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Abstract

Toxoplasmosis is a worldwide protozoosis which can affect all warm blooded animals, birds and
humans, while cats and other Felidae are the only definitive hosts of this parasite. Dairy cows become
infected orally, through ingestion of feed or water contaminated with T gondii sporulated oocysts, but
also through accidental ingestion of tissue cysts from infected intermediate hosts. In cows the infection
is usually asymptomatic or causes mild symptoms. Natural cases of clinical toxoplasmosis in cows are
usually manifested only as abortions. This study included 428 Holstein-Friesian dairy cows from 8 small
farms located in Northern Greece, which had previously reported reproductive problems. A blood sample
was collected from each cow and examined by indirect immunofluorescence (IFAT) for toxoplasmosis.
The results revealed an overall prevalence of 28 (6.54%) positive and 52 (12.15%) suspect cows for the
parasitosis. Among positive and suspect cows 64.28% (18/28) and 30.76% (16/52), respectively, had
previous records of reproductive problems. Some reproductive parameters, such as the average number
of lactations per cow and the average days after birth that animals were removed from farms due to
infertility were 1.75 and 55.1 in positive cows and 2.77 and 561.5, respectively, in suspect cows. This
study suggests that toxoplasmosis should be included in the differential diagnosis in cow farms where
reproductive problems occur in order to reduce the economic losses of farmers. It also highlights the
zoonotic importance of this parasitosis as well as the need for better preventative measures.
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Introduction

Toxoplasmosis is a zoonotic disease caused by the intracellular obligate apicomplexan
protozoan parasite Toxoplasma gondii (Sarcocystidae), which is distributed throughout the
world [1-4]. Itis mainly transmitted to the intermediate hosts through the ingestion of oocysts
shed by infected cats (or other Felidae). Cats are the only definitive host of the parasite and the
only species where the sexual part of T gondii life cycle can be completed [1,5,6] resulting in
the release of the oocysts into the environment through the cat’s feces [5]. Cats can discharge
those oocysts in the environment for a short period of time, only about 3 weeks throughout
their life. After 1 to 3 days in the environment, oocyst sporulate and have the ability to infect a
large variety of warm-blooded intermediate hosts of this parasite, such as domestic and wild
animals, livestock, small rodents, birds, and humans [5,7,8]. Cats (domestic and wild) present
with significantly high prevalence of toxoplasmosis in some cities of countries neighboring to
Greece; 66.2% in the city of Ankara, Turkey [9], 42.3% in Perugia, Italy [10], 62.3% in Tirana,
Albania [11], 29.3% in Milan, Italy [12] and 34.2% in Izmir, Turkey [13]. Dairy cows become
infected mainly through ingestion of feed or water contaminated with T gondii sporulated
oocysts [14,15]. Many experimental infections in cows used oocysts, as the means of infection
demonstrating that cows are susceptible to infection by this life stage of the parasite [14-17].
Although cows are herbivores, infections could also happen through the accidental ingestion
of tissue cysts from infected intermediate hosts such as small rodents via contaminated food.
Finally, transplacental infection can also take place and lead to infected fetuses [5].
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In cows the infection is usually asymptomatic or causes mild
symptoms [5]. Natural cases of clinical toxoplasmosis in cows is
seldom manifested and only with abortions. Their confirmation
can be performed with the isolation of T gondii from the tissues of
aborted fetuses [18]. In many areas of the world humans consume
bovine meat. Therefore, consumption of cows’ meat may represent
arisk for transmission of the disease to humans via the consumption
of raw or undercooked meat [19,20]. The IFAT test is a simple and
widely used method for the diagnosis of toxoplasmosis. This assay
is based on the specific antigen-antibody interaction from diluted
serum specimens with killed Toxoplasma tachyzoites. Fluorescent-
labeled antibodies are commercially available for a variety of
animal species, the method is safe and relatively inexpensive and
kits are also commercially available [21,22]. The aim of this study is
to emphasize that toxoplasmosis should never be excluded from the
differential diagnosis in cow farms where reproductive problems
exist. In the light of economic losses caused for farmers and most
importantly of the zoonotic consequences of toxoplasmosis, it is
imperative to establish preventative measures.

Materials and Methods

This study included 428 Holstein-Friesian dairy cows from
small farms located in northern Greece (prefecture of Xanthi) that
had previously reported reproductive problems and which were
sampled during 2021-2022. The cows originated from eight farms
of which the smallest comprised of 30 and the largest of 150 cows.
In all farms, dogs and cats coexisted with cows and no preventive
antiparasitic treatment was given to any of the animals. A blood

sample was collected from all the cows of each farm. All samples
were examined by the method of indirect Immunofluorescence
(IFAT) for toxoplasmosis [23]. According to this technique killed T
gondii tachyzoites are incubated with test serum, the fluorescent
anti-species antibodies are added, and the results are read under
a fluorescence microscope. All samples that were positive in the
dilution 1/200 were marked as positive, while those samples that
were positive in the dilution 1/100 were reported as suspect for T.
gondii antibodies [24]. Various parameters were recorded during
sampling. For the statistical analysis of the results Chi square test
was used (factor of significance P> 0.005).

Results

Out of the 428 dairy cows tested for toxoplasmosis, 28 (6.54%)
were found positive and 52 (12.15%) suspect of T. gondii antibodies.
Positive and suspect cows were found in all the eight farms included
in the study. The study also recorded a statistically significant
higher frequency (P> 0.005) of positive cows manifesting infertility
problems compared with suspect cows. In particular, 18 out of 28
positive cows (64.28%) presented infertility problems, while only
16 out of 52 suspect cows (30,76%) manifested such problems. The
average number of lactation periods when the cows were removed
from the farm due to infertility problems was statistically smaller
in positive (1, 75) compared to suspect cows (2, 77) (Table 1).
Moreover, the study showed that infertility problems were the main
reason of removal of the animals from the farms. Various other
parameters of reproductive problems and the removal of positive
and suspect cows Tables 2 were also determined.

