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Introduction 

Svensson, C., P. Hooshmand-Rad, B. Pehrson, M. Tornquist and A. Uggla. Excretion 
of Eimeria oocysts in calves during their first three weeks after tum-out to pasture. 
Acta vet. scand. 1993, 34, 175-182. - The numbers of Eimeria oocysts per gram ( opg) 
and the dry matter content of 449 faecal samples taken from 54 calves in 8 herds in 
south west Sweden were determined during the last 2 weeks before and the first 3 
weeks after the animals were turned out to pasture. While they were housed only 
between 0 and 580 opg were found and in 2 of the herds the numbers of oocysts re
mained low after tum-out. In the other 6 herds the numbers of oocysts increased after 
8 to 10 days and reached a peak of between 1080 and 80 803 opg 9 to 18 days after turn
out. By 21 to 24 days after tum-out the opg-values had declined to their initial levels. 
Eimeria alabamensis accounted for most of the increase, but small numbers of oocysts 
of E. auburnensis, E. bovis, E. bukidnonensis, E. cylindrica, E. ellipsoidalis, E. pellita, 
E. subspherica, E. wyomingensis and E. zuernii were also observed. The interval 
between tum-out and the start of the increase in excretion of oocysts corresponded 
closely to the prepatent period of E. alabamensis and overwintered oocysts were there
fore the most likely source of the infection. In 6 of the herds the dry matter content of 
the faeces of the calves decreased after tum-out and 56 % of the calves had clinical di
arrhoea. Although it cannot be excluded that change of diet may have contributed to 
these symptoms, E. alabamensis infection is suggested as a potential cause of diarrhoea 
and loss of condition in calves in Sweden during their first weeks on pasture. 

Coccidiosis; protozoa/ infection; diarrhoea. 

In Sweden diarrhoea is a common problem in 
calves when they first go out to graze, and has 
traditionally been thought to be due to the 
change of diet. In spite of the fact that Eime
ria species are known to cause diarrhoea in 
lambs after they are turned out onto spring 
pastures (Helle 1964, Gjerde & Helle 1986) the 
possible role of these parasites in calves has 
largely been ignored. However, lambs be
come affected during their second and third 
weeks on pasture, whereas calves develop di
arrhoea already after a few days on grass. This 

is the most likely interval for the development 
of diarrhoea due to a change of diet, but the 
present authors have observed that calves 
often excrete large numbers of Eimeria 
oocysts in their faeces during this period. 
However, since E. bovis and E. zuernii, the 2 
most pathogenic species of bovine coccidia, 
have prepatent periods of 15 to 21 days (Le
vine 1985) they are unlikely to be the cause of 
the diarrhoea shortly after turn-out. 
The aims of the present study were to identify 
the species of Eimeria excreted, to examine 
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their pattern of excretion and to study their 
possible clinical significance. 

Materials and methods 
The study was conducted during May, June 
and July 1990, and used 8 dairy herds of 
Swedish Friesian or Swedish Red and White 
cows. The herds were selected because they 
were close to the laboratory in the county of 
Viistergotland in south west Sweden. The 
numbers of cows in the herds ranged from 24 
to 76, and altogether 54 heifer calves, aged 4 
to 16 months, were studied (Table 1). During 
their first 1 to 2 months of life the calves were 
housed in individual pens but for the rest of 
the housed period they were grouped in larger 
pens or, in herd 3, tethered. The calves were 
weaned at approximately 2 months of age, ex
cept in herd 8 where they were weaned at 6 
months. While they were housed the calves 
were fed concentrates and hay or silage ac
cording to traditional recommendations for 
heifer calves in dairy herds. 
Different strategies for turning out were used: 
in herds 4 and 5 the calves were housed at 
night during the first week after turn-out, but 
in the rest of the herds the calves were left out 
day and night. In all except herd 2 the calves 
were fed supplementary concentrates or 
roughage, or both, during the first 1 to 2 

