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Amblyomma hebraeum ticks, collected in the field and individually homogenized, were injected into mice. 
Thirteen out of 240 ticks were shown to be infected with the heartwater agent. Antibodies against Cowdria 
ruminantium were detected in the sera of the mice by means of the indirect fluorescent antibody test. Giemsa­
stained smears, prepared from the haemocytes of the ticks, revealed morphologically different forms of the 
heartwater agent. 

A strain of C. ruminantium, designated the Welgevonden strain, was isolated in mice from one of the 
infected ticks and passaged in mice for 8 generations. When inoculated intravenously, it was highly infective to 
mice, sheep and cattle. The murinotropism of the Welgevonden strain is compared with that of other strains 
previously described. 

INTRODUCflON 

The 2 most important factors directly related to the 
immune status of the cattle on a particular farm that 
determine the role played by the tick vector (Amblyomma 
spp.) in the epidemiology of heartwater are the tick bur­
den and the Cowdria ruminantium infection rate of the 
ticks. The tick load can be ascertained by means of tick 
counts, and the immune status of the cattle with the aid 
of the indirect fluorescent antibody (IFA) test (Du Ples­
sis, 1982b). There is as yet no dependable method for 
assaying the percentage ticks infected by C. ruminan­
tium. 

The high degree of specificity and sensitivity of the 
IFA test makes an attempt to identify infected ticks by 
injecting them into mice and subjecting the sera of the 
mice to the IFA test a worthwhile investigation. 

But strains of C. ruminantium appear to vary consider­
ably in their infectivity to mice (Mackenzie & Van 
Rooyen, 1981; Uilenberg, 1983). Strains such as the 
Nigerian D225 are entirely non-infective and non-patho­
genic, whereas the Ball 3 strain, used for the production 
of a vaccine at the Veterinary Research Institute, 
Onderstepoort, is non-pathogenic, but may be passaged 
in mice once or at the most 2 or 3 times in succession by 
the intraperitoneal route (K. E. Weiss, personal commu­
nication, 1971). The Malagasy K2 strain (Ramisse, cited 
by Uilenberg, 1983) does not elicit clinical signs in 
mice, but can be serially passaged indefinitely if the 
intravenous (i. v.) route is used. Further along the spec­
trum, the Kwanyanga strain (Mackenzie & Van Rooyen, 
1981) is highly pathogenic to mice but only when inocu­
lated intravenously (i.v.) and not intraperitoneally (i.p.), 
whereas the Kumm strain (DuPlessis & Kumm, 1971; 
Du Plessis, 1982a), also referred to as the Du Plessis 
strain (McHardy & Mackenzie, 1984; Uilenberg, 1983), 
is highly pathogenic to mice irrespective of whether the 
i.v. or the i.p. route is used. 

MATERIALS AND M ETHODS 

Experiment 1 
Partially engorged adult A. hebraeum ticks of both 

sexes were collected from cattle throughout the main 
heartwater endemic areas of the Republic of South 
Africa as part of a study to determine the role of the tick 
vector in the epidemiology of the disease. 

Five male and 5 female ticks per farm were examined 
within 3-6 days after collection or after being stored in 
liquid nitrogen. A preliminary experiment had shown 
that there was no loss of infectivity to mice of adult A. 
hebraeum ticks, infected as larvae with the Kumm strain 
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of C. ruminan.tium and stored in liquid nitrogen in an 
intact state for 2 months (unpublished observation, 
1983). 

Conventional, outbred, Swiss white mice, 4-6 weeks 
of age, were used. All procedures were carried out at 
4°C. 

Individual ticks were homogenized in 1 me of phos­
phate buffered saline (PBS) by means of a homogenizer 
equipped with a glass cylinder and a teflon piston. The 
homogenates were centrifuged at 250 g for 5 minutes and 
0,3 and 0 ,1 me of the supernatant fluid were inoculated 
i.p. into 2 mice per tick. Four to 5 weeks later, serum 
samples were collected from all surviving mice. If both 
mice that were inoculated with the homogenate from the 
same tick, survived, their sera were pooled. 

