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ABSTRACT

Livestock diseases pose significant threats to animal health, agricultural economies. Surveillance
systems play a crucial role in monitoring, detecting, and controlling the spread of these diseases.
The Livestock Disease Surveillance Information System is designed to enhance the efficiency and
effectiveness of disease surveillance in large and small scale livestock populations.

The researcher focused on how the Livestock diseases surveillance system can be integrates
various data sources, including veterinary clinics, laboratories, and agricultural authorities, to
provide a comprehensive view of disease dynamics. Through advanced data analytics and machine
learning algorithms, Livestock Disease Surveillance Information System can identify patterns,
trends, and potential outbreaks in real-time, allowing for timely interventions and control
measures. These platforms facilitate information sharing, harmonize surveillance standards, and
coordinate responses to Trans boundary diseases and can also impact the effectiveness of
surveillance systems and the ability to respond to outbreaks quickly.

Uganda, like many African countries, faces a significant burden from livestock diseases such as
Foot-and-Mouth Disease, Contagious Bovine Pleuropneumonia, and African Swine Fever. These
diseases impact livestock productivity and trade, affecting the livelihoods of millions of Ugandans

who depend on livestock.
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CHAPTER ONE: INTRODUCTION

1.1 Background of the Study

This study aimed at contributing to the improvement of livestock farms and in Mbale district. The
study undertook efforts of exploring different avenues to ensure better management of livestock
through the development of an integrated disease surveillance information for livestock in Mbale
district, which later was to be applied to other areas after the system is up and running, with
efficiency and effectiveness.

The world is under substantial pressure to reduce food insecurity, soaring food prices and
deepening poverty due to the projected increase in human population of about 8.3 billion by 2030
(UNPP 2008). Increased population will certainly result into increase in demand for food and
shelter which otherwise impact on agricultural farming and livestock systems. In Uganda, the
majority of smallholder farmers operate mixed crop-livestock systems. The National Livestock
Census revealed that 4.5 million households kept at least one type of livestock with the major ones
being cattle, sheep, goats, pigs and poultry (UBOS 2012). There will be a need for more intensified
systems to reduce on the pressures of producing feeds for livestock, disease control and ensure
safety for human consumption (Herrero et al 2009a; McDermott et al 2010; Udo et al 2011). Since
much of livestock production is generally more resource demanding, there is a great need to ensure
that reliable systems are developed that bridge the information gap among the livestock farmers

which will support and promote animal welfare and health.



Livestock systems occupy about 30 per cent of the planet's ice-free terrestrial surface area (Seinfeld
et al. 2006) and are a significant global asset with a value of at least $1.4 trillion. The livestock
sector is increasingly organized in long market chains that employ at least 1.3 billion people
globally and directly support the livelihoods of 600 million poor smallholder farmers in the
developing world (Thornton et al. 2006). Keeping livestock is an important risk reduction strategy
for vulnerable communities, and livestock are important providers of nutrients and traction for
growing crops in smallholder systems. Livestock products contribute 17 per cent to kilocalorie
consumption and 33 per cent to protein consumption globally, but there are large differences

between rich and poor countries (Rosegrant et al. 2009).

Livestock systems have both positive and negative effects on the natural resource base, public
health, social equity and economic growth (World Bank 2009). Currently, livestock is one of the
fastest growing agricultural subsectors in developing countries. Its share of agricultural GDP is
already 33 per cent and is quickly increasing. This growth is driven by the rapidly increasing
demand for livestock products, this demand being driven by population growth, urbanization and

increasing incomes in developing countries (Delgado 2005).

The global livestock sector is characterized by a dichotomy between developing and developed
countries. Total meat production in the developing world tripled between 1980 and 2002, from 45
to 134 million tons (World Bank 2009). Much of this growth was concentrated in countries that
experienced rapid economic growth, particularly in East Asia, and revolved around poultry and
pigs. In developed countries, on the other hand, production and consumption of livestock products
are now growing only slowly or stagnating, although at high levels. Even so, livestock production
and merchandizing in industrialized countries account for 53 per cent of agricultural GDP (World

Bank 2009). This combination of growing demand in the developing world and stagnant demand
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in industrialized countries represents a major opportunity for livestock keepers in developing
countries, where most demand is met by local production, and this is likely to continue well into
the foreseeable future. At the same time, the expansion of agricultural production needs to take
place in a way that allows the less well-off to benefit from increased demand and that moderates
its impact on the environment.

