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ABSTRACT

The contribution of sheep and goats to pastoralist livelihoods and economies is limited by the
frequent occurrence of small ruminant diseases such as Peste des Petits Ruminants (PPR).
PPR, also known as ‘goat plague’, is a highly contagious viral disease of sheep and goats
characterised by sudden onset of depression, bilateral eye and nasal discharges, mouth sores ,
pneumonia, foul-smelling diarrhoea and death. In susceptible small ruminant herds, PPR virus
infections result in high morbidity rates of 90 percent (%) and mortality rates of 70%. The
disease is endemic across 70 countries in Africa, the Middle East and Southern Asia. Current
global estimates indicate that PPR outbreaks in endemic countries results in an annual loss of
close to 2 billion United State Dollar (USD). PPR was first introduced into Kenya in 2006, but
despite vaccination control measures being in place, the disease has continued to spread and is
now endemic throughout Northern Kenya. The underlying risk factors triggering outbreaks in
Kenya are not well understood. A risk based cross-sectional study was therefore undertaken
with an overall aim of improving the management of PPR disease in small ruminant pastoral
production systems in Kenya. The study was carried out between January 2014 and March
2015 in Kajiado county which is a high risk PPR zone and Marsabit county which is an

endemic PPR zone.

The study used integrated approaches of questionnaire survey, laboratory and spatial
statistical analysis to address three specific objectives, the first objective, characterised small
ruminant disease control practices amongst Kajiado and Marsabit pastoral communities. The
second, determined the seroprevalence of antibodies against PPR virus as well as the
prevalence of intestinal parasites of sheep and goat herds in the study areas. The third,
identified risk factors and their effects on PPR control strategies using spatial statistical

techniques of a geographical information system (GIS).

XV



Sixty three livestock owners were surveyed across 28 sites in Marsabit and 35 sites in
Kajiado. Information concerning the small ruminant husbandry and disease control practices
was gathered from livestock owners whose herds were sampled. A total of 535 animals
consisting of 245 sheep and 290 goats were randomly sampled. In total, 1,070 blood and
faecal samples were collected from 213 small ruminants in Kajiado and 322 in Marsabit.
Prevalence of PPR antibodies was determined using the competitive Enzyme Linked
Immunosorbent Assay (c-ELISA) laboratory procedure. Clinical indicators of intestinal
parasitism were evaluated using Body Condition Score (BCS) chart, FAMACHA® anaemia
score chart and Packed Cell Volume (PCV) determination. Prevalence of intestinal parasitism

was then confirmed using McMaster and pooled faecal culture laboratory techniques.

The study found that only 57% of livestock owners in Kajiado relied entirely on livestock
keeping compared to 75% of livestock owners in Marsabit. All (100%) Kajiado livestock
owners regularly purchased anthelmintic, antibiotic and tick control products for their small
ruminant herds, while only 57% of invested in preventive vaccines. In contrast, all (100%)
Marsabit livestock owners did not purchase tick control products or preventive vaccines.
However, when available, 42.9% of Marsabit livestock owners occasionally purchased
anthelmintic products while only 28.6% purchased antibiotic drugs for use in their small
ruminant herds. An important finding with regard to PPR, was that all (100%) livestock
owners in Kajiado and Marsabit study sites ranked Contagious Caprine Pleuropneumoniae
(CCPP) disease in goats and helminthiasis infections in sheep as the most important small
ruminant diseases associated with the highest production and mortality losses throughout the
year. The three main constraints hindering livestock keepers’ disease control efforts in
Marsabit were lack of veterinary services (52.4%), lack of veterinary drug outlets (35.7%) and

lack of inclusion when planning livestock disease control programmes (7.1%).
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In Kajiado, 60% of livestock owners felt that lack of quality veterinary drugs especially
anthelmintics was the main hindrance this was followed by lack of veterinary services
(31.4%) and lack of early warning information about disease outbreaks in their area (8.6%).
The main policy interventions recommended by majority of Kajiado (90.5%) and Marsabit
(84.5%) livestock owners was the provision of regular and timely veterinary services.
Veterinary services were defined by the livestock owners as the provision of free vaccination

services, extension services and rapid response to disease outbreaks.

