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ABSTRACT

This thesis describes livestock production constsain a smallholder production system
in Machakos District with special reference to tlkne diseases. The objectives of the

study were:

(i) To identify the constraints that limit smallldelr livestock production as perceived by
various stakeholders in Machakos District;

(ii) To establish the socio-economic and demogmpharacteristics of livestock farmers
in the district;

(iii) To estimate the seroprevalences of tick-badrseases in the district;

(iv) To estimate the morbidity, mortality and pumtivity parameters of livestock in the
district;

(v) To evaluate the efficacy of East Coast fevemimization of cattle by the infection
and treatment method in the district.

A three-stage cluster sampling method involvingd@scending order of size) divisions,
sub-locations, and households was used to seleaes flar the cross-sectional survey.

A total of 200 farms were selected in four divisoRarm level and individual animal
data were collected using a standard questionrilived samples were collected from
cattle in the farms and their sera screened fobadies toTheileria parva, Babesia

bigeminaandAnaplasma marginalasing ELISA tests.

Fourteen farms were randomly selected for a onefgdaw-up study. Data collected
during follow-up included birth weights, diseasewtence, herd dynamics, weaning
weights and ages, fertility and breeding female ag@ment, milk production, tick
challenge, and tick control.

Twenty-eight farms were randomly selected for cantitig the controlled trial of the
infection and treatment method of immunization aitle against East Coast fever. Only
calves and yearlings were recruited into the st&dydy animals were randomly

allocated to either the treatment or control grougach of the 28 farms. Animals in the

XV



treatment group were injected with a long actingatycline (30%) followed by injection
of the Marikebuni strain ofheileria parvavaccine stabilate. All the study animals on the
28 farms were followed-up equally via monthly \asibr a period of 12 months. Data
were collected on pre and post-immunization seroddgtatus of the animals including

morbidity and mortality during the follow-up period

The main constraints to livestock production idiedi in order of importance included
livestock diseases (mostly tick-borne diseases)r pocess to livestock and livestock
product markets, poor veterinary infrastructure exadiequate feed. The mean antibody
sero-prevalence rates in the study sub-locationgHeileria parva, Anaplasma
marginaleandBabesia bigeminavere 58.9%, 35% and 41.1%, respectively. EasttCoas
fever was found to exit in a state of endemic $itglmharacterized by high antibody
prevalence and a constant tick challenge while lasapsis and babesiosis appeared to
exist in a state of endemic instability, charaatedi by low antibody prevalence in all the
four study divisions. In univariate analyses figetors (age, breed, division, grazing
system, and tick infestation) were significantlxQpO5) associated with testing positive
to Theileria parvainfection while age, division, grazing system aicf infestation were
significantly (p<0.05) associated with testing piesi to Anaplasma marginalafection;
age, grazing system and division were associate@ @p) with testing positive to risk of
exposure t@abesia bigeminafection.

In multivariate analysis the only factors that wassociated with testing positive to
T. parvawere age, division, grazing system and tick irdesh while for anaplasmosis
only age and division were significant. The sanudis that were significantly
associated with babesiosis in univariate analyisi:idt change in the mutltivariate
analysis suggesting that the association was ndbuaded by any of the considered

factors.

Twenty-six (26) cases of ECF were confirmed onlihédarms during the longitudinal
study converting to an annual incidence rate of @0per cow-year. Factors that were

significantly (p< 0.05) associated with the riskifection with byT. parvawere age,

XVi



tick control, frequency of acaricide applicatioeason, and division. Four cases of
anaplasmosis were confirmed converting into an ahingidence rate of 4.26%. Other
conditions/infections observed in cattle duringdal-up included malnutrition, mange,
mycosis and diarrhoea. Eleven cattle died durieg@iow-up period converting to an
overall crude mortality rate of 11.6% per cow-yédre cause-specific annual mortality
rates of ECF, non-specific disease condition, aadlibea were 6.56%, 8.74% and

2.19% per cow-year, respectively.

The commonest causes of morbidity in sheep andgeate helminthosis and
pneumonia. Diarrhoea due to bacterial infectioeseee flea infestations and mange

were the other diseases detected in small ruminants

Livestock productivity was found to be sub-optin@attle were reared primarily as long-
term investments while goats, sheep and poultrgwéen sold to meet immediate
family financial needs. The daily mean milk prodactfor cattle was 1.98 litres.
Breeding intervals for goats and sheep were onegyéd? month and the mean off- take
rates for cattle and small ruminants were 9% andré%pectively

A high proportion (93.7%) of the cattle sero-congdrfollowing immunization against
East Coast fever using the infection and treatmethod. The annual incidence rate of
ECF in the control group was 42.2% per cow-year aBéo per cow-year in the
vaccinated group. The efficacy of the vaccine w2 8indicating a significant

protective effect in the study area. Use of theciraewas found to be financially
profitable and realized a net return of Ksh.2, g@Banimal.

In conclusion, farmers need to be encouraged tp keproved livestock breed,
particularly the exotic dairy (breeds) to addréesgroblem of low milk production in the
district. There is also a need to create awaremes$ise use of East Coast fever vaccine to
reduce mortality from East Coast fever among cafwebsalso enable more widespread
introduction of exotic breeds of cattle. Co-opesesi dealing in livestock and livestock
products should also be formed or existing onengthened to assist in the marketing of

livestock and livestock products. There is neeitijorove on the delivery of animal

XVii



health services particularly the revival of tickntml programmes in the district so as to

optimize livestock productivity.
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CHAPTER 1

GENERAL INTRODUCTION
1.1 Constraintsto livestock production
Livestock is an integral part of the livelihoodsshallholder farmers in Kenya ranging
from the high potential areas where mixed cropraading of various types of livestock
is the main agricultural activity to the arid areis-arid rangelands where pastoralism
and extensive livestock rearing are the main metluddkeeping cattle and small

ruminants.

Inability to feed animals adequately throughoutybar is the most widespread technical
constraint to livestock production particularlytive developing world (Winrock
International, 1992). Poor management and disdasasbeen cited as the most
important constraints to livestock production itbs®aharan Africa (Brumby and
Scholtens, 1986; De Leest al, 1995). Inadequate support services in livesths&ase
control in Africa are also a significant constraimiivestock production in the region.
This is as a result of the deterioration in theligypiaf animal health delivery systems, a
consequence of attempts by governments to meeicegaising demand from farmers and
pastoralists for veterinary services with a dwinglset of resources (Curry, 1991). In
Kenya, the smallholder dairy cattle production amtgular is beset by many constraints
which are manifested by relatively low milk prodoct per cow, long calving intervals

and high mortality rates (Gitau, 1992; Omore, 199&ranja, 2002).



There is insufficient data on livestock productaomstraints and disease incidence in
Kenya especially because the majority of report&hmeen based on passively derived
data from County, provincial and aggregated annatibnal reports. These mainly
focused on vector-borne diseases with limited fanugroductivity constraints on
Kenyan smallholder livestock farming systems (Gite92 and 1998; Maloo, 1993;
Odimaet al.,1994; Omore, 1997; O’Callaghan, 1998). Studieget@d on identification
of production constraints in various livestock protion systems in the country are
largely lacking. Data generated from such studiesldvbe invaluable in the formulation

of appropriate evidence based mitigation measures.

1.2 Livestock Industry in Kenya

Agriculture directly influences rural livelihoody Iproviding incomes, employment and
products for home consumption. It also directlyuahces prices of commodities and
labour markets, amongst other farm-non-farm linkagre Kenya, this sector accounts for
over 27% of Kenya’s gross domestic product (GDF) &b of foreign exchange

earnings (Ochieng-Odhiambo, 1998).

Livestock contributes about 43% of the gross domesbduct (GDP) and over 30 % of
the farm gate value of agricultural commoditiesR1.2011).This sub-sector employs
over 50% of the agricultural labour force (KARI,9 ILRI, 2011 ), and it is dominated
by small producers (FAO, 2005). Only twenty peragrthe country’s land mass is
suitable for both rainfed arable and livestock fimgn The rain-fed arable land consists of

medium and high potential lands mainly in the CalrfRift Valley, Nyanza, and Western,



Central and Central parts of Eastern provinces.réhmining territory is arid and semi-
arid lands (ASALs) and are mainly located in th& Ralley, Eastern and North Eastern
Provinces of Kenya. They are the key productiomasusd animal meat (beef, mutton,

goat and camel meat).

In mixed crop-livestock systems in the high and medpotential lands of Kenya,
livestock provide manure used to improve soil igytresulting in better crop yield
(GoK, 1997). Traction power from cattle is alsofusen land preparation, weeding and

transportation.

In Machakos County livestock are kept for milk, my@aanure and draught power
(Mukhebi and Gituna, 1985). Use of oxen for tillilegnd is especially important in the
County. Livestock are also kept for investment psgs (Mukhebi and Gituna, 1985) and
are, especially the small ruminants sold in ba@ésisuch as drought to raise school fees
and meet other family needs. Sheep and goats kg@p important role in the nutrition
and income of smallholders (Mtenggal, 1986; Connoet al.,1990). They provide

meat, milk, skins and manure and also serve asvastment that can easily be converted
into cash when the need arises (Njombe, 1993). fEhisire of keeping small ruminants
as a source of emergency family income is a chanatt of smallholder livestock
production systems in the country (Stotz, 1979;didiamo, 2008). On the other hand,
cattle are sold for cash to pay school fees, pajicakbills and other emergencies that

require relatively considerable amount of money2000, the estimated total farm



incomes in the County from livestock sales andsliwek products were 72 million and

73 million shillings, respectively (Kinuthia, 2001)

1.3 Constraintsto livestock production in Kenya

In Kenya, reports on livestock production constiare based on passively derived data
from monthly and annual reports from the MinistfyLorestock, Farmer’s Training
Centres (FTCs) and research institutes, mainlK#meya Agricultural Research Institute
(KARYI). Past epidemiological studies on livestonkkienya narrowed their scope only to
cattle. These include studies by Gitau (1992 arg8) Maloo (1993), Onchoke (1993),
Maloo etal. (1994), Omore (1997), O’Callaghan (1998), Okuthe Buyu (2006) and
Gachohiet al. (2010). Little has been done to study all livektepecies together to
identify the social and economic importance of egoécies to the farmers and
constraints to their production. All the studiesmtnened above were done in the Coastal
lowlands, Central and Western highlands. Moreawer studies mainly targeted
smallholder dairy farming systems with exotic opnoved breeds of cattle with little or
no attention paid to small ruminants which playgmsicant role in the livelihood of

many smallholder farming systems (Winrock Interowdl, 1992).

In Machakos County, a significant number of smdtlbofarms keep both cattle and
small ruminants (GoK, 1997; KNBS, 2009). An earBearvey conducted in the County
showed that 90% of the households kept livestotkhich 88% kept both cattle and
small ruminants (Small ruminants-CRSP, 1995). lchsa production system, it is

important to assess the constraints that limit pcdn and their effect on the different



species. The estimated cattle and small ruminargslption in the County is 1,089,376
cattle and small ruminants mainly kept under tradéal mixed farming system: 319,911
cattle, 105,731 sheep and 663,734 goats (KNBS,)2009

Despite having a large livestock population, nated studies focusing on animal health
and production have been conducted in Machakos t§otlihe only documented studies
on constraints to livestock productivity in the @buwere cross-sectional surveys
undertaken by Mukhebi and Gituna (1985) and Emoegat. (2000). These studies
were very limited in scope and the data collectedewargely qualitative. It is essential to
integrate various methodologies in the identifieatof livestock production constraints
as no methodology offers a universal panacea (Kpd®eed, 1994, Okuthé al., 2003).
The aim of adopting a holistic approach is to ass@sl offer solutions which should
show tangible impact to farmers’ problems. Suclagproach entails the use of informal
techniques followed by traditional and more formmedthods to produce quantifiable
results. The present study used both qualitatidecarantitative methods to identify

constraints to livestock production in the County.



1.4 Objectives
1.4.1 Broad objective

To determine constraints to livestock productioa smallholder livestock production

system, in Machakos County, Kenya.
1.4.2 Specific objectives

(i) To determine the constraints that limit smalttey livestock production as perceived
by various stakeholders in Machakos County.
(i) To determine the socio-economic and demogm@pharacteristics of livestock
farmers in the County.

(i) To estimate the seroprevalence of tick-bodmgeases in the County.

(iif) To estimate morbidity, mortality and produdty parameters in livestock
(ruminants) in the County.
(iv) To evaluate the efficacy of East Coast fewemunization of cattle by the infection

and treatment method in the County.

1.5 Structure of thethesis

The thesis has eight Chapters. The first Chapysrttze background of the study
followed by literature review of the main topicsdaglssed in the whole thesis.
Perceptions of the various stakeholders on comsrgo livestock production are
described in Chapter 3. Description of the socioremic and demographic
characteristics of the study farmers are presant€thapter 4. Chapter 5 covers the

specific objective of quantifying the risk of tiddlerne diseases in the study area as



assessed from cross-sectional data. Chapter 6sa@drenorbidity and livestock
productivity estimates in the smallholder farmsaftier 7 presents the findings of a
controlled trial, conducted to assess the effiad#dye East Coast fever vaccine in a
smallholder cattle production system. The genayatiusions and recommendations

derived from the overall study are outlined in Clea3.



CHAPTER 2

LITERATURE REVIEW

2.1 Livestock productivity constraints

In the sub-humid zones of sub-Saharan Africa, veatone diseases limit the expansion
of cattle production systems (Desai, 1989; MbuB8% Malooet al, 1994). Disease
sharply reduces the productivity of livestock ihagro-ecological zones (AEZs) and
production systems with trypanosomosis as the mgstdrtant one in sub-Saharan
Africa. Tick transmitted and tick associated dissa®gether with those caused by
internal parasites are the next most importantgafudiseases limiting cattle
productivity (Winrock International, 1992). Pastdies in Kenya have enumerated
various cattle productivity constraints. StudieKiambu County indicated that the two
main constraints lowering milk production in smalither dairy farms were limited
availability of feed (Omore, 1994) and high calfmadity (Gitau, 1994b). The high
mortality is worsened by slow growth rate due tdenfieeding of calves that result in

delayed puberty and age at first calving (Omor®&,7).9

Studies carried out at the Coast Province of Keshyaved that the major vector-borne
disease in smallholder dairy farms that causedtanbal losses was East Coast fever

(Malooet al, 1994). Surveys in Kisii and Homa Bay Countysutoented calf mortality,
diseases, poor artificial insemination (Al) sergi@ad feed shortages during the dry

season as major constraints to dairy cattle devedop (Mbuguaet al, 1994). Other



factors that limit cattle productivity in smallh@dlivestock production systems include
poor veterinary services, insufficient marketinguechels and lack of farm inputs

(ILRAD, 1984; Winrock International, 1992).

Small ruminant production is constrained by biotadji technical and social factors. High
mortality (40% pre-weaning) leading to low off-talkeconsidered to be an important
constraint to this class of ruminants with diseaséhe most important constraint in
Kenya (Devendra, 1982; Shavulimo, 1987). Apart frdiseases, poor management and
lack of efficient veterinary clinical and extensiservices limit productivity of small
ruminants (Devendra, 1982). Cross-sectional stuthesed out in Machakos (Mukhebi
and Gituna, 1985; Emonget al (2000) identified diseases, lack of adequaterietey
services, unavailability of water, high costs oina& concentrate feeds and labour
shortages as key constraints to livestock prodnctitmwever, the studies did not
guantify these constraints in terms of economisdsr their impact on the different
livestock species kept by the farmers. In the subseMukhebi and Gituna (1985), Foot
and Mouth Disease (FMD), trypanosomosis, Contagi@msne Pleuropneumonia
CBPP) and East Coast fever (ECF) were ranked amdie constraints to livestock
production based solely on farmers’ perception. diess-sectional survey undertaken by
Emongoret al, (2000), lists feed and tick-borne diseases asritain constraints to cattle
production in the County. However, these studiesewet designed to determine the
prevalence and incidence of these diseases arassoeiated mortalities. These are key
parameters with regard to determining diseaseamskin the design of appropriate

intervention measures. Measurements of these p&eweere the basis of quantification



of the risk and economic importance of the tickAeodiseases (TBDs) and other diseases

in the County in the current study.

2.2 Tick-borne diseases

2.2.1 Cattle

In the livestock industry, ticks are the most intpat vectors leading to global losses of
approximately US $ 7 billion (Griffiths and McCosk&990). Ticks are most prevalent
and numerous and exert their greatest impact gadestransmission in the tropical and
subtropical regions (Bram, 1983).The major tickAeodiseases (TBDs) of cattle as
evaluated by the economic impact they exert orfidimaing communities where they
occur, include ECF caused by the protoZdeileria parva anaplasmosis caused by
ricketssiaAnaplasma marginaldabesiosis caused by the protozBabesia bigemina
and heartwater caused by the ricketEmalichia ruminantium.Transmission of these
TBDs is largely influenced by the distribution bgttick vectors (Norvadt al, 1992;
Swaiet al, 2006; Bazarusangd al.,2007). Dermatophilosis, which is associated with
Amblyomma variegatumicks, is also of economic importance in vast adagib-Sahara
Africa and the Caribbean region (Brown, 1997). ddition to disease transmission, tick
infestations reduce productivity of cattle, damggdnides and predisposing them to

bacterial and fungal infections and screw wormchtta
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2.2.2 Small ruminants

Although theileriosis, anaplasmosis and babeslusi® previously been described in
sheep and goats (Wenyon, 1926; Markov and Abroh@y7; Kreier and Ristic, 1963;
Ngeranweet al, 1998), heartwater is the only tick-borne disezfseconomic importance

in small ruminants in Eastern Africa (Uilenberg3B%.

2.2.3 Thelleriosis East Coast fever (ECF)

2.2.3.1Aetiology

Thelleriosis refers to a complex of infections aaliby several species of protozoan
parasites of the genus Theileria. In Kenagileria parvawhich causes the classical
syndrome referred to as East Coast fever (ECH)gisnost economically important tick-
borne disease. It is widely believed that theilggon cattle originated from buffalo
populations in Eastern and Central Africa (Your@81; Grootenhuistal., 1987). The
main species of Theileria which infect cattle ird=uTheileria annulataTheileria
mutans, Theileria buffeli, Theileria parva, TheiketaurotragiandTheileria velifera

(Norvalet al, 1992).

East Coast fever was first reported in Kenya in4180d spread fast from the two main
foci; the Lake Victoria basin and the Coastal stap ox transport increased (Noreél
al., 1992). The economic impact of the disease esxrhks the more susceptildes
Tauruscattle continued to be kept in endemic areas b¥tirepean settlers (Norvat
al., 1992).Theileria parvauntil recently was thought to exist in three subeses,

namely,T. parva parva, T. parva lawrencandT. parva bovisausing ECF, Corridor
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disease and January disease, respectively (Lawetate1994). However, new methods
of studying the parasites using monoclonal antiée@Minamiet al.,1983; Conrackt al,
1987) and deoxyribonucleic acid (DNA) character@a(Allsopp and Allsopp, 1988;
Conradet al, 1987; Allsopet al.,1993) have shown that the three subspecies are not
genetically different. Therefore, the parasiteharacterised as either cattle or buffalo

derivedT. parva

2.2.3.2Transmission and life cycle

The main vector of ECF Rhipicephalus appendiculatus three-host tick, commonly
known as the brown ear tick. Although the vectaorfoparvawas identified as early as
1904 (Norvalet al. 1992) details of the life cycle of the parasitéoth the tick and in the
host animals, has been elucidated only recentlgr(iBen, 2007)Transmission of

T. parvain the tick vectors transstadial whereby it is passaged througheatival or
nymphal stages to the adult stage as the tick miitsr ingestion of infected blood by
the vector tick, the infected erythrocytes are dysading to the release of piroplasms. In
the mid gut of the tick, the piroplasms undergaus¢stages of development leading to
formation of macro-gametes, which then undergo agmgto form kinetes (Mehlhoret
al., 1978). The kinetes develop further into motdaris which then infect salivary
glands epithelium (Youngt al, 1983). Tick feeding triggers the process of sgony
where kinetes develop into the infective sporozowéhin 3-4 days of feeding (Fawcett

et al, 1985).
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Following a bite by an infected ticK, parvasporozoites are injected with the tick’'s
saliva, enter the host’s lymphoid cells and ingiatreversible transformation of infected
cells (Ole-Moi Yoi, 1989). This leads to a rapiddaxponential increase of infected cells
which infiltrate all lymphoid and other tissuesvir et al.,1983). TheT. parva

sporozoites develop into spherical schizonts themmerozoites leading to the
destruction of lymphoid cells 12-14 days after atiien. The merozoites are then released
and may infect the erythrocytes. In the erythrogyteerozoites develop into comma or

bar-shaped piroplasms (Yousrgal, 1978). The life cycle is displayed in Figure.2.1

2.2.3.3The clinical syndrome

The predominant clinical signs of ECF include pyagkymphadenopathy, pulmonary
and subcutaneous oedema, petechiation and conp&eity Acute cases are
characterized by sudden weight loss while comgietelness is common in chronic
cases (Ndungat al, 2005). In terminal cases, recumbency, cachey@gthermia and

nervous signs are common.
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LIFE CYCLE OF THEILERIA PARVA

Sporozoites

e
\.‘\ Clonal expansion
l . Of parasitized cells

¥

1
Figure 2.1: Life cycle oTheileria parvain cattle and in the vector tick
R. appendiculatys

Source: Norvaet al.,(1992).
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2.2.3.4Diagnosis

Diagnosis of ECF in the field continues to be prad@ntly based on clinical signs as a
result of inadequate laboratory facilities. Thesgiece of vector ticks feeding on cattle
and knowledge of the distribution and occurrencthefdisease contributes towards the
diagnosis. In some rare instances, confirmatiotiagnosis is achieved through
examination of stained blood for piroplasms andgigmode biopsy smears for
macroschizonts (Kochs blue bodies). Confirmatioitodileria species on microscopic
morphology is highly dependent on quality of theeans and skill of the operator (FAO,

1984).

Development of serological tests started afteeddme possible to grow parva
schizontdan vitro (Malmquistet al, 1970; Cunninghami977) and its immunology was
further elucidated (Morrisoat al, 1989 and 1995). The most widely used serum
antibody assay for. parvais the indirect fluorescent antibody (IFA) testngscrude
schizont antigen (Burridge and Kimber, 1972; Gowdetral, 1982).

Unfortunately, the assay is relatively slow, labouensive, requires a subjective

assessment of the degree of fluorescence and exbibss-reactivity with other).

Confirmation ofT. parvainfections can be done using laboratory diagndssts. An

enzyme- linked immunosorbent assay (ELISA) test deagloped using a recombinant

polymorphic immunodominant molecule (PIM) specthbcT. parvaand has
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demonstrated sensitivity in excess of 99% and aifsgéy of between 94% and 98% in

experimental and field sera (Katergteal, 1998).

2.2.3.5Treatment

Although treatment of ECF was for long attempteidgisarious antibiotic formulations
(Neitz, 1953; Brockleysby and Bailey, 1962; Broetral. 1977) with variable success, it
was not until naphaquinones menoctone was showaue antitheilerial activity
(McHardyet al.,1976) that a definitive treatment for ECF was dewed. Further
development of this compound and evaluation thrdagbratory and field studies
(McHardyet al.,1976; Dolaret al, 1984; McHardy and Morgan, 1985;

Chemaeet al.,1986) culminated in the launching of the first avidely used definitive
drug for ECF, parvaquone (Clex8iWellcome Pharmaceutical Ltd, UK) and
buparvaquone (Butal&xScheling-Plough Animal Health, UK). The efficaamyd
reliability of these compounds is dependent upaty eBagnosis and administration of
full therapeutic doses (Muraguet al, 2006). Unfortunately, the prohibitively highsto

of these drugs has resulted in their limited userbgllholder farmers.

2.2.4 Anaplasmosis

2.2.4.1Aetiology, biology and clinical syndrome

Anaplasma marginalandA. centraleare the most important anaplasma parasites of
cattle in Africa and are rickettsial organisms whicfect erythrocytes of cattle (Ristic,

1968). Anaplasma marginalare found near the margins of the erythrocytesewnhil
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Anaplasma centralparasites occupy a more central position. Sudaéptiof cattle to
anaplasmosis increases with age and adult catdaybreed are susceptible. Young

animals often do not exhibit clinical signs of ttisease (Magonet al.,2008).

Anaplasmosis presents as an acute, sub-acuteamiclatinical syndrome characterized
by high fever and progressive anaemia manifestgal@smucuos membrane and
jaundice. In chronic cases, debility and emaciatimcommon. In addition to direct
effects, pathogenicity due to anaplasma infectismsainly related to destruction of

erythrocytes that predisposes the animals to athreditions (Magonat al., 2008).

AlthoughBoophilus decoloratuicks are incriminated as the main vectors for
anaplasmosis, mechanical transmission and bitieg &lire also important modes of
transmission. Mechanical transmission through regakease of hypodermic needles as in

vaccination campaigns is common (Maloo, 1993; Sebhd., 2008).

2.2.4.2Diagnosis

Diagnosis of anaplasmosis is dependent on clisigals, case history and microscopic
detection of initial bodies in stained thin bloadlds. Knowledge of the micro-
distribution of the disease is important in thegdiasis as the clinical signs are not

pathognomonic (Rubaire-Akiilet al, 2004).
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Antibody-detection serological tests have been ldgesl and validated in laboratory and
field studies. The main serological tests includel@gglutination test, indirect

haemaglutination assay (FAO, 1975) and ELISA (Kdér1994; Nielseet al, 1996).

2.2.4.3Treatment
Anaplasmosis is routinely treated with oxytetracgs based formulations and Imidocarb
. The success of the treatment is, however, varidbpending on the stage and severity

of the disease.

2.2.5 Babesiosis

2.2.5.1Aetiology, biology and clinical syndrome

Babesiosis is caused by babesia parasites thatteesrythrocyte protozoa with
worldwide distribution. The main species of babalk&t infect cattle in Africa are
Babesia bovisindBabesia bigeminalhe main tick vector faB. bigeminas Boophilus
decoloratus. Boophilus microplisansmits bottB. bovisandB. bigemina The mode of
transmission between the ticks and hosts is trarsdwhere either the nymphs or adult

ticks can transmit the disease (Soulsby, 1982).

Clinical manifestations of bovine babesiosis vaftem a very mild and often symptom
less infection to acute and often fatal episodg®dding on the species of babesia and
the susceptibility of the host animal (Boekal.,2005). The clinical signs of the acute
form are pyrexia, anorexia, depression, weaknesgsdall in milk yield. Pale mucuos

membrane is the main clinical manifestation. Assult of the destruction of
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erythrocytes (which is mediated by the releasehafmacologically active sustances),
haemoglobinuria and jaundice are the common signsaally in the terminal stages. In
the chronic cases, colic, tenesmus and diarrheatlee common signs. Nervous signs

may be observed in chronic case8obovisinfections (Soulsby, 1982).

2.2.5.2Diagnosis
Babesiosis is diagnosed by clinical signs espgcdmemoglobinuria, pale mucuos and
jaundice. Examination of Giemsa-stained blood seiam affected animals is essential

for confirmation (Soulsby, 1982).

The complement fixation test (CFT) was the mostmamly applied serological test in
the assessment of exposure of animals to the @idedisre development of ELISA tests.
Card and capillary agglutination tests have alsnhleveloped but their specificities are

low.

The ELISA techniques have been improved and vadlahd standardized methods are
available for detection of antibodiesBo bigemingKatende, 1994; Nielsegt al,, 1996).
There is also increasing use of DNA probes in iagribsis of babesia infections (Bose

et al, 1995).
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2.2.5.3Treatment

Various drugs are available for the managemenabgbia infections but the response
depends on the parasite species and clinical sfafpe disease. Some of the most
commonly used chemotherapeutic compounds inclygauirblue, quinoronium
sulphate, phenamidine isothionate, diminazene eatetand amicarbalide isethionate

(British Veterinary Association, 1976; Dolan, 1991)

2.2.6 Heartwater

2.2.6.1Aetiology, biology and clinical signs

Heartwater is the second most important tick-batisease of ruminants in Eastern
Africa, causing substantial economic losses durddality and indirectly, through
losses associated with its control (Pegetral, 1993). It is the most important tick-
borne disease of small ruminants (Uilenberg, 1988artwater affects cattle, sheep,
goats and Asian buffaloes (Canmaisal, 1996). Ticks of the gen#smblyommaare the
only known vectors oEhrlichia ruminantium Of theseA. variegatunis the main vector

species throughout most of sub-Sahara Africa.

The distribution of heartwater in Kenya is not wekpped out as is the case with East
Coast fever. Though the vector is widely distrilouite Western, Eastern and parts of the
Rift Valley, the disease is more prevalent in manid areas of the country such

Machakos, Narok, Baringo and Galana (Ngetral, 1997).
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Clinical signs of which fever and nervous signstaeemain ones, range from peracute to
innaparent. Invasion of brain tissues leads taHaacteristic nervous symptoms
including a high-stepping unsteady gait, walkingiitles, exaggerated blinking of eyes
and chewing movements. Diarrhea and gastro-erstendly also be observed. Prostration

and death are often preceded by convulsions (Spus#i84; Njenga and Mugera, 1989).

2.2.6.2Diagnosis

Since the disease is characterized by sudden gwathsional diagnosis is based on case
history, clinical signs and postmortem lesions. f@oration of diagnosis is by
examination of Giemsa-stained brain crush smeaesewnlonies of the organism are
detectable in the cytoplasm of vascular endotheélis (Purchase, 1945).

Van Vlietet al. (1995) developed the indirect MAP1-B ELISA whicstelcts antibodies

to E. ruminantiumThe test has proved to be highly specific and sgador use with

experimental and field ovine and caprine sera (daMt al, 2000; Peteet al, 2002).

2.2.6.3Treatment
The sudden death syndrome makes it impossible#b tihe majority of cases of
heartwater (Uilenberg, 1983). If diagnosed eadtracylines formulations are effective

(Purnell and Schroder 1984; Purnell, 1984).

2.3 Economic impact of ticks and tick-borne diseases

There are few reports on the direct effects ofstiakd tick-borne diseases on

productivity. There is evidence that tick infestas lead to reduction in body weight and

21



milk production. In Zimbabwe, Norvat al (1989) showed thaimblyomma hebreum
caused a reduction in weight of 9-19 gm for eadjoeging tick while

R. appendiculatusaused a reduction of 3-8 gm. In Zambia, Pegetiai (1991)
estimated the damage coefficient caused by evaygrgimg female oA. variegatunto
be 45 to 60 gm. Data on the direct effects of indkstation on milk yields are

unavailable.

Transmission of diseases by ticks is considerednth& important direct economic
effect. Tick-bone diseases lead either to deatffetted cattle, drastic reduction in milk
production, while recovered animals may suffer \uelgss (Norvakt al, 1992). The
mortality rate due to ECF varies from zero to 5n%ndemically stable conditions
(Staak, 1981; Molet al, 1986). In endemically unstable conditions, EGHttadity may
be as high as 80-100% (Julla, 1985). Although alby fjuantified, milk production
decreases significantly during the clinical ancdkexy phases of any TBD infection.
Infected animals also provide less draught powdrthair fertility may be reduced.
Perhaps the main economic losses of TBDs in Keaya been incurred from control
costs. Importation of chemical acaricides remaibgadrain on foreign exchange. The
tick control policy in Kenya was designed basedhenneed to reduce the risk of ECF
(Cunningham, 1977). Annual expenditure on ticks @B® control services by the
Kenya government was in excess of Ksh.855 mill@oK, 2009) although this figure

may have decreased following the more recent palicick control as a private good.
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In Kenya, TBDs, especially ECF, are considered pne@nstraint to the development of
the dairy industry. The diseases not only impeaelpetivity but also limit the area
where high producing cattle can be reared (Karit®90). The economic impact of ticks
and TBDs is highest in the smallholder dairy faand hence increase in milk production
from this sector may not reach projected targetsq@ybh, 1984). Studies to quantify the
risk of TBDs in various production systems havemtyabeen carried out in Kiambu
(Gitauet al, 1994a, 1994b and 1994c; Gittual, 2000) and Muranga Countys (Gita
al., 1997; Gitau, 1998) in central Kenya and the @dadsw lands (Deenet al, 1993;

Maloo, 1993).

Information on the prevalence of TBDs in the highemtial area of Eastern Kenya is
scanty. Most of the information available on theyadence of TBDs in Machakos
County in particular is based on annual reportsiftbe Department of Veterinary
Services of the Ministry of Livestock DevelopmeltL(D). The figures from these
reports are not reliable as many cases of TBDsmoape reported especially in
instances where farmers seek veterinary servicaagualified personnel. Besides, the
reported cases are largely based on clinical sapre (Machakos DVO, personal

communication).

The only recently verifiable report on tick-bornsehses in the County was the survey

on the prevalence of ECF in 6 divisions of Machakosinty carried out by Nguneit al

(2005) (unpublished). In the study the prevalerfcEheleria parvawvas 40.4%.
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Morbidity and mortality data as well as productMibsses and financial costs associated
with the control of TBDs are lacking. This studynaito generate information that will

address these knowledge gaps.

2.4 Control strategiesfor ticks and tick-borne diseases

de Castro (1997) has reviewed the methods applitei control of ticks and TBDs.
Whereas many technically tested packages for H0kisTBDs control are available in
Africa, the main thrust should be to convince ppheakers, veterinarians and farmers on
their implementation and impact. In addition, antervention for ticks and TBD control
needs to match the problem as well as being ecaradignjustified, socially acceptable in

the production system, and environmentally friendly Castro, 1997).

