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Abstract

Surveys were conducted to compare the seasongbrigsialence and loads, and sero-prevalence
of tick-borne diseases (TBD) in Nguni and non-dipsarattle on the sweet and sour communal
rangelands of the Eastern Cape Province. The pekiss observed on both rangeland types
were Rhipicephalus appendiculatus (71.0 %), Rhipicephalus (Boophilus) species (29.2 %) and
Rhipicephalus everts everts (40.2 %).Hyalomma species (19.0 %) occurred only on the sour
rangeland. Tick loads were higher (P < 0.05) inhbewet season than in the cool-dry season.
Cattle in the sweet rangeland had significantlydo@P < 0.05) tick loads than those in the sour
rangeland Rhipicephalus appendiculatus loads were lower (P < 0.05) in the indigenous Ngun
than non-descript cattle in the hot-wet and postyraeason. Hyalomma species were also
significantly lower (P < 0.05) in the Nguni thanmdescript cattle in all the seasons. Three
TBDs were observed, namelgabesia bovis (44.6 %), Babesia bigemina (45.9 %) and
Anaplasma marginale (25.6 %). All the animals were sero-negative Ebrlichia ruminantium.
Nguni cattle had lower (P < 0.05) sero-prevalermeéAf marginale in the cool-dry season ail
bigemina in the cool-dry and hot-wet seasons. Cattle indlveet rangeland had significantly
lower sero-prevalence d@. bovis and B. bigemina. Infection with B. bovis and A. marginale
decreased (P < 0.05) the packed cell volume. Ngatile were recommended for use in the
integrated control of ticks and TBD in the commuasdas of South Africa as they were better
able to cope with tick and TBD infestations tham-u@script breeds.

Key words: Nguni, Rhipicephal us appendicul atus, Babesia bovis, tick loads,season



Acknowledgements

| thank God for seeing me through these studiesnderely value the patience, guidance and
mentorship from my supervisors, Professors M. Chiyooand K. Dzama. My gratitude also
goes to D. Pepe, W. Sibanga, M. Nyanga, S. Xegdarndyamezela for their technical support.
Fellow postgraduate students, C. Mapiye, N. NgéndGwaze, M. Mwale, B. Moyo, and M.
Lesoli, thank you for the positive contributionsttee development of this dissertation. | also
received support from members of staff in the Depent of Livestock and Pasture Sciences,

notably Dr. V. Muchenje, Ms. T. Nkukwana, Dr. P. dika, Dr. S. Dube and Ms. K. Mopipi.

The project would not have been a success withoaitfinancial support from the National
Research Foundation. | am very grateful to the éusnof Magwiji, Upper Mnxe and Tiwane for
availing their animals and time throughout the gtpdriod. The help of the members of staff in
the Department of Agriculture offices in Sterkspyrélliot and Cala is sincerely acknowledged.
Serum samples were processed at the ARC-Ondersteipeterinary Institute with the help of

Mr. O. Mattee, Dr. C. Katsande and colleagues.



Dedication

To wisdom, understanding and upright judgement!



Table of contents

Page

[T ox F= 1= [ o PP i
Y 011 =T od SRS PPPPTRPPPRTRRO i
D] =Te [To3= 11 o] o PO %
TabIe Of CONTENTS ... . e e e e e s Vi
= (0 [PPSR Vi
IS 0 = ] =P PTST X
LISE OF FIQUIES ...ttt ee e e s s e e e e e e e e e e e e e e e e e eeaenebna s Xi
(@ gF=T o] (= g I 101 o Yo [1 [ £ ] o TR SRUPPPP 1
1.1 BACKOIOUNG ..ottt ettt e et e e et e et e s e e e e e e e e e e e e e e eeeeennnnnnes 1
1.2 JUSHIFICALION ...ttt e e e e e e e e e e et e e et e e e et e e enne e s s e et bba e e e e e e e e eeeeeeeees 3
1.3 ODJECHIVES ..ottt ettt e e e e e e e e e e e e e e ettt e e e aee et e et eebebb e e e e e e e aaaaas 4
1.4 HYPOLNESES ...ttt oottt e e e s s s eeee e s s e e e e e e e e eeeaeeeeeeennnnnnnnnns 4
ST ] (=T =] [0TSR 5
Chapter 2: LItErature FEVIEW ............uu e aeeeeeuettiiiiaaaaaeeeeeeeaeeeeeeesessessssnnasssnn e e s aaaeeaaaaeeeeees 10
P20 R 11 {0 T [V Tox 1 o o [ UU U PPPPPRPPRRR 10

2.2 Cattle production in COMMUNAI @reaS ....ccceeeeeeeeiiiiiiiiiiiiiiiiiiirarr e ae e 10

2.3 Cattle breeds found in commuNal reas .......cccccoovviiiiiiiiiiiiiiie e 12
2.3.1 INdIgENOUS CALLIE ... e e e e e e e e e e e e e e e e eeeaeaeees 12

2.3.2 Imported and NON-desCript Cattle........coooiiiiiiiiiiiiii e 13

2.4 CommoN tiCKS IN SOULN AFFICA .....cooee et 14

2.4.1 Distribution of ticks in cattle in SOUth AFB ...........uveeiiiiiiii e 16

Vi



2.5 Pathogenic effects Of tICKS ... oo 18

2.5, 0 THICK WOITY et emmmm ettt ettt e e e e e e eee e e e s e e e e e eeeeeeeeeeeennnnnnns 18
2.5.2 ANBEIMIA ..ottt ettt e et e e e e e e e e e e ae e e e n e 19
2.5.3 WoUNAS N MYIASIS .eevvrrriiiniiieereeeemiaaa e e e e e e e e e e e et eeeaebb e a e e e e e e aeeaeas 19
2.5.4 TOXICOSES ...eeeeeieeiiiteeee e e e e e et eme ettt ettt e e e e e e e e e e e o e e e bbbt e e e e e ae s e e s s e nbbbbbnenee e 19
2.6 Use of tick-resistant breeds in tick CONrol.............ooooiriiiiiiiie e 20
2.7 TICK-DOINE dISEASES.... .ot 21
2.7.1 BADESIOSIS ...ceiiiiiiiieieeeiee ettt ettt e e e e e 21
2.7.2 ANQPIASIMOSIS ..ottt s oottt e s e e e e e e e e e e e e e e e e e e e e e eaeeaeeaanaree 22
2.7. 3 HEAIMWALET ... eee e s e e e e e e e e e e e e e e e eennnnnnnes 22
2.8 Serological techniques for the diagnoses &fliimrne diseases...........ccccceeeeeeeevevvnnnnn. 23
2.9 SUIMIMIATY .ottt e ettt oo oo et et e e e e e e eeba e e e aeeenneeaan e eeeeesennaeeeeenrnnns 25
2.10 RETEIENCES ...ttt e e e e e e e e e r e e et e e e e e e e e e e e as 25

Chapter 3: Tick loads and prevalence in Nguni amalahescript cattle on communal rangelands

(o) Bt [l e U (=T g W O oL PP 41
G0 A [ o (o To [FTox o] o F PP PTPPPPPON 41
3.2 Materials and METNOUS. ...........eiiii e e e e 43

3.2.1 Description Of StUAY SItES......coii e 43
3.2.2 The Study @nIMAIS ...........ouuuiuunt ettt e e e e e e e et e e e e ereenaeeeebbaann e as 44
3.2.3 Tick collection and identifiCation ......cccc...eeieiiiiiiiiiiii e 46
3.2.4 StaAtiStiCaAl ANAIYSES .....vueieiiiie e 46
BB RESUILS ... e e as 47
3.3 L TICK PreVAIENCE ...ttt e e e e e e e e e e e e e e e e e e eeeeeeeaenes 47

vii



3.3.2 Effect of rangeland type, season, breed,ssyeand position on tick loads .............. 51

RN B 1o U 1o o] o TR 55
B CONCIUSIONS . .. e e e e 58
S R EL (=] (=] A o1 =1 T TR 58

Chapter 4: Sero-prevalence of tick-borne diseas®iguni and non-descript cattle on communal

rangelands Of the EAStern Cape.......oooeccceeeaeee e e s e e e e e e e e eeeeanees 63
ot R [ o1 (oo 18 ox {0 o FR PP PP TP TPTPPPPPON 63
4.2 Materials and MELNOUS............uuu e e e e e e e e e e 64

4.2.1 Description Of STUAY SIS .......cciiiiiieeeii i r e e e e e e e eeeeeenaaes 64
S (8 [0 VA= 1 10 =1 R 65
4.2.3 Determination of body weights and body caadiscores..............cccoevvevviiiiiinnnes 65
4.2.4 BlOOA COIBCHION ...ttt e e e 65
4.2.5 Determination of packed cell VOIUME ... 65
4.2.6 SerologiCal tESTING ....uuu e e e e 66
4.2.7 STAtiSHICAl BNAIYSES ...t 69
4.3 RESUIES ...ttt e e e e e e e 69
4.3.1 BOAY WEIGNLS ...ttt e e e 69
4.3.2 BOAY CONAItION SCOMES .....uuuuuiiiii i e e ettt e e e e e e e e e e e e e e eaeeaeeeeeeeeseennnnns 70
4.3.3 Packed Cell VOIUME .......ooiiiiiiiii ettt e e 70
4.3.4 Sero-prevalence BRDESIA DOVIS........cooooi i 74
4.3.5 Sero-prevalence BAbesia bigemina...........oooooiiiiiiiiiiiiii 74
4.3.6 Sero-prevalence Ahaplasma marginale..............uuuuuuiiiiiininneeeeeeeeeeeeeeeeeeee e 76

viii



4.3.7 Effect of tick-borne disease infection onywagkight, body condition score and

PACKEd CEII VOIUME ....eee e e e e e e e e eaaaaas 77

4.3.8 Correlations among body weight, conditiorrecpacked cell volume and tick-borne

ISEASE INTESTALION ...vviiiiiii et ettt e e e eeea e e e e e e e e e e e e eeeeeeeennnnnnns 77
A2 DISCUSSION ..etttttiiiae e e e e e e e e e e e e et e etee s e e e e e e e e e e e e et e eeeeeeetabasasa e s saeaaea s e s s e e eeeeaeaaeeeeeeeessnnnnes 80
A.5 CONCIUSIONS ... e e e e e et ettt et et s e e e e e e e e e e e e eaeeeeeeennne 83
4.6 REIEIBINCES ... ..ot eemmmmm et e et ettt ettt ettt e s saeee e s s s e e e e e e e e aeaaeeeeeeeeesnrnnes 83

Chapter 5: General discussion, conclusion and ret@mlations.............cccceeeeeeeeeeiviieceeeeen, 89

5.1 General dISCUSSION .......ccoiiiiiiiiiii ettt e e e e e e e e e et e e e e e e e aeeeeeeeeeebbasnnaa e e as 89
A Ofo ] [od (151 o] 1 1= PRRRRRRPP 90
5.3 RECOMMENAALIONS ...ttt e e e e e e e e e e e eeees 91



List of Tables

Page
Table 2.1: Ticks and the pathogens they transnaattie in South Africa.............ccceevvvinneees 15
Table 3.1: Composition of the study animalS oo 45

Table 3.2: Seasonal prevalence (%) of ticks ineatrds in the sweet and sour rangelands of
the Eastern Cape Province across the two breed type..........cceeiiiiiiiiiiiiiiiiii e 49
Table 3.3: Tick prevalence in cattle of differegeagroups on communal grazing in the Eastern
Cape ProvinCe aCroSS DrEEU tYPES ......... e eeertrunnnnaaaaaaaeeeeeeeeaaeeeeeeeeaeeeeeeeersenennnnn 50
Table 3.4: Seasonal changes in mean tick loadgunNand non-descript cattle ................ 53.
Table 4.1: Correlations among body weight, bodydaon score, packed cell volume, B. bovis,
B. bigemina and A. marginale in Nguni Cattle.............ooooiiiiii e 78
Table 4.2: Correlations among body weight, bodydaton score, packed cell volume, B. bovis,

B. bigemina and A. marginale in non-descript cattle............ccoooiiie 79



List of Figures
Page

Figure 3.1: Tick loads per position in Nguni andhvaescript cattle on the communal rangelands

Figure 4.1: Seasonal change in body weight in Ngandinon-descript cattle in the sweet and
SOUN FTANGEIANTS ... ceeeeee e e e e et et e ettt e s e e e e e e e e e e e e aeeeeeeeesnnnnnnns 71
Figure 4.2: Seasonal change in body condition sebiguni and non-descript cattle in the
sweet and SoUr rangelands ... ——————————— 72
Figure 4.3: Seasonal change in packed cell volumMguni and non-descript cattle in the sweet
AN SOUN TANGEIANGS ...ttt e s s e e e e e e e e e e e e e e eeeeenennnnes 73
Figure 4.4: Seasonal change in sero-prevalenBalmgsia bovis (A), Babesia bigemina (B) and

Anaplasma marginale (C) in the communal Cattle .............uueieiiiiiiiiiii e 75

Xi



Chapter 1: Introduction

1.1 Background

Of the 14.1 million cattle in South Africa, 3.1 tioh are in the Eastern Cape (National
Livestock Statistics, 2006) and approximately lodlthese belong to communal farmers (Palmer
and Ainslie, 2006). Cattle production contributemsiderably to the livelihoods of communal

farmers in the Eastern Cape Province of South Afri€attle are a source of food for household
consumption (Sansoucy, 1995) and they provide dtapgwer for crop production, hides,

manure and cash through sales (Chimostya., 1999; Palmer and Ainslie, 2006).

