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Abstract Toxoplasma gondii is an obligate intracellular
protozoan that has a major importance in public health, in
addition to veterinary medicine. Therefore, the develop-
ment of an effective vaccine for controlling toxoplasmosis
is an important goal. Excretory/secretory antigens (ESA),
were previously identified as potential vaccine candidates,
proved to play important roles in the pathogenesis and
immune escape of the parasite. In addition, autoclaved
Toxoplasma vaccine (ATV) is a special type of killed
vaccine, recently characterized. The aim of the present
work was, to compare between excretory/secretory and
ATV against RH strain of 7. gondii in mice based on;
parasitological and histopathological levels. Tachyzoites
were harvested from peritoneal exudates of infected mice
and were used for challenge infection and vaccine prepa-
ration. BCG was used as an adjuvant. Mice were allocated
equally into five groups; they were vaccinated intrader-
mally over the sternum. The results of this study showed
that the survival time after challenge, extended up to
16 days in ESA vaccinated group and up to 15 days in
autoclaved Toxoplasma vaccinated group. ESA vaccinated
group exhibited a profound decrease in parasite load fol-
lowing parasite challenge with a higher percentage of
reduction in parasite count in all examined organs than the
autoclaved Toxoplasma vaccinated group. The histopa-
thological picture of the liver in both immunized groups,
revealed marked reduction in the pathological changes
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observed as compared to controls, especially in ESA vac-
cinated group. It was concluded that vaccination with ESA
showed more promising results versus ATV, as demon-
strated by the survival rate of vaccinated mice, tachyzoites
count and histopathological examination.
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Introduction

Toxoplasma gondii is an obligate intracellular coccidian
protozoan which disseminates throughout the body causing
toxoplasmosis (Dimier-Poisson et al. 2003). It is consid-
ered an important food-borne parasitic disease, transmitted
primarily through meat consumption, mainly pork and
lamb. It is also disseminated into the environment through
food contaminated with oocysts shed in the stool of cats
(Costa-Silva et al. 2008).

In humans, toxoplasmosis is generally benign in
immunocompetent hosts usually resulting in mild, influ-
enza-like symptoms. However, there are frequent reports of
eye disease following acquired infection (Innes 2010) and
primary infection during pregnancy can result in abortion
or severe neonatal malformations (Liu et al. 2009). Fur-
thermore, under conditions of immunosuppression, such as
those with AIDS, neoplastic disease and transplant recipi-
ents, the infection may be reactivated resulting in fatal
encephalitis (Yuan et al. 2007).

So far, there is no drug available that has the ability to
eliminate the parasite, some drugs can help limit the multi-
plication of the parasite during the active stage of replication.
However, once the parasite encysts in the tissues, the drug
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loses its effectiveness (Coombs and Muller 2002; Innes
2010). Therefore, an obvious long-term goal of many sci-
entists is to develop of an effective vaccine, which would be
of great medical and veterinary value (Tan et al. 2011).
The parasite causes a spectrum of different diseases and
clinical symptoms within the intermediate hosts and fol-
lowing infection most hosts develop adaptive humoral and
cell-mediated immune responses. The development of
protective immunity to 7. gondii following natural infec-
tion in many host species has led researchers to look at
vaccination as a strategy to control disease, parasite mul-
tiplication and establishment in hosts (Innes et al. 2009).
Many efforts have been made to develop vaccines
against 7. gondii to reduce oocyst shedding in cats and
tissue cyst formation in mammals over the last 20 years, but
only a live-attenuated vaccine based on the S48 strain has
been licensed for veterinary use (Verma and Khanna 2012;
Zhang et al. 2013). To date, there have been numerous
attempts at developing successful vaccines against human
parasites, despite these substantial efforts by many labora-
tories, there is currently no licensed vaccine available for
human against parasitic diseases (Eissa et al. 2012).
Several T. gondii antigens, such as the major immunodom-
inant surface antigen SAG-1 (Bullow and Boothroyd 1991;
Khan et al. 1991; Darcy et al. 1992). Excretory/secretory anti-
gens (ESA), have been identified as potential vaccine candi-
dates, they are also thought to play an important role in the
pathogenesis and immune escape of the parasite (Yamamoto
et al. 1998). The ESA can stimulate a better cell-mediated
immune response as compared to soluble or cyst antigens,
therefore, ESA antigen is an excellent candidate for research as
immunizing agents against 7. gondii infection (Rahman and
Anuar 1992). Daryani et al. (2003) compared between, Total
lysate antigen and ESA-fractions and they suggested that ESA-
F2 could be used as a good candidate for the development of
new immunization strategy against toxoplasmosis.
Autoclaved vaccine is a special type of killed vaccine that
contains all the antigens of the parasite resulting in better
stimulation of the immune system, resembling what occurs
in the natural course of infection (Modabber 1995). Eissa
et al. (2012) reported that Toxoplasma autoclaved vaccine
(ATV) resulted in better stimulation of the immune system
when compared to total lysate antigen. Thus, the aim of this
study was to compare ESA and ATV as vaccine candidates
based on parasitological and histopathological levels.

