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THE FIRST DETECTION OF Acuaria spinosa IN PHEASANTS

lvan Pavlovié', lulia Floristean?, Viorel Floristean?, Snezana Ivanovi¢', Zoran Kuligi¢?, Zivka lli¢!, Dubravka Joviéié®

'Scientific Veterinary institute of Serbia, V. Toze 14; “Faculty of Veterinary Medicine Belgrade; Faculty Futura, University Singidunum, 11000
Belgrade, Serbia, 2Directia Veterinara si pentru Siguranta Alimentelor lasi; *Faculty of Veterinary Medicine lasi, lasi, Romania

*Corresponding author, E-mail: dr_ivanp@yahoo.com

Summary: Parasitoses caused by the Acuariidae helminths sporadically occur in both free-living and artificially bred
pheasant populations (Phasianus colchicus L.). In order to verify this situation, an investigation with the aim of detecting the
Acuaria species. infection on seven pheasant farms in Serbia and Romania, was carried out. A total of 127 adult birds were
examined. The collected nematodes were identified by theirmorphometric characteristics. The three different Acuariaspecies
wereidentified including: Cheilospirura (Acuaria) hamulosa, Dyspharinx (Acuaria) spiralisand Acuaria spinosa. The parasites
identified as the Acuaria spinosa species had equal lips and furrow cuticula. Both parasites had four spiny cordons 'which
did not exceed a third of the anterior of the esophagus. The tail was short and rounded. Eggs were ellipsoid, thick shelled,
embryonated, 0.039-0.41 um long by 0.025-0.027 ym wide.

Furthermore, thefirst parasite's body length was 32 pm, with a width of 0.336 um (maximal width at the middle of the body).
Four spiny cordons were 0.797 um long, and the cylindrical pharings were 0.018 um long. The vulva lies just posterior to the
middle of the body, 3.56 um from the anterior end, 51 % of the total body length (TBL) from the anterior end. The anus lies at 0.25
um from the posterior end. The body length of the second parasite was 34 um with a width of 0.367 um. Spiny cordons 'which
did not exceed a third of the anterior of the oesophagus were 0.809 um long, and the cylindrical pharings were 0.021 um long.
Thevulvaliesjust posteriorto the middle of the body, 5.64 um from the anteriorend, 57 % of the total body length (TBL) from the
anteriorend. The anuslies at0.28 um from the posterior end.

Accordingto the authors knowledge this is the first detection of the Acuaria spinosain pheasants (Phasianus colchicusL.).

Key words: Acuariidae; Phasianus colchicus; Acuaria spinosa

Introduction in Czechoslovakia, Lithuania, Poland, Greece,
Germany and Italy (2, 8, 10, 12, 17, 25).

In the West Balkan countries, numerous
investigations were conducted in Romania (5,
14) and Serbia (20, 22, 23, 24). During those
examinations parasitoses caused by the Acuariidae
helminthes occurred sporadically, in both free-
living and farm bred populations of pheasants (9,
16, 29). Therefore, this investigation was carried out
on seven pheasant farms in order to establish the
helminth fauna with an emphasis on the presence
Received: 27 June 2012 of the Acuaruidae species in the artificially bred
Accepted for publication: 23 August 2013 pheasant population in Serbia and Romania.

Parasitoses caused by nematodes produceshealth
problems in both the free-living and artificially bred
pheasant populations. The nematode infection is
the most frequent infection transmitted through
an intermediate host in the pheasant population.
There are several papers regarding helminthoses in
freeliving and farm bred pheasants. Most of these
investigations were performed in Europe, namely
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Material and methods

The investigation was carried out on seven
pheasant farms for hunting/restocking purposes
including four farms in Serbia and three farms
in Romania. The helminthes were collected from
adult pheasants that had died of natural causes
by parasitological necropsy. A total of 127 adult
birds were examined. The collected nematodes
were fixed in glacial acetic acid and preserved in
70 % ethanol. For further examination, parasites
were clarified in lactophenol and nematodes were
identified by their morphometric characteristics
described by Skrjabin et al. (26) and Chabauda
(4). All the laboratory techniques used were
described by Sibali¢ and Cvetkovic (28).

Gizzards were dissected in a 0.85 % NaCl
solution and the cuticle was removed for helminth
investigation. Fragments of the parasitized
gizzards were removed and immediately fixed
in formalin. The material was then processed
for paraffin embedding. Five micrometres thick
sections were stained with hematoxylin and eosin.

Micrographs were obtained using a Carl Zeiss
bright field microscope, by means of Practica
PLC3 and a Kodachrome 64 film.

Results

Infection with nematodes was found in 37.79
% (48/127) cases. Polyparasitism involving two
species was detected in 28.34 % (36/127) of
pheasants (13,21).

A total of 14 of 127 (11 %) examined pheasants
were found to have been infected with the
Acuariidae sp. During necropsy, specimens
were found lying freely under the gizzard cuticle,
partially or fully burrowed in the walls of the
organ, mainly in the region of the caudal blind
sac. There, specific macroscopic lesions were
observed as present in the muscular portion of
the stomach and included sclerotic and nodular
lesions accompanied by a fine-whitish granular
residuum, located underneath the corneous
lining of the gizzard, at the points of nematodes
implantation (15). Three different species were
collected and identified: Cheilospirura hamulosa,
Dyspharinx spiralis, and Acuaria spinos, which
was found in onlyt one bird examined, which was
represented by two parasites. Furthermore, it was
found that C. hamulosa and D. spiralis infections

occurred in both countries (on one farm in Serbia
and two in Romania), while A. spinosa infection
occured only in Romania. Acuaria spinosa was
found in only one bird, and two worms were found.

The parasites identified as the Acuaria spinosa
species had equal lips and furrow cuticula. Both
parasites had four spiny cordons 'which did not
exceed a third of the anterior of the esophagus. The
tail was short and rounded. Eggs were ellipsoid,
thick shelled, embryonated, and 0.039-0.41 um
long by 0.025-0.027 pm wide.

Furthermore, the first parasite's body length
was 32 um, the width was 0.336 um (maximal
width at the middle of the body). Four spiny
cordons were 0.797 um long, and cylindrical
pharings were 0.018 um long (Fig. 1). The vulva
lies just posterior to the middle of the body, 3.56
um from the anterior end, 51 % of the total body
length (TBL) from the anterior end. The anus lies
at 0.25 pym from the posterior end.

The second parasite's body length was 34 um,
and the width was 0.367 um. Spiny cordons did
not exceed exceed a third of the anterior of the
esophagus. Spiny cordons were 0.809mm long,
and the cylindrical pharynx was 0.021 um long
(Fig. 2). The vulva lies just posterior to the middle
of the body, 5.64 um from the anterior end, 57 %
of the total body length from the anterior end. The
anus lies at 0.28mm from the posterior end.

The  histological examination  revealed
traumatic lesions in hemorrhagic and necrotic
routes and tunnels generated by cuticular
cordons and spines of the adult nematodes,
surrounded by a conjunctive reaction (Fig. 3).
Nematodes were observed in tunnels with fibrous
walls, impregnated with various mesenchimal
cells, predominant lymphocytes and eosinophils.
The muscular wall of the stomach was almost
completely replaced by conjunctive tissue, in
which diffuse lymphoid infiltration and lymphoid
nodules, as well as parasitic granuloma were
observed.

Discussion

Acuaria spinosa belongs to the Acuariidae
family, the Acuariinae subfamily, and genus
Acuaria. When first described in Bonasa umbellus,
the species was named Cheilospirura spinosa
(6, 7). In a later comparison withs nematode
from the Acuariinea family it was concluded by
Boughton (3) that they were the same species,
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Figure 1: Anterior portion of a second
sample of Acuaria spinosa ventral view,
a) furrow cuticula, b) spiny cordons;
c) pharings; Bar = 0.1 mm (Bar of 1 is
common to 2 and 3)

Figure 2: Anterior portion of a second
sample of Acuaria spinosa, ventral view

Figure 3: Perforated sites in the
submucosa caused by A. spinosa
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and that nematodes belong to the Acuaria genus.
Finally, a complete description of parasites and
their development was presented by Skrjabin et
al. (25). According to Skrjabin et al., parasites
measured 37-40 um long and 0.31-0.34 um wide
and possessed two equal lips and furrow cuticula.
These measurements coincide with the findings
of this study (parasites body lengths were 32-34
um and widths were 0.336- 0.367 um; four spiny
cordons were 0.797- 0.809 um long ).

Grasshoppers (Melanopus femurrubrum and
M. differentialis) serve as intermediate hosts for
Acuaria spinosa. In these hosts the infective larvae
develop and the final host acquire the infection by
ingesting grasshoppers (7, 26).

Acuaria spinosa (syn. Cheilospirura spinosa)
was first described as a species of nematode
found in the gizzard of ruffed grouse in Michigan
(USA) (27). Cram (6) detected A.spinosa in the
horny lining of the gizzard of Bonasa umbellus,
Colinus virginianus and Pediocetes (Tympanuchus)
phasianellus campostris. Later, A. spinosa was
found in Alectoris graeca (1) and in Tympanuchus
cupido (9). The results of this study conclude that
this is the first occurrence of Acuaria spinosa in
ring necked pheasants (Phasianus colchicus L.).

The helminthes from the Acuariidae family
sporadically occur in pheasants, as first reported
in the USA by Cram (6). Later examination
pointed to the factthat Acuariidae can be found in
free living and farm bred pheasants in numerous
countries in Europe (10, 11, 12, 13). During those
examinations the following species were found: C.
hamulosa, followed by A. spiralis and A. gruveli.
In Serbia and Romania C. hamulosa was the most
frequent Acuariida species (13, 14, 19, 20, 21).

In the infected birds, parasites of the Acuaridae
genus caused severe gross lesions in the gizzard
such as hemorrhages, ulcers and thickening
of the mucosa and cuticle, and single yellowish
nodules on the caudoventral muscle (16).
Histological examination of the infected gizzards
revealed discrete and coalescing nodular and
cystic lesions in the mucosa and musculature
which contained sections of the parasite. Cellular
reaction in the lesions was characterised by a
large number of lymphocytes, monocytes, plasma
cells, heterophils, and, in some of the sections,
a severe eosinophilic reaction. The mucosa and
submucosa showed markedly thickened and
diffuse mononuclear infiltration as well as reactive
lymphoid nodules (15). During examinations it

was found that pathological changes caused by
A.spinosa were similar to cases of infection with
other Acuaria species.

The presence of Acuaria spinosa in pheasants
or other birds, except Bonasa umbellus, Colinus
virginianus, Pediocetes (Tympanuchu) phasianellus,
Alectoris graeca and Tympanuchus cupido was not
reported in available literature. Furthermore, the
presence of adult nematodes in gizzard suggests
the possibility of adaptation of Acuaria spinosa
to parasitism in a new host — pheasants. This is
not unique, because Brachylaemus fuscatus and
Plagorchis megalorchis were found in pheasants
in Scotland (24). Zygocotyle lunata was found in
1.6 % of pheasants in Nebraska (11). Infection with
Ornithostrongylus quadriradiatus in pheasants
was found in the Belgrade area (18). During 2002
the first occurrence of Thominx cyanopicae was
established in the new host — pheasants and their
full adaptation to it, confirmed by histological
aspects which revealed the pathological effect of
parasites (14).

The first occurrence of Acuaria spinosa in
pheasants has an epidemiological importance
and indicates the necessity for continued
parasitological examination of this bird species.
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PRVO ODKRITJE Acuaria spinosa PRI FAZANIH

|. Pavlovié, |. Floristean, V. Floristean, S. lvanovic, Z. Kuligi¢, Z. 1li¢, D. Jovigi¢

Povzetek: Parazitoze, ki jih povzrocajo ¢revesne gliste iz druzine Acuariidae, naj bi se ob¢asno pojavljale pri prosto zivecih
in gojenih populacijah fazanov. Opravili smo raziskavo, s katero smo Zeleli odkriti okuzbo z Acuaria species na sedmih farmah
fazanov v Srbiji in Romuniji. Skupno je bilo preiskanih 127 odraslih ptic. Zbrani nematodi so bili dolo¢eni glede na njihove
morfoloske lastnosti. Identificirali smo tri razli¢ne vrste Acuaria: Cheilospirura (Acuaria) hamulosa, Dyspharinx (Acuaria) spiralis
in Acuaria spinosa. Zajedavci, ki so bili identificirani kot Acuaria spinosa, so imeli enake ustnice in nagubano kutikulo. Obe vrsti
zajedavcastaimelipo4trnaste kordone, kiniso presegalitretjine sprednjegadela poziralnika. Njihovrep je bilkratekin zaokrozen.
Jaj¢eca sobilaembrionirana, elipsoidne oblike zdebelo lupino, dolga 0,039-0,41 umin Siroka 0,025-0,027 um.