Cattle owned by resource-poor farmers are keptommneunal rangelands where they are grazed
extensively (Masika and Mafu, 2004). Communal grgas characterised by poor management
of cattle and low productivity. Communal farmergetg use drugs to treat their animals.
Consequently, diseases and parasitism are rife raapr threats to cattle production in
communal areagKaewthamasormnd Wongsamee, 200Rajputet al., 2009. Surveys have
indicated that communal farmers perceive tickshasnhost important health constraint to their

cattle (Dreyeet al., 1998; Dold and Cocks, 2001).

Ticks cause substantial losses in cattle productioterms of diseases, reduced productivity and
fertility and often death, and are economically h@st important ecto-parasites of cattle (Rajput
et al., 2006). Ticks suck blood, damage hides and skitr®duce toxins and predispose cattle to
myiasis and dermatophilosis (Gates and Wescott);20@shaliet al., 2004). Furthermore, they

reduce body weight gains and milk yield, in additio creating sites for secondary invasion by



pathogenic organisms (Gates and Wescott, 2000piTu&t001; Kaufmaret al., 2006). More
significantly, ticks transmit diseases from infectattle to healthy ones. Ticks transmit a greater
variety of pathogenic micro-organisms than any o#rthropod vector group, and are among the

most important vectors of diseases affecting arsrilingejan, 2007).

The most economically important genera of tick-leorprokaryotic and eukaryotic
haemoparasites infecting cattle in communal areashe rickettsiaénaplasma andEhrlichia
(Cowdria), and the protozoan parasit@abesia and Theileria (Bell-Sakyi et al., 2004).
Anaplasmosis, heartwater and babesiosis are thé impsrtant constraints to the health and
improved productivity of cattle in South Africa (Eaeret al., 1994; Mtshalit al., 2004). They
cause high morbidity and mortality, decreased naeat milk production and loss of draught
power, manure and financial resources throughrtbigtution of control measures (Makadzal .,
2003). Serological tests, such as the indirectréiscent antibody test (IFAT) and enzyme-linked
immuno-sorbent assay (ELISA) can be used to detetibodies and give accurate estimates of

TBD sero-prevalence in cattle (Minjauw and McLedd04).

Most indigenous cattle in areas where tick-borngeaies (TBDs) occur possess a hatural
resistance to these diseases (d’leteren and KinZtl7). These cattle are exposed to the
diseases early in life and thus do not usually bgvéhe clinical disease and are subsequently
immune (Latif, 1992). In South Africa, the Ngunishbeen reported as a hardy breed uniquely
adapted to the local environment and possessinghatdlerance to ticks and TBDs (Spickett

al., 1989; Mapiyeet al., 2007; Muchenjeet al., 2008). The indiscriminate crossing of Nguni
cattle with exotic breeds to improve productivio{d and Cock, 2001) is likely to lead to loss

of some of their desirable traits, such as resistam tolerance to TBDs. The prevalence of ticks

2



and TBDs in the Nguni and its crosses (which caddseribed as non-descript) in the extensive

system in which they are currently kept in South@f has not been determined.

Muchenjeet al. (2008), through conducting tick counts, observeat Nguni steers were less
susceptible to ticks than Bonsmara and Angus steessed on natural sweet rangeland. It is
essential, however, to determine the impact ofstiekad TBDs under communal grazing
management and in the breeds of cattle that areikgpe communal areas. Estimates of the
prevalence of ticks and TBDs in cattle in smalllsdarming areas in the Free State have been
made (Dryeret al., 1998; Mbatiet al., 2002). These studies however, did not compare the
prevalence of the parasites in the different brdegs under communal farmer management and
across different rangelands types. Developing obmrategies for ticks and TBDs based on
extrapolation of studies conducted elsewhere atenoinappropriate due to differences in
ecological factors and management practices that detween different areas. Climatic
conditions of the sweet and sour rangelands dffidlery et al., 1995), yet the interaction

between veld type and season on tick counts andsTd® often ignored.

1.2 Justification

The low-lying coastal areas of the Eastern Capelgmenantly carry the commercial cattle

producing farms. There is therefore a need to sarogitle from the highland sweet and sour
rangelands which are more inland as they carryptitie of communal cattle in the province. The
prevalence and seasonal occurrence of ticks andgsTiBEhe different breeds of cattle under the
communal farming system in the Eastern Cape haseenh determined. Information on the

prevalence and seasonal occurrence of ticks andsTiB2attle facilitates the development of



sustainable control strategies to enable commuamaidrs to reduce the burden of these parasites
on their stock. For the farmers to fully benefibrfr the research there is need for their active
participation during data collection. During thisé their ethical considerations and the welfare
of their animals should not be ignored. The curedfdrts to restock communal areas with Nguni
cattle require determination of the breed’s perfamoe and resistance to ticks and TBDs in
communal areas. This information can also be usefiddvising communal farmers on the
selection and rearing of appropriate breeds thattalerant to ticks and TBDs. Data on the
prevalence and distribution of these parasitesbeansed for future research on development of

drugs and other remedies to protect animals frokst@and TBDs in the province.

1.3 Objectives

The main objective of the current study was to caraghe tick loads, prevalence of ticks and

sero-prevalence of TBDs in cattle of different ldee communal areas of the Eastern Cape.

The specific objectives were to:

I. Determine the prevalence of ticks in Nguni and deseript breeds of cattle in
communal areas of the sweet and sour rangelaritie &astern Cape; and

il. Determine the sero-prevalence of babesiosis, asraplsis and ehrlichiosis, and the
associated changes in packed cell volume in Ngodireon-descript breeds of cattle in

communal areas of the sweet and sour rangelaritie &astern Cape.

1.4 Hypotheses
The hypotheses tested were that:
i.  There were breed differences in the prevalencécks$ in Nguni and non-descript cattle in

the sweet and sour rangelands of the Eastern Cape.



There were breed differences in the sero-prevalavfcdabesiosis, anaplasmosis and
ehrlichiosis in Nguni and non-descript cattle ie 8weet and sour rangelands of the Eastern

Cape.
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Chapter 2: Literaturereview

2.1 Introduction

Tick-borne diseases and the damage caused byitesk dre, arguably, the major constraints to
cattle production in communal areas of South Afr{i@old and Cocks, 2001). The current

chapter discusses cattle production systems, hreedshighlights the major tick species and
TBDs of cattle in South Africa. It also reviewskicontrol and current serological methods used

for the diagnosis of TBDs.

2.2 Cattle production in communal areas

Cattle production in South Africa can broadly beidied into two: large-scale commercial
farming and small-holder farming in the communakas (Gilimani, 2005). Large-scale
commercial farming is profit-driven, while resowgeor farmers form the bulk of small-holder
farmers and rear their cattle on communal rangslgBidysonet al., 2002). The majority of
small-holder farmers reside in communal areas andategorised as ‘subsistence farmers’ since
they produce mainly for household consumption (Mamrbeke and Mohamed, 2006). Cattle
provide draught power, skins, dung, meat and naitie, used for home consumption (Chimonyo
et al., 1999) with a few instances of sales. Cattle osimeris fundamental to social status and
self-esteem for the communal farmer (Minjauw and_btxl, 2003). Animals graze on natural
pasture on common grazing grounds (Masika and M2004). At night, the animals are
protected from theft and/or predation by confinetriamight enclosures which are constructed
using thorn bushes, stones or wooden poles, demgprad the availability of these materials

(Campbellet al., 2006).
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There is limited livestock and rangeland managemesiulting in rangeland degradation and
poor cattle body condition, especially during win{Besteret al., 2003). Cattle in the sweet

rangelands are, however, spared the ravages oémast forages retain palatability and high
nutritive value to maintain animal condition thrdwagit the dry season (Sibanda, 1999).
Communal farmers rarely practise controlled bregdsupplementary feeding and marketing of
animals. The only human input into the communainfag system is the unpaid family labour
used to look after the animals. The main managerobjgctive is to avoid risks of diseases,

drought and to maintain herd numbers (Campdtell., 2006).

Livestock diseases, parasitism and deaths are #j@ threats to communal cattle production in
the small-holder production system (Dold and Co@X)1; Rajputet al., 2006; Hesterburgt

al., 2007). Communal farmers have limited access terve&ry care in terms of support services,
information about the prevention and treatment igéstock diseases, and preventive and
therapeutic veterinary medicines (Dold and Cock€12. The cost of veterinary drugs is beyond
the reach of the majority of communal farmers (Nleatl., 2002). Ticks and TBDs are ranked
by communal farmers as the most important healtistcaint in their cattle (Dreyet al., 1998;
Hesterburget al., 2007).Due to lack of funds and shortage of manpower,rietey services are
limited in most communal areas of South Africa (@aind Cocks, 2001). Communal farmers
presently rely on the use of traditional medicit@gombat the constraint of ticks and TBDs in

their stock (Hesterburgt al., 2007).
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2.3 Cattle breedsfound in communal areas
2.3.1 Indigenous cattle
The cattle breeds kept by communal farmers in thallsholder farming areas of South Africa

are the indigenous, imported and non-descript $tnesl) breeds (Scholét al., 2008).

The Nguni is the major indigenous cattle breed @ftB Africa. It is a small to medium sized
breed that is reported to be adapted to the hargihoements (Collin-Luswet, 2000) of South
Africa's communal areas where droughts are periattig season nutrition is low and cattle
diseases are endemic (O#toal., 2000). Nguni cattle possess various adaptati@nacieristics
that make them suitable for rearing in communalasrelrhey have excellent reproductive
performance (du Plessi al., 2006) good walking and foraging ability, low mi@nance
requirements and good meat quality (Schoeman, 1889domet al., 2001; Muchenjet al.,
2008a). The Nguni has a great ability to maint&rcondition in winter (Ndlovu, 2008; Ndlovu
et al.,, 2007). As selective grazers and browsers, Nguatilec are able to obtain optimal
nutritional value from the available natural vegieta thus enabling them to survive under poor
rangeland conditions (Bestetral., 2003). The Nguni breed can walk long distancesearch of

grazing and water; it is also tolerant of extreemaperatures (Bestetral., 2003).

Nguni cattle have been reported to be resistambteynal parasites (Ndlovu, 2007) and ticks
(Muchenjeet al., 2008b), making them suitable for rearing in theedse-endemic communal

rangelands of South Africa. The mechanism for tesistance is not fully understood but could
be related to a pre-immunity to ticks often essdi®d through a continuous contact with the

infectious agents from early in life (Mattiolet al., 2000). Avoidance behaviour, skin
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hypersensitivity and increased grooming may alsurdmute to increased resistance of the Nguni
breed to ticks (Meltzer, 1996). It is thought thgtexploiting their innate and acquired resistance
against ticks and TBDs (Minjauw and McLeod, 20083ligenous Nguni cattle can be reared
with minimal tick control. Tick control by frequertpplication of acaricides is regarded to be
costly in indigenous cattle (Mattiokt al., 1998). Moreover, frequent and prolonged use of
acaricide compounds, might depress body weight gainattle (Fivaz and de Waal, 1993).
Studies have been conducted to determine the naleraf Nguni cattle to ticks although under
controlled conditions (Schol& al., 1991; Muchenjet al., 2008b). It is imperative, however, to
conduct tick counts in the Nguni on different raiage types so as to determine its resistance to

ticks under communal grazing management.

