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ABSTRACT 

BEZUIDENHOUT, J.D., 1985. The epizootiology and control of heartwater and other tick-borne diseases 
of cattle in South Africa. Onderstepoort Journal of Veterinary Research, 52, 211-214 ( 1985) 

The history of the main bovine tick-borne diseases occurring in South. Africa and t.he role OndersteP?Ort 
played in their identification and control is briefly reviewed. The present altitudes regardmg the ~ontrol of lick
borne diseases, taking into account their complexity, is discussed. Gaps m our knowledge regardmg heartwater 
epizootiology and possible future studies are defined. 

INTRODUCTION 

The past history of Onderstepoort itself is inseparable 
from that of tick -borne diseases, which are of importance 
not only in South Africa but also in many other parts of 
the world. 

Shortly after Stephens & Christopher (1903, cited by 
Neitz, 1957) described the causative organism of East 
Coast fever as Piroplasma kochi, Sir Arnold Theiler be
came involved in tick transmission experiments. A few 
years later this organism .was transferred to a newly cre
ated genus Theileria, named in honour of Theiler, and 
called Theileria parva (Bettencourt, Franca & Borges, 
1907, cited by Neitz, 1957). Three other Theileria 
species of cattle were subsequently named at Onderste
poort: T. mutans (mild theileriosis); T. lawrencei (Corri
dor or buffalo disease), and T. bovis (January disease) 
(Theiler, 1906; Neitz, 1955, 1957). In the history of 
tick-borne diseases in South Africa one of the most dra
matic achievements was the eradication by 1955 of East 
Coast fever, a disease that killed millions of cattle after 
its introduction at the turn of the century (Anon., 1981). 
The policy of tick eradication and slaughter of clinically 
infected cattle was successful but the price was high; in 
the end the campaign cost more than R200 million 
(Neitz, 1967, cited by Bigalke, 1976). 

It was also at Onderstepoort that Theiler saw what he 
described as "marginal points" in the red blood cells of 
cattle suffering from so-called gall sickness. Each of 
these organisms looked so dense that he thought it con
sisted mainly of a nucleus without any protoplasm and he 
therefore named the parasite Anaplasma (Theiler, 
1910a). He described 2 species, namely A. marginale 
and the milder A. centrale (Theiler, 1910a, b, 1911), and 
his 1910 isolate of the latter is still used in our Ana
plasma vaccine today (Potgieter & Van Rensburg, 
1983). 

Babesiosis, like most other tick-borne diseases, was 
recognized in South Africa long before the causative 
organisms and vectors were identified (Hutcheon, 1900; 
Henning, 1949). In 1905 Theiler established that Boo
philus decoloratus transmits Babesia bigemina, but it 
was not until 1941 that Neitz proved that B. bovis is also 
present in South Africa. It is now known that Boophilus 
micro plus is the main, if not the only, vector of B. bovis 
(DeVos, 1979). 

Heartwater transmission studies were conducted ini
tially at Grahamstown by Lounsbury, who was the first 
to prove that the bont tick, Amblyomma hebraeum, is the 
principal vector of this disease in South Africa 
(Lounsbury, 1900). However, it was not until 1925 that 
Cow dry, a rickettsiologist from the Rockefeller Institute 
who was working at Onderstepoort, demonstrated the 
aetiological agent in the tissues of ticks and in animals 
suffering from heartwater. He called this organism Rick
ettsia ruminantium (Cowdry, 1925a, b) but it was later 
transferred to a new genus, Cowdria (Moshokovskii, 
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1947). Heartwater is regarded as the most important tick
borne disease in South Africa. As long ago as 1945, 
Neitz & Alexander reported that in enzootic areas it 
causes 3 times more losses than anaplasmosis and babe
siosis put together. 

Another group of tick-borne diseases, namely tick tox
icoses, has also been studied at Onderstepoort. Major 
breakthroughs were made here on the aetiology of sweat
ing sickness (Neitz, 1959); spring lamb paralysis (Clark, 
1938; Neitz & Jansen, 1950); the ecology of Ixodes rubi
cundus, the transmitter of Karoo paralysis (Stampa & Du 
Toit, 1956; Stampa, 1959) and on Ornithodoros savignyi 
toxicosis (Neitz, Howell & Potgieter, 1969). 

