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Abstract
Background  Toxoplasmosis not only leads to abortion in humans but also in herbivores, which causes significant 
financial and quality-adjusted life-year losses. The present study aimed to determine the prevalence of toxoplasmosis 
in aborted fetuses via serological and molecular assays. Moreover, the genotypes of the obtained isolates were 
detected.

Methods  Serological and molecular methods were used to study aborted fetuses from Bojnourd City, North 
Khorasan Province, Iran, which included 52 ovines and 16 bovines. Nested PCR of the B1 gene was used to detect 
parasite DNA in brain tissues. The PCR-RFLP method for the GRA6 gene was used to determine the genotype of T. 
gondii.

Results  Out of 68 aborted fetuses, 16.1% showed the presence of anti-T. gondii IgG. Among these, 11.7% were 
identified in bovine fetuses and 4.4% in ovine fetuses. Additionally, two (2.94%) samples of ovine tested positive for 
anti-T. gondii IgM. Our PCR analysis detected parasite DNA in two cases (2.94%) among 11 IgG-positive samples. All 
obtained isolates belong to type I of T. gondii.

Conclusion  Infection with Type I of T. gondii during the neonatal period may partly be responsible for abortion 
and economic losses in livestock farming in our studied region. To understand the molecular epidemiology and 
genotypes of T. gondii associated with abortion, further evaluation of aborted samples from different geographical 
locations is necessary.
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Introduction
Abortion in ruminant animals is a multifactorial event 
with infectious and non-infectious causes. Pathogens like 
viruses, bacteria, fungi, and protozoa, as well as nutri-
tional deficiencies, physical stressors, toxic substances, 
and chemical agents, can all lead to abortion in these ani-
mals [1–3].This complex interaction of factors increases 
the risk of abortion, which has detrimental effects on the 
health and productivity of ruminant animals. The eco-
nomic consequences for the livestock industry are signifi-
cant due to the expenses involved in diagnosing, treating, 
and preventing abortion [4].

The main infectious etiological agents causing sheep 
and cattle abortion are Brucella, Salmonella, Myco-
plasma, Chlamydia abortus, and Coxiella burnetii, in 
addition to Toxoplasma gondii (T.gondii) [5].

T. gondii is a common and significant foodborne zoo-
notic pathogen with medical and veterinary significance. 
Felines mainly cats, are definitive hosts in the life cycle 
of T.gondii and excrete millions of resistant oocysts 
into the environment. Almost all warm-blooded plays a 
role in transmission cycle as intermediate hosts such as 
sheep, goat, cattle, pigs and camels or aberrant hosts as 
humans [6, 7]. The sexual reproduction of this parasite 
relies on cats, which results in the excretion of oocysts in 
their feces. These oocysts are consumed by grazing ani-
mals like sheep or chickens and small wild animals like 
rats. Once the parasite infects these animals, it typically 
forms cysts in their brain and muscles. The Toxoplasma 
life cycle is completed when a cat consumes an infected 
rat. This cat-rat interaction plays a vital role in transmit-
ting Toxoplasma in the ecosystem and has implications 
for the health of domestic animals and humans [8].

T. gondii can be transmitted through three main routes. 
The first is the ingestion of oocysts that are shed by the 
definitive host. The second mechanism involves consum-
ing raw or undercooked meat that contains tissue cysts 
of the parasite. The third mechanism is the congenital 
transmission [9–11].

T. gondii infection in ruminants is typical without clini-
cal signs. However, it could be dangerous for the devel-
oping fetus during pregnancy, potentially resulting in 
mummification, macerated, aborted, or stillborn [12].
Toxoplasma-related abortion is a persistent problem 
globally, affecting human populations and sheep and cat-
tle breeding industries. Additionally, T. gondii infection 
in ruminants can pose a risk to human health through 
the consumption of contaminated meat or milk products, 
making it a public health concern [13].

The estimated monetary burden due to congenital 
toxoplasmosis in the UK ranges from $1.2  million to 
$12 million, and Brazil’s annual economic loss caused by 
ovine toxoplasmosis is estimated at around $1.491  mil-
lion [14, 15]. Toxoplasmosis contributes to a substantial 

disease burden globally, with an estimated 1.87  million 
Disability-Adjusted Life Years (DALYs) attributed to 
food- and vector-borne parasitic zoonoses, as outlined in 
the WHO roadmap for 2030 [16].

