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Abstract

African trypanosomiasis is a widespread diseasdivetock which is a major
constraint to livestock production, mixed farmingdathe rural economy. The Jos
Plateau in Nigeria was historically free of tsetises and trypanosomiasis and this
lack of disease attracted large numbers of catkping pastoralists. The area now
plays an important role in the national/regionattleaindustry, holding 300,000
pastoralists and over a million cattle, ~ 7% of tiaional herd. However, over the
past twenty years tsetse flies have (re)invadeddseplateau and trypanosomiasis is
now a significant problem. Little is known aboutethdistribution and overall
prevalence of the disease across the Jos plateglooat the habits and customs that
could affect the epidemiology of the disease is @irea. This knowledge is essential
if successful interventions to reduce its impaettarbe put in place.

To bridge this gap, a longitudinal two stage clustgrvey was carried out in 2008 to
determine the prevalence of bovine trypanosomiabie study showed that the
prevalence of trypanosomiasis across the Jos platea 46.8% (39.0 — 54.5%) with
no significant seasonal variatioh. b. bruceiwas present at a prevalence of 3.3% (1%
—5.5%);T. congolenssavannah at a prevalence of 27.7% (21.8% - 33.8%jyaxat

a prevalence of 26.7% (18.2% - 35.3%). Althouglreéhgas no significant seasonal
variation in prevalence across the Jos platealsoseh variations were observed at
village level to create 3 distinct groups. Groupillages (50.0%) which followed the
expected pattern of low prevalence in the dry seaswa high prevalence in the wet
season; Group 2 villages (16.7%) where there waseasonal variation; Group 3
villages (33.3%) where paradoxically the prevalewes higher in the dry season and
lower in the wet season. This reversed epidemioldgiattern is attributed to the harsh
climatic conditions of the dry season which reduesstance to infection in cattle and
increase vector — host contact. Migration waswshto be a significant risk factor for
trypanosomiasis infection and the dry season wassho significantly increase the
effect of all risk factors.

Participatory rural assessment was also conductadvestigate socio — economic
factors and knowledge, attitudes and practices ety tsetse and
trypanosomiasis. The results of the participatonalrassessment exercise show that
trypanosomiasis is well recognised by farmers enJibs plateau. They are aware of
the animal health and production disadvantagescedsd with it and make
considerable efforts to control it, along with atligestock diseases. However, they
lack the adequate knowledge to effectively conthalse diseases themselves and
there are gaps in veterinary service provision. Mdeeanking showed that the
majority of pastoralists in the study were eitherthe ‘middle’ or ‘better — off’
groups. Only 6.1% were classed as poor.

Anaemia as an indicator for trypanosomiasis wasestigated and FAMACHA
charts were evaluated as a potential penside oesarfaemia. Results show that
anaemia in cattle on the Jos Plateau is not styorajted to trypanosomiasis and
that the FAMACHA chart is a poor test for anaemigattle.
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Chapter 1: General Introduction



1.1 Pastoralism

Pastoralism describes the extensive mobile grazifigestock on communal rangelands. A
pastoral household is defined as one that obtaieatey than 50% of its gross income from
mobile livestock rearing on unimproved communaltpas (Rass, 2006). Pastoralists have
also been defined as livestock keepers residingréas with less than 400mm of annual
rainfall and a growing period of 0 — 75 days wher@oping is not practised; and who derive
more than 50% of their agricultural income fromebtock rearing through opportunistic
grazing on communal land (Swift, 1988). Pastonalis the primary production system
practised in arid/semi-arid areas. Characterfstitures of this production system include a
high dependence on herbivorous livestock as thg pmhctical means of transforming
pasture and browse into food and income; and redpgial movements on communal land in
response to erratic rainfall patterns. The form dedree of such movements determines

further categorisation into nomadic, transhumardemtentary pastoralists (Rass, 2006).

Nomadic pastoralists are characterised by high ltyhbnd frequent, irregular movements of
the entire household, both people and livestockovéents tend to follow established
migration routes but erratic rainfall and dynamigteenal conditions may necessitate
deviations from these routes. Transhumant passtsalindertake regular movements of their
livestock between fixed locations to exploit sead@vailability of pasture. They often have
a permanent home where women, children and oldé&x mambers of the household reside
permanently. Sedentary pastoralists are the haabile group who remain in one location
permanently and graze their livestock on commuaatl$ around their homestead (Rass,

2006).



Globally, there are 120 million pastoralists, ofigéh50 million are found to reside in Sub-
Saharan Africa where they comprise 12% of ruralutepons and 8% of the total population.
Sub-Saharan Africa contains a high percentageeofmbrid’s pastoralists (42%), but is also
home for the majority of the world’s poor pastastdi (54%) (Rass, 2006). Despite this,
investment in pastoral development has declineatigteover the past few decades and is not
proportionate to the potential economic contribwitod pastoralists to both local and national
economies. This is due to general recognition thate is limited scope for increased
production and productivity of the pastoral systemmeet growing demand for livestock

products (Oygard et al, 1999; Rushton et a, 1999).

1.2 Agriculture and Trypanosomiasis

Agriculture is critical to the economy of countrigs Sub-Saharan Africa and small-scale
agriculture for food production is particularly ioypant in rural areas. Agriculture
contributes 33% to the GDP of Nigeria where 51%haf population (>77 million people)
live in rural areas (World Bank, 2011). Livestoogepers rely on their animals for food,
home consumption, transport, draught power andmectsom the sale of animals and animal
products. But livestock production is constraitgdivestock disease, which decreases it by
30% in developing countries; twice the effect is ha developed countries (F.A.O., 1990).
This effect is mostly due to endemic diseases, drtiqular trypanosomiasis, tick borne

diseases and helminthiases that decrease prodacttbimcrease mortality.

Supply and value of animal products is compromisedreas of tsetse and African animal
trypanosomiasis (AAT) risk. The presence of tseiseé AAT reduces cattle density by 37 —

70%, reduces offtake by 50%, reduces calving ratb iacreases calf mortality by 20%



(Swallow, 2000). The immunosuppressive effects Al Also exacerbate the effects of other
endemic diseases, further compromising animal heaid productivity. Hendricket al.
(2000) showed that cattle density and the levehtagration of cattle with crop farming is
closely associated with the presence of AAT. Theuah production losses due to AAT
morbidity and mortality are valued at $4.5 billiaeross Africa whilst the indirect annual
costs of AAT are estimated to be $134 million (Budiei99; Kristjansoret al.,1999). The
disease costs the Nigerian economy $135 milliongmerum due to its negative effects on
weight gain, growth rate, milk yield, reproductiofcattle and its discouragement of the use
of draught animals in arable farming. The natidmaid could be doubled or tripled in size

with associated economic benefits in the absen@addf (Omotainseet al.,2004).

In the past, control efforts against animal diseasg#uding tsetse and trypanosomiasis were
coordinated and subsidised or provided for freegoyernment agencies. The current
dispensation of liberalised economies and free atarkas led to privatisation of veterinary
services and a shift in the focus/priorities of gamment agencies from endemic diseases to
epidemic, emerging and transboundary diseasesndfarare now largely responsible for the
control of endemic diseases in their animals. €uranimal disease control is characterised
by poor access to professional veterinary servicigs, disease control costs, lack of animal
disease knowledge and training and unregulatedsadoecontrolled drugs (Odeyemi, 1999;
Rass, 2006). As a result, there is less efficiesgabe control, a decline in animal health and

widespread misuse of drugs.

Trypanocides are the most widely used veterinangslin Sub-Saharan Africa, regardless of
presenting signs or diagnosis. Farmers need foolccurate diagnosis, improved access to
veterinary services, appropriate access to drugsvancines against endemic diseases and

the knowledge to wield these tools effectively (Mie, 2004). These tools are not always



available to both farmers and rural animal healtinkers (Kamaraet al.,1995; Kamuangat

al.,, 1997; Doran and van den Bossche, 1998; Sinyangwile Mexchila, 1998; van den
Bosscheet al.,2000). Unrestricted access to veterinary drugspaad drug administration
practices has led to concerns of both toxicity dnaly resistance. Isolated cases of drug
resistance have been reported but the scale girtfidem remains unknown (Eislet al.,
1997, 2000; Geertst al.,2001). There are few prospects of new drug devedop due to
the poor market strength and high costs involvedl ias imperative that the onset of drug

resistance be prevented or at least delayed.

1.3 Rationale

The Jos Plateau is well known as a tsetse freeareéas widely represented as such in the
scientific literature. Its classification as a s&efree area is used in predictive mapping to set
current limits of tsetse habitats and predict fetlimits. (Ford & Katondo, 1977; Hendrickx,

2001; Rogers & Randolph, 1991; Rogers, 1993).

In turn, risk maps enable us to do the following:

Identify possible disease clusters

e Define and monitor epidemics

* Provide baseline data on health patterns

» Target control measures and resources

« Show changes in disease patterns over space aad tim

* Initial exploration between disease and possilsle factors

However, there is a significant body of evidencendestrating that tsetse flies and animal
African trypanosomiasis have been present on thé’lieau since the 1980s (Majekodunmi,

2006). Despite the fact that this evidence had kmelable in the literature for over a



decade, there seems to be very little awarenesggedituation in both the general public and

the scientific community.

This lack of awareness is significant as the chaimgdsetse status has far reaching
implications for animal health and welfare, livest@roductivity, pastoral incomes and the
rural economy. The change in tsetse status alsmsrbat we may have to revise accepted
ideas about tsetse behaviour and ecology and riits Iof tsetse habitats, all of which will

lead to new ideas about the epidemiology of tsatsktrypanosomiasis , the effects of animal

trypanosomiasis and the risk of human trypanosamias

| became very conscious of this gap in the liteaand wanted to investigate the process of
tsetse expansion/invasion unto the Jos plateawaseettain the origin of the tsetse flies and
trypanosomes present in the area. | was disstisfith accounts of the current T & T

situation in the literature: the majority of stusli@ere conducted in isolated areas of plateau,
with little consideration of the whole plateau adistinct ecosystem. | was also curious about
the state of disease monitoring and surveillanceaammal health care provision in the area
because these determine the awareness of thaaitaat ground and the ability to respond

and adapt to it.

During my first few visits to the area it becameaent that humans could not be left out of
the study. Humans have a fundamental responsibdignsure animal welfare but livestock
are important because of the people who depenthem to provide food, livestock derived
products, income and employment. Therefore, anyt;ypr improvements in the livestock
sector are for the ultimate benefit of humans ang ehanges for the worse will have
negative effects on the human population. So iabex necessary to include humans and

human activities in the traditional triangle of hogector and parasite used in traditional



analysis of animal African trypanosomiasis . Humanres often viewed by natural scientists
as being ‘outside nature’, only exerting extermélluences on the ecosystem (Waltner-Toews
et al, 2003). As such, their involvement in thegess of studying and managing ecosystems
is limited to politics and decision making. Thisewi is incomplete and creates a false
dichotomy between scientific and social data, sthat there is little emphasis on social
analysis in ecosystem management. (Endter-Wad§ &098). This means that social and
political components of ecosystems are often miststdod or ignored and there is vigorous
debate as to whether it is possible to balancelkscience and ecological aspects to achieve
sustainable management of ecosystems. (Grumbin@4; 1Moss & Cooperrider, 1994;
Wahner, 1993; Wood, 1994). Despite the variety mhions, it is clear that social science
data and its analyses have a role to play in odergstanding of ecosystems. | agree with
Endter-Wada et al (1998) who propose a frameworknifaximising the potential of social
sciences in understanding ecosystems in which goalodata must be supplemented with
scientific analysis of relevant social factors. Tl of my research is to understand the
T&T system on the Jos plateau as a precursor areéqurisite to positive intervention and so

| felt it necessary to investigate relevant sofaators alongside the ecological aspects of the

study.

Based on these factors, the idea for a three paiy g0 cover the whole of the Jos Plateau

evolved:

e A longitudinal study of bovine trypanosomiasis t@oyde ecological data about
trypanosomes in their primary host. A concurreatigtof the tsetse vectors was planned

but had to be abandoned due to financial and iogishstraints.



* A comprehensive investigation of social factors¢luding knowledge, attitudes and
practices concerning trypanosomiasis to ascertamam activities which affect or are a
response to T&T; Pastoral livelihood assessmeptawgide a wider context for how cattle
and T&T affect pastoral life and rural developmeriterd productivity to determine the

economic viability of keeping cattle and how thesaifected by T&T.

« Evaluation of FAMACHA cards as a penside diagnostiol as a first step towards

bridging the gap in current veterinary service simn.

1.4  Tsetse and Trypanosome Biology

1.4.1

African trypanosomiasis is caused by several pasoaf the genugrypanosomaThe

The Parasite

main species and their hosts are listed in taldleb&low. Those of significant economic

importance, especially for cattle, are given indbol

Trypanosome Species Host Range

T. brucel brucei All domestic mammals, camels, antelope, carnivase
T. brucel gambiense Humans, pigs and sheep

T. brucel rhodesiense Humans, all domestic mammals, antelope, other gaam
T. congolense Bovids, equids, sheep, goats, camels, pigs, dagd mice
T. vivax Wild and domestic ungulates

T. evansi Bovids, equids, sheep, goats, camels, pigs, dodsnice
T. equiperdum Equids

T. godfreyi Suids

T. grayi Crocodiles

T. lewisi Rats worldwide

T. simiae Suids

T. theileri Domestic and wild ruminants worldwide

Table 1.1: Trypanosome species and their hosts




1.4.2 The Vector

Trypanosomes are transmitted by tsetse flies of#meisGlossinawhich has 3 distinct sub

genera:

* Glossina sensu strict: commonly known as the morsitans araisnah group;

contains 7 species
* Austenina commonly known as the fusca or forest groupiaos 15 species

* Nemorhinacommonly known as the palpalis or riverine grocgmtains 9 species

Table 1.2 lists the most important species andrifpgnosomes they transmit

Subgenus Species Trypanosomes transmitted
Austenina G. vanhoofi T. vivax
G. brevipalpis T. congolense
Nemorhina G. tachinoides T. vivax, T. b. gambiense, T. cargs,
T. b. brucei
G. fuscipes T. b. rhodesiense, T. b. gambiense,
T. b. brucei
G. palpalis T. vivax, T. b. gambiense, T. congaens
T. b. brucei,
Glossina G. longipalpis T. vivax, T. congolense
G. pallidipes T. vivax, T. b. rhodesiense, T. cdengse,
T. b. brucei
G. morsitans vivax, T. b. rhodesiense, T. b. ganseie
T. congolense, T. b. brucei
G. swynnertoni T. vivax, T. b. rhodesiense, T. olarge,
T. b. brucei

Table 1.2: Trypanosomes transmitted by important spcies of Glossina




1.5 Animal African trypanosomiasis

Animal African trypanosomiasis (AAT) also known Bsagana is caused bl. vivax T.
congolenseandT. brucei brucei It is of great economic importance in Africa%® - 70
million cattle are at risk and 3 million die of shdisease every year. It restricts livestock
production over 10 million kfand is responsible for economic losses of $4.7M®iia
year (Eisleret al.,2004b). Infection with these trypanosomes causeseaia, anaemia,
diarrhoea, staring coat, excessive lachrymatiorgagation, weakness and eventually death.
The hyperacute form causes bleeding from naturates and in the heart, pleural cavity,
peritoneum and diaphragm, which are visible on posttem. Sheep and goats infected
with T. bruceispecies may also show neurological signs suchliaggering and paralysis

(Taylor and Authie, 2004).

1.5.1 Diagnosis

The majority of people responsible for the treattreard prevention of AAT have no access
to any diagnostic facilities. As such, even thotlgh clinical signs of AAT are non-specific
and cannot give a definitive diagnosis, the abitifyindividuals to recognise and correctly
interpret these signs is probably the most importactor in AAT diagnosis today.
Parasitological diagnosis is based on light micvpgcof different preparations, with
varying sensitivity and specificity: wet blood figmthin and thick giemsa stained fix blood
films, haematocrit centrifugation technique andfpwoat technique. These are the most
widely available diagnostic tests available in ruk&rican settings and the buffy coat and

haematocrit methods are the most widely used testsypanosomiasis.
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Xenodiagnosis demonstrates trypanosomes by traimgfeénfection from the suspected case
to a different host, vector am vitro culture system. Despite the opportunity it pregdo
prepare stabilates of the infected trypanosomesuftiner investigation, this method is not
frequently used. Immunological methods are a useftdrnative to demonstration of
trypanosomes, which may not always be possible.ndit include indirect fluorescent
antibody test (IFAT), card agglutination trypanosasms test (CATT), antigen detection
enzyme linked immunosorbent assay (ELISA) and adibdetection ELISA. These

methods are expensive and complicated are beitedgo research than field diagnosis.

There are many molecular techniques for the detedti trypanosome genetic material but
it is the polymerase chain reaction (PCR) that asthoften used for diagnostic purposes.
It is based on the repeated amplification of thegda DNA, which is subsequently
identified using primers with a complementary baser sequence. Species specific
primers have been developed for 11 species/sulespetitrypanosomes, targeting genetic
markers such as the 177 bp repeat or the mini éb@squesnes and Davila, 2002).
Application of this method to field based studiess highlighted the low sensitivity of
microscopy 2.5 x 10— 5 x 1§ parasites/ml of blood (Picozat al., 2002) and low
specificity of trypanosome identification by movamepattern in host blood and
developmental site in tsetse. In contrast, PCRdedect 1 parasite/10ml of blood (1x™10
parasite genetic material/ml) (MacLeetal.,1997; Morrisoret al.,2007) and specifically
designed primers give high species specificity.spiite these advantages, species specific
PCRs are not ideal for use in large-scale studiesaah sample must be subjected to 8 — 10
separate PCRs which is expensive and time consumiihg internal transcribed spacers
of rRNA have a high copy number and interspeciegtte variation, making them ideal

genetic markers. Desquesnes and colleagues (28etl)this target to develop a generic
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PCR able to detect multiple trypanosome infectiofkis was further optimized for use in
diagnosing infections in cattle and tsetse by Qux a@thers (2005) and Adams and others
(2006) respectively. Table 1.4 summarises the gmnavailable for PCR diagnosis of

trypanosomiasis.

Species specific PCR Reference Generic  ITSReference
PCR
T. congolense savannah Moseret al., 1989 T. congolense | Desquesnest al., 2001
savannah
T. congolense Kilifi Moseret al., 1989 T. congolense | Desquesnest al., 2001
Kilifi
T. congolense forest Moseret al., 1989 T. congolense | Desquesnest al., 2001
forest
T. vivax Masakeet al., 1997 T. vivax Desquesnest al., 2001
T. vivax West Africa Dickin and Gibson 1989 | T. brucei s.l. Desquesnest al., 2001
T. brucei s.l. Moseret al., 1989 T. simiae Tsavg Desquesnest al., 2001
T. brucei rhodesiense | Welburnet al., 2001 T. simiae Desquesnest al., 2001
T. brucei gambiense Bromidgeet al., 1993 T. godfreyi Adamset al., 2006
T. simiae Tsavo Majiwa et al., 1993 T. theileri Desquesnest al., 2001
T. simiae Majiwa and Webster 1987 T. evansi Desquesnest al., 2001
T. godfreyi Masigaet al., 1996 T. equiperdum | Desquesnest al., 2001
T. grayi Adamset al., 2006

Table 1.3 Primers available for PCR diagnosis of §ipanosome infection
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1.5.2 Treatment

The variety of drugs available for both treatmemd arophylaxis as shown in Table 1.4:

Active Trade Species Trypanosoma Spp. Main
Ingredient Names Action
Diminazene Berenil Cattle | T. vivax, T. congolense, Curative
aceturate Veridium T. brucei
Many others| Dogs | T. evansi, T. congolensg,
T. brucei
Homidium Ethidium Cattle | T. vivax, T. congolense, Curative
bromide T. brucei
Equids| T. vivax
Homidium Novidium Cattle | T. vivax, T. congolense,| Curative
chloride T. brucei
Equids| T. vivax
Isometamidium| Samorin Cattle | T. vivax, T. congolense, Curative
chloride Trypamidium T. brucei and
Veridium prophylactic

Table 1.4: Drugs available for treatment and prophyaxis of AAT

1.6 Human African Trypanosomiasis

Human African trypanosomiasis (HAT) or sleepingkeess is caused by. brucei
gambienseandT. brucei rhodesiensehich are geographically separated by the Grefat Ri
Valley so thatT. b. gambiens®ccurs in West and Central Africa afd b. rhodesiense
occurs in East and Southern Africa. Sixty milljp&ople are at risk and it is estimated that
250,000 - 500,000 are infected with HAT (WHO, 1998)e acute form of HAT caused by

T. b. rhodesiensgarasites is a zoonosis and domestic cattle @&ehdominant animal
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reservoir. The role of animal reservoirs for b. gambiens&lAT remains controversial.
Several domestic and wild animals have been idedtibs susceptible to the parasite
(Gibson et al.1978), however, only the domestic pig has been shtwact as a true
reservoir as it is associated with incidence andigience ofl . b gambienselAT (Magona

et al.,1999; Simarrcet al.,2001; Nkininet al.,2002; Onah and Ebenebe, 2003). Both sub
species of sleeping sickness parasite have marlditigrent pathologies although they
cause the same signs and symptoms. gambienseauses Gambian sleeping sickness, a
chronic disease of insidious onset. It has a lasygmptomatic period and may persist for
years. T. b. rhodesienseauses Rhodesian sleeping sickness, an acutselisEeapid onset
which persists for weeks or months. Both are usaiéy fatal if not treated. Fatality is
associated with febrile illness and subsequent mgemincephalitis. Table 1.5 lists the

symptoms of both early and late stage sleepingiegk

Stage 1 Stage 2

Chancre at site of inoculation Persistence andeming of stage 1 sign$
Local oedema Daytime somnolence and narcolepsy
Skin rash and pruritus Reduced attention span adahalertness
Adenopathy Loss of muscle tone

Deep hyperaesthesia Psychiatric problems: aggressadirium,

manic episodes, dementia, melancholia

Endocrine dysfunction Hypertonicity/hypotonicitycatremors

Cardiovascular disturbance Coma and death

Table 1.5: Pathology of HAT
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1.6.1 Diagnosis

Clinical suspicion may offer indirect evidence ofpganosome infection but symptoms are
highly variable and non-specific. Clinical diagreosnust be used as a basis for treatment,
stage determination and to assess treatment failub&rect evidence of trypanosome
infection is obtained by microscopic examinationlyhph, blood or cerebrospinal fluid
(CSF). This is mandatory for definitive diagnosishe various methods used for this are
laborious but not very sensitive and are thereforeted to use in clinical/serological
suspects. Apart from this low sensitivity, trypaomes can be difficult to detect if
parasitaemia is low. Therefore failure to demaistiparasites should never be used to

exclude infection.

The different techniques available include:

Wet films of blood/lymph/CSF/chancre aspirate

Thick films of blood/lymph/CSF/chancre aspirate

Microhaematocrit centrifugation technique

Quantitative buffy coat

Mini anion exchange centrifugation technique

Indirect evidence of trypanosome infection can b&ined by the demonstration of specific
antibodies or parasite antigens in serum. Theseganerally less laborious than the
parasitological methods and their development srs a significant breakthrough in the
diagnosis of HAT. Reliable antigen detection temts yet to be developed and positive
results in antibody detection tests must be ingtgal with care because antibodies can

persist for three years after an infection is cur&wr antibody detection tests, the type of
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antigen chosen determines the sensitivity and Bpiégiof the test.

Variant surface

glycoproteins (VSGs) are preferred for b. gambiensevhile non-variable antigens are

preferred fofT. b. rhodesienseTechniques available include:

Immunofluorescence assay

ELISA

Immune trypanolysis

Card agglutination test for trypanosomiasis (CATT.)b. gambiensenly)

Haemagglutination

Latex agglutination tesfl( b. gambiensenly)

Only the rapid agglutination tests are useful ia tield and the CATT test is widely used.

All others are better suited to remote laboratestihg of samples. Method for molecular

diagnosis of sleeping sickness parasites are tescim section 1.4.1.

1.6.2 Treatment

Treatment depends on the stage of disease diagimodeslpatient. Few drugs are available

as shown in table 1.6:

Drug Date | Spectrum of Stage Important Points
Activity
Suramin 1922 | T. b. rhodesiense Stage 1 5 day course over 3 weeks;
Causes renal damage;
1 in 20,000 patients die
Pentamidine 1937 | T. b. gambiense| Stage 1 10 day course;
Can be used for mass
chemoprophylaxis
Melarsoprol| 1949 | T. b. gambiense| Stage 1,2 3x 3 day course;
T. b. rhodesiense Causes reactive encephalopath
High mortality, up to 18%
Eflornithine | 1981 | T. b. gambiense| Stage 1,2 7 day course;

Costly & not widely available;
Trypanostatic, so requires
functioning immune system to
cure disease;

Table 1.6 Drugs available for treatment of HAT (Smih et al., 1998: Pepin and Meda,

2001: Stichet al., 2003: Buscher and Lejon, 2004: Stevens and Briss£04)
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1.7 History of Tsetse and trypanosomiasis inilyeria

1.7.1 Tsetse distribution and control

Tsetse flies are found in Nigeria between latitud&N — 12°N with northern extensions
along the Hadeija - Jama’ari river valley, flowimgto Lake Chad. Eleven species of
Glossina infest 80% of the country and 4 of thegaraportant in disease transmissida:
morsitans submorsitans, G. palpalis, G. tachinojdmsd G. longipalpis The tsetse free
20% of Nigeria consists of the Sahel savannaherfah north and includes Jos, Obudu and
Mambilla plateaux (Onyiah, 1983). A further 22.8$%land was recovered when tsetse
flies were eradicated from the North East of Nigdyy ground and aerial spraying of DDT
from 1956 — 1978 and by 1980, 35.77% had beenineeth bringing the area infested to
44.3% and the area free of tsetses to 55.7% i13988s (Onyiah, 1983; Ikedst al.,1987)

(see figures 1.1, 1.2 and 1.3.).

Successful tsetse control is feasible in northeigefa because it has a generally hot, dry
climate with guinea savannah, sudan savannah drel gegetation, all of which make it
less suitable for tsetse survival than wetter anedl denser vegetation. Hence the
successful large scale control programmes carnigdnothe north east between 1956 and
1980 and plans to carry out new eradication programin the north west (Jordan, 1986;
Hendrickx, 2001). However, reclaimed areas argeapetual risk of re-invasion from
adjacent infested areas unless preventive measanesimplemented and sustained.
Unfortunately, measures against re-invasion wer¢ sustained due to economical
constraints and much of the areas cleared of téi#sehave been reinfested. Immediately

after the eradication programme, the Jos plateasl avdy exposed to the threat of re-
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invasion from the south-west, whereas now thatiptesly reclaimed areas are re-infested
with tsetse flies, it is exposed on all sides. didave (2000) states that areas cleared of
tsetses are lost at a rate of 108karyear when exposed to the threat of re-invasiom bne

direction but that if exposed on all sides, an afek0,000kn could be lost in 2 years.
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Figure 1.1a: Distribution 06. m. Submorsitan®avies, 1977)
17.2% of the country infested (Onyiah, 1977)
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Figure 1.3: Tsetse eradication schemes in Northemdigeria (Jordan 1986)

1.7.2 Animal African Trypanosomiasis

There is a long history of recognition, avoidancel @ontrol of AAT in Nigeria. Fulani
herdsman and cavalry have been aware of the dis#ase pre-colonial times and the
position of tsetse belts has played a significate m determining the routes and limits of
their grazing grounds and military operations (@igv1965; Bournet al., 2001). The
distribution of AAT corresponds with that of thecters and the disease is therefore
endemic in all tsetse-infested areas of the countngeed this is the main reason for the
concentration of livestock in the northern halftieé country where tsetse levels are lower.
The high tsetse and trypanosomiasis risk in theithwouth made it very difficult to keep
cattle and equines alive and profitable and onlalsmumbers of trypanotolerant taurine

cattle were kept. Even today when there are éfieciontrol strategies for trypanosomiasis
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and other diseases, the number of cattle and esjlk@t in the humid zone is still much

lower than the potential carrying capacity.

Although it having been identified as a major hambe to the livestock trade (and
associated taxes) since the 1920s, sleeping s&knes the priority for tsetse and
trypanosomiasis control efforts until the 1950st tAis time, sleeping sickness control
measures were established and prevalence was idgcland perhaps more importantly,
effective trypanocides became available. A sudaksseatment programme for pastoral
cattle was established by the 1970s (see figureahd this effectively reduced the AAT
problem across much of Northern Nigeria. In the 14070s the majority of treatments
across the savannah and were for prophylactic gegaiven to cattle about to be trekked
through tsetse belts on their way to market orrdutheir annual transhumance (Bourn,

1983; lkedeet al.,1987).
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Figure 1.4: Numbers of cattle treated by VeterinaryTsetse and Trypanosomiasis Unit
(Glover, 1965)
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1.7.3 Human African Trypanosomiasis

Human African trypanosomiasis has existed in WefsicA for hundreds of years, as an
endemic disease in scattered foci associated \aithelrivers from Senegal to Angola.
During the pre-colonial era in Nigeria, sleepingksiess was reported in association two
primordial foci: the Niger-Benue river valley ingiNorth-Central region and the Lake Chad
basin in the North-East. There is long standinglevce of sleeping sickness in the Niger-
Benue valley up to 100 miles on either side of ¢hafluence of both rivers. All reports
point to the disease being confined to the rivdleyaand the people of northern Nigeria
associated tsetse flies with livestock diseaseramicdhuman disease (Duggan, 1962). In the
southern part of the country, specifically the beedst, sleeping sickness also has a long
history where it is endemic in scattered commusitbeé the eastern banks of the Niger,
along its major tributaries and in the Niger Dedtea. These include the historical foci of
Abraka (Delta state) and Gboko (Benue state) amwh fihe 1980s onwards Ndokwa, Ika,
Orhionwon and Ethiope Local Government Areas int®state (Olise and Ukah, 1984;

Edeghereet al.,1989; Edegheret al.,1998; Airauhiet al.,2001).
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Figure 1.5: Sleeping sickness foci in southern Niga(Olise and Ukah, 1984: Edeghere
et al., 1989: Edegherest al., 1998; Airauhi et al., 2001)

In the early years of Lord Lugard’'s new coloniabgmment, British troops put an end to
inter tribal conflicts and slave raiding (the sdtlexh “pax Britannica’) and several roads and
railways were built to facilitate administrationcatroop movement. The subsequent peace
and ease of movement effectively opened up theiantef northern Nigeria. Areas that had
been depopulated or rendered unsafe by former ictnfivere resettled leading to the
establishment of an agrarian population acrossitinth with good roads and rail access to

the Niger-Benue Valley. As a result, many contagidiseases flared into epidemics (e. g.
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meningitis, smallpox) and by 1912, sleeping sickneas spreading into northern Nigeria
along the communication routes. The introductibrihe disease into areas where it was
previously unknown led to high morbidity and matialbecause communities had little

knowledge or experience of the disease. The sadipidemics died out when the local

population was decimated or dispersed, furtherasjing the disease.
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(Glover, 1965)
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The Lake Chad primordial focus is coincident wikte toresence of. tachinoidesalong
rivers draining into Lake Chad. Sleeping sicknestbieaks occurred in the area in 1859,
1886 and 1921. Local communities had good knowlexfgbe disease and were known to
practice preventive measures. Outside these epideaniods, the disease maintained a low
endemic status. HAT was present in epidemic prapustin northern Nigeria between the
1930s and 1960s. A successful active surveillaanog treatment programme that was
established in the early 1930s contributed grettlfhe subsidence of the epidemic as
shown in figure 1.10 below. The current statuthenorth is unknown as no surveillance is

undertaken but is probably endemic at low levelsk@eet al.,2000).

1.8 Current Tsetse and Trypanosomiasis SituatiomiNigeria

There have been several material changes in Wistsibution in the past 30 years.

* Decline of G. morsitans submorsitarend G. longipalpisbelts in the North East
and Central zones (Onyiah, 1977; Jordan, 1986; @omoet al.,1991; Omotainse
et al.,2004).

« Expansion ofG. palpalis and G. tachinoidesbelts onto the Jos plateau with
peridomestic activity in Bachit (Kalu, 1996; Deelieal.,1997; Dedeet al.,1998).

* Increased density db. palpalisandG. tachinoidesn nearby Nassarawa, Benue,
Niger and Taraba states, with tsetse activity indoenestic areas (Dedet al.,
1998; Ahmed, 2004; Omotains¢al.,2004)

* Re-infestation of the areas previously reclaimemmfrtsetse flies in the North

Eastern states of Adamawa, Taraba, and Bornu (8at905).
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Figure 1.9: Vegetation and land use in Nigeria in978 (a) and 1995 (b) (Bourret al., 2001)

The decline of the morsitans group flies is propatlle to the increasing rates of
urbanisation, agricultural expansion and populatjaowth seen all over Africa. Nigeria has
undergone massive woodland and forest clearancexedsive wetland drainage over the
past few decades. Wildlife levels have also dedlideastically due to widespread hunting
and loss of habitat. Bouset al (2001) assessed vegetation and land use changkgaria
over a 17 year period using satellite imagery. iffesults showed that 53,410kif5.9% of

country) went from extensive to intensive agrictdtibetween 1978 and 1995. 65,497km
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(7.2% of country) went from shrub-land, woodland &orest to extensive agriculture, while
53,147km (5.9% of country) went from shrub-land, woodlanud aforest to intensive
agriculture. There was also a 23,464kintrease in bare surfaces during the same period.
Figure 1.9a indicates a fragmented agriculturalaespn of the extensive woodland
savannahs of the middle belt/subhumid zone by 19%#hile figure 1.9b shows the
continued fragmentation through the eighties ametres with few isolated areas of natural
woodland savannah left by 1995 (Bowtnal.,2001). These areas corresponded withihe
morsitansfly belts shown in figure 1.1 so the habitat deigiteon and decline in wildlife
hosts due to land use changes and agriculturalneigra has effectively exterminated

previousG. morsitangopulations.

On the other hand, the increased density and exgaatpalpalis group flies may be due to
their ability to exploit such factors to their advage. Reict al. (2000) developed a spatial
geographical information system (GIS) model with finst fine resolution GIS coverage of
future human populations in Africa; they predicatthby the year 2040 the distribution of
fusca and morsitans tsetse flies will contract ifecent areas across Africa but will not
disappear. Only 75% - 80% of the area currentfgsted will continue to support these
flies. However, Reicet al. (2000) do not make predictions about palpalissfis previous
research has shown that they are not always affdzyehuman populations. Nearly 7
million km? (an area larger than Europe) will remain infestétth riverine flies in West and
Central Africa. Palpalis flies are considered ¢éohighly adaptable to changing conditions,
particularly anthropogenic change (Baldry, 1964a0n1995; Dedet al.,1998; de Deken
et al., 2005; Courtinet al., 2009; Van den Bosschet al., 2010). In light of this, the
assertion by Courtiret al. (2005) that they “constitute, in the future, thesindangerous

vectors of trypanosomoses” has credibility.
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19 Aims and objectives
The aims of this study are to:
e Characterise the current epidemiology of the diseasthe Jos plateau
»  Determine the major risk factors for AAT on the {pisteau
« Determine the knowledge, attitudes and practicelsvestock owners on the Jos
plateau in relation to animal health and produttivi
e Gather information for the planning of interventaagainst trypanosomiasis
The following specific objectives were carried twfulfil these aims
 Chapter 2: Background of the study area is presewith emphasis on social
issues affecting agriculture. The study design @seds also described.
 Chapter 3: A longitudinal survey of bovine trypaowsasis is presented.
Trypanosomiasis prevalence, distribution and sesseariation are investigated
along with analysis for risk factors of trypanosasns
 Chapter 4: A study of pastoral livelihoods is preed. Household income,
assets, herd productivity and knowledge, attituates practices relating to animal
husbandry and disease are considered.
* Chapter 5: This chapter considers the associattvwden anaemia and bovine
trypanosomiasis and evaluates the FAMACHA card aersside diagnostic test

for trypanosomiasis
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Chapter 2: Background
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2.1 The Jos Plateau

The Jos plateau is located in the north of Plagtaie, north central Nigeria. Plateau
state has an excellent road network which provigtesl access to rural communities
and national highways. There are no traditionaharbentres on the plateau and Jos,
the state capital is its only city. It was estdimid by miners after the discovery of tin
on the plateau in 1906 and has since attracted langhbers of skilled and unskilled
migrant workers from across the country. It is ghly populated and heavily

cultivated area (Freund, 1981; Morrisson, 1976; R18B2).
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Figure 2.1: Plateau state
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2.1.1 Ecology and land use

Plateau State is sharply divided into the Jos alaie the north and the savannah
lowlands that fall gradually to the Benue riverlgglin the south. The plateau is a
granite upthrust of 8000KnTising 900-1700m above the surrounding plainsis It

bounded by a steep escarpment in the south andowells to the plains in a series
of steps in the north and east. It consists ohgeu granite of volcanic origin and the
terrain is characterised by numerous lava flowsfateopped hills. There are many
crater lakes in the extinct volcanic cones andetas often heavily cultivated. The
lowland plains of Plateau state are subhumid satargrassland with fertile soils

(Grove, 1952; Blench, 2003; Alfred & Tuley, 1974).

