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Abstract. Neosporosis is a parasitic disease characterized by abortions and the birth of weak offspring in cows. The 
causative agent of Neospora caninum is an obligate, protozoan parasite that belongs to the type Apicomplexa. The relevance 
of the study is conditioned upon the adverse impact of neosporosis on the economy of Ukraine (loss of productivity, 
veterinary and diagnostic costs). Furthermore, the issue of neosporosis is understudied. In this regard, the purpose of this 
study was to establish pathohistological changes in aborted foetuses and the foetal part of placentas and to confirm the 
involvement of the parasite (Neospora caninum) in cases of abortions recorded in different regions of the country. Two 
methods were used to investigate this problem: histological and real-time polymerase chain reaction. In aborted foetuses 
positive for N. caninum, the following pathohistological changes were most often detected: focal gliosis and perivascular 
mononuclear infiltrates in the brain; focal or diffuse mononuclear infiltration in the heart and skeletal muscles; periportal 
mononuclear infiltrates in the liver; focal necrosis of the mucous membrane and mononuclear infiltration in the foetal 
part of the placenta. Changes were less often detected in the lungs – mononuclear infiltration of the interstitium and 
diffuse lymphocytic alveolitis, and in the kidneys – diffuse interstitial mononuclear infiltration. No changes were found 
in the spleen. Neospore-like cysts were found in one out of twelve foetuses. Lesions established of foetal organs and 
placentas are inherent in neosporosis. The results of histological studies substantially complement the data of other 
authors, confirm the involvement of N. caninum in the occurrence of abortions in cows in certain regions of Ukraine, and 
also represent practical value for the diagnosis and control of neosporosis in cattle
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Introduction
Neospora caninum is a unicellular parasite that causes 
neosporosis, a parasitic disease that results in reproductive 
problems, namely abortions in cows [1-3]. Furthermore, 
the disease is widespread in the world, as evidenced by a 
meta-analysis conducted by Tooran Nayeri et al., [4] and 
about 3,000 scientific papers on this topic [5].

The parasite was first detected in the brain and 
skeletal muscle of Boxer puppies in Norway in 1984 [6] and 

described in 1988 [7]. The causative agent N. caninum was 
first isolated from aborted foetuses of cows in 1993 [8].

Dogs, coyotes, wolves, and dingoes have been iden-
tified as definitive hosts of N. caninum, while cattle, deer, 
sheep, buffalo, bison, rodents, birds, and horses are inter-
mediate hosts [9]. In cows, infection with the parasite can 
occur from mother to foetus, and in the postnatal period – 
due to ingestion of sporulated oocysts [10; 11].
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Pathohistological changes that most often occur in 
foetuses and placentas infected with N. caninum include 
periportal hepatitis and multifocal hepatocellular necrosis; 
myocarditis and pericarditis; perivascular infiltrates, focal 
necrosis and foci of gliosis in the brain; non-purulent my-
ositis; focal necrosis and non-purulent placentitis [12-14]. 
These changes do not have a clear localization and corre-
spond to different severity of the lesion [15-17].

Ahmad Nematollahi et al. described similar patho-
histological changes in infected foetuses: acute congestion, 
perivascular and perineuronal oedema, spongiosis, peri-
vascular infiltrates, focal gliosis and necrosis were noted in 
the brain and spinal cord; in the placenta – vasculitis, acute 
congestion, perivascular infiltration with mononuclear 
cells, vascular thrombosis, focal placentitis and necrosis in 
the cotyledons; in the heart – focal pericarditis and focal 
haemorrhages [18].

Amir Kamali et al. investigated 56 brain samples of 
aborted foetuses, of which 16 (28%) showed non-purulent 
encephalitis inherent in neosporosis. Acute hyperaemia 
(100%), oedema (100%), gliosis (93%), perivascular infil-
trates (63%), haemorrhages (51%), focal necrosis (25%), 
non-purulent meningitis (5%), and satellitosis (2%) were 
also noted in this study [19].

In the brain, heart, liver, lungs, kidneys of 34 foe-
tuses infected with N. caninum, histological studies by 
Esther Collantes-Fernández et al. established multiple 
centres of non-purulent infiltrates with multifocal necrotic 
areas surrounded by inflammatory cells. According to their 
data, the affected organs were the heart, liver, and brain, 
less affected – the lungs and kidneys [20].

As a result of statistical analysis of the published 
data, it was found that in 85% of cases, pathological changes in 
aborted foetuses are mainly localized in the central ner-
vous system [21]. Furthermore, researchers from Brazil and 
Greece emphasize the influence of the parasite on the re-
productive system, which adversely affects the reproduction 
rates of cattle [22; 23].

