J Parasit Dis (Oct-Dec 2018) 42(4):527-536
https://doi.org/10.1007/s12639-018-1029-4

=
@ CrossMark

ORIGINAL ARTICLE

J|P|D

Seroprevalence, isolation, molecular detection and genetic
diversity of Toxoplasma gondii from small ruminants in Egypt

Khaled A. Abd El-Razik' - Ashraf M. A. Barakat® - Hany A. Hussein' -
Abdelgayed M. Younes® - Hassan A. Elfadaly® - Hazem A. Eldebaky’ -

Yousef A. Soliman®

Received: 2 June 2018/ Accepted: 7 September 2018/ Published online: 15 October 2018

© Indian Society for Parasitology 2018

Abstract Toxoplasmosis is an infectious zoonotic disease
caused by protozoan Toxoplasma gondii. Detection of T.
gondii infection with touchy and particular strategies is a
key advance to control and prevent toxoplasmosis. Geno-
typing can explain the virulence, epidemiology and setting
up new methodologies for diagnosis and control in human
and animals. The point of this study was to assess the
seroprevalence of 7. gondii in sheep and goat in Egypt and
to comprehend the genetic variety of 7. gondii isolates
circling in Egypt. Blood samples were gathered from 113
ewes and 95 she-goats from three Egyptian governorates
(Cairo, Giza and Al-Sharkia). Also blood and tissue sam-
ples were gathered from 193 sheep and 51 goats from Cairo
and Giza abattoirs. All samples were assayed serologically
utilizing ELISA and OnSite Toxo IgG/IgM Rapid test
cassettes (OTRT) tests and the tissue samples of the
seropositive animals were digested and microscopically
examined then bio-assayed in mice as viability test. All the
T. gondii isolates undergo molecular identification using
PCR and genotyped utilizing nPCR/RFLP analysis of
SAG?2 gene. The total seropositivity of live sheep and goat
was 47.15 and 39.2% utilizing ELISA and OTRT respec-
tively. Concerning abattoirs, seropositivity, positive
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microscopic examination, mice viability from sheep sam-
ples were 47.1%, 37.3% and 44.1% respectively while that
of goats were 45.5%, 33.3% and 48.6% respectively.
Eighteen T. gondii isolates were affirmed utilizing PCR.
Genotyping confirmed 10 isolates (55.5%) as type II, 6
(33.3%) as type III and 2 (11.1%) as atypical genotypes.
Type II and IIT are the genotypes mostly circling among
small ruminants in Egypt and this is most significance for
the public health in Egypt.

Keywords Toxoplasma gondii - SAG2 gene - Genotyping -
Sheep - Goat - Egypt

Introduction

Toxoplasmosis is a zoonotic infectious disease caused by
an obligate intracellular parasite Toxoplasma gondii which
has the ability to infect all warm blooded vertebrates. Late
epidemio- logical investigations uncovered that about half
of the total world’s population is infected with T. gondii
(Dubey et al. 2008). Intrauterine infections targeting the
placenta and fetus happen in humans and small ruminants
causing placentitis, fetal decease and resorption, abortion,
premature birth, and stillbirth with the high feasibility of
cysts in the meat of affected animals (Innes et al. 2009).
In Egypt, numerous investigations exhibited late abor-
tion due to 7. gondii in small ruminant with sero-preva-
lence of 47.8% and 51.4% in sheep and 35.1% and 39.4%
in goat utilizing Latex Agglutination Test (LAT) and
ELISA individually (Fereig et al. 2016), Moreover, Hasa-
nain et al. (2013) demonstrated that 61.4%, 80.4%, 34.4%
and 19.3% of sheep, swine, buffaloes and cows in Egypt
were positive for toxoplasmosis. The high level of toxo-
plasmosis in the Egyptian farm animals discloses that up to
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57.1% of ready to eat Egyptian meat meals were positive to
toxoplasmosis using PCR as endorsed by Abd El-Razik
et al. (2014). Regarding human, Hasanain et al. (2013)
confirmed that 60.7% of aborted women and 37.8% of
asymptomatic occupational personnel in Egypt as positive
for Toxo IgG.