The plateau was formerly open savannah woodlanésmdaw mostly grassland, with
the exception of a few reforestation schemes inctrdral area and on the western
escarpment. Destructive traditional farming systeand overgrazing by cattle have
taken their toll on the land and much of the plateaheavily eroded. Past mining
operations have also damaged substantial areaheofplateau which are now
unusable, adding to the general environmental diegjen (Glover, 1965; Kalu, 1996;
Blench, 2004). Annual rainfall is 1000 — 1,500mna @&he length of the rainy season
Is 160 — 220 days. However, Plateau is not wedpBad with ground water. It is at
the centre of four river basins and is suppliedrtany small streams that originate on

the plateau and drain into each of these major basins (Blench, 2004).
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Fig. 2.2: Hydrological Map of Nigeria showing posibn of Jos plateau

The main farming system was rain-fed cultivatiorcefeals, particularly acha (fonio)
which is uncommon elsewhere in Africa. Davies ()9ports that 60% of the total
land surface was used to cultivate this crop whdoles well on eroded soils and
whose residue is an important feed for livesto€kher crops that are grown include
sorghum, millet, yams, cocoyams, sweet potatoesname recently Irish potatoes,

maize and vegetables (Blench, 2004).

2.1.2 People

The Jos plateau shows high ethnolinguistic diversiithout any of the large-scale
political units that characterise Yoruba- or Halssad. In pre-colonial times, the
plateau was populated by a great variety of sntlalie groups living in hamlets with
a complex clan organisation and ritual kingshiptesyss. They spoke an assortment

of ‘Plateau’ languages and a few Chadic languagkded to Hausa. Therefore, no
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single language or people were dominant althoughatgest ethnic groups were (and
still are) the Birom, Ngas and Tarok (Gunn, 1958n8h, 2004). These tribes lived
mostly in the natural fortresses provided by thkéshand the central plain of the
plateau was largely uninhabited. However, afterddvent of the British at the turn
of the century hill tribes were resettled on thentad plain. Soon after, the
establishment of the tin mining industry attrackeatkers and traders from across the
country. In the early nineteenth century low hurpapulations, absence of tsetse and
mosquitoes and unlimited grassland made the Jaésaplaone of the most attractive
environments for cattle in northern Nigeria. Théseurable conditions drew Fulani
pastoralists from the semi-arid regions who est@blil themselves across the plateau.
From the 1970s onwards, Fulani also settled ornathkand plains. Currently the Jos
plateau is a highly populated cosmopolitan aredh wihabitants from across the
country with a significant Muslim/Hausa presencde(@Bh, 2004; Fricke, 1979;
Awogbade, 1983). Rural areas are mostly inhaliotethrmers of the original plateau

tribes with a significant minority of settled Fuldrerders.

2.1.3 Livestock

Cattle on the Jos plateau are either humped zBbs {ndicuy or West African
humpless shorthormBps tauruy The majority of the zebu are of the Bunaji ohit¥
Fulani variety although a few Rahaji (Azawak/ Relidvbro) and Sokoto Gudali are
present. Most zebu are kept by Fulani pastordbistsnmany indigenous farmers have
bought cattle from them which they keep for fatbgni Many of these cattle are
managed for them by Fulani herders. In some caselsgenous farmers are

‘becoming pastoralists’ e.g. the Tarok of the lavdalains whose herds have become
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so large that they must be sent on seasonal trar@tae. Muturu are the indigenous
humpless shorthorn cattle of Nigeria and were commaoross the humid and
subhumid zones in the past. However, their numbave declined since then due to
the rinderpest epidemic in the late nineteenth wgnBos taurusare particularly

susceptible to rinderpest) and the introduction widkspread uptake of zebu cattle.
Zebu cattle are resistant to rinderpest, largerpardeived to be more productive and
prestigious than muturu (RIM, 1992; Blench, 2004attle populations on the Jos
plateau have been estimated at 400,000 in the @stoa and 140,000 in the dry
season by (ILCA, 1980) and 1.05 million by (RIM9P). This seasonal difference in

numbers is due to the practice of seasonal transhcen

There are few true horses on the plateau but thieakf pony was commonly kept
for transport and ceremonial purposes. Howevenbais have declined and few are
now left, such as those still being used by fewditianal rulers for ceremonial
purposes and by the Polo Club in Jos. Donkeys vaése commonly kept for
transportation but have been displaced by vehidlégy are mainly now treated
solely for food and sold for human consumption.tédla serves a hub market
between the major producing areas in the northtaednain consumption areas on
the lowlands of the state and the south east oéiNigRIM, 1992). Plateau is well
known for its pig production in small-scale interesunits and traditional production
systems. European breeds such as Large WhitesHangbshires although some
indigenous black hairy pigs persist. Some of tbe&kps consumed on the plateau,
and is considered a delicacy in certain areasirmst are sold to traders in the south
RIM, 1992). Dogs are also commonly kept as pets guard dogs and used for

hunting and food consumption. Plateau indigenes cangsidered experts in the
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trading and capturing of dogs (also consideredliaat®y), and travel across northern
Nigeria in the dry season buying unwanted dogs fkdaslim communities. Some
of these are later sold for food within Plateau th& majority are sold to traders
from Cross River in the South East. Sheep, gaadspaultry are commonly kept by

all groups of people in both urban and rural arBdsl, 1992).

2.1.4 The Fulani Pastoral Group

The Fulbe trace their origins to the Nile valley Morth Africa from which they
migrated westwards and settled in the Senegan8nane Fulbe converted to Islam in
this region as early as the eleventh century. @hewears they drifted eastward, first
into the Mali and Songhai empires and eventualtp iHausa-land in what is now
northern Nigeria. Fulbe pastoralists, known in édig as Fulani, began to enter the
Hausa lands in the thirteenth century, and weré @stablished across the region by
the fifteenth century. At the time, the Hausadive seven walled city-states birni
scattered across northern Nigeria. The Fulandligeacefully amongst the Hausa,
utilising the grasslands between the walled ciiiepasture. Some Fulani clans gave
up their nomadic existence and settled in the<itvbere they intermarried with the

Hausa and took on their culture (Croix, 1994; Hod&58; Stenning, 1958).

The Fulani are credited with introducing Islam dnel Arabic script to the region and
became important figures at court and in the religiand judiciary systems. A
turning point in Nigerian history came in 1804 whanFulani cleric Usman dan
Fodio, became dissatisfied with the unorthodox fizas of Hausa converts to Islam
and began a holy war that resulted in the subjagadf the old Hausa city-states.

Having conquered the Hausa, the Fulani adopted lHreguage and merged with their
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ruling classes by assuming the highest hereditasitipns in the Hausa political
system to create a Hausa-Fulani ethnic group uthéerule of the Sokoto Caliphate.
The Sokoto Caliphate then expanded its territoyl itrruled the whole of Northern

Nigeria with the exception of the Bornu Empire lne far north-east (Blench, 2003).

The Fulani are traditionally a nomadic pastoral gheo herding cattle and small
ruminants across the semi-arid Sahel regions oft\Ag&a. Over time they have
expanded into the subhumid and humid zones butimentto be a minority
population wherever they are present. They hawveldped a method of livestock
management based on seasonal transhumance: thememiveof cattle along
north/south corridors in pursuit of grazing and evdbllowing the climatic pattern of
the rainy and dry seasons in West Africa. Thesdihg techniques allow them great
flexibility in using seasonally available and Idsad forage resources Awogbade,
1983). They live amongst indigenous communitiesmfwhom they lease land on
which to build their houses and grow crops on, algh some purchase land or
occupy unclaimed plots. Livestock are grazed ommanal land including
uncropped areas, fallow land and harvested fieMany Fulani have settled and live
year round at a permanent site although theirecattly still undertake the dry season
migration. Cattle are grazed within 5-6km of thmrestead where they are brought

back to be tethered at night (Blench, 2003; Ble2€194).

2.2 Change in Tsetse & Trypanosomiasis status
Pullan (1980) carried out a study of cattle disesas® productivity on the Jos plateau

and stated that there were no tsetse flies presehtrypanosomiasis was not present

38



in surveyed herds.

Since then there have been mepuorts of both tsetse and

trypanosomiasis on the Jos Plateau as listed ia 2ab

ai,

6)

Location Date | AAT Tsetse Reference
Jos 1982 5% (Joshua, 1982)
Plateau & Kaduna 1989 8.2% 10.1% infection (Aefual., 1989)
Jos plateau 1994 7.5% (Abegunde and Mafuy
1994)
Jos 1995 5&. tachinoides | (Onah, 1995)
10 G. palpalis
25G. morsitans
Plateau state 1995 5.6% (Ajastial., 1995)
Vom 1996| 16.4% (Kalu, 1996a)
Barkin Ladi 1996/ 11.7% (Kalu, 1996a)
Bassa LGA 1996 9.1% @. tachinoides | (Kalu, 1996b)
Barkin Ladi LGAs 1996 6.4% 6. palpalis (Kalu, 1996b)
Bassa LGA 1996 38.6%| 3.2 flies/trap/day (Kalu, 1996c¢)
G. tachinoides
Barkin Ladi LGA 1996| 37.6% | G. palpalispresent| (Kalu and Uzoigwe, 199
Miango, Bassa LGA 1999 28.9% (Omotainse and kKpjlej
1999)
Riyom 2000| 6.21% (Kalejaiye and Omotain
2000)
Jos North, Jos South,| 2002 | 7.9% (Shamalet al.,2002)
Jos East & Bassa
LGAs
Bachit 2003| 20% (Anosiket al.,2003)
Sopp 2003 12% (Anosiket al.,2003)
Barkin Ladi 2003| 40% (Anosiket al., 2003)
Barkin Ladi 2004 20% 9%. tachinoides | (Yananet al., 2004)
Bokkos LGA 2004| 17.9% (Kalejaiyeet al.,2004)
(rains)
Bokkos LGA 2004| 11.7% (Kalejaiyet al.,2004)
Kadunu & Bakin Kogi| 2004 27.9%| 182G. tachinoides (Dedeet al.,2004)
infection
Jos East LGA 2005 7.89% (Dadahal., 2005)
Sopp 2006 14Glossina spp. | (Dede et al, unpublished

Table 2.1: Reports of tsetse and trypanosomiasis dhe Jos plateau
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It is clear that the Jos plateau has lost its ¢satsl trypanosomiasis free status. To
understand why this has happened, it is importaribok at the reasons for and

against infestation of the plateau.

2.3.1 Factors contributing to the previous tsetsade status of the Jos plateau

High altitude: According to Jordan (1986), tsetse flies canmotise above 1,800m
close to the equator and this upper limit decreassincreasing distance from the
equator. The Jos plateau is 1,200 — 1777m abovkgelawnhich is close to, but not
quite above, the threshold. Therefore it is unlikéhough not impossible, that tsetse

flies will survive.

Climate: Temperatures rarely exceed 24°C and often gooasds 13°C. The
optimum temperature for tsetse flies is 25°C altifothey can survive temperatures

as low as 10°C if other conditions, particularlyptidity and shade are favourable.

2.3.2 Risk factors for tsetse and trypanosome intduction and

establishment on the Jos plateau

Contiguous infested areas The neighbouring states of Bauchi, Kaduna and
Nassarawa and even the lowland areas of Plateaousding the high plateau are
infested with tsetse flies. Indeed, in past decasdlesn the plateau was still tsetse
free, flies from adjacent lowlands could be fourtancing onto the escarpment
during the rainy season when dispersal of flies umcc(Jordan, personal

communication).
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Transhumance In search of adequate water and pasture, the diorkalani move
their cattle from the Sahel in the north to thesseanfested south during the dry
season and return to the north as the rains agprdde cattle migration routes in
areas that would otherwise be unsuitable (Jord@®86)L The cattle may already be
infected with trypanosomes when they cross theeplatand act as a source of
infection for any tsetse flies present. Infectegnaiory cattle have been implicated in
the outbreaks of AAT that occurred on the platead996 (Kalu, 1996c). Sahelian
droughts in the mid 1980s caused many Fulani te th&ir cattle much further south
than usual in search of food and water and evere manusually, many decided to
settle in these areas (Humanitarian Policy Gro0p92a; Humanitarian Policy Group,
2009b; Azuwike and Enwerem, 2010). During theiy stathese areas, large numbers
of cattle would have been infected, ready to passrgpanosomes any tsetse flies

and/or mechanical vectors they encounter on tlveinteial return to the north.

River links to infested areas The Plateau is connected via continuous watesesur
to non — adjacent infested areas including the ¥angame reserve to the east and
the Alawa wildlife reserve to the west. Riverinette flies, particularlys. palpalis
and G. tachinoidesare abundant in these areas and are capableveflittg several
miles along watercourses (Glover, 1965). Suchesstgnificance of this factor that a
feasibility study for eradication of tsetse fli@s “Block D” (see figure 1.3) to the east
of the plateau deemed it unsuitable for eradicatiecause of these river links with

infested areas and the associated risk of re-atfestby palpalis flies (Jordan, 1986).

Mechanical Transmission Mechanical vectors of AAT likeStomoxys calcitrans
Chrysops and Tabanus species are abound on the plateau and can transmit

trypanosomes from infected migrant cattle to semtgntcattle on the plateau,
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establishing a trypanosome reservoir on the platBauvivax,which is mechanically

transmitted, is reported to be the predominantispeon the plateau and there is
ample evidence for both mechanical transmissiontrgbanosomiasis and the
presence of the disease outside tsetse belts &bgefll975; Desquesnes and Dia,

2003a; Desquesnes and Dia, 2003b; Desquesnes angdD4; Sinshawt al.,2006).

2.4 Jos: conflict and civil strife

The majority of people in Jos city are Christiarisirmligenous Plateau tribes whilst
Hausa-Fulani Muslim ‘settlers’ comprise a significaninority along with other settlers
from across the country (Blench, 2003). It is Wydaccepted that those who hold
political office will favour their own community ithe allocation of public resources.
There is therefore intense competition betweenetiws groups in Jos and considerable
tension when the ‘wrong’ person is appointed octele to public office. This conflict
over political office is often viewed in religiouserms as the two opposing groups are
also divided by religion. This tension has leddourring violence in Jos North LGA,
since 1994. In August of 2001, a Hausa Muslim wagpointed as the poverty
eradication coordinator in the area. Tension esm@lantil September 2001 when it
boiled over into riots that engulfed the whole atyd was replayed in rural areas. In one
week, over a thousand people were killed and térisomsands of Muslims (including
pastoralists) fled, never to return (Bawa & Nwogw®002). These were reported to be
religious riots and those fomenting violence orhevitside were quick to incite their
followers on religious grounds (Human Rights Wa@®01). In November of 2008, this
situation repeated itself in disputes over the llaggavernment elections in Jos North.

There were also outbreaks of violence in Noveml#92and in December 2010 —
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January 2011 several churches were bombed duridgighit mass on Christmas Eve

and widespread riots followed.

Outside Jos city, the other major centres of confh Plateau State are Langtang and
Wase local government areas on the lowland plaanses200km south east of Jos. The
Tarok people are the indigenous tribe in this dnaétathere are substantial settlements of
Hausa farmers and Fulani pastoralists (Blench, 20U%e Tarok have maintained good
relations with these settlers for a long time anel @ow themselves substantial cattle
owners, often as a result of sending their sorettrained in herding by the Fulani. The
Tarok, moreover, have a long tradition of militagrvice, and many of their leaders are
ex-generals. Apparently, a fight broke out in Yelaathe end of June 2002 between
Christian and Muslim residents resulting in thenng of churches. It quickly spread to
other communities in the area, and degeneratedprdtvacted guerrilla warfare with
each side conducting armed reprisal raids on theraintil the end of 2004 (Blench,
2004). Cattle rustling by the Tarok was rife dgrithis period and of the 1.2 million

cattle recorded in Wase LGA, an estimated 500,08@ st to rustlers (Higazi, 2008).

Insecurity has also discouraged farming in manps@nd severe food shortages have
occurred (Blench, 2004). In May 2009 state seguotces stormed five villages in
Wase LGA and hundreds of Fulani were forcibly Iahd#o trucks and driven “back” to
Bauchi, Gombe, Katsina, and Jigawa states. Bef@€d ,2the types of violent clashes
over natural resources common in other northemestaere not characteristic of Plateau
and even now rural violence is directly relatedthe crises in urban areas or the
lowlands. These crises exacerbate the growingralatasource conflict in the rural

areas, making it more likely that violence will acc
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2.5 Study Design

25.1 Cluster sampling surveys

Cluster sampling is a sampling technique used Whatural" groupings are evident in a
statistical population. Surveys employing this taghe typically identify clusters
(geographic, social or census groups) and providsummary tally of people or
households in each. Then using a cumulative fisilalusters, clusters are selected by
probability proportionate to size (PPS) samplingerehthe probability of selecting any
cluster varies with the size of the cluster, givliagger clusters a greater probability of
selection and smaller clusters, a lower probabil&l individuals/households/herds
within each cluster are then included in the surv@luster sampling reduces data
collection costs by taking advantage of the faet tlnits of the population are often
found in close geographic proximity. Because aggaghically dispersed population can
be expensive to survey, greater economy than sinpl@dom sampling can be achieved
by treating several respondents within a local a®a cluster but sampling error is

higher than in simple random sampling.

Using all the sample elements in all selected elgsstnay be prohibitively expensive or
unnecessary; so multistage cluster sampling, wieégements from each cluster are
randomly selected for sampling, is used insteachs@octing the clusters is the first
stage, deciding what elements within the clustarg® is the second stage. Where PPS
has been used for cluster selection, a constanbeumf elements must be selected
within each cluster so that each sampled unit hassame probability of selection.
Multistage cluster sampling is used frequently wheocomplete list of all members of
the population does not exist and is inappropridtesome cases, where the study area

or population is very large, several levels of tduselection may be applied before the
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final sample elements are reached. Multistage elusampling has the advantages of
further reduction in survey costs and increaseduracy over single stage cluster

sampling. However, it is still not as accurate iagpte random sampling.

The history of cluster surveys is closely tied lattof immunisation campaigns. Rapid
surveys to assess the coverage of immunisationrgmoges were first described by
Serfling and Sherman (1965) and modified for usethe smallpox eradication

programme in West Africa by Hendersenal.(1973). The WHO Expanded Programme
of Immunisation (EPI) adopted the method and deeoait into the “30 x 7" method

where thirty clusters were selected by PPS andnseliédren per cluster were sampled
to assess immunisation coverage. The “30 x 7"tetusurvey method was popular and
was adopted all over the world although the raterar the sampling procedure was
never fully explained. Lemeshow and Robinson (198&) commissioned by the WHO

to statistically describe the EPI 30 x 7 surveyhndblogy. This was the first published
article by a statistician that justified the tecfue. A more general variance formula
based on ratio estimators rather than personsdatthéeuse of portable computers, and
developed rapid survey methodology (RSM), an apgraalowing community-based

surveys to be planned, carried out and reporteléss than a month (Frerichs, 1989;
Frerichs and Tar Tar, 1989). After this, there wadespread uptake of the method for
problems of a more general nature which violatedrthrrow statistical assumptions of
the EPI programme as described by Lemeshow andnBati(1985) and thus were
inappropriate uses of the method. Beneetil.(1991) expanded on the work of Frerichs
and Tar Tar and summarized the statistical basisafoid surveys with ratio estimators

(Bennettet al, 1991).
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Several software packages are available for desggeiuster sample surveys, including
EPI-Info, Stata and CSurv8yUCLA, 2007). CSurvey helps select a cluster sample
from a list of clusters, calculates the sample $aea cluster survey and creates a

random number for selecting random start houselwlgersons within households.

2.5.2 Intracluster Homogeneity

Intracluster homogeneity is a measure of the homeigye of responses within a cluster.
Less information is collected in a less diversestdu with a large measure of
homogeneity than in a more diverse cluster withmels measure. It is important to
consider the number of independent observationschester to determine the total
sample size in multistage cluster surveys (Kashl.,1976; Sudman, 1976). Kish (1965)
defined a measure of intracluster homogeneity ddhe rate of homogeneity (R.0.H) as

R.0.H =(D-1)

(n-1)

Where D = design effect and n = sample cluster size

The design effect is a measure of the variancatiofi of an estimator caused by
utilizing a cluster design instead of a simple @ndsampling scheme. In cluster
sampling with equal selection probabilities the lgeneity introduced by spatial
clustering of respondents reduces the net sampéelsi a factor known as the design
effect which depends on the size of the clustarghe extent to which respondents of a
certain cluster resemble each other (intraclusmdyeneity) as well as on the

dissimilarity of respondents belonging to differehisters (intercluster homogeneity). It
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is calculated as the ratio of the variance of tlnster design under consideration to the
variance of a simple random sample of the samédizia

i.e.D=SE
Sk

An alternative method for estimation of R.o0.H. & tproportion variation method,
named so because it was derived by realizing thmtRis approximately the proportion

of the total variation not accounted for within stiers.

R.O.H. = 1-15" ¥ & by P (1- By)
H heh Pn (1- Ry

Where:

H = number of strata

a, = number of primary sampling units in each stratum

b, = average cluster size

bri = number of sample elements in each primary saiqpimt
Pn = prevalence in each stratum

Pni = prevalence in each primary sampling unit

The design effect method is widely used but the@rison variation method is better for
estimating rates of homogeneity amongst categovaables. The design effect method
is preferable for estimating R.0.H. where sampi 38 large whereas the proportion

variation method may be better for small sampless{€lemmer and Kalsbeek, 1984).

2.5.3.Sample size estimation

A stratified two-stage cluster survey method wasdut determine sample sizes. PPS
sampling at the first stage was used to deterntieenumber of clusters/villages per

stratum/river basin to be sampled. A fixed numbércattle, selected by random

sampling were sampled in each cluster at the sesiagg.
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R.o.H. was calculated as below:

R.0.H. = (D-1)=0.114 OR 113" Y @by Py (1-R) =0.142
(n-1) hbBni ph (1-R)

Sample size for the estimation of the prevalencarofevent using two-stage sampling
method is determined according to the followingatmun (Bennetet al.,1991):

Nn=px(1p)xZx[px(b—1)+1]
exb

Where:

n = number of clusters to be selected

p = expected prevalence, based on previous studies

z = value from the normal distribution, based aadksired level of confidence

e = absolute value of the tolerated sampling vagabased on the required precision

b = number of individuals to be selected by clydtesed on operative factors and resources

p = rate of homogeneity.

Input Information
Calculation Purpose Calculate minimum number o$telts
Estimated proportion with attribute 0.24

One half length of confidence interval 0.05
Desired level of confidence 95%
Homogeneity parameter Rate of Homogeneity
Rate of Homogeneify 0.122
Average number of samples per clustef 50
Results

Target standard error of proportion 0.0246
Actual standard error of proportion 0.0243
Design effect 8.90

Rate of Homogeneity 0.122

Point estimate of proportion 0.235
Lower confidence limit 0.1856
Upper confidence limit 0.2844
Number of clusters 25

Sample size for proposed cluster survey 1,250
95% confidence interval 0.19-0.28

Table 2.2: Csurvey

sample size calculation
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Information from published reports and pilot survef the area was entered into CSurvey

(°UCLA, 2007), to determine the minimum number ofstérs required.

Average AAT prevalence on Jos Plateau calculatetth 5% confidence limits from
published reports. Minimum = 10.9% Mean = 17.4Maximum = 24.0% Maximum used

in sample size calculations.

Reported RoH : 0.115 (Otte & Gumm, 1997)
Calculated RoH : 0.128

Average RoH used in sample size calculations: 0.122

2.5.4  Study site selection

The number of selected villages was increased 610 31 to compensate for any attrition
during the study. The specific villages to be uiggld in the study were chosen by dividing
the area into a grid and choosing one village pEl. ¢ Thus, comprehensive spatial
coverage of the plateau is achieved and villagdéls the full range of variables are included

in the study.
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Figure 2.3: Study area showing selected villages
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2.6 AAT Prevalence Survey

In each selected village, a sample of the villagfle herd was tested for trypanosomiasis
infection. Again, CSurvéy (UCLA, 2007) was used to calculate the minimum number
of cows per village required to give 95% confidemdéh confidence intervals of £5%

(50). Therefore, the actual number to be samplesifixed at 80 to increase confidence.

Based on literature about migration patterns irtmoligeria and on the Jos plateau in
particular, a 3 point survey would best serve tarifyt the epidemiology of AAT if

carried out at the following times:

» January/February: This is the middle of the dryseeavhen migratory cattle have
gone and only sedentary cattle remain. A studhefepidemiology of the disease

in the absence of migrant cattle will be conducted.

* April/May: This is the beginning of the rainy seasshen migratory cattle have
just returned and allows for the investigationtd infection profile of the
returning cows and serves as a follow up studjhefsedentary cattle.

» September/October: This is the end of the raing@@&hen migratory cattle
have been back for some time and study of the teffemigrant cattle on the

epidemiology of trypanosomiasis on the plateau essu

2.7 Participatory Rural Appraisal

Participatory rural appraisal (PRA) uses a rangesarhple survey methods to gather
information by allowing local people to share andalgse their knowledge and
experiences and to make plans based on this infanim@hambers, 1994). A structured
guestionnaire, incorporating various PRA techniquess administered to livestock
owners who participated in the AAT survey focusiog animal husbandry and its

contribution to pastoral livelihoods.
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This allowed us to gather data for quantitativelgsia of animal productivity and
profitability to pastoralists determine which sdcieconomic, ecological and cultural
factors influence animal health and disease conbyl herders and investigate

knowledge, attitude and practices of animal hushaadd disease control.

2.8 Evaluation of FAMACHA cards as a pen-sidetest for
Trypanosomiasis

African animal trypanosomiasis is one of the masgpartant livestock diseases in Sub-
Saharan Africa, causing 3 — 7 million cattle deathgear and millions of dollars in lost

income (WHO, 1998). This situation is compoundgdhe lack of accurate diagnosis in
the resource poor, rural areas where the diseasgesahe most damage. Clinical
diagnosis is often the only available method fadigease that has no pathognomonic
clinical signs (Eisleet al, 2004). Thus, inaccurate diagnosis often leadsntoecessary

treatment of unaffected animals — wasting resouares promoting drug resistance, or
non treatment of affected animals. There is gresdnfor a simple, cheap, reliable

penside diagnostic test to combat AAT where it Bratmost.

Despite the fact that most clinical signs of AAE aron specific, anaemia is one of the
most consistent signs of the disease and is ofied as a reliable indicator of infection.
However, methods for penside evaluation of anaean& also limited and clinical
examination of mucous membranes is the only wideld method (Gracet al, 2007).

A handheld haemoglobinometer, Hemocue 201, is @blai] accurate and easy to use.
However it uses expensive, disposable microcuvetted is unreliable at high
temperatures (Gracet al, 200; Morriset al, 2000). In South Africa, an innovative

technique for assessment of anaemia in sheep weadoged to tackle the problem of
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unnecessary treatments tdaemonchus contortusThe FAMACHA method consists of
a laminated card bearing 5 pictures of sheep catigmwhich, when compared with the
ocular mucous membranes of livestock, allows teatification of anaemic animals. If
this method could be successfully applied to trgsamiasis, it would help to improve

diagnosis and reduce the number of unnecessatyneats.

In this study, diagnosis of anaemia will be donsmgidoth FAMACHA and Hemocue
and results will be compared to assess the sehsiaind specificity of FAMACHA
cards. Results will also be compared to trypan@sdiagnostic PCR results to assess the

use of FAMACHA as a diagnostic tool for trypanosasis.

AAT Prevalence Survey J

Dry Season Survey

Early Wet Season

Late Wet Season

(S J

Participatory Rural J
Assessment
Knowledge, attitudes and
practices of T&T )

Pastoral livelihoods

Herd Productivity

(S J

Fiqure 2.4: Study Design Chart
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Chapter 3: Longitudinal Study of Bovine

Trypanosomiasis
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3.1 Introduction

The Jos plateau in north central Nigeria is an afe000kn? with an average altitude of
1280m. It has been historically free of tsetsesfl®d trypanosomiasis. The absence of
animal trypanosomiasis and abundant pasture atrdatge numbers of cattle-keeping
pastoralists. The area now holds over a millionleand plays an important role in the
national and regional cattle industry. However gild®82, there have been increasing
reports of tsetse flies and AAT on the plateaupd®is have been based in single villages
or LGASs, so little robust epidemiological data wasilable regarding the distribution
and overall prevalence of AAT across the Jos platdhis knowledge is necessary to
design appropriate and effective control strate§pesrypanosomiasis, which is vital if

this area is to continue to contribute competitialthe livestock sector.

This chapter presents the findings of a longitudgusvey of bovine trypanosomiasis on
the Jos plateau, designed to characterise therepbbgyy of trypanosomiasis in this area.
Epidemiological results and their implications foattle health and productivity are

discussed.

3.2 Aim and Objectives

The Jos plateau has undergone a change in ite &etstrypanosomiasis status and little
information is available on the current state d&ia$ or the drivers for the epidemiology

of trypanosomiasis in this area. This chapter amngrovide a comprehensive summary
of the epidemiology of bovine trypanosomiasis ofdbs plateau and identify the factors

affecting it by:
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« Longitudinal prevalence survey of cattle to captseasonal variations in
prevalence

«  Molecular diagnosis of trypanosomiasis infections

* Logistic regression to determine risk factors fgpainosomiasis infection

* Acquisition of baseline data for intervention plamgn and delivery in the

future

3.3 Materials and Methods

3.3.1 Sample Frame

The prevalence of trypanosomiasis in cattle onXbe plateau was estimated using a
longitudinal two stage cluster survey. The studgaawas stratified by river basin, with
villages as primary clusters and a fixed numbetatfle to be sampled in each village as
described in Chapter 2. Eighty cattle were sampiedach of the 30 selected villages
during the dry season, early wet season and lateseason to enable assessment of

seasonal variations.

3.3.2 Sample Collection
Eighty cattle were selected for sampling from indidal herds within each village. A
total of 7143 cattle were sampled, 2230 in the shgison, 2449 cattle in the early wet

season and 2367 in the late wet season.

Blood was collected from each by venipuncture goglied directly onto Whatman FTA
cards. Cards were air dried at room temperaturatféeast one hour and then stored in
sealed envelopes with dessicant. The sex, age] larek condition score of each animal

was recorded as shown in figure 3.1 below. Comnadligooring was done according to
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Nicholson and Butterworth (1986) where there aredlmain categories — fat, medium
and lean, with each subdivided into 3 subcategasesutlined in figure 3.1 below. These

scores describe the condition of the animal fromy \@an (L-) to very fat (F+)

Sex
Male: M
Female: F

Age

A: 0-6 months

B: 6 months - 2 years
C: Over 2 years

Condition Score
Fat: F+ F F-
Medium: M+ M M-
Lean: L+ L L-

Breed
Bunaji: B
Rahaji: R
N’'Dama: Nd
Keteku: K
Friesian: F

Figure. 3.1: Sample collection

3.3.3 DNA Extraction

Five 3mm discs were cut out of each sample usiHgrais Micropunch. To avoid cross
contamination between samples, five discs were lpeshout of blank filter paper after
each sample. Five 3mm discs of blank filter paperewalso included as negative controls
for the DNA extraction process. The discs weresgitwo fifteen minute washes in 1ml
of Whatman FTA purification reagent to remove haglobin which inhibits the PCR
reaction. Used reagent was discarded after eash.wghey were then given two fifteen
minute washes in TE buffer (10mM Tris, 0.1 mM EDTpY 8.0) to remove the FTA
purification reagent and the used buffer discarafiéek each wash. Discs were dried for

30 minutes in an oven at 37°C. 100ul of 5% chelespension was added to dry discs
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and incubated at 90°C for 30 minutes to elute thNADff the FTA discs. Eluted DNA
solution was used for the PCR reactions as it waad to be more sensitive than using
the dried FTA disc as recommended by the manufactyiNicholson and Butterworth,

1986; Wooderet al.,1992; Kainet al.,1993).

3.3.4 T. bruce s.I. PCR

This PCR targets the kinetoplast minicircle DNAToypanosoma brucei and gives a 177
bp PCR product. It can be used for the detectiohrgbanosoma bruces.l. infection in
humans, animals and tsetse flies (Kataketral.,1997). The technique demonstrated a
high sensitivity by successfully amplifying 0.1p§ T bruceiDNA which is equivalent

to one parasite per pl of blood (Mostral.,1989)

Primer sequences:
TBR 1: 5 - CGA ATG AAT AAACAATGC GCAGT -3
TBR 2: 5 - AGAACC ATT TAT TAGCTTTGT TGC -3

PCR amplifications were carried out in a 25ul reactnixture as shown in table

3.1below:
Master mix 25ul
Super Taq 10 x buffer 2.5ul
TBR1 (100pmoles/ul) 0.5ul
TBR2 (100pmoles/ul) 0.5ul
100mM dNTP 0.2ul 0.2 ul
BIOTAQ Red DNA polymerase (1U/ul) iy
Distilled water 14.55u
MgCl 0.75ul
Sample DNA S5ul

Table 3.1:T. brucei s.l. PCR Mastermix
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Thermal cycling was undertaken using a Dyad Pettiermal cycler using the following

conditions.

Step 1: 94C for 3 minutes

Step 2: 94C for 1 minute

Step 3: 55C for 1 minute

Step 4: 72C for 30 secs

Step 5: Repeat steps 2 — 4 34 times

Step 6: 72C for 5 minutes.

3.3.5 T. congolensesavannah PCR

This PCR amplifies the satellite DNA monomer Tafypanosoma congolendélifi to
give a 316 bp product as first described by (Masigal.,1992). It can be used to detect
infections of this parasite in animals and tseti®s {(Masigaet al.,1992); (Katakureet
al., 1997). It is sensitive enough to detect a singiagite and does not cross react with
other species of trypanosomes, other subspecieBypanosoma congolensa host

DNA (Masigaet al.,1992).

Primer sequences
TCS 1: 5 - CGAGAACGGGCACTTTGCGA -3’

TCS 2: 5° - G GACAAACAAATCCCGCACA -3
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PCR amplifications were carried out in a 25ul reactixture as shown in table 3.2.

Mastermix 25ul
Mastermix 25
Super Taq 10 x buffer 2.5ul
TCS1 (100pmoles/ul) 1.5ul
TCS2 (100pmoles/ul) 1.5l
100mM dNTP 0.2pl 0.2
BIOTAQ Red DNA polymerase 1U/ul) iy
Distilled water 12.55u
MgCl 0.75ul
Sample DNA Sul

Table 3.2:T. congolense savannah PCR Mastermix

Thermal cycling was carried out in a Dyad Pelti@rtnal cycler using the following
conditions:

Step 1: 94C for 3 minutes

Step 2: 94C for 1 minute

Step 3: 55C for 2 minute

Step 4: 72C for 2 secs

Step 5: Repeat steps 2 — 4 29 times

Step 6: 72C for 5 minutes.