Neosporosis causes significant economic losses 
both at the level of individual livestock farms and in the 
entire livestock industry due to the deterioration of repro-
duction indicators, reduced productivity and the costs as-
sociated with preventive measures [24-26]. This disease is 
difficult to control since there is no specific treatment and 
affordable and efficacious vaccine prevention.

In Ukraine, there are laboratory-confirmed cases of 
abortions caused by N. caninum [27] and, since there are only 
isolated reports on this issue, the purpose of this study is to 
evaluate pathohistological changes in aborted foetuses and 
the foetal part of placentas and to confirm the involvement 
of N. caninum in recorded cases of cow abortions in Ukraine.

Materials and Methods
Aborted foetuses and/or foetal placentas from cows were 
selected as samples for the study. As a result, 13 samples were 
taken, of which two were incomplete: one had no placenta, 
and the other had no foetus.

Aborted foetuses and the foetal part of placentas 
were obtained from farms in Cherkasy (3 samples), Kyiv 

(3 samples), Khmelnytskyi (4 samples), Sumy (1 sample), 
Chernihiv (1 sample), and Ternopil (1 sample). The term of 
pregnancy at which the abortion occurred was set according 
to the data specified in the attached documents.

The selection of samples for genetic, molecular, and 
histological research was performed directly in the section 
hall of “Veterinary Diagnostics Centre” LLC (Kyiv) during 
the autopsy.

The selection of samples for genetic, molecular, and 
histological research was performed directly in the section 
hall of “Veterinary Diagnostics Centre” LLC (Kyiv) during 
the autopsy. For this, the brain, heart, lungs, spleen, liver, 
kidneys, skeletal muscles of the neck, and cotyledons of the 
placenta were selected. Pieces sized 1-1.5 cm were cut from 
the organs under study, at the border of normal and patho-
logically changed tissue. 

To fix pathological material, pieces of organs were 
transferred to 10% buffered formalin (Leica, Germany) and 
kept in it for at least 48 hours. After fixation, pieces sized 
0.5×0.5 mm were cut from the selected organs with a blade 
(considering the specific features of the structure of each 
organ and the presence of visible pathological changes) and 
placed in plastic cassettes, which were labelled according 
to the assigned number. Next, primary processing of the 
material (dehydration in ethyl alcohol and sealing in liquid 
paraffin) was performed using a histoprocessor STP-120 
(Microm, Germany). The duration of primary tissue treatment 
was 12 hours [28].

To produce paraffin blocks, a station for filling tissues 
with paraffin EC 350 (Microm, Germany) was used. For this, 
tissue samples were transferred to special metal moulds and 
filled with hot paraffin. After cooling the paraffin on cryo-
console, the resulting paraffin blocks were cut on a rotary 
Microtome HM 340E (Microm, Germany), while the cut 
thickness was 4 µm. The sections were transferred to slides and 
dried in a thermostat for 2 hours at 47°C. After drying, they 
were stained with haematoxylin and eosin (Leica, Germany) 
according to the generally accepted staining method, and 
placed in a fixing medium for the manufacture of permanent 
preparations (Thermo Fisher, USA) [28; 29].

Histological analysis of all samples was performed 
at magnifications of x100, x200, x400, and x1000 using 
an Axioskop 40 light microscope (Carl Zeiss, Germany), 
W-PI 10x/23 glasses, and 10, 20, 40, 100 objectives. Canon
PC 1049 Power Shot G5 camera, 5.0 MegaPixels through
Adapter tube BAYONET-52 mm (EASY FIT) for Canon G3
(Canon, Japan) was used for photo registration.

In all the samples under study, prior to histological 
examination, N. caninum DNA was detected by polymerase 
chain reaction. The amplification reaction was carried out 
using commercial test kits of European manufacturers on 
QuantStudio 5 Real Time PCR System equipment (Thermo 
Fisher Scientific, USA), following the manufacturer’s recom-
mendations.

Results and Discussion
Abortions in cows were registered: at 4 months of gestation – 
five samples, at 5 months – three, at 6 months – four, and at 
7 months – one (Table 1).
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Table 1. The main pathohistological changes in aborted foetuses and the foetal part of the placenta of cows,  
considering the pregnancy period

Duration of pregnancy Number 
of samples Pathohistological changes Number of 

affected samples
Percentage of 

affected samples, %

Month 4 5

Encephalitis 4 80

Myocarditis 4 80

Myositis 5 100

Hepatitis 3 60

Placentitis 4 80

Month 5 3*

Encephalitis 1 50

Myocarditis 2 100

Myositis 1 50

Hepatitis 2 100

Placentitis 2 67

Month 6 4**

Encephalitis 3 75

Myocarditis 4 100

Myositis 3 75

Hepatitis 3 75

Placentitis 2 67

Month 7 1

Encephalitis 1 100

Myocarditis 1 100

Hepatitis 1 100

Placentitis 1 100

Note: * – one foetus is missing; ** – one placenta is missing

Focal gliosis (Fig. 1) and perivascular mononuclear 
infiltrates were found in the brain of six foetuses, and peri-
vascular, perineuronal oedema and perivascular mononuclear 
infiltrates were found in two. In other foetuses, multiple sites 
of necrosis, perivascular mononuclear infiltrates, single ne-
crotic neurons, focal necrosis, and perivascular mononuclear  
infiltrates in its soft shell were also noted in the brain.