The overall PPR seroprevalence for Marsabit small ruminant herds was 22.4% (95%
Confidence Interval (Cl): 19.5 — 25.4) when compared to 37.1% (95% CI: 31.3 — 42.9) for
Kajiado herds. PPR seropositivity in Kajiado was associated with geographical location of
sheep and goat herds, animals from Lenkisem ward were 64.0 times (p< 0.0001) more likely
to be seropositive when compared to animals from Bisil ward. Herd size of goats in Kajiado
was also a significant predictor, goats sampled from large herds consisting of more than 100
goats were more likely to be seropositive when compared to medium sized herds composed of
between 51 to 100 animals (B-estimate = - 2.19, O.R. = 0.112, p= 0.001). In addition, small
ruminants herds in Kajiado that received regular doses of combined oral (Levamisole or
Albendazole) and injectable (Ivermectin) anthelmintic products had a significantly (p=0.001)
higher likelihood of being PPR seropositive when compared to animals receiving only oral
Levamisole products (B-estimate = -1.623, O.R. = 0.197, p=0.001). Prevalence of intestinal
parasites and age of animals in Kajiado were not significant predictors of PPR seropositivity.

Geographical location of small ruminant herds was also significantly (p< 0.0001) associated
with PPR seropositivity of animals in Marsabit, sheep and goat herds sampled from
Loiyangalani ward had a 36.6 times (p<0.0001) probability of being PPR seropositive when

compared to animals sampled from Dukana ward.
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Animals sampled from herds that had reported past PPR outbreaks in Marsabit were 96.2
times (p<0.0001) more likely to be PPR seropositive when compared to those from herds that
had not reported outbreaks. Further, Marsabit sheep and goat herds that had access to PPR
vaccines had a 5.5 times (p= 0.002) probability of being seropositive when compared to herds
that had no access to PPR vaccine. Age of animal was also significant (p<0.0001), adult
animals that were above 3 years of age were 11.9 times more likely to be seropositive when
compared to young animals between 6 and 12 months of age. Prevalence of intestinal
parasites in Marsabit was not a significant predictor of PPR seropositivity. The average
prevalence of intestinal parasites in Kajiado small ruminant herds was 54.5% (95% CI: 47.9 -
61.0) for coccidia parasite and 82.2% (95% CI: 77.0 — 86.9) for helminth parasites. In
Marsabit, the average prevalence of intestinal parasites was 48% (95% CI 42.2- 54.0) for
coccidia and 30.7% (95% CI: 25.8 — 36.0) for helminths. Haemonchus nematode specie was
the most common larvae identified after faecal culture. Co-infection prevalence for both
helminth and coccidia intestinal parasite was 51.2% (95% CI: 44.6 -57.7) for Kajiado herds

and 21.7% (95% CI: 17.1 -26.4) for Marsabit herds.

The utility of GIS as a decision support tool when planning PPR control programmes was
demonstrated using spatial statistical techniques of Boolean and overlay analysis, choropleth
mapping, Euclidean distance calculation and Voronoi polygon development. GIS analysis
found that access to veterinary services varied across Kajiado and Marsabit study areas with
Marsabit herds being more disadvantaged due to terrain and long distances that needed to be
covered. In conclusion, study findings indicate that small ruminant husbandry practices in
Kajiado and Marsabit differed and the differences were due to the access levels to veterinary
services, animal health inputs and livestock markets. The overall PPR seroprevalence in the