Telesna dolZina prvega zajedavca je bila 32 pm s §irino 0,336 um (maksimalna $irina na sredini telesa). Stirje trnasti kordoni so
bilidolgipo 0,797 um, valjasto zrelo pa 0,018 um. Vulva je lezala posteriorno na sredini telesa, oddaljena 3,56 um od sprednjega
koncain 51-odstotkov skupne dolzine telesa od anteriornega dela. Anus je lezal 0,25 um od posteriornega dela. Telesna dolzina
drugega parazitaje bila 34 um, Sirinapa 0,367 um. Trnastikordoni ki niso preseglitretjine anteriornega dela poziralnika, so bili dol-
gi0,809 um, valjasto zrelo pa 0,021 um. Vulva je lezala posteriorno od sredine telesa, oddaljena 5,64 um od anteriornega koncain
57-odstotkov skupne dolzine telesa od anteriornega dela. Anus je lezal 0,28 um od posteriornega konca.

Po nasih podatkihjeto prvi primer odkritja Acuaria spinosaprifazanih (Phasianus colchicusL.).

Kljuéne besede: Acuariidae; Phasianus colchicus; Acuaria spinosa
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MORPHOLOGICAL ADAPTATIONS FOR HISTOTROPHIC
NUTRITION IN THE PLACENTA OF WEST AFRICAN DWARF
GOATS

UdensiM.Igwebuike*, Daniel N. Ezeasor
Department of Veterinary Anatomy, Faculty of Veterinary Medicine, University of Nigeria Nsukka, Nigeria

*Corresponding author, E-mail: udensi.igwebuike@unn.edu.ng,

Summary: Gravid uteriharvested from 11 pregnant West African Dwarf goats were used to study morphological adaptations
for secretion and absorption of histotroph in interplacentomal areas of the goat placenta. The results showed numerous
glandular aciniin the richly vascularized sub-epithelial connective tissue of the endometrium. Secretory cells of the glandular
acini exhibited cytoplasmic organelles for synthesis and packaging of secretory products, as well as many membrane-bound
secretory vesicles. At the foeto-maternal interface, microvillar interdigitations occurred between uterine epithelial cells and
foetal trophoblasts. In addition, areolae were observed near the openings of uterine glands onto the endometrial surface.
Trophoblast papillag, which are evaginations of the foetal chorioallantoic membrane, extended into the areolar cavity and
luminaofuterineglandopenings. The areolae are specialized sitesforstorage and absorption ofuterine gland secretions, while
trophoblast papillae may correspond to areas for substantial absorption of uterine gland secretions by foetal trophoblasts.
Areolae and trophoblast papillae persisted up to day 90 of gestation in the West African Dwarf goat. This suggests that uterine
gland secretions are required by the conceptus even after implantation and establishment of haemotrophic nutrition in the
goat. Thus, this study has provided morphological evidence for substantial production and transfer of uterine gland secretions
fromthe damto the foetus ininterplacentomal areas of the placenta of West African Dwarf goats.

Key words: uterine gland; foetal trophoblast papillae; areolae; interplacentomal area; placenta

Introduction Whereas placentomes are sites for haemotrophic
exchange of nutrients and metabolites between
the foetus and the dam, interplacentomal areas
of the endometrium have been shown to contain
large numbers of branched coiled uterine glands
(4, 5). Endometrial glands synthesize and secrete
or transport a variety of enzymes, growth factors,
cytokines, lymphokines, hormones, transport
proteins and other substances, collectively
referred to as histotroph (4).

Studies conducted on uterine gland knockout
Received: 17 October 2012 ewes strongly suggest that uterine glands and
Accepted for publication: 13 September 2013 their secretions are essential for peri-implantation

Ruminant  placenta is classified as
cotyledonary on the basis of its gross anatomical
features. It exhibits discrete areas of attachment,
the placentomes, which are separated by
interplacentomal areas (1, 2). Placentomes are
formed by interdigitation of long, profusely
branched cotyledonary villi of the chorioallantois
with deep caruncular crypts ofthe endometrium (3).
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conceptus growth and survival (6, 7, 8, 9).
Embryo transfer experiments in uterine gland
knockout ewes revealed that endometrial gland
secretions begin to impact conceptus growth and
development on day 11 of pregnancy (10). Available
evidence supports the idea that secretions of
endometrial glands are the primary regulators
of conceptus survival, development, production
of pregnancy recognition signals, implantation
and placentation (5, 11, 12, 13). Indeed, uterine
secretions contain proteins such as osteopontin,
an acidic component of the extracellular matrix,
which binds to integrin receptors expressed on
endometrial luminal epithelium and conceptus
trophoblasts, to stimulate changes in morphology
of the trophoblasts and mediate adhesion
between uterine luminal epithelium and foetal
trophoblastic epithelium (14, 15).

Endometrial gland hyperplasia occurs between
day 15 and 50 of gestation in ewes, followed by
hypertrophy to increase surface area that allows
for maximal production of their secretions after
gestation day 60 (16). This suggests that foetal
requirement for uterine gland secretions may
not be restricted to the peri-implantation period
in sheep. The objective of the present study is to
investigate morphological adaptations that may
enhance the secretion and absorption of histotroph
in interplacentomal areas of the placenta of West
African Dwarf goats, using light and transmission
electron microscopic techniques.

Materials and methods
Animals

All  procedures involving animals were
conducted according to the guidelines for the
protection of animal welfare at the University of
Nigeria Nsukka.

The 11 female West African Dwarf goats
used for this study were purchased from local
markets in Nsukka Local Government Area,
Enugu State, Nigeria. The animals were housed
in goat-pens at the Animal House Unit of the
Faculty of Veterinary Medicine, University of
Nigeria Nsukka. Confirmation of pregnancy was
by ultrasonography carried out at the Veterinary
Teaching Hospital, University of Nigeria Nsukka.
Stages of pregnancy were determined by recording
the mating date and monitoring any return to

oestrus. When does failed to return to service, the
first day after the last mating was taken as the
first day post coitum (dpc). Subsequent stages of
pregnancy were determined from that date. The
stages of pregnancy studied were 20, 45, 50,
75, 85, 90, 100, 110, 115, 130 and 140 days of
gestation. Gravid uteri were harvested from the
pregnant goats at slaughter immediately after
exsanguination.

Histological preparations

Each gravid uterus was incised and
interplacentomal areas of the placenta were
carefully cut free and fixed by immersion in
10% neutral-buffered formalin. The samples
were dehydrated in increasing concentrations
of ethanol, cleared in xylene and embedded in
paraffin wax. 5-6 pm thick sections were cut
and stained with haematoxylin and eosin (H&E)
for light microscopy. Photomicrographs were
captured using a Moticam Images Plus 2.0 digital
camera (Motic China Group Ltd.) attached to a
Leica binocular microscope.

Transmission electron microscopy

Samples of interplacentomal tissues for
transmission electron microscopy were fixed
by immersion in modified Karnovsky’s mixture
containing 2% paraformaldehyde and 2.5%
glutaraldehyde in 0.1M phosphate buffer at pH 7.4.
The samples were further post-fixed in 1% osmium
tetraoxide in Millionig’s buffer. Dehydration of the
tissue samples was accomplished in increasing
concentrations of ethanol and propylene oxide.
Thereafter, the samples were embedded in epoxy
resin and cured overnight in an embedding oven
at 65°C. Semithin sections (1 pm thick) were
cut and stained with toluidine blue for light
microscopy. Ultrathin sections (50-90 nm thick)
were cut and stained with Reynold’s lead citrate
and saturated aqgeous uranyl acetate. These were
examined under the Philips CM 10 transmission
electron microscope. Images were captured using
an Olympus MegaView III digital camera (Olympus
Corporation Japan) attached to the transmission
electron microscope.
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Results
Light microscopic features

Uterine epithelial lining of interplacentomal
areas of the goat placenta consisted predominantly
of mononucleated columnar epithelial cells, whose
apical surfaces made contact with trophoblastic
epithelium of the foetal chorioallantois at the
foetomaternal interface. There was simple
apposition between the uterine epithelium and
the foetal trophoblastic epithelium (Figure 1).
The richly vascularized sub-epithelial connective
tissue of the wuterine wall contained many
glandular acini (Figures 1, 2). Each glandular
acinus was made up of columnar secretory cells
that rested on a basement membrane (Figures
2, 3). Blood capillaries abut and indent the
basement membrane of the glandular epithelium
(Figure 2). Cytoplasm of the secretory cell stained
predominantly basophilic, and the round or oval
nucleus was located towards the base of the cell,
while secretory products accumulated in the apical
cytoplasm (Figure 3). Secretory cells appeared to
release their products into the lumen of the acinus
by apocrine method of elaboration (Figure 4).

Uterine glands opened onto the surface of the
endometrium. The apposed foetal trophoblastic
epithelium draped over uterine gland openings
to enclose spaces known as areolae at the
foetomaternal interface (Figure 5). Trophoblast
papillae were observed as evaginations of the foetal
chorioallantois that extended into the areolar
cavity and lumina of uterine gland openings. They
were present at day 90 of gestation (Figure 6). The
external surface of the trophoblast papilla was
lined by trophoblasts, while its core consisted of
foetal connective tissue.

Transmission electron microscopic features

Interplacentomal uterine epithelium was
composed of tall columnar cells that rested on
a well-defined basal lamina and extended to
the foetomaternal junction (Figure 7). Each cell
possessed a single oval nucleus, and its cytoplasm
showed abundant mitochondria and many
cytoplasmic vacuoles (Figure 8). Adjoining uterine
epithelial cells were bound together by apicolateral
tight junctions, while the apical plasmalemma of
these cells was modified into numerous microvilli

for interdigitation with similar processes of the
foetal trophoblastic epithelium (Figure 8).

Uterine glands of the goat placenta were
made up of tall columnar or cuboidal secretory
cells (Figure 9). Each secretory cell possessed a
basally located oval nucleus that showed slight
indentation. The nucleolus was prominent, and
the outer membrane of the nuclear envelop was
studded with polysomes. Major characteristics
of the cytoplasm of the secretory cell were
predominance of granular endoplasmic reticulum
cisternae and accumulation of secretory vesicles
in the apical cytoplasm of the cell (Figure 9).

Discussion

Endometrial glands occur in interplacentomal
areas of the placenta of West African Dwarf goats.
This is similar to the reports of previous studies
in other ruminant species (4, 5). Ultrastructural
features of the glandular epithelium in the goat
suggest that the secretory cells are actively engaged
in protein synthesis. The abundant granular
endoplasmic reticulum may be responsible for
the production of numerous membrane-bound
secretory vesicles present in the cytoplasm of the
cell. Moreover, variation in the shape or height
of the secretory cells from tall columnar to low
cuboidal forms may be related to the mode of
elaboration of the secretory products by apocrine
method.

It is obvious from our study that secretions
of endometrial glands are made available to the
conceptus through openings of uterine glands
onto the endometrial surface. A previous study in
sheep revealed that during the pre-implantation
period, from day 4 to 15 of gestation, conceptuses
are free-floating in the uterine lumen where they
are bathed in and are thought to be supported
by uterine gland secretions (17). In addition to
providing nutrition for the conceptus, uterine
gland secretions contain growth factors and
cytokines that promote cell division, proliferation,
morphogenesis and differentiation (18). It has
been reported that uterine gland knockout ewes
are unable to support pregnancy up to Day 25
of gestation, because the uterine gland knockout
phenotype, characterized by extreme reduction
in or absence of endometrial glands constitutes a
uterine lesion that compromises peri-implantation
conceptus growth and survival (6, 7, 10).
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Figure 1: Interplacentomal area
of the goat placenta showing
simple apposition between foetal
trophoblastic epithelium (T) and
uterine epithelium (U). The uterine
wall exhibited endometrial glands
(G) and their associated blood
vessel (B). H&E stain x100

Figure 2: Photomicrograph showing
blood vessels (B) associated with
the endometrial glands. The blood
capillary may abut (black arrow) or
indent (white arrow) the basement
membrane of the glandular acinus
(arrows). H&E stain x400

Figure 3: Uterine glandular acini
(G) at day 85 of gestation showing
columnar secretory cells. The
secretory products accumulate in
the apical cytoplasm (arrows) of the
cells. H&E stain x400
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Figure 4: Uterine glandular acinus
at day 140 of gestation. The cells
elaborate their secretory products
by apocrine method. H&E stain
x400

Figure 5: Photomicrograph of the
interplacentomal area of a goat
placenta at day 20 of gestation
showing that the trophoblastic
epithelium (T) drapes over the
opening of uterine glands (U)
resulting in the areola (asterisk).
H&E stain x100

Figure 6: Photomicrograph of the
interplacentomal area of a goat
placenta at day 90 of gestation. A
trophoblast papilla (P) extends into
the areolar cavity (asterisk) and
into the opening of uterine glands
(U). Note glandular acini (G) and
blood vessels (B). H&E stain x40
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Figure 7: Electron micrograph
of the interplacentomal uterine
epithelium at day 110 of gestation
showing tall columnar cells
(M) that rest on a basal lamina
(arrow). The apical cell membrane
is modified into microvilli (curved
arrow). Note the nucleus (N). TEM
x1450

Figure 8: Apicolateral tight junctions
(curved arrows) occur between
adjoining uterine epithelial cells.
Note  numerous  mitochondria
(asterisks) and vacuoles (v) in their
cytoplasm, as well as microvillar
modification of the apical cell
membrane (black arrow). TEM
x5800

Figure 9: Micrograph of the uterine
glandular secretory cells showing
oval nucleus (N) with a slight
indentation and a prominent
nucleolus. The cytoplasm contains
many cisternae of granular
endoplasmic reticulum (arrows).
The outer membrane of the nuclear
envelop (curved arrow) is studded
with ribosomes TEM x5800
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One of the morphological features observed in
this study is association of several blood vessels
with endometrial glandular acini. This may
facilitate exposure of the glandular epithelium to
the influence of hormones and other substances
present in maternal blood stream. This suggestion
is supported by reports that the ruminant
endometrium is exposed sequentially to oestrogen,
progesterone,interferon-tau, placentallactogenand
placental growth hormone during pregnancy (19,
20). These hormones constitute a servomechanism
that activates and maintains remodeling of the
endometrium, as well as endometrial gland
morphogenesis and differentiated secretory
function. In particular, placental lactogen, which
is produced by trophoblast binucleate cells of
ruminant conceptuses (21, 22), was detected in
ovine maternal serum from day 50 of gestation,
with peak levels occurring between 120 and 130
days of pregnancy (21, 23). Temporal changes in
conceptus production of placental lactogen are
correlated with endometrial gland morphogenesis
and increased production of uterine milk protein
and osteopontin by the glandular epithelium (14,
16, 24, 25).

