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ABSTRAcr

'!his study was urrlertaken to examinewhether different

populations of Rhipicephalus apperrliculatus, the African bram ear

tick, foun::l inhabitin;J different geographically isolated zones in

Kenyaare biologically different to such an extent that they maybe

assigned subspecies status.

'!he biological characteristics investigated included size of

tmfed females, engorgementweights of larvae, nymphsand females, egg

prcx:luction, duration of lOOUltin;Jof larvae and nymphs, isoenzyme

studies and ccsrparat.ive transmission of 'Iheileria ~ stcx::ksby E.

apperrliculatus. Ticks were collected from five geographically

isolated zones in Kenyafor investigation. '!he work was carried out

to provide epidemiological information for East Coast fever (OCF)

control.

In this three-host tick species, samesignificant differences

in weights of engorged nymphsand females, size of unfed females,

weights of eggs per tick and lOOUltin;Jduration were noted between the

different tick stocks. In the case of engorged females, statistical

differences were noted between Kilifi (FSl) and Kiambu(FS2)i Kilifi

and South Nyanza (FS4)i and, uasin Gishu (FS3) and Mugugalaboratory

(MLS)tick populations.

Significant differences in size of unted females were noted

between FS2 and FS3i and, FS2and MLS.In the case of the meanweight

of eggs, significant differences were sham between FSI and MLSonly.
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Significant differences in IOOUltingduration was also noted in

larvae rot not in nyrrphs. In the former, statistical differences

were recorded between FS2 and FS3; FS3 and FS4i FSl and FS3i arrl i

FS2and MIS.

out of the eleven enzymesexamined, ten showedpo.Iymorphf.smin

most of the five tick populations while only one,i.e. peptidase 7,

was moncmorphfc.Four enzymes (peptidase 1, PEP2,malate dehydrogenase

am glucosephosphate isomerase) showeddifferences in the tick

populations. This confinns further that the tick popul.at.i.ons,

under investigation do differ.

Differences were also noted in the five popul.at.ions as regards

to their efficiency to becomeinfected with Theileria ~

parasites. It was concluded that B. appendiculatus found in different

geographical zones showdifferences in some important biological

characteristics. 'Ihese features that showeddifferences in the tick

populations might be important in the control of the vector and also

might have an influence on ECFtransmission.
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OIAPI'ER 1

INl'RODUCl'ION

Rhipicephalus appendiculatus Nemnann1901, also knownas the

African brownear tick, belongs to the order Acarina and family

Ixodidae, which represents a group of ticks conunonlyknownas hard

ticks. It has three different instars during its life cycle, i.e.

larvae, nymphsand adults of both sexes, and each instar feeds on

separate host, hence the tick is referred to as a three host tick.

Ticks are ectoparasites, sucking blood and other tissue fluids over a

period of several days of attachment to the host before they drop

engorged to the ground to continue their developmental cycle

(Arthur, 1962; Halpin, 1975). Although the main host; of B.

appendiculatus is cattle, they also conunonlyinfest sheep, goats,

camels and manywild bovids especially the African Wffalo, Syncerus

caffer, and the eland, Taurotragus ~ (Walker, 1974). Birds,

rodents, hares and hedgehogsmayact as intermediate or incidental

hosts and help in maintaining and disseminating ticks (lewis, 1939g

'Iheiler, 1959, Karra et al.; 1963; SUtherst et al., 1978).

B. appendiculatus is found inhabiting a variety of altitudes in

Kenya. It is found most frequently in areas which fall between 1200

metres and 2100 metres above sea level, with an adequate vegetation

cover and a well distriWted rainfall of about 635nunper year or

more. However, it is often capable of living in places which do not
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corneinto this category, i.e. in areas with lower armual rainfall,

provided the dry season is not too long, or at higher or lower

altitudes than given above (Walker, 1974). It is not found in

forested areas above 2300metres as the tick cannot withstand

prolonged low terrperatures. In Kenya, the tick maybe found along the

coastal strip and Taita Hills in Coast Province due to the moist

conditions in these areas. In the Eastern Province, it is found in

the wetter parts of Machakos,Kitui, Eml::uand Merudistricts.

Elsewhere, it is found in all the districts in Central Province, all

the wetter parts of Kajiado, Narok, Kericho, Elgeyo Marakwet,

Baringo, West Pokot, Trans-Nzoia and uasin Gishu Districts in Rift

Valley Province. '!he tick is also found in all parts of Nyanzaand

most parts of Western Province ( Walker,1974i Wishitemi, 1983). '!he

tick therefore occurs in all KenYanprovinces except the dry North

Eastern Province. DistriWtion of the tick in Kenyais shownin

Figure 2.

The major iIrportance of the tick B. appendiculatus is the role

it plays in the transmission of the haemoprotozoanparasite,

'lheileria ~ 'lheiler, which causes theileriosis, the most

iIrportant disease of cattle in East and Central Africa. '!he tick

transmits three forms of the disease theileriosis, caused by the

parasite in the regions. These three forms have, for convenience,

been described as three sulEpecies of the parasite (Uilenberg,

1981). '!he tick transmits 1'.p. lawrencei from African buffalo (S.

caffer) to cattle, causing Corridor disease. A milder fonn of

theileriosis is caused by 1'.p. bovis, transmitted by the sametick,

and the third fonn of the East Coast fever (ECF),is caused by 1'.p.

~ which appears to be maintained only within cattle population
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(Grootenhuis et al., 1987). Miller et al., (1977) reported that half

a million cattle die due to EX::Fper annumin Fast Africa. Moreover,

Robsonet al. (1961), working in Tanzania, found that in endemic

areas, morbidity due to the disease is 100%,mortality 25-50%and, in

fully susceptible bovines, the mortality mayrise to 95%. Similar

findings have been reported by DJ.ffus (1977)0 In addition, losses in

productivity in recovering cattle, the cost of control, as well as

the exclusion of cattle of higher potential productivity from endemic

areas are often not considered (Dolanand Young, 1981). 'lherefore,

EX::Fcontrol merits a high priority for all Fast and Central African

goverrnnents because if left unattended to, it is likely to seriously

affect the economicdevelopment in these regions.

In addition, E. appendiculatus transmits ~. taurotragi which

mayalso be involved in cattle theileriosis (Younget al., 1981). '!he

tick also transmits the virus which causes Nairobi sheep disease, and

also rickettsia, which causes tick bite fever in man. Moreover, the

tick maycause toxicosis and hypersensitivity whenpresent in large

mnnbersand their bites mayallow secondary bacterial infection.

Furthermore, high tick infestation mayalso debilitate cattle and

also cause considerable damageto the skin directly lowering the

quality of hides, hence their value. Of great importance, Duffus

(1977) estimated that 52.8%of cattle in Kenyaare in areas where E.

appendiculatus is present, while Dolan and Young(1981) reported over

80%of cattle in Kenyawere in such areas. Recently, Kariuki (1989)

reported that in 1985,just over 67%of all cattle in Kenyaare

covered by the Goverrnnenttick control progranune.In view of this

fact, and the economicimportance of the tick highlighted above, it
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Proportrion of exotic breeds of dairy and'beef cattle in

Kenya
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DistriOOtion of the tick B. appendiculatus in Kenya.

Note that the distriOOtion of this tick concides with

that of exotic breeds of cattle (Fig.1)
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Percentage of cattle serologically positive to

theileriosis (Source: FAD,1975)
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is imperative that control of ticks and tick-bo:rne diseases must

receive high priority, both in control activities and research, since

ticks are widespread in areas of high livestock potential and

productivity (see Figures 1,2 and 3).

'!he current tick and tick-borne disease control measures in

Kenyaare based on either acaricide application to cattle by dipping

or spraying to control ticks, or chemotherapyand vaccination to

control the disease although both these have their drawbacks. '!he

methods are costly and their effectiveness is jeopardised by the

ticks developing resistance to the acaricides (Whartonand Roulston,

1970; CUnningham,1981 and Keating, 1983). Chemicalacaricides are

also toxic to livestock and manand maycause envirornnental

pollution. Another problem is that there maybe need to apply these

chemicals, up to twice a week in someareas, making it a

labour-intensive task, while connmmaldips can provide a focus for

disease transmission. Another factor to be considered is that the

costs drug companies incur during developing newacaricides and drugs

are continuously increasing and if resistance develops quickly,

profit from sales is likely to be less than the cost of development,

particularly if the region where these acaricides and drugs can be

used is limited. With the inevitability of rising prices, and the

uncertainty that newcompoundswill be forthcoming, the use of

chemicals as the sole methodof control cannot be supported. '!his

therefore calls for alternative cheaper methods for tick and

tick-borne disease control. '!his could best be realized through

better understanding of tick biology and ecology, which mayhelp to

iIrprove the efficacy of chemicals.
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Alternatives to the use of acaricides which have been

considered include sterile male technique, use of the tick's natural

parasites and predators and pasture spelling which, as a matter of

fact, involves habitat management(Wilkinson, 1957). Use of host

resistance to tick infestation has been suggested (Roberts, 1968;

Seifert, 1971). '!his methodinvolves the genetical selection of host

populations. '!he variation of the acqui.red host resistance to ticks

(Roberts, 1968; Seifert, 1971) within and betweendifferent host

species allows the selection of individuals or host species which

have the ability to limit the mnnbersof ticks which mature on them.

For instance, the more resistant Zel:ucattle (Bos indicus) and their

crosses with European (Bostaurus) cattle provide such an opportunity

where ticks and disease cause problemswith Europeancattle (Wharton

et al., 1973). '!his methodcan be used with somesuccess, for

instance, in the control of Boophilus microplus and~. annulatus

(CUnningham, 1981). '!his methodmight not howeverbe practicable in

control of a 3-host tick such as g, appenciiculatus because its adults

can survive for up to two years or more (Younget al. ,1983). Involved

in this approach also is clearing of vegetation to control ticks.