weeks of the grazing period. All pastures used 
had been grazed by calves during the previous 
summer, and in herds 4 and 8 they had been 
grazed by heifers, and in herd 2 by cows ear
lier in the spring. Sustained-release anthel
mintic boluses (Paratect vet®) had been ad
ministered to the calves in herds 2, 4 and 6 
prior to turn-out. No anticoccidial medication 
was used during the trial. 
Faecal samples were collected once or twice 
before the grazing period, once during the 
first week after turn-out and then every other 
day to every fourth day for 2 to 3 weeks, giv
ing a total of 449 samples. The samples were 
collected either directly from the rectum or 
immediately after defecation from pats on the 
ground. The numbers of oocysts per gram 
faeces ( opg) were counted by a modified 
McMaster method described by Svensson 
(1992). The species of Eimeria were identified 
on the basis of the morphology of the unspor
ulated oocysts (Joyner et al. 1966). The dry 
matter content of the faeces was determined 
by the following procedure: 15 to 20 g of 
faeces were weighed in aluminium tins, dried 
in an incubator overnight at 90°C, and re
weighed to determine the dry matter content. 
Before the data were analysed statistically the 
original opg values for each calf were plotted 
against time after turn-out. The data for the 

Tab le 1. The number of cows in each herd, the numbers of calves studied, their age in months at tum-out, the 
date of turn-out and the method used to sample faeces. 

No No Date of 
Herd no. of cows of calves Age tum-out Sampling method 

Herd 1 24 6 5-8 17.5 From the ground 
Herd2 40 5 13-16 1.5 From the ground 
Herd3 42 7 9-15 12.6 From the ground 
Herd4 76 10 5-7 14.5 From the rectum 
Herd5 25 6 5-7 24.4 From the rectum 
Herd6 46 12 4-8 4.5 From the ground 
Herd7 42 4 6-7 7.5 From the rectum 
Herds 29 4 7-9 28.5 From the ground 
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Figure 1. The mean numbers of Eimeria oocysts per gram faeces (opg) of the calves in herds 1-4. 
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Figure 2. The mean numbers of Eimeria oocysts per gram faeces ( opg) of the calves in herds 5-8. 
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first 22 days after turn-out were used. The 
area under the curve (AUC) was calculated 
by applying the trapezium rule (Altman 1991 ), 
with the mean values before turn-out being 
used as the baseline. The values of the AUC 
were analysed statistically by means of the 
Sign test (SAS Institute Inc., Cary, N.C., 
U.S.A.,1987). 

Results 
The mean numbers of oocysts in the faeces of 
the calves in herds 1 to 4 and herds 5 to 8 are 
shown in Figs. 1 and 2 respectively. Between 0 
and 580 opg were found in the samples taken 
before turn-out. In herds 1 and 3 the numbers 
of oocysts remained low after turn-out and in 
herd 3 even a small decrease was recorded. In 
the other herds the numbers of oocysts in
creased 8 to 10 days after turn-out, and in all 
but herd 7 peak values were observed 9 to 14 
days after turn-out. In herd 7 the peak num
bers were not recorded until 18 days after 
turn-out. The increases were significant in 
herds 4, 5 and 6 (Table 2). After 21 to 24 days 
the number of oocysts had decreased to 
values similar to those observed when the 
calves were still housed. The largest number 

Table 2. The mean(± sd) values of the area under 
the curve (AUC) of the opg values plotted against 
the number of days on pasture, and the P values for 
each herd. 