Areolae occurred near the openings of uterine
glands in the placenta of West African Dwarf goats
during the peri-implantation period and up to the
second trimester of pregnancy. Placental areolae
have been demonstrated in sheep and pigs as
specialized sites for storage and absorption of
uterine gland secretions by the conceptus (1, 13). In
addition, absorption of uterine gland secretions by
the conceptus may be enhanced by the microvillar
interdigitations between uterine and trophoblastic
epithelial layers. The microvillar processes make
for increase in surface area between maternal and
foetal components of the placenta. Furthermore,
trophoblast papillae may correspond to areas for
substantial absorption of uterine gland secretions
by the conceptus. Although previous studies
showed that trophoblast papillae are temporary
structures that disappeared by day 20 of pregnancy
in sheep placenta (26) or occurred between day
14 and day 23 of gestation in goat placenta (27),
our results indicate that trophoblast papillae are
present in West African Dwarf goats at day 90 of
gestation. The persistence of trophoblast papillae
up to the second trimester of pregnancy in West
African Dwarf goats may be proof that uterine
gland secretions are required by the conceptus
even after implantation and establishment of

haemotrophic nutrition in the goat. It suggests that
histotrophic nutrition complements haemotrophic
nutrition and influences conceptus development,
and growth of the foetus and placenta. Indeed,
components of histotroph, the insulin-like growth
factors (IGF-1 and IGF-2) have been shown to
modulate foetal and placental growth (28, 29).

In conclusion, our study has provided clear
morphological evidence for substantial production
and transfer of uterine gland secretions from the
dam to the conceptus in interplacentomal areas
of the placenta of West African Dwarf goats. It
supports the idea that conceptus requirement for
histotroph remains critical even after implantation
and establishment of haemotrophic nutrition in
the goat.
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MORFOLOSKE PRILAGODITVE HISTOTROFICNE PREHRANE V PLACENTI ZAHODNOAFRISKIH
PRITLIKAVIH KOZ

U. M. Igwebuike, D.N. Ezeasor

Povzetek: Zaraziskavo morfoloskih prilagoditev za izlo€anje in vsrkavanje histotrofe na podrocjih med placentomiv placentah
koz so bile uporabliene maternice 11 brejih zahodnoafriskih pritlikavih koz. Rezultati so pokazali Stevilne Zlezne acinuse v
subepitelijskih podrocjih endometrija, ki so bilibogato oziljeni. Sekretorne celice Zleznih acinusov so v citoplazmi celic vsebovale
organele, potrebne za tvorbo in zdruzevanje izloCevalnih produktov, kakor tudi veliko mesickov, povezanih z membranami.
Na podrocju, kjer se stikata placenta matere in placenta zarodka/plodu, so bile opazene interdigitacije mikrovilov. Areole so
bile opazene na podro¢ju prehoda materni¢nih zlez v podroc¢je endometrija. Papile trofoblasta, ki so invaginacije plodove
horioalantoisne membrane, so se razsirile v notranje podro¢je areol in podroc¢ja lumnov izvodil materni¢nih zlez. Areole so
specializirana mesta za shranjevanije in vsrkavanje izlockov materni¢nih zlez, medtem ko papile trofoblastov lahko ustrezajo
podro¢jem mocnega vsrkavanja izlockov materniénih Zlez, ki jih vsrkavajo plodovi trofoblasti. Areole in papile trofoblastov so
bile pri zahodnoafriskih pritlikavih kozah prisotne od 90. dneva brejosti naprej. Ta podatek kaze, da so izlo¢ki materni¢nih zlez
pomembni za vzdrzevanje brejosti tudi po vsaditvi zarodka in vzpostavitvi hemotrofi¢ne prehrane pri kozah. Studija je priskrbela
morfoloske dokazezamocno produkcijoinprenosizlockovmaterni¢nihzlezod matere dozarodkanapodrogjihmedplancentomi
v placentizahodnoafriskih pritlikavih koz.

Kljuéne besede: uterine Zleze; papile fetalnega trofoblasta; areole; podroc¢ja med plancetomi; placenta
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PREVALENCE OF ANTIBODIES AGAINST SELECTED
PATHOGENS IN WILD BOARS (SUS SCROFA) IN SLOVENIA

Marina Stukelj', lvan Toplak?, Gorazd Vengust*

"Institute for the Health Care of Pigs, National Veterinary Institute, Institute for Microbiology and Parasitology, *National Veterinary Institute,
Institute for Breeding and Health Care of Wild Animals, Fish and Bees, Veterinary Faculty, University of Ljubljana, Gerbi¢eva 60, 1000

Ljubljana, Slovenia

*Corresponding author, E-mail: gorazd.vengust@vf.uni-lj.si

Summary: One hundred eighty-four blood samples were collected from wild boars (Sus scrofa) shot in Slovenia during the
hunting season 2010/2011. Samples were tested by enzyme immunoassays for antibodies against four viral and two bacterial
diseases. 83 samples (45.1%) had antibodies against Aujeszky's disease virus (ADV), 165 (89.7%) against porcine circovirus
type 2(PCV2),29 (15.8%) against Mycoplasma hyopneumoniae (Mhyo), 52 (28.3%) against Actinobacillus pleuropneumoniae
(APP). Antibodies against classical swine fevervirus (CSFV) and against porcine reproductive and respiratory syndrome virus

were not detected (PRRSV).

Key words: bacterial infection; serologic survey; Slovenia; viral infections; wild boar

Introduction

In Slovenia wild boars are present all over the
country; however, the highest density can be
found in the southwest part of the country (1).
The wild boar is one of the most important big
game species in Slovenia with a hunting bag of
around 8.000 pigs per year. A drastic increase in
the population density of wild boars in Slovenia
occurred during the last decade despite the
hunting-related reduction of their population.

Received: 1 February 2013
Accepted for publication: 23July 2013

Since 2005 the hunting bag of wild boar has
increased from 6.892 to 8.742 in 2010 (2).

The highest density of the domestic pig
population is located in the eastern part of the
country (Fig. 1). Moreover, the majority of the
Slovenian pig industry involved traditional small
pig farms (17494) with less than 20 pigs; 761 farms
with 21 to 50 pigs; 330 farms with 51 to 100 pigs;
246 farms with 101 to 200 pigs; 151 farms with
201 to 500 pigs; 40 farms with 501 to 1000 pigs;
and only 13 farms with more than 1001 pigs. From
a sum total of 312.373 pigs in Slovenia, 31.309
are breeding sows; 996 are boars; and 280.068
are primarily fatteners (data from National animal
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registry; owner Ministry of Agriculture and the
Environment). Domestic pigs live mostly without
any close contact with the wild boar population.
Nevertheless, these “backyard” pig operations
might be potential points for the introduction and
spread of diseases from wild boars to domestic pigs.

In recent years there has been a growing
interest in the role of wild boar populations within
the epidemiology of important infectious diseases
of swine. This interest occurs due to an increase
in the wild boar population density worldwide,
leading to a higher probability of disease
transmission (3). Wildlife can act as a reservoir
for pathogens shared with their related domestic

Pig population density

species, being able to transmit and maintain
them even without the presence of the domestic
reservoir (4). Many pathogens are shared by wild
boars and domestic swine such as classical swine
fever (CSF) (5), Aujeszky's disease (AD) (6), porcine
circovirus type 2 (PCV2) (3), porcine reproductive
and respiratory syndrome (PRRS) (7), Mycoplasma
hyopneumoniae (Mhyo) (8) and Actinobacillus
pleuropneumoniae (APP) (9).

CSF is caused by an infection with CSF (hog
cholera) virus (CSFV). CSF is a disease listed by
The World Organisation for Animal Health (OIE)
(10). Under natural conditions, the infection
occurs in domestic pigs and wild boar causing
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Figure 1: Domestic pig density
in Slovenia per km? (National
animal registry; owner Ministry of
Agriculture and the Environment)
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Figure 2: Sampling locations
(squares) of wild boar (Sus scrofa)
in Slovenia. Blood samples were
collected from 184 shot wild boars
throughout the country during the
hunting season 2010/2011
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major economic losses especially in countries
with an industrialized pig production (5).

AD or pseudorabies virus is worldwide
distributed swine alphaherpes virus that infects
wild and domestic swine as natural host (14).
AD virus (ADV) also infects a wide range of other
hosts except humans and primates. Mammals
other than swine are considered dead-end hosts
because infection is fatal before virus excretion.
ADV has the ability of establishing a lifelong latent
infection in neuronal and non-neuronal cells in
swine (6). This particularity of herpes viruses can
lead to virus persistence at herd level due to the
reactivation of latent infections and consequent
virus excretion. This feature remains one of the
most important issues regarding ADV epidemiology
in the domestic pig and wild boars (15).

PCV2is amember of the Circoviridae family. The
virus is ubiquitous in domestic swine population
with antibody prevalence reaching almost 100%
(3). PCV2 causes postweaning multisystemic
wasting syndrome (PMWS) in domestic pig and
other diseases and conditions referred to as
porcine circovirus diseases (16). Due to relatively
unspecific clinical signs, the establishment of a
final diagnosis of PMWS is based on three different
criteria: clinical signs, the presence of very specific
lesions in lymphoid tissues and the presence of
PCV2 in these tissues (17, 18). PRRS is one of the
economically most important diseases in domestic
swine (19). Porcine reproductive and respiratory
syndrome virus (PRRSV) is an Arterivirus of swine,
spread quickly and became enzootic in the pig
population in most countries all over the world
(20). Rates of spread and infection are advanced
in areas with high herd and population densities
(21). Aerosol and insects are able to bridge up to
3km (22). Mhyo is the principal etiological agent
responsible for enzootic pneumonia in pigs. The

Table 1: Employed ELISAs for selected pathogens

clinical outcome of Mhyo infection depends on
environment and management conditions and
the production system in operation (23). APP is
an important pathogen of the porcine respiratory
tract and is considered an obligate parasite of the
respiratory tract (24). There are no other natural
hosts. Two biotypes and several serovars exist.
All serovars are capable of causing disease (9).
Despite the enormous role of APP distribution in
domestic swine production, a very few published
data about prevalence and distribution of APP
infections in wild boars are available.

The aim of the study was to estimate the
prevalence of selected pathogens in wild boar
population in Slovenia and estimating the risk of
infection for domestic swine.

Material and methods

Blood samples were collected from 184 shot
wild boars throughout the country (Fig. 2) during
the hunting season 2010/2011.

Immediately after shoot blood was collected
from the animal into sterile serum separation
tubes (Vacuette; Greiner Bio-one, Kremsmunster,
Austria) and sent to the laboratory. Serum was
obtained by centrifugation (at 1300 x g at 4°C for
10 minutes) and frozen at -20°C until analysed.

For all serology the Enzyme-Linked
ImmunoSorbent Assay (ELISA) from different
manufacturers were used (Table 1). Tests were
carried out in accordance with the manufacturer's
manual. The results were expressed as positive or
negative based on producer's recommended cut
off value.

For statistical purposes, the data were divided
into age groups (young (< 1 yr) and old (21 yr)).
Statistical analysis for potential age effects on
antibody prevalence was performed by x2.