'!his methodhas been used to control the lone star tick, Arnblyonuna

arnericanum,in the United states of Americaby Hair and Howell

(1970). Onthe other hand, the sterile male technique and use of

parasites and predators have not shownmuchsuccess in controlling

ticks. '!he current picture of tick ecology suggests little potential

for biological control (Cole, 1965) because the fecundities of

parasites and predators appear to be far below the level required to

respond to the explosive increases in tick numberswhich follow

certain types of weather. However,introduction and encouragementof
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specific predatory birds (e.g. Buphagusspp.) mayhave a role in

increasing the efficacy of integrated control progrannnes (SUtherst et

al., 1978)0

Availability of specific drugs am vaccines has been an

important alternative in the control of tick-borne diseases.

Parvaquone, a curative drug for EX::F, which was developed by Wellcome

(K) Limited in collaboration with Muguga,is nowon sale under the

trade nameClexon, though expensive to a small scale-fanner.

FUrther research by COOperAnimalHealth am Mugugahas identified

another analogue which is more effective for EX::F treatment, called

hlparvaquone under the trade nameButalex. A drug from the

quinolinone group, halofuginone, is also used for EX::F treatment under

the nameTerit. FUrthennore, exciting research carried out at Muguga

recently has shownthat low oral doses of interferon - a natural

substance produced by the body, which is nowcheap, can also prevent

the development of EX::F (Younget al., 1990a). Moreover, a vaccine is

being developed by the KenyaAgricultural Research Institute (KARl)

Mugugawhich enploys infection of the cattle am treatment f am

results have been quite encouraging (Radley, 1978, 1981; Morzaria et

al., 1985; Young, et al., 1990b).

The present study of B. appendiculatus was undertaken to obtain

further biological infonnation on the relationship between stocks of

the tick found in different geographically am ecologically isolated

zones. This could be important in designing control measures aimed

at the tick vector am the associated tick-borne diseases. It is also

hoped that the ve:ry sensitive isoelectric focusing technique enployed

in this study will provide a way by which the tick vector from

different areas maybe identified am characterized, a factor which
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mayprovide us with epidemiological and taxonomic information about

the tick vector.

Objectives of the study

'!here are two main Objectives of the study:-

1. To determine whether biological characteristics of B.

appendiculatus from geographically isolated areas in Kenya

differ.

2. To determine and comparethe ability of B. appendiculatus fran

geographically isolated areas in Kenyato transmit ~. ~.
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CHAPl'ER ~

LITERA'IURE REVIEW

Developmentof the tick

During its life cycle, the tick passes through four main

developmental stages, i. e. egg, larva, nymphand adult. Sexual

differentiation and reproduction occur only in the adult stage. A

spec.if.ic pecularity of someixodid species and less often of

argasids, is the terrlency to change from terrporary to more continuous

parasitism. Blood sucking in larval, nyrrphaland adult stages results

in very corrplicated life cycles involving regular alternation of

free-living and parasitic existence. Tick life cycles are divided

into four types on the basis of the m.nnberof host changes and

moults: multi- host, 3-, 2-, and 1- host (Nuttall, 1911). In ixodid

ticks, the numberof blood meals during the developmentalprocess has

been reduced to three (larval, nyrrphaland adult feeding); thus the

maximumnumberof hosts required is found in the 3- host development

type. Ticks remain on the host only while feeding. This

classification of ixodid ticks based on host numbersis quite

deficient because it doesn't give a clear, elaborate picture of the

biology of the tick. The developmentaldetails of irrlividual ixodid

speci.es, therefore, need to be explored in order to understand

clearly the biology of the tick.

studies on the biological characteristics of ticks including

duration of feeding, duration of egg hatching and duration of

moulting of larvae and nyrrphshave been scanty, only a few workers

having carried out investigations on someof the aspecns,
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Duration of feeding in someRhipicephalus spp. has been

investigated by various workers. Orago et al., (1983) while using

sheep, noted that engorgementof E. appendiculatus nyrrphsstarted on

day 4 with a peak attained on day 6. The adults started engorging on

day 6 and higher engorgementpercentages were realized between day 7

and 9. WellcorneKenyaLtd. (1980) reported that the feeding periods

for nymphsand adults of E. appendiculatus were 3-7 days and 5-7 days

respectively. Fromstudies by Irvin and Young(1981), it was reported

that adult females of E. appendiculatus engorged with blood drop from

their host and lay eggs in grass and herbage, which hatch into larvae

after about two weeks. The larvae attach and feed on a newhost and

whenengorged in about five days, later fall to the grourxi and moult

into nyrrphs. 'lhese in turn attach to fresh hosts, feed over about

seven days and then rroult to adults. The female adults according to

Newsonet al., (1984) complete engorgement in i-10 days, l::ut these

workers recorded shorter feeding duration for nyrrphsthan their

counter parts above, i.e. four days. In addition, Youngand Leitch

(1981) looked at the moulting behaviour of four strains of R.

appendiculatus (i. e. Mbita, Ukunda,Mugugapaddoc:kand Muguga

laboratory) nyrrphs from Kenyaat a temperature of 280Cand constant

relative htnnidity of 85%.They noted that the meantimes in days

post-repletion on rabbits to the completion of the moult were

different between the respective strains. This diversity of results

on duration of feeding, duration of egg hatching and duration of

moulting of E. appendiculatus reported by the different workers would

suggest that the generation time of E. appendiculatus is poorly

known.The generation time of each tick species is of considerable

significance as it affects the tick's population dynamics, a factor,
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which if known,would help during vector control. It would be

possible to knowfor instance, at what stage or stadimn acaricidal

application should be done to be cost effective in its control,

according to the tick stock in question.

Like the other biological aspects mentioned above, little

infonnation is knownabout detailed studies on size of B.

appendiculatus ticks. Although weight has been in the past used as a

convenient method of assessing tick size, Chiera et al., (1985)

reconunendeduse of scutal length as this does not alter even after

ergorgement. '!he authors noted a high degree of correlation of scutal

length of unfed male and female ticks and their ergorged body

weights. It would therefore be reasonable to combineboth weight of

ergorged ticks and scutal length for better compari.son of tick

populations. Weight of ergorged ticks is important as this is

directly related with egg output by adults. For instance, Randolph

(1979) suggested that low ergorgementweight mayresult in reduced

egg output by adults.

Factors affecting the developmentof the tick

various workers have carried out investigations on the factors

which affect the developmentof ticks. Evidence collected by

Hoogstraal (1956) and Arthur (1962) irrlicated that the rate of

developmentof B. appendiculatus would-like other ixodids-be governed

by teIrperature. '!his has been confinued by Punyua (1984). In

addition, Branagan (1973) while looking at the survival and

developmentof all the three instars of B. appendiculatus noted the

dominanceof teIrperature on the rate of development, i. e. the rate
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of development was acx:::eleratedby raising the temperature and

retarded by lowering it. The author noted that humidity had no

influence on the rate of development. These findings have been

supported by Tukahirwa (1976). Before then, evidence concerning the

influence of humidity on the development of E. appendiculatus was far

from being clear because, on one ham, Wilson (1944, 1946, 1950)

associated the engorgement and oviposition of females with wet

seasons. Whenthe relative humidity was above 75%, on the other ham,

neither Yeoman(1966a,b) nor McCullochet al. (1968) made a finn

correlation between high humidities and evidence of acx:::elerated

developement in E. appendiculatus. Arthur (1962) referring to ixodid

ticks in general considered that relative humidity and precipitation

have little or no influence upon the duration of developmental

periods.

Use of isoenzymes in characterization of organisms

lsoenzymes have been defined as enzymatically active proteins,

catalysing the same reactions and occurring in the same species rot

differing in certain of their physio-chemical properties (Wilkinson,

1970). A good example of an enzymecomposedof isoenzymes is lactate

dehydrogenase of various humanand animal tissues. '!his consists of

several different isoenzymes which can be separated by conventional

starch-gel or acrylamide-gel electrophoresis.

since the discovery of the heterogenicity of lactate

dehydrogez1lse, the multiple forms of this enzymehave becomethe

subject of extensive literature and the techniques introduced have

been applied to investigations of other isoenzyrnes (Wilkinson, 1970).
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Morphological characteristics have traditionally been used by

taxonomists in identification and classification of organisms. '!here

are, however, instances where organisms having different behavioural

characteristics are morphologically indistinguishable, thus pos.inq

epidemiological and taxonomic problems. '!his led Rausch (1967) to

question the recognition of intra specific variants in the past,

based primarily on morphological criteria. In such cases, isoenzyme

analysis by starch gel electrophoresis has been a most widely used

technique (Gil::sonet al., 1980; Godfrey, 1979).

Isoenzyme analysis has for example been used to characterize

someEast African '!heileria spp. isolates with particular reference

to T. parya by Allsopp et al., (1985). By looking at 24 enzymes, the

authors distinguished between T. ~ and T. taurotragi by twelve

enzymes. Five enzymesshowedvariation within the T. parya

population.

Melrose and Brown(1979) reported isoenzymevariation in

piroplasms isolated from bovine blood infected with T. annulata and

T. parya. This technique has been used as an aid in the

classification of Plasmodia, 'l'rypanosoma, Eimeria, Babesia and

Entamoebaspp. (Carter and Walliker, 1977) rot the method.has not

been fully evaluated with vector species.