2.4.1 Acaricidetick control

The main method used to control TBDs in Kenya gliaption of acaricides to reduce
vector challenge. The methods used for applicaifdhe acaricides include plunge
dipping, spray races, hand spraying or hand drgsSieveral easier methods of acaricide
application including the use of impregnated egstaeck-bands, tail bands and pour-
ons have been developed (Youwetal, 1988). The principle objective is to kill the
infesting ticks in order to break the life cycledatherefore total coverage of all
predilection sites of the various tick speciessisemtial. However, intensive tick control
using acaricides has many inherent problems inetutigh costs (Kariuki, 1990; Ocaido

et al, 2008), increased environmental pollution (de @adt997), development of
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residues in meat, milk and other products, and texa¢development of acaricide

resistance (Wharton, 1976).

Tick control costs are a burden especially to @surce poor farmers. A recent study
undertaken on tick control costs using either eatibs or hand sprays in an agro-
pastoral farming system in Uganda indicated thatterage annual cost of controlling
ticks on an adult cow or bull was USD 4.154. Thoastitutes 73.8% and 85.6 % of the
total disease control costs on ranches and agtorphfarming systems, respectively

(Ocaidoet al.,2008).

Keating (1983) has reviewed the history of ticktcohin Kenya using acaricides.
Despite the enactment of the Cattle Cleansing &ol(, 1976) which led to the initiation
of a national tick control program, adequate cdrafadicks and tick-borne diseases is far
from being achieved. Thus, ticks and TBDs contitaulee major constraints to the
development of the livestock industry. The escatptiosts of acaricides, relevant
infrastructure and monitoring services for interdick control strategies advocated by
the Cattle Cleansing Act led the government to sndghe programme. Poor
management of dips by local communities in markstend TBD risk zones virtually led
to the collapse of the tick control facilities aseault of inadequate funds, inadequate

technical information and low managerial skills.

In Machakos County, most of the communal cattles digg not functional and most

farmers rely on hand sprays to control ticks. Trabem of tick control in the County is
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compounded by the fact that there are hardly atgrvery extension services to guide
the farmers on acaricide application (County Veiay Officer, personal

communication).

2.4.2 Novel methods of tick control

Other novel methods of tick control have been dgyed but they have not found a wide
application. The most common methods include pastpelling, rotational burning of
pastures, use of tick-repelling grasses (Mwetsa., 1990), use of tick vaccines
(Willadsenet al, 1995), and restriction of livestock movementnfizement of animals
as in zero-grazing management systems also retheésvel of tick challenge (Gitau,
1998; Gitawet al, 1999; Gitatet.al, 2000). However, total confinement is seldom
achieved even in smallholder management systerfwsage from outside the farms
which may be infested with ticks, is normally fedthe cattle. Confinement of animals
may also lead to the maintenance of highly sustleptiopulations and hence a shift of

primary infection to older animal groups (O’Callagtet al, 1998; Gachohet al, 2012).

2.4.3 Utilization of genetic resistant cattle

Breed variations in genetic resistance to ticksattle are well known (Utecét al.,

1978). In generaBos indicusreeds have higher resistance to ticks as Taurus
breeds (de Castro and Newson, 1993). In Africambgority of the indigenous cattle
breeds are resistant to ticks to a large degremizhbly also to some TBDs (de Castro,
1997). The N’'Dama breed of cattle of West Africal®wn to have a high degree of

genetic resistance to ticks and trypanosomosist{diednd Cassama, 1995). The
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productivity of these cattle breeds however is &l hence this virtue is normally
disregarded. In Australia, Zebu cattle have be@nduced recently in order to utilize
this characteristic (de Castro, 1997). In ordeutilize fully the characteristics of
resistance to ticks and high productivity, apprafgricrossbreeding programmes need to

be revitalized.

2.4.4 Immunization against tick-borne diseases

The level of immunization of cattle against ECKienya is generally low while
immunization against other TBDs is virtually absddvelopment of an effective
attenuated v accine against hearwater has beengnadnipy limited cross-protection by
different stocks oEhrlichia ruminantium(Totteet al, 1993; Sumptiort al, 2003; Bell-

Sakyi, 2004).

Currently, immunization against ECF using “infeatiand treatment” is the only method
that has been widely evaluated for applicationedd level. This method was developed
following observations that animals that recovdredh natural infection acquired solid

immunity (Tumusiime, 2007).

The method involves infecting cattle with a predetined dose of. parvasporozoites
and simultaneously treating them with tetracylingse tetracylines reduce the rate of
multiplication of T. parvaparasites (Neitz, 1953; Brockley and Bailey, 198PGuillo et

al., 2009; McKeever, 2009).
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In Kenya field immunization trials against ECF ugthe infection and treatment method
have been carried out for the last twenty yearss fidllowed the isolation and
subsequent characterization of a broad protedtingarvastock referred to ab. parva
(Marikebuni) (Irvinet al, 1983). Several immunization trials carried ootcalves at

least once month old, have been conducted in tfast@l region (Morzariat al, 1988),
Central highlands region (Mbogat al, 1994) and the Rift Valley region (Wesorgaal.,
2000; Wanjohkt al, 2001; Di Giulioet al.,2009) TheT. parva(Marikebuni) stock has
been found to be efficacious with protection leval80-92%. The level of protection
offered by the stock under field conditions wasp&milar to that observed under

laboratory conditions (Irviet al, 1983).

A mild strain of theileria known &B. parva(Lanet) (Mbogcet al, 1996) has been found
to offer protection against a wide spectrum oflér& stocks. It has the advantage over
the other immunizing stocks in that tetracylines @ot needed to block the multiplication
of the parasite following immunization. Thus, isafer as there are usually no reactors,
and also cheaper because tetracylines are notcheBae only drawback that limits wide
future application is that the parasites do notlyeasultiply both invivo andvitro thus
limiting bulk preparation of the vaccine (Mbogo afariuki, 1995). The economic
viability of the process of immunization has beenfied through many analyses
(Nyangitoet al, 1994; Mukhebegt al, 1995; Muraguret al, 1998; Babo Martinst al.,

2010).
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Machakos County was among the first Countys outSioigst Province to get approval
for national delivery immunization at commercialéé(Mbogoet al, 1999). However,
no study or trial has ever been undertaken in ten€ to determine either the efficacy
of the vaccine or financial impact of immunizingaatgst ECF in a Dual Purpose Cattle
Small Scale farming system (Peeler and Omore, 19%i73 was the first time that this
kind of intervention was undertaken in this kindaiming system in the country. All
previous studies mentioned above on immunisatiamnay ECF targeted dairy cattle in

high potential areas.
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CHAPTER 3

CONSTRAINTSTO LIVESTOCK PRODUCTION IN MACHAKOS COUNTY: A

RAPID APPRAISAL

3.1 INTRODUCTION

Previous studies carried out in Machakos Countykinebi and Gituna 1985; Emongor
et al, 2000) identified diseases, lack of adequaterivetey services, unavailability of
water, high costs of animal concentrate feeds abdur shortages as key constraints to
livestock production. Among the tick-borne disea&#SF and heartwater were identified
as the major constraint to the development ofitrestock sector in the County
(Emongoret al,, 2000). However, none of the studies quantiffexsé constraints in
terms of economic losses or their impact on thieht livestock species kept by the

farmers.

The main objective of the rapid appraisal was s®sas the constraints limiting the
development of the livestock sector in Machakosr®puas perceived by the farmers and
local veterinary personnel. The farmers’ respomsésese constraints especially with

respect to the control of the main tick—borne dissavere also evaluated.
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3.2MATERIALSAND METHODS

3.2.1 Study area

The study was conducted in the larger Machakos §oone of the Countys in Eastern
Province. The County has since been subdividedsenen Countys, namely Athi River,
Kangundo, Machakos, Matungulu, Mwala and Yatta. Cbanty lies between latitudes
0.45'S and1.31'S and longitudes 36.45'E and 37.45il covers an area of 6,850%m
It borders Mwingi and Kitui Countys to the East, ltnto the North, Nairobi and Thika
to the West and Makueni to the South. The Countipisled into ten administrative
divisions namely, Athi River, Kathiani, Central, Magulu, Kangundo, Mwala, Yathui,
Yatta, Ndithini and Masinga. The location of theu@ty in Kenya shown in Fig. 3.1.
The average annual rainfall in the County ranges500-1,300 mm. The rains are
normally concentrated in two short seasons: eridarth to May, and end of October to
December. The highest rainfall is received in Aprihe mean temperature range is 18-
25°C. The County consists of small hills and platesarying in altitude from 1,800 to

2,100 metres above sea level.

The farming system in the area is described as Puglose Cattle Small Scale
(DPCSS)/ Sheep and Goats Small Scale (SGSS) (Reel€dmore, 1997). Other
livestock kept include donkeys, pigs, poultry, aadbits. The grazing system is
predominantly traditional free ranging system (Kma, 2001) but a few farmers practice
zero grazing. The majority of cattle reared areitloggenous zebu cattle but some
farmers also keep improved breeds of dairy capecially in Matungulu and

Kangundo Divisions.
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Figure 3.1: Map of Kenya showing the location ofdidakos County, 2007.
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3.2.2 Rapid Rural Appraisal

The study was conducted between May and Octobét. 20 tools that were applied
included ranking and key informant interviews, atithn of secondary data, formal group
interviews and farm observations. The interviewsensmnducted in either English (for

DVOs, LPO) or Kiswahili (for the farmers).

Before the start of the informal surveys, the otiyes were discussed with the Chief
Field Investigation Officer (CVFIO), the regionaldvincial Director of Veterinary
Services (PDVS) and the local County Veterinaryic@fls. They gave approval of the
work plans. The programme was discussed and ciezlta the local administrative
officers (County Officers and chiefs) and the vietary personnel. The concepts and
objectives of the meetings were communicated itivgrito prospective farmers and the

local administrative chiefs two weeks prior to teges they were to be implemented.

3.2.2.1Key Informant interviews

Two categories of key informants were interviewed.

Two local veterinarians (the DVO of Machakos Cousty his deputy based in
Kangundo), one livestock production officer and anenal health assistant (AHA)
operating in the study area were interviewed orctys of production, livestock and
product prices.

Sixteen local farmers were selected with the amstst of the local chiefs, animal health
assistant and livestock officer. They were seleotethe basis of their keen interest and

dedication to livestock rearing. Two farmers wegkested from each of the eight study
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sub-locations where the study took place. A semiesiired interview was conducted to

assess their perceptions on livestock productiostraints.

3.2.2.2 Farmer focus group meetings

Gender balanced groups of twenty farmers were teeldtom each study sub-location
with the assistance of the local AHAs, V.Os andstast chiefs. Four farmer focus group
meetings were held. The meetings were organizedch a way that separate meetings
were held for each division. The objectives offib@is group interviews were to assess
farmers’ perception on constraints to livestockdoiction, current methods of disease
control and assess farmers’ attitude towards vetgyiservices.

The first farmer focus group meeting was held atangundo co-operative hall on"28
June 2007. Ten farmers attended from each of thestws-locations (Ndunduni and
Kathome). Five of the participants were women. Ogaeticipants included the assistant
chiefs from the two sub-locations, the local vetary officer and the meat inspector. The
two assistant chiefs were women who greatly engmd@ather women participants to

contribute to the discussions.

The farmer focus group meeting for Ndithini Divisjavhich comprises of Kiatineni and
Milani sub-locations, was held oﬁ‘suly 2007. A total of 12 participants attended the
meeting. Ten of the participants (one of whom wasean) were from Kiatineni while
only two farmers were able to attend from Milanbgacation. This was due to severe

communication and transport problems prevailinthanarea at the time of the study.
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The farmer focus group meeting in Tala market weld bn 19 July 2007. The meeting
brought farmers from Kalandini and Katine sub-lomad. A total of 16 participants (10
from Katine and 6 from Kalandini) attended the groweeting. Five of the participants

were women (all from Katine sub-location).

The farmer focus group meeting for Athi River Dieis was held on the YeOctober
2007 at the Agricultural Extension Office in AthivMer town. The meeting brought
farmers from Katani and Ngelani sub-locations. talttof 11 participants (7 from Katani
and 4 from Ngelani) attended the group meeting. @rike participants (from Ngelani

sub-location) was a woman.

A standard checklist was prepared for all the farfoeus group meetings. The major
issues that were addressed included:

* Mapping of the sub-locations. The farmers were ds&araw maps of their
respective sub-locations indicating key animal theilfrastructures like water
dams, agro vet shops, cattle dips and cattle csushe

» Source of livelihood of the residents of the sutaln. The participants were
asked to list the main crops grown either for foodale and reasons for keeping
livestock.

* The farmers were also asked to list the main spaxfiévestock kept.
Proportional piling was used to determine the nmagbrtant species from the

economic point of view.
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» Constraints to livestock production. The farmersenasked to list and rank
constraints to livestock production other than as&s. The ranking of the
constraints was done by “pair wise ranking”.

» Disease constraints to livestock production. Fasmaare asked to list and rank
disease constraints to livestock production acogrtth perceived economic
importance.

» Institutional linkages (Venn diagram). A Venn diagr was drawn and farmers
asked to draw circles within the Venn diagram repnéing key veterinary
infrastructure whose size is proportional to thpamance that the farmers
attaches to the facility.

» Seasonal calendars to indicate when diseases vastepnevalent.

The groups’ general perception of TBDs and othesstiock diseases that are common in
the study sites were assessed by semi-structuiestiews, guided by a checklist. The
farmers were asked to list all the constraints flaegd in keeping livestock. After the
constraints were exhaustively discussed, they tene asked to rank them in order of
their importance. Following the same proceduresaBe constraints were listed and
ranked according to their perceived economic loss&dting from mortality, quarantine
measures or cost of treatment. The farmers workeng group then constructed seasonal
calendars for prevalence of TBDs and other disethsgsvere identified as the main
disease constraints. They were also asked to henietative importance of the different

livestock species reared in the study area.
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3.2.3 Rapid Rural Appraisal data collection methods

3.2.3.1Ranking procedure

Disease as well as general constraints to livegtoa#tuction were ranked using the pair
wise ranking technique as described by Catley anddvhed (1996). The technique
involved farmers listing the key diseases thattlimestock production in their respective
sub-locations. The list of the diseases was thégre into the first row of a Table.
Using the same sequence in which the diseaseslisteickin the first row, the list of the
diseases was entered into the first column of gdadel Diseases were then compared in
pairs across the table from the left to the rigiée ®f the Table. For every comparison
between two diseases, the disease that was patdeibe of more importance in terms
of economic losses resulting from mortality, quairsmmeasures or cost of treatment
was entered into the Table. The diseases wereémied based on the frequency with
which they appeared in the Table.

Participants from neighbouring sub-locations uratgtthe ranking jointly. Using the
results from the farmers’ ranking of diseases, ehsbase ranking was given scores as
follows:

1% Disease = 6 points

2" Disease = 5 points

3 Disease = 4 points

4" Disease = 3 points

5" Disease = 2 points

6" Disease = 1 point.

The same technique was used to rank the generstiraorts to livestock production.
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3.2.3.2Construction of seasonal calendars

Proportionate lengths of sticks were used to rgmte®lative prevalence of the main
diseases against the month of the year. The farwmnes allowed to use as many
categories (lengths) as they required. Howevethalfour groups used a maximum of
three rank categories. The shortest stick used3washes in length. This was used to
denote “low” prevalence. “Medium” prevalence wasated by a 6 inch long stick and
“high” prevalence by a 9 inch stick.

Data on rainfall and mean temperatures for the 28@7 in each of the four divisions
was obtained from the Meteorological Departmertiagtan the County at the Kenya

Agricultural Research Institute (KARI) in Katumani.

3.2.3.3Proportional piling

The livestock species were ranked in importancegusie proportional piling technique
(Catley and Mohamed, 1996) where by a hundred (@@hs were distributed by a
group of farmers over diagrams representing thergift livestock species. The livestock

were ranked in terms of economic importance.

3.2.3.4Transect walks

Transect walks were conducted on two to three nauhgleelected farms close to each of
the four venues where the focus group meetings e The purpose of the walks was
to make independent observations on farming enseqrestimate the size of the farms,

type of livestock kept and animal husbandry prastic
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3.2.4 Secondary data

Retrospective data on reported cases of tick-bdiseases in the County were collated
from County Veterinary reports. Although a ten-yganre span (1997-2007) was
proposed, only a six year period was analyzede@sds for the period 1997 to 1999
were found to be unreliable as they had many gapalifthe three TBDs (ECF,

anaplasmosis and babesiosis).

3.3RESULTS

3.3.1 Previous cases of tick-borne diseasesin cattle

The number of cases of the main tick-borne diseagested (based on clinical
diagnosis) in cattle in the County in the previsasen years is shown in Table 3.2.There
were no data on the number of cases of East Ceast fecorded for the period 1997 to
2003. The County Veterinary Officer (DVO) of MaclmskCounty estimated that only
about 30% of the total cases were reported annda#yto the few veterinary personnel
and poor veterinary infrastructure in most sub-ioee in the County. Thus, the data
were most likely a gross underestimation of theuoeece of the diseases. Anaplasmosis

and babesiosis were the most consistently reptidiedborne diseases (Table 3.2).
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Table 3.1: Number of cases of tick-borne diseaspsrted in cattle in Machakos County
between 2000 and 2006.

Year Number of tick-borne diseases reported
ECF Anaplasmosis Babesiosis Heartwater

2000 - 827 49 -
2001 - 823 76 -
2002 - 807 58 -
2003 - 635 43 -
2004 624 864 77 80
2005 486 543 128 129
2006 824 840 130 114

3.3.2 Previous disease cases in sheep and goats

Tables 3.3 and 3.4 show the number of cases ahsksaeported in sheep and goats
respectively, in the period under review. Thereen®s records on diseases from the year
2000 to 2003 as the record forms could not beenetd. According to the DVO, farmers
and the field veterinary staff often tended to ®owore on cattle when it came to disease
reporting. Thus, the majority of small ruminantedises were either not reported or
recorded. Helminthosis, pneumonia and diarrhea terenain diseases reported with
helminth infestations and pneumonia occurring mieigheep and goats, respectively. No

tick-borne disease was reported in these two specie
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Table 3.2: Diseases reported in sheep in Machakost§ between 2000 and 2006.

Year Number of disease cases
Helminthosis Pneumonia Diarrhoea Foot root

2000 - - - -

2001 - - - -

2002 - - - -

2003 - - - -

2004 956 221 210 1

2005 506 232 142 3

2006 503 227 133 6

Table 3.3: Diseases reported in goats in Machakasty between 2000 and 2006.

Year Number of disease cases

Helminths  Pneumonia Diarrhoea Eye infecti Dermatitis

2000 - - - - -
2001 - - - - -
2002 - - - - -
2003 - -
2004 4410 808 419 131 140
2005 2019 598 189 104 30

2006 1975 578 179 93 25

3.3.3 State of veterinary infrastructure, market access and water availability

During the study, there was only one functional oamal cattle dip in all the four study
divisions (Table 3.5). There were only two veteriaas (one employed by the
government and the other private), one Animal HeAlsistant (AHA) and one
Livestock Production Officer (LPO) in all the fodivisions. Agrovet outlets were
available in the study sub-locations of Kangundd Kalandini Divisions. No Agrovet
shops were present in the study sub-locations loif Ritver and Ndithini Divisions (Table
3.5). The two divisions of Kangundo and Matungukodad active livestock markets.
Apart, from Ndithini Division, which borders thever Tana, all other divisions had very

few permanent natural water sources.
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Table 3.4: Distribution of livestock infrastructurgater sources and livestock markets by
division in Machakos County, 2007.

Division  Sub-location Veterinary infrastructure Water Availability
sources offlivestock
market (s)
No of Animal Agrovet
functional  health shops
dips personnel
Ndunduni 1 1 vet 1 1 dam, A market
(government several within
vet) seasonal walking
rivers distance.
Kangundo Kathome 0 1 vet 2 1 bore hole None
(private) and a
seasonal
river

Kiatineni 0 1 AHA 0 2 permanentNone
rivers and a
dam

Ndithini (Masinga)

Milani 0 0 0 2 permanentNone
rivers and a
dam
(Masinga)

Katine 0 0 3 1 seasonal One active
river/ three market ,Tala
seasonal town

Matungulu dams
Kalandini 0 1 livestock 3 4 seasonal One active
production dams market, Tala
officer town
Katani 0 0 0 2 communalNone
Athi River dams and 3
bore holes
Ngelani 0 0 0 1 dam None
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3.3.4 Disease constraintsto livestock production

From the list of diseases provided by the farmamn$y the first six diseases were ranked
(Table 3.6). Pneumonia, East Coast fever, trypan@sis, blackquarter and anthrax
were ranked by the farmers as the most importaeiadie constraints to the rearing of
cattle in the County with respective scores ofZ2,7, 7, 5 and 5 (Table 3.6). East Coast
fever and to a less extent anaplasmosis were pertély the farmers to be the most
mportant tick-borne diseases of cattle in the Cpuhtere were also differences in the
disease rankings by divisions for example pneumaaisiranked as the most important
disease in three of the divisions and was rankied thost important in Matungulu
Division (Table 3.6). On the other hand, East Céagtr was ranked first in Matungulu
Division but was ranked second in both Ndithini #itti River Divisions and third in

Kangundo Division.
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Table 3.5: Disease constraint identification amknag by farmers in Machakos County,

2007.
Ranking per division
Disease Overall Position
Ndithini | Matungulu | Kangundo | Athi Score
River
Pneumonia 1 3 1 1 22 1
Anaplasmosis 6 6 5 3 7
ECF 2 1 3 2 20 2
Mastitis 8 4 9 3
Heartwater 7 7 8 0
Helminthosis 5 6 3
Rabies 4 5 3
Trypanosomosis 3 4 7 3
Lumpy Skin 5 6 3
Disease
Mange 4 3
Eye worm 11 0
Black Quarter 2 5 4
FMD 9 7 0
Brucellosis 10 0
Anthrax 2 5 5

Key: FMD= Foot and Mouth Disease
The smaller the numerical value the higherranking

3.3.5 General constraintsto livestock production

The most important general constraints to livesfo@duction as perceived by the
farmers in order of importance were problems wabessing markets for livestock
products, lack of cattle dips, lack of artificiakemination (Al) services, lack of
adequate feed and shortage of agrovet shops (BableThe importance of the
constraints differed according to the division. Egample absence of Al services was

considered important only in Kalandani/ Katine so&ations of Matungulu Division and
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Kathome/ Ndunduni sub-locations of Kangundo Diwisitb was not even ranked in
Kiatineni/ Milani and Katani/ Ngelani sub-locatioaENdithini and Athi River Divisions,
respectively (Table 3.7). Lack of livestock marketss considered important in all study
divisions, while lack of functional dips and poaterinary services were considered
important in all divisions except Kangundo. Predlativas only ranked as important in

Ndithini Division.

Table 3.6: Non-disease constraints to livestocklpection as perceived by farmers in
Machakos County, 2007.

Ranking by sub-location

Constraint

Ndithini Matungulu Kangundo Athi River Overall

Score

Feed 1 4 7 9
Water 7 5 8 2
Al 3 1 10
Drugs 2 5
Marketing 3 5 3 3 14
Infertility 6 1
Predation 1 6
Agrovet 2 4 8
Dip 4 2 1 14
Vet services 5 6 6 4
Finances 4 3
Livestock thefts 2 5
Poor breeds 5 2

3.3.6 Percelved seasonal occurrence of diseases
Since all groups used a three point ranking sy$&langths of sticks), it was possible to
represent the seasonal prevalence of two of the thegeases (ECF and pneumonia) in

relative terms as ‘low’, ‘medium’ or ‘high’ and maad¢omparisons between the four
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divisions (Figures 3.3 and 3.4). The mean montaigfall and temperatures for 2007 are
also included.

With the exception of Kangundo Division, the highgsrceived prevalence of ECF was
observed between March and July, shortly afteptak rainfall season. In Kangundo
Division, “medium” perceived prevalence was obsdreetween March and July while
the highest prevalence was observed between JdIPatober. The highest perceived
prevalence of pneumonia was observed during thiecownths of the year (May to

September) in all the study divisions.
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Figure 3.2: Relative perceived prevalence for [Eaxstst fever in four divisions of
Machakos County, 2007.
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Figure 3.4: Relative perceived prevalence for praumin four divisions of Machakos
County, 2007.

3.3.7 Relative importance of the different livestock species

The indigenous zebu cattle were ranked first intébee study sub-locations (Kiatineni

and Milani) of Ndithini Division, first in one sulmcation (Katine) of Matungulu

Division and first in Katani sub-location of Athiner Division (Table 3.8). On the other

hand, improved breeds (crosses) of cattle wereachfikst in Kalandini (Matungulu

Division), Ndunduni and Kathome (Kangundo Divisi@md Ngelani (Athi River

Division) sub-locations. Overall cattle were rankesothe most important livestock

species in all the study sub-locations and goatsrse

Chicken were ranked third in four of the sub-locas while sheep were ranked third in

two of the sub-locations. Pigs and rabbits werg bsted in Ndunduni and Kathome

sub-locations (Kangundo division). However they evanked seventh and eighth,

respectively.
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Table 3.7: Relative importance of the differenebtock species reared in eight

sub-locations in Machakos Count007.

Species Kiatineni

Milani

Ranking by farmer groups in the eight sub-locations

Kalandini Katine Ndunduni Kathome Katani Ngelani

Cattle 4
(Crosses)
Zebu cattle 1
Borancattle
Dairy goats
Galla goats
Local goats
Sheep 3
Pigs

Rabbits
Chicken 5
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3.4 DISCUSSION

Secondary data on disease occurrence obtainedvieterinary departments is often
incomplete based on tentative diagnosis and uibteles was the case in this study. A
similar observation was made by Muraguri (20008 study carried out in the Coast
Province of Kenya. The data were often charactefiseunder reporting presumably due
to a shortage of field staff and limited acceskbmratory facilities. In the current study
the secondary data ranked ECF, anaplasmosis, baisemnd heartwater as the main TBDs
of cattle in Machakos County. The data needs tindaged with caution as diagnosis by
field staff is often based on clinical signs praddoy the farmers. Diagnosis of diseases
such as heartwater and ECF can only be confirmredgh laboratory examination of
appropriate biological samples. Furthermore, theree gaps in the disease data collected

prior to 2004. It was not possible to establishréreeson for the missing data for the period.
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Nonetheless, the secondary data were most likgtgss underestimate of the true disease
incidence. However, the data can still be usefuhdisators of presence of disease trends

over time.

The secondary data on diseases of small ruminamt ves comprehensive than for
cattle. This observation was similar to resulteadfiier studies carried out in the County
(Mukhebi and Gituna, 1985; Emongeiral, 2000). This gross under reporting of small
stock diseases may be a reflection of the littleneenic importance that farmers attach to
them compared to cattle. The other possibilitha sheep and goats are naturally
resistant to diseases. Indeed sheep and goatsamed second and third in terms of
economic importance relative to cattle. It is atsaceivable that farmers may have
resorted to purchasing drugs from approved agrowiets to treat the animals
themselves without consulting government veteraregi This is a dangerous practice
considering the possibility of drug resistance d@wment in a situation where animals
are given sublethal doses. Farmers need to beigedson the importance of a holistic
disease control approach since it has been dermatedthat small stock could be
important sources of diseases such as foot andhnaisgase, heartwater and helminths if
ignored in disease control strategies on farms g/tiexy are kept alongside cattle

(Lughano and Kambarage, 1996; Barnet and Cox, 1R&&hing and Hughes, 2002).

The fewer number of qualified veterinarians meassIprofessional contact while the
presence of only one functional cattle dip meass leck control. The few available
agrovet shops were located in the main towns asrisally the case and in fact there

were no agrovet shops in four of the study subtiona. The only active livestock
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market in the study area was in Tala town, far afk@y most of the farmers. The poor
state of the veterinary infrastructure and limigedess to livestock markets is a major

hindrance to the development of livestock produrcirothe County.

The use of qualitative methods to identify diseamastraints to livestock production was
useful in providing an insight into the most img@ot diseases in the County from the
farmers’ perceptive. The farmers identified the mdiseases prevalent in the County.
Similar results were obtained in other studiesiffedent livestock production systems in
Kenya where farmers were shown to possess higkslet&nowledge on livestock
diseases (Catley and Mohamed, 1996; Muraguri, 20@0theet al.,2003). The diseases
identified by farmers to be prevalent in Machakaaity included ECF, anaplasmosis
and trypanosomiasis. Indeed, the presence of thesases was confirmed by laboratory

tests in the cross-sectional phase of the studggten 4).

In this study, the farmers were able to indicateghriod(s) of the year when the most
important diseases are most prevalent. Seasormgldzas are often used in Rapid Rural
Appraisal studies to highlight temporal pattern®@céurrence and changes in human
activities, production and biological events, imthg diseases (Ghirotti, 1993). The data
on perceived seasonal occurrence of disease weilarsin all the four divisions. East
Coast fever reportedly occurred throughout the peathe highest prevalence was
reported between April to September. This peakQf Eorresponded to the period
during and immediately following the long rains s@ain the County. However, farmers

in Matungulu identified a second peak in the premaé of ECF in October and
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November corresponding to the short rains seasomobserved prevalence pattern may
have been explained by the fact that temperatuteanfall have a significant influence
on the abundance and longevityRifipicephalus appendiculatuhe tick vector of the

disease (Newson and Punyua, 1978; Cumming, 2008id®et al., 2006).

Pneumonia in livestock was perceived to be moregbeat during the coldest months of
the year (May to September). It was observed tthalt animals were kept in open
enclosures at night while calves and small rummardre kept in sheds that hardly
protected the animals from severe conditions (ithiong winds and low temperatures)
(Chapter 6). Diseases such as pneumonia as notie igrmers are likely to occur

under such conditions.

The ability of farmers to identify peaks in the yaence of disease similar to peaks
observed in formal surveys indicated that farmengetthe capacity to conduct their own
research and analyses (Farrington and Martin, 1488n, 1991). Thus, farmers’
indigenous knowledge on animal diseases prevatdhieir regions should not be ignored
and can greatly complement conventional surveysaisity in the event of outbreaks of
notifiable diseases. It was also interesting tenbat some farmers ranked predation as a
major constraint to livestock production. The olatipon was made on the ranking
prepared by farmers from Ndithini Division, whengehas and baboons preyed on calves,
kids and lambs. This information is never foundhe County or Department of
Veterinary Services annual reports. The ranking obnstraint that was missing from the

conventional annual reports was consistent witrotteervations by Kumar (1993) that
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rapid appraisal methods are more flexible than &sarveys and are capable of
exploring new ideas and issues that may not beipated. A similar observation was
made during a RRA carried out by Okutiteal (2003) in the western highlands of
Kenya. The findings of all these studies furthandastrate that communities within

close proximity to each other may not share theesprablems.

Despite its informality, RRA is useful at obtainiagjuick, systematic and cost-effective
status of livestock conditions and veterinary peotd, particularly in agropastoral

communities (Ghirotti, 1993). In the survey by Cheket al. (2003), it was estimated that
a structured survey costs up to twice as muchRRA The survey also established that
structured surveys are much more time consumimgil&iresults were also reported by

studies undertaken by McCauletyal. (1983) and Perrgt al. (1984).

Using the process of triangulation as describedatley (1999), it was possible to verify
most of the data collected during the RRA studie@s.example, the main constraints to
livestock production were identified and confirmt®dsecondary data, key informants
and farm observations. The farm observations wiseewseful in understanding the
importance of mixed farming enterprises to thelineods of the farmers (Chapte 4).
However, the mostly descriptive data gathered neels validated by conducting
exploratory studies that allow comparisons to beeraetween different study groups.
Only a holistic approach can generate informatiat tan be used to design appropriate

strategies required to improve livestock productmothe farming system.
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CHAPTER 4

SOCIO-ECONOMIC AND DEMOGRAPHIC CHARACTERISTICS OF

SMALLHOLDER LIVESTOCK FARMERSIN MACHAKOS COUNTY
4.1 Introduction

In any livestock or agricultural production systehe interaction between factors of
production, land, human resources and labour sogmifly influence the levels of
production. In the livestock industry, various sseconomic factors influence the
production systems at various levels. Socio-econdautors such as size of households,
gender, farm level profiles and farm demographicades do influence the level and
speed of adoption of new production technologiescattle management practices
(Ciceket al, 2008; Twomlow and Kizito, 2009; Nwaket al.2011). Farmers also
apportion land to various farm enterprises accgtiinanticipated production. Farming
systems are not static and factors such as cliragtesultural technology, population
pressures and resource availability exert thelu@rfce continually (Rushton, 1996). It
was therefore important in this study to identifdaquantify farm and human factors

likely to influence livestock production in the diuregion.

Information on livestock farming systems in Machakipunty is scanty. The farming
system in the area has previously been describBdi@alsPurpose Cattle Small Scale
(DPCSS)/ Sheep and Goats Small Scale (SGSS) (Reel€dmore, 1997). In the higher
potential areas of the County such as Kangundosysiem has been described as Small

Scale Dairy Meat Production (SSDMP) (Peeler and @qiH97).
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The purpose of this chapter is to describe theatitaristics of smallholder livestock
farming systems in Machakos. The farm demographi@bles, including the main
methods applied in the control of vector-borne as&s, as well as the socio-economic

characteristics of the households are examined.

42 MATERIALSAND METHODS
4.2.1 Study sites
The study area and selection of the study 200 fanaslescribed in

Chapter 5. The farms were visited during the mewothSeptember and November 2007.

4.2.2 Data collection

The data on household variables, labour profileggnnary practices and farm inputs
were collected using a questionnaire (Appendix ddhpinistered to household heads via
personal interviews. The questionnaire was adnarestin Kiswahili or translated into

the local Kikamba language in case the respondemtdimited knowledge of Kiswabhili.

