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The impact of 2 dipping systems on endemic stability to bovine babesiosis
and anaplasmosis in cattle in 4 communally grazed areas in Limpopo
Province, South Africa

B O Rikhotsoa,b, W H Stoltsza, N R Brysona* and J E M Sommervillec

INTRODUCTION
Tick infestation and the diseases trans-

mitted by ticks are a major problem for
farmers in the tropical and subtropical
regions of the world and are widespread
in Africa12,26. Ticks and tick-borne diseases
(TBD) cause considerable economic losses
to owners in those areas of southern Africa
in which cattle are communally grazed,
and the occurrence of tick worry, ab-

scesses and even mortality is often high31.
Three economically important TBD

occur in the region, namely bovine
babesiosis, caused by Babesia bovis and
Babesia bigemina, bovine anaplasmosis
caused by Anaplasma marginale, and
heartwater or cowdriosis, caused by
Erhlichia (Cowdria) ruminatium. Babesia
bovis is transmitted by Rhipicephalus
(Boophilus) microplus, the only known
vector in southern Africa38, B. bigemina by
Rhipicephalus (Boophilus) decoloratus and R.
(B.) microplus30 and to a much lesser extent
by Rhipicephalus evertsi evertsi 7 and A.
marginale chiefly by R. (B.) decoloratus and
R. (B.) microplus, and to a lesser extent by
Hyalomma marginatum rufipes, R. evertsi
evertsi and Rhipicephalus simus. Mechanical
transmission by biting flies also occurs. In
South Africa E. (Cowdria) ruminantium is

transmitted by Amblyomma hebraeum.
Livestock production in southern Africa

is heavily dependent on improved animal
health and this entails good tick and TBD
control. Many commercial and some rural
subsistence farmers use regular short-
interval dipping to keep their cattle virtu-
ally tick-free. Intensive dipping policies
were first instituted during the East Coast
fever (Theileria parva) era and this has led
to endemic instability to many of the
TBD31. More recently, however, there has
been a shift towards strategic and thresh-
old tick control with acaricides applied
less frequently during periods of low tick
abundance and more frequently during
the critical times of the year to avoid the
damaging effects of adult ticks15,29.

In the Bushbuckridge region, farmers
were previously dependent on the Depart-
ment of Veterinary Services in Limpopo
Province, South Africa, for the free provi-
sion of acaricide, maintenance of dip-
tanks and for supplying diptank person-
nel and other labour. In extensive beef
production systems, especially on com-
mercial ranches in southern Africa, the
gathering of cattle for dipping is labour-
intensive and costly31. Furthermore, farm-
ers may suffer production losses as a
result of stress, abortions, drowning and
physical injuries and may also lose a day’s
animal traction and labour on dipping
days. Many commercial beef farmers
would like to move away from intensive
dipping, but are not convinced that alter-
native control strategies are cost-effective
and do not carry a high risk of outbreaks
of TBD32.

The aforementioned are some of the
important reasons for re-appraising cur-
rent tick control strategies in Africa. The
alternative approaches emphasise the
maintenance of endemic stability (75 % of
animals in a herd are seropositive), the
use of vaccines against TBD, and the in-
troduction of tick-resistant cattle. Where
vector density is high, infection with TBD
is common and usually occurs early in the
host’s life, accompanied by reduced mor-
bidity and mortality31,34. Stability to bovine
babesiosis, anaplasmosis and heartwater
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ABSTRACT
A 12-month study was conducted in 4 communal grazing areas in the Bushbuckridge
region, Limpopo Province, South Africa. The main objective was to investigate the impact
of reduced acaricide application on endemic stability to bovine babesiosis (Babesia bigemina
and Babesia bovis) and anaplasmosis (Anaplasma marginale) in the local cattle population.
To this end 60 cattle in each communal grazing area were bled at the beginning and the
conclusion of the experimental period and their sera were assayed for B. bovis, B. bigemina
and Anaplasma antibodies. Cattle in the intensively dipped group were dipped 26 times
and maintained on a 14-day dipping interval throughout the study, whereas cattle in the
strategically dipped group were dipped only 13 times. Three cattle, from which adult ticks
were collected, were selected from each village, while immature ticks were collected by
drag-sampling the surrounding vegetation. During the dipping process, a questionnaire
aimed at assessing the prevalence of clinical cases of tick-borne disease, abscesses and
mortalities was completed by an Animal Health Technician at each diptank. An increase in
seroprevalence to B. bovis and B. bigemina and a decrease in seroprevalence to Anaplasma
was detected in the strategically dipped group while in the intensively dipped group the
converse was true. Amblyomma hebraeum was the most numerous tick species on the cattle,
and Rhipicephalus (Boophilus) microplus was more plentiful than Rhipicephalus (Boophilus)
decoloratus. Drag samples yielded more immature stages of A. hebraeum than of Rhipicephalus
(Boophilus) spp. The incidence of clinical cases of tick-borne disease and of abscesses
increased in the strategically dipped group at the start of the survey.