Pathogen ELISA Sensitivity Specificity
CSFV CHEKIT-CSF-SERO, Idexx Laboratories, former Dr. Bommeli 93-98% 99%
ADV Pseudorabies/Aujeszky disease virus gB PRV-gB-Ab (Svanova) 99.6% 99.3%
PCV2 Porcine Circo Virus type 2 antibody test kit (BioChek) 85% 95,6%
PRRS HerdChek PRRS X3 antibody test kit (IDEXX) 98.9% 99.9%
Mhyo Mycoplasma hyopneumoniae antibody test kit (BioChek) 85% 99%

APP APP-ApxIV antibody test kit (IDEXX) 95% 99%
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Table 2: Prevalence of antibodies against selected pathogens in wild boars (Sus scrofa) in Slovenia (n=184)

Pathogen No. of positive P (%) 95% CI
CSFV 0 0 0-2
ADV 83 45.1 37.7-52.6
PCV2 165 89.7 84.2-93.6
PRRSV 0 0 0-2
Mhyo 29 15.8 10.8-21.9
APP 52 28.3 21.8-35.4

P: prevalence; CI: confidence interval

Results

In total of 184 sera examined, in 83 (45.1%) sera
we detected antibodies against ADV, in 165 (89.7%)
sera antibodies against PCV2, in 29 (15.8%) sera
antibodies against Mhyo and in 52 (28.3%) sera
antibodies against APP. Antibodies against CSFV
and PRRSV were not detected. The results are
summarised in table 2. Statistically significant
differences were noted regarding seroprevalence to
ADV across age (x> = 12.67, df = 1, P<0.001), with
more positive adults (85%) than juveniles (40%).
We did not find statistically significant age-related
differences for PCV2, Mhyo and APP.

Discussion

CSFV has no known zoonotic potential; however,
its presence in the region has serious economic
implications for domestic pig farming and hunting
tourism. It is a serious and contagious viral disease
affecting pigs and wild boars that can be directly
or indirectly transmitted from infected wild boar
to domestic pigs. In this study no antibodies to
CSF were detected in tested wild boar. The last
outbreak of CSF in wild boar were reported in 1965
(12) and domestic swine in 1996 (11), respectively.
Reports on CSF outbreaks in domestic pig in
years 2006-2008 (25) and wild boar population in
years 2009-2010 in Croatia (26) remind us about
constant risk for introduction of CSF in Slovenia
from Balkan area therefore, constant monitoring
is an important part of control of CSF in wild boar
(13) to remain free of CSF.

In many parts of the world, efforts are being
carried out to control ADV in domestic pigs. In
Europe, most countries have implemented strict
national eradication programs based on initial

large scale vaccination of pigs with attenuated
glycoprotein E (gE)-deleted vaccines. In countries
that have reached the AD-free status, vaccination
against ADV is forbidden (27). Slovenia is country
officially free of AD from year 2010 in domestic
pigs (28). The prevalence of antibodies against
ADV found in the present study was 45.1%, which
is higher than seroprevalence (31%) previously
reported by Vengust et al. (29) in Slovenia. The
increase of the population density of the wild boar
in recent years could be the reason for higher
prevalence; however, more studies are needed to
determine the main cause. Lower seroprevalence
was also reported from Germany (40%) (30),
Italy (30.7%) (31, 32), Poland (11%) (33), France
(3.5%) (34), Croatia (38.5%) (35) and Switzerland
(2.8%) (36), whereas higher seroprevalence was
established in Spain (49%) (27). Our data indicate
that the risk of infection increases with age, and
this is consistent with results from other studies
(37, 38). Sample sizes per individual site were
small, especially in east region (Gorisko). The
limited sample size means that results, particularly
regarding areas, need to be taken with caution.
However, wild boar AD antibodies seroprevalence
in this study and study conducted in 2006 in the
same region, indicate that AD remains endemic
at low prevalences in the east Slovenia wild boar
populations. Domestic pigs in Slovenia are free
of AD. There is an evidence that ADV infection
in domestic pigs and wild swine represents
epidemiologically distinct infection cycles (32, 39)
and experimental studies suggest that there is no
possibility that infected wild swine can shed virus
in sufficient amounts to trigger infection (40, 41).
Taken together, these findings indicate that the
virus isolated from wild boar is highly adapted
to the population. Furthermore, the molecular
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biological characterization of the wild boar ADV
clearly supports the hypothesis that the infectious
cycle within the wild boar population in eastern
Germany is independent of that in domestic pigs
(40). We can speculate that this observation can
be the reason why our domestic pigs remain free
of ADV.

It is known from serological surveys that
PCV2 is ubiquitous with serological prevalence
close to 100% in finishing pigs worldwide (17,
42). According to the Golinar-Oven (43) all tested
domestic pigs in Slovenia were also positive. Thus,
considering the ubiquitous distribution of PCV2
among domestic pig populations, and the known
risk factors for PMWS in domestic pigs such as
poor hygiene and crowding (18), we expected that
the seroprevalence to PCV2 will be much lower in
wild boar populations. In contrast the prevalence
of antibodies against PCV2 in the present study
was 89.7% higher than that reported by Ruiz-Fons
et al. (44) (between 20 and 48%) in the wild boar
population of Europe. Roic et al. (37) reported very
low seroprevalence (15.1%) in Croatia. In Slovenia
the prevalence is slightly lower in wild boars than
in domestic pigs; but the fact that factors such as
living conditions, age of infection, extent of PCV2
shedding, early weaning, and vaccinations (495),
are the factors that may enhance the spread of the
virus in commercial swine, may not be applicable
to wild boar populations and may not be the
key issues of transmission of the virus. Also the
transmission between domestic pigs and wild
boars is quite difficult while the high density of
domestic pigs takes place in the eastern part of the
country and the majority of wild boars live in the
southwestern part of Slovenia. On the other hand,
Toplak et al. (46) reported that the high diversity
of strains of PCV2 detected in wild boars could
be evidence for the persistence of PCV2 infection
for a longer period and for the introduction of
the virus from different sources. Furthermore,
the population density, the infection pressure
and the specificity of the biotope where the wild
boar families live could play an important role in
the effective transmission of virus between the
boar and domestic pigs in the area. The results
of sequencing analysis in Slovenia and Serbia,
showing identical or very similar sequences of
PCV2 strains in wild boar and domestic pigs,
confirm this last possibility (47).

In the present study there was no detection of
antibodies against PRRSV in wild boar population

in Slovenia which concur with the previous report
on wild boar by Vengust et al. (29). Contrary
antibodies against PRRSV have been found in
Germany (0.4%) (48), France (1.3%) (36), Croatia
(6.3%) (37) Italy (37.7%) (33) and the United
States of America (USA) 1.7% (49). The detected
prevalence of antibodies in 2010 against PRRSV in
Slovenia from farms with more than 30 breeding
sows was 48% (50). The sequencing results of
258 nucleotides in ORF7 from 30 representative
herds with PRRSV-positive samples revealed the
circulation of six genetically different strains of
PRRSV, all belonging to the EU subtype 1 (51). The
negative result of PRRSV observed in this study
was in agreement with previous publications
and suggests that the wild boars may be a low-
risk reservoir for the transmission of the virus to
domestic pigs (6, 45).

Prevalence of Mhyo obtained in this study
(15.8%) was lower to that obtained previously in
Slovenia (21%) (29) and lower to that observed in
France (58%) (52) and the USA (32%) (53). However,
the lack of consistent gross lesions compatible
with enzootic pneumonia (EP) in studied animals
shows that the effect of Mhyo probably remains
subclinical in this species (8). Examination of
the 36 sera from domestic swine in Slovenia has
revealed antibodies against Mhyo in 83.3% (43).
Based on the relatively high prevalence of Mhyo
in conventional pig farms (43), the fact that the
domestic pig could be the real reservoir for the
wild boar should not be ruled out. The wild boar
may only represent a potential Mhyo threat for
Mhyo free farms (8).

Prevalence of APP seropositive pigs obtained
in this study (28.3%) was lower to that obtained
previously in Slovenia (52%) (29). A similar
prevalence was reported by Reiner et al. (9) in
Germany where more than one-third of the tested
animals were infected. APP is a highly contagious
and economically significant respiratory disease in
domestic swine with significant negative impact on
the pig production because of increased medication
and decreased weight gain. Serological evidence
for APP infection has recently been reported in
domestic swine in Slovenia, with a seroprevalence
rate of 100% (43). APP is the airborne disease
and it seems that there could be some correlation
between APP in wild boars and domestic pigs;
however, this still need to be evaluated.

Detection of antibodies against ADV, PCV2,
Mhyo and APP in the wild boar of the present study
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supports the hypothesis that these animals may be
reservoirs of swine diseases for domestic swine. It is
very difficult to conclude if there is any association
between the infectious agent that appear in both
domestic and wild boar populations. In the case
of ADV we assume that transmission between
populations does not occur although the positive
wild boars origin from all parts of Slovenia. PRRS is
widely disseminated in domestic pig population and
is not present in wild boar population. These data
suggest that there is no transmission of diseases
from wild boars to the domestic swine or vice versa
in pig production system used in Slovenia. With
outdoor raised population of domestic pigs the
possibility of disease transmission from wild boars
to domestic pigs will increase. Permanent control
of wild and domestic swine populations may be
important measure on national level for minimizing
the spread and transmission of diseases among
these two populations.
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POJAVNOST PROTITELES PROTI NEKATERIH POVZROCITELJEM BOLEZNI PRI DIVJIH PRASICIH V

SLOVENUJI

M. Stukelj, . Toplak, G. Vengust

Povzetek: Odvzetih je bilo184 krvnih vzorcev divjih praSicev (Sus scrofa), odstreljenih v lovski sezoni 2010/2011 v Sloveniji.
Vzorce smo testirali s testom ELISA za dokaz protiteles proti Stirim virusnim in dvema bakterijskima boleznima prasicev. Pri 83
vzorcih (45.1 %) smo potrdili protitelesa proti bolezni Aujeszkega, pri 165 (89.7 %) vzorcih smo potrdili protitelesa proti prasicjemu
cirkovirusu tipa 2, pri 29 (15.8 %) vzorcih protitelesa proti Mycoplasma hyopneumoniae in pri 52 (28.3 %) vzorcih protitelesa
proti Actinobacillus pleuropneumoniae. Protiteles proti klasicni prasicji kugi in protiteles proti prasicjem reprodukcijskem in
respiratornem sindromu pritestiranih divjin prasicih nismo potrdili.

Kljuéne besede: bakterijske infekcije; serologija; Slovenija; virusne infekcije; divji prasici
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THYROID HORMONES LEVELS AND MORPHOMETRIC
SPECIFICS OF THYROID GLAND IN ApoE DEFICIENT (ApoE
KO) MICE
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Summary: The specificity of biological features in strains used as animal models is of particular importance of the
interpretation of experimental data. Inthis paperwe examine thyroid hormoneslevels aswell as diameter of thyroid follicles and
the follicular epithelium heightin ApoE-knockout (ApoE KO) mice, compared to the wild type (WT)-C57BL/6 strain as a control
group. ApoE lipoprotein deficiency in this strain leads to development of severe hypercholesterolemia and atherosclerotic
lesions in the blood vessels, even when mice are fed regular mouse chow. The results of our study revealed difference in FT,
plasma level between the two strains of mice with no significant difference in FT, level. The morphometric analysis showed
a significantly higher follicular epithelium in ApoE KO mice compared to the wild strain, which is an indication of greater TSH
stimulation in ApoE KO strain. Regarding the diameter of thyroid follicles, our results corroborate no significant differences
between the genetically modified animal strains, which are consistent with previous data from other studies that found no
correlation of the above mentioned parameter with thyroid status of animals. The difference in thyroid function between the
two strains of experimental animals could be due to altered peripheral metabolism of thyroid hormones, a consequence ofthe
altered liver physiology in ApoE KO mice.

Key words: ApoE KO mice; thyroid gland; morphometry

Introduction (as HDL-E); 2) it plays a prominent role in the
transport of cholesterol (by incorporating into
ApoE-knockout mice (apoE KO) have been intestinally synthesized chylomicrons); 3) it takes
extensively used to study the relation of part in metabolism of plasma cholesterol and
hypercholesterolemia and lipoprotein oxidation triglyceride (by interaction with the LDLR and the
to atherogenesis (1, 2, 3). Apolipoprotein E exerts receptor binding of apoE lipoproteins (4, 5).
several functions regarding lipid and cholesterol The lack of ApoE lipoprotein caused by
transport and metabolism: 1) apoE functions as the targeted deletion of the Apo E gene in
an important carrier protein in the redistribution this strain leads to the development of severe
of lipids among cells (by incorporation into HDL hypercholesterolemia and atherosclerotic lesions
in the blood vessels, even when mice are fed
, regular mouse chow (6, 7). The development and
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similar to those in human atherosclerosis (8).

Thyroid hormones have important role in the
lipid metabolism and in the pathophysiology of
atherosclerosis. There are many publications that
report elevated levels of cholesterol and other
serum lipids in hypothyroidism, which increase
the risk of development of atherosclerosis (9, 10).
On the other hand it has been reported that ApoE
lipoprotein has a role in the intracellular entry of
thyroid hormones in peripheral tissues (11, 12).
Having in mind these interactions between the
thyroid hormones and lipids, it is very important
to establish the connection between thyroid
function and the thyroid morphometric indices in
the strains used as animal model in the research
on atherosclerosis.