AUC 
Herd no. it sd p 

Herd 1 790 5999 0.6 
Herd2 27229 35767 0.06 
Herd3 -1382 2397 0.02 
Herd4 80925 76947 0.0005 
Herd5 26952 29865 0.03 
Herd6 55991 32448 0.001 
Herd7 6973 3781 0.1 
Herd8 215485 231157 0.1 
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of oocysts found in an individual calf was 
76,600 opg. 
During the peak of oocyst excretion E. alaba
mensis was the dominant species in all the 
herds, but small numbers of oocysts of the fol
lowing species were found throughout the pe
riod of sampling: E. auburnensis, E. bovis, 
E. bukidnonensis, E. cylindrica, E. ellipsoid
alis, E. pellita, E. subspherica, E. wyomingen
sis and E. zuernii. 
Before turn-out the consistency of the faeces 
of nearly all the calves was considered normal, 
and its mean ( ± sd) dry matter content was 
19.4 ± 6.5%. The mean dry matter content of 
the faeces of the calves in herds 1 to 4 and 
herds 5 to 8 are shown in Figs. 3 and 4 respec
tively. In herds 1 and 2 no decrease in the dry 
matter content of the faeces was observed, but 
in the other herds small to moderate de
creases occurred. In these 6 herds clinical di
arrhoea was recorded in 24 (56 % ) of the 
calves from 4-15 (mean 8) days after turn-out 
and in some diarrhoeic calves an obvious loss 
of condition was seen. A significantly in
creased oocyst output was observed in 17 
(74%) calves with diarrhoea and in 7 (23%) 
calves with normal or just slightly softened 
faeces. 

Discussion 
According to Soekardono (1975) E. alaba
mensis has a prepatent period of 6 to 8 days, 
and its sporulation time has been reported to 
be 4 to 5 days at room temperature (Christen
sen 1941) or at 27°C (Lee & Armour 1959). 
During the present investigation these tem
peratures were reached only during short pe
riods and sporulation therefore must have 
taken longer. As a result it is very unlikely that 
reinfection of the calves with oocysts excreted 
by themselves during their first few days at 
pasture could have caused the increases in 
numbers of oocysts, except possibly at the end 
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Figure 3. The mean dry matter contents(%) of the faeces of the calves in herds 1-4. 
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Figure 4. The mean dry matter contents(%) of the faeces of the calves in herd 5-8. 
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of the period during which they were excret
ing increased numbers. 
The fact that the interval from turn-out to the 
increase in the output of oocysts corre
sponded closely with the prepatent period of 
E. alabamensis suggests that sporulated 
oocysts on the pastures, ingested during the 
calves' first few days on grass, were the most 
likely source of infection. In herds 2, 4 and 8 
such oocysts might have originated from con
tamination by animals grazing the pastures 
earlier in the spring. However, in the other 5 
herds the pastures had not been grazed since 
the previous autumn and sporulated oocysts 
on the pastures therefore could have origi
nated only from overwintered oocysts. Sev
eral authors have reported that coccidial 
oocysts are resistant to low temperatures; 
Landers (1953) showed that unsporulated 
oocysts of E. arloingi, E. ninaekohlyakimovae 
and E. parva from sheep survived freezing to 
-19 °C and to -25°C, and concluded that the 
oocysts would be able to survive the winter in 
Wyoming, USA. Francalanci (1968) reported 
that 4 species of sporulated coccidial oocysts 
of rabbit were viable after being kept for 2 
years at -5°C, and unsporulated oocysts of 
E. zurnii of cattle survived for up to 5 months 
at -7°C (Marquardt et al. 1960). In Sweden it 
is rare to have long periods of low tempera
tures without an insulating layer of snow, 
which further increases the likelihood that 
oocysts of Eimeria could overwinter. More
over, Helle (1970) showed that overwintered 
oocysts could cause coccidiosis in lambs on 
pasture in Norway, where the climatic condi
tions are similar to those in Sweden. 
The animals shed a few oocysts of E. alaba
mensis already before they started to graze. It 
cannot be excluded that the cause of the in
crease in the excretion of oocysts observed on 
pasture might have been oocysts ingested dur
ing the stable period. Latent infections which 
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could relapse if the animals are stressed have 
been suggested in the epidemiology of other 
bovine Eimeria (Levine 1985) and turn-out to 
pasture is likely to be a considerable stress 
factor. Moreover, stress from the turn-out 
could possibly change the pattern of oocyst 
excretion of an infection contracted by the 
calves during the last days on stable, as indi
cated by the works of Long & Rose (1970) and 
Niilo (1970). 
In the U.S.A. E. alabamensis is generally re
garded as non-pathogenic under field condi
tions, although it has been demonstrated ex
perimentally to be potentially pathogenic 
(Boughton 1943, Davis et al. 1955). In Ger
many on the other hand, coccidiosis due to 
E. alabamensis in animals at pasture have 
been reported to be an increasing problem 
( Griifner et al. 1982). Definite conclusions 
about the possible clinical significance of 
E. alabamensis infections in Sweden cannot be 
drawn on the basis of the present study. The 
softening of the faeces was observed not only 
in calves with a significantly increased output 
of oocysts but also in calves with almost no re
corded increase in the output of oocysts. On 
the other hand, a few calves with a signifi
cantly increased output of oocysts had faeces 
with a normal consistency. The start of the 
clinical diarrhoea was observed on average 8 
days after turn-out, but since samples were 
taken with relatively long intervals, especially 
during the first week after turn-out, it is pos
sible that the diarrhoea in fact started some 
days before it was recorded. In this study none 
of the calves apparently excreted sufficiently 
large numbers of oocysts for clinical coccidio
sis to be suspected, although it is likely that in 
some cases the peak of excretion was missed 
owing to the long intervals between consecu
tive samples. It deserves to be mentioned that 
in several other Swedish herds studied by the 
authors (unpublished findings), E. alabamen-
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sis opg levels of several millions have been re
corded in conjunction with severe clinical di
arrhoea and even mortality in calves 1 to 2 
weeks after turn-out. Further studies are 
needed to evaluate the role of E. alabamensis 
as a cause of clinical coccidiosis in young cat
tle at pasture in Sweden. 
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Sammanfattning 
Utsondring av Eimeria oocystor hos kalvar under de
ras forsta tre veckor efter betessliippning 