study herds was lower than the recommended 70% that prevents PPR virus circulation in
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endemic and high risk areas. This means that majority of Kajiado and Marsabit small
ruminant herds were not protected from future PPR outbreaks. Serosurveillance was found to
be an important tool that can be used to monitor the effectiveness of existing vaccination
control programmes as well as evaluate veterinary service delivery. The Five risk factors
significantly associated with PPR seropositivity in the study were (1) Age of animal in
Marsabit, adult animals were more likely to be PPR seropositive when compared to animals
between 6 and 12 months of age. (2) Geographical location of herds in both study areas, that
determined accessibility to veterinary services (3) herd size of goats in Kajiado, animals from
large herds were more likely to be PPR seropositive due to the likelihood of their owners
investing in PPR preventive vaccines (4) Past PPR outbreak incidences in Marsabit and (5)
PPR vaccination status in Marsabit. GIS spatial analysis techniques were found to be useful
tools that can support decision making when planning, implementing and monitoring PPR

control strategies in endemic and high risk areas.

The following recommendations should be considered, PPR control strategies in pastoral
areas of Kenya should be tailored to specific geographical regions taking into consideration
the prevalent small ruminant diseases, existing disease control practices, socioeconomic status
of communities and access to veterinary services. Annual PPR vaccination activities should
include CCPP vaccination for goats as well as target animals between 6 and 12 months of age.
Policy makers should adopt the use of GIS and post vaccination serosurveys to monitor the

effectiveness and coverage of PPR vaccination campaigns in pastoral areas in Kenya.
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CHAPTER 1

1.0 GENERAL INTRODUCTION

1.1 Introduction

Kenya’s Arid and Semi-Arid Lands (ASALSs) constitute more than 80% of the country’s total
land mass and are inhabited by close to 10 million pastoral and agro pastoral communities
(Kenya National Bureau of Statistics (KNBS) 2009). More than 85% of the national small
ruminant population is reared in the ASALs (Government of Kenya (GoK) 2012). The
contribution of sheep and goats to pastoral livelihoods is limited by the frequent occurrence of
trade sensitive diseases such as Peste des Petits Ruminants (PPR). PPR, also known as sheep
and goat plague, is a highly contagious viral disease of small ruminants that results in high
morbidity rates of 90 % and depending on the immunity of herds a mortality rate of between
30 and 70% (Barret et al., 2006; Office international des épizooties (OIE) 2013). PPR virus
does not infect humans but causes significant livelihood disruption for livestock keepers in
Africa, the Middle East and Southern Asian countries (Food and agriculture organisation of

the United Nations (FAO-UN/OIE 2015).

In endemic countries, direct annual losses due to PPR outbreaks are estimated to be between
1.2 and 1.7 billion USD. Additionally, it is also estimated that annual PPR vaccination
expenditure ranges from 270 to 380 million USD (Elsawalhy et al., 2010; African Union —
Inter-African Bureau for Animal Resources (AU-IBAR) 2014; FAO-UN/OIE 2015). The first
PPR outbreak in Kenya was confirmed in August 2006 in Turkana, which is an arid county
located in the remote north-western part of the country GoK 2008; Kihu et al., 2012). The
disease gradually spread to neighbouring counties and by 2008 the whole of the Northern

parts of Kenya had reported outbreaks (GoK 2008).



It is estimated that the Kenya government incurs an annual cost of close to 1 billion Kenya
shillings (Kshs) due to expenditure spent on PPR vaccination and revenue foregone during
quarantine and trade bans (GoK 2008). However, a recent socio economic study in Turkana
found that losses due to the 2006 to 2008 PPR outbreak were previously undervalued and are
now estimated at 19.1 million USD, with mortality of kids and lambs constituting the greatest
economic losses valued at 16.8 million USD (Kihu et al., 2015a). The government response
to the 2006 outbreak was slow and took 2 years with the launch of a 5 year vaccination
campaign in 2008 (GoK 2008). The vaccination activities targeted both sheep and goat herds
in all counties located in the Northern parts of Kenya. The campaign aimed at creating buffer
zones that would prevent the southern spread of the disease to the rest of the country (GoK
2009; GoK 2015a). However, vaccination control measures have had limited impact and have

failed to prevent the periodic outbreaks of PPR in Northern Kenya (Kihu et al., 2015b).

