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WALDELAND, H.: Toxoplasmosis in sheep. The relative im­
portance of the infection as a cause of reproductive loss in sheep in 
Norway. Aota vet. scand. 1<97·6, 17, 412-42.5. - The importance of 
toxoplaS1D1os:is as a ca111se of reproductive loss was examined during the 
period 1i96S-.1973, based on diagnostic materials submitted from 126 
flocks. Toxoplasmosds was diagnosed in 81 of these. Reliable informa­
tion of the number of breeding ewes and their reproductive perfor­
mance was obtained from 117 flocks, where 858 of 7812 breeding 
ewes failed to produce viable lambs. About 30 o/o of the total loss in 
these flocks was attributed to toxoplasmosis, 4 o/o to bacterial infec­
tions, and 16 o/o to non-infectious and/or uniidenHf1ied causes. 

The frequency of loss within individual flocks was hi.gher from 
toxopla:smosis than from any other cause, reaching a maximum of 
78 % of the breedii·ng ewes. In 211 of 42 flocks of at least 20 breeding 
ewes and a high frequency of loss ( t.O o/o) from toxoplasmosis, 
20 o/o or more of the ewes lost their lambs, whereas a loss of this order 
only occurred in 1 of the 113 flocks in which ,some other diagnosis was 
ma:de. , 

In addition to abortion, toxoplasmosiis was also associated wi.th 
returns to service, barrenness, stillbirth, and de1iv>e.ry of weak lambs 
that died soon after birth. 

White spots were observed on the cotyledons of ne·a:rly 2/3 of the 
placentas expelled from toxoplaismosis. No evidence was found that 
these changes occurred in any other di•sease. 

The incidence of abortion was higher among young ewes than 
among the older ones. No clinical symptoms of infection were obser­
ved prior to abortion from toxopJiasmosi1s, and the ewes for 
breeding behaved normally in later pl'egnancies. 

toxoplasma infection; reproducUon in sheep; 
abortion; ·sh.eep. 
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Toxoplasmosis irs a common cause of aibor;tion and neonatal 
death in sheep in many countries" In En,gliaind 18-20 % of the 
"outlbr1eak.s" orf aibol'tion haive been attirihuted to ·this inrfootion 
(Beverley & Mackay 1962, Beverley & Watson 1962), in Tasmania 
46 % (Munday 1970), and in New Zealand 74 % (Hartley & 
Boyes 1964). Invesiti.gati0tns by Waldeland & f)verds (1968) 
showed that abortions firom 1infoction with Toxoplasma gondii 
occur in sheep also in NOII"Way. The intenJtfon of the present work 
was to ·e1ucidate tihe relativ1e importance of toxoplasmosis as a 
caiuse of reproducti:ve losis in sheep in Norway, based on diagno­
stic materials submitted to thii,s ·laboratory during a period of 
6 years. 

MATERIALS AND M0ETHODS 
The inves.trigatiolll was carried out duriing the period 1968-

1973, and compris.ed 126 different fLociks. EX'aminatio.ns were re­
quested in 122 flocks becaiuse of abor.tion, in 1 flock because orf 
repeat bveeding at 2-3 monthis of a:ssumed pregnancy, and in 
3 floc:kis because of stiil1l!bom 11aimhs or weaik lambs that died soon 
after bi1rth. In a total of 11 flocks exraminations were requested 
during more 1than 1 1lamibin:g season, i.e. during 2-4 sea:sons. 
Reliable infomnation on the number of breedi:ng ewes 1and their 
reproductiive perifoll'llllance was Olbtained from 117 flocks. The 
materials 1exramined are recorded in Table 1. 

The blood swnples lisited iilll Taible 1 were from ewes that were 

Tab I e 1. Diagnostic materials from 126 flocks of sheep. 