The goal of this study was to examine the
thyroid function and morphometric specifics of
the thyroid tissue in ApoE KO mice compared to
the wild type (WT) - C57BL/6 mice.

Materials and methods

For the present study, 16 weeks old apoE KO
mice (B6.129P2-apoE™ N11) in comparison to
CS7BL/6 background mice (i.e. wild type, WT),
ten animals per group, were used. After overnight
fast of 12 hours, animals were anesthetized under
ketamine/xylazine anesthesia (90 mg/kg 1i.p.
and 10 mg/kg, i.p. respectively). Blood samples
were obtained by cardiac puncture, collected into
tubes and centrifuged at 1450 x g at 4°C for 10
minutes. Lipoprotein levels in circulating blood
were determined by enzyme-colorimetric test
(Human diagnostics, Germany), and analyzed by
Olympus, AU 400 - system. The serum levels of
free T, (FT,) and free T, (FT,) were determinated
using immunoradiometric assay according to
the manufacturer’s protocol (DYNO test; Brahms
Diagnostics GmbH, Henningsdorf/Berlin,
Germany) using the gamma counter (PC-RIA MAS
STRATEC). Formalin-fixed and paraffin embedded
thyroid glands were used for histomorphometric
analysis. Histological sections were stained
with  hematoxylin/eosin  (H&E) technique
and morphometric features were analyzed by
light microscope connected to a video camera
(Nicon-Eclipse E600, Program Lucia 4.21). The
measurements were made in thirty follicles, at
five random different points. Follicular epithelium
height and follicular diameter from peripheral and

from the central parts of the thyroid lobes were
measured with the Weibel’s multipurpose test
system M,, (Wild, Switzerland) (13).

Statistical data processing was performed using
the software system STATISTICA for Windows
XP Professional. Group results are presented as
means + standard deviation (SD). The statistical
significance of the differences between the
means of the experimental groups was tested
by the Student’s t-test for unpaired samples.
The differences were considered as statistically
significant when p<0.05.

All procedures with the animals were in
accordance with Local Animal Care Committee
in conformity with the European Convention for
the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes (ETS
No. 123, Appendix A). The mice were housed in
polycarbonate cages in a pathogen — free facility
set on a 12h light-dark cycle and given ad libitum
access to water and standard laboratory feed. Prior
to the experimental procedures, the rats were fed
a commercial standard pellet feed (Filpaso, 52.11,
Skopje, Republic of Macedonia), named “standard
feed” hereafter.

Results

The plasma levels of cholesterol, HDL and
triacylglycerol (TAG) in ApoE KO mice were
significantly higher compared to WT strain (Table
1). The 16 weeks old Apo E KO mice had increased
cholesterol levels for 5 fold higher vs their wild
counterparts (67.7 £ 23.3 mg/dL vs 383.7 £ 47.3
mg/dL, p<0.001).

In the present study, the level of FT, was in
the range 19.78 + 0.99 pmol/L in ApoE KO mice
and 19.74 = 0.75 pmol/L in WT. There was no
significant difference between the two strains
(table 2). The range of FT, in ApoE KO mice was
2.03 += 0.38 pmol/L and at WT the range was
2.51 £ 0.31 pmol/L. Regarding FT3, we observed
significantly reduced difference in ApoE KO mice
vs WT mice, p< 0.05 (Table 1).

According to the morphometric analysis, the
follicular epithelium height in ApoE KO mice was
higher compared to those of the wild strain, but
there was no difference with regard to the follicular
diameter between the two strains. The increased
height of the follicular epithelium in ApoE mice is
shown in Figure 1.
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Table 1: Plasma lipoprotein and thyroid hormone levels in ApoE KO mice and their WT counterparts

Strain Plasma lipoprotein levels (mg/dL) Thyroid hormone level (pmol/L)
Chol TAG HDL FT, FT,

ApoE KO 383.7+47.3%** 117.7+24.5* 67.0+16.3* 19.78 £ 0.99 2.03 £ 0.38*

WT 67.7+23.3 71.0+18.4 33.2+5.1 19.74 £ 0.75 2.51+0.31

*p < 0.05; *** p < 0.001

Figure 1: Thyroid gland morphology in WT (A) and ApoE KO (B) mice (H&E x 20). Histological section of thyroid
tissue characterized by the difference in height of the thyroid epithelium between the two groups with no significant
difference in the size and shape of the thyroid follicles

Table 2: Follicles diameter and epithelial cells height in ApoE KO mice and their WT counterparts

Follicles diameter and epithelial cells height (um)

WT ApoE KO

Peripheral epithelial cells height

6.5+ 1.91 (N=9)

9.9 + 2.1%** (N=8)

Peripheral follicles diameter

110.3 + 27.4 (N=8)

108.95 + 20.47 (N=8)

Central epithelial cells height

6.85+ 1.31 (N=8)

10.3 + 1.95%** (N=10)

Central follicles diameter

64.7 + 16.0 (N=9

68.45 + 17.57 (N=7)

% p < 0.001

The mean height of the peripheral epithelium
in ApoE KO was 9.9 * 2.5 uym compared to 6.5 +
1.9 um in WT mice (Table 3). The difference was
even more noticeable in the central epithelial cells

in which the mean height in ApoE KO was 10.3
* 1.9um compared to 6.8 = 1.3 uym in WT mice
(Table 2).
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Discussion

We compared some morphometric
characteristics of the thyroid gland between
ApoE KO and wild type - C57BL/6 mice, as an
indicator of thyroid status for the both strains (14,
15). The results of biochemical analysis showed
significantly higher plasma concentrations of
cholesterol and TAG in the ApoE KO strain (Table
1) mainly due to the impaired reverse cholesterol
transport (16). According to the statistical analysis,
the existence of significant difference in the height
of the follicular epithelium compared to vehicle
control was very intriguing. Namely, the values for
the height of thyroid epithelium were significantly
higher in ApoE KO compared to wild strain mice,
both in peripheral and in central follicles of the
thyroid lobes (Table 2). Regarding the diameter of
thyroid follicles, no significant difference between
the two experimental groups was found (Table 2).
These features, greater than usual, are a typical
characteristic of TSH stimulation of the thyroid
tissue. In experimental hypothyroidism, there is
always a negative correlation between the level
of thyroid hormones (T, and T,) and the follicular
epithelium height, while no correlation with the
diameter of thyroid follicles is found (17, 18).

Our results also showed lower FT, levels in
ApoE KO mice, indicating a lower peripheral
conversion rate of FT, to FT,. According to our
knowledge, no data concerning this issue are
published in the literature up to date. On the
other hand the morphometric indices in our study
suggest increased TSH stimulation that is due to
the lower levels of FT, in ApoE KO mice.

There are several possible explanations
for the differences in thyroid morphology and
function between the two strains. The altered
thyroid function in ApoE KO mice could be due to
accumulation of oxidative damage and functional
disorder of the liver, typical for an ApoE KO strain,
fed a standard animal diet (19). The liver has a very
important role in the thyroid hormone metabolism.
The impaired conversion of T, to T,, a consequence
of lower activity of hepatic 5’ deiodinase, leads
to reduction of the physiologically active T, and
consequently increases the physiologically inert
reverse triilodothyronine (rT,). Patients with
chronic liver disease have marked elevation
in rT, accompanied by reduced T,, as well as
increasing TSH levels (20). This type of altered

thyroid function could be a serious basis for an
explanation of our findings.

The absence of ApoE lipoprotein in the ApoE
KO strain also might play a role in the altered
thyroid metabolism in these mice, considering
the proposed role of this lipoprotein in the
intracellular transport of thyroxin. Such claims
are based on previous studies that showed the
existence of a thyroid hormone binding domain
in the ApoE molecule, which could be involved in
the intracellular transport of thyroxin (21). The
authors of the study assumed that this could
facilitate the entry of thyroid hormones into cells
through ApoB/ApoE receptors, widely distributed
in tissues (22).

The lower intracellular internalization of the
thyroxin that leads to mental retardation due to
ApoE polymorphism was also proposed by Wang
et al. (12). This study has shown link between
Apoe polymorphism and the incidence of mental
retardation in the population of iodine deficient
regions of China. The mental retardation was more
frequent between individuals with ApoE4 isoform
(12). Based on these facts, the complete absence
of ApoE lipoprotein in ApoE KO mice should
have significant implications on intracellular
entry of thyroid hormones in peripheral tissues.
The setting resembles the syndrome of thyroid
hormone peripheral resistance with higher levels
of FT, and normal or slightly elevated TSH (23).
This kind of changes could induce morphometric
changes similar to the ones reported in our study.

Conclusion

The results of our study revealed difference
in the height of the thyrocytes and levels of FT,
between the two strains of mice. The possible
explanation of these results is the altered liver
function in ApoE KO mice and subsequently altered
peripheral metabolism of thyroid hormones or the
role of the ApoE lipoprotein in the intracellular
internalization of the thyroid hormones. Having in
mind the role of thyroid hormones in the genesis
of atherosclerosis, the establishment of normal
thyroid hormone range in ApoE KO mice is very
important when developing animal models for
the research on atherosclerosis. This would be
particularly important for studying concomitant
conditions with impaired thyroid function, when
ApoE KO strains are used as animal models.
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RAVEN SCITNICNIH HORMONOV IN MORFOLOSKE POSEBNOSTI SCITNICE PRI MISIH BREZ GENA ZA
APOE (ApoE KO) TER KONTROLNIH MISIH DIVJEGA TIPA

T. Tripunoski, J. Dimitrova-Shumkovska, T. Ristoski, |. Petrova, S. Panov, A. Ugrinska, D. PopGjorceva

Povzetek: Poznavanje specifi¢nih bioloskih lastnostih pri sevih, ki se uporabljajo kot zivalski modeli, je pomembno za pravilno
interpretacijo rezultatov raziskav. V ¢lanku so opisane raziskave delovanja Sc€itnice (raven Scitni¢nih hormonov v krvi, premer
S¢itniénih foliklov ter viSina folikularnega epitelija) pri misih z izbitim genom ApoE in primerjava teh vrednosti z vrednostmi pri
misih diviega tipa seva C57BL/6. Pomanjkanje lipoproteina ApoE pri tem sevu misi povzro¢i mo¢no hiperholesterolemijo in
ateroskleroti¢nih poSkodbe v krvnih zilah, tudikadar se miSi hranijo znavadno krmo. Rezultati raziskave so pokazalirazlike vravni
prostega T, v krvni plazmi med obema skupinama misi, ni pa bilo statisticno znacilnih razlik v ravni prostega T,. Morfometricne
analize so pokazale statisticno znacilno visji folikularni epitelij pri misih z izbitim genom ApoE v primerjavi z divjim tipom misi, kar
kaze na vecje spodbujanje S¢itnice s TSH pri misih z izbitim genom ApoE v primerjavi z divjim tipom misi. Pri premeru S¢itnicnih
foliklov niso bile ugotovljene statisti¢no znacilne razlike med skupinama misi, karje skladno s prejsnjimipodatkiiz drugih Studij, pri
katerih niso nasli povezanostimed omenjenim parametrom in statusom $¢itnice pri Zivalih. Razlika v delovanju S¢itnice pri obeh
skupinah misije morda posledica sprememb v periferni presnovi §¢itniénih hormonov zaradi spremenjenega delovanja jeter pri
misSih brez gena ApoE.

Kljuéne besede: ApoE KO misi; §¢itnica; morfometrija
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Summary: Inthis study we investigated the effect of Equex STM® on quality and in-vitro survival of ram spermatozoa frozen
in Trisegg yolk based extender. Ejaculates from 6 crossbreed rams were frozen according to the standard procedure aftertwo
step dilution with Tris-egg yolk extender (1). The second extender, added to the semen at 5° C, contained 14 % of glycerol and
was supplementedwith detergent0.75 % Equex STM® (group OEP) or contained no detergent (control group). Afterthawing the
sampleswereincubatedinawater bath at 37° C and analysis were performed 10 minutes, 6, 12 and 24 hours later. Motility and
the viability (Viadent®) of the semen were analysed with Hamilton Thorne Biosciences, Version 12.3 and membrane integrity
with HOS (hypoosmotic swelling test). DNA fragmentation (DFI %) of F/T spermatozoa was analyzed 10 minutes and 3 hours
afterthawing using sperm chromatin structure assay (SCSA™). The sperm membrane integrity was analysed 15 minutesand 3
hours afterthawing by Sybr-14/Pltest. Percentage of motile spermatozoa was significantly higherin OEP group in comparison
to control group at 0, 6, 12 and 24h (P < 0.001). Viability of spermatozoa was significantly higher (P <0.001) in OEP compared
to control group in all analysed times after thawing. Percentage of HOS positive spermatozoa was significantly higherin OEP
compared to control group respectively for 0 (P=0.001),6 (P=<0.001), 12 and 24h (P=0.002) after thawing.