2.3.2 Imported and non-descript cattle

Imported breeds, such as the Brahman, Angus, Here&ammental, Holstein, Jersey and Brown
Swiss, were introduced into South Africa after yarblonial farmers and scientists rejected
indigenous cattle as unproductive and advocated teplacement with large-framed and fast
growing cattle of European origin (Bayeral., 2004). Communal farmers accepted these high-
input, highly productive imported breeds as mongesior and adopted them into the communal
farming system (Besteat al., 2003). Exotic breeds however, are not adaptetieéaonditions,
and perform poorly under the prevailing managenpeactices of communal systems (Scholtz,
1988). Uncontrolled breeding and indiscriminatessiog of indigenous Nguni cattle with exotic
breeds to improve productivity has led to the padden of numerous non-descript crosses

(Scholtzet al., 2008).
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Imported breeds are less tolerant to ticks thaigembus breeds in southern Africa (Rechav and
Kostrzewski, 1991; Norvadt al., 1996; Muchenjet al., 2008b). Indigenous-exotic crosses are
known to endure tick infestation for longer periadthout acaricide application, and have lower
tick burdens than imported breeds (Fivaz and del\1883). However, their level of resistance
to ticks is thought to be comparably lower thant tbiapure indigenous breeds (Fivaizal.,
1992; Wamburaet al., 1998). Tick loads in non-descript and indigendguni cattle on
communal rangelands have not been determined.niatorn gained from such comparisons can
be useful in advising farmers on the rearing ofallyeadapted tick-resistant breeds on their

rangelands.

2.4 Common ticksin South Africa

Ticks are blood-sucking obligate external parasiielbnging to the phylum\rthropoda and
make up the largest collection of creatures inditer Acarina (Rajputet al., 2006). They have
direct detrimental effects on cattle (de Castr®7)%ut more importantly, they transmit various
of pathogenic micro-organisms from infected catitldhealthy ones (Jongejan, 2007). The most
common tick species and the diseases that thegniaimo cattle in South Africa are shown in

Table 2.1.
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Table 2.1: Ticksand the pathogensthey transmit in cattlein South Africa

Tick species

Description Pathogens transmitted

Rhi pi cephal us (Boophilus) spp.

Rhi pi cephal us appendicul atus

Rhipicephalus evertsi evertsi

Hyalomma spp.

Amblyomma hebraeum

bluish ticks with hexagonal Babesia bigemina,
basis capitulum, short Babesia bovis,
compressed and ridged palpsAnaplasma marginale
faint/absent anal groove

brownish, reddish-brown or Theileria parva

dark ticks with short palps

and reddish-brown legs

medium sized, beady-eyed, Anaplasma marginale
dark brown ticks with

reddish-orange legs

dark-brown- bodied ticks withAnaplasma marginale
numerous puntactions on the

scutum and long, banded legs

brightly ornamented ticks, Ehrlichia ruminantium
that have eyes and long,

robust mouthparts

Sources: Horakt al. (1991), Walker (1991) and Coetztial. (1994).
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2.4.1 Distribution of ticksin cattlein South Africa

Several surveys have been carried out to deterthi@etick loads of cattle in South Africa.
Studies in the eastern Free State have revealeththarincipal ticks affecting cattle belonging
to resource poor farmers aBoophilus decoloratus (53.1%), Rhipicephalus evertsi everts
(44.7%), Rhipicephalus follis (1.0%), Rhipicephalus gertrudae (0.7%) and Rhipicephalus
warburtoni (0.4%) (Hlatswayaet al., 2002; Mbatiet al., 2004). In the south west region of the
same province, Fourie and Horak (1991) observet Ah#dlyomma marmoreum, Hyalomma
mar ginatum rufipes andHyalomma truncatum were the predominant species. A second study by
Fourie et al. (1996) in the south west region revealed tikxatles rubicundus and Hyalomma

mar ginatum rufipes were the most prevalent tick species.

In KwaZulu-Natal, Bakeret al. (1989) observed thaBoophilus decoloratus, Rhipicephalus
appendiculatus andRhipicephalus evertsi evertsi were the most prevalent species on cattle raised
on commercial farmsHyalomma marginatum rufipes, Rhipicephalus appendiculatus and
Rhipicephalus evertsi everts were the most numerous species in the Limpopo ReceviAlso
present in the Limpopo province werdmblyomma hebraesum, Boophilus decoloratus,
Hyalomma truncatum and Rhipicephalus simus (Schroeder, 1980; Horak, 198Bxyson et al.
(2002) noted that the adults @&imblyomma hebraeum, Rhipicephalus appendiculatus and
Rhipicephalus evertsi evertsi were the most numerous tick species in North WestiRce, while

in Mpumalangaoophilus decoloratus constituted more than 75% of the total tick popalat

In a five year survey conducted in the Eastern CBpavince, Rhipicephalus (Boophilus)

decoloratus, Amblyomma hebraeum, Rhipicephalus appendiculatus and Rhipicephalus evertsi
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everts were found to be the most common tick speciessimfg cattle (Rechav, 1982). In
contrast to these early findings, Horak (1999) olestAmblyomma hebraeum, Haemaphysalis
silacea, Rhipicephalus appendiculatus and Rhipicephalus glabroscutatum to be most prevalent
tick species on yearling commercial cattle on \faBeishveld. Muchenjet al. (2008a) in an on-
station study comparing tick loads on Nguni, Angusl Bonsmara steers on sweet rangeland
revealed thaBoophilus decoloratus, Amblyomma habraeum, Rhipicephalus evertsi everts and
Hyalomma species were the most common tick infestationgh\Wie exception oHyalomma
species, the same tick species composition obsdryeduchenjeet al. (2008a), was found to

infest cattle and goats in the communal areaseoEtistern Cape (Nyangiwe and Horak, 2007).

Research on the tick species affecting cattle lgghgnto small-holder farmers in South Africa is
limited. Many studies have focused on cattle inabmercial farming system and it is apparent
that cattle management and tick control in thisnfag sector will differ considerably to that in
communal farming areas (Brysa al., 2002). Few studies have focused on cattle kept by
resource-poor farmers in communal areas. Theseiestudowever did not compare the
prevalence of the parasites in different breedd kepder communal farmer management and
across different rangelands types. Other studiese Hacused on comparing tick loads in
indigenous and exotic beef breeds under contraiedlitions (Norvakt al., 1996; Muchenjet

al., 2008a). No studies have focused on the compadttiok loads in the indigenous and non-
descript cattle under communal grazing managenhgiormation on the tick loads of cattle can
be used in conjunction with sero-diagnostic methtmlestimate and compare the level of

resistance of different cattle breeds to ticks (Waraet al., 1998; Mattioliet al., 2000).
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Tick distribution and occurrence differs with geaghic distribution and vegetation type
(Mtshali et al., 2004). No efforts have been made to compareltialls in cattle on sweet and
sour rangelands. Sour rangeland occurs in are&shigh water supply and denser vegetation
cover (Elleryet al., 1995) and it is more likely to have higher prevele of ticks than the sweet
rangeland which occurs in areas with low water uppd sparse vegetation cover. Comparing
the prevalence of ticks in different rangeland sypssists policy makers to design appropriate

control programmes for each particular rangelape ty

2.5 Pathogenic effects of ticks
Direct effects of ticks on cattle are tick worryotd loss, damage to hides and skins of animals

and introduction of toxins (de Castro, 1997).

25.1Tick worry

Tick worry is a generalized state of unease antlnifity of cattle severely infested with ticks,
often leading to serious loss of energy and weighis negative effect on the growth of animals
and their production is thought to be due to tHeot$ of a toxin in the saliva of ticks (Hunter,
2004). Moderate to heavy tick infestations can icbpeegatively on the growth and production
of cattle. Infestations withRhipicephalus (Boophilus) decoloratus and Rhipicephalus
appendiculatus were reported to cause weight losses of 1.5 gdafd), respectively (Norvat

al., 1988) while Amblyomma spp. resulted in losses of about 63 g (Stachueslkal., 1993).
Similarly, milk production was reduced by 9 g pacle engorgindrhipicephal us appendiculatus

female in indigenous Sanga cattle (Norstzdl., 1997)
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2.5.2 Anaemia

Anaemia is an inevitable consequence of heavy taties by any blood-feeding parasite, and
cattle deaths attributable to anaemia as a restitloinfestation are common (Jonsson, 2006).
Engorging ixodid females will increase their weidpyt 100—200 times but the actual amount of
blood ingested is much greater than this, as bloedl is concentrated and fluid excreted in
saliva (Kempet al., 1982). The anaemia caused by heavy tick infestatesults in loss of
condition in cattle causing a reduction in meatdoictsion and milk yield (Gates and Wescott,

2000).

2.5.3Wounds and myiasis

The mouthparts of ticks puncture the skins duriegding, causing damage to the hide, the
damage taking the form of small rounded areas ofoss, which is often followed by secondary
fly attack resulting in serious skin infection (Geg et al., 1999). Ticks with longer mouthparts
such asAmblyomma and Hyalomma cause more extensive damage than those with shorte
mouthparts such a@oophilus and Rhipicephalus. The involvement of host reactions leading to
tissue damage may be dependent upon recruitmdanflaimatory responses characterized by
dermal cell infiltrates which form the lesions (Mali et al., 2000). Tick wounds may become
infested by screwworms or other agents of myieamigl are also associated with the spread of

bovine dermatophilosis caused Dgrmatophilus congolensis (Kahn, 2006).

2.5.4 Toxicoses
Tick saliva contains toxins which have a specifathpgenic effect. The toxins affect not only

the attachment site but also the entire organkehbst. Some ticks produce neurotropic toxins
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which induce tick paralysis that is characterizgdab acute ascending flaccid motor paralysis
(Kahn, 2006). Examples are paralysis caused by féleeling of Dermacentor andersoni,
Australian tick paralysis caused byodes holocylus, and tick toxicosis caused IBhipicephalus
species (Drummond, 1983). Females of the spétyakomma truncatum produce a dermotropic
(epitheliotropic) toxin which causes sweating se$s® in calves and some adult cattle (Kahn,

2006).

2.6 Use of tick-resistant breedsin tick control

In many sub-tropical and semi-arid environment#&inca indigenous dual purpose breeds are
highly resistant to ticks, resulting in low infesta rates that cause significant reductions in
direct losses (Norvadt al., 1991). Resistance to tick infestation in cattigies both between
breeds and between individuals. Within-breed viamatin genetic resistance to ticks can
potentially be used to breed for resistance (ddr@a$997). The phenomena of host resistance
to ticks and enzootic stability to tick born disesgre well documented (Latif and Pegram, 1992;

Solomon and Kaaya, 1998; Mattietial., 2000).

The ability to resist ticks is acquired, but it éeps according to genetic factors. The host genes
that may play a role in the manifestation of tigsistance have yet to be identified. However
DNA markers that may be used for diagnosis of trelsistance/susceptibility have been
identified (Olafsonet al., 2007). It may thus be possible to breed catttetibk resistance and
reduce the need for use of costly and potentiadymful acaricides. The simplest form of
utilisation of host genetic resistance is crosebireg susceptible exotic cattle with indigenous

tick-resistant breeds (de Castro, 1997). It is irapee however, to compare the level of
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resistance, by comparing tick counts, of the indages-exotic crosses with that of the indigenous
breeds so as to assess the benefit of cross-bgedtliis also important to determine whether
breeding for tick resistance can be compatible whileeding for particular production

characteristics such as meat or milk yield.

2.7 Tick-borne diseases

Tick-borne diseases cause probably the most ecaatiyniserious losses of ruminants in
southern Africa. They cause direct losses, sucm@sality, reduction in meat and milk yield,
and indirectly through the institution of controleasures (Makalat al., 2003). The TBDs of
economic significance in the communal areas of Is@dtica are babesiosis, anaplasmosis and

heartwater (Dreyeat al., 1998; Mbatiet al., 2002).

