prevailing 
weather conditions may cause a flare-up 
in the infectivity of the pasture within a 
short time. Secondly, the day-to-day deci­
sions on both the timing and the type of 
worm control measures to take become 
extremely difficult for any person not 
wen-versed in helmin~h epidemiology. 

CONTROL POSSIBILITIES 
Basically, worm control implies separa­
tion of the host from the parasite. This 
can be achieved by means of the following 
possibilities: 

removal of the hosts from the infested 
pasture; 
removal of the worms by drenching the 
host; or by 
making the host biologically inaccessible 
to the parasite, e.g. by breeding for re­
sistance to infection or stimulating im­
munity to reinfection, resulting in the 
host rejecting the parasite. 

INTEGRATED WORM CONTROL 
AND THE ROLE OF MANAGE­
RIAL PRACTICES 
The term "integrated worm control" has 
a special connotation today, namely diffe­
rent forms of rotational grazing, with or 
without anthelmintic drenching at the 
time of withdrawal of the livestock from 
the pasture. It is mainly based on 2 
phenomena: the adult worm does not 
have a long lifespan in the host, and the 
worms' free-living stages on pasture, 
develop at different rates during the 
various seasons of the year. 

1. Short life expectancy of the adult 
worms 
With the aid of a series of trials, it has 
been estimatedl9 20 that adu~t brown 
stomach worms of cattle (Ostert,agia oster­
tag') have a mean life expectancy of only 
28 d under the conditions of reinfection 
that usually prevail in the field. To what 
extent these findings can be extrapolated 
to other worm species is uncertain, as 
insufficient work has been done to con-
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firm this observation. However, as 
reviewed by Donald & Waller lO and 
Behnke6, it appears that adult Ostertagia 
circumcincta '( = Teladorsagia circumcinc­
ta, the adult brown stomachworm of 
sheep) and also Haemonchus contortus, the 
wireworm of sheep, are possibly similar, 
and that adult bankruptworm 
(Trichostrongylus spp.) may have a longer 
life expectancy. 

The rapid rejection of adult worms has 
the effect that drenching with anthelmin­
tics merely removes worms that would 
have died soon in any case. The 
epidemiological effect of drenching is 
therefore very small, except in the case of 
long-lived worms. Furthermore, unless 
the hosts are .removed from the infested 
pastures when they are dewormed, rein­
fection usually takes place rapidly, with 
the result that drenching is of limited 
value. In the case of heavy infections, 
however, drenching may be essential in 
order to save the lives of the animals. But 
it should be kept in mind that by the time 
the worm burden becomes life-threate­
ning, a substantial, unacceptable loss in 
productivity has already occurred and the 
pastures are heavily contaminated. This 
should be avoided by initiating control 
measures much earlier. The solution is to 
remove the animals from the infective 
pasture at the time of drenching, as dis­
cussed in greater detail below. 

2. The "concerting effect" of deve­
lopment of free-living worm stages 
on pasture 
It has been known at least since the turn 
of the century that free-living worm 
stages on pasture develop at different 
rates during the different seasons of the 
year1• 

3. Hypobiosis, or retarded develop­
ment of worms in the host 
Retarded development is another pheno­
menon that plays an important role in the 
annual cycling of worm generations be­
tween the pasture and the host. 

In the presence of unfavourable condi­
tions for the free-living stages of worms 
on pasture (e.g. low temperatures, par­
ticularly when accompanied by low 
moisture), the larvae ingested by the host 
do not develop as usual to adulthood, but 
become retarded until conditions on pas-
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ture are more favourable. Horakl6 for ·ex­
ample found that more than 70% of the 
wireworm larvae that became established 
in the host from February until the end of 
the winter were hypobiotic, and resumed 
development only with the advent of 
spring. 