Number of 

flocks 
ewes from which placentas, 

foetuses or dead lambs 
were examined 

sheep examined 
serologically 

126 

63 
Hl6 

786 * * * 

* From each of these flocks both blood sampJes and placentas, 
foetuses or dead lambs were examined. 
Fl'om these ewes a total of 74 prlacenrtas and 2215 foetuses, stillborn 
lambs or lambs that dtired within 214 hrs. of dedive 1ry were e·xamined. 
314 were from e1wes that lambed normally. 
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b3Jl"l'en, aborted or were presumed to have aborited, delivered dead 
lambs or lambs bb.at died wirt:hin 24 ms. of delivery, and from 
ewes wibh a normal pregnancy .selected ait rnndom in some of 
the flooks. Due to difficuilties in identifying tlhe .indiividual ewes 
from which aborted mwterials were found in some of the flock-s, 
the identity of some of the ewes from both blood saimples 
and atborted materials were exaimined :wais .not established. 

Most of the flooks were •foom •the western aind ·the south­
western. Norway; only 1 filock was from the northern and 1 f.I'om 
the eastern part of ithe country. 

Laboratory examinations 
Besides gros·s ins.pection of the atbo.rted materia1s and the dead 

lambs, examinations for T. gondii and other microoriganisms 
were routinely cairried out. 

Examination for T. gondii. Suspen.s.ionis were made in phys­
iological saline both of foetail brtains and of cotyledons in a 
reasonatble state of presel"V'aition, and ewch of 5-6 mice were 
iD10oulaited ·Siuibcutaneously with 1.0-1.2 :ml of each suspension. 
Tthe preparation of tbe susipensionis ·and the later .examination of 
the milce brains were mainly done a:s described by Beverley & 
Watson ( 1961). Prior to the inooo.Lation .8Jlld immediately before 
they were ki1led, the mice were bled from the .sino-oribital pilexus 
by meaI11S of miorohaematocrit rlmibes, aind their sera wer·e ex­
aim•med for Toxoplasma antibodies. 

Examination for other microorganisms. The abomasal con­
tents were routinely e:x.aimined at 320 X wi,th ·a phase contrast 

Cultures friom brain, ·lung, heart, liver, and ahomasal 
contents were made on 7 % sheep blood agair and incubated 
aerobically a:t 37°C for 48 hrs .. From ·Slllla11 aind pairtly mum­
mified foetuses only the brain and the a:bdomen were examined 
bacteriologicailly. Abomaisal contents wer·e also rinoculiafod in.to 
thi>ol medrium (Difeo*, Bacto ·thiol medium, 0307 - 02) and in­
cubated at 37°C in ain atmosphere that confained 10 % co2, and 
the 1tubes were examined after 4, 7 and 10 days. Cultures from 
brams were •also mad·e OIIl tiryp.tose agair (Di!foo, Bacto tiryptose 
agar, 0064-01) and tirypfose broth (llifco, Bacto tryptose bro.th, 
0062-01) at 37°C, and oin sem.i:solhl ·agar (meat extmct broth 

0.30 % 1agaT) at room temperature f·or 48 hrs. Smears foom 

• Difeo Laboratories Inc., Micmgan, USA. 
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cotyledons from most of the placentas were sitained by a modified 
Zieh!l-Neelsen 'technique (Stamp et al. 1950) and examined for 
the elementary bodies of the agent oif enzootic abortion and for 
Coxiella burnetii. 

Serological examination. The serum samples were exarmiined 
for Toxoplasma aJlltibodies by a micromod<ification of the Sabin 
& Feldman (1948) dye test (DT) as d·esciribed by Waldeland 
(1976 a). The sera were stored at -20°C until the examination. 

Criteria for the diagnosis of toxoplasmosis. A positive diag­
nos.is from examination oif aho['ted materia1l1s or dead 1lambs was 
made i,f cysts wer1e found in at Ieasit 1 of the inoculated mice, 
and the identity of these cy1s,ts 1as T. gooroii was confirmed by 
detection of Toxoplasma ·antibodies in the mice s·era. A positive 
diagnosis based on serological exoonirnation alone was made if a 
DT titre of <1/512 was found (Waldeland 1977 a). 

