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Abstract : The obligatory intracellular protozoan parasite Toxoplasma gondii is a major world wide cause of infectious
ovine abortion. In some different diagnostic techniques that are being used to detect this pathogen in ovine fetuses,
immunohistochemistry (IHC) is a very sensitive and expensive one. Histopathology is not truly a specific and sensitive
test for Toxoplasma infection but it can be helpful to choose some suspected tissues for IHC. In this study 9.5% of
200 samples (aborted ovine fetuses internal organs such as brain, liver, heart, lung, kidney, spleen) (4.6~14.4% with
95% CI) were positive in IHC with a very good logical agreement among different diagnostic techniques (κ = 0.73,
0.8) and with no significant difference among different fetal age groups (p > 0.05).
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the infection when only a few organisms are present [19], so
we combined it with easy IHC technique based on fluorescence labeling of antigen/antibody complex as a more sensitive and specific test.
IHC is a combination of histological, immunological and
biochemical techniques used for the identification of the specific tissue components by means of specific antigen/antibody reaction tagged with a visible label.
There are different IHC techniques for T. gondii detection
such as PAP technique [19], fluorescent labeling [7, 12],
Vectastain avidin biotin complex method (Vector Laboratories, USA) and DAKO En Vision (DAKO corporation, USA).
The aim of this study is 1) to determine the ovine abortion
prevalence by different diagnostic methods in north-east of
Iran 2) to set up an easy IHC technique for detection of the
infection 3) to compare the data collected by IHC with the
most widely used techniques such as PCR and serology in
diagnosis of the infection in ovine fetuses.

Introduction
The obligatory intracellular protozoan parasite Toxoplasma
(T.) gondii is a major cause of infectious abortion all over the
world. Toxoplasma was first reported to be an important
pathogen in sheep in 1950s [9, 10].
The route of transmission of the parasite to sheep is devided into two routes: ingestion of the infective oocysts shedding by infectedcats and congenital transmission [11].
Recrudescence of internal ovine infection that recently has
been considered, can also play an important role in Toxoplasma life cycle. Therefore, congenital transmission is found
to be more important than what was previously assumed [5,
11, 14, 15].
Most of the times, various diagnostic techniques are used
in T. gondii infection. In order to investigate ovine toxoplasmosis in the north-east of Iran, we examined 200 aborted
fetal brains by PCR and maternal serology by indirect fluorescent antibody test (IFAT) [17], to complete this study,
pathological and immunohistochemical (IHC) diagnosis of T.
gondii was done on different tissues collected from those
aborted fetuses. Histopathology of T. gondii is not a decisive
test for detection of the infection because it is not suitable for
severely decomposed fetuses and it is difficult to diagnose

Materials and Methods
Pathology
This procedure was done by a thorough sampling, fixation, dehydration, paraffin infiltration, blocking, sectioning
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and mounting as described by Soleimani Rad [18]. The prepared tissues then were stained with haematoxylin and eosin
method [13] and were viewed under light microscope.

Monoclonal antibody
Anti-P30 antibody (Serotec, UK) and anti sheep IgG conjugated to FITC complex (Serotec) were used to increase
specificity and sensitivity of IHC.
IHC
All available fetal tissues of positive samples in PCR and
IFAT [17] and fetal brain tissues of PCR and IFAT negative
samples were tested by IHC [7]. A five-micrometer section
of each tissue was deparaffinized in xylol for 30 min and
rehydrated in 100%, 85%, 70%, 50% ethanol solution and
distilled water, respectively, each for 2 to 5 min.
No pretreatment was done for antigen retrieval and between
each incubation slides were rinsed 3 times in PBS, pH 7.4,
each for 5~10 min.
Blocking was carried out by incubation of slides with
50~100 µL of 1.5% bovine serum albumin (BSA) diluted in
PBS and 50 mM glycine for 1 h in humid chamber at room
temperature.
Antibody1: antibody was added 1 : 1 to 0.15% BSA diluted
in PBS, incubated 30 min in humid chamber at room temperature.
Antibody 2: anti-sheep IgG-FITC (Serotec) added 1 : 1 to
0.15% BSA diluted in PBS, incubated 30 min in humid
chamber at room temperature.
Counter stain: Evans blue 1% (Biogene, Iran) diluted 1 : 50
with PBS was used for counterstaining. Glycerin buffer was
added to slides and viewed under fluorescent microscope.
Tachyzoites or tissue cysts were seen with a green fluorescent shining under fluorescent microscope.
One positive and negative control tissue for each set of
tests should be included in each staining run. For positive
control we use samples of ovine congenital outbreak
(Maryam Rassouli, Iran) that Toxoplasma cysts were seen in
histopathology. For negative control, PBS was added instead
of antibody.