The diagnosis of toxoplasmosis in ruminants (or 
aborted fetuses) typically involves a combination of sero-
logical, molecular, bioassay and histopathology exami-
nations. Most epidemiological studies on T. gondii have 
primarily relied on extensive serological testing con-
ducted worldwide, including in Iran [17, 18].

The global prevalence varies with seroprevalence rates 
ranging from 75% in dogs, 11–36% in pigs, 11–61% in 
goats, less than 10% in cows, and 35–73% in cats and 
humans [19, 20].In comparison, this value in Iran has 
been documented in various regions of Iran, with sheep 
ranging from 13.8 to 35%, goats from 13.1 to 30% and 
cattle from 0 to 16% [21].

Against serological methods, molecular surveys are 
effective in confirming the causative role of T. gondii in 
abortion cases and providing information on the genetic 
diversity of the parasite [18].

The molecular surveys about genetic diversity of T. gon-
dii have demonstrated that this parasite can be classified 
into three distinct groups: genotype I, characterized by 
its virulent nature, and genotypes II and III, consisting of 
non-virulent strains [22, 23].

Considering the significant impact of T. gondii infec-
tion on abortion in livestock and indefinite prevalence of 
infection in aborted fetuses in our studied area, present 
research was designed to determine the infection rate by 
both serological molecular and methods. Additionally, 
the genetic diversity of isolated strains was investigated.

Methods
Study area
This cross-sectional study was performed from March to 
April 2021 in Bojnurd City in North Khorasan Province 
in northeastern Iran (Fig.  1). Bojnurd City is the prov-
ince’s capital (37° 28′ N and 57° 20′ E) and has an area 
of about 17.68 km2 and over 230,000 people. The city is 
located in a semi-arid area, with an elevation of 1070 m 
above sea level, with hot summers and cool winters. 
Bojnourd weather station data shows rainfall and aver-
age annual temperature are 243–292  mm and 7–15  °C, 
respectively [24, 25].

Sampling
The present survey was conducted on 68 spontaneously 
aborted fetuses (52 ovine and 16 bovines) in Bojnurd 
City, Iran, from March 2020 to February 2021. All fetuses 
were referred to the North Khorasan Veterinary Organi-
zation. Next, blood and brain tissues of aborted fetuses 
(gestational age of ≥ 120) were collected and preserved 
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at − 20  °C until serological and molecular examination, 
respectively.

Serological survey
The presence of IgG and IgM antibodies of T. gondii was 
determined via conventional ELISA technique based 
on the manufacturer’s instructions (ID VET Innovative 
Diagnostic, Montpellier, France).

DNA extraction
All Toxo IgG-positive samples were investigated by PCR 
assay on the brain tissue of the same fetuses. The DNA 
extraction was done using (Gene All, Exgene, Cell SV 
mini, Korea) kit and according to the manufacturer`s 
instruction.

Nested-PCR for B1 gene
The Nested-PCR assay was performed via two repeated 
genomic targets, B1, to detect T. gondii DNA in fetuses’ 
brain tissues [26].

Two PCR primer pairs of the B1 gene, S1 (5´-​C​G​A​C​A​
G​A​A​A​G​G​G​A​G​C​A​A​G​A​G-3´) and AS1 (5´-​A​C​G​C​T​G​T​G​
T​C​T​C​C​T​C​T​A​G​G​C-3´), S2 (5´-​T​C​T​T​C​C​C​A​G​A​C​G​T​G​G​
A​T​T​T​C-3´) and AS2 (5´-​C​T​C​G​A​C​A​A​T​A​C​G​C​T​G​C​T​T​G​
A-3´), were employed to amplifying 531 bp fragment.