China is one of the leading livestock farming nations in the world Livestock production is a key
sector in China's agriculture. The value associated with livestock production relative to total
agricultural production has increased from 18% in 1980 to 37% in 2006; and income from
livestock production accounts for 40% of total peasant income (Li et al., 2008). Although total
livestock weight is smaller than that of cereals, the production and consumption of livestock
products are increasing such that China will become the world's leading producer and consumer.
There were 106 million cattle; 465 million pigs; 300 million sheep and goats; and 14.2 billion

chickens, ducks, and geese in 2003 (number of livestock in China).

Livestock disease surveillance has been identified as playing an essential role in setting a platform
for intervention strategies aimed at lowering incidence or completely eradicating infections (FAO
2011). The system involves an organized, systematic means of, reporting, recording, analysing and
disseminating data on the occurrence of disease based on evidence from the field (Thacker et al.
1983). An efficiently working livestock disease surveillance system has been described as very
important in minimizing rapidly spreading diseases that cause heavy economic losses to farmers
and suppress zoonotic diseases that could endanger human lives (Doherr and Audigé 2001,

Hoinville et al. 2013).

The cross-sectional study was conducted in Mbale district in Eastern Uganda. The livestock sector

is one of Uganda’s important growth sectors contributing about US $ 290 million to total GDP in
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2008/09 up from US $ 210 million in 2007/08. It constitutes 17 percent of the agricultural GDP
and is a source of livelihood to about 4.5 million people in the country. The sector is categorized
into cattle, goats, pigs, sheep and poultry. The growing local and regional demand for meat and
milk products has escalated the number of livestock in the country over the years to an estimated
68 million in 2008 compared with about 49 million livestock in 2002. The 2008 national livestock
census estimated the number of cattle at 11.4 million whereas the sheep, goats, pigs and poultry
were estimated at 3.4 million, 8.5 million, 3.2 million and about 27.5 million respectively (MAAIF,

2009).

Mbale district, the area of sturdy has been a principal area for coffee production in the country

(UEPB 2005) however it’s coupled with livestock keeping. Mbale district is bordered by districts
Manafwa, Tororo, Budaka and Pallisa which mainly depend on agriculture that represents 90% of
total employment. Farmers in these two districts rely on livestock production and cultivation. The

rainfall pattern is bimodal with the rainy seasons in March to May and October to November.
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Figure 1: Conceptual Framework

1.2 Problem Statement

Livestock health practices vary among different regions of the world. These practices are
influenced by a number of factors, including, but not limited to, the region’s livestock
demographics, regional animal health status, as well as economic, cultural and social
circumstances. Because of these differences, there is not a one-size-fits-all blueprint for livestock
health practices. Yet, there are international guidelines and resources for improvement of livestock

health across the globe. The risks of insufficient livestock health practices within a region,



particularly are particularly because of inadequate disease surveillance and information systems,
inability to rapidly detect disease, implement emergency response measures and prevent the spread
of disease. Many diseases can be transmitted from one animal to another during the incubation
period, which is the period of time before the infected animal exhibits clinical signs. Other diseases
may go unrecognized or mistaken for other less severe health conditions due to common clinical
symptoms. Prior to disease detection, the infectious agent can be transmitted, directly or indirectly,
within the herd and/or farm-to-farm. Development of disease surveillance information system

seems to be the best solution to these challenges.

1.3 General Objective
To enhance livestock disease surveillance through a comprehensive review of current studies,

technologies, and best practices, and identification of essential architectural components and

features for developing an effective Livestock Disease Surveillance Information System.

1.3.1 Specific Objectives;
i Toreview current studies, technologies, and best practices in livestock disease surveillance.

il To identify essential architectural components and features for designing an effective
Livestock Disease Surveillance Information System.

iii To evaluate the performance of the developed Livestock Disease Surveillance Information
System in terms of accuracy, reliability, usability, and scalability, and to compare its
performance to existing systems or methods.

