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ABSTRACT 

DU PLESSIS, J.L. 1999. Electron microscopy of Cowdria- infected macrophages suggests that in the 
absence of binary fission a mosaic of organisms develops from an amorphous electron dense ma
trix. Onderstepoort Journal of Veterinary Research, 66:39-46 

Electron microscopy of mouse peritoneal macrophages infected with the Klimm stock of Cowdria 
ruminantium suggests that in the final stage of intracellular growth, a mosaic of organisms develops 
from an amorphous matrix of varying electron density by a process in which double unit membranes 
portion off the Cowdria particles. This stage is preceded by inclusions consisting of a network of ag
gregated electron dense granules and these in turn by homogeneous dense bodies. The study failed 
to show how these dense bodies develop from internalized Cowdria particles introduced in the infec
tive inoculum. The replication of the heartwater agent in macrophages differs from that in vascular 
endothelial cells in two important respects. First, at no stage during the course of development in 
macrophages is binary fission in evidence and second, in the absence of a limiting membrane the 
inclusions and colonies of organisms throughout the cycle of development in macrophages are in 
intimate contact with the host cell cytoplasm. 

Keywords: Amorphous electron dense bodies, binary fission, Cowdria-infected macrophages 

INTRODUCTION 

Ultrastructural studies on Cowdria ruminantium have 
been conducted on parasitized cells of the midgut 
epithelium (Kocan, Bezuidenhout & Hart 1987a; Ko
can, Morzaria, Voigt, Kiarie & Irvin 1987b; Hart, Ko
can, Bezuidenhout & Prozesky 1991) and the sali
vary glands (Kocan et at. 1987a) of the tick vector, 
as well as in tissue culture (Prozesky, Bezuidenhout 
& Paterson 1986; Prozesky 1987; Prozesky, Hart & 
Brett 1993; Prozesky & Du Plessis 1987; Jongejan, 
Zandbergen, Van de Wiel, De Groot & Uilenberg 

1991) and the tissue cells of the vertebrate host (Pie
naar 1970; Du Plessis 1975; Prozesky & Du Plessis 
1985; Rikihisa & Logan 1986; Prozesky 1987; Logan, 
Whyard, Quintero & Mebus 1987). In the case of the 
vertebrate host cells, attention was focused on colo
nies of the heartwater agent in vascular endothelial 
cells, except for one study on parasitized macro
phages (Du Plessis 1975) and another on the neutro
phils of an infected goat (Logan et at. 1987). 
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Because the findings on infected macrophages have 
so far not been confirmed (Hart et at. 1991) and since 
there is mounting evidence that macrophages play 
an important role in the pathogenesis of (Du Plessis 
1970; 1982) and the immune response against C. ru
minantium (DuPlessis, Berche & Van Gas 1991 ;Tot
te 1998), a further study has been carried out on the 
peritoneal macrophages of mice infected with one of 
the murinotropic stocks of C. ruminantium. 
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Electron microscopy of Cowdria-infected macrophages 

MATERIALS AND METHODS 

Six-week-old specified-pathogen-free (SPF) NMRI 
mice were inoculated intraperitoneally with 0,2 mQ 
(400 LD50 doses) of a mouse spleen homogenate 
infected with the Kumm stock of C. ruminantium (Du 
Plessis & Kumm 1971 ). The homogenate was pre
pared from the spleens of five SPF NMRI mice inocu
lated 10 d earlier with deep-frozen stock antigen. At 
the appearance of the first clinical signs, the mice 
were killed, their spleens removed and homogenized 
in 1 0 mQ buffered lactose peptone, centrifuged at 
1 000 r.p.m. for 5 min and the supernatant deep-fro
zen in liquid nitrogen in suitable quantities. A sam
ple was withdrawn and an infectivity titre of 1 04 •3 

determined in mice as previously described (Du 
Plessis 1982). 

At 6, 12, 24, 36, 72 and 96 h post-infection {p.i .), the 
peritoneal cells of two to four mice were collected in 
2 mQ cell culture medium per mouse and pooled in 
conical centrifuge tubes. An equal volume of 2 % glu
taraldehyde in a 0,2 M sodium cacodylate buffer with 
0,5% sucrose was added immediately. Without any 
delay the cell pellets were sedimented by centrifu
gation at ± 3 000 r.p.m., and the supernatant was 
discarded. The cells were resuspended in cold fresh 
2% glutaraldehyde and fixed in the cold for 2 d. They 
were pelleted again by centrifugation , post-fixed in 
2% osmium tetroxide in 0,2 M sodium cacodylate 
buffer and processed for transmission electron 
microscopy according to the method of Kocan, Ven
able & Brock (1978). Ultra-thin sections were col
lected on 200-300 mesh copper grids and stained 
with uranyl acetate and lead citrate (Venable & 
Coggeshall 1978). 