A second questionnaire to gather farm level daggpéhdix 5.1) was administered to the
heads of the household or the persons normallizange of livestockThe questions
were designed to identify and rank various livestamduction constraints and the
disease control strategies. Additional data weuglsbon household information and
demographics, grazing management, delivery of drineath services, occurrence of

diseases and mortality in cattle, sheep and goats.
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The questionnaires were pretested on ten farms.Was also part of the refresher
training of the technicians who assisted in the iatstration of the questionnaire. The
field veterinarians were also present to give thpinion and suggestions after which a
consensus on questionnaire administration styleagesed upon. All necessary
corrections to the questionnaire were made atthaige.

Although some of the farmers were literate and @dq@ubvide English names of the main
livestock diseases on their farms, the majorittheffarmers were semi-literate.

One hundred and seventy three of the selected farnael 6 to 10 years experience of
keeping livestock while the rest (27) had 1 to &rgeexperience. Thus, the majority of
the farmers were familiar with the common livestacseases on their farms. The farmers
listed diseases in the local Kikamba names. Theesamere then translated into English
with the help of either the local animal healthistssit (AHA) or veterinarian who were
fluent in the local Kikamba language. A compreheagirobing of the farmers on the
symptoms, time of the year when disease is commdraaimal species or breeds
affected by the diseases listed in Kikamba was tiakien before the final translation into
the English names. Details of the Kikamba namestlagid translation into English are

indicated in Appendix 5.3.

Farm observations were also made to verify sonteeoinformation given by the
respondents or to estimate some farm variablesorme instances, transect walks were
made across the farms to estimate some unavadabieates of parameters or verify
information, for example proportion of land undasfures, main crops grown, cattle

breeds and their numbers.
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4.2.3 Data handling and analysis

Responses to the questionnaires and animal ree@méscoded and entered into a data
set in Microsoft Access program. After screenihg, files were combined and exported
to StatistixX’ Analytical (Statistix for Windows Version 4.0, 1998t Paul, MN) program
for generation of descriptive statistic includimgdquency distribution and means.
Statistical analysis to compare the average holgetaom and livestock sizes was

undertaken using théhisquareTest.

43 RESULTS
4.3.1 Farm characteristics

The distribution of various farm characteristicsi®wn in Table 4.1. The majority

(74%) of the farmers had more than 10 years expezien rearing livestock.

Other than cattle which were the most common speni&0% (147/200) of the surveyed
farms, sheep and goats were found in 30% of thedaindigenous chicken, commercial
chicken (improved chicken breeds) and pigs wereetetbgether with cattle or small

ruminants on 32.5% of the farms.

Cattle were managed in zero-grazing units in o2l$p% (25/200) of the study farms.
The majority of cattle (87.5%) were managed unberftee grazing system. Of the free-
grazing farms, cattle were occasionally or rougirgglazed on pastures outside the
designed farms (roadside, communal or neighbodarygs) in 76.6% (134/175) of the

farms. The vast majority (72.5%) of the farmerstkagdigenous cattle.
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Table 4.1: Characteristics of 200 smallholder fasurveyed in Machakos County
September-November 2007.

Variable Number of farms Proportion (%)
(n=200)
Land utilization and apportionment
Wholly livestock keeping 13 6.5
Mixed livestock and crops 187 93.5
Experience in keeping livestock
Up to 5 years 18 9.0
6-10 years 35 17.5
Over 10 years 147 73.5

Composition of all livestock species

Cattle (predominantly) 140 70.0
’Sheep and goats 60 30
“Commercial chicken 1 0.5
“Free range chicken 60 30.0
‘Pigs 4 2.0
Grazing Management
Zero grazing 25 12.5
Free grazing 175 87.5
Cattle breeds
Indigenous 145 72.5
Crosses 25 12.5
Both Indigenous and crosses 30 15

®No of farms mainly keeping cattle
PNo of farms mainly keeping sheep and goats
°No of farms keeping either chicken or pigs togethigh cattle or small ruminants

4.3.2 Land resource
4.3.2.1Size of the farms

The average farm and livestock herd sizes in the $tudy divisions are shown in Table
4.2. The average farm sizes varied greatly fromnadf 4.14 acres in Kangundo Division

to a high of 36.55 acres in Ndithini Division. Twbthe selected farms in Ndithini
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Division were ranches with an average size of 32Bsaand an average herd size of 35

cattle.

The overall average number of cattle per farm wia8 and was higher than that for
goats (9.4) and sheep (5.2) (Table 4.2). Athi Rieision had a significantly (p< 0.05)
higher average number of all the three livestodcsgs compared to the rest of the

divisions.

Table 4.2: Average farm and livestock herd sizenenfour divisions of Machakos
County, 2007.

Division Average farm size (acres)* Average livestock herd size
Cattle Goat Sheep
Athi River 22.0 (2.25- 93.0) 23(0112) 17.8 (0-60) 11.0 (0-70)
Kangundo 4.14 (1-25) .104(1-20) 2.68 (0-26) 1.42-8)
Matungulu 15.83 (0.25-20) 6(16B0) 4.2 (0-20) 2.5610)
Ndithini 36.55 (1-350) 12.25 (0-50) 13.5 (0-60) 6.87(0)-
Overall 21.13 (1-350) 11.9 (1-112) 9.4 (0-60) 50270)

* Figures in brackets indicate range

4.3.2.2Allocation of land to enterprises

Mixed farming (livestock and crops) was widely greed in the study area. On average,
it was estimated that approximately 40% of the laag allocated to livestock production

activities and 60% to growing crops.

Coffee was the main cash crop grown in KangundoNaatingulu Divisions (Table 4.3).
In Ndithini Division, fruits such as mangoes andvgews were grown as cash crops as

well as for home consumption. A variety of foodgsancluding maize, beans, cowpeas
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bananas, arrow roots and cassava were also conmtioa study area. Vegetables were

grown mainly for home consumption.

4.3.2.3Rented land

In general, renting land was not common in the whiegion. During the time of the
survey, only 10.5% (21/200) farmers rented lankegifor grazing or for cultivation. The
number of farmers with rented land in Athi Rivegngundo, Matungulu and Ndithini
Divisions was 1% (2/200), 2.5% (5/200), 4% (8/2804 3% (6/200) respectively.
Eighteen (9%) of the farmers rented land for calibn while 3 rented land for grazing.
Thirteen (6.5%) farmers rented land throughoutyter, 1.5% (3/200) during the rainy
season and 2.5% (5/200) during the dry seasonmBEas rent was Ksh.1, 000 per acre

per year.
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Table 4.3: The main food and cash crops grownerfdhr divisions of Machakos
County, 2007.

—

S
ch

Division Sub-location Crops grown
Kangundo | Ndunduni Cash Crops | Coffee is the main cash crop.

Food crops | Maize is the main food crop. The otbedfcrops
grown include beans, sugar cane, arrow roots, lzenal
cassava, guavas, paw paw, sweet potatoes, kale,
tomatoes, beet root, sunflower, water melons amahsn

Kathome Cash crops | Coffee is the main cash crop. Watermagloangoes,
sugar cane

Food crops Maize, beans, bananas, peas, paw pasa\a,
pumpkins, tomatoes, onions, kale, oranges, cabbage
mangoes, avocadoes, arrow roots, sugar cane, Fren
beans, carrots, beans and water melons.

Ndithini Kiatineni

Cash Crops | Fruits such as mangoes, water melons and oranges

Food crops Maize, beans, cowpeas, oranges, margigesn peas,
watermelons, tomatoes and kales.

Milani Cash Crops| Water melons, mangoes, paw paw andasang

Food crops| Beans, pigeon peas, cassava, bananas.

Matungulu | Katine Cash crop Coffee is main cash crop, water meloasgoes

Food crops Maize, beans, cassava, sweet potat@eEsdo, peas,
bananas, onions, watermelons, oranges, mangoes,
pumpkins, paw paws, guava, pepper and Napier gra

Kalandini Cash crop Coffee, water melons, paw paw, avocadagoes

Food crops | Maize, beans, cowpeas, millet, watermelons, paws p
avocado, mangoes, sweet potatoes, Irish potatoes,
cassava and sweet pepper.

Athi River | Katani Cash Crop Fruits such as mangoes, oranges, batamasoes,
sugar cane

Food Crops | Maize, beans, cassava, sweet potatisbspotatoes,
cow peas, oranges, mangoes, bananas, tomatoes,
pumpkins, cassava and sorghum

Ngelani Cash crops | Maize and tomatoes
Food crops | Maize, beans, tomatoes, vegetables,eamsypumpking

and sweet potatoes.
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4.3.2.4Household characteristics

The distribution of family sizes is shown in Figytd.. The households had family sizes
ranging from 1 to 20 (mean of 7.1 members). Sombeehouseholds had extended
family members staying in the same homestead. Ritrer Division had a significantly
(p <0.05) smaller mean number per household (@B)pared to the other divisions.
Overall 80% of the farms had family sizes in thega4 to 9 family members (Figure
4.1). Approximately 71% (993/1406) of the househakeimbers lived on the farms
indicating low levels of off- farm employment. Theean number of family members
(3.7) living on the farms was significantly (p<O)@8naller in Katani sub-location
compared to the other sub-locatio of Athi River iBion. Katani and Ngelani are newly
settled sub-locations and the majority of homestdeml other homes. Thle jureheads
of the households were almost invariably men algihods % of them either did not live
on the farms or were involved in alternative incaatvities (employment or as
business) with little or no input into farming aaties. In this case, their wives wede-

factohousehold heads.
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Figure 4.1: Frequency distribution of family size00 farms surveyed in Machakos
County, 2007.

4.3.3 Farm labour profiles
4.3.3.1Farm labour

The bulk (97.5%) of the farm labour was providedigmbers of the family under the
direction of the head of the household. The heate@household discharged all duties
pertaining to farm management including sale asgatial of animals, apportionment of
the farm to various enterprises and utilizatioaofily income. In 46% ( 91/ 200) of the
farms, the head of the household had employmestdmithe farm and the daily
management of the farm reverted to another menfldeedamily who in most instances
(75.3%) was the wife (Table 4.4). Specified empés/enly managed the farms in cases
of the owners staying away in towns. The averagebau of hours spent working on the
farm per day was 5.3 hours. Most of the off-farnmpEayment was on a part time basis

either in nearby towns or neighbouring farms.

62



Table 4.4: Frequency distribution of 200 study faiimMachakos County by the
management personnel other thaméad of the household, 2007.

“Alternative head of farm management ~ Number of farms ~ Proportion (%)
Wife 150 75.3
Son 16 8.0
Daughter 3 15
Employee designated as farm manager 25 12.7
Others 6 2.5

! Brothers, sisters, father, mother or parents in law

4.3.3.2Non-family labour

Utilization of hired labour was a common observat@mnong the study farms. Labour
was hired on 64% (128/200) of farms surveyed. Raarkers were hired on either a
permanent or daily casual basis. The farms thatlhexternal labour at any one time of

the year employed 1.9 persons on average througheyear.

About 34.5% (69/200) of the farms where free-grgapstem of cattle was practiced
hired an average of 1.7 people throughout the y@aly 54 (7/13) of the farms that kept
cattle as the main enterprise hired labour througtiee year while 41.1% (77/187)
mixed farms hired labour throughout the year. Hoave\b9% (111/187) of the mixed
farms hired labour at some point of time duringdbarse of the year suggesting hiring
of labour was to some extent influenced by the flagnof crops. The distribution pattern

of hiring labour is shown in Figure 4.2 .
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Figure 4.2: Patterns of hiring external labour 28 Tarms that engaged non-family labour
in Machakos, County.

4.3.3.3Cost of hired labour

The cost of labour ranged from Ksh.3,000.00 to K&90 .00 per month per employee.
Labour costs were highest in areas close to majarucentres such Athi River (Athi
River Division), Tala (Matungulu Division) and Kamgdo (Kangundo Division).
Therefore, on an eight hour working day (five dayseek) the cost of farm labour
ranged from Ksh. 18.75 to Ksh.28.13 per man peredmyvalent to Ksh. 2.34 to 3.52 per
man-hour. The average number of workers hired duhia various farming activities
and the average number of months when such labasinarmally engaged is shown in

Table 4.5.
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Table 4.5: Estimated amount of hired farm labout28 farms which engaged out-of-
farm labour, in Machakos Count0?2.

Season of hiring external labour Makm of months hired Mean No. of workers hired
All year round 12 1.8

Harvesting season only 2 2.4

Planting season only 2 2.1

Planting and harvesting seasons 4 2.6

Other activities 4 1.8

4.3.4Variable farm inputs

Purchase of farm inputs was done throughout thelyaan varying intensity depending
on farming activities. The common inputs purchaatefdrm level included fertilizer,

manure, forage, feed, mineral supplement and vawneterinary drugs and acaricides.
4.3.4.1Application of commercial fertilizers and manure

Commercial fertilizers were used in 55.5% (111/26(0he farms (Table 4.6). The
highest proportion (94%) of commercial fertilizesage was in Kangundo Division and
the lowest proportion (8%) in Athi River Divisio@ommercial fertilizers were applied to
both cash crops and food crops. Where routine andistent application of fertilizer was
practiced, the annual mean cost was Ksh.7,000aper With a range of Ksh 5,400 to Ksh

11,000.

A total of 83.5% (167/ 200) farmers used manuréheir farms with the majority 93.5%
(157/167 applying it to both subsistence and cagpsc(Table 4.6). In 4.1% (7/167) of

the farms, manure was exclusively used on castsamyle on 2.4% (4/167) of the farms
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fertilizers were exclusively used on food cropsirfiktwo of the farms that used manure
purchased it from other farms within or from ougsttie County. The annual mean cost

was Ksh. 4,943.50 per farm with a range of Ksh.g6@o Ksh.32,400.00.

Table 4.6: Fertilizer and manure usage on 200 famrfeur divisions of Machakos
County, in 2007.

Division Proportio(%) using fertilizers  Proportion (%) using miae
Athi River (8%) 37 (74%)
Matungulu @5%) 48 (96%)
Kangundo (94%) 49 (98%)

Ndithini 17 (34%) 33 (66%)

Overall 111 (55.5) 167 (83.5%)

4.3.5 Member ship to co-operatives

Membership to co-operative societies dealing witedtock products was low. Only
14% (28 /200) of the farmers interviewed were cerafive members. There were only
two active co-operatives, all in Kangundo Divisiarhile a third one was in the
formative stages. One of the co-operatives (Ndundainy co-operative) promoted
marketing of dairy products while the Kathome Utwio-operative promotes the

marketing of coffee.
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4.3.6 Other Livestock speciesreared

About 30.5% (61/200) of the surveyed farms reatedken of which 93.4% were the
free-range indigenous type. The mean number okehigvas 22.1 (range 5-120). Farms
with more than 30 chicken were considered to berngerial enterprises. Only one farm
in Kathome sub-location reared exclusively exohicken (120 layers). Three farms
reared both exotic (layers) and free-range indigsrahicken. The main markets for the
sale of live chicken and their products (eggs aedtinwere the local market or

neighbours.

Two farms in Athi River kept ducks, geese and tuské®nly four farms, three of which

were in Athi River Division and the other in Maturg Division kept pigs.

4.3.7 Sale and prices of milk

The number of farms with milking cows at the tinféle survey was 135 of which
68.9% (93/135) sold milk at a mean cost of Ksh3@7er litre (Table 4.7). The main
outlets for milk were neighbours (54 %), co-ope#edi(16%) and home consumption
(30%). There was no significant (p>0.05) differemrcéhe volume of milk sold in the

four divisions (Table 4.7).
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Table 4.7: Milk sales in four divisions of MachakGsunty, 2007.

Division Number of farms ~ Mean Milk Sales 95% CI of Mean
selling milk (litres) per day Milk Sales

Athi River 23 5.02 [3.18, 6.87]

Kangundo 31 6.94 [5.08, 8.80]

Matungulu 17 4.26 [2.74, 5.78]

Ndithini 22 4.83 [2.48, 7.18]

Overall 93 5.45 [4.45, 6.45]

4.3.8 Provision of veterinary services

Delivery of government veterinary services in thedg region was reportedly low.

In the four the study divisions, only 22% (44/200the farmers had access to
veterinarians and relied on family members to tsgak animals (Table 4.8). Kangundo
Division had the highest 58% (29/50) reported astedrained veterinarians and animal
health assistants. In Ndithini and Matungulu Diets, 74% and 56% of the farmers
respectively had access either to animal healtistass$s or veterinarians. Athi River
Division had the lowest (2%; 2/50) access to vatas personnel where 78% of the
farmers reportedly treated their sick animals. ifar from the division indicated that he
relied on services of a herbalist to treat his atsmPrivate veterinarians were reported to
be more available in Kangundo Division. In MatungDiivision, a retired livestock
officer was reported to be providing animal healiine services to 36% (18/50) of the

recruited farmers.
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Table 4.8: Animall health providers of veterinagrvices at farm level by division in
Machakos County, 2007.

Type of personnel that undertakes treatments whignads are sick (No.of house
holds per division =50)

Division Family ﬁgglﬁl Private Government Livestock Traditional
member Assi Vet Vet officer herbalist
ssistant
Ndithini 26% (13) 64% (32) 8% (4) 2% (1) 0 (0%) %@0)
Matungulu 8% (4) 40% (20) 2% (1) 14% (7) 36% (18)% (0)
Kangundo 0% (0) 42% (21) 30% 1528% (14) 0% (0) 0% (0)
Athi River 78% (39) 14% (7) 0% (0) 4% (2) 2% (1) 2% (1)

4.3.9Tick control

Acaricides were applied on animals to control tioks198 farms 99% (198/200) by use
of hand sprays. Tick control generally commenceti@tge of 1 month. More than 40%
of the farmers applied acaricides on all the thiresstock species by the age of 1 month.

Other farms (1%) applied acaricides only when tiwwkse observed on the animals.

Acaricides based on amidines were the most (92%)manly used and the three main
brands were Triatix® (Cooper Kenya Ltd), Alimdtigunga Feeds Kenya Ltd) and Tix
Fix® (Twiga). Acaricides based on organo—phosphoompounds were used in 4%
(8/200) of the farms and included Stelladdiiorvatis East Africa Ltd) and Supadip®
(Cooper Kenya Ltd). One brand of synthetic pyrathrDominex (FMC chemicals), was
used on 7 3.5% (7/200) of the farms. One farmey ned certain of the brand of

acaricides used on his farm.
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4.4 DISCUSSION

The study showed that 93.5% (187/200) of the stadys practiced mixed farming. This
proportion was similar to what was observed by Mamo (2008) in a pastoral livestock
production system in Kajiado County where 95% dftpealists were found to have other
sources of income besides livestock. Engaging kethfarming indicated the degree of
diversification of sources of income in order tatbemanage risks as observed by Little
et al (2001). The farmers indicated that they soldaupd% of the food crops such as
maize and beans during bumper harvest. Apart fropraved incomes, mixed farming is
of value to the farmers as the crop and livestatkrprises are interdependent. About
83.5% (187/200) of the study farms use livestockuna for growing of cash and food
crops. Some of the large livestock farmers solglssrmanure thus providing an extra
source of income. However, on some of the farmshase of manure was part of the
farming expenses, with farms spending on averapedik843.00 annually. The growing of
crops and keeping of livestock complemented edutr pais livestock were a source of

manure while maize/ sorghum stovers were usediasmbfodder.

The proportion of farms in all divisions that usadnure was higher than those that used
fertilizers probably because of the higher costahmercial fertilizers. Moreover, most
farmers who used manure did not have to spend mmnggg the manure as the
livestock produced sufficient quantities. Kanguimdwaision, which was the most arable
of the four divisions, had the highest proportidriasmers that used both manure and
commercial fertilizers. The relatively low usagenodnure in Athi River and Ndithini

Divisions, which had higher mean livestock popuwasi compared to Kangundo and
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Matungulu Divisions was rather surprising. A possixplanation could be that the
farmers considered livestock production more rédiat the prevailing environment due
to frequent crop failures. In addition, they sdid manure to farmers outside the
divisions. Athi River and Ndithini were the majarusces of manure to farmers outside

the divisions.

The mean size of the farms was 21.83 acres, wiinge of 0.25 to 350 acres. This was
considerably larger than the average land sizégim potential Countys such as Kiambu
(3.0 acres) (Gitaet al, 1994a), Kisii (1.8 acres) (Waithaktal, 2000), Bungoma (10.0
acres) (Waithakat al, 2000), Vihiga (1.24 acres) (Nyangwesal, 2007) and Uasin
Gishu (8.64 acres) (UG, 2012). Thus, shortageraf i&as not considered a constraint to
livestock production. This may also explain whyyh6.5 % (13/200) of the farmers
rented land for either cultivation or grazing thghout the year. Communal grazing was
practiced in Ndithini. Although the average sizahsf farms was considered higher than
in many other smallholder farming areas of the ¢éguarge tracts of land were
undeveloped in the division with only 10% to 40%lw land being available for

pastures as was onbserved by the author

The mean household size of 7.10 resident membebaply explained the low levels of
formal employment outside the region. Thus, labeas easily available at the farm
level. In some of the farms, the head of the hooisehad employment elsewhere. Given
that the households had other off farm employntéete was a likelihood of conflict in
farm level decision making process especially ottenarelated to animal health. It was
noted that some vital decisions on managementdiad detection and diagnosis of sick

animals as well as tick control were delayed. Hosvesome farmers had employed at
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least one worker either on a full time or part tibasis all year round. These findings

were consistent with those of Muraguri (2000) ia @oastal lowlands of Kenya.

While cattle were kept as an integral main soufdamily income, sheep, goats and
chicken were frequently sold to cater for shotsfal the family incomes. For example
sheep and goats were commonly sold for school fassly functions like weddings,
purchase of cloths, repair of houses, payment alicaebills and payment of labour.
Indigenous chicken were mainly kept for home amm@llaonsumption. The feature of
keeping various other livestock as a source of garaay family income is characteristic
of smallholder livestock production systems in $amregions of the country (Stotz,
1979; Littleet al,, 2001; Maichomo, 2008). The findings of the stddyfurther emphasize
the importance of designing studies that encamiplgestock species as each (species)
plays significant social and economic roles inlihes of the smallholder farmer. Nearly all
previous studies in the country have focused atredatgely ignoring the small ruminants

(Winrock International, 1992).

The amount of labour hired in the study area maglieeen influenced by herd sizes,
size of farmland and farming of crops. Athi Rivada\dithini Divisions had both the
largest average herd and farm sizes while Kangwagothe most arable division in the
study. These characteristics may explain why theetlivisions hired the highest
average number of workers per farm and also hadigiest proportion of farms that
hired labour. Although the average land and hezd sf livestock was smaller in
Kangundo Division than in Athi River and Ndithiniudsions, crop farming was much
more intensive in the division. This made it neeeg$or a large proportion of farmers in

Kangundo Division to hire external labour all yeaund. The relatively high cost of
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hiring labour particularly in Athi River and Kangdm Divisions appears not to have been
a hindrance, underlying the importance the farma#esched to either farming or rearing

livestock.

Milk sales in the four divisions of the County wery low at the time of the survey. In
a national survey on milk production undertakerklayanja (2002), the County was
ranked very low both in terms of milk productiordasales in the country. The main
reason for the low milk production in the Countysvedtributed to the small numbers of
farmers who keep improved dairy cattle breeds aadequate veterinary extension
services. This was observed during the currentysfligde other constraint to the poor
marketing of milk in the County was the underdepelb dairy co-operatives. Inspite of
Kangundo Division having the highest milk salesha study area, the daily milk
production per farm of 5.45 litres were consideydbss than those recorded in the
central highlands regions of the country wherentiean daily milk sales can be as high
as 16.6 litres (Staal al.,1997; Karanja, 2002).. The current poor animalkegien
resources could not sustain an effective dairyecptbduction system (Thorpst al,
1995). Exploitation of a crossbreeding system betwee suitabl&os taurusdbreed and
local breeds has been identified as one way ofompg the genetic potential of local
breeds (Syrstad, 1988; Kang’ethe and Thorpe, 199%#as however encouraging that
some farmers, particularly in Kangundo and Matuadpivisions had adopted rearing of

crossbred cattle under an intensive productioregyst

With the exception of Kangundo Division, animal hleaelivery was generally poor,

with most of the treatments of sick animals beindartaken by farmers themselves for
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example in Athi River. The above indiscriminate o$érugs such as antibiotic could
result in drug resistance by microbes or high dasggdues in milk and meat. Although
most of the farmers indicated that they undertadkdontrol on a regular basis it was
likely that few of the farmers applied the acargsdis recommended as ticks could still

be found attached on animals that had been speagag or two prior to the visit.

Of concern was the finding that some of the farng@rs%) were already using synthetic
pythrethroids to control ticks on their farms. Thias contrary to the current policy of the
Department of Veterinary Services whereby synth@trethyroids are only
recommended to be used in tsetse-infested arehsasuyzarts of the Coast Province,
Narok and Teso Countys. Synthetic pyrethroids @semved for use as the last line of
“defence” for the control of ticks if widespreadsigtance against the current

recommended acaricides (Amitraz group of compouisdsynfirmed.
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CHAPTER 5

SERO PREVALENCE OF VECTOR- BORNE DISEASESAND
ASSOCIATED RISK FACTORSIN SMALLHOLDER FARMSIN

MACHAKOSCOUNTY

5.1 INTRODUCTION

Relatively few studies on animal health have besned out in Machakos County
(Mukhebi and Gituna, 1985; Emongor, 2000; Kinutl2@01; Ngumi, 2004,
unpublished). These studies were very limited opscand the data collected were
largely qualitative. The studies identified thaisis, anaplasmosis, babesiosis and
heartwater as the major tick-borne diseases (TBDiyestock as evaluated by the
economic impact they exerted on the farming comtiesin the County. No published
study has been carried out to assess factors assbevith the risk of tick-borne diseases

(TBDSs) in the County.

Farmers in the County traditionally practice mixieegstock/crop farming, rearing
predominantly local breeds of cattle and small nanis (GoK, 2006). However, there is
potential for replacing the indigenous breeds witproved ones as a means of
improving livestock production in the County. Thare efforts by some farmers
particularly in Kangundo Division of the Countyrgplace indigenous breeds with
improved breeds such as Friesian crosses. Thisiticanis expected to result into an
upsurge of tick-borne diseases since the lattemare susceptible to ticks and tick-borne

diseases. The current survey was intended to pramfdrmation on the risk of tick-
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borne diseases in the County. Once the risk faat@sdentified and quantified, they

form the basis upon which appropriate control sgis for TBDs will be formulated.

The present study is the first to be undertakeghenCounty to determine seroprevalence
of the main tick-borne diseases. In addition tlelgtvas designed to assess factors
associated with the risk of the tick-borne diseaBesh farm and animal level factors
associated with prevalence of antibodies to TBD9&rva A. marginaleand

B. bigemina are investigated.

52 MATERIALSAND METHODS

5.2.1 Study population

5.2.1.1Selection of farms for the cross-sectional study

The study population consisted of farms keepindp loattle and small ruminants.

A three-stage cluster sampling method was usedl¢éatsthe study farms. First, four
administrative divisions out of ten were randongjested using a random -number table
All the sub-locations in each of the four selealedsions were listed and then two sub-
locations per division randomly selected for eigib-locations. A list of all livestock
farmers in each selected sub-location was compilddthe assistance of the local
administration chiefs and their assistants. Theantyfive farmers were randomly
selected from each sub-location for a total of #0fhs. The sampling frame used to
select sub-locations and farms is shown in Taldleafd the location of the selected study

farms is shown in Figure 5.1.
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Table 5.1: The sampling frame used to select ssuthylocation and farms in Machakos

County, 2007.

Administrative Total number  Name of Total number
Division of Selected of farms in sub-
Sub-locations  Sub-location location
in the division
Ndithini 8 Kiatineni 107
Milani 101
Matungulu 29 Kalandini 148
Katine 200
Kangundo 21 Ndunduni 211
Kathome 65
Athi River 6 Katani 34
Ngelani 39
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of the study farms, 2007.
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5.2.2 Data collection

Farm level and individual animal data were colldaising a standard questionnaire as

described in Chapter 4 (Appendices 5.1 and 5.2).

5.2.3. Sample size deter mination

The sample size of animals required to estimatathi®ody prevalence of TBDs
infections in the County was determined accordinthe method described in Margh
al. (1987):

n=Zp (1-p)

2
Where n = The required sample sizgjZthe normal deviate that provides 95%

confidence interval (the value of, 5 1.96), p isa priori estimate of the prevalence of
disease (TBD), and L was the level of precisiore @&htibody prevalence of the TBDs
infections was not knowa priori and so, 50% prevalence (p) was assumed. Settatg L

5%, a sample size of 384 animals was obtained.

5.2.4 Collection of biological samples

5.2.4.1Sampling

A proportional allocation approach was used to danmglividual animals in each farm.
Since the farm herd sizes were not known aheaithef a2 constant 50% of animals in
each farm were selected using systematic randomlsegto ensure that each animal
had the same probability of selection. In herds faa 6 or less animals all animals in the

herd were sampled. Calves less than four monthg®@fvere not sampled to minimize
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the possibility of detecting passively derived attal antibodies (Burridge and Kimber,

1973; Gitawet al.,1999; Swakt al.,2005).

Cattle were categorised into calves (from birth2amonths of age), yearlings (13-24
months) and adults (over 2 years of age). In cabese farmers could not recall the
animal’s age, the ages were technically determinyetthe presence or absence of

permanent incisors (Sisson and Grossman, 1975).

Each animal was ear-tagged and given an individo@hal code. The following
parameters were recorded for each animal: ageargtécplf, yearling or adult), sex,
breed, live weight (estimated by heart girth measwents using weigh bands), level of

tick infestation and any disease manifestatiomatime of sampling.

Lymph node and blood smears were made from anyadmiith a body temperature of
more than 39%. The smears were fixed in methanol and stainéd Giemsa on site
but were examined for tick-borne diseases para@itesleria parvaschizonts/
piroplasms, anaplasma and babesia) at VRC-Muguégcted animals were treated free

of charge as an incentive to the farmers.

Animals were bled between 0700 and 1100 hours hgmencture of the jugular vein
and the blood collected in vacutainer tubes (1@vitilout anticoagulant; Becton
Dickinson). Each sample was labeled with the irdiiai animal code and kept at room

temperature overnight for serum separation. Thenseiamples were then placed on ice

80



in a cool box and transported within 48 hours taG/Ruguga where they were stored in

serum vials at -26C in a freezer until laboratory analysis.

5.2.5. Serological testing

5.2.5.1The ELISA procedure for TBDs

Evaluation of the levels of antibodiesToparva, geminandA. marginalewvere carried
out using ELISA tests as described in Nielseal (1996) and Katendet al (1998).
Briefly, the specific antigens (the polymorphic imnodominant antigen for

T. parva p32 kilodalton, antigen fok. marginaleand p 200 kilo-dalton antigen for

B. bigemina were coated in Starwell polysorp micro-ELISA p&{Polysorp, Nunc,
Denmark). The coated plates were incubated fon2shat 37 C in an Insel incubator/
shaker. At the end of the incubation, excess amtiggs discarded by flicking out the
contents into a sink. The remaining antigen wasadded by flicking out the contents
into a sink. Any remaining antigen was drained lapging the inverted plate onto hand

paper towels, then leaving the inverted plate entdhvels for 15 minutes.

Casein 0.25% was used as the blocking agent. Bhedea was diluted 1:200 for

T. parvaand 1:100 foB. bigeminaand 1:40 forA. marginalein Dulbeco’s phosphate
buffered saline (DPBS) (pH7.4), containing 0.1% &w&0 and 5% skimmed milk.
Positive and negative sera were used for eachif@arabe control sera were
reconstituted using sterile distilled water. Thegance of antibodies to specific parasite
antigens was tested by addition of the test séoawmells of the antigen-coated plates in

duplicates. The plates were then incubated for B6atn25C to allow antibodies if
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present to bind to specific antigens. The plate®wsen washed 5 times with washing
buffer. To detect the antigen—antibody reactiom-bovine IgG monoclonal antibodies
conjugated to Horse-Radish Peroxidase (HRP) watedadl he plates were then
incubated at 31C for 30 minutes and washed 5 times with washirféebuThe reaction
was then revealed by addition of 1% hydrogen pe=ais substrate and 40nM 2, 2'-
amino-bis (3-ethylbenz-thiazoleline-6-sulphuricldcdiammonium salt (ABTS) as
chromogen in sodium citrate buffer pH 4.0. Thegdawere incubated at room

temperature in the dark for one hour for colouredepment.

The intensity of the colour developed (optical dgn®©D) was determined using an
ELISA reader. Optical density (OD) readings frora teference strongly positive control
sera were used to compute the percent positivigy fg the test sera (Wriglet al,

1993), expressed as: pp= (OD of the test serumbfHrong positive) X 100). For ease
of interpretation and comparison, animals werestli@sl as seropostive if the pp was
20% forT. parvaand 15 % foA. marginaleandB. bigemingKatendeet al, 1998;

Morzariaet al 1999)

5.2.6 Tick infestation

Using the technique of Muraguri (2000), tick chatle was assessed by observing tick
infestation on at least five randomly selectedieasheep or goats on each farm. The
species of the infesting ticks were recorded. Tmigected were stored in methanol and

transported to VRC laboratories at Muguga for ideation up to species level
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according to Kaiseet al (1988) whenever identificatidn-situ was doubtful. Tick
challenge was recorded on a four point scale:

None=0

Low =<10

Moderate = >10-20
High= > 20 ticks

5.2.7 Data management and analysis

5.2.7.1Data entry and handling

All the data were entered and managed in the Miftdsccesslata base (Microsoft

Corporation, USA).
5.2.7.2Data analysis

Unless otherwise stated in the relevant secticais, Were analysed using the STATA,
statistical package (StataCorp, 2007, version'ﬂJ@&.chi-squareXE) statistic was used to
assess simple associations of both animal levadifa¢age, disease history, sex, and
breed) and farm level factors (grazing system, ¢imhtrol and tick infestation) with
seropositivity to the TBDs in univariate analy#slogistic regression model was later
fitted (controlling for confounding} to assess asations between the potential risk

factors for seropositivity to the TBDs.