1.4 Research questions

I What are the current studies, technologies, and best practices in livestock disease surveillance?

il What architectural components and features are essential for designing an effective Livestock

Disease Surveillance Information System?



iii How does the developed disease surveillance information system for livestock perform in terms
of accuracy, reliability, usability, and scalability, and how does it compare to existing systems or

methods?

1.5 Justification of study
Livestock Disease Surveillance System lies in the critical importance of effective disease

surveillance for the health, welfare, and productivity of livestock populations such as well as for
public health and food safety.
The study aim was to;

i Improve Disease Control: Enhancing surveillance can lead to early detection and more
effective control measures, reducing the impact of diseases on livestock populations.

il Protect Public Health: Surveillance helps to monitor diseases that can be transmitted from
animals to humans.

iii Facilitate Trade: Accurate surveillance data is essential for demonstrating disease-free
status, which is crucial for international trade in livestock and livestock products.

iv Inform Policy and Decision Making: The study is to provide insights into the best practices,
technologies, and methodologies for disease surveillance, informing the development of
evidence-based policies and strategies.

v Enhance Capacity Building: By identifying gaps and challenges in existing surveillance
systems, the study can inform capacity-building efforts to strengthen surveillance
capabilities.

vi Promote Sustainable Livestock Production: Effective disease surveillance contributes to
sustainable livestock production by minimizing disease-related losses and supporting the

overall health and welfare of livestock.



1.6 Scope of the Study

1.6.1 Geographical scope

The study was carried out in Mbale, Uganda, which is an integral part of the region's agricultural
economy and culture. Mbale, located in the Eastern Region of Uganda, has a predominantly rural
population engaged in subsistence farming, with livestock playing a crucial role in livelihoods and

food security.

Livestock keeping in Mbale faces various challenges, including disease outbreaks such as Foot-
and-Mouth Disease and East Coast Fever, limited access to veterinary services and inputs,
inadequate market access, and climate change impacts leading to feed and water shortages. Despite
the challenges, there are opportunities for improving livestock keeping in Mbale. Common
livestock species kept in Mbale include cattle, goats, sheep, pigs, and poultry. Cattle are often kept
for milk production and as a source of income through sales, while goats and sheep are valued for

meat and as a form of savings.

1.6.2 Time Scope
The study covered a period between October 2022 to January 2023 That duration involved data

collection and system development as indicated in Chapter 3,4,5 and 6 respectively. This was to
help a project researcher to collect appropriate data, analyze data to get appropriate results and

then develop a system to be used. Time frame was also in line with the academic requirements.

1.6.3 Technical Scope
A number of questionnaires was distributed to a sample population, data was collected and

analysed using the SPSS and Excel software. Then the system was developed following the



collected data and later was tested by different users. MySQL, PHP, and JavaScript were the

softwares and languages used in system development.

1.7 Conclusion (Organization of the Thesis)

This chapter provided the snapshot to the relationship between Disease Surveillance System and
Livestock in Mbale District. The background to the study, the statement of the problem, purpose
and objectives of the study, significance, the conceptual framework of the study, and definition of
key terms was presented. From this study, the researcher developed the data collection tools using
the desired population as shown in Chapter 3 and also looked into various literatures written in
relation to his work as in Chapter 2. Chapter two looked deep into the literature review and study
of the related developed systems, the comparison was done before choice was made to develop a
disease surveillance system . Chapter 3 dealt with data collection tools, and in-depth of the

requirement to the development of the required system.



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction
This chapter presented the theoretical review of the livestock disease surveillance systems,

it also looked into the disease surveillance systems in Uganda and lastly it focused on other
related literatures discussed by various researchers and authors. The review focused mainly
on the establishment of the existing gaps in relation to the objectives of the study as stated

in chapter one of this research project.

