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been reported in Rocky Mountain spotted fever, c.hiefty by Wolbach 
(24, 25), and in typhuB fever by Kuczinski (26), by Wolbach and r,I{odd 
(18), . by Stevenson and Balfour (27), with certain and 

. more emphatically by Wolbach, Todd, and Palfrey (14); but it is 
questionable whether they have been observed in trench fever. •. . > 

The kindness of ProfessoT Wolbach and of Dr. Nicholson in 
.giving me slides containing the Rickettsia of spotted fever and of 
: Pro·fessor Wolbach in giving . me tissues from eases of typhus fevfr, 
which I have sectioned and stained myself, makes it possible for me 

·.to compare these Rickettsia very closely with the micro-organisms· in 
heartwater. For convience, this comparison is given in tabular form. 
Rocky Mountain spotted fever is listed first as the only .in 
which Rickettsia have been pro-ved to be the etiological agents and 
in which they may invariably be detected in the tissues; then typhus 
fever, in .which "\Volbach and his colleagues have presented valu,able 
evidence in favour of Rickettsia as the causative agents; and lastly, 
heartwater: · 

TABLE 4. 

Comparison of the R't:clcettsia of Rocky M ounta.in Spotted F e1Jer and 
· of Tyhus Fe1;er 'With the Micro-organisms in Heart10ater as seen 

in Mammalian Tissues. 

Morphology . .. ... .. . 

Spotted Fever. 

(a) Paired 0 · 2 to 0·3 by 
1 p, often surrounded by 
halo 

(b) Rod-like forros 1 p, in 
length and often pos­
sessed of polar granules 

(c) Rounded forms (2) 

Typhus Fever. 

(a.) Ovoid, somewhat 
lanceolate bodies in 
pairs. The pairs 
measure slightly over 
1 p, by 0 · 2 to 0 · 3 p, 

(b) Smaller coccoid bodies 
(14) 

Phases of multiplica- · None detectable in mam- The same. 
tion malian tissues other than 

possibly simple division 

Microchemical 
· : reactions 

Detection ......... . . . 

Best seen after fixation in 
Zenker's fluid and colora­
tion by Giemsa's stain. 
Easily stained by basic 

. aniline dyes. Gram·nega­
t.ive and not acid-resistant 

Not visible, or visible with 
difficulty, in living cells 
unstained 

The largest paired bodies 
stain more readily than 
the cocci and are sur­
rounded by a slight halo 
(14). Gram-negative and 
not acid-resistant 

Not reported in living 
cells 

· 

Very uniform coc­
coid bodies, 0 · 2 to 
0 · 4 p, in diameter, 
rarely in pairs. 

The same. 

Stain more easily, 
otherwise the same. 

Not seen in . living 
cells. 

Demonstrated in teased Not reported in teased Not · as yet seen in 
cells (24) cells teased cells. · 

Position . . ......... . 

Occurs in blood in exceed- Not, as yet clearly seen in 
ingly small numbers blood (28) ' 
[Rickett.s confirmed by 
Wolbach (24)] 

Detectable in sections after More difficult to det.ect in 
careful search · sections than spotted 

fever organism 

Chiefly within the cyto­
plasm of endothelial cells, 
but also in the smooth 
muscle of the media (14) ; 
in endothelial cells which 
collect in and around the 
adventitia (24) ; in vas­
cular lumina, giant cells, 
liver cells, and mononu­
clear leucocytes (13) 

Restricted to the cyto­
plasm of endothelial 
cells (29) 

Observed occasion­
ally within • \·a.scular 
lumen . in sections, 
but not i!J. blood 
smears. 

Easier to. o b'serve in 
sections than ·either 
of the 0ther. 

Definitely restricted 
to the cytoplasm of 
endothelial cells and 
to portions of t)J.em 
broken off into the 

· vascular lmrien. 
Occasionally the 

· cells ruptute and 
discl;large single 
micro'organisms·into 
the blood st.ream. · 



Arrangement ..... .. . 

Distribution ....... . . 

AHsociation 
with febrile reaction 

Agsociation with 
lesions 
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TABLE 4-( cont,inued). 

Spotted Fever. 

Single and in clumps of 
varying size 

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

Increase in uuruber progres­
sively with development 
of the lesions from 1st t.o 
5th or last day of fever, 
when both attained a 
maximum. Early in . re­
action, diplobacillary be­
coming bacillary in later 
stages (13) 

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

Typhus Fever. 

" Globular massing of 
organisms is the most 
characteristic appear­
ance of Rickettsia in 
human lesions " (14) 

Skin in 27 cases, kidneys 
in 2 cases, femoral vein 
in 1, testes and adnexa in 
5 cases, and brain in 7 
(14) 

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) 

Similar swelling and de­
generation of endothelial 
cells 

Thrombosis, necrosiR, a:rtd Similar. 
perivascular infiltration 
chiefly in subcutaneous 
tissue associated with the 
development of a rash 

Heartwater. 

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 
single endothelial 
cell. 