Risk factors that contribute to the persistent outbreaks of PPR in Kenyan ASALs are not fully
understood and this is hindering the design of effective PPR surveillance and control
programmes (Elsawalhy et al., 2010, Kihu et al., 2015b; FAO-UN/OIE 2015). A risk based
cross-sectional study was therefore carried with an overall aim of improving the management
of PPR disease in pastoral systems of Kenya. The study used integrated approaches of
questionnaire survey, laboratory and spatial statistical analysis to identify risk factors
associated with PPR and their effect on existing control strategies. The study was carried out
between January 2014 and March 2015 in Kajiado county which is a high risk PPR zone and

Marsabit county which is an endemic PPR zone.



1.2 Statement of the Problem

Outbreaks of PPR have continued to occur in Kenyan ASAL areas despite a 5 year
vaccination control strategy being in place (Kihu et al 2015b). Several studies in Kenya have
reported on clinical manifestation of PPR (Kihu et al., 2012; Gitao et al., 2014; Maina et al.,
2015) as well as demonstrated the presence of PPR virus through seroprevalence antibody
analysis (Ithinji 2011; Gitao et al., 2014; Maina et al., 2015; Kihu et al., 2015b) and viral
genome identification (Gitao et al., 2014; Dundon et al., 2014). Studies have also determined
through participatory epidemiological techniques risk factors causing PPR spread in endemic
areas of Turkana, Baringo and Samburu counties of Kenya (Kihu et al 2012; Gitao et al.,
2014). However, studies estimating the post vaccination seroprevalence of PPR antibodies in
sheep and goat herds in endemic and high risk areas are limited (GoK 2009). Further, few
studies have determined if pastoralist heterogeneous small ruminant disease control practices
result in increased of reduced risk to PPR infections in their small ruminant herds (Gitao et al.,
2014). There are no studies that have tried to determine the role played by intestinal
parasitism in causing susceptibility of small ruminants to PPR infections. Furthermore,
information is lacking on which tools can be used to plan, implement and monitor the

effectiveness of existing PPR control strategies in endemic and high risk areas of Kenya.

1.3 Justification of the Study

It is estimated that over 70% of all livestock in Kenya are found in the ASALs and 90% of the
ASAL human population rely on livestock for their livelihood (GoK 2012). In addition, the
livestock sub-sector contributes 10% to Kenya’s Gross Domestic Product (GDP) and
approximately 42% to the agricultural GDP (KNBS 2009). However, a new study conducted
jointly by the Inter-Governmental Authority on Development (IGAD) Livestock Policy

Initiative (LPI) and KNBS in 2011 found that livestock contribution to Kenya’s agricultural



GDP was grossly undervalued (Behnke and Muthama 2011), the commaodity flow approach
was used to estimate the ruminant livestock contribution to agricultural GDP, it was found
that livestock contribution to the Kenya economy was close to 345.448 billion Kshs. this was
2 and a half times more than the 2009 official estimate of 127.723 billion Kshs. (Behnke and
Muthama 2011). The Kenya vision 2030, is the policy blueprint guiding the economic growth
plan of Kenya. Vision 2030 has identified the agricultural sector as one of the key areas that
will transform Kenya into a middle income country by the year 2030. However, it will be
difficult for Kenya to use livestock as a pathway to economic growth unless the numerous
livestock diseases such as PPR are contained (GoK 2012). The first PPR outbreak in Kenya
was reported in Turkana County in 2006 and by 2008, PPR virus had resulted in severe
disease of more than 5 million small ruminants and mortality of more than 2 million animals
(GoK 2008). The continued outbreaks of PPR are putting an estimated 28 million goats and
17 million sheep in Kenya at risk of infection (KNBS 2009). Exposure to PPR virus through
natural infection or vaccination should confer a lifelong immunity (Diallo et al., 1989; OIE

2013; AU-IBAR 2014).