'!he questions of howmuchgenetic variability occurs in species

of ectoparasites and howthat variation is distril::uted among

populations have received little attention. For instance, Takeshi and

Leonard (1988) while looking at isoenzyrnesof natural populations of

the tsetse Glossina pallidipes from an area free of sleeping sickness

and an area where the sickness is endemic in Kenya, found out that

out of the 12 enzymesthey examined, two enzymesshowedhigh



16

polymorphismin the two populations, while the other 10 enzymeswere

all monomorphi,c,FUrtherroc>re,VanEtten (1982) had analysed eight

populations of ~. pallidipes in KenyausinJ starch gel

electrophoresis and found that three of the 11 enzymesexamined

showedpolymorphismwith significant heterogeneity of allelic

c:orrposition aIOOngthe populations. Little work is knownto have been

done on ticks in general and B. appencliculatus in particular. One

notable work was by Hilburn and Sattler (1986). These workers

employedelectrophoresis technique to detect protein variation in

natural populations of the lone star tick Amblyormnaamericanum.'!he

authors investigated nine populations for variation of 21 enzymes.

Only three enzymeswere found not to be polymorphic. In another

investigation by Sattler et al., (1986), four natural populations and

four laboratory colonies of Boophilus microplus and a laboratory

colony of !}. annulatus were subjected to electrophoretic analysis to

determine levels of genetic variability. Results showedthat

populations of !}. microplus exhibited high genetic similarity,

indicatinJ that all populations share a relatively undifferentiated

gene pool. The two contradictory results in the investigations above

are a good indicator that there is little basis upon which to predict

expected levels of genetic variation between populations, clueto

limited studies on ectoparasites us.inq electrophoretic technique.

'Ibis therefore calls for muchIOOrework so that IOOreinformation can

be madeavailable before firm conclusions can be drawn from the

results of related investigations.
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Transmission of T. parya and epidemiology of OCF

'!he tick R. appendiculatus has been proven to be the only

vector for all forms of T. ~ in the field, although other tick

species have been shownto transmit the Parasite experimentally

(lawrence et al., 1983). '!he role of the tick B. appendiculatus as

the vector of T. ~ begins whenlarvae or nymphsget infected by

feeding on infected cattle. '!hey transmit the Parasite only in the

next instar, transstadially. '!he seriousness involved in this

transmission is that a single tick with only one salivary gland

acinus infected is capable of causing the death of a CCM (Lewis,

1950). It therefore becomesincreasingly important to underst.arrl the

biology of the tick, so as to gain infonnation that could be used in

OCFcontrol measures.

'!he life cycle of T. ~ involves deve.lopment;of the Parasite

in both the tick vector and cattle host. Considerable work has been

done on the developmentof T. ~ in both the tick and cattle.

Under normal,conditions, the maturation of T. ~ to fonn

sporozoites is induced by feeding of the infected ticks on a

mammalianhost (Martin et al., 1964; Purnell et ale I 1973). '!he

Parasite undergoes a sexual stage in the gut of the tick and enter

the salivary glands where they fonn an elaborate intracellular

sporoblast. '!here have been several laboratory studies on the

survival and developmentof T. ~ in the tick (Lewis and

Fotheringham, 1941; Lewis, 1950; Martin et al., 1964). Younget al.,

(1983) and Newsonet al., (1984) have carried out such work under

field conditions at high altitude (210Om)at Muguga,Kenya, using

locally isolated stocks of T. p. ~ in adult B. appendiculatuso
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I:Xlringtick feeding, the sporoblast gives rise to 30,000 to 50,000

infective sporozoites. '!hese are injected into catrt.Lein tick saliva.

In cattle they attach to and enter lynphocytes, the white blocx:icells

of the :immune system. Within the lynphocytes, the sporozoites develop

into schizonts, and the first parasite stage seen is the

macroschizont. '!his is the pathogenic stage of the parasite and the

infected lynphocytes are transforned into enlarged lymphoblastoid

cells which multiply together with the macroschizonts, resulting in a

rapidly exparrlin:;J population of parasitized cells. The final stage of

disease is characterized by large-scale cell destruction, often

leading to death (IIRAO,1987; Fawcett et al., 1985). Microschizonts

develop fram macroschizonts, these produce micro-merozoites which

invade erythrocytes to form piroplasms which are then available to

infect feeding tick.

Apart fram feeding on mammalianhost, current research has

shownthat other factors can also in::iuce1'. ~ maturation. Samish

(1977) demonstrated that a temperature of 370Cfor several days,

probably coupled with a high relative humidity, stimulated the

non-infective particles of T. annulata in the salivary glands of

unfed Hyalannnaticks to becarre infective without prior stimulation of

feeding. Similar firrlings have been recorded for T. ~ (Younget

al., 1979). '!he authors in their studies have demonstrated that 2

strains of T. ~ i. e 1'. ~ Kiamt:u5 and T. ~ Muguga,in

adult ticks maintained at 370Cfor 6 days or more could mature to

infective stage in the salivary glands without feeding on a manunalian

host. Workby Irvin et al., (1981) has also sh~ that the maturation

of 1'. ~ in unfed B. appen::liculatus incubated at 37°C is

possible. Oc.han:laet al., (1988) have also demonstrated the same.
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It is not easy to eradicate theileriosis, unless its

epidemiology is clearly understood. There have been few such studies

in Fast africa. studies of Yeoman(1966a, b) and McCullochet al.,

(1968) investigated the cause of the large epidemics of :ocF in

SUktnnalarrl,Tanzania. However,these workers concentrated on the

population of the tick vector B. appendiculatus. '!he Food and

Agriculture organisation (FAD,1975) undertook an enonnous survey of

the tick populations and 1'. ~ antibodies from cattle in Kenya.

Different disease prevalence was noted in different endemic areas

(see Figure 3). Blouin and stoltsz (1989) carried out studies on

comparative infection rates of 1'.p. lawrencei in salivary glands of

R. appendiculatus and R. zambeziensis. Results from their study

revealed significantly higher infection rates in the salivary glands

of R. zambeziensis than in R. appendiculatus. Despite these studies,

no work is knownto have been carried out to Lookinto the biological

characteristics of B. appendiculatus from geographically separate

areas in Kenya, to establish whether the differences in epidemiology

in different areas maybe related to the tick strain. This fonned one

of the main objectives of the current study.
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CliAPI'ER 3

MATERIALS AND MEIHODS

Description of study areas

'!he study was carried out in the following geographically and

ecologically isolated areas in Kenya:

(a) Kilifi

'!he district stretches from coastline to 400m in altitude. It

records a minimumannual terrperature of 22. sOC and a maximumannual

temperature of 30.4oC. '!he average annual rainfall ranges from

500nun-ll00nun. '!he meanrelative hrnnidity is 72%. Vegetation cover is

l:ushland and thicket and somegrassland with scattered trees, and dry

tush with trees interrupted by coconut, cassava and cashewnut crops.

Ticks collected from this area were designated field stock 1 (FS1).

(b) Kiambu

'!he district stretches from 1000-300Om above sea level.It

records a minimumannual terrperature of 12. SOC and a maximum

temperature of 23. 5°C. Its meanannual rainfall ranges between

600-2000nun. '!he meanrelative hrnnidity is 6S%. Vegetation cover is

mainly forests and grassland. Tall grass and scattered trees may

occur in some areas.

Ticks collected from this area were designated FS2.

(c) Uasin Gishu

'!he district is formed mainly by highland plateau which is

between 2000-300Om above sea level. Meanannual minimumand maximum

terrperatures are 17.50C and 26°C respectively. Meanannual

rainfall is between 500-1500nun. '!he meanrelative hrnnidity is 59%.

Vegetation is mainly mountain forests and grassland.

Ticks collected from this area were designated FS3.
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Mapof Kenyashowingdistricts studied .
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(d) South Nyanza

stretches from L. Victoria, southwards. It lies between

1000-400Ornabove sea level. Meanannual rainfall is between

500-2000nun. Terrperature ranges between 18.2oCand 31.2oC. '!he

meanrelative humidity is 75%. Vegetation is mainly savanna and

woodedsavanna. Ticks collected from this area were designated FS4.

Figure 4 showsareas from where B. appendiculatus was

collected,whereas Table 1 gives a srnnmaryof geographical conditions

of the areas.

Tcqether with ticks collected from the above regions, R.

appendiculatus stock that has been kept on rabbits by Bailey's (1960)

method, at NVRClaboratory, Muguga,since 1952, herein designated.

MugugaLaboratory stock (MSL), was used in the study.

Collection of ticks from the field

B. appendiculatus used in the experiments were collected from

the four namedgeographical zones in Kenya. '!he ticks were from

collections of partially engorged or engorged females hand-picked

directly from cattle from the four natural populations in Kenya. '!he

ticks were kept in glass sarrple bottles (7.5 x 3.5cm) with perforated.

lids and sul::mergedin rmi.st;sand, then kept in a cool box and

transported to National Veterinary Research centre Muguga,where

together with the Mugugalaboratory stock, colonies were raised to be

used in the experiments. Rearing was done on rabbits (Bailey, 1960)

in the laboratory for one generation and cohorts from the resultant

ticks were used. '!he tick colonies were established from a group of

120 engorged females from each stock.
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Table 1. A surrnmnary of qe<XJraphicalconditions of the study

areas

Area Altitude

(m)

Annual ten"perature

Min. Max. Mean

(oc) (oc) (oc)

Mean armual Mean

rainfall armual

range (nun) R.H. (%)

Kilifi 0- 400
Kiambu 1000-3000

U.Gishu 2000-3000

S.Nyanza 1000-4000

22.8
12.8

17.5

18.2

30.4

23.5

26.0
31.2

26.6

18.2
21.8

24.7

500-1100

600-2000

500-1500

500-2000

72

68

59

75
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laboratory ma.intenanceof the tick colonies and storage for

experimental purposes

Adult ticks were kept in 80x25mmflat bottomed glass tubes.

