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Abstract: Ticks and tick borne diseases are of global importance because of their economic and health
implications in livestock, human and companion animals. Cattle ticks are responsible for severe economic losses
in both dairy and beef cattle enterprises in tropics. The application of acaricides is the most common method
used to control cattle ticks in Africa. Due to the present disadvantages of chemical acaricide products, the
adoption of alternative methods could minimize such problems associated with chemicals. Over-dependence
on the use of acaricides for the control of ticks has not been supported by many reviewers and researchers
because of the side effects of acaricides on the environment and associated risks. One of the alternative
methods of tick control is the utilization of host resistance. Knowledge of the mechanism of breed resistance
against tick is very essential for designing successful immunological strategies to control ticks in susceptible
hosts. It is recommended that integrated measures such as a combination of classical and modern methods
which incorporate chemical, ecological, genetic and immunological aspects of tick control should be
implemented.
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INTRODUCTION population is becoming susceptible to both   the   ticks

Tick infestation represents a major challenge for [9].
African cattle. There are approximately 879 known tick Study in South Africa showed that some farmers
species worldwide. These species are grouped into three receive awareness and training from extension officers
families: Argasidae or soft bodied ticks (186 species), and this greatly contributed to their knowledge on cattle
Ixodidae or hard bodied ticks (692 species) and production and diseases as older farmers feared their
Nuttalliellidae (1 species) [1]. Ticks and tick borne animals were prone to death due to heat stress and ticks.
diseases (TBDs) are of global importance because of their In the study most men also perceived that ticks cause tick
economic and health implications in livestock, human and worry and reduced feed intake in cattle. In the study it
companion animals [2]. Cattle ticks are responsible for was showed that majority of the farmers (55%) claimed
severe economic losses in both dairy and beef cattle that tick resistance and heat tolerance attributes were the
enterprises in tropics [3]. Tick infestation is one of the reasons why they kept certain cattle breeds [10]. 
major problems that farmers face [4], causing economic Natural resistance to ticks is influenced by
losses in the cattle industry [5, 6]. Africa loses $160 environmental factors [11], a significant part of the
million in tick and tick-borne diseases’ (TBDs’) related to variation in resistance to ticks is under genetic control.
cattle deaths annually [7, 8]. Currently tick control Hayward [12] advocated the use of naturally resistant
depends largely on the use of different chemicals. But the cattle for breeding selection programmes as   a   tick
development of resistance against commonly available control method. Heritability estimate for tick resistance
acaricides has created problem in this regard and animal varies   from   0.05  to 0.42 [13, 14], indicating that genetic

and   diseases  they transmit, with disastrous outcomes
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Table 1: Tick species and its distribution in Africa
Tick Spp Distribution
Hyalomma spp. Northern Africa and the Sudan
R. appendiculatus East, Central and Southern Africa
R. appendiculatus, R. evertsi, A. variegatum South and East Africa
I. ricinus, I. presulcatus, B. microplus, B. calcaratus, R. bursa, Boophilus spp. Africa
R. (B.) annulatus, R. ( B.) calcaratus, R. (B.) decoloratus, R. (B.) microplus,
R. e. evertsi, R. bursa, R. appendiculatus, Haemaphysalis punctate Northern & Southern Africa 
B. calcaratus Northern & Western Africa 
Rhipicephalus (Boophilus) spp., Amblyomma spp. East central and Southern parts of Africa

Table 2: Tick-resistant zebu cattle breeds in Africa [17]
Breed Country Reference
Afrikander South Africa [24]
Brahman South Africa [48]
Bonsmara South Africa [29]
Ngunis-Nkoni (Sanga) South Africa [29]
Boran Kenya [20]
Kenana Sudan [30]
Butana Sudan [30]
Boran Ethiopia [32]
Horro Ethiopia [32]

improvement for tick resistance through selection should
be feasible. Therefore, objective of this paper is to review
breed resistance against parasitic ticks in Africa.

Common Tick Species in Africa: In Africa, there are over
650 tick species spread across seven genera. Of the seven
genera of hard-bodied ticks that affect livestock in Africa,
four are of economic importance in cattle. These are:
Rhipicephalus, Amblyomma, Hyalomma and the
subgenus Rhipicephalus (formerly Boophilus) (Table 1)
[2]. Hyalomma marginatum is widely distributed across
North Africa and Asia where it is reported from Algeria,
Armenia, Azerbaijan, Egypt, Ethiopia, Georgia, Iran, Iraq,
Israel,   Morocco,   Sudan, Syria, Tunisia and Turkey
(Table 1) [15- 17].