It is generally recommended that in endemic countries, PPR vaccination strategies should aim
at achieving a 70% herd immunity as this breaks the virus transmission cycle resulting in a
significant reduction of PPR incidences (FAO-UN/OIE 2015). PPR vaccinations in Kenya
have been going on in endemic and high risk areas since 2008 but they have had limited
impacts in preventing the frequent PPR out breaks especially in Northern Kenya (GoK
2015a). The underlying risk factors that trigger outbreaks are not well understood and this is
hindering the effective management of PPR in Kenya (Kihu et al., 2015b). The probability of
disease transmission is not uniform across animal populations, often, there are a number of

risk factors that contribute to the overall risk of disease transmission in a particular livestock



sub-population (Elsawalhy et al., 2010; Dhama et al., 2013). These risk factors are often
simple attributes of the sub-population such as transhumance activities in pastoralists systems
or access to veterinary services or animal health inputs (FAO-UN 2013). The rationale for this
particular study was therefore twofold. First, pastoral communities are differentiated by their
geographical location and cultural ethnic backgrounds (Fratkin and Roth 2005). However,
factors such as aridity, access to markets and population pressure play a key role in shaping
the human societies residing in the dry lands (Kocheki and Gliessman 2005; Rutto et al.,
2013). This concept of differentiation emphasizes that although pastoral communities may
experience similar socioeconomic disruption due to drought or livestock disease there exists
different application of their coping and adaptive strategies (Little 2002). This means that
livestock disease control policies should not be applied as blanket interventions but should be
informed by the ecological, social- cultural and economic setting of the target communities
(Fratkin 2001). The study therefore aimed at identifying key small ruminant husbandry
practices that can be recommended for policy action so as to achieve long-term control of PPR
and other small ruminant diseases. Secondly, the study aimed at identifying tools that can be
used to monitor the effectiveness of existing PPR vaccination control programmes. The
applicability of post vaccination serosurveys and GIS techniques were investigated as possible
tools that can be used in the planning, implementation and monitoring of PPR vaccination

control programmes in endemic and high risk PPR zones in Kenya.

1.4 Broad objective
To improve the management of Peste des Petits Ruminants (PPR) disease in small ruminant

pastoral production systems of Kenya.



1.5 Specific objectives

1.

To characterize small ruminant disease control and husbandry practices amongst
Kajiado and Marsabit pastoral communities.

To determine seroprevalence of antibodies against PPR virus as well as prevalence of
intestinal parasites in sheep and goat herds of Kajiado and Marsabit counties of Kenya.
To identify risk factors and their effects on PPR control strategies using spatial

statistical techniques of a geographical information system (GIS).

1.6. Research questions

1. Do the heterogeneous small ruminant disease control practices play a role in

determining PPR incidences?

Does the prevalence of antibodies against PPR virus and intestinal parasites determine
the susceptibility of small ruminant herds to PPR infections?

Can GIS techniques be used as tools that can support the planning, implementation
and monitoring of PPR vaccination control programmes in endemic and high risk

areas?

1.7 Limitation of the Study

The first challenge faced was due to under reporting of PPR disease outbreak at County level.

This had an implication on the PPR information available at the Director of Veterinary

Service (DVS) offices. PPR incidence reports were only available from August 2006 to

December 2008. In addition, information after 2008 from suspected PPR outbreaks through

serum samples submitted to DVS laboratories did not have information on the vaccination

status of animals sampled. It was therefore difficult to differentiate seropositivity due to

vaccination or natural disease outbreaks as the samples were sourced from areas that had the



ongoing PPR vaccination activities. Due to these limitations the spatial and temporal
distribution maps of PPR outbreaks in Kenya from 2006 to 2015 could not be generated. The
other challenge was to identify areas to be included in the study, without official outbreak
reports. To address this challenge, the researcher sourced PPR serosurveillance reports from
the DVS staff at the veterinary epidemiology unit and browsed the internet for literature on
PPR incidences in Kenya. The reports were used to identify potential study areas that
represented PPR high risk and endemic areas. Endemic areas identified were all Northern
located counties while high risk counties included Narok, Kajiado and Tana-River located in
the Southern parts of Kenya. However, limited time, security concerns and financial
constrains necessitated the narrowing of the study to 2 counties, these were Kajiado and

Marsabit to represent a high risk and endemic area respectively.