Control uninfected peritoneal cells were collected on 
similar days from mice inoculated with non-infected 
spleen homogenate and processed in a similar man
ner. 

RESULTS 

The developmental cycle of C. ruminantium as sug
gested below assumes credibility if the ultrastructural 
findings are presented in retrospect, i.e. commenc
ing with a clearly distinguishable colony of Cowdria 
particles. In the cytoplasm of peritoneal macropha
ges collected 96 h p.i. (Fig. 1), colonies were de
tected with fully developed organisms, each with a 
double unit membrane and 0,4 to 0,43 1--1m in size. 
There were also colonies with clearly distinguishable 
single organisms with only partially developed dou
ble membranes (Fig. 5), in association with closely 
packed as yet not fully individualized organisms with 
indistinct double membranes in groups (Fig. 5, ar
rows). 

Immediately prior to these stages, colonies consist 
of densely packed organisms vaguely outlined by 
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double membranes in the process of development 
(Fig. 2, 6 and 7). These colonies were seen in cel ls 
collected 72 and 96 h p.i . Although prominent endo
plasmic reticulum may cursorily suggest that these 
colonies are surrounded by a membrane (Fig. 2 and 
6), closer observation confirms that they are in inti
mate contact with the cell cytoplasm. 

At 72 (Fig. 3, 4 and 12) and 48 h p. i. (Fig. 11 ), inclu
sions were detected which closely resemble and pre
sumably precede those just described. Islands of 
finely granular electron dense material are either in
terspersed with loosely arranged material with a simi
lar granularity (Fig. 3 and 4) , or the electron dense 
granules are distributed homogeneously throughout 
the inclusion (Fig. 12). The granularity of these in
clusions is indistinguishable from that of readily iden
tifiable organisms described above. At this stage 
there is no evidence of double membrane develop
ment, so that individual organisms are not even 
vaguely discernible. There are once again no limit
ing membranes between the inclusions and the cyto
plasm of the host cells. 

Still earlier developmental stages observed in cells 
collected 36 h p.i. (Fig. 13) are represented by inclu
sions consisting of closely packed almost homo
geneous electron dense material of a similar granu
larity. These inclusions were also detected in cells 
collected 48 h p.i . (Fig. 14). 

The earliest developmental stages, suspected to be 
those of the heartwater agent and obviously distinct 
from typical fully developed individual organisms 
phagocytosed as such, were detected in cells col
lected 24 h p.i. (Fig . 8 and 9) . Extremely dense, homo
geneous bodies with ill-defined borders and devoid 
of a limiting membrane, were seen in the cytoplasm 
of macrophages. These bodies were usually sur
rounded by a translucent zone free from endoplas
mic reticulum. 

In cells collected 6 and 12 h p. i. (Fig. 1 0) , single or
ganisms indistinguishable from typical fu lly devel
oped particles were observed. A double membrane 
between the cytoplasm of the organism and that of 
the host cell, often observed at this early stage, ap
peared to have originated rather from the organism 
than from the host cell cytoplasm. Exhaustive search 
failed to reveal any organisms in the process of bi
nary fission . Furthermore, no inclusions that could 
possibly be considered as a stage between newly in
troduced recognisable organisms and the dense 
body stage described above, were detected. 