Materials and methods

Parasite

Tachyzoites of the highly virulent RH strain of 7. gondii
were maintained in our laboratory by intraperitoneal

passages into a laboratory bred Swiss albino mice every
three days. Tachyzoites were harvested from peritoneal
exudates of infected mice and were used for challenge
infection and vaccine preparation. Peritoneal exudates were
passed 10 times through a 27-gauge needle to release the
intracellular tachyzoites and were harvested in RPMI-1640
medium (Gibco, Invitrogen, USA) and washed twice in the
same medium containing 100 IU/ml penicillin and 100 pg/
ml streptomycin. The concentration of tachyzoites was
determined after adequate dilution in RPMI-1640 medium
by enumeration in a Neubauer counting chamber at 400 x
magnification (Araujo and Remington 1984).

Vaccines preparation
ATV preparation

The peritoneal exudates of several mice previously infected
with 7. gondii for three days were collected. They were cen-
trifuged at 500x g for 5 min to sediment heavier particles and
leukocytes. Then, the supernatant was re-centrifuged at
2,000xg for 5 min. The sediment was washed three times
with PBS (pH 7.4) by centrifugal sedimentation at
2,000xg for 5 min. The pellet was resuspended in saline to
give the required concentration of 8 x 10° in a volume of 0.1
PBS. The vaccine was dispensed into autoclaved screw capped
three ml vials, (1 ml/vial) that were subjected to autoclaving
for 15 min, at 120 °C, under pressure of 15 Ib and kept at
—20 °C until used. Vaccination dose was 0.1 ml of the vaccine
containing 8 x 10° T. gondii tachyzoites (Eissa et al. 2012).

ESA preparation

For preparing ESA in cell-free incubation media, each
1.5 x 10® RH strain tachyzoites per milliliter were aliquoted
into 10 tubes and incubated at 37 °C for 3 h under mild
agitation. Tubes were centrifuged at 1,000x g for 10 min and
their supernatants were filtered by passing through 0.22 pm
Millipore membrane filter (Millipore Corp., Bedford, MA,
USA), and stored at —20 °C until use (Zenner et al.1999).

Adjuvant

Bacille Calmette—Guérin (BCG) (Japan BCG laboratory)
was used as an adjuvant in a dose of 5 x 10° CFU/0.1 ml
injection. Animals received the adjuvant intradermally

over the sternum.