The logistic regression model was fitted usingstepwise backward elimination
approach (Hosmer and Lemeshow, 1989). Potentlafatdors were screened for
association with seropositivity. In this analysis,independent variable was retained in

the model when it satisfied ag0.1 significance level. After analysis of the maiffects,
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interactions between the significant variables wety tested in the models if they were

deemed biologically plausible.

The logistic models for the probability pf of theith animal being positive for any TBD

infection with only one variable was computed as:

Logit (p) = Bo+ X+ g., where 30 denotes the logit of the probabilitgiskease if all
variables were “absent” (that is equal to zero) nehs 3 represented the amount the log
odds of exposure increased (or decreased) wheadtor was present. For a categorical
variable with multiple categories, 3 representedetfect of that level compared to the
reference category.Xepresented the variable under analysis and eatidom error

with mean 0 and varianeg. Subsequent to univariate analyses, the significamables
were tested for multi-collinearity with the phi-dbeient (@), if the variables were highly
correlated, demonstrated by a phi-coefficient gnetitan 0.70 (Fleiss, 1981), the more
biologically plausible variable was left in the n@dThe multivariable logistic
regressions models were built by extending theamate models to include other

variables as follows:
Logit (p) = Bo+ RX;+ ... + X i + &.

The relationship between each TBD infection setastand the significant risk factors
was finally examined by fitting mixed effect modelgh farm as a random effect and the
latter step was done to provide, as much as pessitatistically unbiased estimates of
sero-prevalence with associated uncertainty adjusteclustering responses within the

farms.
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5.3 RESULTS

5.3.1 Characteristics of the study farms

The characteristics of the selected farms areayspl in Table 4.1 (Chapter 4). One-
hundred and eighty seven (93.5%) of the farms edtimixed farming while 6.5%
(13/200) of the farms exclusively kept livestocK.te 200 farms, 140 had at least two
heads of cattle while the other 60 farms predontlgpdept goats, sheep, or both with
only one head of cattle or no cattle. On 15 offttiens that predominantly had small
ruminants at the time of the survey, cattle hachliesnsferred to other farms outside the

study area to ease pressure on the pastures,fiveil@rms did not keep cattle at all.

5.3.2 Livestock species kept and herd sizes

The types of livestock kept in the surveyed farthsir composition and tick control
practices are shown in Tables 5.1 and Table 5.2dttle and sheep/goats, respectively.
In all study sub-locations, the red head sheeplamdmall East African goat were the
predominant species reared. Goat herd sizes waerally larger than sheep ranging
from an average of 1.3 goats per farm in Ndunduhtlscation to 20 in Milani sub-
location (Table 5.2). Sheep herd sizes ranged &donv of 0.8 sheep per farm in both
Ndunduni and Kathome sub-locations to a high 05 EBeep per farm in Katani sub-

location.

All the study farms in Ndithini Division kept indégous zebu cattle while in Kathome

and Ndunduni sub-locations of Kangundo Division%%(18/30) kept exotic crosses of

cattle in addition to Zebu breeds.
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In Kalandini sub-location of Matungulu Division] #he surveyed farms kept zebu cattle
while only 27% (3/11) of the selected farmers irtik@ kept exotic crosses.

Zebu cattle were the only breed of cattle kept gelsni sub-location of Athi River
Division. Although zebus were the main breed ofledept in Katani, 13% (3/23) of the

selected farmers kept Friesian crosses.

5.3.3 Age and sex distribution of livestock

The age and sex distribution of cattle recruited the study is shown in Table 5.1 as
well as the proportion of calves, yearlings andliad®verall 50% (200/399) of the
sampled cattle were adults while calves and yegglatcounted for 17.3% (69/399) and
32.6% (130/399), respectively (Table 5.1). Ndundlmaitani and Kiatineni had the
highest proportion of calves with 26.1% (18/69),220 (14/69) and 14.5% (10/69) of the
calves sampled respectively, from the three suatioes (Table 5.1). There were no
legible calves (calves more than four months) endélected farms in Milani while only 2

calves 2.8% were sampled from Kathome.

Kalandini, Kiatineni and Ndunduni had the highestgortions of yearlings sampled with
28.5% (37/130), 15.3% (20/130) and 13.8% (18/13@he yearlings sampled from the
sub-locations, respectively. Katine and Kathomethadsmallest number of yearlings
with 6.9% (9/130) and 5.3% (7/130) of the animalspectively, sampled from the sub-

locations.
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Kiatineni, Ndunduni and Katani sub-locations hael ldrgest numbers of adult cattle
sampled accounting for 21% (42/200), 19.5% (39/200) 14.5% (29/200) of the cattle.
Twenty-six (13%) adult cattle each were samplethfikatine and Ngelani sub-locations.
Kalandini and Kathome had the least number of athitte sampled with only 9 cattle

each (4.5%) sampled from each of the two sub-lonati

More female 67% (267/399) than male cattle werdava on the farms at the time of
the survey (Table 5.1). The same sex pattern wsarebd in all sub-locations except in
Milani where almost equal numbers of male and fengattle were sampled (16 and 14,

respectively).

5.3.4 Grazing management

The grazing management practices on the study farenshown in Table 5.1. Cattle
were reared under two grazing systems, namely.graeng and zero-grazing.

The vast majority 82% (115/140) of the surveyedifa(Table 5.1) practiced free-
grazing. Zero-grazing was not common with only @/240) of the farms practicing it. It
was however more commonly practiced in Kathomelsohation 62.5% (5/8) of the
surveyed farms) and by only 9.5% (3/33) of the syed farms in Katine and Ndunduni

sub-locations.
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Table 5.1 Farm characteristics of the 140 farm#bich cattle were bled to assess the prevalentiekeborne diseases in the four divisions of Maasak

District, 2007.

Insert Tables 5.2 and 5.3 here

Sublocation

No of farms | Average Sex Breed Age Grazing management Tick control Disease
Division in each _ Cattl_e herd _ frequency History*
Sublocation size (No of animals)
(No of animals) (No of animals) (No of farms) (No of farms)
(No of
Male Female farms)
Indigenous Crosses| Calves Yearlings  Adults| Free Semi free ZeroRegular  Irregular
ECF A B
Ndithini Kiatineni 21 8.3 34 38 72 0 10 20 42 19 2 0 6 1511 3 1
Milani 13 16.5 16 14 30 0 0 10 20 13 0 0 4 9 73 1
Matungulu | Kalandini 21 11.1 18 37 55 0 9 37 9 19 2 0 9 12 18 5
Katine 11 6.3 13 28 9 32 8 7 26 7 3 1 5 6 30 0
Kangundo | Ndunduni 22 3.8 17 58 46 29 18 18 39 12| 8 2 17 5 60 0
Kathome 8 4.3 5 15 4 16 2 9 9 2 1 5 4 4 1 0
Athi River Katani 23 24.2 19 39 49 9 14 15 29 22 1 0 16 7 B 0
Ngelani 21 16.5 10 38 48 0 8 14 26 21 0 0 1] 10 mw o0
Total 140 132 267 313 86 69 130 200 119 17 8 72 68 as 7
Table 5.2 Herd sizes and breed of sheep and go#ts study sub-locations
Division Sublocation Average herd sizes for the Breeds
small ruminants
Sheep Goats | Sheep Goat
Ndithini Kiatineni 74 7.0 Redhbe The #rgast African Goat
Milani 6.4 20.0 Red head The maladt African Goat
Matungulu Kalandini 1.1 4.9 Redbe The ImBhst African Goat
Katine 6.3 3.6 Red head The smadhst African Goat
Kangundo Ndunduni 0.79 1.3 Reddea The mall EAfrican Goat
Kathome 0.75 4.1 Red head The maladgt African Goat
Athi River Katani 13.5 16.3 Red head The smélhst African Goat
Ngelani 8.7 19.3 Reddhe The melhst African Goat
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5.3.5Tick control and tick-borne diseases

Regular tick control by acaricide application waportedly practiced in approximately
half of 51%(72/140) the surveyed farms (Table Biif)there were differences by sub-
locations. About 43% (60/140) of the farms praadicegular tick control on all three
livestock species (cattle, goats and sheep). Ncurslb-location had the highest
proportion 77% (17/22) of the farms that practicegular tick control while in Katani
and Ngelani sub-locations, regular tick control \weacticed on 70% (16/23) and 52%
(11/21) respectively of the surveyed farms. Tickteol was irregular in Kiatineni and

Kalandini sub-locations.

About 74% (104/140) of the survey farms with @atdported treating at least one or
more clinical cases of tick-borne diseases in tlegipus 12 months prior to the survey
(Table 5.1). Overall 79% (82/104) of the farmensarted treating at least one clinical
case of East Coast fever, and 14% (15/104) and77204) reported treating cases of
anaplasmosis and babesiosis, respectively. Kefatandini and Ngelani sub-locations
had the highest proportion of farms that had hadoal cases of ECF in the previous 12
months; 78% (18/23), 67% (14/21) and 57% (12/249pectively. Kathome, Katine and
Ndunduni had the lowest proportion of farms that reported clinical ECF; 4% (1/23),

14 % (3/21) and 29% (6/21), respectively.

Cases of anaplasmosis were reported in Katanisediibn by 22% (5/23) of the survey
farms and in one farm in Ngelani sub-location. @isease was not reported in other sub-

locations.

89



Clinical cases of suspected babesiosis in thelagtonths were mainly reported in
Kalandini sub-location by 24% (5/21) of the farmddse farm each in Kiatineni and
Milani reported the disease. No cases of babesigsis reported in the other sub-

locations.

5.3.6 Sero-prevalence of tick borne-diseasesin cattle

A total of 399 cattle serum samples collected faatile were screened for each of the
TBDs infections, namelylheileria parva Anaplasma marginalandBabesia marginale
Antibodies to the three TBDs infections were detdadh all the sub-locations and farms
sampled. Overall, theileria antibodies were deteoieb8.9% (235/399) of the samples
while those to babesia and anaplasma were detiectidd1% (164/399) and 35.0%
(140/399) of the samples, respectively (Table ST8g highest seroprevalence rates for
ECF were estimated in Katani 87.9% (51/58), Mildbi7% (36/42) and Ngelani 77.1%
(37/48). The lowest seroprevalence 14.7% (11/7%)eséimated in Ndunduni sub-
location. A similar pattern of seropositivity was@observed for anaplasmosis.
However, the seropositivity pattern for babesiogs different with the highest
prevalence rates estimated in Katine 56.4% (22K8}ineni 46.7% (28/32), Katani

46.5% (27/58) and Ngelani 45.8% (22/48) (Table.5.3)

Overall, the seroprevalence Df parvawas significantly (p<0.05) higher than that of
B.bigeminaandA.marginalebut there was no significant difference between th

seroprevalence rates AfmarginaleandB. bigeminan the County.
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Table 5.4: Distribution of antibodies to Theilerfmaplasma and Babesia in cattle sera
by division and sub-location in éhakos County, 2007

Tick-borne diseases

East Coast fever Anaplasma Babesiosis

No. of  No. (proportion) | No. (Proportion) | No (Proportion)
samples Positive % Positive | Positive % positive | positive % positive

Division Sub- tested
location
Ndithini Kiatineni 60 32 53.3 23 38.3 28 46.7
Milani 42 36 85.7 22 52.4 9 21.4
Matungulu Kalandini 57 37 64.9 15 26.3 29 50.1
Katine 39 25 64.1 17 43.6 22 56.4
Kangundo Ndunduni 75 11 14.7 4 5.3 22 29.3
Kathome 20 6 30.0 2 10.0 5 25.0
Athi River Katani 58 51 87.9 33 56.9 27 46.5
Ngelani 48 37 77.1 24 50.0 22 45.8
Total/ Average 399 235 58.9 140 35.0 164 41.1

5.3.6.1Univariate analysis of factors associated with ieeoprevalence rates of tick-
borne diseases

As shown in Table 5.4 there were significant (p85).differences in the seroprevalence
rates ofT.parvaacross the divisions with Kangundo Division havihg lowest rate
(17.9%) and Athi River Division the highest rat@¥8). Cattle from Athi River Division
were 25 times (OR=0.04) more likely to test pogitioT. parvarelative to cattle from
Kangundo. Other factors associated with seropdtsitio T. parvaincluded age, breed,
grazing system and tick infestation (Table 5.4)v€ahad the lowest prevalence rate
(50.1%) and adult cattle the highest (65.5%). Tifferénce was statistically significant
(p < 0.05). Indigenous cattle had a significanfly<(0.05) higher seropositivity {b.
parvacompared to exotic crosses and were three timesQGR) more likely to test
positive toT. parvarelative to exotic cattle. Cattle reared underea fgrazing system
were eleven times (OR=0.09) more likely to testifpasto T. parvarelative to cattle
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reared under a zero grazing system. Cattle that wmézsted witiRhipicephallus
appendiculatusit the time of the survey were twice (OR=2.15) niikedy to test
positive toT. parvathan non-infested cattle. Sex of the animals aaguency of tick
control on the farms were not associated withnggtiositive forT. parvainfection.

Age of animal, tick infestation, grazing system adsion were all positively associated
with testing positive té\.marginaleinfection. Calves had the lowest prevalence rate
(34.8%) and adult cattle the highest (61.5%) (T&b#e. The difference was statistically
significant (p < 0.05). Adult cattle were thriceRS0.33) more likely to test positive to
A.marginalethan calves.

Cattle that were infested witR.appendiculatuat the time of the survey had a
significantly (p<0.05) higher prevalence rate (64)4f antibodies té\. marginalethan
cattle that were not infested (46.3%) and twice {@R) more likely to test positive #.
marginalethan cattle that there were not infested. Sinyilarattle that were free-grazed
had a significantly (p< 0.05) higher seropositiVii7 .6%) toA. marginalethan cattle
that were zero-grazed (22%) and were four timess{@E3) more likely to test positive
to A. marginalethan cattle that were zero-grazed. There was sigmif (p<0.05)
difference in the seropositivity # .marginalebetween the four divisions (Table 5.4).
Cattle in Athi River Division were twice (OR=0.58hd four times (OR=0.24) more
likely to test positive tA. marginalethan cattle in Matungulu and Kangundo,

respectively.

Adult cattle had a significantly (p< 0.05) higheepalence (49%) of antibodies to
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B.bigeminathan calves (29%) (Table 5.4). Adult cattle wereén0.42) more likely to
test positive td.bigeminathan calves. Also cattle that were free-grazedehad
significantly (p< 0.05) higher (45.5%) prevalendeantibodies tdB.bigeminathan zero-

grazed (19.5%) cattle.

Division was also associated (p<0.05) with serapasi to B.bigemina Cattle in Athi

River Division were one and half (OR=0.66) timesd anice (OR=0.46) more likely to
test positive td.bigeminathan cattle in Ndithini and Kangundo Divisionsspectively.
However, cattle in Matungulu Division were aboue@nd half times (OR=1.4) more

likely to test positive t@B.bigeminahan cattle in Athi River Division.
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Table 5.5 Risk factors of testing positive to TBikgained in univariate analysis in

Machakos@puKenya (to be inserted)

Table 5.4 Univariate analysis of factors assodiatith testing positive to the tick-borne diseaisdésctions in cattle sampled in Machakos Distrigtnya ,2007

Category T. parva A. marginale B. bigemina
Animal-level Level OR[95% CI]  p-value OR[95% CI]  p-value p-value
factors No.of animals  Prevalence (%) Prevalence (%) Prevalence (%) OR [95% CI]
Breed Cross 86 351 0.35[0.22, 0.58] 0.000 46.5 0.77[0.48,1.24] 0.28 43.0 1.1[0.67,1.77] 72
Indigenous 313 64.9 1 53.0 1 40.9 1
Age Calf 69 50.7 0.54[0.31,0.94] 0.04 34.8 0.33[0.19, 0.59] 0DOO 29.0 0.42[0.24,0.77] ¢ oos5
Yearling 130 54.6 0.63 [0.40, 0.99] 45.4 0.52[0.33, 0.81] 36.2 20®.37, 0.93]
Adult 200 65.5 1 61.5 1 49.0 1
Sex Male 132 63.6 1.3[0.85, 2.00] 0.22 57.6 1.4 [0.94, 2.18] 0.09 7.93 0.81[0.53,1.23] (39
Female 267 57.3 1 48.7 1 43.1
Disease history Present * 63.1 1.4[0.91, 2.03] 0.13 56.9 1.3 [pZ34] 0.38 50.0 1.4[0.09, 22.9] 0.80
Absent * 55.7 50.7 1 50.0
Tick infestation Present 118 69.5 19[1.17,2.92] 0.007 64.4 235[13.28]  0.0009 35.6 0.71[0.46,1.11] 0.13
Absent 281 55.2 1 46.3 1 43.8 1
Farm-level
factors
Tick control Regular 248 59.3 0.99 [0.65, 1.49] 99. 54.0 1.3[0.86, 1.93] 0.22 40.7 0.93[0.62,1.410.74
Irregular 151 59.6 1 47.7 1 42.4
Grazing system Zero 41 14.6 0.09 [004,0.23] 0.0000 22.0 0.23[0.11,0.50] 0.0000 19.5 0.31[Q 14,69] 0.003
Free 358 64.7 1 47.6 1 37.5 1
Area-level
factor
Division Kangundo 95 17.9 0.04[0.02, 0.09] 0.000 28.4 0.24[0.13, 0.43] 0.000 28.4 0.46 [0.26, 0.8%].0015
Matungulu 96 66.7 0.41[0.21, 0.79] 46.9 0.53(000.94] 54.2 1.37[0.79, 2.39]
/INdithini 102 66.7 0.41[0.21, 0.79] 66.7 1[.69, 2.14] 36.3 0.66 [0.38, 1.15]
Athi River 106 83.0 1 62.3 1 46.2 1

*Disease history values for each infection are dhfie Respectively, present and absent values®@anid 201T. parva, 58 and 341A. marginalg, 8 and 361

(B. bigeming.
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5.3.6.2Multivariate analysis of factors associated witle eroprevalence of tick-borne
diseases

Four factors (age, division, grazing system anklitifestation) were significantly (p<0.05) assoethtvith
the risk ofT. pava The variable cattle breed that was significaninivariate analysis was not retained in
the multivariate analysis suggesting that it was®ntial confounder. Cattle were at a higher ok
exposure td.parvainfection if they came from Athi River Divisiondh if they were from any of the other
three divisions (Table 5.5). Kangundo Division ltlae least risk (OR=0.05) of exposureTtoparva

followed by Ndithini Division (OR=0.19). Similarlyadult cattle, cattle reared under free-grazingesys
and presence of ticks on cattle were twice, thraeg, and twice as likely to test positiveltparva

infection relative to calves, zero-grazed cattld aattle without ticks, respectively.

Only two factors were significantly (p<0.05) assded with the risk oA. marginale
(Table 5.5). Tick infestation (witR .appendiculatysand grazing system that were
initially significant in the univariate analysis menot significantly associated with
testing positive té\. marginalein multivariate analysis suggesting that the twoakdes
were potential confounders. Cattle had a high&rofexposure té\. marginalef they
came from Athi River Division compared to the ottleee divisions. Similarly, adult
cattle were twice and three times more likely & fgositive torl .parvarelative to

yearlings and calves, respectively.

All three factors (age, grazing system and divisibat were signficantly associated with
the sero-prevalence 8fbigeminan the univariate analysis remained signficantie t
multivariate analysis. This suggested that nondethree factors was a potential
confounder.

Table 5.6: Multivariate analysis output of factassociated with the seropostivity of
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tick-borne diseases in Machakoar@y 2007.

Tick-borne disease Variable dlev OR OR 95% ClI  p-value
Theileria parva
Age Adult 1 - 0.012
Yearling 0.50 [0.29, 0.85]
Calf 0.45 [0.23, 0.89]
Tick infestation Present 2.15 [1.02, 4.53] 0.04
Absent 1 -
Grazing system Free 1 - 0.02
Zero 0.33 [0.12,0.91]
Division Athi 1 - 0.000
Kangundo 0.05 [0.02, 0.11]
Matungulu 0.44 [0.22, 0.88]
Ndithini 0.19 [0.08,0.47]
Anaplasma marginale
Age Adult 1 - 0.0005
Yearling 0.52 [0.32, 0.83]
Calf 0.34 [0.19, 0.63]
Division Athi 1 - 0.000
Kangundo 0.23 [0.12, 0.42]
Matungulu 0.57 [0.32, 1.02]
Ndithini 1.09 [0.6,1.96]
Babesia Bigemina
Age wd 1 - 0.0006
Yearling 0.36 [0.2,0.67]
Calf 0.49 [0.3, 0.79]
Grazing system edr 1 - 0.013
Zero 0.36 [0.15, 0.88]
Division thA 1 - 0.002
Kangundo 0.61 [0.32, 1.16]
Matungulu 1.63 [0.91, 2.91]
Ndithini 0.60 [0.33, 1.03]

5.3.6.3Multivariate analyses without variable “divisiondf tick-borne diseases

The variable “division” was significantly associdt&ith seropositivity to the three

TBDs. Since divisional boundaries are administetivnature, it was necessary to

investigate other attributes in the County for theiportance in explaining the TBD

seroprevalence variations in the County. Thus, irariate models without the variable
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“division” were built with all the significant unariate variables. The purpose of this was
to investigate any (additional) significant effeatgich could have been masked by

effects of “division”. The outputs of these modats shown in Table 5.6.

ForT. parvaseroprevalence age and grazing system remaineificagh but the variable
“breed” turned significant (p < 0.05) while the \adole “tick infestation” was

insignificant (p > 0.05) suggesting that divisioasna potential confounder in the
association of the two variables with testing pesito T. parva.The same applied to tick
infestation and grazing system #marginale No variable was masked by the effects of

division forB. bigemina
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Table 5.7: Multivariable analysig<£0.05) for exposure to the three tick-borne diseases
infections without the variablivision” in cattle sampled from Machakos

County, Kenya.

Variable Level OR 95% ClI p-value
Theileria parva
Age Adult - - 0.03
Yearling 0.52 [0.3, 0.94]
Calf 0.58 [0.37, 0.94]
Breed Indigenous - - 0.006
Crosses 0.47 [0.27, 0.81]
Grazing system Free - - 0.000
Zero 0.11 [0.05, 0.28]
Anaplasma marginale
Age Adult - - 0.0003
Yearling 0.53 [0.33, 0.83]
Calf 0.35 [0.19.0.63]
Tick infestation None - - 0.033
Present 1.64 [1.03,2.62]
Grazing system Free 0.0002
Zero 0.24 [0.11,0.54]
Babesia Bigemina
Age Adult - - 0.004
Yearling 0.59 [0.37, 0.93]
Calf 0.42 [0.23, 0.76]
Grazing system Free - - 0.002
Zero 0.30 [0.14, 0.68]

5.3.7 Tick Challenge

A total of 155 cattle, 167 goats and 121 sheep wanapled for ticks from 106, 109 and

90 of the survey farms, respectively. The tick Erade was high in all the study sub-



locations except in Ndunduni and KathorRéipicephalus appendiculatugas the

commonest tick species found on cattle, sheep aats gn all the sub-locations

(Table 5.7). The other common tick species obsewe@Boophilus decoloratus,

Rhipicephalus evertsi, Rhipicephalus pulchellus Anthlyomma variegaturBoophilus

decoloratuswas prevalent in all sub-locations except Ndungwhile Amblyomma

variegatumwas observed on animals in four of the study esghtlocations (Kiatineni,

Milani, Kalandini and Katani)Rhipicephalus evertsvas only prevalent in Milani,

Ndunduni and Katani sub-locatiomsile Rhipicephalus pulchellusas only prevalent in

Katani and Ngelani sub-locations of Athi River Rnn.

Table 5.8: Tick species and level of tick challengecattle, sheep and goats in the
selected farms in Machakos Cou2®p7.

Sub - No. of farm on which Species and No. Species and No. with ticks Tick Prevalent tick
location animals were sampled for| sampled challenge | species
ticks
Cattle Goats Sheep Cattle Goats ephe | Cattle Goats Sheep

Kiatineni 11 13 10 26 24 20 22 13 11 | High R. appendiculatus
A.variegatum,
B.decoloratus

Milani 13 10 11 19 34 24 16 26 18 High R. appendiculatus,
A.variegatum,
R. evertsi
B.decoloratus

Kalandini | 15 20 15 22 20 15 21 15 10 High R. appendiculatus
A. variegatum,
B. decoloratus

Katine 11 10 10 11 16 10 11 10 7 High R. appendiculatus.
B. decoloratus

Ndunduni | 12 9 6 14 9 7 2 0 1 Low R.appendiculatus
R. evertsi

Kathome 8 6 0 17 6 0 6 2 0 Medium | R. appendiculatus
B. decoloratus

Katani 16 20 18 16 26 22 15 14 16 High R. appendiculatus,
A.variegatum,
R.evertsi
B.decoloratus
R.pulchellus

Ngelani 20 21 20 30 32 23 30 21 16 High R. appendiculatus,
B.decoloratus
R.pulchellus

Total 106 109 90 155 716 121 123 101 79
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5.3.8 Diseases diagnosed during the farm visits

During the survey, 14 cattle were clinically sickiwelevated temperatures of greater
than 39.4C. Five of the cattle were found to be infectechwitypanosoma vivaxgne

with ECF while the other 8 animals were infectethwvhat was suspected to be bacterial
infections. The ECF case was diagnosed on oneedatins in Kiatineni sub-location.

All the 5 cases of trypanosomiasis were diagnogédilani sub-location. Four suspected
bacterial infections were diagnosed in Milani wileases were diagnosed in Ngelani.
One case each of suspected bacterial infection ehagnosed in Katani and Kiatineni

sub-locations.

5.4 DISCUSSION

This study was the first to provide a populatiosdthassessment of serum antibodies
prevalence td heleria parvaAnaplasma marginalandBabesia bigeminanfections in
Machakos County. Variability was observed in seantibody prevalence to the three
tick-borne diseases, degree of tick infestatioomssthe divisions, grazing systems and
age of animals. In the absence of re-challende®stbeen demonstrated that antibodies
to Theileria parvadecline by six months (Lawrenee¢ al, 2004) after infection. During
this study, the relatively high prevalence of tie&-borne diseases suggested recent or
continuous infection by the parasites.

As expected, older animals were at an elevatedfissting positive to antibodies to the
TBDs because of the longer duration of exposurefexted ticks. Similarly, cattle on
free- grazing systems were continuously exposeleanfected ticks. This was

confirmed when tick counts on cattle were enumerdiggh tick challenges was found in
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three of the study divisions that practised fraggeagrazing system. The prevalence
estimates of 58.9%,35.0% and 41.1%Tqgrarvg A. marginaleandB.bigemina
respectively robtained in this study were in gehagaeement with estimates reported for
TBDs by Latifet al (1994) in western Kenya, Mal@a al. (2001a) in the Coastal region
of Kenya and Okuthe and Buyu (2006) in the wesheghlands of Kenya. The varying
prevalence rates of the TBDs and tick challenggssigthe existence of different
epidemiological states for the three tick-bornedses. Endemically stable states
characterized by among other factors high antimédyalence (>70%) and a constant
tick challenge (Norvaét al,1992; Deenet al.,1993; Perry and Young, 1995; Gitau,
2000; Kivariaet al, 2004) appear to exist for ECF in Katani and ldgesub-locations of
Athi River Division and in Milani sub-location ofdithini Division. On the other hand, a
state of endemic instability characterized by lowil@ody prevalence of < 30% appeared
to exist in Kangundo and Matungulu Divisions. A lawtibody prevalence pattern
observed for anaplasma and babesia suggested enidstability in all the study

divisions.

Apparently, more cattle were exposedt@arvacompared to the other TBD infections.
This was not surprising &. appendiculatughe vector tick ofl. parvawas the
commonest tick species observed in all the sultilmes These results were similar to
results reported by Muraguri (2000) in the Coastalands of Kenya. However, the
sero-prevalence t0. parvawas much higher than that observed by Gackhoahl. (2010)

in neighbouring Mbeere County. The high level gb@sure to ticks observed indicates a

high a risk of ECF in Machakos County. The seroalence results to the three TBDs

101



were consistent with the number of clinical cadethe three TBDs recorded by the
farmers in the 6-12 months period that precededuineent study. East Coast fever was

reported more frequently than anaplasma and babe$ig the farmers.

Although the tick vectors for anaplasmosis and baisés were common in all sub-
locations, the sero-prevalence for the two infetiovas low. This state of endemic
instability was not supported by data because®fetwv clinical cases recorded by
farmers. However, it was possible that the recodesgs were an underestimate of the
true incidence of the two diseases in the areagtigldue to problems of diagnosis or
even recall. The concept of endemic stability/abgity is best investigated through
longitudinal studies where factors such as seasinaildance of ticks, morbidity and
mortality could be evaluated (Pemtal, 1992). Thus, further studies need to be

undertaken to establish the true endemic statieeotfiwo diseases in the study area.

Kathome and Ndunduni sub-locations had low seroglemce rates for all the three
TBDs. This may have been attributed to the fadttiast farmers in the two sub-
locations practiced zero grazing. In addition, nfaghers in the two sub-locations kept
exotic crossbreeds of cattle and they applied eicd&s on a regular basis. The farmers
were apparently aware that these cattle breedsmwere susceptible to tick-borne
diseases than the indigenous breeds and thus @pigkecontrol more rigorously. On the
other hand, the sero-prevalence of ECF was sigmifig higher in Athi River Division
(Katani and Ngelani sub-locations) than in othetsions. The two sub-locations also

had relatively higher sero-prevalence rates of kasapa and babesia than the other sub-
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locations. This may have been attributed to padr ¢ontrol practices reported in the two
sub-locations. Although most farmers in the two-Bdations indicated that they
undertook tick control on a regular basis, it wasarved that a few applied the acaricides
as recommended as ticks could still be found a¢tdam animals that had been sprayed
as late as a day or two prior to the farm visitoiak control was also documented in
smallholder cattle production systems in westerny&an a study carried out by Okuthe
and Buyu (2006). Improper application of acaricidepecially the use of under strength
acaricides can result in ticks developing widespresistance. This is an aspect that
needs further investigation. Indeed, no associatias found between frequency of tick
control on the farms and the risk of testing pusitio the TBDs. There is need for
enhanced extension services to educate farmersopermpmethods of acaricide
application Delivery of veterinary services in ARiver Division was found to be poor

relative to the other divisions.

Small ruminants were found to be important alteweahosts for ticks for farms where
more than one ruminant species was kept. Thesk#gegere consistent with the
observations by Wesongh al (2006) that goats and sheep played an importéain
maintaining tick populations on a ranch. It is #fere important that tick control at farm
level should target all livestock species in orwereduce tick burdens on the pastures.
On farms that practice zero-grazing, small rumisamt the same farms that are freely-
grazed could be a source of tick infestation otle#ttick control on the small ruminants

is not undertaken on a regular basis (Madbal, 2001c).
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There was no association between cattle breedteatidg positive to anaplasma. This
may be due to the alternative means of transmisitime disease other than ticks. The
disease is also transmitted by biting flies and@mmated needles (Scaeal.,2008).
There was a high probability of transmission bydiegin divisions such as Athi River
and Ndithini where there was poor access to vedgyigervices. As a result, most of the
farmers treated their sick animals and often usedienilised needles. Biting flies were
also common in all the sub-locations and therefioe@ role in the transmission of the

disease needs to be studied.

Rhipicephalus appendiculatwgas the commonest tick species in all the sub-iocst
This may explain the relatively higher sero-preuate of Theileria parvacompared to
Anaplasma marginaleand Babesia bigeminaWith the exception of Kathome and
Ndunduni sub-locations where tick control was galhemgood, there was likely to have
been challenge bR. appendiculatughroughout the year in the other sub-locationsaAs
consequence of continuous tick challenge, mostesafv 6 months) were exposed to a
low but continuoud. parvachallenge leading to a state of endemic stalbjKiyaria et
al., 2004). A typical ECF endemic stability statecleracterized by rare clinical disease
with low mortality rates that are limited to youstpck. This state is found in a few
localized parts of the country where the local Zehtile are maintained under extensive
management conditions with little or no efficacicamaricide application and whekre
appendiculatusan undergo at least two generations annuallyyReral, 1994). Under
such circumstances, greater numbers of cattleemevoirs ofl. parvaat low levels of
parasitaemia and thus ticks bear low infectionsta@alves born in these areas become

immune through natural infection before they are¢hmonths old (Mot al, 1986) and
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therefore little or no clinical disease occurs. dP@eters used to characterize endemic
stability are the antibody prevalence of calves¢gidest al., 1993) and age-specific
morbidity and mortality rates (Norvadt al., 1992). This state of endemic stability
appeared to occur in Athi River and Ndithini dieiss but was absent in Kangundo and

Matungulu Divisions.