Key words: Amblyomma hebraeum, Anaplasma marginale, Babesia bovis, Babesia bigemina, cattle,
communal grazing, endemic stability, Rhipicephalus (Boophilus) decoloratus, Rhipicephalus
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is common in endemic areas in Africa10,30.
Infestation with R. (B.) decoloratus usually
indicates endemic stabi l i ty to B.
bigemina11,30, thus reducing the risk of
losses due to the parasite. In a study con-
ducted in South Africa, cattle that were
treated erratically with an acaricide or on
which there was a reduction in the inten-
sity of acaricide application, passed from
endemic instability and low prevalence of
seropositivity to endemic stability and
high prevalence of seropositivity without
outbreaks of clinical disease42. On the
other hand, intensive dipping interferes
with the development of endemic stabil-
ity to TBD8. There are now many propo-
nents of the view that it is advisable to aim

for endemic stability to TBD in commu-
nally grazed areas in Africa because it is
the more sustainable option30,31.

Frozen, live, blood-based vaccines
against bovine babesiosis and anaplas-
mosis are presently available4,11 and a
single vaccination should provide long-
lasting protection. Research is now
focused on the use of indigenous African
cattle (Bos indicus), which are more resis-
tant to ticks than European breeds36,39.
This characteristic is attributed to both
innate resistance5,14,39 and the genetic abil-
ity to acquire resistance4. Tick-resistant
cattle are able to attain a state of endemic
stability to most TBD without tick control
measures being applied30. Endemic stabil-

ity is maintained by continuous exposure
of the cattle to infected ticks; young calves
become infected and are able to take
advantage of an age-related resistance or
colostral immunity, which minimises the
effects of the disease31. A recombinant
DNA vaccine against the 1-host tick R. (B.)
microplus has also been developed9,45

and registered for commercial use in
Australia45. It targets the gut cells, destroy-
ing the tick’s digestive tract and resulting
in a 90 % reduction in its weight and egg
production capacity17,45. Vaccination with
recombinant gut antigens of R. (B.) micro-
plus has controlled tick infestations in
South America17.

It is likely that in future communally-
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Fig. 1: Comparison of the seroprevalence of Babesia bovis, B. bigemina and Anaplasma of adult cattle and calves dipped intensively and
strategically between April 2002 and March 2003. a: Total B. bovis serology; b: B. bovis adult serology; c: B. bovis calf serology; d: total
B. bigemina serology; e: B. bigemina adult serology; f: B. bigemina calf serology; g: total Anaplasma serology; h: Anaplasma adult
serology; i: Anaplasma calf serology.



grazed indigenous cattle will probably
require minimal tick control, ranging
from none during the dry season to strate-
gic and threshold control during the wet
season27. Strategic control would be ap-
plied only at critical times of the year to
minimise the seasonal damage caused by
adult ticks. Most economically important
tick species display a clear seasonal pattern
of adult activity, which makes the notion
of strategic control feasible2,20,21. Threshold
tick control, which is applied only when
the number of ticks per individual host
exceeds a predetermined economic
threshold is now also widely used8. It has
been found that seasonal peaks in the
numbers of immature A. hebraeum and
Rhipicephalus appendiculatus occurred in
spring and autumn, while all stages of
R. (B.) decoloratus peaked in spring and
late summer2. It was also found that im-
mature R. appendiculatus peaked in spring
and autumn and the adults of Hyalomma
spp. in summer40. These studies indicate
that dipping during peak tick activity
should control those tick species preva-
lent in large parts of this region13.

The primary objective of the present
study was to investigate the impact of re-
duced acaricide application on endemic
stability to bovine babesiosis and anaplas-
mosis in the local cattle population in the
Bushbuckridge region of the Limpopo
Province and to implement alternative
measures to maintain endemic stability to
TBD without resulting in a significant
increase in their occurrence and of tick
damage.

