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TABLE 4—(continued).

Spotted Fever.

Typhus Fever.

Heartwater.

Arrangement........

Single and in clumps of
varying size

‘“ Globular massing of
organisms is the most
characteristic = appear-
ance of Rickettsia in
human lesions ”” (14)

Spherical clumps are
more marked than
in either spotted
fever or typhus, and
attain a much larger
size. They are often
mu'tiple, several dis-
crete clumps being

present within a
sillllgle endothelial
cell.

Distribution...... e

Skin, scrotum, epididymis,
testis, thyroid, spleen,
lungs, and skeletal muscle
(25), and in addition in
heart, adrenals, lymph
glands, and liver (13)

Skin in 27 cases, kidneys
in 2 cases, femoral vein
in 1,testes and adnexain
5 cases, and brain in 7

(14)

Kidney in 11 cases,
cerebral cortex in 7,
spleen in 4, lymph
glands in 4, cere-
bellar - cortex in 3,
suprarenals in .3,
corpus luteum in 3,
mid-brain . in .
medulla oblongata
in 2, pancreas in 1,
heart-muscle in 1,
corpus striatum in 1,
ovary in 1, salivary
glands in 1.

Association
with febrile reaction

Increase in number progres-

sively with development
of the lesions from 1st to
5th or last day of fever,
when both attained a
maximum. Early in re-
action, diplobacillary be-
coming bacillary in later
stages (138)

Found in every case
(i.e. 25) where post-
mortem examination
was made before the
13th day of the disease
and while the body was
in a fresh condition (14)

Found in 16 cases,
most frequently in
the six-day period
after the tempera-
ture has commenced
to decline (details
given in Table 8).

Association with
lesions 3

Direct injury caused by
parasite shown by de-
generative changes in
endothelial  cells and
smooth muscle cells of
media (24)

Similar swelling and de-
geﬁeration of endothelial
cells

Endothelial cells
swollen, but in con-
trast show no sign of
degeneration.

Thrombosis, necrosis, amd
perivascular  infiltration
chiefly in subcutaneous
tissue associated with the

development of a rash

Similar.

No thrombosis,
necrosis, or peri-
vascular infiltration,
and consequently no
rash. The most
characteristic lesion
is a variable degree
of hydropericardium.

In addition to this close resemblance between the three micro-

organisms, brief reference may be made to certain points of similarity
between the viruses of the three diseases. In each case the virus
may be transmitted by the bites of infective insects (or arachnids)
or by the inoculation of infective blood in which Rickettsia are not
demonstrable or may be seen with difficulty (Rocky Mountain spotted
fever). All three occasion a high temperature reaction and a heavy
amortality. The virus of heartwater seems to. differ from that of
‘Rocky Mountain spotted fever and to resemble that of typhus fever
‘in respect of the fact that it is not inherited through successive
generations in the eggs of the invertebrate vector. All three viruses
are unfilterable and as yet uncultivatable (30). They do not retain
their vitality even under the most favourable conditions zn wvitro for
‘more than a few days, and one attack of the disease confers a
permanent immunity or one lasting for several years.

A divergence in clinical symptoms between heartwater on the
one hand and spotted fever and typhus fever on the other, is to be
expected, because heartwater is by contrast a disease of ruminants
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only. In all three, however, functional disturbances of the nervous
system are of common occurrence. The absence of a rash in heart-
water is probably due to the non-involvement of the cutaneous blood-
vessels. It is this property, that the vascular endothelium in all parts
of the body retains its normal vitality and is not injured by the
action of the virus, which makes heartwater so very favourable for
the study of the general problem of the relation of Rickettsia to
disease. In heartwater the Rickettsia may be easily studied in en-
dothelial cells which are to all appearances normal except for the
mechanical distension which they have undergone to accommodate the
Rickettsia in large numbers. Whereas in both spotted fever and
typhus fever the blood-vessels are the seat of severe lesions, and the
endothelium is much involved. This injury results in the appearance
of numerous granules within the endothelial cells which mask the
organisms. In consequence of this fact, investigators have been
slow to accept conclusions based wholly upon the histological study
of Rickettsia, particularly so since the Rickettsia of both spotted
fever and typhus have resisted many and repeated attempts at artifi-
cial cultivation. Not only is the study of heartwater relieved from
this troublesome handicap, but in addition the Rickettsia may be
rapidly demonstrated by much more simple methods of technique.

ResurTs.