Experimental animals, infection and vaccination
schedule

Experiments were carried out on 75 Swiss albino mice,
6-8 weeks old. They were purchased from the animal house
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of the Medical Research Center, Faculty of Medicine, Ain
Shams University. They were allocated equally into five
groups (15 mice each), group 1 = ATV+BCG, group
2 = ESA+BCG, group 3 = BCG, group 4 = infected
control and group 5 = non infected control. Groups 1 and 2
mice were vaccinated intradermally over the sternum by
ATV and ESA, respectively; in three doses of 0.1 ml. BCG
was included in equal volumes in all inoculants (Kra-
henbuhl et al. 1972). The first vaccination dose was given,
followed 10 days later by the second dose and the third dose
was given 20 days after the second dose. Mice of groups 1
and 2 were challenged four weeks after the last vaccination
dose by 2,500 viable tachyzoites of RH strain injected
intraperitoneally, the same dose of viable tachyzoites was
used for infecting mice of group 3 and 4 (Araujo et al.
1992).

Assessment of vaccine efficacy
Parasitological study

The survival periods The survival periods were recorded
daily until all mice died; survival was recorded up to
16 days after challenge. Then cumulated frequency of
mortality and survival percent were determined using the
Kaplan—Meier curve (Yap et al. 1998).

Estimation of parasite count Impression smears were
made from liver, brain, spleen and lung, stained with
Giemsa stain. Counting of 7. gondii tachyzoites in different
tissue smears were carried out using oil immersion objec-
tives (100x) lens. The mean of ten different fields from
each organ of each mouse and the mean of each group of
mice were calculated (El-Temsahy et al. 2002).

Histopathological study of the liver, brain, spleen and lung

Specimens from the organs were fixed in 10 % formalin,
dehydrated in ascending series of ethyl alcohol, cleared in
xylol, and then embedded in paraffin. Serial sections, five
microns thick, were cut using microtome, and processed
for staining using haematoxylin and eosin stain. Sections
were put in xylol, passed in descending series of ethyl
alcohol, rinsed in water, stained in Harris haematoxylin,
washed under running water, then counter-stained using
eosin. They were dehydrated using ascending series of
ethyl alcohol, and then mounted in Canada balsam (Drury
and Wallington 1980).

Semiquantitative histopathological assessment of the
submitted specimens from tested groups was done for tis-
sues of the liver, spleen, lung and brain tissue. Liver sec-
tions were scored according to (Batts and Ludwig 1995).
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Score (0) was given for liver specimens showing an almost
normal hepatic tissue or mild portal tract inflammation.
Score (1) was given for liver specimens showing mild
periportal inflammation, kupffer cells hyperplasia in addi-
tion to previously described changes. Score (2) was given
to liver specimens showing beading of hepatic sinusoids by
mononuclear inflammatory cells in addition to previously
described changes. Score (3) was given for liver specimens
showing focal central necroinflammatory areasthepato-
cyte ballooning degeneration in addition to previously
described changes. Score (4) was given to liver specimens
showing multifocal necroinflammatory areas, disruption in
hepatic lobular architecture in addition to previously
described changes.

Statistical analysis SPSS software package version 19.0
was used for data analysis. Quantitative data was expressed
using mean and standard deviation. Differences were
considered significant if P values were equal to or less than
0.05 and highly significant when the P value was <0.001.

Ethical consideration All animal studies presented here
have been approved by the local government based on
national regulations for animal experimentation.

Results
Survival rate

Mice of the infected control group (group 4), all died by the
fifth day post infection with survival rate of 40 % on the
4th day. In the BCG infected control group (group 3) the
survival rate was 60 % on the 4th day, 30 % on the 5th day,
and 0 %on the 6th day. On the other hand, animals that
were vaccinated with either ATV (group 1) or ESA (group
2) in combination with BCG as an adjuvant, showed sig-
nificant increase in their survival rates, which were 100 %
on the fifth day post infection, dropped to 90 % on the 7th
day for group 1 and on the 9th day for group 2. The
maximum survival time extended up to 15th and 16th days
post infection in ATV (group 1) and ESA (group 2) vac-
cinated groups, respectively, survival in different groups of
mice was shown in (Fig. 1).