Amblyomma variegatunthe vector oEhrlichia ruminantium(heartwater) was one of the
common tick species in the study area. Blood sasngected from the three livestock
species were not screened due to problems witktémelardization of the ELISA kits
used in the screening of Cowdrkhflichia ruminantium), the main tick-borne disease

of small ruminants in Eastern Africa (Dolan, 1991 will be necessary to screen the sera
for Ehrlichia ruminantiumonce the problem with the kits is resolved sooashtain a
clearer picture of the sero-prevalence of all tlegamTBDs in the study area as at the
time of the surveyEhrlichia ruminantiumhas previously been isolated (Nguebial.,

1997) from a sub-location adjacent to the studs. sit

Generally, the high tick challenge in the studyaazeuld largely be attributed to a break
down in tick control services formerly supportedtbg government not only in the
County, but in the rest of the country. Despiteghactment of the Cattle Cleansing Act
(GoK, 1976) which led to the initiation of a natadniick control programme, adequate
control of ticks and TBDs is still far from beingraeved. The structural adjustment
programm as advocated by the World Bank in thel8&9s and the escalating costs of
acaricides, relevant infrastructure and monitosagrices for the intensive tick control

strategies advocated by the Cattle Cleansing Alctdehe inability of the government
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services to sustain the program. Just like in gblaets of the country, poor management
of dips by local committees in the County virtudly to the collapse of the tick control
facilities. As a result, most farmers depend ondnsprays to apply acaricides on the

animals (personal observation).

In conclusion, introduction of exotic breeds, wharke highly susceptible to TBD, should
be undertaken with strict tick control. Howeversprte of the high level of tick challenge
in the County, it is possible to introduce improwedtle breeds if an integrated approach
to the control of tick-borne diseases is adopted whll lead to the development of
endemic stability. This is feasible with ECF, ipalicy of strategic dipping, in
combination with other strategies such as immurtnadgainst the disease is adopted. A
similar approach can be eventually adopted withother TBDs subject to further studies

being conducted on which combination of strategienost effective.
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CHAPTER G

MORBIDITY AND PRODUCTIVITY ESTIMATESIN

SMALLHOLDER LIVESTOCK FARMSIN MACHAKOS COUNTY

6.1 INTRODUCTION

A few epidemiological and socio-economic studiesea at assessing the risk of TBDs
have been conducted in the Coast, Central and Wieglgions of Kenya (Maloo, 1993;
Malooet al.,1994). In Machakos County, and indeed in muchhefdastern region of the
country, such data are largely lacking. These datald be invaluable in the design of
appropriate and targeted control programmes of TBi2svn to have negative impact on
livestock productivity arising from morbidity andamality (Minjauw and McLeod,

2003). Data from other regions of the country car@oextrapolated to the situation in
Machakos County due to differences in climatic eatile production systems.
Longitudinal studies incorporating intensive moriitg are best suited to reliably

evaluate the risk and impact of these diseases.

In this Chapter, the incidence of ECF and otheeales affecting livestock productivity

in both cattle and small ruminants are assessed.
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6.2 MATERIALSAND METHODS

6.2.1 Study implementation

6.2.1.1Selection of farms for the longitudinal study

The study was carried out in seven sub-locationatifkeni, Kalandini, Katine,
Ndunduni, Kathome, Katani and Ngelani). Milani dabation in Ndithini Division was
omitted because of inaccessibility during the raagson. Four farms from each of the
three divisions (Kangundo, Matungulu and Athi R)vand two from Ndithini Division
were randomly selected for the study from a samggdliame described in Chapter 4.
Using random number tables, two farms per studylecdtion were randomly selected
from the list of farms that participated in thessesectional survey. Milani sub-location
was omitted from the list of selected sub-locatidae to concerns about accessibility
during the rainy seasons. Thus, fourteen herds sedeeted for the study.

The selected farms were then followed up for 12 timan

6.2.1.2Recruitment of study animals

All young animals (calves, lambs and kids) foundloe 14 farms at the time of the first
farm visits in January 2008 were recorded and &gged for ease of identification. Other
young animals (calves, kids and lambs) were resuuais they entered the study

population mainly through births.
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6.2.2 Monitoring of animal health and productivity
6.2.2.1Data collection

A notebook was issued to all the study farmerskémping simple farm records such as
livestock births, deaths, sales and milk product&lhthe farms were followed- up on
monthly basis for 12 months. During each of thenfanonitoring visits, a short
guestionnaire (Appendix 6.1) was used to colledtr@eord both farm and animal level

data. The information sought included:

* Birth weights.

» Occurrence of diseases.

* Herd dynamics (births, mortality, culling rateslesa.

* Weaning weights and ages.

* Fertility and breeding female management.

* Milk production of cows calving during the obseleatperiod.

» Tick challenge. On every visit all selected anin{aktle, sheep and goats) on the
farms were observed for presence of ticks and oatasgl as described in
Chapter 5.

» Tick control. Tick control was categorized as falk

Regular= acaricide (dip, spray or pour- on) appéedording to anufacturers’instructions
at 1-2 weeks interval. Irregular= acaricide (dipray or pour- on) applied according to
manufacturers’ instructions only at times of higik thallenge.

None= no tick control measures used.

» Other information recorded during the monthly \@sitere:
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Veterinary interventions and farm management prastundertaken (such as treatments,
castrations, dehorning, vaccinations and deworntegyeen visits. Details of the date(s)
when the interventions were undertaken as wehagosts were recorded.

The questionnaires were administered to the desdriteead of the household or the
person in charge of the management of the farme&adhn of the administrative sub-
locations, the local animal health assistant waesurged as an enumerator to perform the

interviews in the local Kikamba language.

6.2.2.2Disease diagnosis and reporting

Besides monthly visits by the principal investigatccurrence of disease on the selected
farms was monitored on a daily basis by the livdstmwvner. Farmers were instructed to
report all suspected cases of disease to eithemingal health assistant or the principal
investigator to enhance data collection and reogrdin three of the sub-locations
(Katine, Ndithini and Ndunduni), the local anim&ith assistants were recruited to
monitor the occurrence of diseases. Other farnmsdrein mobile phone communication
to notify the chief investigator of disease occnoes who then visited such farms within
a period of not more than 24 hours. The animalthessistants were also instructed to
notify the principal investigator of disease coiutis of which they could not make a
diagnosis.

To avoid losing any of the recruited animals paittdy calves to TBDs, the livestock
owners were also trained in early recognition ofichl signs of TBDs, namely, ECF,

anaplasma, cowdriosis (heartwater) and babesibsisnhance reporting and
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confirmation of diseases, all clinical cases of E8D cattle on the study farms were

treated free of charge throughout the trial period.

Cases of ECF were tentatively diagnosed in thd fi@lsed on clinical assessment. The
key clinical signs of the disease included maldeehrymation or corneal opacity,
petechiael haemorrhages on gums and tongue, aapaexite respiratory distress, parotid
and pre-scapular lymph node enlargement and a {ez@®rl temperature of more than
39.4C). For anaplasmosis the signs were high feveb{@) progressive anaemia,
jaundice and in some cases passing of hard faseddor babesiosis the clinical signs
were an acute onset of high fever9@), jaundice and dark red to brown urine.
Cowdriosis was suspected in the event of suddeth @ea nervous signs being observed

particularly in small ruminants.

A thin and thick blood smear and a lymph node byaggmeear were made from all
reported cases before treatment. Definitive diagaegere done following examination
of Giemsa-stained samples at the veterinary relséalporatories, Muguga.
Arrangements were made to deliver samples thateaetedbe examined in the laboratory

soon after fixing in alcohol. This was usually daméhin 24 hours of clinical diagnosis.

Acceptable animal welfare standards were takendotsideration in this study. Hence,
study animals were not unduly left to die in orttemonitor mortality. All cattle that
were diagnosed with ECF were treated using bupaorae (ButaleX, Scheling-Plough

Animal Health, UK) at a dose of 2.5 mg/kg.
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6.2.2.3Confirmation of tick-borne infections

The stained thin blood smears were used for exammaf haemoparasites either for
general assessment of the prevalence of TBDsarthrm suspected disease cases.
Each smear was examined for theilerial piroplasinaplasma and babesia parasites in
the red blood cells using the oil immersion x 10§eotive of the light microscope. At
least three fields were thoroughly examined fohestoear. Detection of specific
parasites in blood smears was confirmatory for Esaposis, and babesiosis and ECF by
detection of macroshizonts in the lymphocytes amstl lymph node smears (Figures
6.1 and 6.2). Only positively confirmed cases oDEBwvere included in the analysis. In
case of death, a postmortem was carried out whepesgsible. All information was

recorded in a field sheet.

Figure 6.1:Anaplasma marginalbodies in red blood cell.
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Figure 6.2: Macroschizonts in lymphocytes.

6.2.2.4Diagnosis and confirmation of other common infettio

General bacterial infections were confirmed onlihsis of response to antibiotic

treatment reported by the farmers, three to foys ddter the treatment.

Mange and mycotic infections were confirmed from tibserved lesions and
microscopic examination. Areas of thickened skiolwiously itchy animals were very
suggestive of mites, particularly if there was raence of lice. Skin scrapings were

taken from the thickened sections for examinatioden a microscope in the laboratory.

Helminth infections were confirmed through examiotf faecal samples using the
guantative McMaster floatation method (Souslby,2)98r detection of nematode eggs
and cestode eggs and coccidian oocysts. A simgdlesatation method was used for
detection of trematode eggs. Animals with faecahai®de egg counts of up to 100,000
eggs per gram of faeces (epg) were categorizedfi@sisg from acute nematode

infection while those with faecal egg counts of@ @r less were considered to be
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suffering from chronic nematode infection (Allonagd Urquhart, 1975; Nginyi, 1999).
Diagnosis of helminthosis was done in conjunctiotiwlinical signs such as anemia,

edema in the mandibular region, weakness, untbsfirand emaciation.

The symptoms on which diagnosis of malnutrition Wwased included weakness with
protrusion of bones of the shoulders, ribs, backkemd hips, sunken eyes and tucked up
abdomens. On postmortem, it was diagnosed baskxtlwof fat under the skin, very

little body fat around the heart, kidneys and ottrggans and within the bone marrow,

reduced muscle mass, and shrunken body organs.

6.2.2.5Collection of data on animal productivity and hetghamics

The farmers were requested to record in the notebbiths, deaths and animals sold or
brought into the farm. Farmers with lactating arlsweere asked to record the daily milk
production. In the three sub-locations where AHAs@vavailable, they were asked to
make regular visits to the farms to ensure thahéxs made the required entries into the
notebooks. The live weight of all calves was estedand recorded by the same person
(the chief investigator) using a weight band (Dalsoipplies) during the monthly visits.
Live weights of kids and lambs were taken usingrang weigh scale (Hanson® Model
21). Farmers were asked to report animal birthd feance date of calving) as soon as
possible to enable birth weights to be taken. Rixarere also taken of when calves,
lambs and kids were weaned. Data on cases ofilitjeirt cows and breeding

management were also recorded.
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6.2.3 Estimating productivity parameters
6.2.3.1Productivity rate

The productivity rates and the formula used towdetihem are summarized in Table 6.1.
The rates were based on the twelve- month folloywenmod. Data on female infertility
and management were also obtained. Infertility defshed as diminished or lack of

capacity to produce viable offspring.

6.2.3.2Birth weights, weight at weaning and age at weaning

Birth weights, weight at weaning and age at weamiage obtained for calves, kids and
lambs born during the 12-month observation peridee mean birth weights were

derived only for the animals whose records wererakithin 24 hours of birth.

6.2.3.3Estimation of milk production

Farmers kept records of daily milk output fromadivs that calved and those that were
already lactating during the observation periodaMeements were done in litres using
calibrated 1 litre plastic cups, beer bottles ([irtés) or soda bottles (0.3 litres). Two milk
production parameters; mean daily yield per cowamulial lactation yield were
estimated. The production estimates were maddfeetperiods categorised as peak (1

to 90 days), declines (91 to 180 days) and laté (@865 days) phases of lactation.
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Table 6.1: Definition of productivity parametersiested during the longitudinal study
of smallholder farms in Machakazu@ty, 2007.

Parameter Definition
Bull / cow ratio Number of mature bulls
Number of cows
Parturition rate Number of parturitions per fempade year
Off-take rate Sales/exits x 100
Herd size

6.2.4 Incidencerates

Disease incidence rates were calculated as tleeafthe number of observed events per
unit time to the population at risk (Pettal, 1987). True rates were calculated to define
the speed of occurrence of TBDs or productivityapaeters. The specific rates are

defined in the relevant sections. Generally, tlogdient rates (IR) for the various diseases

were computed as described in Mastral (1987):

IR= Number of events during observation period
Animal months at risk

The monthly rates were subsequently convertedantwal rates

In order to calculate the true incidence ratefefdisease events, the entry and exit
points for the animals was determined. The dencimirfar estimating incidence was the
number of animal-months between the dates thetiatigal phase of the study began (or
date of recruitment for those animals introduced the study after commencement) and
detection of infection, withdrawal from the stuay,end of the study.

Incidence rates of the various diseases recordedgdine observation were computed.

In addition, age- specific rates were also compuBadtle were categorized as calves
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(from birth to 12 months of age), yearlings (13r2dnths) and adults (over 2 years of

age). Goats and sheep were categorised as kidss ldess than 6 months), weaners

(6 months to less than 1 year) and adults (1 gedrabove). The categorization of goats
and sheep is as described by SR-CRSP (1992), Alzegbawgichew (2009) and
Schoenian (2012). Under this categorization, omagegoats and sheep naturally wean

by 6 months and attain sexually maturity by 1 yefaage.

6.2.5 Meteorological data

The main meteorological station nearest to theitadgal sites was Katumani, close to
Machakos town. Rainfall figures, daily minimum amdximum temperatures for the
period of the longitudinal study (Jan 2008 to M&p2) were derived from records kept

at the station. The mean monthly values were tiadrutated from the daily values.

6.3 Data management and analysis

Three separate dataset files for cattle, sheegeats were designed in Microsoft Access
(Microsoft Corporation, USA) to store data on indival animal variables (animal
number, age, sex, breed) visit variables (animailyer, entries, exits, diseases, tick
counts, applied methods of disease control) and favel variables (division, location,
farm code). After screening the files for errolgyt were exported to STATA Version 10
(StataCorp, 2007) program for analysis. Risk pexifmd calculation of incidence rates for
various disease events were calculated in Micrdaagel program (Microsoft

Corporation, USA) after exporting the relevant dde&s from the Access program.
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6.4RESULTS
6.4.1 Meteorological Data

The mean monthly rainfall was 1.25mm (Figure 6ALinaximum of 4.31 mm was
received during the traditional long rain period\drch to June. Hardly any rainfall was

received between May and October.

No major temperature fluctuations were recordednduhe study period with the

temperature generally within the normal annual eanigl8-258 C for the County (Figure

6.2).

Mean Rainfall (mm)
w

Fig 6.3: Distribution of rainfall in the study ardaring the monitoring period (Jan 2008-
April 2009).
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Figure 6.4: Mean maximum and minimum monthly terapuge in the study area during
the monitoring period (Jan 2008AA2009).

6.4.2 Characteristics of the study farms

The characteristics of the 14 study farms are suimzethin Table 6.2. The average size
of the farms was 18.9 acres (range 1.5 to 72)thalifarms practiced mixed farming. The
average number of cattle was 15.8 (range 4-47)y OhlR% (2/14) of the farms (all in
Kangundo Division) had improved (indigenous zebwhtie crosses) dairy cattle that
were zero-grazed. Cattle on the remaining 12 f4885%) were reared under the free

grazing system.

Sheep were the least common species of livestotkeostudy farms. The average
number of sheep on the farms was 6 (range 0-24g\he average number of goats was
12.1 (range 0-50). The breeds of sheep and goatsi fon the farms were indigenous

breeds of sheep (red Maasai) and goats (the smastlAfrican goat).
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The housing for calves, goats and sheep consi$thple grass thatched or galvanised
sheets roofs supported by gum or eucalyptus poleswalls consisted of widely spaced

eucalyptus poles designed to keep the animalsrehfand keep predators away.

Table 6.2: Farm characteristics of the 14 farms phéticipated in the longitudinal study
in Machakos County in 2008 to 200

Division Farm code Farm size No of cattle No of sheep No of goats
(acres)
Athi River  ATH/07 25 20 5 0
ATH/17 15 14 0 12
NGE/08 70 47 24 43
NGE/11 72 40 15 50
Kangundo KAN/05 9 5 3 0
KAN/15 15 5 0 2
KAT/01 10 20 0 26
KAT/08 2 4 0 2
Matungulu  KAL/04 20 30 15 10
KAL/21 4 12 6 0
KNE/05 7 4 12 2
KNE/08 8 4 4 3
Ndithini ND/11 18 8 0 20
ND/13 3 8 0 0
Total 264.5 221 84 170
Average 18.9 15.8 6 12.1

6.4.3 Cohort dynamics

6.4.3.1Cattle cohort dynamics

Initially, 17 calves and 7 yearlings with birth addease history records were recruited
(Table 6.3). These calves and yearlings were famil3 of the farms. Calf entries
resulted mainly from births within the study farn@ut of a total of 65 new entries
observed, 56 (86.2%) were from births with malerealcontributing 29 (51.7%) of the

births. No calving took place in one of the farmtighout the study period. Six calves
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and 3 yearlings entered the farms from other faamgifts or entrustments. Of the 9
calves and yearlings that were transferred ints#tected farms during the study, 6 were
female and 3 were male. Sixty (92.3%) of the nettienhwere indigenous (zebu) while 5
five (7.7%) were exotic. A total of 26 calves tlantributed to the follow—ups exited
from the study cohort before the end of the studly @ deaths, sales, theft or transfer out
of farms as gifts or entrustments. Of the exits(8165%) were female and the other 10
were male. Twenty-three (88.4%) of the exits wellees or yearlings of indigenous
(Zebu) breed. Fourteen (53.8%) of the exits camm fAthi River, Kangundo 5 (19.2%),

Ndithini 2 (7.7%) and 5 (19.2) from Matungulu Dims.

No adult cattle were brought into the any of therwéed farms during the study period.
However, five animals, all cows exited during thedy period. Three cows died during
the observational period while 1 cow each was geinas a present or sold. No cow or

breeding bull was culled during the study period.
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Table 6.3:A cohort of calves/ yearlings monitored for 12 rienand reasons for exit from the

study.
visit Entries since precioys Withdrawals since previous visit
Visit Births Transfers Total Deaths Sales Transfers  Theft Taal | No.
Number calves/yearlings
observed

Initial N/A N/A N/A N/A N/A 24
1 6 0 0 0 0 0 30
2 6 7 2 0 0 0 2 35
3 7 5 12 1 0 3 1 5 42
4 2 3 2 2 0 1 5 40
5 3 3 1 2 0 0 3 40
6 2 2 0 0 1 0 1 41
7 4 4 1 0 2 1 4 41
8 7 7 0 0 0 0 0 48
9 3 2 5 1 0 0 0 1 52
10 6 6 1 2 0 0 3 55
11 5 5 0 1 1 0 2 58
12 5 5 0 0 0 0 0 63

Total 56 o* 65 9 7 7 3 26

* Three of the transfers into the study farms wegarlings

6.4.3.2Kids and lambs dynamics on the study farms

Twenty-eight lambs/kids and 7 weaners were origynaicruited into the study (Table

6.4). The kids and lambs were recruited from ed¢hevselected farms while the

weaners were found on 35.7% (5/14) of the farmg. Thmonitoring visits resulted into

632 individual observations for goats and sheepv Biatries resulted mainly from births

within the farms. Of the 43 new entries, 79.0% 434Avere from births. Female kids/

lambs contributed 70.5 % (24/43) of the new births.
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Eight goats and sheep (4 weaners and 4 adults)boeight and brought into the farms
during the study. One goat (a male adult) enteredad the farms as a gift. Of the new
entries that entered the farms through purchasiag gifts, 5 were male while 4 were

female.

Twenty one (48.8%) of the new entries were recordesthi River Division. Five
(11.6%) new entries were recorded in Kangundo @iwmisNdithini had 14.0% (6/43)

while Matungulu Divisions had 25.6% (11/43) newrest.

A total of 14 exits were recorded during the stddg to deaths, sales, theft or transfer
out of the farms as gifts or entrustments (Tab#.@=ive of the exits were a result of
death from disease, 4 animals were sold, anotkerd transferred to other farms while

1 animal was stolen from one of the farms.
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Table 6.4: A cohort of goats and sheep followedand.2 months in Machakos County,
2008 to 2008asons for exit from the study.

Entries since precioisst Withdrawals since previous visit

Visit Births  Purchase Transfers Total| Deaths Sales Transfers TheftTotal No. kids/lambs

Numb observed
er

Iniltia N/A N/A N/A N/A N/A N/A N/A N/A N/A 28
1 2 0 0 2 0 0 2 0 2 28
2 2 1 0 3 0 0 0 0 0 31
3 1 0 0 1 1 0 0 0 1 31
4 4 0 0 4 1 0 0 0 1 34
5 1 0 0 1 1 1 0 1 3 32
6 2 4 1 7 0 0 1 0 1 38
7 6 1 0 7 1 0 0 0 1 44
8 5 0 0 5 0 0 1 0 1 48
9 4 0 0 4 0 0 0 0 0 52
10 2 2 0 4 0 0 0 0 0 56
11 1 0 0 1 1 2 0 0 3 54
12 4 0 0 4 0 1 0 0 1 57

Total 34 8 1 43 5 4 4 1 14
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6.4.4 Morbidity rates

6.4.4.1Incidence of East Coast fever

Table 6.5 shows the true annualized incidence aitesnfirmed ECF cases distributed
according to both farm and animal level factorsemty-six (26) cases of ECF were
confirmed only in the indigenous zebu cattle in tAefarms during the one-year follow-
up period. This converted to an overall inciderate of 2.6% per calf-month. The rate
was significantly (p< 0.05) higher in calves (64)1t#an in yearlings (0%) and adults
(6.20%) (Table 6.5). Indeed, adults were 10 tiliRRE0.1) less likely to develop ECF
relative to calves. Similarly, significantly (p<®)more cases of ECF occurred in
animals on farms where there was no tick contraiience rate =60.86%) compared to
farms where tick control was practiced (inciderate 0f 9.95%). There was a close
relationship between the incidence of ECF and feequ of acaricide application as
shown by the drastic decrease in the incidencheafe¢quency increases (Table 6.5).
Season was associated with the occurrence of E@Fswgnificantly (p<0.05) more cases
reported in the rainy season (incidence rate 45)3B8& in the dry season (incidence
rate 20.03%). Division was associated with diseasssignificantly (p<0.05) more cases

were recorded in Athi River Division compared te tither 3 study divisions (Table 6.5).
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Table 6.5: The incidence of ECF in Machakos Couwatggorized by animal and farm
level factors (Jan 2008 to Ja@D0

Variable Levels No. of Animal Incidence rate Annual Incidence p-value
cases months-at- (%) per cow incidence rate ratio
risk month (95%  rate' (IRR)
Cl)
Division  Ndithini 1 133 0.7 (0.0,4.2) 9.02 0.14 0.02
Kangundo 1 212 0.4 (0, 2.6) 5%6  0.09 0.05
Matungulu 3 288 1.0(0.2,3.00 125 0.19 0.01
Athi 21 384 5.5(3.4,8.4) 6583 1.00 -
Breed Indigenous 26 926 28(1.8,4.1) 33.70 -
Exotic 0 91 0 0 -
Age Yearling 0 181 0 0 - -
Adult 2 387 0.5(0.0,1.9) 6.20 0.10 0.02
Calf 24 449 5.3(3.4,8.0) 64714 1.00
Sex Female 18 661 2.7(1.6,43) 3268 1.22 0.64
Male 8 356 2.2(0.9,4.4) 2636 1.00
Tick Low 5 305 1.6(0.5,3.8) 19.88 0.84 0.78
levels
Moderate 5 202 25(0.8,5.8) 2970 1.27 0.69
High 10 203 49(2.4,9.1) 5934 253 0.07
None 6 307 2.0(0.7,4.3) 23™45 1.00
Tick Yes 5 603 0.8(0.2,1.9) 935 0.16 0.00
control
No 21 414 5.1(3.1,7.8) 6086 1.00
Tick No 6 307 2.0(0.7,4.3) 23345 0.69 0.42
challenge
Yes 20 710 2.8(1.7,4.4) 33%0 1.00
Season Wet 16 418 3.8(2.2,6.2) 4593 2.30 0.04
(Rainy)
Dry 10 599 1.7(0.8,3.1) 2053 1.00
“Dipping >8 3 334 0.9(0.2,2.6) 1078 0.41 0.17
frequency 0-4 10 82 12.2 (5.8, 146.4 5.66 0.00
22.4)
5-8 13 601 2.2(1.2,37) 264 1.00

'Rates followed by a different superscripts arasttaslly different (p<0.05)
% Key to dipping frequency: Categories 0-4, 5-8 afidefer to the total number of times
that tick control was practiced at farm levetidg the entire observation period
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6.4.4.2Incidence of other diseases and conditions

In the course of the follow-up period, 4 casesr@@asmosis were confirmed converting
to an annual incidence of 4.26% per cow- yearh®f4 cases, 2 were in calves and 2 in
yearlings equivalent to annual incidence rates4% per cow-year and 1.11% per cow-

year, respectively.

Other conditions/ infections observed in cattlduded malnutrition (13 cases), mange
(Chorioptes bovis(9 cases), mycosigichophytan bovis(7 cases) and diarrhoea

(7 cases). Malnutrition was found in three of thelg divisions and the annual incidence
rate ranged from a high of 26.3% in Matungulu Ciisto 14.5 % per cow-year in Athi
River and 9.2% per cow-year in Ndithini Divisionafle 6.6). These rates were not
significantly different at 5% significance levelllAhe cases of malnutrition were
diagnosed in indigenous cattle and equally inreldage categories and sexes. There was
no association (p>0.05) between malnutrition arassee (wet/dry) and any of the other

variables considered (Table 6.6).
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Table 6.6: The incidence of malnutrition in Machak&ounty categorized by animal and
farm level factors (Jan 200840 2009).

Variable Levels No. of  Animal Incidence Annual Incidence  P-value
cases months-at- rate (%) per Incidence Rate Ratio
risk cow month  rate (IRR)
(95% ClI)

Division Ndithini 1 131 0.8 (0,4.3) 9.17 0.76 0.80
Kangundo O 223 0 0 0 -
Matungulu 6 274 2.2(0.8,4.8) 26.28 1.46 0.58
Athi 6 498 1.2(0.4,2.6) 14.45 1.00 -

Breed Indigenous 13 1035 1.3(0.7,2.1) 15.06 - -
Exotic 0 91 0 0 - -

Age Yearling 2 216 09(0.1,33) 1111 1.26 0.79
Adult 6 370 1.6 (0.6,3.5 11.11 1.47 0.59
Calf 5 540 0.9(0.3,2.2) 19.46 1.00

Sex Female 9 761 1.2(0.5,2.2) 13.15 1.93 0.40
Male 4 365 1.1(0.3,2.8) 14.40 1.00

Season Wet 6 469 1.3(0.5,2.8) 15.35 2.11 0.25
Dry 7 657 1.1(0.4,2.2) 12.78 1.00

Mange was diagnosed in all the 4 divisions withhlghest incidence rate (12.12% per
cow-year) recorded in cattle in Kangundo Divisidialfle 6.7). However, the rates were
not significantly different between the divisiortsb&o significance level. Although the
incidence rates were not significantly differenthe three age categories, it was higher
in calves than in yearlings and adults. Of all\thaables that were considered only the
variable “tick control” was associated with mangalgle 6.7). Mange was significantly
(p<0.05) higher on farms where tick control was praicticed (incidence of 14.17 per
animal year) compared to farms where tick contras$ pwracticed (incidence of 2.61 per
animal year). This was an indication that the aides used for tick control were also

effective on mites.
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Table 6.7: The incidence of mange in Machakos Goaategorized by animal and farm

level factors (Jan 2008 to Ja@0

Variable Levels No. of Animal Incidence rate  Annual Incidence p-
cases months- (%) per cow incidence rate ratio value
at-risk month (IRR)
(95% CI)

Division Athi 4 502 0.7 (0.2, 2.0) 9.56 1.00
Ndithini 1 134 0.7 (0.4,4.2) 8.95 0.94 0.95
Kangundo 2 198 1.0 (0.1, 3.6) 12.12 0.62 0.67
Matungulu 2 301 0.7 (0, 2.4) 7.97 0.84 0.84

Breed Indigenous 9 1044 0.9 (0.4, 1.6) 10.34 -
Exotic 0 91 0 0 -

Age Calf 7 521 1.3(0.5, 2.8) 16.12 1.00
Yearling 1 216 0.5 (0, 2.6) 5.56 0.35 0.32
Adult 1 398 0.3(0,1.4 3.21 -

Sex Male 2 381 0.5(0, 1.9) 6.30 0.66 0.61
Female 7 754 0.9 (0.4,1.9) 11.14 1.00

Tick control Yes 1 458 0.2 (0,1.2) 14.17 0.10 0.02
No 8 677 1.2 (0.5, 2.3) 2.61 1.00

Season Wet 2 468 0.4 (0, 1.5) 5.13 0.48 0.36
Dry 7 667 1.0 (0.4, 2.2) 12.6 1.00

" Key to dipping frequency: Categories 0-4, 5-8 aBdefer to the total number of times
that tick control was practiced at farm level dgrthe entire observation period.

Cases of non-specific diarrhoea were recorded lm River, Kangundo and Ndithini

Divisions and none in Matungulu (Table 6.8). Ofth factors considered, only breed

and season were associated with diarrhea. Exdtie @gere approximately 9 times

(RR=9.19) more likely to have diarrhea relativentdigenous cattle. Similarly, diarrhea

was 8.7 times more likely during the wet season thahe dry season (Table 6.8).
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Table 6.8:The incidence of diarrhea in Machakos County caiegd by animal and farm
level factors (Jan 2008 to Jan00

Variable Levels No. of Animal Incidence rate Annual Incidence p-value
cases months- (%)percow  incidence rate ratio
at-risk g‘))”th (95%  ratd (IRR)

Division Ndithini 1 124 0.8 (0, 4.5) 9.68 1.33 0.80
Kangundo 3 213 1.4(0.3,4.1) 16.90 2.26 0.32
Matungulu 0 312 0 0 -
Athi 3 494 0.6(0.1,1.8) 7.29 1.00

Breed Exotic 3 81 3.7(0.8,10.8) 4444 9.19 0.00
Indigenous 4 1062 0.4(0.1,1.00 452 1.00

Age Yearling 0 227 0 0 -
Adult 4 367 1.1(0.3,2.8) 13.08 2.01 0.36
Calf 3 549 0.5(0.1,1.6) 6.56 1.00

Sex Male 3 378 0.8(0.2,2.3) 9.52 1.50 0.60
Female 4 765 05(0.1,1.3) 6.27 1.00

Season Wet 6 470 1.3(0.5,2.8) 15.32 8.66 0.05
Dry 1 673 0.1 (0, 0.8) 1.78 1.00

'Rates followed by a different superscripts ardsttaally different (p<0.05).

Mycosis was observed in Athi River, Kangundo andwMgulu divisions. Kangundo
Division had the highest annual incidence rate§3%) of the disease during the
observation period (Table 6.9). However, the inow@eof the disease was not
significantly different between the three divisigps0.05). No case of the disease was
observed in Ndithini Division. The incidence wagrsficantly (p<0.05) higher in exotic
crosses than in the indigenous zebu cattle andietested only in calves and yearlings.
No association (>0.05) was found between mycosisiaa other factors that were

considered (Table 6.9).
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Table 6.9: The incidence of mycosis in Machakosr@ypuaategorized by animal and
farm level factors (Jan 2008 to 2809).

Variable Levels No.of  Animal Incidence rate Annual Incidence p-Value
cases months- (%) per cow incidence rate ratio
at-risk  month (95% rate (IRR)
Cl)

Division Ndithini 0 135 0 0 -
Kangundo 3 202 1.5(0.3,4.3) 17.83 2.55 0.25
Matungulu 1 311 0.3 (0, 1.8) 3.86 0.56 0.61
Athi 3 521 0.6(0.1,1.7) 6.90 1.00

Breed Exotic 3 70 4.3(0.9,125) 51°%45 11.35 0.00
Indigenous 4 1099 0.4 (0, 0.9) 4°37  1.00

Age Yearling 1 222 0.5 (0, 2.5) 5.41 0.40 0.40
Adult 0 413 0 0 -
Calf 6 534 1.1(0.4,2.4) 13.48 1.00

Sex Male 2 391 0.5(0, 1.8) 6.14 0.79 0.78
Female 5 778 0.6(0.2,15) 7.71 1.00

Tick control Yes 6 691 0.9(0.3,19 1042 413 190.
No 1 478 0.2 (0, 1.2) 2.51 1.00

Season Wet 5 486 1.0(0.3,2.4) 1234 3.52 0.13
Dry 2 683 0.3(0, 1.1) 3.51 1.00

'Rates followed by a different superscripts ardsttaally different (p<0.05)

6.4.5 Mortality rates

Eleven cattle died during the follow-up period certing to an overall crude mortality
rate of 11.6% per cow-year. Of the 11 that diedieBe calves and 3 were adults.

Three calves died of ECF, 4 calves died suddenfydiease condition that could not be
established and 1 calf died of diarrhoea.

The cause specific annual mortality rates for E@-specific disease condition and
diarrhoea were 6.56%, 8.74% and 2.19% respectpalyow year. One cow each died
of milk fever, malnutrition and injuries as a redsafl falling into a deep pit. This
converted to a cause specific annual mortality o&t&27% per cow year for each of the

three conditions.
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6.4.6 Morbidity in sheep and goats

A variety of diseases/ conditions were observdabitth sheep and goats during the
follow-up period. The cases were too few to endibecomputation of true rates as was
done for cattle diseases. However, helminthosisth@dighest number of cases (8)
detected in both species followed by 7 suspectsdscaf Contagious Caprine
Pleuropneumonia (CCPP) (Table 6.10). The helmiitistified wereTrichostrongylus
colubriformis Pneumonia, diarrhea due to bacterial infectisasere flea infestations

and mange were the other diseases detected insmmatlants. The 7-suspected cases of
CCPP were reported in Ngelani sub-location of A&hier Division. All the goats died
despite attempts by the farmer to treat with aatibs. Confirmation of diagnosis was not
done as the farmers did not report the outbreakeddiately it occurred. The suspected

source of the CCPP outbreak were goats reportediiced from North Eastern Kenya.