The first amplification was carried out in 20 µl of reac-
tion mixture containing one µl of each primer (S1 and 
AS1), ten µl Master mix (Ampliqon Company, Denmark), 
two µl extracted DNA from heart or diaphragm samples 
and 6 µl sterilized distilled water. The first PCR was per-
formed in a thermocycler (Flex Cycler) for initial dena-
turation at 94 °C for 3 min; this step was followed by 35 
cycles of denaturation at 94 degrees for 30  s, annealing 

at 60 °C for 30 s, extension at 72 °C for 2 min and a final 
extension step at 30 °C for 1 min. The second amplifica-
tion was performed in 20  µl reaction mixture. The first 
PCR product was diluted with a ratio of 1:40 to distilled 
water and then used as a template. The twenty-µl reac-
tion mixture contained 1 µl of each primer (S2 and AS2), 
8 µl Master mix (Ampliqon Company, Denmark), one µl 
of our new template and nine µl distilled water sterilized. 
The second PCR was performed in 30 cycles.

Nested PCR for GRA6 gene
The positive samples of Nested-PCR of the B1 gene were 
selected for Nested-PCR of GRA6 gene. GRA6, a highly 
polymorphic gene, is repeated in the genome of T. gondii. 
It is particularly suitable for distinguishing between three 
distinct types: type I, II and III, from each other, primar-
ily type III, which is close to type I. Two PCR primer pairs 
of the GRA6 gene, GRA6FO (5´​G​G​C​A​A​A​C​A​A​A​A​C​G​A​
A​G​T​G-3´) and GRA6RO (5´-​C​G​A​C​T​A​C​A​A​G​A​C​A​T​A​G​
A​G​T​G-3´) used in first amplification, and GRA6R (5´-​G​
T​A​G​C​G​T​G​C​T​T​G​T​T​G​G​C​G​A​C-3´) and GRA6 (5´​T​A​C​A​
A​G​A​C​A​T​A​G​A​G​T​G​C​C​C​C-3´) used in second amplifica-
tion. All procedures were performed based on previously 
published works [21, 27].

The first amplification was carried out in 25 µl of reac-
tion mixture containing 1  µl of each primer (GRA6FO 
and GRA6RO), 8  µl Master mix (Ampliqon Company, 
Denmark), 5  µl extracted DNA of heart or diaphragm 
samples and 10 µl sterilized distilled water. The first PCR 
was performed in a thermocycler (Flex Cycler) for initial 
denaturation at 94  °C for 5  min; this step was followed 
by 35 cycles of denaturation at 94 °C for 30 s, annealing 
at 54  °C for 60 s, extension at 72  °C for 90 s and a final 

Fig. 1   Map of North Khorasan province as the study area
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extension step at 72 °C for 7 min. The second amplifica-
tion was performed in 25  µl reaction mixture. The first 
PCR product was used as a template while diluted with 
a ratio of 1:10 to distilled water. Twenty-five microliters 
reaction mixture contained 1 µl of each primer (GRA6R 
and GRA6), 8  µl Master mix, 1  µl of our new template 
and 14 µl Distilled water sterilized.

The second PCR was performed at the annealing 
temperature of 60  °C for the 60s [15]. The PCR prod-
ucts were electrophoresed in a 1.5% agarose gel in tris-
borate-EDTA 0.5X (TBE 0.5X) buffer and stained with 
ethidium bromide. All positive samples of Nested PCR 
for the GRA6 gene were used to perform the PCR-RFLP 
technique to differentiate the three types (І, II, III) of T. 
gondii.

PCR-RFLP assay
The GRA6 gene amplified product was digested with 
MseI with MseI restriction endonuclease (10 U/µl, 300 
units), (Fermentas, Thermo Scientific, USA). A total vol-
ume of 30 µl, including 10 µl of GRA6 PCR product, was 
added with 1 µl of either MspI, 2 µl of 10x Tango buffer 
(Fermentas, Lithuania) and 17 µl of DD-H2O. According 
to the manufacturer’s instructions, the tubes were incu-
bated at 37  °C for 2–3  h to ensure full cutting of frag-
ments. Five µl of each product and 1 µl of loading buffer 
were run in 2% gel electrophoresis to analyze the diges-
tion products. This restriction enzyme can differentiate 
between various genotypes of T.gondii by cutting prod-
ucts to 168 and 544 bp, 75 and 623 bp and 97 and 544 bp 
fragments in type I, II and III, respectively.