No significant difference was found between survival
curves of groups 1 and 2, no significant difference between
survival curves of groups 3 and 4, but highly significant
difference was found between survival curves of groups 1
and 3; groups 1 and 4; groups 2 and 3 and groups 2 and 4.
The mean of survival in group 1, group 2, group 3 and
group 4 was 11.5, 12.7, 4.9 and 4.4 days respectively
(Table 1).
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Fig. 1 Kaplan-Meier curve for Survival Functions
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Table 1 Pair wise comparisons between survival curve of the group 1, group 2, group 3, group 4 and group 5 and mean of survival
Group 1 Group 2 Group 3 Group 4
x> P value x> P value x> P value r> P value
Group 1 1.557 0.212%* 20.169 0.000%* 19.793 0.000%*
Group 2 1.557 0.212%* 20.169 0.000%* 19.793 0.000%*
Group 3 20.169 0.000%* 20.169 0.000%* 2.580 0.108*
Group 4 19.793 0.000%* 19.793 0.000%* 2.580 0.108*
Group 5 11.789 0.001%%* 9.120 0.003%%*%* 19.069 0.000%* 19.81 0.000%*

Means and (SD) of survival 11.5 £ 2.54 (SD)

12.7 £ 2.58 (SD)

4.9 £ 0.87 (SD) 44 £ 0.51 (SD)

SD standard of deviation

* P > 0.05 no significant difference; ** P < 0.001 highly significant difference; *** statistically significant at P < 0.05

Parasite count

Toxoplasma gondii tachyzoites were detected by Giemsa
stained impression smears from spleen, liver, lung and
brain of animals infected with 2,500 tachyzoites of the
virulent RH-strain of T. gondii. There was a non statisti-
cally significant difference in the mean count of tachyzo-
ites, in the same examined organ, between infected (group
4) and BCG-infected (group 3) controls.

On the other hand, mice that were vaccinated with ATV
or ESA showed a statistically significant difference when
compared to controls in all organs except for spleen in ESA

vaccinated group showed highly significant difference
when compared to infected control, with a percentage
reduction of 80.8 % in liver, 60.2 % in brain, 72.7 % in
spleen and 74.3 % in lung for the ATV vaccinated group
and a percentage reduction of 85.1 % in liver, 68.2 % in
brain, 84.6 % in spleen, and 82.3 % in lung for the ESA
vaccinated group (Table 2).

There was a non statistically significant difference
between the two vaccinated groups in liver, spleen and lung.
There was statistically significant difference between the two
vaccinated groups in brain with the least count of tachyzoites
in the ESA vaccinated group in all examined organs.
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Table 2 Mean parasitic count and percentage reduction in the different organs in Toxoplasma vaccinated and control groups

Liver Brain Spleen Lung

Group 1 3.120 4 1.4856 1.980 &+ 0 .311 4.80 + 1.304 3.140 £ 1.2422
Group 2 2.420 4 0.8289 1.580 4 0.370 2.720 % 0.6760 2.340 £ 0.6542
Group 3 15.720 + 4.92 470 & 1.185 13.80 + 4.324 11.960 £ 4.620
Group 4 16.320 &+ 4.55 4.980 £ 1.448 17.60 % 2.881 13.260 4 4.448
Group 5 0.0+ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.0 £0.0
P 1-2 0.262%* 0.016%* 0.068* 0.293*

1-3 0.002%%* 0.006** 0.011%* 0.011%*

14 0.001%* 0.012%* 0.001%* 0.012%*

2-3 0.003** 0.006%** 0.005%* 0.008**

24 0.002%* 0.006%** 0.000%%** 0.008**

34 0.850* 0.762* 0.268* 0.707*
Group 1 reduction % 80.8 % 60.2 % 72.7 % 74.3 %
Group 2 reduction % 85.1 % 68.2 % 84.6 % 823 %

Group 1 ATV+BCG, Group 2 ESA+BCG, Group 3 BCG infected control, Group 4 infected control, Group 5 normal non infected
* Not significant; ** P < 0.05 statistically significant difference; *** p < 0.001 statistically highly difference

Histopathological study

Semiquantitative histopathological assessment of the
specimens from tested groups was done for tissues of the
liver, spleen, lung and brain tissue.