The intracytoplasmic inclusions observed in cells col
lected from control mice inoculated with uninfected 
homogenized mouse spleen (Fig. 15-20), showed a 
superficial resemblance to some of the structures 
described in the cells of infected mice. Structures that 
may be confused with homogeneous dense bodies 
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FIG. 1-4 Peritoneal macrophages from mice infected with C. ruminantium 

FIG. 1 Part of a colony of fully developed organisms 1n a macrophage collected 96 h p.1. x 39 500 

FIG. 2 Part of a colony 1n final stage of development Double unit membranes closing around individual organisms. 72 h 
p.i. X 40 000 

FIG. 3-4 Inclusions 2,7 and 3,31-Jm 1n s1ze, respectively, 72 h p.i., consisting of 1slands of electron dense granular material. 
x 28 000 and 26 000, respectively 
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FIG. 5-10 Infected cells 

FIG. 5 

FIG. 6 

FIG. 7 

FIG. 8 

Almost fully developed colony, 96 h p.i., with parts of colony (arrows) not yet fully divided. x 16 000 

Colony in final stage of development, 72 h p.i. Double unit membranes become visible. Note prominent endoplas
mic reticulum around colony and absence of limiting membrane. x 21 000 

Small colony, 96 h p.i. x 15 000 

Homogeneous, dense body, 1 ,4 iJm in diameter, 24 h p.i. x 30 800 

FIG. 9 Homogeneous, dense body, 0,8 j.Jm in diameter, 24 h p.i. x 18 000 

FIG. 10 Single organism, 6 h p.i. Note separation of unit membrane from cytoplasm of organism. x 15 000 



detected in cells from infected mice 24 h p.i., were 
observed in control cells collected 12 (Fig. 15) and 
48 h (Fig. 16) after inoculation. These bodies were 
smaller, had a different structure, did not merge with 
the host cell cytoplasm and were invariably sepa
rated from it by a membrane of host cell origin (ar
row). Inclusions that may resemble the developmen
tal stage in infected cells preceeding colonies with 
clearly distinguishable organisms, were detectable 
in cells collected from control mice 24 (Fig. 17, 18 and 
19) and 48 h (Fig. 20) after inoculation and were like
wise separated from the host cell cytoplasm by mem
branes (arrows). Dense homogeneous bodies (Fig. 
17, arrow) and bodies with peripheral electron dense 
material (Fig. 18), were readily distinguishable from 
superficially similar Cowdria developmental stages 
in cells from infected mice. 

An inclusion observed in a control cell 48 h after in
oculation (Fig. 20) bears superficial resemblance to 
part of a colony in the final process of development 
(Fig. 2), which forms an important link in the devel
opmental chain. Whereas individual organisms be
come visible and there is no sign of a membrane lim
iting the colony in the case of the cell from an infected 
mouse (Fig. 2), the contents of the inclusion, sur
rounded by a membrane in the control cell (Fig . 20), 
has no definite pattern. 

Developmental stages of C. ruminantium can there
fore be differentiated from the intracytoplasmic inclu
sions described in the control cells, which in all prob
ability represent phagosomes (Fig. 15 and 16), 
phagocytosed cells (Fig. 18) or cell debris (Fig. 17, 
19 and 20) . 

DISCUSSION 

In this time sequence study, the final stages of the 
intracellular development of C. ruminantium in 
macrophages suggest that an amorphous body of 
granular electron dense material develops into a 
colony of clearly distinguishable particles. In the key 
image of the portion of a cell co llected 72 h p.i. (Fig. 
2), islets of finely granular material are portioned off 
as organisms by developing membranes, resulting 
in a mosaic of closely packed Cowdria particles (Fig. 
6 and 7), which become detached one from another 
in the final stage of development (Fig. 1 ). At no stage 
during this latter part of the cycle is binary fission in 
evidence. In this respect the development of Cow
dria in macrophages differs from that in midgut epi
thelial cells (Kocan eta/. 1987a; Hart eta/. 1991) and 
salivary glands (Kocan eta/. 1987a) of the tick vec
tor, capillary endothelial cells of the vertebrate host 
(Pienaar 1970) and in endothelial cell tissue culture 
(Prozesky eta/. 1986; Jongejan eta/. 1991 ). In all 
these cases binary fission is a regular feature. 

The organisms in the final stages of development in 
macrophages are uniform in size, shape and inter-

J.L. DU PLESSIS 

nal structure and cannot be differentiated into ele
mentary, intermediate and reticu lar bodies as is the 
case in other mammalian, tick vector and cultured 
cells cited above. 

The inclusions suspected to be developing colonies 
of C. ruminantium detected in cells collected 24-48 h 
p.i. , are less convincing from a morphological point 
of view. It is, however, inconceivable that in the total 
absence of binary fission a developing colony, such 
as the key inclusion depicted in Fig. 2, can develop 
from a single phagocytosed organism (Fig . 1 0) with
out intermediate stages such as e.g. those described 
in this study. The only structures, absent in control 
cells, detected in time sequence, that could possi
bly represent intermediate stages, are inc lusions 
without surrounding membranes, containing evenly 
distributed, more or less dense granular material 
from which the mosaic of Cowdria particles, rounded 
off by double membrane development, eventually 
evolve. 

