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da:ys on pasture (Helle 1970, Helle & Hilali 1973), which explains 
the short interval of 12-16 days between turnout and the onset 
of clinical signs, and the fairly synchronous occurrence of the 
disease i1n a given flock. The lambs are highly susceptible to the 
initial cocc1dial infection on pasture, since they have had very 
little previous exposure to coccidia, and probably also because 
of the stress ass1ociated with being turned out on pasture. Clinical 
features of coccidiosis include diarrhoea of 1 to 1 days' duration, 
dehydration, impaired weight gain, or weight loss, and deaith 
in some cases (Helle 1964, Helle 1970, Helle 1971), 

On pastures where coccidiosis occurs, the majority of the 
lambs are usually affected, and hence coccidiosis may cause 
considerable economic losses. Coccidiosis in lambs can large1ly 
be controlled by turning the lambs out on pastures not grazed 
by sheep in the previous grazing season. However, on most farms 
in this country such pastures are not available in the spring, 
making prophylactic medication an important measure in the 
control of coccidiosi1s. 

Because coccidiosis occurs in young suckling lambs, anti
coccidial drugs supposed to be given continuously in feed or 
drinking water are not suitable for prophylactic medication. 
Instead, the drug must be given i'ndividually to the lambs. Hence, 
it would be preferable to use an anticoccidial compound capable 
of controlling the severity of, or preventing, coccidiosis after a 
single application. So far, such a drug has not been available. 
The anticoccidial drug currently used in Norway, sulphadimidine, 
is usually administered on 2 or 3 consecutive days, beginning 
on day 12 after turnout on pasture, but this drug is not always 
fully effective in preventing coccidiosis (Helle 1981). Recently, 
two new and closely related compounds, the symmetrical tri
azinone derivatives Bay Vg 7183 and Bay Vi 9142, have been 
reported to have a high activity against several avian and mam
ma:lian Eimeria spp., even after a single or a few applications of 
either drug (Haberkorn & Schulz 1981, Mehlhorn et al. 1984). 
Thus, Bay Vg 7183 was reported to bring about a marked reduc
tion in the oocyst shedding of 2 experimentally infected Iambs 
when given daily at 5 mg/kg from day 6 to day 10 after an infec
tion with several Eimeria spp. (Haberkorn & Schulz 1981). The 
present paper describes an investigation of the effectiveness. of 
Bay Vi 9142 (tolrazurH) in preventing coccidiosiis in naturally 
infected lambs on pasture. 
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MATERIALS AND METHODS 
Experimental animals 

A total of 175 lambs (mostly twins) of the D31la breed, kept 
together with the:ix mothers., were used in the trials. Ewes and 
lambs were housed in pens with S'latted floors from lambing 
time until they were turned out on pasture on day 0 of the trials. 
The lambs were from 1 to 5 weeks old at turnout and were 
randomly as.signed to experimental groups. 

Coccidial inf ectio.ns 
The lambs were supposed to acquire a natural coceidial in

fection through inges.tion of overwintered Eimeria spp. oocysts 
immediately after they had been turned out on contaminated 
pastures, i.e. pastures grazed by sheep in the previous grazing 
seasons. Trial 1 (in 1984) and Trial 2 (in 1985) were carried 
out on a pasture at Dal Research Farm, HeggedaI, whereas Trial 
3 (in 1985) was carried out on a pasture at the Agricultural 
University of Norway, As. 

In addition to the continuous natural reinfection of all t:Pe 
lambs on pasture, 11 lambs were each experimentally inoculated 
with about 1 million sporulated Eimeria spp. oocysts in the 
second part of Trial 1. Oocysts for the experimental infection 

' were isolated from the faeces of untreated control lambs in the 
firs.t part of Trial 1. After sporula<tfon in a potassium bichromate 
solution, the oocysts were concentrated by sugar flotation, 
washed by repeated centrifuging, and given to the lambs wi.th a 
stomach tube. 

Anticoccidal medication 
An aquous suspension of toltrazudl (Bay Vi 9142) was given 

oraHy to the lambs by means of a stomach tube. In TriaJ 1, a 
1 % (w/v) suspension, and in Trials 2 and 3, a 0.75 % sus
pension of the drug was used. The lambs were· accurately dosed 
according to their body weig;llt. 