MATERIALS AND METHODS
The study was conducted in 4 commu-

nal grazing areas (CGA) at Bushbuck-
ridge, namely Oakley (31°15’S, 24°58’E),
Cunningmore (31°16’S, 24°56’E), Mkhuhlu
(31°16’S, 25°00’E) and Ronaldsy (31°18’S,
24°55’E). Fences separated the farms but
all 4 CGA were located in a single ward
and had similar vegetation and climato-
logical and ecological conditions. This is
a summer rainfall area with high tick
challenge during the summer months
(November to February) and the grazing
consists of natural sourveld1. Two hun-

dred and forty, predominantly Nguni
cattle, aged between 6 months to fully
grown adults were selected from the 4
CGA (60 animals per CGA). One hundred
and sixty of these were older than 2 years
and 80 were calves less than 1 year old.
The adult cattle and calves were selected
for the experiment by a random sampling
technique41. The 4 diptanks in the study
region were the primary sampling units
and the individual cattle/calves were the
secondary sampling units41. The preva-
lence of bovine babesiosis and anaplas-
mosis in the study region was unknown,
hence an estimation of a 25% prevalence
with a 95% confidence level was made.
The sample size was determined by
assuming that the estimated prevalence
was within 5 % of the true level41.

At Cunningmore and Mkhuhlu, 120
cattle were dipped intensively, i.e. at
14-day intervals, while a similar number
at Ronaldsy and Oakley were dipped
strategically. All adult cattle and calves in
the study area had been dipped at 14-day
intervals prior to the start of the experi-
ment. The 2 groups of the sample popula-
tion were run in separate but similar
grazing camps from April 2002 to March
2003. Blood samples were collected from
240 animals during April 2002 and again
from 240 animals (not necessarily the
same animals) during March 2003 and the
sera were assayed using the indirect fluo-
rescent antibody test (IFAT) for B. bovis
and B. bigemina23 and the competition in-
hibition enzyme-linked immunosorbent
assay (CI-ELISA) for A. marginale44.

Adult ticks were collected at monthly
intervals prior to dipping from 3 animals
(a calf and 2 adults) at each village. The
animals were restrained in a crush-pen
and adult ticks were collected from one
half of the animal for identification and
counting. The numbers recovered were
multiplied by 2 to give the total number of
ticks on each animal. Immature ticks were
collected by drag sampling the vegetation
of the 4 CGA, and 3 drag-samples per
month were done per village35.

The intensively treated group was
dipped 26 times during the study period
and the strategically treated group 13

times during the same period. The strate-
gically treated group was allowed to ac-
quire moderate to heavy tick burdens
between acaricide treatments, especially
during peak adult tick activity. A ques-
tionnaire aimed at estimating the damage
caused by adult ticks, including abscesses,
clinical disease and mortality was com-
pleted by the Animal Health Technician
stationed at each diptank during dipping.

Statistical analyses of the results were
performed at the Department of Statistics
at the University of Pretoria using the
Chi-square test to test for association be-
tween 2 variables (SAS v 8.2 programme).
If the test gave a P-value of less than 0.05
the association between the 2 variables
was significant at the 95 % confidence
level. A low P-value also indicated that the
association was not due to random error
or to chance. The tests were performed
using 2-way frequency tables and the
serological data from the cattle and calves
were compared for 2002 and 2003 taking
the age of the animals and the dipping in-
tervals into account.

RESULTS

Serology
The results of the serological tests for B.

bovis, B. bigemina and Anaplasma for the
strategically and intensively treated
groups of cattle are illustrated in Fig. 1.

The percentage of sera positive for B.
bovis in the strategically treated group in-
creased significantly in 2003 compared
with 2002 in both adult cattle and calves
(P < 0.05). Seroprevalence for B. bigemina
also increased significantly in the adult
cattle (P < 0.05) in 2003, but the increase in
the calves was not significant. Sero-
prevalence for both B. bovis and B.
bigemina did not change significantly
from 2002 to 2003 (P > 0.05) in the inten-
sively treated group. There was a signifi-
cant decrease in the seroprevalence of
Anaplasma in 2003 when compared with
2002 (P < 0.05).

Ticks on cattle and the vegetation
The total counts of adult and immature

ticks from cattle, calves and the vegeta-
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Table 1: Total number of adult ticks collected from adult cattle (a + b) and calves (c + d) (2002/2003) and immature (Imm) ticks collected from
the vegetation.

