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ABSTRACT

Sheep are important to the economy of many countries because they are a source of food for
humans Sheep are commonly infected with the protozoan parasite, Toxoplasma gondii.
Infection with the parasite may cause early embryonic death and resorption, fetal death and
mummification, abortion, stillbirth, and neonatal death. Severity of infection is associated
with the stage of pregnancy at which the ewe becomes infected, the earlier in gestation, the

1;;){(\;;7;?;0 gondii more severe the consequences. Infected sheep meat is a source of T. gondii infection for
Sheep humans and carnivorous animals. Most sheep acquire T. gondii infection after birth, and less
Abortion than 4% of persistently infected sheep transmit the parasite vertically to the next generation.
Transmission Recent studies by a group of researchers in England reported that repeat ovine transmission
Epidemiology of T. gondii may be more common than previously believed but these findings are soley based
Immunology on PCR data and require additional data using other techniques to verify the findings.
Control Following infection with T. gondii, sheep develop humoral and cell-mediated immune
responses against the parasite that provides effective protection against disease in
subsequent pregnancies. A commercial vaccine is available, comprising a live, incomplete
strain of T. gondii. The vaccine is administered to sheep prior to mating to protect against
lamb losses due to toxoplasmosis. In the present paper, information on the prevalence,

transmission, and control of ovine toxoplasmosis in the last 20 years is reviewed.
© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Toxoplasma gondii infection is widely prevalent in
humans and animals worldwide (Dubey and Beattie,
1988). Humans become infected post-natally by ingesting
tissue cysts from undercooked meat, consuming food or
drink contaminated with oocysts, or by accidentally
ingesting oocysts from the environment. The ingestion
of undercooked infected lamb is considered an important
source of infection for humans. Cook et al. (2000) identified
eating uncooked lamb as a risk factor for T. gondii infection
in pregnant women in Europe. In a retrospective study of
131 mothers in the USA who had given birth to children
infected with T. gondii, 50% recalled having eaten uncooked
meat (Boyer et al., 2005). Toxoplasmosis also causes heavy
economic losses to sheep industry worldwide (Dubey and
Beattie, 1988; Buxton et al., 2007). We previously reviewed
worldwide information on ovine toxoplasmosis up to 1988
(Dubey and Towle, 1986; Dubey and Beattie, 1988). In the
present paper, information on prevalence, transmission,
epidemiology, immunology and control of ovine toxoplas-
mosis since 1988 is reviewed.

2. Natural infections
2.1. Serologic prevalence

Antibodies to T. gondii have been found in sheep
worldwide (Table 1). The prevalence of antibodies in ewes
was more than twice that in lambs, but results were
dependent on the age of lambs sampled (Lundén et al.,
1994; Gorman et al.,, 1999; Figliuolo et al., 2004; Rozette
etal., 2005; Dumétre et al., 2006; Ragozo et al., 2008). Sero-
prevalence was shown to increase with age, reaching 95%
in 6-year-old ewes in some flocks (Dubey and Kirkbride,
1989a), suggesting that most animals acquire infection
post-natally. In general, most sheep acquired infection
before 4 years of age, but one-third of old ewes were still
seronegative in highly endemic flocks (Dubey and Kirk-
bride, 1989a). Prevalence was also higher in ewes on farms
where epizootics of abortions were reported (Dubey and
Kirkbride, 1989a). Seroprevalence in intensively managed
sheep was lower than in semi-intensive management
(Savio and Nieto, 1995; Abu Samra et al., 2007; Romanelli
et al., 2007; Ragozo et al., 2008).

There is little information on the rate of seroconversion
in sheep under different management systems, except in a
study reported by Lundén et al. (1994), in which a flock of
sheep in Sweden was followed serologically for 6 years.
Most sheep became infected in autumn. An interesting
finding was that 39% of 136 ewes became seropositive
while only 6% of lambs seroconverted.

A few studies analyzed risk factors associated with T.
gondii seropositivity in sheep (Skjerve et al., 1998; Klun
et al,, 2006; Abu Samra et al., 2007; Vesco et al., 2007;
Ragozo et al., 2008). In a report from Serbia, ewes from
State-owned flocks had a higher seropositivity than ewes
from privately-owned flocks (Klun et al., 2006). Vesco et al.
(2007) reported that in a survey of 1961 sheep from 62
farms in southern Italy, the presence of cats on the farm,
using surface water for drinking water, and farm size were
factors associated with seropositivity. A study from Spain
found the presence of cats and abortion history as risk
factors associated with T. gondii infection in sheep and
goats (Mainar et al., 1996); however, this study did not
separate data for goats and sheep. Caballero-Ortega et al.
(2008b) in Mexico found that altitude and farm size
affected infection rates; prevalence was higher at low
altitudes and on large farms.

Fusco et al. (2007) conducted a thorough cross-sectional
serological survey of sheepinItaly using 10 adult sheep from
each of 117 farms. Additionally, they tested milk samples
(all 10 samples were pooled for each farm) for anti-
Toxoplasma antibodies and for T. gondii DNA. T. gondii DNA
was found in only 4 milk samples and antibodies were found
in 91 of 117 milk samples. Measuring specific antibody
levels in milk samples is an economical method of
conducting epidemiological surveys.

The data presented in Table 1 are not comparable
among different locations because of the use of different
serological tests and different cut-off values used to
determine seropositivity. For example, most authors used
1:16 as a cut-off in immunofluorescent assays (IFA), but
O’Brien and Geraghty (1990) and Masala et al. (2003) used
1:256, and 1:200, respectively as cut-off values. The year of
sampling might also influence the results. For example,
seroprevalence (IFAT, 1:16) had declined by more than 50%
in samples collected a decade later than other samples
(Shkap et al., 1992).