2.2 Theoretical Review
According to Angus (2012), surveillance in livestock is a requirement in order to

understand the health status of an animal which helps in the identifications of various
problems hence quick actions can be taken towards that. He further stated that the disease
surveillance majorly looks at four purposes, first is demonstrating freedom from disease.
This focuses on the identification of the missing diseases in the country which comes with
various benefits such as animal exportation, public heath control measures and many more
such as country political pride. Second, early disease detections, this looked at identifying
the disease before it widely spreads across. This helps in prevention of the spread. Third,
measuring the level of disease, this helps in determining the impact that kind of disease
may cause. Lastly, finding various disease cases. In this, it looks at detection of outbreaks
of disease.

VSF (2018), defined surveillance as means of tracking, follow ups and monitoring of
occurrence of diseases and their change in patterns. Failure in control of livestock diseases
leads to constraints to food security, livelihood and proper health of communities.

The spread of animal infectious diseases is high in various countries due to ecosystem,

international trade, public health and the economic wellbeing of people depending on the
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food from animals. Those challenges bring in the need of Livestock Disease Surveillance
System, (George, 2021). The effective system must be able to provide timely data and
able to sensitively capture and analyzing any abnormal patterns to fast track any disease
and allow appropriate actions towards it. The system should as well be able to detect animal
diseases including those transmissible between animals and humans (zoonosis). According
to George 2021, the system data can be used in planning and budgeting as well in
hypotheses generation towards a recorded disease variance. This data majorly comes from
animal production units, veterinary clinical data, laboratory diagnostics, meat inspections
reports, livestock farmers’ observation and many more others.

In accordance with Aluma etl 2009, a livestock disease surveillance system must include
the following element to be complete; passive surveillance: this majorly is concerned with
capturing information from data sources as livestock keepers, livestock health workers,
veterinarians. Secondly, Active surveillance: deals with searching for a specific disease or
infection in a population, the data to prove this is recorded from the sample from
laboratories. Lastly, Epidemiological studies: this involves a study of the results to
understand the manifestation of a disease in a population.

2.3 Review of Existing Livestock Disease Surveillance Systems
Ochola 2022, stated that the Uganda Ministry of Agriculture, Animal Industry and Fisheries

(MAAIF) partnered with Makerere University College of Veterinary Medicine had developed a
Livestock Identification and Traceability System (LITS) that will help in the control of animal
health, curb cattle rustling and theft. The system is to provide the reliable up-to-date data, track
of quality animal products, food safety and enhancing animal disease control. The system is also

to trace the origin of animals across the country and chemicals that animal has been subjected to.

11



As the Ugandan government plans to roll out the LITS system in this era, Ethiopia, Kenya,
South Africa, Namibia is some of the neighboring countries that already use the LITS System.
Pamela 2022, explained that meat inspectors in Uganda use Open Data Kit (ODK) tool to improve
animal disease surveillance and reporting, and sharing their experience and knowledge with
peers. The ODK was rolled out in Uganda in October 2021at the Makerere

University College of Veterinary Medicine, Animal Resources and Biosecurity (COVAB). The
ODK system is an open-source mobile data collection platform that enables users to fill out forms
offline and data is sent to a server once connections are established. The collected data can then
be viewed, downloaded and acted upon depending on the needs. The data helps in determining
prevalence of diseases, locations and age-group of animals affected and inform response.
According to the system users, its user friendly especially is uploading data. Challenges noted
with the system were lengthy forms to be filled hence inconvenient data entry.

Jaguza Livestock App (JLA) is an artificial intelligent and computer vision System (10T), Mobile
(android, windows, 10S) as well as SMS and USSD enabled system and WEB

(Both online and Offline) that its main aim is to improve livestock production in Uganda
(Katamba, 2016). The system collects animal health information from farmers and health workers
and correlates it with external data sources including laboratory data, historical data and early
warning signals. This helps in the system predicting diseases before they break into communities.
Due to lack of a real-time disease reporting tool in the Kenyan animal surveillance system,

CDC Kenya and Kenya Wildlife service launched the Kenya Livestock and Wildlife Syndromic
Surveillance System (KLWSS). The system enables the field surveillance officers submit data
via mobile application and data are made available to county and national authorities through a

central server. the integrated system called Kenya Animal Biosurveillance System (KABS)
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collects data and presents it on a web-based dashboard with an automated data analysis and
feedback. KABS application was built on Java platforms and is compatible with mobile phones

and its web-based account management, form editing and data monitoring.