The combined effect of the concertina 
phenomenon during winter· and spring, 
together with hypobiosis in autumn, is 
that H. contortus and O. circumcincta ~y­
cle much more slowly than ~lls·previous­
ly believed. Consequently, far fewer 
worm generations occur annually than 
the theoretical minimum estimated from 
the prepatent period and laboratory ex­
perim~ntal work. Even at the height of 
the worm season, development of the ma­
jority of free-living worm stages on 
pasture is not nearly as rapid as the theo­
retical minimum obtained in the laborato­
ry. In the case of O. ostertagi, Michell920 
estimated from an extensive series· of 
trials, that only one main worm genera­
tion occurs annually in cattle in Britain. 
Michell920 also realised that, despite the 
fact that worm ova accumulate on pasture 
during times of slow development (e.g. 
spring), the pasture is not then infective 
to the host. Thus the pasture is contami­
nated, but not infective in spring, and 
can at this time be used with almost com­
plete safety for even the most susceptible 
of animals. Furthermore, in the relatively 
stable climate of Europe and Britain, the 
pasture becomes "dangerous" (infective) 
at much the same time from year to year. 

In atypical seasons (such as those with 
abnormally high rainfall or when drought 
prevails or when unseasonal changes in 
temperature occur), t~e routine control 
programme must be adapted, e.g. by 
making more or less use of anthelmintics 
at the time of removal of the livestock to 
safe pasture, or by spelling earlier than in 
"normal" years. Control also needs to be 
adjusted in regions where more than one 
main worm generation occur annually, 
usually by spelling more than once to safe 
pasture during the worm season. 

In the warmer climate of the summer­
rainfall regions of South Africa, in­
tegrated worm control has not been suf­
ficiently investigated, but there are in­
dications that more than one main worm 
generation may be expected to occur. On 
the other hand, it seems unlikely that 
more than 2 or at most 3 main genera­
tions will occur here, except in the war­
mer, relatively moist regions such as the 
Transvaal Lowveld. On the Highveld of 
the Transvaal, for instance, there is a 
substantial degree of hypo bios is in 
autumn and winter. Reinecke2s showed 
slow development of Haemonchus placei 
in faecal pats of cattle during autumn and 
winter in the northern Cape. In addition, 
it has been shown repeatedly that, as in 
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Britain, the pastures on the Highveld of 
the Transvaal are uninfective in springlS 
16, despite substantial differences in the 
climate and the principal worm species. 
Thus, there is only a short period during 
which development takes place "unhin­
dered", and it can be expected that no 
more than 2 main worm generations will 
occur. 

PASTURE· SPELLING, THE 
CORNERSTONE OF IN· 
TEGRATED CONTROL 
Pasture spelling, also called rotational 
grazing, comprises the resting of pasture 
until the free-living worm stages no 
longer constitute an immediate threat to 
the host. 

There are various ways in which this 
reduction in pasture' infectivity can be 
achieved: 
classical pasture);.pelling; 
alternation of qifferent host species on 
pasture; '5' 
alternation of susceptible and insuscepti­
ble hosts of the some species; 
alternation of pasture and crop after­
maths; 
combined alternation of crops and diffe­
rent animal species; and 
creep grazing for young animals. 

A. CLASSICAL PASTURE SPEL· 
LlNG27 
In its most elementary, original form, 
worm control by means of rotational gra­
zing comprises the withdrawal of suscep­
tible hosts from the pasture until the free­
living stages of the worms have succum­
bed to aging and expc;>sure, before the 
animals are replaced. 

The system is almost universally rejec­
ted today as of no practical significance 
for worm controJi9 20 24. It should, 
however, be kept in mind that condemna­
tion of the system was based mostly either 
on trials or on theoretical considera­
tions that apply under intensive far­
ming conditions. 

