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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
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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-Ferndndez 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
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(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
0.5x0.5 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 pm. 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 OE;HI_:I[;;ZS Pathohistological changes affgltlgibs?n?sles aff(Ie::etl;:c;Isl::ESIgg, %
Encephalitis 4 80
Myocarditis 4 80
Month 4 5 Myositis 5 100
Hepatitis 3 60
Placentitis 4 80
Encephalitis 1 50
Myocarditis 2 100
Month 5 3* Myositis 1 50
Hepatitis 2 100
Placentitis 2 67
Encephalitis 3 75
Myocarditis 4 100
Month 6 4% Myositis 3 75
Hepatitis 3 75
Placentitis 2 67
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, x200

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).
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Figure 2. Diffuse mononuclear infiltration in the foetal
pericardium (arrow). Haematoxylin-eosin, x200
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Single neosporous cysts and focal mononuclear infil-
trates were found in the tongue muscles of one foetus (Fig. 6).

Figure 3. Diffuse mononuclear infiltration in the foetal
myocardium (arrows). Haematoxylin-eosin, x200

Mononuclear infiltration of the interstitium was Figure 6. Neosporous cyst in the foetal tongue muscles
found in the lungs of two foetuses, focal desquamation of (arrow). Haematoxylin-eosin, x1000
the epithelium of the bronchi and bronchioles, and diffuse
Iymphocytic alveolitis in another two. Therewith, peripor- Furthermore, diffuse interstitial mononuclear in-

tal mononuclear infiltrates were noted in the liver of nine  filtration was diagnosed in the kidneys of three foetuses
foetuses (Fig. 4), in three — focal necrosis of hepatocytes  (Fig. 7), and focal necrosis in one foetus.
and in two - focal dystrophy of hepatocytes.
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Figure 7. Diffuse interstitial mononuclear infiltration in
Figure 4. Periportal mononuclear infiltrates in the foetal the foetal kidney (arrow). Haematoxylin-eosin, x200
liver (arrows). Haematoxylin-eosin, x200

In five foetal placentas, focal necrosis of the mucous

No changes were found in the spleen of twelve foe-  membrane was established, in three - fibrin deposition on the

tuses. The skeletal neck muscles of seven foetuses were  mucous membrane, and in nine more — focal mononuclear
characterized by diffuse mononuclear infiltration (Fig. 5), infiltration.

for two — focal mononuclear infiltration.

Figure 8. Focal mononuclear infiltration (Arrow 1), deposition
of fibrin on the mucous membrane (Arrow 2) and focal
Figure 5. Diffuse mononuclear infiltration in the skeletal necrosis of the mucosal villi (Arrow 3) of the foetal part of the

muscle of the foetal neck. Haematoxylin-eosin, x200 placenta (cotiledon) of the foetus. Haematoxylin-eosin, x200
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Thus, in general, encephalitis was diagnosed in 9 foe-
tuses, meningitis — in 1, pericarditis — in 7, myocarditis — in 11,
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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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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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Ilaroricrosioriudi 3MiHu B a00OpTOBAaHHX IIVIOIB KOPiB 3a HEOCIIOPO3Y B YKpaiHi

BbormaHx IOpiiioBuu Hiokauk!, Inna BosoauMmupiBHa I'pyllIkoBcbKa?,
TerssHa OsneriBHa KaraeBa?, Onekcauap AHaTostiiioBnu Baapuyk!