Key words: Semen; ram; Equex STM®; flow cytometry; Viadent®; SCSA™: Sybr-14/PI

Introduction

Freezing of the semen in liquid nitrogen enable
long term storage of fertile spermatozoa from
different animal species (2, 3, 4, 5). The process
of cryopreservation involves different steps which
are harmful to spermatozoa and consequently
reduce their quality and fertility. Another
reason for reduced fertility in sheep inseminated
intra-cervical with frozen-thawed semen is the
anatomical structure of the ewe's cervix and
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passage of viable spermatozoa through the cervix.
Polyunsaturated fatty acids in the membranes
of spermatozoa, which are exposed to lipid
peroxidation during freezing and thawing process
are believed to be one of the main reasons for
reduced fertility (6). Deep freezing of spermatozoa
increases the concentration of reactive oxygen
species (ROS) in the semen from various species
(7, 8, 9). ROS represent a wide variety of different
free radicals. Among the most common forms of
ROS, which affect the viability and functionality
of spermatozoa, hydroxyl
(OH ¢), superoxide radicals (02 ¢), hydrogen

include radicals
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peroxide (H202), peroxide radicals (ROO ),
hypochlorite radicals, etc.(10, 11). ROS inactivate
various proteins and promote the peroxidation
of unsaturated fatty acids in cell membranes
(12). Sperm membrane is very susceptible to
lipid peroxidation because of its high content
of unsaturated fatty acids (13). Peroxidation of
unsaturated fatty acids leads to loss of integrity
and consequently functions of the spermatozoa
membrane. Freezing and oxidative stress cause
decrease of spermatozoa motility, fertilizing ability
(14) and also effects the stability of DNA (15).

However, minor concentrations of ROS have
a positive effect on some of the vital function of
spermatozoa. They help to regulate the function
of spermatozoa, for example hydrogen peroxide
in small quantities stimulates capacitation of
spermatozoa, their hiperactivation, acrosomal
reaction and fertilization (16, 17). Dead and
damaged spermatozoa represent a source of ROS
which have a detrimental effect on motility and
viability of spermatozoa (18), adverse affect on the
integrity of the spermatozoa membrane (19) and
on the integrity of the DNA (20).

Naturalmechanismswhich protect spermatozoa
against lipid peroxidation include various
antioxidants and enzymes such as superoxide
dismutase (SOD), catalase, glutathione peroxidase,
glutathione reductase, etc. These antioxidants are
very important for the protection of spermatozoa in
different animal species (21, 22, 23, 24). Addition
of detergent to the extender for freezing represents
another mechanism for membrane protection
during freezing. Cryopreservation process
induces serious detrimental changes in sperm
function. The cell and acrosomal membranes of
spermatozoa are considered to be the primary site
of these modifications due to thermal, mechanical,
chemical and osmotic stresses and are critical
for semen survival. Equex STM® improves the
post-thaw survival of spermatozoa by acting
as a surfactant to stabilize cell membranes,
particularly acrosomal membranes, and to protect
spermatozoa against the toxic effects during the
freeze-thaw process (25, 26). It is well known that
small amount of detergent added to the extender
that contains egg yolk, have a positive effect on
membrane stability during freezing /thawing
process. Equex STM® added to extender for
freezing the dog semen protect spermatozoa from
damage incurred during the deep freezing process
(27).

Materials and methods

Semen Collection, Processing and Sperm
Cryopreservation

The animals were housed on the Clinic for
Reproduction and Horses, Vet Faculty, University
of Ljubljana, Slovenia. Semen (6 ejaculates per
ram) was collected with electro-ejaculation from
6 cross-breed rams. Immediately after collection,
the ejaculates were transferred into tube and kept
in a water bath at 27° C until the analysis and
further processing.

Analysis of the semen concentration and
motility was performed before further processing.

Semen concentration was measured with
spectrophotometer (photometer SDM 5, Mini Tub)
and motility was analysed with phase contrast
microscope (Olympus BX 40). After analysis,
the ejaculates were diluted and frozen according
to two step procedure with modified Tris egg
yolk extender: Tris 263 mM, citric acid 85 mM,
fructose 73 mM, egg yolk 20 %, 340 mOsm, pH
7.0 (Merck, Darmstadt, Germany). Each ejaculate
was divided into two parts. Aliquots (200uL) of
fresh semen were diluted with 1800uL of extender
I warmed to 27° C. Diluted samples were placed
in 90 ml water bath, which enable slowly cooling
(2h) to +5° C. After cooling to +5° C, 2000 uL of
the second extender was added to the semen. It
either contained no Equex STM® (control group)
or was supplemented with Equex STM® (0.38 %
final Equex STM® concentration; Nova Chemical
Sales Inc., Scituate, USA). Both extenders also
contained 14 % of glycerol (Kemika, Zagreb,
Croatia). Diluted samples were aspirated into
0.5ml straws and frozen in nitrogen vapour, 4 cm
above the liquid nitrogen. Frozen samples were
kept in liquid nitrogen for at least two months
before thawing and analysis. Frozen straws were
thawed in water bath at 37° C for 17 second.

Analysis of Motility and Viability (Viadent®)

Semen motility and viability was analysed after
incubation of the samples in water bath at 37°
C for 10 minutes, 6, 12 and 24 hours. Analysis
was performed with a computer assisted analyzer
(Hamilton Thorne Biosciences, Version 12.3,
Beverly, MA) in a counting chamber (Makler
counting chamber®). Five automatic selected
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fields were analysed per sample. Semen viability
was analysed with Viadent® (Hamilton Thorne
Biosciences, Version 12.3, Beverly, MA) assay
according to the directions of the manufacturer.

Chromatin Structure Assay (SCSA™)

The SCSA is an acridine orange (AO) staining
technique which wuses a metachromatic dye,
AO (chromatographically purified No 04539,
Polysciences Inc., Eppelheim, Warrington, PA, USA)
to evaluate the ratio of single- (abnormal) and
double-stranded (native) DNA present in individual
spermatozoa. Abnormal chromatin structure was
defined as the susceptibility of spermatozoa DNA
to undergo acid-induced denaturation in situ.
Following the exposure of the prepared DNA to
AO, the degree of chromatin integrity (percentage
of DNA fragmentation index ( % DFI)) was
analysed by flow cytometric measurement of the
metachromatic shift from green (stable, double-
stranded DNA) to red (denaturated, single-stranded
DNA) AO fluorescence emitted by each individual
spermatozoa. The SCSA™ procedure was performed
10 minutes and 3 hours after thawing using the flow
cytometry (EPICS XL — MCL, Beckman Coulter).
Samples were extended immediately after thawing
(O h) to a final concentration of 2x10° spermatozoa/
mL using TNE buffer (0.01 M Tris-HCI, 0.15 M Nacl,
1mM EDTA, pH 7.4). Two aliquots of each sample
were evaluated for their DNA fragmentation, using
the SCSA™ as previously described by Evenson
and Jost (28, 29). Acid-induced denaturation of
DNA in situ was achieved by adding 0.4 mL of acid-
detergent solution (0.1 % (v/v) Triton X-100, 0.15
M NaCl, 0.08 N HCI, pH 1.2) to 200 pL of extended
semen sample. After 30 s, semen was stained by
adding 1.2 mL of AO staining solution containing
opg purified AO per mL of buffer (0.1 M citric acid,
0.2 M Na,HPO,, 1 mM EDTA, 0.15 M NaCl, pH
6.0). Stained semen was incubated on ice for 3 min
before flow cytrometric analysis.

SYBR-14/PI test

A combination of stains, one specific for live
spermatozoa - SYBR-14 and the other specific
for spermatozoa that lost membrane integrity
-propidium iodide (Invitrogen™, Molecular Probes
Inc., Eugene, OR, USA) were used to determine
the proportion of live spermatozoa. SYBR 14 is a

membrane permeant stain, fluorescenting bright
green, which binds to DNA of all spermatozoa.
While PI is a red fluorescence stain and binds to
DNA in spermatozoa with damaged membranes
(30). A third population of spermatozoa is
moribund and stains with both red and green
(doubly-stained). The SYBR 14/PI procedure was
performed 15 minutes and 3 hours after thawing
using flow cytometer (EPICS XL — MCL, Beckman
Coulter). For analysis, five microliters of 10 uM
SYBR 14 in DMSO and 3ul PI were added to 500ul
of semen samples diluted to the concentration of
5x10° spermatozoa mL with Tyrode’s salt solution
(Sigma — Aldrich Chemical Co., St. Louis, USA).
Samples were analysed with the flow cytometer
following 15 minutes incubation on 37°.

Hypoosmotic swelling test (HOS)

The HOS test was used as an assay to evaluate
the functional activity of the spermatozoa
membrane. The procedure used was that
described by Jeyendran et al. (31), adapted for
ram semen by Garcia Artiga (32). An aliquot of
S0uL of frozen-thawed semen was diluted in 500
pL of hypoosmotic solution and incubated at 37°
C for 30 min. A total of 200 spermatozoa were
counted. Percentage of spermatozoa population
with swollen and/or coiled tail was scored under a
phase contrast microscope (400x magnifications).

Statistical analyses

All statistical analyses were performed using
Sigma Stat Version 3.1 (Systat Software Inc.,
Chicago, IL, USA). In results average values are
expressed as mean = SD. Differences between
the two extenders at 0, 6, 12 and 24 hours were
analysed using one way analysis of variance (HOS,
progressive motility at TO) or Kruskal-Wallis test
(motility, progressive motility at T6, T12 and
T24, viability, PMI and DFI), depending on the
distribution of the data. All values of P < 0.05 were
considered significant.

Results

Percentage of motile spermatozoa was
significantly higher in OEP group in comparison
to control group (78.4 + 15.7 vs 43.3 £ 23.9; 66.5
+16.9 vs. 15.7 £ 20.6; 46.8 £ 26.3 vs. 7.0 £ 16.6
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Figure1: Changes in the sperm data after thawing: (A) motility (a:b = p =< 0.001), (B) progressive motility (a:b = p
< 0.095), (C) viability (a:b = p =< 0.001), (D) HOS positive (a:b = p < 0.05), (E) membrane integrity (a:b = p =< 0.001)
and (F) DNA integrity (a:b = p>0.05)
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and 9.3 + 11.4 vs. 0.8 + 3.5) respectively for O,
6, 12 and 24h after F/T (P =< 0.001). Analysis
of progressive motility also revealed significantly
higher percentage in OEP compared to control
group (26.1 £ 9.2 vs. 13.6 £ 9.2; 11.3 £ 6.8 vs.
2.8 £6.3; 2.8 £29 vs. 0.3 £0.8; 0.2 + 0.4 vs.
0.0 £ 0.2) respectively for O (P = 0.025), 6, 12 and
24h after F/T (P =< 0.001). Analysis of viability
also revealed significantly higher (P =< 0.001)
percentage of viable spermatozoa in OEP compared
to control group (88.4 £ 8.3 vs. 63.5+17.7; 85.1 £
11.8 vs. 52.9 + 21.2; 83.1 + 14.0 vs. 33.6 + 30.3;
72.5 £ 23.1 vs. 21.1 * 26.1) respectively for all
times. Percentage of HOS positive spermatozoa

Discussion

In present study we analysed the effect of Equex
STM® on freezability of ram semen. With great
certainty we found that addition of 0.38 % detergent
into egg yolk based extender has a beneficial effect
on the quality of F/T ram semen. This improvement
was seen as higher motility, plasma membrane
integrity and survival rate of spermatozoa in F/T
samples after addition of specific detergent. The
results of this study demonstrate that the addition
of Equex STM® in the freezing extender protect
spermatozoa during freezing and thawing process.
These results are in agreement with the study of
Akourki et al. (33). Although in our study the initial
motility after thawing was higher in OEP group in
comparison to the results of Akourki et al. (33).
Further analysis after thawing and incubation on
37° C for 24 hours also revealed beneficial effect
of Equex STM® on motility, progressive motility,
viability, HOS and PMI. In assessing semen quality,
animal and human fertility was developed the SCSA
test which measure semen DNA integrity. SCSA
data on thousands of semen samples from bulls,
stallions, boars and exotic cats show the clinical
value of this assay for animal fertility assessment.
SCSA can utilize a fresh or frozen-thawed semen
sample and using the features of flow cytometry,
collect and analyse data on 5000 or more cells
within a few min of time to evaluate semen quality
and further define the relationship of semen quality
to fertility (34).

However, we could not find any positive effect on
DNA integrity. Some previous studies have shown
the negative correlation between the percentage of
spermatozoa with denaturated DNA and fertilizing

was also significantly higher in OEP compared to
control group respectively (60.0 £ 16.2 vs. 46.8 +
16.9; 40.8 £ 12.5 vs. 22.5 £ 11.5; 25.1 + 9.0 vs.
179 £ 9.4; 194 + 7.8 vs. 13.5 = 7.6) for O (P =
0.001), 6 (P =< 0.001), 12 and 24h after F/T (P =
0.002). Percentage of plasma membrane integrity
(PMI) was significantly higher in OEP compared
to control group respectively (30.6£14.2 % vs.
16.1+13.3 %; 7.8+3.3 vs. 3.2%4.1 %) for O and 3h
after F/T (P =< 0.001). Analysis of SCSA™ revealed
no difference (2.1£1.3 % vs. 2.0£1.3 %; 2.3+1.1 vs.
2.3+1.2 %) in DFI %-values between OEP group
compared to control group respectively for O (P =
0.599) and 3h (P = 0.760) after thawing.

capacity of spermatozoa (35, 36). In our previous
research we compared extenders with two different
antioxidants and there was no significant difference
of DFI between groups which contained antioxidants
and control group (37). In present research integrity
of DNA was in comparison to Bucak et al. (38),
relatively high in all samples and we could not find
any effect of detergent on this parameter. Results
of DNA integrity and results for other parameters
(motility, progressive motility, viability, PMI and
HOS) suggest that even a standard protocol used
in our study enabled high quality freezing of ram
spermatozoa and that the detergent additionally
improved the freezing capacity of ram spermatozoa.