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 2, 
medulla oblongata 
in 2, pancreas in 1, 
heart-muscle in 1, 
corpus striatum in 1, 
ovary in 1, salivary 
glands in 1. 

Found in 16 cases, 
most frequently in 
the six-day period 
after the tempera­
ture has commenced 
to decline (details 
given in Table 3). 

Endothelial cells 
swollen, but in con­
trast show no sign of 
dege11eration. 

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 
£ever) . . .All three occasion a high temperature reaction and a heavy 
·mortality. 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 .unfilt.erable and as yet uncultivatable (30) . . They do not retain 
their vitality _even under the most favourable conditions in vitro for 
more than a few days, and one attack of the disease confers a 
permanent immunity or one lasting for several years . 

.A divergence i:o. clinical symptoms between heartwater on the 
:one hand and spotted fever and typhus fever 011 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. T'his injury results in the appearance 
of numerou:s 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. 

RESULTS. 

A Gram-negative, intracellular, cocc4.us-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 thmn 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 typi,cal 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 Rickettsia have been. reported, the designation Rickettsia 
ruminantium is proposed. 
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~;Xl>.LANA'FlON OF' PLA 'l'ffi8. 

M'i.ctCHJfganisrus in the endothelial l111ing of sma!J blood .. vessels are illus­
~;rated· .in all the figures as seen after eoloration by Gi.e.msa.' :,; stain. ThE-~ 
drtt,wjngs were made with Z·eiss <.qwchroma.tic objective J..5 mm., <:ompensating 
ocnlfn· 8, and Ntmen.t lueida, giving a magnifiea.tion of l ,940 diameters. 

J!'·io. i.-Spleen of Goat 4510; :fixed in ltegaud's fluid. A small branch­
ing capillary is shown, the lumen of which is occluded hy the ~mla.rge­
ment of endothelial cells containing micro-organisms. 

lf'?.y. 2.- Spleen of Sheep 6821 ; fixed in Zenker's fluid. A swoll~tJ 
~lidothelial cell is illustra~d eontaiuing a roughly spherical mass of 
micl.·o-organismR embedded jn chmmophohie cytopla~m. 

!N.y. a.-Kidney of (~oaL ·1510; ftxed in RBge:miFs :t:l.uid. i\ dtuup of miCI'O­
organisms is seen di:-:nlwrging into the blood stream . 

.Pig . 4.- Cerebral eortex of Goat 8386 ; fixed in Zenker's fluid. A clutnp 
of micro-organisms in the endothelial lining of a small blood-vessel. 

Pi.g. 5.- Kidney of Goat 4510; fixed i11 Regaudis lluid. An endothelia.! 
cell containing two masses of micro-organisms with the lumen (at 
the base of the drawing) almost blocked. In contact with it is an 
h.istogenous mast-cell possessing granules whicl1 arc of irrflgnl;u· ~i!l..e 
and shape and have been coloured rleep red. · 

F'1:(ill. 6 and 7.~rebral cortex of Goat 4510 ; ti.xed in Zenker-' s :Huid. 
Two capillaries with endothelial cells containing clumps of micro~ 
organisms surrounded by zones of unstained cytoplasni. 

Pi(} . 8.-The same. A rather laxge blood-ves8el wit,b two endothelial cell!'! 
in different stages of ~ngorgement. 

Fig. 9.-Kidney of Goat L!510. A still la1·ger blood-vessel with engorged 
ei).dothelial cells, in which the J;Ilicro-organisms are arranged in 
multiple sharply outlined clumps, which were found to be very 
characteristic of heartwater. 



PL.il'E ll. 
•rhe pho'tornic::rog:tapb "ivere taken 11·ith Zeiss apoc.hromut.ic o.bjective :) miil., 

1.40 apertur~ and compensating ocular 8, giving a magnification of 1,400 
diameters. 'l.'he preparations were :fixed in Zenker's fluid and coloured by 
Giemsa.'s stain. 

1!'-i.d. 10.-.A. small blood-vessel i.n the cerebral cortex of Goat 4510, ju 
which two clumps of micro-organisms are seen within the cytoplasm 
of the endothelial cells. The largest is uppermost and extends dowil­
ward completely occludiug the lumen of· the vesseL 'l'he smaller 
of the two occupies the next endothelial cell and js slightly lower 
to the left. It is coloured rather more intenselv since· the micro­
organisiDB are . more cl0l3ely packed. together. ~Both clumps are 
encircled. by a. halo of lightly stained cytoplasm. 

Fig. 11.-.A. clump of micro-organisms w·ithin 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. 

J!'·ig. 12.-l!'our clumps of micro-organisms within an endothelial cell of a 
capillary betw·een the renal tubules of Goat 4510. ~l'he foul'th dump 
on the left is slightly out of focus. The nucleus is flatt-Bned and 
lies just below the micro-organisms. 

Yi.f!. 13.-A clump of miero-organir:>ms in an endothelial cell of a some­
what larger blood-vessel of the same kidney. 

l!''i.g. 14.-.Anotber group of micro-organisms within an endothelial cell 
of a capillary of the same kidney. 

]l'i,g. 15.-.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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