RESULTS 
The causes of aibo!rtion, s.tillbii!'th or neonatal death were de­

monstmted in 77 of t:Jhe 169 ewes by examrinatiion of conceptas 
and dead lambs, •and by s.erological examination a diagnosis was 
made in an additional 29 of these. 

Aetiology 
Toxoplasmosis. T. gondii was recoyered fTom materialls from 

63 of tihe 169 ewes, ·and in addition, tox,oplasmos:i.s was also 
dia:gnos.ed in 29 of the reimairnring 106 by serological examination. 
A posi1tive diagnosis ba:s·ed on serology was made in a fotal of 
178 ewes, 49 of which were from. f!lociks examined only by the DT. 
Titres > 1/512 weire also found in 13 ewes wHh a normal preg­
nancy, 3 of which were from 2 flocks wi.tl1 abortions f:riom un­
identi!fiied causes .. The infection was f·ound as cause of reproduc­
tive loss in a total of 81 of the 126 filocks li1s.ted irn T1able 1. The 
diagnosis was based on detooti.on of T. gondii :in 30 flocks, in 23 
f1ook:s both on detection of T. gondii arnd on semlogical eX<amina­
·tion, and in 28 flocks on the DT alone. From 20 of the latter 
flooks, onily blood samples were examined. 

Listeriosis. Listeria monocytogenes was isolated .foiom the 
foetuses of 3 ewes ifll'om 3 different iflooks. In 2 of thes·e filocks 
abootions from toxopla:smosi1s were also diagnosed. 

Vibriosis. Ca:mpyloba:cter (Vilbrio) foetus was ·recovered f.rom 
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tJhe foetuses from 3 ewes f·rom 2 flooks. In 1 of these flocks tib.e 
infection was diagnosed rbwice wHh ·an initerval of 2 years. 

Salmonellosis. Salmonella montevideo was i·solated from the 
foetuses ·of 3 ewes from the 1same flook. Tthis flock was examined 
by Hortemo & (l)verds (1968), and the bacterium was typ·ed by 
Kristiansen (1968). 

Corynebacterium pyogenes infection. C. py:ogenes wais the 
only organism isolated from the foetus of 1 ewe in a flock where 
several other ewes aborted f.rom to:x:oplasmosis. 

Bacillus-spp. infection. A great number of nonmotile rods 
wa:s observed by ·phase contras.t microscopy of ·the abomasa:l con­
tents of 3 foetuses .from the same ewe. The morphology, growth 
requirements and and biochemical p.roperties 
indicated that •the organism belonged the genus Bacillus, but 
it could not be identified ais B. cereus, B. subtilis, B. liioheniformis 
or B. megaterium. Two yeairs later a similar bacterium was iso­
lated from 2 foetuses submitted from 1the sarme flock. 

Goitre. A greatly enlarged thyroid gJ.and was observed in 1 
lamb submitted from a where a total of 5 ewes delivered 
dead lambs or l·ambs tib.at d·ied shorUy after birth. The oiwner 
observed that au lamhs born to these ewes had ·swollen necks. 

Malformations. Lethal deformities of the cardiovascular 
system were found in 1 lamb from a .flock where some lambs 
were ·aborted £rom .toxopl·asmosis and others if.rom unexplained 
causes. 

Not diagnosed. The causes of los·s were not identified ·in a 
total .of 39 .flocks, and in addition in 18 ewes from 6 flocks where 
some loss from identif1ied caus·es also occurred. 

Losses 
In the 117 flocks which reliiable information was 

obtained, a total of 858 ewes failed ito p·roduce live lambs or 
delivered lambs rth.at died •soon after bir.th. The frequencies of .the 
causes to which this foss wa:s •ascribed are 1recoroed in Table 2. 

In 7 of .the 9 flocks from wihich reliable information on the 
repr.oductive performance wais not obtained, the causes of lo.s.s 
were not identified, wher·ea:s in the 2 other flocks the loss was 
caused by to:implasmosiis. 