Fig. 1. (A) Spinal cord tissue: Liquefactive necrosis in gray
matter. (B) Brain tissue: meninge hyperemia, edema, ischemic
cell changes. (C) Brain tissue: a; leukoencephalomalacia, b;
severe hyperemia, edema, c; ischemic cell changes, demyelination. (D) Brain tissue: perivascular cuffing of inflammatory cells.
(E) Brain tissue: Hemorrhage around vessel. (F) Brain tissue:
myelin degeneration in cerebral white matter. (G) Lung tissue:
serous pneumonia. H&E stain, A: ×4, B-D: ×10, E and F: ×20.
Table 1. Some of the recorded macroscopic lesions suspected to
Toxoplasma gondii infection
Tissue

Data analysis
The minimum and maximum range of ovine abortion prevalence and occurrence of congenital transmission were calculated with 95% confidence interval (CI) and the level of
agreement (kappa statistics, ver. 16; SPSS, USA) was measured to analyze any association between congenital infection among different diagnostic techniques used [6]. The Chisquare test was used, SPSS16, to analyze the association
between congenital infection and gestational age.

Results
Age and macroscopic lesions of aborted ovine fetuses were
recorded. Macroscopic lesions were seen in 122 of 200

Macroscopic lesions

Liver Hemorrhage (1 case)
Muscle Necrosis (1 case)
Heart Hyperemia, hemorrhage and necrosis (4 cases)
Lung Hydrothorax, hyperemia and hemorrhage (6 cases)
Kidney Swelling, necrosis, hypoplasia, hyperemia, necrosis (5 cases)
Brain Hydrocephalus, encephalomalacia (4 cases)
Placenta Congestion and swelling (1 case)

(61%) samples, some of which were not typical for toxoplasmosis. In suspected cases some macroscopic lesions as they
were summarized in Table 1 were recorded.
All of the common pathological lesions (necrosis, hyperemia, hemorrhage, edema and inflammatory cells infiltration)
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Table 2. Common pathological lesions of infectious ovine abortion cases

Liver
Spleen
Heart
Lung
Kidney
Brain
Cerebellum
Fetal membranes

Necrosis

Hyperemia

hemorrhage

Inflammatory
cells infiltration

Edema

16
–
58
–
20
10
51
51

54
30
42
66
48
88
57
–

10
54
10
58
22
14
52
–

22
12
10
–
–
–
–
51

–
–
–
56
54
35
53
–

Table 3. Histopathological lesions in aborted ovine fetuses
Tissue
Cerebrum
Spinal cord
Cerebellum
Heart
Liver
Kidney
Spleen
Lung

Lesions

Number

Meningitis, focal gliosis, ischemic cell change, leukoencephalomalacia and demyelination
Myelin degeneration and liquefactive necrosis in white matter
Ischemic cell changes in Purkinge cell and status spongiosus in white matter
Cell lysis, myocarditis and fibroblast proliferation
Focal necrosis
Cell swallow, glumerolitis, existence of different casts
Hemocydrosis
Severe pneumonia, peribronchial cuffing

23
1
2
2
3
24
4
24

Table 4. Toxoplasmosis in ovine fetuses based on gestation
time, diagnosed by IHC technique
Fetal age (days)

Number (n)

< 60
60~120
> 120
Dead after birth
Unknown
Total

3
39
81
55
22
200

IHC positive (%)
50
53
57
58
51
19

(0)
(10.25)
(8.64)
(14.5)
(4.54)
(9.5)

IHC: immunohistochemistry. X² value = 1.97, p > 0.05.