Experimental design 
Tri a 1 1. The first part of the· trial (from turnout till day 

34 after turnout) comprised 46 lambs assi.gned to 4 groups, 
which were treated as shown in TabJe 1. Faecal samples were 
collected on days 10, 13, 15, 17, 20, 23, 28, and 34 afte•r turnout. 
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Table 2. Mean faecal consiisil:ency scores of untreaite.d and toUmzuril
treated groups of lambs on 6 sampling days considered separately and 
collectively. The faecal consistency was classified as, follows: 1 = 
normal pelleted faeces·; 2 = soft pelleted faeces; 3 = pastelike faeces; 

4 = diarrhoea. 

Group Days after turnout on pasture 

no.1 15 17 20 23 28 34 15-34 

1 2.00 2.38 2.8QA 2.60 2.00 2.60A 2.40A 
2 1.42 1.33 1.91B 1.75 1.6'4 1.55B 1.59C 
3 1.50 2.33 2.5SAB 1.92 1.92 2.00AB 2,Q,6AB 
4 1.44 2.08 2.91A 2.Q.O 1.75 1.50B 1.97B 

1. Treated as shown in Table 1. 
A, B, c: Mea.ns with no common letters are significantly different 

(P < 0.05). 

15 onwards were pooled. The faecal consistency scores of group 
3 did not differ significantly from those of the control group. In 
group 4, the first dose of toltrazuril on day 10 did not seem to 
prevent a softening of the faeces, but the second dose of the drug 
on day 20 seemed to improve the faecal consi·stency of these 
lambs (Table 2). 

There were no significant differences between the groups 
during any periods of the trial with respec.t to daily weight gain 
(Table 3). 

In the second part of Trial l, there were no Sligniificant dif
ferences between the 4 secondary groups derived from groups 1 
and 2 with respect to oocyst counts, faecal consistency score, and 
weight gain. All the secondary groups had moderate oocys:t 

Tab I e 3,. Mean. daily weiight g3!In>s (in .grams) o.f untreated a.nd til
trazuril-treated groups of lambs in Tri·al 1 in different periods. after 

turnout on pasture. 

Group 
no.1 

1 
2 
3 
4 

6--13 

330 
357 
315 
336 

Periods; days after turnout 

13-20 20.-28 28-34 10.-34 

197 294 237 2;63 
2:61 289 200 2·67 
2319 2199 242 274 
173 325 222 2.63 

1 : Treated as shown. in Table 1. Becaus•e of masti.tis in 2 ewes, the 
data on weight gain of 2 lambs in each of groups 2 a.nd 4 were 
omitted. 
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count·s on all sampling days. Two charlenged untreated lambs 
and 3 challenged toltrazudl-treated lambs had diarrhoea on day 
13 after inoculation, whereas none of the unchallenged lambs 
had diarrhoea, suggesiting that the occurrence of abnormal faeces 
was due to the experimental reinfection. Similarly, both challeng
ed secondary groups had somewhat higher mean faecal consisten
cy scores than the unchallenged ones on day 13 after inoculation, 
but all secondary groups had a moderate consistency score on 
day 20 after inoculation. 

Trial 2 

Both toltrazuril-treated groups had significantly lower faecal 
oocyst counts than the untreated controls on aU sampling days 
(Table 4). Moreover, on some sampl1ing days group 3 had a sii1g
nificanHy lowe•r oocyst count than group 2. 

T a b 1 e 4. Mean number of oocysts per g of faeces of untreated and toltrazuriiJ
treated gr01Ups of lambs in Trial 2 on different days. after turnout on pasture. 

Group n' Treatment with 
Days after turnout on pasti;1re 

no. toltrazuril 14 17 21 28 35 

1 19 No treatment 386 750A 1 051506A 651 068A 377111A 307 076A 
2 19 15 mg/kg on day 10 20 279B 8 722B 10 506B 17 965B 68 984B 
3 19 20 mg/kg on day 10 10 85QB 464C 7 871B 4121C 14 6Q8C 

1. Number of lambs in each group. 
A, B, c: Means with no common letters are significantly different (P < 0.05). 

On day 14 after turnout, 2 of 55 examined lambs had eggs of 
Nematodirus battus in their faeces, whereas on day 17, eggs of 
N. battus (50-600 eggs/g) occurred in he faecal samples from 
28 out of 52 examined lambs. Among the lambs dosed with an 
anthelmintic on day 17, all but 2 had negative faecal egg counts 
o'n the folilowing sampling days. The undosed lambs, on the other 
hand, had an average faecal N. battus egg count of 285 eiggs/g 
(range: 0-1000 eggs) on day 21, and an average egg count of 
680 eggs/g (range: 0-1700 eggs) on day 28. 