Each engorged female was placed in one glass tube on a piece of

absorbent; paper or filter paper on which to lay eggs. '!his was to

prevent the eggs from sticking to the glass.Batches of 200 engorged

larvae were contained within 40 x lOmmflat bottomed glass tubes,

and batches of 100 engorged nymphswithin similar 80 x 25mmtubes.

In all cases, inside each tube was placed a strip of paper, on which

pencilled details were clearly recorded to showdate of incubation,

tick stock, developmental stage and sex (where appropriate). '!he

tubes were plugged with gauze - covered cotton wool and kept in a

dark incubator at approxima.tely280e and relative humidity (R.H.)

of approxima.tely 85%for engorged females to lay eggs and the laid

eggs to hatch and the resultant larvae and nymphsto moult to nyrnphs

and adults respectively. Unfed forms were stored in an illtnninated

cooled incubator run at approxima.tely180eand 85%R.H., to be used

in later experiments. The laboratory tick cultures were ma.intained at

constant t.enperatures by the use of two types of incubators

thennostatically controlled (ModelsB&Tcooled and Gallenkarnp

illmninated cooled). For constant humidity, the cultures were kept

above saturated solutions in sealed desiccators, according to methods

described by winston and Bates (1960) and Solomon(1956). A IDvibond

1000ComparatorKit was used to measure relative humidities and

thennometers were used to measure the temperatures.
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Rabbits for tick rearing

The rabbits used were naive male adult NewZealand whites

(Oryctolagus ctmiculus Linnaeus) from the Small AnimalUnit at NVRC

and supplemented at times of shortages by the samebreed purchased

from Njoro and MoloFarms in Nakuru. Prior to using the rabbits,

thorough examination was done to ensure that there were no lesions

indicating ectoparasite infections. Both the ears of each rabbit were

shaved with scissors ready for tick application for feeding. Each

rabbit was used only once in the tick feeding procedure, in order to

rule out the poss.ibl.Lty of developing host resistance to tick

attachment. Rabbits were used because they are comparable to cattle

as hosts for B. appendiculatus (Branagan, 1974; 'l\.lkahll:wa, 1976).

Tick feeding

B. appendiculatus ticks were fed on the ears of rabbits inside

sleeves madeof white cloth (ear bags). Twofeeding bags were used on

each rabbit, one bag on each ear. The ear bags were stuck to the ear

with elastoplast boundround the base and the distal ends of the bags

were sealed with a strip of elastoplast and stuck downto the collar.

'!he ear bags were tightened only at the ends thus allowing free tick

and attachment at sites of their choice on the ear, but the space

remained srna.ll enoughto confine the ticks close to the rabbit skin.

Byusing open ended bags, it was easy to open one end to inspect the

ear or collect engorged ticks. Special wide collars of thin leather

were used on the necks of the rabbits to protect the ear bags from

the feet of rabbits, which could be used to rub off the bags. 'lhese

were attached to the rabbit by meansof a harness prepared from a one



26

inch wide elastic as follows: '!Wobands of elastic were passed round

the body, one round the neck and one round the thorax behind the

front legs; these bands were joined dorsally and ventrally by short

strips of elastic, the wholebeing held together with staples. The

collar was then attached to this harness by tapes. All stages of the

ticks were successfully fed in this way.

For tick application for each feeding, 6.5 x 103 larvae, 3.5

x 103 nyrrphs, and 240 adults (120males and 120 females) were used.

Ticks from the five populations were fed in different ear bags. All

stages of ticks used in the experimentswere of similar age. The

rabbits after tick application for feeding, were restrained

individually inside specially designed feeding cages (2ft x 2ft x

2ft). Details of the culture methodsand feeding techniques are

given by Bailey (1960), Irvin and Brocklesby (1970)with

modifications by Branagan (1969)and stnmnarisedbyIrvin et al.,

(1973).

Infecting ticks

T. ~ Parasites used in the experiments are those that had

been isolated from ticks fed on infected cattle, and the isolates

stored in appropriately groundup tick fonn (stabilates) to be used

in future experiments.

cattle were inoculated with tick-derived stabilates to infect

them. The cattle used were steers of Europeanbreed, Bos taurus type

whichwere shownto be negative for antilxxlies against T. ~ using

the indirect fluorescent - antibody (IFA)test as described by
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Burridge and KiInbe.r(1972). Eight Bas taurus steers were used,

divided into two groups of four animals each:-

Group 1: Animal Number

955A

959A

961A

970A

Group 2: 974A

976A

983A

984A

'!Wostcx:::ksof 1'. ~ (Mugugaand Kilae) were used to infect

nyrrphal B. appendiculatus. Animals in Group 1 were sul:x::utaneously

inoculated with O.5rolof neat (undiluted) tick-derived '!heileria

P9IY9 ~ Mugugastabilate No. 147, under the left ear on day

zero.Animals in Group 2 were similarly inoculated with 1ml of neat

tick-derived 1'. p. ~ Kilae stabilate No. 187 under the left ear

on day zero as described by Younget al., (1987). Both stabilates

were from the bank at NVRC- Mugugawhere they have been kept in

liquid nitrogen. '!he stabilates were thawed at 370Cafter which

they were left at room teIrperature for 45 minutes to equilibrate

before inoculation.

'!he cattle were washed after the start of the experi1nent and

the areas where the patches for tick feeding were to be applied

shaved using a sharp pair of scissors. '!he shaved areas were washed

for three consecutive days whereby, during the first two days, the
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washing was done using Teepol detergent dissolved in water and the

last washing was done using plain tap water. This washing was

necessary to removeany traces of acaricide chemicals that could have

been acquired during dipping, which could affect tick attachment. The

animals were monitored for OCFinfection as follows. Rectal

temperatures of the cattle were taken daily, starting one day after

the incx::ulation of the animals, and plotted for each animal. Any

animal whose temperature exceeded 39. 50e was regarded as showinga

febrile response on that day, indicating infection. Fromthe fifth

day of inoculation of the stabilate, needle biopsies of the left

parotid lymphnodes of each animal were taken daily. Smearswere

prepared, stained with 5% Giemsain 95% buffer solution for 40

minutes, and examinedfor the presence of Theileria schizonts. Once

these were noticed, smears of the right prescapular lymphnode

biopsies and peripheral blood collected from a i1eedle prick, were

prepared daily from each animal, and examinedat a magnification of x

100, for schizonts and piroplasms respectively. The numberof red

blood cells infected with piroplasm was counted and expressed as the

percentage of the total ntnnberof red blood cells in the observed

field and this gave the percentage parastaemia. '!his was done using

a light binocular compoundmicroscope (WildHeerbrugg 139052 model).

Ticks were applied on cattle once piroplasms were noticed. All the

eight animals died and full post-mortem examinations confinned the

deaths as caused by OCF.

'!Wodays before tick application, white cloth-sleeved porous

patches were glued to the skin, enclosing shaved areas. 2,000 nymphs

were introduced for feeding in each patch on day fourteen after
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stabilate inoculation, so that the nymphalticks completed their

repletion whenthe cattle had high piroplasm parastaemia. Areas on

individual cattle where the nymphalticks from the five stocks were

applied were as follows:-

site of application Tick stock applied

Right patch (R.P.) MIS

Left patch (L.P.) FS1

Back patch (B.P. ) FS3

Left shoulder (L.S.) FS4

Right Shoulder (R.S. ) FS2

The patches were inspected daily from day one after nymphal

application, and all the detached nyrrphswere collected in glass

tubes of the size 80 x 25nun,each containing at most 100 engorged

nymphs.These were incubated at 280Cand approximately 85%relative

hmnidity, for 26-29 days durinq which time they completed moulti.n;J.

Thirty tick drops were chosen from six cattle, whose resultant adults

were fed on rabbits for three days for sprozoites to mature (Young

and Leitch, 1981). For all the experiments, nymphaltick batches

which had completed repletion on an animal on the sameday were used.

Onehundred ticks (50 males and 50 females) were randomly selected

from each of the thirty tick drops, for salivary gland examination

for infection rate and level of infection detennination.

Infection rate and level of infection

The ticks selected as mentioned above were dissected for

salivary glands. The ticks were embeddedin molten paraffin wax:and

the dissection was done under physiological saline. Using a sharp

scalpel blade, a slit was madealong the posterior lateral margin of
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the scutum along the ventral line. The scutal covering of the tick

was carefully lifted using fine forceps and cut off to expose the

internal organs. Using the fine forceps, the gut was carefully

separated and removedfrom the salivary glands and their connective

tissues, and the latter two carefully cut and removedand put in

phosphate buffered saline (PBS)of pH7.2. The glands were removedas

described by Purnell and Joyner (1968) and Walker et al., (1979).

Paired salivary glands from male and female ticks from the same stock

were placed in different small glass tubes, that were clearly

labelled. These were then transfered to small tubes containing

carnoy's fixative. Different salivary glands from ticks from

different stocks were likewise put in separate glass tubes under the

stated condition. The salivary glands were fixed in carnoy's fluid

for 20 minutes. The glands were then transferred separately as above,

into 100% ethanol for two hours to dissolve excess carnoy's, then

transfered to 5Mhydrochloric acid (HCI)for 20 minutes for the

glands to be macerated. The glands were then rinsed twice with

distilled water to wash out excess HCI, and then transfered into

Schiff's stain overnight at roomten'perature. The following day, the

salivary glands were rinsed in tap water, three times, to remove

excess stain. The glands were then dehydrated in a graded series of

alcohols after which they were cleared in xylene from where salivary

glands from individual ticks were mountedon separate microscope

slides, that had been labelled using a diamondpen, to showthe area

of tick collection, cattle mnnberon which the nymphsfed, site of

feeding, sex of the tick and date of dissection. Mountingwas done

l.U1dercover-slips in DPXand the salivary gland slides observed under

compoundmicroscope at x 100 magnification for detection of infected
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salivary gland acini cells; these were then examinedat x 400

nagnification to detennine the degree of parasite infection. For

infection rate, the numberof ticks found.infected was expressed as a

percentage of the total numberof ticks examined in a batch, and for

the level of infection, the numberof salivary gland acini infected

per tick in the ticks was examined.