R. (B.) microplus/ A. hebraeum R. appendiculatus H. m. rufipes
Treatment group R. (B.) decoloratus

Male Female Imm Male Female Imm Male Female Imm Male Female Imm

a) Intensively treated group (adult cattle) 45 46 851 45 50 1243 43 51 639 45 46 678

b) Strategically treated group (adult cattle) 43 67 953 115 120 1630 65 66 893 43 62 899

c) Intensively treated group (calves) 43 39 – 46 45 – 57 55 – 48 72 –

d) Strategically treated group (calves) 51 68 – 102 123 – 63 64 – 40 51 –



tion for the intensively and strategically
treated groups had been pooled sepa-
rately and are presented in Table 1 and
Figs 2, 3 and 4. A. hebraeum was the most
common tick species collected with R. (B.)
decoloratus, R. (B.) microplus, R. appendicu-
latus and H. m. rufipes also present. Adult
ticks peaked during spring and summer
while immature ticks peaked during au-

tumn and spring (P-value of less than
0.05).

The prevalence of clinical disease,
mortality and abscesses

Three clinical cases of babesiosis (B.
bigemina) and 9 cases of anaplasmosis
were recorded in the strategically dipped
group while only 1 case of anaplasmosis

was reported in the intensively dipped
group during the survey. A further 3
mortalities due to anaplasmosis were
recorded in the strategically dipped
group and 1 in the intensively dipped
group. Seventeen abscesses were recor-
ded in the strategically treated group and
only 2 in the intensively treated group
(Table 2). The TBD in affected animals
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Fig. 2: Adult ticks collected from intensively (−■−) and strategically (--�--) dipped adult cattle and calves between April 2002 and March
2003. a: Rhipicephalus (Boophilus) microplus; b: R. (B.) decoloratus; c: R. appendiculatus; d: Hyalomma marginatum rufipes;
e: Amblyomma hebraeum.



were diagnosed by a veterinarian, who
used a combination of clinical signs and
the microscopic examination of blood
smears.

DISCUSSION
It is generally accepted that endemic

stability to TBD exists when the number
of seropositive animals in a herd reaches
75 % by 9 months25,30. Mahoney and Ross’s
model was developed using serological
results from calves up to 9 months of age.
Older cattle were included in the present
study to give a more realistic idea of the
risk of disease outbreaks in the area33. The
statistically significant increase in sero-
prevalence to B. bovis in both adult cattle
and calves (P < 0.05) in 2003 at Oakley
and Ronaldsy, where the strategically
treated groups grazed, is similar to find-
ings in other surveys in southern Africa in
which B. bovis seroprevalence was high
and where R. (B.) microplus was common
and little tick control was practiced30,33,37.
The main cause of the increase in
seroprevalence was probably due to the
reduced frequency of dipping which re-
sulted in a greater number of ticks on the
cattle, thus increasing the rate of trans-
mission of Babesia33,37. The seroprevalence
levels of B. bovis in both calves and adult
cattle in the intensively treated group
(Cunningmore and Mkhuhlu) declined
during the study probably because this
group remained on the same intensive
dipping regimen that had been practiced
previously28. In addition, the decline was
probably due to a greater compliance by
farmers in bringing their cattle for dip-
ping compared with previous years.

The significant increase in seropreva-
lence to B. bigemina in adult cattle in 2003
is consistent with findings on farms with
medium tick control in Zimbabwe30. The
increase in seroprevalence to B. bigemina
in the strategically treated group is also
probably due to an increase in tick burdens
on the cattle (Figs 3, 4) especially R. (B.)
decoloratus and R. (B.) microplus; The over-
all seroprevalence to B. bovis was higher
than that to B. bigemina in the strategically
treated group than in the intensively
treated group, whereas one would expect
the converse to be true10,11. It is common
knowledge that the sensitivity of IFAT to
B. bovis, B. bigemina and A. marginale re-
gresses with time after exposure but it
flattens out after 98 days19,24. It has also
been shown that a serological cross-
reaction between B. bovis and B. bigemina
exists3,18,19. At the Onderstepoort Veteri-
nary Institute (OVI) positive IFAT control
slides that are very specific for B. bovis and
B. bigemina were used, therefore the
positives were definite (O Matthee, pers.
comm. 2002). However, several studies in

Africa30,33,34 have reported higher preva-
lence rates to B. bovis than to B. bigemina in
communal herds where both B. bovis and
B. bigemina co-exist. This could be due at
least in part to the displacement of R. (B.)
decoloratus by R. (B.) microplus43 and the
fact that R. (B.) microplus feeds more effi-
ciently on cattle than R. (B.) decoloratus. If
one uses the criteria suggested by
Mahoney and Ross, then endemic stabil-
ity to B. bovis and B. bigemina was not pres-
ent in this cattle population25.