Location of T. gondii infection with delicate and par-
ticular methods is a key advance to control and avert tox-
oplasmosis in human and animals. Disease can be analyzed
by the immediate discovery of the parasite in blood, body
liquids, or in tissues by intensification of particular nucleic
acid sequences (PCR), histologic showing of the parasite or
its antigens, or by segregation of the organism (Remington
et al. 2001).

Serological identification of toxoplasmosis affection
should be possible utilizing an assortment of methods, of
those the latex agglutination (LAT) & ELISAs are broadly
utilized as reference tests for the seroprevalence of toxo-
plasmosis in various animal species (Matsuo et al. 2014).

Genotyping can clear up the fundamental pathogenic
components of an organism such as the virulence (Armand
et al. 2017). Previously, T. gondii strains have been char-
acterized into three hereditary Types by their virulence
impact on mice. Type I strains are poor forming either meat
tissue cyst or environmental oocysts and highly fatal to
mice with great zoonotic importance; Type II strains are
very cystogenic (cyst-forming) and all around shed
oocysts. In this way, they basically spread through meat
cysts or sporulated oocysts and Type III strains are animal
strains, very rarely seen in human toxoplasmosis and
contain elements of both Type I and II (Elfadaly et al.
2017a, b; Sroka et al. 2017).

The fundamental point of this investigation was to
assess the seroprevalence of T. gondii-particular antibodies
in sheep and goat in Egypt and to characterize T. gondii
from ovine and caprine tissue samples by a highly delicate
multilocus nPCR/RFLP investigation relying upon gnwtic
loci (5" SAG2 and 3’ SAG2) so as to comprehend genetic
diversity of strains coursing in Egypt.

Materials and methods
Samples

1. Blood samples were gathered from 113 ewes and 95
she-goats from little holders at Cairo, Giza and Al-
Sharkia governorates of Egypt for sera separation and
serological testing. We obtained the consent of the
owners for sample collection and publication of this
survey, prior to the study.

2. Both blood and the corresponding tissue samples were
gathered from 193 sheep and 51 goats from Al-

@ Springer

Basateen and Al-Moneib abattoir at Cairo and Giza
governorates of Egypt. The animals were kept under
complete hygienic measures complying with the Egypt
legislation for the protection of animals.

Serological assay

Sera were separated, marked and kept at — 20 °C until
examined serologically against toxoplasmosis. The sam-
ples were screened serologically utilizing The OnSite Toxo
IgG/IgM Rapid test cassettes (OTRT) (a lateral flow
chromatographic immunoassay using 7. gondii recombi-
nant antigen), CTK Biotech Co., USA, Cat. No. Ro2330-C)
to recognize the presence of the anti-Toxoplasma anti-
bodies in the serum samples, following manufacturer’s
guidelines.

e ID Screen® Toxoplasmosis Indirect Multi-species
ELISA for the discovery of anti-Toxoplasma gondii
antibodies in serum samples (France, Cat. No. TOXOS-
MS-2P). This plate is coated with Toxoplasma gondii
P30 antigen. Animals that demonstrated positive for
both serological tests, their meat samples were addi-
tionally tested (digestion of meat samples).

Digestion of meat samples

Tissue samples were set up as pronounced by Shaapan and
Elfadally (2015), 20 g of the equal mutton tissue samples
from diaphragm, heart and thigh muscles gathered from
abattoirs in Egypt. The collective tissue samples were
divided into two groups, the 1st was frozen at — 80 °C for
additional DNA extraction while the 2nd group was pre-
sented to pepsin digestion. The microscopically examina-
tion for the presumed samples containing bradyzoites were
intra-peritoneal inoculated in 2 mice for each sample for
viability test.