Rate of loss. The annuail •rate of J.os·s abtlributed to toxoplas­
mosis ranged from 68 ito 89 % of the toblll druring the 6-yeair 
period, whereas for other infections .the ·annual ;rate varied be-
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Tab 1 e 2. Frequency of causes of foetal !injury durin1g 11968-1973 
in 858 ewes .from 117 flocks. Every ewe which lost ·all the lambs from 
foetal disease is recoI"died under the ·diagnosis made for the flock, 
although O()I! each individual which lost its lambs wa:s examined. The 
number of breediD1g ewes each year in 111 flocks from which materials 
were received during more than 1 year are added, giving 1the total 

number of pregnaD1cies. 

Number of 

Diagnoses flocks breedings ewes with Percentage 
ewes reproductive of the total 

loss• loss 

Tmmplasmosis 72 (1) 43'48 617 71.9 
More than one diagnosis 
in the same flock 7 (7) .11659 92*. 10.7 
Viibriosis 2 (1) 107 16 1.8 
Listerios:Ls 1 50 1 0.1 
Salmonellos:is 1 100 10 1.2 
Bacillus-.spp. infection 1 (1) 28 4 0.5 
Goitre 1 10 5 0.6 
Not established ai2 (,1) 1'510 113 13.2 

Total 11'7 (111) 731,2 858 rno.o 
Figures in brackets: Number of flockls from which materials were 
examined during more than 1 lambing season. 

• Abortion O!l'" presumed. abortion, sthllbiirth, and delivery of weak 
lambs that died. 
Seventy of these aborted from toxoplasmosi·s, 2 from listeriosis, 1 
from Corynebacterium pyogenes infection, 1 from malformations 
of ·the foetus, and 18 from unexplained causes. 

tween 1 and 11 % . The rate of l01Ss was hiighest in ·the .flocks in 
which toxoplasmosiis was diaignoserl, and affected a maximum of 
78 % of the breedin,g ewes. The diagnoses made in flookiS of at 
least 20 breeding ewes in whiClh. there were majior losses are re­
corded in Table 3. About 2.5 % oif the ewes delivered 1 dead, 
often decomposed lamb, and 1 lamb that 1survived, both in flocks 
with .toxoplasmosis 1and <i.111 .flOCJks with losses from unexplained 
ca us.es. 

Lambs with poor viability. In 3 f.locikis with no abortion 
several sheep delivered dead oc weaik lambs that died soon after 
bill"th. T. gondii was the onJly paithogen detected in 2 of these 
flocks; in the third flock the condi,tion was associated wi,fu goitr·e. 
Deli:veries at fiuM term of dea:d or weaik lambs 1also oocrnr:red iin 
s·ome flooks where abortion was tlhe main problem. 
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T a b 1 e 3. Diagnoses made in 55· flocks of at least 20 breeding ewes, 
with rates of reproductive loss '.:"._ 10 o/o in each flock. 

Number of flocks 

Diagnoses rate of loss ( % ) total 

10-19 > 20 

Toxoplasmosi:s 2:1 211 42 
Bacterial infections 3 10 3 
Not established 9 t 10 

Total 33 2l2 55 

Post-mortem examination 
Foetuses and lambs. Some lambs had died rufiter birth, while 

the gross appearance oif others indicated that they had died up 
to several weeks before 1they were exipeHed. No difference in the 
gross appearance wrus found between decomposed foetus.es abo["­
ted from toxoplasmosi,s and decomposed foetuses aborted from 
orther causes .. In a few of ·the not visribly decomposed foetuses there 
was an excess of clear, sli.ghtly yellorwisih fluid in the body cavi­
ties, sometimes with skands of firbrin. Some foetuses had a few 
petecchi1al haemorirhages on .the pulmonary pleura. The liver was 
often friable, slrightly srwo1len and rounded 1at the edges. In 12 of 
49 well preserved foetuses or lrumibs aborted or dead from toxo­
pfasmosas •there was rupture of rthe liver and blood clots illl the 
aibdomen. T. gondii was recorvered f.rom all of these 12 lamibs, 8 
of which had died shortly before and 4 aifter biirtih at fuLl term. 
Of 35 weH p1resieJrved l·rumbs 1in which 1to-xcoplasmosas was not 
di•agnos•ed, liver rupture was onily found in a twin couple. 