There were no signiificant differences between the groups on 
any single sampling day .with respect to faecal consistency score, 
but both toltrazuril-treated groups had lower scores than the 
controls on days 21 and 28 (Table 5). Moreover, when the ob
servations from all sampling days were pooled, both treated 
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T a b 1 e 5'. Mean faecal conslis,l'ency scores1 of untreated and tol
trazuril-treated groups of lambs in Trial 2 on 5 different sampling 
days considered separately and collectively. The lambs in this trial 

were rather severely infected with Nematodirus battus. 

Group Days after turnout on pasture 

no.2 14 17 21 28 

1 1.72 3.00 3.05 2.00 
2 1.41 2.61 2.72 1.18 
3 1.58 3.05 2.16 1.58 

1 • Classification of faecal consistency as in Table 2. 
2: Treated as shown in Table 4. 

35 

1.71 
1.75 
1.22 

A, B: Means with no common lette,rs are s,ignificantly different 
(P < 0.05). 

14-35 

2.29CI\. 
1.9fi.B 
1.9'3B 

groups had significantly lower faecal consistency scores than 
the controls (Table 5). Five lambs in each group had diarrhoea 
on day 17 after turnout, whereas. 7 lambs 1in group 1, 2 lambs in 
group 2, and 3 lambs in group 3 had diarrhoea on day 21. When 
aM sampling days were considered collectively, the frequencies 
of faecal samples with a soft consistency in the different groups 
were as follows: (1) 47.2 %, (2) 34.9 %, and (3) 29.8 %. 

Both toltrazuril-treated groups had better daily weight gains 
than the controls after the time of treatment (Table 6). The 
differences were significant in the period from day 14 till day 28 
after turnout. 

T ab 1 e 6. Mean daily weight gains (in grams.) of untrearted and tol
trazuril-treated groups of lambs in Trial 2 in different periods after 

turnout on pasture. 

Group Periods ; days after turnout on pasture 

no.1 7-14 14-21 21-28 28---35 14-28 10-35 

1 341 46 2,59 257 152B 
2 323 138 335 293 236A 
3 320 168 3<05 275 236A 

1 • Treated as shown in Table 4. 
A, B: Means with no common letters are s1ignificantly difforent 

(P< 0.05). 

206 
2162 
258 

The anthelmintic treatment on day 17 had no significant 
effect on the faecal consistency or weight gain of the lambs in 
the 3 weeks following medication. 
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Trial 3 
Both toltrazuril-treated groups had significantly lower oocyst 

counts and significantly lower faecal consistency scores than 
the controls on day 20 after turnout (Table 7). Nine untreated 
lambs had diarrhoea, whereas only 1 lamb in each of groups 2 
and 3 had diarrhoea on day 20. However, 9 lambs in group 2 had 
pastelike faeces compared with 2 lambs iin group 3. Both treated 
groups had significantly better weight gains than the controls 
from day 10 to day 20 after turnout (Table 7). 

Tab I e 7. Mean number of oocysts per g of faeces (OPG) and mean 
faecal consistency scores1 (FCS)1 on day 20 after turnout, and mean 
daily weight gains (WG) in g from day 10 till day 20 after turnouit for 

untreated and toltrazuril-treaited groups of lambs in Trial 3. 

Group n• Treatment with 
no. toltrazuril OPG FCS 

1 24 No treatment 935 887A 3.42A 
2 24 15 mg/kg on day 10 56 382B 2.05B 
3 24 20 mg/kg on day 10 6 3r64B 1.316C 

1 • Classification of faecal consiistency as in Table 2. 
2 Number of lambs in each group. 

WG 

183B 
250iA 
279A 

A, B, c: Means with no common letters are significantly different 
(P < 0.05). 

DISCUSSION 
The investigation showed that treatment of lambs with tol

trazuril on day 10 after turnout on pasture prevented the mass,irve 
production of oocysts that the initial coccidial infection on 
pasture normally gives rise to. The reduction in oocyst produc
tion was dose related, toltrazuril at a dose level of 20 mg/kg 
being more effective than dose levels of either 10 or 15 mg/kg 
when compared in the same trial. The low oocyst output of the 
treated lambs during the first 2 weeks after medication dem
onstrated a high activity oif toltrazuril against the various devel
opmental stages of the Eimeria spp. infecting the lambs. Pre
vious investigations have also clearly shown that toUrazuril (Bay 
Vi 9142) and the preceding, olosely related compound Bay Vg 
7183 have a very high activity against all intracellular stages 
(schizogonic stages and gamonts) of different Eimeria spp. 
(Haberkorn & Stoltefuss 1984, Haberkorn & Schulz 1981, Mehl
horn et al. 1984). 





