








HEARTWATER. THE MORPHOLOGY OF COWDRIA RUMINANTIUM AND ITS STAINING CHARACTERISTICS

sheep infected with the Ball 3 strain of heartwater (Pie-
naar, 1970) and in the lungs of mice inoculated with the
Welgevonden strain (Prozesky & Du Plessis, 1985).
Morphologically the 2 strains were indistinguishable,
although the very large (giant) forms observed in the
sheep were not seen in the mice. The sizes of the orga-
nisms ranged from 0,49 um-2,7 um in diameter in
sheep and c. 0,4-1,04 um in mice. Exact measurements
were difficult because of the pleomorphism of the orga-
nisms.

Colonies of organisms were located in vacuoles en-
closed by a thin membrane in the cytoplasm of endothe-
lial cells (Fig. 1 & 2) (Pienaar, 1970). As a rule, the
small and very large organisms were widely spaced with-
in the vacuole, whereas the large organisms were packed
closer together. Usually, only organisms of the same
morphological form were found within a particular vacu-
ole, although in the sheep a few colonies were encoun-
tered with organisms of more than one form (mixed colo-
nies). An extreme variation in size of individual orga-
nisms was often noted in colonies containing mostly very
large organisms.

In colonies with small organisms, a fine fibrillar ma-
trix in which fine granules were suspended was evident
between the organisms (Fig. 3). The pleomorphic small
to medium-sized organisms were coccoid, bacillary and
cocco-bacillary in shape. The larger forms were either
coccoid or polygonal, while the giant forms were highly
pleomorphic.

Each organism was enveloped by 2 membranes and
occasionally an additional double membrane was ob-
served (Fig. 4). The inner structure of the organisms
consisted of electron-dense and electron-pale areas.
Electron-dense areas comprised a ground substance and
many densely packed small granules, whereas an indis-
tinct delicate fibrillar network was evident in the elec-
tron-pale areas. In small organisms, the electron-dense
areas were concentrated in one area of the inner structure
(centrally or eccentrically). The electron-dense areas oc-
cupied the greater part of the inner structure of the inter-
mediate-sized organisms and stained less intensely than
the small organisms. In the large organisms the electron-
dense and electron-pale areas were evenly distributed
throughout the inner structure. The well-defined, elec-
tron-dense areas were scattered throughout the inner
structure of the very large (giant) organisms.

The ultrastructural morphology of the Kiimm strain in
varjous cells (i.e. mouse peritoneal macrophages, Kupf-
fer’s cells, myocardial capillary etdothelia{)ce Is, splenic
histiocytes) of infected mice and the Ball 3 strain in
lymph node histiocytes of sheep and cattle were com-
pared (Du Plessis, 1975). He suggested that electron-
dense, finely granular bodies which develop from an
infective organism increase in size to form larger dense
bodies. These bodies presumably undergo cleavage, giv-
ing rise to fragmented dense bodies. After further sub-
division and organization, these bodies appear to form
organisms with a double unit membrane, which de-
veloped further to form mature organisms.

MORPHOLOGY OF C. RUMINATIUM IN VITRO

Notwithstanding some morphological differences, the
ultrastructure of the Ball 3 strain of heartwater in tissue-
culture cells concurred to a large extent with that in pre-
vious in vivo studies (Prozesky er al., 1986).

Based on the morphology of the internal structure,
elementary bodies (electron-dense organisms), reticulate
bodies (medium electron-dense organisms) and a range
of organisms between these 2 forms (intermediate orga-
nisms) were identified (Prozesky et al., 1986). Contrary
to the findings in the vertebrate host, different forms of
organisms were occasionally identified within a vacuole
(mixed colonies) (Fig. 5 & g; (Prozesky et al., 1986).

As was demonstrated in the in vivo studies (Pienaar,
1970; Prozesky & Du Plessis, 1985) most organisms in
the cultured endothelial cells were surrounded by 2
membranes. A few reticulate bodies were enclosed by a
*‘capsule’’ (an electron-dense layer surrounded by a
well-demarcated, fine, fibrillar layer). Vesicular struc-
tures, 0,1-0,2 um in diameter, were evident between
reticulated organisms in some colonies (Fig. 7).

Preliminary in vitro studies with the Welgevonden
strain (Prozesky & Bezuidenhout, unpublished data,
1986) revealed that small reticulated organisms predomi-
nate, although electron-dense organisms were also de-
tected (Fig. 8-10). It was often difficult to distinguish
between these 2 forms of organisms on morphological
grounds alone. The 2 membranes surrounding the orga-
nisms could not always be identified, and often the mem-
branes appeared thickened (Fig. 11 & 12).
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