Table 6.10: Distribution of cases of disease /domul in sheep and goats during a one-
year follow-up period in Machakosunty, 2008 -2009.

Disease/ Condition

Species Helminthosis Pneumonia Fleas Mange Diarrhea CCPP Injuries  Non
specific
(suspected) diagnosis
Sheep 3 1 0 0 1 0 1 2
Goats 5 3 3 1 3 7 1 1
Total 8 4 3 1 4 7 2 3
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6.4.7 Estimates of productivity parameters
6.4.7.1Mean daily milk yield

A total of 44 lactating cows were monitored fronbReary 2008 to March 2009 (Table
6.11). The mean daily milk yield was significanth<0.05) higher for the exotic breeds

(6.22 litres) than for the indigenous (1.86 litreepu breeds.

Table 6.11: Comparison of the mean daily milk yieédween exotic crosses and
indigenous breeds of cattleyiachakos County.

Breed No. of Mean milk 95% CI
lactating yield (litres) Lower Upper
COWS
Exotic 7 6.22 6.17 6.27
crosses
Indigenous 37 1.86 1.85 1.87
breed
Overall 44 1.97 1.98 1.96

6.4.7.2The annual lactation curves

The decline of milk yield was more pronounced fwotec breeds but was more gradual
for indigenous cattle (Figure 6.3). The milk yiétat the exotic breeds was higher than
for the indigenous breeds for the entire followpgpiod. A sharp fall in milk yield was

observed for exotic crosses between the first &t month of lactation that coincided

with the onset of a prolonged dry period.
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Figure 6.5: Comparative annual lactation curvesfatic cross breeds, indigenous zebu
and all cows (combined) monitomethe four divisions of Machakos County
in 2008 to 2009.

6.4.7.3Birth weights and age at weaning

A total of 51 calves and a combied total of 34 larahd kids were recorded within 24
hours of birth (Tables 6.12 and 6.13). The ovezsifimated mean birth weight for the
calves was 27.45kg (range 18-43). However, the rhenweights were higher for
exotic cross calves (37 kg) than for the indigenmalses (26kg) and female calves (29
kg) on average weighed more than male calves (26Tliaple 6.12). The highest mean
birth weights were recorded for calves in KanguBdlasion (32.8kg) and the least in
Matungulu Division (21.8kg). The overall mean bivikight for sheep and goats was
3.73kg (range 2- 6) (Table 6.13). Male goats armepl{3.97kg) on average weighed
more than female goats and sheep (3.54 kg). Thekignean birth weights were

recorded in Kangundo Division (4.25 kg) and leagdithini (2.00kg).

134



Table 6.12: Distribution of calf birth weights biiion, sex and breed in Machakos
County, 2008-2009.

Variable No of calves Mean birth weight in Kg (range)
Level
Division  Athi River 28 27.50 (20-38)
Kangundo 9 32.78 (24-43)
Matungulu 8 21.75 (18-28)
Ndithini 6 26.83 (21-32)
Sex Male 24 25.67 (18-35)
Female 27 29.03 (20-43)
Breed Indigenous 46 26.41 (18-38)
Exotic 5 37.0 (34-43)
Overall 27.5 (18-43)

Table 6.13: Distribution of kid and lamb birth wktg by division and sex in Machakos
County, 2008 to 2009.

Variable Level No of sheep and Mean birth weight in kg (range)
goats
Division
Athi River 18 3.61 2-6
Kangundo 4 4.25 3-6
Matungulu 10 3.91 2-6
Ndithini 2 3.54 2-6
Sex Male 10 3.97 2-6
Female 24 3.54 2-6
Overall 3.73 2-6
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6.4.7.4Weaning age

The overall mean weaning age for calves in theyssites was 101.24 days (Table 6.14).
Athi River Division had the lowest mean weaning &i&2 days) while Kangundo had
the highest mean weaning age (140 days). Male saleee weaned at a significantly
(p<0.05) earlier age than the female calves. Tha®no significant (p>0.05) difference
in the mean weaning age between the indigenousxotc crossbreeds of cattle. Calves
in Ndithini Division had the highest mean weaningight (89.2kg). The average mean

weaning weight for the indigenous calves was highan that of the exotic cross calves.

Table 6.14: Distribution of weaning age and weigydivision, sex and breed in
Machakos County, 2008 -2009.

Variable Level Mean age (days) at weaninljlean weight in kg (range)

Division Athi River  76.15 (3-361) 67.57 (23-134)
Kangundo 140.00 (11-328) 79.63 (24-154)
Matungulu  116.93 (4-537) 58.46 (18-143)
*Ndithini - -

Sex Male 83.42 (3-361) 70.52 (18-23)
Female 117.69 (7-537) 72.33 (23-143)

Breed  Exotic Cross 102.40 (11-283) 67.14 (34-143)
Indigenous  100.95 (3-537) 70.95 (18-154)

Overall 101.24 (3-537 70.52 (18-154)

* Only one calf was weaned on the selected farmsgduhe study period

The average weaning age for goats and sheep waday43Table 6.15). The lowest
weaning age for the small ruminants was recordédatungulu Division (122 days) and
the highest in Kangundo Division (163 days). Mabatg and sheep were weaned at a

lower mean age (137 days) than the female goatstza®p (155 days).
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Goats and sheep were weaned at a mean weight25ktR. The lowest mean weaning
weight was recorded in Matungulu Division (11.09kgy the highest in Ndithini
(16.00kg). Female goats and sheep were weanelighher mean weight 13.34kg

compared to the male animals (11.71kg).

Table 6.15: Goat and sheep weaning age and weigheifour divisions of Machakos
County during the observaticstaldy.

Variable Level Mean age (days) at weaninylean weight (kg) at
(range) weaning (range)

Division Athi River 138.42 (28-248) 12.34 (3-20)
Kangundo 163.06 (30-248) 11.97 (3-16)
Matungulu 122.00 (28-235) 11.09 (2-19)
Ndithini 160.33 (128-218) 16.00 (13-16)

Sex Male 136.75 (28-248) 11.71 (3-20)
Female 154.54 (30-248) 13.34 (2-20)

Overall 143.23 (28-248) 12.25 (2-20)

6.4.7.5Bull to cow ratio

The number of mature bulls and breeding femalesd¥aand 70, respectively, equivalent
to a bull/ cow ratio of 1:1.5. However, approximatg80% of the bulls were castrated and
thus the breeding bull/ cow ratio was 1:3.0. The tarms that kept exotic crosses relied

on artificial insemination services for breedingo$f of the farms that reared indigenous

137



cows shared one bull that they considered to Bsugferior genetic” make up. The
choice of the suitable breeding bull was basedhysipal characteristics such as body

size, hump size or “skin” colour.

6.4.7.6Female fertility and management

Four cases of infertility were reported during sitedy period, two in Kathome sub-
location and 1 case each in Kalandini and Ndunduhbtlocations. The common practice
was to serve cows 4-5 months after calving. Calv@® allowed to suckle up to 2-3

months before cows calved. Goats and sheep ongevkidded / lambed once a year.

6.4.7.7Livestock off-takes

Livestock off-take was defined as the proportiomeimals annually leaving the total
herd/flock due to slaughters, sales or other ti@timas such as exchanges, gifts and

loans. Death was excluded from the definition.

The total number of cattle, sheep and goats on efitte study farms are shown in Table
6.2. The number of cattle that exited the studgn&aim Athi River, Kangundo, Ndithini
and Matungulu Divisions was 7, 4, 2 and 3 respebtivlhis converted into off-take

rates of 5.79%, 11.76%, 12.50% and 6.00% respdygtive

The corresponding number of sheep and goats titatiegke study farms in the four
divisions was 3, 3, 0 and 2 respectively. This ested into off-take rates of 2.01%,

9.10%, 0% and 3.85% respectively.
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6.5 DISCUSSION

There was a consistently higher entry rate to théysherd compared to the exit rate
resulting into an increase of the originally retedi(calf, kid and lamb) cohorts. Births
contributed the majority of the entries. These ltesuere similar to observations made
by Muraguri (2000) in Kwale and Kilifi Countys ihé Coast Province. Majority of the
surveyed farmers had high regard for calves, laamoiskids as they regarded them as
future replacement stock. Generally, good caretalen of the young animals. For
instance in Ndithini and Ngelani sub-locations, yeng of all species were housed in

specially constructed units to protect them fromdators.

Although farmers often sold adult small ruminawtsrteet their immediate financial
needs, cattle were rarely sold even during sewarepklls as was the case during the
second half of the study (August 2008 to March 2@G30they were used for long-term
investment options. Similar observations were ntadBlgategize (1989) in a review of
livestock farming systems in Sub-Sahara Africatl& gt al. (2001) in northern Kenya
and southern Ethiopia, and Maichomo (2008) in #rtqral Masaai community of
Kajiado County. Small stocks were useful in cushrigragainst the effects of drought
due to their fast multiplication compared to catllae reluctance to sell cattle even when
pastures were inadequate resulted in severe midilonind starvation to death of
animals on some farms. The rearing of livestocthenstudy area is not entirely a
commercial enterprise as may be expected but aicatidn of source of livelihood and
a status symbol. A similar observation was maddbhichomo (2008) in a study carried
out in Kajiado County. This is an issue that ndedse addressed if livestock production

is to be improved in the County.
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Concurrent rearing of cattle, sheep and goats earsed to diversify risks associated
with the different species as advocated by Létlal (2001). This becomes important
especially during prolonged dry spells because khown that different livestock species
adapt differently to drought (McCabe, 2009). Fatamce, small ruminants survive on

poor quality forbs and browse, which is the onlgitable foliage during severe droughts.

The rate of multiplication for small ruminants is@faster than that of cattle. Thus, a
herd of small ruminants recovers from losses iremiduring droughts faster than for
cattle. The resilience of smallstock in the fatdrought has been reported in Tanzania
by Mtengaet al (1986), Connoet al (1990), Njombe (1986) and Njombe (1993). Small
ruminants are more easily sold compared to catfteng drought events enabling farmers

to liquidate their herds to avoid further losses.

Misdiagnosis or unconfirmed cases of disease @httebiased estimates of disease risk.
The current study combined clinical signs and ndcopic examination of biopsy smears
as the basis for diagnosis of TBDs. The approaamost suitable for confirmation of
current infections (Irvin and Mwamachi, 1983) ahthay have helped to minimise the
incidences of misdiagnosis often associated wighdiagnosis of TBDs (O’Callaghan,

1998).

The ability to effectively confirm ECF, as well ather blood parasites on microscopic
morphology depends largely on good sampling anitss#i the operator (FAO, 1984) as
was the case in the current study. The intensiveitoring of the study animals and free
treatments offered for the TBDs enhanced bothdkleand speed of reporting by the

farmers. The incidence of ECF in calves (28.3%) svaslar to what Muraguri (2000)

140



and Okuthe and Buyu (2006) estimated in calvekenoastal lowlands and western
highlands of Kenya (23.1% and 32.1%, respectiviely)much higher than the 3.57%

observed by Swaat al (2009) in the Tanga region of Tanzania.

Calves had a significantly higher incidence of B&&n adults. This was expected as
susceptibility is known to significantly decreasghnage particularly among indigenous
breeds of cattle (Swai al.,2005; Muraguret al.,2005; Rubaire-Akiikiet al, 2006;

Swaiet al.,2009; Phiriet al, 2010; Gachohet al, 2012 ).

There was no significant difference (p> 0.05) ie thcidence of ECF between female
animals and male cattle. This may be because tihageanent of both sexes was
observed to be relatively similar. Minjauw and Moldg2003) made similar observations

in India and eastern and southern Africa.

No case of ECF was confirmed in exotic cattle pneeioly because all the exotic cattle
were zero-grazed and therefore under low tick ehgk. In addition, it was observed that
farmers keeping the breeds tended to apply acadaitbre regularly than farmers with
indigenous cattle. Exotic cattle are known to beersusceptible to TBDs (Norvat al.,
1992; Ndungtet al, 2005; Gachohet al,, 2012) and apparently the farmers were aware

of this fact.

The incidence of ECF was higher in Athi River Digis compared to the other three
divisions. These results were consistent with tHom®a the cross-sectional survey carried
out earlier whereby the division also had the haglpeevalence of the disease. These
differences could be attributed to the differentismmnmental conditions since the
distribution of the TBD vectors is influenced bykaical, geographical and climatic

factors (Swaet al.,2006; Bazarusangd al, 2007; Gachohet al.,2012). Most farms in
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Athi River Division experienced high tick challentigoughout the observation period
especially byRhipicephalus appendiculatuslike Kangundo Division where most

farmers zero-grazed their animals.

Only three calves died of ECF during the studygaeriDuring the earlier cross-sectional
survey, 226 calves were reported to have beeretteat 81 of the farms, 12 months prior
to the study. It was observed during the longitatistudy that a number of farmers in the
County, including some recruited into the studgdiberbs to treat ECF. This suggested
that the provision of free treatments offered dgitime trial, could have resulted into a
lower mortality rate due to ECF. The other reasould have been an exaggerated

diagnosis of ECF in anticipation for support giveat ECF treatment is expensive.

There were only four confirmed clinical cases ddlasmosis and no case of babesiosis
in spite of the fact thdoophilus decoloratug major vector of the two diseases was
prevalent in three of the study divisions. Theseilts are similar to those of a study
carried out by Swaet al (2009) in the Tanga region of Tanzania. Desptgcerns with
respect to misdiagnosis of the two diseases, kagu that many cases of the diseases
are routinely reported to the local veterinariafncadls (Chapter 3) and there is a need for

further epidemiological investigation to be carread.

Non-specific diarrhea and tick infestations wer itiost common causes of morbidity in
cattle. This finding was similar to that of a stuhrried out by Phiret al (2010) in
Zambia. Sheep and goat diseases diagnosed mostardynimcluded helminthosis and
pneumonia. Pneumonia was particularly a problegogts. Although only 4 cases were
diagnosed on the study farms during the observariod, farmers insisted pneumonia

was the commonest disease problem in small runsnaarticularly during the cold
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period of the year (May to August). Indeed, all thhses during the observation period
were diagnosed during this period. This may pertepdue to the poor design of
housing for the small stock leading to exposureald conditions during the night. The

houses were designed to keep away predators cermirthefts.

Fleas were a serious problem particularly in Kata@ub-location where farmers
complained of their persistence despite applicatioacaricides regularly. They applied
amitraz, pyrethroid or organophosphate compoundfdas control but all were
apparently ineffective. Control of fleas appearbea problem in Kenya as reported in a
survey conducted in Kajiado County (Mugarebal., 2012). A plan of action on the
control of fleas in the country needs to be drawrby the Department of Veterinary
Services to enable farmers deal with the growingane. Extension messages in the
country on the control of ectoparasites mainly ®oun ticks (DVS, personal
communication; KARI, 2012) and largely ignore otketoparasites some of which are of
public health importance. Livestock harbour fledsoh cause dermatitis, allergies or
jiggers in human beings. Some species of bovingdluand mite infestations can also
infect human beings. Thus, the control of livesteckoparasites needs to be
comprehensive in the interest of public health simould not be primarily directed at the

control of TBDs.

Contagious Caprine Pleuropneumonia is not knowsetendemic in the study area.
However, the outbreak of suspected cases of tleasksunderlies the problem of
uncontrolled livestock movements between diffeparts of the country. Although there
is a shortage of veterinary personnel who are thsk# monitoring livestock movement

in the study area, the fact that the animals waresported more than 300 kilometres
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from the North Eastern Province into the Countyhaitt any valid documentation
exposes serious weakness with regard to enforcemhéaws governing livestock
movement in the country. If the country is to swsfelly establish the proposed disease
free zone (GoK, 2009), which will enable the counitr access the lucrative European
Union market under vision 2030, then the act (GGSR) governing livestock movement
needs to be strictly enforced. Successful impleatant of the disease free zones is
expected to have a spin-off effect that will spuestock development especially in the

marginal areas such as the study area.

A spell of drought was experienced during the stoelyod. Though much of the County
can be described as being semi arid, the amouairdall received was far below the
annual average of 500 mm. In arid and semi ariddanf Kenya, drought is the most
important hazard encountered by households (Hufab, 2011). Indeed, drought has
been increasing in frequency, especially in Northéenya from once every 10 years in
1970 to currently once in every 2-3 years in (Howd009). Prolonged droughts can
lead to gradual changes in rangelands vegetation fralatable to non-palatable species
with the overall effect of diminishing pasture gtignand quality (Huhcet al, 1990).

The drought weather spell that was experiencedhduhe study period was the cause of

malnutrition observed on some of the farms.

The average daily milk production was low comparethat reported for high potential
areas in the central region of the country. Althotige drought weather conditions
adversely affected milk production especially amtrgexotic crossbreed of cowtise
overall average daily milk production (1.98 litregs less than a third of the average

daily milk production of 7.2 litres recorded in tbentral highlands of Kenya (Stalal,
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1997; Karanjeet al, 2002). The low milk production could be attribdtto the
predominantly poor breeds of indigenous cattle ke@ounty, which are not suitable for

a dairycattle enterprise (Thorpet al, 1995).

Previous studies in Kiambu County on factors infitiag milk production reported
inadequate feeds and poor reproduction managera¢he &ey factorfOmoreet al,
1994). Lack of adequate feed was one of the can&r livestock production that was
ranked highly by the farmers during the rapid afgatestudy (Chapter 3). This was
further aggravated by the drought conditions exgmeed during the last three months of

the study.

Farmers with exotic crosses of cattle had verytéohaccess to artificial insemination
services and relied on “shared” bulls, often of lgenetic potential. The resulting
offspring were often of lower genetic potentialritthe dams. This may have contributed
to the lower than expected milk production on #ueris that kept the exotic crosses.
Crossbreeding between suitaBles Taurudreeds and local breeds can be used to

improve the genetic potential of the local breedthe study area.

Although the average weaning age for calves wasinvihe recommended range of 3 to
7 months, calves on some farms were allowed tolswgkto 2 months prior to calving.
Studies have shown that cows not being suckled imaveased fertility (Larson, 2007).
When artificial insemination is used, the pregnaratg increases by 63% in cows that
are weaned at 80 days compared to 54% in cows wedri#l5 days (Larson, 2007). In
addition, cows with calves that had been weandg eanceived on average 7 days
earlier than those cows with calves that were rednved early. In small ruminants early

weaning enables breeding ewes and does to regadiitiom faster resulting in higher
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conception rates (MLA, 2011; Geotsehal, 2011). Early weaning can also help
improve the throughput (rate of giving birth) ohess, lambs and kids and therefore
further improving livestock productivity. It is @sadvantageous during drought to avoid
rapid deterioration of the body condition of fematemals. Livestock productivity in the
study area was found to be unsatisfactory but aastantially be improved by adoption

of good breeding management and animal husbandcyipes.

Although the birth weights of calves seemed ndid@dversely affected by the sub-
optimal genetic potential of the cattle breedshim $tudy region, the growth performance
as at the time of weaning was low compared to grfopnances recorded for dairy cattle
(Trail and Gregory, 1981) and for beef and duappse cattle (Radostitet al, 1994).
Despite the birth weight of the exotic crosses (fHieing higher than the 23.7 kg
recorded by Muraguri (2000) in the Coastal lowlaadd Omoreet al. (1994) in Kiambu
County, the weaning weights for calves weanedrabBths (143-154kg) were less than
average weight of 170 kg those recorded by Trall@regory (1981) for Boran and
Sahiwal calves of similar age. Apart from breededénces, factors that are associated
with daily weight again of calves include pastuoadition, season, distance to the
pastures, watering frequency, initial body weighd anfection with TBDs (Gitaet al.,
2001; Karimiet al, 2002). The drier climatic conditions in the statea could have

been responsible for the relatively lower averageit attained by the calves at the time

of weaning compared to those recorded in highesrgatl areas of the country.

Productivity of the small ruminants in the studgawas sub-optimal. Under good
breeding management, goats and sheep are expegr@ tirth on average twice a year

(Schoenian, 2011). None of the breeding ewes o8 daee birth more than once during
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the study period. On all farms, goats and sheep a#owed to mate naturally and this
could have been the main cause of the relativelyg later kidding or lambing intervals.
However, the birth weights for lambs and kids wasmparably to those of other studies

(Kiriro, 1986; Goetscletal., 2011).

Livestock off-take rates were low in all the fotmdy divisions. The off-take rates for
cattle were similar to those recorded by Arasidd@0dn Turkana County (1.30% -
12.00%) while the off-take rates for small rumirsamwere much lower than the 25%
recorded in the same study. The off-take rates asemuch lower than those recorded
by Njoka and Kinyua (2006) on commercial rancheBlathakos (28.7% for cattle and
15.3% for small ruminants) and the average off-takte of 25% for cattle and small
ruminants in the commercial sector in Africa (Musaet al, 2006). The off-take rates
for small ruminants in the four divisions were ronhsistent with those of the socio-
economic study (Chapter 4), whereby farmers indatéhat sheep and goats were
frequently sold to cater for short falls in the fhnincomes. Indeed the off-take rates
were less than those recorded for cattle. Thispwalsably due to drought conditions
experienced at the time of the survey. The farmenre apparently aware of the fact that
small ruminants had a better chance of survivalpamed to cattle under such conditions

and hence were reluctant to sell or dispose ofathmals.

No culling of livestock that were either infertibe past their peak performance with
regard to milk production took place during thedstperiod. Despite the fact that
reproduction is not a highly heritable trait (Mill€010), it is important to remove
genetic material (infertile animals) from the healas not to proliferate females that are

difficult to breed.
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CHAPTER 7

EFFICACY OF EAST COAST FEVER VACCINE AND COST
ANALYSISOF IMMUNIZING CATTLE AGAINST THE DISEASE

INMACHAKOS COUNTY

7.1INTRODUCTION

East Coast Fever (ECF) is the most economicallynapt disease of livestock in East
and Central Africa (Norvat al, 1992). The disease puts the lives of more tsan 2
million cattle at risk in the 11 countries of subkaran Africa where it is endemic (ILRI,
2010) and endangers a further 10 million animalggions such as southern Sudan,
where it has been spreading at a rate of more3@&iometres a year. While decimating
herds of indigenous cattle, East Coast fever isvam greater threat to improved exotic
cattle breeds and is therefore limiting the develept of livestock enterprises,
particularly dairy, which often depend on highetkayielding crossbred cattle (Muraguri
et al, 2005; Okuthe and Buyu, 2006; Chenyambemal., 2010; Gitatet al, 2010). In
Zebu Bos indicu} calves kept under pastoral management system,j&f@Bponsible

for annual mortality rates of 40-80% (Homewagidal.,2006; Di Guilloet al,, 2009). It

is estimated that an effective ECF vaccine foleatuld save the affected countries at

least a quarter of a million US dollars a year (ILED10).

An experimental vaccine against East Coast feverfigt developed more than 30 years
ago at the Kenyan Agricultural Research Instit4i&R1). Cattle were vaccinated using

the ‘infection-and-treatment method’(ITM), so-calleecause the animals were infected
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with live Theleiria parvaparasites and simultaneously treated with a laacgng
tetracycline to stop development of the disease.r&bulting immune response coupled
with sub-lethal natural challenge protected thenats against the disease for the rest of
their lives (Mutugiet al.,1989; Tumusiime, 2007; Di Guillet al, 2009; McKeever,

2009).

TheT. parvaMarikebuni stock was isolated and characterizethby et al (1983) from
the Coast Province of Kenya. Field studies camgtdn Coast, Central and Rift Valley
provinces of Kenya have shown that the stock sicamtly reduces the incidence of ECF
in immunized cattle (Wesonga al, 2000; Maloo, 2001c; Wanjokt al.,2001). The

efficacy of T. parvaMarikebuni has not been evaluated in Eastern Rcevof Kenya.

Disease control, especially of the TBDs is a magrstraint to livestock production in
the County. If shown to be efficacious, then the aithe infection and treatment method
to control ECF in the County can significantly redureatment and tick control costs
(Mukhebiet al, 1989; Muraguri, 1998) and thereby improve fashgrcome (McLeod,

1997) upon adoption of the technology.

Loss in productivity, hence profit, arising fronfeatious and parasitic diseases reduces
the efficiency of conversion of inputs (water, feddugs, labour, land capital and
management) into outputs (meat, milk, skin, mamune traction power) in ruminants
(Tambi and Maina, 1999; Nwafor, 2004). In a livegtproduction system, disease can
have either direct or indirect effect in the forfradditional cost or revenue foregone.
Diseases also affect herd structure, limits acteebgtter markets and lead to suboptimal

use of production technology (Tambi and Maina, 1®£hett, 2003).
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Use of animal health economics to support the decimaking process is increasingly
gaining importance in the livestock production secEconomics of livestock production
involves making decisions based on rational chaicéise allocation of scarce resources
against competing alternatives (Ackello-Ogutu anakeW, 1990; @rskov and Viglizzo,
1994). Numerous economic analysis studies have legdertaken on different farming
systems in Kenya. These include cost analysis ofumzation against East Coast fever
on smallholder dairy farms in Central Kenya (Munagi998), a study on the effect of
vector borne diseases on productivity of smallhot@dtle in the Coastal lowlands
(Muraguri, 2000), and analysis of productivity ofnf@/ Zebu cattle crosses in a pastoral
production system (Maichomo, 2008). Results frondigts carried out in Zambia to
assess the impact and financial implications of liiNraditionally managed Sanga cattle
(crosses betwedBos indicusandBos Taurucattle showed that it is a cost effective

strategy for ECF control (Minjauet al, 1999).

The main objective of this phase of the study waasisess the efficacy of ECF
vaccination in a Dual Purpose Cattle Small ScalREBS) production system in the
context of disease incidence and economic analj/Bisvaccine strain was tfie parva

Marikebuni stock 316.
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7.2 MATERIALSAND METHODS
7.2.1 Design of vaccination trial
7.2.1.1Farm and animal selection and sample size detertioina

The minimum age of calves selected for immunizatwas 1 month (Maloet al.,
2001b).Only calves and yearlings were selected as thetharmost susceptible age
groups to East Coast fever (Swveaial.,2009; Phiriet al, 2010). Besides, the cost of
administering the vaccine significantly increaseth\wnimal size (Muraguet al.,1998).

In addition, the dosages of the long acting tetiaeg that are administered concurrently
with the vaccine are computed on the basis of driiody weight and therefore the

smaller the animal, the cheaper the cost of imnatiois.

7.2.1.2Selection of farms for the trial on the efficacyttd ECF vaccine

A list of all farms that had relatively good recsmoh disease history in the seven sub-
locations selected for the longitudinal study wespared. For a farm to be selected for
the immunisation trial, it had to have at leasa®/es that were at least one month of age
(Malooet al.,2001b). Only calves and yearlings not previoushatied against ECF were
recruited into the trial. Milani sub-location in Nhini Division was omitted due to
concerns about accessibility during the rainy sesasdJsing random number tables, four
farms were randomly selected from each of the ssubAocations. Based on this

selection criterion, a total of 28 farms with 17#8wes were recruited into the trial.
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To block the effects of farm, control calves andniegs were selected from the same
farms as the vaccinated calves/yearlings. Each vemmthen given a code and all
recruited animals tagged. Calves and yearlingsahtgred the herds in the course of the

one-year follow-up period and met the selectioteda were recruited into both groups.

The minimum number of calves that needed to be imsedl by the end of the study
(assuming that immunising against ECF will resul50% reduction in incidence of

ECF) was derived from the formula in Doheioal. (2003):
n=[Z, (2PQ)"*Zs (PeQe + P:Q) Y% (Pe-Py) 2

Z,= Value of Z (1.96) which providag2 in each tail of a normal curve for a two- tailed

test.

Zz = Value of Z (-0.84) which provides 3 in lower tafi a normal curve (Z3 is negative if

3 <0.5).

P.= Estimate of response rate in vaccinated groupnaisg) prevalence of ECF to be

(40%) (Ngumiet al.,2005) = (20%).

P.= Estimate of response rate in non-vaccinated g(40g)
P=R+P./2 = (0.30)

Q=1-P = (0.70)

The minimum number of animals for the vaccine twak
=[1.96 (2 x 0.30 x 0.76f+ 0.84 (0.20 x 0.80 + 0.40 x 0.66
(0.20- 0.409
(1.270 + 0.563§/ 0.20°= 81
Thus, a minimum of 81 animals needed to be immudnigéh 81 controls.
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7.2.1.3Immunisation procedure

Farmers were once again asked about the disedsgyloseligible calves and yearlings
for the last 1-3 months. A stratified random metlas used to allocate cattle to the
treatment and control groups. The study populatias stratified by herd and within each
herd the calves and yearlings were randomly (ugirgpndom number table) allocated to

each of the two treatment groups.

Clinical examination of the animals was undertakesh prior to the inoculation of the
vaccine. Animals with a rectal temperature > 3@ 4vere excluded. Irrespective of
whether the body temperature was normal or nomaisi with enlarged superficial
lymph nodes were excluded on suspicion of havirepbecently infected with ECF.
Animals that appeared malnourished (weakness witiysion of bones of the

shoulders, ribs, backbone and hips and sunken esgrs)also excluded from the trial.

Based on this criterion, a total of 100 calves yearlings were initially vaccinated

against ECF while 78 others served as controls.

The immunization procedure was carried out usiegniethod described by Radley
(1978). TheT. parva(Marikebuni) stabilate was stored in 0.5ml aliquiot plastic straws
kept under liquid nitrogen canisters. The strawsewapidly thawed by rubbing between
the palms and their contents dispensed into uraVerttles. A 1:40 dilution of the
stabilate was done using Eagles Minimum Essentedilym with 3.5% w/v bovine
plasma albumin and 7.5% glycerol. After 30 minuwigsquilibration, the stabilate was

inoculated subcutaneously in front of the pre-stapgymph node. A 30% long acting
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oxytetracylines (Tetroxy L.A, Bimeda) was administtat a dosage rate of 30 mg per kg
body weight by deep intramuscular injection. Anymmmised animal developing clinical
signs of ECF with fever and macroshizonts in lymple smears for at least three days
was designated as an “ECF reactor” (Wangihal, 2001). However, inspite of using the
30% oxytetracylines formulation, there was regatanmunication with the farmers just

in case of the odd reactors.

7.2.1.4Surveillance of East Coast fever

Surveillance of ECF in both the vaccinated groug @mntrols was by determination of
antibody titres and the incidence rate of the dise&ince the tick vector dheleria
parvahad been observed to be prevalent in the studydan#ag the cross-sectional
study, it was expected that some of the calves aleeady exposed tbheileria parvaby
the time they were one month old. Under this saentre Indirect Fluorescent Antibody
Test (IFAT) is ideal in monitoring the immune respe as it is possible to record the
change in antibody levels for animals that wereally exposed tdheleria parvaat the
time of immunization. Although immunity to ECF islemediated (McKeever, 2007),
sero-conversion following immunisation can be uag@ tool to monitor the viability of
the ECF vaccine. Thus, it is necessary to detersgn@positivity tol.parvaon the day

that the animals were immunised (day 0) and or8&feday (day 35) post immunisation.

The IFAT test was carried out as described by Bgeaiand Kimber (1972). Schizont
antigens were prepared as described by Cakmak 1B86fly, cultures containing

schizont antigens were centrifuged at 200g for 2Qutes at 4C.The supernant fluid was
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removed and the cell pellet was resuspended in L6Dphosphate buffered saline (PBS)
at £C (PH 7.2 to 7.4). This was followed by centriftigatat 200 g for 20 minutes. The
washing procedure was repeated three times. Afeefinal wash, the cells were
resuspended in PBS. Thin layers of the cell suspengere spread on Teflon-coated
multisport slides (Glaxo-Welcome, UK) using a 10@jdette. The slides were dried and
fixed in acetone for 10 minutes. Pre-vaccinatiod past-vaccination sera were tested at
serial antigen dilutions of 1:40 up to 1:2560. Ttye(20) ul of each serum dilution were
transferred to the antigen (schizont) wells. Thisviollowed by incubation at 32 for

30 minutes. Serum samples were removed from anigéls by immersing in two
consecutive jars containing PBS for 10 minutes @iach. Twenty (20) ul of diluted
anti—bovine immunoglobulin fluorescein isothiocyeneonjugate at a dilution of 1:100
was added. Evans blue at a concentration of 0.04%added as a counterstain and
incubated at 3C for 30 minutes. This was followed by washing éhtienes in PBS.
Known positive and negative sera were used asasnirhe slides were read under a
fluorescent microscope. An animal was considergubgad (positive) if its serum reacted

at titres of 1:160 (Burridge and Kimber, 1972).