3.3.6 T. vivax PCR

The target of this PCR is a gene encoding a diftealtly expressed antigen of
Trypanosoma vivaxo give a 400 bp product as first described by Masad others
1997. It can be used to detect infections of thasagite in animals and tsetse flies

(Masakeet al.,1997; Clausewet al.,1998).
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Primer sequences
ILO 1264: 5 — CAGCTCGCCGAAGGCCACTTGGCTGGG - 3

ILO 1265: 5 — TCGCTACCACAGTCGCAATCGCAATCGTCGTCTGABG- 3

PCR amplifications were carried out in a 25ul reactixture as shown in table 3.3

below:
Master mix 25ul
Super Taq 10 x buffer 2.5ul
TCS1 (100pmoles/ul) 1.5ul
TCS2 (100pmoles/ul) 1.5ul
100mM dNTP 0.2pl 0.2
BIOTAQ Red DNA polymerase 1U/ul) iy
Distilled water 12.55u
MgCl 0.75ul
Sample DNA 5ul

Table 3.3:T. vivax PCR Mastermix

Thermal cycling was carried out in a Dyad Pelti@rtnal cycler using the following
conditions.

Step 1: 94C for 3 minutes

Step 2: 94C for 1 minute

Step 3: 55C for 2 minute

Step 4: 72C for 2 secs

Step 5: Repeat steps 2 — 4 35 times

Step 6: 72C for 5 minutes.
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3.3.7 Gel electrophoresis
1.5g of agarose was added to 150ml of 1 x Tris ®dEDTA (TBE) buffer (36mM Tris,

30mM NaH2PO4, 1mM EDTA, pH 8.0) stained with Ethici bromide (0.5ug/ml).This
was poured into a 30cm x 20cm mould. 15ul of th&R@oduct from the second round
was run on this 1.5% Agarose gel alongside a 1Qffbduation marker at 100V for
1hour on a Bio Rad Power Pac 300 machine. The gslexamined on a Gel Doc 2600

Bio-Rad using Quantity OffeBio-Rad software.

b Bl i ...

Figure 3.2: Gel electrophoresis image of. b. brucei DNA bands at 177bp

Figure 3.3: Gel electrophoresis image of. congolense DNA bands at 316bp
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Figure 3.4: Gel electrophoresis image of. vivax DNA bands at 400bp

3.3.8  Statistical analysis

This section provides details of statistical testsd in this study.

3.3.8.2 Chi squared test of independence

The chi squaredyf) test for independence tests the association leetwgo categorical
variables or nominal data where the basis of cormars proportions (Plackett, 1983).
At the 95% confidence level, a chi-square probigb#i0.05 indicates association and
justifies rejection of the null hypothesis ‘there no association between the variables

studied’. This test was done in EpilAifoCDC software.

3.3.84 Wilcoxon—Mann-Whitney test

The Wilcoxon — Mann — Whitney test is used to corapga/o independent groups of
ordinal data. The test statistic and associateglyeevdetermines whether there is a
significant difference between the median valueaxth group (Wilcoxon, 1945; Mann &

Whitney, 1947). This test was done in MinitaiMinitab Inc.).
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3.3.85 Exact binomial confidence intervals

The binomial proportion confidence interval is anfidence interval for a proportion in a
statistical population that uses the proportiomested in a statistical sample and allows
for sampling error. The confidence interval ind&satthe range that the true sample
proportion would lie within if the test were repeatseveral times. It assumes that the
statistical population has a binomial distributi@rown et al, 2001). The exact binomial
confidence interval, or Clopper-Pearson methoda ismore accurate variation of the
binomial proportion confidence interval which inigetwo single-tailed Binomial tests at
the desired level of confidence instead of usingoamal approximation (Clopper &
Pearson, 1934). Exact binomial confidence intervadse calculated using CPABMJ

software.

3.3.8.6 Logistic regression

Logistic regression was carried out usiagret for Windows© Cytel Software (1999).

This statistical test is used for prediction of grebability of occurrence of an event by
fitting data to a logit function logistic curve. i6 a generalized linear model used for
binomial regression (Hosmer & Lemeshow, 1989). Lik@ny forms of regression

analysis, it makes use of several predictor vaemlthat may be either numerical or
categorical. A multivariate, multiplicative/relaiwrisk model was constructed with the
fixed effect variables laid out in table 3.4. Alage was included as a random effect

within the model.
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Variable Type of Variable | Class of Variable

Trypanosomiasis Outcome variable  Binomial

positive = 1, negative =0

Altitude Predictor variable | Categorical
range 800m — 1350m

50m increase per category

Dry season migration  Predictor variable¢ ~ Binomial

yes=1,n0=0

Wet season migration Predictor variable Binomial

yes=1,n0o=0

Alien migratory cows| Predictor variable]  Binomial

yes=1,n0=0

Table 3.4: Logistic Regression Variables

3.3.8.8 Moran’s |

Given a set of features and an associated attrilssiibal Moran's | (Moran, 1950)

evaluates whether the pattern expressed is cldstelispersed, or random. The test
calculates a Z score and p-value to indicate wietinenot you can reject the null

hypothesis. In this case, the null hypothesis stdlbat feature values are randomly
distributed across the study area and not clust&kabn the Z score indicates statistical
significance, a Moran's | value near +1.0 indicatkstering while a value near —1.0
indicates dispersion. At 95% significance leveh @alue < 0.05 indicates that clustering

is present and the null hypothesis can be rejected.

In this study, the Moran’s | test was used to itigase spatial clustering of

trypanosomiasis using the spatial autocorrelatimhin ARCGIS ESRI software.
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3.3 Results

This section describes the results of the longitaldprevalence survey carried out and
includes data on prevalence, trypanosome specesemee and distribution, seasonal

variation and risk factors for infection.

3.3.1 Prevalence of trypanosomiasis
A total of 7143 cattle were sampled and 3305 (46.8%re positive for trypanosomiasis.

Of these 3305 infections: 40.4% weTe congolensenly, 35.8% wereT. vivaxonly,

2.09%wereT. b. bruceonly and 21.7% were mixed infections as showngari 3.2.

TV only
35.8%

TBRI/TCS
1.6%

Mixed infections
21.8%

TBRITV
2.2%

TBR/TCS/TV
1.1%

TBR only
2.1%

TCS only
40.4%

Figure 3.5: Annual trypanosome species distribution

3.3.1.1 Dry season prevalence
2330 cattle were sampled in the dry season and 10831%) were positive for
trypanosomiasis. Of these 1079 infections: 42.08¢eW. congolensenly, 27.5% were

T. vivaxonly, 1.9% wereT. b. bruceionly and 28.6% were mixed infections as shown in

figure 3.3.
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TV only
27.5%

TBR/TCS
1.4%

TBR/TV
1.8%

Mixed infections
28.7%

TBR/TCS/TV
1.3%
TCS only
42.0%

TBR only
1.9%

Figure 3.6: Dry season trypanosome species distriban

3.3.1.2 Early wet season prevalence
2449 cattle were sampled in the early wet seasdnl@87 (44.4%) were positive for
trypanosomiasis. Of these 1087 infections: 42.4%ewe congolenseonly, 35.7%T.

vivaxonly, 3.8 %wereT. b. bruceionly and 18.1% were mixed infections as shown in

figure 3.4

TV only
35.7%

TBR/TCS
3.3%

TBR/TV
3.2%

Mixed infections
18.1%

TBR/TCS/TV
1.6%

TBR only
3.8%

TCS only
42.4%

Figure 3.7: Early wet season trypanosome speciessttibution
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3.3.1.3 Late wet season prevalence
2367 cattle were sampled in the late wet seasonl14B88 (48.1%) were positive for
trypanosomiasis. Of these 1139 infections: 37.184eW. congolensenly, 43.6% were

T. vivaxonly, 0.7% wereT. b. bruceionly and 18.6% were mixed infections as shown in

figure 3.5

TV only
43.6%

TCS only
37.1%

Mixed infections

18.6%

TBRITCS
0.1%

TBRITV
1.6%

TBRITCS/TV
0.4%

Figure 3.8: Late wet season trypanosome speciestdisution

Table 3.8 below shows the prevalence of trypanoasisiiacross the Jos Plateau. There

was significant seasonal difference in prevalentcéypanosomiasisxf = 6.765, p =

0.037).
Dry Season Early Wet Late Wet Annual
Season Season
T. b. brucei* 3.0% 5.3% 1.4% 3.2%
(2.4% - 3.9%) (4.4%-6.2%) | (0.9%—1.9%) | (2.8% —3.6%)
T. congolense 30.7% 25.1% 25.6% 27.7%
(22.8% - 38.6%) | (15.5% - 34.7%)| (17.0% - 34.1%)| (21.8% - 33.6%)
T. vivax 24.8% 22.1% 29.9% 26.7%
(13.7% — 36.0%) | (10.8% - 33.5%)| (17.8% - 42.1%)| (18.2% - 35.3%)
Trypanosomiasis 44.9% 43.8% 47.9% 46.8%
(33.1% - 56.7%) | (31.7% - 56.0%)| (37.5% - 58.4%)| (39.0 — 54.5%)

*Cluster sample estimation methods assume a miniwiubfbo prevalence. Since the observed prevalence

Table 3.5: Prevalence for trypanosomiasis

of T. b. bruceis so low, prevalence was calculated as a simglpggtion
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Figure 3.9a: Trypanosomiasis Distribution and prealence - Dry season
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Figure 3.9b: Trypanosomiasis Distribution and prewalence - Early wet season
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Figure 39c: Trypanosomiasis Distribution and prevéence - Late wet season
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Figure 3.9d: Trypanosomiasis Distribution and prewalence - Annual

There was no clustering of trypanosomiasis (Moraw'9.01, p = 0.902)
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3.3.2 Risk factors for trypanosomiasis

Risk factors for trypanosomiasis infection were dmgason migration and wet season

migration as shown in table 3.6. Altitude and tihespnce of alien migratory cattle reduced

the risk of infection with trypanosomiasis. Therasaa significant interaction between wet

season migration and the presence of alien migratattle which increased the risk of

trypanosomiasis.

95% C.1.

Variable B p-value | Odds Ratio | Lower | Upper
Altitude -0.0918| < 0.001| 0.9123 0.89640.9284
Dry season migration| 0.1998 <0.001 1.2212 1.0868722
Wet season migration 0.2051 0.0253 1.2276 1.0264693
Alien migratory cows | -0.3675<0.001| 0.6925 0.61930.7743
Wet season migration*0.4198 | <0.001] 1.5216 1.2109.9127
Alien migratory cows

Table 3.6: Risk factors for trypanosomiasis

Risk factors for trypanosomiasis infection in they deason were migration in the

preceding wet season and altitude as shown in 8abBleThe presence of alien migratory

cattle reduced the risk of infection during the deason.

95% C.1.
Variable Coefficient | p-value | Odds Ratio | Lower | Upper
Altitude 0.0625 <0.001 1.0645 1.0306.0995
Dry season migration 0.2326 0.0204 1.2619 1.0366361
Wet season migration0.9367 <0.001] 2.5514 2.0643.1537

Table 3.7: Risk factors for trypanosomiasis in thary season

The only significant risk factor for trypanosommsn the early wet season was migration

during the preceding dry season while altitude cedithe risk of infection as shown in table

3.8.
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95% C.I.
Variable Coefficient | p-value| Odds | Lower Upper
Ratio
Altitude -0.1967 <0.001] 0.8214 0.7961 0.8476
Dry season| 0.4075 <0.001| 1.5031 1.2229 1.8476
migration

Table 3.8: Risk factors for trypanosomiasis in thesarly wet season

The only significant risk factor for trypanosommsn the late wet season was migration in

the early wet season as shown in table 3.9. Baith@ded and the presence of alien migratory

cattle (odds ratio = 0.689, p = <0.001) reducedisieof infection.

95% C.1.
Variables Coefficient | p-value | Odds Ratio | Lower | Upper
Altitude -0.1152 <0.00] 0.8912 0.8641D.9184
Wet season migration| 0.4230 <0.001 1.5265 1.2287.8964
Alien migratory cows | -0.5033 <0.00) 0.6045 0.510D.7164

Table 3.9: Risk factors for trypanosomiasis in theéate wet season

3.3.3 T. b. brucei prevalence and risk factors

T. b. bruceiprevalence was 3.094.4% -

early wet season and 1.490% — 1.9%)in the late wet season. Total annual prevalens wa
3.2% (2.8% — 3.6%) Table 3.10 below shows the prevalenceTob. bruceiacross the Jos
Plateau. Cluster sample estimation methods assumeimum of 5% prevalence. Since the
observed prevalence 4. b. bruceiis so low, prevalence was calculated as a simple

proportion. There was a significant seasonal difiee in prevalencex{ = 56.1, p =

3.9%)in the dry season 5.3%.4% -

>0.001).
Dry season Early wet seasonLate wet season  Annual
T. b. brucel 3.0% 5.3% 1.4% 3.2%
(2.4% - 3.9%) (4.4% - 6.2%) (0.9% —1.9%) | (2.8% — 3.6%)

Table 3.10: Prevalence of . b. brucei
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Figure 3.10a:T.b. brucel Distribution and prevalence - Dry season
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Figure 3.10b:T. b. brucei Distribution and prevalence - Early wet season
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Figure 3.10c:T. b. brucei Distribution and prevalence - Late wet season
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Figure 3.10d:T. b. brucel Distribution and prevalence - Annual

There was no clustering @f b. bruce{Moran’s | = -0.04, p = 0.425)



Risk factors foiT. b. bruceinfection were wet season migration and the prasehalien

migratory cattle as shown in table 3.11.

Altitudseluced the risk ofl. b. brucei

infection.
95% C.1.
Variables B p-value | Odds Ratio | Lower | Upper
Altitude -0.1482| < 0.001| 0.8623 0.825[10.9011
Wet season migration| 0.7918 | <0.001] 2.2075 1.6103.0263
Alien migratory cows | 1.6462 | <0.00] 5.1870 3.4883.7130

3.3.4 T. congolense savannah prevalence and risk factors

Table 3.11: Risk factors forT. b. brucai infection

T. congolensesavannah prevalence was 30.7248% - 38.6%)in the dry season, 25.1%

(15.5% - 34.7%)n the early wet season and 25.6¢2%6.0% - 34.1%)in the late wet season.

Total annual prevalence was 27.7@4.8% -

33.6%)

Table 3.12 below shows the

prevalence ofT. congolensesavannah across the Jos Plateau. There was signific

seasonal variation in prevalengg € 29.7, p = 3.6 x 10).

Dry season Wet season Wet season Annual
(Early) (Late)
T. congolense 30.7% 25.1% 25.6% 27.7%
(22.8% - 38.6%) (15.5% - 34.7% | (17.0% - 34.1%) (21.8% - 33.6%)

Table 3.12: Prevalence oT. congolense
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Figure 3.11a:T.congolense Distribution and prevalence - Dry season
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Figure 3.11b:T.congolense Distribution and prevalence — Early wet season
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Figure 3.11d:T .congolense Distribution and prevalence - Annual

There was no clustering of T. congolense (MoraFs0.03, p = 0.448)
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The only risk factor foif . congolenssavannah was wet season migration while dry season
migration and the presence of alien migratory eaglduced the risk of trypanosomiasis as

shown in table 3.13.

95% C.I.
Variable B p-value | Odds Ratio| Lower | Upper
Altitude -0.0548| < 0.001| 0.9467 0.92810.9657
Dry season migration -0.400% 0.001| 0.6700 0.591B0.7586
Wet season migration0.6144 | <0.001 1.8486 1.6222.1059
Alien migratory cows -0.4868| < 0.001| 0.6146 0.551/70.6846

Table 3.13: Risk factors forT. congolense infection

3.3.5 T.vivax prevalence and risk factors

T. vivaxprevalence was 24.8%3.7% - 36.0%)n the dry season, 22.1640.8% - 33.5%)n the
early wet season and 29.9%.8% - 42.1%)n late wet season. Total annual prevalence was
26,7% (18.2% - 35.3%) Table 3.14 shows the prevalencelofvivaxacross the Jos Plateau.

There was significant seasonal variation in pravegei® = 35.3, p = 2x18).

Dry season

Early wet seaso

nLate wet season

Annual

T. vivax

24.8%

(13.7% - 36.0%)

22.1%
(10.8% - 33.5%)

29.9%

(17.8% - 42.1%)

26,7%
(18.2% - 35.3%

Table 3.14: Prevalence of T. vivax
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Figure 3.12a:T.vivax Distribution and prevalence - Dry season
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Figure 3.12c:T.vivax Distribution and prevalence — Late wet season
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Figure 3.12d:T. vivax Distribution and prevalence - Annual

There was no clustering of T. vivax (Moran’s | =08, p = 0.367)
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The only risk factor forT. vivax infection was dry season migration while altitude

reduced the risk of infection as shown in tablé&3.1

95% C.I.

Variables B p-value | Odds Ratio| Lower | Upper
Altitude -0.0925| < 0.001| 0.9116 0.893]70.9299
Dry season migration1.2823 | <0.00] 3.6049 3.0649.2405

Table 3.15: Risk factors forT. vivax infection

3.3.6 Seasonal variation

Three different patterns of seasonal variation wabeerved in village level data as

illustrated in table 3.16 and figure 3.13.

Group 1:15 of the 30 study villages (50%) were in thisugroThere was significant
seasonal variation in these villages where thegleeee of trypanosomiasis is lowest in

the dry season and increases significantly in taessasonyf = 211, p = <0.001)

Group 2:5 of the 30 study villages (16.7%) were in thisug. There was no significant
seasonal variation in these villages where thegteexee of trypanosomiasis remains at a

constant level all year roung*(= 1.5, p = 0.173).

Group 3 10 of the 30 study villages (33.3%) were in thisup. There was significant
seasonal variation in these villages, the prevaefctrypanosomiasis is highest in the
dry season, decreases as the wet season begimcarabes again towards the end of the

wet seasonyf = 518, p = <0.001).
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Prevalence

Group | Dry Season Early Late Annual
Wet Season| Wet Season
Group 1 23.5% 56.4% 43.7% 41.6%
(9.0% - 38.0%)| (36.5% - 76.3%) (29.4% - 58.0%) (28.7% - 54.5%
Group 2 63.1% 66.0% 52.7% 62.7%
(18.4% - 100%)| (36.2% - 95.8%) (8.2% - 97.2%) | (30.6% - 94.8%
Group 3 67.6% 19.9% 50.9% 46.1%

(54.6% - 80.6%) (8.0% - 31.8%) | (31.0% - 70.8%) (36.5% - 55.7%

Table 3.16: Prevalence of trypanosomiasis in seastdivariation groups

Despite this evidence, each group consists oftless twenty five clusters, the minimum
number required for the assumptions made by clissterpling techniques to hold true.
This is also responsible for the wide confidendervals observed.
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Figure 3.13: Seasonal variation patterns observed
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3.3.7 Herd composition

The age, sex, breed and condition score of samgh@dals was recorded. Since the
sampled animals were a good representative saniptheototal herd, this gives an
indication of the total herd composition. The saedpanimals consisted of 74.198.1 -

75.1%)females and 25.9%924.9 — 26.9%)nales.

When considered by age group, 8.3%% - 8.7%)of the herd were calves below 6 months
old: 3.8%(3.4 — 4.2%)male and 4.5%4.0 — 4.8%)female. The overlapping confidence
intervals indicate that there is no significantfeliénce in sex ratio. 25.3%4.2 — 26.2%)
were juveniles between 6 months and 2 years of B3&%(11.7 — 13.3%)male, 12.8%
female (12.0 - 13.6%).The overlapping confidence intervals indicate thare is no
significant difference in sex ratio. 66.4965.4 — 67.6%)were above 2 years old:
9.6% (8.9 — 10.3%)male and (56.8%)55.6 — 57.9%)female. There is no overlap in
confidence intervals, indicating that there isgn#icant difference in sex ratio in this age
group. There is no overlap in confidence intenetiieen the three age groups, indicating

a significant difference in age group composition.

86.8%(86.0 — 87.6%)f sampled cattle were Bunaji, 2.622 - 3.0%)were the red Rahaji
breed and 10.6%®.9 — 11.3%)were Bunaji x Rahaji crossbreeds. No other breesi®
encountered. There is no overlap in confidencervats, indicating that there is a

significant difference in breed.

The condition scoring exercise showed that 4(3%- 4.6%)of sampled cattle were lean,

95.5%(95.0% - 95.9%Wwere medium and 0.4%.2 — 0.5%)were fat.
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Figure 3.14: Age and sex distribution

3.3.8 Prevalence by sex

The prevalence of trypanosomiasis was 45.7% in sraatel 46.5% in females. There was
no significant difference in prevalence of trypamosgasis between males and females (p

= 0.436564)

3.3.9 Prevalence by age

The prevalence of trypanosomiasis was 43396 — 47.1%)n calves less than 6 months,
47.8%(45.5 — 50.1%)n cattle between 6 months and 2 years old, an2P464.8 — 47.7%)
in cattle over 2 years old. There was no signifiadifierence in prevalence between the

three different age groupg®(= 3.843, p = 0.146).
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3.3.10 Prevalence by breed

The prevalence of trypanosomiasis was 46(@% — 47.6%)jn Bunaji cattle; 50.0%42.6 —
57.4%)in Rahaji cattle and 44.8%1.2 — 48.3%)in Bunaji and Rahaji cross cattle. There
was no significant difference in prevalence betwenthree breed classeg € 1.532, p

= 0.465).

3.3.11 Prevalence by condition score

The median condition score of trypanosomiasis ieféccattle was 5 (M) whilst the
median condition score of uninfected cattle wa® &s(M). The Mann-Whitney test
revealed no significant difference in the mediamditton score of infected and

uninfected cattle (U = 13592263, p = 0.199).
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3.4 Discussion

This section discusses and interprets the residtsepted in section 3.3.

3.4.1 Trypanosomiasis prevalence

The prevalence of trypanosomiasis across the ddsaul was found to be 46.8%6.0 -
54.5%).This is comparable to prevalences recorded ineiwifage surveys conducted on
the Jos Plateau in previous years: 38.6% recorgeKalu 1996b), 37.6% recorded by

(Kalu and Uzoigwe 1996) and, 40% recorded by (Akmst al.2003).

However, these studies were conducted using pal@gital techniques which are far
less sensitive than the PCR techniques used irstidy. It therefore appears that there
has been a reduction in prevalence, or that thdtsesf this study underestimate the true

prevalence of trypanosomiasis.

PCR offers very high sensitivity and specificity the diagnosis of trypanosome
infections (Artameet al.,1992; Masigeet al.,1992; Majiwaet al.,1994) . Comparative
studies show that its sensitivity surpasses thatlassic parasitological methods by
several orders of magnitude. The reported sensitofi microscopy after concentration
techniques is 2.5 x £6- 5 x 1§ parasites/ml of blood (Picozzi &t al.,2002) whereas
PCR can detect 1 parasite/10ml of blood (1% p@rasite genetic material/ml) (MacLeod

A et al.,1997; Morrisoret al.,2007).

Nevertheless, when used in field studies, PCR &etiy reports low prevalences, with
results comparable to microscopy and no sign oe#tpected difference between the two
methods (Clauseat al,1998; Picozzi Ket al,2002; Coxet al,2010). This phenomenon
either reflects the actual circumstances or isréafect due to issues associated with the

sampling procedure, the sample-storage systenk @i method, or a combination of all
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of the above. Competing target DNA, residual PCRihbitors, differences in copy
number and/or length of target sequence are sontigeaimperfections within the PCR
process that could be involved. Cluster samplingclvivas used in this study is known
to give reduced precision when compared to simghdelom g or stratified sampling. The
use of cluster sampling is justified in situatiomkere constructing a complete list of
population elements is difficult, costly, or impids or where the population is
concentrated in "natural” clusters. In both of theguations, economic constraints can
make other sampling options unworkable and theaedigosts make up for any losses in
precision. In this study, it was impossible to cdm@ complete list of cattle, herds or
households due to the large numbers of people mintaés present and the low levels of
trust and cooperation encountered during the pmesguperiod so the use of cluster
sampling was justified and is unlikely to have ciimited to the similarity in PCR and

microscopy results seen here.

Whatman FTA cards were the sample storage methed usthis study, for several
reasons. They provide a safe, secure and reliablkeau for the collection, transportation
and room temperature storage of DNA. When sampkeggplied to FTA treated paper,
cells are lysed and nucleic acids are immobilizethiwv the matrix. Amplification or
restriction enzyme digestion can then be perforgiegttly on the treated paper without
the need for extensive extraction procedures. Fais rapidly inactivate all organisms
including blood borne pathogens and bacteria, ngakiem safe enough to be shipped
via regular postal services without hazardous ratiatbelling. Genomic DNA stored on
FTA cards for over 11 years exhibits no loss in REZ&iciency (Whatman International

Ltd, UK; DNA testing centre Inc).
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It is standard practice to take a single 3mm punaim the FTA card to be used as the
sample material in the PCR reaction. This is a kpeaktentage of the material available
on the card, and a minuscule proportion of the dlaailable within the animal sampled.
Typically only 1ul of blood ends up in the PCR 1@t mix. In addition, DNA applied
to FTA cards sits where it is placed and is nongvdistributed across the matrix. All of
these factors lead to underestimation of trypan@spravalence. Cogt al. (2010) found
9.7% prevalence using this sampling method butepeated sampling a final prevalence
of 60% was revealed, mostly with low parasite desi This shows that single punch
PCR sampling from FTA cards cannot accurately edBmthe prevalence of

trypanosomiasis at either animal or herd level.

This underestimation due to uneven distributiorpafasite DNA on the FTA matrix is
further exacerbated by low parasite densities awygahosome aggregation as is
commonly seen in natural infections of indigenowadgtle. In this study, five 3mm
punches were used in each PCR reaction to minithese effects but this may not have

completely counteracted the inherent underestimatssociated with this method.

It may also be possible that the results presamf@esent the true situation on the ground
and that the rates of trypanosome infections haweppid in recent years. Previous
trypanosomiasis studies conducted on the Jos platéeen took place following
complaints by farmers. As such they are likely épresent high prevalence areas or
outbreak situations. Earlier surveys, particul@higse conducted in the 1990s, took place
at a time when tsetse flies had only recently ieeathe Jos plateau and a less stable
epidemiology, characterised by disease outbreaksgbf prevalence was more common
than in recent times. The mean annual prevalencé6@% covers the whole of the

plateau and masks the wide range of prevalencesdet at village level 8.8% - 95.6%.
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Previous studies were based on a single villagetiabte and are therefore not necessarily

comparable to the area wide prevalence recorded her

PCR is a very sensitive technique and this mustctresidered when relating the
prevalences recorded here to impacts on animathheald production. The technique
detects parasite DNA and so not every PCR posénienal will be clinically ill. This

means that the impact of trypanosomiasis on anim@alth and production is not directly

proportional to the number of infected animals.

3.4.2 Risk factors for trypanosomiasis
The different risk factors for trypanosomiasis istigated are discussed in this section.
Results showed that:
* Migration at any time is a significant risk facfor trypanosomiasis
* Alien migratory cattle reduce risk of disease ire thbsence of seasonal
migration but increase risk of disease where tleeseasonal migration

» Effect of all risk factors increased during dry Saa

3.4.2.1 Age, sex and breed
There were no differences in prevalence betwedardiit age groups, breeds or genders,

indicating that age, sex and breed are not risfofador trypanosomiasis infection.

3.4.2.2 Migration

Dry season migration increased the risk of trypanuoasis infection by 1.22 (p< 0.001)

whilst wet season migration increased risk by 1#260.02). Wet season migration
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increased risk during the dry season by 2.55 Q@3) and during the late wet season by
1.53 (p <0.001). Dry season migration increasddinghe dry season by 1.26 (p = 0.02)

and in the early wet season by 1.50 (p = <0.001).

These results show that migration at any time issignificant risk factor for
trypanosomiasis. This can be ascribed to the iseckasetse challenge en route and at
some migration destinations, increased vector/tastact, increased susceptibility due to
stress and poor condition associated with trekland migration. This observation is
consistent with several previous reports: The ohicdion of trucks for transport of trade
cattle instead of trekking reduced the incidencdrgbanosomiasis arriving at the Jos
market from 5.3% to 0% and showed an even more a@rarmdecrease from 65% to 8.5%
at the southern market of llorin in the humid zdKegour and Godfrey, 1978). Trucking
eliminated the negative effects of trekking by r@dg vector/host contact, increasing
condition and reducing susceptibility to trypanosasis. De La Rocquet al. (2001)
investigated trypanosomiasis in the Volta riveribbasg northern Ghana and demonstrated
that the epidemiology of trypanosomiasis is clodelked to management and animal
husbandry in areas where only riverine tsetse fiespresent. An association between
migration and tsetse abundance and distributionalsts been demonstrated — no tsetse
flies were caught at the grazing sites of fullyesgtdry cattle whereds. tachinoidesand

G. palpalis were present at the grazing grounds of partiafigestary cattle which
practiced seasonal migration (Mahamtaal., 2005). This demonstrates the effect that
migration has on tsetse challenge. When verteltragés are scarce, and cattle move in
large numbers, tsetse have been shown to follow thl®ng their stock routes within
Nigeria, even into areas with vegetation that wauidinarily be classified as unsuitable

(Jordan, 1960).
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3.4.2.3 Alien migratory cattle

The presence of alien migratory cattle reduces afstkypanosomiasis in the absence of
seasonal migration by 0.749 (p= <0.001). This cookd due to the fact that alien
migratory cattle act as a buffer between tsetsel@ral cattle. Alien migratory cattle are
more likely to be bitten as they camp in the opgher than in peridomestic areas like the
local cattle and their herders are less able tadagetse hotspots than local herdsmen. It
is therefore likely that the presence of alien rigry cattle reduces the number of tsetse

bites on local cattle and therefore reduces tliwkraf trypanosome infection.

However, the presence of alien migratory cattleaases risk of trypanosomiasis when
there is seasonal migration (wet season migratadieh migratory cows OR = 1.52, p =

<0.001). This may be due to the increased trangmnis§ some contagious disease that
predisposes cattle to trypanosomiasis. If thisadieas only encountered during migration
but is also introduced to the home village by ah&gratory cattle, then cattle are doubly
exposed to it which may dramatically increase thisk of trypanosomiasis. Whatever

the specific reason for this observation, it isacldat increased cattle movement around
the region represented by the combination of sedsoigration and the presence of alien

migratory cattle increases the risk of trypanosaisiafection.

3424 Altitude
Every 50m increase in altitude reduces risk of angsomiasis by 0.91(<0.001). Table

3.17 shows the effect of increasing altitude indtierent seasons.

Season Odds ratia P value
Dry season 1.06 <0.001
Early wet season 0.82 <0.001
Late wet season 0.89 | <0.001

Table 3.17: Effects of increasing altitude on rislof Trypanosomiasis
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The observed reduction in risk in the wet seas@hamnoss the year could be attributed to
the association between altitude, population deresiid cropping intensity rather than
any direct effect of altitude on tsetse flies. Ehex a general tendency for high altitude
areas to have high population densities (Baumgagdnal.,2008; Mubanga, 2009)The
highest parts of the Jos plateau also have thessigbopulation densities and also the
highest cropping intensities in the area. As stiody are also the least attractive areas to

tsetse due to the excessively fragmented tsetstatsab

The opposite effect is seen in the dry season wiwgasing altitude increases the risk of
trypanosomiasis. Again, this may be associatet thi¢ high population densities and
cropping intensities associated with high altitedeas. Availability of pasture and water
in such areas during the dry season is much lolager in less densely populated areas.
As such, cattle raised in these areas are on & lplaee of nutrition, in poorer condition
and will be more susceptible to trypanosomiasisatibn. This effect seems to be a more
important factor than the reduced tsetse challehgeto fragmented tsetse habitats in
these areas but this is not unexpected as verpépulations of riverine tsetse flies have
been shown to maintain transmission of trypanossisiiéKalu, 1995; Bouyer, 2006;

Guerrini and Bouyer, 2007).

3.4.3 T.Db. bruce prevalence & risk factors

Prevalence ofl. bruceiacross the Jos plateau was 2.9% (2.3% — 3.7%}xessonal
variation in prevalence was observed. The resnllate low circulation oT. brucei
parasites in the area. This is consistent with rdslts of several trypanosomiasis
surveys carried out on the Jos plateau, (Kalu, 49%tosikeet al., 2003.) across

Nigeria (Kalu, 1995; Kalet al 2001) and elsewhere in Africa (Leakal,1993; Kalu,
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1995; Kaluet al., 2001; Masigaet al., 2002; Mahameet al., 2005; Bouyer, 2006;
Mamoudouet al.,2006; Guerrini & Bouyer, 2007; Bett al.,2008) which consistently
report low prevalence or absence Tof bruceiin cattle, sheep and goats, but high
prevalence in pigs (Onah, 1991G. tachinoidesandG. palpalis the vectors found on
the Jos plateau have a demonstrated capacitynsniel. brucei(Baldry, 1964; Onah,
1991) therefore the low prevalence is most likelye do the reported resistance of
indigenous West African cattle #a bruceiinfections (Kalu, 1995). The Bunaji (Zebu)
cattle kept on the Jos plateau are not strictlygeigous cattle but have been kept in
West Africa for hundreds of years (Mattioli, 200@hile they are not trypanotolerant
like the true indigenous cattle, they have acqueedertain degree of resistance to
trypanosome infections compared to exotic breeds Eriesians. It is therefore
reasonable to assume that this resistanck. toruceiinfection is present on the Jos

plateau and is a contributing factor to the lowvptence ofT. bruceiin cattle.

The presence of alien migratory cattle increaseditk of infection by 5.815 (p = <0.001).
This indicates that there is little local transrossof T. bruceion the Jos plateau (due to
the aforementioned resistance in cattle which hesrhain bovid vector) and that this
parasite is introduced into the area by infecteenainigratory cattle. When local tsetse
flies feed on such animals they are then ableatostnitT. bruceito local cattle. Thus the

presence of alien migratory cattle is closely asged with T. brucei infection and

increases the risk of infection 5 - fold.

Based on this assumption, we would expect all foommiigration to increase the risk of
infection as cattle pass through area$ .dbruceitransmission. However, only wet season

migration increases the risk of infection by 1.§63= <0.001). This may be attributed to
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the increased tsetse abundance associated wittethgeason and the increased vector/host
contact, increased susceptibility due to stresspaimad condition and increased contact with
T. bruceitransmission areas associated with migration. d@@son migration on the other

hand reduces the risk of infection by 0.6768 (pG98).

The main differences between wet and dry seasorratrog are the difference in
availability of food and water and the change gtde abundance and distribution. During
the dry season, tsetse abundance is reduced petshs is low so tsetse apparent density is
high. This is particularly so in the case of rinertsetse flies which concentrate in gallery
forests and thickets along riverbanks during the sirason. In contrast, during the wet
season, tsetse abundance is high, but disperaslodigh and so tsetse apparent density is
low. It is likely that the low dispersal of flieduring dry season may be linked to the

reduced risk off. bruceibut it is not clear why this should be so.

Altitude reduced the risk of infection by 0.852%p<0.001). This could be attributed to the
association between altitude, population density aropping intensity rather than any
direct effect of altitude on tsetse flies. Theraigeneral tendency for high altitude areas to
have high population densities (Baumgarteeral., 2008; Mubanga, 2009). The highest
parts of the Jos plateau also have the highestlgigpu densities and also the highest
cropping intensities in the area. As such, theyadge the least attractive areas to tsetse due

to the excessively fragmented tsetse habitats.
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3.4.4 T. congolense prevalence & risk factors

The prevalence of. congolensacross the Jos plateau was 27.7% (21.8% - 33.6%%) wi
significant seasonal variation in prevalence waseoled. The prevalence ©f congolense
was high in absolute terms but also in terms of pleecentage of total trypanosome
infections. This was unexpected becailisevivax has always been the most prevalent
species recorded in the area (Kalu, 1996a; Anosika.,2003.) However]T. congolense
was found in 60% of infected animals. The majoafypast studies used parasitological
techniques with low specificity for differentiatingypanosome strains (Picozzi & al.,
2002). T. vivaxis larger and more motile than congolenseand is therefore more easily
identified by microscopy so the predominancd ofiivaxin previous studies might be due

to this inherent limitation in the technique.