The possibility remains that classical 
pasture spelling may be a practical 
method of control in the more extensive 
farming conditions of large tracts of the 
summer-rainfall regions of South Africa. 
Factors favouring worm control by means 
of classical pasture spelling under such 
extensive conditions, are a low and very 
erratic rainfall and therefore slow pasture 
growth and sparser plant cover. Under 
these conditions the free-living stages of 
the worms, which are largely dependent 
upon both moisture and shade for survi­
val, are more exposed to adverse climatic 
conditions and can be expected to suc­
cumb sooner ·than under more'intensive 
conditions. Furthermore, for optimum 
production, the vegetation requires long 
rest periods which can probably be put to 
very good use for worm control. 

IMPROVED PASTURES 
It is understandable that simple rotational 
grazing cannot be practical under inten­
sive farming conditions. Withdrawal of 
animals for longer than 3 weeks, causes 
the pasture to grow too vigorously and 
this is not economical, since the animals 
then trample and destroy more than they 
can eat. Also, the pasture production 
becomes reduced and therefore subop­
timal if the foliage becomes overdeve­
loped. Add to this the fact that free-living 
worm stages live for months in the near­
ideal conditions created by the improved 
pastures, and it becomes obvious that res­
ting of the pasture for periods long 
enough to promote worm control under 
intensive conditions, leads to suboptimal 
use. It should also be kept in mind that 
when considered agronomically, op­
timum use of pasture is usually more im­
portant than worm control, as well-fed 
animals usually have a relatively strong 
ability to withstand the effects of worm 
infection l2. 

Droughts 
Illogical as it may seem, extreme droughts 
may, under certain circumstances, also 
favour survival of the worms on pasture. 

The bdVine faecal pat, and to a lesser 
extent the sheep pellet, offer the free­
living worm stages protection in the form 
of moisture and shade. Under "normal" 
rainfall conditions, there is little accu­
mulation of faecal pats, as there is suffi­
cient regular rain to soak the faecal pats 
that escape the attention of dung beetles, 
causing them to soften and disintegrate. 
The entrapped worm larvae are set free 
and so lose their shelter. However, in the 
absence of rain, faecal pats accumulate 
and entrap large numbers of free-living 
worm stages that are unable to escape. 
With the advent of the first good rains 
after the drought, very large numbers of 
larvae may be set free within a short 
period of time, often with dire conse­
quences. The hosts are usually in poor 
condition and therefore more susceptible 
to worm infection and the losses may be 
serious. Over a particularly dry period in 
Australia, larvae from eggs that had been 
deposited on pasture under natural condi­
tions by infected calves, survived for as 
long as 18 months, appearing on pasture 
in large numbers after the drought had 
been broken by good rains5• In South 
Africa some of the most serious outbreaks 
of verminosis ,have also been experienced 
afth long periods of drought25• 

B. ALTERNJ\ T.ON OF ANIMALS 
OF DIFFERENT SPECIES 
The most obvious approach in the search 
for alternatives, is the alternate use of 
pasture for animals of different species 
which are not susceptible to one another's 
worm parasites. 
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For such a system, the available pasture 
is divided into 2, each half.ofwhich is us­
ed alternately for grazing of e.g. sheep 
and cattle or horses. Alternation of the 
animals occurs infrequently, e.g. anually 
as in Europe2. Ifsufficient camps are avai­
lable, rotational grazing can be applied on 
both halves. 

In effect, this system provides for the 
pastures to be utilised optimally, while at 
the same time allowing sufficient time for 
the free-living worm stages to become 
reduced in numbers. Parasites die from 
aging and exposure to adverse conditions 
on pasture, while larvae that are ingested 
with the grazing by the alternate host 
species are unable to develop and also die. 
It should be noted, however, that this 
process cannot be likened to a vacuum 
cleaner: larvae are ingested in relation to 
the amount of foliage ingested, and are by 
no means selectively removed 19 20. It may 
even happen that proportionately fewer 
larvae are removed if the pasture is well­
developed. The infective worm larvae 
may occur in higher concentrations close 
to the ground than higher up on the 
foliage and if cattle (for instance) do not 
graze close to the ground, they will 
remove proportionately fewer larvae than 
when forced to do so, as on close-cropped 
pasture. 