Looking back on the work done over the past 75 years 
on ticks and tick-borne diseases in South Africa, one is 
filled with admiration for those dedicated scientists who 
have done so much to unravel the complexities of this 
subject (Theiler, 1975). 

PREsENT ATTITUDES AND STATE OF KNOWLEDGE RE
GARDING THE EPIZOOTIOLOGY AND CONTROL OF TICK

BORNE DISEASES OF CA TILE IN SOUTH AFRICA 

Despite the complex nature of tick-borne diseases as a 
whole, and the gaps in our knowledge on certain aspects 
of the epizootiology of these diseases, enough informa
tion exists to explain the distribution and occurrence of 
these conditions. Recommendations for the control or 
prevention of outbreaks of tick-borne disease are avail
able but are not always either easy or practicable to 
implement. 

Literature, some very recent, reviewing and consoli
dating the existing knowledge on tick-borne disea~s is 
available for babesiosis (Ristic & Kreier, 1981), anaplas
mosis (Potgieter, 1979; Ewing, 1981), cowdriosis (Ui
lenberg, 1983; Camus & Barre, 1982), theileriosis (De 
Vos, 1982), and tick toxicosis (Gothe, 1981). 

The epizootiology of tick-borne diseases revolves 
around 3 elements, namely the parasite, the vector and 
host susceptibility. Each one of these elements is ~n tum 
influenced by numerous other factors, some of which are 
shown in Fig. 1. 

The distribution of tick-borne diseases correlates 
closely with that of their known vectors and meaningful 
explanations can usually be given for unexpected out
breaks, whether they occur inside or outside the enzootic 
areas. 

However, a sound knowledge of the factors influ
encing the epizootiology of each tick-borne disease ~s 
necessary in order to explain the creation of enzootic 
stability or instability of a specific disease on a farm. 

Enzootic stability, as defined by Callow (1977) for 
babesiosis, also occurs in other tick-borne diseases. It 
can be described as a situation in which there is frequent 
transmission of the parasites and infection of all young 
animals occurs during the period that they are protected 
by passively acquired or non-spe~ific factors. Acquired 
immunity develops and very few, If any, cases of disease 
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FIG I Some factors playing a role in the epizootiology of tick-boroe 
diseases 

are seen. Enzootic instability, on the other hand, de
scribes a situation in which some animals in the herd fail 
to become infected for a considerable period after birth, 
i.e. host/parasite imbalance exists as a result of infre
quent transmission. Disease is then seen when suscep
tible animals in a herd encounter infected ticks. 

In South Africa 2 factors are mainly responsible for 
enzootic instability, namely unfavourable climatic con
ditions for the ticks and the injudicious control of these 
parasites (De Vos, 1979; Howell, De Vos, Bezuiden
hout, Potgieter & Barrowman, 1981; De Vos & Pot
gieter, 1983). Both these factors result in the lowering of 
tick numbers to such an extent that animals fail to come 
in contact with infected ~icks at a young age and there
fore remain susceptible to disease. Until fairly recently 
tick eradication or the maintenance of a minimal disease 
situation by means of intensive dipping was advocated 
for the control of tick-borne diseases because of the suc
cess ex~rienced with the control of East Coast fever. 
This attitude has changed surprisingly quickly since the 
inherent dangers and problems with these methods have 
been recognized (Bigalke, 1976; Norval , 1981 ; Law
rence, Foggin & Norval, 1980). 

In many instances, the importance of enzootic stability 
has been realized and a resolution to live with ticks in 
this country has been adopted. 

Certain ecological areas, or individual farms, are suit
able for a minimal disease situation while others can only 
make use of the principle of enzootic stability. The ad
vantages and disadvantages of both principles were re
cently discussed at a symposium held in Pretoria (Bi
galke, 1982) and later summarized to help the farmer to 
decide which system he would like to implement 
(Anon., 1983). 

Many farmers have suffered severe losses because 
they have created a situation of enzootic instability 
through excessive tick control. The farmer is usually 
confronted with a variety of tick-borne diseases and opti
mum control of 1 tick species may result in instability 
with other vectors, and possibly tick worry. 

The position is further complicated by the fact that the 
transmission rate which is necessary to create and main
tain enzootic stability differs from I tick-borne disease to 
another. It is dependent on the percentage of infected 
ticks and the number of these parasites present on the 
animals on a daily basis (McCosker, 1981). Information 
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on the transmission rate for the different tick-borne dis
eases prevailing in this country is not available. Such 
information may be interesting, and possibly useful in 
certain studies, but it is doubtful whether it will be of 
practical value. 

