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Simple Summary: Toxoplasma gondii is classified as intracellular protozoa and is one of the major
zoonotic parasites. Mares, horses of mixed breeds, and older than five years are substantially more
likely to contract T. gondii infection. In addition, horses raised in contact with cats or domestic
ruminants are more likely to test positive for T. gondii infection. This study confirms that horses in
Northern Egypt are exposed to T. gondii and raises the possibility that people and other animals could
contract the disease.

Abstract: Background: Toxoplasma gondii is classified as intracellular protozoa and is one of the
major zoonotic parasites. Most warm-blooded intermediate hosts, including humans, are commonly
infected by this parasite. The epidemiology of T. gondii infection in Egyptian horses is currently
poorly understood. Methods: 420 blood samples were randomly collected from horses raised in
four governorates in Northern Egypt (110 each from Giza and Kafr El Sheikh, and 100 each from
Qalyubia and Gharbia) to investigate the existence of antibodies against T. gondii using a commercial
ELISA kit, and to ascertain the risk factors for the infection. Results: the antibodies for T. gondii were
found in 16.2% (68/420) of the examined horses, with no significant differences among the four
studied governorates. The highest prevalence rate was observed in Giza. The results revealed that
sex, breed, age, and contact with domestic ruminants or cats were recognized as potential risk factors.
The high prevalence rate was found in mixed breed horses (OR = 2.63, 95% CI: 0.95-7.26), mares
(OR =2.35,95% CI: 1.31-4.19), and horses aged over 10 years (OR = 2.78, 95% CI: 1.30-3.44). Moreover,
the likelihood of seropositivity for T. gondii infection was higher in horses raised in environments
with cats (OR = 1.97, 95% CI: 1.13-3.44, p = 0.017) or domestic ruminants (OR = 2.16, 1.21-3.86,
p = 0.010). This report confirms that horses in Northern Egypt are exposed to T. gondii and thus
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raises the possibility that people and other animals could contract the disease. Conclusions: routine
examination and management of T. gondii infection in horses in these governorates is advised.

Keywords: horse; indirect ELISA; T. gondii; seroprevalence; risk factor; Egypt

1. Introduction

Toxoplasma gondii is classified as a globally prevalent intracellular protozoan, which
causes toxoplasmosis [1-3]. Domestic cats and other felids are the definitive hosts for
T. gondii [4]. Only these hosts can release oocysts into the environment, which can contami-
nate pastures, food, and water. Around 100 million non-sporulated oocysts can be passed
by a single cat, and these oocysts become infective between one and five days later [5].
Nevertheless, the parasite has a variety of intermediate hosts, including mammals, such as
humans, and birds that harbour the cyst stage in their tissues [6,7].

T. gondii infection in herbivores and equines mostly happens through water or food
contaminated with sporulated oocysts, however, transplacental transmission of tachyzoites
from mother to foetus is also possible [8,9].

Toxoplasmosis is a chronic disease causing cystic formation in the tissues of the
hosts [10], however, the life cycle of T. gondii depends on oocysts, which become infectious
to a wide range of warm-blooded intermediate hosts if consumed after one to a few days
of maturation (sporulation) in the environment. Oocysts are not the only infective stages
of T. gondii; there are also tachyzoites and bradyzoites, the latter of which is seen in tissue
cysts. Tachyzoites infiltrate host cells after infection and grow there. When the parasite
forms parasitophorous vacuoles, this replication is strictly intracytoplasmic. Parallel to
this, the parasite creates internal tissue cysts that contain bradyzoites that are no longer
multiplying or are only replicating slowly after multiple rounds of multiplication [11].
The infected intermediate hosts” brain tissue, skeletal and cardiac muscles, and even their
retinas, are the preferred locations for tissue cyst formation. The parasite has a complicated
life cycle, and there are numerous ways for infection [12].

The majority of infections in people are asymptomatic, but congenital Toxoplasma
infections can have serious side effects, including stillbirth, abortion, mortality, and hy-
drocephalus in newborns, as well as retinochoroidal lesions that cause retinitis, chronic
ocular disease, lymphadenopathy, and encephalitis in people with compromised immune
systems [8].