2.2. Comparison of different serological tests for detecting T.
gondii antibodies in persistently infected sheep

To this author’s knowledge, there is no validation of any
serological test for the detection of T. gondii infection in
sheep using isolation of the parasite as a gold standard to
verify positivity. Available data on different serological
tests in naturally-infected sheep are summarized in
Table 2. Some data are available comparing parasite
isolation results with seropositivity using the modified
agglutination test (MAT). T. gondii was isolated from eight
out of 30 (26.6%) ewes from France with MAT titers of 1:20
or higher; from one of eight (12.5%) ewes with titers of
1:80, and from seven of 11 ewes (64%) with titers of 1:160
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Table 1
Seroprevalence of T. gondii in naturally exposed sheep.
Location Reference Test No. exam % Pos. Cut-off titer Notes’
Argentina West et al. (1998) IFA 29 41.4 64 a
Austria Edelhofer and Aspock (1996) IFA 4079 66.4 40 a
Bangladesh Samad et al. (1993b) LAT 56 64 8 a
Samad et al. (1993a) LAT 17 17.6 64 b
Brazil
Bahia Gondim et al. (1999) LAT 240 18.8 64 a
Parana Zonta et al. (1987-1988) IHA 662 18.2 64 a
Freire et al. (1995) IFA 370 47.8 64 aef
Garcia et al. (1999) IFA 228 51.8 64 a,cef
Romanelli et al. (2007) IFA 305 51.5 64 a,cef
de Moura et al. (2007) IFA 157 7 64
Pernambuco da Silva et al. (2003) IFA 173 353 16
Rio grande do Norte Clementino et al. (2007) ELISA 102 294 NS a,ef
Soares et al. (2009) IFA 409 20.7 64 a,d.f
Rio grande do Sul da Silva and Langoni (2001) IFA 522 7.7 16 b,e,h
IFA 173 353 16
Silva and de la Rue (2006) IFA 123 39 20 ag
IHA 123 211 16 ae
Ronddnia Cavalcante et al. (2004) IFA 141 46.8 64 a
Sdo Paulo Oliveira-Sequeira et al. (1993) IFA 177 22.5 16 g
da Silva et al. (2002) IFA 100 23 16 g
Meireles et al. (2003) ELISA 200 31 NS b
Figliuolo et al. (2004) IFA 597 34.7 64 a,e
Federal District Ueno et al. (2009) IFA 1028 38.2 64 a,c
Bulgaria Ragozo et al. (2008) MAT 495 24.2 25 b,e,f,h
Prelezov et al. (2008) IHA 380 48.2 80 a
Burkina Faso Deconinck et al. (1996) IHA 65 23 64
Cameroon Achu-Kwi and Ekue (1994) LAT 211 31.8 64 aef
Canada Waltner-Toews et al. (1991) ELISA 3872 57.6 NS a,cd
Chile Gorman et al. (1999) IFA 408 28 16 a,g
Cote d'Ivoire -Ivory (coast) Deconinck et al. (1996) IHA 62 68 64
Czech Republic Hejlicek and Literak (1994) DT 886 55 4
Sedlak and Bartova (2007) IFA 24 4 40
Bartova et al. (in press) ELISA 547 59 NS a
Djibouti Deconinck et al. (1996) IHA 183 13 64
Egypt El Ridi et al. (1990) IHA 17 29 NS
El-Ghaysh and Mansour (1994) MAT 102 49 49 a,dg
Shaapan et al. (2008) MAT 300 43.7 25 b,d.g
Ethiopia Bekele and Kasali (1989) IHA 899 22.9 64 b
Negash et al. (2004) MAT 116 52.6 NS ag
Deconinck et al. (1996) IHA 94 26 NS
France Dumétre et al. (2006) MAT 93 ewes 65.6 20 b,h
164 lambs 22 20 b
Haute-Vienne Rozette et al. (2005) MAT 141 lambs 20.5 20
65 ewes 59.1 20
Germany Seineke (1996) ELISA 1122 33 NS
Ghana van der Puije et al. (2000) ELISA 732 33 NS
India Verma et al. (1988) IHA 164 8 16 d
Dubey et al. (1993) MAT 88 22.7 25 a
Mirdha et al. (1999) IHA 40 25 18 a
Punjab Sharma et al. (2008) ELISA 186 3.8 NS a
Iran
Ahvaz Hamidinejat et al. (2008) ELISA 150 72.6 NS a,g
Khoozestan Hoghooghi-Rad and Afraa (1993) LAT 138 13.8 8 b
Hashemi-Fesharki (1996) LAT 2209 24.3 8 a,g
IHA 1102 24.6 64 ag
Ardabil Ghazaei (2005) ELISA 200 30 NS b
Mazandaran Sharif et al. (2007) IFA 588 35 16 b



4

Table 1 (Continued)