Most of the common worm species of 
sheep and cattle are reasonably host­
specific, with the result that alternating 
grazing is certainly practical under cer­
tain circumstances24 . Morley & D9nald24 
maintain that, while there is almost no 
cross-infection in the case of the genera 
Ostertagia, Oesophagostomum, Nematodi­
rus, Bunostomum, and Cooperia and while 
intestinal Trichostrongylus spp. are less 
infective for the alternate hosts, or 
live for shorter periods of time, there is 
little difference in the iQfectivity of 
Haemonchus spp. and Trichostrongylus ax­
ei for sheep and cattle. Hetle14 showed 
that, while alternation of sheep and cattle 
as seldom as once per year had a dramatic 
control effect OR" Osteriagia and 
Nematodirus, in Norway the genera 
Haemonchus, Trichostrongylus and 
Cooperia (C. curticei) were hardly af­
fected. 

H. contortus (wireworm of sheep) is by 
far the most important of the gastro­
intestinal roundworms of sheep in the 
summer-rainfall regions of South Africa. 
Thus the opinion of Morley & Donald24, 
shared also by Gordon 13, that alternation 
of sheep and cattle is unlikely to be of 
practical use for the control of wireworm, 
is of paramount importance to us. 

It is however, by no means a foregone 
conclusion7 that alternation of sheep and 
cattle will not be of practical significance 
for worm control in South Africa and this 
aspect should receive a high priority in 
local research. 

Resting periods required for the pas­
ture 
Trials at Armidale in Australia, which 
has a rainfall pattern with no overall 
seasonal effect, showed that residual in­
festation on pasture was substantially 
reduced after 6 weeks 'in the case of 
Haemonchus and Trichostrongylus spp. 
However, 12 weeks were required for 
Ostertagia spp. and as long as 24 weeks 
for Nematodirus, in order to obtain a 
similar effect? 

Very little is known of resting periods 
necessary for worm control in South 
Africa, and withdrawal periods on im­
proved pastures will probably need to be 
at least as long as those at Armidale. 

C. AL TERNA TION OF SUSCEPTI· 
BLE AND MORE RESISTANT ANI· 
MALS OF THE SAME SPECIES 
It is known that cattle in particular, but 
also sheep to a certain extent, develop 
resistance to worm infection. Older 
animals are usually less susceptible to 
worm infection than' younger ones, as 
demonstrated by lower percentages of 
development of worm larvae that are in­
gested, as well as by lower egg production 
in those worms that do manage to develop 
to adulthood19 20. Consequently, it has 
been shown to be beneficial for worm 
control to alternate susceptible and more 
resistant animals of the same species on 
pasture. The results are not as dramatic as 
those obtained with different host species, 
but the system has been demonstrated to 
be useful in New Zealand7 • This dif­
ference in susceptibility is not necessarily 
related to age, as is shown by the heavily 
pregnant and ,Ia~tating ewe, that tempo­
rarily becomes susceptible to infection 
again7• 

In practice, lactating ewes and lambs, 
which are very susceptible, often form the 
largest proportion of the stock on the 
farm, with the result that there are insuf­
ficient "resistant" animals for optimal 
utilisation of the available grazing which 
has become unsafe for susceptible 
animals. For example, in Australia it has 
been stated that breeding ewes are res­
ponsible for 60 to 90% of the total sheep 
grazing pressure, and the only way in 
which safe grazing can be provided, is by 
reducing the grazing pressure to subop­
timallevels24. It may then be necessary to 
manipulate the proportions of young and 
older animals, e.g. by keeping more 
wethers or by marketing beef cat~le at a 
later stage24 . In South Africa, fat lamb 
production may contribute to effective 
integrated worm control, as the lambs are 
often marketed from the dams ljt wean­
ing, with the result that they are removed 
from the pasture before they are exposed 
to excessive levels of infection in the post­
weaning period. Weaners are possibly the 
most susceptible class of sheep on the 
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farm and they constitute an important 
source of pasture contamination. How­
ever, under intensive farming conditions 
(where conditions are optimal for propa­
gation of gastrointestinal nematodes) or 
with delayed weaning, worm burdens 
may overwhelm the lambs while still 
suckling20, unless timely remedial 
measures are instituted. The sooner 
lambs can be marketed, the less the 
pastures will be contaminated, the less an­
thelm'intics will have to be used, and cor­
respondingly the less selection pressure 
for anthelmintic resistance should occur. 