Results
Serological data
Table  1 depicts the results of serological tests. From 68 
aborted fetuses, 16.17% (11 cases) showed anti-T. gon-
dii IgG that 11.7% (8 cases) and 4.4% (3 cases) were in 
bovine and ovine fetuses, respectively. anti-T. gondii IgM 
was found in 2 aborted ovine fetuses (2.94%).

Nested PCR B1 data
Two positive IgG (11 cases) samples were positive in 
Nested PCR B1. It’s worth mentioning that both of these 
samples also had positive results for the IgM test (Fig. 2a). 
We observed the 791  bp fragment of GRA6 gene after 
Nested PCR on positive samples for B1 gene.

Nested-PCR of GRA6 & PCR-RFLP data
Figure 2b demonstrates the related results of Nested-PCR 
for the GRA6 gene that was performed on two positive 
samples of Nested-PCR of B1 gene. Figure  2c exhibits 
the PCR-RFLP technique data (to determine the geno-
types of T.gondi) that carry out on positive Nested-PCR 
for GRA6 gene products. Our data approved that both 
obtained isolates belong to type I of T. gondii.

Discussion
Toxoplasmosis poses a significant public health chal-
lenge globally, especially in societies such as Iran [28, 
29], where cattle and sheep products are primary food 
sources [26]. Few studies have confirmed the role of T. 
gondii in inducing fetal abortion in sheep [30].

Our study revealed that seropositivity in aborted 
fetuses was 16.17% and molecular findings detected para-
site DNA in nearly 3% of examined fetuses. The preva-
lence of toxoplasmosis-induced abortions in sheep is 
between 10.6 and 23.1% in the US and Europe [31, 32].
Documents suggest that less than 2% of sheep experi-
ence congenital toxoplasmosis and < 4% of pregnant 
sheep transmit the infection to the next generation [17, 
33]. Adult Sheep have seropositivity from 4.4% in China 
to 99.2% in France. In Iran, it was 13–35% for sheep and 
18.1% for cattle. [26, 34, 35].

The newest systematic review and meta-analysis report 
in 2021 showed that based on molecular and serological 
tests, the prevalence rates of T. gondii infection in sheep 
aborted fetuses and stillbirths globally were 42% (95% CI: 
17–67%) and 16% (95% CI: 11–22%), respectively. In this 
published work, the similar value for cattle was not esti-
mated due to the small number of studies and animals 
studied [36].The same report with high T.gondi antibod-
ies (97.4%) has been documented in sheep herds that 
experienced abortion outbreaks in Iran [37].

Our findings differ from previous studies in other parts 
of Iran. In aborted ruminant fetuses, Khorasan Razavi, 
Hamedan, and Ardebil report 5.2%, 5.9%, and 28% sero-
positivity against T. gondii, respectively. [38–40].

The prevalence of T. gondii in aborted livestock fetuses 
in Iran varies from 2 to 66% across different regions [30, 
39, 41–44]. This variation could be attributed to dif-
ferences in diagnostic methods, sample sizes, parasite 
strains, ecological circumstances, and hygiene standards 
[44].

Table 1  Results of serological assays in the examined samples based on animal type
Aborted fetus Number ELISA IgG ELISA IgM

Positive Negative Positive Negative
Ovine 52 3 (5.76%) 47 (90.38%) 2 (3.84%) 50 (96.16%)
Bovine 16 8 (50%) 8 (50%) 0 16 (100%)
Total 68 11 (16.17%) 2 (2.94%)
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In Iran, research on aborted bovine fetuses has been 
limited to two studies. However, they reported nearly 
similar findings (5.9%, 13.4%), but neither of these studies 
used serological and molecular approaches concurrently 
[30, 44]. In this regard, the novelty of our research is the 
simultaneous usage of both approaches to examine stud-
ied fetuses.

In the present study, seropositivity in bovine cases was 
more than ovine (11.4% versus 4.4%), whereas we did not 
find parasite DNA in bovine samples. Similar data was 
found in previous surveys [45, 46]. In contrast, the posi-
tive PCR data from various regions of the globe necessi-
tate additional research into the potential role of T.gondii 
as a causative agent of abortion among cattle offspring 

[44, 47]. It seems cattle are resistant to toxoplasmosis, 
making their significance in infection epidemiology neg-
ligible and challenging to assess [12].