Experiment 2 
Because of the difficulty of interpreting the trace 

amounts of antibody detected in mice injected i.p. with 
the homogenates of some of the ticks suspected of infec­
tion in Exp. 1, the homogenates were injected both i. v. 
and i.p. in a 2nd experiment. Furthermore, following 
preliminary observations on haemocytes of infected 
ticks, it was hoped that the serological evidence would 
be supported by the demonstration of the heartwater 
agent in the haemocytes of infected ticks. Twenty male 
and 20 only slightly engorged female adult ticks were 
therefore collected from cattle on each of 2 farms from 
which several infected ticks had been obtained during the 
first collection. It had also been found that few ticks 
from the first collection on these farms had caused non­
specific deaths in mice. 

Three to 4 days after collection, the ticks were homo­
genized in 1,5 me of PBS, as described, and 0,3 and 0,1 
me of the supernatant fluid were injected i.v. into 2 mice 
and i.p. into another 2 mice. Before the ticks were 
homogenized, smears were prepared from the haemo­
cytes of each tick by nipping off the distal portion of one 
or more of its legs with a pair of scissors. The exuding 
haemolymph was spread over the surface of a l em dia­
meter circle drawn with a diamond pencil on a micro­
scope slide as well as over one of the wells of a 15-well 
multitest slide* for fluorescent antibody staining. The 
smears on the microscope slide were air-dried, fixed in 
methyl alcohol, stained for 50 min in 5 % Giemsa at a 
pH of 7,4 and studied microscopically under oil immer­
sion. 

Since inclusions which were morphologically very 
similar to C. ruminantium were detectable in the haemo­
cytes of a tick used in this experiment (Tick 4, Table 4), 
0,2 me of its homogenate stored in liquid nitrogen was 

* Flow Laboratories 
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added to 4 mf of buffered lactose peptone (BLP) (Du 
Plessis & Kurnm, 1971) and inoculated i.v. into a heart­
water susceptible, 6-month-old Merino lamb to deter­
mine whether the tick was infected or not. 

Monitoring of mice injected with tick homogenates 
Mouse mortalities were recorded daily. Those that 

occurred 1-7 days after inoculation were considered to 
be non-specific. Mice found dead at a later stage were 
autopsied and their hearts and lungs fixed in 10 % for­
malin for the preparation of conventional H & E stained 
sections. 

The mouse given 0,1 mf of the homogenate of the tick 
from which the Welgevonden strain was isolated (vide 
infra) was killed and its peritoneal cells collected for the 
preparation of Giemsa-stained smears as previously de­
scribed (Du Plessis, 1982a). Peritoneal cells were also 
placed on a 15-well multitest slide for fluorescent anti­
body staining. Specimens of liver and spleen were col­
lected and individually homogenized in BLP on a 10 % 
mass/volume basis. Two groups of 6 mice were inoc­
ulated i.p. with the spleen and liver homogenates at a 
dosage rate of 0,2 mf per mouse. 

When the mice showed clinical signs, 3 of them were 
killed and their spleens, livers and peritoneal cells were 
collected to carry out the next passage by the same route. 
Mortalities and clinical signs were recorded and 8 pas­
sages performed in this manner. Only mice showing 
clinical signs were used for successive passages. Perito­
neal cells were collected in sterile PBS and the pooled 
cells from the 3 mice divided into 2 aliquots. Smears for 
Giemsa and IFA staining were prepared from one of the 
aliquots and an equal volume of BLP was added to the 
other for the sub-inoculation of mice in the next genera­
tion, 0,3 me being injected i.p. per mouse. 