D. ALTERNATION OF PASTURE 
AND CASH CROPS 
It has been shown in Australia that Oster­
tagia spp. can be effectively controlled in 
calves by drenching at weaning, and a 
move to pastures that were spelled or only 
lightly grazed during the preceding 
autumn and winter24. But at this time of 
the year there is a critical shortage in feed 
flow, making it almost impossible to rest 
pastures. Much the same conditions can 
probably be expected in the winter-rain­
fall regions of South Africa. 

A possible solution is to use crop after­
maths (stubble lands) as safe grazing. In­
deed, such aftermaths have been found to 
be practical for worm control, but the 
following points need to be kept in 
mind24 : 
a) There is seldom sufficient crop after­
math to accommodate all the susceptible 
animals. It also requires most careful 
planning to have this pasture available 
when required to move susceptible 
animals from other pastures that have 
become helminthologically unsafe. Fur­
thermore, the requirement for safe pas­
ture is dependent on the type of farming 
enterprise applied. For example, pastures 
that are ample for dairy calves, may not 
be sufficient for beef calves that run with 
their dams. 
b) Not only the quantity, but also the 
quality of the stubble pasture is of para­
mount importance. The young, highly 
susceptible animals are also those that re­
quire the best quality grazing for op­
timum production. After all, the system is 
useless if the susceptible stock is effec­
tively protected from worm infection, but 
do not grow satisfactorily due to malnu­
trition. 

E. COMBINED ALTERNATION OF 
ANIMAL SPECIES AND CASH 
CROPS 
Excellent worm control can be achieved 
by dividing a farm into 3 parts2, for an­
nual rotation of sheep, cattle and either 
cash crops or veld conservation. In this 
way it is ensured that sheep and cattle 
move annually to pasture that should be 
practically completely safe. 

Given the relatively dependable rainfall 
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in Europe, this system will probably hold 
at least as much promise under warmer 
climatic conditions with more erratic 
rainfall, as in South Africa. On the other 
hand, particularly in the summer-rainfall 
region of South Africa, important diffe­
rences in prevalent worm species and in 
the length of the worm season occur, and 
extensive investigations are needed before 
this system can be rec~mmended locally. 

F. SIDEWAYS AND FORWARDS 
CREEP GRAZING :~. 
Two further refinements of classical 
pasture spelling are the so-called "for­
wards creep grazing" (where lambs or 
calves are grazed ahead of the dams, 
which follow them directly on the same 
pasture); and "sideways creep grazing", 
in which young animals have access to ad­
jacent pasture that is not accessible to the 
dams. In the latter system, it is accepted 
that the young animals will prefer the 
creep grazing, and will therefore not 
graze together with their damsl9 • 

Both forms of creep grazing have the 
theoretical advantage that the young 
animals can graze the pasture when the 
foliage is still intact and most nutritious, 
and are exposed to relatively low levels of 
worm infection. On the other hand, a dis­
advantage is that the system is 
managerially complex and therefore 
relatively difficult to apply. 

INTEGRATED WORM CONTROL 
IN PRACTICE 
Integrated worm control consists of com­
binations of different control systems, 
usually including drenching with 
anthelmintics and different forms of 
pasture spelling. The animals are usually 
drenched at the time of changing of the 
pasture, and it is advisable to keep them 
overnight in a kraal before the move, so 
that most worm ova may be excreted in 
the kraal and not on the safe pasture. 