Foetal membranes. Fifty of the 74 placentas were from ewes 
with .to:xcoplasmosas. The ·cotyledOilis in 1these 50 placentas were 
often firm and pale pfa1k, and some cotyledons of 33 1of them 
(66 % ) there were white noduJes mp to 2 mm in diameter. White 
nodules were also obs.erved in 3 of 24 placentas (12 % ) expelled 
from bacterial infections or unexplained cam:ses. 

The ewes 
The majority of the ewes aibo:rited dmmg the last mo:ruth of 

gestation. There was no noteworthy difference in time of abortion 
between rthe flocks wUh toxoplasmosiis and ,tlhe :riemainder. 

Age of the ewes that aborted. In. 15 of 59 flocks where rut least 
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5 abortions oooul'll'ed, 1-2 yeair:s old ewes were mainly aiffeoted. 
The abortions were caused by toxopl'clsmosis in 14 of these .flockis, 
and in 1 fiiock by an unidentified cause. In th·e 44 other flocks 
the frequency of abortion was mainly the same within all age 
groups. 

Returns to service. Exoes·sirve Tates of returns to service at 
irregula'I" intervals wiithin 2 months after the first mating were 
observed in 5 flocks, and in 1 flock ·at albout 3 months of assumed 
pregnancy. In the latter, 30 of 58 ewes retUII'ned to service. Server·al 
ewes in .this flook. had DT titres > 1/512, and the 0tnly evidence 
of foetal death was vaginial discharges f111om ·a few of them. In 4 
of .the other 5 flocks some ewes. alborted firom rtoxoplasmosis, and 
in 1 flock f·rom unexplained causes. As well excessive lJ.'eturns to 
heat 1as a hi1gh number of bal'll'en ewes (about 15 % ) wer1e repor­
ted in 1 of the flOCiks with abortions from to:x,oplasmosiis. 

Barrenness. More than 10 % .of the ewes were barren in 4 
nooks with aboctions from toxop'la1smosi.Js ·and in 1 flock wiith 
abortions firom unexplained causes. Each of these flocks com­
pri.sied 45 or more breeding ewes. 

Clinical observations. The 10 ewes infected wi·th S. monte­
vid•eo showed distinct :symptoms of iUness both before and .after 
the aborifon, and 4 of them died. Otherwise, cliniiool .symptom1s 
were not observed before the alhortion whaterver the cause. After 
abortion a few ewes were tireated for .secondary uterine infection 
as·sociat·ed with ret·enrtion of :tbe placenita. 

Repeated occurrence of reproductive loss in the same flock 
One or 2 abortions ooourred nearly each year in the miajority 

of the flockis. In 2 flook:s with To:x,oplasma ·abort.i0I1Js and in 1 
flook. with unexpfained abo!r.tions there were hi.sitories of unex­
pectedly high reproduotirve losis the p1receding year. 

In the 11 flocks from which materials were lJ.'eceived during 
2--4 seasons, 135 aibortfons ooourred among a .total of 2206 preg­
nancies. The ·srune pathogen was found in different years in 4 of 
these ,f.lookis. In 1 flock it was in 1 f1lock C. (Vibrio) 
foetus, and in 2 flocks T. gondii. In the latter 2 flocks a total of 
20 aibol'ltions occurred am0tng 607 pregnancies. 

Ewes not slaughl'ered after aibortion f.rom toxoplasmosi,s be­
haved normally during the •subsequent pll"egnancy. 
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DISCUSSION 
A.s :recorded in Ta:b1e 1, blood s•amples were aliso ex•amined 

from ewes with a normal p:regnancy. Thi.s wa:s done to support 
the diagnosis in case of toxoplasmosis, although a positive flock 
diagnoSJi,s was never based solely on high ititres ( >1/512) in ewes 
with ·a normal piregna:ncy. 