2.7.1 Babesiosis

Babesia bovis and Babesia bigemina are the main causal agents of bovine babesiosBouth
Africa (Coetzeret al., 1994). The symptoms of the acute form of theatiseinclude anaemia,
fever, haemoglobinuria, ataxia, high parasitaerai@ sometimes death (Boek al., 2004).
Animals that recover from primary infection becog®eriers; in these animals, parasitaemia is
virtually undetectable on microscopy. Subclinicdections may endure for long periods (Brown
et al., 2006) with infected animals acting as reservd@abesiosis tends to be more important in
non-resistant exotic animals, althouBhbovis infections are very severe and even local breeds
of cattle can be greatly affected By bigemina under conditions of poor health or nutrition
(Minjauw and McLeod, 2004). Specific and sensiti@gnostic methods can be used to monitor

the prevalence of these infections for efficienhtcol strategies to be implemented. Serological
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methods are useful for epidemiological studies o¥ifee babesiosis (Bulingt al., 2007).
Although the distribution of babesiosis in the EastCape can be determined by the vector
distribution (Coetzeet al., 1994), its prevalence in the different breedsattle on communal

rangelands still needs to be determined.

2.7.2 Anaplasmosis

Anaplasma marginale (Rickettsiales: Anaplasmataceae) is the causatigent of bovine
anaplasmosis worldwide (Kocaa al., 2004). The clinical symptoms of bovine anaplasmos
may include fever, weight loss, aborti¢gthargy, icterus, and often death in animals ottlan
two years (de Waals, 2000). Cattle that surviveteadnfection develop persistemtfections
characterized by cyclic low-level rickettsaemia gffrich et al., 1998; Frenchet al., 1999).
Persistently infected or "carrier" cattlave lifelong immunity and are resistant to clihidiaease

on challenge exposurBos taurus breeds (Holstein, Brown Swiss, ldereford) are more likely
to develop acute anaplasmosis tAabu cattle and their crossbreeds. Most of thdeckttming
areas in South Africa, including the Eastern Capeur in the endemic and epidemic areas of
anaplasmosis (de Waals, 2000). Serological tesis baen developed for the evaluation of
anaplasmosis and these are useful in the develdpaigmreventive measures (Barresal.,
2005). Despite the availability of these tests, ihevalence of anaplasmosis in cattle reared on

the communal rangelands in the Eastern Cape remakrown.

2.7.3 Heartwater
Heartwater is caused by the rickettsial organiBhmlichia (Cowdria) ruminantium and is

transmitted by ticks of the gendsnblyomma. It is causes heavy losses in cattle in southern
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Africa (Coetzeret al., 1994; Makalaet al., 2003). Heartwater occurs in four different cladic
forms, namely peracute, acute, subacute and sudatlindetermined by variations in
susceptibility of the hosts and the virulence afimas strains of the heartwater agent (Uilenberg,
1983). Exotic and ‘naive’ indigenous cattle are enseverely affected by heartwater than cattle
from endemic areas. The distribution of heartwate3outh Africa is limited to the occurrence of
the tick vector (Coetzeet al., 1994). In the Eastern Cape researchers have shiwatnthe
Amblyomma tick vector and heartwater occur under the comialepcoduction system, there is a

need to determine the prevalence of heartwatdremiand communal areas of the province.

2.8 Serological techniquesfor the diagnoses of tick-borne diseases

Direct and indirect methods have been developedhi®rdiagnosis of TBDs of livestock. The

direct method involves identifying the parasiteGremsa-stained blood smears or lymph-node
biopsy samples. Direct methods are good for clinitagnosis but less useful for determining

the prevalence of TBDs, and, therefore, of littée dor epidemiological surveys (Minjauw and

McLeod, 2004). Indirect methods based on serologyehbeen developed and give a more
accurate diagnosis of TBDs. The indirect tests taat be used to detect and screen for TBD
infections in cattle in South Africa include thenmanofluorescent antibody test (IFAT), enzyme-

linked immuno-sorbent assay (ELISA) and nucleic d@sed tests.

The indirect immunofluorescent antibody test (IFA3)the standard test that is used to detect
antibodies tdBabesia parasites of cattle. This test has a high seitgitand good specificity and
is reproducible (Krauset al., 1994; Hunfeldet al., 2002). Titres from 1:32 to 1:160 are

diagnostic and specific, with positive predictivalues of 69-100% and negative predictive
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values of 96-99% (Hunfelet al., 2002). The IFAT is still used as the ‘gold stanli#o evaluate
the sensitivity and specificity of other seroloditzsts in the diagnosis of babesiosis (Ravindran

et al., 2007). Its major disadvantages are low samptaitiiyput and subjectivity.

In the last decades, enzyme linked immuno-sorbesaya (ELISA) has replaced IFAT. The
ELISA technique has advantages such as possibilignalysis of a large number of tests in a
shorter time and the discrimination of positivenfroegative sera without subjectivity (Madruga
et al.,, 2000). The complement ELISA which usesjor surface protein-5 (MSP-5) as
recombinant antigen (Molloyt al., 1998), has been developed for the sero-diagnofiis
Anaplasma marginale. This test has a specificity of 94 % and sensiytiof 99 % (Ndunget al.,
1995). It is thus useful for serological surveysepidemiological studies and as an evaluation
tool in deciding the preventive measures to be ((Badroset al., 2005). It has been suggested
that application of ELISA foB. bigemina is still unreliable until a more purifie@abesia-

specific antigen or specific monoclonal antibodies available (EI-Ghays#t al., 1996).

Other tests involving nucleic acid probes or théymerase chain reaction (PCR) can also be
used in the diagnosis of TBD (Cald#ral., 1996; Ravindramt al., 2006). The PCR technique is
a sensitive method and is also very specific. Hanegreat care has to be taken to prevent
contamination by extraneous DNA. Since most nuceid probes are radioactively labelled, the
technique requires laboratories of the highest dstah) equipped for handling radioactive
materials. To overcome the limitation of low samgileoughput caused by gel electrophoresis
detection of the PCR product, a relatively new radtthat couples the PCR with ELISA has

been developed (Thammasirirekkal., 2003). The PCR-ELISA has been used for the detect

24



of Babesia bovis and has been shown to be highgitee2 and has a high sample throughput

(Thammasiriralet al., 2003).

The IFAT will be used to test for antibodiesBabesia while the ELISA will be used to test for
antibodies toAnaplasma in this study. These are presently the most rigdiabd available tests

for the diagnosis of TBD in South Africa.

2.9 Summary

Ticks and TBDs are important constraints to comrhaatle production. Information regarding
the tick species, tick loads and TBDs affectingleabh communal areas of the Eastern Cape of
South Africa is limited. There is a need, therefaoedetermine the tick species composition and
prevalence across rangeland types, seasons atellratds that occur in the communal areas.
The main objective of the present study was tordete the prevalence of ticks and TBDs in

cattle in the communal areas of the Eastern Capérite of South Africa.
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Chapter 3: Tick loads and prevalencein Nguni and non-descript cattle on communal

rangelands of the Eastern Cape

Abstract

The objective of this study was to compare tickdband prevalence in Nguni and non-descript
cattle in the sweet and sour communal rangelandseoEastern Cape Province, South Africa.
Engorged adult female ixodid ticks were collectew adentified seasonally from 144 cattle
raised on sweet and sour rangelands from August 2O®pril 2008. Three tick species were
identified in the sweet and sour rangelands, namBlypicephalus appendiculatus,
Rhipicephalus (Boophilus) species andRhipicephalus evertsi evertsi with prevalences of 71.1,
29.2 and 40.2 %, respectiveltyalomma species (19.0 %) occurred only in the sour ramgkla
Higher tick counts were recorded in the hot-wetseaahan in the cool-dry season (P < 0.05).
Cattle in the sweet rangeland had significantlydowck loads than those in the sour rangeland
in all the seasons except the hot-dry season. GumiNoreed had lower (P < 0.05) tick loads of
Rhipicephalus appendiculatus in the hot-wet and post-rainy season &h@l omma species in

all seasons than the non-descript cattle. The tisetiok resistant Nguni breed in the integrated
control of ticks on cattle in the communal areaSotith Africa is recommended.

Key words: indigenous cattl&hipicephal us appendiculatus, hot-dry season, sour rangeland

3.1 Introduction
Ticks and tick-borne diseases are ranked as thd mmmortant cattle health constraints by

farmers in the communal areas of South Africa (Brey al., 1999; Dold and Cocks, 2001).
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Several studies have been conducted on the ticksitdé in South Africa and many of these
have concentrated on the commercial productioresyge.g. Rechav, 1982; Horakal., 1991,
Horak, 1999). Tick control programmes in the conuoiarfarming sector differ considerably to
those in the communal farming areas (Brysanal., 2002). Commercial farmers rely on
intensive tick control using acaricides while reseupoor farmers cannot afford commercial
acaricides and resort to using traditional mediite control ticks (Hesterburg al., 2007).
There is a need to identify common ticks and deitgrntheir prevalence and loads in cattle on
communal rangelands in South Africa to formulatel amplement appropriate tick control

strategies.

Some studies have compared tick loads in indigemaodsexotic beef breeds on controlled on-
farm conditions (Norvakt al., 1996; Muchenjest al., 2008). No studies, however, have been
carried out to compare the tick loads of the Ndor@ied and indigenous-exotic crosses (non-
descript cattle), raised under communal grazingagament. It is important to identify and
recommend breeds that are resistant to ticks amd bea used by farmers on communal
rangelands. Information on the tick loads of catde be used to estimate and compare the level

of resistance of different cattle breeds to tidk&mburaet al., 1998; Mattioliet al., 2000).

Tick occurrence and tick loads vary with seasome®ggaphic location, vegetation type, breed
and age of the animal (Mtshatial., 2004). There are little, if any efforts that hdeen made to
compare seasonal dynamics of ticks in differentledireeds on sweet and sour rangelands,
which are likely to vary due to differences in faih distribution and vegetation densities

(Ellery, 1995). Comparing the prevalence and loafdscks in different rangeland types assists
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policy makers to design appropriate control progrees for each rangeland type. The objective
of the current study was to compare tick loads gliN and non-descript cattle kept on the

communal sweet and sour rangelands of the Eastgra Brovince of South Africa.

3.2 Materialsand Methods

3.2.1 Description of study sites

Tick collection was conducted in Magwiji, Ukhahlamkdistrict, representing the sweet
rangeland and Cala, Chris Hani district, represgntihe sour rangeland. Both sites are found in

the Eastern Cape Province, South Africa.

Magwiji is located on 3B7' S and 2722 E and lies at an altitude of 1507 m above sed.leve
The climate varies from hot-wet to extreme coldhwiteavy frost and snowfall along the
mountain area. Average annual rainfall is less %@ mm in the hot-wet season and less than
200 mm with frost and snow in the cool-dry seaddighest mean temperature is recorded in
January (22C) and lowest in July f€). The most common grass speciesT@neda triandra,
Setaria sphacelata, Microchloa caffra, Elionurus muticus and Heteropogon contortus (Acocks,
1988). This rangeland type is referred to as swasggeland because forages retain palatability
and high nutrient content throughout the year (kllet al., 1995). The slope and soil depth
ranges between 3.1 and 5.0 % and 501-700 mm, tesggcSoils are generally sandy with the
clay content ranging from 15 to 24.9 % and siltteah from 15 to 20 %, soil organic content

ranges between 0.6 and 2 %. The soil pH is with@range of 6.5 and 7.5.
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Cala is located on 833 S and 2736 E with an altitude of 1441 m above sea leveletteives
moderate rainfall of 600 — 800 mm in the hot-wetssa (November to April) and low rainfall of
200 mm in the cool-dry season (mid-May to Octoba&rerage monthly temperature is highest
in January (28C) and lowest in July (£C). The most common grass species Hiemeda
triandra, Heteropogon contortus, Sporobolus africanus and Microchloa ciliate. Euryops
pyroides, Chrysocoma ciliate andDyspyrose scrabrida are the common bush species in the areas
(Lesoli, 2008). This rangeland type is referredgcsour because the forages lose palatability and
nutrient content during the dry season. Soil claptent ranges between 15 to 24.9 %, silt
content from 20.1 to 30 %, and soil organic conteettveen 1.0 and 2 %. The soil pH is within

the range of 5.6 and 6.5.

