A. U. Vet. Fak. Derg.
37 (2): 269-285, 1990

PATHOLOGICAL FINDINGS IN CALVES WITH HYDRANENCEPHALY'!

Rifk1 Haziroglu?

Hidranensefalili buzagilarda patolojik bulgular®

Ozet: Bu calisma hidranensefalili 22 buzagi iizerinde gergeklestiril-
mistir. Buzagilarin 13’li Alanya, 9u Icel Ili ve ¢evresinden, 1985 yilinda
seyreden epizooti sirasinda saglannugtir. Hidranensefalili buzagilara
ve bunlarin bazilarinin annelerine ait 18 kan serumu érneginin Pirbright
Arastirma Enstitiisi’nde yapilan serolojik muayenesinde, hepsinin degi-
sen derecelerde Akabane virusuna karsi nétralizan antikorlar icerdigi
saptanmugtir. Bu serumlarin 8'inde ise Mavidil’e karsi ELISA pozitif

_sonug alimmigtir. Ayrica Etlik Hayvan Hastaliklart Arastirma Enstiti-
sitnce ¢ahigmada kullamlan buzagilarin ikisinin kamindan Mavidil vi-
rusu izole edilmistir. Izolasyonu yapilan viruslar Pirbright Arastirma
Enstitiisi’nde serotip 4 olarak identifiye edilmigtir. Buzagilarda korliik
disinda belirgin bir klinik bulguya rastlanmanugtir. Makroskobik ola-
rak, beyinde hemisferlerin degisen derecelerde serebrospinal sivi ile
dolu oldugu gozlenmistir. Beyin stem’i ise normal goériinimdedir. Corpus
striatum, thalamus, hippocampus, tectum mesencephaly ve cerebellum’
da basinca bagh degisiklikler dikkati ¢ekmistir. Epifiz ayrilmasi ve
hipoplazisine birer buzagida rastlanmstir. Ventrikiiler sistemde 3. be-
yin kamarasinda kireg birikintilerinin olugturdugu tikanma sadece bir ol-
guda gozlenmigtir. Cok belirgin cavum septi pellucidi, septum pellucidun’
da defekt ve kismi corpus callosum yoklugu diger makroskobik
bulgulardandir. Mikroskobik olarak, kismen kalin olan rezidiiel hemis-
fer dokusu normal histolojik tabakalanmay: gdstermesine ragmen ince
olan doku sklerotik goriiniimdedir. Bazi alanlarda ise sadece leptome-
ninksler yer almaktadir. Rezidiiel hemisfer dokulari genel olarak ince
bir substantia alba katindan olusmustur ve bu katta goriilen gliozis ne-

1 This report is summarized from author's doctorate thesis written in Turkish.

2 Associate professor, Department of Pathology, Facuity of Veterinary Medicine,
University of Ankara, 06110 Ankara.

3 Tiirkge hazirlanmis doktora tezi.




270 RIFKI HAZIROGLU

deniyle ana kaviteye dogru ¢ikintilar yapmaktadir. Ince olan rezidiiel
hemisfer dokusunda goriilen sklerotik goriiniim, benzer gekilde hemen
hemen her olguda, medulla oblongata’da promontorium gliosum calami
scriptorii’de de gozlenmistir. Ayrica subependimal rozetler ile subepen-
mal gliozis, fokal gliozis, indiferansiye niyronal nodiiller, subkorti-
kal kavitasyonlar ve hafif perivaskiiler infiltrasyonlar diger bulgular-
dandir. Myelinasyon normaldir. Tim olgularda goriilen bu yangisal
olmayan degisiklikler yamsira bir buzagida nonpurulent ensefalitis sap-
tannugtir,