In Ethiopia several tick species of the genera
Amblyomma, Boophilus, Haemaphysalis, Hyalomma and
Rhipicephalus have been identified [18].

Tick surveys have been carried out in different
regions by different researchers [19, - 23]. More than 60
species of ticks infesting both domestic and wild animals
have been recorded [18] and 33 of these are known to be
most common and are important parasites of livestock
[19]. Except for extremely cold and dry areas, R. microplus
has extended its range and is now present in all warm and
humid areas of the country. The bont tick (A. hebraeum)
was reported to occur only in the warm, moist coastal
areas of South Africa. But, it has recently been reported
that A. hebraeum’s distribution is expanding to the inland
semiarid areas of South Africa. The expansion in the
distribution of the bont tick in South Africa may be

associated with more intense periods of drought
especially in the inland highlands areas as hypothesized
for the bont tick in Zimbabwe. 

Tick Resistant Cattle Breeds in Africa: The earlier
observations on cattle mortality due to heartwater and its
relation to the number of ticks on animals of different
breeds made by Bonsma in 1940s [24] in South Africa
formed the basis of the  studies  on  host-resistance to
tick infestations. The study showed  that  Africander
cattle  carried  far  fewer  ticks  than  British  beef  cattle
and had a far lower mortality rate than the British cattle
(6% vs 60%). This pioneer work by Bonsma was
resurrected by researchers in Africa 40 years later.
Assessment and quantification of host-resistance were
carried out on several African indigenous breeds of cattle
(Table 2). The majority of these breeds are tick-resistant
and of high productivity [25, 26].

It has been recognized that various breeds of cattle
differ in their response to tick infestations. Bos indicus
pure breeds and crossbreeds were reported to be more
innately resistant than Bos taurus breeds [27, 28].
Indigenous African cattle can be broadly classified into
four categories: humpless Bos taurus, humped Bos
indicus, Sanga (African humpless Bos taurus × humped
Bos indicus hybrid) and Zenga, defined as Sanga X Zebu
back cross. In addition to these four categories, other
African cattle breeds have been recently derived through
recent cross breeding with exotic [31]. Tick resistance
might vary among breeds with the species of infesting tick
(Table 2) [32]. It is known that in many subtropical and
semi-arid environments in Africa, indigenous dual-
purpose breeds are highly resistant to ticks, resulting in
low infestation rates [33].

There is   uniform   agreement   that   Zebu   cattle
(Bos indicus) have, on average, greater tick resistance
than either European cattle (Bos taurus) or African cattle
[13, 35 - 38]. Tick-borne disease outbreaks are not
common in the western region of Ethiopia, although
anaplasmosis, heartwater and babesiosis are known to
exist [39].
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Table 3: Cattle breeds and their level of resistance to specific tick species 
Cattle breeds Level of resistance Tick species References
Nguni compared to Hereford & Brahman High Rh. decoloratus [48]
Zimbabian sanga compared to Nguni and Brahman High A. variegatum, Rh. decoloratus [49]
Boran compared to Tulis High Rh. microplus [36]
Nguni compared to Bonsmara and Angus steers High Rh. appendiculatus [41]
Nguni breed compared to indigenous-exotic crosses (non-descript cattle) High Rh. appendiculatus, Hyalomma species [42]
Nguni cattle compared to Bonsmara High Rh. microplus [46]

Table 4: Cattle breeds and their level of resistance in Ethiopia
Cattle breeds Level of resistance References
Horo compared to Abigar and Sheko breed High [40]
Horo compared to its crosses with Simmental and Jersey High [32]
Horo compared to Boran breeds High [32]
Gurage compared to Abigar and Sheko breeds High [40]
Pure Boran compared to their crosses High [32]

Adey [40] conducted a comparative study in the susceptible to trypanosomosis [50] however; tolerance to
Ghibe Valley, Ethiopia, to obtain information on the the disease has been documented in the Orma Boran, an
resistance levels of four indigenous breeds of cattle East African zebu breed [51]. They are adapted to dry
(Abigar, Gurage, Horro and Sheko) to natural infestation environmental conditions and high temperatures and are
by ticks. Resistance to ticks among breeds was evaluated known to be more resistant to tick infestation compared to
based on the cumulative log transformed counts of total Bos taurus cattle [52]. African Zebu cattle inhabit western
ticks, fully engorged females and adult ticks. Based on the and eastern parts of Africa. Their large body size and high
given parameters, Horro and Gurage breeds were found to production levels in tsetse-free areas have made them
exhibit significantly higher resistance to ticks than Abigar more appealing to the local farmers and therefore partly
and Sheko breeds (Table 4). explain their abundance and wide distributions in Africa.