Weights of engOrgedticks, duration of moUlting, weights of eggs and

size of unfed females

An experiment was done to detennine engorgementweights of

larvae, nyrrphsand females, using only ticks that attached within 24

hours after application. Ticks which had attached within this period

were discarded. Engorgedticks were collected each morning and the

afternoon of the same day during a feeding process and were subjected

accordingly to various experiments that samemorning and/ or

afternoon. '!he engorged larvae and nymphswere counted, weighed in

bulk and allowed to moult and duration of moulting recorded. '!he

ticks were monitored daily from the time of engorgement until

moulting started, and the time was recorded whenabout, 75% larvae or

nyrrphshad moulted to nyrrphsor adults respectively . '!his was taken

as the duration of moulting/ecdysis. As mentioned earlier, engorged

females were weighed individually and then kept in separate tubes to

lay eggs. '!he eggs produced by each female were weighed separately.

Size of unfed females from the different tick stocks was recorded (in

microns) by measuring the lengths of scuta of 30 females from each

stock. Prior to the scutal measurement, the ticks were fixed and

preserved in 70%ethanol (Chiera et al., 1985).



32

All weighings were done on Oertling - OB52 balance at NVRCand

rreasurement of size of females was done using an Olympusobjective

micrometer together with eyepiece micrometer under a light Leitz

Wetzlar microscope at the Department of Zoology, University of

Nairobi.

Isoelectric focusing CIEF)for isoenzymeanalysis

Isoenzymecharacteristics of eleven enzymesof the five tick

stocks were investigated. '!he enzymeswhich were investigated

included glucosephosphate isomerase (GPI), adenylate kinase (ADK),

phosphoglucomutase (fG.1), malic enzyme (ME),malate dehydrogenase

(MOH),isocitrate dehydrogenase (IDH), diaphorase (DIA), peptidase 1

(leucyl-glyclyl-glycine) (PEP1), peptidase 2 (leucyl-alanine) (PEP2),

peptidase 7(tyrosyl-tyrosyl-tyrosine) - (PEP7)and lactase

dehydrogenase (IDH). Investigations on these enzymeswere done on

ground up tick homogenates.

Preparation of tick hornogenatesfor isoelectric focusing CIEF)enzyme

analysis

'!he isoelectric focusing (IEF) technique was done on ground up

ticks from each of the five stocks.'!he ticks were washed under

running tap water to remove surface dirt and debris (FAO,1984). Each

tick stock was ground thoroughly by hand in a separate pestle and

mortar in 7m! of distilled water. '!he ground up tick (GUl')materials

were suspended in phosphatel:::uffered saline (PBS), pH 7.2, and

transferred into separate plastic conical tubes and centrifuged at

HOag force at 40C for one hour in an International Portable

Refrigerated Centrifuge, model PR-2, at NVRClaboratory. '!he
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supernatant was recovered in separate clean conical tubes, am

separately aliquoted into 10UIus.inq rnicropipettes am droppi.nq these

into liquid nitrogen (-176oC) in a 250mlflat bottomed flask, to

form 'beads' of the above stated volume. The 'beads' from the

different stocks were put in small plastic conical tubes with

perforated lids, am stored in liquid nitrogen for use in the

isoelectric focus.inq experiments. The preparation of the 1Qul

aliquots was done am the 'beads' stored as described by Gil:::sonet

al., (1978) am Allsopp et aI, (1985).

lsoelectric focusinq was performed on agarose gel by starrlard

methods (Wraxall am CUlliford, 1968; Godfrey am Kilgour, 1976;

Gil:::sonet al., 1980; Allsopp am Gil:::son,1983) with electrophoretic

conditions bein3' modified accordinqly to maximiseband resolution.

Separation am stiairrinq conditions were optimized as described by

Harris am Hopkinson (1976) for all enzymes.

statistical analysis

Comparisons were madeus.inq a sin3'le classification (one way)

analysis of variance (ANOVA) ,Oli-square am G- tests. Meanswere

comparedby the multiple comparison test us.inq the least significance

difference (ISO) method (steel am Terrie, 1987; Parker, 1979).

Computationswere done us.irq a easio College fx-100B 10-digit

scientific calculator .
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CHAPl'ER 4

RESULTS

Feeding performance of the five tick populations

To study the feeding performance of the five tick populations,

the mean engorgement weights of larvae, nyrrphs, and ferna.leswere

investi vated.

There were small differences in the meanweights of engorged

larvae (Table 2) rot these were not statistically different (Anova:

F=1.792, df = 4,145, P> 0.05).

Results from the meanweights of nyrrphs indicated that FS1 were

the heaviest, followed by FS3, FS2, FS4 and MIS (Table 2). By

perfonning analysis of variance on the results, significant

differences were revealed in the ticks collected from the five

populations (Anova: F = 173.587, df = 4,145, P<0.05). For the mean

engorged weights of ferna.les (Table 2) results indicated that FS1 were

the heaviest ticks, followed by FS3, FS4, FS2 and MIS in that

descending order. The ticks from the five populations were shownto

be statistically different (Anova:F = 20.077, df = 4,145, P<0.05).

ISO revealed significant difference between FS2 and FS1, FS1 and FS4,

and, FS3 and MIS.

Fromthe results on the weights of engorged nyrrphsand ferna.les,

it can be observed that the five tick populations maybe different in

their feeding ability.
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Table 2: Meanengorgementweight (Irq. ± S.E) of larvae« nymphsam

females of R. appendiculatus from five different geographical

zones fed on susceptible rabbits

Meanweight Meanweight Meanindividual weight

Tick strain of larval batches of nymphalbatches of females

FS1 124.667+6.464 1049.000+8.845 448.333+13.847

FS2 117.000+3.495 952.333+9.131 292.667+17.073

FS3 119.333+3.250 998.333+7.491 334.667+16.861

FS4 115.333+3.579 829.000+8.3370 331.333+14.197

MIS 109.333+3.214 769.000+10.398 278.333+11.901

n=30 n=30 n=30

VXRSITY t:lF l'J Al.~
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Table 3: Meanweight (00) of egg batches of B. appendiculatus from

five different geographical zones.

Tick strain

FS1

FS2

FS3

FS4

MIS

Meanweight of 30 egg batches+ S.E

176.000 ± 12.444

152.333 + 8.118

137.467 + 11.044

140.500 + 9.383

119.200.± 7.865

n=30
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Reproductive performance of five tick populations

During this part of the study, reproductive performance was

investigated by makingol:servations on female engorgementweights and

weights of egg batches. '!he trend from results obtaind by

investigating meanweights of engorged females (Table 2) has been

discussed above.

Results from meanweights of egg batches from females fed on

susceptible rabbits revealed that FSI produced the heaviest weight,

fo'l l.owedby FS2, FS4, FS3and MIS in that descending order (Table

3). '!heir weights were shownto be statistically different (Anova:F

= 4.459, df = 4,145, P<0.05). ISD test revealed that significant

difference existed only between the FSI and MIS.

'!he respective egg batch weights (Table 3) and the weights of

engorged females (Table 2) were related, except for FS2 and FS3 egg

batch weights which related inversely to their respective weights of

females. '!his would inply that blood meal is inportant in egg

fonnation.

Developmentperformance of the five populations

Results from meanduration in days post-repletion on rabbits to

completion of the moult (Table 4) showedthat FSI larvae took the

longest period, follCMedby FS4, MIS and FS2all of which took

similar period. FS3took the least duration. '!hese differences were

shownto be significant (Anova,F=14.509, df=4,145,P<0.05).

Results from the meanduration in days post-repletion on

rabbits to completion of the moult for nymphsshowedthat FSl, FS2

and FS4 took the longest duration follCMedclosely by MIS. FS3 took

the least duration. Despite the observed apparent differences, the
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Table 4: Meanduration (days ± S.E) of larval and nymphalmoultirg

Meanduration (days) post repletion

to the completion of the moult

Tick strain larval batches nymphalbatches

FS1

FS2

FS3

FS4

MIS

13.000+0.392 16.100±0.088

11.000+0.173 16.03O±Q. 112

10.930+0.166 10.930+0.113

11.530+0.115 16.030+0.058

11.470+0.124 15.970+0.112

n=30 n=30
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populations were not statistically different (Anova,

F=O.227,df=4,145,P>0.05,Table 4).

size of unfed females

To understand the size of unfed female ticks, meanlength of

scuta of unfed females from the five populations was investigated

(Table 5). The ticks from the five populations were different in

size. The FS2ticks were the largest, followed by FS4, FS1, MIS and

FS3ticks in that descending order. Fromthe analysis of variance

test, the differences were shownto be significant (Anova,F=5.809,

df=4,145, P< 0.05, Table 5). LSDtest revealed significant

differences between FS2and FS3, and, FS2and MIS.

Cornparative infection rates and levels of Theileria parva strains

in R. appendiculatus oopulations from five ecoiogical zones in Kenya

The infection rates in salivary glands of B. appendiculatus

adults infected with 1'.p. ~ Mugugaare shownin Table 6. FS1and

FS3ticks showeda high infection rate, with FS1having the highest.

