























Colonies or groups of the organisms were always
located in a vacuole, or compartment, in the cytoplasm
of endothelial cells. This vacuole was clearly demar-
cated by a membrane very similar, if not identical, to
the cell membrane from the organelles of the cytoplasm
of the host cell. Organisms were not seen intracellu-
larly, i.c. in direct contact with the cytoplasm of the
host cell. Often the host cell was greatly enlarged by the
vacuole containing the organisms. In these cases the
cyto] oy pu out as a thin rim around the
peripnery ot the vacuole. Often, too, the nucleus was
eccentrically situated and crescent-shaped [Plate 7 (28)].

Small and intermediate forms of the organism were
usually widely spaced within the vacuole [Plate 2 (9 and
10) and Plate 3 (13 and 14)]. Tn contrast, the large forms
were closer together [Plate 2 (11)] and often very densely
packed [Plate 5 (24)]. The very large forms were again
loosely arranged in the cytoplasmic vacuole [Plate
2(12)].

Usually only organisms of the same form ot type were
tound within a particular vacuole. Small organisms
were never found together with large ones. This, how-
ever, was not always the casc for the small and inter-
mediate forms. In these instances the organisms in any
given colony were predominantly of one type or the
other. Often, however, colonies were encountered con-
taining a few organisms with characteristics of the other
type. Extreme variation in size was often scen in colo-
nies containing mostly giant forms. The colonies con-
taining giant cells usually included some smaller or-
ganisms. However, the latter, despite their size, structu-
rally resembled the very large forms rather than the
small forms mentioned previously (vide infra) [Plate
2 (12)).

The small and intermediate forms usually looked
coccoid in shape under the light microscope. At higher
magnifications, though, they were seen to be very
pleomorphic and coccoid, oval, bacillary, rod-shaped or
filamentous and horseshoe-shaped forms could often be
observed [Plate 2 (9 and 10)]. On the other hand the
large forms showed much less diversity morphologi-
cally, being constantly polygonal in shape |Plate 2 (11)
and Plate 3 (15)] while the giant forms were bizarte in
appearance [Plate 2 (12)].

Each organism was enveloped by two unit mem-
branes [Plate 5 (23 and 24)| comprising an outer wall
which bounded the whole organism and an inner wall
around the inner structure. A narrow electron-pale
space scparated the two unit membranes. The outer
membrane was clearly defined and often had a rippled
appearance [Plate 3 (14 and 15) and Plate 5 (24)]. The
inner structure consisted of clectron-dense and clectron-
pale arcas. The electron-densc arcas consisted of a
ground substance of intermediate clectron-density
which contained numerous small granules similar to the
ribosome-like granules of bacteria, rickettsiae and the
psittacosis-lymphogranuloma-trachoma (PLT) agents.
In the electron-pale arecas an indistinct network of fine
fibrils was present. In the organisms mentioned above
similar fibrils are believed to be composed of de-oxy-
ribonucleic acid (DNA) strands (Anderson, Hopps,

arile & Bernheim, 1965; Fuhs, 1965). The electron-
dense and electron-pale arcas of the inner structure were
not well delineated from each other [Plate 5 (23 and 24)].
According to the terminology used for bacteria, the
clectron-dense area is called the “cytoplasm” and the
electron-pale area the “nucleoid”.

In the small o nisms the “cytoplasm” was con-
densed or localizew roughly in one area of the inner
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structure [Plate 3 (13) and Plate 5 (23)]. It consisted of
an area of Intermediate density or ground substance,
with numerous closely packed ribosomes, staining very
intensely, around its periphery. Sometimes the ribo-
somes were arranged like a tag on one side of the
ground substance [Plate 5 (23)]. The “cytoplasm’ was
dense in appearance and either centrally or, more com-
monly, eccentrically situated in the inner structure.

The “cytoplasm” and nucleoid material were evenly
distributed throughout the inner structure of the large
organisms [Plate 3 (15) and Plate 5 (24)]. The arcas of
“cytoplasm” did not stain as intensely as did thosc of the
small organisms. In the very large organisms the “cyto-
plasm” was scen as well defined areas of ground sub-
stance, of varying size, scattercd throughour the inner
structurc with the ribosomes evenly distributed in them
[Plate 3 (16) and Platc 5 (21 and 22)]. These arcas ot
“cytoplasm” sometimes coalesced to form very much
larger arcas [Platc 5 (21)]. 1 the intermediatc-sized
organisms the “cytoplasm’ occupied the greater part of
the inner structure and was less clectron-densc than that
of the small organisms, but more so than that of the
large organisms. The ribosomes were evenly distribured
in the ground substance [Plate 3 (14) and Plate 4 (18
and 19)].