T. congolenseas also more pathogenic thdn vivax(Taylor and Authie, 2004), therefore
the observed high prevalence has negative impdicatior animal health and productivity.
If more trypanosome infections are due To congolensemore animals have severe

infections and production losses and mortality Wwélhigher.

The only risk factor fofT. congolensesavannah was wet season migration (odds ratio =
1.85, p =<0.001). This may be attributed to ti@eased tsetse abundance associated with
the wet season and the increased vector/host ¢pmeeased susceptibility due to stress
and poor condition associated with migration. Goeely, dry season migration reduced
risk of T. congolensénfection by 0.67 (p = <0.001). The lower dispéshtsetse flies at

this season may be responsible for this.

The presence of alien migratory cattle also redubedisk of trypanosomiasis by 0.6861

(p = <0.001). This could be due to the fact tharalmigratory cattle act as a buffer

103



between tsetse and local cattle. Alien migratotyleare more likely to be bitten because
they camp in the open rather than in peridomestasalike the local cattle and their
herders are less able to avoid tsetse hotspotddbahherdsmen. It is therefore likely that
the presence of alien migratory cattle reducesithmber of tsetse bites on local cattle and

therefore reduces their risk of trypanosome inecti

3.45 T.wvax prevalence & risk factors

The prevalence of. vivaxwas 25.9% representing 1848 of the 7143 cattlgpkin The
cluster adjusted annual mean prevalence of thizsgaracross the Jos plateau was 26.7%
(18.2% - 35.3%). No significant seasonal variationprevalence was observed. The
prevalence recorded is consistent with previousli®sn this area (Kalu, 1996a; Kalu,

1996b; Kalu and Uzoigwe, 1996; Kalejaiye, 2004).

The only risk factor foil. vivaxinfection was dry season migration (odds ratia603p =
<0.001). This may be attributed to the increasetse apparent density associated with the
dry season and the increased vector/host contacgased susceptibility due to stress and

poor condition associated with migration.

Altitude reduced the risk of infection by 0.91 (p<8.001). This could be attributed to the
association between altitude, population density aropping intensity rather than any
direct effect of altitude on tsetse flies. Theyaigeneral tendency for high altitude areas to
have high population densities (Baumgartaeml.,2008; Mubanga, 2009). The highest
parts of the Jos plateau also have the highestlgipu densities and also the highest
cropping intensities in the area. As such, theyalso the least attractive areas to tsetse

due to the excessively fragmented tsetse habitats.
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3.4.6 Seasonal variation patterns

Three different patterns of seasonal variation vedagerved in village level data.

Within group 1 villagesprevalence was low in the dry season, peaked ireény wet
season and decreased in the late wet season.ollbiss the expected seasonal variation of
tsetse transmitted trypanosomiasis as tsetse pamdaare low and of limited distribution
in the dry season and increase and become mordywddsdributed as the wet season

progresses (Davies, 1977).

In group 2 villages, the prevalence of trypanosemisgemained at a constant level all year
round. There was no significant difference in seab@revalence. This disease pattern
points to a persistent population of tsetse flidsctv transmits trypanosomiasis all year
round and is not affected by seasonal variatiortheénenvironment. This is similar to the

situations described by (Kalu, 1995; Bouyer, 208&) (Guerrini and Bouyer, 2007) where
low populations of riverine tsetse flies restrictedriverine gallery forests were able to
maintain transmission of trypanosomiasis. Sucltséspopulations are usually located at
human and cattle watering points along the rivat é@msures high vector/host contact. This
constant food supply and the persistence of gallergsts even during the dry season
protect these tsetse populations from prevailinglaggcal conditions and allow them to

persist unchanged throughout the year.

In group 3 villages, trypanosomiasis peaked indityeseason, decreased dramatically in the
early wet season and increased again in the latsegson. Similar results were recorded
by Kaluand others (2001) : >40% prevalence in the drg@eand much lower wet season
prevalences of 9 — 29%. There are three likelyeadsvior this reversed epidemiological

picture.
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The dry season lasts for 7 months and is a timetefse stress for cattle on the Jos Plateau
as there is very little food and water availab@attle must walk 5-6km a day in search of
adequate grazing and malnutrition is a grave cand¢@ullan, 1980a) found that starvation
was responsible for a third of all cattle deathstlo& Jos plateau and that these deaths

occurred towards the end of the dry season.

Recent agricultural expansion by farming commusihias prompted reclamation of pasture
lands that pastoralists previously used. Intraduacof irrigated farming also means that

several ponds and rivers are surrounded by vegepddis, restricting the access of cattle to
drinking water. This exacerbates the effects efltarsh dry season and in many villages,
has forced pastoralists to migrate to areas withetoland pressure and more abundant
resources [and higher tsetse challenge (Mahetrah,2005)] to avoid conflict and livestock

mortality (Blench, 2003). Figures 3.15 and 3.léstrate the impact of these factors on

cattle rearing.
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The dry season is associated with low humidity laigti temperatures that have negative
effects on tsetse population growth by the follaysmechanisms (Randolt al.,1992;

Torr and Hargrove, 1999; Bedt al.,2008):

* Reduced fecundity
* Increased mortality

* Reduced interlarval period which implies that tsetsust feed more frequently
between reproductive cycles or produce pupae oerfereals. Both of these factors

increase pupal mortality.

* Reduced fat levels in flies which emerge in the siegason; when coupled with the
poorly developed musculature of teneral flies, ¢hego factors combine to make

starvation a real threat.
* Increased rates of feeding leading to increasatirigeelated mortality

So, tsetse populations are much smaller in theseéagon than in the wet season. However,
tsetse correlations with trypanosomiasis in vedg&bhosts are due to dispersal as well as
population size. The harsh climatic conditionsitinsetse dispersal and force them to
congregate in gallery forests where temperaturesi@wer, humidity higher and shade
abundant. Bush burning during the dry seasonraksicts the distribution of tsetse flies
and confines them to gallery forests. In contridms,favourable conditions in the wet season
support increased tsetse populations and high digbi@ the environment. The dry season
is therefore the period with the highest relatsetée abundance and highest tsetse apparent
density. Only a few streams and rivers persigiughout the rainy season and both cattle
and the small residual populations of tsetse #i®sconcentrated at these points, providing
a very high level of host-vector contact. Dry seapeaks in prevalence were also recorded

by Leak and others (1993) in Ethiopia and Kalu atiters (2001) in Nigeria. In both
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instances, the presence of riverine tsetse fligstla@ high tsetse apparent density and high

vector/host contact associated with the dry seaswe cited as the main reasons.

The tsetse flies found on the Jos plateau arevbemne speciesslossina tachinoideandG.
palpalis (Kalu, 1996a; Majekodunmi, 2006). Drastic tsdiabitat changes are capable of
leading to elimination of some tsetse species batpersistence of others (Bourn, 2000).
Which outcome you get depends on the ability dstséies to adapt to changing conditions
by using micro-climatic niches (Challier, 1973; @l 1975; Itard and Cuisance, 2003,
Terblancheet al., 2007) and opportunistic feeding behaviour (Krafs2009). Over the
years, the general trend observed is a declinehenntorsitans group populations and
persistence of palpalis group flies (Bouwtral, 2005; Dao, 2008a; Courtet al, 2009;
Rayaisseet al., 2009). Increasing rates of urbanisation, agricaltiexpansion and
population growth seen across Africa cause tsedbédt fragmentation and are responsible
for much of the decline of morsitans group fli€3n the other hand, palpalis flies are highly
adaptable to changing conditions, leading to ptenst®, increased density and expansion of
this group of tsetse flie§s. tachinoidescan exist in isolated pockets of forest, thickaty]
other habitats unsuitable for other tsetse spébialu et al., 2001). G. palpalis gambiense
exhibits learning behaviour by developing a prefeesfor whatever host it first encounters
which enhances its adaptive capacity (Bouyer and2@0D7). G. tachinoideshas high
transmission capacity for nagana and has beendaipti in hyperendemic tryps area where
very low populations of 0.07 and 0.14 f/t/d maingd high levels of infection - >40%
prevalence (Kalet al., 1991). This is possible because the relationsbhgb&een riverine
tsetse and their hosts are usually prolonged argbpal, so the close vector/host contact
facilitates high transmission of trypanosomiasisal(K1995). G. tachinoidesand G.

palpalis have also demonstrated the ability to adapt todmenvironments, as they are
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found in both urban and peridomestic environmeBtddry 1964; Onah 1995; Ded al.,
1998; de Dekeeet al.2005; Courtiret al.,2009; Van den Bossclet al., 2010). Expansion
of G. palpalisandG. tachinoidedelts onto the Jos plateau has been reported (C9y
Kalu 1996b; Dedet al.1997; Dedeet al. 1998) with peridomestic activity in the 1990s and
Dede and others (2004), Yanaand others (2004), Dedand others (2005) and

Majekodunmi 2006 report persistence of these itidbe area.

This combination of natural resource conflict, sssemalnutrition, poor condition and high
tsetse challenge has succeeded in ensuring vehnytf@gsmission from a small population
of vectors and high prevalence of trypanosomiasishe dry season. In the early wet
season, food and water become more widely avaikafdetsetse populations become more
dispersed. The combination of improved conditiorthe animals and reduced vector-host
contact leads to a reduction in trypanosomiasisgleace. By the late wet season, tsetse
populations have increased considerably and detb@tmcreased dispersal, there is a higher

tsetse challenge and a consequent increase imtrgpmiasis prevalence in cattle.
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3.5 Conclusions

This longitudinal survey of bovine trypanosomiasiewed a high overall prevalence of
trypanosomiasis [46.8% (39.0 — 54.5%)] with highiatton at village level (8.8% - 95.6%).
Variations in seasonal prevalence were also obdemResk factors for trypanosomiasis
infection were migration and the dry season. Ingirgpaltitude and the presence of alien
migratory cattle reduced risk of infection but #newas a positive correlation between
migration and the presence of alien migratory covkch increased the risk of infection.

There was no effect of age, sex or breed on tryp@nasis infection.

This study has made several additions to the bofljknowledge. We now have
trypanosomiasis prevalence and distribution figdogshe whole of the Jos plateau and a
better understanding of the specific ecologicd festors affecting the epidemiology of the
disease in this environment. Atypical seasonalati@m patterns have also been discovered
and discussed. The considerable influence of hukipaand management factors on the
epidemiology of T&T has also been established amthér light has been shed on the

specific ways that transhumance and seasonal naugraffect the disease.

The results present an overall picture of a dynagpidemiology affected by many biotic
and abiotic factors. The traditional triangle othvector/parasite factors must be extended
to include livestock management and ecologicabfacsuch as vegetation, climate and land
use to understand the epidemiology of trypanosamiasthis area. This is not a new
concept as there is ample evidence for the infleerfcboth biological and management

factors in the epidemiology of trypanosomiasis.

Both tsetse seasonal variation and husbandry/mamagempact on the epidemiology of

trypanosomiasis (Mahamet al., 2005). Leaket al. (1993) showed that only 36% of
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seasonal variation in trypanosomiasis prevalenceexglained by variation in tsetse
challenge. Extensive management, agropastoral marexg and pastoralism enhanced
trypanosomiasis and that the dry season was afatthr for trypanosomiasis infection
(Kalu et al.,2001). Higher prevalence in extensively manageckstol4.4%, almost double
the 7.45% were recorded in intensively managed anghowing that extensive livestock
management is a risk factor for trypanosomiasisyKe995). Poor nutrition and starvation
over the dry season and whether or not farmers fesst supplements were found to be
more important factors than disease in the moytdbiv reproductive performance and low

productivity of cattle on the Jos plateau (Pulte®79; Pullan, 1980a; Pullan, 1980b).

The results of this study suggest that managemmehhasbandry factors determine whether
or not animals become infected while biologicaltéas (i.e. tsetse, vegetation) determine
seasonal variation and infecting trypanosome speciee dry season high prevalence seen
in seasonal variation group 3 effectively illuststhow these different factors combine to
drive epidemiology of the disease. The participatarral assessment in chapter 4 will

provide detailed data on animal husbandry and nemnagt practices and how they can be
positively influenced to reduce T&T prevalence atsdnegative effects in the area. Data
from chapter 4 will also serve to illustrate théeets of the T&T levels described in this

chapter on cattle productivity and pastoral livebds.
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Chapter 4: Pastoral Livelihoods, Herd
Productivity and Knowledge, Attitude
and Practices
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4.1 Introduction

Small-scale agriculture is a major contributor ke teconomies of Sub-Saharan
countries, especially for the rural populationsal$o plays an essential role in food
production and the protein provided by livestockidurcts is an important component
of this. There are 120 million pastoralists woridey 50 million of these in Sub-
Saharan Africa where they constitute 12% of thalrpopulation (Rass, 2006). The
ability of pastoralists to fulfil their role as fdgroducers is directly dependent on the

viability of their livelihoods and the factors afteng their livelihood strategies.

This chapter considers the current state of pdskieedihoods and investigates the
viability of the livelihoods of pastoralists on tldes plateau, with emphasis on the
risk of animal disease and current disease costrategies. This data will provide
information not only on how these socio-economictdes interact with the
ecological factors identified in chapter to infleentrypanosomiasis prevalence and
distribution but how they are affected by the désgdeading to a more complete

understanding of T&T on the Jos plateau.

411 Pastoralist Livelihoods

Livelihood strategies are the combination of att¢ that people choose to
undertake in order to achieve their livelihood goal They include productive

activities, investment strategies and reproduativ@ices. The choice of strategies is
a dynamic process in which people combine actwiteemeet their changing needs

(Eldis.org, 2010).
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The livelihoods of pastoral people depend on ttmews (Rass 2006; Eldis.org ,

2010) :

= Access to assets such as land, livestock, paswaéegr, animal health

services, community networks, markets, credit aheation

= The environment in which these assets are combioegroduction and
consumption, specifically the political, organisatal and institutional
infrastructure they operate within. These polici®cesses and institutions

affect their ability to use these assets to achpmsitive livelihood outcomes.

= The dynamic context of risks, and seasonal androomis trends that affect

assets and their environment and determine thekaldility of livelihoods.

4.1.2 Assets & Wealth Groups

Livestock are the main livelihood resource of pedists, performing multiple roles
to satisfy economic, social and ecological neelisey provide cash through sales of
live animals and animal products; subsistence prsdior the household (meat &
milk), social alliances (gifts, bride price), artdrage of wealth (Catley ,2000). Herd
size is usually the greatest determinant of hoddelealth. The minimum number
of livestock units required to sustain a pastoxaidehold is estimated as 15 cattle
(FEWSNet, 2004/5). However, table 4.1 shows th& tinimum number has

decreased over the last thirty years. This deereasttributed to growing market
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participation and livelihood diversification, untlemg the fact that the capacity to

make profitable use of assets can be just as iapioas the assets themselves.

Source Minimum TLU required Minimum Cattle required
per household per household
Jacobs, 1963 70 49
Dahl & Hort, 1976 45 32
Little et al, 2001 28 20
FAO, 2006 21 15

Table 4.1: Livestock requirements for survival of @storal households (Rass

2006).

Access to pasture and associated water sourcesstairstheir livestock is the other
fundamental asset of pastoralists. Despite itonapce, these access rights are not
easily quantifiable and serve more as a measuvelpérability than an indicator of
wealth. Agro-pastoralists are less dependent casacto pasture as they own their
own land and their livestock can graze crop resdaféer harvest. The amount of

land owned by agro-pastoralists is a good indicatavealth (Rass 2006).

Successful management of large herds for the maxirbenefit of the household
requires the labour from a certain number of famigmbers of both genders. So,
household size and availability of household ladouherding are also indicators of
wealth. Larger households tend to be wealthien thaaller households. This is
because the household head tends to be older dhdhave accumulated more
livestock and wives, and therefore children tharyoanger head of household.

Secondly, many poorer households do not own entiugbtock to support a large
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family and are often forced to send family memlmrsas hired herders to wealthier
households or to urban centres to earn additiorwanne. Poorer households depend
more on remittances and pensions from family memhertowns than wealthier
households. Wealthier households with surplus mesnhet required for herding
tend to engage in trading activities rather thadsmaormigration, employment or self-

employment (Rass, 2006).

Wealth group information gathered by Famine Earlgrifihg System (FEWS) from
different pastoral groups across Africa has produgeidelines for wealth group

ranking of households as shown in table 4.2.

Wealth Household Livestock Area Planted
Group size
Poor 3-5 5—-10cows, 10 — 26| 1-2 hectares with household
shoats labour
Middle 7-8 15 -50 cows, 35 -100 3 hectares with household
shoats labour
Better off 8-13 50+ cattle, 100+ shoats 5 hestarith household
labour and hired hands

Table 4.2: Wealth grouping criteria (FEWSNet 2004/%

4.1.2 Livelihood Risks

Livelihood risks are defined as uncertain eventt ttan damage wellbeing. The
uncertainty involves the occurrence, timing and miagle of the negative event.
Risks can be classified according to the levellstivthey occur. Idiosyncratic risks
are those that affect specific individuals or hdwdgs. Covariant risks are those that

affect specific groups of households or all housdha a region. Pastoralists face
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the idiosyncratic risks of human iliness and lieekt disease and death. They face
the covariant risks of drought, epidemic diseasemket exclusion, natural resource
conflict, political marginalisation and pasture oegption. The management of
covariant risks requires public sector engagemedtimestment whilst idiosyncratic

risks are best dealt with by the affected housefiRlks, 2006). Table 4.3 contains

some examples of the different types of risks ingdl

Type of Risk | Idiosyncratic Risk — | Covariant Risk — Covariant Risk —
Individual Several Households All Households
Household

Natural - Rainfall Flood/Drought

Health lliness, Injury, Death Pandemic
Disability, Old age -

Social Crime Tribal War Civil strife

Domestic violence Inter — clan violence| War
Social Upheaval

Economic Unemployment Terms of trade
- Resettlement shock
Livestock disease | Market Exclusion
Epidemic
Political Riots Political default on
- social programmes
coup d'état
Environmental Pollution Desertification
- Deforestation
Degradation

Table 4.3: Risks to Pastoral Livelihoods (World Bak 2000/2001)

Vulnerability is a measure of the lack of resilierto risks and seasonal and long-
term trends. Therefore, it is not only an importéeature of poverty but also a
potential cause. Vulnerability is closely linkemldsset ownership - the more assets
people have the less vulnerable they are. Thetegréhe erosion of assets, the
greater the level of vulnerability — poor herders more likely to end up with an

unviable herd size than wealthier herders, evennwthey lose the same relative
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amount of livestock (Rass, 2006). Although accessassets is an important
determinant of vulnerability, the opportunities/abpity to make profitable use of

assets must also be considered.

4121 Market exclusion

Pastoralists are at risk of exclusion from locadl amernational markets because of high
marketing costs. The livestock trade is the domtifi@ature of inter-regional trade in West
Africa where the Sahelian nations (Burkina Faso,liMiiger) traditionally export
livestock to the humid coastal countries (Cote Ditg, Ghana, Nigeria). This trend is
mirrored within Nigeria where cattle are predomityanproduced in the north for
consumption in the south (Kilgour and Godfrey, 1978he producers in northern Nigeria
are dependent on the south for a market for threidycts and the consumers in southern
Nigeria are dependent on the north for their sumbljivestock and animal products. In
spite of this, northern producers are often exaduffem the lucrative and expanding
coastal markets by prohibitively high marketing tsofHoffman, 1998; CILSS, 2003).
Livestock production in Burkina Faso, Niger and M@ globally competitive at
US$1,500/tonne compared to US$1,900 in the UnitedeS and US$3,199 in Europe
(Boutonnetet al.2000). However, the cost of transporting beef fitb Sahel to the coast
in West Africa is US$230/tonne compared to the minip cost from Europe of
US$80/tonne (Yadest al.1998). 83% of the purchase price of cattle tradednter-
regional markets is attributed to cross — borderketang costs including transportation
and handling, duties, taxes and illegal road taxat{Williams, 2002). These high
transportation and transaction costs increaseettminal market price two to four times

over the producer price (Akiliet al.,2002). So it is often cheaper/ more convenient to
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supply the high demand of coastal markets withstioek product imports from Europe

and the Americas at the expense of local and ragoducers.

Besides exclusion from export markets, pastoralsb risk exclusion from local markets.
Most rural areas have poor roads and inadequatspwatation facilities so the high cost of
transportation relative to the number of animalkl donits the direct participation of
pastoralists at livestock markets. They are ugdafticed to sell at the farm gate to middle
— men to avoid these costs. This effectively ta®a ‘single buyer market’ where these
middle men can fix their own price. Poor accesséwket and pricing information and the
urgent need for cash puts pastoralists at a fudisadvantage in these transactions. The
few pastoralists who do go to markets get low wrifce their animals. They cannot afford
to take their animals back home if they do not malsale that significantly reduces their

bargaining power.

Table 4.4 shows the trading chain and actors iratln the trade of cattle from rural
Sokoto in north - west Nigeria, through a locakitock market to the target market in
Ibadan in the south — west. The role of Fulanigrasists in the livestock trade is limited
to production and manual tasks at the market, thighexception of a few long — distance

traders. The buying and selling (and high profitrgins) is dominated by Hausa.
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Role Ethnic Group Location

Breeders Hausa & Fulani Rural Areas, Sokoto
Rural Assemblers Hausa Rural Areas, Sokoto
Brokers Hausa Local Market, Sokoto
Transport agents Hausa Local Market, Sokoto

Long distance traders

Hausa, Fulani

Local Markeko®

tribes

Wholesalers multiple ethnic groups Target Markeadian
Retailers Hausa, few Yoruba and | Target Market, Ibadan
Igbo
Drovers Fulani and Hausa Target Market, Ibadan
Loaders Hausa Target Market, Ibadan
Guardsmen Hausa, Fulani Target Market, Ibadan
Butcher Hausa Target Market, Ibadan
Consumers Men and women of all Target Market, Ibadan

Table 4.4: Livestock Market Actors (Adamuet al., 2005)

4.1.2.2 Drought/Dry season

Pastoralists are particularly vulnerable to periadslow rainfall, whether unexpected
droughts or annual dry seasons. Lack of rainfaluces the water and pasture available to
support livestock. Animals become emaciated ang di& of starvation. The nutritional
stress makes them more susceptible to disease. Bi@ngold pre-emptively at knock
down prices. Pastoralists are also directly adfgctirinking water is in short supply, food
becomes scarce and more expensive, the milk yfetdtte is no longer sufficient to feed
the household and increased time and effort musspeat herding cows so as to find
Vulnerability to drought is ndéntical across households, but is

adequate forage.

determined by the initial household wealth statds.poor household with a herd of 20
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cows is more seriously affected by 50% herd maytéian a wealthier household with a

herd of 200.

4.1.3.3 Conflict

Conflict between farmers and pastoralists has existnce the beginnings of agriculture.
Highly mobile pastoralists are often associatedhwigative, violent stereotypes: raiding,
warfare and particularly in Nigeria, large scalditamy conquest due to the 1804 Jihad of
Usman Dan Fodio and the subsequent Fulani conqtiestthern Nigeria (Kaberry, 1959;
Huraoult, 1964; Huraoult, 1969; Huraoult, 1970; I&sal 1972; Blench, 1984; De Haan,
1997; Van Driel, 1999; Tonah, 2000; Blench, 20B4gwever, the nature of these conflicts
has changed over time, influenced by demographdcvaterinary transformations in the
colonial era, the flow of oil revenues in the 1920&l the current increase in civil strife,
religious division and subsequent politicisationiahhinfluences government responses to
conflict. All this is underpinned by the ever iaasing competition for natural resources
fuelled by increasing human and livestock poputati@nd environmental degradation

(Blench, 2003).

The major factors confining Fulani pastoralistgiie northern Sahel in the past were the
fear of major losses from trypanosomiasis and othesases within the southern tsetse
belts, and their vulnerability to armed raids whieére very common in the pre — colonial

era. However, the abundance of natural resourcéisei southern lands has long been a
major attraction for the Fulani. In spite of theaiing factors, over the years there has been
a gradual expansion into southern lands, leadingd@ased contact between farmers and
pastoralists (Fricke, 1979; RIM, 1984.; RIM, 1992he limitations posed by animal

disease have been greatly reduced by advanceseinnaey medicine and effective control
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of tsetse and epizootic diseases. More recelhtyderegulation of veterinary services and
the increased availability of veterinary drugs f{jatarly trypanocides and pour-on

insecticides) directly to livestock owners have mgdar round settlement in humid zones
practical. The relative peace and stability irahareas produced by the colonial era from
1910 onwards the so callpdx Britannicafurther encouraged southern expansion (Blench
2003) and was the main impetus for Fulani expanarmhsettlement onto the Jos plateau
(Awogbade, 1983). The high demand and high pridds/estock products in the humid

zones are an added incentive to enter these areas.

The lifestyle of pastoralists make them heavilyeategfent on the exchange/or purchase of
grain for survival. There are several livelihoodatgegies available to the Fulani for
supplying this need and managing their increaseatacb with farming communities

(Blench 2003):

. Living on good terms with farmers and building dfeetive exchange mechanisms
where dairy products and manure are exchanged&or gnd access to pasture and
other natural resources. However, this is not wdwapossible. The
products/services that the pastoralists can proardeattractive to the farmers but
are by no means necessary so the pastoralistsreahai disadvantage and must

continually depend on the good will of the farmogmnmunities

. If pastoralists are unable to maintain viable exgearelations but continue to
enjoy the good will of farmers, they may settletle area and engage in mixed

farming to provide their own grain.

124



. If pastoralists are unable to maintain cordial treteships with farmers, they may be
forced to adopt flexible movement patterns whereytlencounter new farming

communities every year.

» If pastoralists are unable to come to terms witmgxs at all, then they often resort to

intimidation to gain access to pasture and otherrabresources.

The most significant feature of rural dynamics iigétia in the 28 century has been
demographic expansion and the consequent expaoisguttivation. Aside from
demographic expansion agricultural expansion has beelled by technological advances:
improved seed varieties, irrigation pumps and tduction of new crops like maize and
Irish potatoes. Projections estimate the populaticthe Nigerian region in pre — colonial
times as ~ 5 million. When compared with the 2086sus estimate of 150 million it
becomes immediately apparent how it was possiblpdetoralists and farmers to co exist
in the past and just how much things have changee shen (Blench, 2003). The major

changes affecting farmer — herder conflict havent{&ench 2003):

» Agricultural expansion and the resulting increaseampetition for dwindling pasture

» Declining importance of dairy products and manume the face of increasing
availability of powdered milk and government sulbsed fertilisers

* The collapse of the cattle track network desigrmeseparate livestock from farms and
prevent trampling of crops.

* Rapid movement of pastoralists into new terrain hanguage, religion, culture and

land tenure systems are unfamiliar and the catitktsystem does not exist.

125



Fulani pastoralists are at a decided disadvantagenwt comes to adapting to these
changes and exploiting them in their favour. Séatgnherders have better access to
western education, communications and infrastrectaimd are more conversant with
current financial systems, legislation and powenaigics. Pastoralists lack all of these
advantages and are regularly outmanoeuvred by ahmirfg communities. This often
limits the livelihood strategies available to paatists, forcing them to intimidation and

violence as a last resort.

Fulani pastoralists share common religious prastigh the settled farmers they live
amongst in the northern Sahel. Rapid expansiansatithern areas has brought them into
contact with predominantly Christian farmers at$hene time as inflammation of religious
differences and polarisation of Nigeria into a Mshorth and Christian south. This has
allowed for farmer-pastoralist clashes based orurahtresource conflict to be re-

interpreted as religious conflicts.

Previous central military governments were ablentntain higher levels of fairness and
equality amongst the different ethnic and religiageups than the current democratic
decentralised administration. The present dedesgdapolitical government operates by
placing power in the hands of indigenous commusigie that minorities like the Fulani no
longer have a voice or any tangible representadiolocal, state or federal government
level. When there is competition for natural reses, the farming communities easily
gain the upper hand and the trend is for margiatdis of pastoralists and other minorities.
Government response to violent clashes is agaimllysbiased against minority groups
and is often of the ‘too little, too late’ varieds government is often unwilling to involve

itself in the tension between majority/minority gps. The farming and pastoral
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communities on the Jos plateau are divided alomgi&t religious, professional and
political lines. All of these factors come intapl making it one of the most volatile areas

in the country.

4.1.3.4 Animal disease

The idiosyncratic risk of animal disease is onechhmay easily turn into the covariant
risk of epidemic disease, capable of eliminatingirerherds and spreading over wide
areas. Livestock production is constrained by tivels disease. This effect is particularly
severe in developing countries where livestockaties reduce livestock outputs by 30%,
twice the observed reduction in developed count(ie£.O., 1990). The decrease in
productivity is largely due to endemic diseasegpdnosomiasis, tick —borne diseases and

helminthiases (Machila, 2004).

The presence of tsetse and trypanosomiasis comgeenthe availability and value of
animal products, inhibits mixed farming and decesasattle density by 36 — 70%
(Hendrickxet al.,2000). Bovine trypanosomiasis reduces the offtak@eat and milk by
50%, reduces calving rate and increases calf nigrtdly 20% (Swallow, 2000).
Trypanosomiasis also exacerbates other endemiasdisedue to its immunosuppressive
effects on infected animals (Machila, 2004). istdl terms, direct production losses due
to morbidity and mortality of trypanosomiasis astimated at USD4.5 billion per annum
(Budd, 1999), while the indirect annual costs as@nsated at USD 134 million across

Africa (Kristjansonet al.,1999).

Coordinated control of endemic diseases, includsegse and trypanosomiasis was in the
past, delivered by the government through largéespeogrammes and the provision of

subsidised veterinary services. However, the atr@dimate of free markets and
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privatisation of veterinary services has transténesponsibility for the control of endemic
diseases to the herders, reduced access to veyepriessionals, increased the cost to
herders of animal health products and services,paodided them with direct access to
veterinary drugs (Kamaret al.,1995; Kamuangat al.,1997; Doran and van den Bossche,
1998; Sinyangwe and Machila, 1998; van den Bosstla.,2000; de Haan, 2004). This
general decline in livestock disease control hasequently reduced overall animal health

and increased both the misuse and overuse of drugs.

Trypanocides are the most widely used veterinangslin sub Saharan Africa, and they
are often used regardless of the clinical signemesl. This indiscriminate use raises
concerns about drug resistance. Resistance leamsdomfirmed in isolated cases but the
true extent of the problem remains unknown (Gegrtéolmes, 1998; Geertst al.,2001,
Eisleret al.,2004). It is important to prevent or delay theainsf drug resistance because
there is little prospect for the development of neypanocidal drugs since the largely
poor, rural market for the drugs does not compasmodrably with the high costs of
research and development. Frequent use and ovefusgpanocides also increases the

risk of drug toxicity and adverse reactions.

To effectively control livestock disease, herdegegdh accurate diagnostic tools/differential
diagnosis techniques, access to drugs and vaceigasst endemic diseases, and the
knowledge to use them competently. However, thbétyds that these tools are not always

available to rural herders and animal health wak@deyemi, 1999a).

Agricultural extension can be used to provide hexaath the knowledge they need to use
available animal health tools effectively. Forstho be effective it is necessary for animal

health professionals and extension workers to laageod understanding of the social and
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cultural factors affecting livestock disease con{ikwogbade, 1979; Machilat al.,2003;
Van der Ban and Hawkins, 1996). Efforts to delieetension services without this basic
understanding have been plagued by low uptakejectren by herders. They are viewed
as efforts to eradicate their traditional methodd practices and replace them with often,
inappropriate technologies. Agricultural innovatics a combination of technical and
human factors (Thuranira, 2005). If there is a ¢apween the innovators (extension
workers) and the acceptors of innovation (herdérsjill undermine extension efforts and
the expected objectives will not be achieved. Tsuee the success of extension
programmes, participatory approaches must be iediud all stages of the development
cycle — research, implementation and monitoringv&leation. Local communities should
be involved in problem investigation, collection ledickground information, planning of
interventions and analysis of intervention impacfBhis empowers local communities,
gives them access to and control over the developprecess, utilizes local knowledge
and expertise, prevents the production of inappatgrinnovations and increases herder

uptake of interventions

Growing human and livestock populations and inarepsompetition for resources means
that even when pastoralists are able to effectivenage all the risks affecting them,
current livelihood strategies will become less ligabwith time. Long term
policies/strategies need to be put in place to mparthe increasing imbalance between
humans, livestock and the environment (Rass, 2006%. includes identifying investment
opportunities for pastoralists and providing enaplfacilities for them to take advantage
of these opportunities. Such opportunities inclaaeving from a land based, livestock
only enterprise to ranching, more intensive manageraystems, mixed farming, multiple

species, concurrent off farm employment, involvetmenother sectors of the livestock
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industry (see table 4.4) and cash investment ielated trade/business. Enabling factors
would include access to credit facilities, publiect®r investment in labour intensive
infrastructure to provide employment opportunitee®l incentive schemes to train and/or
hire pastoral ethnic minorities. However, the ma&ssing need is for investment in risk
management strategies so that pastoralists carow@pheir current livelihoods to a point
where there is room for diversification (SandfortB94; Little, 1999; Morton and
Meadows, 2000; Pantuliano, 2002; Rass, 2006). Wagld provide a situation where
diversification is common and is a matter of chaiather than one where exit strategies

are a more common matter of necessity.

4.2  Aims and Objectives

The Jos plateau has undergone a change in itse teeid trypanosomiasis risk and
concurrent social and economic changes. The titeraon pastoral livelihoods and
customs focuses on pastoralist located in thesandi-arid zones but little on those located
in the sub humid zone (Catley, 2000; Catley anddrey, 2001; Catlewt al.,2002). This
chapter examines the effects of these changes sinrphlivelihoods using the approach

detailed below.

e Study the effects of these changes on pastordihoas on the Jos plateau in

particular and the sub humid zone in general

*  Gather data for quantitative analysis of animaldpuiativity and profitability to

herders, livelihood analysis and wealth ranking

* Acquire baseline date for intervention planning detivery in the future
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« Determine which social, economic, ecological anttucal factors influence

animal health and disease control by herders.

* Investigate knowledge, attitude and practices ofimah disease, and

trypanosomiasis in particular

4.3 Materials and Methods

This section gives details of the methods used atheay information on pastoral
livelihoods, animal productivity and profitabilignd knowledge, attitudes and practices of
herders on animal disease and trypanosomiasishddetused to analyse and interpret this

data are also included as appropriate.

4.3.1 Participatory Rural Appraisal

Participatory rural appraisal (PRA) is a familysgfmple survey methods that allow local
people to share and analyse their knowledge andriexjges and to make plans based on
this information. PRA methods include mapping, nmagcoring, seasonal calendars, trend
and change analysis and analytical diagrammingey Hne very visual and group oriented,
facilitating information sharing, analysis and antiamongst the stakeholders themselves.
In spite of their collective name, these methodsrant restricted to rural areas or appraisal
exercises. They are equally applicable to urbagasarand to all stages of the

project/research cycle (Chambers, 1994a, b, c; \@Raihk, 1996).

PRA belongs to a wider family of rapid, participgtadesearch methodologies amongst
which the closest relative of PRA is rapid rurapegisal (RRA) (Catley, 1997; Chambers,

1994c). RRA is the direct predecessor of PRA aad #developed during the 1970s when
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there was growing dissatisfaction with existing noels. Large-scale surveys and long
guestionnaires were found to be inaccurate, utneliand difficult to administer and
analyse. Researchers also became more aware gpdhal, people specific, seasonal and
diplomatic biases introduced to such surveys bypghenomenon of rural development
tourism. There was a growing recognition that Iryvaople themselves were most
knowledgeable about subjects affecting their lieexl that they should be actively
involved in information gathering exercises. RRAsviherefore developed to meet these
needs (Chambers, 1994c). It differs from PRA iattl is extractive elicitive, with data
collection by outsiders being the primary aim. Imonicast, PRA takes a
sharing/empowering approach where the main aimsnaestigation, analysis, learning,

planning, action, monitoring and evaluation by ithe@ders (Chambers, 1994b).