Figure 1. Focus of gliosis in the grey matter of the foetal 
brain (arrow). Haematoxylin-eosin, ×200

In the hearts of five foetuses, diffuse mononuclear 
infiltration in the pericardium (Fig. 2), myocardium, and 
endocardium was recorded, in two – diffuse mononuclear 
infiltration in the pericardium and myocardium, in four – dif-
fuse mononuclear infiltration in the myocardium (Fig. 3).

Figure 2. Diffuse mononuclear infiltration in the foetal 
pericardium (arrow). Haematoxylin-eosin, ×200
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Figure 3. Diffuse mononuclear infiltration in the foetal 
myocardium (arrows). Haematoxylin-eosin, ×200

Mononuclear infiltration of the interstitium was 
found in the lungs of two foetuses, focal desquamation of 
the epithelium of the bronchi and bronchioles, and diffuse 
lymphocytic alveolitis in another two. Therewith, peripor-
tal mononuclear infiltrates were noted in the liver of nine 
foetuses (Fig. 4), in three – focal necrosis of hepatocytes 
and in two – focal dystrophy of hepatocytes. 

Figure 4. Periportal mononuclear infiltrates in the foetal 
liver (arrows). Haematoxylin-eosin, ×200

No changes were found in the spleen of twelve foe-
tuses. The skeletal neck muscles of seven foetuses were 
characterized by diffuse mononuclear infiltration (Fig. 5), 
for two – focal mononuclear infiltration. 

Figure 5. Diffuse mononuclear infiltration in the skeletal 
muscle of the foetal neck. Haematoxylin-eosin, ×200

Single neosporous cysts and focal mononuclear infil-
trates were found in the tongue muscles of one foetus (Fig. 6).

Figure 6. Neosporous cyst in the foetal tongue muscles 
(arrow). Haematoxylin-eosin, ×1000

Furthermore, diffuse interstitial mononuclear in-
filtration was diagnosed in the kidneys of three foetuses 
(Fig. 7), and focal necrosis in one foetus.

Figure 7. Diffuse interstitial mononuclear infiltration in 
the foetal kidney (arrow). Haematoxylin-eosin, ×200

In five foetal placentas, focal necrosis of the mucous 
membrane was established, in three – fibrin deposition on the 
mucous membrane, and in nine more – focal mononuclear 
infiltration.

Figure 8. Focal mononuclear infiltration (Arrow 1), deposition 
of fibrin on the mucous membrane (Arrow 2) and focal 

necrosis of the mucosal villi (Arrow 3) of the foetal part of the 
placenta (cotiledon) of the foetus. Haematoxylin-eosin, ×200
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Figure 9. Pathohistological changes in aborted foetuses and foetal part of cow placentas

Regardless of the term of pregnancy, aborted foe-
tuses were mainly diagnosed with encephalitis, myocarditis, 
myositis, hepatitis, and placentitis (Table 1).

Pathohistological changes (encephalitis, myositis, 
myocarditis, hepatitis, placentitis), which were detected in 
most of the foetuses and the foetal part of placentas un-
der study (Table 1), are characteristic of infection caused 
by N. caninum and are consistent with the results of similar 
studies [12; 13; 17]. Pericarditis, endocarditis, pneumonia, 
nephritis, and meningitis were somewhat less common. 
Mononuclear infiltration was present in all organs except 
the spleen. There were also no changes in the spleen of 
12 foetuses and no reports describing them, although the 
organ itself was selected for research.

The changes mentioned above are non-specific. 
They are also noted for Bovine viral diarrhoea virus (BVDV) 
and infectious bovine rhinotracheitis (IBR) in an aborted 
foetus [32; 33].

Single neosporous cysts were found in only 1 out 
of 12 foetuses. These results correspond to the results of 
other researchers, where tissue cysts of N. caninum were 
found extremely rarely during histological examination in 
foetuses and placentas [20; 30]. Furthermore, the estab-
lished single neosporous cysts were localized in the muscles 
of the tongue, while other researchers usually noted them 
in the brain [15; 30; 34].

