














STUDIES ON THE PATHOLOGY OF HEARTWATER

No significant difference in the neuropathology was observed between treat
and untreated cases.

DiscussioNn

The previously described pathological changes in heartwater (Steck, 1928;
Daubney, 1930), which include leucostasis, perivascular infiltration and subarach-
noidal cellular exudation are ususally mild and inconstant and offers no explanation
for the associated nervous symptoms.

It is well known that many cases of heartwater fail to recover in spite « specific
chemotherapy. According to Clark (1962) some sheep in which the febrile reaction
was controlled by chemotherapy afterwards pass into a state of collapse and may lie
moribund for days with a normal to subnormal body temperature. Such cases
usually occur when treatment has been delayed and nervove symptoms have been

ident for some time. 1ey invariably die. Clark studied ree such cases in sheep
and found that the plasma volume was not unduly reduced. No abnorm~'ities were

yund in the blood constituents of experimental cases. The cerebrospin fluid was
round to be normal. He concluded that in these cases spzcific therapy haa eliminated
the infection in time to avert death from circulatory collapse, but that irreversible
brain damage had occurred.. This condition is described by Clark as a functional
decerebration with the vegetative functions of the body proceeding more or less nor-
mally. Some of the lesions observed, such as microcavitation, swollen axis-cylinders
and necrosis of the granular layer in the cerebellar cortex, confirm this theory at
stress the importance of early chemotherapy. It is further evident that these lesions,
including the glial and vascular changes, could be significant in the development of
nervous symptoms in heartwater. No attempt will, however, be made at this stage
to correlate the nervous symptoms with the distribution of lesions in the central
nervous system, as this should be based on a topographical and symptomatologic
study.

Torack, Terry & Zimmerman (1960), in their studies on cerebral fluid accumula-
tion, suggested that the clear glial cells of uncertain identiy could be involved in
electrolyte transfer, nutrient supply and waste removal. They produced cerebr
swelling by the application of solid carbon dioxide to the exposed brains of mice.
Electron microscopic study of this material revealed enlargement of the entire cyto-
plasmic volume of the clear glial cells. With the light microscope a P.A S nositive
granular substance, proportional in amount to the severity of the o« a, was
observed within the cell bodies, perivascular spaces and brain subste They
concluded that the clear glial cells have a vital role in fluid transport and that their
plasma membrane is an important component of the blood-brain barrier.

Lumsden (1958) reported the occurrence of eosinophilic granules 1 larger
inclusions in the perikaryon of adult astrocytes in tissue culture.  The larger inclu-
sions presumably developed from aggregations of the granules. The structures we
strongly P.A.S. positive and were seen to migrate along the cell processes to appear
in their terminal expansions and be discharged in a secretory-like manner.

Glial changes similar to those described by orack et a/. and Lumsden were
found in most of the cases of heartwater that were studied. An initial re onse bv
the glia was evident from their enlargement and their nuclei becoming vesicul
This seemed to be followed by an increase of cytoplasm and the development of fine
granules in the perikaryon, cell processes and sucker feet. The perivascular glial
processes were more prominent than in normal animals. The granules subsequent-
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PrLate 4.—A, C, D, E: Natural cases. B, F: Experimental case. A. Bovine: Sub-pial haemor-
rhage into the molecular layer of the cerebellum. H. & E. x 30. B ovine: Two
enlargec  crotic neurones. H. & E. X 192. C. Bovine: Bloodvessel in the white
matter ot the cerebellum with an accumulation of fluid in the V.R. space. Rare-
faction of the white matter can also be seen. H. & E. x 192. D. Ovine: Chorio-
meningitis with a marked round cell infiltration. H. & E. x 75-6. E. Bovine:
Marked fibrinous exudation in the choroid plexus with a mild polymorphonuclear
cell infiltration. H. & E. x 192. F. Bovine: Hippocampus with a vessel on the left
showing accumulation of fluid in the V.R. space, rarefaction and a haemorrhage on
theright. H. & E.X 75-6
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.ATE 5.—A Bovine: An experimental case with a very marked fibrinous exudation in the choroid
plexus. ttered macrophages can be seen and a focal round cell infiltration is
present in the left upper corner. H. & E. X 95-3. B. Bovine: As A, showing a
fibrinous exudate with macrophages containing intracytoplasmic eosinophilic globules.
H. & E. ¥ 480, C. Bovine: Experimental case. Necrotic bloodvessel in the hippo-