These results suggest that spermatozoa frozen
in the presence of Equex STM® also have a better
fertility compared to the samples that were frozen
without the addition of detergent. Pursel et al. (39)
found a positive correlation between percentages
of motile spermatozoa after thawing and their
fertilizing capacity. Intravaginal insemination of
bitch with frozen canine semen supplemented
with detergent resulted in an overall pregnancy
rate, similar to that obtained after natural mating
(40). The addition of Equex STM® to the freezing
extender had a positive effect on the motility, PMI
immediately after freezing-thawing in different
species (25, 26, 39, 41). Active compound in Equex
STM®is sodium dodecyl sulphate (SDS), a water-
soluble anionic detergent that solubilizes active
molecules but have a toxic effect on spermatozoa
membranes (26, 39,42). The detergent functions are
through the modification of egg-yolk components,
this increase sperm membrane permeability and
reduce osmotic stress during the freezing-thawing
process (26, 39). The cryoprotective effect of Equex
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STM"is only seen in the presence of egg yolk and
that indicate to be exerted by modification of egg
yolk lipoproteins (26, 43). Increased stability of
spermatozoa plasma membrane integrity was also
seen in our study based on Tris egg yolk extender
supplemented with Equex STM®. This positive
effect of Equex STM® on post-thaw quality of
spermatozoa was found in studies from different
animal species, i.e. dog (27, 40, 43), bull (26) , boar
(39, 44, 45, 46), stallion (25) and cat (47).

In previous studies it was found that optimal
concentration of detergent in freezing extender
varied between 0,5 and 1 % for extenders containing
20 % egg yolk (39). Higher concentration of the
detergent had a detrimental effect on membrane
stability and quality of spermatozoa (26). Axner et
al. (48) concluded that addition of Equex STM® to
the freezing extender reduces acrosome damage
but decreases spermatozoa longevity during
post-thaw in vitro incubation of cat epidydimal
spermatozoa. However, this result is contradictory
with experiments in other species such as
bull (26), dog (40) and ram (33). The benefficial
effects of Equex STM® on motility, progressive
motility, viability and acrosome integrity on buck
spermatozoa were found especially during the
first two hours after thawing. The long incubation
of buck spermatozoa in detergent had an adverse
effect during the three hours incubation on 37°
C (49). Detergent has also a beneficial effect on
post thaw motility of alpaca spermatozoa, while
acrosome integrity was unaffected (50). Similar
results for motility were also found in our study.

In conclusion, this data clearly indicate that the
addition of Equex STM® to the modified Tris egg
yolk extender used for freezing of ram spermatozoa
significantly improves post-thaw semen quality.

Further studies are necessary to verify, if addition
of detergent to the egg yolk based extenders used for
freezing of ram semen, would have the same positive
effect on fertility of frozen-thawed ram semen.
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VPLIV DETERGENTA EQUEX STM® NA GIBLJIVOST, VITALNOST IN INTEGRITETO DNK ZAMRZNJENIH/

ODMRZNJENIH OVNOVIH SEMENCIC

N. Sterbenc, M. Kosec, H. Bollwein, P. Klinc

Povzetek: V raziskavi smo preucevali vpliv Equex STM® na kakovost in prezivetie ovnovih semendic, zamrznjenih v
razredCevalcu zdodanim jaj¢nim rumenjakom. Ejakulati 6 ovnov so bilizamrznjeni po standardnem dvostopenjskem postopku
z razredCevalcem Tris z dodatkom jajcnega rumenjaka (1). Drugi razredCevalec je bil dodan semenu pri 5 °C in je dodatno
vseboval le glicerol (kontrolna skupina) ali glicerol in Equex STM® (skupina OEP). Po odmrzovanju smo vzorce inkubirali v
vodnikopelipri 37 °C. Analize smo opravilipo 10 minutah ter 6, 12 in 24 urah. Analiza vzorcev na gibljivost in test na prezivitveno
sposobnost semencic (Viadent®) sta bila opravljena z racunalnisko analizo semena (Hamilton Thorne Biosciences, Version
12.3,Beverly, MA), integriteta membrane semencic pa s hipoozmotskim testom (HOS). Test integritete DNK semencic (SCSA™)
je bilopravljen zuporabo preto¢ne citometrije v ¢asu 10 minutin 3urz dolo¢anjem DNK fragmentacijskegaindeksa (DFl%). Test
integritete membrane semencic (Sybr-14/Pl) je bil opravljen z uporabo preto¢ne citometrije v asu 15 minut in 3 ur po tajanju.
Odstotek gibljivih semencic je bil pri OEP v primerjavi s kontrolno skupino 0, 6, 12 in 24 ur po tajanju statisti€no znacilno visji
(P<0.001). Analiza prezivitvene sposobnostisemendic je prav tako pokazala statisti¢cno znacilno visji odstotek (P<0.001) vitalnih
semencic priOEPv primerjavis kontrolno skupino. Odstotek pozitivnih semencic pritestu HOS je bil tudi statisticno znacilno visji
pri OEP v primerjavi s kontrolno skupino, in sicer 0 (P=0.001), 6 (P=<0.001), 12in 24 ur (P=0.002) po tajanju.

Kljuéne besede: seme; oven; Equex STM®; preto¢na citometrija; Viadent®; SCSA™:; Sybr-14/PI
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Summary: In late summer 2011, Germany and the Netherlands reported the first cases of acute infection in cattle caused
by a novel Orthobunyavirus, named the Schmallenberg virus (SBV). The first malformations due to SBV were observed in
December2011inthe Netherlands, Belgiumand Germany. SBV was firstidentified in Sloveniain aflock of 23 sheep where nine
aborted foetuses with malformations were found on a farm. Viral nucleic acid of SBV was detected by real-time polymerase
chain reaction (RT-gPCR) from the brain and spleen samples with a protocol developed by the Friedrich-Loeffler Institute
(FLI), Germany. Between January and April 2013 a total of 77 malformed calves were tested and 25 calves identified as SBV
positive by RT-gPCR. The majority of malformed animals had one or more ofthe following pathological lesions: arthrogryposis,
brachygnathia, torticollis, scoliosis, hydranencephaly and brain and spinal cord malformations. Additionally, two archive
samples collected in September 2012 were identified as SBV positive, confirming that SBV infection was already present in
Slovenia in 2012. The sequencing analysis of the partial L-segment confirmed that the strain detected in Slovenia was 100%
identical to the Schmallenberg virus isolate Germany (JX853179), identified in 2011. SBV-positive herds have been located
throughout Slovenia.

Key words: firstreport; Schmallenberg virus; diagnosis; Slovenia

in lambs, calves and goat kids, as a result of
infection from the mother during the vulnerable
early stages of gestation (3, 4). The results of full-

Introduction

The Schmallenberg virus (SBV) is the name

of a new virus that recently emerged in Europe
(1). SBV has a high homology to the genus
Orthobunyavirus of the Simbu serogroup (1,
2). It was first detected in late summer 2011 in
Germany and the Netherlands in cattle exhibiting
milk drop, fever and diarrhoea. Later, the infection
was associated with congenital malformations
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genome and serologic investigations indicated that
SBV belongs to the species Sathuperi virus and is
a possible ancestor of the reassortant Shamonda
virus (5).

Since the first report, SBV has continued
to spread to neighbouring countries and, after
more than a year, has become endemic in north-
western parts of Europe (1, 3, 6, 7). Data from the
Netherlands and Belgium indicate that the virus
spreads very rapidly, reaching a seroprevalence of
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80-90% within a few months (2, 4, 8). The collected
data from 15 European countries covering 6,000
infected herds become available at the end of
2012 (6). After detection of SBV infection in eight
countries (Belgium, France, Italy, Germany,
the Netherlands, Luxembourg, Spain and the
United Kingdom) at the beginning of 2012, SBV
infections were identified in Denmark, Finland,
Poland, Sweden, Switzerland, Ireland, Norway,
Estonia and Austria in summer and autumn 2012
(6). Transmission of SBV into Polish and Estonian
cattle herds provide evidence of recent spreading
of infection to the eastern part of Europe (7, 9).
Infection of a herd is confirmed by virus detection
or detection of SBV antibodies (1, 10).

The detection of SBV in Culicoides (C. obsoletus
complex, C. dewulfi and C. chiopterus) during
the summer and early autumn in Belgium,
Denmark and Poland by real-time polymerase
chain reaction (RT-qPCR) strongly indicates that
these species are relevant vectors for SBV and
are probably involved in the rapid transmission
of the disease (9, 11, 12). Comparative analysis
of different organs and tissues suggests that the
cerebrum, cerebellum and brain stem are the
most appropriate tissues for SBV detection by
RT-gPCR (13, 14). RT-qPCR for the detection of
the SBV genome in the L-segment was developed
and provided by the Friedrich-Loeffler Institute
(FLI), Germany. This method was implemented at
the National Veterinary Institute in Ljubljana in
Slovenia in the beginning of 2012. The aims of this
study are to provide the results of SBV monitoring
from clinical samples of malformed foetuses in
Slovenia, and to present the regional distribution
of identified SBV-positive herds.

Materials and methods

In total, five malformed lambs and 77 malformed
calves originating from 73 different herds were
included in the study. Aborted and/or stillborn
calves and lambs showing one or more of the
malformations (arthrogryposis, torticollis, scoliosis,
brachygnathia, hydranencephaly and hypoplasia
of the cerebrum) and therefore considered as SBV
suspected, were collected from January to April
2013 by famers and veterinarians. Suspect cases
were sent to pathology for necropsy at the National
Veterinary Institute. Samples were collected and
tested in the frame of official surveillance activities

for SBV. Additionally, nine aborted and/or stillborn
calves (non-malformed) stored as archive tissue
samples in laboratory (collected in 2012) and 135
randomly selected serum samples obtained from
clinically healthy cattle, collected between August
and November 2012 were tested for SBV by RT-
gPCR. From the 82 malformed animals showing
arthrogryposis-hydranencephaly syndrome and
nine archive, non-malformed animals, tissue
samples of the spleen and brain (cerebral cortex,
brain stem and cerebellum) were collected and
tested by RT-qPCR.

In the laboratory for virology, a total of 2 g of
different tissues (spleen, cerebral cortex, brain
stem and cerebellum) were homogenized as a
pool in 10 ml of RPMI-1640 (Gibco, Invitrogen
Corporation, USA) with a homogenizer (IUL
Instruments, Germany). After homogenization,
the suspension samples were centrifuged for 15
minutes at 3,000rpm x g. Tissue supernatants
were recovered and used for the extraction of total
RNA. Total RNA was extracted from 140 pul of tissue
supernatant/serum samples using the QIAamp®
Viral RNA Mini Kit (Qiagen, Germany) according
to the manufacturer’s instructions. The previously
designed primers and probes and protocol for
the detection of the SBV genome (L-segment) by
RT-gqPCR were kindly provided by FLI, Germany
(2). The forward primer sequence SBV-LI1-
11F was S5-TTGCCGTTTGATTTTGAAGTTGTG-3'
and the reverse primer sequence SBV-L1-155R
was S'-TCAGGGATCGCAAATTAAAGAACC-3'.
The TagMan probe sequence SBV-L1-36
(5'-TCATCCGTGCTGACCCTCTGCGAG-3') was
labelled with the fluorescent reporter dye FAM
(6-carboxyfluorescein) at the 5' end and with the
black hole quencher dye (BHQ1) at the 3' end. The
protocol was applied and adapted to our laboratory
conditions as follows. Amplification was carried
out in a single step with Superscript™ III Platinum®
One-Step qRT-PCR kit with ROX (Invitrogen,
USA). Briefly, the reaction was performed in 20
pl total volume, consisting of 1.5 ul water, 10 pl
of 2 x reaction mix with ROX, 0.5 pl of 50 mM
Mg SO,, 1 pl of each primer with concentration
20 pM, 0.5 pl of 5 uM probe and 5 pl of extracted
RNA. The protocol was optimized using a series of
ten-fold RNA dilutions. RT-qPCR was performed
on the Mx3005P system (Stratagene, USA) with
the program including a reverse transcription
step at 55 °C for ten minutes, followed by a
denaturation step at 95 °C for ten minutes, and
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45 cycles of 95 °C for 15 seconds, 56 °C for 20
seconds and 72 °C for 30 seconds. To ensure the
accurate performance of the real-time PCR test,
at least one positive control (SBV RNA provided
by FLI, Germany; dilution of standard with a
cycle threshold [Ct] of approximately 30) and one
negative control (tissue sample of bovine origin
from year 2010, free of SBV RNA) were included
in each run.