According to the scoring criteria, examination of liver
specimens revealed the following results:

Group 1 (ATV vaccinated group) scored as ‘0’ in 60 %
of specimens, the remaining 40 % scored as ‘1’ where liver
specimens showing mild peri-portal inflammation and ku-
pffer cells hyperplasia (Fig. 2). All liver specimens of
group 2 (ESA vaccinated group) scored as ‘0’ (100 %)
displaying a near normal hepatic tissue or mild portal tract
inflammation (Fig. 3). Group 3 (BCG group) revealed a
score of ‘2’ in 40 % of cases, exhibiting beading of hepatic
sinusoids by mononuclear inflammatory cells, whereas the
rest of this group (60 %) scored as ‘3’ showing focal
central necroinflammatory areas with or without hepato-
cyte ballooning degeneration (Fig. 4). Group 4 (infected
control) were given a score of ‘3’ in all liver specimens
(100 %) expressing focal central necroinflammatory areas
with or without hepatocyte ballooning degeneration
(Fig. 5).

Brain sections of all group revealed nonspecific findings
ranging from mononuclear infiltration to focal degenerative
features (Fig. 6). Spleen sections revealed lack of dis-
crimination between of both white and red pulp with
geographical areas of necrosis (Fig. 7). Variations in his-
topathological findings among examined brain as well as
splenic specimens of different groups were subtle. Lung
sections revealed congestion, variable interstitial pneu-
monic consolidations particularly perivascular in addition
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Fig. 2 Liver specimen of group 1 showing mild inflammatory
changes with preserved hepatic architecture (H&E x200)

to pneumocyte type 2 hyperplasia (Fig. 8). All of these
changes were generally more evident in group 3 and group
4 as compared to group 1 and group 2.

Discussion

Toxoplasma gondii is a parasite causing toxoplasmosis in
healthy persons in addition to the immunocompromised
individuals such as AIDS patients and in newborns during
congenital infection (Choi et al. 1997). Although most
infections are asymptomatic and self-limiting in immuno-
competent hosts, but individuals remain chronically
infected, which may result in toxoplasmosis by reactivation
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Fig. 3 Liver specimen of group 2 showing mild portal inflammation
and preserved architecture (H&E x200)

Fig. 4 Liver specimen of group 3 central necroinflammatory areas
with beading of hepatic sinusoids by mononuclear inflammatory cells
(H&E x400)

of the tissue-cyst (Kim et al. 2000). The importance of
T. gondii infection makes the development of an effective
vaccine an attractive option to control disease and to limit
the spread of the parasite both within the host and in the
environment. As 7. gondii is an obligate intracellular par-
asite, protective immunity to infection is generally con-
sidered to be cell-mediated involving both the innate and
adaptive immune responses, which are important in pro-
tecting the host and limiting multiplication of the parasite
so, the majority of infected individuals demonstrate mild
symptoms, and long-term complications are rare (Dubey
2004). The lack of CD8_T and CD4_T cells lead to
increased parasite multiplication within the tissues (Cas-
ciotti et al. 2002; Gazzinelli et al. 1991). Other immune
mechanisms of protection could act otherwise or in concert
with such a cellular mediated protection; therefore, it

Fig. 5 liver specimen of group 4 showing collapsing architecture
with necroinflammatory areas (black arrows) and marked ballooning
of hepatocytes (H&E x200)

Fig. 6 Brain specimen of group 1 showing lymphoid aggregates and
degenerative features (H&E x200)