Since it was originally isolated in 1908, T. gondii has spread globally. In northern
Iraq, a serosurvey of sheep and goats revealed seroprevalences of Toxoplasma infection of
42.1% and 36.1%, respectively [13]. In addition, T. gondii infection in canine was detected
in Brazil and revealed a seropositivity of 9.54% [14]. The seroprevalence of T. gondii in
animals ranged from 6% to 33%, according to statistical analysis of the positive rates of
T. gondii infection in five different animal species in the Nordic-Baltic region [15]. T. gondii
infection may affect one-third of the global population according to the Centers for Disease
Control and Prevention (CDC), T. gondii infects approximately 22.5% of Americans over
12 years old in the United States, although recent years have seen a slight reduction in
prevalence [16].

In Egypt, anti-T. gondii antibodies were found in 10.8% of cattle based on ELISA test
results [17] and in 43.7% or 41.7% of sheep examined by a modified agglutination test
or ELISA [18], respectively. Furthermore, donkeys and horses have high corresponding
seroprevalences of 65.6% and 48.1%, respectively [19,20].

T. gondii is a significant contributor to small ruminant reproductive problems, resulting
in abortion, stillbirth, mummification, infertility, and the delivery of poor lambs [21,22].
Although T. gondii infection in horses is typically asymptomatic [23], fever, abortion, de-
generation in retina, and stillbirth were recorded in infected pregnant mares [24,25].
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Moreover, one of the main ways that humans become infected is through the ingestion
of undercooked, contaminated meat, although eating horse meat is not common for people
in Egypt [1], and eating horse meat from the Americas has been epidemiologically associ-
ated to serious sickness in Europeans [26,27]. Toxoplasma infection can also develop through
other means, such as eating undercooked, contaminated meat (particularly lamb, pork,
and venison) or shellfish (such as clams or mussels) [28]. Because humans can become
infected by consuming contaminated meat, T. gondii infection not only results in financial
and reproductive losses but also has an impact on public health [12,29].

The incidence of T. gondii in human across Egypt is not well-documented. The majority
of serological reports are founded on convenience samples, including those taken from
pregnant women and patients with illnesses. Moreover, T. gondii DNA was discovered
in 10% (15/150) of Alexandria blood donors [30] and in 6% of the blood donors from the
Qalubiya governorate [31].

A common reference test for the serosurvey of toxoplasmosis in various animal species
is the latex agglutination test (LAT) [32]. However, the ELISA test displays greater potency,
sensitivity, and specificity when compared to other reference serodiagnostic tests, such
as the LAT, the modified agglutination test, the direct agglutination test, and the indirect
fluorescent antibody test, which are used to identify anti-T. gondii antibodies in serum
samples from various animals [33-35].

Although monitoring of T. gondii infection is crucial to prevent its proliferation, Egypt
has limited information on its prevalence in horses [19,36]. Understanding the frequency of
T. gondii in horses is vital to prevent infection through consumption of contaminated meat,
as Egypt’s carnivorous zoo animals are routinely given raw horse meat [36].

Consequently, the purpose of this study was to evaluate the risk factors for T. gondii in-
fection in horses in four governorates of northern Egypt and to ascertain the seroprevalence
of T. gondii therein.

2. Material and Methods
2.1. Ethical Statement

Benha University’s Animal Ethics Committee approved this work (Approval no.
BUFVTMO02-10-22, Benha). Serum samples were obtained and handled in conformity with
the Animal Ethics Procedures and Guidelines of the Committee. This study was conducted
according to ARRIVE guidelines. In this study, we worked on live horses and we did not
anesthetize and/or sacrifice those animals.

2.2. Study Area

The study was conducted in northern Egypt, specifically in the governorates of Giza,
Kafr El Sheikh, Qalyubia, and Gharbia, which are geographically situated at 29°59'13.2" N
31°12/42.48" E, 31°06'42” N 30°56'45" E, 30°24/36" N 31°12/36" E, 30°52'1.2" N 31°1'40.8" E,
respectively (Figure 1). The large equine population in these regions led to their selection
for this research.

Egypt has a predominantly hot, arid environment (K&ppen climatic classification
BWh). The country’s climate is often rather dry, except the northern Mediterranean coast.
The climate in Giza is arid. Summers are quite warm and winters are mild in this type of
environment. Here, rain rarely falls.