The advantage of PRA is that it gives local commesiaccess and control over the
process of understanding and analysing their limedirect contrast to extractive methods
that are seen as disempowering to communities dtlicker and more cost effective than
long term studies and uses a wide range of mutilisary information. It enables on the
spot assessment and direct response to actuajevilkvel problems. It is accessible to
many users, including the illiterate and those withstatistical skills. It also facilitates
collection of standardised field data for use inrensophisticated databases. The downside
is that it may lack precision and detail (Snow &Wags, 1999). The main requirements

for the execution of a PRA sample survey are (WBddk, 1996):
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Participation: local input is essential to the walof PRA as a distinct

methodology

Teamwork: implementation requires a multidisciptindgeam of people with
different skills and backgrounds. This should udd local people who share

the knowledge, customs, beliefs and perspectivéisedfarget population

Flexibility: PRA is usually practiced as a combinatof methods. This allows
the collation of information of different qualitiesd precisions. Researchers
are free to pick the particular methods and contlmina best suited to their
study. These will depend on their specific objegi the size and skills of the
research team and the time and resources availdbls.important to clearly
define the objectives of the study so as to detszrtie minimum resources and
information required to fulfil them. This will fdttate appropriate choice of

methods most likely to produce the required infarara

Triangulation: At least three techniques shouldibed to investigate the same
problem. The results from each can be used to cobesk the others.
Triangulation or agreement between the three msthedd indicates accuracy.
This ensures that the information collected dufig;A exercises is accurate
and reliable. Discrepancies between them indittzé more information is
needed and that a traditional, more intensive gursebetter suited to that

situation.

PRA employs mainly qualitative methods which mayused on their own or alongside

more formal quantitative methodologies. Accordynglata produced by PRA exercises is

qualitative rather than quantitative and is mosfuisfor describing situations. When used
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alongside quantitative methods, it provides locdbrimation with which to supplement
and interpret quantitative data. However, mostlitpieve data can be transformed into
guantitative. If this occurs early in the dataledion process, it can be summarised

numerically and subjected to the same statistigalyais as quantitative data.

Some PRA methods produce quantitative data initsieplace e.g. proportional piling and

scoring/ranking.

Information Required

Information Required

Social organisation

Natural resource maps

Wealth groups

Wealth ranking

Relative livestock ownership

Proportional piling

Livestock role in household economy

Livelihood asda

Preferred type of livestock reared

Livestock speemoring

Income from livestock

Proportional piling

History of livestock diseases

Timelines

Priority livestock diseases

Livestock disease spri

Seasonal variation in livestock disease

Seasotaidars

Livestock productivity

Progeny histories and season

calendars

Table 4.5: Uses of different PRA methods (Catley.9D7)

134




4.3.2 Structured Questionnaires

The questionnaire is a standard method for coligaturvey data where the objective is to
measure the exposure of respondents to the vagidldang investigated in the study.

Questionnaires can be administered face to fag@enviews or remotely using the postal

system, worldwide web or telephone. Due to th& t#chese communication facilities in

many developing countries, interviews are the numshmon method of questionnaire

administration (Thrusfield, 1995). The structurgdestionnaire used was designed to
collect data on knowledge, attitudes, practicesefceptions of tsetse & trypanosomiasis,
animal husbandry, disease and mortality, diseas&aiastrategies, transhumance, income
and expenditure, herd size and composition, holdetssets and herd productivity. The
guestionnaire contained both open and closed equestions as well as a variety of PRA
techniques. This was to reap the benefits of bwtbthods - formal, structured

guestionnaires and participatory rural assessment.

4.3.3 Focus Group Discussions

Herders were unwilling to respond to questionnainedividually so the structured
guestionnaire as outlined in 5.3.2 above was adteirad in focus group discussions with
results for most sections recorded as village tesklowever, individual information was
collected from each member of the group for lanshenship, mortality, herd size and herd

dynamics and productivity to allow quantitative bse of the data.

Focus group discussions were held in each of th&Bfy villages as detailed in chapter 2.
The group consisted of all herders whose cattle baen sampled. The structured
guestionnaire was used to facilitate discussionrandrd responses and was administered

in all cases by myself using an interpreter. Thaugrsize varied from 5 — 15 members.
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4.3.4 Ranking, scoring & proportional piling

Various ranking exercises were applied to evalddferent issues. Simple listing and
ranking was used to investigate disease presemtpranmitisation. Proportional piling
using stones was used to investigate sources dihtprincome & expenditure and to

assign percentages to each listed source.

4.3.5 Wealth Ranking

Respondent households were assigned to wealth gemgording to the categories devised
by FEWSNet (FEWSNet, 2004/5). Households with lgsn 15 cows or less than 3

hectares of cultivated land were considered pdmsd with 15 — 50 cows or 3 — 5 hectares
of cultivated land were in the middle wealth graum those with more than 50 cows or

more than 5 hectares of cultivated land were cemnsitibetter off.
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4.4 Results

4.4.1 Land Ownership

All respondents owned land which was used for gngwerops and keeping livestock.

Respondents measured their land in acres (0.4 regctalhe average amount of land

owned was 17.9 acres with 10.9 acres used for ggpwetiops and 7.0 acres dedicated to

livestock.

15 — 20 Acres

12%
° 21— 49 Acres

11 — 14 Acres 206

2%

50-100 Acres
17%
5—10 Acres

23%

=100 Acres
6%

0 - 4 Acres
38%

Figure 4.1: Land ownership

4.4.2 Crop Farming

All respondents were engaged in crop farming. 1@%espondents grew maize, 91.7%
grew vegetables (potatoes, lettuce, carrots, paddage, etc) and 76.4% grew millet. All
recipients grew more than one crop and the avenageber of crops grown was 4.2.
40.5% of respondents used pesticides and 91.9% fes@dsers on their crops. These
were mostly bought at local markets and occasigtfiadim Jos. 91.9% of respondents used
manure from their own cows on their crops. Allp@sdents tilled their land by hand and

no draught power was used.

137



100%

100%

90% -

80% -

70% -

60% -

50% -

40% -

30% -

20% -

10%

91.70%
76.40%
36.10% 33.30%
I I [ ]

26.40%
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4.4.3

Maize Vegetables Millet Rice Cassava Yam

Figure 4.2: Crops grown

Livestock Ownership

Acha

Cattle keepers were selected for interview soespondents kept cattle. The majority of

respondents also kept sheep, goats, chickens aggd donly 17.6% of respondents kept

pigs. All respondents kept more than one spedi¢éisestock and the average number of

species kept was 4.6.

Species % respondents
Cattle 100%

Sheep 87.8%

Goats 87.8%
Chickens 7%

Dogs 94.6%

Pigs 17.6%

Table 4.6: Livestock ownership
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4.4.4 Herd Size and composition

Herd size was very variable, ranging from 7 to 5,0attle. The herd size distribution was
bimodal, with peaks in the range 10 — 20 cattle B 100 cattle. The average herd size
was 250 cattle. However, when the 4 herds withO8l@nimals were removed, the

average herd size fell to 78 cattle. Please seept€h& for information on herd

composition and structure.
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Figure 4.3: Herd size distribution
445 Source of Income

Livestock were the most important source of incdorerespondents, accounting for 60%
of total income. Crops (25%) and milk (15%) werkhoranked second in importance.
Thirty percent of respondents relied on only ongree of income, sale of livestock. 54%

had 2 sources of income — 39% from livestock angxiand 15% from livestock and milk.
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Sixteen percent gained additional income from aff¥f activities, mostly mining and sale

of firewood, and in one instance, Islamic teaching.

Stock + Milk
A

Firewood 15% Stock + Off farm

10%

8%

Mining
4%
Milk
13%

Stock + Off farm +

Milk

8%

Livestock
51%

Stock
30%

Stock + Crops
39%

Crops
22%

Fiqure 4.5 A: Sources of income; B: Income diveity

4.4.6  Wealth Grouping

Respondent households were assigned to wealth gemgording to the categories devised
by FEWSNET. Households with less than 15 cows ss khan 3 hectares of cultivated
land were considered poor; those with 15 — 50 com3 — 5 hectares of cultivated land
were in the middle wealth group and those with ntbas 50 cows or more than 5 hectares
of cultivated land were considered better off. Kais of livestock holdings revealed that
43.9% of households were ‘better off’, 50% werethe ‘middle’ group and only 6.1%
were ‘poor’. Analysis of land holdings showed tB#&t9% of households were ‘better off’,

7.6% were in the ‘middle’ group and 54.5% were ‘P0O0
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Poor <15 Cows 6.1%0

Middle 15 - 50 Cows 50.0%

Better Off 50+ cows 43.9%

0% 10% 20% 30% 40% 50%0 60%

Figure 4.6: Wealth groups by livestock holdings

55%0
Poor < 3 hectares 36 HH

R 8%
Middle 3 -5 h t
i e ectares 5 HH

38%

Better Off 5+ hectares 25 HH

T T T T T
0%o 10%0 20%0 3020 40%0 5020 6020

Figure 4.7: Wealth groups by land holdings

4.4.7  Production Costs

The most significant cost associated with cattl®dpction was veterinary drugs,
accounting for 43% of total costs. Food (hay amdemal supplements) was ranked second
in importance and accounted for 22% of total expgenel Veterinary services (15%) and
ropes & fencing (9%) were both ranked third in imtpoce. Taxes had the lowest rank

and accounted for 11% of total expenditure.
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4.4.8 Herd Dynamics & Productivity

Information on herd size, births, deaths, salesclmses and prices was collected using
structured from individual members of focus grougcdssions using a structured

guestionnaire. Mean values per herd/householgpmsented below. The mean starting

stock recorded was 252.61 (61.98 — 443.24) whiée rttean closing stock was 249.39

(59.54 — 439.97). The mean percentage changeréhdiee was a decrease of 3% (-3% -

+9%).
Starting Stock Closing Stock % Change in Herd Size
Mean 252.61 249.39 -3%
(61.98 — 443.24) |(59.54 — 439.97) (-3% - +9%)
Median 50.5 49.5 0.01
Minimum 6 7 -0.82
Maximum 5030 5015 0.875

Table 4.7: Stock levels and % change in herd size

The mean number of births per herd was 14.61 repties) 5.78%(4.0 — 7.57%)of the

herd. The mean number of deaths was 8.88 repnegehb2%(2.14 — 4.89%pf the herd.

There were 964 births from 11,087 adult cows, tesyin a calving rate of 8.7%. Of the

964 calves, 122 died, giving a calf mortality ratel2.7%.

deaths was 1.86.89 — 2.81).

Births Calf Deaths Deaths
Mean 14.61 1.85 8.88
(10.11-19.11) (0.89 —2.81) (5.4 - 12.36)
Minimum 0 0 0
Maximum 100 20 75

Table 4.8: Births and Deaths

The mean number of calf
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The mean number of slaughters was 0.65 per heelmdan number of sales per herd was
8.14 representing 3.22%2.12 - 4.28%)of the herd. The mean number of purchases was

2.61 representing 1.03%0.40 — 1.66%).

Slaughter Sales Purchase
Mean 0.65 8.14 2.61
(0.21-1.09) (5.47 -10.81) (1.02-4.2)
Minimum 0 0 0
Maximum 10 50 50

Table 4.9: Sale, slaughter and purchase information

The mean price of stock purchased was NGN 37,068%,996.44 — 42,335.14)r USD
308.88(264.97 — 352.79Whilst the mean price of stock sold was NGN 37,08%31,796.44

— 42,335.14pr USD 680.87609.23 — 752.51)

Price Bought (USD) Price Sold (USD)
Mean 308.88 680.87

(264.97 — 352.79) | (609.23 — 752.51)
Minimum 10,000 30,000
Maximum 100,000 180,000

Table 4.10: Cost and sale prices of cattle

Potential offtake is defined as births minus dealthmdicates the number of animals that
can be removed from the herd without reducing thgiral herd size and provides an
estimate of the productivity of the herd (Pullard &rindle, 1980). The mean potential

offtake was 10%5% - 15%)whilst actual offtake was 11%8% - 14%).

Potential Offtake | Actual Offtake
Mean 10% 11%
(5% - 15%) (8% - 14%)
Minimum -33% 0
Maximum 88% 88%

Table 4.11: Potential and actual offtake
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4.4.9 Disease and Mortality

Liverfluke was considered the most important dise&aging cited as a problem by 98.6%
or all but 1 of the respondents and never rankededothan %' in importance.
Trypanosomiasis was the second most important skseated as a problem by 94% of
respondents and ranked from the first to the fifttmportance. Foot and mouth was the
third most important disease, cited as a problerd@$ of respondents and ranked from
first to fifth in importance. Pneumonia was terdost important disease, cited by 40% of

the respondents and ranked from second to sixthportance.

Disease Median Rank Mean Rank
Liverfluke 1 1.3
Trypanosomiasis 2 2.2
Foot & Mouth 3 3.3
Pneumonia 3.5 3.4

Table 4.12: Herder perception of livestock disease

A total of 568 cattle deaths were recorded by redpats. 197 (33.62%) of these were due
to liverfluke, 194 (33.11%) were due to trypanosasis, 44 (7.51%) to pneumonia, 16

(2.73%) to foot & mouth and 135 (23.04%) to othauses.

Foot&Mouth Other
3% 23%

Pneumonia
8%

Liverfluke
Trypanosomiasis 33%

33%

Figure 4.8: Mortality by disease

144



4.4.10 Knowledge, attitudes and practices: tsetse

Flies were cited as a problem by 23 villages (7%&)pand tsetse flies were specifically
mentioned as a problem by 20 (66.67%) of the 3@gais in the study. Herders in all 30
villages (100%) knew about tsetse flies whilst thas 24 villages (80%) knew that they
caused animal trypanosomiasis. Herders in 22géBa(73.33%) were able to identify
tsetse flies. 17 villages (56.67%) employed someis@rotection for their cattle against
tsetse flies. Of these 17, 8 villages (47.06%yusenmercial pour-on products; 3 villages
(17.65%) used smoke from fires lit with aromati@ves/wood; 3 villages (17.65%)
sprayed their animals with herb tinctures; 2 vidlag11.76%) moved their animals to avoid
tsetse flies and 1 village (5.88%) used a commieircs&cticide spray. Individuals from 2

villages were able to name the pour-on used asr@yha 5% Cypermethrin product.

When asked about local tsetse populations, 9 @a(B0%) considered tsetse to be
abundant; 5 villages (16.67%) considered tsetsky '@mmon; tsetse were only found in a
few places in 8 villages (26.67%); tsetse werelyaseen in 1 village (3.33%) and were

never seen in 7 villages (23.33%).

When asked about local wild game populations inr titages, wild animals were often
seen in 4 villages (13.33%); they were seen ocna#lioin 5 villages (16.67%); they were

rarely seen in 3 villages (10%) and were never geé8 villages (60%).

4.4.11 Knowledge, attitude and practices: animal trypanosmiasis

All respondents recognised trypanosomiasis as &lgmo distinct from other diseases.
When asked to rank trypanosomiasis for importamoergst the disease affecting their

cattle, 9 villages (30%) considered it the most onignt disease; 16 villages (53.3%)
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considered it amongst the top 3 diseases anddgesl (16.7%) recognised it as a problem

but did not consider it a priority.

The trypanosomiasis control strategy of all village the study was curative treatment.
Curative treatment was preferred by 22 villages3¥g because it was the most effective
way to control trypanosomiasis; by 4 villages (28)3because it was the easiest; by 3
villages (10%) because it was the only availabiategy and by 1 village (3.33%) because

it was the cheapest.

Twenty nine villages (96.7%) in the study used dragecifically to treat trypanosomiasis.
15 villages (50%) used Diminazene only; 1 village3%) used Isometamidium only; 1
village (3.3%) used a mixture of Diminazene andmstamidium; 11 villages (36.7%)

used both drugs and 2 villages (6.7%) did not kribev name of the drugs they used
against trypanosomiasis. These drugs were purcHes@dagro-veterinary merchants by
20 villages (66.7%); from a veterinarian by 1 \gia(3.3%); from the National Veterinary
Research Institute by 1 village (3.3%) and fromhbeéterinarians and agro-veterinary
merchants by 7 villages (23.3%) and from both N\ARdl agro-veterinary merchants by 1

village (3.3%).

Trypanocides were diluted using bottled/packagedemvanly by 13 (43.3%) villages;
using well/stream water only by 8 villages (26.6&6)d by water from both types of
sources by 7 villages (23.3%). Of the 15 villagesg water from natural sources, only 7
villages (46.7%) boiled the water before use. Odly villages (33.3%) diluted
trypanocides using the correct amount of watergaehet of the drug. Herders treated
their animals in all villages except one where tenparian was called in to treat animals

with trypanocides purchased by the herders. @itars dosed animals incorrectly.

146



4.4.12 Natural Resource Conflict and Migration

Of the 30 study villages, 22 villages (73.4%) piactranshumance: 3 (10.0%) during the
dry season only, 5 (16.7%) during the wet seasdy and 14 (46.7%) during both
seasons. 8 villages did not practice transhumariogenty-six (86.7%) of villages are
situated by established cattle routes on which abdgy cattle regularly pass by. Figure

4.9 shows the seasonal calendar and migratioodser

=» -

May |June July Aug Sept Oct Nov Dec Feb  March Aprjl

Wet season migration Dry seasongration

Figure 4.9: Seasonal calendar

There were three observed patterns of mass cattlerment across the plateau:

1. Alien migratory cattle: Cattle from other areas regularly cross the platea their
annual North-South-North migration. This affectsnaét all areas of the plateau and is
compounded by the fact that one of the major citaways of West Africa stretching

from Chad to Mali crosses the Jos plateau.
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2. Dry season migration in search for adequate paste and water: The majority of
land on the plateau is devoted to arable farmifige land left for grazing is inadequate for
the vast numbers of cattle. The situation is maahlg during the rainy season when grass
is plentiful but during the dry season, food isrseaand malnutrition is a real problem,
especially because supplementary feeding of crsjplues is not practiced. In many of
the communities with large herds the majority oftleaare moved to dry season grazing
grounds further south. Very few cattle, mostly sowith young calves are left behind.

This is the most common reason for migration ofleattherwise resident on the plateau.

3. Rainy season migration for:

a) Freely available grazing and water When the Fulani first settled on the Jos plateau
they were granted grazing rights to land unfit f@infed farming of cereals, which
included areas adjacent to rivers and ponds. d&sarg use of fertilisers and
irrigation pumps and the switch from growing cesdal vegetables has seen farmers
reclaim these areas and deny pastoralist accegsnmr scrubland and riverine

plots and the lush pasture and access to wateptioside.

b) Avoidance of farmers’ crops Increasing populations and land pressure have
intensified farmer/pastoralist conflicts and in@ea the frequency of animals
trampling crops. In many areas these issues heeer kesolved simply by asking
pastoralists to remove their cows from the villdgen the time the crops appear

above ground until harvest.
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c) Avoidance of tsetse/biting fliesin areas with severe fly nuisance, cattle areedov
to more favourable areas of the plateau or to ryeblmwlands. This is the least

common reason for migration of cattle otherwisédes on the plateau.

Reasons for Migration

No access to water

No grass available m Dry Season
O Wet Season

No access to pasture

No water available _
7]

Tsetse avoidance

0% 10% 20% 30% 40% 50% 60%

% villages

Figure 4.10: Reasons for seasonal migration

Dry season migration takes place between DecentmrApril and on average lasts 3
months. Rainy season migration takes place betwgeih and October and on average
lasts 2 months. The majority of the rainy seasatidations are in Bauchi state to the east
of the Plateau. Dry season destinations are matedyahalf of them being on the eastern
side of the Jos Plateau. The destinations varystamce from 1 day to 3 weeks trek but the

average distance is 5 days trek.

Sixteen villages (69.6%) split their herds for naityon, leaving behind gravid cows and
those with young calves for two reasons: to spaesd vulnerable animals the rigours of

the journey and to provide the household with dpmgducts.
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21 villages (91.3%) believe that migration affedisease negatively. Of these, 14 villages
reported higher incidence of disease at their dastins, one village reported presence of
tsetse at their destination. Five reported thesstof the journey as a significant morbidity
and 1 reported sudden death of migrating anima@nly in two villages was the
destination thought to harbour less disease bsitwhs weighed against disease and stress

occurring on route.

16 villages (69.6%) believe that migration speailliz affected trypanosomiasis while

seven (30.4%) believe it has no effect on trypanoasis. Nine believed that there was
higher incidence of trypanosomiasis at their desitoms, while 2 believed that incidence
was lower at the destinations. Four villages regabthe stress of the journey leading to

acute clinical episodes of trypanosomiasis and eudigath.

No effect,
30.40%

Higher incidence at
destinations, 39.10%

Tsetse en route,
4.40%

Stress and sudden o
death, 17.40% Lower incidence at

destinations, 8.70%

Figure 4.11: Effects of migration on cattle health
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4.5 Discussion

45.1 Livelihood assessment

This section discusses and interprets the resdltthis study concerning assets and

livelihood strategies of Fulani pastoralists onJdbe plateau.

45.1.1 Land ownership and crop farming

Land ownership was ubiquitous, with all respondemiaing a piece of land. The majority
of respondents (61%) owned 1 — 10 acres. Howeesteral respondents (23%) owned
over 50 acres of land, bringing the average amotiteand owned to 17.9 acres. Of this
17.9 acres, on average 10.9 were used for croppimigt 7 were used for livestock. This
illustrates the general trend of land use primdioly cropping purposes. Livestock were
generally grazed on commons/ unused land and ettherted at night on land owned by

the respondent.

All respondents engaged in crop farming. Maizegetables (potatoes, lettuce, carrots,
peas, cabbage etc) and millet were the most poputgrs but several others were also
grown based on personal preference and on avewsde respondents grew 4 types of
crops. Respondents also commonly used manure fioar town cows (91.9%),

commercial fertilisers (91.9%) and pesticides (%0).50 enhance crop yield and quality.

This shows that the pastoral Fulani group have imecagro-pastoralists who own land and
grow their own staples (maize, millet) as well astccrops (vegetables). They are even
willing to invest cash in agricultural inputs suah pesticides and fertilizer. The successful
adaptation to agro-pastoralism has resulted in dnigfood security and income

diversification for the Fulani on the Jos plateadlypically, pastoralists are highly
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dependent on cash purchase of food to satisfy thentional need but the widespread
adaptation to agro pastoralism reduces this demeydand frees up cash for other uses.
The adaptation to agro pastoralism and reducedndepee on food purchase is also an
indication of wealth status. Poorer pastoralisfsicilly purchase 70% of their food

requirements whereas those who are better off paighase 15% of requirements with

80% being supplied by their own crops. (FEWSNe042b)

This transition may be due to the break down obhaexchange relations between
pastoralists and local farmers, forcing the Futarecquire land and grow their own food,
instead of getting it from farmers in exchangedairy products and manure. It may also
simply be a natural income diversification strategybled by the long-term settlement of
Fulani in this area. This is almost certainly tase in the 23% of respondents who own
large amounts of land and sell most of their criopscash. However, it is likely that the

former reason is responsible for the widespreadkgpof arable agriculture observed.

It is interesting to note that the Fulani, alonighwocal farmers, mostly grow crops that

provide little or no residues for animals to grare

45.1.2 Livestock & herd sizes

All respondents owned livestock other than cattlgh most of them keeping small
ruminants and chickens for household consumptiaiicasale and dogs for hunting and/or

security. Only 17.6% respondents, all indigenobs<fians, kept pigs.

The number of cattle owned by each respondent wgswariable, with a range of 7 cattle

(10.6 % of respondents). Only 16 respondents 2% &f respondents owned more than a
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hundred cattle while only 4 (6%) owned a thousanthore cattle. The average herd size

was 250, falling to 78 after the four largest hesdse excluded from analysis.

45.1.3 Herd composition

The age, sex and breed of animals sampled durentptigitudinal trypanosomiasis survey
were recorded (see chapter 3). Results showlikatampled animals were 76% females
and 24% males. Further analysis revealed that there equal numbers of each gender in
calves aged <6 months and juveniles aged 6 monthgears, but in adult cattle aged >2
years, the number of females was 6 times the numbearales. This shows that equal

numbers of male and female calves are born butathetye number of males exit the herd
when they reach the age of two. The high percentd#gadult females in the herd is

characteristic of a dairy herd, where the husbamgstem is geared towards maximum

milk production.

The majority of animals (86.8%) were of the whitenji breed. The rest of the herd were
of the red Rahaji breed (2.6%) or Bunaji x Rahepsses (10.6%). The white Bunaji cattle
are considered more docile and less susceptibliisease, possibly because their light
colour makes them less visible to tsetse flies. f#teRahaji cattle are regarded as wilder
animal, better adapted to cope with harsh conditlmnt more susceptible to disease. The
Bunaji are the preferred breed on the Jos plateauosher areas in the subhumid and
humid zones because there is abundant food and eatgared to the Sahel regions, they
are easier to herd and cause less damage to crop, fand they are less susceptible to the
diseases fond in these areas. The Rahaji arerg@fie the Sahel regions in the far north
of Nigeria and Niger because they can cope betithrthe limited resources available and

are less susceptible to the depredation of catitkers/wild animals. The Fulani of the Jos
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plateau cross their Bunaji with Rahaji animals étain some of these characteristics in

their herds.

45.14 Wealth groups

The results in this section showed a discrepantydsn wealth grouping by land and
wealth grouping by livestock holdings. Groupinglivgstock holdings showed that 43.9%
of households were ‘better off’, 50% were in theiddle’ group and only 6.1% were
‘poor’. But grouping by land holdings showed tha&t®% of households were ‘better off’,
7.6% were in the ‘middle’ group and 54.5% were ‘pod his shows that although few of

the Fulani on the Jos plateau are poor in ternisedtock, many are still land poor.

There is a continuous distribution amongst wealtbugs by livestock holdings but the
distribution of wealth groups by land was bimodakpondents either owned a lot of land,
or very little, with few households in the middlategory. This pattern of land ownership
may be due to differences in land tenure customteoduration of settlement of different
groups of Fulani. Fulani that have been settledldoger are more likely to be granted
permission to acquire land, but they are also nikety to be attracted by the advantages
of mixed farming, than those who have only recenditled in an area. This distribution
may also be linked to the amount of labour requitedill large pieces of land once

acquired. Larger, wealthier households are mdeelyfito have spare hands for farm
labour, or spare cash to hire labourers. The ntgjof Fulani with large land holdings

contract the tilling and weeding to labourers frtme indigenous population but family

labour was used for harvesting (pers. comm.). dhegre no reports of animal traction

used by either Fulani or indigenes for tilling thiaind.
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The results of wealth grouping by livestock holdirghow that few herders are in the poor
(6.1%) group while the majority are in the middi®%) and better off groups (43.9%) on
the Jos plateau compared to average figures from$itet wealth analysis which showed
10% pastoral households to be poor, 10% betterantf 80% in the middle group
(FEWSNet, 2004/5). This is consistent with thet@ad poverty incidence of 28%
recorded by (Rass, 2006) for Nigeria, the lowestNast Africa, compared to 48% in
neighbouring Chad and Niger, which had the highgsterty incidence amongst
pastoralists in West Africa. Despite this compaedy well-to-do status, most of their
wealth is invested in their livestock. This meamat ttheir day-to-day living standards are
lower than would be expected and that their livadiths are vulnerable to the risks of

disease, droughts and conflict.

4515 Income
The main sources of income were the sales of nks{60% total income), crops (25%
total income) and milk (15%). A few respondentgaed in off farm activities like

mining and sale of firewood.

Livestock sales were the major income earner fbrempondents. 30% of respondents
relied on only one source of income, sale of liwekt 54% had 2 sources of income — 39%
from livestock and crops and 15% from livestock andk. Sixteen percent gained

additional income from off-farm activities, mosttyining and sale of firewood, and in one

instance, Islamic teaching.

Income diversity is reasonable as 70% of househwsle more than one source of income
but 30% are still reliant on one income sourcevediock sales. Only 16% engaged in off

farm activities mostly labour intensive mining/salef firewood rather than
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investment/trade. This is an indicator that padtéivelihoods in this area maintain a
certain degree of vulnerability - higher income aisity reduces vulnerability to

risks/shocks in any one income-generating sector.

There is general agreement on the need to inveattémnative non-herding livelihood
options for pastoralists driven by the appreciatainthe inexorable human population
increase on degraded rangelands. There are dlewrighat influence herders’ decisions to
diversify as well as their choice of diversificatiostrategy. Conditional variables
determine whether or not prevailing conditions amnducive to diversification e.g.
external income transfers, human population densitgstock holdings and availability of
pasture. Opportunity variables determine availaigeortunities for diversification e.g.
distance to the nearest city/market/town, educatmailable services and infrastructure.
Local response variables facilitate or constram ithpact of the other variables e.g. age,
gender, wealth differentiation. Conditional vaftegb of increasing populations and
restricted access to pasture and water have craat&shvironment conducive to income
diversification. Such conditions usually resultimwoluntary diversification as the current
livelihood strategies of poor herders fail and tleeg forced to seek supplementary or

alternative sources of income.

Only a few wealthy herders show voluntary divecsifion and invest their accumulated
savings in extra income businesses (Morton & Mea]d®000). However, on the Jos
plateau, the proportion of better off herders ghler and so the local response variable of
comparative wealth and the opportunity variabletanfl acquisition, proximity to towns,
good road networks, good market access, high demaddigh price for vegetables has
encouraged voluntary diversification into growingsh crops in 39% of respondents for

whom these crops bring in 25% of their income. Thea that the remaining 60% of
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respondents were unable to take advantage of tteemditions to diversify into growing
cash crops is supported by the results of the Wwemtiuping by land holdings that show
that 54.5% of respondents were ‘land poor’. Thiosthis category lack the opportunity

variable of land acquisition and would not be abldiversify into cropping.

The other main source of income for income divérseseholds was the sale of milk. The
capital assets model argues that income from egsis in the form of products where
animals are capital assets which produce a strdamloable products (milk, offspring)
while held and have capital value when sold/slaeigiit. Milk is also the main subsistence
product of cattle. Pastoralists can rarely affrceat meat as slaughtering an animal for
meat means they must forfeit any milk and futurspafng it would produce as well as
cash from the eventual sale. There is thereforestaat competition for milk, between
human consumption, calf consumption and sale wihely be responsible for the low
percentage of households (28%) gaining income fthensale of milk. (Niamir, 1982)
shows that only better off pastoral households wores milk while poorer households
prefer to sell it and buy grain to eat. Weight Yegight, grain has much higher calorific
content than milk and is therefore a more econaanig efficient food source. The low
number of households gaining income from milk soahs expected based on the wealth
grouping results - a higher number of better oftideholds will reserve their milk for

consumption by humans and calves while only thegearer households will sell theirs.

Another important obstacle to diversification iritee dairy trade is market exclusion, for
which there are two reasons. Firstly, the mairep&l for pastoral dairy is in the informal
market that serves high urban demand but pastisraligemote areas simply do not have
access to this market. Secondly, the entire tradeastoral dairy faces stiff competition

from imported powdered milk and intensive, periambdairy farms. This competition
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tends to reduce demand for pastoral dairy prodtias are viewed as unhygienic on
comparison. This lack of demand is a very importdow to market access as well as any
prospects for its improvement - demand for pastaaly products is has been identified as
the limiting factor to market participation and iamportant pre-condition for interventions
designed to increase market access for pastoradigts improved road network and
conditions, establishment of milk collection cesti@ichael, 1987; Little, 1989; Rass,
2006). Di Domenico (1989) provides evidence of lahgtance, trans-regional trade in
dairy products by Fulani women in Nigeria facil@dtby good transport facilities and
active social ties between Fulani based in soutbikies where demand was high and those
based in northern rural areas where the majorith@fmilk was produced. Since income
from the pastoral dairy trade is controlled by womthis has serious implications for

gender empowerment and household economics.

4.5.2 Herd productivity

Reproductive efficiency was very low, with a calyirate of 8.7%. The optimum calving

rate is 100% i.e. one calf per cow per year. Haxeresults from studies on Fulani herds
under similar traditional management lead us toeekp0% calving rate in these

circumstances. The excessively low calving raenshere is most likely due to the
practice of allowing calves to suckle their damssvfery long periods of up to two years.
This is done for 2 reasons. First, to provide stlbnwutrition for calves, given the uneven
availability of pasture and second, to ensure asteort supply of milk for sale and

household needs. Lactation length is a signifidagotor in the determination of calving

interval because the stress of lactation delay®toof oestrus until the calf is weaned.

Coupled with the effects of disease and poor nairitthis means that on average, each
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cow produces a calf once every 3 years. The ageralying interval for Fulani White
cows in Nigeria is 13 — 14 months under intensianagement (Wheat and Broadhurst,
1968; Wheatet al., 1972; Oyedipeet al., 1982) and 24 — 27 months under traditional

management (Pullan, 1979; Otchere, 1983).

The deliberately prolonged lactation period sigsfithe preference of the Fulani for
maximum milk yield at the expense of calf produetid@his decision is influenced by
several factors including household milk needs,ketademand for pastoral milk, size of
herd, price ratio of meat: milk, access to marleis the dairy versus beef potential of the
herd involved. The Fulani of the Jos plateau &%s |dependent on milk for their
nutritional needs as they are agro pastoralists groav their own crops. For the same
reason, they are also less dependent on cash fi@isate of milk to buy grain. Moreover,
demand for pastoral milk in the area is quite lmnitss not clear why this preference for
milk yield at the expense of calf production spitevails; especially when we consider the
fact that sale of livestock is the major sourcenebme for all herders in this study. It may
simply be that they have stuck to their traditiodalry management systems out of habit,

rather than because it is the most appropriatéHived strategy for today.

Calf mortality is low at 12.7% compared to expectatlies of 20 — 40% but this is not

enough to compensate for the poor reproductiveopadnce.

Observed Expected
Calving Rate 8.7% ~50%
Calf Mortality 12.7% 20 — 40%

Table 4.13: Observed and expected cattle and mortal rates (Pullan and Grindle
1980: Wagenaaret al., 1986)
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Mortality was low at 3.52%, much lower than the3B6.recorded by (Wagenaat al.,
1986) and 8.05% recorded by (Pullan and Grindl&80L9 This may be because of
generally lower levels of disease than in the pastell as increased access of herders to

curative drugs.

Sales were equivalent to 3.22% of the herd, agaichnower than the 5.6% recorded by
(Wagenaaet al.1986) and 10.35% by (Pullan and Grindle, 1980)is Timay be because
the Fulani on the Jos plateau are now all agroopagts and are less dependent on cash
from sale of cattle to buy food. Purchases wereivaetgnt to 1.03% of the herd,

comparable to the 1.15% recorded by Pullan andd&rif1980).

Potential offtake was 10% and actual offtake 11%tuAl offtake was the same as that
recorded by Pullan (1980), but the potential offtak lower than the 14.7% recorded in
that study. Tthis points to reduced productiviteptime. This reduction in productivity
is probably linked to increased land pressure amdr@enmental degradation and its
knock-on effects on cattle nutrition and manageméntmay also be linked to the
presence of trypanosomiasis (absent from the plae#he time of the study by Pullan)

which is primarily a disease of production.