Several studies have been conducted to determine Unlike trypanosomosis, African Bos indicus cattle are
the resistance of Nguni cattle to ticks under both believed to be more resistant to infestation by cattle ticks
controlled [29,      41]     and   uncontrolled   conditions compared to taurine animals [29]. However, among
[14, 42, 43]. Mwai et al. [44] revealed that, the Tswana African taurine cattle, the N’Dama and Ankole (humpless
cattle from Botswana are also resistant to heavy tick longhorns) have been reported to be resistant to tick
challenges. These findings concur with Rege et al [45] infestation [52]. 
who also studied the same breed. It was reported that In addition, Tswana cattle (South African Sanga),
Mashona cattle were more resistant to ticks and had high from Botswana, have very high tolerance to heavy tick
calving and weaning rate under marginal environmental challenges. The Tswana is also known to have resistance
conditions characterizing most smallholder areas when to the endemic heart water disease, as do Landim cattle
compared to some exotic breeds. The resistance to ticks (South African Sanga) from Mozambique [53].
in sanga breed has been attributed to coat characteristics The occurrence of comparative resistance of local
such as colour, hair length and density [46], grooming cattle and breeds of importation to local ticks of the
behavior and delayed cutaneous hypersensitivity reaction genera, Rhipicephalus and Hyalomma has received
to tick infestation [47]. recent attention. Some authors [54] found that European

In another studies in Ethiopia, involving indigenous dairy breeds can develop resistance to the three-host
breeds such as Boran and Horro (Bos indicus) and their African ticks Amblyomma hebraeum. Others found that
crosses with Simmental, Friesian and Jersy (Bos taurus), under field conditions a higher number of ticks were
it was observed that pure Horro and Boran breeds had recovered from breeds Hereford and Simmentaler than
lowest and intermediate tick burdens, respectively. The from Brahman or Nguni [55] (Table 3).
crosses of Horro with Simmental and Jersey showed
relatively high resistance than all the other crosses and all Mechanism of Breed Resistance Against Ticks: From the
crosses with Boran showed low resistance [32]. 1930s onwards, investigations into host resistance to

Zebu cattle (Bos indicus), are the majority of cattle ticks began to appear and since then innumerable studies
types in Africa. They have a fatty thoracic hump on their on the immunological aspects of the host-tick relationship
shoulders and a large dewlap. The Zebu is usually has been carried out. Domestic livestock manifests tick-
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resistance by various ways; better familiarity of can be passively transferred with viable lymph node cells
indigenous cattle of the infested zone in grazing area or but not with serum from resistant hosts. This passage
by morphological differences in the host altering the method of tick resistance suggests a delayed
chance of attachment to the ticks [56]. hypersensitivity mechanism for the acquisition of

It has long been recognized that some animals, or resistance [68]. 
whole breeds, consistently carry fewer ticks than others The blood histamine level have been found to be
kept in the same environment [57, 58]. Such differences elevated as a result of cutaneous basophils or mast cells
are caused by variation in the animals' abilities to respond increase in resistant hosts, which degranulate in the
immunologically to tick infestation [59]. The ability to region of ticks attachment to produce histamine. The
develop resistance is heritable [60, 61] and the actual histamine has shown to stimulate detachment of tick
manifestation is acquired [57, 62]. It is stable   over longer larvae. But the infestation rate increases in normally
periods, although stresses such as lactation or sickness resistant zebus either due to true inhibition by the allergic,
cause a drop in resistance [34, 63, 64]. Different levels of or by reduced cutaneous pruritis that halts licking that
resistance occur in all breeds, but this is manifested more enables to kill the larvae by resistant cattle [9].
strongly in zebu cattle and their crosses [62, 64, 65]. Immunological mediators induced by tick antigens