Viability test

The test was performed by Elfadaly et al. (2015), The
suspended residue of each processed tissue samples from
diaphragm and thigh muscles was inoculated separately
into 2-3 seronegative Swiss Webster Albino mice about
1 month-old weighing approximately 25-30 gm were used
in this study from Laboratory Animal House, (intra-peri-
toneally or subcutaneously, 1 ml /mouse) obtained from
Laboratory Animal House, National Research Centre,
Egypt. The inoculated mice were followed up every day
perception of clinical signs or dead mice previously 48 h of
inoculation. Relying on the virulence of the isolate, the
method will be proceeded. If ascites happened, peritoneal
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exudates were gathered within 72-84 h DPI and micro-
scopic examination for tachyzoites was finished. If mice
didn’t demonstrate ascites, they were sacrificed within 15th
day post-inoculation, samples were gathered from heart,
lung, liver, spleen and kidney for histo-pathological
examination as indicated by Ajzenberg et al. (2002). LDs
and LD, were noted for each species isolates.

Virulent RH Toxoplasma gondii strain

T. gondii RH virulent strain was kept up in Zoonotic Dis-
eases Department, National Research Center, Egypt by
nonstop intraperitoneal passages into Swiss strain albino
mice every 3 days (McLeod et al. 1988).

Polymerase chain reaction (PCR)

The genomic DNA from the isolated 7. gondii strains were
extracted using GF-1 Tissue DNA extraction kit (Cat.-
No.GF-TD-050, Vivantis Co., Malaysia) with elution of
DNA in 50 pL of elution buffer and PCR Amplification of
B1 Gene (Burg et al. 1989)with the Expected PCR product
of 193 bp.

Genotype analysis

Equal volumes (2 pL) of the eighteen DNA Samples were
analyzed at the SAG2 locus by a nested PCR approach that
independently intensified the 5’ and 3’ ends of the locus
(Prince et al. 1990). Primers separately amplify the 5’ and
3’ ends of the T. gondii SAG2 locus as 242-bp and 222-bp
products, respectively. The amplified fragments were
purified with Gene JET Gel Extraction Kit (K0691,
Thermo Fisher Co., USA) then digestion of the 5’ ampli-
fication products with Sau3Al (RV1192, Vivantis Co.,
Malaysia) recognized type III strains from type I and II
strains, and digestion of the 3’ amplification products with
Hhal (RE1224, Vivantis Co., Malaysia) differentiated type
II strains from type I and III strains.

Statistical analysis

Data are presented as % of total sum, percent of total N,
measures of association and variance were performed using
SPSS® software. Paired sample 7 test and paired sample
correlations were also performed. P value P < 0.05 is
considered significant.

Results
Clinical signs in mice

The infected animals 10 mice turned out to sick with varied
between raised and rough hair coat, pendulous abdomen,
severe ascites, dullness, tachypnea by resting with fore legs
on walls of the cages and evidence of early emaciation and
dehydration diminished activity and weight reduction
showed up as early as 2 weeks after inoculation. Moreover,
neurological  signs compatible with  toxoplasmic
encephalitis (TE) through tottering gait and paralysis were
seen in infected mice. None of these neurological signs
developed in the negative control groups.

Morphological studies of the isolated 7. gondii
developmental stage

Tachyzoites was acquired from the peritoneal exudates of
formerly inoculated mice 2-3 days earlier during mainte-
nance of the 7. gondii strain or acquired from mice inoc-
ulated with infected processed animal ° tissues after
6-8 days from inoculation.

Serological examination

Blood samples were gathered from 113 ewes and 95 she-
goats from small holders at Cairo, Giza and Al-Sharkia
governorates of Egypt for sera separation and serological
screening. With respect to serological examination utiliz-
ing the OnSite Toxo IgG/IgM Rapid test cassettes (OTRT),
the overall seroprevalence of the infection was of IgG type,
and there was no seropositive IgM.

Regarding the seroprevalence of 7. gondii in 113 sheep
and 95 goats from different governorates of Egypt (Cairo,
Giza and Al-Sharkia) using OTRT and ELISA tests, the
highest incidence of the disease was in Al-Sharkia (58.3%),
trailed by Giza (43.8%) and then Cairo (28.1%) as
appeared in Table 1.