Antalet Eimeria-oocystor per gram ( opg) och torr
substanshalten bestamdes i 449 trackprover fran 54 
kalvar i 8 besattningar i sydvastra Sverige under de 
sista 2 veckorna fore och de forsta 3 veckorna efter 
betesslappning. I prover tagna da kalvama stod pa 
stall hittades endast mellan 0 och 580 opg och i 2 
besattningar forblev antalet oocystor Jagt efter 
betesslappningen. I de iivriga 6 besattningama 
iikade antalet oocystor efter 8 till 10 dagars 
betesgang och nadde en topp pa mellan 1080 och 
80803 opg 9 till 18 dagar efter betesslappningen. 
Tjugoen till 24 dagar efter betesslappningen hade 
antalet oocystor sjunkit till ursprunglig niva. Eimeria 
alabamensis ansvarade for den stbrsta delen av 
iikningen. Oocystor av E. auburnensis, E. bovis, 
E. bukidnonensis, E. cylindrica, E. ellipsoidalis, 
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E. pellita, E. subspherica, E. wyomingensis och 
E. zuernii observerades i lligt antal. Intervallet frlin 
betessllippning till den tikade oocystutstindringen 
motsvarade prepatensperioden hos E. alabamensis 
(6-8 dagar), varfor overvintrade oocystor var den 
mest sannolika infektionsklillan. I 6 av beslitt
ningarna sligs slinkningar av trlickens torrsubstans-

halt och nligra kalvar uppvisade klinisk diarre. Aven 
om det inte kan uteslutas att foderbytet bidragit till 
dessa symptom, dras slutsatsen att infektion med 
E. alabamensis kan misstlinkas utgora en potentiell 
orsak till diarre och konditionsnedslittning under de 
forsta veckorna efter betessllippning hos for
staglingsbetande kalvar i Sverige. 
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