3.2.2 The study animals

A total of 144 (72 from each rangeland type) catiladifferent ages based on dentition, both
sexes and two breeds, Nguni and non-descript ggaseluced by indiscriminate crossing of
indigenous Nguni cattle with exotic breeds, weréaly selected at the beginning of the study
as shown in Table 3.1. It was intended to monhese cattle for four seasons (1 year). However,
the numbers decreased in the hot-wet and post-sssagon due to sales and slaughtering. The
animals were selected on the basis of the owneitBhgness to participate in the study and
assurance of the availability of the cattle throughthe study period. All the selected animals
were ear tagged at the beginning of the study &sk edentification. The cattle were grazed on

communal rangelands and not dipped throughoutttity geriod.
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Table 3.1: Composition of the study animals

Sweet rangeland

Cold-dry Hot-dry Hot-wet Post-rainy
Breed? NG ND NG ND NG ND NG ND
Age
(years)
1-2 6 7 6 7 6 7 6 6
>2-3 7 7 6 7 5 6 5 5
>3-4 8 8 7 7 6 6 6 5
>4-5 7 8 7 7 7 7 6 7
>5 7 7 7 7 6 6 6 6
Sour rangeland
Cold-dry Hot-dry Hot-wet Post-rainy
Breed NG ND NG ND NG ND NG ND
Age
(vears)
1-2 7 7 7 7 6 6 5 5
>2-3 6 7 6 7 6 6 5 6
>3-4 7 8 6 7 5 6 5 6
>4-5 8 8 7 8 7 7 6 6
>5 7 7 7 7 6 6 6 6

NG = Nguni breed and ND = non-descript breed
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3.2.3 Tick collection and identification

Engorged adult ixodid ticks were collected oncéhmcool-dry (August 2007), hot-dry (October
2008), hot-wet (January 2008) and post-rainy (ApBi08) seasons. The samples were collected
between about 08h00 and 11h00. The ticks wereateddrom the head, ears, neck, belly, back,
legs, perineum and tail of each animal. Collectadges were placed in sample vials containing
6 % formalin mixed with 3 % glycerine and labelléthe label contained the name of the
community, owner's name, animal identification codate and month of collection. The ticks
were identified based on morphological and stradtdifferences of the adult ticks of each
species by a qualified veterinarian at the AnimeieBce Laboratory, University of Fort Hare.
The grouping to their genus and species was maderding to the methods developed by

Hoogstraal (1956) and Horakal. (2002). Prevalence for each tick species was Galedlas:

d
=— x100
n

where P represents the prevalence;
d represents the number of animals that testediy®$or a particular tick species; and

n represents the total number of animals samplbduéfield, 1995).

3.2.4 Statistical analyses

The tick counts were transformed according to tlewing formula y = log 10 (x+1) to confer
normality. The data was analysed using SAS (208@gcifically the chi-square test was used to
determine associations between tick prevalenceramgkeland type, breed, season, sex, age and
their interactions. Frequencies were determinedguBROC FREQ of SAS (2003). The effect of

rangeland type, breed, season, sex, age, positidntreeir interactions on tick counts was
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determined using the generalised linear model phaes for repeated measures (SAS, 2003).

Pair wise comparisons of means were performed ubm&DIFF option.

3.3 Results

3.3.1Tick prevalence

A total of 1034 ticks were collected from cattlebioth the sweet and sour rangelands. Three tick
species were identified on both sweet and soureland, viz Rhipicephalus appendiculatus
(77.1 %), Rhipicephalus evertsi evertsi (40.2 %) andRhipicephalus (Boophilus) decoloratus

(29.2). A fourth,Hyalomma species (19.0 %), occurred only on the sour rangela

Table 3.2 shows the seasonal prevalence of tickatite herds in the sweet and sour rangelands.
Season was significantly associated with the pemed of all the tick species identified. The
highest (P < 0.05) prevalence was observed in ttevht season foR. appendiculatus, R.
(Boophilus) decoloratus and Hyalomma species, and in the hot-dry seasonRoevertsi, while

the lowest (P < 0.05) prevalence occurred in tha-doy season for all the tick species. There
was a significant association between rangeland gupd season on the prevalence of all tick
species observed. The sweet rangeland had loweI0(B5) tick prevalence than sour rangeland

for all the tick species in all the seasons.

The association between age of animal and tick geece across both the sweet and sour

rangelands is shown in Table 3.3. Cattle greatam thto 5 years old had higher (P < 0.05) tick

prevalence than all the other age groups, whildecgdunger than two years had the lowest (P <
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0.05) tick prevalence. Breed and sex of cattle wertesignificantly associated with prevalence

of all the tick species identified.
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Table 3.2: Seasonal prevalence (%) of ticksin cattle herdsin the sweet and sour rangelands

of the Eastern Cape Province across the two breed types

Sweet rangeland Sour rangeland P value
Identified tick Cool- Hot- Hot- Post- Cool- Hot- Hot- Post-
species dry dry wet  rainy dry dry wet rainy

R appendiculatus  44.6 804 89.0 71.1 490 865 953 889 °

Boophilus 77 149 427 56.6 11.8 175 429 721 °
R. everts 471 554 238 256 73.8 557 28.9 488
Hyalomma 0.0 0.0 0.0 0.0 60 378 524 93
Overall 725 897 927 80.2 815 91.9 95.292.1 )
"P <0.05
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Table3.3: Tick prevalencein cattle of different age groups on communal grazingin the

Eastern Cape Province across breed types

Prevalence (%) Significance
Age (years) 1-2 >2-3 >3-4 >4-5 >5
R. appendicul atus 9.0 9.0 15.0 26.6 11.3 ’
Boophilus 4.1 3.2 6.9 11.3 4.3 NS
R. everts 4.3 6.1 6.9 54.5 36.5 )
Hyalomma 0.9 2.9 5.5 6.1 2.9 ’
P < 0.05.

NS: not significant.
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3.3.2 Effect of rangeland type, season, breed, age, sex and position on tick loads

Table 3.4 shows the seasonal changes in the ovitalload and tick loads of the four ticks
species identified in the sweet and sour rangelaRdageland type, season, position and the
interaction of rangeland type and season signifigg® < 0.05) affected the overall tick load.
The sweet rangeland had significantly lower (P @5P.overall tick load than sour rangeland in
all the seasons. The lowest (P < 0.05) overall lields were observed in the sweet rangeland
during the cool-dry season (0.44 + 0.081) whilehlgihest occurred in the sour rangeland during
the hot-wet season (1.23 = 0.082). Breed, age, @&x,the interactions of season and breed,
rangeland type and breed, age and sex, and radgsia®, season and breed did not affect (P >
0.05) the overall tick load. As shown in Figure th& most common sites of attachment of ticks

on the study animals were, in descending ordempdn@eum, ears and belly.

3.3.2.1 Rhipicephal us appendiculatus

The tick loads ofR. appendiculatus were significantly affected (P < 0.05) by rangelagpe,
season, position and the interactions of rangelgnel and season, and season and breed. Cattle
in the sweet rangeland had significantly lower (B.85) tick loads oR. appendiculatus in all

the seasons except the cool-dry season in whichcdkhéads were similar (P > 0.05). As shown

in Table 3.4, the Nguni breed had lower (P < 01K loads forR. appendiculatus in the hot-

wet and post-rainy seasons than the non-desceetbiThe perineum had the highest (P < 0.05)
tick loads ofR. appendiculatus followed by the ears and the neck (Figure 3.1ker age, sex
and the interactions of rangeland type and breed,asd age, and rangeland type, season and

age did not affect (P > 0.05) the tick loaddRoéppendiculatus.
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Figure 3.1: Tick loads per position in Nguni and non-descript cattle on the communal

rangelands
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Table 3.4: Seasonal changesin mean tick loadsin Nguni and non-descript cattle

Seasons
Cool-dry Hot-dry Hot-wet Post-rainy
Tick species Breed
Nguni 0.48 +0.07%4 0.58+0.082 0.72 +0.088 0.48 +0.091
R. appendiculatus ., 0.43+0.063 0.59+0.066 0.99 +0.08f 0.66 + 0.06%
descript
Nguni 0.12 +0.052 0.10+0.058 0.29+0.08 0.37 +0.068
Boophilus Non- 0.07+0.045 0.11+0.047 0.30 +0.057 0.52 +0.048
descript
Nguni 0.29 + 0.065 0.39+0.072 0.19+0.078 0.15 +0.080
R everts Non- 0.30 + 0.058 0.38+0.058 0.17 +0.071 0.25+0.06D
descript
Nguni 0.00 + 0.002 0.00+0.003 0.00 +0.002 0.00 + 0.002
Hyalomma Non- 0.01 +0.003 0.16 + 0.033 0.27 +0.046 0.11 + 0.038
descript

abcdy/alues with different superscripts for each tickesips are different (P < 0.05).
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3.3.2.2 Rhipicephalus (Boophilus) species

Rangeland type, season, position and the interadficdangeland type and season significantly
affected (P < 0.05) the tick loads Bf (Boophilus) species. Cattle in the sweet rangeland had
significantly lower (P < 0.05) tick loads & (Boophilus) species in all the seasons except the
cool-dry season in which the tick loads were sam{P > 0.05). The belly had the highest (P <
0.05) tick infestation followed by the perineumgckeand legs (Figure 3.1). Breed, age, sex and
the interactions of rangeland type and breed, sdxage, and rangeland type, season and age did

not affect (P > 0.05) the tick loads Rfappendicul atus.

3.3.2.3 Rhipicephalus everts everts

Rangeland type, season, position and the interadtficangeland type and season significantly
affected (P < 0.05) the tick loads Bf evertsi. Significantly lower (P < 0.05) tick loads &
everts were observed in the sweet rangeland in the cgohdd post rainy season. Only two
positions were infested Y. evertsi, the perineum which had the highest (P < 0.0% lbads
and the belly (Figure 3.1). Breed, age, sex andritezactions of rangeland type and breed, sex

and age, and rangeland type, season and age daffextt(P > 0.05) the tick loads Bf evertsi.

3.3.2.4 Hyalomma species

Tick loads ofHyalomma species were significantly affected by rangelanmkt season, position
and the interaction of rangeland type and seadgalomma species only occurred on cattle on
the sour rangeland where the highest (P < 0.0%)sle#ere observed in the hot-wet season and

the lowest (P < 0.05) in the cool-dry season. Téenpum was the only position of attachment
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of Hyalomma species (Figure 3.1). The tick loadsHbfalomma species were not affected (P >

0.05) by breed, age and sex.

3.4 Discussion

Four tick speciesR. appendiculatus, R. (Boophilus) speciesR. everts everts and Hyalomma
species were identified in the study. This is imeagnent with Muchenjet al. (2008) who,
except forAmblyomma hebraeum, found similar species composition infesting eatth a sweet
rangeland in the Eastern Cape Province. The absammblyomma hebraeum in the present
study may be attributed to the fact that this tickurs in the warm, moist coastal areas of the
Eastern Cape (Coetzeral., 1994) and so was not observed in the study wsiteésh are located

inland.

The differences in tick prevalence and speciesibigton observed in the sweet and sour
rangelands were most likely influenced by diffeeiin the vegetation composition and cover,
humidity and annual rainfall (Randolph, 1997; Weasoe al., 2006). Sour rangeland occurs in
areas with high rainfall and denser and tall vegmtacover (Elleryet al., 1995) and thus had
higher prevalence of ticks than the sweet rangela@mdh occurs in areas with low rainfall and
sparse and short vegetation cover. Tstribution of Hyalomma species is limited by winter
frost (Walker, 1994). Thus, the extremely cold atinds that occur during the cool-dry season
and in the early morning and late evening in othesisons in the sweet rangeland may have

caused the absence of this species from cattlweetsangeland.
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The higher tick prevalence and tick loads obsenvethe hot-wet season than in the cool-dry
season could be attributed to the more conduciwelitons for tick proliferation and survival
during this season. Accelerated tick proliferatarturs when environmental temperatures and
humidity are high (Chilton and Bull, 1994; Chiltehal., 2000; Zeleke and Bekele, 2004). The
present study’s findings agree with Webb and Da{#602), Wesongaet al. (2006) and

Muchenjeet al. (2008) who observed high tick counts during thewet season.