Fig. 7 Splenic specimen of group 4 with lack of discrimination of red
and white pulp and diffuse necrosis (H&E x100)
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Fig. 8 Lung section of group 4 showing interstitial perivascular
pneumonia (H&E x200)

would appear that cell-mediated immune responses are
involved in protective immunity and recovery from a pri-
mary infection, while specific antibody may be more
important in defending the host following a secondary
challenge (Innes and Vermeulen 2006). It was possible to
induce solid protection against infection with 7. gondii
virulent strains by immunization with live attenuated
variants, the live attenuated S-48 strain of Toxoplasma was
proven to be an effective vaccine for veterinary use;
however, it is not widely accepted because of its side
effects, short shelf life and high cost (Buxton 1993). Live
vaccines would not be considered safe to use in people as
they carry risks of infection and unexpected severe harmful
mutations (Bout et al. 2002).

As Toxoplasma secretion is an important event in the
production of circulating antigens during the early stages of
toxoplasmosis (Hughes and Vanknapen 1982), ESA was
shown to be highly immunogenic (Saadatnia et al. 2012).
ESA might be one of the first targets for the immune
system; the protective potentialities of ESA would suggest
an alternative approach for vaccine development (Daryani
et al. 2003).

The efficacy of autoclaved vaccine, against leishmani-
asis (Tafaghodi et al. 2008), Schistosomiasis (Eissa et al.
2003a) and Trichinellosis (Eissa et al. 2003b) was reported.
Eissa et al. (2012), showed that significant immune
responses were mounted against toxoplasmosis following
vaccination with ATV. In this context, this work was car-
ried out to compare between ESA vaccine against acute
toxoplasmosis in comparison to ATV. Adjuvant play an
important role in the efficacy of vaccines. In addition to
increasing the strength and kinetics of an immune response,
they also play a role in determining both the type of
immune response generated and the potential application in
animals and humans (Cox and Coulter 1997; Martinez-
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Gomez et al. 2009). As the main protection in toxoplas-
mosis, is carried out by the cellular arm of the immune
response (Liu et al. 2006), therefore, the use of a Thl-
driving adjuvant can cause better enhancement of the
vaccine efficacy via stimulating IL-12 production by
macrophages (Yap et al. 2000). In this study, BCG was
used as an adjuvant in an attempt to enhance the efficacy of
the Toxoplasma vaccine.

As parasite count estimation could detect the density of
infection in tissues, in the present work, impression smears
from the different organs examined revealed; rapid dissem-
ination of the parasite to the spleen, liver, lung and brain in
the infected control (group 4). This finding was in agreement
with the study done by Sibley et al. (2002) and Eissa et al.
(2012). The present results showed that when BCG was
given alone to experimental animals prior to infection (group
3), there was no statistically significant difference in survival
rate and there was no statistically significant difference in the
mean parasitic count in the different studied organs when
compared to infected control which can be attributed to the
fact that BCG is a non-specific stimulator of the reticuloen-
dothelial system as previously reported by Berenhaum and
Brown (1964). The absence of protection when BCG was
given alone without the vaccine was in agreement with the
work of Eissa et al. (2012), it can be attributed to the lack of
Toxoplasma antigen that made the immune response pro-
duced by the adjuvant non-specific. The survival time
extended up to 15th days (mean of survival = 11.5 days) in
ATV vaccinated group and highly significant difference was
found between survival curves of ATV vaccinated group and
both control groups, these results agreed with the results of
Eissa et al. (2012) who suggested that significant immune
responses were developed following vaccination with ATV
as demonstrated by the delayed death of vaccinated mice
following RH challenge by nine days. The survival time
extended up to 16th days (mean of survival = 12.7 days) in
ESA vaccinated group post infection, highly significant
difference was found between survival curves of ESA vac-
cinated group and both control groups, agreeing with
extended survival time with ESA up to 15th days reported by
Daryani et al. (2003).