Animals were followed for a period of 12 months fpesccination. Each farm was visited
on a monthly basis and the infection status of estmal determined by clinical and
laboratory examination of blood and lymph node ase@linical surveillance was kept
on all the cattle in both treatment groups on dadsgis. In three of the sub-locations
(Ndithini, Katine and Ndunduni), the local anima&ith assistants (AHA) were recruited

to monitor the occurrence of disease. In the retesub-locations, farmers were asked
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to report by phone all suspected cases of diseabe principal investigator. To ensure
rapid reporting of diseases, all clinical case$BDs and other infectious disease
conditions in cattle on the selected farms weratéi@ free of charge throughout the trial
period. Early signs of ECF looked for includedg¥e, enlargement of superficial
lymph nodes and dyspnoea. Blood smears and neiegisids were made from
prescapular lymph nodes of all animals reportedsfiecially when accompanied by a
rectal temperature of 39.4 C. The smears were fixed in methanol and takeheo
laboratory at the Veterinary Research Centre, Madgagstaining in Giemsa and
examination under a light microscope. The lymphensghears were examined for the
presence of schizonts and the blood smear§Heileria parvapiroplasms, anaplasma
and babesia. Animals found to be suffering from Exeffe treated with buparvaguone
(Butalex®, Pitman Moore, UK) and supportive anttlmarugs while cases of anaplasma
were treated with either imidocarb diproponiate®@n{fan, Moore, UK) or a long acting

tetracycline. Tick challenge was assessed as thescim Chapter 5.

7.2.1.5Data Collection

The parameters recorded soon after immunizatiordandg the regular monthly visits

were:

* Pre and post-immunization serological status.
» Tick challenge levels.
» Cases of ECF and other TBDs.

* Treatments against TBDs.
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» Mortality due to ECF and other TBDs.
» Expenditure on acaricides.

* Expenditure on disease treatment.

7.2.2 Data management and analysis

Data were entered into an access file. The incieleaies for various disease events were
calculated in Microsoft Excel program (Microsofti@oration, USA) after exporting the
relevant data files from the Access program. Atit@rough screening for errors, the files

were exported to STATA Version 10 (StataCorp.208a)istical program for analysis.

Multivariate analyses were conducted using Poissgression models that incorporated
general estimating equations to correct for regeateasures in time for antibody titre
determination. Only the first cases of ECF and offigDs were considered in the
analyses. Animal-level factors taken into consitlenaincluded breed, sex, age, tick
challenge/level. The farm level factors includepping frequency, tick control, and
herd-size. Division and season of the year weretalsen into consideration. Dipping
frequency was transformed into a categorical végialith 3 classes (level 1: 0-4 times;
level 2: 5-8 times and level 3: over 8 times) befbeing fitted in the multivariable

model.
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7.2.2.1Estimation of ECF incidence and vaccine efficacy
The incidence rate (IR) of ECF was computed asriestin Dohocet al (2003):

IR= Number of events during observation period
Animal-months at risk

The denominator for estimating incidence was thaler of animal-months between the
dates the intervention (immunization) study begardéte of recruitment for those
animals introduced into the study after commencéjraerd detection of infection,

withdraw from the study, or end of the study.
Vaccine efficacy was calculated as described byoBdartinset al. (2010):

Efficacy of vaccination = (Incidence rate in cohigooup - Incidence rate immunised in grpup
Incidence rate in ¢ohgroup

7.2.2.2Estimation of the cost of application of acarigdend treatment of East Coast
fever
On each visit during the study, information wasorded on disease treatments, the cost

of each treatment (including professional chargesy) undertaken, number of times
acaricides had been applied on the animals sircpretvious visit and expenditure on
acaricides. The figures derived from these recael® used to compute the annual cost
of application of acaricides and ECF treatment® dilnual cost of acaricide application
was computed as described by Muraguri (2000) as:

TC = MA * NA (PM) * 12

Where,

TC= Total cost,

MA= Mean application cost per animal, and

158



NA (PM) = mean number of application cost per month

The mean annual cost of ECF treatment per animside&aved from the formula:
M (AT) = TC (D) INC

Where, M (AT) is the mean cost of treatment penehi

TC (D) = Total treatment cost for the disease, and

NC = Number of cases of the disease recorded dthisgtudy period.

7.2.2.3Cost of immunisation per herd

The total cost of immunization per herd gy was estimated as described ley al
(2997):

(Y @) =V+M+a (D +B+C)

Where

V= Veterinary proffesional charges

M= Mean cost of monitoring (transportation and lat)ger herd.

a = Mean number of animals per herd.

D= Cost of vaccine per animal (one dose).

B= Cost of the blocking drugs per animal.

C= Mean cost of consumable items per animal.

The detailed figures used to compute the cost afumzation in the trial were based on
the costs of immunizing against ECF derived fromr&guiri (1998), Babo Martins

(2010) and VRC (2011).
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7.2.2.4. Economic analysis

Partial farm budget analysis was used to estinma@itofitability level of herd
immunisation against ECF by the infection and trestt method (ITM) in the County.
Partial budgeting provides a simple economic dpion and comparison of different

disease control measures (Dijkhuizdral., 1995).

The components and parameters used and the fmutigét framework are as shown in
Tables 7.1 and 7.2, respectively.

Table 7.1: Partial farm budget framework.

. Additional returns

. Costs no longer incurred

. Subtotal: 1 + 2

. Foregone returns

. Additional costs

. Subtotal: 4+5

N OO WIN|E

. Difference: 3 — 6: Derived net return. If neture is negative, then the procedure is not
recommended and vice versa.

Table 7.2: Parameters and components consideieariial Budget Analysis of the
financial benefits of East Coasv& immunisation using the infection and
treatment method in Machakos, @pun

Parameters Components considered
Additional returns Extra Calves Sold =ECS x (CPG¥bup- CP | Group)
Additional costs incurred 1.Cost of vaccination € ¥ NoA | Group

2.Cost of treatment of reactors= TC x (R x Nol)

3.Cost of treatment of infected calves= TC x ECRJraup | x
No animals group |

4. Tick control (NI Group and | Group)

Costs No longer incurred 1.Costs with treatmerttiséased calves= TC x ECFInc Groug
NI x No animals Group NI

2. Tick control. It is envisaged that tick contooists will be
reduced by 50% among immunised animals (GPI).

Foregone returns None since calves that died hadivage value

Key: CP= Cost per head; ECFInc= East Coast fevedémce; ECS =Extra calves sold;
| = immunised group; NI= Non-immunized group; NoAmmber of calves
R= percentage of reactors to vaccination; TC={fmeat cost; VC = Vaccine cost
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7.2.2.5 Assumptions of the analysis

Only calves and yearlings were selected for immation to avoid production losses
associated with milk withdrawn for human consumpfiollowing injection with long
acting oxytetracylines. It was assumed that @s@equence of ECF vaccination,
immunized calf price/trade would increase (Homewebdl, 2006) and calves would
command a 50% higher price in the market (Di Gieli@l.,2009). The analysis was
performed on assumption that the subsequent imratioizin the County would be
carried out by a private veterinarian in line witle government policy of delivery of the
technology by private veterinary practioneers; leemprofessional charge of USD 13.33
per farm was included in the analysis. It was alssumed that the veterinarian travelled
on average 50km to supervise the immunization.artadysis was done for the year
2008-the year the immunisation trial was carrietl All the prices and costs are

therefore in 2008 terms when the mean market ceiorerate was Ksh.75 to the USD.

7.2.2.6Determination of association between vaccinatind ancidence of East Coast
Fever

Attributable Risk (AR): Since the disease is oftdiserved among vaccinated cattle not
all disease in the non-vaccinated cattle couldttsbbated to the being non-vaccinated.
The rate of disease in the non-vaccinated groughmvas attributed to being non-
vaccinated was obtained from the difference in ohtdisease among the non-vaccinated
and vaccinated cattle as described by Maatial (1987): p(D+/V-) - p(D+/V+) where
p(D+/V-) is the rate of disease among the non-vated cattle and p(D+/V+) is the rate

of disease among the vaccinated cattle.
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Attributable Fraction (AF): The proportion of diseain the non-vaccinated cattle that

was due to being non-vaccinated was computed asvial AR/p (D+/V-).

Population Attributable Risk (PARis the increase in risk of disease in the entire
population that is attributable to being non-vaatéd. This was computed as the overall
observed risk (combining vaccinated and non-vatedhgroups) in the study population
minus the baseline risk (risk in the vaccinatedugjop(D+) - p(D+/V+) where p(D+) is
the rate or proportion of diseased animals irpiygulation and p(D+/V+) is the rate of

disease among the vaccinated cattle.

Population Attributable Fraction (PAF): Indicatesportion of disease in the whole
population that is attributable to being non-vaatéd and can be avoided if all animals
were vaccinated. This was was computed as desdojp&thrtinet al (1987) and

Gachohiet al (2013):

73 RESULTS

7.3.1 Study population

Initially, 178 calves/ yearlings were recruitedarthe study from the 28 study farms
(Table 7.3). One hundred (57.6%) calves were imaachagainst ECF while 78 (42.4%)
served as controls. Calves born on the farms duhi@gwelve-month follow-up period
were progressively recruited into the study atage of 1 month. An additional 34 calves

were born or brought into the study farms during gtudy period. A total of 29 calves/
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yearlings were lost to the study through deatHsssar transfers. By the end of the study,

there was a total of 183 calves and yearlings @ @\8).

Table 7.3: Division and farm distribution of calvasd yearlings in the controlled
immunization trial against EastSbfever in Machakos County, 2008-2009.

No of calves/yearlings present

Start of study End of study
Division No of Immunised Control Immunised Control
farms

Athi River 7 58 44 79 45
Kangundo 7 11 12 16 13
Matungulu 9 16 13 19 13
Ndithini 5 15 9 15 12
Total 28 100 78 129 83

7.3.2 Sero-conver sions following immunization against ECF

The highest proportion (93.7%) of cattle that semoverted 35 days post immunization
was recorded in Athi River Division while KangunBeovision had the lowest proportion
(87.5%) (Table 7.4). None of the 13 cattle in tbatool group in Kangundo Division
sero-converted while Matungulu Division had thehaigt proportion (15.4%) of control
cattle that sero-converted. Overall, 92.2% of thlees and yearlings sero-converted after
immunisation compared to only 6% that sero-conwkiriehe control group; the
difference was statistically significant (p<0.0B8p “reactors” were observed among the

vaccinated animals.
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Table 7.4: Serological reactions of cattle in tienunised and control groups in the
immunization trial against East@&Sofever in Machakos County, 2008- 20009.

Division No. of cattle No. of cattle with Proportion | Proportion
post- immunization of of control
antibody titres > 1:16(0 immunized | cattle that
cattle that sero-
sero- converted
Immunised| Control Immunised| Control | converted
Athi River 79 45 74 2 93.7 4.4
Kangundo 16 13 14 0 87.5 0
Matungulu 19 13 17 2 89.4 15.4
Ndithini 15 12 14 1 93.3 8.3
Total 129 83 119 5 92.2 6.0

7.3.3 Incidence of tick-bor ne diseases

A total of 35 clinical cases of ECF were recordedrty the one-year study period. Of
these, 9 were in the immunised group and 26 ircdimérol group (Table 7.5). The annual
incidence rate (42.7%) of ECF in the control grewgs significantly (p<0.05) higher than
the rate in the immunised group (7.8%). Calvesyaatlings in the control group were
apparently 6 times more likely to develop ECF ire&to those in the immunised group
(Table 7.5). Other factors significantly (p< 0.@8sociated with incidence of ECF
included age, sex, tick control on farm, tick cbafie, season and dipping frequency
(Table 7.5). After adjusting for effects of confalimg in multivariate analysis, only three
variables of the seven that were significant invanate analysis were retained in the
final model, i.e., immunization, age and sex (Tab®). Division, which was not
significant in univariate analysis was significamthe final model indicating that its

effects were confounded by the other variabless €ffect was more pronounced in
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Matungulu Division where the IRR changed from 1(#/®.7, Table 7.5) in univariate
analysis to 3.14 (1/0.32, Table 7.6) in the finaldal indicating that cattle in the division
were approximately 3 times less likely to develdpHeelative to cattle in Athi River.
The effects of immunisation were not confoundethadRR changed minimally in the
univariate analysis from 5.5 to 5 (1/0.2, Table) Tnémultivariate analysis.

The efficacy of the vaccine was 81.7% indicatingf tine vaccine reduced the incidence

of ECF in vaccinated calves and yearlings by 82%.

Table 7.5: Univariate analysis for exposurd heileria parvainfection in a controlled
Immunization trial against E@stast fever in Machakos County, 2008-2009.

Variable Levels No. of Animal months-  ‘Incidence rate ’IRR (95% CI) Annual p-
ECF cases at-risk (%) per cow Incidence  value
month (95% CI) rate
ECF Yes 9 1,391 0.6 (0.3-1.2) 1.00 0.078
immunization
No 26 730 35(2.3-5.2) 5.50 (2.58 — 11.74) 0.42 0.00
Division Athi 23 1,224 20(1.3-31) 1.00 0.225
Ndithini 5 258 1.9 (0.6 —4.5) 1.03(0.39-2.71) 0.233 0.95
Kangundo 2 256 0.8(0.1-2.38) 0.42 (0.10, 1.76) .094 0.23
Matungulu 5 382 1.3(0.4-3.1) 0.70 (0.26 — 1.83) 0.157 0.46
Breed Indigenous 31 1,605 19(1.3-2.7) 1.00 D.23
Exotic 4 517 0.8 (0.0-3.2) 0.22(0.03-1.83) 09G. 0.13
Age Calf 29 1,290 22(1.5-3.2) 1.00 0.270
Yearling 5 723 0.7 (0.2-1.6) 0.31(0.12-0.79) 0.083 0.02
Adult 0 105 0 0 0 0.99
Sex Male 18 658 27(1.6-4.3) 1.00 0.328
Female 17 1,463 1.2(0.7-1.9) 0.42 (0.22 —0.82) 0.139 0.01
Tick control Yes 15 1,643 0.9 (0.5-1.5) 1.00 011
No 19 472 4.0(2.4-6.3) 4.50 (2.35—8.98) 0.483 0.00
Tick Yes 28 1,123 2.5(1.7-3.6) 1.00 0.299
challenge
No 7 998 0.7(0.3-1.4) 0.28 (0.12 — 0.64) 0.084 0.00
Season Wet 21 905 23(1.4-35) 2.01 (1.0393.96 0.04
Dry 14 1,216 1.1(0.6-1.9) 1.00 0.138
Dipping 0-4 12 277 4.3(2.2-17.6) 3.35(1.57 -7.15)  520. 0.00
frequency 5-8 8 685 1.2(0.5-2.3) 0.90 (0.3812) 0.140 0.81
> 8 15 1159 1.3(0.7-2.1) 1.00 0.155

YRR Incidence Rate Ratio
2Cl Confidence Interval
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Table 7.6 Multivariable analysis for exposureTtbeileria parvainfection in cattle
in a controlled immunizatioretragainst East Coast fever in Machakos
County, 2008-20089.

Variable Level YRR 95% °Cl Std. Err. p-value

Immunization Control 0.20 0.09-.44 0.08 0.00
Vaccinated 1.00

Division Kangundo 0.26 0.06-1.19 0.20 0.08
Matungulu 0.32 0.11-0.91 0.17 0.03
Ndithini 0.81 0.29-2.24 0.42 0.68
Athi 1.00

Age Yearling 0.27 0.10-0.73 0.14 0.01
Adult 0.00 0.00 0.00 0.99
Calf 1.00

Sex Female 2.18 1.09-4.36 0.77 0.03
Male 1.00

Season Wet 2.00 0.99-4.02 0.71 0.05
Dry 1.00

YRR Incidence Rate Ratio
2ClI Confidence Interval

7.3.4 Association between vaccination and incidence of East Coast fever

The attributable risk and attributable fractiongev@.24 (24%) and 0.77 (77%)
respectively. Thus, 24% of the incidence of theds® in the non-vaccinated group was
attributed to non-vaccination while 77% of the &asEECF in the non-vaccinated cattle
were due to non-vaccination against the disease.

The increase in the risk of the disease in theepbopulation (from which the trial
animals were selected) that was attributable togoron-vaccinated was 0.14 (14%)
(PAR) while the proportion of disease in the whpbgpulation (PAF) that was attributed

to being non-vaccination was 0.58 (58%).
166



7.3.5 Cost of immunization

The mean herd size was 20.8 animals comprising32 adults, 2.5 yearlings and 5.1
calves. However, only calves and yearlings weresiclemed in the estimation of the cost
of the ECF vaccine. The mean number of calves aadiggs on the trial farms was 7.3.
The immunization costs are as shown in Table 7hé.donsumable items included
syringes, hypodermic needles, microscopic slidesséaining reagents.

The estimates of the cost of an immunising dosstadfilate were based on the current
production costs of 100,000 doses at VRC Muguga.clirent total cost of producing
the stabilate (100,000 doses) is USD 113,300. inkladed the cost of quality control
processes (cross-immunity trials, titration anekening for pathogens).

The total cost of a dose of the vaccine (inclusivell costs) was 6.96 USD (Table 7.7)
(equivalent to Ksh. 522 at the average exchangeksit.75 to the dollar at the time of
the trial in 2008).

Based on the data collected from the 28 trial fatims average cost of treating a calf (up
to 12 month of age) for ECF was Ksh.258 while agerannual cost of application of
acaricides per animal was Ksh.205.9 (Table 7.8t Eaast fever was mainly treated by

use of long acting tetracyclines.
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Table 7.7: Estimated cost of the various componenECF immunization in Kenya,

2008.
ltem Category* Cost in USD. Percentage of
Per farm Per animal total cost
Stabilate production Variable 8.25 1.13 16.23
Blocking drugs Variable 3.50 0.48 6.90
Consumable items Variable 11.68 1.60 22.99
tLabour (monitoring) Fixed - - -
Transportation Fixed 1.83 0.25 3.59
Professional charges Fixed 25.55 3.50 50.29
Total 50.81 6.96

*Parameters costed per animal (animal-dependent tgemed as “variable” while those
costed per whole farm were termed as fixed.

TNo reactors are expected when 30% oxytetracyfor@sulation is used. This eliminates
the need for monitoring.

Table 7.8: Inputs used in partial farm budget asialgf the financial benefits of East
Coast Fever immunisation by thfedtions and treatment method in
Machakos County, 2007.

Parameter Value Source
Immunized Non immunized
No of calves (NoA) 129 83 Study data
Market value of a calf (CP) *Ksh.6,347 Ksh.6,347 ud§tdata
ECF cumulative incidence (Cuminc) 7.76 42.74 Stualta
ECF cumulative mortality (CumMort) 0 5 Study data
Vaccine Cost (Ksh) VC Ksh.522 Market price
Cost of treatment (Ksh) TC Ksh.258 Ksh.258 Marketep
Percentage of reactors to vaccination (|R) 0 Stladg Market price
Cost of tick control Annual basis per Ksh.205.9 Ksh.205.9 Study data
animal (TCA)

*Based on field data from elsewhere, the pricexahunised calves is expected to
increase by at least 50%
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Immunization of calves against East Coast feveegdrd a net output of Ks 559,257.90
which translated into a mean marginal return of . BsB38.00 per vaccinated calf (Table

7.9).

Table 7.9: Net return of immunization against EGMiachakos County.

Parameter

Additional returns: N/B accurate records of extbves sold as a result of immunization
not available

Additional costs

Cost of vaccination Ksh.67,338.00

Cost of treatment of infected calves-immunised grish. 258,268.30
Tick control Ksh.43,650.80

Costs no longer incurred
Treatment of diseased cattle Ksh.915,234.4 ( Mominized calves)
Tick control Ksh. 13,280.60

Net return = Ksh (915,234.4 + 13,280.6 ) —(67,83858,268.3 + 43,650.8)
=559,257.90
Average net return per calf = Ksh. 2,638.00

The number of animals immunized per farm had a majtuence on the mean cost per
animal, with the total cost of immunization deciegsas the number of cattle per herd
increased (Figure 7.1). In this analysis, the cbshonitoring, the professional fees and
transportation costs were termed as fixed costsgghey were charged uniformly,
irrespective of the number of animals on the fafirese cost contributed 54.9% of the

total cost, hence the high cost when few animalgewemunised on the farm.
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Figure 7.1: The trend of the total cost per aniorakensitivity analysis of the total
number of animals immunized faem

7.4 DISCUSSION

East Coast fever in cattle is mainly controlledtwy frequent application of acaricides.
However, the use of acaricides to control the we&tors of the disease is unsustainable
due to increasing costs of acaricides, poor maamtes of dips or sprays, water shortages,
tick resistance to the acaricides, illegal cattevements, and contamination of the
environment or food with toxic residues, and avality of alternative tick hosts (mainly
ungulates) (Wesonga al.,2006; Ocaideet al.,2008; Mendegt al, 2011). Thus,
immunization against ECF appears attractive asakpected to reduce the risk of the
disease and reliance on the use of acaricidesteBudt would be an increase in

productivity.

It is estimated that the ECF vaccine can save t&flecountries, mainly in sub-Sahara

Africa, up to 315 millionUSD a year in both losgkse to mortality and control costs
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(ILRI, 2010). In herds kept by the pastoral Maga=ople, for example, the disease kills
from 20% to over 50% of all unvaccinated calvesI2009). In a study carried out in
Zambia (Berkvenst al, 1987), ECF incidence rates of 70% to 80% weterded in
calves less than one year old with corresponditadifiarates of 30-40%. This scenario
makes it difficult and often impossible for the thers to plan for the future, to improve

their livestock enterprises and thus raise thamaard of living.

In endemic areas where there is continuous chadlerit the infected ticks

(R. appendiculatysanimals only need to be immunised once in tiifei(Radleyet al,
1975; Mutugiet al,, 1989). Calves, the most susceptible age grampbe immunised as
early as 1 month after birth (Mal@t al.,2001b). The technique is growing in popularity
in the East African region with Tanzania taking lsad. For instance, more than 500,000
cattle have been immunised against ECF in the cpsirice 1998 (ILRI, 2010). Itis
estimated that calf mortality can be reduced byoup5% following immunization (ILRI,

2010).

A number of studies have been conducted to estathiesefficacy of the ECF vaccine in
the Central, Coastal, South and North Rift Vallegions of Kenya and in the
Ngorongoro region of Tanzania (Yourgal, 1981; Radley, 1981; Mutuet al., 1989;
Mutugi et al, 1991; Wesongat al, 2000; Wanjohet al.,2001; Babo Martinst al.,
2010). All these studies demonstrated a signifid#férence between the number of
cases of ECF observed among immunised cattle cauparithe non-immunised ones.
Apart from the study undertaken by Babo Marghsl (2010) in the Ngorongoro region

of Tanzania, none of the studies evaluated thelémde of the disease among the
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immunised and non-immunised animals as a criteri@dmputing the efficacy of the
vaccine. This was the first trial to test the eftig of the vaccine in the eastern region of

the country.

A high proportion (93.7%) of the cattle sero-congdrfollowing immunization. This rate
was within the range (85% to 100%) considered dabdpfor a viable vaccine
(Muraguriet al, 2003). The sero-conversion rates were simildsetobserved in similar
studies (Wesonget al, 2000; Wanjohet al.,2001; Oureet al.,2004; Babo Martinst

al., 2010). However, antibody response following ndtunfection withT. parvaor
immunisation does not correlate with immunity te thsease as immunity against

T. parvais cell-mediated (Emergt al, 1981; Morzariat al, 2000; McKeever, 2007).

The efficacy of the vaccine in this study was (828k)ch is lower than the 95% reported
by ILRI (2010) or 97% reported by Babo Martetsal.(2010). This could probably be
attributed to differences in tick challenge betw#enstudy sites, differences in the
vector tick infection rates with the parvaparasite, and environmental factors. It has
been shown that high tick challenge could predipilmmunosuppression (Bock and De
Vos, 2001; Rashidt al.,2009) in the infested animals resulting into daliECF. In
addition, high tick infection rates witfheileria parvacan result in exposed animals
particularly calves, developing the disease betfogevaccine could have had time to
stimulate the body’s immunity (James, 1999; Rashial.,2009). It is also known that
tick infection rates with T. parva are greatly ughced by environmental factors such as
climate (Ochindaet al, 2003; Olson and Patz, 2010)and that the pardmitees in the

tick vector within the environmental temperaturega of 18-28C (Ochondaet al,
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2003). The sporozoite stage of the parasite midgphpidly within the salivary glands of
the tick vector under high environmental tempeguAn important implication of this

is that the efficacy of the ECF vaccine could Heuanced by the prevailing weather
conditions. Thus, there is need to conduct furtiimegstigations on the effects of high tick

challenge and. parvatick infection rates on the efficacy of the ECksiae.

The efficacy of the vaccine could have been furdftgcted by the adverse drought
conditions during the trial period as this couldd®deen a major source of stress. Stress
conditions such as drought and poor livestock memagt practices are known to have

adverse effects on the efficacy of vaccines (Cldraeal.,2004; Rashickt al.,2009).

In the study, only 77% of the cases of ECF in thie-waccinated cattle were attributed to
non-vaccination against the disease. This doesestitjggt there are indeed other factors

responsible for the occurrence of the disease an@ng the immunised cattle.

Nevertheless, the results of the immunisation inidhe study area do indicate that the
vaccine had a significant protective effect. Theocnae reduced the incidence of ECF by
82%. Indeed, vaccination of all calves/yearlingshie study area would have reduced
the overall incidence of the disease by 58%. Thidysdoes provide evidence that the
vaccine can be used to control the disease in Mash#ndeed the high number of
clinical cases of ECF that were observed duringstbdy (Chapter 6) was a stong
indicator that the disease is an important congttailivestock production in the County.
Use of the vaccine in the County can greatly impribwestock productivity as has been

the case in other parts of the country where thasebeen a roll out of the vaccine
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(Muraguri and Peeler, 1996; Ndatal.,1999). Concerns on the possibility of
introduction of vaccine strains following immunizat against ECF was one of the
reasons the Department of Veterinary Servicesdnuized the policy of gradual roll out
of the vaccine. Under this policy, commercial ubéhe vaccine was only permitted in
Coast, Kiambu County and ironically Machakos Coumiyere no trials on vaccine had

been carried out.

However, in the last five years, there has bednfais government policy regarding the
use of the live ECF vaccine. The Department of iedey Services is no longer cautious
about the use of the vaccine outside the regioresevtne initial trials on the vaccine
were carried out. Currently there are no restnigion where the vaccine can be used in
the country. This has largely been the effect oén¢ research findings that have allayed
fears over the role of the live ECF vaccine withaml to the introduction of new
Theileria parvastrains (Oura, 2004; Oura, 2007; McKeever, 200lgse studies do
confirm that elements of the vaccine establishrearastate in vaccinated animals and
alleles associated with vaccine strains emerge-grazing non-vaccinated cattle.
However, the epidemiological impact of these obstons could be tempered by
extensive recombination of co-ingested straindi@ntick vector. Besides, widespread
livestock movement, both legal and illegal, prolyatlhys a bigger role in the
introduction of newr heileria parvastrains.Ticks with “new” strains ofl heileria parva
can also be introduced through fodder or hay brbfrgin other parts of the country

particularly during the drier periods of the year.
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In view of change in policy on the use of the lxgecine, the “greater” Machakos
County is bound to benefit from the uptake of #&hhology since the vaccine was
efficacious in the trial and none of the farmeiised any safety concerns that could be
attributed to the vaccine. The vaccine will greatbytribute to the preservation of the
livelihoods of the resource poor farmers in thaaeas it will greatly reduce the
mortality of calves. Calves are an importance asséihey are the future replacement

stock of the cattle herds.

Apart from reduced mortality from the disease,dtieer benefits of immunising against
the disease include reduced costs associatedre#tmtent and reduction in acaricide
usage. Tick control in the County following immuati®n against ECF was not addressed
by the study. However, previous studies by Wesatgad (2000) and Wanjohet al.

(2001) established that depending on the levekkfdhallenge, tick control frequency

can be reduced to just once every three or fouksvem farms where all animals are
immunised against the disease without significaataase in the incidence of other tick-

borne diseases.

Studies by Mukhebet al. (1990), Nyangiteet al.(1994), Mukhebgt al (1995) and
Muraguriet al. (1998) established the cost/ benefits of immuigzagainst ECF. A
similar study carried out in Zambia to assessii@act and financial implications of
ITM in traditionally managed Sanga cattle (crossMeenBos indicusandBos Taurus
cattle) showed that it is a cost-effective strategythe control of ECF (Minjauwet al.,

1999).
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Immunisation of cattle against ECF in the Coaswiice of Kenya was found to reduce
economic losses by 24-40% in indigenous zebu gqadpellations and by 40—70% in
genetically improved grade cattle (Thornton and@d£998). In the study, it was
estimated that immunisation would yield increasesdt income of 24—-100%, depending
on the alternative control strategy employed. Gnhliasis of cost-benefit ratio,
immunisation at a cost of Ksh 544 (USD 25, in 198lues) per animal would be
financially profitable in grade but not in zebuttatFor the new strategies to be as
financially profitable for zebu cattle, the costimimunisation would have to be in the
range of Ksh 230—415 per animal, or the farm-gatef milk would have to increase
by at least 80%. Other studies have estimateddsieof immunisation per animal to
range from USD 2.50 to USD 20 (Radley, 1978; Kit@85, Mukhebgt al.,1990; Babo
Martinset al.,2010).

The results of the current study fall within thesige (USD 6.96) per animal and are
similar to those of a recent study carried out lap®Martinset al. (2010) in Tanzania
where the cost of immunisation was 6 USD per aniiifa relative low cost of
immunisation per animal in the two studies compaoesbme of the earlier studies is
attributed to the selection of calves and yeardorgTM as opposed to adult cattle. The
other factor that resulted into lower immunisatomsts was the use of the 30%
formulation of oxytetracylines as the blocking aigéine higher concentration of the
oxytetracylines (30mg/kg) compared to the converatig20mg/kg) oxytetracylines has
been observed to have a negligible “reactor” rBiedjulio et al, 2009). Treatment of
reactors is a major cost if oxytetracylines forntiolas of a lower concentration are used

accounting for up to 16% of the total cost (Muragli®98). The cost of the vaccine may
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seem to be too high for the smallholder farmeithenCounty. Despite the cost, calves
are only immunised once in their lifetime as thenumity lasts a lifetime if there is
continuous tick challenge. On the other hand, fasmspend between Ksh.220 and
Ksh.500 in treating each indigenous calf and uidgb. 4,000 for adult exotic cattle.
Thus farmers who immunise their cattle againsB6€& stand to make big savings on

treatment costs.

Partial budgeting provides a simple economic dpon and comparison of different
disease control measures (Dijkhizgral, 1995). Partial budget is used to decide whether
it is economically worthwhile to introduce a newhaology/change in an enterprise. The
decision is taken if the net returns are positR@sitive net returns are good indicators of
profitability of a new technology. From the resuifshe study, ITM technology is
financially profitable even when the extra calveklsas a result of reduced mortality and
the expected increase in the price of immunisedesalvere not taken into consideration.
The ITM realized a net return of Ksh.2, 638.00 ipgnunized calf. This was significant
in the study area since the average price of anamfrelatively low (Ksh.6, 347.00).

High net returns are indicators of high profitalyilof immunisation. Thus, it can be
concluded from the study that it is economicallytherhile to immunise calves against

ECF in the Machakos County.

If immunization against the disease is integratétl veduced acaricide usage, then

accrued returns are even much higher. If the tckrol frequency is reduced to once
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every two weeks, this will result into a 50% redaoictin acaricide costs. The annual cost

of tick control per animal (cattle) would drop frdfsh.206 to Ksh. 103.

Another benefit that can be derived from immunaais the increased value of the
immunised cattle. For instance, among the Masadopaists of Tanzania immunised
calves are sold at a price 50% higher than theimonanised calves (Babo Martins,

al., 2010).
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CHAPTER 8

CONCLUSIONSAND RECOMMENDATIONS

8.1 CONCLUSIONS

8.1.1 Constraintslimiting livestock production

A combination of qualitative and quantitative methavere used in identifying farmers’
constraints to livestock production in the fourdstulivisions of Machakos County.
Qualitative techniques involved rapid appraisahiegues while quantitative methods
included cross-sectional surveys to evaluate #sles of the prevalent tick-borne diseases
of cattle in the County. The longitudinal study weed to further quantify the incidence
of the tick-borne diseases, assess animal heatdtipraxuctivity. Using rapid appraisals,
it was possible to identify and quantify not oriytmajor livestock diseases but also the
other factors that constrained livestock productioMachakos County. The main
constraints identified in order of importance wikvestock diseases (mostly tick-borne
diseases), poor access to livestock and livestom#iyat markets, poor veterinary
infrastructure and inadequate feed. In additiba,gualitative techniques unmasked
problems that otherwise would have been missed oaty quantitative methods were
used. For instance, it was possible to identifgoea why poor livestock breeds
(indigenous) have been kept for so long in the @ouRearing of livestock in the County
was not undertaken primarily for commercial readmumswas also a status symbol. The
other reason was the fear of adopting new or uri@nainimal husbandry practices such

as keeping the more disease prone but improvelé tageds.
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Predation was also identified as a major consttaitivestock production in one of the
study divisions (Ndithini Division). Such informati is usually not found in the County

or Department of Veterinary Services annual reports

The main advantages of applying qualitative datkecioon methods were the relatively
shorter periods for completion and the prompt fee&lof results to the farmers. Within
a period of a month and using an average of 4 pagddauthor, facilitator, local
veterinarian or AHA and one recorder), it was paigsio gather data on all major
constraints, disease risk and control strategiles.pfompt feedback of results to the
farmers was particularly useful for continued dotleation as costly incentives were not
necessary. It also helped to gain farmer confidelucang the subsequent cross-sectional
surveys. Thus, the informal data collection too&sevMmportant in the initial collection of

data and facilitation of researcher entry intoghely area.