The other governorates are situated in the Nile Delta of Egypt. The climate of these
areas, much like the rest of Egypt, is a hot desert climate (Koppen: BWh), but its north-
ernmost area, like the rest of Egypt’s northern coast, which is the country’s wettest region,
has more moderate temperatures, with summer highs typically not exceeding 31 °C. On
average, the delta region receives only 100-200 mm (4-8 in) of rain each year, with the
majority of this precipitation occurring in the winter.
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2.3. Sample Collection and Preparation

A cross-sectional study was conducted between January and December of 2020. By
using simple random sampling, blood samples from horses were obtained.
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lo-11

Mi11-13

m13-16

16 - 20

BN 20 - 25

0 50 100 km
L -

Figure 1. Map showing four the Egyptian governorates where horses were sampled (map generated
by QGIS software 3.18.3).

On the basis of the 48.1% prevalence rate of T. gondii in horses in Egypt as reported
by Ghazy, et al. [20], the predicted prevalence was set as 48.1% (P), with a 5% (d) absolute
precision and a 95% confidence level (z = 1.96). The sample size of 420 exceeds the minimum
sample size (383) according to the following formula: N = P (1 — P)z2/d? [37].

Blood samples were taken from horses raised in the four selected areas. Each animal
had a jugular vein venipuncture, and sterile 10-mL tubes free of anticoagulant were used
to collect 5 mL of blood from each horse. The blood samples were labelled, preserved in
an icebox, and then transported to the Veterinary Diagnostic Laboratory at the Faculty of
Veterinary Medicine at Benha University. Prior to further serological investigation, the sera
were separated by centrifugation for 10 min at 3000 xg, and then stored in 1.5 mL tubes at
—20°C.

At the time of sample collection, the data of each animal was collected through a
questionnaire filled in by the owner or veterinarian. According to collected data, animals
were categorised according to region (Giza, Kafr El Sheikh, Qalyubia, or Gharbia), breed
(Arabian, thoroughbred, or mixed), sex (male or female), and age groups (<5, 5-10, or
>10 years old). The questionnaire also included questions about farm biosecurity, such
as if cats or other domestic ruminants were present. The details of examined horses are
presented in Table 1. All of the horses under investigation were fed wheat bran, some
green grass, and agricultural waste items, such as barley and maize. In addition, water was
provided three times per day.
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Table 1. Descriptive analysis of the factors used to determine the seroprevalence of T. gondii infection

in Egyptian horses.

Variable Category No. of Horses Distribution

Locality Giza 110 26.2%

Kafr El Sheikh 110 26.2%

Qalyubia 100 23.8%

Gharbia 100 23.8%

Breed Arabian 60 14.3%

Thoroughbred 200 47.6%

Mixed 160 38.1%

Sex Male 190 45.2%

Female 230 54.7%

Age <5 year 130 31%

5-10 180 42.8%

>10 110 26.2%

Presence of cats Yes 180 42.9%

No 240 57.1%

Presence of domestic ruminants Yes 120 28.6%

No 300 71.4%

2.4. Serological Examination

Horse serum samples were examined using the commercial kit ID Screen® Toxo-
plasmosis Indirect Multi-species Indirect ELISA (ID Vet, Montpellier, France) for T. gondii
immunoglobulin G (IgG) antibodies. The kit uses a multi-species peroxidase as a conjugate
and the P30 T. gondii protein as a substrate to detect specific IgG antibodies following
T. gondii infection.

The testing was performed in accordance with the manufacturer’s recommendations,
and the optical densities (ODs) of the ELISA findings were read at 450 nm. Each test serum’s
sample (S) to positive (P) ratio (5/P%) was determined using the following formula:

S o — ODsample - ODnegative control
Zoy =

x100
p ODpositive control — ODnegative control

According to the manufacturer guidelines, samples with 5/P% readings above 50%
were regarded as positive, below 40% were considered negative and those between 40 to
50% considered doubtful.

2.5. Statistical Analysis

The SPSS software version24.0 (IBM, New York, NY, USA) was used for data analysis.
The differences in the seroprevalences of variable categories were determined by Chi-
square test, with p-values of <0.05 considered as significant. The relationship between
T. gondii infection and the relevant risk variables was examined using univariate analysis.
Multivariate logistic regression models were then fitted for all variables in the univariate
analysis with a p-value less than 0.25. To determine the degree of relation between the
presence of T. gondii and variables, the odds ratios (ORs) and 95% confidence intervals
(95% Cls) were calculated. The model fit was assessed using the Hosmer and Lemeshow
goodness-of-fit test.