Nguni cattle carried markedly lower tick loadsRfappendiculatus andHyalomma species than
the non-descript cattle during the hot-wet and jpaisty seasons, suggesting that indigenous
Nguni cattle could have a higher innate and/or mequesistance. This agrees with Schettz
al. (1991), Norvalet al. (1996) and Muchenjet al. (2008) who observed the Nguni breed to
have lower tick counts compared to exotic and sstittbreeds. Even though the mechanism of
tick resistance is not fully understood, it could telated to a pre-immunity to ticks often
established through continuous contact with thedmbus agents from early in life (MatticH

al., 2000). Avoidance behaviour, skin hypersensitiahd increased grooming (Meltzer, 1996)

may also contribute to increased resistance oNtheni breed to ticks.

The lower tick loads observed in the younger stomlld be attributed to some form of innate
protection that declines with age (Wickel and Beagm1997). It is possible that continuous
selective grooming of the younger animals by tihespective dams (Fivaz and de Waal, 1993)
may have resulted in the lower tick loads in thanger stock. In addition, older animals have a

larger surface area predisposing them to highkrniestations than younger animals. The large
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surface area in older animals agrees with Saval. (2005) who observed that mature animals

have higher odds of carrying ticks than young stha& to their larger body surface area.

The differences in the common attachment sites grtioa four tick species in the study suggest
preferential feeding behaviour in the differentktispecies. Three tick specieR, evertsi, R.
appendiculatus and Hyalomma species most commonly infested the perineum wHle
(Boophilus) species infested the belly. The feeding siteickst may have been influenced by
attractant odours from the various predilectiomessiespecially the perineum (Wanzataal.,
2004). The higher tick infestations on the perinazould also be ascribed to the fact that ticks
prefer warm, moist and hidden sites with a goodtwias supply and thin skin (Muchengeal.,
2008). All these current study’s findings are imesgment with those of Spickettal. (1989) and

Muchenjeet al. (2008), who reported high tick infestations inladed sites with less hair.

Tick prevalence was observed to be generally highthis is an indication of the tick problem in
the Eastern Cape. The high tick loads in the hdtawmel post-rainy seasons across rangeland
types and breeds warrants more frequent use afaeftius acaricides during these periods to
avert major cattle losses through deaths and lbgsanluctivity. There is a need to develop
strategic tick control practices to abate heavl lcads while encouraging the development of
endemic stability in communal cattle herds. IndmgeNguni cattle are recommended for use in
the integrated control of ticks in the communakaref South Africa as they are more resistant to
tick infestations than non-descript cattle. The ofsgood grazing management practices, such as

rotational grazing, rather than the current unaidled extensive grazing, is also recommended to
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reduce rangeland infestivity to cattle. Indicatidren the current study suggest a need for more

intensive tick control in the sour than the swesigelands.

3.5 Conclusions

Rhipicephalus appendiculatus, Rhipicephalus (Boophilus) decoloratus, Rhipicephalus evertsi
evertss were the most prevalent tick speciésalomma species was only found in the sour
rangeland. Tick prevalence and loads showed aiteeBeasonal pattern peaking during the hot-
wet season and dropping in the cool-dry season.Ndwni breed had lower tick loads Bf
appendiculatus andHyalomma species in the hot-wet and post-rainy seasonttfenon-descript
cattle. Strategic tick control using acaricidesingithe hot-wet and post-rainy seasons to avert
major losses caused by high tick loads, especaliyne sour rangeland is recommended. It is
recommended that the Nguni breed be used in tlegretied control of ticks on cattle in the
communal areas of the Eastern Cape. It is impott@mmtetermine whether the tick loads and

prevalences are related to prevalences of tickébdiseases in the communal areas.

3.6 References
Acocks J.P.H., 1988. Veld types of South Afri¢hRdition. Botanical Research Institute, South

Africa.

Chilton, N.B. and Bull, C.M., 1994. Influence ofv@ronmental factors on oviposition and egg

development in Amblyomma limbatum and Aponomma hydrosauri (Acari: Ixodidae).

International Journal of Parasitology, 24: 83-90.

58



Chilton,N.B., Andrews, R.H. and Bull, C.M., 200 fluence of temperature and relative
humidity on the moulting success Afmblyomma limbatum and Aponomma hydrosauri (Acari:

Ixodidae) larvae and nymphs. International Jouof&arasitology, 30: 973-979.

Coetzer, J.AW., Thomson, G.R. and Tustin, R.C9419nfectious Diseases of Livestock with

Special Reference to Southern Africa. Oxford UrsutgrPress, Cape Town

Ellery, W.N., Scholes, R.J. and Scholes, M.C., 199% distribution of sweetveld and sourveld
in South Africa’s grassland biome in relation towvieonmental factors. African Journal of Range

and Forage Science, 12: 38-45.

Fivaz, B. H. and de Waal D. T., 1993. Towards etyat control of ticks in the Eastern Cape

Province of South Africa. Tropical Animal HealthdaRroduction, 25 (3): 131-143.

Hogstraal, H., 1956. African Ixodoidea. I. Ticks tife Sudan. Research Report NM 005
050.29.07, Bureau of Medicine and Surgery, US Diepamt of the Navy, Washington, DC, p

1101.

Horak, I. G., Camicas, J.L. and Kierans, J. E.,20Mhe Argasidae, Ixodidae and Nuttalliellidae

(Acari: Ixodida): a world list of valid tick nameExperimental and Applied Acarology 28: 27—

54.

59



Lesoli M.S., 2008. Vegetation and soil status, dmugnan perceptions on the condition of
communal rangelands of the Eastern Cape, SoutkafMSc. Thesis, University of Fort Hare,

South Africa.

Mattioli R.C., Pandey, V.S., Murray M. and Fitzpeltr J.L., 2000.Review: Immunogenetic
influences on tick resistance in African cattle twiparticular reference to trypanotolerant
N’'Dama Bos taurus) and trypanosusceptible Gobra zelBog indicus) cattle. Acta Tropica

75(3): 263-277

Meltzer, M.I., 1996. A possible explanation of tygparent breed-related resistance in cattle to

Bont tick (Amblyomma hebraeum) infestations. Veterinary Parasitology, 67: 27927

Muchenje, V., Dzama, K., Chimonyo, M., Raats J.@nd Strydom, P.E., 2008. Tick
susceptibility and its effects on growth performanand carcass characteristics of Nguni,

Bonsmara and Angus steers raised on natural pagtiraal., 2: 298-304.

Norval, R.A.l., Sutherst, R.W. and Kerr, J.D. 199@festations of the bont tick Amblyomma

hebraeum (Acari: Ixodidae) on different breedsaitle in ZimbabweExperimental and Applied

Acarology, 20: 599-605

Randolph, S.E., 1997. Abiotic and biotic determisaaof the seasonal dynamics of the tick

Rhipicephal us appendiculatus in South Africa.Medical and Veterinary Entomology, 11: 25— 37

60



SAS (2003). Statistical Analysis System Institute. IlUsers Guide, Version 9, Carry, NC, USA

Scholtz, M.M., Spickett, A.M., Lombard, P.E. & EmsIC.B., 1991. The effect of tick
infestation on the productivity of cows of threedxds of cattleOnderstepoort J. Vet. Res., 58:

71-74

Spicket, A.M., De Klerk, D., Enslin, C.B. and Sdz9olM.M., 1989. Resistance of Nguni,
Bonsmara and Hereford cattle to ticks in a bushwél&outh Africa. Ondersterpoort Journal

Veterinary Research, 56: 245-250

Swai, E.S., Mbise, A.N., Kessy, V., Kaaya, E., SgnP and Loomu, P.M., 2005. Farm
constraints, cattle disease perception and tick ag@ment practices in pastoral Maasai

community-Ngorongoro, Tanzania. Livestock Resedmh Rural Development, 17 (2005),

Retrieved July 7, 2008, frohmtp://www.cipav.org.co/lrrd/Irrd17/2/swail7017.htm

Thrusfield M (1995). Veterinary Epidemiology, 2ndi&on. Blackwell Science, London: 39-41.

Wanzala, W., Sika, N. F. K., Gule, S. and HassaAali2004. Attractive and repellent host

odours guide ticks to their respective feedingssi@emoecology, 14: 229-232

Walker, 1., 1994. In: A. Walker, EditoArthropods of Domestic Animals. A Guide to

Preliminary Identification, Chapman and Hall, London, p 5-60.

61



Webb, E.Cand David, M., 2002. The efficacy of neem seedaettfAzadirachta indica) to
control tick infestation in Tswana, Simmentaler &rdhman cattleSouth African Journal of

Animal Science 32 (1): 1-6.

Wesonga, F.D.QOrinda, G.O.,Ngae, G.N.,Grootenhuis, J., 2006. Comparative tick counts on

game, cattle and sheep on a working game ranchenyd& Tropical Animal Health and

Production, 38: 35-42.

Wickel, S.K. and Bergman, D., 1997. Tick host immlagy: Significant advances and

challenging opportunities. Parasitology Today, D3(883-9.

Zeleke, M. and Bekele, T., 2004. Species of tiake€@mels and their seasonal population

dynamics in Ethiopia. Tropical Animal Health anad@wuction, 36: 225-231

62



Chapter 4: Sero-prevalence of tick-borne diseasesin Nguni and non-descript cattle on

communal rangelands of the Eastern Cape

Abstract

A survey was conducted to determine the sero-peecal of tick-borne diseases in Nguni and
non-descript cattle on the sweet and sour comnmnamglelands across seasons. Body condition
scores, body weights, packed cell volume and adi#soto Babesia bovis, Babesia bigemina,
Ehrlichia ruminatium andAnaplasma marginale were determined seasonally in 144 cattle raised
on communal rangelands from August 2007 to Aprd&00f the 379 samples collected, 44.6%
were sero-positive foB. bovis, 45.9% forB. bigemina and 25.6% forA. marginale. All the
animals were sero-negative fahrlichia ruminantium. Nguni cattle had lower (P < 0.05) sero-
prevalence foA. marginale in the cool-dry season aml bigemina in the cool-dry and hot-wet
seasons. Cattle in the sweet rangeland had significlower sero-prevalence Bf bovis andB.
bigemina in all the seasons. Infection with bovis and B. bigemina negatively affected (P <
0.05) body weight and body condition scores whlebovis and A. marginale infections
significantly affected the packed cell volume. T¢ero-prevalence of TBD was lower in the
Nguni than non-descript breed. Use of the adaptedT®D-resistant Nguni breed on communal

rangelands is recommended.

4.1 Introduction
Little is known about the occurrence and prevaleoicdBDs in the communal areas of the
Eastern Cape, despite their importance. Most dataTBD occurrence is obtained from

inferences on the distribution of the tick vectbe(Vos, 1979; Regassh al., 2003) and this
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may be erroneous at times as the presence of ther\vdes not necessarily mean the presence
of the disease (Fivaa al., 1992). The distribution of tick species in a gauar area is not static
(Tonnensenet al., 2004) thus confounding the extrapolation of TBBcurrence from tick

distribution data.

In chapter 3, tick prevalence and loads were shiovwbe lower in the indigenous Nguni than the
non-descript cattle on communal rangelands. Bra#drehces can be expected in the sero-
prevalence of TBDs in the communal cattle basethertick prevalence results. It is essential to
determine the sero-prevalence of TBDs to estimatecampare the level of TBD-resistance in
different cattle breeds (Mattiodt al., 2000). The determination of TBD sero-prevalentabées

the recommendation of TBD-resistant cattle bredus tan be used for sustainable and
profitable production by farmers on communal raagds. The objective of the current study
was to determine the sero-prevalence of TBD in Ngund non-descript cattle on communal

rangelands in the Eastern Cape Province of SoutibaAf

4.2 Materialsand Methods
4.2.1 Description of study sites
Tick collection was carried out in Magwiji and Calehe description of the sites is detailed in

Section 3.2.1.
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4.2.2 Study animals
The same animals selected in Chapter 3 were usdédisrstudy. The cattle were grazed on
communal rangelands and no animal was treated BiwsTthroughout the study period. The

study was conducted from August 2007 to April 2008.

4.2.3 Deter mination of body weights and body condition scores

For each animal, the body weight and body condisicore (BCS) was determined before blood
collection was carried out in each season. Weiglgge estimated using a cattle weigh-band
while visual assessment of the body condition waslenusing the five-point European system

(Edmonson, 1989).

4.2.4 Blood collection

Cattle were held in a race during blood samplesctibn. Blood samples were collected between
08h00 and 11h00, once in the cool-dry (August 200@)-dry (October 2007), hot-wet (January
2008) and post-rainy (April 2008) season. Tail penicture was performed using an 18-gauge

needle into labelled Vacutairfeblood tubes.