Some of the very large organisms had an cextra layer
of double unit membranes surrounding them. In some
instances, arcas of “cytoplasm’™ and nucleoid material
were enclosed in this extra outer membrane [Plate 5
(21)]. In many of thesc very large organisms the outer
unit membrane bulged out in nlaces to form bleb-like
structures [Plate 5 (21 and 22

Numerous fine fibrils, with which many small elcc-
tron-dense dust-like granules wete associated [Plate 4
(17)], were present berween the individual clements in
most of the colonies of small organisms. In places these
fibrilsformed denscr masses or were concentrated around
the periphery of the cytoplasmic vacuole {Plate 3 (13)].
In colonics of the intermediate form the fibrils were not
as clearly defined and were fewer in number [Plate 3
(14)], while in colonies containing the larger forms they
were very rare [Plate 3 (15 and 16)].

Forms whose shape suggested that they were under-
going binary fission were often encountered in colonics
of the small and intermediate types of organism. This
was seen as a circumferential furrow, roughly in the
middle of the organism [Plate 4 (18)], which apparently
deepened and by constriction resulted 1n the formation
of two separate organisms. No definite crosswall was
scen between two conjoined daughter cells such as
occurs in bacterial cell division (Bisset, according to
Moulder, 1962). A filamentous form of organism, pos-
sibly elongating prior to division, is illustrated in Plate
4 (19). Shapes indicative of binary fission werc very
rarely observed in the two larger types of organisms,
though such a form can be seen 1n Plate 6 (27).

Apparently, binary fission is not the organism’s only
method of reproduction. Rarely forms were obscrved
which indicated that other mechanisms may exist. Plate
4 (20) shows a large organism apparently dividing into
several different-sized daughter cells. Various circum-
ferential furrows ate present at different points. In Plate
3 (16) a bizarre giant cell is shown containing a vacuole,
delimited by a double unit membrane, with a dense body
in it. This cell also contains two areas, one encircled by a
double membrane and the other of decreased electron-
density, which are probably eatly stages in the formation
of additional vacuoles. Plate 4 (17) shows a small or-
ganism with a vacuole, also containing a dense body.



ELECTRON MICROSCOPY OF COWDRIA (RICKETTSIA) RUMINANTIUM IN THE VERTEBRATE HOST

The formation of such vacuoles with dense bodies may
indicate an additional mode of multiplication (vide infra).

Frequently single and more rarely little groups of
organisms were seen lying free in the plasma in the
lumen of a blood vessel. The majority were of the small
type [Plate 7 (30)] but occasionally large organisms were
also found free in the blood vessels [Plate 7 (31)].

Organisms in the process of entering endothelial cells
were not observed. It is presumed that this process takes

ace by ph-- ncytosis. Small organisms that had appa-
rently recen.., entered the cytoplasm of an endothelial
cell can be seen in Plate 6 (25). The small vacuoles
around the organisms on the left-hand side of the elec-
tron microphotograph probably represent the initial
phagocytic vacuoles. Numerous smaller vacuoles or
vesicles of vatrying size are collected around them and
some are coalescing with, or breaking into, the larger
initial vacuoles containing the organisms. On the right-
hand side a further step in the formation of a cytoplasmic
vacuole can be scen: the vacuole containing the organ-
isms has enlarged and fewer vesicles are present around
1t.

Despite the presence of large numbers of organisms
within vacuoles in the cytoplasm of the endothelial cells
clearly detectable signs of cell injury, apatt from severe
distension of the cytoplasm, were rarely noticed. Cyto-
pathological effects are, however, obvious in the cells
illustrated in Plate 6 (26) and Plate 7 (29). In the former
marked ballooning of the rough-surfaced endoplasmic
reticulum, and of some of the mitochondria in the vici-
nity of the vacuole containing the parasites, is shown. The
cell in Plate 7 (29) is severcly damaged and probably
dead. The cytoplasmic ground substance is very dense in
appearance and numerous vacuoles are present in the
cytoplasm, many no doubt representing markedly
swollen endoplasmic reticulum. Swelling of mitochond-
ria, with loss of cristae and clumping of the chromatin
of the nucleus into dense masses at the periphery, are
evident. T'wo large organisms can be seen to the right
of the nucleus.

Morte commonly, endothelial cells containing no ot-
ganisms but showing severe cellular damage, were
seen [Plate 6 (27)]. These cells were swollen, the cyto-
plasm was decteased in density and no normal organelles
could be recognised in them.