2.3.1 Livestock Identification and Traceability System (LITS)

It is a crucial for livestock management, disease control, and food safety. It is purposed to improve

livestock management practices, enhance food safety, and contribute to disease control efforts, benefiting

both producers and consumers.

Key functionalities of an effective LITS include:

Vi

vii

Assigning a unique identification number or code to each animal, linked to its owner and farm
of origin.

Use of electronic tags or implants for quick and reliable identification, especially useful in
large-scale operations.

A centralized database that stores information about each animal, including its identification,
movements, health status, and ownership history.

Ability to track the movement of animals from farm to farm, auction houses, slaughterhouses,
and other locations.

Capability to record data in real-time, ensuring that information is up-to-date and accurate.

Ability to exchange information with other databases and systems, such as veterinary databases
or national livestock databases.

Monitoring compliance with regulations and standards related to livestock identification and
traceability.

viii The system can be Integration with other livestock management systems, such as health

Xi

monitoring or breeding programs.
Ensuring the security and integrity of data, protecting it from unauthorized access or tampering.

An easy-to-use interfaces for farmers, veterinarians, and other stakeholders to access and update
information.

Generating reports and analysis based on the data collected, providing insights for decision-
making and policy development.
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xii Facilitating rapid response to disease outbreaks by enabling the identification and tracking of
potentially affected animals.

xiii Meeting requirements for international trade by providing traceability and quality assurance for
exported livestock products.

2.3.2 Kenya Livestock and Wildlife Syndromic Surveillance System (KLWSSS)
The platform is designed to monitor and detect health issues in livestock and wildlife populations. The

platform is incorporated with features to enhance the surveillance and management of health issues in
both livestock and wildlife populations.
Key functionalities of the system include:

i Monitoring of syndromes or groups of symptoms in both livestock and wildlife to detect
potential disease outbreaks.

ii  Collecting and analyzing data in real-time to provide timely alerts and responses to health
issues.

iii Integrating data from various sources such as veterinary clinics, wildlife reserves, and
community reports to provide a comprehensive view of health trends.

iv. Mapping of health data to identify hotspots and trends, aiding in targeted interventions and
resource allocation.

v Providing early warnings for disease outbreaks or other health issues to facilitate rapid response
and control measures.

vi  Allowing for mobile reporting of health data by field workers, enabling quick and efficient data
collection.

vii Facilitating collaboration between different stakeholders, including government agencies,
researchers, and communities, and sharing of information for improved decision-making.

viii Using collected data to model disease spread and assesses the effectiveness of control measures.

iX Providing training and support to local communities and stakeholders to improve their capacity
for surveillance and response.

X Conducting risk assessments and implementing mitigation measures to reduce the impact of
health threats on livestock and wildlife populations.

xi Ensuring the security and privacy of collected data, complying with relevant regulations and
standards.
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2.3.2 The Kenya Animal Bio surveillance System (KABS)

The system is intended to monitor and detect animal diseases and to management of animal diseases in

Kenya, ultimately improving animal health and welfare.

Key functionalities of this system include:

Vi

Integration of data from various sources, including veterinary clinics, laboratories, and animal
markets, to provide a comprehensive view of disease trends.

The system is capable of providing early warnings for disease outbreaks or unusual health
events to facilitate rapid response and control measures.

It is used for Collecting and analyzing data in real-time to provide timely alerts and responses to
health issues.

Mapping of disease data to identify hotspots and trends, aiding in targeted interventions and
resource allocation.

Allowing for mobile reporting of disease data by field workers, enabling quick and efficient
data collection.

Facilitating collaboration between different stakeholders, including government agencies,
researchers, and communities, and sharing of information for improved decision-making.

vii Using collected data to model disease spread and assess the effectiveness of control measures.

viii It Provides training and support to local communities and stakeholders to improve their capacity

Xi

for surveillance and response.

Conducting risk assessments and implementing mitigation measures to reduce the impact of
health threats on animal populations.

Ensuring the security and privacy of collected data, complying with relevant regulations and
standards.

Providing feedback to the stakeholders about the outcomes of surveillance activities and the
effectiveness of interventions.