Host resistance to ticks is the ability of a host, once introduced into host skin contribute to the itching
primed, to mount an immune response to components of sensation which stimulates grooming. However,
the saliva of feeding ticks, debilitating or  killing   them. dislodging of ticks in the case of two–three host ticks by
The methodology for studying the levels of host grooming may simply be a response to the irritation of
resistance to ixodid ticks involves the assessment of ticks walking on the skin while seeking their predilection
several feeding and fertility parameters like reduced sites before attachment [69].
number of feeding ticks, engorgement weight, length of Regarding gene and markers associated with tick
feeding period, egg production, percentage of egg resistance, it was reported that integrating current
hatching and increased mortality of egg and larvae [34]. breeding programmes with selection for tick resistance

Resistance of cattle to tick infestation was reported to idea seems to be promising but as seen earlier there is
consist of innate and acquired components. The defense either low or no correlation between tick counts and
mechanisms, including tick avoidance, grooming, skin various productive and reproductive traits. Moreover,
characteristics and more specific immunological under extensive farming conditions, it is not feasible
responses, are involved in reducing the number of ticks economically to record tick counts. Prevailing scenario
parasitizing cattle. Avoidance was attributed to the compelled people to look for the development of genetic
sighting of the ticks [66]. The first account of host markers. Several efforts have been made in an attempt to
immunity to ticks appears to be that written by Nuttall isolate and validate markers for selection of resistant
[67], which refers to the phenomenon of natural immunity genotypes. Marker assisted selection could be used to
in humans. pre-select young animals, shorten generation interval and

According to the observation of authors, African increase genetic gain. These molecular markers have the
cattle (Bos indicus) naturally self-groom and groom each capacity to allow prediction of breeding value for traits
other frequently and thoroughly. Significantly fewer ticks that had previously been difficult to measure and hence
were found on those animals that were able to groom. were not included in the selection criterion.
Some breeds have the ability to reduce the number of Understanding the biological and physiological
ticks they carry and are considered resistant while others mechanisms of these resistance genes could help to
cannot control the number of ticks they carry and thus are develop new and more effective acaricides and vaccine
referred to as sensitive breeds [17]. The observation was [70, 72]. Efforts were made by scientists and who found an
true and even the Zebu cattle show the ability to groom association between the distribution of biochemical
themselves on any standing poles, tree, barn wood and polymorphic amylase genes and tick burden which
bushes, etc. reached significance in drought master but not in B.

Spontaneous or acquired resistance may be following taurus cattle. Recently, acute-phase proteins
infestations, due to the development of cutaneous (haptoglobin, serum amyloid A, alpha-1 acid glycoprotein
hypersensitivity. The mechanism responsible for acquired and transferrin) were re-evaluated by comparing the
resistance to ticks has been suggested to be a mast cell- response of Holstein (B. taurus) and Nellore (B. indicus)
dependent eosinophil hypersensitivity [28]. Resistance animals under natural infestation [71].
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Differences in serum concentration of some proteins infestations, tick-induced immunosuppression has not
(e.g. haptoglobulin and transferrin) were confirmed and been observed and thus speculated that resistant hosts
these could potentially be used as biomarkers to monitor might have a mechanism of escaping the
the level of tick infestation [72]. Regitano et al. [73] immunomodulatory act of feeding ticks that made such
reported that in naturally infested crossbred B. taurus X hosts capable of maintaining low burden of tick
B. indicus and also in pure B. indicus, genotypes for a infestation [77]. Knowledge of the mechanism is very
microsatellite marker close to the interleukin-4 locus were essential for it helps in designing successful
associated with tick numbers. immunological strategies to control ticks in susceptible

Ticks induce a complex series of immunological hosts.
responses in a variety of hosts. Immunological
interactions at the tick-host interface involve innate and Factors Affecting the Level of Host Resistance to Ticks:
acquired host defences against infestation and The concepts of host resistance pioneered by Wilkinson
immunomodulatory countermeasures by the tick. The [78] and followed up by Wahrton et al. [63] were
primary response by a naïve animal consists of conclusively demonstrated in a series of papers [79] on
complement cleavage leading to mast cell degeneration, the acquisition of resistance by Bos taurus and by Bos
which induces the accumulation of basophils, neutrophils indicus to Rhipicephalus microplus. This resistance
and eosinophils at the feeding lesion. Acquired resistance depends on breed [30], age [80] and environmental
to tick infestation involves humoral and cellular factors, such as nutritional value of the grass consumed
immunoregulatory and effector pathways, involving by the animals [81]. Also physiological conditions affect
reaction of antigenic components of tick saliva with resistance [82].
sensitised epidermal langerhans cells and macrophages to A number of physiological and environmental factors
promote T-cell sensitization that leads to either Th1 or can affect the level of host resistance to ticks or the
T h 2  r e s p o n s e s .  S t u d i e s  u s i n g expression of host resistance. Among which nutrition,
Rhipicephalusappendiculatus, Amblyomma variegatum sex, pregnancy, lactation, age, exposure to ticks, breed
and Ixodes hexagonus have shown the presence of a and tick density play key roles [83]. Pregnant cows were
relatively high concentration of IgG in the saliva of significantly more sensitive than non-pregnant female and
females that had fed for six days on guinea pigs [74]. carried a higher number of ticks mainly during the late