Preparation of Welgevonden strain stabilate 
The livers, spleens, hearts and lungs of 8 mice inoc­

ulated with infected peritoneal cells at the 6th passage 
level were pooled and homogenized in BLP. Suitable 
quantities of the homogenate were stored in liquid nitro­
gen as an infective inoculum to compare the infectivity 
of the Welgevonden strain to different animal species. 
Four serial tenfold dilutions in BLP were prepared from 
the stabilate and injected into mice, sheep and cattle 
along the i. v. route at a dosage level of 0,2 mf per mouse 
and 5 mf per sheep and bovine. Adult Merino sheep and 
15-month-old Afrikander-Simmentaler-cross heifers 
were used. Early morning temperatures of the sheep and 
heifers were recorded. All the sheep, except one that was 
left to die, were treated with a long-acting preparation of 
oxytetracycline* on the 3rd or 4th day of the febrile 
reaction. The heifers were not treated . The sheep and 
heifers were challenged 4 months later by injecting them 
i.v. with 5 mf of sheep blood infected with the Ball 3 
strain of C. ruminantium. 

The mortality rate of the mice was recorded and the 
infectivity titre was calculated according to the method 
of Reed & Muench (1938). 

Indirect fluorescent antibody test 
To detect antibodies to C. ruminantium in the sera of 

the mice injected with the tick homogenates, the IFA test 
was carried out as previously described (Du Plessis, 
1982b), except that antigen was prepared on 15-well 
multitest slides and stored in liquid nitrogen. The sera 
were tested first at a dilution of 1:10. Tenfold serial 
dilutions were subsequently prepared from all positives 
and the end-point of the reaction was determined in a 2nd 
test. 

* Liquamycin/LA, Pfizer 
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The pooled serum from several uninfected mice at a 
dilution of 1:10 and positive serum at a dilution of 1:100, 
prepared from mice infected and challenged 4 weeks 
later with the Kumm strain, were included in each test as 
negative and positive controls. 

Optimum reactivity of the anti-mouse conjugate* w~s 
ensured by titrating its reactivity against the control post­
tive serum at regular intervals. 

Fluorescent antibody staining of haemocytes and perito­
nea/cells 

The indirect fluorescent antibody technique was used 
to determine the identity of the C. ruminantium-like in­
clusions in the haemocytes and peritoneal cells. The cells 
were fixed by immersion of the slides in cold methyl 
alcohol. A drop of the IFA test positive control mouse 
serum at a dilution of 1:100 was placed on each well 
containing the cells. Incubation, washing and staining of 
the cells with anti-mouse conjugate was carried out in the 
conventional manner. 

RESULTS 
Experiment I 

It can be seen from Table 1 that, whereas one or both 
mice died 1-7 days after inoculation with the homoge­
nates of only 7 male ticks, those injected with the homo­
genates of 39 females died during this interval. Half, to 
almost fully engorged, females were chiefly but not ex­
clusively responsible for these non-specific per-acute 
deaths which invariably occurred during the first 2 days 
after inoculation and which were usually confined to the 
ticks collected on specific farms. 

Apart from the tick from which the Welgevonden 
strain was isolated (vide infra), the mice inoculated with 
0,3 mf homogenate of 2 female ticks died 11-14 days 
later. Because of the presence of post-mortem changes 
no attempt was made to isolate C. ruminantium from 
these mice, but typical colonies of the heartwater agent 
were demonstrable in histological sections of their lungs 
and myocardium. The mice injected with 0,1 mf of 
homogenate of these ticks did not show any clinical 
signs, but were serologically positive to titres of 1:100 
and 1:1000. In Table 1, these 2 infected ticks are 
recorded under specific mouse mortalities and not under 
the serologically positive mice. 

It can also be seen from Table 1 that the mice injected 
with one other male and one female tick failed to show 
clinical signs, but had high levels of serum antibodies. 
The serum from mice injected with 3 male and 2 female 
ticks reacted positively in the IFA test at a dilution of 
only 1:10. 
Isolation of the Welgevonden strain. The mouse, in­
jected with 0,3 mf of homogenate of a male tick col­
lected on the farm Welgevonden in the district of Preto­
ria, died 14 days later. Typical colonies of the heartwater 
agent were demonstrable in histological sections of its 
lungs and myocardium. The mouse given 0,1 mf of ho­
mogenate showed clinical signs of depression, a ruffled 
haircoat and dyspnoea, and was killed in extremis. 

