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Spotted Fever :

Typhus Fever :

Trench Fever :

Heartwater :

D em}g%t]zzttt;c;:.mus R. prowazeki. R. quintana. R. ruminantium.
Microchemical Gram negative ex- | Gram negative | Gram negative | Gram negative
reactions tranuclear bacil- stains feebly by ‘“ easier to stain easily stained dark
lary forms stain basic aniline dyes than  Rucketteia blue by Giemsa ;
pale blue with pale - blue by prowazckr > (16), outlines less sharp
Giemsa ; minute Giemsa  (16), purple or red by than most bacteria
rods stain blue, outlinee less Giemsa (16), not, acid fast.
with deeply sharp than most outlines less
coloured chroma- bacteria not acid sharp than most
toid granules ; fast bacteria not acid
and larger lanceo- fast
late paired forms,
purple (17), out-
lines less sharp
than most bac-
teria mnot acid
fast
Detection........ Very simple in well The same The same The. same.
fixed tissues and
smears, and much
easier than in in-
fected mammals
Motility: i ..cowa s Absent: Absent Absent Absent.
Position. , . ...... Extracellular, Extracellular, Chiefly extracel- | Sometimes extra-
intracellular, intracellular, Iular (19) ; never cellular, but
' intranuclear never intranu- intranuclear chiefly "intracellu-
clear lar, never intranu-
clear.
Arrangement..... Haphazard ; sing- | Haphazard : in | Inlayers upon sur- | Densely packed to-
ly, end to end, or very large masses face of intestinal gether in very
in’ clumps de- 5 epithelium characteristic
pending upon clumps which are
physical  condi- usually spherical
tions in  the and several of
tissues which may occur
in the cy toplasm
of a single cell.
Distribution..... . | In all the tissues | In the epithelial | Within lumen of | In epithelial cells

of the tick in cer-
‘tain phases of the
life - cycle, at
other times more
restricted

cells lining the
alimentary tract
and in the lumen

alimentary tract

lining alimentary
tract and in lu-
men.

Eifect on host...

Not harmful  to
ticks

‘““Eventually
causes the death
of the louse
through suspen-
sion of digestion”

Not harmful to lice

Not. harmful to
ticks.

Infestation.......

Hereditary.......

Not hereditary (16)

Not hereditary
(20) : hereditarily
transmitted (16)

Not hereditary.

Thi‘s table shows that Rickettsia Tumihantium as it exists in its

arthropod host,

resembles the type species,

Rickettsia prowazeks,

rather more closely than does the Rickettsia of Rocky Mountain
spotted fever, more particularly in its position within the living
epithelial cells of the alimentary tract and in the absence of intra-

nuclear forms.

Unlike the other three Rickettsia, filamentous forms

were not observed, but, like them, Rickettsia ruminantium was
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(Gram-negative, showed red and blue staining materials on division,
possessed rather less sharply outlined contours than most bacterla
and was of very minute size.

Concerning the causative relationship of Rickettsia to these three
diseases and to heartwater, there remains, however, an element of
uncertainty, because in none of them have the Rickettsia been
isolated in pure cultures and the disease produced by inoculation
therewith. In the case of Tsutsugamuchi disease, conditions seem to
be reversed, inasmuch as Sellards (10) has ﬂ.pparently been successful
in cultlvatlno“ a Rickettsia-like micro-organism which has not thus
far been clearly observed in the tissues of patients suffering from the
disease or in the arachnids which transmit it (20). Tis observations
furnish a point of departure for the histological examination of the
tissues in Tsutsugaamuchi disease and may point the way to the
successful cultivation of other pathogenic Rickettsia. In the earlier
studies on Rickettsia their resistance to attempts at cultivation upon
artificial media was frequently cited as a point of importance in
identification. Happily this resistance appears to be giving way first
in Rickettsia melophagy (1) and Ricketisia rocha-limae (22), which
most closely approximate to ordinary bacteria in their properties and
it is to be hoped, later, in the cases of other Rickettsia which are more
aberrant. Indeed, one of the least bacterial in nature, Derma-
centrozenus chkettsza, has been successfully propagated in tissue
cuitures by Wolbach and Schlesinoer (23), and Ruickettsia ctenocephaii
has been cultivated in the coelom of the body-louse by Sikora (24).