Table 1: Parameters recorded during sampling and their outcome for positive and suspect animals.

Parameter Positive Suspect

Average number of days postpartum at sampling 2211 254,3

Average number of lactation period at sampling 1,5 1,94

Average number of intrauterine inseminations preceding the sampling 2,85 3,09

Average number of days after intrauterine insemination preceding the sampling 54,07 92,6

Average number of days postpartum when cows were removed from farms 439 324,8

Average number of lactation periods when cows were removed from farms 2,96 3,52

Average number of lactation periods when cows were removed from farms due to infertility problems 1,75 2,77
Average number of days postpartum when cows were removed from farms due to infertility problems 551,1 561,5

Table 2: Reasons for the removal of positive and suspect animals.

Reasons for Removal of Cows

Reasons for Removal of Calves

Positive animals
Reproduction problems 18 (64.28%) Stillborn calves 4 (14.28%)
Lameness 3 (10.71%) Pneumonia 3 (10.71%)
Pneumonia 1(3.57%) Abortion 1(3.57%)
Fracture 1(3.57%) Diarrhea 1(3.57%)
Death 2(7.14%) Neurological problems 2 (7.14%)
Accident 1(3.57%)
Suspect animals
Reproduction problems 16 (30,76%) Stillborn calves 12 (23%)
Lameness 8 (15,38%) Pneumonia 3 (5,76%)
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Pneumonia 2 (3,84%) Abortion 1(3.57%)
Other reasons 18 (34,61%) Diarrhea 4 (7,69%)
Death 1(1,92%) Neurological problems 2(3,84%)
Accident 1(1,92%)
Discussion placental and fetal infection is possible, which may result in fetal

The present study recorded a statistically significant higher
frequency (P> 0.005) of positive cows manifesting infertility
problems (64.28%), compared with suspect cows (30.76%).
Moreover, the study showed that infertility problems were the
main reason for removal of the animals from the farms. Thus, in
farms presenting infertility problems, toxoplasmosis should be
included in the differential diagnosis because toxoplasmosis is one
of the causes for removal of animals from breeding. In all the farms
included in the present study, dogs and cats coexisted with cattle
and no preventive antiparasitic treatment was granted to any of the
animals. This could be a probable route of infection for cows, since
these animal species are known to occasionally harbor and spread
Toxoplasma [17]. Risk factors for the contamination of farms are
the presence of cats and the accidental consumption of raw infected
meat by cows. It is recommended that cats are removed from the
farms and that consumption of raw meat is avoided. Preventive
examination of all cows should be undertaken every year.

Reproductive abnormalities have a major role in economic
losses of the livestock production system, largely as a result of losses
of milk production in the dairy sector and of increases in culling
rates. It is obvious that there is a need for further evaluation of the
economic impacts occurring due to toxoplasmosis in cow farms,
and preventive measures for toxoplasmosis should be implemented
on cow farms because of both the economic consequences for
farmers and the zoonotic importance of the parasitosis. Torgersona
and Mastroiacovo [25] estimated that approximately 30% to 50%
of people worldwide have an infection with T gondii [25]. Human
infection occurs by two main routes, ingestion of oocysts by fecal-
oral route and ingestion of undercooked or raw meat containing
tissue cysts of the parasite [26,27]. In many countries humans
are used to consuming bovine undercooked meat. Therefore,
toxoplasmosis must be considered as an issue of public health
importance [19,20,27], especially in endemic areas [28].

This study recorded a prevalence of 6.54% positive cows for T
gondii infection. Other studies in several parts of the world record
higher prevalence, which notably reaches 9.5% in Asia [29], 27.9%
in South Asia [30] and 12% in Africa [31]. In cows the infection is
usually asymptomatic or causes mild symptoms [5]. Clinical signs
referred are fever, dyspnea, neurological symptoms and abortion
[5]. In this study, the related conditions recorded among positive
animal were pneumonia in 1 (3.57%) cow and 3 (5.76%) calves,
neurological problems in 2 (7.14%) calves and 1 abortion (3.57%).
Among suspect cows the results were pneumonia in 2 (3.84%)
cows and 3 (5.76%) calves, neurological problems in 2 (3, 84%)
calves and 1 aborted fetus (3.57%), respectively. In case of first
infection by the parasite in pregnant animals, establishment of a

death and resorption, abortion, or stillbirth [5].

Toxoplasmosis is a common infection in humans, but clinical
illness is relatively uncommon [32]. Severe toxoplasmosis, causing
damage to the brain, eyes, or other organs, can develop from an
acute Toxoplasma infection or one that occurred earlier in life and
is now reactivated. At high risk of manifesting serious clinical signs
are pregnant women infected for the first time during pregnancy,
as the parasite can pose a serious threat to the unborn child [20].
Also, in some individuals who are immunosuppressed, such as
tissue transplant patients, AIDS patients, patients with certain
types of cancer and those undergoing certain forms of cancer
therapy toxoplasmosis could be a cause of serious health problems
[33]. People with no apparent immune deficiency may develop
an illness characterized by general malaise, fever and mainly
lymphadenopathy [1,33,34].

In conclusion, this study recorded the possibility of infertility
problems due to toxoplasmosis in dairy cows in Greece and
evidenced the need of including this parasitosis in the differential
diagnosis because of both the economic losses for farmers and
the zoonotic importance for humans. Future research examining
the occurrence of Toxoplasma tachyzoites or bradyzoites in cows’
muscle tissue shall be undertaken to expand our knowledge
regarding the zoonotic potential of the parasitosis.
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