1.8 Organization of thesis

This thesis is in manuscript format and is divided into seven (7) chapters that do not include
the reference and appendices section. Chapter 1 titled General Introduction gives a brief
overview of the socio-economic impact of PPR in Kenya and putative risk factors associated
with PPR outbreaks in Kenya. The chapter concludes by justifying why the study was carried
out and demonstrating the knowledge gap the study will address. Chapter 2 is the General
literature review section that provides a detailed analysis of pastoralism in Kenya with focus
on historical and current policies that have shaped its development. The chapter also describes
the contribution of small ruminants to the global, Kenyan and pastoral economies. This
section also gives a detailed description of PPR disease its origin, aetiology, epidemiology,
diagnosis and control strategies. The chapter then reviews the putative risk factors that may be
causing PPR outbreaks in pastoral regions of Kenya. A historical background on provision of

veterinary services in pastoral areas of Kenya is also given.



The chapter concludes by outlining the utility of GIS technology in livestock disease
management. Chapter 3 is the General Methodology section. The chapter describes how
study sites were selected and gives an in-depth review of the study sites ecology, social and
political setting. Chapter 4 is the first chapter where findings of this study are presented. The
chapter describes pastoralist small ruminant husbandry practices and their effect on PPR
control strategies. Chapter 5 applies statistical analysis to determine if risk factors have a
causal relationship with the observed PPR seroprevalence in the study areas. Chapter 6
presents the utility of GIS technology as a risk mapping tool that can be used to support
decisions during the planning, implementation and monitoring of PPR control and
surveillance programmes in Kajiado and Marsabit counties of Kenya. Chapter 7 is the
general discussion section that summarises key findings of the study. The chapter concludes

by highlighting key recommendations and future areas for research.



CHAPTER 2

2.0 GENERAL LITERATURE REVIEW

2.1 Back ground on Pastoralism

Dry lands also known as rangelands cover more than 40% of the earth’s land surface and are
defined as arid and semi-arid lands (ASALS) due to their limited potential for crop cultivation
(FAO-UN 2000). Dry lands are characterised by low and highly variable rainfall, steep terrain
and extreme temperatures (FAO-UN 2000). The world dry lands support the livelihoods of
more than 300 million people (Millennium Ecosystem Assessment (MEA) 2005). Pastoralism
IS an extensive livestock production systems that relies on strategic mobility which is well-
adapted to the spatial and temporal distribution of water resources and grazing pastures (Ellis
and Swift 1988). More than two decades of research has provided evidence that pastoralism is
an economical, rational and viable system that has conserved rangeland biodiversity and

maintained its ecosystem services (MEA 2005; Galvin 2009).

Livestock reared under pastoral production systems are able to convert large amounts of
natural resources that cannot be utilised by humans into high value protein rich human foods
(FAO-UN 2000). These products have been shown to have a lower environmental impact
when compared to similar products from intensive livestock production systems (Perry et al.,
2013; Intergovernmental panel on climate change (IPCC) 2014). Pastoralism is therefore an
economic and social system well adapted to dry land conditions through a complex set of
practices and knowledge (Galvin 2009). Pastoralism allows a sustainable equilibrium to be
maintained between pastures, livestock and people (Kocheki and Gliessman 2005; Kaye-
Zwiebel and King 2014.). The complex set of strategies ensures pastoral societies have a

continuous food supply to minimize risks to people and livestock, it also allows avoidance of



disease outbreaks and maintains social and political stability (Ellis and Swift 1988;

Notenbaert et al., 2012). These complex strategies include;

Diversification of livestock species and breeds. Pastoralists rear a wide range of
indigenous livestock species and breeds that are selected on the basis of drought
resilience and productivity (Ellis and Swift 1988). The rangelands also have plant
species diversity that allows the livestock species to utilize the range resources with
minimal competition (Ellis and Swift 1988). In addition, rearing more than one
livestock specie ensures pastoralists can generate a wider variety of livestock products
that will ensure food and economic security throughout the year (Notenbaert et al.,
2012).