J.P. Dubey / Veterinary Parasitology 163 (2009) 1-14

Location Reference Test No. exam % Pos. Cut-off titer Notes’
Zia-Ali et al. (2007) LAT 105 20.9 8 b,h
Ireland O’Brien and Geraghty (1990) IHA 837 55.6 256 a
Israel Shkap et al. (1992) IFA 259 (1979-1981) 72 16
IFA 372 (1985-1990) 30 16
Italy Sindoni et al. (1989) MAT 169 13.61 16 a
Balbo et al. (1991) ELISA 1531 13 NS a
Masala et al. (2003) IFA 7194 284 200 ad
Fusco et al. (2007) IFA 1170 28.5 100 a,c
Sicily Vesco et al. (2007) ELISA 1876 49.9 NS ad,e
Central Alps Gaffuri et al. (2006) LAT 1056 78 32
Jordan Harps (1993) LAT 559 20.6 16 a
Lithuania Stimbirys et al. (2007) ELISA 354 421 NS ae
Malaysia Rajamanickam et al. (1990) IHA 106 22.6 64 a
Mexico Garcia-Vazquez et al. (1990) IFA 495 30 16 a
Cruz-Vazquez et al. (1992) IFA 702 37.9 16 a,c
Caballero-Ortega et al. (2008b) ELISA 351 29.1 NS a,cef
Morocco Benkirane et al., 1989 LAT 304 29 64 ad
Sawadogo et al. (2005) ELISA 261 27.6 NS b
Netherlands Cremers et al. (1991) ELISA 40 65 NS
Niger Weitzman et al. (1991) LAT 70 14 NS a
Deconinck et al. (1996) IHA 77 19.5 64
Norway Skjerve et al. (1998) ELISA 1940 16.2 NS a,c
Pakistan Zaki (1995) LAT 40 3 64
Peru Reif et al. (1989) IHA 211 27 64 a,d
Poland Gorecki et al. (2008) IFA 41 53.6 8 a
Michalski and Platt-Samoraj (2004) MAT 20 55 40
Saudi Arabia Hossain et al. (1987) IHA 210 11 64 b
Amin and Morsy (1997) IHA 100 39 64 b
Sanad and Al-Ghabban (2007) IFA 397 52.2 NS b.,g
El-Metenawy (2000) IHA 150 33 128 d
Senegal Pangui et al. (1993) IFA 190 46.3 16 aeg
Deconinck et al. (1996) IHA 52 11.5 64
Serbia Klun et al. (2006) MAT 511 84.5 25 cef
Slovakia Kovacova (1993) DT 1939 10 4
South Africa Abu Samra et al. (2007) IFA 600 5.6 64 ab,cg
Spain Moreno et al. (1991) IFA 550 349 40 ag
Marca et al. (1996) IFA 2306 42.7 40 a,g
Mainar-Jaime and Barberan (2007) MAT 203 40.4 40 adg
Sweden Lundén et al. (1992) ELISA 704 19 NS a,d
Turkey Zeybek et al. (1995) LAT 1050 14.6 64 a
Oz et al. (1995) IHA 42 9.5 NS
Mor and Arslan (2007) ELISA 460 95.7 NS
Acici et al. (2008) DT 95 49.5 16 aef
Samsun Babiir et al. (1997) DT 62 88.7 16
Altintas (1996) DT 603 31.1 16 a
Ka Yseri Inci et al. (1999) DT 154 33.8 16 a
Afyon Cicek et al. (2004) DT 172 54.6 16 a
Nigde Karatepe et al. (2004) DT 110 50.9 16 ad
Istanbul Oncel and Vural (2006) ELISA 181 31 NS a,cef
Kars Mor and Arslan (2007) ELISA 460 95.7 NS a
Dumanli et al. (1991) IHA 295 27.7 32 a
Oz et al. (1995) IHA 259 (Aborted) 25.5 64
42 (Normal) 9.5 64
Yozgat Babur et al. (2001) DT 152 45.4 16
Yalova Oncel et al. (2005) DT 63 66.6 16
UK-Scotland Johnston (1988) LAT 909 26.2 512 a
Uruguay Savio and Nieto (1995) IFA 526 32.5 8 adg
Freyre et al. (1999) MAT 1613 28.7 64 a
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Table 1 (Continued)

Location Reference Test No. exam % Pos. Cut-off titer Notes’
USA
New York Dubey and Welcome (1988) MAT 592 73.8 50 ade
North central Dubey and Kirkbride (1989a) MAT 1564 65.5 64 a,d
Northeastern Malik et al. (1990) ELISA 654 58.6 NS b.g
Michigan Underwood and Rook (1992) NS 63 60 NS a,d
Maryland, Virginia Dubey et al. (2008) MAT Lambs 383 27.1 25 b,h
Zimbabwe Pandey and van Knapen (1992) ELISA 216 6 NS beg
Hove et al. (2005) IFA 23 47.8 50 a

DT = Dye test. ELISA = enzyme linked immuno-sorbent assay. IFA = Indirect fluorescent antibody. IHA = Indirect hemagglutination antibody. LAT = Latex
agglutination test. MAT = Modified agglutination test. PCR = Polymerase chain reaction. WB = Western blot. NS = Not stated.
" a=farm, b = abattoir, c = risk factors, d = abortion, e = age, f = sex, g = serological test compared, h = isolation of T. gondii.

or higher (Dumeétre et al., 2006). In our studies, T. gondii
was isolated from 53 of 68 (77.9%) seropositive lambs;
from six of 13 (46.1%) lambs with MAT titers of 1:50 and
1:100, and from 47 of 54 (87%) lambs with titers of 1:200 or
higher (Dubey et al., 2008). The parasite was not isolated
from one lamb with an MAT titer of 1:25 or from 44 lambs
with a MAT titer of <1:25. These data taken collectively
suggest that a MAT titer of 1:100 or above would be
indicative of a persistently infected animal.

Marca et al. (1996) tested 2306 sera by MAT and IFA and
found excellent correlation between tests at a serum
dilution of 1:80; 42.7,33.7,29.3 and 21.2% were positive at
dilutions of 40, 80, 160 and 320, respectively by IFA and
38.1, 35.2, 34.8 and 33.7% were positive at the same
dilutions, by MAT.

Various ELISA methods using crude, fractionated, or
recombinant antigens have been used to detect T. gondii

antibodies in ovine sera. Tenter et al. (1992) compared
ELISA based on crude and recombinant antigens and found
varying degrees of specificity in naturally and experimen-
tally-infected sheep. Caballero-Ortega et al. (2008a)
reported a good correlation between their in-house crude
T. gondii antigen ELISA and Western blots in 103 naturally-
exposed sheep; 91% of the samples showed the same result
in both tests. The highest sensitivity was with immuno-
blots, while specificity was higher with ELISA. They also
reported on the value of an avidity ELISA to investigate the
duration of infection in sheep.

Standardization of ELISA is a major problem because only
a few kits are commercially available for use in animals. One
ELISA kit (CHECKIT, Table 2) has been tested against MAT
(Klun et al., 2007; Mainar-Jaime and Barberan, 2007). Klun
et al. (2007) compared the sensitivity and specificity of the
CHECKIT ELISA using two cut-off values (low-30% and high-