A Gram-negative, intracellular, coccus-like micro-organism was
found in cases of heartwater in the three species which are susceptible
to the disease, namely, goats, sheep, and cattle. The presence of
this micro-organism was definitely related to the febrile reaction, and
it was absent in controls. It probably occurred throughout the body,
but was most easily detected in the renal glomeruli and in the small
capillaries of the cerebral cortex. The micro-organism was a typical
endothelial parasite, being restricted in distribution to the endothelial
cells of the smaller blood-vessels and to portions of them which broke
off into the blood stream. It was never observed to cause any injury
to the endothelial cells other than mechanical distension through accu-
mulation in large densely packed masses which were characteristically
spherical. A typical attribute was the presence of several of these
masses with the cytoplasm of a single endothelial cell. In view of the
association of this micro-organism with heartwater, which is a disease
of ruminants, and thus far the only one in which micro- organisms
resembling kaetts1a have been reported, the designation Rickettsia
ruminantium 1s proposed.
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EXPLANATION OF PLATES.

Prame L.

Micro-organisms in the endothelial lining of small blood-vessels are illus-
trated in all the figures as seen after coloration by Giemsa’s stain. The
drawings were made with Zeiss apochromatic objective 1.5 mm., compensating
oenlar 8, and camera Incida, giving a magnification of 1,940 diameters.

Fig. 1.—Spleen of Goat 4510; fixed in Regand’s fluid. A small hranch-
ing capillary is shown, the Tumen of Whlch is occluded by the enlarge-
ment. of endothelial cells containing micro-organisms.

Fig. 2.—Spleen of Sheep 6821; fixed in Zenker’s fluid. A swollen
endothelial cell is lllusblated containing a roughly spherical mass of
micro-organisms embedded in chromophobic cytoplasm.

Fig. 3.—Kidney of Goat 4510; fixed in Regaud’s fluid. A clomp of miero-
organisms is seen discharging into the blood stream.

Frg. 4 —Cerebral cortex of Gloat 8386; fixed in Zenker’s fluid. A clum
of micro-organisms in the endothelial lining of u small blood-vessel.

Fuig. b.—~Kidney of Goat 4510; fixed in Regaud’s fluid. An eundothelial
cell containing two masses of micro-organisms with the lumen (at
the base of the drawing) almost blocked. In contact with it is an
histogenous mast-cell posgessing granules which are of irregular mm
and shape and have been colour ed deep red.

Figs, 6 and 7.—Cerebral cortex of Goat 4510; fixed in Zenker’s fluid.

. Two capillavies with endothelial cells containing clumps of miero-
organisms surrounded by zones of unstained cytoplasm.

Fig. 8.—The same, A rather lurge blood-vessel with fwo endothelml cells
in different stages of engorgement.

Fig. 9.—~Kidney of Goat 4510. A still larger blood-vessel with engorged
.endothelial cells, in which the micro-organisms are arranged in
multiple sharply outlined clumps, which were found to be very
characteristic of heartwater.
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Prare 11,

The photomicrographs were taken with Zeiss apochromatic objective 3 min..
1.40 aperture, and compensating ocular 8, giving a magnification of 1,400
diameters. The preparations were fixed in Zenker’s fluid and coloured by
CGemsa’s stain.

Fig. 10.—A small blood-vessel in the cerebral cortex of Goat 4510, in
which two clumps of micro-organisms are seen within the cytoplasm
of the endothelial cells. The largest is uppermost and extends down-
ward completely occluding the lumen of the vessel. The smaller
of the two occupies the next endothelial cell and is slightly lower
to the left. Tt is coloured rather more intensely since the micro-
organisms are more closely packed together. Both clumps are
encircled by a halo of lightly stained cytoplasm.

Fig. 11.—A clump of micro-organisms within an endothelial cell of a
renal glomerulus of Goat 8386. In some places it may be seen that
they are grouped in pairs and that each is surrounded by a halo.

. Fig. 12.—Four clumps of micro-organisms within an endothelial cell of a
capillary between the renal tubules of Goat 4510. The fourth clump
on the left is slightly out of focus. The nacleus is flattened and
lies just below the micro-organisms.

Fig. 18.—A clump of micro-organisms in an ondothelial cell of a some-
what larger blood-vessel of the same kidney.

Fig. 14.—Another group of micro-organisms within an endothelial cell
of a capillary of the same kidney.

Fig. 16.—A clump of micro-organisms in an endothelial cell of a small
blood-vessel of the cerebral cortex of Goat 8386.
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