Hundreds of thin sections were examined but in only
two of these were single cells other than endothelial cells
infected. These two cells both appeared to be monocytes
and the organisms were found in vacuoles in their cyto-
plasm. In Plate 7 (28) such a cell can be seen lying in the
lumen of a capillary.

Discussion

The ultrastructural appearance of C. ruminantium adds
further evidence to the existence of different morpholo-
gical forms of the organism, first reported by Jackson &
Neitz (1932). The forms found with the electron micto-
scope correspond to those observed with the light mi-
croscope in brain smears stained with the May-Griin-
wald-Giemsa method. Not only do these various forms
differ in particle size but also in the pattern of the
organization of the nucleoid and “cytoplasmic” material
in their internal structure, in the size of the colonies in
which they occur in the cytoplasm of endothelial cells
and in the way they are arranged within these vacuoles.
Itis not clear at this stage whether these various forms
represent changes in the morphology of the organism
iring a growth cycle, although they are highly suggest-
e of such a process. Elucidation of this question will
to await methods of creating a suitable milieu for
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growth and multiplication of C\. ruminantinm outside the
animal body.

Cowdry (1926a) found no morphological evidence of
a multiplication phase other than diploformation, which
indicated the likelihood of simple division. Jackson
(1931) and Jackson & Neitz (1932) came to a similar
conclusion. In this study convincing evidence was found
that multiplication of C. raminantium takes place mainly
by binary fission. In addition, forms were found which
indicate that «  r possible mechanisms of reproduction
may also exist. L'he process illustrated in Plate 4 (20) can
be regarded as multiple budding (unequal division of a
single particle) while that illustrated in Plate 3 (16) and
Plate 4 (17) suggests a form of endosporulation. The
dense bodies within the vacuoles in the latter instance
could be small cells in an early stage of their develop-
ment. This method of multiplication may explain the
presence of an additional double unit membrane, con-
taining a tag of “cytoplasmic” and nuclcoid material,
around some forms of the organism, as shown in Plate
5 (21). The innet organism may be the initial dense body
which has enlarged and in the process pushed away the
inner structure of the cell in which it originated. It is of
interest to note here that Mitsui, Kajima,  shimura &
Konishi (1962) illustrated particles of the trachoma agent
which are apparently surrounded by an extra outer unit
membranc. However, it must be pointed out that these
structures, which are regarded as evidence of multiple
budding and endosporulation by C. ruminantinm, were
observed very infrequently in the thin sections.

Budding has been rep  ed in the agent of meningo-
pneumonitis by both Higashi (according to Moulder,
1962) and Gaylord (1954). The process of endosporula-
tion observed in C. ruminantium probably is analogous
to the multiple endosporulation described in the agent
of ornithosis (Andetson ez a/., 1965), in the agent of
trachoma (Bernkopf, Mashiah & Becker, 1962) and in
the agent of meningopneumonitis (Gaylord, 1954).
Higashi (according to Moulder, 1962) also observed
this phenomenon in the agent of meningopneumonitis.
According to Moulder (1966) the structures regarded as
evidence of multiple endosporulation in the group of
PLT organisms mentioned above, are found at such low
frequencies that this process cannot be a quantitatively
important method of multiplication.

Apart from these different modes of division of the
PLT group of organisms, a number of workers also
observed structureless matrices in the cytoplasm of host
cells infected with the agents of meningopncumonitis
and trachoma, in which new agent cells were apparently
being organized by some virus-like repradnrtive pro-
cess (Tajima, Nomura & Kubota, 1957, opf ¢t al.,
1962; Higashi, Tamura & Iwanaga, 1962; Armstrong,
Valentine & Fildes, 1963; Mitsui, Fujimoto & Kajima,
1964). Structures which could be interpreted as particles
being formed from a viral matrix were not observed
during the study of C. ruminantinm. More recent work
[Armstrong & Reed, 1964; Hicashi (according to
Moulder, 1966); Armstrong, 19 has demonstrated
that these matrices were artefacts resulting from the
disruption of the fragile large for:  during fixation and
embedding of the infected cell for thin sectioning. ‘There
seems to be no convincing electron microscopical evi-
dence in favour of such an eclipse phase for the PLT
group of organisms.

In spite of the known infectivity of the blood of re-
acting animals, previous workers have failed +~ demon-
strate C. ruminantinm in the blood. Alexar r (1931)
suggested that the organism is firmly adherent to the