Toxoplasmosis was found as carnse of losis in aibout 54 % (92 
of 169) of the ewes from which aiborted materi1al1s or dead lmnibs 
were .submirtted, but as can be deduced from Talble 2 about 80 % 
of the tota:l loss wa:s attributed rl:o this iinrfection, evoo though 
evocy ewe WJhi,ch lost i·ts lambs wais not eX'a1mined. However, as 
the rate of loss in indirvidual flocik,s was hi1gh•er from fo-xcoplas­
mosis than flfom any other oouse (Table 3), the percenitage of 
losis .from thl:s infection as estimated in TaMe 2 seems reasonable. 
This estimation was a:lso supported by extensive serological ex­
aminations in 4 7 flockis illl Wlhich toxoplasmosis was 
Wlhere a itotal of 495 ewes fos,t ·theilf lambs. In 7 of these flocks 
22 of 92 ewes aborted if·r·om other caiuses rthan toxoplasmosis 
(Table 2), but only in 4 individual cases during the .s·ame lamb­
ing season whoo toxoplasmosis was di1aignos•ed. Most of the other 
ewes that lost thek lambs in the 4 7 flooks had higher ti;lres 1than 
usually observed in .sheep with a fafont infection (Waldeland 
1977 a), ii.e. in the range 1/128-1/8192. 

It ·should be noted that high tiitres were acLso found in ewes 
wi,th a norm·al pregnarncy from 2 flocks with abortions from un­
identified ca:uis•es .. Although 1s1erologica:l evidence of infection (DT 
ti1tres > 1/16) was found in ewes 1thait aibor.ted in these flocks, 
tJhei,r titres were not hi1g'h .enough to established a positive di•ag­
nosis of foxoplasmosi,s a:s a cause oif albor:tion. According to 
studies of experimental toxopla:smosiis in .sheep (Watson & Bever­
ley 1971), hi,gh tiitres may be found in ewes with a normal preg­
nancy infected during U1e last month before 1'ambing, while ewes 
that abort from infection diudng mid-pregnancy on :some oc­
casions may have low titres. It is therefore posisilble 1that the total 
loss foom this infeotion in the present investigation was higher 
than estimated in Table 2. 

The other identified causes of aibortion were responsible for 
less tihan 5 % of 1the total losrs .. It iis possible that the incidence of 
liisteric alboribion is hi1gher in ·COU!llties in Norway where li·stedc 
encephalitis occurs more frequently, and .that the Tate of bac-
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terial abortions may V'ary because of fluctuations in the iillcidence 
of vibriosi,s as recorded from England (Watson 1962 a). 

The rate of loss asisooiated with .toxoplasmosi1s was high in 
individual nooks. As shown in Table 3, 21 of 42 flocks with at 
least 20 breeding ewes had a rate of loss > 20 % , whereas a rate 
of 1oss of ithe saime order was observed in on1ly 1 of the 13 flocks 
in which SOIIlle other dfagnosis was mad,e. There ·a:re few other 
reports on the rate of loss associated with toxoplasmosis. but 1in 
an investigation from Yorksihire Beverley & Watson (1962) 
found ,a mean abortion rate of 9 % in 16 ,filockis oompri,sing 1928 
ewes, and in 3 of the flocks mm-e than 20 % of the ewes aborted. 
This indicates that the infecti.on dwriillg the period 1968-1973 
in NOI"Way had greater oons.equences for the affected flockis than 
eoolier recorded iill England, altihough the difference i,s not sta­
Hsitically significant. 

The time of abortion 1in rel1ation ro t:Jhe expected lambing date 
was generally the same iirresrpootive of the di31gnosi•s. Although 
there was a hi1gher frequency of foetus,es ,that had been dead for 
some time amon:g those aborted froon toxoplasmosis, t:Jhe dif­
ference was not s1tatii1stica:lly si•gnificant. 