The mortality rate of mice infected i.p. over the course 
of 8 serial passages with tissues from this mouse is 
shown in Table 2. It can be seen that passage of the agent 
in liver and spleen was readily achieved along the i.p. 
route for 4 generations of mice, but then changed 
abruptly at the 5th passage level, when only 1 out of 6 
mice inoculated with spleen died. Subinoculation of 
peritoneal cells along the i.p. route, however, consist­
ently resulted in almost 100 % mortality of the injected 
mice. No attempt was made to pursue subinoculations 
beyond the 8th passage level. 

* Miles-Yeda Ltd 



TABLE 1 The number of ticks injected i.p. that elicited fatal infection 
and serum antibodies in mice 

Ticks to which 
Ticks that caused mice became sero-
mouse mortalities logically +ive: 

Number of ticks Serum dilutions 
inoculated 

Non- 1:100 
Specific specific 1:10 and 

higher 

Males .. , ..... 100 1* 7 3 1 
Females ...... 100 2 39 2 1 

Total .. ...... . 200 3 46 5 2 

* Tick from which Welgevonden strain was isolated 

TABLE 2 Pathogenicity of Welgevonden strain passaged in mice by 
the i.p. route 

Number of mice inoculated Morta- Incuba-
Passage 

Peri to- lity/ tion 
level Liver Spleen neal morbi- period 

cells dity in days 

I 6 4 12 
6 2 15 

2 6 2 16 
6 5 15 

3 6 6 13 
6 6 14 

5 . 5 14 
4 6 6 15 

6 6 18 
5 4 13 

5 6 0 
6 I 15 

5 5 12 
6 5 5 12 
7 5 5 12 
8 5 5 10 

Mice, sheep and cattle infected i.v. with the Welgevon­
den strain. The infectivity of the Welgevonden strain 
injected i. v. into mice, sheep and cattle is shown in 
Table 3. It is evident that by this route the strain is highly 
infective to mice, since it attained a titre of 10S·4 which 
even surpasses some of the highest titres recorded with 
the Kumm strain infected i.p. (DuPlessis, 1982a). 

It can also be seen from Table 3 that the strain is 
highly infective to sheep and cattle. A sheep inoculated 
i. v. with th~ infective ~noculum diluted to 1 Cf4 developed 
a ~atal reaction. Abram squash smear prepared from this 
ammal showed numerous typical colonies of C. rumi­
nantium in the cytoplasm of capillary endothelial cells. 
The 3 sheep that recovered failed to show any febrile 
reaction when they were challenged with Ball 3 blood, 
thu~ proving the immunogenicity and identity of the 
stram. 

One of 2 heifers infected with a w-2 dilution of the 
inoculum died, whereas the 2nd one and 3 others in­
jected with higher dilutions developed severe febrile re­
actions, but recovered without treatment. They showed 
some o~ all of. the following clinical signs: anorexia, 
depression, gnnding of the teeth, inco-ordination, 
nystagmus and hypersensitivity. A brain smear prepared 
from the animal that died was positive for heartwater. 
All 4 heifers that recovered were solidly immune to chal­
lenge with Ball 3 blood. 

Experiment 2 
Antibodies were detected in the serum of 8 out of 40 

ticks collected on 2 farms (Table 4). It is evident that in 
the case of Ticks 1 and 4 significantly higher levels of 
antibodies were recorded in the sera of mice injected i. v. 
than in mice inoculated i.p. Two other homogenates, 
those of Ticks 3 and 8, elicited low levels of antibody by 
the i.v. and no response by the i.p. route. In the case of 
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the other 4 ticks, only trace amounts of antibody were 
recorded, irrespective of the route of inoculation. The 
intravenous route therefore appears to h~ve only some 
advantage over the intraperitoneal route. 