Mobility. This is a rational and necessary strategy that allows sustainable use of
rangeland resources (Little 2002). Mobility enables pastoralists to take advantage of
pasture resources that are only seasonally available as well as allow access to salt
patches that are critical for the livestock health (Galvin 2009; Hobbs et al., 2008).
Reserve of rich-patch vegetation areas. Pastoralists set aside communally managed
and governed grazing areas to use during the dry season or drought periods (Ellis and
Swift 1988; Schiling et al., 2012).

Maximization of stock numbers. Maintaining large livestock herds ensure survival
of herds despite losses incurred during droughts or disease outbreaks (McCabe 1990).
It also represents a method to accumulate food stock and marketable assets (Fratkin
2001). Sheep and goats are often sold during drought stress to generate income that is
used to buy household grain feed as well as buy inputs (feeds or drugs) that are used to
sustain the more valuable large ruminants such as camels and cattle (Onono et al.,

2013)
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v.  Splitting of herds- This strategy aims at optimizing pasture use as well as reducing
competition amongst the herds (Ellis and Swift 1988; Fratkin and Roth 2005).
vi.  Redistribution of assets. These are mutually supportive social networks that ensure
harmonious relationships amongst pastoral communities (International Institute of
Rural Reconstruction (1IRR) 2013).
Historically, Kenya’s ASALs have received low priority in the allocation of development
resources (GoK 2012). This is partly due to policy directives taken immediately after
independence, the sessional Paper No. 10 of 1965 titled ‘Provincial Balance and Social
Inertia’, stated that the ASAL provinces natural resources could not be utilised for economic
growth as the ASAL inhabitants were not receptive to development. The paper therefore
advocated for all government investment be directed to high rainfall highlands areas and
argued that the resultant production would drive the country’s economic growth which would
allow development to “trickle down” to the ASALs (GoK 2012). This policy approach did
not work and it eventually led to the marginalization of ASAL areas seen today (AU-IBAR
2010; GoK 2012; Shilling et al., 2012). However in 2003, the Kenyan government made a
policy shift through the economic recovery strategy which recognized that ASAL inclusion
was key to the future economic growth of the country (GoK 2012). The government in 2008,
launched Kenya Vision 2030 which is the country's economic development road map. Under
this programme a new government ministry was created whose sole mandate was to fast-track
investment and sustainable development of Northern Kenya (GoK 2012). This policy shift
was further strengthened when the new constitution was enacted in 2010 (GoK 2012). The
new constitution made provisions for an equalization fund that will be in effect for 20 years

and that will allow fast tracking of infrastructure development in the ASALs (GoK 2012).
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2.1.1 Role of Sheep and Goats in pastoral livelihoods

The world food economy has seen a shift to increased consumption of animal based protein
food (FAO-UN 2014). This demand has been driven by human population growth and
increasing incomes especially in urban areas (FAO-UN 2014). Livestock production is
therefore, one of the fastest-growing sectors in agriculture especially in the developing
countries (FAO-UN 2014). It is estimated that over 70% of all livestock in Kenya are found in
the ASALs and 90% of the ASAL human population rely on livestock for their livelihood
(KNBS 2009). The livestock sub-sector contributes to 10% to Kenya’s GDP and
approximately 42% to the agricultural GDP (KNBS 2009). However, a new study conducted
jointly by the IGAD/ LPI and KNBS in 2011 found that livestock contribution to Kenya’s
agricultural GDP was two and a half times more than the official estimates of 2009. The study
used the commodity flow approach and found that ruminant livestock contribution to
agricultural GDP was close to 345.448 billion Kshs. this was 2 and a half times more than the

2009 official estimate of 127.723 billion Kshs. (Behnke and Muthama 2011).