3. Results

T. gondii had a 16.2% seroprevalence in the examined horses, with 68 samples from
420 horses testing positive for T. gondii via an ELISA test. T. gondii antibodies were detected
in samples from all four governorates, with 20.9% in Giza, 17.3% in Kafr El Sheikh, 12% in
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Qalyubia and 14% in Gharbia. The difference was statistically non-significant (p = 0.31),
Table 2.

Table 2. Seroprevalence of T. gondii in horses from different governorates under the study.

No. of Examined No. of % of o
Factor Horses Positive Positive 95% CI p-Value
Locality
Giza 110 23 20.9 14.36-29.43
Kafr El Sheikh 110 19 17.3 11.34-25.41
Qalyubia 100 12 12.0 7-19.81 0.31
Gharbia 100 14 14.0 8.53-22.14

Interestingly, statistically significant differences (p < 0.05) occurred in the seropreva-
lence of T. gondii between horse breeds and sexes. T. gondii seroprevalence was higher in
females (20.9%) than in males (10.5%), and higher in mixed breed (21.3%) than in Arabian
(8.3%) and thoroughbred horses (14.5%), as shown in Table 3.

Table 3. Univariate analysis of the association of focal variables with seropositivity to T. gondii in
horses (N = 420) in Egypt.

Factor No. of Examined No.. .Of % of Positive 95% CI Statistics
Horses Positive
Breed
Arabian 60 5 8.3 3.61-18.06
Thoroughbred 200 29 14.5 10.29-20.05 X2 = 6_'1(? Z)f,{ =2
Mixed 160 34 213 15.62-28.22 p=5
Sex
Male 190 20 10.5 6.92-15.7 x2=8203df=1
Female 230 48 20.9 16.12-26.58 p=0.004 *
Age
<5 years 130 13 10.0 5.94-16.36 _ _
5-10 years 180 30 16.7 11.93-22.8 X2 = 7_'106‘32‘15 =2
>10 years 110 25 22.7 15.9-31.4 p=5
Presence of cats
Yes 180 38 21.1 15.78-27.64 x2=5.621df=1
No 240 30 125 8.9-17.28 p=0.02%
Presence of domestic ruminants
Yes 120 28 23.3 16.66-31.65 x2=6317df=1
No 300 40 13.3 9.94-17.64 p=0.01*
Total 420 68 16.2 12.98-20.02

* The result considered significant at p < 0.05.

Furthermore, T. gondii seroprevalence was 22.7% in horses older than 10 years, a value
which was significantly higher than the rates of other age groups (16.7% for horses aged 5
to 10 years and 10% for those under 5 years; p = 0.02). The results highlight the fact that
higher T. gondii seroprevalence (p < 0.05) was found in horses raised in contact with cats
(21.1%) or domestic ruminants (23.3%) (Table 3).

Multivariate analysis results in Table 4 established that the variables of breed, sex, age,
presence of cats, and presence of domestic ruminants, were all independently associated
with T. gondii infection in horses in Egypt. The risk for mares was 2.35 times (95% CI:
1.31-4.19) greater than for male horses. Mixed breed horses were had 2.63 times (95% CI:
0.95-7.26) greater risk than their Arabian counterparts. Further, horses aged 5-10 years have
a 2.23 times (95% CI: 1.06—4.70) greater risk, and those >10 years have a 2.78 times (95% CI:
1.30-5.95) greater risk, than those younger than 5 years old. Both the presence of domestic
ruminants (OR = 2.16, 95% CI: 1.21-3.86, p = 0.010) and cats (OR = 1.97, 95% CI: 1.13-3.44,
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p = 0.017) in close proximity to horses increased the risk of T. gondii seroprevalence in
horses, Table 4.

Table 4. Final multivariate mode of the risk factors for Toxoplasma gondii infection in horses in Egypt.