Great value was attached to the observations made on 
Tick 4. None of the mice, not even the one injected i. v. 
with 0,3 me of homogenate, showed any clinical signs, 
and yet high antibody titres were recorded in their sera. 
The lamb injected with the same homogenate, however, 
developed acute, fatal, heartwater. The febrile reaction 
commenced 9 days after inoculation, attained a maxi­
mum temperature of 42 °C on the following 2 days and 
was followed by death another 2 days later. At autopsy a 
mild oedema of the lungs and mild splenomegaly were 
the only lesions observed. The brain smear, however, 
revealed numerous medium to large typical colonies of 
C. ruminantium. 

Appearance of C. ruminantium in Giemsa-stained peri­
toneal macrophages and tick haemocytes 

Giemsa-stained smears prepared from the peritoneal 
cells of the mouse infected with the tick homogenate 
from which the Welgevonden strain had been isolated as 
well as those from cells of mice killed over the course of 
8 passages, revealed inclusions which were indistin­
guishable from those previously described in mice in­
fected with the Kumm strain (DuPlessis, 1975). 

Various morphologically district forms of the parasite 
were seen in the peritoneal macrophages. No particular 
effort was made to study the sequential development of 
the inclusions, but strongly basophilic, homogeneous, 
round bodies of high density (Fig. 1, 2 & 4, arrows) 
appeared to be the earliest developmental stage seen in 
the cytoplasm of peritoneal macrophages. These bodies 
apparently assume a vaguely granular appearance prior 
to developing into the next stage, in which the inclusions 
consist of circumscribed agglomerations of granules in­
terspersed by what appear to be as yet undivided frag­
ments of the dense body (Fig. 3 & 4). A 3rd form of 
parasitic inclusion were well-circumscribed, intracyto­
plasmic colonies, consisting of clearly distinguishable 
individual organisms (Fig. 5). 

Giemsa-stained smears prepared from the haemocytes 
of the 8 ticks that elicited an antibody response in the 
mice injected with them, revealed inclusions in haemo­
cytes (Table 4) which closely resembled those described 
in the mouse peritoneal macrophages. Here too, several 
morphologically distinct forms of what appear to be the 
heartwater agent were demonstrable in the haemocytes. 
Dense bodies (Fig. 6, 7 & 8) were those seen most fre­
quently, and they could be distinguished from well-cir­
cumscribed morular colonies (Fig. 9 & 10) containing 
granular but as yet undivided fragments and individual 
organisms. These closely resembled the organisms seen 
in colonies of C. ruminantium in brain capillary endothe­
lial cells in size, shape and staining affinity. In what 
appears to be a 3rd form of intracellular development, 
the morular colonies disintegrate to give rise to clumps 
of organisms (Fig. ll) or to yet smaller clumps and 
single particles distributed throughout the cytoplasm of 
the haemocyte (Fig. 12). 

The detection of C. ruminantium inclusions in tick 
haemocytes is difficult and time-consuming because, 
firstly, only a small percentage of cells are infected. (On 
an average 200-600 haemocytes per tick were examined, 
1-2% of which were found to be parasitized.) Secondly, 
the haemocytes of many ticks examined were invaded by 
commensal organisms of many different shapes and 
sizes. The great majority of these organisms are extra­
cellular, but those occurring intracellularly can only with 
difficulty be differentiated from the final stage of the 
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TABLE 3 Infectivity of the Welgevonden strain to mice, sheep and cattle by the i. v. route 

Reactions to infection: Inoculum dilution Reactions to 
Treatment/outcome challenge 10-1 10-2 10-3 10-4 10-5 

Mice .............. 10/10 10/ 10 10/10 10/10 8/10(1) 

I 7/8/41 ,6<21 Treated, recovered None 

Sheep .... . 2 817/41,3 Treated, recovered None 
3 9/8/41,9 Treated, recovered None 
4 12/4/42 Not treated/died -

I 12nt41 ,2 Not treated/died -
2 1417/40,9 Not treated/recovered None 

Heifers .... 3 12nt40,7 Not treated/recovered None 
4 13/9/40,8 Not treated/recovered None 
5 1615140,6 Not treated/recovered None 

01 8 out of 10 mice inoculated died 
Titre of infectivity in mice I 0'·4 

<
21 The febrile reaction commenced on Day 7, lasted 8 days and attained a maximum of 41 ,6 oc 

TABLE 4 Correlation between the serological response to tick homogenates in mice and C. ruminantium in the haemocytes of the ticks 

Tick No. Mouse mortality/morbidity IFA titres of mice Parasitic form in haemocytes 

Male Female i.v. i.p. i.v. 