'HarioHabHMI yHiBepcUTeT 6iopecypciB i TPMPOIOKOPUCTYBAaHHS YKpaiHu
03041, Byin. l'epoiB O60oponu, 15, M. Knis, Vkpaina

2TOB «LenTp BetepuHapHoi JIiarHOCTUKI»
03022, Byn. KaiicapoBa, 15a, m. KuiB, Ykpaina

AHoranisg. Heocriopo3 — mapasurapHa xBopo0a, sika y KOpiB XapaKTepu3yeThCs abopTamMy Ta HAPOAKEHHSIM C/1abKOTro
MoToMCTBa. 36ymHMK Neospora caninum — o6/iraTHWIA, HAMIIPOCTIIINIA Tapas3suT, IKMii BiHOCUTBCS 00 TUITY Apicomplexa.
AKTYyaJbHICTb JOC/TiI>KEHHS 3yMOBJIEHA HETATMBHUM BILIMBOM Ha €KOHOMIKY (BTpaTa IMPOAYKTMBHOCTI, BETePUHAPHI Ta
IiarHOCTMYHI BUTPATM) Ta HEAOCTATHIM JOCTiIKEeHHSIM HeoCrmoposy B YKpaiHi. YV 3B’I3Ky 3 1M, METOI0 PO6OTH 6YiI0
BCTAHOBJIEHHS TATOTICTOMOTIYHNUX 3MiH Y a6OPTOBaHMX IJIOAIB i MJIOJOBOI YACTMHM TUIALIEHT Ta MigTBEPIKeHHS yJyacTi
napasuta (Neospora caninum) y BUmnaakax abopTis, siki 3adikcoBaHO B pisHMX 06MacTsIX Kpainu. s qOCTimKeHHS i€l
rpo6eMu BMKOPUCTOBYBAIM B METOMAM: TiCTOJIOTiUHMII Ta TMOJiMepa3Hoi JIaHIIOroBOi peakilii B peaqbHOMY vaci. ¥V
MO3UTUBHUX 1IoA0 N. caninum abopTOBaHMX TUIOAIB HalfyacTillle BUSBIISUIM TaKi MATOTiCTOMOTIUHI 3MiHM: OCepeaKOBMUIL
[J1i03 i TepuBacKy/IsIpHi MOHOHYK/IeapHi iHiNbTpaTH B rOJIOBHOMY MO3KY; OCepeKOBY abo nudysHy MOHOHYKIeapHYy
indinpTpalio B cepli Ta CKeJeTHMX M’si3aX; MepPUIIOPTaIbHI MOHOHYKJIeapHi iHGinbTpaTH B IeviHIli; ocepefKOBuMIi
HEKPO3 CIM30B0i 060JIOHKM Ta MOHOHYK/IeapHy iHG®iIbTpallilo y MIOM0Bii YaCTMHI TUIALleHT. Pimine 3MiHM BUSBIISIN B
JIETeHSIX — MOHOHYyK/IeapHa iHdinbTpanis iHTepcTuiii it audys3Huit siMmdonnuTapHuii aabBeONiT, Ta HUPKaxX — Audy3Ha
iHTepcTUIlialibHA MOHOHYK/IeapHa iHinbTpallis. Y cenesiHlli 3MiH He BcTaHOB/IeHO. HeocrmopomnoiGHi ycTy BUSIBJIEH]
B OJHOMY 3 ABAHAJISATHOX TUIO/IB. BCTaHOB/IEH] ypaskeHHSI OpPTaHiB IJIOAIB i MJIALEHT € XapaKTepHUMMU JJIsl HEOCTIOPO3Yy.
PesynbTaTy TiCTONMOTIYHMX [OCTII)KeHb iCTOTHO JONOBHIOIOTH AAHi iHIIMX aBTOPiB, MiATBEPIXYIOTb IPUYETHICThb
N. caninum o BUHMKHEHHS abopTiB y KOPiB okKpeMux o6acTeit YKpaiHnu, a TAKOXK CTAaHOBJISATh MPAKTUYHY I[iHHICTh /IS
MiarHOCTVKY Ta 3[1i/iCHEHHSI KOHTPOJIIO 32 HEOCITOPO30M Y BEJIMKOI poraToi Xymoou

KntouoBi csioBa: Benvka porarta xymoba, Neospora caninum, abopr, TiCTOJOTis
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