2.3.3 Uganda Livestock Surveillance System (ULSS)
It a Uganda tool for monitoring and managing livestock health. ULSS aims to enhance the surveillance

and management of livestock diseases in Uganda, ultimately improving animal health, productivity, and

food security.
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Key functionalities of ULSS include:

i ULSS facilitates the reporting of livestock diseases from various sources such as farmers,
veterinary officers, and laboratories.

ii It collects and analyzes data on livestock diseases to identify trends, hotspots, and emerging
threats.

iii It provides an early warning system for livestock diseases, enabling timely response and control
measures.

iv It integrates data from various sources including veterinary clinics, laboratories, and field
surveys to provide a comprehensive view of livestock health.

v ULSS enables real-time monitoring of livestock health, allowing for quick detection and
response to disease outbreaks.

vi It utilizes geospatial mapping to visualize disease patterns and trends, aiding in targeted
interventions and resource allocation.

vii ULSS provides training and support to veterinary officers, farmers, and other stakeholders to
improve their capacity for disease surveillance and control.

viii It facilitates collaboration between government agencies, research institutions, and other
stakeholders, and promotes the sharing of information for improved decision-making.

2.4 Comparison Analysis Table of the Related Systems Drawn

The table gives a summary of the discussed systems above looking at their general purpose,
web based or app and the country of existence.

Table 1: Comparison of the Related systems
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S Related System

Purpose

Web/ App

Country

In Use

1 | Livestock

ldentification &
Traceability System (LITS)

Control of animal health, curb
cattle rustling & theft

Web

Uganda

No

2 | Open Data Kit (ODK)

Collected data helps in
determining  prevalence  of
diseases, locations and age-group
of animals affected and inform
response.

Web & App

Uganda

Yes

3 | Jaguza Livestock App (JLA)

Improve livestock production in
Uganda. system collects animal
health information from farmers
and health workers and correlates
it with external data sources
including laboratory data

Web & App

Uganda

Yes

(KLWSS)

4 | Kenya Livestock and Wildlife
Syndromic Surveillance System

System  enables the field
surveillance officers submit data
via mobile application and data
are made available to county and
national authorities through a
central server

Web & App

Kenya

Yes

5 | Kenya Animal Biosurveillance
System (KABS)

Collects data and presents it on a
web-based dashboard with an
automated data analysis and
feedback

Web & App

Kenya

Yes

Comparison features of the related existing systems with proposed LDSIS

The table shows the comparison features of the related existing with the Livestock disease surveillance
systems used in different countries.

Table 2: Comparison features of the related existing systems with proposed system

Livestock Disease Surveillance Systems

Livestock Open Jaguza Kenya Uganda Livestock
Key Features Identification | Data Kit | Livestock | Animal Bio | Livestock Disease
& (ODK) | App (JLA) | surveillance | Surveillance | Surveillance
Traceability System System Information
(LITS) (KABS) (ULSS) System
Security v v v v v v
Data v v’ X v v v
Compilation
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Customization X X v X X v
Vet Registration X v X X X v
Online v X X v v’ v
Surveillance

2.5 New intended Livestock Disease Surveillance System

Following the literature review on the existing systems, the researcher’s main objectives of
developing a disease surveillance information system is to ensure that the following key

factors are captured in the new system.

I. Monitor number of times a specific disease was reported

ii. The remote access of livestock information and reports by the
stakeholders.

Iii. Farmers having the required information of livestock health and
diseases.

iv.  Guide the public on the health actions to be handled

v.  Determine risk factors of diseases and population risks

vi.  On time data analysis and interpretation about the livestock health.

2.6 Conclusion
This chapter presented the theoretical literature review of disease surveillance system, the

review of existing systems, system comparison, and weaknesses in the existing systems
and finally it focused on the general reasons of the new system. The chapter gave
appropriate direction on the methodology, Chapter 3 of this document and later the system

design in Chapter 4.
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CHAPTER THREE: METHODOLOGY

3.1 Introduction
This chapter presents the research design, methodology, the population of the study, sample

size and sampling methods, data collection methods, study and project procedure,
procedure for data analysis, limitations of the study, and ethical considerations and system

development process.