MIS, FS4and FS2showedlower infection rates with the latter showing

the least infection. There are statistically significant differences

in the infection rates of the 1'. p. ~ Mugugain the five

populations by applying Chi- square test (X2=24.03, df=4, P <

0.001, Table 7).

Generally, MIS showedthe highest meannumberof infected acini.

This popul.at.Ionalso showedthe highest numberof acini infected with

the 1'.p.~ Mugugaper tick examined.This was followed by FSl. The

averages of the rest of the populations were not very different from

each other. However,from the analysis of variance, these differences
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SUmmary of mean scutal lengths (size) of unfed females

of B. appendiculatus from the five geographical zones

Scutal length

Tick strain No. of ticks ( microns+ S. E)

FS1 30 1267.900+14.815

FS2 30 1358.833+28.863

FS3 30 1220.367±23.145

FS4 30 1281. 000+19.849

MIS 30 1258.600+14.609
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Infection rate of T. p, ~ Mugugain salivary glarrls

of B. a:ppendiculatus adults collected from different

ecological zones in Kenya

Ferna.les

Tick strain examined infected

Males

examined infected

FS1

FS2

FS3

FS4

MIS

80

128

98

88

90

26

11

25

23

22

98

74

98

102

148

15

2

13

3

11



Table 7:

Tick

Population

FS1

FS2

FS3

FS4

MIS
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Infection rate of T. p. parva Muguga

in salivary glands of R. appendiculatus adult

populations in Kenya

Total No.

Infected

Total No.

not infected Totals

178

202

196

190

238

Totals 1004

41 (26.77)

13 (30.38)

38 (29.48)

26 (28.58)

33 (35.79)

137 (151.23)

189 (171.62)

158 (166.52)

164 (161.42)

205 (202.21)

151 853

Note-: '!he numbers in brackets represent the frequencies

expected.

Significant at X2=24.03, df=4, P<.001.
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Tick

population

FS1

FS2

FS3

FS4

MIS

Note:
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Infection levels of 1'. ~ ~ Mugugain salivary

glands of R. appendiculatus adult populations in

Kenya

No. of ticks examined mean infected No. of infected acini

Females Males acini per tick examined

80

128

98

88

90

36.500+11.390

17.750+15.755

19.400+7.991

16.800+6.010

52.000.±310842

0.820

0.351

0.495

0.442

1.092

98

74

98

102

148

Not significant. Anova, F=0.768, df=4,18, P>0.05.
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Infection rate of T. ,P. ~ Kilae in salivary glands

of }3.. a,Ppendiculatus adults collected from different

ecological zones in Kenya

Tick Females

Population examined infected

Males

examined infected

FS1 164 15

FS2 140 7

FS3 132 17

FS4 150 19

MIS 148 8

126

134

120

150

140

1

o

16

1

o
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Infection rate of 1'. 12. ~ Kilae in salivary glarxis

of B.appendiculatus adult populations in Kenya

Table 10:

Tick

oopulation

Total No.

infected

FS1

FS2

FS3

FS4

MIS

16 (17.35)

7 (16.39)

33 (15.08)

20 (17.95)

8 (17.23)

Total No.

not infected Totals

274 (272.65)

267 (257.61)

219 (236.92)

280 (282.05)

280 (270.77)

290

274

252

300

288

Totals 84 1320 1404

Significant, G-test, X2 =31.18, df=4, P<O.OO1.
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Infection levels of 1'. ~. ~ Kilae in salivary glands

of B. a~pendiculatus adult populations in Kenya

Table 11:

Tick No. of ticks examined

population Females Males

FS1

FS2

FS3

FS4

MIS

164

140

132

150

148

126

134

120

150

140

Mean infected No.of infected

acini acini per tick

9.500+3.884

18.000+8.718

24.600+7.004

20.500+16.292

15.500+14.500

0.131

0.197

0.488

0.273

0.108

Note:

No significant differences, Anova, F=0.442, df=4,17, P>0.05.
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Table 12: Comparisonof infection rates of ,1'. 12. ~ Mugugaand

,1'. 12. ~ Kilae in salivary glands of B.

appendiculatus populations in Kenya

Tick No. infected with

population ,1'.~ ~ Muguga

No. infected with

,1' .12. ~ Kilae Totals

FSl 41 (26.77)

FS2 13 (30.38)

FS3 38 (29.48)

FS4 26 (28.58)

MLS 33 (35.79)

16 (17.35) 57

7 (16.38) 20

33 (15.08) 71

20 (17.95) 46

8 (17.23) 41

Totals 151 84 235

Significant, G-test, X2=51.16, df=4, P<0.001
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were not significant (Anova,F=0.768, df=4,18, P> 0.05, Table 8).

'!he infection rates of 1'.12. ~ Kilae in B.al2l:>endiculatusadult

salivary glands are shownin Table 9. For this 1'. ~ strain, the

highest infection rate was in FS3ticks followed by FS4. In FS1 am FS4

ticks the infection rates was about half that of FS3with ML5and FS2

showing the lowest infection rates. By applying G- test, statistical

differences in infection rates of 1'. 12. ~ Kilae were shownin the five

populations ( X2=31.18,df=4, P< 0.001, Table 10).

FS3 showedthe highest meaninfected acini with T. 12.~ Kilae,

followed by FS4, FS2and ML5(Table 11). FS1 showedthe least mean

infected acini. '!here is howeverno statistical differences between the

populations (Anova,F=0.442, df=4,17, P> 0.05, Table 11).

'!his is an interesting observation because FS1 showedthe highest

mean infected acini with 1'•...1?~ Muguga.In addition, it seems as if

the tick populations generally showedaveragely higher numbersof infected

acini with 1'. 12. ~ Mugugacomparedwith 1'. 12. ~ Kilae.

Generally, the tick populations showa higher ability to become

infected with 1'.12. ~ Mugugathan 1'.12. ~ Kilae. '!hese differences

in infection rates of 1'.12. ~ Mugugaand 1'. 12.~ Kilae in the five

tick populations, were statistically significant, by using G-test

(X2=51.16, df=4, P<O.OOl,Table 12).

Isoenzymestudies of R. am>endiculatus stocks

Eleven enzymeswere investigated for isoenzymeprofiles for the five

different B. appendiculatus tick stocks in order to find out whether the

tick populations differ. '!he study was also carried out to see whether

isoenzymeprofiles maybe used as a marker in characterizing different

tick populations. Zymograrnsof resultant bands are shownin figures 5-15.
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Four of the eleven enzymes, i. e. peptidase 1, peptidase 2, malate

dehydrogenase and glucosephosphate isomerase revealed that one out of the

five tick populations studied, that is FS3, differs from the other four

which are very similar. '!he results are shownbelow. In the description

of the band profile, the band closest to the point of origin, is

designated as ~a' followed by ~b', ~c' etc .

Note: On the zymograms,the mnnbersrepresent the following tick

strains used:

1- FS3

2 - MIS

3 - FS2

4 - FSl

5 - FS4

Peptidase 1 (Fig. 5)

'!he migration of isoenzyrneswas anodal i.e. towards the positive

e.lectzode and they were fairly well resolved. '!Womajor bands were noticed

and each contained a single band. '!he bands obtained from MIS and FS2

were the clearest. Both bands from FS3, MIS, FSl and FS4had the same

mobility rot were slower than from FS2. '!he FS2ticks seem, therefore, to

be different from all the rest in this aspect. In addition, the profile

fromFS3 lacked the ~a' band which appeared in all the rest. '!his enzyme

is, therefore, polymorphic in these populations except for FS3which is

monomorphic.
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Peptidase 2 (Fig. 6)

The migration of isoenzymes was also towards the ancx:le.'!Wobands

were noticed in MIS and FS2. Band 'a I had the samemobility in both cases,

rot 'b' was present in all five populations and showeda difference in

mobility, being faster in FS2 than the rest. In this respect, FS2

therefore is different from the other stocks.

Malate dehydrogenase (MDH) (Fig.7)

The migration of isoenzymeswas towards the cathode (-). 'IWo

distinct bands were noticed from all five populations. The enzymeis

therefore, polymorphic in the tick populations investigated. Band 'a I had

the same mobility in all cases. Band 'b' was fastest in FS3 and slowest in

FSl and FS4.
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PEP1 zymogram.

Note the anodal (+) migration of isoenzymes as indicated

arrow. '!he isoenzymebands were fairly well resolved in ~

five populations. Note that both the isoenzyrnes in FS2 t:

faster movers and distinguished this tick population fror

the rest.
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PEP2 zymogram

Note that the migration of Lsoenzymeswas towards

electrode. '!Woisoenzyme bands were well resol VEl(

Also note that the second isoenzyme band ('b') waf

faster in mobility in FS2 than the rest, suggestil

further that this population maybe different fra

rest.
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Fig. 7: MDH zymogram.

The isoenzymesmigrated towards cathode electrode (-). No1

two distinct isoenzymebands in all the populations. Also

that the second band ('bl) is faster in mobility in FS3i f

in MIS and FS2i and SICMestin FSl and FS4. These results

further suggest that the tick populations are different.
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Glucosephosphate isomerase (GPI)(Fig.a)

The migration of the isoenzyrneswas cathodal. Three s:in;Jle bands

were noticed. Mobility of all three bands was the same in all cases where

the bands were observed, Band "a' was present, rot faint, in FS3, MIS and

FS2 stocks. It was absent from FS1and FS4. Band ~b' was very distinct in

all the five populations. Band "c' was fairly faint in all cases. '!his

enzyme, therefore, revealed differences between the five stocks. FS1and

FS4were shownto be similar, rot distinct from the other three stocks.