Table 2
Comparisons of different serological tests for detection of T. gondii antibodies in naturally-exposed sheep.
Country No. of sera % positive (cut-off value) Reference
MAT IFA IHA LAT ELISA
Brazil 177 ND 17.5 (1:16) 22.5 (1:16) ND ND Oliveira-Sequeira et al. (1993)
100 27 (1:16) 23 (1:16) ND ND ND Silva et al. (2002)
123 ND 39 (1:20) 20.3 (1:16) ND ND Silva and de la Rue (2006)
Chile 408 ND 28 (1:16) 12 (1:16) ND ND Gorman et al. (1999)
Egypt 102 49 (1:40) 50 (1:40) ND ND 46 El-Ghaysh and Manssur (1994)
300 43.7 (1:25) 37(1:64) ND ND 41.7 Shaapen et al. (2008)
Ethiopia 116 52.6 ND ND ND 56 Negash et al. (2004)
Iran 150 69.3 (1:80) ND ND ND 72.6 Hamidinejat et al. (2008)
Senegal 190 ND 46.3 ND ND 55.2 Pangui et al. (1993)
Serbia 180 90.6 (1:25) ND ND ND 68.3° Klun et al. (2007)
75.6 (1:50) 35¢
57.2(1:100)
Saudi Arabia 397 ND ND 41.8 234 ND Sanad and Al-Ghabban (2007)
South Africa 600 ND 5.6 (1:64) ND ND 4330 Abu Samra et al. (2007)
Spain 550 35.1(1:40) 34.9(1:40) ND ND ND Moreno et al. (1991)
203 40.4 (1:40) ND ND ND 36.97 Mainar-Jaime and Barberan (2007)
2306 35.2 (1:40) 33.7 (1:40) ND ND ND Marca et al. (1996)
Sweden 58 36.2 (1:40) 36.2 (1:40) ND ND ND Ljungstrom et al. (1994)
Uruguay 526 ND 33.6 (1:16) 34.2 (1:16) ND ND Savio and Nieto (1995)
Zimbabwe 107 ND ND 5.6 (1:64) ND 2.8 Pandey and van Knapen (1992)

¢ CHECKIT-Toxo test, IDEXX test kit (Dr BommeliAG, Switzerland). ND = No data.

b (low,30% cut-off).
€ (high,100% cut-off).
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Table 3

Isolation of viable T. gondii from tissues of naturally-infected sheep.

Country  Type No exam.  No. positive (%) Tissues bioassayed Isolate designation Genetic data  Reference

Brazil NS 136 5(3.6)"° Brain No No Sposito Filha et al. (1992)
NS 40? 10 (25) Brain, diaphragm None No da Silva and Langoni (2001)
Lambs, adults 82° 16 (19.5) Brain, heart, TgShBr1-16 No Ragozo et al. (2008)

diaphragm
France Adults 30 8 (26.6) Heart Fr2-2005-0vi aril-6, Yes Dumeétre et al. (2006)
Fr2-2006-0vi aril1-2
Iran Adults 105 4 (3.8) Brain No Yes Zia-Ali et al. (2007)
USA Lambs 68 53 (77.9) Heart TgShUs1-53 Yes Dubey et al. (2008)

NS = not stated.
¢ Seropositive.

b Authors state that they found additional tissue cysts in H and E stained sections of mice inoculated with brains of 15 sheep.

100%) with the MAT at 1:25, 1:50, and 1:100 dilutions using
sera from 180 sheep; these sera were selected from 511 sera
tested in a general survey (see Table 1). Overall agreement
was best (sensitivity of 58.3%, and specificity of 96.1%) with
the MAT at a 1:100 dilution and the high ELISA cut-off. They
concluded that that ELISA and MAT compared favorably
under specific conditions. Mainar-Jaime and Barberan
(2007) also found good correlation between MAT (at a 1:
40 dilution) and ELISA optical density values of 30% or
higher. Using another commercial ELISA kit (Institute of
Pourquier, France) a good correlation was found between
MAT (69.3%, 1:80) and ELISA (72.6%) with 150 sheep sera
from Iran (Hamidinejat et al., 2008).

2.3. Isolation and genetic characterization of T. gondii from
tissues of naturally-exposed sheep

2.3.1. Isolation of T. gondii

Viable T. gondii have been recovered from tissues of
persistently infected sheep (Table 3). In addition, attempts
were made to isolate T. gondii from sheep using a variety of
techniques. Elmassry et al. (1990) isolated T. gondii from
sheep using a bioassay in cats. In this assay, cats fed minced
mutton from samples pooled from 40 sheep in Egypt and
were found to shed T. gondii oocysts. Cremers et al. (1991)
did not find bradyzoites by microscopic examination of
digests of 5 g muscle samples from 40 sheep although 65%
of these sheep were seropositive. Jungersen et al. (2002)
isolated viable T. gondii from five slaughtered sheep and
seven aborted lambs in Denmark but did not provide
additional details. Owen and Trees (1999) isolated T. gondii
from the hearts of two healthy lambs in England; no details
were given. Belbacha et al. (2004) found tissue cysts by
direct microscopic examination in 30% of 50 brains taken
from sheep in Morocco.

2.3.2. Genetic characterization

Little genetic typing has been performed on T. gondii
isolates from sheep. Owen and Trees (1999) found that
DNA amplified directly from the placentas of 13 aborted
sheep from 10 widely separated farms in the United
Kingdom and two isolates from the hearts of lambs from an
undefined location were all Type II, based on the SAG2
locus. Jungersen et al. (2002) reported that 11 isolates of T.
gondii from Denmark (six from aborted lambs, five from
healthy sheep) were also Type II. The results from the

United Kingdom and Denmark are of interest because
there was no difference in genotype based on health
(abortion) status of the animals. Dumétre et al. (2006)
found that all eight T. gondii isolates from adult sheep,
persistently infected with T. gondii, from France were
clonal Type II, using the SAG2 locus and five satellite
markers (TUB2, TgM-A,W35,B17, and B18). Using the same
markers as Dumeétre et al. (2006), Zia-Ali et al. (2007) found
that of four isolates of T. gondii from adult sheep in Iran,
two isolates were Type Il and two were Type III.

Dubey et al. (2008) found 15 genotypes among 57 T.
gondii isolates using 10 PCR-RFLP markers, suggesting high
genetic diversity of the parasite in lambs from Maryland,
Virginia and West Virginia. Phylogenetic analysis indicated
that the clonal Type II lineage and its closely related
genotypes accounted for 68% (39 of 57) of the isolates. The
Type III lineage accounted for 14% (8 of 57) of the strains
and was the second most prevalent genotype. The
identification of unique alleles in several loci including
SAG1 in 2 isolates, c22-8 in 1 isolate, and PK1 in 1 isolate,
indicates that the genetic makeup of the non-clonal
genotypes are quite diverse. Most of the non-clonal
genotypes have a combination of alleles of types I, Il and
III from different loci. It is not clear if those are simply
recombinants from genetic crosses of clonal Type I, Il and
III strains, or are diverged lineages. In summary, published
data indicated that Type Il was the predominant lineage of
the strains isolated from sheep. Interestingly, no Type I
isolate of T. gondii has been found in sheep to date.