A system that is dependent on rota­
tional grazing, can only be applied if suf­
ficient camps are available. A potential 
problem is that integrated worm control 
is generally difficult to apply. Worldwide, 
researchers and advisers to the farmer 
have complained that farmers either 
refuse or are unable to apply systems of 
control that are developed by helmintho­
logistsl7 lB. This is understandable, how­
ever, since the majority of the control 
strategies devised for worm control, re­
quire a considerable effort on the part of 
the former and they are usually too com­
plex for the poorly-informed person to 
comprehend. After all, it is much easier 
to drench animals with readily available 
anthelmintics than to apply management 
practices that require insight and 
meticulous planning. 

The recent practice whereby farmers 
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are intensively advised on the whole spec­
trum of farm and disease management by 
private practitioners in association with 
pasture scientists, may present a solu­
tion to the problem Even though these 
practitioners may not be able to re­
main sufficiently well-informed in the 
field of helminthology to render a fully 
satisfactory service (especially as multiple 
drug resistance makes worm control more 
problematical), it is much more practical 
for the few helminthologists to advise 
these consultants, than to attempt to give 
a comprehensive service to every farmer. 
A growing number of practitioners could 
reach more and more farmers with sound 
advice on worm control. As existing prac­
titioners become better-versed in the in­
tricacies of modern worm control 
methods, only newcomers in this field 
need be trained i~tensively. 

In general, th~ helminthologist knows 
too little about farm management systems 
to apply the a~ailable knowledge on 
worm control to .the best advantage. The 
modern practitjoner in preventive me­
dicine, by coptrast, has a very good 
working knowledge of farm management 
systems to app,ly the available knowledge 
on worm control to the best advantage. 
The modern practitioner in preventive 
medicine, by contrast, has a very good 
working knowledge of farm management, 
but lacks specialised knowledge of 
helminthology. Their combined efforts 
should supply the farmer with the 
necessary practical advice for effective 
worm control, without undue risk of the 
development of drug resistance. 

Perhaps computer technology, such as 
is already available to a limited extent in 
tick control, will supply the necessary 
support for this approach. In time it 
may be possible to develop worm control 
programmes which will allow the practi­
tioner to key in particulars about the farm 
management systems, the animals 
species, breed and class of animals, 
climate, vegetation, pasture availability 
etc., and then receive a printout of a sug­
gested worm control programme. U nfor­
tunately, at present this is not possible, 
due to inadeuqate information. None of 
the worm control programmes at present 
propagated in South Africa has ever been 
tested under realistic field conditions26 • 

SPECIAL CONSIDERATIONS FOR 
WORM CONTROL 
Certain aspects of worm control in prac­
tice merit special consideration: 
1. Earth dams. Cobb9 recommended 
that earth dams should not be used as wa­
tering points for animals, but that the 
dams should be fenced off and the water 
be piped to drinking troughs. In South 
Africa, this has also been the standard 
recommendation for more than half a cen-

tury, because the water in the dams or 
pans often contains worms, the soil 
bordering on the dams or pans is always 
wet, and conditions are exceptionally 
favourable for the hatching of worm eggs 
and survival of the larvae. Sheep should 
be watered. from· suitable troughs, 
preferably fed by bore-holes or springs; 
otherwise dams should be fenced in, and 
the water led from them through pipes2B• 

Sadly, this advice has too often fallen on 
deaf ears, and has not been implemented. 

2. Vleis. These marshes that are quite 
common in certain regions in South 
Africa, jeopardise control of parasitic hel­
minths, unless they are properly ma­
naged. The vlei is often valuable pasture, 
but it provides an ideal environment for 
trematodes, as well as nematodes, such as 
H. contortus, which is the most important 
nematode in the summer-rainfall regions. 