Concerning the seroprevalence of 7. gondii in sheep and
goat, the incidence in sheep (51.3%, 58.4%) was higher
than that of goat (41%, 45.2%) utilizing ELISA and OTRT
respectively (Table 1). The prevalence using OTRT in
sheep and goat (52.4%) was higher than that of ELISA
(46.6%) as appeared in Table 2.

From Tables 1, 2, 3, When Analysis of variance was
performed depending on the results of the three gover-
norates, there is a non-significant difference between
breeds and between seropositive and negative with either
ELISA or OTRT. Moreover the two tests (ATRT and
ELISA) were nearly similar where no significant difference
was observed when paired t test was performed and any
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Table 1 Seroprevalence of T. gondii in local ewes and she-goats in different governorates of Egypt

Governorate Sheep positive (OTRT)  Goat positive (OTRT)  Total (%) Sheep positive (ELISA)  Goat positive (ELISA)  Total (%)
No % No % No % No %

Cairo 10/25 40 10/32 31.2 35.1 7/25 28 9/32 28.1 28.1

Giza 20/33 60.6 9/22 40.1 52.7 17/33 51.5 8/22 36.3 43.8

Al-Sharkia  36/55 65.4 24/41 56.1 62.5 34/55 61.8 22/41 53.6 58.3

Total 66/113 58.4 43/95 45.2 524 58/113 51.3 39/95 41 46.6

Table 2 Prevalence of 7. gondii infection in ewes and she-goat using different serological methods

TEST Sheep positive reactors Goat positive reactors Total

No. % No. %
OTRT 66/113 58.4 43/95 452 109/208 (52.4%)
ELISA 58/113 51.3 39/95 41 97/208 (46.6%)

Table 3 Prevalence of 7. gondii infection in Sheep andgoat at slaughter house

TEST Sheep positive reactors Goat positive reactors Total

No. %o No. %
OTRT 105/193 54.4 28/51 53 133/244 (54.5%)
ELISA 94/193 48.7 22/51 43.1 116/244 (47.5%)
Positive by both 91/193 47.1 20/51 39.2 111/244(45.5%)

one of them is enough depending on the high correlation of
the paired t test (r = 0.956; P < 0.0001).

In the current work, blood and the coordinating tissue
samples were gathered from 193 sheep and 51 goats from
Cairo and Giza abattoirs (El-Moneib, El-Warak and El-
Basatin abattoirs). The sero-prevalence of infection in
sheep (48.7%, 54.4%) was higher than that of goat (43.1%,
53%) using ELISA and OTRT individually (Table 3). The
seropositivity of OTRT in sheep and goat (54.5%) was
higher than that of ELISA (47.5%) as appeared in Table 3.

Seropositive, microscopic examination, mice viability,
LD and LDs of small ruminants at slaughter house were
displayed in Table 4

Microscopic examination
The microscopic examination was just performed on the

digested tissue samples of the positive sera. The percentage
values were 37.3% in sheep and 15% in goats (Table 4).
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Viability test with LDs, and LDqo in mice

As indicated by mice viability, goats were recorded the
most species harboring 7. gondii tissue cysts (100%), fol-
lowed by sheep (44.1%). The outcomes in the present
investigation signified a total 18 of small ruminants isolates
(15 sheep and 3 goat) were effectively passed into mice
with comparative morbidity and mortality ratios (Table 4).
The mice viability test of 7. gondii was just identified to the
microscopic positive tissue samples which contain brady-
zoites like protozoa, the recorded values and rates were
15/34 (44.1%) in sheep and 3/3 (100%) in goat(Table 4).
Additionally, The T gondii LDsy and LD;oy were recorded
fluctuated percentage values 44.1% and 0% and 100%, 0%
with the relating to sheep, goats respectively with total
percentages inside small ruminants 72%, 0% respectively.