The IgG produced have a capability of passing from stages of the pregnancy. The stress of lactation causes a
the gut lumen, through the gut wall into the haemocoel, marked decline in the resistance of exotic breeds; it also
while retaining its antibody activity. Further studies have affect Zebu, but to a much smaller extent. Stable
shown that these immunoglobulins in haemolymph can resistance is acquired after several months of exposure to
target antigens of internal organs and interfere with the the species of tick to which resistance is required [28].
normal feeding or other physiological functions of the tick Skin thickness also appears to play an important role
[75]. on host resistance to ticks [84]. Although contradictory

Tick saliva contains a cocktail of pharmacologically results were reported on this issue, the coat type, hair
active compounds such as analgesics, anticoagulants and density and skin secretions may have some roles.
antiplatelet aggregatory compounds that are able to Contemporary group comparison reveals lighter colored
facilitate feeding on host blood. Among the components animals are more resistant than dark colored ones [85].
of the saliva of ticks so far identified, prostaglandin E2 Compared to cohorts, darker-coloured animals are more
(PGE2) has been well established as one of the susceptible to ticks than lighter-coloured ones [85],
immunosuppressants. It is found that prostaglandins act females are more resistant than males, pregnant cows are
by inhibiting T-cell function, by suppressing IFN-g and less resistant than non-pregnant ones and younger
IL-2 production. They also inhibit the bioactivity of IL-2 animals are more resistant than older ones [34].
on IL-2 dependent cells by reducing the expression of A relationship between hair phenotype and tick
receptors in these cells [76]. susceptibility has been observed in several experimental

As a result, tick burden on the host becomes high datasets. In a natural infestation survey of c.700 Caracu
and although not well studied, some findings also shows cows, a Brazilian creole B. taurus breed, it was reported a
that tick immunosuppression of the host enhance the greater number of engorged parasites in animals with
establishment of tick transmitted pathogens in the host. thicker hair. The association between hair morphology
In laboratory animals and cattle that are resistant to tick and number of ticks was also described in a Holstein ×
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Gyr F2 generation population in Brazil, in which animals livestock should be quantified within and across breeds
with long curly hair had twice more ticks than those with so that appropriate strategies are adopted in breeding
short straight hair [85]. programmes. The host and tick genomics and their

Madalena et al. [35] examined causes of variation in proteomics, such as gene expression profiles, are likely to
tick burdens under natural infestation and found slightly facilitate studies addressing the sequencing, annotation
higher correlations between counts in the same animals and functional analysis of their entire genomes [14].
when both counts were made in spring/summer (r = 0.40) Ticks are also vectors of a variety of pathogens that
or in autumn/winter (r = 0.39), compared with counts made are implicated in severe pathologies in many mammalian
in different seasons (r = 0.24). Level of infestation affected species [88]. It was briefly reviewed the alternative
these correlations, with the maximum value at around the methods of tick control and concluded that the utilization
mean tick burden (185 ticks per animal). When the levels of host resistance, while offering an attractive approach
of infestation were too low or too high the correlations to tick control, raises many questions even with the
between counts decreased. relatively simple R. microplus - Babesia association.

The perceived findings that coat colour influences Resistance is an acquired characteristic and each animal
tick infestation in cattle were also reported by Bernabucci develops its own level of resistance in response to tick
et al. [86] who revealed that dark coat color absorb more challenge; the level may be high (as in most Zebu
heat energy causing animals in areas with high ambient cattle=Bos indicus) or low (as in most European
temperatures to be at risk. The ticks attach more often on cattle=Bos taurus), but a wide range of resistance occurs
dark coloured animals which make it difficult for predators in all breeds of cattle. 
to locate them. Studies by Ibelli et al. [87] showed similar Utech et al. [13] defined tick resistance as the ability
findings on coat characteristics and tick infestation. of cattle to limit the number of ticks that survive to