Actual offtake (11%) was more than potential ofégl#0%) indicating that herders are
unable to meet their need for cash from livestaikswithout reducing the size of their
herd. This factor is probably responsible for migsstock levels (249.39) being lower
than starting stock (252.61) and the -3% averageg@h in herd size. Figures obtained
previously from (Pullan and Grindle, 1980) were pamed to those collected in this

survey.
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1975

2008

Starting Stock

125.5 (19.21 — 231.79)

252.61 (61.98 — 443.24

Closing Stock

141.38 (16.2 — 266.56)

249.39 (59.54 — 439.97

% Change in Herd

+7.81% (-16.99 - +25.58%)

+3% (-3% - +9%)

Births

28.47% (4.0 — 53.0%)

5.78% (4.0 — 7.57%)

Deaths 8.05% (0 — 55.27%) 3.52% (2.14 — 4.89%)
Sales 10.35% (5.29 — 52.63%) 3.22% (2.17 — 4.28%)
Purchases 1.15% (0 — 2.33%) 1.03% (0.40 - 1.66%)

Price Bought

N 115,755.02
(17,333.89 — 214,176.15)
$769.50 (115.24 - 1,423.85)

N 37,065.79
(31,796.44 — 42,335.14)
$246.33 (211.31 - 281.35)

Price Sold

N 84,132.43
(28,327.94 — 139,936.92)
$559.13 (188.26 — 923.00)

N 81,704.92
(73,107.59 — 90,302.25)
$543.00 (485.86 - 600.13)

Potential Off take

14.7% (8.15% - 21.25%)

10% (5% - 15%)

Actual Off take

11.7% (2.22% - 21.3%)

11% (8% - 14%)

Table 4.14: Herd productivity parameters 1975 & 208

There were no significant differences between e data sets. However, there are

some apparent changes that can be deduced froiguhes:

Mean herd size has increased and is more variaiiies could be due to increased

polarisation into better off versus poor househald¢o a simple increase in the

number of better off households. Wealth groupespuits support the latter because

although there is a higher proportion of bettertaitiseholds, there are also a high

proportion of households in the middle category.

Variability in change in herd size per annum haselsed, showing that herd sizes

are more stable.
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The number of births is less variable, but seembetalecreasing, pointing to a

reduction in productivity of cattle.

Variability in both potential and actual offtakeshdecreased, pointing to increased
stability. However, actual offtake in this studymore than potential offtake that
indicates reduced productivity. The decrease itermd@l offtake from 14.7% to

10% is also a sign of declining productivity.

Sale and cost prices are both less variable bptisungly, the sale price of cattle in
2008 appears to be the same as it was in 1975 piftees were adjusted for

inflation.

When taken together, these factors indicate thatotlerall livestock enterprise is more
stable and less vulnerable to risks/shocks, thexdieelihood vulnerability has decreased

but overall productivity has also decreased.

4.5.3 Knowledge, attitudes and practices concernirigetse and
trypanosomiasis

Results show that trypanosomiasis is an importeagade, well recognised by herders on
the Jos plateau. Knowledge of trypanosomiasis gamteral diagnostic ability is good

amongst herders, but they lack the correct knovdeaigd resources for treatment and
control of disease. Herders are also well inforrabdut tsetse flies and their association
with trypanosomiasis but again, lack appropriatevidledge and resources for vector
control. Poor availability of veterinary servicasd poor uptake by herders of the services
available is a significant factor. Vulnerabilitg the risk of animal disease depends on

access to vet services for preventive and curate@ments. Structural adjustment and
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liberalisation programmes in Nigeria and across-Sabaran Africa included privatisation

of many animal health services. Without adequappsrt for the private sector to enable
them fill the consequent gap in animal health adebvery. This left the majority of

remote pastoral areas without access to veterigamnyices. The people are poor, poorly
educated and widely dispersed and unable to efdgtdemand services from a private
sector that is not capable of delivering to therdegemi (1999b) showed that provision of
animal health care by professional veterinary ssafft viable in marginal pastoral areas as
service fees, drug costs and cost to the herdeeawhing the veterinarian/accessing the

service is often worth more than the value of thienal in question.

Risk management strategies are classified in ooflgareference as risk reduction, risk
mitigation and risk coping strategies. The diseamdrol strategies of herders on the Jos
plateau that only risk coping strategies are in heee. Risk reduction strategies include
vaccination and other prophylactic treatments wdenesk mitigation strategies include
things such as dry season supplementation (aniomaks higher nutrition plan are better
able to withstand disease). The prevalent diseas&ol strategy practiced on the Jos
plateau was curative treatment, which is aimedoptng with disease once animals have

become infected.

4.5.3 Effects of Conflict, Competition & Migration

Results show that 73.3% of all study villages pcact transhumance and that over half of
these practiced both wet and dry season migratidme reasons for transhumance can be
broadly divided into two: poor availability of pase/water due to climatic/ecological

reasons and poor access to available pasture/daeto social reasons. Poor availability

of resources is the main driver for dry season atign, being the reason cited by 71% of
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respondents almost twice the number that cited pooess as the reason for migration.
Poor access to available resources is the majeerdior wet season migration being the
reason cited by 48.4% of respondents, almost 4stitine number (12.9%) who cited lack

of resources as the reason for migration.

It is easy to see how the poor pasture and dwigdhmater supplies caused by the long
harsh dry season force herders to move their datideeas where the dry season is shorter
and its effects less severe. The issues surrogniaak of access to abundant pasture and
water during the wet season are more involved aqdire a study of the relationships

between Fulani pastoralists and the indigenousifayipeoples.

Farmers on the plateau previously practiced rainafgriculture based on cereals that grew
well on eroded soils and produced high qualitydess for animals. This facilitated a
stable system of exchange between farmers andrabstis grain for dairy products and
crop residues for manure. At this time, mine poadd river valleys were of little use to
farmers but were valuable to pastoralists who vggven free access but not ownership
rights. Dry season farming of new crops — maiagyascane and Irish potatoes was
introduced in 1960s and greatly encouraged by Wadskhk funded agricultural
development programmes in the 1970s. Year rourgilscale vegetable gardening also
began in the 1980s, assisted by the appearaneceatif getrol irrigation pumps. These are
all fertiliser-based crops that produce no usehitle residues so the farmer-pastoralist

exchange system has broken down.

Advances in livestock management and disease doh&ee also led to agricultural
expansion on the part of pastoralists. Increasingdn and livestock populations and

consequent environmental degradation has led tedaction in tsetse habitats and
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trypanosomiasis risk. The effective control of engest and other endemic diseases,
development of effective antibiotics and trypanesié@nd the current easy access to these
drugs has increased the population, productivity amarginal value of cattle. This
interaction of reduced disease risk and increasedugtivity promotes increases in human
and livestock populations. Availability of trypaside treatments have been shown to
increase conversion efficiency and reduce dises&ein cattle, both of which increase
calving rates and pasture exploitation. Both fectalso increase cattle value and
encourage increased cattle acquisition leading tdoable increase in cattle density.
Reduced treatment costs per cow further reduceasksesk so low cost treatments are

capable of increase overgrazing exponentially.

These factors lead to overpopulation and overetgilon of land/pasture that accelerates
environmental degradation and reduces environmepgtalying capacity and the
sustainability of the current land use scheme. r@ezing in the past and subsequent
erosion is responsible for much of the poor avditsitof pasture currently seen on the Jos
Plateau. Baumgartnet al. (2008) carried out a 25 year study in the Ethioghaghlands
which showed how tsetse and trypanosomiasis con&motl technological advances
unleashed the biotic potential of both people amdhals, leading to a fifty fold increase in
cultivated land, 33% reduction in pasture and iaseein family size from 3.5 — 5 people
per household. These results were observed in ashaggopastoral people where there is
potential for conflict between groups but when &aplto the Jos plateau where crop
farmers are of a different tribe and religion frarattle herders then the potential for

conflict is obvious.

Given the increasing land pressure and agriculexphnsion by both parties previous land

use schemes became unsustainable and have brokem @d riverine plots which
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previously provided lush pasture and access to rwate now extremely valuable to
farmers, access rights of pastoralists have beerkee and they have been effectively

excluded from the enjoyment of natural resourcas\ere previously held in common.

The outbreaks of urban violence in Jos and itsrensi emphasise the growing natural
resource conflict in the rural areas. In many o#reas in Nigeria and around the world,
competition for natural resources has resulted emdér-farmer conflict but this is

uncommon on the Jos plateau. Traditional confligigation/resolution mechanisms are
active and have successfully managed to developnset for the shared use of key
resources. Figure 4.12 illustrates a natural resowrse map agreed between both

communities.

Resource use map of dryv-season farming and cattle access
around Bokkos, Plateau State
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Figure 4.12: Land use scheme agreed between farmeasd herders (Blench, 2003)
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All such agreements have favoured the farmers astbpalists have adapted to increasing
marginalisation by sending their cows off the pdatdor longer periods each year. There
are several important consequences if the increms@nshumance in response to these

factors, including:

Some established stock routes now closed

Increased labour required to herd migrating cows

Increased security risks

Reduced income for pastoralist women

Reduced long term investment in the industry

Poorer health in cattle

Malnutrition due to scant sources of food and wateroute

Stress and fatigue of trekking

Increased morbidity of any underlying diseases

Increased contact with disease and disease vdmitiisen route and at the final

destination, including tsetse and trypanosomiasis

This is reflected in the herder perceptions of #ffects on migration that show that
migration does in fact take its toll on their catind that the benefits of migration come at

a considerable cost:
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Effect on Trypanosomiasis % of Villages

Higher incidence at destinations 39.1%

Lower incidence at destinations 8.7%
Stress and sudden death 17.4%
Tsetse en route 4.4%
No effect 30.4%

Table 4.15: Effects of migration on trypanosomiasii cattle

Wet season migration is an unfortunate consequehoatural resource competition and
marginalisation of pastoralists by farming commiesit Natural resource conflict is
centred on key resource sites particularly impartanlivestock but which also offer
cropping possibilities. This definition of key msce sites implies that they are essential
for pastoralists but optional for farmers. Livestdtave been shown to occupy relatively
small patches of land (key resource sites) withm wider landscape and exclusion from
these key areas significantly disrupts their tramséince cycle, necessitating this second
wet season migration. Especially exclusion fromeasdo wetlands, river valleys and other
water resources which farmers wish to reserve mbensification of crop production
(Niamir-Fuller and Turner, 1999; Southgate and Hyl2000; Woodhouset al., 2000).
Such exclusion often leads to cattle entering fidddcause of the need for forced access,

leading to conflict over damaged crops.

There are also many long-term, indirect effectsthis climate of recurring violence,
marginalisation of pastoralists and constant riskanflict. Such prevailing factors often
work to reverse ongoing development processes stop livelihoods — herders are less
likely to invest in new assets/technologies orracpice income diversifications in such an
atmosphere of uncertainty. Structural marginaksatiof pastoralists is seen as

discrimination which makes them prone to radicéiisaand recruitment by insurgent
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groups and conflict entrepreneurs. Political resise movements in Algeria, Kenya,
Ethiopia, Sudan, Somalia, Uganda, Mali and Sudasm leanerged in pastoral areas that
were economically and politically discriminated mga in the preceding 20 years. In
Nigeria, competition over resources is often gietinic and religious overtones, which
greatly expedites progression into violent cordliahd this is a major factor in the current
situation on the Jos plateau. The effects of malmgation and radicalisation of

pastoralists in neighbouring countries has alsonbie# as there is increasing use of
assassins from Chad and Niger. So marginalisatarfuel conflict, especially where there
is an imbalance of power coupled with ignoranceolcy makers on pastoral livelihoods.

Pastoralist ignorance of the policy making processy also increase their sense of
discrimination. National policies tend to favowttteement of pastoralists without taking
account the implication of sedentarisation on theielihood strategies. This is an

indication that the marginalisation of pastoral ples is so deeply rooted in the nation

building process that it must be regarded as atsiral problem.

4.6  Conclusion

This survey of pastoral livelihoods, knowledgeitatles and practices of Fulani herders on
the Jos plateau has shown that the majority ofop@ishouseholds in the study area are
better off or in the middle wealth categories antiy @ few are poor in terms of livestock

holdings. However, many households are poor imseof land holdings while a few are

better off. Income diversity is reasonable as @0§o of respondents are still reliant on
one source of income: livestock sales. Livestalksremain the major source of income
for all households while crops, milk and off fartigities played a role in income diverse

households.
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Results on transhumance, herd productivity analymisl comparison to previous

productivity levels on the Jos plateau show th&nexability to disease has decreased over
the years but natural resource conflict has ine@agith consequent negative effects on
productivity. Overall vulnerability has decreasaad there is increased stability in the
cattle enterprise but overall productivity has éased and reproductive rates were

particularly low.

The amount of wealth concentrated in livestock, benof land poor households and those
still reliant on one source of income suggest thate is still a degree of vulnerability to

the risks of drought/dry season, disease and comilipastoral livelihoods in the area.

Knowledge, attitudes and practices results showt tkiowledge of tsetse and
trypanosomiasis and general diagnostic abilitydedyamongst herders but they lack the
correct knowledge and resources for treatment antt@. Poor availability and uptake of
veterinary services adds to the problem so gapeterinary service provision must be
bridged. Curative treatment is the main livestddease control measure in use and the
risk of animal disease could be more effectivelynaged by the strategic use of curative

and prophylactic drugs and insecticide treatmemteduce disease.

Dry season migration is an important but costly wayavoid starvation when one
considers the stress of long journeys, aggravaifosub clinical infections, security risks
and disease encountered en route. Feeding hgg/sdancentrates and digging wells for
exclusive livestock use is an effective and feasidblution. Wet season migration is
subject to the same negative factors and is arrtumi@me consequence of natural resource

competition and marginalisation of pastoralistddoyning communities.
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The new data summarised in the preceeding parageffdctively describes the livelihood
strategies of the resident Fulani of the Jos pla@ad provides the first update on the
subject since 1980 (Pullan, 1979; Pullan, 1980daRul1980b; Pullan & Grindle, 1980).
The effects of wider socioeconomic trends on thHesdihood strategies has also been
shown. The gaps in animal health care provisiorpastoralists have been identified as
have those in provision of and access to animdttheare by government and the private
sector. The herd productivity and financial dathen taken together with the prevalence
data from chapter 3 bring us one step closer totifyang the economic losses due to T&T
to pastoralists in this area. The participatoryreise has also engaged local communities
in the process of understanding and hopefully imimigp their current situation. This has
laid a foundation of trust and increased both thifity and inclination to participate in

advocacy and policy making.

This study has provided concrete background inftionaon the study area that will
enable robust planning of animal health and pradiginterventions. It has also laid a lot
of the practical and logistical groundwork thatlvahable a smooth introduction of these
interventions. In view of the information now aedile, the most appropriate interventions
in terms of feasibility, efficacy, acceptabilitygherder uptake can be selected. They will
be based on the seasonal calendar and migratamsrmato facilitate incorporation into
established herder routines. However, the large siees and high levels of heterogeneity
will make it challenging to produce a single stggtehat is feasible, efficacious and

sustainable and some variety/adaptations will Qaired.
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Chapter 5: Evaluation of FAMACHA
Charts as a pen-side test for
Trypanosomiasis
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51 Introduction

This chapter explores anaemia as a diagnosticaignypanosomiasis and the efficacy of
two pen-side methods for detecting anaemia andigtiiegl trypanosomiasis: a portable
haemoglobinometer and a mucous membrane colour t.ch@ihe portable

haemoglobinometer is considered the most accuratead currently available for pen-
sideffield use but the mucous membrane colour chartid be a cheaper, simpler
alternative suitable for use by Fulani pastoraliftproved accurate. Gaps in pastoral
access to professional veterinary care were idedtiin chapter 4 and simple, penside

diagnostic tests like this would go a long way tlgpe the gap.

In this study, 329 cattle from 7 villages across Jlos plateau were assessed for anaemia
using both methods and trypanosomiasis using thengoase chain reaction. The aims of
the study were to evaluate FAMACHA cards as a festanaemia and as a test for

trypanosomiasis in White Fulani cattle on the Jatepu.

5.1.1 Anaemia as an indicator of infectious disease

Anaemia is a pathological state characterised byfiitcient haemoglobin due to reduced
quality or quantity of circulating red blood ce{(RBCs). It has several aetiologies broadly
classified into regenerative and non-regeneratnaemia. Regenerative anaemia is due to
RBC destruction (haemolytic anaemia) or RBC lossethorrhage) while nonregenerative
anaemia is due to decreased production of RBC r@atsstinal parasites, haemoparasites
and ectoparasites are all important causes of amaespecially in areas where these

diseases are endemic.
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Anaemia is a common problem worldwide and is ofrermus medical and veterinary
public health concern, particularly in developinguntries. It is a major clinical sign of
many parasitological infections endemic to Africg.emalaria (Pasvol, 2005), babesiosis
(Vial & Gorenflot, 2006), anaplasmosis (Magoeiaal.,2008), theileriosis (Magonet al.,
2008), schistosomiasis (De Bont and Vercruysse819#ebsteret al.,2009), fascioliasis
(Hawkins, 1984), helminthiasis (Koukounaet al., 2006), tick infestation and

trypanosomiasis (Maudliet al.,2004).

Anaemia plays many different roles in its assoecratvith these diseases. It is primarily a
consequence of infection. The presence and typanaémia is a valuable marker of
presence and intensity of infection (Kiegal.2006), parasite burden (Lathanal.,1983)
and morbidity due to infection (Pasvol, 2005; Webst al.,2009). It can also indicate
infection by particular parasite species or comioams (Lathamet al., 1983; Taylor and
Authie, 2004). It is a less obvious morbidity behimore apparent physical signs of
disease but it is a significant disability and esually directly responsible for some of the
other consequences of infection e.g. loss of cangitweakness (Vial and Gorenflot,
2006), reduced productivity (Lathaet al.,1983) and abortion (Kingt al.2006). Thus, it
is both a cause and consequence of disease. Anaeayiacompromise the success of
antiparasite treatment and may persist after theaspga has been cleared, requiring

separate, specific treatment.

Anaemia is a condition of multiple, complex aetgks which makes it difficult to assess
or attribute to any specific condition. It may dhee to infection or co-morbidities such as
malnutrition, micronutrient deficiency, co-infeatiovith a different parasite, HIV/AIDS,

haemoglobinopathies. There are also inconsistenitieshe literature regarding the

definition of anaemia. In cases of co-infectionaneas where several anaemia-causing
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diseases are endemic, the degree to which eaclitioontbntributes to anaemia is difficult
to define. In cattle, cut off haemoglobin concatitms of 88 — 144g/L have been recorded

(Websteret al.,2009).

Despite these potential drawbacks, identificatibmorbidity indicators like anaemia are
vital for sustainable disease control and it remanogistically practical, inexpensive and
valuable measure of parasite associated morbiditenable to large scale control
programme monitoring and evaluation when a nonsivea field friendly test such as the

Hemocue haemoglobinometer is used (Koukouetaai.,2006; Websteet al.,2009).

5.1.2 Anaemia in bovine trypanosomiasis

Despite the fact that anaemia is a clinical indicaidf several livestock diseases, it is
especially severe in trypanosomiasis, and diffemerdiagnosis is facilitated by taking
epidemiological factors into account. Anaemia daye at the onset of parasitaemia and
its severity is determined by factors includingul@nce of the infecting parasites and the
breed, age and nutritional status of the hostis the most prominent sign of infection
(Graceet al.,2007) and can be observed as pallor of the mucamshranes. The ability
to control anaemia is the feature of trypanotolecarttle most closely associated with their
ability to remain productive under tsetse-trypamossis challenge (Naessens, 2006; Read

et al.,2008).

The early, acute phase of trypanosomiasis is ctersed by fever and haemolytic
anaemia followed by loss of performance in livektodHaemorrhagic anaemia is also
observed with haemorrhagic strainsTofvivaxin East Africa. The degree of anaemia is

correlated to the extent of loss of performance iandidely regarded to be one of the
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major contributors to death of trypanosome infeaeadnals (Taylor and Authie, 2004).
Packed cell volume (PCV) falls from normal valué¢$80% to 15%. The main induction
mechanism is RBC destruction due to extra vasqoitergocytosis in the spleen, liver,
lungs, lymph nodes and bone marrow. Erythrophagscy is caused directly by the
parasite: opsonisation by trypanosome antigen &8 &amage by trypanosome enzymes;
and indirectly by the host immune response: cometegmactivation, over-reactive

mononuclear phagocyte system (Taylor and Authi®420

In the late, chronic phase, PCV continues to flatduand reduction in performance and
reproduction persist. Erythrocyte destruction sargs but dyserythropoesis seems to take
over as the main underlying mechanism of anaeifiiere are two proposed pathways for
the role of erythropoiesis: the first is impairednke marrow function so that there is no
replacement of erythrocytes lost to haemolysise $&cond is that bone marrow function
remains normal but is unable to keep up with the ch RBC destruction. Trypanotolerant
cattle able to control anaemia show increased $ewkerythropoietin receptors and lower
levels of inflammatory cytokines known to downregel erythropoietin compared to

trypanosusceptible cattle (Taylor and Authie, 2004)

5.1.3 Measuring anaemia in resource-poor settings

Detection of anaemia in veterinary medicine reloes the assessment of PCV by the
microhaematocrit centrifugation technique. A mi@ematocrit tube is filled with blood

and centrifuged, allowing the proportion of bloodlume occupied by RBCs to be
measured (Uilenberg, 1998). This technique isabéd and cheap to run and allows
simultaneous assessment of plasma (for total pratencentration, lipaemia etc) and

identification of haemoparasites such as trypanesonDespite these advantages it is not
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ideal for use in field settings because it requieeower source, expensive bulky
equipment and vehicles to transport these to tid.fiThe international reference method
for detecting anaemia in humans is measuring hakiog concentration using the
photometric cyanmethemoglobin method in which blomd diluted with cyanide
compounds to produce cyanmethemoglobin. The catdansity of cyanmethemoglobin
is then measured using a spectrophotometer andofiteal density recorded is
proportional to the concentration of haemoglobiall@ et al.,1992). Again, this is a very
accurate method but the equipment and reagentgedquake it unsuitable for field use.
In resource-poor settings, clinical assessmentftenothe only available option and
appraisal of mucous membranes is often used fojestiie assessment of anaemia,
jaundice and hydration status. This is quite ingate with 33%-57% sensitivity and 79%-
84% specificity which is too low to monitor changesprevalence of mild to moderate
anaemia. (Shulmaet al.,2001; Critchley and Bates, 2005). Since thesepmed methods
for detecting anaemia are unsuitable for field insesource poor settings, there is a clear
need for the development of a reliable and accuestefor use in these areas. An ideal test

should Bates et al 2007):

» be accurate enough to detect the anticipated ceandg@memoglobin levels

induced by the disease(s) involved
* not require mains electricity
e require only minimal training and supervision
» use whole blood so that no dilution steps are requi
e berapid

* be inexpensive
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Low technology systems have been developed in lnathan and veterinary medicine for
use in these settings, based on haemoglobin caatient(Haemoglobin Colour Scale and
HemoCue handheld haemoglobinometer) and mucous memb assessment

(FAMACHA® colour scale).

5.1.3.1 Haemoglobin Colour Scale

The Haemoglobin Colour Scale (HCS) is an inexpaensiethod for estimating human
haemoglobin concentration from a drop of blood bganms of a colour scale. A
finger-prick blood sample is soaked into speciabomatography paper and its colour
is compared with high quality digital pictures ofodd of known haemoglobin
concentration soaked into the same type of papkese pictures represent ‘standard’
haemoglobin concentrations of 4 — 14g/dl in 2gfdirements. It is ideal for use in
resource-poor settings because it can be usedrlaboratory staff after a few hours
training, is accurate up to 2g/dl, is durable unttepical conditions and recurrent
costs are less than $0.05 per test (Medina-learal., 2005). It is also better than
clinical diagnosis for detecting mild/moderate an&e in pregnant women and
children. It has 24% — 97% sensitivity and 41 —%0€pecificity for anaemia with
better results in laboratory settings than fielttisgs (Critchley and Bates, 2005;
Lindbladeet al.,2006). Although developed for use in humans.alf heen tested as
an attractive method for field diagnosis of bovareemia with favourable results —
sensitivity of 81% and 94% and specificity of 62%d&@3% respectively in East and

West Africa (Magonaet al.,2004; Graceet al.,2007).

The drawbacks of the HCS are that it requires §fipechromatography paper and

cannot detect changes in anaemia of less than. 2@kt heterogeneity in efficiency
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in different studies has lead to calls for a sfitfim efficacy studies to more policy
relevant research to integrate the method into gmynhealth care systems (Critchley

and Bates, 2005).

Figure 5.1: Haemoglobin Colour Scale

51.3.2 HemoCue

This is currently the most widely used method fagasuring haemoglobin in field and
point of care settings (Bate=t al., 2007) and is considered the method of choice for
evaluating anemia in remote areas (Sarial., 2001). It produces a direct readout of
haemoglobin concentration to one decimal placeguaidrop of blood in a plastic cuvette.
The cuvettes are coated with nitrite azide thatdysvhole blood and converts free

haemoglobin to azidemethemoglobin. This stableleazs measured by the Hemocue
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photometer at 2 wavelengths: 570nm to determinehgémmoglobin concentration and
880nm to correct for turbidity (Posnet al.,2005). This azidemethemoglobin method is
an improvement of cyanmethemoglobin in many ways.is just as reliable as the
cyanmethemoglobin method {99.5% correlation (Bageal.,2007)} and is not subject to
the major source of inaccuracy of this internatistandard, namely turbidity due to cell
stroma, proteinaemia or lipaemia. The azide caipigemoves the need for toxic reagents

and the reaction is four times faster than the icgaoonjugate, giving results in 40-45s.

Errors in the azidemethemoglobin method are duairtbbubbles in cuvettes and cuvette
deterioration due to adverse climatic conditionsngoroper storage (Posnet al., 2005).

Air bubbles will give incorrect readings, howeveéist is rare as cuvettes are filled by
capillary action and should be visually inspectefble inserting into the Hemocue. The
reagent lining inside the cuvettes is hygroscopid deteriorates at high temperature and
humidity. Although they have a shelf life of 2 ygathe manufacturer recommends they
are used within three months of opening (HemoC@89)1 Sariet al.(2001) conducted a
study to compare the accuracy of cuvettes opendtleoeame day to those opened 2 — 25
days before use during a tropical field survey.yrfend a significant difference in the
prevalence of anaemia returned by the two groupieéttes with test performance value
haemoglobin concentration of samples recorded @gy&.higher with the older cuvettes.
There was no significant difference with cuvettpsreed up to 12 days before use but after
12 days false high values of haemoglobin are predi@nd anaemia is underestimated. It
is therefore recommended that cuvettes should @&l (8 months after opening in
temperate climates and 3 — 12 days after openirtgopical climates (HemoCue; 1999;

Sariet al.,2001; Posneet al.,2005).
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The Hemocue device itself is robust, easily pogatl1kg and powered by 5AA batteries
or a 6V adaptor. It comes with an inbuilt quatityecking mechanism and is ideal for use
in field, clinic, operating theatre and criticalreasites (Posneet al., 2005). It gives
consistent results in both routine practice andddreld surveys and is accurate at a wide
range of haemoglobin concentrations for capillamg &enous blood in humans, livestock
and companion animal species (von Schestckl.,1986; Callaret al.,1992; Chevalieet

al., 2003; Magoneet al.,2004; Posneet al.,2005). It requires only 10ul of whole blood
which is useful for patients with small blood volesnor severe anaemia and does not
require any dilution or concentration steps. Itvesy user friendly, requires minimal
training for use by unskilled personnel and therditile inter-observer error (Saet al.,
2001; Magonaet al.,2004; Posneet al.,2005; Bate®t al.,2007). However, the device is
sensitive to temperatures above 30°C and shuts dowmese conditions which makes it

less than ideal for some tropical locations (Magenal.,2004).

The Hemocue 301 is an improved version designetdesd with the major drawbacks of
the standard Hemocue 201 haemoglobinometer. Th&vedy high recurring costs of
cuvettes and their deterioration under adverseatioxonditions have made it impractical
for use in many under resourced countries. Thisraeation is due to the inner lining of
nitrite azide that is hygroscopic. The Hemocue 8tdrefore uses polystyrene cuvettes
without any reagent. These improved cuvettes at¢ 300% cheaper and can be stored at
10°C - 40°C for 3 months after opening (Moresal.,2007). The haemoglobinometer
itself has been modified so that instead of meaguanaemia as azidemethemoglobin, it
measures it as a thin layer of unconverted oxyhgésbm. It is also less sensitive to high

ambient temperatures. Medina-Laaal. (2005) recommend Hemocue as the method of

181



choice for assessing anaemia in resource poongeftas it was the most reliable and
clinically useful method; however, it was also thest expensive. The improvements in
the 301 model make it cost effective and reducesth& associated with using ineffective

cuvettes (Morriset al.,2007).

Figure 5.2: Hemocue haemoglobinometer and microcuttes

5.1.3.3 FAMACHA®

The FAMACHA system is a novel clinical assay foe thassessment and subsequent
treatment oHaemonchus contortusefection in sheep to slow down the development
of anthelmintic resistance. The system is base@ @olour chart with five colour
categories depicting varying degrees of anaemianging from the normal red,
through pink to practically white in severe anemide ocular mucous membranes of

sheep are compared to the chart and then sconedsiuerely anaemic (pale) through
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anaemic to non-anaemic (red) and those animalsd=myes in danger of succumbing
to the effects of haemonchosis are treated. pairs of a targeted strategic treatment
programme aimed at moving farmers away from blaelattment which is largely
responsible for the current high rates of anthdiiwsnresistance (Kaplan, 2006).
When compared with conventional treatment prograsrteeduces disease at herd
level and leaves a large percentage of the aniumiteated, maintaining a reservoir of
susceptible parasites in refugia. It may also ouprthe genetic resistance of herds to
Haemonchus contortu&aplan, 2006). 20% of the heard usually harbd#o®f the
parasites and act as super-shedders, transmibtithge trest of the head (Woolhouste
al., 1997). FAMACHA allows the identification of thesasseptible animals that can
then be culled whilst animals with consistently gd@AMACHA scores can be used
for improved breeding schemes. There is evidencenhéritability of FAMACHA

scores and heamatocrit values (van Wyk and Bath)20

FAMACHA

Anaemia guide 'S
Guide sur I"'anémie
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Figure 5.3: FAMACHA anaemia guide for sheep
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FAMACHA was developed and validated for use in 2008outh Africa. It has been
validated for use in sheep and goats in South Aftice United States, Kenya, Brazil,
Guadeloupe and Ethiopia (Vataal.2001; Ejlertseret al.2006; Mahiewet al.,2007;
Sissayet al.,2007; Molentoet al.,2009b) and for use in cattle in Mali, Burkina Faso

and Guinea (Gracet al.,2007).

The 2004 study on validation of FAMACHA for sheepdagoats by Kaplart al.
(2004) illustrates many of the important factorsb® considered before use. The
heamatocrit/PCV method was taken as the referaacelard for detecting anaemia.
In establishing the properties of a test, cut afiies are assigned to define the level of
a test result that is needed to make/reject a deign Since no precise PCV value has
been established at which anaemia crosses a thdeshdinical importance, different

cut off values for anaemia were evaluated to optnine FAMACHA system.

Sensitivity | Specificity | PPV | NPV | Correct Dx| % Treaed
FAMACHA categories D & E anaemic
PCV 15%| 82.6% 89.1% 17.4% 99.5% 89.0% 12.9%
PCV 19%| 64.1% 91.3% 37.6% 96.9% 89.0% 12.9%
FAMACHA categories C,D & E anaemic
PCV 15%/| 100% 56.9% 6.1%0 100% 58.0% 44.6%
PCV 19%| 92.2% 59.2% 15.6% 98.9% 58.0% 44.6%

Table 5.1: Performance of FAMACHA as a test for anamia in sheep (Kaplanet

al., 2004)

From table 5.1, it is clear that the choice of @ffitvalues is very important. Using a lower
PCV cut off value maximises sensitivity but redusesisitivity. When categories C, D

and E are considered anaemic, sensitivity is highdpecificity is low and when only
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categories D & E are considered anaemic, the revessthe case. Sensitivity and
specificity are inversely proportional, as expected cayegorical variables (Thrusfield,
2007). The proportion of the herd treated is alsarkedly different for the two
FAMACHA cut off values evaluated. In practical teymsensitivity is often more
important than specificity as the consequence daftreating an infected animal (false
negative due to low sensitivity) is mortality, muetore serious than the consequences of
treating a non-infected animal (false positive ttuew specificity). For all cut off values,
negative predictive values are uniformly high awgifive predictive values are uniformly
low, due to the tendency of this test to returrsdapositives. Going by the test
performance value of sensitivity and specificityt coff values of 15% PCV and
FAMACHA categories D & E give the best results aheé authors recommend that
treatment can safely be restricted to animals fiadit within this group. Lambs,
periparturient and lactating ewes, and other arsmtiessed by disease or poor condition
which fall in category C should also be treatedeyralso gave the following guidelines

for FAMACHA use:

« FAMACHA is not easy to use and proper trainingeiguired before use

e Animals should be examined with FAMACHA every 2-8eks during the at

risk periods and weekly during critical periods

* It must only be used as part of a rational treatmegime. Since animals are
not treated until they are showing clinical sigusterinary advice and drugs

with proven efficacy should be readily available.
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Sensitivity | Specificity | PPV | NPV | Correct Dx | % Treated
FAMACHA categories D & E anaemic
PCV 15%| 83.3% 70.9% 9.0%| 99.2%/71.0% 30.8%
PCV 19%| 57.6% 72.8% 22.9%92.5%| 71.0% 30.8
FAMACHA categories C,D & E anaemic
PCV 15%| 100% 32.9% 4.9%| 100% 35.0% 68.2%
PCV 19%| 93.9% 35.5% 16.9%97.7%| 43.0% 68.2%

Table 5.2: Performance of FAMACHA as a test for anamia in goats (Kaplanet

al., 2004)

Table 5.2 above shows test results in goats.

Tdteemp is similar except that both
sensitivity and specificity are lower and the tpstformance is slightly poorer in goats
than in sheep, the species for which this testavagnally developed. Vattat al. (2001)
recorded 25.7% sensitivity and 90.9% specificityhmeut off values of 19% PCV and
FAMACHA categories D & E and 80.4% sensitivity ab8.7% specificity with cut off
values of 19% PCV and FAMACHA categories C, D & Bensitivity is lower than the
results of Kaplaret al. (2004) and suggests that FAMACHA is less suitdbteuse in

goats and more work is required to optimise itsinghis species.
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52 Materials and Methods

5.2.1 Study design
Seven villages were randomly selected from a cabfd30 villages already selected for the
longitudinal survey of bovine trypanosomiasis. HEjgcows were selected for sampling

from individual herds within each village.

5.2.2 Hemocue 201

Blood was collected from selected cows by venipurecénd one drop was applied directly
to Hemocue Hb 201 microcuvettes which were immetligblaced in the Hemocue Hb
201+ haemoglobinometer (Hemocue AB, Angelholm, Sw¢dand the hemoglobin

concentration read and recorded.

5.2.3 FAMACHA
The ocular membranes of selected cattle were cadpar the FAMACHA chart and

scored by a veterinarian and an animal healthtassiafter a brief training session.

5.24 PCR methods

Blood was collected from cows by venipuncture apgliad directly onto Whatman FTA
cards. Cards were air dried at room temperaturatféeast one hour and then stored in
sealed envelopes with desiccant. Molecular diagnafstrypanosomiasis was carried out

by polymerase chain reaction as laid out in Chaptsections 3.3 — 3.7.
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5.2.5  Statistical analysis

5.2.5.1 Sensitivity & Specificity

Binary classification tests where there are onlp tautcomes can be evaluated by
measuring their sensitivity and specificity. Semgy is the proportion of correctly
identified positives, whilst specificity is the grartion of correctly identified negatives.
The ideal test has 100% sensitivity and specifiaitg gives completely reliable results. If
a test has high sensitivity then a negative resditates the absence of disease. A positive
result from a test with high specificity stronglyggests the presence of disease. There is
usually a trade-off between these two measureshhigpecific tests often have low

sensitivity and vice versa.