Summary: This study was based on hydranencephalic 22 calves.
These calves were obtained from the provinces of Antalya and Igel
during an epizootic period in 1985. The serum neutralizing antibodies
against Akabane virus were detected in eighteen blood sera taken from
hydranencephalic calves and their mothers by Pirbright Animal Virus
Research Institute (AVRI) in England. Pozitive results for bluetongue
virus were also determined in eight of eighteen sera using ELISA. In
addition, the bluetongue virus was isolated from the blood of two hydran-
encephalic calves by Etlik Animal Disease Research Institute (ADRI)
in Turkey. These isolates were identified as bluetongue virus serotype 4
by Pirbright AVRI. None the calves showed any remarkable clinical
symptoms except blindness. Macroscopically, hemispheres were filled
with various amounts of cerebrospinal fluid (CSF). The brain stems
were normal in appearance. Changes due to compression were noticed in
the thalamus. corpus striatum, hippocampus, tectum mesencephaly and
cerebellum. The displacement and hypoplasia of the pineal body were
encountered in two different calves. Obstruction of the third ventricle
due to precipitation of calcium salts was observed in one calf. The other
macroscopical findings were cystic septum pellucidum, defect of the
septum pellucidum and partial absence of the corpus callosum. Microscop-
ically, narrow residual hemispheric tissues were sclerotic in appearance,
although the relatively large tissues had normal histologic structures
and some areas of residual tissues were composed of only leptomeninges.
Generally, residual hemispheric tissues had narrow substantia alba pro-
truding to the membranous sacs due to gliosis. Sclerotic appearances
were also observed in the promontorium gliosum calami scriptorii of
the medulla oblongata in almost all of the cases. The other microscopical
findings were subependymal rosettes, gliosis, subcortical cavitations and
mild perivascular cuffings. Myelination was normal. These changes were
Jound in all cases except one, that case had nonpurulent encephalitis.
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Introduction

Intracranial malformations and especially hydranencephaly have
been reported in relation to prenatal infections with viruses of several
families in calves. e.g. Reoviridae-bluetongue virus (15, 17, 29),
Chuzan virus (7); Bunyaviridae-Akabane virus (4, 11, 12), Aino
virus (4, 22); Togaviridae-bovine viral diarrhea virus (2).

In the spring of 1980, the first severe outbreak of arthrogryposis
and hydranenccphaly (AG / HE) in calves was reported in the western
part of Turkey (33). Similar congenital deformities have been recorded
in field outbreaks among the calves in Japan (13, 14, 24), Australia
(5, 8, 31) and Israel (10, 16, 24), and it is generally accepted that these
can be caused by the Akabane virus (4, 11-14, 20, 23). As well as this,
there are indications that the bluetongue virus (BTV) may cause con-
genital defects in the central nervous system (CNS) both in the field
and laboratory (15, 17, 26, 27, 29). Secondly, another outbreak charac-
terized only hydranencephaly was observed in calves in the southern
part of Turkey in 1985/ 86.

This paper presents the results of a study of the pathology of 22
affected calves from the southern part of Turkey in 1985.

Materials and Methods

A total of 22 hydranencephalic calves were supplied from the
provinces of Antalya and Igel between May 1985-July 1985: 13 from
the region around Antalya and 9 from the region around Igel. Table 1
shows calves’ age, brain weight, breed, sex and origin.

Calves no 21 and 22 were conveyed to the University of Ankara,
Faculty of Veterinary Medicine, Department of Clinical Sciences for
clinical examination, electroencephalography (EEG) and electrocar-
diography (ECG) on July 12, 1985,

Blood sera samples relating to the first 11 calves and some of
their mothers were sent to Pirbright AVRI, for examination of neutra-
lizing antibodies against the Akabane and bluetongue viruses.

Following a clinical examination of the live animals apart from
numbers 1, 2, 3 and 4, they were necropsied. The brain and spinal cord
were removed and a gross examination was made. The complete
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Table 1. Age, brain weight, breed, sex and origin of the calves used in this study.
Tablo 1. Caligmada kullamlan buzagilarin yas, bevin agirhgi, irk, seks ve orijinleri.

Age Brain
- Calf no| (Month) | weight(g)* Breed Sex | Origin
1 2 75 Unknown | F Antalya
2 1.5 44 ” M “
3 2 58 ” M ”
4 2 57 ” F ”
5 3 111 Hc M ”
0 I.5 65 ” M ”
7 1.5 S0 » F ”
8 3 69 ” M "
9 2 85 ” F ”
10 k! 94 L.b F ”
1 2 68 Hc M | ™
12 3 100 ” F Igel
13 2.5 68 > M ”
14 4 91 ” M "
15 2 75 Lb F ”
16 5.5 107 Hc F "
17 4 127 Lb F >
1R 5 112 Hc F ”
19 1.5 101 ” F "
20 4.5 118 ” F ”
21 10.5 95 ” M Antalya
22 14 134 ” M ”

After formalin fixation (Formalin fikzasyonundan sonra)
Female {Disi)

Malc (Erkek)

c  Holstein crossbreed (Holstayn melezi)

Lb Local breed (Lokal irk)

7T X

range of other organs and tissues were taken from the calves. Following
fixation with 10 % buffered formalin the brains were weighed and
sliced transversally (Fig. 1) and gross lesions recorded. Tissue samples
were taken from the brain and cord, and other viscera. These were
processed for histological examination by conventional methods. Sec-
tions were stained with haemotoxylin and eosin (HE) and selected
sections from the CNS were also stained with Kliiver and Barrera’s
luxol fast blue (LFB) for myelin-Gomori’s method for reticulum fibers
and Holzer’s method for neuroglial fibers.