campus 1 wryorrhectic material, scanty cell infiltration and haemorrhage into the
V.R. spa 1. & E. x 288. D. Bovine: Recovered experimental case. Focal
microcavitation in the midbrain surrounded by gliosis. H. & E. < 192. E. Bovine:
Natural case. Perivascular round cell infiltration in the cerebellum. L& E. x 192
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PLATE 6.—Natural cases. A. Bovine: A tract within the internal capsule with microcavitation
and rather inconspicuously swollen axis-cylinders. H. & E. x 75-6. B. Bovine:
An area of microcavitation in the white matter of the cerebelium. A small haemor-
rhage and the granular layer of the cortex a-e visible on the left. H. & E. x 76-6.
C. Ovine: The midbrain showing a focus of microcavitation. H. & E. x 75-6.
D. Bovine: Thalamus with a small area of swollen axis-cylinders. H. & E. x 192.
E. Bovine: A large area of swollen axis-cylinders in the medulla oblongata. H. & E.
x 480. F.Bovine: Another area of swollen axis-cylinders in the midbrain of the same
case illustrated in A and E. H. & E. x 480
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PrLatE 7.—A, B, D: Natural cases. A. Bovine: The white matter of the cerebellum showing
enlarged glial cells. H. & E. x 192. B. Bovine: Two enlarged glial cells, presnmably
astrocytes, in the white matter of the cerebellum. H. & E. x 480. C. »>vine:

erimental case. Hippocampus with four swollen glial cells, H. & E. x 480.
D. Bovine: A small bloodvessel in the thalamus showing several globules within the
glial processes. P.A.S. x 1200






STUDIES ON THE PATHOLOGY OF HEARTWATER

PLaTE 8.—Natural cases. A. Ovine: An activated glial cell, probably an astrocyte, within the
cerebral white matter. H. & E. x 1200. B. Ovine: A glial cell in the cerebellum
showing hyperchromasia and a mild increase of cytoplasm. H. & E. x 1200.
C. Ovine: Cerebral peduncle with glial cell containing a small number of intracyto-
plasmic granules. H. & E. x 1200. D. Bovine: Glial cells in the medulla oblongata.
The nuclei are irregularly shaped, very pycnotic and peripherally displaced. A further
increase of cytoplasm and grant can be seen. H. & E. X 1200. E. Ovine:
A markedly pycnotic glial nucleus surrounded by large globules (Cere  um).
H. & E. x 1200. F. Ovine: The cerebellum of the same case illustrated in B and E,
showing a karyorrhectic glial nucleus and granular cytoplasm. H. & E. x 1200.
G. Bovine: Perivascular process and sucker feet of a glial cell containing eosinophilic
globules (indicated by arrow) in the thalamus. H.P. x 1200. H.Bovine: Glial cell
in the midbrain containing globules in the perikaryon and processes. P.S.A.-
M.P.A.H. x 1200. 1. Bovine: Numerous globules in the V.R. space of a blood
vessel. (Midbrain.) P.A.S.-M.P.A.H. x 480. J. & K. Bovine: Globules showing
delicate terminal projections (Midbrain). P.A.S.-M.P.A.H. x 1200
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PLATE9.—A, B, D, E: Natural cases. A. Bovine: Bloodvessel in midbrain. Globules ars
present in the V.R. space and adjoining brain substance. H.P. x 480. wvine:
Large globules surrounding a capillary in the midbrain. H.P. x 1200. wine :
Experimental case. Bloodvessel in the cerebellum containing large globules in its
lumen. H. &.E. x 480. D. Bovine: Necrotic focus and a small haemorrhage in the
cerebellum. H. & E. x 192. E. Ovine: Focal necrosis in the granular layer of the
cerebellum. H. & E. x 192. F. Bovine: An area of gliosis in the thalamus of an
experimental case, 10 days after initial rise in temperature. H. & E. x 192
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