2.4. Abortion and lamb losses due to toxoplasmosis

T. gondii has been recognized as one of the main causes
of infective ovine abortion in New Zealand, Australia, UK,
Norway, and the USA (Dubey and Beattie, 1988). Actual
losses in lambs due to toxoplasmosis are difficult to
estimate because (1) the disease is usually sporadic, (2)
only a small number of aborted lambs are submitted for
diagnosis, (3) those submitted may be inadequately
examined, (4) unsuitable material may be sent for
diagnosis, (5) the serologic test may not be specific, and
(6) toxoplasmosis does not produce clinical disease in the
ewe, so this disease does not alarm the farmer as much as
other bacterial and viral infections.

Table 4 summarizes reports of abortion in sheep as a
result of T. gondii infection in different countries in the last
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Table 4
Reports of T. gondii induced abortion in sheep.
Country No. of fetuses exam. % positive Diagnostic methods?® Reference
Other causes investigated IHC PCR Fetal serology

Germany 47 10.6 Yes Yes Yes No Steuber et al. (1995)
Italy 582 11.1 No No Yes No Masala et al. (2003)

366 18.1 Yes No Yes No Masala et al. (2007)
Spain 53 16.9 Yes No Yes Yes Hurtado et al. (2001)

173 23.1 No Yes Yes Yes Pereira-Bueno et al. (2004)
USA 556 13.7 Yes Yes No Yes Dubey et al. (1990)

1201 17.5 Yes Yes No Yes Dubey and Kirkbride (1990)

PCR = polymerase chain reaction.
2 [HC = immunohistochemistry.

20 years. T. gondii or T. gondii DNA was detected in up to
23% of aborted fetuses. Pereira-Bueno et al. (2004) made an
extensive investigation on aborted fetuses in Spain. They
detected T. gondii DNA in 23.1% of 173 fetuses submitted to
one diagnostic facility. Of these, 106 fetuses were
examined by 3 techniques: histology, fetal serology, and
PCR. T. gondii was detected in 37 (34.9%) of 106 fetuses by
one or more of the techniques: 4 by all three tests, 7 by PCR
and serology, 2 by histology and serology, and 24 by only 1
test (6 by histology, 1 by PCR, and 17 by serology). Of the 2
serologic tests used, there was a 100% agreement between
IFA (titer 1:32) and ELISA (50 IU). T. gondii aborted fetuses
submitted for examination, were in the mid (60%) or last
(40%) term of gestation (Pereira-Bueno et al., 2004).

Masala et al. (2003, 2007) reported T. gondii, detected by
PCR, in the tissues of aborted sheep in Sardina, Italy. In the
first survey (1999-2002), T. gondii DNA was found in 271 of
2471 (11.1%) fetuses; in 42 of 133 (31.5%) placentas, 76 of
496 (15.3%) muscle samples, 63 of 500 (12.6%) brains, 32 of
420 (7.6%) abomasi, 34 of 479 (7%) livers, and 24 of 394
(6%) spleens. In the second survey of sheep from 98 farms
(2003-2005), they found T. gondii DNA in 53 of 292 (18.1%)
fetuses; in 10 of 76 (13.1%) placentas, 34 of 274 (12.4%)
muscle samples, 33 of 275 (12.0%) brains, 21 of 250 (8.4%)
abomasi, 22 of 268 (8.2%) livers, and 18 of 230 (7.8%)
spleens. In both surveys, DNA detection was the highest
using muscle and brain samples of the fetuses. They also
reported prevalence of DNA of other abortifacients,
including Neospora caninum. However, histological exam-
ination was not done. Several researchers from the UK
(Wheeler et al., 1990; Turner et al., 1991; Greig et al., 1993)
reported on the value of detection of T. gondii DNA in
aborted specimens, especially from autolyzed fetuses that
are unsuitable for histologic examination.

In addition to the information presented in Table 4,
there have been other reports of abortion in sheep linked to
T. gondii infection. Thamsborg et al. (1994) reported
toxoplasmic abortion in a small flock in Denmark; 9 of
15 ewes aborted and the diagnosis was confirmed in 5
fetuses using histological techniques or by bioassay in
mice. Verma et al. (1989a) isolated T. gondii from 3 of 77
aborted fetuses in India. Szeredi and Bacsadi (2002)
identified T. gondii immunohistochemically in 5 ovine
fetuses from 5 flocks in Hungary; in 4 of these fetuses there
was also concurrent Chlamydophila abortus infection.

Weissmann (2003) reported presumptive T. gondii abor-
tion in a Canadian flock based on history, and serology of
the dam, and the finding of placentitis in a fetus.
Underwood and Rook (1992) diagnosed toxoplasmosis in
a flock of sheep in the USA that had a 27.2% lamb mortality;
placental lesions characteristic of toxoplasmosis and T.
gondii antibodies were found in all 11 aborted fetuses
examined.

Johnston (1988) suggested that T. gondii may cause
barrenness in sheep. Although fetal serology and DNA
detection are useful aids, histopathology is essential to
establish a cause-effect association, because T. gondii can
be passively transmitted transplacentally and fetuses can
die of other causes.

Detection of T. gondii antibodies in fetal fluids or serum
is useful in the diagnosis of ovine abortion. Arthur and
Blewett (1988) examined fetal fluids from 171 aborted
fetuses from 55 flocks in Scotland and found that an IFA
titer of 1:256 was diagnostic of exposure to T. gondii. Trees
et al. (1988) examined 478 aborted ovine fetuses in
England and found T. gondii antibodies in 40.4% by the
MAT, in 40% by the dye test, in 37.4% by IFA, and in 29% by
the latex agglutionation test (LAT), using a dilution of 1:16
in all tests.

It has been reported that 7-32% of abortion outbreaks in
New Zealand sheep from 1973-1989 were caused by T.
gondii with higher rates in the 1980s (Gumbrell, 1990; Orr,
1989). T. gondii has been suspected as a cause of ovine
abortion in Morocco (Benkirane et al, 1990), Egypt
(Hassanain et al., 1992), Turkey (Oncel et al., 2005), and
Uruguay (Savio and Nieto, 1995; Freyre et al., 1997) based
on dam serology.