Results

Clinical findings: The major defect was a lack of intelligence, and
blindness. In a small series tested, the eye preservation reflexes were
absent, but pupillary light reflexes were present. They were dummies,
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Fig. 1. The coronal sections taken from affected brains for microscopic examination
(Sekil 1. Mikroskobik inceleme igin lezyonlu beyinlerden alinan koronal kesitleri gdsteren
sema).

uncoordinated in gait, unable to stand properly and moved erratically
when stimulated. The calves showed cud chewing behaviour as if fodder
existed inside their mouths and exhibited licking action, Pulsation,
temperature and respiration were normal and they had hearing abilities.
Other clinic observations were salivation, vomitus, nervous symp-
toms such as convulsion and tremor, lacrimation, strabismus, domed
cranium and torticollis in different calves. In the calves transported
from Antalya to Ankara, there were insignificant activities of neurons
in EEG and ECG was normal. Pirbright AVRI’s results are shown
table 2.

Gross pathology of the central nervous system: The cerebral
hemispheres or major parts of them were represented by a fluctuant flu-
id-filled sac bounded by a thin delicate membrane which was attached
to the meninges and which frequently collapsed as the calvarium was
removed. The fluid was watery and clear or blood-stained. Occasionally
the hemispheric lesions were asymmetrical and occasionally symmet-
rical. Cystic cavities were found in the residual hemispheric tissues and
midbrain. They were located in areas bilateral or unilateral to the
mesencephalic canal. Although the brain stem appeared unchanged
from the exterior, cross sections showed solitary and multiple cystic
cavities of various sizes in the nerve tissue. Particularly large cavities,
approximately 0,5 c¢cm in diameter were observed in the residual
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Table 2. Results of ELISA test and SVNT carried out on blood sera of calves for BT and
Akabane viruses. respectively.
Tablo 2. Mavidil ve Akabane viruslari igin buzagilarin kan serumlarinda yapilan ELISA
ve SVNT (serum virus nétralizasyon testi} testleri senvglar.

Calf no BT (Elisa) | Akabane (SVNT)
1 — 1:192
2 — 1:192
3 — = 1:384

Mother of calf 3 — 1:75¢
4 — 1:128
5 —_ |:64
6 -+ 1:96
Mother of calf 4- >1:384
7 + 1:96
Mother of calf 7 4 1:192
8 + ~1:384

Mother of calf 8 - 1:.96
9 ? 1:64

Mother of calf 9 + 1:96
10 ? 1:48
Mother of calf 10 + 1:96
11 — 1:64

Mother of calf 11 — 1:192

hemispheric tissues (Fig. 2). The inner surface of the cavity was
usually moist, with a slight accumulation of CSF.

After formalin fixation brain weight (Table 1) ranged from 44
to 134 g (normal 180-250 g). The spinal cord appeared normal in size
and did not have any macroscopic lesions.

Most of the cases had small nodular masses of 1-2 mm in diameter
on the leptomeninges, corpus callosum and nucleus caudatus. Partial
absence and defect of the corpus callosum were observed in some brains.
Total absence and defects were also observed in the septum pellucidum.
Moreover, cystic septum pellucidum called double septum or 5 th
ventricle or cavum septi pellucidi anatomically was found in one case
(Fig. 3). In some cases, the septum pellucidum was intact, but extremely
thin. There were deformities in the shape of the nucleus caudatus,
thalamus, mesencephalon and cerebellum. These deformities could
be due to the compression of the hemispheres which were full
of fluid. Another marked finding was band-shaped residual brain tis-
sues between corpus callosum-residual hemispheres, nucleus caudatus-
residual hemispheres, and residual hemispheres-residual hemispheres
(Fig. 4). The hippocampus was greatly reduced unilaterally or bilate-
rally and in some of the cases a granular surface was observed.
The ventral portion of the cerebrum became as thin as a shell because
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Fig. 2. The cystic cavitations of the residual Fig. 3. Cystic septum pellucidum.

hemispheric tissue sectioned from the lobus Case no S.
frontalis. Case no 19. (Sekil 2. Kistik septum pellucidum.
(Sekil 2. Lobus frontalis'ten arta kalan he- Olgu no 5)

misferik dokudan vapilan kesitteki kistik
kavitasyonlar. Olgu no 19).