4.2.5 Determination of packed cell volume

For the determination of packed cell volume (PCYfod was collected in Vacutairfeblood
tubes containing EDTA anti-coagulant. The blood wassferred into micro-haematocrit tubes
and centrifuged in a micro-haematocrit centrifugeaaelative centrifuge force of 0.169g for

three minutes. Reading of the PCV was performetherMicro-haematocrit Reader Scale.
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4.2.6 Serological testing

For serological testing, the blood was collecteénmpty Vacutainer® tubes and allowed to clot
at room temperature for four hours and then cergeél at a relative centrifuge force of 1.006g
for 10 minutes at 25°C. The sera were decantedstm@d in clean cryotubes at -10°C till

serological testing.

Antibodies toBabesia bovis, Babesia bigemina and Ehrlichia ruminatium were detected using
the indirect fluorescent antibody test (IFAT), ascribed by Joynesat al. (1972) and Goldman
et al. (1972). The method involved making two-fold dibris of the test and control sera of 1/80,
1/160, using phosphate buffered saline (PBS). atlg this, the antigen slides were fixed in
cold acetone (kept in freezer 26/FZ/1a) for 1 menamd allowed to air dry on the work bench.
Diluted serum samples were loaded on the slideiialsdilutions starting from the marked end
of the slide. The slides were incubated in a huchi@mber — cotton wool soaked with tap water
to prevent the diluted serum sample on the antljidle from drying, at approximately %7 for

1 hour. After incubation, the slides were washethWwBS on a magnetic stirrer set at 70 r.p.m
for 10 minutes then in distilled water for 5 minsité conjugate was made up by diluting Sigma
FITC conjugated anti-bovine in PBS at approximatel§0. A 25 ul drop of diluted conjugate
was placed on each well on the antigen slides toptetely cover the well. The slides were
incubated in a humid chamber — cotton wool soaki tap water to prevent the diluted serum
sample on the antigen slide from drying, at apprately 37C for 1 hour. After incubation, the
conjugate was flicked off from the slide and thidest were washed in PBS for 10 minutes on a
magnetic stirrer as described above. The slides Vedrto air dry on the work bench. A drop of

50 % glycerine/PBS was then placed on each wellcaveéred with a 24 x 50 mm cover-slip.
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The slides were examined under a fluorescent noopes using a 50 x water objective and the
results were recorded. The results were interprasedllows:

Negative ReactiarNo fluorescence was observed.

Positive ReactionA bright fluorescence was observed.

Interpretation of testA titre of >1:80 was considered positive.

A competition inhibition enzyme-linked immunosorbesssay (CI-ELISA), as described by
Ndung'u et al. (1995) and De Waakt al. (1995) was employed to deteét marginale
antibodies. In this method, antigen was dilutechvi#?BS at 5 pl of antigen into 11ml of PBS.
The diluted antigen was used to coat labelled ELpEses by adding 100 pl of diluted antigen
to each well of the ELISA plate before incubatian 2 hours, at 37 °C. The ELISA plate was
washed on the EL X50 Washer set to rinse 3 timdkiwang 750 ml PBS and 500ul Tween 20.
The plates were dried by tapping them on a dry t@hegh. Blocking buffer A was prepared by
dispensing 5g of Elite skim milk powder into 100ailPBS to make 5% solution. Each well of
the ELISA plate was blocked with 250ul Blocking taufA and the plate was incubated at 37°C
for 2 hours in a humid chamber set at low revohgiolhe Blocking buffer was discarded and
the plates were dried on a dry cloth towel. Test emntrol sera were removed from storage and

allowed to thaw.

Dilutions of 1:100 were made for the test and thetiol sera with PBS on the ELISA plates
following which the plates were incubated at 37f6€ 30 minutes in a humid chamber on an
automatic shaker set at very low revolutions. Mdoioal antibody was prepared by dilution with

1% serum dilution buffeas follows: 3ul of Monoclonal antibody into 9 ml sérum dilution
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buffer. The diluted Monoclonal antibody was adda& ithe test and control sera after incubation
and subsequently the plates were re-incubated°& ®#% 1 hour in a humid chamber set at low
revolutions. After incubation the ELISA plate waissed once using washing buffer then placed
into a plate shaker for 10 min. The contents offila¢e were discarded and it was dried on a dry
towel cloth. HRP-Goat Anti Mouse IgG (11ul) was rthdiluted in 11ml of the 1% serum
dilution buffer and 100ul of the diluted HRP-GoattAmouse antibodies were added into all the
wells of the plate and incubated at 37°C for 30utes. After incubation, the ELISA plate was
rinsed once with washing buffer and then placedhenPlate shaker for 10 minutes. After 10
minutes the contents of the Plate were discard@darwash basin and the Plate was dried on a
dry towel cloth. The substrate, 50ul ready to usH#TSingle solution, was then added to all the
wells of the Plate following which the reaction waad with an ELISA reader at 405 nm, after

every 5 minutes for 30 minutes.

The ELISA reader was connected to a computer. Aétading the optical density (OD) using the
ELISA Multiskan reader, results were automaticétnsferred into ELISA Multiskan software
programme in the computer. These results were tiaarsferred to Microsoft Excel File and
saved in an Excel spread sheet. Calculations afeRenegativity (PN), Percent Inhibition (PI),
Coefficient of Variation (CV) and whether sampleswzositive or negative were automatically
done in the Excel programme using formulae writted protected against deleting or editing in

the computer.

Sero-prevalence of the three haemo-parasites iasatad according to the formula developed

by Thrusfield (1995) as follows:
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P=— x100;

where P represents the sero-prevalence of the hparasite;
d represents the number of animals that testediy®$or antibodies to the parasite; and

n represents the total number of animals sampled.

4.2.7 Statistical analyses

Frequencies were determined using PROC FREQ (S@®)2Data for body weight, BCS and

PCV was square root transformed to confer normalitye effect of rangeland type, breed,
season, sex, age and their interactions on bodghiveind BCS was determined using PROC
GLM for repeated measures (SAS, 2003). The chitgquest was used to determine the
association of rangeland type, season, breed, ag®, and their interactions with TBD

prevalence. PROC CORR (SAS, 2003) was used tondeterthe correlations among body
weight, BCS, PCV and haemo-parasite infection. &tiect of TBD infection on body weight,

BCS and PCV was determined using PROC GLM for regokeeasures (SAS, 2003).

4.3 Results

4.3.1 Body weights

Figure 4.1 shows the seasonal changes in body tg8edfiNguni and non-descript cattle in the
sweet and sour rangelands. Rangeland type, sdareal, age, sex and the interaction of sex and
age significantly affected the body weights of tia¢tle. Cattle in the sour rangeland (387.6 kg *
6.67) had higher (P < 0.05) body weight than thiosthe sweet rangeland (339.9 kg + 8.90)

across seasons. Significantly higher (P < 0.05pktsiwere observed in the post-rainy season
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(401.9 kg £ 11.58) and the lowest (P < 0.05) inhbedry season (324.7 kg + 9.72). Males had
higher (P < 0.05) body weights than females inagk-groups except in the 1 to 2 year olds

which had similar (P > 0.05) body weights.

4.3.2 Body condition scores

The seasonal change in BCS of Nguni and non-descaile in the two rangeland types is
shown in Figure 4.2. Rangeland type, season, beggy],sex, and the interaction of, age and sex,
and rangeland type, season and breed affected(@%the BCS of the communal cattle. Nguni
cattle in the sour rangeland had significantly kigBCS in all the seasons except the hot-dry
season in which they were similar to those in theet rangeland. Males had higher (P < 0.05)
BCS than females in all age-groups except in the 2 year old category where the BCS were

similar (P > 0.05) between the sexes.

4.3.3 Packed cell volume

Figure 4.3 shows the seasonal changes in PCV idhenunal cattle of the sweet and sour
rangelands. Rangeland type, season, sex and #radtibns between rangeland type and season,
and rangeland type and breed significantly affethedPCV of the study animals. Cattle in the
sweet rangeland had significantly higher PCV valuesll the seasons than those in the sour
rangeland except in the post rainy season in wthmelPCV values were similar (P > 0.05). Male
cattle had higher PCV values than females in batlyeland types. Nguni cattle had higher (P <

0.05) PCV values than non-descript cattle in batigeland types.

70



500 -

450 -
Il
=
= 400
fo -m-Nguni sweet
g -8-Non-descript sweet
-§' 350 4 -e-Nguni sour
@ -6-Non-descript sour

300 -

250

cool-dry hot-dry hot-wet post rainy
Season

Figure4.1: Seasonal changein body weight in Nguni and non-descript cattle in the sweet

and sour rangelands



3.5 4

3.0

25 4

Body condition score

2.0 4

1.5

--Nguni sweet
-8-Non-descript sweet
-o-Nguni sour
-6-Non-descript sour

T
cool-dry hot-dry

Season

hot-wet

post rainy

Figure 4.2: Seasonal changein body condition score of Nguni and non-descript cattlein the

sweet and sour rangelands

72



40.0 -

s
O
=
o 35.0 1
£
% -&-Nguni sweet
>
= -8-Non descript sweet
-: =—Nguni sour
o 30.0 -
3 -o—-Non-descript sour
&
25.0 T T T |
cool-dry hot-dry hot-wet post rainy
Season

Figure 4.3: Seasonal changein packed cell volumein Nguni and non-descript cattlein the

sweet and sour rangelands

73



4.3.4 Ser o-prevalence of Babesia bovis

The IFAT revealed that 44.6 % of the cattle wersifpee for antibodies t®abesia bovis. There

was a significant association (P < 0.05) betweeo-peevalence oB. bovis and rangeland type,
season, sex, the interaction of rangeland typeseadon and the interaction of season and breed.
Cattle in the sweet rangeland had significantlydowero-prevalence @&. bovis than those in

the sour rangeland in all the seasons. Nguni chttelower (P < 0.05) sero-prevalenceBof
bovis than non-descript cattle during the cool-dry anthet seasons (Figure 4.4A). Females
(49.1 %) had higher (P < 0.05) sero-prevalencB.ddovis than males (37.4 %). Breed and age

were not significantly associated with the serovplence oB. bovis.

4.3.5 Sero-prevalence of Babesia bigemina

Of the 144 cattle sampled, 45.9 % were positiveafdibodies tdBabesia bigemina. There was a
significant association (P < 0.05) between the -peevalence oB. bigemina and season, age
and the interaction of rangeland type and seasatileGn the sweet rangeland had significantly
lower sero-prevalence &. bigemina than those in the sour rangeland in all seasoagpe the
post rainy season when they had similar (P < Gs8&)-prevalence. The highest (P < 0.05) sero-
prevalence oB. bigemina was observed in the cattle aged 1 to 2 years @) .while the lowest

(P < 0.05) was observed in those greater than E\ad (49.5 %). Rangeland type, breed and
sex were not associated (P > 0.05) with the sezogbence oB. bigemina. The interaction of
season and breed was not significantly associatél the sero-prevalence d@. bigemina

(Figure 4.4B).
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and Anaplasma marginale (C) in the communal cattle
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4.3.6 Sero-prevalence of Anaplasma marginale

The CI-ELISA revealed that 25.6 % of the cattle evgositive for antibodies tAnaplasma
marginale. There was a significant association between ¢ne-grevalence ohA. marginale and

sex, age and the interactions of rangeland typebaeed, and season and breed. Females had
higher (30.4 %); sero-prevalencefAfmarginale than males (18.1 %) (P < 0.05). The highest (P
< 0.05) sero-prevalence & marginale was observed in the cattle aged 1 to 2 years &3.0
while the lowest (P < 0.05) was observed in thoseenthan 5 years old (12.5 %). Nguni cattle in
the sweet and sour rangeland had significantly toprevalence ofA. marginale than non-
descript cattle in both rangeland types. Nguniledtad lower (P < 0.05) sero-prevalencefof
marginale than non-descript cattle during the cool-dry saaégure 4.4C). Rangeland type,

season and breed were not significantly assocuitdxckhe sero-prevalence 8f marginale.
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4.3.7 Effect of tick-borne disease infection on body weight, body condition score and

packed cell volume

Babesia bovis and B. bigemina significantly affected (P < 0.05) body weight metcommunal
cattle. The highest (P < 0.05) body weights werseoled in cattle that tested negative Bor
bovis andB. bigemina while the lowest (P < 0.05) occurred in cattlehanigh antibody titres for
B. bovis andB. bigemina. FurthermoreB. bovis andB. bigemina significantly (P < 0.05) affected
BCS in the communal cattle. Significantly higher<{®.05) BCS were observed in cattle which
were not infected witlB. bovis andB. bigemina while lower (P < 0.05) BCS occurred in cattle
with low and high antibody titres of both haemogsites. The PCV values ranged from 26 to
35% in the sweet rangeland and 22 to 30% in the smgelandB. bovis and A. marginale
significantly affected PCV in the communal catlewer (P < 0.05) PCV were observed in
cattle which had high antibody titres Bf bovis and A. marginale while the highest (P < 0.05)

occurred in cattle with high antibody titres of lhdtaemo-parasites.