Unfortunately an exact comparison

between the 2002 and 2003 serological
results for Anaplasma could not be made
because the laboratory at the OVI , where
the tests were done, used different anti-
genic kits for the 2002 and 2003 tests.
Despite an increase in the number of
R. (Boophilus) spp. ticks on the strategi-
cally treated group there was a sharp de-
cline in the seroprevalence to Anaplasma;
Anaplasma marginale is also mechanically
transmitted by biting flies whose behav-
iour is greatly influenced by climatic con-
ditions. However, the degree of endemic
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Fig. 3: Comparison of the total number of adult ticks (all species) (--�--) collected off
intensively (a) and strategically (b) dipped cattle and calves between April 2002 and March
2003.

Table 2: The prevalence of clinical disease, mortality and abscesses in cattle at Bushbuck-
ridge; the number of clinical cases in each case is also indicated.

Dipping regime Clinical disease Mortality Abscesses

Intensive Anaplasmosis (1) Anaplasmosis (1) 2

Strategic Anaplasmosis (9) Anaplasmosis (3) 17
Babesiosis (3)



stability to anaplasmosis does not neces-
sarily correlate with dipping frequency
and it has also been stated that dipping
frequency does not reduce the seroposi-
tivity to Anaplasma30. The absence of out-
breaks of clinical disease prior to the study
could possibly be ascribed to the presence
of non-pathogenic strains of the organism
in the study region. Cattle in the villages
may also have been resistant to TBD after
years of exposure to these diseases.

During the study adult tick numbers
peaked in spring and summer (Fig. 4), and
statistically significant peaks in immature
tick numbers occurred in autumn and in
spring (P < 0.05). There was, however,
no statistically significant correlation
between the adult tick burdens of the
adult cattle and those of the calves. The
relationship between the seasonal counts

of immature ticks and the 2 dipping regi-
mens was, however, statistically signifi-
cant (P < 0.05). The most prevalent tick
species collected from the cattle was
A. hebraeum, a finding similar to that of
other studies done on cattle in the Eastern
Cape Province16,21. After R. (B.) decoloratus,
A. hebraeum was the most numerous tick
species on kudus in the Kruger National
Park, which is adjacent to the study sites22.
Rhipicephalus (B.) decoloratus, R. (B.) micro-
plus, R. appendiculatus and H. m. rufipes,
were also collected in significant num-
bers. The results are also similar to those
of another recent survey in this region6.
The presence of adult R. (B.) microplus re-
corded in the present survey might also
explain the increase in seroprevalence to
B. bovis, a finding similar to the one done in
the Limpopo Province43. The number of

R. (Boophilus) spp. collected from the
cattle peaked during spring and autumn,
a common finding in other regions of
South Africa2,6,35.

Eleven cases of clinical TBD occurred in
the strategically treated group during the
1st quarter of the study period. This
group of cattle had been maintained on a
14-day dipping interval prior to the study.
A single case of anaplasmosis was recorded
in the intensively dipped group of cattle
during the corresponding period. The
low incidence of clinical anaplasmosis
could be due to a greater degree of endemic
stability as suggested by the 75 % positive
seroprevalence. All 12 clinical cases were
treated and 8 recovered.

It is concluded that it is unnecessary to
dip cattle intensively at fortnightly inter-
vals in this region especially when one
considers the relatively low tick burdens
on the cattle and on the vegetation. The
increase in seroprevalence to B. bovis and
B. bigemina in the strategically treated
group of cattle implies that if a reduced
dipping frequency could be maintained
for long enough an endemically stable
disease situation should result. Out-
breaks of clinical cases of disease could be
treated and vaccination could be used to
supplement the natural tick challenge if it
is not sufficient to maintain endemic
stability. The increased seroprevalence to
both B. bovis and B. bigemina in calves
suggests that calf vaccination is unneces-
sary and that tick control should therefore
be aimed mainly at preventing excessive
tick worry.
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Fig. 4: Total number of adult ticks collected from intensively ( ) and strategically (--�--)
dipped (a) adult cattle, (b) calves and immature ticks collected from the vegetation (c)
between April 2002 and March 2003.
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