Diagnosing T.gondii infection in pasture-raised live-
stock is challenging due to several factors like limited 
submission of aborted fetuses for diagnosis and frequent 
fetal autolysis [43]. Therefore we used the combination 
of diagnostic techniques for accurate diagnosis, includ-
ing the serological technique as a screening step and fol-
lowed up with the molecular approach as a confirmatory 
method to detect T.gondii presence.

Different genotypes of T.gondii may have varying lev-
els of virulence, with genotype I being the most viru-
lent [26]. While genotypes II and III can result in latent 

Fig. 2  (a) Agarose gel separation of representative nested PCR products of the B1 gene (531 bp). Lane 1and 4, positive isolates; c−: negative control, c+: 
positive control, ntc: Negative sample, DNA ladder 100 bp. (b) Electrophoretic pattern of the Nested PCR products of GRA6 gene from tissue samples. 
Lanes 1,2: samples from B1 positive samples Ladder: DNA marker. (c) PCR-RFLP analysis of GRA6 gene coding region with MseI endonuclease., Lanes 1–2 
are Toxoplasma gondii, type I pattern
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toxoplasmosis, it is unclear if the same is valid for sheep 
infection [48]. Mice inoculated with type I separated 
from sheep did not exhibit clinical symptoms of toxo-
plasmosis [43].GRA6, the single-copy gene is more poly-
morphic than other markers and can distinguish three 
genotypes (I, II, and III) using one PCR reaction, followed 
by single endonuclease (MseI) digestion [49].

Based on our knowledge, only three studies have been 
carried out in various regions of Iran regarding the geno-
typing of ruminant aborted fetuses. These reports are 
limited to ovine samples and consistent with our geno-
typing analysis and their obtained T.gondii isolates also 
belong to type I [30, 42, 43]. Iranian adult sheep mostly 
have genotype II, while the most common genotype in 
Europe is type III [26]. It indicates that various geno-
types of T. gondii are prevalent in distinct areas, possibly 
responsible for inducing sheep abortion.

Two surveys on toxoplasmosis in aborted fetuses in 
North Khorasan Province had limitations, as they only 
used serological or molecular approaches and focused on 
ovine fetuses without genotyping the isolates [50, 51].

Understanding the nutritional pattern, rapid detec-
tion of T. gondii, keeping feed and water sources clean 
for small ruminants, controlling rodent and domestic cat 
populations, practicing hygiene and identifying the circu-
lating genotypes in nature are crucial for infection con-
trol/prevention. Vaccination of pregnant animals can also 
effectively prevent reproductive losses due to T. gondii 
infection [52].

Collectively, it is recommended to establishing efficient 
prevention and control health programs against toxoplas-
mosis in adult sheep and cattle and their fetuses, which 
humans commonly consume. This study lends weight to 
the argument that toxoplasmosis cases within sheep and 
cattle populations might be caused by congenital trans-
mission of T. gondii. This transmission mode may also 
maintain infection levels within certain family lines.

Conclusion
Type I genotype of T. gondii may be a possible cause of 
abortion in domestic livestock. Additionally, the presence 
of T.gondii DNA in the tissues of studied aborted fetuses 
from northeastern Iran implies that meat consumption 
might pose the risk of human infection. Further research 
is necessary to obtain more precise details about the 
molecular epidemiology and genotypes of T. gondii.

Limitations
The present study has several limitations, as follows:

We detected only T. gondii and its genotype without 
exploring other factors that could affect animal abor-
tion. The sample size was relatively small, and the fetuses 
were stored for two days, which could lead to contami-
nation. More polymorphic markers (such as GRA6) are 

recommended for genotyping, and different tissues could 
also be used for diagnosis5. Here, we focused on the 
brains of fetuses as the preferred tissue for diagnosing T. 
gondii, but skeletal muscle, cardiac muscle, liver, spleen 
and lung could also serve as further choices for diagnos-
tic purposes.
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