The measures of association of seropositive samples of
two breeds was significantly (P = 0.023) different than
seronegative samples. Also vialbility test of seropositive
samples was significantly high for goats (P = 0.001). The
seropositive samples was significantly (P = 0.059) higher
than the microscopic with high correlation (r = 0.94;
P =0.051). The seropositive was more significant
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Table 4 Seropositive, microscopic examination, mice viability, LD;qp and LDs, and genotyping of small ruminants at slaughter house N.B. the
seropositive samples hereby are those samples positive in both serological tests (OTRT and ELISA)

Species No. of Seropositive/total Microscopic/total Mice viability/microscopic ~ LDsg LD Genotyping
samples (%) (%) (%) (%) -
I II II Atypical
Sheep 193 91/193 (47.1%) 34/91 15/34 15/34 0 07 62
(37.3%) (44.1%) (44.1%) (0%)
Goat 51 20/51 3/20 3/3 0 03 00
(39.2%) (15%) (100%) (100%)  (0%)
Total 244 111/244 (45.5%) 37/111 18/37 18/37 0 18
(33.3%) (48.6%) (48.6%) (0%)
(P =0.051) than the viability and both correlated

(r =0.96; P = 0.032). n contrast the microscopic was not
significantly different than the viability test (> 0.05) and
their correlation was not significant (r = 0.89).

Polymerase chain reaction (PCR)

Utilizing PCR as a confirmatory test, all the 18 (7.38%) T.
gondii isolates were affirmed as 15 (6.15%) from sheep and
3 (1.23%) from goat with PCR product (193 bp) as shown
with few samples in Fig. 1.

Genotype analysis

Primers were chosen to independently amplify the 5" and 3’
ends of the 7. gondii SAG2 locus as 242 and 222 bp
products, respectively as shown in Figs. 2 and 3. All the
eighteen DNA samples were amplified at both sites with
the exception of two samples which demonstrated negative

Fig. 1 Detection of 7. gondii isolates DNA by PCR. M, 100 bp
ladder; Lane 1, Positive control; Lanes 2-6, selected positive local T.
gondii DNA (193 bp)

Fig. 2 Nested PCR amplification of 5’ end of SAG2 gene resolved in
2% agarose gel electrophoresis shows amplification products of
samples (lanes 2-8) at 242 bp, lane 1 = the positive control (RH
strain), (M) marker = 100 bp DNA ladder

N et o n e e encr Smm——"

2 3 45 ws 6 7/ 8 9. 10: ik

Fig. 3 Nested PCR amplification of 3’ end of SAG2 gene resolved in
2% agarose gel electrophoresis shows amplification products of
samples (lanes 2-11) at 222 bp, lane 1 = the positive control (RH
strain), (M) marker = 100 bp DNA ladder

amplifications at the 5’ end of SAG2 gene (atypical
genotypes).

Digestion of the 5’ amplification products of reference
isolates with Sau3AlI recognized allele 3 (type III strains)
from alleles 1 and 2 (type I and II strains) (Fig. 4a) and
digestion of the 3’ amplification products of reference
isolates with Hha distinguished allele 2 (type II strains)
from alleles 1 and 3 (type I and III strains) (Fig. 4b). In this
investigation, 10 samples (55.5%) were typed as type II
and 6 (33.3%) as type III and 2 (11.1%) as atypical
genotypes from samples using PCR-RFLP analysis as
shown in Table 4, Figs. 5 and 6.
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Fig. 4 SAG2 nested PCR analysis. (A) Sau3Al restriction analysis of
the 5’ amplification products from type I (RH), II (Me 49), and III
(VEQG) strains. (B) Hhal restriction analysis of the 3’ amplification
products from type I, II, and III strains

Fig. 5 The restriction pattern of 5 SAG2 amplified products by
Sau3Al enzyme showing digested PCR products for samples in lanes
3-8, lane 1 = negative control, lane 2 = RH positive control, 242 bp
(undigested), (M) marker = 100 bp DNA ladder

Discussion

Sheep and goat are most genuinely influenced by Toxo-
plasma gondii among farm animals and show high sero-
prevalences in numerous regions of the world up to 92 and
75%, respectively (Tavassoli et al. 2013). In Egypt, sheep
and goats are viewed as the most highly liable hosts of
toxoplasmosis with high rate of abortion, premature birth
with resorption or mummification, stillbirth and neonatal
passing and the great viability of cysts in the meat of
infected animals (Fereig et al. 2016).