‘While the majority of the forty-two species of Rickettsia recently
enumerated (11) continue to be uncultivatable and their general
properties to be so little known, it is natural that opinions will be
constantly changing with the income of new data regarding the
proper definition of this important group of micro-organisms. The
most radical suggestion recently advanced is that of Hertig and
Wolbach (11), who present for consideration the wisdom of restricting
the term ‘‘ Rickettsia > to proved pathogenic micro-organisms
having the following characteristics: small size, pleomophism, slight
affinity for aniline dyes, and intracellular habitat.

The adoption of this definition would exclude the important and
interesting Rickettsia associated in lice with the presence of the
virus of trench fever, because they are characteristically extra-
cellular and have onlv rarely been reported in an intracellular
position. Thus Wolbach, Todd, and Palfrey (16) were unable ¢ to
find evidence of intracellular distribution or multiplication of the
Rickettsia acquired by the stock lice fed upon Mr. Bacot during his
illness with trench fever, although twenty-six were examined by
serial section.”” But the definition would include Rickettsia rumin-
antium, although it stains rather more intensely with aniline dyes
than does the type species, Rickettsia prowazeki. The elimination
of Rickettsia lectularia_of the bed-bug from this group of micro-
organisms would also follow (since it is not known to be pathogenic),
notwithstanding the fact that it resembles Rickettsia prowazek: as
closely, or perhaps more so0, than does Dermacentrozenus Rickettsia.
It is, moreover, of small size, very pleomorphic and exhibits but
shght affinity for aniline dyes. It is Gram-negative and is typically
an intracellular parasite. In short, Rickettsia Zectulama 1s one of the
most characteristic of the Rickettsia, under Wthh headlng 1t 1s ﬁrmly
established in the literature.
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In a recent paper Arkwright (25) expressed the opinion that
Rickettsia are only known to be concerned with three diseases: Rocky
Mountain spotted fever, typhus fever, and trench fever. To these
three we may add heartwater, and possibly, as a result of Sellard’s
work, Tsutsugamuchi disease also. If the observations reported in this
paper are confirmed, the recognition of typical Rickettsia in heart-
water will enlarge our conception of the scope of the pathogenicity
of these micro-organisms, which has hitherto been restricted to man
and experimental aminals, by the inclusion of a disease of domestic
animals which is never found in man. The bringing of new diseases
under the general heading of ‘‘ Rickettsiosis > suggests the likelihood
that the limitations of this group have not yet been established and
that other febrile diseases of unknown etiology, which are insect-
transmitted and of which there are several, particularly in South
Africa, may eventually be found to fall in the same category. It is
not too much to hope that with the enlargement of the group and the
acquisition of detailed information concerning its constituent
members, our fundamental knowledge of the nature of Rickettsia-like
micro-organisms will be advanced.

REsvrrs. :

The evidence observed in favour of a causative relationship
between Rickettsia ruminantium and the production of heartwater
falls under the following headings: —

(1) The discovery of Rickettsia ruminantium in the tissues of
goats, sheep, and cattle suffering from heartwater; the
close association between their presence in these three
species and the febrile reaction; their disappearance soon
after the fever has commenced to decline corresponding to
the loss in infectivity of the blood; and their absence in
control animals (Part 1 of this Report).

() The appearance of the same Rickettsia, easily identifiable
by their very characteristic morphology and staining
reactions in two series of ticks (607 and 614) which had fed
upon cases of heartwater and which, before feeding, did
not contain them; and their non-appearance in three
series of control ticks (604, 605, and 606) from the same
parent stock which had fed upon normal animals.

(3) The fact that the ticks containing Rickettsia in their
alimentary tracts when fed upon susceptible animals,
produced 1n them typical attacks of heartwater, which the
control ticks, devoid of Rickettsia, failed to do.

(4) The completion of the cycle by the recognition of the same
Rickettsia in the tissues of these animals (sheep 8049 and
goat 9651) which contracted heartwater as a result of
having been bitten by the infective ticks containing

Rickettsia.
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DESCRIPTION OF FIGURES.
PLATE 1.
AH the figures in Plate I were drawn with Zeiss apochromatic objective
1.5 mm., compensating ocular 8, and camera-lucida, and have been reproduced
without reduction, so that they represent a magnification of 1,940 diameters.
Iig. 1 illustrates Rickettsia composed of two materials, one coloured faint
red or purple and the other light blue. From a smear of a nymph of
Series 614 made 63 days after the nymph bhad commenced to feed as
99 «
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a larva on Bull 424 suffering [rom heartwater. The smear was dried
in air, fixed in absolute alcohol, and coloured by Giemsa’s stain.
Irig. 2.—Large clump of Rickettsia from a section of a nymph of series
607, made 63 days after feeding on Calf 928 suffering from heart-

water; fixed in Regaud’s fluid and coloured by Giemsa’s stain.