Apart from the fact that it is very difficult, and in some 
cases even impossible, to determine the optimum 
transmission rate, there are many factors that can influ
ence the percentage of infected ticks present on a farm 
(Fig. 1). If these factors are not taken into consideration 
they may jeopardize standard recommendations regard
ing the number of ticks necessary to maintain enzootic 
stability. 

Looking at the problem of tick-borne disease control 
as a whole there seems to be almost general consensus 
that the only light at the end of a dark tunnel is the age 
resistance of young animals against tick-borne diseases. 
The advisability of stimulating immunity to the different 
tick-borne diseases, either naturally or artificially, dur
ing this age resistant period should be emphasized 
wherever and whenever possible. Vaccination of young 
animals is probably the best and most practical way to 
stimulate immunity and create enzootic stability. Vacci
nation is also advisable to protect animals if they are 
moved from a minimal to a stable disease situation. Fur
thermore, vaccination of young animals against babesio
sis should, to a large extent, avoid the problems asso
ciated with the vaccination combined with treatment re
gimen used in older animals. 

FuTURE STUDIES ON HEARTWATER EPIZOOTIOLOGY AND 
CONTROL 

Vaccination 
At present the production of heartwater blood vaccine 

is an expensive and crude method. Furthermore, due to 
the pathogenicity and lability of the vaccine, and the fact 
that it is only effective after intravenous injection, makes 
vaccination a cumbersome and dangerous procedure. 

It is therefore important that the improvement of the 
present blood vaccine should be high on the priority list. 
Heartwater-infected tick homogenates can be used for 
vaccination (Bezuidenhout, 1981). However, apart from 
being an inexpensive source of antigen this vaccine has 
no other advantages over the blood vaccine. Even if the 
pathogenicity of these vaccines cannot be changed they 
should at least be adapted for intramuscular or subcuta
neous injection. If this goal can be achieved it will en
sure that they are used much more widely than is the 
present intravenous vaccine, especially in young animals 
which are still protected by a natural resistance against 
heartwater. 

Attempts to cultivate C. ruminantium in vitro should 
continue and special methods used for the cultivation of 
other similar organisms, e.g. Chlamydia, should be in
vestigated (Weiss & Dressler, 1958, 1960; Gordon, 
Dressler, Quan, McQuilkin & Thomas, 1972). Apart 
from natural infection, vaccination is the only means of 
creating a stable disease situation, and this without the 
possible adverse effect of tick worry. 

Methods for identification of C. ruminantium 
An indirect fluorescent antibody (IFA) technique has 

now been developed (Du Plessis, 1981 ) and this could 
prove to be a most useful tool in epizootiological studies 
of heartwater. However, antigen production for this test 
is rather difficult and, in addition, there is poor correla
tion between antibody levels and the immune status of 
animals. It does, however, show up serum antibodies 
against Cowdria for a period of at least 3--6 months after 
artificial infection. If this IFA test is done at the correct 
time, or perhaps repeated, it can be used to determine the 



rate at which animals have come into contact with in
fected ticks. 

A purified antigen is urgently needed for the devel
opment of a direct fluorescent antibody (FA) technique 
that can be used for the final identification of Cowdria in 
in vitro culture systems, as well as in its vertebrate and 
invertebrate hosts. Furthermore, a suitable antigen either 
for the Elisa test or for any other test that can be used in 
connection with the production of monoclonal antibodies 
is warranted. In this regard efforts to purify organisms 
obtained from infected ticks, brain or blood by means of 
percol or other gradients and through affinity chromato
graphy should be stepped up. 

Susceptibility of different cattle breeds to heartwater in
fection 

Different susceptibilities in different breeds of cattle 
have long been suspected, and in some cases proved 
(Bonsma, 1944). 

The value of these findings should be explored. The 
indications are that adult cattle of different breeds are 
more or less equally susceptible. There might, however, 
be a significant difference in the length of the period 
during which young animals of different breeds are pro
tected by their natural resistance (Bonsma, 1944; Du 
Plessis, Bezuidenhout & Ludemann, 1984). If this is true 
it could be of great value, because breeds with longer 
periods of resistance when they are young will stand a 
better chance of becoming naturally immunized without 
becoming clinically diseased. In such breeds the creation 
of enzootic stability through vaccination or by means of 
natural infection will be much easier. To my mind the 
existence of such breeds may explain why so many farm
ers get away without vaccinating their cattle against 
heartwater. 