95% CI for OR
Variable B S.E. OR p-Value
Lower Upper

Breed
Thoroughbred 0574 0.519 1.78 0.64 4.90 0.268
Mixed 0.965 0.519 2.63 0.95 7.26 0.063
Sex
Female 0.852 0.296 2.35 1.31 4.19 0.004
Age
5-10 years 0.803 0.380 2.23 1.06 4.70 0.034
>10 years 1.023 0.388 2.78 1.30 5.95 0.008

Presence of cats
Yes 0.679 0.283 1.97 1.13 3.44 0.017

Presence of domestic ruminants
Yes 0.769 0.297 2.16 1.21 3.86 0.010

B—logistic regression coefficient; SE—standard error; OR—odds ratio; CI—confidence interval.

4. Discussion

T. gondii is one of the most significant zoonotic pathogens, as T. gondii infection in
horses has become one of the most significant possible causes of human toxoplasmosis [1].
Unfortunately, little information is available about the epidemiology of T. gondii infection
in horses in Egypt, and the majority of existing research is outdated [19,20]. The present
study aimed to determine the seroprevalence of T. gondii in horses in northern Egypt using
the ELISA technique, as well as to ascertain the risk factors for T. gondii infection.

In this work, T. gondii seroprevalence was 16.2% in horses, a value which is lower
than previous reported rate (25%) in Egypt by Haridy, et al. [38], but is close to value of
(17.92%) observed in northern Chinese horses [39]. However, the seroprevalence rates
in the present study were lower than those reported by Almeida et al. [40] (23.64% in
Brazil); Saqib et al. [41] (23.50% in Pakistan); Bartova et al. [42] (24.17% in Nigeria);
Razmi et al. [43] (20.30% in Iran); and Alanazi and Alyousif [44] (31.58% in Saudi Arabia).
By contrast, the seroprevalence rates of this work were higher than those reported by
Aharonson-Raz et al. [45] (3.25% in Israel); Garcia-Bocanegra et al. [23] (10.79% in Spain);
Lopes et al. [46] (13.29% in Portugal); Boughattas et al. [47] (17.72% in Tunisia); and
Karatepe et al. [48] (7.20% in Turkey). Moreover, relatively lower seroprevalence levels
were found in Sweden (0.5-1%) [49] and Greece (1.8%) [50] and relatively higher values
were found in Italy (30.7%) [51], in numerous studies in Turkey (20.6-28%) [52,53] and in
recently conducted studies in the Czech Republic (23%) [54].

The following factors may be responsible for the variations in seroprevalence: time
of sampling, sample size, differences in the sensitivity of the detection methods, the
cut off titer utilised in the interpretation of findings, animal susceptibility, the num-
ber and age of examined horses, location, feeding practices, sanitation, and farming
management [23,39,40,55-59]. Additionally, climate-linked influences that include regional
distribution, density of population, and the presence or absence of cats or of animals that
serve as reservoir hosts or transport hosts, are crucial to the emergence, survival, dispersion,
and transmission of T. gondii [3,60-65].

This work did not detect significant differences in T. gondii seroprevalence according
to sampling location, an outcome similar to that of a study from Japan [10]. Nevertheless,
T. gondii seroprevalence varied in the examined areas, being notably higher in the Giza
governorate in comparison to other locations. This may be due to the Giza governorate’s
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very hospitable climate for the growth of oocysts, especially its humidity and temperature,
as well as the governorate’s substantial animal populations that are bred in big groups.

There is currently no proof that T. gondii infects horses spontaneously or through
experimental exposure to induce clinical illness [66]. Nonetheless, live T. gondii has been
identified from naturally exposed horses [36], and people in France who ate raw imported
horse meat had severe clinical toxoplasmosis. According to findings obtained by Shaapan
and Ghazy [36], the prevalence of T. gondii in Egypt is very high. Moreover, they isolated
viable T. gondii by mouse bioassay in 79 of 150 pools of tissue samples from 150 horses
slaughtered in the Giza Zoo abattoir. As a result, eating horseflesh could potentially infect
humans as well as captive felines in zoos. T. gondii-infected horsemeat should not be offered
to cats or consumed by humans, as a study shown that it may survive in edible tissues of
living horses for up to 476 days [66]. Hence, equids might be involved in the spread of
T. gondii to humans and cats in Egypt.