Pathohistological changes noted in various organs 
and systems of aborted foetuses may indicate that the in-
fection caused by N. caninum has a systemic manifestation.

Dependence and significant differences between the 
detected pathohistological changes and the duration of preg-
nancy at which abortion occurred in cows were not noted. 
As for the duration of pregnancy, abortions in cows were 
recorded mainly in the period from 4 to 6 months, although 
they can also occur from 3 to 9 months of pregnancy [17; 20].

The observed characteristic changes confirm the in-
volvement of N. caninum in abortions in cows in livestock 
farms of Cherkasy, Kyiv, Khmelnytskyi, Sumy, Chernihiv, 
and Ternopil regions of Ukraine.

The study applied two research methods. First, the 

polymerase chain reaction as the most accurate and sensi-
tive method. However, it is not sufficient to confirm the role 
of N. caninum in abortion since there is a high probability 
of participation or complicity of other factors that can pro-
voke abortion. The histological method allowed identify-
ing changes inherent in neosporosis, but in the absence 
of specific changes, it cannot be said that they are caused 
by N. caninum. These methods are successfully used in ob-
stetric practice to find the causes of abortions in cows [31]. 
Therefore, to establish a final diagnosis, the authors of this 
study recommend the comprehensive use of two research 
methods at once, as this affects the speed of decision-making 
and the organization of measures to prevent the spread of 
neosporosis and its consequences.

Conclusions
It was found that abortions in cows with neosporosis are 
mainly recorded in the second trimester of pregnancy. 
Most frequently, pathohistological changes are detected 
in the brain, heart, skeletal muscles of the neck, liver, and 
the foetal part of the placenta. Basically, diffuse mononuclear 
infiltration is noted in the organs of aborted foetuses and the 
foetal part of placentas of cows. Therewith, as a result of the 
conducted studies, neosporosis was confirmed as one of the 
causes of abortions in cows from six regions of Ukraine. It was 
found that the histological method of examination cannot 
be used in isolation to establish a definitive diagnosis, since 
pathohistological changes in neosporosis are non-specific 
and may be misinterpreted. Therefore, to diagnose this dis-
ease in animals, it is recommended to combine two methods: 
polymerase chain reaction and histological studies.

The results obtained can be used to improve the lab-
oratory diagnosis of neosporosis in cows, control its spread 
in livestock farms, and develop instructions for further pre-
vention of this disease.
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Thus, in general, encephalitis was diagnosed in 9 foe-
tuses, meningitis – in 1, pericarditis – in 7, myocarditis – in 11, 

endocarditis – in 5, myositis – in 9, hepatitis – in 9, pneu-
monia – in 4, nephritis – in 3, and placentitis – in 9 (Fig. 9). 
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Анотація. Неоспороз – паразитарна хвороба, яка у корів характеризується абортами та народженням слабкого 
потомства. Збудник Neospora caninum – облігатний, найпростійший паразит, який відноситься до типу Apicomplexa. 
Актуальність дослідження зумовлена негативним впливом на економіку (втрата продуктивності, ветеринарні та 
діагностичні витрати) та недостатнім дослідженням неоспорозу в Україні. У зв’язку з цим, метою роботи було 
встановлення патогістологічних змін у абортованих плодів і плодової частини плацент та підтвердження участі 
паразита (Neospora caninum) у випадках абортів, які зафіксовано в різних областях країни. Для дослідження цієї 
проблеми використовували два методи: гістологічний та полімеразної ланцюгової реакції в реальному часі. У 
позитивних щодо N. caninum абортованих плодів найчастіше виявляли такі патогістологічні зміни: осередковий 
гліоз і периваскулярні мононуклеарні інфільтрати в головному мозку; осередкову або дифузну мононуклеарну 
інфільтрацію в серці та скелетних м’язах; перипортальні мононуклеарні інфільтрати в печінці; осередковий 
некроз слизової оболонки та мононуклеарну інфільтрацію у плодовій частині плацент. Рідше зміни виявляли в 
легенях – мононуклеарна інфільтрація інтерстиції й дифузний лімфоцитарний альвеоліт, та нирках – дифузна 
інтерстиціальна мононуклеарна інфільтрація. У селезінці змін не встановлено. Неоспороподібні цисти виявлені 
в одному з дванадцятьох плодів. Встановлені ураження органів плодів і плацент є характерними для неоспорозу. 
Результати гістологічних досліджень істотно доповнюють дані інших авторів, підтверджують причетність 
N. caninum до виникнення абортів у корів окремих областей України, а також становлять практичну цінність для
діагностики та здійснення контролю за неоспорозом у великої рогатої худоби

Ключові слова: велика рогата худоба, Neospora caninum, аборт, гістологія