Fig. 4. Hydranencephalic brain, slight cerebellar hypoplasia, and band-shaped residual
nerve tissue. Case no 7.
(Sekil 4. Hidranensefalik beyin ,hafif sercbellar hipoplazi ve band seklindeki kalinti sinir
dokusu. Olgu no 7)

of the nearabsence of the frontal temporal and parietal lobes. As a
result, the corpus striatum, thalamus and hippocampus werc exposed.
The other macroscopical findings were obstruction of the 3 rd
ventricle (Fig. 5), displacement and hypoplasia of the pineal body
(Figs. 6, 7), dilatation of thc mesencephalic canal (Fig. 8) and a
crateriform appearance of the tectum mescncephaly.
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Fig. 5. Obstruction of the third ventricle duc to calcium salts. Case no 2.
(Sekil 5. Kalsiyum tuziarinm neden oldugu 3. ventrikiildeki tikanma.
Olgu no 2)
Fig. 6. Displacement of the pineal body. Case no 20, 16.
(Sekil 6. Epifizis serebrinin normal konumundan ayritmasi, Olgu no 20, 16)
Fig. 7. Hypoplasia of the pinecal body. Case no 20, 18.
(Sekil 7. Epifizis serebrinin hipoplazisi. Olgu no 20, 18)
Fig. 8. Dilatation and cystic cavities around the mesencephalic canal. Case no 2.
(Sekil 8. Mezensefalik kanal ¢evresinde kistik kavitasyonlar ve genisleme. Olgu no 2)

A Siight cerebellar hypoplasia (Fig. 4). herniation and irregularity
of the folium were encountered in some calves.

Gross pathology of other tissues and organs: There were no consist-
ent associated Icsions outside the brain. The wounds of the back and
legs, subcutaneous haemorrhages of the head and legs, subcutancous
jelatinous accumulations and hepatisation of the cranial lobes in the
lungs were observed in calves nos 13, 14, 15 and 16, respectively. Apart
from pneumotic lesions in the lungs, these must be traumatic due to
blindness. There were no pathological changes in the eyes and optic
nerves,
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Histology of the central nervous system: Hydranencephaly was
characterized histologically by a cerebral cortex so thin that at low
magnification it fitted into one microscopic field. Its internal surface
with ependymal cells was frequently incomplete or absent. Abundant
mesodermal fibers associated with numerous capillaries were observed
in the residual hemispheric tissues (Fig. 9), corpus callosum, septum
pellucidum, hippocampus, thalamus, pineal body, hypophysis, mesen-
cephalon and promontorium gliosum calami scriptorii of the medulla
oblongata. These gave a sclerotic appearance to the tissue (Fig. 10).
The thin residual hemispheric tissues were sclerotic in appearance
(Fig. 11), although the relatively large tissues had a normal histologic
structure and some areas of residual tissues were composed of only
leptomeninges.

There were also glial infiltrations, both nodular and diffuse, in
the vicinity of the ependymal lining. Quite often these glial nodules
were seen to protrude into the ventricles or mesencephalic canal.

Cystic cavitations, subependymal rosettes, mineralisations, mi-
crohaemorrhages and spongiotic areas were observed in various parts
of the CNS, and subcortical cavitations. substantia grisea- substantia
alba-substantia grisea or mixed structure (Fig. 12) were scen in the
residual cerebral cortex in some cases. Ependymal dysplasia located
in the vicinity of the central canal was also found.

The cystic cavities were a space formed in the nerve tissue without
any special type of wall, in which both nerve cells and nerve fibers
dissappeared completely. Neuroglial cell infiltrated into the cavity
and often mixed with fragments of nerve fibers or the cavity was totally
empty under the microscope (Fig. 13). The nerve tissue around the
cavity was destroyed and therc was disruption and rarefaction of
nerve fibers or was packed with CSF under pressure.

The cavitation was of perivascular origin, and was probably influ-
enced by the excess pressure of the CSF. The Wirchow-Robin spaces
became extremely dilated. The CSF invaded the nerve tissue adjacent
to the perivascular space, which then disrupted and dissappeared. A
cavity involving blood vessels cventuall formed in or near this spacc.
These types of cystic cavities were especially found in the mesenceph-
alon and rhombencephalon.