The findings in this study confirm most of the obser
vations made in an earlier study (Du Plessis 1975). 
The criticism that these findings have not been con
firmed (Hart eta/. 1991 ), can be refuted by stating 
that no one has published find ings on macrophages 
of Cowdria-infected ruminants or mice unequivocally 
contradicting the observations described here and 
elsewhere (Du Plessis 1975). In view of indications 
that macrophages play an important role in the 
pathogenesis (Du Plessis 1970; 1982) and the im
mune response (Du Plessis 1982; Du Plessis eta/. 
1991; Totte 1998) in heartwater, it is perhaps unfor
tunate that the great majority of electron microscopic 
studies have so far been confined to mammalian host 
vascular endothelial, tick vector cells and endothe
lial cell cultures. 

Despite exhaustive search in cells collected 6-24 h 
p.i., no further clarity on the fate of Cowdria after 
entry into macrophages could be obtained. One 
would expect some morphological evidence of the 
parasite intermediate between newly phagocytosed 
recognisable organisms and the dense bodies pre
sumed to be associated with C. ruminantium de
tected 24 h p.i. In the absence of any evidence of 
binary fission, it would therefore appear that the or
ganism goes through an eclipse phase during which 
Cowdria building material becomes integrated into 
the cytoplasm of the macrophage in a process not 
readily detectable by electron microscopy. If these 
observations are valid, are we in the realm of viruses 
at this stage of the development of Cowdria? 

Indications in this and an earlier (Du Plessis 1975) 
study suggest that not only the morphology (no clear 
differentiation into elementary, intermediate and re
ticulate forms and no limiting membrane surround
ing inclusions and colonies in macrophages) but also 
the mode of replication of C. ruminantium in macro-
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FIG. 11-14 Infected cells 

FIG 11 Inclusion, 2,3 1-1m in diameter in macrophage collected 48 h p.1. x 32 000 

FIG.12 

FIG.13 

FIG.14 
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lnclus1on with more evenly distributed granular material, 72 h p.i. Note prominent endoplasmic ret1culum. x 15 000 

Inclusion, 1,6 iJm in diameter, with more closely packed electron dense granular material, 36 h p.1. x 40 000 

lnclus1on 5,2 1-1m 1n diameter, 48 h p.1. x 16 000 
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FIG. 15-20 Control peritoneal macrophages from mice inoculated with non-infected tissue homogenate 

FIG.15 Phagosome (arrow), 12 h after inoculation. x 20 000 

FIG. 16 Phagosome (arrow) with clearly distinguishable limiting membrane, 48 h after inoculation. x 11 800 

FIG. 17-20 Macrophages with phagocytosed cell (Fig. 18) and cell debris in cells collected 24 (Fig. 17-19) and 48 h (Fig. 20) 
after inoculation. Note the limiting membranes (arrows) 
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cells, both in vivo and in vitro. The interesting and 
important question arises whether these differences 
could possibly be associated with the observation 
that the infectivity to mice of cultures of C. ruminan
tium in endothelial cells decreases after storage in 
liquid nitrogen, whereas deep-frozen mouse spleen 
homogenates infected with the same stock, contain
ing organisms that originate from both macrophages 
and endothelial cells, retain their infectivity (J.L. du 
Plessis, unpublished observation 1993). Further
more, if this question is valid, is it advisable that mole
cular biological studies, particularly those aimed at 
identifying immunogenic antigens, are exclusively 
conducted on tissue culture-derived Cowdria? 

The KOmm stock differs from most other stocks of 
C. ruminantium in that it appears to have a greater 
affinity for macrophages (J.L. du Plessis, unpub
lished observation 1992) and that only limited growth 
of this stock has as yet been achieved in cultured 
DH82 but not in endothelial cells (E. Zweygarth, 
personal communication 1998). It must therefore be 
emphasized that the above observations have been 
made in this particular stock and cannot be extrapo
lated to other stocks without some reservation and 
further proof. The author believes, however, that the 
above developmental cycle in macrophages occurs 
in all stocks of C. ruminantium and most probably 
also in Ehrlichia. 
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