Efficacy of toltrazuril 135 

the fatter treatments in Trial 1. Moreover, 2 treatments are more 
time-consuming than 1, so that a single treatment will be pre
ferred in the field. Trial 3 indicated that single doses of toltrazuril 
at 15 mg/kg on day 10 also· were sufficient to protect the lambs 
from being severely affected by the initial coccidial infection on 
pasture. 

In Trial 2 it was difficult to decide to what extent the con
current N. battus infection contributed to the clinical symptoms 
occurring in different groups. The magnitude of the N. battus 
faecal egg counts on days 21 and 28, and the occurrence of high 
pasture larval counts of Nematodirus at the time of turnout 
(determined as part of another investigation) strongly suggested 
that the lambs had acqrnired a severe infection with N. battus. 
Clinical symptoms due to a N. battus infection normally occur 
towards the end of the prepatent period of the parasite, i.e. 
when the faecal egg counts are still negative or low. Thus, in 
Trial 2, the acute phase of the N. battus infection obviously 
coincidied with the peroid when the lambs actually showed 
diarrhoea, but also with the period when coccidiosis usualily 
occurs. However, it seems justifiied to attribute the clinical symp
toms (abnormal faeces) of the toltrazuril-treated lambs in large 
part to the concurrent ,infection with N. battus. The clinical 
symptoms of the untreated lambs were probably caused jointly 
by the coccidia and N. battus. This conclusion is supported by 
the findings in Trials 1 and 3, which showed that a single dose 
of 20 mg/kg on day 10 was very effective in preventing diarrhoea. 
The coccidia may, however, have contributed to the softening 
of the faeces of the lambs of group 2, since several lambs in the 
corresponding group in Trial 3 had pasteJike faeces. The low 
faecal oocyst counts of both toltrazuril-treated groups on day 17 
also indicate that the coccidia did not cause the clinical symp
toms seen in these groups. Moreover, the treatment with tol
trazuril was clearly beneficial to the lambs in groups 2 and 3, as 
they had better weight gains and siignificantly lower faecal 
consistency scores than the controls when all sampling days were 
considered collectively. 

The effect of treatment with toltrazuril on weight gain was 
variable. In Trial 1 there were no significant differences between 
the. groups, whereas in Trials 2 and 3, the treated lambs had 
significantly better weight gains than the controls during parts 
of the trials. However, in trials based on naturally acquired 
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SAMANDRAG 
F(>rebygging av koksidiose hos naturleg infiserte lam pd beite 

med toltrazuril. 
Ulike dosa·r av toltrazuril (Bay Vi 9142) vaN: gitt profylaktisk .til 

lam som hadde vorte naturileg infiserte med koksidiair like etter lllt

slepp pa beite. Effekten av middelet vart vurdert ved a sa:manlikna 
feceskonsistens, oocystetal og tilvekst hos. hanidsama og uhandsama 
lam. Ein einskild dose pa 20 mg/kg av toltrazuril gi.tt pa dag 10 etter 
beiteslepp hindra nesten fulilstendig utbrot av koksidiose i 2 forsfllk. 
I eit tredje forsfllk var lamma samstundes infi.serte med Nematod:irus 
battus, slik at den kliniske effekten av toltramril delvds vart maskert. 
Lam som fekk ein einskild dos·e pa 15 mg/kg pa da.g 10 etter beite
slepp, synte berre milde symptom pa koksidiose. To dosar pa 10 mg/ 
k.g, gjevne arnten pa dag 10 og 11, eller pa dag 10 og 20 etter beite
slepp, var ikkje sa effektive til a ffllrebyggja diare som ein efoskild 
dos'e pa 20 mg/kg pa dag 10. Aile dei nemnde dosane· av tolt:razuril 
ffllrte tiJ. ein drastisk reduksjon i produksjone.n av oocyster, med stfllrst 
reduksjon for dosen pa 2.0 mg/kg. Lam handsama med toltrazuril pa 
dag 10 etter beiteslepp var delvis immune mot den naturlege reinfek
sjonen med koksidiar like etter handsaminga, og hadde, som dei 
uhllilldsama lamma, ein sterk nok immunitet til a motsta den konrti
nuerlege reinfeksjonen med koksidiar seinare i beiteperioden. 
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