@ Springer

Fig. 6 The restriction pattern of 3’ SAG2 amplified products by HhAI
enzyme showing digested PCR products for samples in lanes 211,
lane 1 = RH positive control, 222 bp (undigested), lane 12 = negative
control, (M) marker = 100 bp DNA ladder

In Egypt, the seroprevalence of toxoplasmosis in sheep
and goat was explored by numerous authors concerning
different governorates such as Sadek et al. (2015) in Assiut
(39%), Fereig et al. (2016) in Kafr El Sheikh and Minou-
fiya (38.7% and 28.7%), Ghoneim et al. (2010) in Al-
fayium (98.4% and 41.7%), Younis et al. (2015) in
Dakahlia (52% and 50%), Shaapan et al. (2008) and
Hasanain et al. (2013) in Egypt (42.8 and 61.4% of sheep
respectively).

In the present investigation, the seroprevalence of tox-
oplasmosis in live female sheep and goat (Table 1) was the
most astounding in Sharkia (58.3%), trailed by Giza
(43.8%) and Cairo (28.1%) utilizing ELISA and OTRT.
These variable seroprevalence may rely upon the encour-
aging environmental surroundings for the development of
oocysts, size of animal populations, which are reared in
little or extensive gatherings (Fereig et al. 2016).

At present, a seroprevalence of 52.4% was accounted for
ewes at various farms of Egypt (Table 2). It was parallel to
different countries for example in Sudan (57.5%) Brazil
(53.3%) as revealed by Khalil and Elrayah (2011) and
Cosendey-KezenLeite et al. (2014), however higher than
that of Saudia Arabia (23.4%) (Sanad and Al-Ghabban
2007), Kuwait (17.8%) (Alazemi 2014), Tunisia (1.8%)
(Gharbi et al. 2013), Ghana (33.2%) (Van der Puije et al.
2000), South Africa (8%) (Hammond-Aryee et al. 2015),
Argentina (17.3%) (Cosendey-KezenLeite et al. 2014), Iran
(35%) (Tavakoli Kareshk et al. 2017). However, our out-
comes were lower than that of Mor and Arslan (2007) in
Turkey (95.7%), Bangladesh (69.9%) (Rahman et al.
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2014), Greece (61.3%) (Anastasia et al. 2013) and Italy
(60.6%) (Mancianti et al. 2013).

Regarding female goats in Egypt, a seropositivity of
46.6% was recorded (Table 2) which was higher than that
of Fortes et al. (2017) in Brazil (33.3%), Tavakoli Kareshk
et al. (2017) in Iran (13-30%), Zou et al. (2015) in China
(17.6%), Issa (2017) in Iraq (13.04%) and Hossain et al.
(2018) in Bangladesh (6.66%).

Similar outcomes were acquired for serum samples
gathered from sheep (47.1%) and goat (39.2%) at slaughter
house (Table 3). The prevalence of 7. gondii infection was
inferior in goats than sheep as concurred by Sharif et al.
(2017). This might be credited to the dissimilarities in
susceptibility to 7. gondii and the feeding behaviors of
these species (Bahrieni et al. 2008).

There are various serological techniques are accessible
for the recognition of IgG and IgM antibodies; these are
Sabin-Feldman Dye Test, Complement Fixation Test,
Indirect Fluorescent Antibody Assay, Indirect Hemagglu-
tination Assay, Modified Agglutination Test, Latex
Agglutination  Test (LAT) and Enzyme-Linked
Immunosorbent Assay (ELISA) (Pal 2007).

Therefore, OTRT (Tables 1, 2, 3) in spite of the fact that
this kit was created for human yet it was likewise utilized
for animal as announced by Hossain et al. (2018). The test
is a lateral flow chromatographic immunoassay for the
simultaneous discovery and separation of IgG and IgM
anti-7T. gondii in serum . The general seroprevalence of the
infection utilizing OTRT was just of IgG type, and there
was no seropositive IgM (Tables 1-3). This can be clarified
that IgG emerge within 1-2 weeks after infection and hold
on through life, while IgM antibodies rise quickly inside
the first week of infection, thus accordingly later on
diminish and vanish at variable rates. A negative IgM test
result basically shows old disease (Abu-Madi et al. 2008).
Tests for the avidity of IgG antibodies have turned out
consistent to decide the time of infection (Hamed et al.
2017).