2.5. Sub-clinical congenital transmission

The rate of sub-clinical congenital transmission has not
been documented because only a few animals are tested
once a diagnosis has been established. An example where
sub-clinical congenital transmission of T. gondii was
documented in sheep is provided in the paper of Dubey
and Kirkbride (1989b). In this study, a flock of 80
Hampshire ewes were pastured in 1987 on a farm in
South Dakota, USA. The 80 ewes produced 144 lambs of
which 30 were stillborn. Toxoplasmosis was confirmed in
11 of 30 aborted lambs based on fetal serology and
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immunohistochemical examination. T. gondii antibodies
(MAT) were found in 68 of 114 (40.3%) surviving lambs 3-4
months after birth; 2 had titers of 1:64, 1 of 1:256, 12 of
1:1024, and 53 had titers of 1:4096. These high titers are
indicative of an immune response initiated by an active
infection and not due to passive immunity acquired
through suckling of colostrum. Eight lambs, with MAT
titers of 1:1024 or higher, were slaughtered when they
were seven month old. T. gondii was isolated from the
hearts of three lambs, the tongues of seven lambs, the leg
muscles of eight lambs, and from the chops of seven lambs
using a bioassay in mice with 100 g samples of each tissue.
(Dubey and Kirkbride, 1989b). Serological examination of
the ewes 2-3 weeks after lambing revealed that 56 of 80
ewes had MAT titers of 1:64 or more, indicating a high rate
of infection in the ewes.

2.6. Prenatal, post-natal, and repeat transmission of T. gondii

Until recently, the prevailing view was that most sheep
acquire T. gondii infection after birth. Although exact data
are not available it is thought that <2% of sheep become
congenitally-infected with T. gondii, and less than 4% of
persistently infected sheep transmit it to the next
generation (Dubey and Beattie, 1988; Buxton et al,
2006, 2007). Evidence for these conclusions is based on
three older studies (Hartley, 1961; Watson and Beverley,
1971; Munday, 1972) and one recent study (Rodger et al.,
2006). Studies reported by Hartley (1961) and Watson and
Beverley (1971) studied experimentally infected ewes. Of
38 ewes infected with T. gondii during a previous
pregnancy, all but one gave birth to uninfected lambs; T.
gondii was isolated from only one placenta (Hartley, 1961).
Of 26 ewes inoculated with T. gondii during a previous
pregnancy, 24 had uninfected, live lambs; one aborted
twins and one was barren. T. gondii was isolated from the
brain of the aborted lamb (Watson and Beverley, 1971). Of
178 lambs born to 135 persistently naturally infected
ewes, none had precolostral T. gondii antibodies; the
placenta of one was infected with T. gondii (Munday, 1972).
Recent studies by a group of researchers from Scotland
(Buxton et al., 2006; Rodger et al., 2006) supported these
findings that congenital transmission of T. gondii from
ewes persistently infected with the parasites is infrequent.
Their observations were based on a flock of 46 Scottish
black ewes; 31 of these were seropositive and 15 were
seronegative for T. gondii (Buxton et al., 2006; Rodger et al.,
2006). Progeny of these ewes and placental tissue were
tested using histopathology, PCR, pre-colostral lamb
serology, along with clinical outcome to determine the
presence of T. gondii. The seropositive ewes delivered 43
live and six dead lambs, but none of the lambs were
infected with T. gondii based on histopathology, DNA
analysis, or the presence of T. gondii antigen, and/or intact
tachyzoites in immunohistochemical analysis of tissues.
Antibodies were not found by IFA in fetal fluids from the
dead lambs or in precolostral sera from all but two live
twin lambs using western blot. Thus at the most, only one
of the 31 (3.2%) naturally infected ewes had transmitted
the infection transplacentally. The seronegative ewes
produced 24 live uninfected lambs. In conclusion, all 4

studies discussed above reached the same conclusion that
congenital transmission of T. gondii from ewes persistently
infected with the parasite, may occur, but is very
infrequent.

Recently, a series of papers was published from a group
of researchers in England (Duncanson et al., 2001; Morley
et al., 2005; Williams et al., 2005; Morley et al., 2008).
These authors proposed that repeat transplacental trans-
mission of T. gondii in sheep maybe more common than
previously believed. However, all the evidence they
presented was based on the detection of T. gondii DNA
by PCR. In the first paper, placental and fetal tissues from a
flock of 88 Suffolk cross sheep in Worcestershire were
tested for T. gondii DNA. They detected DNA in the placenta
of 37 of 70 sheep birthing live lambs, indicating a 42%
congenital transmission. T. gondii DNA was detected in 17
of 18 placental and fetal tissues; from the brains of 15, and
hearts of 14 (Duncanson et al., 2001). Similar findings were
reported in a study of two pedigree Charollais sheep flocks
in Cheshire and a Suffolk flock Worcestershire (presum-
ably the same flock studied by Duncanson et al., 2001). In
these three flocks 4.5-18.9% of lambs aborted witha 91% T.
gondii infectivity rate based on PCR (Williams et al., 2005).
More interestingly, 65% of live lambs had evidence of T.
gondii DNA based on placental or cord samples. These three
flocks were geographically separated. The higher abortion
rate observed in the Charollais as compared with the
Suffolk flock raises the important question of breed
susceptibility (Williams et al., 2005), although abortion
may be caused by several other agents eg: chlamydophila
abortus, so it is important to do a differential diagnosis on
abortion material submitted for examination. In the third
paper, abortion and T. gondii infection were associated
with different families of Charollais sheep within a flock
(Morley et al., 2005). In this study, abortion data in 765
ewes from 27 families in one flock were analyzed. The
abortion rate varied from 0-100%. In total, tissues of 155
aborted lambs were tested for T. gondii DNA. The frequency
of T. gondii positive lambs also varied from 0 to 100%
(Morley et al., 2005), however again the group did not look
for the presence of other abortifacient agents in this study.
In a fourth paper (Morley et al., 2008), further observations
were conducted on the Charollais sheep flock reported on
by Morley et al. (2005). In this study, 29 ewes were selected
based on whether they had two or more lambings during
the 2000-2003 seasons. Of these 29 ewes, nine (31%)
produced T. gondii-positive progeny over two successive
lambings. Of the 35 lambs from these nine ewes, 12 were
born alive and 22 were aborted or mummified; more
importantly 33 of the 35 lambs were PCR-positive (Morley
et al., 2008). A major shortcoming of these studies is that
their conclusions are based solely on T. gondii DNA
detection; they have not demonstrated T. gondii-associated
lesions using conventional histopathology which would
have helped to establish a cause-effect relationship nor do
they look for the presence of other abortifacient agents.