Sensitivity = number of true poss

number of true positivefatse negatives

Specificity = number of truegaéives

number of true negativeglse positives

Two related measures for evaluating diagnosticstese the positive and negative
predictive values. The positive predictive valu®f is the proportion of subjects with
positive test results who are correctly diagnoseckflects the probability that a positive
test reflects the underlying condition being tedted The negative predictive value (NPV)
is the proportion of subjects with a negative testult who are correctly diagnosed. It
reflects the probability that the test will clags# truly healthy person as healthy. Both of

these measures depend on the prevalence of thenoeitaf interest.
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5.2.5.2Pearson’s correlation coefficient

Two variables or sets of data may be independeeaoh other, or dependent upon each
other in some way. Pearson's correlation coefficiera measure of dependence which
measures linear correlation. It is obtained byding the covariance of the two variables
by the product of their standard deviations. Thieleaf Pearson’s correlation coefficient
is between +1 (perfect positive linear correlatieemd -1 (perfect negative linear

relationship.
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5.3 Results

5.31 Anaemia prevalence

The mean haemoglobin concentration was 100.98gl0 — 102.86g/l)with values ranging
from 53 — 172g/l. There were no significant diffeces in haemoglobin concentration
when analysed by se}*(= 0.14, p = 0.71); agg{= 4.24, p = 0.12); breeg= 0.77, p =

0.68); and condition score (U = 12420, p = 0.17).
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Figure 5.4:Distribution of haemoglobin concentratons amongst sampled cattle

5.3.2 FAMACHA as a test for anaemia — FAMACHA vs. Hemoae

Table 5.2 shows the sensitivity, specificity andgipee and negative predictive values of
FAMACHA® as a diagnostic test for anaemia compared to Heeno®ifferent cut off

points for anaemia are shown for both FAMACHA anehtdcue, along with their effects
on the accuracy of the testt. When FAMACHA categ®orC, D&E were considered
anaemic, sensitivity and specificity of FAMACHA dv across the full range of Hb cut
off points. When FAMACHA categories D&E were cahsied anaemic, sensitivity of
FAMACHA is low for all Hb cut off points but incregs as Hb cut off decreases.

Specificity however shows the opposite trend, iasieg as Hb cut off point decreases.
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Table 5.2 indicates that the ideal cut off poirds dnaemia would be 70 g/L Hb or 30%

PCV or FAMACHA categories D&E.

Hb g/L (PCV) | Sensitivity | Specificity | PPV| NPV | % Treated
FAMACHA categories C, D, E considered anaemic
70 (20%) 50% 49% 3% 97% 49.2%
80 (23%) 63% 48% 11% 89% 49.2%
90 (26%) 55% 53% 28%  79% 49.2%
100 (30%) 54% 55% 51%  58% 49.2%
FAMACHA categories D,E considered anaemic
70 (20%) 20% 93% 8% 97% 7.6%
80 (23%) 16% 93% 20% 91% 7.6%
90 (26%) 12% 94% 40%  76% 7.6%
100 (30%) 8% 93% 52%  54% 7.6%

Table 5.3: Performance of FAMACHA in cattle

Figure 5.5 is a box plot of the haemoglobin con@in associated with the different
FAMACHA categories. There was a significant catiein between haemoglobin

concentration and FAMACHA scor@ F 0.158(0/119 — 0.197)p = 0.004].
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Figure 5.5: Association between haemoglobin conceation and FAMACHA
categories
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5.3.3 FAMACHA as a test for trypanosomiasis — FAMACHA vsPCR
Table 5.4 below shows the sensitivity, specificfigsitive and negative predictive values

of FAMACHA as a test for trypanosomiasis.

Sensitivity| Specificity] PPV | NPV| % Treated
C,D,E positive 48% 50% 46% 529 7.6%
D, E positive 7% 92% 44% 539 49.2%

Table 5.4: Performance of FAMACHA as a test for trypanosomiasis

There was no significant difference in anaemiaustabetween animals infected or

uninfected with trypanosomiasig’E 1.40, p = 0.24).

5.3.4 Anaemia as a test for trypanosomiasis — Hemocue \BRCR

Table 5.5 shows the sensitivity, specificity angipee and negative predictive values of
anaemia (measured by HemoCue) as a diagnostic mfarkeypanosomiasis. Different
cut off points for anaemia are shown, along withirtleffects on the accuracy of the test.
The highest cut off point for anaemia 100g/l Hb306 PCV gives poor sensitivity and
specificity. Lowering the cut off point maximisegegificity while minimising sensitivity.
Table 6.1 indicates that the ideal cut off point &maemia would be 70 g/l Hb or 30%
PCV. There was no significant correlation betwdsemoglobin concentration and

trypanosomiasis[= 0.001(0.0008 — 0.002)p = 0.987]

Hb g/L (PCV) [Sensitivity Specificity PPV NPV  Avg 06 Treated
70 (20%) 3% 97% 40%| 53% 50% 3%
80 (23%) 10% 91% 50%| 549 50.5% 9.7%
90 (26%) 29% 78% 53%| 55% 53.5% 25.2%
100 (30%) 45% 53% 46%)| 52% 49% 46.5%

Table 5.5: Performance of anaemia as a test of Trgmosomiasis
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54 Discussion

54.1 FAMACHA as a test for Anaemia

The FAMACHA chart was easy to use and well receibgdfarmers who were very
enthusiastic about possible methods to improveaom-fdiagnosis and treatment. Indeed
there is evidence that apart from any health benéfimay have, it is a very useful
extension tool which greatly improves farmer uptakemproved management schemes

and encourages thorough examination of animalksgatlar intervals (Molento 2009a).

When FAMACHA categories C, D & E were consideredemic, FAMACHA had 50% -
63% sensitivity and 48% - 55% specificity. Wheneggiries D & E were considered
anaemic, sensitivity was 8% - 20% and specificigs\V®3% - 94%. There was a positive
correlation between FAMACHA score and haemoglolmncentration. Overall, the test
performance was not very good and it has provecerapecific than sensitive. Such tests
are mostly useful for confirming the results of\poais tests or in situations when the costs

of false positives are high e.g. slaughter.

When categories D & E only were considered anaepadprmance was 20% sensitivity
and 93% specificity at a haemoglobin cut off vatig0g/l. However, using these criteria
results in many false negative animals and onl96/08 the animals would be treated. The
performance for categories C, D & E was 63% seiisiti 48% specificity with a
haemoglobin cut off value of 80g/l. Using theskecia gives fewer false negatives and a
treatment rate of 49.2%. Given the low cost oétirey healthy animals (false positives)
and the potentially high cost of not treating anmemnimals (false negatives) i.e.

production losses and mortality, it would be prefde to use the latter set of values:
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FAMACHA categories C, D & E and 80g/l of haemoglobiThe results also suggest that

the ideal haemoglobin cut off value lies somewlstsveen 709/l and 80g/I.

This poor performance may be because the FAMACHstesy was simply not developed
for use in cows. It was developed for use in shelegre it works very well. It is also used
widely in goats where test performance is lowentimasheep but still acceptable. Kaplan
et al 2004 evaluated the test on both species eomrded maximum test performance
value values of 85.8% in sheep and 77.1% in goaenWwAMACHA categories D & E

and 15% PCV (50g/I haemoglobin). Vate al (2001) recorded a maximum test
performance value of 67.8% in goats. Goats arehnmuare closely related to sheep than
cows and it seems that the colours on the FAMACHArtjust do not match as well in

cows as they do in sheep and goats.

FAMACHA PCV Range Hb Concentration (g/l)
Score Sheep Cows Sheep Cows
A >28% 24.3-51.6 >03 81-172
B 23 -27% 16 - 41 77-90 53-138
C 18 - 22% 20-44.1 60— 73 67 — 147
D 13-17% 16.5-41.7 43 - 57 55-139
E <12% 23.1-26.1 <40 77 -87

Table 5.6: Association between haematoccrit scordsaemoglobin levels and
FAMACHA categories ?adapted from (Vattaet al., 2001)

Table 5.6 shows the haematocrit and haemoglobirgesanassociated with each
FAMACHA category. It is clear that the categorias bt match so well in cows. There
are substantial overlaps between categories, & lgagp between categories D & E and
category C seems to be out of place. If the categavere rearranged to read A, C, B, D,

E better results are achieved as seen in tablegboyv.
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Hb g/L (PCV) Sensitivity |  Specificity PPV NPV % Treated
FAMACHA categories B, D, E considered positive
70 (20%) 70% 50% | 41.9% 98.1% 50.8%
80 (23%) 50% 49.2% 9.6% 90.1% 50.8%
90 (26%) 54.2% 50.4% 26.9% 76.5% 50.8%
100 (30%) 49% 47.8%| 45.000 51.9% 50.8%
FAMACHA categories C,D,E considered positive
70 (20%) 50% 49% 3% 97% 49.2%
80 (23%) 63% 48% 11% 89% 49.2%
90 (26%) 55% 53% 28% 79% 49.2%
100 (30%) 54% 55% 51% 58% 49.2%

Table 5.7: Performance of FAMACHA as a test for anamia in cattle using different
cateqories

When animals in categories B, D & E are considexedemic at a haemoglobin cut off
value of 70g/l, test performance is maximised witbPo sensitivity, 50% specificity.
Using these criteria gives a higher false posit&t® but greatly reduces the number of
costly false negatives. It also allows the moseama animals to be selected for treatment.
This performance is comparable with the result$Godceet al. (2007) who evaluated
FAMACHA in cattle and recorded 95% sensitivity, 2Z¥ecificity at C, D & E, 80 g/l
and, 92% sensitivity, 30% specificity with D & EQ@I. They record much higher
sensitivities and lower specificities. This dispanmnight be due to the high numbers of
trypanotolerant N'Dama and Baoule cattle samplether study. There is evidence for
differences in mucosal pigmentation affecting tse af FAMACHA in different breeds of
sheep (Moors and Gauly, 2009) and different breddafrican cattle (Githiori, 2009).
Further improvements to test performance coulddbgéesed if the FAMACHA chart was

adapted for use specifically with cattle.
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5.4.2 FAMACHA as a test for Trypanosomiasis

When categories C, D & E were considered anaenAd)/ACTHA had 48% sensitivity,
50% specificity and 7.9% of the cows would haverbieeated for trypanosomiasis. When
categories D & E where considered anaemic, FAMACH#d 7% sensitivity, 92%
specificity and 49.5% of the cows would have beeated for trypanosomiasis. There was
no difference in anaemia status between trypan@ssnpositive and negative animals,
and no correlation between trypanosomiasis and dgletin concentration. Overall, test
performance is poor, regardless of which FAMACHA off values are used. There are
three possible reasons for this: FAMACHA is a paadicator of anaemia; PCR is
detecting infections not associated with clinicans; the underlying assumption that
trypanosomiasis is responsible for most of the am@dédurden is wrong. The FAMACHA
test performance values for anaemia are consigteigher than those for trypanosomiasis
regardless of cut off values used which supporsdba that trypanosomiasis is either not
responsible for most of the anaemia present, ar dhgood number of the infections

detected by PCR are not associated with disease.

54.3 Hemocue as a test for Trypanosomiasis

Hemocue test performance for trypanosomiasis wss pbor.There was no significant
correlation between haemoglobin concentration aygdahosomiasisf( = 0.001, p =
0.987). Anaemia as a test for trypanosomiasisopad best (29% sensitivity, 78%
specificity) when a haemoglobin cut off value of @0(27% PCV) is used. This is quite
poor and does not fit with the accepted reductioiPCV during trypanosomiasis from
normal levels >30% to 15%. These results also @upjhe view that either PCR is
detecting non-clinical infections or that trypanmsasis is not the major cause of anaemia

in this area.
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The polymerase chain reaction is a molecular teglniused to diagnose disease by
identifying parasite DNA within the host. It is ryesensitive, able to detect a single
parasite per ul of blood (Masake al.,1997). Therefore a positive PCR result does not
always indicate disease. It may simply indicate D¥ém dead parasites or subclinical
infections with very low parasitaemia that may eéf-Bmiting. Marcotty et al. (2008)
compared the PCV and PCR-RFLP as tests for trypmniesis. They found that PCR-
RFLP had 96% sensitivity and 100% specificity wHIEV had 53% sensitivity and 98%
specificity with a cut off value of 24% PCV or 8®énsitivity and 94% specificity with a
cut off value of 26% PCV. This performance is cangple to the results presented here:
Anaemia performs best with a cut off value of 9@/R27% PCV and specificity is high.
However, they record high sensitivity, only slighlibwer than that of PCR-RFLP whereas
the sensitivity of anaemia for trypanosomiasishis study is low. This suggests that in
this study trypanosomiasis is not the only causenaemia.

Questionnaire data on farmer perceptions of disaadmth village and individual level
indicate that liver fluke is the most importantedise in study villages (see chapter 4),
followed by trypanosomiasis. Pullan (1980) foundtthver flukes and streptothricosis
were the most important diseases of cattle on tseplateau. Fasciola giganticaand
Dicrocoelium hospesare the liver fluke species present in Nigeria.hefé are no
prevalence figures for the Jos plateau but in otineas of northern Nigeria, prevalence of
F. giganticais 5.7%, 1.7%, 65.4% and fbr. hospe#12.7%, 35.4%, 56.0% (Schillhorn van
Veenet al.1980; Nwosu and Srivastava, 1993; Ulayal.2007). Since anaemia is one of
the major outcomes of these infections, it is kkiblat liver flukes are responsible for some
of the anaemia burden in this study, which woulglax the poor performance of anaemia

as an indicator for trypanosomiasis. Further gsidin the prevalence of liver flukes and
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their contribution to the anaemia burden in cattbethe Jos plateau are required to fully

assess the potential use of the FAMACHA chart is dinea.

55 Conclusion

The purpose of this chapter was to evaluate FAMAQIHHArts as a pen side diagnostic test
for African animal trypanosomiasis. Whilst anaensaa clinical indicator of several
endemic diseases of cattle e.g. babesiosis (Vidl @orenflot, 2006), anaplasmosis
(Magonaet al., 2008), theileriosis (Magonat al., 2008), fascioliasis (Hawkins, 1984),
helminthiasis (Koukounaret al., 2006), tick infestation, it is the main characticif
trypanosomiasis (Murray and Dexter, 1988). Wideag privatisation and reduced
availability of veterinary services has shifted tresponsibility for the diagnosis and
treatment of endemic livestock diseases onto iddadi farmers assisted by community
animal health workers and agroveterinary vendoeskaan, 2004). Field based diagnostic
techniques that provide support to these resowd-information- poor areas are more
important than ever in this climate. These toalsvigle information that can be used to
identify sick animals and monitor productivity attdatment. These include tools like the
haemoglobin colour scale (HCS), Hemocue haemogbioh@éter and FAMACHA charts
for assessing anemia. Apart from their adaptationsise in field settings, these tools are
particularly attractive because they provide ancatibn of disease rather than infection.
Given the endemic nature of disease, continuowsadestransmission, multiple infections
and associated interactions, and the various popagaof disease resistant and/or tolerant
livestock, indicators of pathology or reduced prtddty are far more useful than
demonstration of infection. Anaemia is a good iathc of both these parameters in

trypanosomiasis: It appears in the earliest stdgafection and progresses thereafter
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(Taylor and Authie, 2004); the continued produdgivof trypanotolerant cattle under
trypanosomiasis challenge is attributed to theilitglto control anaemia (Naessens, 2006).
This chapter has focused on evaluating the effiaficiFAMACHA charts as a test for
anaemia, and the efficacy of FAMACHA charts andi&nocue haemoglobinometer as a

test for trypanosomiasis in white Zebu cattle andbs plateau, Nigeria.

Results showed that the FAMACHA chart, developeduge in sheep was a poor test for
anaemia in cattle (50% sensitivity, 49% specifigityut could give much better results if
the present categories progressed from least ana@emmost anaemic in the following

order: A, C, B, D, E (70% sensitivity, 50% spedtig. The colours on the chart did not
represent discrete ranges of haemoglobin concentrat cattle as they do in sheep and
this test could be further improved if a bovinesten was developed specifically for use in

cattle.

Performance of both FAMACHA and HemoCue as testsrjgpanosomiasis was poor and
did not compare favourably with results from simdéudies. Given the anecdotal evidence
of high prevalence of liver flukes in the areaisifprobable that this poor performance is
due to the fact that liver flukes are responsilole dJome of the anaemia recorded in this

area.

In summary, this study has shown that the FAMACH#art is a reasonable test for
anaemia in white Zebu cattle but could be improvfeddapted specifically for use in
cattle. Previous studies have shown that HemoCdd-AMACHA are very good tests for
trypanosomiasis in African cattle where trypanosasis is the main cause of anaemia.
Both tests performed poorly in this study, probablilye to other underlying causes of

anaemia in the area, notably liver flukes for whibhkre is abundant anecdotal evidence.
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Further studies on liver flukes and other possitdeises of anaemia in this area are
necessary to clarify this. Despite its limitatiottss test may still have important roles to
play in this area. FAMACHA charts are a very efieetextension tool and would have a
positive impact on any future animal health schemeis area. Further investigation is
required into the clinical outcomes, costs and bEnand adoption pathways for this
penside diagnostic test. The data from chapteredtified several flaws in the current
livelihood strategies of the Fulani on the Josqdat including poor access to professional
veterinary services and production losses linkedisease. If the FAMACHA card could
be developed into a successful diagnostic testaf@emia it would contribute to the

enhancement of pastoral livelihoods by:

Increasing the accuracy of clinical diagnosis bygpalists when/where thre is no vet

Encouraging pastoralists to treat only sick animatgl delay the onset of drug

resistance

Increasing their familiarity with and dependencedaagnostic tests before treatment

Reducing production losses due to anaemia andsgisea

On the whole, this study has shown the potentitdefFAMACHA card in s new species
and in a new area, identified specifc areas wheceuld beimproved and illustrated the
impact it would have on pastoral livelihoods ifwas used successfully as a penside

diagnostic test for anaemia.
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Chapter 6: General Conclusion and
Recommendations
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6.1 Overview

The Jos Plateau was historically thought to be ffetsetse flies and trypanosomiasis
but since the emergence of the disease in the #88§s cattle herders on the plateau
have experienced increased morbidity and mortality reduced productivity in their
cattle and many households face increased poveuaf, 1980). Recent changes in
land use and a decline in security have led to maligation of pastoralists by farming
communities and increased transhumance (Betiad.,2001). The Jos Plateau holds
~ a million cattle, ~7% of the national herd and Lealth of this livestock affects both
the national and regional economy (RIM, 1992). geascale tsetse elimination and
control programmes carried out by the Nigerian goneent in the past have proved
unsustainable. Decentralisation of veterinary ises/in Nigeria, as elsewhere across
Sub-Saharan Africa, has seen the focus of governswgport shift from providing a
comprehensive animal health service to control pfle@mic transboundary diseases
(e.g. African swine fever and avian influenza) &nel control of endemic diseases has
been left in the hands of livestock owners themeselvFarmers in Sub-Saharan Africa
consider trypanosomiasis to be the most severetreamsto livestock keeping and
routinely treat livestock with trypanocides butlre absence of any diagnostic exercise
the extent of the problem in Nigeria is unknowneniand for trypanosomiasis control
is evident from livestock and animal health provédevho administer ~ 35 million
doses of trypanocides each year despite the exf@8Sanillion). Farmers, concerned
about vector-borne diseases of livestock, reguladg trypanocides and acaricides

(Kamuangeet al.,1997).
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The study aimed to:

» Characterise the current epidemiology of the diseasthe Jos plateau

» Determine the major risk factors for AAT on the Riateau

» Determine the knowledge, attitudes and practicéw@dtock owners on the Jos
plateau in relation to animal health and produttivi

» Gather information for the planning of intervensogmgainst trypanosomiasis

In this study 7143 cattle were sampled in a lordiital prevalence survey of cattle to
capture seasonal variations in prevalence. Madecdiagnosis of trypanosomiasis
and logistic regression to determine risk factas tfypanosomiasis infection was
carried out on these samples. The study was titerable to acquire data on disease
prevalence and baseline data for the planning atidedy of interventions against

trypanosomiasis.

A sub set of 338 animals were tested for both ammeand trypanosomiasis to
determine the prevalence of anaemia in cattle amyaluate the FAMACHA chart as
a test for anaemia in cattle. The relationshipveeh anaemia and trypanosomiasis
was also investigated to determine if it is a t@Bandicator for trypanosomiasis. The
study was therefore able to determine the likelthobusing the FAMACHA chart in
improving the diagnostic capability and treatmeabilts of livestock owners on the

Jos plateau.

Information on livestock productivity and knowledgattitude and practices of
livestock owners was collected on 30 study villagesd 66 individual

herds/households. Quantitative analysis of aninrabyuctivity and profitability to
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herders, livelihood analysis and wealth ranking \wase. The study was therefore
able to determine which social, economic, ecoldgisal cultural factors influence

animal health and disease control by herders.
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Figure 6.1: Study Outline
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6.2 Pastoral Livelihoods

Given the multitude of risks and the extreme vudbéity of asset-poor pastoralists, policy
makers must invest in pastoral development and e@mehtation of risk management
policies and strategies. Covariant risks requigblip sector engagement while
idiosyncratic risks need household level solutionghe preferred approach is for
prevention rather than cure i.e. to first reduce ltkelihood of risk, and then mitigate the
negative impacts of shocks so that the need foingogirategies is minimised. Irrespective
of the type of risk, poor pastoralists are moreliito end up with an unviable herd size so
risk management strategies should be geared towapsorting poorer households which

have a reduced ability to absorb shocks.

Conflicts can be prevented by the establishment exrffdrcement of rules over natural
resource use, collective acceptance of the ruldscantinuous renegotiation of diverging
demands. There is little outright conflict overtural resources on the Jos plateau as
traditional rulers have agreed on rules for natweslburce use and are able to enforce
them, however, there is no continuous consultapoocess which takes into account
changing needs and seeks to satisfy both commsinifiée rules for natural resource use
favour farmers over herders who are facing sevaaggmalisation. Increased dry season
migration, herd splitting and the innovation of ws#ason migration are their coping
strategies for dealing with this state of affaiadl, of which have negative impacts on
animal health and productivity. This marginalieatiis also largely responsible for the
large number of pastoral households that are lawt. f(Mechanisms for addressing this

issue include a review of land tenure and natwesburce use laws by an impartial body
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committed to equitable use of available resources establishment of grazing reserves

where pastoralists have absolute rights and eh@yree use of all available resources.

However, marginalisation in terms of access to natresource use is caught up in the
current climate of tribal, religious and politicablarisation and the consequent tensions
between groups. Sadly, any hope of governmemvietdion or fair reviews of land tenure
and natural resource use laws is unlikely. Esthblent of grazing reserves would
effectively improve the lot of pastoral people aulve many natural resource use issues,
but it is an admission that all efforts towards qedal coexistence of farmers and herders
has failed and it will foster stereotypes, suspicemd general ignorance of each others’
lifestyles. This enhances the potential for trib@ligious and political conflict and
increases opportunities for manipulation by confBatrepreneurs who are a prominent
force in Nigeria. The risk of violent conflict isow a feature of life on the Jos plateau.
This pervasive risk negatively impacts pastoratlinoods as it deters livestock keepers
from investing their resources in the managemenbtbér prevailing risk e.g. disease
control programmes, supplementary feeding, pastomgrovement or investment in

alternative sources of income.

Improvements in natural resource management stastdaim to prevent environmental
degradation. Widespread erosion due to previousnthing and serious overgrazing by
large numbers of both resident and transient catigepartly responsible for the current
levels of land pressure and natural resource catigpebn the Jos plateau. A common
complaint of farming communities is that pastotalisare little for the land and are not

interested in investing in land/pasture improvensatiemes and there is some truth in this,
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as seen by the level of environmental degradatientd overgrazing in the past 30 years.
Despite the fact that many are permanently seitigtis area and now own land of their

own, the Fulani response to environmental degraddtias simply been to increase the
grazing range of their cattle and where this is passible, to migrate to areas where
abundant natural pasture still exists. Unforturyatelistainable land management is more
likely to occur if the arable farming communitie® aesponsible for land management and

this does not bode well for pastoral access to &artlother natural resources.

Even if all risks faced by pastoralists are supatlanaged, their long term well being
would decline as a result of increasing human aektiock populations on limited and
degraded land which leads to increasing imbalabetéseen the supply and demand for
natural resources. The progressive reduction ialsand grassland available to pastoralists
for grazing shown in Figure 6.2 illustrates thisatly. So while it may be possible for
individual pastoral households to improve the \igbiand sustainability of their
livelihoods, the same cannot be said for the widastoral community if substantial

changes are not made to current livelihood stragegi

The main change that would ease current demandsatumal resource use would be to
switch to a more intensive husbandry system whscless reliant on ranging/grazing and
instead involves supplementation of grazing witly had concentrates (brewery residues,
cottonseed cake, etc) digging wells/boreholes exadly for use by livestock and more
proactive preventive measures against diseasaurd=8)3 illustrates interactions between
the environment, natural resources, livestock prodo and pastoral livelihoods. The

dotted line indicates that less that 100% of wasteecycled so we can see how soil
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fertility must decline with time unless inputs tbet system are made in form of soll
improvements. Losses due to disease and negatisieahdry practices are also seen

affecting soll fertility, livestock productivity ahthe viability of pastoral livelihoods.
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Figure 6.2: Land use changes in Nigeria in 1978 antP95 with projected changes for
2008 (adapted from Bourn et al, 2001)
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Figure 6.3: An agropastoral system with disease cetraints (Gutierrez et al., 2009)
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It is necessary to determine which non-livestockegiments will be acceptable to and
successful for pastoralists. Training and creddutd then be provided to enable them
pursue these opportunities to diversify income gettlice pressure on the land. (Freeman
et al., 1998) point out that credit for livestock holdessléss than 10% of all agricultural
credit and none of this 10% is available to pasigigaso there is definitely room for
improvement. Training to help poor/destitute pesists get jobs where they can utilise
the skills they already have and their links to gastoral economy e.g. marketing rural
products, marketing veterinary/agribusiness prajudtather processing, commercial
livestock management (Pantuliano, 2002). Developrémvestment skills is important
for the success of alternative income schemes astbralists often lack these skills.
Primary and secondary education enhance the atgnisif these skills (Machilat al.,
2003) but there is a conflict of interest as ibdisits the exposure of children to pastoral
activities. It is possible (& often the practide) educate some of the children while the
others remain at home to learn pastoral skillsis Thanother reason why large families
are often wealthier, since they have a larger lalboce, but often have a larger skill set

too, with household members who have both modedrradlitional skills.

6.3 Livestock productivity
Livestock productivity is based on two things — ddwalth and optimal management. The
low productivity levels seen in this study can #fere be improved by dealing with the

shortcomings identified in animal health and husiogn

Presently, there is little government provisioraafmal health services to combat endemic

diseases or to improve livestock productivity. Themre seen as private goods and

209



therefore the herders’ own responsibility. Thevgié sector is expected to provide these
services to livestock owners on a commercial biasist has failed spectacularly to fill the
gap left by the abrupt withdrawal of free/subsidig@vernment services and to live up to
the expectations of livestock owners created by sgatem. Results of the KAP survey
have shown that despite their willingness to invéste and money, herder efforts to
improve animal health and control livestock diseasake little positive impact. To
enhance livestock productivity, livestock ownerssinimprove their current animal health
methods, beginning with a switch to preventivetsgies from their current dependence on
curative strategies. Livestock diseases can betefédy managed by the strategic use of
vaccines, drugs & insecticides such that their ichga production is minimised and a
healthy balance is struck between investment isetheputs and the returns in terms of
increased productivity. To achieve this, thorobghlth education of pastoralists, adequate
provision and uptake of veterinary services anerabling environment to facilitate these

activities is essential.

Health education for pastoralists should includehssubjects as the common causes of
diseases (including zoonotic diseases) and meapsewénting infection, common drugs
and indications and the correct dosage and admatiest of these products. Introduction of
community based animal health workers is a powenfiglasure to deliver this health
education, increase the coverage of preventive @riealth services for epidemic diseases
(both public sector goods) and simultaneously mledurative and preventive services for
endemic diseases (a private good). They can alsoviod/ed in disease surveillance and

transboundary disease prevention on behalf of tisigsector. The innovative one health
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movement has enhanced the concept of communitydbasenal health workers by

combining their activities with those of communiigsed health workers so that a single
system delivers both medical and veterinary advitkis intersectoral approach has so far
proved to be a cost effective strategy for povaitgviation and the reduction of disease

burdens which is particularly suited to pastorage (Rass, 2006).

Writing about the Nigerian veterinary services, @glade, 1979) states tligte time has
come to look at the traditional pastoral organizatiand the role Nigerian veterinarians
should play in bringing their services closer tee tpastoral communities.... The major
iIssue now is how to extend effective veterinaryises to the pastoral population without
upsetting the existential game they play in theitural environment.”This remains the
case. There is a general ignorance of the pagtozdliction system and way of life, such
that veterinarians often do not realise how coptigposed changes may be to current
pastoral lifestyles and livestock management sirase At the same time, there is a lot of
confusion and suspicion on the part of pastoralmanities that acts as an effective barrier
to uptake of those services that are availablensG@mer recognition of the desirability of
veterinary and extension services is essentialifioreased uptake and this is why
comprehensive health education and campaigns toninpastoralists of the long and
short-term goals of extension services and veterimaterventions are essential. The
prevailing perception amongst veterinarians is thate is little money to be made in a
pastoral practice when weighed against the diffieslinvolved in delivering services to
rural areas and dealing with the prejudices ofggaktommunities. This can be tackled by

changing the veterinary curriculum to make it m@mductive and service oriented.
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Veterinary students should start to contribute astpral livestock healthcare while still
studying as this will make them more open to theoog of a pastoral practice and the

business opportunities it can offer.

Improvements in animal husbandry also have a suotistarole to play in improving
livestock productivity. We have seen that the egoegy low reproductive performance
recorded in this study is linked to the manageni®as towards dairy production that
prolongs the lactation period after each calf & ¢éxpense of the calving interval. The
basis for this management bias is a cultural astbhcal one — in the past, pastoralists
relied on the sale or exchange of dairy produatc&sh or grain; the sale of livestock for
beef could be limited to cull animals and the otwas need for a lump sum of cash and

this was enough to meet market demands for beef.

However, things have changed: the market for paltdairy products has dwindled
steadily in the face of imported powdered and casdd milk; the price that pastoral dairy
products are able to command is very low as theyesms desirable to consumers than the
competition; many pastoral families have become@agtoral and now grow their own
food as found in this study and so their dependeancehe sale/exchange of livestock
products for grain has declined; urban populatiand the demand for beef has risen

steadily over the years and local production isomger able to meet demand.

It is a common accusation from those in the beefistry that the Fulani prefer to hoard
their animals to increase their social status ratihen to release animals into the market.

This study found that livestock sales accounted6f@#o of income and milk only 15%
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whilst (Pullan and Grindle, 1980) found that som#aRi households on the Jos plateau
made two-thirds of their income from milk and ondye-third from livestock sales,

illustrating the impact of these wider changes atahi livelihoods. On account of these
changes, a switch from dairy to beef oriented mamamnt would go a long way to increase
livestock productivity and market participation @astoral communities. Reducing
lactation periods would increase reproductive pertnce and lead to a larger annual
increase in herd size. This in turn would increpstential offtake and allow the pastoral

communities to make a more significant contributiothe beef industry.

Seasonal droughts during the dry season and tloeiass] lack of food and water have
been shown to contribute significantly to low protivity and susceptibility to disease.
The current risk coping strategy is to move cdtil@reas with more abundant resources
but this is not without costs as reported by hexderthis study. Few of the herders in this
study practiced supplementary feeding and thosedidafed mostly salt lick and other
micronutrients. The use of hay and concentratesipplement grazing in the dry season
was virtually absent. The benefits of dry seaagmpkementary feeding have been shown
to improve fertility, increase growth rates andr@ase prices obtainable at market. Pullan
and Grindle (1980) report that feeding just 300g primal per day was enough to
substantially reduce dry season weight loss irflecatt the Jos plateau. They also report
that the potential returns on feeding supplememth sis cottonseed cake are favourable as
the beef: cottonseed price ratio was 7.8:1. Muasgiiss on supplementary feeding have

been done on ranches but the returns from strasegiplementary feeding of herds under
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traditional management may be considerably highan tvith ranch herds since fertility is

so low to start with.

Dry season supplementary feeding seems to be dousblow-cost method of improving
productivity. If wells or boreholes could be dug fihe exclusive use of livestock, this
would remove the second main reason for dry seasgmation: lack of water. A more
settled lifestyle will encourage pastoralists toest more in their livestock and help to
further establish their rights of access to nattgaburces. There have been many calls for
settlement of the pastoral Fulani in grazing reserer on heavily capitalised ranches
where their cattle can be intensively managed. NHewepastoralism is the best if not the
only means to make us of arid/semi arid lands dthdwagh the pastoral production system
achieves lower yields than ranching, it is moredpitive per unit of land (Rass, 2006).
These are sound economic reasons for investmepastoral production, and when the
need to produce more food to increase food secisitpnsidered, it becomes clear that
there is a need to implement an extensive livespokluction system that draws on the
centuries of experience of pastoral peoples, laa ambraces innovations that allow it to

be economic and to compete effectively in the cureeonomic climate.

6.4 Epidemiology of Trypanosomiasis

The study of bovine trypanosomiasis amongst cattléhe Jos plateau was conducted to
gather information on the prevalence and distrdoutdf the disease. It revealed a high
overall prevalence of bovine trypanosomiasis (46.8#th high variation at village level

(8.8% - 95.6%) but no geographical clustering. |agé level variations in seasonal
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prevalence were also recorded with 50% of village®wing peak trypanosomiasis
prevalence in the wet season as expected, 33.3%irghpeak trypanosomiasis prevalence
in the dry season and 16.7% of villages showing seasonal variation at all.
Transhumance and the dry season were identifieds&sfactors for infection whilst
increasing altitude and the presence of alien rtogyacattle reduced risk of infection. Age,

sex and breed of cattle had no effect on prevalencisk of trypanosomiasis.

The results show a dynamic epidemiology driven dthimatural and management factors.
The way these different factors combine to inflieetice prevalence and distribution of
disease is important as it points us towards thetrmetfective methods for combating
disease and its sequels: mortality and producteeds. Results suggest that management
and husbandry factors determine whether or not asimare exposed to the risk of
infection while biological and ecological factorstdrmine the features of infection e.g.

seasonal variation, infecting trypanosomes spes@rity of infection.

Another important feature of the epidemiology gpbanosomiasis on the Jos plateau is the
absence of geographical clusters and the facthleatillage seems to be the unit at which
different factors combine to produce a specificdemiological picture. This is for two
reasons: firstly, cattle in the same village arbjett to the same ecological factors;
secondly, management practices seem to be unifoithinwa village but differ
significantly between villages. Villages in se@aabvariation groups 1 and 2 illustrate the
effect of specific ecological factors on the epid@ogy of trypanosomiasis with little
influence from management factors. Villages irsseal variation group 3 show the effect

of both management and ecological factors on tieeapology of trypanosomiasis.
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The identification of migration and the dry seasanthe two most important risk factors
for infection strengthen this point. Despite thetfthat both ecological and management
factors are involved, ecological factors seem tartmee important: the epidemiology of
trypanosomiasis in two of the three seasonal vanaroups is based in ecological factors;
also, risk factor analysis shows that the dry seasoreases the effects of all risk factors
for infection. Therefore while changes in managetnvell contribute to the management
of trypanosomiasis in this area, creative solutitwas allow pastoralists to conduct a viable
livestock enterprise in the face of current ecatabconditions at village level are required
if the tsetse and trypanosomiasis problem is tacumgailed. These solutions must be
developed at village level and it is essential tihastock owners are involved in the

planning, evaluation and implementation of suckrivgntions.