The gros,s aprpear.ance of foetuses dead from this infection was 
mainly as described by Hartley & Kater (1963) and Beverley et 
al. (1971 b). However, it is :remarkable that there was -a higher 
incidence of liver rupture aimong iambs with congenital toxo­
plasmosiis th1an among 1'amhs dead from other calU'ses (P 0.05, 
ohi-1squaire ites:t). In the present inivestig31tion Mver rupture was 
observed iill 1/4 of the well p'I'eser'V'ed lambs 'With congenital toxo­
pl1asmosis, .and 1in thiis connection it is interesting to note that 
Hartley & Kaler a:nd Beverley et al. (1971 b) found granulomas in 
the lwer of about 1/3 of rthe inlfected ilam!hs. The death of new­
born lambs with ruptU1red livel'ls is usually •ascribed fo trauma if 
the bacteriological examin1ation i's negatiV'e. The p'I'esent findings 
suggest that 1such lambs ,also .should be ex31min.ed for T. gonid:ii. 

The macroscopic changes in tlhe foetal membranes a:s1sooiaited 
wilth toxopla:smosis were ·al,so mainly as described by Harney & 
Kater and Beverley et al. (1971 a). "Dhe charactedstic wMte spots 
were ,also found in 3 of the 24 placentas expelled from other or 
not ·explained causes. However, becaUJS'e of •insufficient mat1erial 
for examination, the possibility of toxoplasmosi1s was not ·entirely 
ruled out in any of .the 3 CB!ses. SimH31r changes have apparently 
not been described in any other dis.ease. The high f.requency of 
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siuch lesions associated w:ith toxoplasmosis as dem01111strated ,in 
the present invesfrgaHon may therefore be of grnat diagnostic 
importance. 

The 'large number of barren ewes in 4 flocks with Toxoplasma 
abortions might have been caused by infection at an early S·b1,ge 
of pregnancy, resulting in reso!rption oif tihe foetuses as obs,erved 
by Jacobs & Hartley (1964). Resorption has also been observed 
in ewes during late pregnancy (Smith 1961), although infection 
at thiis s.tage is more likely to hav.e no observable effect on the 
lambs (Watson & Beverley). To:xcoplasmos'i's associated with 
bar:renness may be of greater impodaI11ce than indicated by the 
pl'esent w:o1rk. However, this may be difficult to demonstmte, as 
tihe DT tiitr:e may have decHned to a level commonly found in 
J.afonUy infected sheep at the time when the ewe proves to be 
barren. Embryonic oir foetal death with 1resorption might also 
have faken place in the ewes which ireturned to service at i'r­
regular intervalis after the fi!rst mating. The importance of toxo­
plasmosis may be easier to investigaite under these condHions 
tha:n in barren ewes, as high titres aire more Ukely to be found 
when the ewes retrurn to heat as recorded in 1 flock in the present 
work. 

The p!redominance of young ewes 1among those that ·aborted 
from toxoplasmosis was not surpri1sinig, as 1the prevalence of in­
fected and thereby immune sheep incl'eases with the age (Walde­

land 1977 b). This predominance was almos1t exclusively associa­
ted with toxoplasmosis, and ,this 'CJbs,ervation alone indicates that 
T. gondi1i wa,s the only microorganism of importance in ·the flocks 
examined, as other mieiroorganisms known to he of particular 
importance as aboirtiifacienrts also induce immuni,ty, and should 
accordingly also occur Wlith a greater frequency among young 
ewes than among the older ones. 

Symptoms of di,sea:se prior fo abortion were observed only in 
the ewes infected with S. montevideo. The symptomless co•irse 
of toxop'laSilllosis, apa!rl from aborition, is rin accordance with the 
general conclusions in the availa:blie 1it,erature. 

The normal course of later pregnanci1es in ewes that aborted 
firom foxoplaismosis i's in agreement with ,studies reported by 
Watson & Beverley, but Toxoplasma abo:rrtion in the same ewe 
during 2 succeeding pregnrumies has been recoiided (Waldeland 

1977 b). The resi1sfance to reinrfecition probably also accounts for 
the negligiible Ioss faom toxoplasmos[s durin:g lat,er pregnancies 
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in these flocks, as the serological examination indicated a high 
prevalence of Toxopla:sma a:ntihodies also among ,ewes with no 
abodion. 