These varieties in seropositivity might be identified with
the approach utilized, geographical location,, climate situ-
ations, management practices, hygiene, the existence of
felids, environmental pollution at each farm (Andrade et al.
2013), size of the farm and the age of the animals at the
stage of sampling (Hamilton et al. 2015).

In the present study, positivity for Toxoplasma IgG
antibodies is viewed as high hazard for public and animals’
health together, implies raising sheep on oocysts dirty
unsanitary conditions and mirror the need of confine con-
trol measures against stray felines in the area of sheep.

The microscopic examination here was just performed
on the digested tissue samples of the sheep and goats
positive sera from abattoirs. The rate was 37.3% in sheep
and 15% in goats. (Table 4). This was higher than that of

Sadek et al. (2015) in Egypt who detailed a frequency of
8.62% and 12.77% in raw sheep and goat milk utilizing
microscopical examination.

The mice viability test of 7. gondii was just identified
with the microscopic positive tissue samples which contain
bradyzoites, goats were recorded the noteworthy species
harboring T gondii tissue cysts (100%), trailed by sheep
(44.1%). These outcomes concurs with that of Elfadaly
et al. (2017a), b who detailed a level of 44% and 37.8% in
goats and sheep respectively. The high rate of isolation of
viable tissue cysts here shows an incredible general public
health implication as it is an impression of the high level of
pollution of the environment by oocysts of felines and the
open air management system of animals as demonstrated
by Gebremedhin et al. (2014).

Also, The T gondii LDsy and LD;oy demonstrated
changed rates (44.1%, 0% and 100%, 0%) to sheep and
goats respectively with total percentages of 72% and 0% in
sheep and goat. This was totally not quite the same as
Elfadaly et al. (2017a), b comes about that demonstrated an
aggregate rates of LDsy of 30.3%, and LD;gy of 9.1% in
small ruminants.

The infected mice turned out to be sick with ruffled fur,
diminished actions and weight reduction showed up as
early as 2 weeks after inoculation with neurological signs
perfect with toxoplasmic encephalitis (TE). This was as
opposed to that of Gebremedhin et al. (2014) that detailed
that most isolates caused sub-clinical disease in mice with
2 sheep and 1 goat isolates were mouse-virulent and fur-
thermore from Brazil where, 9 of the 16 T. gondii isolates
from sheep (Ragozo et al. 2008) and 10 of the 12 T. gondii
isolates from goats (Ragozo et al. 2009) were mice-
virulent.

PCR assay is a fundamental route for the determination
of Toxoplasma gondii infection and have higher precision,
sensitivity and specificity than conventional diagnostic
techniques (Kompalic-Cristo et al. 2007). Several PCR
measures have been produced for the recognition of Tox-
oplasma gondii DNA by amplification of target such as B1
gene, PCR enhancing this gene target has demonstrated
great specificity for Toxoplasma gondii DNA identification
(Reischl et al. 2003).

In the present study, PCR relying upon Bl gene
amplification affirmed all the 18 positive isolates (7.38%)in
the mice viability test as 15 sheep (6.15%) and 3 (1.23%)
goats. Despite the fact that PCR was not connected on
serologically negative animals but rather this rate (7.38%)
still was higher than 2% announced by Ahmed et al. (2014)
in sheep milk samples in the rural areas at Sharkia, Egypt,
and furthermore it was higher than that detailed by
Khayeche et al. (2014) in sheep (5.7%) in Tunisia and that
of Halova et al. (2013) in sheep (3.6%) in Ireland. The
variety in the outcomes of PCR may be ascribed to the

@ Springer



534

J Parasit Dis (Oct-Dec 2018) 42(4):527-536

distinction in the territory, management, hereditary sub-
stance of the host and the pathogen (Tenter et al. 2000).
The outcomes of PCR (7.38%) was lower than that of
ELISA (45.5%). This demonstrates the existence of Tox-
oplasma-specific antibodies alone is not adequate for rec-
ognizing Toxoplasma infection and ELISA joined with the
PCR is fundamental for precise determination of Toxo-
plasmosis (Hasanain et al. 2013).