3.2 Study design and methodological approach

A research design constitutes the blueprint for the collection, measurement, and analysis of
data (Trochim, 2006). Kothari, (2004) defines a research design as arrangement of
conditions for collection and analysis of data in a manner that aims to combine relevancy
to the research purpose, with economy in procedure. The study intends to establish the
relationship between Surveillance Information System and Livestock farming in Mbale
District, and then develop a system in which surveillance system has components to: to
manage disease mapping, social network analysis and disease bio-portal mechanism. The
objective of the study focused on stablishing the relationship between the two variables:
Surveillance Information System and Livestock farming. Therefore, a descriptive research
design was adopted in this study. A triangulation of methods was used in this study,
combining information from different sources of data collection namely, review of

secondary literature, and the use of self-administered questionnaires.
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3.3 Area of study
The area of study for this research project was Mbale District in the Eastern Region of

Uganda. It was recently separated from Mbale city which is the main municipal,
administrative, and commercial centre in the East of Uganda. For descriptive purposes, the
stakeholders of the livestock surveillance system evaluated were categorized into three,
namely bottom-level actors (livestock farmers), mid-level (sub-county and district
veterinary staff) and the top level (Assistant Commissioner of the Department of
Veterinary Diagnostics and Epidemiology Division and the Commissioner of Animal
Health, MAAIF). Mbale District is rounded by districts of Tororo, Manafwa, Butaleja,
Pallisa and Kumi. According to the recent mapping in (2019) the records show that the
city lies at an average elevation of 1,156 metres (3,793 ft) above sea level and the city also
lies on the railway from Tororo to Pakwach. Mount Elgon, one of the highest peaks in East
Africa, is approximately 57 kilometres (35 mi) north-east of Mbale, by road (Globefeed,
2019).

Livestock keeping in Mbale, Uganda, is deeply rooted in the region's agricultural history
and plays a significant role in the local economy and livelihoods. Mbale, located in the
Eastern Region of Uganda, has a favourable climate and fertile soils, making it conducive
for livestock rearing.

Traditional agricultural practices in Mbale included the keeping of cattle, goats, sheep, and
poultry for subsistence purposes, providing food, clothing, and agricultural traction. These
practices have evolved over time, transitioning from subsistence to more commercialized

ventures.
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The commercialization of livestock keeping in Mbale has been driven by factors such as
population pressure, the need for income diversification, and increasing market demand for
livestock products. Today, livestock farming in Mbale is a vital component of the local
economy, providing income and livelihoods for many households.

Livestock production in Mbale is diverse, including dairy farming, beef production, poultry
farming, and small ruminant rearing. Dairy farming, in particular, is a significant subsector,
with Mbale being known for its high-quality milk production.

Despite its importance, livestock keeping in Mbale faces several challenges. These include
disease outbreaks, limited access to veterinary services, inadequate market infrastructure,
and environmental degradation due to overgrazing.

3.4 Information Sources and target population

Research data and information consisted of a population of the district Agricultural officers
(management — 07), the district veterinary technical staff (65), and the livestock farms,
which consisted of 120 participants. The whole research population of study adds up to

192 potential respondents, who were sampled according to the methods that this study used.

3.5 Sample size

Sample size is the justifiable denotation of variability, numerical structure. The sample size
of 148 respondents out of a targeted population of 192, by using Krejcie & Morgan (1970)

table, as shown in the List of Appendices, Appendix I.
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Table 3: Population of study

Study Area | Category of respondents Popn. | Sample Sampling technique

Mbale Agricultural Officers

District (Top management) o 04 Purposive sampling
Veterinary Technical Staff 65 34 Purposive sampling
Livestock Farmers 120 110 Simple random sampling
Totals 192 148

3.6 Sampling method
With the fact that the research project dealt with Livestock Diseases, the Livestock

Agricultural Officers and the Veterinary technical officers were selected by the researcher

using the purposive sampling method. Method was used because the researcher’s

judgement focused on the livestock and this group had a general understanding of the

livestock health.

Livestock farmers with the fact that they keep different types of livestock in their farm, the

researcher had to use the simple random sampling method in order to get the desired results

from different farmers.