6.5 Evaluation of the FAMACHA card as a penside testdr
trypanosomiasis

The FAMACHA card was developed as a test for anaemisheep to enable penside
diagnosis of hookworm infections. It is used witha strategic treatment programme
designed to reduce indiscriminate anthelmintic bgerestricting treatment to anaemic
animals. This targeted treatment reduces anthabmimsistance, efficiently reduces
disease at herd level, maintains a refuge of pgasagn untreated animals and identifies
animals with high susceptibility to hookworms, whidacilitates improved breeding.
Trypanosomiasis has many of the same problemsisciinate use of trypanocides, a
tradition of mass treatment and drug resistantamgsomes (Machil@t al., 2003). It

would be equally useful to have such a test fgganpsomiasis in cattle, especially since
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there is currently no reliable penside diagnostit favailable for rural African settings.
The results of the KAP survey showing 100% incdrtegpanocide use by all respondents
and limited knowledge of use and specificity ofergtary drugs highlights the need for

such a product.

Evaluation of the FAMACHA chart as a test for an&enm cattle on the Jos plateau
showed poor results: 50% sensitivity, 49% spetifict9.6% test performance value.
However, the categories A - E on the chart did represent discrete ranges of
haemoglobin concentration in cattle as they doheep and much better results could be
obtained if they progressed from least anaemicdstranaemic in the following order: A,
C, B, D, E: 70% sensitivity, 50% specificity, 60%st performance value). These results
could be further improved if a bovine FAMACHA cancs developed specifically for use

in cattle.

Performance of anaemia as an indicator of trypam@sis was poor and did not compare
favourably with results from similar studies. Givéhe anecdotal evidence of high
prevalence of liver flukes in the area, it is highlobable that this poor performance is due
to the fact that liver flukes are responsible fomg of the anaemia recorded in this area.
Trypanosomiasis certainly does not seem to be ns#iple for much of the anaemia
observed in these cattle, so the value of the FAMACard as a penside diagnostic test
becomes doubtful. Further studies are requiretttermine the causes of anaemia in cattle
on the Jos plateau, and to investigate the rektiipnbetween trypanosomiasis infection

detected by PCR, clinical illness and losses irdpetivity. It may be easier and more to
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the point to invest these resources in achievirfgcgfe coordinated control of endemic

livestock diseases and so avoid this academic iseerc

6.6 Conclusion

The results of this work have shown the complexumatof the epidemiology of
trypanosomiasis on the Jos plateau and the mafeyetit biological, ecological, social and
economic factors that affect animal health in theaa Pastoral livelihoods have become
more stable over the last 3 decades and only 6Blewdeholds are classified as poor, the
large amount of wealth concentrated in livestoot Righ number of land poor households
and those still reliant on a single source of ineosnggest that there is still a degree of
vulnerability to the risks of drought/dry seasoisedse and conflict in pastoral livelihoods
in the area. Overall livestock productivity hasmased due to negative aspects of current

management and disease control strategies.

This study has produced data which fills severgisga the body of knowledge about the
epidemiology of T&T on the Jos Plateau. Chaptead provided up to date information on
herd structures, reproductive performance, prodigti disease, management factors,
economic factors and T&T knowledge, attitudes &cpicges associated with pastoral cattle
in the area for the first time since the early 198When this information is put together in
a pastoral livelihood analysis, it clearly iderggfiareas where interventions are required to
improve pastoral livelihoods as well as what inggvons would be appropriate, in terms

of efficacy and acceptability.
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Chapter 3 provides detailed, up to date data orvapgece and distribution of
trypanosomiasis, what species of trypanosomes moelating in cattle, and which
ecological and management factors affect the epmegy of each trypanosome species.
Also available are seasonal variation profiles #redecological and management factors

affecting them; infections profiles for differergsisexes/breeds of cattle.

The multidisciplinary nature of this study is deratated by the wide variety of

techniques used to gather and analyse this newidalading:

Clinical skills

* Molecular Parasitology

» Pastoral livelihood assessment
» Participatory rural assessment
* Questionnaire survey

* Focus group discussions

* Economic assessment

» Statistical analysis

* GIS analysis

The data from this combination of techniques hagmia well rounded view of the true
T&T situation on the Jos plateau, focusing on thgomstakeholders, Fulani pastoralists
but also providing material for engagement with eothstakeholders: veterinarians,

agroveterinary merchants, pharmaceutical compaalkethiree tiers of government and the
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scientific community. The overall result is a mamplete picture than that which a less

multidisciplinary study would have given.

6.7 Recommendations

Pastoralism is the primary agricultural productsystem for cattle and small ruminants in
Nigeria. This not withstanding, investment in past development has gone down in the
last few decades due to the belief that they doumii little to the national economy. This
belief is fostered by the fact that there is litjleantitative information on pastoral peoples
and their livestock outputs. There are severalofactvhich characterise the current
situation of pastoralists. Firstly, increasing lamand livestock populations and
concurrent environmental degradation are reduch® relative abundance of natural
resources. Secondly, expansion of arable agrieufrom the humid/subhumid zones into
arid/semi-arid areas, movement of pastoralists frand/semi-arid areas into the
humid/subhumid zones, and expansion of both grsatpsnew microhabitats within their
shared environments has amplified competition fatural resources and increased the
tendency to establish private property rights otrerse resources. Thirdly, pastoral
lifestyles and preferences are changing. Theiketantegration has increased and so has
their exposure to market risks, including competitifrom large, capital-intensive
production units. They are therefore more vulnkerab risks that are beyond the direct
control of individual pastoralists, their housel®lahd their communities. This means
that there is an increase in the burden of respditgithat government and policy makers

should bear to improve the situation.
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The primary challenge of policy makers is to create economic and institutional

environment that reduces the vulnerability of pesists to risk and to reverse the long-
term trends that negatively affect pastoral livetils. Such an environment will also
reduce conflict over natural resources and enabttopalists to effectively cope with

weather and market risks and escape poverty antlilmae to economic development.
Policies designed to reduce idiosyncratic risks @ready embedded in the standard
poverty reduction strategies of most developingntoes in sub Saharan Africa e.g.
education, public health and microfinance prograsmaé aimed at enhancing the
capacity of citizens to cope with specific indivadwr household risks, regardless of their
initial assets or position. Policies designed tdrads vulnerability to covariant risks vary
according to the risk in question. Each risk waljuire a specific set of policies/strategies
in contrast to general policies which impact or&yncratic risks. Despite this variation,
these policies should all be based on the commanciples of risk reduction, risk

mitigation and risk coping strategies respectivelygrder of importance.

Government and policy makers can create an enabtivgonment for the changes

recommended in this chapter by instituting poli@es strategies as outlined below.
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Disease control

» Attempts should be made to create intermediaterivaety personnel to encourage

grassroots animal health services

* Reduce costs and increase coverage of serviceedellby community based

paraprofessionals

e Support their legal recognition (Peeling and Hold2604) and formulate

regulations for licensing them.

» Veterinarians should be encouraged and supportestadlish mobile veterinary
clinics and perambulatory services to increase re@eeof rural populations.
Extension workers/CBAHW will first be required tersitive rural communities
and assess the demand for services, so as to heketerprise cost-effective and

profitable to service providers

» Promote closer collaboration between veterinaryraedical services and consider
sharing infrastructure & personnel in mixed teamisich slowly transforms disease

prevention and control from vertical to horizontabdel

* To ensure that pastoral people benefit from resesrche field of animal health
and production (and indeed further afield), progreea to adapt research outputs
for field application efforts should be made foethimmediate transfer of such

information to the pastoral population.

» Affordable, sustainable options for farmer-led cohof tsetse and other vectors

should be developed and made available to livestosiers.
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Ensure adequate supply of veterinary drugs andnvesat fair prices

Ensure good regulation of the veterinary pharmacautndustry to reduce the

presence of fake drugs on the market.

Market Access

Reduce high transport and transaction costs byireiting illegal road taxation

Invest in public infrastructure like roads, trekgimoutes and watering points to

ease the marketing process.

Give incentives for private investment in marketinfrastructure — market places,

holding pens, fodder stores, etc.

Implement interventions that increase competitiothiw the industry (e.g. market
information systems and open auctions) and redppertunities for monopsonistic

traders.

Reorganise/regulate market chain where unreasormagly margins are made by
middlemen, brokers and butchers by establishing eppddent trading

organisations.

Conflict avoidance and resolution

Empower pastoral organisations at different let@Mgoice their interests and

influence policies and development strategies.

Enhance knowledge of pastoral livelihoods of pohitgkers
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» |dentify investment opportunities for pastoral peog provide training and credit
to enable them pursue these opportunities to dfyaneome and reduce pressure

on the land.

» Create a labour market for pastoral people by ergéabour intensive

infrastructure and ethnic minority employment piaisc

Enforcement of these policies is key if any benisfib be gained from them. Many of these
recommendations have been made several times by waRkers in the past 5 decades and
unfortunately, they are yet to be implemented. Thistrates three things: the poor record
of the Nigerian government in making necessary anpments to this sector; the failure of
the private sector to provide services withdrawntly public sector; and the fact that

someone or something must stand in the gap, ietbleanges are to be made.

6.8 Future work

In 2008, a call for applications to the Combatimjectious diseases of livestock for
international development (CIDLID) scheme was mégethe joint funders — BBSRC,
DFID and the Scottish government. The purpose @kttheme was to support high-quality
basic and strategic biological and biotechnologieakarch into infectious diseases of the
principal livestock species in Sub-Saharan Afrind &outh Asia, and to forge productive
partnerships between scientists in the UK and dgwed) countries by enhancing the
livelihoods of the poor of Sub-Saharan Africa amith Asia by generating underpinning
scientific knowledge that will improve farm animiadalth, welfare and productivity and

enable more effective, sustainable management vafstiick diseases. The Welburn

224



Research Group submitted an application for comtydrdased control of trypanosomiasis

on the Jos plateau which drew strongly on the wawoke in this thesis and the grant

awarded in December 2009.

Community based interventions against Tsetse and ypanosomiasis on the Jos
Plateau, Nigeria

Abstract
Livestock underpin poor rural livelihoods in subhr@ean Africa, but animal health is
constrained by both epidemic and endemic diseaBles. former are managed by
national and regional control programmes wheredwintual farmers control endemic
diseases, with communities and local organisatpmosiding support in decentralised
and privatised systems. Animal trypanosomiasis tttoiss a major endemic problem in
tsetse-infested regions, reducing livestock prodyetids and devaluing farmers'
investments - costing livestock producers and coress an estimated US$1340 million
annually. The Jos Plateau in North-Central Nigesiaa major cattle keeping area,
holding ~ a million cows ( 7% of the national hekaépt by settled pastoralists practicing
seasonal migration. It became tsetse infectedare#nly 1980's and trypanosomiasis is a
recent problem in the area. While trypanosomiaars lte seen as a dual constraint to
rural development its control presents a doublefiemmprovements in livestock health
having positive outcomes for human health well-beamd development. We aim to
develop novel integrated control strategies based am understanding of the
epidemiology of trypanosomiasis in domestic livekicEpidemiological theory will be
integrated with quantitative field studies where stpaalists contend with

trypanosomiasis and co-exist with subsistence fenme an area with high land
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pressure. Research will target (i) pastoralistswbom simple and practical decision
support tools are needed for livestock managemmaht(i&), district and national level

policy makers requiring decision support for endedisease control.

Summary

The project aims to develop novel ways of contngllanimal trypanosomiasis. The Jos
plateau in Nigeria is a heavily populated area hamalmost a million cows kept by
settled pastoralists who live alongside subsistefiacmers. Trypanosomiasis causes
severe production losses in livestock in this asmsajt does throughout Sub Saharan
Africa. It affects the livelihoods of the poorestdamost disenfranchised populations
living in rural communities. The parasites thatsmatrypanosomiasis are transmitted by
tsetse flies feeding on blood from an infected hdseatment of the disease is both
affordable and effective: a single treatment witthaap injectable drug is sufficient to
clear the animal of all circulating trypanosome®rgfore, although these parasites are a
double constraint to development, their controkéggially of double benefit to humans
and their livestock. In the absence of large stsdése control programmes, sustainable
methods of trypanosomiasis control need to be folirigl not appropriate or possible to
treat every animal without the risk of resistanoetlie drugs developing. It is thus
necessary to target interventions to high-riskieesrof disease amongst livestock and
wildlife. In this project, we aim to (i) maximisevéstock health through integrated
disease management (ii) Identify the major riskdecfor trypanosomiasis at different
times and locations iii) formulate a policy for eftive government support of

community based disease management. The projelcemable policy makers, public
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institutions, communities and individual smallhald@mers to identify appropriate and
cost-effective methods for the sustainable farmased control of trypanosomiasis in

livestock.

Impact Summary

The project will have the following key outputs whiwill impact on the control of
animal trypanosomiasis in the Sahel region of saban Africa: (i) a new set of
intervention methodologies for control of animalpanosomiasis calibrated and
validated for use in the Sahel region of West Adri@i) appropriate-technology decision
support tools for diagnosis and treatment of anitmygdanosomiasis validated for use in
this transmission zone; (iii) quantitative estinsatd the economic burden of animal
trypanosomiasis; (iv) Framework for effective, siursable support of community based
disease control strategies by government agentiesse outputs will be made available
through appropriate dissemination pathways as &aggc of decision support tools
appropriate for medical and veterinary policy makeprimary animal healthcare
providers and rural populations in Africa. Disseatian pathways will include
workshops, project reports, peer-reviewed scientifublications, press releases and
briefing of local, governmental and internationaistitutions. Dissemination will
commence as soon as results become available isettend year of the project and
continue until its conclusion. Finally, the projeuil provide CPD training to scientific

and veterinary staff in Nigeria
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Appendix 1: KAP Questionnaire

DAt oo AdMINIStrator. ..o,
Village ..oovviiiiiii Latitude ....oovveiee e,
LGA LONGItUdE ...vvie e
] = L[ AlTUDE .
1. Household

1.2Gender oRespondent:Female/Male
1.3Age of Respondent: ..........c.cooiiiiiii i,
1.4Relationship of Respondent to head of household: ... (Self)

1.6How many acres of land do you own?
Total No. Acres

% used for livestock
% used for crops

1.7Where do you get your water from

Drinking water Household use
Piped Water
Borehole
Well
River
2. Crops
2.1What crops do you grow? How many acres of each?
Crop Acres Crop Acres
Maize Millet
Acha Yam
Tamba Groundnut
Cocoyam Cassava
Rice Vegetables

2.2 Are insecticides used on any of the crops?
Which crops?

Name of insecticide
Source of insecticide
Method of application

2.3 s fertiliser used on any crops?
Which crops?

Name of fertiliser
Source of insecticide
Method of application

2.4 Is manure used on any crops?
Which crops?
Source of manure
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3.
3.

Livestock

1 What type of livestock do you keep?

Livestock Yes/ | Breed
No

Cattle

Goats

Pigs

Chickens

Sheep

Horses/
Donkeys

3.2 Ask your informant about horses and donkeys invhlisge. Is it that:

A: There are no horses or donkeys in the villagebse it is impossible to keep them
alive

B: There are some, but they suffer high mortaliigt aeed frequent replacements; they
do not breed successfully and there is a highrfaatality and/or they need special
management to keep them healthy, e.g. they nelee $talled, grazed near the village
and not in the forest

C: The numbers are stable, they do not need ttaliedsbut they need regular
veterinary attention

D: The village has a healthy, breeding populatibharses and donkeys

F: People don’t keep horses or donkeys becausadtipart of their tradition or
because they cannot afford them
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3.3What are the most important problems/diseasestaftegour livestock?

Disease Species | Number Number Main symptoms What is your disease conti Why do you cleose this diseaj Who gave
affected affected died strategy control strategy? treatment?
A: Ignore B: Avoidance A: Easiest What treatment
C: Prophylactic treatmel B: Most widely available was given?
D: Curative treatmer C: Cheapest
D: Most effective

Disease 1

Disease 2

Disease 3

Disease 4

Disease 5

Disease 6
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3.4

3.5

3.6

What is the disease control strategy fgganosomiasis?

A: Ignore

B: Avoidance
C: Prophylactic treatment

D: Curative t

reatment

Why do you choose this disease controtesiy®

A: Easiest

B: Most widely available

C: Cheapest

D: Most effective

Do cattle owners/herdsmen recognise tryganosis/AAT as a problem distinct from other

diseases?
A:Yes
B: No

3.7 How important is AAT to your informant?
A: Severe, the most important problem
B: Among the first three most serious

C: Recognised, but other problems have higheripyior
D: Occurs, but not a problem

E: Not present or not recognized

3.8 Do you use drugs to treat your animals spadiy for trypanosomosis?

A: Yes
B: No

3.9Where do you get the drugs?

Source

Tick if
applicable

Local vet

Agro vet shops

Other

Other

3.10

How do you prepare/dilute trypanocides for use?

Name of Drug

Dilution rate
(amount of water to
amountof drug)

Water source

Do you boil the
water?
Yes/No

Dose ratgHow mug
solution per animal)

3.11 Do you give your livestock feed supplements?

Livestock

Yes/No

Name of supplement

Cattle

Goats

Sheep

Chickens

Pigs
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4  Herd Input and Offtake
4.1 How many cattle have died in the past 1%¥eatr...................

4.2 How many calves have been born and how mawg Hied in the past one year

Calves born
Calves dead

4.3Have you acquired or given away/sold livestockhia past one year?
Livestock | Yes/No | Number
Sale
Purchase
Slaughter
Exchange
Other
Other

4.4 How many cows did you have thistime lasr® ................cooeeieienis
4.5 How many cows do you have now? ..........c.ccoevvvvennen.

5 Transhumance

5.1 Do you practice transhumance? A: YesB: No

5.2  Why do you practice transhumance?

A: Lack of water B: Lack of food
C: Lack of land D: Avoidance oétse/other flies
B O N O e

5.3Where do you stay in the rainy SEaSON ........c.ccoiui it e e e ere e e
5.4When do start your journey there? (Date of rairgse@ migration)......................
5.5When do you get there? (Duration of rainy seasamation)................cceeeeevvennnn.

5.6 Why do you choose this I0CatiON? ........ccoiiri i e e e e e e

5.7What is your migration route?
First stop Second stop Third stop

5.8 Why do you choose this route?

5.9Where do you stay in the dry SEason? ......cccccceeeeiiiiiiie e
5.10 When do you start your journey there? (Date ofstrgson migration) ....................
5.11 When do you get there? (Duration of dry seasonatimm ..............c.cooveiiiveineinnnns



5.12 What is your migration route?
First stop Second stop Third stop

5.13 Why do you choose this route?

5.14 Who makes the trip?

Tick Tick Tick
All cows All goats Some chickens
Some cows (whic? Some goats All dogs
All people All sheep Some dogs
Some whole famili Some shee
(which?'
Men only All chicken
5.15 Do you feel that migration affects disease? A: Y& No
5.16 How?
5.17 Particularly trypanosomiasis?
6 Flies
6.1 Do you think flies are a problem in thisate.............ccooi i
6.2  Which particular type Of flI@S? ... e
6.3 Do you know about tSetse flieS? ...
6.4 Do you know what diSease they CAUSE? ............ it e ettt aene

6.5 Can you identify them? A: Yes B: No

6.6 How do you protect yourselves/your livestirokn tsetse?.......ooviiiiiii i,

6.7 Do you use any insecticide spray, dip ormm? A: Yes B: No

6.8 What is the name of the producCt? ...t e
6.9 At the time of year when they are most comnaoe they:
A: Abundant B: Fairly common C: In a few places
D: Seen only rarely E: Never seen
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6.10 Are any of the following kinds of wild animals fodrn the survey area?
Wild pigs (warthog and bushpig), Antelopes (esplécibushbuck) or Reptiles (crocodiles
and monitor lizards)?
Are they:
A: Seen often B: Seen only occasignall
C: Seen veryrarely D: Never seen

Production Costs

7.1What costs are associated with rearing cattle?

7.2What percentage of total costs is spent on each?

Cost Rank % of total costs
Food
Drugs
Labour
Stock
Transport
Vet fees
Tax
Other
Other

7.3 Are there seasonal variations in these costs?

D Y= T= 10 o

7.4What unexpected eXpenses MaAY AriSE? .......c..veeieiieaearsaenieneen s e e ees

Income

8.1  What are your sources of income?
8.2 How important is each source?

Source Rank Percentage
Livestock
Milk

Meat

Labour

Crop produce
Other

Other
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Appendix 2: Herd productivity figures (Pullan and Grindle, 1980)

Herd Inputs
Births Purchase
Mean 40.25(5.6 — 74.9) 1.63(0-3.3)
Minimum 5 0
Maximum 130 6
Herd Outputs
Deaths Sales
Mean 11.38(0 - 22.87) 14.63(7.48 — 21.78)
Minimum 0 2
Maximum 35 28
Stock levels
Starting Stock Closing Stock % Change in Herd Size
Mean 125.5(19.21 —231.79) 141.38(16.2 — 266.56) 7.81%(-16.99% - +25.58%
Median 84 86 8.57%
Minimum 18 14 -22.22%
Maximum 393 460 44.74%
Offtake
Potential Offtake Actual Offtake
Mean 14.70%:(8.15% - 21.25%) 11.76%(2.22% - 21.3%
Minimum 6.50% 2.80%
Maximum 30.30% 36.10%
Cattle Sale Price
Price Sold Inflation Adjusted Price Sold

Mean N 165.33(24.75-305.91) | N 115,755.0217,333.89 — 214,176.15
Minimum N 100.00 N 70,013.12
Maximum N 199.00 N 139,326.10

Cattle Cost Price

Price Bought

Inflation Adjusted Price Bought

Mean N 120.17(40.46 — 199.88) N 84,132.4328,327.94 -139,936.92)
Median N 93.50 N 65,462.26
Minimum N 45.00 N 31,505.90
Maximum N 261.00 N 182,734.23

Inflation Rate

271



Appendix 3: Herd Productivity Data

ID | Name Village Starting | Births | Births | Calf Deaths Slaughter | Sales Purchase Price | Price Sold Closing | Hectares | Change in | Potential Actual Offtake
Stock Deaths Bought Stock of Land Herd # Offtake Offtake Difference
Al g/lamd Ampang 322 10| 3.1% 0 3 ( 30 1 60,000 70,000 300 2.8 -6.8% 2.2% 9.3% -7.1%
apa
?a ﬁbdulahi Bassa 2,480 100, 4.0% 2( 5 1 50 50 35,000 165,P00 2|500 1 0.8% 1.2% 2.09 -0.8%
maru
Bd | Abubakar | Badni 50 35 70.0 8 5 0 0 0| 28,00C 45,000 g2 1.2 64.0% 44.0% 0]0% 0%4.
1 Aliyu %
Bd | Suleiman | Badni 30 18 60.0 0 15 0 1 3| 28,00( 45,000 35 6.4 16.7% 100% 313%  7%6.
2 Husein 0%
Bil | Gambo Binchi 96 15 15.6 6 5 0 30 0 0 120,000 70 0{8 -27.1% 4.2% 3113% 7.1
Galadima %
?0 ébU_bakar Bokkos 101 15 14.9 0 15 1 5 5| 45,00( 115,0Q0 100 0.8 -1.0% 0.,0% 5(0% 5.0%
ggl %
Da | Julde Daffo 25 8| 320 0 1 0 4 2| 35,00( 50,000 30 0.8 20.0% 280% 16/0% .0%2
1 Umar %
ga Mukaila Daffo 20 0| 0.0% 0 0 0 y. 2 35,000 50,0D0 20 0.4 0J0% 0.0%9.0% -10.0%
?b Abdullahi Esnba 26 5 19.2 3 2 0 3 7| 35,000 75,500 30 0.4 15.4% 0.0% 11{5% .5%]
a %
Db | Bedu Dan ba 45 6 13.3 4 3 0 4 0 0 75,500 40 6 -11.1%% -2.2% 8.9% -11/1%
2 Ismaila Aba %
DT | Umaru Dorowa 5,030 15| 0.3% 1 1 15 0 100,0p0 5,015 0 -0(13% 0%Q. 0.3% -0.3%
1 Bareya Tsofo
F1 | Yusuf Foron 97 40 41.2 10 10 2 20 5 42,500 90,000 100 8 3.1% 2016% 20.6% .0%0
Ardo %
Umar
F2 | Mallam Foron 33 5 15.2 2 4 0 2 0 0 90,000 30 16 -9.1% -3.0% 6.1% -9/1%
Saidu %
F3 M‘a”am Foron 27 4 14.8 2 3 2 4 0 0 90,000 20 P -25.9%% -3.71% 14.8% -18]5%
: %
F4 AAtI)Tjaj:I . Foron 114 10| 8.8% 5 6 () 3 42,500 90,0p0 110 0.8 -315% .9%Q 5.3% -6.1%
ullahi
Gi | Idris Gindin 196 32 16.3 0 2 1 25 0 0 90,000 200 0|8 2.0% 15.3% 12/8% 2.6%
1 Gidado Akwati %
Gi | Adam Gindin 70 10 14.3 0 4 1 15 0 0 90,000 60 20 -14.3% 8.6% 21.4% -12{9%
2 Mohamed | Akwati %
Go | Ardo Gora 17 15| 88.2 0 0 0 6 0 0 30,000 25 20 47.1% 88.2% 353% 52.9%
1 Yakubu %
Go | Yakubu Gora 25 0| 0.0% 0 0 0 4 0 D 60,000 20 20  -20.0% 0jJ0% 9%0.0 -20.0%
2 Mohamad
u
Go | Idris Gora 42 12| 28.6 1 0 0 4 0 0 45,000 49 52 16.7% 26.2% 9.6% 16(7%
3 Galadima %
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ID | Name Village Starting | Births | Births | Calf Deaths Slaughter | Sales Purchase Price | Price Sold Closing | Hectares | Changein | Potential | Actual Offtake
Stock Deaths Bought Stock of Land Herd # Offtake Offtake Difference
fo ?zmna Gora 57 4| 7.0% 0 0 5 D D 45,000 10 16 -82.6% 5|3% .7981 -82.5%
ibrin
fu lghaku Gurum 3,144 100| 3.2% 50 D 3 3 25,000 85,000  3,[100 2 4%1. 1.4% 0.1% 1.3%
iroma
H1 éﬁdul Hurti 227 9| 4.0% 13 1 25 4 30,000 140,9goo0 200 24 %19 -2.2%| 11.0% -13.2%
anono
H2 | Idris Umar | Hurti 71 4| 5.6% 5 0 20 D D 140,000 50 3.6 -296% -114%8.2% -29.6%
H3 | Yunusa | Hurti 32 11| 34.4 2 0 10 0| 10,00( 140,000 30 1.6 -6.3% 25/0% 31.3% -6.3%
Shuaibu %
K1 | Madaki Kurra 199 25| 12.6 2 20 1 6 5| 40,00( 130,000 200 0.8 0.5% 15% 310%  .5%]
Abdul %
Rasak
La | Bayaro Lamingel 48 7| 146 0 3 1 3 2| 25,000 110,000 50 1.2 4.2% 8.3% 6]3% 2.1%
1 Adamu %
La | Adamu Lamingel 25 9| 36.0 2 2 1 2 3| 30,000 120,000 30 4 20.0% 20.0% 8|0% %2.0
2 Abubakar %
Le | Mohamed | Lere 41 7| 17.1 0 15 1 3 3| 25,00( 60,000 32 g8 -22.0% -195% 73%-26.8%
1 Adama %
Le | Suleiman | Lere 70 8| 114 0 31 0 3 1} 27,50( 75,000 46 8 -343% -32.p% 43% 7.1%
2 Gami %
Le | Madaki Lere 62 10| 16.1 20 1 2 1) 25,00( 70,000 30 1.6 -194% -16/1% 312%-19.4%
3 Ragari %
Iiu Yau Idi Luka 35 13| 37.1 1 0 10 0 0 95,000 3y 2 5.7 34.3% 28.6% 5|7%
%
léu Bala Luka 64 30| 46.9 4 5 0 15 0 0 60,000 70 6 9.400 32.8% 23.4% 9|4%
%
|3-U Muhamad | Luka 41 10| 24.4 1 0 7 4| 26,000 77,500 47 8 14.6% 22.0% 17{1% 4.9%
u %
IZ,U ? Luka 65 15| 23.1 7 0 3 0 0 77,500 70 0,8 7.7P0 12.3% 4.6% 7%
%
Ma | Idris Maiyanga 120 20| 16.7 10 1 1 2| 20,00(¢ 70,000 130 2 8.3% 8.3% 0{8% 7.5%
1 Haruna %
gfla Hamza Maiyanga 142 15| 10.6 6 1 1 1) 30,00(q 120,000 150 20 5.6% 6.8% 0{7% 5.6%
%
gﬂn ﬁ%mlild(? Mangar 475 25| 5.3% 25 4 6 45,0(1)0 180,900 470 20 -11.1%-1.3% 0.8% -2.1%
idokari
gfln aaidu Mangar 212 21| 9.9% 15 3 4 29,000 105,000 215 20 1.4% .9%0 1.4% -0.5%
aruna
P1 I?b(_iul Passa Kai 98 9| 9.2% 7 0 2 D D 62,500 B0 20  -18.4% 2|/0% 4%0Q. -18.4%
arim
P2 | Aminu | PassaKai 7 8| 104 7 0 10 2| 20,00(¢ 62,500 10 -9.1% 1.3% 13/0% 1.7
Husseini %

273



ID | Name Village Starting | Births | Births | Calf Deaths Slaughter | Sales Purchase Price | Price Sold Closing | Hectares Change in | Potential Actual Offtake
Stock Deaths Bought Stock of Land Herd # Offtake Offtake Difference
RB | Ibrahim Rafin 456 15| 3.3% 4 5( 2 3 30,000 80,000 400 -12/.3% 8.6% 4.4% -12.99
1 Buba Bauna
RS | Adamu Rafin 51 15 294 0 5 1 10 0 0 37,000 50 8 -2.0% 19.6% 19.6% 0{0%
1 Abdullahi | Sainye %
RS | Abdullahi | Rafin 64 9 141 0 4 1 8 0 0 37,000 60 8 -6.3% 7.8% 12.5% -47%
2 Sainye %
Ru | Ishaku Ruf 6 2| 333 0 3 0 0 0 0 0 1 4( 16.7%  -16.7% 0.0% -16.7%
1 Dachum %
Ru | James Ruf 24 6| 25.0 0 2 0 2 0 0 45,000 26 44 8.3 16.1% 8.8% 813%
2 Bulam %
Ru | Paul Ruf 18 2 111 0 2 0 1 0 0 45,000 1y 12 -5.6P0 0.0% 5.6% -5/6%
3 Dawullang %
Ru | Haruna Ruf 14 4 28.6 0 2 0 1 0 0 45,000 15 08 7.1 14.3% 7.1% 7/1%
4 Jantai %
Ru | Peter Ruf 10 4 40.0 1 4 0 1 0 45,00( 11 10.0% -10.0% 10.0% -20/0%
5 Gudam %
SG | Wakili Sabon 310 30| 9.7% 2( 1 1 1 10 100,00 150,000 300 2.9 -3.2% 0.0% 3.2% -3.2%
K1 | Saibu Gida 0
Kanar

Ta | Aliyu Tambes 20 7 35.0 0 0 0 0 5| 45,00C ( 3P 12 60.0% 35.0% 0.p% 35[0%
1 Ardo %
Ta | Adamu Tambes 29 12 41.4 0 1 0 0 0 0 0 42 1.6 44.8% 37.9% 0.0% 37.9%
2 ldda %
Ta | Umar Tambes 53 6 11.3 0 3 0 0 2| 45,00C ( 58 16 9.4%% 5.1% 0.0% 5{7%
3 Huseini %
Til | Haruna Tige 27 9 33.3 0 0 0 2 1| 32,500 70,000 35 1.6 29.6% 33.3% 714% 9025.

Adamu %
Ti2 | Muhamad | Tige 81 20 24.7 0 0 0 3 2| 32,50C 70,000 100 1.2 23.5% 24.[7% 37% .0%21

u Umar %
\1Ne Davou Bot | Werram 12 3| 25.0 0 0 0 1 1| 35,00d 46,000 15 1.6 25.0% 25.0% 8|3%  7%6.

%
We | Dadin Werram 14 4 28.6 0 1 0 2 0 0 45,000 15 2.8 7.1 21.4% 14.3% 711%
2 Chung %
We | Kwasu Werram 24 5| 20.8 0 0 0 1 2| 35,00( 93,000 30 4 25.0% 20.8% 412% 16.7%
3 Dalyop %
We | Jaktun Werram 8 6| 75.0 0 0 0 2 3| 45,00( 70,000 15 14.8 87.5% 750% 25.0% 0.0%
4 Davou %
Wu | Tambaya | Wuria 14 4 28.6 0 2 1 1 4| 45,000 90,000 14 2.8 0.0% 14.8% 7{1% 1.1%
1 Dem %
\2{\/U Sati Bagu | Wuria 9 1 111 0 1 0 1 0 0 90,000 3 A -11.1% 0.0% 11.1% -11/1%
%
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ID | Name Village Starting | Births | Births | Calf Deaths Slaughter | Sales Purchase Price | Price Sold Closing | Hectares Change in | Potential Actual Offtake
Stock Deaths Bought Stock of Land Herd # Offtake Offtake Difference
\S{VU Pam Janga]  Wuria 13 5 385 0 2 0 4 6| 45,00C 90,000 18 3.2 38.5% 23.0% 308% .7%7
%

XVU Jak Wuria 11 1| 9.1% 0 3 0 ] 1 45,000 90,000 9 .4 -1812% 2%8. 9.1% -27.3%

?/1\/U idvgafd Wullam 70 41 57% 0 5 0 g 0 D 65,000 60 24  -143% -114% .9%2 -14.3%
mbong

fa Idris Umar | Zakshi 971 55| 5.7% 3 25 1 2b 13 80,000 70,900 1000 20 3.0%2.8% 2.6% 0.2%

fe glhaiti) Zendi 212 20| 9.4% 5 75 2 D D 0 0 150 20 -29.2%  -2813% %0.0 -28.3%
ambo
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Appendix 4: SOS Nigeria Press Release

PRESS RELEASE FOR LAUNCH EVENT - 3 June 2010 AbujaNigeria

SCIENTISTS AIM TO SAVE FULANI US$33 MILLION A YEAR
A promising new initiative is launched today in Abya, Nigeria

A new 4-year research-for-development initiativeahe Jos Plateau aims to prevent
an estimated 168,000 cattle deaths a year, costenglateau’s Fulani cattle keepers
more than US$ 33 million. A third of these losses due to the deadly tsetse-
transmitted cattle disease trypanosomiasis (slgegpitkness). Tsetse flies invaded
the previously tsetse-free plateau in the 1980@&eswhen the Fulani have struggled
to cope with this serious livestock disease.

The new animal health initiative, a collaborati@d Iby the Nigerian Institute for
Trypanosomiasis Research (NITR) and the UniversityEdinburgh, UK, has
attracted a US$ 1.5 million grant from the UK’s BBGS.

Ayodele Majekodunmi, the partnership’s coordinataid: ‘1 am delighted that this
week we have been able to bring together in Abug 80 experts from the national
and international veterinary and medical researth development communities to
help us ensure the success of this project. TheerMdig experts have been
complemented by the presence of colleagues frorh Adsa, UK and France who
have been involved in a successful public-privatetnership in Uganda called
Stamp Out Sleeping Sickness (SOS). The SOS campagnbased on a 10-year
research programme which provided the evidenceaforentirely new way of
controlling tsetse-transmitted sleeping sicknessUgmnda. It has succeeded in
halting the spread of this disease in Uganda andhen process has created
employment opportunities for young veterinary grtds. | am also delighted that
the veterinary pharmaceutical company CEVA Santénale, in collaboration with
their local distributor Adamore Nigeria Limited, shaonated the drugs, valued at
US$ 20,000, needed for our research programme.’

Sue Welburn of the University of Edinburgh saidhéTUganda experience was a key
factor in securing funding for the Nigerian projeehich aims to adapt the methods
used in Uganda to the situation on the Jos Platesmu.confident that, as in Uganda,

the Nigerian initiative can have a real and lastmpact on the health of the Fulani's

cattle with likely spill-over benefits to human kiba

For further information contact Professor Sue Welbun: sue.welburn@ed.ac.uk



	PhD coversheet April 2012
	MAJEKODUNMI - Thesis Final