Furthermore, T. gondii seroprevalence varied significantly amongst equine breeds.
El-Ghaysh [19] suggested that being kept as free-ranging animals explained the higher
seroprevalence of T. gondii among mixed breeds and thoroughbreds relative to the Arabian
counterpart. That is, the non-Arabian breeds may come into contact with oocysts in the
contaminated environment more frequently. These findings were consistent with those
of Garcia-Bocanegra, et al. [23] who found that seroprevalence was higher in crossbred
horses than in stabled thoroughbreds because the former frequently roam more freely
and have greater access to parasites. Finally, the type of activity and location have been
proven to exert a substantial impact on the presence of T. gondii infection in horses in
Egypt [36,67-71].

The available data about the seroprevalences of T. gondii in other equids than horses
are very little. The few published studies on donkeys establish the high seroprevalence of
T. gondii in Egypt, at a range between 45% and 66% [19,72]. Mules, which are more closely
related to donkeys than horses, demonstrated intermediate T. gondii levels between that
of horses and donkeys, an outcome which is consistent with findings from China (8.6%
seroprevalence in mules against 4.5% in horses) [72].

The present findings support the previous observation of Haridy, et al. [38] which
indicates that females have more contact with contaminated environments than males,
but contradict the outcomes from previous studies in Tunisia and Turkey [47,48]. Also,
it implies that female horses are more susceptible to parasite infection than male and
gelding horses, which is consistent with the findings of an earlier study conducted in
Egypt [38]. Similar findings were also found in Spain [23], northwest Algeria [73], and
Xinjiang, northwestern China [74], however unlike our study, their difference was not
demonstrated to be statistically significant.

In line with earlier findings, younger horses have a lower seroprevalence, and statisti-
cally significant differences occur between age groups [50]. This result implies that equids
contract an infection during their first few years of life and that the exposure remains
continuous as they age, thereby explaining the higher prevalence of T. gondii infection
in older horses [47,74-76]. By contrast, other research revealed a negative relationship
between age and T. gondii infection in horses as well as a high prevalence rate in younger
horses, the latter of which may be mostly due to underdeveloped immune systems [39]
or as a result of trans-placental transmission and horizontal infection of T. gondii resulting
from the consumption of oocyst-contaminated food or water. In addition, recent research
from other nations, in contrast to our findings, revealed no appreciable variation in the
seroprevalence of T. gondii in horses from Mexico, southern Spain, Korea, and southern
Italy within age classes [23,77-80].

Equines and other intermediate hosts for T. gondii, such as ruminants, can only get
infected after eating or drinking products contaminated with sporulated T. gondii oocysts
from cats, or through congenital transmission [1,2]. High seroprevalence has been seen in
felid species in the past, including domestic cats (50%) and Iberian lynx (Lynx pardinus)
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(62.8%) in Andalusia [81,82]. T. gondii oocysts are believed to have been released into the
environment by seropositive felids.

In addition, it has been noted that the presence of cats is one of the major contribu-
tors to T. gondii seroprevalence in other domestic animals, including pigs [82] and small
ruminants [83]. It should be highlighted that the present findings may have been impacted
by the challenge of accurately estimating the amount of cats in shelters or even pastures
where horses are housed.

The present work confirmed that raising horses in contact with cats was a risk factor
for T. gondii infection, which is consistent with findings of previous studies [4,13,47]. The
variations in the environment’s level of contamination by cats, which are the definitive
hosts of T. gondii, and other mechanical carriers of oocysts, such as rodents, may be the
cause of the disparities in seroprevalence.

The presence of domestic ruminants was associated with the seroprevalence of T. gondii
in equids as determined in a study in Spain [23]. In Egypt, T. gondii is regarded as one of
the major causes of small ruminant abortion and neonatal death. In Egypt, research on
T. gondii seroprevalence in domestic ruminants revealed significant antibody prevalence
levels in cattle (10.8%), sheep (98.4%), goats (41.7%), and camels (46.9%) [3,35].

5. Conclusions

This study confirmed that T. gondii circulates in the horse populations in four gover-
norates in Egypt, thereby posing a concern to the health of both animals and people. In
addition, breed, sex, age, the presence of cats, and the presence of domestic ruminants, are
identified as risk factors for the infection. These results are intended to provide Egyptian
authorities with helpful information for managing and preventing toxoplasmosis in horses
and/or other hosts. Finally, further seroepidemiological studies are necessary to investigate
the prevalence of T. gondii in wider areas in Egypt, and to identify the epidemiological
situation of the parasite across the country.
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