On most properties, the vleis cover only 
a small proportion of the available 
pasture. This makes it possible to put this 
grazing to good use, without creating in­
surmountable helminthological pro­
blems. 

The vlei should be fenced off and in­
cluded in the rotational grazing system, 
for alt~rnative use by different host 
species; or for susceptible/insusceptible 
animals of the same species; or even for 
different flocks or herds of a given 
species. Careful selection of the time of 
alternation of the animals (e.g. at the end 
of spring on the Highveld of the Trans­
vaal) should faciliatate nematode control 
without having to rely too heavily on 
drugs. At the end of spring, the pasture is 
heaVily contaminated with free-living 
worm stages, and is on the point of 
becoming dangerously infective, and an 
alternation at that time will remove the 
susceptible hosts before they are exposed 
to heavy infection. 

3. Intensive grazing. Intensive grazing 
does not invariably lead to larger worm 
burdens, because the improved nutrition, 
associated with improved pastures, repor­
tedly leads to greater resistance in the 
animal to the worms and their harmful ef­
fectsll 12. However, in South Africa it can 
safely be said that improved pastures un­
der irrigation have had a far-reaching ef­
fect on the development of worm resis­
tance to anthelmintics. Most of the cases 
of resistance to the modern drugs, 
originated on improved pastures, mostly 
under irrigation2B 29 30. 

Impro.ved pastures cannot be left 
ungrazed for long periods under intensive 
farming conditiQ,ns, and the optimal 
resting time· for these pastures between 
grazing spells, is too short for the control 
of the common nematodes of ruminants. 
Consequently, worm control on such 
pastures is totally dependent on drugs, 
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and selection pressure for resistance 
becomes excessive. However, there is a 
further complicating factor: the improve­
ment of pastures is capital intensive, and 
the farmer, anxious to protect his invest­
ment, is inclined to drench sheep ex­
cessively. There are instances where the 
animals are drenched every 3 weeks 
throughout the year, leading to a most 
severe selection pressure for resistance30 

At present there is no easy solution to 
this problem, but the alt.ernation of sheep 
and cattle or susceptible/relatively in­
susceptible animals of the same species on 
the pasture may be practical. 

4. The burning of pasture as a 
method of worm control. While it 
seems logical that the heat of bur­
ning should reduce the numbers of 
free-living stages, the author has as yet 
not been able to find any' experimental 
proof of this theory. Larvae app~rent!y 
migrate up and down the vegetatIOn, m 
the presence of moisture and light, and 
therefore many of them should be 
destroyed by fire". On the other hand, lar­
vae are also found in the mat under the 
foliage and in the soil, where they are 
unlikely to be reached by the heat. 

5. Game as a possible complicating 
factor in worm control. Many of the 
common gastrointestinal nematodes of 
sheep and cattle are also encountered in 
gameS 1621 22. The most important of the 
worm species involved, are the wireworm 
(H. contortus), nodular worm 
(Oesophagostomum columbianum), 
hookworm (Gaigeria pachyscelis), 
bankruptworm (Trichostrongylus spp.), 
white bankrumptworm (Strongyloides 
papillosus) and certain tapeworm species 
that are encountered e.g. in blesbok 
and/or impalal6 • These worm species are 
sometimes maintained in game in the 
absence of sheep. 

In every worm control programme that 
is drawn up, it is essential to consider the 
presence of game that can serve as a reser­
voir of infection, and may ostensibly 
jeopardise an otherwise effective control 
programme. 

CONCLUSION 
Some of the methods of integrated worm 
control, appear to hold much promise, 
both for limiting the harmful effects of 
worm infection and for slowing down the 
development of worm resistance to the 
available anthelmintics. However, it is 
obvious that a great deal of work needs to 

be done to gauge the applicability of the 
most promising methods of control under 
our conditions, and to fully adapt them to\ 
the different regions of the country. \ 
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