The identification of the genotype of T. gondii is vital
for better comprehension of its epidemiological perspec-
tives such as sources of infection, methods of transmission
to people, its clinical signs (Sibley et al. 2009), building up
new approaches for diagnosis, as well as prevention and
control of this parasite in human and animals (Nassef et al.
2015).

Diverse techniques for Toxoplasma genotyping have
been created in the previous years (Liu et al. 2009). Mul-
tilocus PCR-RFLP was the strategy for decision to recog-
nize the genotypes of 7. gondii isolates, for the most part
for its effortlessness, great sensitivity and applicability
(Armand et al. 2017). It distinguishes between the three
clonal genotypes of T. gondii adding to some atypical
genotypes (Tavakoli Kareshk et al. 2017).

In this investigation, 10 samples (55.5%) were keyed as
type II and 6 (33.3%) as type Il and 2 (11.1%) as atypical
genotypes utilizing PCR-RFLP examination (Table 4 and
Fig. Sand 6). The Nested PCR amplification of the SAG2
locus applied here (5'SAG2 and 3'SAG2 locus), followed
by RFLP analysis, allowed simple to perform, touchy,
quick definition of T. gondii to a particular genotype as
concurred by Su et al. (2010).

The negative amplifications in two samples could be
because of presence of mutations or may be due to poly-
morphisms in the primer binding locations of these isolates,
raising the likelihood of recombinant or mixed genotypes
as affirmed by Eldeek et al. (2017).

These results was parallel to that of Elfadaly et al.
(2017a), b that uncovered T. gondii genotype 1l (59%), 111
(31.8%) and 1 (4.5%) from sheep in Egypt. Higher
opportunity of zoonotic spread was normal as genotype-II
which is the principle women isolates has been recognized
in meat of Egyptian producing animals. This was con-
firmed in Egypt by Abdel-Hameed and Hassanein (2008)
where T. gondii type II was found in 87% of the considered
human isolates with incidence of abortion and intrauterine
fetal demise. Moreover, El Bolaky et al. (2015) announced
the predominance of type II from pregnant women with
obstetric complexities.

Genotype II is the most well-known in Europe and
North America while Type III is discovered once in a while
worldwide and infrequently (Sroka et al. 2017). In Africa,
type II was related with abortion in small ruminants
especially in Tunisia and Ethiopia (Alghamdi et al. 2015;
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Gebremedhin et al. 2014). The same in Europe for exam-
ple, France (Halos et al. 2010), Switzerland (Berger-
Schoch et al. 2011), Italy (Chessa et al. 2014), UK
(Aspinall et al. 2002) and Denmark (Jungersen et al. 2002).
Besides, in Asia, such as China (Zhou et al. 2009).

All in all, Type II and III are the transcendent genotypes
mainly circulating among small ruminants in Egypt. This
might be because of its capability to outcompete other
genotypes as well as its capacity to make high quantities of
cysts (Robert-Gangneux and Dardé 2012). This demon-
strate constant introduction of sheep and goats to infection
because of substantial ecological pollution with oocysts
shed form the huge number of infected stray cats in the
farms with poor managing situations (Abdel-Rahman et al.
2012). The high variety of current 7. gondii genotypes of
greatest significance for the public health as small rumi-
nants, which is being broadly consumed by individuals,
could be the fundamental wellspring of 7. gondii for
people.

Along these lines, the control and prevention of toxo-
plasmosis in Egypt can be refined by controlling the cats’
population, in this way staying away from the spread of
oocysts in the environment (Hove et al. 2005).

Further studies ought to be directed in different parts of
the country utilizing more gene markers to give a more
extensive view through the animal sources of T. gondii for
human as there is an opportunity that more virulent parasite
strains may flow in animal reservoirs and consequently
transmit to humans.
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