4.3.8 Correlations among body weight, condition score, packed cell volume and tick-borne
diseaseinfestation

Tables 4.1 and 4.2 show the correlations among hedght, BCS, PCV and TBD infestation in
Nguni and non-descript cattle respectively. Infeéstes by B. bovis and B. bigemina had
significant negative correlations with body weigind BCS. There were negative correlations (P

< 0.05) betweei. bovis andA. marginale infestations and PCV.
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Table4.1: Correlations among body weight, body condition score, packed cell volume, B.

bovis, B. bigemina and A. marginalein Nguni cattle

B. bovis B. bigemina A. marginale
Weight -0.10 -0.34 0.03
BCS -0.12 -0.42 -0.01
PCV -0.24 -0.02 -0.11

" Indicates significance at P < 0.05.

” Indicates significance at P < 0.001.
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Table 4.2: Correlations among body weight, body condition score, packed cell volume, B.

bovis, B. bigemina and A. marginalein non-descript cattle

B. bovis B. bigemina A. marginale
Weight -0.10 -0.33 0.04
BCS -0.23 -0.38" -0.02
PCV -0.36 -0.02 -0.11

" Indicates significance at P < 0.05.

” Indicates significance at P < 0.001.
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4.4 Discussion

Cattle on the sweet rangeland were observed to loaxexr weight losses, and higher BCS than
those on the sour rangeland. This was attributetiedact that forages in the sweet rangeland
retain palatability and high nutritive value to mi@in animal weight and condition throughout

the dry season (Sibanda, 1999). Non-descript ch#tte the highest body weights due to their
large frame sizes. Although the Nguni cattle hagielobody weights, they managed to maintain
higher BCS than their non-descript counterparte Mguni cattle also had higher PCV values
throughout the year evidence that the Nguni breay be more adapted to the local production
conditions. That Nguni cattle maintain higher BG#l #CV values agrees with Ndlovu (2007)

who observed Nguni steers to have higher BCS and ¥?&ues than Bonsmara and Angus

steers.

Cattle reared on the communal sweet and sour randglin the study areas were sero-positive
for three tick-borne haemo-parasit8s,bovis, B. bigemina andA. marginale. This agrees with
the species of vector tickR, (Boophilus) species an®. evertsi evertsi, which were observed to
occur in the study sites (Chapter 3). All the eattvere sero-negative tB. ruminantium,
probably because the tick vectdunblyomma habraeum, was not present in the study sites

(Chapter 3).

The sero-prevalence of each of the three TBDs wbdemn the study was low (< 50 %),
suggesting an endemically unstable situation. Emdetability is more likely to exist where the
prevalence of serum antibodies to infection is h{@8%), while the antibody prevalence is

usually low (30%) in the endemically unstable s{&erry and Young, 1995; Petral., 1997).
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However, the inherent resistance of cattle to tiakd TBDs also influences these thresholds

(Moll et al. 1986; Swakt al., 2007).

The lower sero-prevalence Bf bovis andA. marginale in Nguni than non-descript cattle in the
cool-dry and hot wet seasons suggest a high dedrederance to these haemo-parasites in the
Nguni cattle, especially in these seasons. The Ngamaged to maintain higher BCS than non-
descript cattle during the cool dry season, ancatthn of a superior nutritional status (Ndlovu,
2007), which most likely contributed to their atyilto resist TBD infections. Tolerance to ticks
may contribute to modulate the transmission rat&8B®s to a sub-pathological level (Mattioloi
et al., 2000). Indigenous Nguni cattle have been showeatoy lower tick loads during the hot-
wet season (Chapter 3) than non-descript cattlethisdmay have also resulted in the lower

prevalence of TBDs in Nguni cattle in this season.

Cattle in the sweet rangeland had lower sero-peeca ofB. bovis and B. bigemina, which
could be attributed to the lower tick infestatighat occur in the sweet rangeland (Chapter 3).
The sweet rangeland receives lower rainfall and dp@sse vegetation cover compared to the
sour rangeland (Ellergt al., 1995). This may have resulted in the reductiotheftick vector
Rhipicephalus (Boophilus) species, on the rangeland and thus lower traissonisate oB. bovis

andB. bigemina.

A decreased trend of sero-positivity Bf bigemina and A. marginale associated with age was
evident in this study. This is in agreement withg&ssaet al. (2003) who observed a similar

trend on a South African ranch where non-intensicke control was applied. The greatest TBD
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infection rate in cattle occurs at 6 to 20 monthage, and is uncommon in animals more than
five years old, but the severity of the diseaseaases with age (Radostisal., 1995). This

may explain the age-related decreased trend offsEsitivity observed in the study.

One of the most important indicators of TBD infeatis anaemia (Mbaét al., 2002) which can
be accurately and practically evaluated by detanginrPCV (Jain, 1993). The negative
correlations between PCV and infectionBybovis andA. marginale could be explained by the
fact that the two tick-borne haemo-parasites rapianside erythrocytes leading to increased
haemolysis and anaemia (Riodadal., 2007). Although anaemia can be caused by factber
than TBDs, animals with elevated antibody respomsag have possibly been more severely

infected and thus had lower PCV values than segatnge animals.

Infection with TBDs causes anorexia and, consedyeluss of body weight and condition
(Kahnet al., 2006). Two cases of anaplasmosis were observedraated during the cool-dry
season on the sour rangeland. In order to redumiiption losses caused by high TBD infection
during the cool-dry season, communal farmers shoattinate their animals, especially adult
stock, at the end of the post rainy season to erstdequate protection throughout the cool-dry
season. The poor body condition scores that weseregbd during the dry seasons require the use
of feed supplements, such as the widely avail&gkxia karoo leaf meal, to maintain a high
nutritional status in cattle throughout the yearptoved nutrition results in improved immunity
to TBDs (Bocket al., 2006) and may cause a decrease in the clinisascaf TBD during the

dry seasons. The rearing of the Nguni breed on aamahrangelands should be encouraged as
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this breed maintains body condition and resists TiBfgctions better than the non-descript
breed.

4.5 Conclusions

The prevalence of babesiosis and anaplasmosis imiNgnd non-descript cattle kept on
communal rangelands was low. Cattle on the commsmakt and sour rangelands were sero-
negative to heartwater. The Nguni breed maintainetter BCS and was more resistantBto
bovis and A. marginale than non-descript cattle in the cool-dry and hat weasons. The
prevalence of babesiosis was lower in the swegfeland probably because of reduced presence
of the tick vector. The sero-prevalencefofmarginale andB. bigemina showed an age-related
trend with the 1 to 2 year olds having the highpsvvalence and the 5 year olds the lowest. Use

of the adapted and TBD-resistant Nguni breed onnconal rangelands is recommended.
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Chapter 5: General discussion, conclusion and recommendations

5.1 General discussion

Earlier research reported that ticks and tick-batiseases (TBDs) are the major constraints to
communal cattle production. For sustainable anditplde cattle production in the communal
areas, it is crucial to identify tick and TBD-rdsist cattle breeds that perform well on communal
rangelands. In this study tick prevalence and lpadd sero-prevalence of tick-borne diseases
were compared in Nguni and non-descript cattlehencdommunal sweet and sour rangeland of

the Eastern Cape.

Seasonal tick loads and prevalence were determme&thapter 3. The Nguni breed had lower
tick loads ofRhipicephalus appendiculatus in the hot-wet and post-rainy season &tydlomma
species in all seasons than the non-descript cdttis indicates a higher innate and/or acquired
resistance of this breed to the parasites. Tickispecomposition and loads varied between the
two rangeland typeddyalomma species occurred only on the sour rangeland arik cat the
sweet rangeland had lower loads for all the tiokcsgs identified. Differences in the vegetation
composition and cover, humidity and annual rainfafiween the sweet and sour rangeland most
likely influenced the distribution of ticks as obged in the study. In Chapter 3, tick prevalence
and loads were observed to vary seasonally, beiigh m the hot-wet season when
environmental temperatures and humidity are higloyiding conducive conditions for tick
proliferation and survival. Younger cattle carriesver tick loads, and this was most likely due

to their protection by some form of age-relatecaterdefence.
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The low sero-prevalence of TBDs observed in thalystsuggests an endemically unstable
situation. It is however, thought that the relatMaigh resistance of cattle to ticks and TBD may
have influenced the observed sero-prevalence valtes Nguni breed had a higher degree of
resistance td. bovis and A. marginale in the hot wet season. Indigenous Nguni cattleewer
shown to carry lower tick loads during the hot-weason (Chapter 3) than non-descript cattle
and this may have resulted in the lower preval@id@BDs in Nguni cattle in this season. Nguni
cattle managed to maintain higher body conditiarres than non-descript cattle throughout the
period of study. This indicates a superior nutniéibstatus, which could have also contributed to
their improved ability to resist TBD infections. @hHower sero-prevalence & bovis and B.
bigemina in the sweet rangeland was probably related toitd@station rates due to the low tick
loads in the sweet rangeland. The highest sercafgeee ofA. marginale andB. bigemina were
observed in the cattle aged 1 to 2 years whilddwest was observed in those greater than five
years old. This could be explained by the fact thatattle, TBD infection rate is greatest at 6 to

20 months of age and uncommon in animals more3hgears old.

5.2 Conclusions

Rhipicephalus appendiculatus, Rhipicephalus (Boophilus) decoloratus, Rhipicephalus evertsi
evertsi were the most prevalent tick species on the conantangelands of the Eastern Cape.
Hyalomma species was only found in the sour rangeland. Ndpeni breed had lower tick loads
of R appendiculatus in the hot-wet and post-rainy season &tydlomma species than the non-
descript cattle. Cattle on the sweet rangeland lbagr loads of ticks than those on the sour
rangeland. The prevalence of babesiosis and amap&s in communal cattle on the sweet and

sour rangelands was low. Cattle on the communaésamd sour rangelands were sero-negative
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to heartwater. The Nguni breed maintained bette B6d was more resistantBobovis andA.
marginale than non-descript cattle in the hot-wet seasottleCia the sweet rangeland had lower
sero-prevalence of babesiosis than those in the mmgeland. The current study’'s findings

suggest greater adaptation and higher resistartagksoand TBDs in the Nguni breed.

5.3 Recommendations

In the current study, Nguni cattle were shown tarimere resistant to ticks and TBDs than non-
descript cattle on communal sweet and sour randslafor sustainable and profitable cattle
production on communal rangelands, it is recommeéniti@at communal farmers rear Nguni

cattle which do not require regular treatment vatistly veterinary medicines for tick and TBD

control.

Strategic tick control methods such as good gramragagement practices are recommended
during the hot-wet season. Such strategies avejprmiasses caused by high tick loads,
especially in the sour rangeland. Communal farnsbmuld vaccinate their animals, especially
adult non-descript cattle, at the end of the pastyr season to ensure adequate protection
throughout the cool-dry season. This would helpeguce production losses caused by high

TBD infection during the cool-dry season.

The poor body condition scores that were obseruenhg the dry seasons require the use of feed
supplements, such as the widely availalatacia karoo leaf meal, to maintain a high nutritional
status in cattle throughout the year. Improveditiotr results in improved immunity to TBDs

and may cause a decrease in the clinical caseBDfdliring the dry seasons.
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Further research, is, however required on thewiollg aspects:
1. Further quantification of the losses due to tickd @BD in low input cattle production
systems.
2. Investigation of the immunological mechanisms ok &nd TBD tolerance in Nguni
cattle.

3. Heritability of ticks and TBD tolerance of Ngunittie.
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