It is known that ependymal roset formation in congenital ence-
phalopathies is often secn in the subependymalareas along the ventricles.
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Fig. 9. Abundant argentaffin fibers in close association with numerous blood vessels in
the residual hemispheric tissue. Case no 15, Gomori’s reticulum stain.
(Sekil 9. Arta kalan hemisferik dokuda yer alan ok sayidaki kan damarlart ile yakin ilis-
kili argentaffin fibriller. Olgu no 15, Gomori'nin retikulum boyasi)
Fig. 10. Sclerotic appearance in the residual hemispheric tissue. Case no 11, HE
(Sekil 10. Arta kalan hemisferik dokudaki sklerotik gériiniim. Olgu no 11, HE)
Fig. 11. Complete sclerotic appearance in the narrow residual hemishpheric tissue.
Case no 7, Gomori’s reticulum stain.
(Sekil 11. Arta kalan dar hemisferik dokudaki tam sklerotik goriiniim. Olgu no 7,
Gomori’nin retikulum boyast)
Fig. 12. Mixcd substantia alba and grisca in the cerebral cortex. Case no 2, Kliiver Barrera’s
myelin stain.
(Sekil 12. Serebral kortekste birbirine girmis substantia alba ve grisea. Olgu no 2, Kliver
Barrera’nin myelin boyast)

Subependymal rosettes were also observed in all calves (Figs. 14, 15)
except calf no 22. As well as this, some ependymal rosettes were found
in the deep part of the nerve tissue. These may depend on pressure of
the CSF.

A few small foci of mineralisation, which probably developed dur-
ing the growth of the brain, occurred in the residual hemispheric tissues,



PATHOLOGICAL FINDINGS IN CALVES WITH HYDRANENCEPHALY 279

Fig. 13. Subcortical cavitations and a few mineralisation foci in the cerebrai cortex.
Case no 19, HE.
(Sekil 13. Serebral kortekste subkortikal kavitasyonlar ve az sayidaki mineralizasyon
odaklar. Olgu no 19, HE)

thalamus (Figs. 13, 16). pineal body and hypophysis. The obstruction
of the 3 rd ventricle due to calcium salts was observed in onc calf.
Furthermore, this type of calcium precipitate was free in the bases of
the hemispheric sacs of some of the affected brains.

Deformities in the shape of the cerebellum, probably duc to CSF
compression were encountered and they showed no remarkable pa-
thological changes except that case no 7 and case no 2 had hypoplastic
changes including depletition of the external granular layer, Purkinje
cell ectopia, and reduction in the width of the granular or molecular
layer. In these affected cases, the cortical architecture was disturbed,
foliation was rudimentary and islands embedded within the substance
were surrounded by Purkinje and granular cells (microgyria) (Fig. 17).

Two calves (Calves no 11 and 12), which were not able to walk
during their life, exhibited microhaemorrhages in the latcral and
ventral horn of the medulla spinalis.

Myelination was normal in the sections stained by the LFB meth-
od. A marked systematic increase in glial fibers was frequently seen
in the periphery of the dilated perivascular spaces, the wall of the ven-
tricles and cavities in sections stained with Holzer’s method.

Inflammatory changes were not tound in the CNS of the calves
except that calf 22 had marked nonpurulent encephalitis.
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Fig. 14. Fartial absence of the ependymal layer in the 3 rd ventriclc and subependymal
rosettes. Case no 6, HE.
(Sekil 14, Uyiincii ventrikiilii déseyen ependim hiicrelerinin kismi yoklugu ve subependi-
mal rozetler. Olgu no 6, HE)
Fig. 15. Close magnification of the subependymal rosettes. Case no 15, HE
(Sckil [5. Subependimal rozetlerin daha biiyik goriinimii. Olgu no 15, HE)
Fig. 16. Mincralisation in the thalamus. Case no 14, HE
(Sekil 16. Talamusta mineralizasyon. Olgu no 14, HE)
Fig. 17. Coronal sections of the cerebellum. The Purkinje and granular cells as islands are
displaced into the molecular {ayer. Case no 7, HE
{Sekil 17. Serebellumun koronal kesiti. Molekiiler tabakaya dogru yer degistirmis Purkinje
ve granular hiicrenin olusturdugu adaciklar. Olgu no 7, HE)

There were no lesions in the eyes and optic nerves histologically
in any of the cases examined for this.