A wide range of acquired humoral and cell mediated maturity. Selection for disease resistance has been applied
immune responses have been observed in laboratory successfully in poultry and opportunities are also being
animals as well as in cattle. The scenario of humoral applied increasingly in pigs and sheep in some countries.
immunity starts from Langerhans cells trapping tick Natural disease resistance refers to the inherent capacity
salivary molecules in the epidermis and migrating to the of an animal to resist disease when exposed to pathogens,
nearby draining lymph nodes where they act as antigen- without prior exposure or immunization [11]. Hayward [12]
presenting cells for specifically reactive host stated that the best solution to high acaricides prices and
lymphocytes, which results in production of circulating resistance to drugs might be the identification of naturally
tick reactive antibodies [77]. Study in the South Africa resistant breeds and the encouragement of their use. The
reported that about 50% of the respondents agreed that improved tick control following the use of tick-resistant
hair length influences tick resistance and showed that cattle has been demonstrated in various breeds of cattle
farmers in the two municipalities had knowledge of cattle and crossbreds [62]. Moreover, a cross between zebu and
adaptation to heat stress and tick resistance [10]. taurine cattle was shown to carry fewer ticks and required

Breed Resistance Against Ticks and its Implication: An pastures [65].
understanding of the mechanisms behind genetic
resistance to ticks and TBD in livestock species could CONCLUSION
improve breeding programmes to develop animals that are
more resistant and productive [14]. It was indicated that Over-dependence on the use of acaricides for the
breed resistance is heritable and selection and breeding control of ticks has not been supported by many
for tick resistance are possible not only in Zebu × reviewers and researchers because of the side effects of
European breeds, but also within European breeds. In acaricides on the environment as well as due to the risk of
Australia, B. indicus breeds, particularly Brahman (beef) development of acaricide resistance. Currently emerging
and Sahiwal (dairy) cattle, have been shown to possess a issues related to the food safety due to residual effect in
higher level of natural resistance to R. microplus than B. the foods originated from use of acaricides urges to use
taurus breeds of cattle [114]. Bos indicus cattle have been alternative tick control methods. Breeding of tick resistant
crossed with B. taurus cattle to obtain enough of the cattle and selection could provide valuable information
desirable traits of the European breeds, such as body and sustainable solution to address tick problem in Africa.
weight and milk yield. Genetic variation in resistance of Furthermore, understanding the biological and

less dipping than temperate breeds of cattle on similar
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physiological mechanisms of these resistance genes 8. Smith, E.R. and D.M. Parker, 2010. Tick communities
could help to develop new and more effective acaricides at the expanding wildlife/ cattle interface in the
and other immunological control techniques. High host Eastern Cape Province, South Africa: implications for
resistance is   the   most   important  method  for Corridor disease. J. S Afr. Vet. Assoc., 81: 237-40.
controlling ticks, but no breed is totally resistant. For 9. Akhtar, M., F. Muhammad, L.A. Lodhi, I. Hussain
breeds with moderate to high resistance, selections based and M.I. Anwar, 2011. Immunity against Ticks—A
on the values for resistance level and production traits Review. Pakistan Veterinary Journal, 31: 9-16.
would achieve the desired result. Selection for resistance 10. Katiyatiya, C.L.F., V. Muchenje and A. Mushunje,
or culling for susceptibility should be based on tick 2014. Farmers’ Perceptions and Knowledge of Cattle
numbers surviving on cattle exposed either naturally or Adaptation to Heat Stress and Tick Resistance in the
artificially to tick challenge. But physiological status of Eastern Cape, South Africa. Asian Australas. J. Anim.
the animals should be considered during selection. High- Sci., 27: 1663-1670.
performance cattle breeds, which have been introduced 11. Adams, L.G. and J.W. Templeton, 1998. Genetic
into areas where ticks are endemic, may display a very low resistance to bacterial diseases of animals. Rev. Sci.
degree of natural resistance to ticks and special attention Tech., 17: 200-219. 
should be paid in order to control tick infestation on 12. Hayward, S., 1981. Opening address. In: Whitehead
newly introduced exotic breeds. Breeding for genetic GB, Gibson JD (eds) Tick biology and control. Tick
resistance is one of the promising ways to control ticks in Research  Unit,  Rhodes University, Grahamstown,
addition to other modern methods like immunological pp: 13-14.
techniques. 13. Utech, K.B., R.H. Wharton and J.D. Kerr, 1978a.
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