Percentage of infected ticks 
As already said, it is doubtful whether studies to deter

mine the percentage of infected ticks are worth the 
effort. Apart from the fact that at present there is no easy 
method to determine such a percentage, it must be real
ized that a few adult Amblyomma ticks can cause serious 
damage to their host. As far as enzootic stability is con
cerned it is not beneficial to have high numbers of ticks 
on a farm if only a very low percentage are infected with 
Cowdria. Obviously, the higher the percentage of in
fected ticks, the fewer are needed to maintain enzootic 
stability. Determination of the factors that influence the 
infection rate of ticks might prove to be a very useful 
exercise. Transovarial transmission of Cowdria in ticks 
does occur under laboratory conditions but it seems to be 
the exception rather than the rule; it is doubtful whether 
this phenomenon plays a role in the epizootiology of the 
disease (Bezuidenhout & Jacobsz, unpublished results, 
1980). 

Amblyomma larvae and nymphae obtain the infection 
when they feed on reacting animals suffering from the 
disease, on vaccinated animals and on immune animals 
that have been challenged either naturally or artificially 
(Alexander, 1931). 

Adult ticks usually reach maximum numbers during 
the summer and one can assume that it is during this 
period that the highest percentage of animals will have 
circulating organisms. Calves are usually born between 
September and December and this is the ideal time for 
them to become infested with ticks and at the same time 
infected with heartwater organisms. 

An interesting problem, however, is to explain where 
and when the adult ticks become infected. 

To improve the infectivity rate of ticks one can vacci
nate, or perhaps even revaccinate, some animals on the 
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farm during the period of peak larval or nymphal activ
ity. 

It should also be possible to obtain a similar effect by 
allowing larvae and adults to feed simultaneously on 
animals. There can be some overlapping of larvae and 
adults during summer but the larvae usually only peak 
later, during the end of summer or beginning of autumn 
(Londt, Horak & De Villiers, 1979; Rechav, 1982). 
Adults infect the animals which will then develop a rick
ettsiaemia which will infect the larvae. Under field con
ditions it should be possible to produce a higher level of 
overlap of larval and adult peaks by means of pasture 
spelling or rotational grazing. 

The possibility of improving the infectivity rate of 
Cowdria in ticks is, however, theoretical and will have 
to stand the test of scientific evaluation. The success of 
such studies will depend largely on the development of a 
reliable, easy method to determine whether ticks are in
fected or not. No such method exists at present. There 
are bound to be other factors affecting the infectivity rate 
of ticks, and the carrier status of heartwater immune 
animals has not conclusively been determined. 

Some questions regarding the infectivity rate of ticks 
are: 
- Whether different strains of ticks have different abili

ties to multiply and transmit heartwater organisms. 
- Does the "interference" phenomenon, where the 

presence of certain rickettsiae in a tick population 
prevents the infection of such ticks with other species 
of rickettsiae (Price, Johnson, Emerson & Preston, 
1954), also apply to Cowdria? 

Alternative hosts 
Some game animals can become fatally infected with 

heartwater while others can act as asymptomatic carriers 
of the disease (Uilenberg, 1983). Some laboratory ani
mals such as the mouse and ferret can also act as hosts 
for the organism (Mason & Alexander, 1940; Du Plessis 
& Kumm, 1971; McKenzie & Van Rooyen, 1981). The 
question is whether the identification of any additional 
animal hosts will help us to understand the epizootiology 
of the disease any better. Enough evidence is available to 
show that heartwater can occur and spread even in the 
absence of wild reservoirs (Neitz, 1967). 

Eradication of wild animals is usually undesirable or 
impractical , and in any case it is doubtful whether the 
recognition of any wild carrier a;timal will be of major 
importance as far as the epizootiology or control of 
heartwater is concerned. However, if such an animal 
could be used in the laboratory for the maintenance or 
establishment of different strains of heartwater, or if a 
successful cell line for the growth of Cowdria could be 
established from such a host, then it will be worth look
ing for. In addition, if any other animal could be used to 
grow less virulent strains for vaccine purposes it might 
be extremely valuable. 
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