3. Experimental toxoplasmosis in sheep

In the last 20 years, several authors reported on
experimental studies of ovine toxoplasmosis using differ-
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Table 5

Experimental toxoplasmosis in sheep orally inoculated with oocysts.

T. gondii isolate Dose No. other details Remarks Reference

M1 2000, 12000 20 (10 + 10), 91-94 gestation Fever, abortion, dead lambs. Antibody Buxton et al. (1988),
titers compared in IFA, IHA, and LAT Trees et al. (1989)

TS1, 2 10000 9 (3 per strain) pregnant Fever, diarrhea, abortion, dead lambs Aganga et al. (1988)

Nigerian isolates

M1 2000, 200, 20 59 ewes
M1 2000 13 ewes at 91 day gestation
M3 A. 20, 70, 200, 14, mo-old lambs fed

700, 2000 graded doses

B. 2000 20, 80-90 day gestation ewes
TS1 100 17, 105-days to late gestation
M3 2000 34, 90-day gestation
Not stated 2000 4 pregnant ewes
M1 21, 90-day gestation

ewes, 3 rams

1500 (in 3 doses ewes

of 500)
M1 2000 18, 80-90 day gestation
M3 1000-100,000 12, 9-mo-old Grey face
M3 2000 10, adult sheep
M3 2000 30, 89-day gestation
M3 200 30, 89-day gestation

T. gondii found in semen and milk

All 19 ewes fed 2000 oocysts became
feverile, and became immune, only

3 of 10 ewes fed 200 oocysts seroconverted.

Ewes seroconverted starting 14 days p.i.
20 oocysts were not infective

Fever, abortion, dead lambs. Ewes
seroconverted starting 14 days p.i.

All lambs developed fever and antibodies
to T. gondii.

Fever, abortion, dead lambs. Ewes
seroconverted starting 14 days p.i.

Fever, dead congenitally-infected lambs
Fever, abortion, dead lambs. Ewes
seroconverted satating 14 days p.i.
Fever, abortion

Fever, abortion, mummification, dead
lambs, live lambs. Seropositive at 21 days
p.i. Sera tested using recombinant ELISA.
Direct PCR-found sensitive for diagnosis
of congenital toxoplasmosis

Fever, abortion, resorption, live
congenitally-infected lambs.
PCR found sensitive for diagnosis

Fever, parasitemia between 3-10 days p.i.,
seroconversion starting 12 days in ELISA

and IFA. Tissue cysts not found by histology.

DNA found in tissues.

Fever, parasitemia, viable T. gondii found in
ovine tissues by bioassays in mice.

Fever, dead congenitally-infected lambs
Fever, dead congenitally-infected lambs

McColgan et al. (1988)

Buxton et al. (1989)

Buxton et al. (1991)

Kirkbride et al. (1992)
Buxton et al. (1993a)

Samad and Clarkson (1995)

Coughlan et al. (1995),
Owen et al. (1998a)

Owen et al. (1998b)

Esteban-Redondo and
Innes (1998)

Esteban-Redondo

et al. (1999)

Buxton et al. (1993b)
Buxton et al. (1996)

ent strains of T. gondii. Results from these studies are
summarized below.

3.1. Clinical disease in sheep orally inoculated with oocysts

Sheep can be easily infected by feeding them sporulated
T. gondii oocysts. Most of the experimental studies
performed were in the UK, using the M1 or M3 isolates
of T. gondii originally isolated from sheep. The data from all
of these studies are summarized in Table 5 in order to
facilitate future studies with respect to experimental doses
used to infect sheep. In this author’s opinion, even a few
live oocysts can infect sheep; pigs fed as few as one oocyst
developed patent T. gondii infection (Dubey et al., 1996).
Lambs (14 month-old) fed 20 oocysts each became
infected (Buxton et al., 1991), and ewes given 100 oocysts
produced congenitally infected lambs (Kirkbride et al.,
1992). Before dosing sheep it is advisable to verify the
infectivity of oocysts by bioassay in mice because some
oocysts may not be viable. This may be the reason that in
the study reported by McColgan et al. (1988), only 3 of 10
sheep fed 200 oocysts became infected.

Sheep given an oral dose of viable oocysts developed
fever and occasionally showed some respiratory distress,
but recovered by 14 days p.i. (Table 5). None of the sheep
died as a result of administration of an oral dose of T. gondii
oocysts. Some ewes aborted during the acute phase
(second week) of infection, probably due to pyrexia and
hormonal regulation (Trees et al., 1989; Owen et al.,
1998b; Aiumlamai et al., 1990; Fredrickson et al., 1990).
Ewes fed 100 or more oocysts at mid gestation aborted or
produced dead lambs, usually 4 weeks p.i. In one study
even ewes infected in the last trimester produced dead
lambs (Kirkbride et al., 1992).

3.2. Immunological responses

Sheep can develop very high levels of T. gondii
antibodies during acute infection and high IgG antibodies
can persist for months or years (Dubey and Beattie, 1988).
Trees et al. (1989) followed the kinetics of IgG and IgM
antibodies in 20 sheep fed oocysts using three tests (IFA,
LAT, indirect heamagglutination assay (IHA) and drew the
following conclusions. A titer of 1:16 in the LAT was
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considered non-specific because this titer was found in
pre-inoculation samples and titers increased 8-fold after
feeding of oocysts to sheep. In general, antibodies were
detected later by IHA as compared with IFA. T. gondii
specific [gM antibodies peaked at 3 weeks p.i. and preceded
an IgG response. Similar kinetics for a T. gondii specific IgG
response, in sheep orally infected with oocysts, were found
using an ELISA (McColgan et al., 1988; Coughlan et al.,
1995; Esteban-Redondo and Innes, 1998; Esteban-
Redondo et al., 1999) and also in sheep parenterally
inoculated with tachyzoites (Payne et al., 1988). In sheep
inoculated intravenously with the RH strain tachyzoites,
IgM was detected by one month p.i., persisted for three
month p.i. and re-infection did not increase the antibody
titer (McColgan et al., 1988). Tenter et al. (1992) reported
that two sheep fed 5000 or 50,000 oocysts developed
antibodies detectable by ELISA by 14 day p.i. Sheep
inoculated intraperitoneally with RH strain tachyzoites
developed antibodies detectable by immunoprecitation by
24 days p.i. (Verma et al., 1989Db).