Fig. 2. Toxoplasma gondii tissue cyst stained by fluorescent
labeling IHC method, ×40.

were summarized in Table 2, but some of the specific lesions
were mentioned in details in Table 3, Fig. 1, they were not
typical for Toxoplasma infection but some of them especially central nervous system (CNS) lesions could be helpful
in diagnosis. No Toxoplasma cyst was seen in all different
tissues of 200 samples.
IHC positivity (Fig. 2) was recorded in 18 brain, 9 kidney,
7 liver, 10 lung and 3 spleen tissues of 19 samples. All of
these 19 samples were positive in PCR and maternal serology, so the Toxoplasma-induced ovine abortion was esti-

mated 9.5% (4.6~14.4% with 95%CI) but there were no
significant difference among various age groups (X value =
1.97, p > 0.05, Table 4). There was a very good logical
agreement between IHC and serology (κ = 0.73) and anexcellent agreement between PCR and IHC (κ = 0.8) [6].
2

Discussion
Histopathology could help T. gondii diagnosis in tissue
sections, especially in placenta and CNS tissues. Some samples of placental cotyledons may show moderate edema of
mesenchyme of the fetal villi with a diffuse hyper cellularity
due to the presence of large mononuclear cells. Sometimes, a
small number of intracellular and extracellular Toxoplasma
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are visible [16].
Unfortunately, in this study, we did not have access to any
placental cotyledons. Brain tissues present primary and secondary lesions in histopathology [1, 2]. In primary lesions,
there are inflammatory foci composed of microglia and other
mononuclear inflammatory cells and typically with necrotic
and sometimes mineralized centers. They represent a fetal
immune response following direct damage by local parasite
multiplication and are often associated with mild focal lymphoid meningitis. Secondary lesions manifest themselves as
focal leukomalacia. They are considered to be due to fetal
anoxia in late gestation caused by the progressive multifocal
necrosis in the placentome preventing sufficient oxygen
transfer from mother to fetus [1].
Leukomalacia most commonly occurs in the cerebral white
matter cores, but sometimes it also happens in the cerebellar
white matter. When both inflammation and focal leukoencephalomalacia are seen together, diagnosis is reasonably
certain, but less commonly it could also be seen in chlamydialabortion [3] or tick-borne fever [4].
Toxoplasma cyst is rarely found, at the periphery of these
lesions [16]. It is still not known what determines the possibility of Toxoplasma existence in tissue sections.
In this study we couldn't see Toxoplasma tissue cyst in any
part of thedifferent organs among the 200 samples but it was
easily seen in 4 samples submitted as an outbreak (Maryam
Rassouli, Iran).
Focal necrosis, as a non specific lesion that can be seen in
other organs such as liver, lung and heart. In these suspected
tissues Toxoplasma-induced lesions should be confirmed by
IHC [16].
In this study CNS lesions were more typical than lesions of
other organs which could be helpful to the approach used in
Toxoplasma diagnosis. IHC confirmed Toxoplasma infection
in 18 brain samples which showed various lesions from mild
to severe in histopathology.
IHC is a specific and sensitive method for T. gondii detection in tissue sections but the most important disadvantage is
that IHC is too expensive and specifically, not economical in
lots of samples. Therefore, it seems that there is not a much
broad study regarding to this field in the world. Uggla et al.
[19] could detect Toxoplasma cyst or Tachyzoites in heart,
lung, muscle, brain, spinal cord, eye, placenta and lymphoid
nodes by PAP method.
They could also show that CNS, placenta, lung and heart
are the more valuable organs. Furthermore, Gutierrez et al.
[8] mentioned that lung and placenta were as well as CNS
tissues in Toxoplasma detection by RT-PCR.
In this study we didn’t have any placenta samples but Toxoplasma could be detected in 18 brain and 10 lung tissues as
the most recorded ones. According to the agreement among
different diagnostic techniques, including this study and the
previous one [17], the lowest agreement was between IHC
and maternal serology and the highest one was between PCR
and maternal serology.

Comparison of different diagnostic techniques showed
9.5% were positive in all 3 tests (Nested-PCR and maternal
serology [17], and IHC) and 4% were positive in at least one
of these tests which confirmed the sensitivity of these tests
were different but their specificity were quite similar.
According to the results 4.6~14.4% (95% CI) of these 200
ovine abortion caused by T. gondii and by the very good
agreement (κ = 0.73) between IHC and maternal serology we
can conclude that congenital toxoplasmosis must be considered more important than what was previously assumed.
As some recent researches in the UK showed that recrudescence of internal infection can also be an important route
of transmission in Toxoplasma life cycle [5, 11, 14, 15], more
researches are needed to clarify these ambiguous aspects of
Toxoplasma infection.
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