Studies on >the epidemiology of toxoplasmosi,s in sheep indica­
ted ,that the frequelllCy of Toxoplasma abodaons may be hiigher 
in the south-western pall"t of N onway 1than in other parts of the 
country (Waldeland 1976b). The presemt investigation showed 
that toxoplasmosils was of greater importance ·as a cause of .re­
productive los,s in sheep in the -south-wes;tern Norway than in 
the countries previously referred to. However, this aecoumts only 
for the relative imporfance of .the infootion. In a 5-year study of 
sheep ,ifl Norway compri1sing 12093 pregnanoi.es, Nrerland & Helle 
(1958) found ·an aborUon il"'ate of 1.1 %, and 2.7 % of the ewe3 
wer1e 1barren. About 4 % of 1Jhe lambs were stillborn or died 
during the neona!lal period. Reports from Great Britain, the 
United States of America, AustTaHa and New Zealand, of which 
Wat son ( 1962 b) has given a review, show ,that the rate of repro­
duicti1ve los:s was ihigher in these countries than in Norway (Nrer­
land & Helle), probably due to other ·important abortifacients in 
adJdi,tion .to T. gondii. 

Thii.s illlVestigatfon showed .fuat toxoplaismosis was the main 
cause of abortion in sheep. The importance of the infection as a 
cause of repeat breeding 1and ibarreruiess is di,f1f:iieult to estimate 
from the present material, and ifur.ther wortk is theref&e r.equiired 
to elucidate this. 
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SAMMENDRAG 

Toxoplasmose hos sau. Betydningen av toxoplasmose som arsak 
til reproduksjonstap hos sau i Norge. 

I lppet av per>ioden 19'68-19'73 ble det mottatt diagnosemateriale 
fra 126 flokker hvor drektighetsforlppe't hos enkelte spyer avvek fra 
det normaile. I 811 av flokkene ble toxoiplasmose di1agnostisert. Fra 117 
flokker ble det gitt palitel1ige opplysninger om antall parrete spyer og 
om dr1ekUghetsfo.rl!'lpet. I disse flokkene med i alt 7812 parrete spyer 
var det 8.58 s.pyer som ikke fiktk leved·yktige lam. Omkriing 80 % av 
dette tapet ble tilskrevet toxoplasmose, 4 % sky1dtes bakterielle infek-



Toxoplasmosis in sheep. Reprodnclive loss 425 

sjoner, og i ca. 16 % av tiilfellene var det ikke-infeksjpse og/ eller ikke 
paviste arsaker. 

Tapsfrekvensen ,i den en'keite flokk var hpyest ved toxoplasmose 
og angikk maklsimailt 78 % av de parrete spyene. I 211 av 42 flokker 
med minst 2-0 spyer og en hpy t1ap,sfrekvens ( .:::_ 10 % ) som fplge av 
Toxoplasma-infoksjon, var tapet over 2() %, mens et sa stort tap bare 
forekom i 1 av rn flokker i forbindeise med andre arsaker. 

Toxoplasmose hadde betydning ikke bare som aborttarsak, men 
ogsa som arsak til omlpp, irnfertilitet, fol'ekomst av dpdf pdte lam og 
av sv,ake1 lam som dpde. 

Hvite flekker ble pavist i cotyledonene pa omkring to tredjedeler 
av fosterhinnene ved Toxoplasma-abort. Det ble ikke funnel: holde­
pulllkter for at siike forandriinger opptrer ved andre ab<>'l'tarsaker. 

Abortfrekviensen var hpyere blant unge spyer enn bfant de eldre. 
Spyene viste ikke klirniske symptomer pa Toxoplasma-infeksjon f pr de 
aborterte, og drekti,gheten forlpp normalt senel'e ar. 

(Received September 27, 1976). 
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