Malic enzyme(ME)(Fig.9)

Migration of the isoenzyrneswas cathodal. Band ~a' has three bands

of the samemobility in all cases. Both "a' and ~b' have a s:in;Jle band of

the samemobility in all the five stocks. The second isoenzymeband ~ bi

exists as three bands (alloenzyrnes). This enzymeis knownto be dirneric

because it showsone band in homozygotesand three bands in heterozygotes.

Therefore it expresses itself in two ways, and the results here fit the

latter condition. In the present study, malic enzymedoes not showany

differences in the five tick populations.

Phosphoglucomutaseenzyme (R;M) (Fig. 10)

Migration of the isoenzyrneswas towards cathodal. Three bands were

noticed in all the five populations. All the three bands had the same

mobility. The enzymedid not reveal differences amongthe five tick

stocks.

Adenylate kinase (ADK)(Fig. 11)

Migration of the isoenzyrneswas cathodal. '!Wobands were seen. Both

"a ' and ~b' have a s:in;Jle band of the samemobility in all the five cases.
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Band 'a i was howevernot clear rot it appeared as if it had more than one

band which had fused together; a point which would suggest that the enzyme

is dimeric. The enzymedid not reveal differences amongthe five tick

populations.

lsocitrate dehydrogenase (IDH)(Fig. 12)

Migration of isoenzymeswas cathodal. Bands 'a I and 'bl had single

bands of the samemobility in all the five cases. The enzymedid not

reveal differences between the five populations.

Diaphorase (DIA)(Fig. 13)

Migration of the isoenzymeswas cathodal. 'IWosingle bands were

noticed. Both 'a' and 'b' had single bands and were of the samemobility

in all the five cases.

Peptidase 7 (PEP7)(Fig. 14)

Migration of the isoenzymewas cathodal. Onesingle band was noticed

in all cases. This enzymeis therefore monomorphicin the investigated

populations. Mobility was the same in all the five populations.'Ihis

enzyme, therefore, did not reveal differences between the five tick

populations.

lactate dehydrogenase (IDH)(Fig. 15)

Migration of the isoenzyrneswas cathodal. 'IWosingle bands were

observed in all cases. The bands had the samemobility in all the five

populations. This enzymedid not reveal differences between the five tick

populations.
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GPI zyrnogram.

lsoenzymes migrated towards cathcx:leelectrcx:le. Note the tl

isoenzyme bands ('a I, 'bl and "c"}, Note that the first baJ

('a I) was present in FS3, MIS and FS2 rot absent in FSl aJ
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Fig. 9: ME zyrnogram.

'!he isoenzymes migrated tCMards cathode electrode. Note tl

distinct isoenzyme bands of same mobility in all the

populations. No differences were noticed amongthe tick

populations.
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Fig. 10: PGMzymogram.·

lsoenzymes migrated towards cathode electrOde (see arrow)

the three isoenzyme bands which are well resolved. Also r

that the bands have samemobility in all the five tick

populations. '!he enzymetherefore revealed no differenceE

the populations.
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Fig. 11: ADKzyrnogram.

Note the migration of isoenZymestCMardscathode electrcxie.

isoenzyme bands ('a' and "b") can be noticed, though not WE

separated. '!he bands have samemobility in all the five ti(

populations. Nodifferences amongthe populations are revec

by the enzyme.
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Fig. 12: IDHzymogram.

Migration of isoenzymes is towards cathode electrode (see

arrow). Note the two isoenzyme bands which are clear and'~

resolved. The bands have samemobility in all the five

populations investigated. Nodifferences amongthe populat

are revealed by the enzyme.
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Fig. 13: DIAzyrnogram.

lsoenzymes migrated towards cathode electrode. Note the twc

bands which have same mobility in all the tick populations

studied. No differences are revealed amongthe populations

the enzyme.
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Fig. 14: PEP7 zymogram.

lsoenzymes migrated towards cathode electrode. Note that t

single band in all the tick populations has same mobility.

differences amongthe populations are revealed by the enzy
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Fig. 15: IDH zyrnogram.

Migration of isoenzyrnes is towards cathode electrode. '!Wodist

isoenzyme bands Ca' and "b") are noticed. The bands have san

mobility in all the tick populations investigated. No differeI1

amongthe populations are revealed by the enzyme.
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aJAPI'ER 5

DISCUSSION AND CONCLUSIONS
Generally, different tick species inhabit a variety of climatic

regions (Walker, 1974). Within the samespecies, ticks occasionally

are found distrib.lted in areas whichare geographically isolated

(Walker, 1974i 'Iheiler, 1959). Within these areas, the ticks occupy

terrestrial habitats with adequate vegetation cover where they are

directly exposed to the vigorously fluctuating microclimatic

conditions, of which temperature and relative humidi.tyare of

paramount importance (McCullochet al., 1968; TUkahirwa,1976;

Branagan, 1973; Punyua, 1984). 'Ihese variations mayindividually or

cumulatively affect the behaviour as well as survival or development

of the ticks and as a result, the ticks mayundergo various

modifications in both their physical and physiolog-ical nature in

order to adapt themselves to these unfavourable envirorunental

conditions (Andrew,1980).

Differences in the characteristics of tick popul.at.Lonshave so

far been recorded in ticks which occur in various courttries. For

instance, it has been reported that B. appendiculatus populations in

South Africa have an adult diapause and are larger in size than the

Fast African B. appendiculatus ticks whichdo not undergo diapause

(Pegramand Banda, 1990; Rechav, 1981). 'Iherefore, in the case of the

S. African ticks, larval, nymphaland adult cycles do not overlap. It

has also been recorded that in non-diapausing ticks the c.l.Imat.e
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controls the cycle. For the ZambianB. appendiculatus, it has been

noted that the ticks are changing fromdi.apauseto non-diapause

behaviour (Rechav,1981; Pegramand Banda, 1990). Anothernotable

observation is that B. zarnbeziensiswhich is related to B.

apperrliculatus (Walkeret al., 1981) thrives in drier areas (Norval

et al., 1982); arrl has been shownto be better vector of :ocF and

corridor diseases that B. apperrliculatus (Norvalet al., 1982; Blouin

am stoltsz, 1989). It maytherefore be asstnnedthat the two are

strains of the samespecies rot adapted differently to drier areas.

since the distribltion of ticks terrl to be controlled by climate

('!heiler, 1959; Walker, 1974), it could be asstnnedthat diffferences

in populations occur betweenhabitats whichdiffer in microclimatic

cornitions.

Different tick stocks maytherefore differ in their ability to re-
to

produce am develop, duezhe influence of the forces of natural

selection pressure during the course of evolution. since the

epidemiologyof :ocF is intimately connectedwith the ecology of B.

apperrliculatus, there is a need to analyse and characterize the B.

apperrliculatus populations fromdifferent geographically and

ecolCXJicallyisolated areas. '!his will help to elucidate the

epidemiologyhence might give insights into the control of :ocF. Same

i.n'portant biolCXJicaldifferences in the tick populations have been

revealed in the present study.

Results in the present study suggest that different B.

apperrliculatus populations differ in weights of engorgednymphsam

females. Furtherrrore different tick populations are hereby reported

to differ in the weights of egg batches laid by respective females.
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Food intake in haematophagousarthropods is an essential

componentof egg maturation and reproduction (Engelman,1968;

Johansonn 1964). Results in the present study indicate that ticks

fram geographical zones which are relatively hotter have higher mean

ergorged weights. It is worth mentdonirq at this juncture that the

variations in the quantity of blood meal ~ested are significant in

elucidat~ the transmission of pathogenic organisms by larvae and

nyrtl)hs. Efficient blood Inqest.Lon, digestion and absorption of

nutrients is important because the two (i.e. blood and nutrients)

serve various functions of which the most important is egg yield. It

is therefore not surpr-i.sinq that the egg yield reflected in the mean

weight of eggs was related to the meanengorged weight of females.

'!hese observations confonn well to those by Snowand Arthur (1966),

SWeatman(1968), Hafez et al., (1972), Branagan (1973) and 'l\.lkahil:Wci

(1976) reported earlier. It also appears that heavier ticks have more

nutrient store for egg maturation.

'!he efficiency of nutrient conversion into eggs is a useful

parameter for assess.inq the extent of blood meal utilization by ticks. In

the B. apperrliculatus populations urrler study, the best performance was

recorded in FS1 ticks suggest~ that the envirornnental corrlitions to

which the tick population is adapted are the best for egg deve.lopment.,

cases of ticks with poor egg yield observed in this study could be due to

poor adaptation of the ticks in efficiency of nutrient conversion into

eggs.

Developnent performance of the ticks fram different sources was

detennined by looking at meanduration of larval and nymphalmoult~.

No significant difference exists in moult~ duration of nymphsfram the

five populations. '!hese results confonn to those recorded by Youngand
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Ieitch (1981) while working on moulting behaviour of four strains of R.
,

apperrliculatus nymphsfram Kenya. 'Ihe observat.zon of non-significant

difference in nyrrphalmoulting duration recorded in this study mayhave

been due to the fact that the ticks used in the study were the same

species am although ticks are widely distri..bJ.ted, different species of

ticks have optimal corrlitions of temperature am relative humidity which

favour maximumdevelopment am survival. Although fourrl in different

geographical zones, one expects, basing on this argument, ticks of the

same species to choose oonduc.ive microclimates that would be similar,

though in different zones. '!his however, would not be practical. '!he most;

likely explanation of the observed similarity would be that the prevailing

envirornnental corrlitions in the studied geographical zones, maynot yet

have exerted enough pressure to regulate the biological activities to

which the tick populations have adapted, as seems to be the case with the

larvae fram the samepopulations. '!he olEervations further throw light on

the fact that the envirornnental corrlitions influence different tick stadia

differently. otherwise we would have observed a significant difference in

the moulting durations of nymphsfram the five populations since a

significant difference had been noted in case of the larvae.