The disparity was due to several factors, but the 2 main ones were that Kenya’s livestock
population size especially in the ASALSs is largely unknown and estimates used in 2009 under
represented its population size (Behnke and Muthama 2011). Secondly, previous calculations
were based on official sales records, which missed production that was traded informally or
directly consumed by livestock owning households (Behnke and Muthami 2011). Pastoralists
derive more than 50% of their incomes from livestock and livestock products. In addition,
more than 80% of the beef consumed in Kenya is produced by pastoralists from Kenya or
from neighbouring countries (Muthee 2006; Akililu 2008). It is estimated that pastoral
communities, traders and intermediaries exchange between 2 to 3.5 million heads of ruminant

livestock a year with clan-based networks being the major support system that drives this
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complex trade operations (Behnke and Muthami 2011). Current projections indicate that,
between 2000 and 2030, the global mutton consumption will increase annually by 7 million
tonnes with consumption in Sub-Saharan Africa projected to increase to 1.8 million tonnes

(FAO-UN 2014).

Drought episodes in the ASALs have continued to increase in intensity and frequency
(Steinfeld et al., 2006; Thornton 2010; Moenga et al., 2013; IPCC 2014). The frequent
drought episodes means that pastoral households are in a constant state of recovery and rarely
get the chance to re-stock their large ruminants herds before the next drought incidence
(Peacock 2005; GoK 2012). This has seen pastoralists opting to keep larger herds of small
ruminants and camels as they are more drought tolerant when compared to cattle (Peacock
2005; Rutto et al., 2013). Furthermore, sheep and goats offer a relatively cheaper pathway to
acquiring and accumulating wealth as they have a shorter reproduction and maturity rate when
compared to cattle and are therefore a more resilient pathway to recovery after drought or
disease outbreak (Rutto et al., 2013). In addition, income generated from their sale supports
the household basic needs for grain feed, medical and education expenses (Peacock 2005;
Thornton et al., 2006). Small ruminants are also particularly important for providing
household milk needs when cattle and camels have migrated away from households during

dry season or drought episodes (Degen 2007).

2.2 PPR definition and Global distribution

Peste des petits ruminants (PPR) also known as sheep and goat plague, is a highly infectious
viral disease that affects goats and sheep with goats reported to be more susceptible (OIE
2013). Some wild ruminants such as gemsbok, gazelles, springbuck, impala and wild goats

are also susceptible (Barret et al., 2006; OIE 2013).
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The disease epidemiology indicates that there is no known reservoir and no carrier state (OIE
2013). PPR virus (PPRV) does not infect humans but causes significant livelihood disruption
for livestock keepers in Africa, the Middle East and Asia countries, where it is considered to
be endemic (FAO-UN/OIE 2015). Once introduced in a herd, the PPRV causes clinical
disease characterized by high fever, oral lesions, pneumonia and diarrhoea. This results in
severe dehydration that often leads to death (OIE 2013). In naive populations, that is animals
with no previous natural or vaccination exposure, the mortality rate may approach 90% with
deaths occurring within 5 to 10 days after infection. However, in endemic areas mortality
rates vary from 30 to 70% and are restricted to young and juvenile animas (Barret et al., 2006;
OIE 2013). The wide range of mortality rates in PPR infections is due to the varying levels of
immunity development. Studies have shown that body condition of animal, species (Sheep or
Goat), breed and age of animal as well as occurrence of concurrent bacterial or parasitic

infections plays a role in PPR susceptibility (Barret et al., 2006).

PPR was first seen in Ivory Coast in 1942 by Gargadennec and Lalanne, who described PPR
as a disease in goats and sheep that had similar clinical signs to rinderpest but was not
transmitted to in contact cattle (Barret et al., 2006). The disease was for many years confined
to West African countries but in 1972 a disease affecting goats and resembling rinderpest was
reported in Sudan and was later confirmed to be PPR (Banyard et al., 2010). Current reports
(Figure 1) indicate that PPR is now o