As T. gondii is an obligate intracellular parasite,
protective immunity in sheep, similar to the situation in
other host species, involves cellular responses and most of
the information in this regard is derived from studies by a
group of researchers from Scotland using sheep infected
with the S48 (vaccine) strain (Wastling et al., 1993, 1994,
1995; Buxton and Innes, 1995; Innes et al., 1995a). Using a
technique involving chronic cannulation of the efferent
duct of a lymph node draining the site of infection, this
group was able to monitor the development of immune
responses in vivo over the course of an acute infection with
T. gondii. Immune cells from the infected animals were also
used in functional studies to examine their anti-parasite
activity. They concluded that T-cells (CD4+, CD8+) and IFN-
vy were critical in recovery from a primary infection with T.
gondii and were an important component of the protective
immune response (Innes et al., 1995b).

3.3. Detection of T. gondii in tissues of sheep fed oocysts

Earlier studies in this author’s laboratory using an oral
dose of 10,000 oocysts demonstrated that T. gondii can
persist for more than five month in tissues of asympto-
matic sheep (see Dubey and Beattie, 1988). Esteban-
Redondo and Innes (1998), and Esteban-Redondo et al.
(1999) compared several methods to detect T. gondii in
ovine tissues. Sheep (4 for each dose) were fed 1000,
10,000, or 100,000 oocysts and killed 6 weeks p.i. (Esteban-
Redondo and Innes, 1998). Samples of all the major organs
were collected to allow analysis for the presence of T.
gondii using a range of different techniques. Samples of all
tissues were fixed in formalin and studied histologically, in
addition approximately 2 g samples of brain, heart,
skeletal muscle, and peripheral blood monocytes from
1 to 14 days p.i. were tested for the presence of T. gondii
DNA at 6 weeks p.i., T. gondii DNA was detected in 8 of 12
sheep. It was more readily detected in the samples from
the group of sheep receiving the highest dose of oocysts
and the parasite was more frequently detected in the brain,
and heart than in muscle samples. T. gondii was not
detected using histological techniques (Esteban-Redondo

and Innes, 1998). Similar results were found in a second
study by these authors (Esteban-Redondo et al., 1999). In
this study, sheep were examined at six weeks and six
months after feeding 1000 or 100,000 oocysts. T. gondii
DNA was detected more frequently from tissues of sheep
fed the higher dose, and more readily from the brain and
heart than from muscle tissue. As a comparison, the
authors performed a similar experiment in cattle and did
not detect T. gondii DNA from any of the tissues examined
from cattle fed a similar number of T. gondii oocysts as
those used to dose sheep (Esteban-Redondo et al., 1999).

4. Reducing losses in sheep due to toxoplasmosis
through prophylaxis

4.1. Vaccine

A live vaccine (Toxovax™) is commercially marketed in
the UK, France and New Zealand for reducing losses to the
sheep industry from congenital toxoplasmosis (Buxton and
Innes, 1995). This vaccine was initially developed in New
Zealand (O’Connell et al., 1988; Wilkins et al., 1988; Wilkins
and O’Connell, 1992), and further efficacy studies were
conducted by Buxton and his colleagues in Scotland. The
vaccine consists of a modified strain (S48) of T. gondii,
originally isolated from an aborted lamb in New Zealand. By
repeated passage in mice for many years, the strain lost the
capacity to form tissue cysts and oocysts. The commercial
vaccine consists of live cell culture-grown tachyzoites that
have a shelf life of 10 days. It is recommended to be given 3
weeks before mating. One subcutaneous injection of this
2 ml suspension induces protective immunity for at least 18
months (Buxton and Innes, 1995). After subcutaneous
inoculation, S48 tachyzoites multiply locally, producing
parasitemia and fever. Tachyzoites are controlled by the
host immune response as soon as 10 days p.i. and are not
demonstrable by bioassay at 6 month p.i. (Wilkins and
O’Connell, 1992, Buxton et al., 1991, 1993b, 1994).
Vaccinated sheep develop humoral and cellular immunity
involving CD4, CD8 T cells, and IFN-y (Wastling et al., 1993,
1994, 1995; Innes et al., 1995b). The mechanism of this
persistent immunity in the absence of demonstrable live T.
gondii is most intriguing and needs further research.

The search for a non-infectious vaccine should continue
because of the existing shortcomings of the live vaccine—a
short shelf life and safety concerns for those handling it.
Identifying new methods of antigen delivery to induce
appropriate immune responses and characterization of the
protective antigens should continue (Buxton et al., 1989;
Lundén, 1995; Stanley et al., 2004).

4.2. Prophylactic treatment

Prophylactic treatment of ewes with monensin has
been reported to reduce fetal mortality due to toxoplas-
mosis (Buxton et al., 1988). Ewes given daily doses of 16.8
or 279 mg of monensin had fewer abortions than
unmedicated ewes. Both groups were challenged with
2000 or 12,000 T. gondii oocysts at 91-94 days of
pregnancy; lamb mortality was 16.7% in ewes fed
monensin versus 55.2% mortality in lambs from ewes
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not fed monensin. Similar results were obtained by feeding
sulfamezathine and pyrimethamine (Buxton et al., 1993b)
or decoquinate (Samad and Clarkson, 1995; Buxton et al.,
1996). However, feeding another ionophore, lasalocid, did
not prevent fetal loss due to toxoplasmosis (Kirkbride et al.,
1992).

5. Concluding remarks

Despite the advances in our understanding of ovine
toxoplasmosis, several aspects of the disease in sheep
require further research effort. These include understand-
ing whether there may be breed differences or genetic
differences relating to disease susceptibility in sheep In
addition, the extent to which T. gondii-associated repeat
abortion may occur in flocks, and the need for a non-viable
vaccine to prevent infection and abortion.
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