'!he effects of envirornnental corrlitions, especially temperature, on

the moulting activity in ticks, were reported by Feldman- Muhsamam

Muhsam(1966), Hafez et al., (1971) am Branagan (1973). '!hese authors in

their work reported that temperature amongother processes in ticks

greatly affects moulting activity. Evidence gathered by someearlier

workers (Hoogstaal, 1956; Arthur, 1962; Yeoman,1966a,b; McCullochet al.,

1968) had similarly correlated deve'lopmerrt;of R. appendiculatus with

various climatic factors, more specifically temperature (Branagan, 1973;

runyua, 1984). Results fram the current study agree with these firrlings,
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am further bring out clearly the fact that the climatic factors mayhave

a long-lasting effect in such a wayas to ~e the genetic composition

of the species.

Different tick populations showdifferent efficiency of transmission

for T. ~ stocks as has been shownby results in the present study.

Ticks of FS3, FS4and FS1were moreefficient transmitters of the two T.

~ stocks that were investigated, than the rest. Onaverage, the FS2

tick population was the poorest in the ability to becorreinfected with

parasites. Blouin and stoltsz (1989), while investigating differences in

infection rates of ~.Q. lawrencei by corrparingR. aQperrliculatus and R.

zambeziensis, suggested that B. zarnbeziensis which is generally found in

hotter, drier areas (Norval et al., 1982), maybe a more efficient

transmitter of at least certain isolates of ~. Q. lawrencei than R.

apperrliculatus. '!he results in this study were in close agreerrent with

those reported above because the FS3, FS4and FSl tick populations which

recorded high infections are found in areas where temperature is high. In

this study, the tick population from FS2collected from an area which had

comparatively low temperatures was the least likely to becomeinfected

with the parasite. Apart from temperature, there seemto be other factors

which influence infection rates in tick vectors. '!his is because the FS3

population which camefrom an area which had corrparatively lower

temperature than those of both FS1and FS4, performed better than both the

latter. Furthermore, differences in ~. ~ strains have been shownin

the present study to be picked at different levels by the vectors, an

irrlication that the epidemiologyof EX::Fmaybe related to the parasite

strain involved. As rrentioned earlier, the tick populations consistently

showedhigher infection rates and levels with T. :po ~ MugUga than with

T. Ih. ~ Kilae. Factors other than climatic and strain of the parasite
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could be used to explain the transmission of En". 'Ibis is evident from the

fact that FS3 in this study is seen to be equaLcy efficient in becoming

infected with both the strains.

Climatic corrlitions of the habitats, strain of T.~ and other

factors, most;probably genetic, therefore, seemto be exerting an

influence on the ability of the tick vectors to transmit the parasite.

'Ibese differences in transmission efficiency seemto give us a clue with

regard to the tick populations fromdifferent geographical zones being

biologically different. 'Ibis is a very important firrling as it maybe used

to help explain En" occurence and different levels of prevalence of the

disease recorded in different localities in the country.

out of the eleven enzymesstudied, ten showedpolymorphismin most

of the five populations, while only one i.e. PEP7 was monc:arorphic.Onthe

basis of results from PEP1, PEP2, MDHand GPIenzymes,B. appendiculatus

populations from different geographical areas seemto be different.

Similar differences in intra-specific populations have been reported in

other ticks as well as other vectors. 'Ibese results for instance conform

to those by other workers such as Hi.Iburn and Sattler (1986) while working

on the lone star tick Amblyommaamericanum;Sattler et al., (1986) while

working on four natural populations and four laboratory colonies of

Boophilus microplus and a laboratory colony of fh annulatus. Small levels

of genetic differentiation such as reported in the current study for B.

appendiculatus were also observed betweengeographically isolated

populations of Aponommahydrosauri and Amblyommaalbolimbatum (Bull et

al., 1984). 'Ibese results also agree with those reported by other workers

while investigating other vectors such as results by Takeshi and Leonard

(1988) while lookin:J at the isoenzymesof two natural populations in Kenya

of the tsetse Glossina pallidipes and VanEtten's (1982) study of eleven
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populations of G. pallidipes by meansof starch gel electrophoresis.He

reported that polyroc>rphisrnwas de:roc>nstratedin -three of the eleven systems

tested.. '!he present study has therefore clearly de:roc>nstratedthat only

four enzymes, PEP1 (fig. 5), PEP2, (fig. 6), MDH(fig. 7) am GPI (fig.

8) maybe used for characterization of B. appendiculatus populations.

'!hese four enzymescan be used in this waybecause their isoenzymesare

not present in all populations.

variation in allopatric populations such as those studied maycome

about, as a result of either genetical influence due to mutation, genetic

drift, fourrler effect or envirornnental effects resulting in natural

selection or can be the product of a combination of these forces.

What this implies is that the genetic composition of a population chanqes

gradually due to envirornnental pressure until the entire population

evolves. If this is left for several generations, there maybe a constant;

refinement of the genetic composition of the population, as tlle genes

selected for are those best adapted to the <x>rrlitionsin which the

population lives.

'!he sanples of R. appendiculatus urrler study were taken from areas

with different <x>rrlitionswhich mayhave <x>ntril:utedto the variations

observed am it was not surprising that they differed in certain of their

alleles thereby exhibiting the observed different biological

characteristics. '!his could be due to selection for different homozyqoties

urrler varying envirornnental <x>rrlitions.

In such widespread parnnictic populations as in this study, selection

mayproduce differential survival in different regions am result in

different allelic variation. Since these differences amonglocalities

l'IUlSt arise by divergence from a COI'IUOOngene pool of zygotes, the

differential survival ability in response to an envirornnental variable
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which changes with latitude (e.g. temperature) seems a likely explanation

(Arrlrew, 1980). '!his is just one of the factors that maybe used to

explain the observed differences in the tick populations as we shall see

later.

'!here is also another wayof explaining the genetic divergence

observed amongthe tick populations studied. since the ticks are

relatively inactive whenthey are off the host, the dispersion of these

vectors, and therefore, the rate of gene flCM, depends on host mobility.

'!he presence of the observed genetic divergence between the geographically

isolated B. appendiculatus populations can be explained by the lack of

extensive mobility of its hosts, including cattle, all of which can

disperse ticks rather broadly. Moreover, lack of substantial movementof

domesticated animals by manover long distances, within the range of this

tick, could also have a negligible effect on dispersion of ticks,

resulting in insufficient gene flCMbetween the study areas, thus

prOlOOtinggenetic divergence between the geographically isolated tick

populations.

'!he results strongly suggest the enzymesselected could be used to

illustrate the geographical and ecological diversity of B. appendiculatus

hence the epidemiology of ECF.'!his is the first time diversity of the

tick in Kenyahas been reported. '!he infonnation could be used in

structuring appropriate vector and disease control measures depeIrling on

the ecology of the vector in question. For instance, higher yields of tick

-derived parasite material for serological and inununological studies have

been obtained by feeding B. zarnbeziensis on experimental carrier animals (

Blouin and stoltsz, 1989). SUchresults as presented here suggest that it

would be possible to select B. appendiculatus population with better

ability to pick 1'. ~ infection for producing maximumnumbersof
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sporozoites of '!heileria species to be used in immunizationstudies ani

practical application in infection- treabnent methcxiof cattle vaccination

which is currently under trial ( Radley, 1978, 1981; Morzaria et al.,

1985; Younget al., 1990b). FUrthennore,having the knowledgethat B.

apperrliculatus populations are diversified according to their geographical

and ecolOgical zones, it wouldbe possible to carry out further studies to

detennIDe the levels of resistance and/or susceptability to acaricides

used for control. '!his wouldenable the qoverrunent.sconcerned to structure

appropriate control IOOaSUresallred at specific B. apperrliculatus

populations.

Isoenzymeanalysis, therefore, coupled with the other biological

characteristics, mayprovide us with a gocxlmarker for further analysis of

genetic differentiation amongnatural populations of the tick vector.

'!his could help to explain the differences in the transmission of

different 1'. ~ strains by different tick populations.

Fromthe results of the present study, it is suggested that the MIS

ticks, on average, perfonned morepoorly than the field populations

studied. '!his tick population is a closed population whichhas been bred

and fed on rabbits for 37 years nowand it is possible that this

inbreeding has resulted in the smaller size of the laboratory strain. Most

of the information on the biology of B. apperrliculatus in Kenya, for

instance their ability to transmit 1'. ~ parasite, has been obtained

using the laboratory strain. Fromthe results, it therefore becomesquite

questionable, howmuchreliance we should continue to place on data

obtained using the laboratory strain, whenit comesto the application in

the field.

Although the biology ani ecology of B. apperrliculatus has been

studied in samedetail, manyaspects of its biology have not been fully



84

related to its ability to transmit theileriosis. In the earlier studies,

investigators have ten:led to study the biology of the tick, while

veterinary scientists have studied the role of the tick in transmission of

theileriosis. '!he present study reported here has attempted to put such

studies together. '!his study attempted to relate the biological diversity

of R. apperrliculatus to its ability to l::.ecomeinfected with T. ggyg,

which is obviously a very important yet inadequately studied aspect.

studies of the type reported here are important because using such

results, it maybe possible to select R. appendiculatus, with better

ability to transmit T. ~, on the basis of their specific biological

characteristics. '!his aspect wouldbe very important for both practical

studies aimedat prcx:iucingmaximnnnumbersof sporozoites of '!heileria

species for imnn.mizationstudies as mentionedearlier, am theoretical

urrlerstarrling of the genetics of the tick vector for control purposes.

SUchstudies wouldmakeit possible to understand the effects of different

strains of tick populations am the transmission of tick-oorne diseases.
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