A significant increase in the survival rate was also
reported by other workers using live attenuated vaccines
(Yap et al. 1998), DNA vaccines (Fachado et al. 2003; Yan
et al. 2011), or recombinant 7. gondii nucleoside triphos-
phate hydrolase-II (Tan et al. 2011). On the other hand,
Spencer et al. (2004) who used attenuated; temperature-
sensitive mutant strain of Toxoplasma gondii and Martin
et al. (2004) who used recombinant GRA4 or ROP2 vac-
cines, reported no significant difference in the survival rate
between immunized and infected control mice.

Statistically significant reduction was found in the mean
tachyzoites count in all organs in ATV vaccinated group
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agreeing with the results of Eissa et al. (2012) who reported
significant decrease in parasite density in different organs
when compared to the infected control group. ESA vacci-
nated group showed statistically significant reduction in the
mean tachyzoites count in all organs when compared to the
infected control group, but highly significant difference in
the mean tachyzoites count of spleen in ESA vaccinated
group, when compared to the infected control. ESA vac-
cinated exhibited a profound decrease in parasite load
following parasite challenge with a higher percentage of
reduction in all examined organs then the ATV vaccinated
group, statistically significant difference was found
between the ESA group and the ATV group in the mean
tachyzoites count of brain. Costa-Silva et al. (2008)
reported that ESA immunized mice had lower parasitaemia
as well as longer survival then mice in the control group.
Zenner et al. (1999) have reported that purified ESA,
namely GRA2 and GRAS5, had a significant degree of
organs’ protection. Furthermore, a study conducted by
Daryani et al. (2003) showed that the ESA-F2 antigens
could be used as a good candidate for the development of
new immunization strategy against toxoplasmosis.

In the present study, the pathological changes detected
in liver sections of the infected control group were in
accordance with those reported by Suzuki et al. (1993) and
Eissa et al. (2012). Moreover, the described pathology for
the spleen and lung was similar to the description of Abdel
Wahab et al. (1989). The histopathological picture of the
liver in both vaccinated groups, revealed marked reduction
in the pathological changes observed as compared to con-
trols, especially in ESA vaccinated group in which liver
section showed almost normal hepatic tissue and according
to the scoring criteria; 100 % of examined specimens were
scored as (0), but that receiving ATV vaccine only 60 %
were scored as (0) and the remaining specimens (40 %)
was scored as (1). Eissa et al. (2012), demonstrated reduced
pathological changes in the liver of mice receiving ATV
compared to mice receiving Toxoplasma lysate vaccine.
Ali et al. (2003) reported decreased pathological changes
following vaccination by live cyst vaccines and irradiated
cyst vaccine. Even though the tachyzoite challenge was
lethal to the mice, it can be concluded that ESA vaccine
showed more promising results versus ATV, as demon-
strated by the survival rate of vaccinated mice; tachyzoites
count and histopathological examination, this could be
attributed to the fact that ESA of T. gondii tachyzoites,
represent more than 90 % of the parasite circulating anti-
gens, might be the first target of the host immune system
(Daryani et al. 2003).

In a study conducted by Rahman and Anuar (1992)
reported that ESA may be the best form of antigen for
stimulation of the cell-mediated immune response. More-
over, Grover et al. (2012) reported decreased parasite load

in vaccinated mice due to increased level of CD4+
T-lymphocytes in response to vaccination by single para-
site peptide (AS15), which is one of the constituent of
ESA. Vaccination with ESA showed no increase of IL-10
serum levels at the early phases, this cytokine when
increase inhibits the proliferation of B and T lymphocytes
and suppresses the killing of 7. gondii by human macro-
phages (Abdollahi et al. 2013).

Although, Eissa et al. (2012) reported statistically sig-
nificant increase in the mean percentage of CD8+ T-lym-
phocytes in ATV vaccinated group but that was attributed
to the use of BCG as an adjuvant.

The options and combinations are so broad, and yet
untested, that several years of research will be needed
before we can decide which combination will be more
adequate or what will be the most efficient immunization
protocol (Romero et al. 2012).

This study suggested that significant protection was
mounted following vaccination with ESA Vaccine.
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