Discussion and Conclusion

In Turkey, bluetongue disease (BTD) in sheep was first clinically
diagnosed in the south of the country, in 1944 (1). After a 30-year break,
there were 19 separate outbreaks in southwestern Turkey in 1977 and
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spread to other areas in the same region in 1978 and 1979 (1, 30, 35).
In that period a virus isolated from a sheep was identified as BTV
serotype 4 (35).

In March 1980, the first outbreak of AG / HE in calves in the south-
western part of Turkey was reported (33). In May 1980 serological in-
vestigations carried out on blood collected in western Turkey showed
antibodies to Akabane virus in adult cattle and calves and in a
colostrum-deprived calf. However, the Akabane virus was not isolated.
In October 1980 BTV serotype 4 was isolated from a newborn calf
with AG/HE (35).

Almost five years later, in May 1985, we observed another out-
break in calves around Antalya and Igel in the southern part of Turkey
(Fig. 18) which manifested itself only by hydranencephaly. Also, some
of these calves and some of their mothers had antibodies to the Akabane
virus and some were positive against BTV, In view of the fact that thesc
calves had taken colostrum, it is difficult to evaluate whether it is active

TURKEY

Antalya 1.4

CYPRUS ,
LEBANON /,

Fig. 18. Provinces involved in the outbreak in calves between 1985 and 1986, and location
map of Turkey.
(Sekil 18. Turkiye'de buzagilarda 1985—1986 yillarinda hastaligin goruldiiga bolgeler)
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immunity in the calf or it is obtained from the mother. In addition, BTV
was isolated from calves nos 5 and 17 by Etlik ADRI and identified
as serotype 4 by Pirbright AVRI.

Bluetongue and Akabane viruses are transmitted by biting midges
of the genus Culicoides (6, 9, 18, 30) or mosquitoes (19, 28). Central
nervous system anomalies have been obscrved in calves born to dams
exposed by BTV, Akabane virus and other viruses -e.g., bovine viral
diarrhea, Aino, Chuzan- in the first trimester of pregnancy (11, 15, 23,
26). In the last outbreak, similarly, pregnant cows could have been
infected by the virus or viruses at the end of summer 1984 by midges.
However, there is no data on Culicoides movements or on meteorolo-
gical conditions, but it is possible that during suitable weather condi-
tions, biting midges may migrate from other mediterranean countries
and this became active in the southern part of Turkey. Also, there is
serological evidence of Akabane activity in Cyprus, Israel, Northern
Syria and Jordan (Fig. 18) (P.S. Mellor, personcl communication).

Clinical and macroscopical findings in hydranencephalic calves
were almost identical with the literature (8, 11, 15, 21, 24, 29, 34) ex-
cept the obstruction of the 3 rd ventricle, displacement and hypoplasia
of the pineal body and cystic septum pellucidum. Cystic septum
pellucidum has been encountered in newborn lambs which their dams
infected with pestiviruses (3), but have not been recorded in calves.
For the first time, these macroscopical findings are being reported in
calves with hydranencephaly.

Also, histological findings reported were similar to those of our
cases (8, 11, 15, 21, 24, 29, 34). The sclerotic structure was recognized in
various parts of CNS of the calves. It is noted that sclerotic appearance
of the superior and inferior colliculi is a constant and interesting feature
of hereditary encephalomyopathy in Hereford calves (32), whereas
it was not considered to be hereditary in our cases. Since most of
our cases were third or fourth calves and the first or second calves born
to the same mother suffered no congenital deformities or CNS anoma-
lies we ruled out all congenital defects. As well as this, the breeds of
our cases were different. The CSF may have caused reactivity of the
glial tissue resulting in dense fibrillary gliosis and this may give a
sclerotic view to the tissue. In this condition, it can be seen in every
cases exposed by the pressure of the CSF, but it has not been
previously recorded in hydranencephalic calves.
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Marked nerve cell loss with fibrillary gliosis in the ventral horn
of the spinal cord and in the nucleus fasciculi lateralis, nucleus nervi
hypoglossi and nucleus dorsalis nervi vagi of the medulla oblongata
have been noted in calves with AG/HE (21). Our cases were
only hydranencephalic and there were no marked lesions except
haemorrhages in the spinal cords and in those of the nuclei of the
medulla oblongata.

In this complicated situation, we believe that the etiology of these
outbreaks is still obscure. BTV and Akabane virus together or sepa-
rately may be the causative agents of these outbreaks. Epidemiologic,
serologic and virologic studies are needed to elucidate this condition
in Turkey. A project is in progress for this purpose.
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