I - - 1:1000 
2 - - 1:10 
3 - - 1:10 

4 - - 1:1000 
5 - - 1:10 
6 - - 1:10 
7 - - 1:10 
8 - - 1:10 

heartwater agent in which the morular colonies become 
disintegrated. The commensals in various shades of blue 
tend to be bacillary in shape and not coccoid or cocco­
bacillary like C. ruminantium, which stains a typical 
deep mauve. Dense bodies and morular colonies can 
much more readily be differentiated from commensal 
organisms. 

Several haemocytes from Tick 4, which caused fatal 
heartwater in a lamb, contained good examples of the 3 
forms of C. ruminantium inclusions just described. It can 
also be seen from Table 4 that the cells of 1 other tick 
(Tick 2) harboured all 3 forms of the parasite, whereas 
dense bodies unaccompanied by the other forms were 
detected in those of 5 others. Only low levels of antibody 
were detectable in the sera of the mice injected with 
these 6 ticks. 

Immuno-fluorescence of infected peritoneal macro­
phages and tick haemocytes 

Fluorescent antibody staining of both mice peritoneal 
macrophages and tick haemocytes revealed inclusions 
showing specific fluorescence, and both in numbers and 
morphology closely resembled those seen in Giemsa­
stained smears. Dense bodies were seen as intensely flu­
orescent homogeneous structures. Inclusions consisting 
of poorly-circumscribed fluorescent clumps of varying 
size and in varying degrees of confluence were also seen. 
What appeared to be fully developed colonies were seen 
as a fluorescent mosaic consisting of densely packed, 
clearly distinguishable individual organisms in the form 
of minute ringlets, the fluorescence appearing to be con­
centrated on the envelopes of the particles. 

DISCUSSION 

The findings in this study suggest that the detection of 
antibodies in the serum of mice injected with tick homo­
g~~at~s, in .conj':lnction with the demonstration of para­
sitic mclus1ons m the haemocytes of the ticks, can be 
used as a method to determine the C. ruminantium infec­
tion rate of ticks. The correlation between the serological 
response of the mice and the observation of inclusions in 
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i.p. Dense bodies 
Morular Disintegrated 
colonies colonies 

1:10 - - + 
1:10 + + + 
- + - -

1:100 + + + 
1:10 + - -
1:10 + - -
1:10 + - -
- + - -

the tick haemocytes was good, since not one tick with 
parasitized haemocytes failed to elicit an antibody res­
ponse and vice versa. While appreciable levels of anti­
body were recorded in the serum of mice injected with 
some of the tick homogenates, others induced the pro­
duction of only trace amounts of antibody, even if they 
were injected i. v. Particularly in the case of the latter, 
the demonstration of parasitic inclusions in the tick hae­
mocytes thus provides valuable supportive evidence. 

Taking into account the tick from which the Welge­
vonden strain was isolated and counting only the ticks 
that induced moderate to strong serological reactions in 
mice, 2,5 % of the ticks in Exp. 1 were infected. If the 
low antibody levels recorded are also taken into con­
sideration, 5 % of the ticks were infected. In Exp. 2 the 
infection rate was 20 %, but the selection of the ticks was 
biased . 

The morphologically different forms of the parasitic 
inclusions in tick haemocytes closely resembled those 
observed in the peritoneal macrophages of mice infected 
with the Welgevonden strain of C. ruminantium. Their 
near identity was confirmed with immuno-fluorescence 
and positive brain smears in a sheep and a heifer. They 
were also indistinguishable from the inclusions described 
in lymph node reticulo-endothelial cells of sheep in­
fected with the Ball 3 and Kumm strains (Du Plessis, 
1970), as well as in peritoneal macrophages of mice 
infected with the Kumm strain (DuPlessis, 1975). 

