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Colonies of Cowdria ruminantium were studied in mid

ut epithelial cells and salivary gland acini of

nymphal Amblyomma hebraeum that were infected experimentaﬁy as larvae. Colonies were found in both tissues
and studied with light and electron microscopy. Colonies observed within gut cells frequently contained 2 types
of the organism: electron-dense and reticulated forms. The morphology of colonies from salivary glands, as seen
with light microscopy, varied from compact, densely-staining, small colonies to larger ones in which individual

organisms were ap
appeared to be divlg'
to which reticulated organisms were adhered.

INTRODUCTION

Colonies of Cowdria ruminantium were first described
in ticks by Cowdry (1925). They were demonstrated in
gut epithelial cells and occasionally within the %ut lu-
men. These findings were recently confirmed by fluore-
scent antibody staining, light and electron microscopy
(Bezuidenhout, 1984). Colonies of C. ruminantium were
also found in midgut epithelial cells of A. variegatum
(Kocan, Morzaria, Voigt, Kiarie & Irvin, 1986).

The development of C. ruminantium in ticks has not
been well un&ferstood. Different stages of the organism
were identified in the vertebrate host and characterized
as small, intermediate, large and very large forms (Pie-
naar, 1970). More recently, 3 forms of C. ruminantium
were described in cell culture, including elementary and
reticulated forms along with an intermediate stage of the
organism (Prozesky, Bezuidenhout & Paterson, 1986).
Thus far, the only stage of C. ruminantium observed in
ticks has been a reticulated form.

Furthermore, the mechanism of transmission of
C. ruminantium to the vertebrate host has not hitherto
been described. Transmission by gut regurgitation has
been suggested because organisms were not detected in
salivary glands, and homogenates of these tissues from
infected adult ticks that were unfed or fed for 2-3 days
did not cause heartwater after intravenous injection into
susceptible goats (A. J. Winkelhoff, unpublished report,
1979, cited Ey Uilenberg, 1983).

In more recent studies, saliva collected from infected
ticks was sometimes infective, and salivary gland homo-
enates were consistently infective for susceptible sheep
%Bezuidenhout, 1981; J. D. Bezuidenhout, unpublished
data, 1986), thus suggesting that these tissues are in-
volved in parasite development.

The present study was undertaken to study C. rumi-
nantium in the gut cells and salivary glands of
A. hebraeum nymphae that had been exposed to heartwa-
ter as larvae using light and electron microscopies. The 2
forms of the organism found in colonies in gut cells are
described, suggesting a developmental cycle of this or-
ganism in the invertebrate host. The morphology of C.
ruminantium in the salivary glands of nymphae that had
fed is described in this report, and the importance of the
finding is discussed.
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arent. With electron microscopy, most organisms in salivary

glands were reticulated and

ing by binary fission. In both types of host cells, colonies often contained a dense inclusion

MATERIALS AND METHODS

Ticks

Amblyomma hebraeum nymghae were infected as lar-
vae with the Ball 3 strain of Cowdria ruminantium, as
described previously (Bezuidenhout, 1981). Uninfected
nymphae from the same strain were studied as controls.
Infected and control nymphae were allowed to feed on
susceptible sheep, which were monitored daily for clini-
cal heartwater.

Collection of tissues and electron microscopy

Tick tissues were collected from unfed infected and
control nymphae, as well as from ticks that were allowed
to feed on Days 1-5. On each collection de:}ylf, the internal
organs of nymphae were fixed by gushing ¢ tissue from
excised bodies of ticks into cold, 2 % glutaraldehyde in a
0,2 M sodium cacodylate buffer with 0,5 % sucrose. The
tissues were post-fixed in 2 % osmium tetroxide in the
same buffer and processed for electron microscopy,
according to the procedures of Kocan, Venable & Brock
(1978). %hick sections (1 pm) were stained with Mallo-
ry’s stain (Richardson, Jarrett & Finke, 1960) for 2 min
at 60 °C. Ultrathin (silver reflective) sections were cut
with an ultramicrotome and diamond knife. The sections
were collected on 200 mesh copper grids, stained with
uranyl acetate and lead citrate &?gna le & Coggeshall,
1978) and observed and photographed with an electron
microscope.

RESULTS
Tick transmission studies

Nymphae fed as larvae on heartwater-infected sheep
transmitted Cowdria ruminantium to a susceptible sheep.
The sheep had a temperature reaction from 9 days after
infestation with ticks. After tetracycline therapy and re-
covery from clinical symptoms, the sheep was chal-
lenged with 5 m¢ of infective blood vaccine and found to
be immune to heartwater. The sheep, fed on by control
nymphae, did not develop heartwater disease and was
found to be susceptible upon challenge.

Light microscopy studies of midgut epithelial cells

Colonies of C. ruminantium were present in sections
of midgut epithelial cells of unfed infected nymphae, as
well as in those collected on Days 14 of feeding. Colo-
nies were not observed in ticks collected on Day 5 of
feeding. Colonies were not seen in tissues of control
ticks.

Electron microscopy studies of midgut epithelial cells
Colonies of C. ruminantium in midgut epithelial cells

of nﬂymphae contained both electron-dense and reticu-
lated forms of the oreanism (Fie. 1a & b). The orga-

rus vacuole. An




