Fig. 3.—Clumps of Rickettsia in a smear of nymph of Series 614 made
58 days after feeding on Bull 424; fixed in absolute alcohel and
coloured by Giemsa’s stain.

Fig. 4.—(a), (b), (¢) Three clumps of Rickettsia in intestinal epithelial
cells showing certain larger more irregular bodies stained dark red.
From a section of a nymph of Infective Series 607 fixed, 77 days
after feeding, in Regaud’s fluid and coloured by Giemsa’s sbain.
(d) A single clump of Rickettsia embedded in a blue-stained matrix.
From a section of a nymph of Infective -Series 607 fixed, 79 days
after feeding, in 10 per cent. formalin and coloured by Giemsa’s
stain. (e) Another clump of more lightly coloured Rickettsia within
a blue-stained matrix. From a section of a nymph of Infective
Series 607 fixed, 88 days after feeding, in Regaud’s fluid and coloured
by Giemsa’s stain. (f) and (g) Two clumps of Rickettsia swollen by
the action of formalin. From the same preparation as (d).

Fig. 5—Two clumps of Rickettsia within an intestinal epithelial cell.
From a nymph of Infective Series 607 fixed, in Regaud’s fluid 69
days after feeding, and coloured by Giemsa’s stain.

Fig. 6.—Large intestinal epithelial cell containing several clumps of
micro-organisms. Irom a nymph of Infective Series 607 fixed, in
Regaud’s fluid. 64 days after feeding, and coloured by Giemsa’s stain.

I'ig. 7.—A portion of the wall of a Malpighian tubule above, and below
adjacent epithelial cells of the intestine. The cells of the Malpighian
tubule are infested by lavrge bacillary micro-organisms, and -the
intestinal cells contain clumps of Rickettsia. Neither of the two
types of cells show signs of injury resultant upon the presence of the
micro-organisms. From a nymph of Infective Series 607 fixed, in
Regaud’s fluid 70 days after feeding, and coloured by Giemsa’s stain.

PLATE II.

The photomicrographs were taken with Zeiss apochromatic objective 3 mm.,
1.40 aperture, and compensating ocular 8, giving a magnification of 1,400
diameters.

Fig. 8.—Two clumps of Rickettsia, one spherical, very densely packed
and to the left, the other slightly to the right of the centre and
showing well the individual Rickettsia. I'rom a nymph of Infective
Series 607 taken 84 days after feeding as a larva; fixed in 10 per
cent. formalin and stained by Goodpasture’s fuchsin method.

Ig. 9.—Intestinal epithelial cells containing one very large and deeply
stained oval clump of Rickettsia to the left, a somewhat smaller
one to the right and still smaller, scattered, irregular  masses of
Rickettsia. Trom a nymph of Infective Series 614 taken 67 days after
feeding ; fixed in Regaud’s fluid and coloured by Giemsa’s stain.

I'ig. 10.—Clumps of Raickettsia in a large intestinal epithelial cell.
Close examination veveals the presence of rather larger atypical bodies
(see page 188) embedded among the Rickettsia. From a nymph of
Infective Series 607 taken 78 days after feeding as a larva and
fixed in Regaud’s fluid and ecoloured by Giemsa’s stain.

Fig. 11.—Two clumps of Rickettsia within the lumen of the rvectal sac.
From a nymph of Infective Series 607 taken 84 days after feeding
as a larva; fixed in Carnoy’s 6:3:1 fluid and coloured by Giemsa’s
stain.

Fag. 12.—Large inbestinal epithelial cell containing several clumps of
Ricketitsia embedded in a highly granular cytoplasm. From a nymph
of Infective Series 607 which had fed on Goat 9651 and had heen
renumbered 637 (see Table 4). The viscera of the nymph were fixed
in Regaud’s fluid and coloured by Giemsa’s stain,

Fig. 13.—Clumps of Rickettsia with an intestinal epithelial cell in an
adult descended from a larva which 96 days previously fed on an
animal suffering from heartwater and which, as a nymph, fed upon
Goat 9665, transmitting heartwater to it. Fixed in Regaud’s fluid and
coloured by Giemsa’s stain.
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