The demonstration of these inclusions in the haemo­
cytes of a particular tick, the homogenate of which 
caused fatal heartwater in a lamb injected with it, is 
supportive evidence that they represent developmental 
forms of the heartwater agent. Specific immuno-fluore­
scence of the inclusions in the haemocytes of this tick 
and several others confirmed their identity with C. rumi­
nantium. 

The results of attempts to induce clinical C. ruminan­
tium infection in sheep and mice by" the i. v. inoculation 
of haemolymph collected from experimentally infected 
ticks have been inconsistent (Bezuidenhout, 1984). Spe-
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FIG. 1- 12 C. ruminantium inclusions in mouse peritoneal macrophages (Fig. 1-5) and tick haemocytes (Fig. 6-I2): 

x 1000, Giemsa 

FIG. I & 2. Dense body stage (arrows) in 2 macrophages 
FIG. 3. Colony of organisms in process of division 
FIG. 4. Multi-nucleated macrophage with 2 dense bodies (arrows) and a colony in process of division 
FIG. 5. Colony of fully developed particles 

FIG. 6 & 7. Dense bodies in haemocytes 
FIG. 8. Haemocyte with 3 dense bodies and another in process of division 
FIG. 9 & 10. Morular colonies in process of division 
FIG. II . Clumps of particles in process of division 
FIG. 12. Particles distributed throughout cytoplasm of haemocyte 
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cific antibodies, however, have been detected with the 
IFA test in the sera of some of these animals (J. D. 
Bezuidenhout, personal communication, 1984). The 
failure of the inoculum to cause clinical disease may 
have been due either to insufficient numbers of infective 
organisms or to the fact that the heartwater agent in the 
haemocyt~s was in a non-infective stage of development 
at the time of collection and inoculation. 

Mackenzie & Van Rooyen (1981) and Uilenberg 
(1983) haye stated that there appears to be a whole spec­
trum of pathogenicity to mice of strains of C. ruminan­
tium. The present study confirmed this phenomenon and 
revealed the variation in murinotropism of the strains of 
the heartwater agent harboured by the 13 ticks that were 
found infected-5 ticks in Exp. 1 that elicited an appre­
ciable antibody response in mice, and 8 ticks in Exp. 2. 

At the one end of the spectrum, the Welgevonden 
strain proved to be highly pathogenic to mice, not only 
when they were infected by the i. v. route, but also dur­
ing the early passages even when they were infected i.p. 
At the other end of the spectrum, the strains harboured 
by the 6 ticks in Exp. 2, the homogenates of which 
merely elicited the development of low levels of anti­
body in the mice injected with them, were only mildly 
murinotropic. Apart from antibodies detected with the 
IFA test in these mice, the demonstration of the parasite 
in haemocytes of the ticks proved that they were, in fact, 
infected. The other 6 occupy an intermediate position, 
their homogenates having elicited high antibody levels in 
the absence of clinical signs in the mice inoculated with 
them. Two of them, however, had caused a fatal infec­
tion in the mice injected at the higher dosage level. 

Only 1 ·_out of the 13 infected ticks in this study would 
have been identified if the mortality of mice injected 
with the ticks had been the only parameter. This em­
phasizes the necessity of employing other techniques to 
determine- C. ruminantium-infection rates of Am­
blyomma 'ticks. Thus Barre & Camus (1983) found that 
not 1 out of 15 strains of C. ruminantium isolated in 
goats and sheep from Amblyomma variegatum ticks col­
lected on the Caribbean island of Guadeloupe caused 
clinical signs or fatal infection in mice inoculated both 
i. v. and i. p. It may even be necessary to employ addi­
tional techniques as for example fluorescent antibody­
stained, frozen sections of ticks (Bezuidenhout, 1984), 
to determine the infection rate more accurately. 