The main disadvantages of quantitative studies werdigh costs and the need for
specialized personnel and equipment during thdagoal evaluations. The longitudinal
study was also time-consuming. Costly incentiveeims of free veterinary services,
continuous reassurance and feedback were necéssarstain the study. It costs the
equivalent of 2.5US$ to screen fbineileria parvaAnaplasma marginalandBabesia
bigemina using the ELISA serological kit. Besides, many digible and capital items of
equipment were required. Although gquantitative gtwds expensive and time
consuming, it yielded estimates of various aningadltih and productivity parameters, and

management. Both methods (qualitative and quanejatomplemented each other very
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well in this study. The study further demonstrateglneed to involve farmers in
assessing constraints or problems affecting livéspooduction. Though farmers’
perceptions on key problems that limit livestoc&darction in a particular farming
system cannot be entirely relied on, their views e@gpose issues that otherwise would
have been neglected (Omati al, 2007). Such issues could be of great signifieanc
designing appropriate mitigation measures agapetiBc constraints limiting livestock

development or improvement.

8.1.2 Seroprevalence of tick-borne diseasesin Machakos County

8.1.2.1 Risk of tick-borne diseases

Tick-borne diseases especially ECF were the maistcaints to livestock production in
the study area. Antibodies to the three TBDs indexst were detected in all the selected
farms. The overall estimatesDfparva, A. marginalandB. bigeminaantibodies in the
County were 58.9% [95% CI: 56.5%, 62.3%],, 35.0%4ECI: 31.9%,38.8%] , 41.1%
[95% CI: 38.9%,41,4%)] respectively. Based onfih@ings of the cross-sectional
survey, a state of endemic stability characterlzgtligh seroprevalence rates and few
clinical cases was found to possibly exit for EGRwo of the study divisions (Athi River
and Ndithini) while anaplasma and babesia appdareglist in a state of endemic
instability characterized by low seroprevalnce higih number of clinical cases in all the
study divisions. However, these results were atmae with the findings during the
longitudinal phase of the study as only a few chhicases of the two diseases were

documented.
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AlthoughAmblyomma variegatunthe vector oEhrlichia ruminantium(heartwater) was
one of the commonest tick species in the study, m@aase of the disease was
documented during the observational period. Thiesknigs are different from those
made by Ngumet al (1997) which confirmed the presence of the dse@adlachakos
County. Tick challenge was high in three of thadgtdivisions namely, Athi River,
Matungulu and Ndithini. R. appendiculatus, the gefdr T. parvawas the commonest
tick species observed in the study site. Only 43%h® study farms that kept both cattle
and small ruminants practiced tick control on ladl three livestock species. During the
regular visits to the farms small ruminants wetemfound to be infested with ticks.
Thus, on farms that practice zero-grazing for eadtid also keep small ruminants on free

ranging, the latter could act as important soucfegk infestation to cattle

8.1.3 Socio-economic and demographic characteristics of the livestock farmers

8.1.3.1 Livestock and crop enterprises

One- hundred-and-eighty seven (93.5%) of the 20@ysfiarms practiced mixed farming.
This indicated diversification of sources of incomehe drought prone County, in order
to better manage risks associated with either ordivestock enterprises. Mixed farming
in the County is therefore important as it enhariced security. However, it was noted
during the study that farmers took full advantageixed farming to maximize on crop
production as the two enterprises are interdepdentdemestock manure can be used to
supplement fertilizers to enhance crop productiath ienprove on food security. The
majority (84%) of the 200 farmers used manure @ir flarms. Surplus manure was sold

to provide an extra source of income.
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Although cattle were kept as the main source oflfaimcome, sheep, goats and chicken
also played important roles such as catering fortdalls in family incomes. Thus, all
livestock species played a significant role ingbeial and economic lives of the

smallholder farmers in the County.

8.1.4 Morbidity and productivity estimatesin smallholder livestock farmsin

Machakos County

East Coast fever was the commonest disease diappadee study farms during the
longitudinal study. Twenty-six (26) cases of ECHeveonfirmed on 14 farms converting
to an annual incidence rate of 30.7% per calf-y€he risk factors of

T. parvainfection in cattle were the administrative dieiss where the farms were
located (there were more infections in Athi Rivadadithini divisions), age of animal
(more in calves), tick control on the farm (morefarms where tick control was

irregular) and season of the year (more in theyraeasons).

Malnutrition, mange, mycosis and diarrhoea weeedtiher conditions or infections
observed in cattle. Malnutrtion was not associatgd any animal or farm level

variables. Tick control was the only variable thais associated with mange. Mange was
significantly higher on farms where tick controlsuaot practiced compared to farms
where tick control was practiced. Thus, it can tsectuded that the acaricides used for

tick control were also effective on mites.
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Breed was associated with the incidence of nonigpé@arrhoea and mycosis. The
incidence of the two conditions was significanhx0.05) higher among the exotic
crosses of cattle (44.4% per cow- year) comparedeandigenous breed (4.5% per cow-

year).

The commonest causes of morbidity in sheep and geatte helminthosis and
pneumonia while diarrhoea due to bacterial infertjsevere flea infestations and mange

were the other diseases detected in small ruminants

Livestock productivity in the study area was fouade sub-optimal. The mean daily
production of milk, in cattle was 1.98 litres whialas less than a third of the average
daily milk production recorded in the high potehtieeas of the country. Milk production
and sales in the four divisions of the County wexgy low at the time of the survey. This
was mainly attributed to the small number of farsngho keep improved dairy cattle
breeds, inadequate veterinary extension servicgpaor marketing of milk in the
County due to under developed co-operative sosietie

One of the main hindrances to the improvementveisliock production in the study area
is the failure by farmers to fully embrace live®td®eping as a commercial enterprise.
There is therefore need for change in attituddgoners to adopt new farming practices
and technologies.This can be achieved by provisfaxtension services to the farmers
on the viability of keeping improved higher prothgsdairy cattle or goat breeds that

will produce enough milk for both domestic consuimptand sale.
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The breeding intervals for goats and sheep was evesy 12 months instead of the
optimal interval of once every 6 months. The mefintake rates for cattle and small

ruminants were 9% and 4%, respectively.

8.1.5 Efficacy of the East Coast fever vaccine

8.1.5.1immunization against ECF

The vaccine against ECF was found to be efficacamasnst the disease in the study area
as it reduced its incidence by 82% which is loviramntthe 95% reported by ILRI (2010)

or 97% reported by Babo Marties$ al.(2010). The differences in efficacy can be
explained by differences in tick challenge, diffezes in the vector tick infection rates

with theTheileria parvaparasite, and environmental factors.

8.1.5.2.Association of immunisation with incidence of ECF

Twenty four (24) per cent of the incidence of EG@Rhe non—vaccinated group was
attributed to non-vaccination (Attributable Riskhive 77% of the disease in the non —
vaccinated cattle was due to non —vaccination fAitable Fraction). The increase in the
risk of ECF in the population that was attributal@ldeing non- vaccinated was 14%
(Population Attributable Risk) while the proportiohthe disease in the population that

was attributable to non-vaccination (PopulatiorriBtitable Fraction) was 58%.
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8.2 RECOMMENDATIONS

8.2.1 Veterinary infrastructure

Since only one functional dip was operational dyitime study, it is recommended that
the Veterinary Department provides partial finahsigpport and technical assistance in
reviving the dips. In addition, the farmers shotalkle the responsibility of managing the
dips. Dip management committees should be streachtim ensure that the right people
are selected to manage them in order to avoid nmagement. To ensure sustainable
operation of the dips, farmers need to be senditizethe concept of cost sharing.
However, there should be a level of subsidizatiossibly with the use of Constituency
Development Funds (CDF). This will lessen the ficiahburden on the farmers and
encourage regular dipping of the animals. The redey department should assist with
extension and supervision services. For instaheedépartment could assist with
provision of dip attendants.

In the meantime, extension services are necessassist farmers who still rely on hand
sprays to control ticks on the right choice of agdes as well as how to effectively apply

the hand spray technique as it is not as reliabldifzs.

8.2.2 Acaricide application

Farmers need to be made aware of the importanappdying acaricides on all livestock
species on their farms in order to reduce tick bnsdon the pastures. The information is
of particular importance to farmers who zero-greatle while small ruminants on the

same farms were free-grazing.
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8.2.3 For mation of co-operatives

Farmers need to be encouraged to form groups ociasens as a way of enhancing
chances of accessing credit or loans from finanegtitutions. This will also need
participation of co-operative development officersadvice the farmers on how to
organize themselves into co-operatives. Accesmamée will then assist farmers
upgrade livestock as well as expand both livestotk crop production. By being in
organised groups, the farmers will hopefully beeabl overcome bottlenecks caused by
brokers in the marketing of livestock, as they Wwale direct access to markets at better

prices.

8.2.4 Livestock improvement

A shift from keeping indigenous breeds of cattl&eeping improved breeds of livestock
is a prerequisite for improved livestock produdiivin the study area. The poor animal
genetic resources cannot sustain an effective daitie production system in the
County. There is a misguided fear of keeping imprbgattle breeds in particular. The
perception is that grade animals easily succuntimtaveather conditions and diseases.
Thus, there is need for education on the benefiteeping improved cattle breeds. The
veterinary and animal production departments asthvellocal administration officials
need to work together on this. The best approathkeep improved breeds such as
Friesian crosses that are well adapted to the tmwaditions. Exchange visits with
farmers from neighbouring Countys who are alreagpeaenced with regard to keeping

such breeds will be of great benefit.
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8.2.5 Artificial insemination services

The farmers should also be actively involved inradding the issue of provision of
artificial insemination (Al) services, which areetpillar of improving genetic potential.

At the moment, availability of these services ia @ounty is unreliable as they have to
be sourced from Nairobi. The problem can be sobsethe farmers coming together to
form co-operatives which can sponsor locally sodiistedents to be trained at certificate
or diploma level in the field of artificial insenation. In the long run, the farmers should
be able to recoup the money invested in the trginiihe trainees could be bonded to
serve the community for an agreed period of tirhthd farmers opt to use bulls then
they need to be involved in breeding managemeasgo avoid inbreeding and spread of

sexually transmitted diseases.

8.2.6 Rearing of small ruminants

Rearing of small ruminants should be encouragdgteasare better adapted to the
climatic conditions in the County and are a medrdiversification of income and
spreading of risks. Improved sheep (e,g Dorper)goad breeds (German Alpine and
Galla goats) would translate into improved housthrecomes. Since sheep, goats and
chicken play an important role in the livelihoodglee smallholder farmers, it is
recommended that studies on livestock in smallhrdidestock production systems

should be designed to include all livestock species
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8.2.7 Fodder preservation

Farmers also need to be trained on storage andrpati®n of fodder. However,
emphasis should be placed on drought resistans aagh as sorghum, cassava and
millet as the study area has a semi arid climateardety of forage seeds are available
that are suitable for the semi arid climate in@woainty. The fodder should be planted
during the rainy period in preparation for the dneonths. This could be practiced as a
drought mitigation practice. Farmers should alsem&ouraged to construct dams to
harvest water during the rainy seasons. The watddde used to irrigate fodder and
hay.

It was noted during the study that education wekite on the recommended stocking
rates on the farms for the available feed resouies stocking rates did not take into
consideration availability of feed especially dgritne dry seasons. The average stocking
rate was 4.7 adult cattle and 2 sheep/goats péareed he recommended stocking rate
for zebu cattle and indigenous goats and sheep isaITLU or 0.6 ha/250 kg (Jaetzold
and Schmidt, 1983). This is equivalent to approxetya2 adult cattle or 17 sheep/goats
per hectare. To address the problem it is recomsetitht farmers in the County should

be trained on the importance of keeping smallembote productive animals.

8.2.8 Further studies

Findings from the cross-sectional survey suggesdesdate of endemic instability for
anaplasmosis and babesiosis in the study area. Wowbe findings of the longitudinal
study did not support these results. Thus, furshigdies need to be undertaken to

establish the true endemic statehsf two diseases.
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8.2.9 Efficacy of ECF vaccine

Although the ECF vaccine was found to have a sicanit protective effect and can be
used to control the disease in Machakos Countyeftiacy of the vaccine was lower
than that observed in other parts of the countryiéw of these findings, further
investigations need to be conducted on the effiel@abors such as climate, level of tick

challenge and. parvatick infection rates on the efficacy of the ECsiae.
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Appendix 4.1: Socio-economic questionnaire

Section 1: Farm indentification

1) Name Of farmer oo e
2) Farm code

3) Location
4) Date of interview

5 Interviewer

Section 2: Household characteristics and labour

7).How many members of your family presently livetbe farm...........................7

8) Other than farming, do you engage in other ineg@nerating activities ?
1) No
2) Yes

9) If yes, how many hours on average does he/ gtk @n the farm?.................... hours
per day.

10) In the absence of the farm owner, who is resipts for farm labour and
management?

1) Wife

2) Son

3) Daughter

4) Employee

5) Other (specify)..........cccceeenee

11) Do you employ non-family members on the farm?
1) No
2) Yes
12. Which period of the year do you hire this latfou
1) Not applicable
2) All year round
3) Harvest season only
10 @ 1 1= G (S o =1 1 17

13. How many people on average do you hire fordaldoiring this period?
None/ not applicable Number.. .
14. Which are the main crops that you grow and wrm of the farm does each cover’>

) Acres/Hectares.............ccovevveiviiiiniennns
) Acres/Hectares..........oovevviiiiiiiiiiieen,
) Acres/Hectares..........cvev i vii i
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A) o Acres/Hectares........c.oovev i i iiiiiiieeaane
D) Acres/Hectares..........ovev i viiviiiiiieenan

15. For those crops that you normally grow, pleastémate the fraction that is sold per
year?

Crop(4) covvvveiiinien,
Crop (5)

16. Do you rent any land for agriculture? If yeswhbig is the land you rent?
1) No
2) Y S, i Acres

17. Which time of the year do you normally rent ldued?
1) N/A, land not rented
2) All year round
3) Rainy season only
4) Dry season only
5) OtNer o

Section 2. Farm inputs.
18. Do you ever purchase fertilizer for farm use?
(1) Yes (2) No

19. If yes, which crops do you apply it?

1) All crops

2) Cash crops only

3) Cattle forage

4) Other: SPECITY ..ot

20. Do you ever apply manure to your crops? (1) Yes (2) No

21. If yes, to which crops do you apply?

2) All crops

3) Cash crops only

4) Cattle forage

5) Other: Specify .. .
22. If manure is ever applled are there occasﬂumsyou buy |t from other farms

23. How much do you normally buy per year?
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24. State how much you spend on it.
25. Do you ever purchase forage from outside yarm?® (1) Yes (2) No.
26. If Yes which forage is purchased----------- -

27. Which period of the year do you normally blg forage?
1) N/A
2) All year round
3) Rainy season only
4) Dry season only

D) O her. ..
28. How much forage on average do you buy per yeaf-------- ?
How much do you spend on it per year--------------?

29. Do you feed concentrates to your cattle/sheap?g
Cattle (1) Yes (2) No
Sheep (1) Yes (2) No
Goat (1) Yes (2) No

30. If yes, to which animals do you offer it?
1) N/A
2) All cows
3) Lactating cows, throughout lactation
4) Lactating cows, early lactation only
5) Dry cows only
6) Weaned heifers
7) Weaned bulls
8) Un-weaned calves
9) Other Specify (..........coveivvvvvvvivveeneen . )¥indicate  here ijiven to
sheep or goats.

31. If yes, which concentrates do you normally iffe
1) Not offered
2) SPECITY et

32. How much feed concentrates do you give per amper day?
SPECIY cr i Kg/day
33. When are the feed concentrates fed to cattle?

1) N/A
2) All year round
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3) During the dry season only.
4) When cows have calved
D) O her o

34. What is the source of the concentrates you?feed
1) N/A
2) Purchased from local retailers
3) Home grown and mixed
A) O Ner o

35. Do you offer your animals any nutritional swgmpents? If yes, which ones?
1) None
2) Molasses
3) Salt lick
4) Mineral and salt mix
5) Other (SPECITY ... .iu it e e e e e e e e e aenan)

36. If you feed nutritional supplements, to whictinaals do you feed them?
1) N/A
2) All cows
3) Lactating cows, throughout lactation
4) Lactating cows, early lactation.
5) Weaned heifers
6) Weaned bulls
7) Unweaned calves
8) Other specifies. (....ovvvvevvnenn.... )* indicate here ivgh to sheep or goats

37. When are the nutritional supplements fed tacttde?
1) N/A
2) All year round
3) During the dry season only.
4) Other (..........................)*Indicate here if given to sheep or goats

Section 3: Veterinary Practises

38. Do you normally deworm your cattle/ sheep/dpats
Cattle (1) Yes (2) No
Sheep (1) Yes (2) No
Goats (1) Yes (2) No

39. If yes, which animals do you normally deworm?
1) No deworming done.
2) All animals (cattle/sheep/goats)
3) Only adults (specify species.. .
4) Only weaned animals (specn‘y speC|es ................. )
5) Only calves/lambs/kids (specify................... )
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B) O Nl o
40. If yes, what product (dewormer) did you usardythe last deworming?

41. If yes, how often do you normally deworm?

1) Once a year (Specify for each species...................)

2) Twice a year (Specify for each species................... )

3) Three times a year (Specify for each species.............)

4) Four times a year (Specify for each species.............)

D) O N ...

42. If yes, does your frequency of deworming vargtween the adults and
calves/lambs/kids?

1) Not differ

2) DIffers, deSCrIDE. .. ... e e e

43. In the last 12 months, which vaccinations hbgen offered to your cattle? How
much were you charged for it?
Against which disease Cost per animal

Vaccinel = 000000 e e
Vaccine 2 0 s e
Vaccine 3 =~ @ eeemeeemememmemmeeeeen e

44. Which other veterinary practices have you edrout on your cattle in the last 12
months.

Species Cost per Animal
() Dehorning ememmemeeees e
(2) Caesarian emememememees e
(3) Castration ~ mmemememememem e
(4) Artificial Insemination =~ -memememememes me— e
(5) Other --------------- (specify) ememememememees e

45, Section 4. Livestock commodity prices
Are you a member of any co-operative dealing witedtock production activities
1) No
2) Yes, Name of Co-
(0] 01=T = (1Y

46. How many cows are you milking presently?

1) None

2) COWS IN MIIK. e e e e e e e
47. Do you ever sell milk? If yes, how much on ager do you sell per day

1) No milk sold

) e litres/ bottles sold per day.



48. If you sell milk, to whom do you sell?
1) No milk sold (N/A)
2) Local Co-operative
3) Neighbours/ local consumers
T 1 1

49. For how much are you currently selling the milger Litre/Bottle
(tick)...oooveinnn?

50. Does the price of milk change at any periodeason of the year?
(Q)Yes 2) No (If yes specify when------------——----)

51. If an animal dies on the farm, what do you radlyndo with the carcass?
1) Buried- no salvage value
2) Skinned and hide sold
3) Other (SPECITY) vttt e e e e e e e e e e

52. If the skin is sold, how much on average isvarthy according to the age of the
animal?

Calf .

Weaned cattle. ...

Adult cattle.... ...

Weaned gOat........cooe it e
AdUIt gOaL... ...
Lamb . s
Weaned SNEEP.......ie it e e e e
Adult Sheep.... ..o

53 Have you sold any animals in the last one yE€BrYes (2) No

54. If yes, give animal species sold

(1) Cattle..........ccevvennnnn. No.sold........ccooviiiiiie e,

(2) Sheep.......covvveiieinnns Nosold.......coooiiiiii e

() Goat..........covceveeeee.. NOSOId. e,
55 Reasons for SelliNg.........coooe i e e

1) Payschoolfees.........coooviiiiiiiiiiiinnnnn.

2) Dailyneeds.........ccvviviiiiiii e,

3) Others (specify)
56. Price range for each species.............cccocvviivinanns
() Cattle.....ooe i
(2) ShEEP...cvi i
GoalS. ...
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Appendix 5.1: Cross-sectional survey questionnaire

Section 1: Farm identification

1la Name of interviewer
1b contact address

2. Date

3. Division

4. Location

5. Sublocation

6.GPS reading South (S) Format S00.01217
East (E) Format E35.22283
Altitude Format 2489 m

[ 7. Name of farmer |

8. Sex of respondent Mate Femalex
9. Relation of respondent to the household head

Section 2 Farm characteristicsand livestock production

10. Total acreage of farm--------------=---=---=--——----

11. Would you characterize your farming activitie® as

(1) Mainly livestocko (2) Mixed livestock/crom (3) Mainly
cropo

12. For how long have you have been keeping cattle’?-------------- years.

(1) 1-5 years 6210 years (3) over 10
years

13. Which of the following livestock do you keep? Howany do you have presently?

L ivestock Number

(1) Cattle s
(2) Sheep e
(3)Goats e
(4) Camels e
(5) Donkeys e
(6) Chicken s
(7)Pigs e
(8) Other (Specify R ——
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14. For cattle, which of the following types do yoeep?
(1) Improved (exotic or crosses) dairy cattle only.

(2) Only local (indigenous) cattle.

(3) Both improved and indigenous (local zebu).

15. How do your cattle get access to forage (gragysgem)?

(1) Cut/purchased feeds transported to animal® @ezing)-----specify source.
(2) Free grazing on pasture

(3) Combination of grazing and stall-feeding (Seeo-grazing)

16. If your cattle are on pasture, do they ever gadzéarm (away from farm)?
1) No

2) Sometimes

3) Always.

Section 3: Animal Health
17. Which problems do you face when keeping animals?

Rank the diseasd (Most important and 5 least important).

Cattle Sheep Goat

1)Disease

2)Lack of feeds and water

3)Poor type of cattle breeds

4)Lack of credit facilities

5)Other (specify---------- )

18. Which are the most important diseases affectingryanimals (in terms of
economic loses)?
Rank the disease& Most important and 3 least important).

Cattle Sheep Goat

19. Who normally treats your animals when they acki
1) The farmer or other family member

2) The local government veterinarian

3) The local animal health assistant

4) Private veterinarian

5) Community Animal Health Worker (CAHW)

6) Other (specify )
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20. In the last 12 months, did any of your cattle GEF (Ngai)?
1) No
2) Yes

21. If yes, which age groups were affected and howyntases were encountered?
1) Calves (cases-------=============mmnmnmm )

2) Weaners (Cases---------=-=========n==--- )

3) Adults (cases S — )

22. Which of the cases of ECF that occurred on yatmfwere treated?
1) None

2) All cases

3) Affected calves only
4) Affected weaners only
5) Affected adults only

6) Other ( )

23. Did you lose any animal from ECF (Ngai) in thst 12 months?
1) No

2) Yes (how many )

24. Approximately how much money do you have tangpeer treatment of a case of
ECF?

Ksh.

25. In the last 12 months, did any of your catéé Anaplamosis (Ndigana)?
1) No

2) Yes

26. If yes, which age groups were affected and hmamny cases were encountered?
1) Calves (cases )

2) Weaners (cases )

3) Adults (cases )

27. Which of the cases of anaplasmosis that oagumeyour farm were treated?

1) None.

2) All cases

3) Affected calves only.

4) Affected weaners only

5) Affected adults only

6) Other ( )
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28. Did you lose any animal from anaplasmosis (Blid&) in the last 12 months?
1) No
2) Yes (how many? )

29. Approximately how much do you have to spend tpeatment of a case of
anaplasmosis?
Ksh.

30 In the last 12 months, did any of your cattleBggesiosis?

31. If yes, which age groups were affected and hmamy cases were encountered?
1) Calves (cases )

2) Weaners (cases )

3) Adults (cases )

32. Which cases of babesios that occurred on yayur fvere treated?
1) All cases

2) Affected calves only.

3) Affected weaners only

4) Affected adults only

5) Other ( )

33. Did you lose any animal from Babesiosis inl#s 12 months?

1) No
2) Yes (how many )

34. Approximately how much do you have to spend tpeatment of a case of
Babesiosis?
Ksh.

35. In the last 12 months, did any of your catiledep/ goats get heartwater?

1) No
2) Yes (how many? )

36. If yes, which age groups were affected and hmamy cases were encountered?
1) Calves/Lambs/Kids (cases )

2) Weaners (cases )

3) Adults (cases )

37. Did you lose any animal from heartwater inltdst 12 months?

226



1) No
2) Yes (how many )

38.. Approximately how much money do you have tenspper treatment of a case

heatwater?

Section 4: Tick Control

38. Do you control ticks on your farm?

1) No
2) Yes

39. If yes, which method do you use?

1) Dipping, private dip
2) Dipping, communal dip

3 Hand spraying
4) Spray race

5) Hand dressing
6) Other (specify

)

Ksh.

40. If yes, in which livestock do you regularly ¢an (once or twice a month?

1) Cattle

2) Sheep/ Goats
3) Donkeys

4) Camels

5) Other: specify

41. If yes for cattle, which types (breed) of @atb you normally treat?

1) All animals
2) Grade only
3) Local breeds only
4) Other: specify

42. At what age do you start tick control on callssb/kids?

Frequency of tick control

calves

lambs

kids

1) Below two weeks

2) Two weeks to 1 month

3) Overl month

4) Other (specify

)

43. How often do you normally control for ticks feach species (cattle/sheep/goat)

Frequency of tick control

calves

lambs

kids

1) Twice a week

2) Once a week
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3) Once per two weeks

4) Once every 3 weeks

5) Once a month

6) Other ( specify-------- )

44. Are there times that you change this frequency?
1) No
2) Yes

45, If yes, what time of the year do you controk&?
1) Wet season
2) Dry season
3) Other: specify

46. If yes, what is the reason for changing freqy@n
1) Cannot afford all the time.

2) Unavailability at times

3) No tick problems

4) Other: specify

47. Which chemicals do you use for tick control?
1) Triatix

2) Almatix

3) Tikfix

4) Supadip

5) Other: Specify

48. Do you ever change the acaricides at times?
1) No.
2) Yes

49. If you have ever changed acaricides, what wereeasons for changing?

( )

Section 5: Constraintsto livestock production.

49. Ask the farmer about factors that he/she famdsconstraints to current livestock
production. Read the list of constraints

at least twice, then ask respondent if there anersthe or she would wish to add.
Score the following constraints to live stock progon from 5 to 0 (5=very
important, O=completely unimportant). Constraintst nisted can be added.
Elaboration of the constraints will be noted in theobing check list”. The responses
to the probing should be recorded on a separatet sifepaper attached to the
guestionnaire.
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Constraints Cattle Sheep Goats Probing check list

Disease Specify the diseases

Feed (iYWhat time of the year is when feed iauailable
(i) Quality of feed and sources.

Water (i) Sources and reliability of the supply.

(i) Quality.

Low genetic potential

(i) Time taken to weaning
(ii) Age at weaning weights
(i) Breeding practices A.l or bull?
(iv) Selection qualities

Poor fertility

(i) Heat detection-method used

(i) Effect of availability of feed.

(iii) In breeding

(iv) Tracking of sires if natural mated
(v) In breeding

Marketing of livestock and livestock
products

(i) Availability of market

(ii) Long distance to market

(i) Low prices

(iv) Unreliable customers

(v) Constraints in thenarketing of meat, milk hides
skins and honey.

Lack of access to livestock
services(including vet services)

(i) What kind of services are available
(ii)If not available why? Distance? Terrain? Cost?

Finance

(i) Sources
(ii) How accessible are the finances
(iif) Guarantees/ security on borrowing

51. Interest in vaccination.

If you could obtain a vaccine against any disedseatile, which disease would you
want to vaccinate your cattle against?
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Appendix 5.2: Cross sectional survey: Individual animal data sheet

Name of farmer Farm code Sub-location

District Division Recorder

Date of visit Location

Animal ID Aget Sex Breed, Weight [ Temp Body score Disease Tick infestatiort Serum | Thin blood Lymph node
Calf =1 Female=1 Bos Taurus=1 (Kg) (°c) Very poor=1 history No ticks=0 blood smear(tick) biopsy (tick)
Yearling=2 Male=2 Bos indicus=2 Fair=2 ECF=1 Low=1 (<10) taken
Adult=3 Mixed=3 Good=3 Anap=2 Moderate=2 (10-20) (Tick)
Very good=4 Babesiosis=3 | High=3(>20)

Heartwater=4

! Indicate the main tick species beside the tickstsdtion level.
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Appendix 5.3:

Disease Trandation

Disease

Local Name

Direct trandation

I nter pretation

Anaplasmosis

Kithatia/ Nthiana

Kithatia refers to
hardened feaces often
observed in the animals
with anaplasmosis.
Nthianais generally used
to refer to the disease by
the community

Though this is not a pathognomic sign of the diseas
(hardened faeces), the field veterinary personhel attended
the interviews confirmed that in most instancefieag¢ported
to have this as one of the key symptoms were qitsitive
for anaplasmosis.

Anthrax Ndulu Something that kills very Translated directly to mean anthrax.
fast associated with
oozing of blood from
body orifices.
Babesiosis Kumaa Nthakame Kumaa Nthakame. Me&teematuria is one o f the key symptoms of the dise@he

to urinate blood.

community derived the name of the disease from the
symptom. Though mentioned, it was not ranked

Black quarter

lkene

A swelling

Swelling associateth disease areas such as upper parts
affected limbs, brisket and psoas muscle. Rapidtansd high
mortality reported by the farmers.

Brucellosis

Kuvuna

Abortion

Abortion, a symptoma@sated with the disease in late
pregnancy. Infertility was reported to follow thigoation.
Local veterinarians verified that sporadic casesatr.

ECF

Ngai

Lymph node

to enlarged lymph nodes, one of the key signs df.EC
Normally the term directly refers to ECF.

Term used in central Kenyaparts of eastern Kenya to refer

Eye worm

Kiinyu Kya Yiitho

Worm of the eye

The temefers to infection of the eye whereby the farmers
describe a worm like organism in the eye.

Foot and Mouth Disease

Muthingithu / Ku

vdMuthingithumeans
wobbling
movement/unsteady gait

The wobbling or unsteady gait is as result of Hredness
caused by the vesicles on feet (in the cleft) andfpl
swelling of the coronet. Farmers were also abldesrribe

Kuvumeans rot between

other symptoms such lesions in the mouth and alminda
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toes

salivation. Outbreaks invariably confirmedviey department
whenever disease outbreak is suspected. Diseas&nkor
the quarantine measures put in place following icoaition

®

Heartwater Muthyuuku Move in circles (circling) Narassociated with circling; one of the main sympstari
heartwater. Circumstantial evidence provided bydpson
of excess “water” in the thorax and in a sac ardtecheart
(Hydrothorax / hydropericardium)

Lumpy Skin Disease (LSD) Nthunthua wa Skin or hide lumps Multiple nodules on the skineaf the key symptoms of

Kikonde LSD. Rapid spread described as a feature of tleasls

Mastitis Uwau wa Mikami | Disease of udder or teats  Inflammation of the mamgrgkand irrespective of the caus

or Uwau wa nondo

Mites Mbanguule Translated directly to mean mites.

Pneumonia Mavui Lungs Disease affecting lungs. Reddo be associated with
difficulty in breathing, coughing and most commannidg the
cold months. Occurrence confirmed by local vet pengl

Rabies Mung’'ethya Open mouth in readiness symptom of rabies whereby infected animal bitgots.

to bite or snarl

Farmers reported other key symptoms like aggressase
Disease is known to be endemic in the district.

Trypanosomiasis

Uwau wa matung
(or Kisiko)

uBisease caused by tsets
flies

eDisease transmitted by tsetse flies.

Worms

Minyoo

Swabhili word for
helminths

Universally used word referring to helminth infectiin
livestock
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Appendix 6.1: Longitudinal study monthly farm/animal monitoring form

Section 1

FarmID

Name of farmer

Farm code

Location

Date of visit

Name of Enumerators

Exitssince last visit (cattle/sheep/goats removed from herd)

(Specify the species

Animal No. Died (tick) Sold Slaughtered on | Given out/ Date of exit
farm (tick) transferred out
(tick)

Entriessincelast visit (cattle added into the herd)
Age/category SeX Purchasgd Transferinto fafm  Q#mercify | Date No. given
C Y A
C Y A
C Y A
C Y A

C=Calves, Y=Yearlings, A=Adults.
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Entriessincelast visit (sheep/ goats added into the herd)

Age/category Se¥ Purchasegd Transfer int@ther ,specify| Date No. given
farm

<6months 6months-1yr >1yr

<6months 6months-1yr >1yr

<6months 6months-1yr >1yr

<6months 6months-1yr >1yr

Birthssince last visit (animals must be tagged, check last no. on list (specify the species)

No of female calved Date of calving/lambing Givag No. Sex (male or female)

Diseases sincelast visit

Animal No. Diseases Date detected  TreatedPeated by Drugs administered Outcome

Y/N died/recovered

Farm management practices since last visit (cattle)

Activity NO/YES | Date(s) of activity Animals covered | Brand (chem.)used
Tick control C Y A

Dewormings C Y A

Other ( ) C Y A

C=Calves, Y=Yearlings, A=Adults.
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Farm management practices since last visit (sheep/goats)

Activity NO/YES Date(s) of activity Animals covered Brand (chem.)used
Tick control <6monthg 6months-1yr >1ly
Dewormings <6months 6months-1yr >1yr
Other ( ) <6émonths 6months-1yr >1yr
Cattle vaccination since last visit
VACCINATION No/Yes Date of Vacc Animals coveredctti Cost per animal
(Sh)
FMD
RINDERPEST
Other ( )

C=Calves, Y=Yearlings, A=Adults.

Section 2.

For all cattle calving within the study period, administer this section every visit until the end of the study.

Milk offtake

Cow No. Date of calving if | Morning yield Evening yield/Kgs/| Total yield per day
after last visit Kgs/bottle bottle Kgs/bottles
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Section 3:
For all calves/lambgkidslessthan 1 year examine thoroughly and sample as follows

Weight and samples

Animal no. Date of birth if borne| Weaned? Yes /No| Weight Blood sample(tick Tick
after last visit (nearest 0.5kg) | when taken) challenge/species
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