The positive samples from the first three SBV-
positive herds were directly sequenced from
RT-PCR products in both directions using the
Macrogen sequencing service (Macrogen, The
Netherlands) and the RT-qPCR amplification
primers to confirm the specificity of the RT-
PCR assay. For each sample, 97 nucleotide long
sequences of segment-L were aligned with the
published data using BLAST (available at http://
www.ncbi.nlm.-nih.gov/) at the National Centre
for Biotechnology Information (NCBI).

Results

Various degrees of deformities were observed
in the five lambs and 77 calves at necropsy,
namely arthrogryposis, torticollis, scoliosis,

brachygnathia, hydranencephaly and hypoplasia
of the cerebrum, cerebellum and spinal cord
(Table 1, Figure 2-8). The first clinical case of
SBV infections, confirmed by laboratory diagnosis
in Slovenia, was identified on January 9, 2013
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from a flock with 23 sheep, where nine aborted
foetuses were found. Five foetuses were sent for
necropsy and two (O-1a/2013 and O-1b/2013)
were detected as SBV positive by RT-qPCR. By
the end of April 2013, an additional 25 bovine
herds were identified as SBV positive (Table 1).
The distribution of positive herds on the map of
Slovenia revealed that SBV infection was already
present throughout the country (Figure 1). The
detection of the highest number of positive herds in
the central area is the result of intensive sampling
in this region. RT-qPCR results showed that 27
(32.9%) of 82 examined malformed animals were
interpreted as SBV-genome positive according to
detected Ct values. Despite observed congenital
malformations, 56 out of 82 tested malformed
animals were identified as SBV negative.

Out of 144 tested archive samples (nine tissue
samples of aborted and/or stillbirth calves and
135 serum samples), two samples (from herds
B-1/2012 and B-2/2012) were identified as SBV
positive. Both of these SBV-positive samples were
collected on September 13, 2012, thus confirming
the presence of infection already in 2012. The
first SBV-positive sample from herd B-1/2012
originated from a foetus aborted in the fourth
month of gestation; the farm was located in the
municipality of Ziri, approximately 50 km north-
west of Ljubljana (Figure 1). The detected Ct value
in this foetus was 22.98, which was the lowest
detected Ct value among the positive samples in
this study. The second SBV-positive sample from
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Figure 1: Location of 28 herds
with SBV-genome positive results
identified in Slovenia by end of
April 2013 (blue stars for positive
herds [B-1/2012 and B-2/2012]
detected in September 2012, red
dots for herds detected in 2013
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Table 1: Total number of SBV-positive animals detected by RT-qPCR from September 2012 to end of April 2013
(samples, date of collection, municipality name, detected Ct value and description of observed malformations
during necropsy)

Herd number Date of sampling Municipality Ctvalue | ART BRA TOR SCO HYD HYP
B-1/2012 13 September 2012 Ziri 22.98
B-2/2012 13 September 2012 Murska Sobota 29.60
0-1a/2013 04 January 2013 Semic 26.48 X X X X
0-1b/2013 04 January 2013 Semic 27.07 X X X
B-2/2013 30 January 2013 Kamnik 36.67 X X X X X
B-3/2013 19 February 2013 Komenda 34.23 X X X X
B-4/2013 22 February 2013 Gorenja vas-Poljane 35.31 X X X X
B-5/2013 04 March 2013 Dol pri Ljubljani 38.58 X X X X
B-6/2013 03 March 2013 Zelezniki 37.95 X X
B-7/2013 07 March 2013 Logatec 33.93 X X X X
B-8/2013 07 March 2013 Ziri 39.03 X X
B-9/2013 05 March 2013 Kranj 29.64 X X X X X
B-10/2013 13 March 2013 Kranj 37.33 X X X
B-11/2013 18 March 2013 Hodos 37.10 X
B-12/2013 19 March 2013 Tolmin 34.50 X X
B-13/2013 19 March 2013 Nova Gorica 34.89 X X X X
B-14/2013 18 March 2013 Sentjur pri Celju 36.55 X X X
B-15/2013 18 March 2013 Preddvor 37.53 X X X X
B-16/2013 26 March 2013 Vodice 29.80 X X X X X
B-17/2013 22 March 2013 Semic 35.45 X X X
B-18/2013 21 March 2013 Kanal 33.10 X X X
B-19/2013 02 April 2013 Kocevje 36.80 X X X
B-20/2013 02 April 2013 Kranj 37.16 X X X
B-21/2013 02 April 2013 Kranj 42,43 X X X X
B-22/2013 02 April 2013 Litija 34.88 X X X
B-23/2013 02 April 2013 Brezovica 36.88 X X X X
B-24/2013 05 April 2013 Ivanéna Gorica 35.48 X X X X X
B-25/2013 21 March 2013 Solcava 37.79 X X X
B-26/2013 08 April 2013 Hoce-Slivnica 37.88 X X X X X

Abbreviations: (herd numbers) B: bovine herd, O: ovine herd; ART: arthrogryposis; BRA: brachygnathia; TOR: torticollis; SCO:
scoliosis; HYD: hydranencephaly/porencephaly; HYP: cerebellar hypoplasia
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Figure 2: Number of tested malformed 1%
lambs and calves in Slovenia 10
February 2012 to end of April 2013 5
(SBV-positive and -negative sample
numbers by RT-qPCR, monthly 0

Figure 3: SBV-positive calf with severely
deformed limbs (arthrogryposis)

Figure 4: SBV-positive lamb with shortened
lower jaw (brachygnathia)

B Total number
B SBV positive

B SBV negative




48

|. Toplak, V. Cociancich, D. Rihtari¢, P. Juntes, T. Paller

Figure 5: SBV-positive calf with twisted
neck (torticollis) and arthrogryposis of the
limbs

Figure 6: SBV-positive calf with lateral
deviation of the spine (scoliosis),
arthrogryposis and mild torticollis

Figure 7: SBV-positive calf brain section;
parenchyma of the cerebral hemisphere is
very thin (arrows) and almost completely
replaced with a fluid filled cyst (+)
(hydranencephaly).
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Figure 8: SBV-positive calf brain; greatly
reduced size of cerebellum (cerebellar
hypoplasia)
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herd B-2/2012 was identified from a three-month
old healthy calf located in a small village near the
Austrian border in the municipality of Cankova,
near Murska Sobota, approximately 220 km
east from the location of the first SBV-positive
herd (Figure 1). This observation confirmed that
acute infection with SBV was already present in
two separate locations in Slovenia in September
2012. The sequencing results confirmed that the
detected strain in Slovenia shows a 100% identity
in 97 determined nucleotides (partial L-segment,
genome position 403-500) with the strain named
Schmallenberg virus isolate Germany (GenBank
Acc. No. JX853179), identified in Germany in
2011.

Discussion

This study demonstrates the detection of the
SBV genome from clinically affected ruminants
in Slovenia for the first time. The first official
detection of the SBV genome in two malformed
lambs was on January 9, 2013 from an ovine
flock located in Semic¢ near the Croatian border
in the southern part of Slovenia. Later, SBV was
detected on 27 additional cattle farms throughout
Slovenia. Malformations found in detected SBV-
positive cases were similar to those described in
lambs and calves in other European countries
(Germany, France, and Belgium), and the
causative agent was the same.

The rapid and wide expansion of SBV is
probably the result of transmission by vectors in
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the southern direction during the summer months
since the first SBV antibodies were detected
in September 2012 in neighbouring country
Austria (15). The preliminary study results for
SBV antibodies showed that Slovenian cattle had
been naive until August 2012, but on August
29, 2012, the first SBV-antibody-positive herd
was identified by enzyme-linked immunosorbent
assay (ELISA) test (16). Previous reports showed
that acute infection with SBV in adult animals
causes mild or unspecific clinical signs in
ruminants (1, 3). This explains why the first stage
of the SBV infection in 2012 was not recognised
by our farmers and veterinarians. However, with
retrospective detection of the SBV genome from
two archive samples collected in September 2012,
it is confirmed here that infection started in
Slovenia almost at the same time as it was detected
in Austria. From January to the end of April 2013,
numerous cases of devastating malformations
in new-borns were observed and an increased
number of samples from different locations were
detected positive by RT-qPCR (Figure 1).

The pathological findings made following
detection of malformed foetuses and the rapid
spread of the disease through Slovenia is very
similar to the findings and spread reported in
Germany, the Netherlands, Belgium and France
in autumn 2011 and the beginning of 2012 (3, &,
13). The detection of SBV outbreaks in new areas
of Europe in 2012, such as Sweden, Norway,
Finland, Estonia, Switzerland, Poland, Austria
and now Slovenia, suggests the tendency of the
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infection to spread quickly to new areas with a
naive population. Positive samples were identified
in this study by the RT-qPCR method, with a
protocol targeting the L-segment of SBV from
a pool of samples consisting of the spleen and
several parts of the brain, recommended as the
most suitable material (13, 14). The identification
of 32.9% SBV-positive samples from the tested
malformed animals is similar to that of previous
reports, while in Belgium, it was between 28% and
44% (4, 14), and in the Netherlands, from 9% to
70% (9, 13, 17). Our results support the previous
observations that the presence of SBV RNA can
be detected only in certain percentage of the SBV-
suspected new-borns, because of SBV clearance
after infecting the foetus (14).

Some authors have suggested wusing
an additional tests for antibody detection
in malformed animals, such as the virus

neutralization test (VNT) or ELISA test to increase
the reliability of SBV diagnosis (10, 17). The VNT
showed that 95% of the malformed lambs were
positive for SBV, although this percentage was
lower for malformed calves (13). This observation
was tested in our laboratory on 17 malformed
calves (collected in April and May 2013) with RT-
gPCR (tissue suspension) and ELISA (serum or
thoracic fluid) and 15 (88.3%) of 17 calves were
SBV-antibody-positive in ELISA test (ID Screen
Schmallenberg Virus indirect ELISA, ID.vet
Innovative Diagnostics, France), while only 7
(41.1%) of them were detected SBV-genome-
positive by RT-qPCR (unpublished data). These
preliminary results and the results from this study
performed on malformed calves support previous
observation detected in lambs (14) but in our case
also, most of the malformed calves had developed
SBYV antibodies, thus providing confirmation of the
SBV infection in an additional number of calves.
This data is consistent with recent publication
suggesting that neutralizing antibodies could play
a role in the clearance of the virus from the foetus
resulting in a subsequent inability to detect SBV
by RT-qPCR. Nevertheless, the implementation of
the new RT-qPCR assay in the laboratory based
on L-segment will be necessary to increase the
sensitivity for detection of SBV in samples (3, 9).

Slovenia is the first SBV-infected country near
the Balkan area. With the ongoing spread of the
infection we may expect that this new virus will
soon be detected in other countries of southeast
Europe.
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PRVI PRIMERI OKUZB Z VIRUSOM SCHMALLENBERG V SLOVENIJI, 2012

|. Toplak, V. Cociancich, D. Rihtari¢, P. Juntes, T. Paller

Povzetek: Konec poletja 2011 soizNemcije in Nizozemske poro&ali o prvih pojavih akutnih okuzb goved povzro¢enih z virusom
Schmallenberg (SBV) iz rodu Orthobunyavirus. Prve spacene zarodke zaradi SBV so opazilivdecembru 2011 na Nizozemskem,
v Belgiji in Nemc¢iji. V Sloveniji smo prvi primer okuzbe z virusom SBV ugotovili v reji 23 ovac ob postavitvi suma na to bolezen po
devetih zaporednih abortusih. Virusno nukleinsko kislino SBV smo v vzorcih dokazali iz mozganov in vranice z metodo verizne
reakcije s polimerazovrealnem ¢asu (RT-gPCR), kijo je razvil In&titut Friedrich-LoefflerizNemcije. Od januarjado aprila2013 smo
testirali 77 spacenih telet in pri 25 ugotovili prisotnost nukleinske kisline SBV z metodo RT-gPCR. Pri vecini spacenih zivalih smo
ugotavljalieno alive¢ patoloskih sprememb: artrogripozo, brahignatijo, tortikolis, skoliozo, hidranencefalijo ter nepravilen razvoj
mozganov in hrbtenja¢e. Dodatno smo tudiv dveh arhivskih vzorcih, odvzetih septembra 2012, ugotovili SBV, kar potrjuje prisot-
nost okuzbe s SBV v Sloveniji Ze v septembru 2012. Z dolo¢anjem zaporedja nukleotidov v segmentu L smo potrdili, da je ugotov-
lieni sev v Sloveniji 100 % identi¢en z izolatom virusa Schmallenberg (JX853179), ki je bil ugotovljen v Nemciji leta 2011. Pozitivne
reje smo odkrilina celotnem obmocju Slovenije.

Kljuéne besede: prvo porocilo; virus Schmallenberg; diagnoza; Slovenija
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