The detection of only trace amounts of antibody in the 
~ice injected with the mildly murinotropic strains is con­
ststent with their low pathogenicity, since antibody 
levels detectable with the IF A test in domestic ruminants 
vary accdrding to the severity of their reactions to artifi­
c_ial infection with the heartwater agent. High antibody 
tttres are recorded in goats, sheep and susceptible cattle 
breeds that develop severe reactions, whereas more 
resistant cattle breeds that only develop mild to moderate 
febrile reactions have low levels of antibody (un­
published observation, 1983). 

The Welgevonden strain isolated from an A . he­
~raeum male was highly pathogenic to mice if injected 
1. v. The sudden decrease in its infectivity to mice in­
fected i.p. cannot be explained, but it is not unprece­
dented. The Kwanyanga strain (Mackenzie & Van 
~ooyen, 1981) also killed only a few of the mice injected 
1. p. and even appeared to lose its pathogenicity to mice 
infected i.v. after 15 or 19 sheep passages (P.K.I. Mac­
kenzie, personal communication, 1983). 

Although only 8 serial passages of the Welgevonden 
strain was carried out in mice, it was already clear that 
continued passaging would be possible, provided that 
peritoneal cells are injected by the i.p. and other tissues 
by the i. v. route. This observation is consistent with the 
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finding that the Kumm strain can be readily passaged by 
the i.p. route with peritoneal cells, even if they are har­
vested from donor mice as early as 1 day after being 
infected. Passaging with organ suspensions from donor 
mice, though, could only be effected 5 days and more 
after infection of the donor mice (Du Plessis , 1982a). 
The explanation advanced here was that peritoneal cells, 
in contrast to emulsified organs, remain intact and viable 
during subinoculation and can therefore support the 
uninterrupted growth of the parasite even though it may 
be in a non-infective state of development when the cells 
are collected. This, however, does not explain the loss of 
infectivity of the Kwanyanga and Welgevonden strains 
injected i.p. 

The Welgevonden strain has several characteristics in 
common with the Kwanyanga strain. Apart from both 
being highly infective to mice by the i.v. route , both 
strains are also pathogenic to sheep and cattle. Accord­
ing to limited cross-immunity tests, though, their immu­
nogenic relationship to the Ball 3 strain is somewhat 
different. Whereas there appears to be complete cross­
immunity between the Welgevonden and the Ball 3 
strains in sheep, that between the Kwanyanga and the 
Ball 3 strains is not fully protective (Mackenzie & Van 
Rooyen, 1981). 

The Kumm strain remains the most pathogenic strain 
passaged i.p. in mice to date, and differs from the Wel­
gevonden strain not only in that it is consistently infec­
tive to mice injected i. p. , but also in its very mild patho­
genicity to cattle (DuPlessis, 1982a). The Welgevonden 
strain therefore occupies a position in the spectrum of 
murinotropism much closer to the K wanyanga than to 
the Kumm strain. 

In assessing the murinotropism of C. ruminantium 
strains, variation in the susceptibility to the heartwater 
agent of the strains of mice injected with material pos­
sibly infected with the agent should be borne in mind. 
McHardy & Mackenzie (1984) found that BALB/C 
inbred mice were more susceptible to the K wanyanga 
strain of C. ruminantium than the CD-1 outbred and 4 
other inbred strains (CBNCA, C3H/HE, C57 BL/6 and 
DBA2), but that there was no difference in the suscepti­
bility of these 6 strains of mice to the Kumm strain. In a 
recent experiment the infectivity titre, calculated as de­
scribed above, of a given infective inoculum to AKR 
inbred mice was 103

•
3

, whereas that recorded in BALB/C 
and C57 BL/6 inbred mice was 102·s. In the outbred 
strain of mice used in the present study on ticks, how­
ever, an infectivity titre of 1 <Y·~ was recorded with the 
same inoculum (unpublished observation, 1984). Al­
though slight differences in the susceptibility of mouse 
strains may play a minor role in pathogenicity studies on 
C. ruminantium, such differences are unlikely in the 
present study, since the strain of mice used was no less 
susceptible than several others examined. 
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