3.7 Data collection methods
The study adopted a questionnaire to collect statistical data, because it is an ideal instrument

to gather information from a large sample in a shorter time (Kothari, 2004). The results of

the collected data guided the development of the surveillance information system for

livestock system for Mbale district and also the government of Uganda.




3.7.1 Questionnaires
A semi-structured questionnaire was designed. This was modified by the researcher into

“tick the appropriate opinion.” A list of structured questions was drawn capturing the
questions on the on the surveillance information system and livestock. The questionnaires
were then distributed by the researcher and his assistants. Questionnaires were pretested
and standardized to ensure validity and reliability of the instrument. This was applied to a
group of veterinary technical team at the district.

3.8 Quality/error control and measurement of variables

Quality/error control is tests of measurement that were used to evaluate the effectiveness
of a measurement instrument (Kothari, 2004). The instruments for data collection in this
study was validated through application of content validity, determined through expert
judgment from both supervisors and other related experts in the field of information
management systems and their workability. Both the questionnaire and interview

instruments were also evaluated for effectiveness through establishing reliability

3.8.1 Validity
After constructing the questionnaire, the supervisors and other related experts reviewed the

items and check for content comprehensiveness. The researcher computed the validity of
the instruments by using the expert judgment method (Gay, 1996). Following was a
formula that was used to test the content validity index of the questionnaire.

VR+R
Cvl = N
Where, VR: very relevant, R: relevant, and N: number of items.
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Interpretation of the CVI (Content Validity Index) obtained was done using George and
Mallery (2003) scale, in which a value above 0.7 was considered acceptable validity.

3.8.2 Reliability
To ensure this, the researcher measured the internal consistency using the Cronbach Alpha

(Cronbach, 1951) basing on the five-point Likert scale adopted in this study. SPSS was
used to compute reliability after the pilot study, where 10 non-respondents participated.
Those respondents were not part of the sample population of the study, but they were
chosen from another municipality in Eastern Uganda and preferably, Tororo Municipality.
Cronbach Alpha was selected during the analysis process. Further, the interpretation of the
coefficient of reliability obtained based on the George and Mallery (2003) scale whereby,
a value above 0.7 was considered acceptable reliability.

3.9 Measurement of variables
Measurement of variables is the process of transforming abstractly conceived concepts or

variables into numerical quantities (Amin, 2005). This was done basing on the Likert scale
used in the study. The typical Likert scale is a 5- or 7-point ordinal scale used by
respondents to rate the degree to which they agree or disagree with a statement (Likert,
1932) and it helps the researcher to measure attitudes and opinions of the study participants.
Likert scales are common ratings for surveys (Allen & Seaman, 2007).

This study used the Likert scale model for measurement of the respondents’ opinions, given

as:
Study Likert Scale:

1. Strongly disagree - 0.0-1.0 - very low
2. Disagree - 1.1-2.0 - low
3. Not sure - 2.1-3.0 - moderate
4. Agree - 3.1-4.0 - high
5. Strongly agree - 4.1-5.0 - very high
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3.10 Data processing and analysis
Data collected will be both be analysed using descriptive and statistical analysis. Data

analysis is a process of bringing order, structure and meaning to mass of information
collected through editing, coding, classifying, and tabulating the collected data. The
strategy for data analysis for this research project is clearly illustrated in the subsequent

subsections following.

3.10.1 Analysing quantitative data
The quantitative data obtained from the questionnaire participants will be analysed using

SPSS and correlation analyses will enable the researcher establish the degree of correlation
within the variables. Regression analyses will be used to establish the relationships between

the surveillance information and livestock.

Regression is given by the equation:

Y = c+b

Where; Y = estimated dependent variable score,
Cc = constant, b = regression
coefficient, and x = score on the
independent variable.

(Statistics Solutions, 2013)

3.11 Ethical considerations
The researcher will ensure to obtain permission form Mbale District Agricultural office and

a letter of introduction from the UCU Mbale College administration as identification and

endorsement of the research study and the project. Other veterinary officers will sign the
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copies of the university letter to show prove their acceptance for the research project. These
letters and documents will aid in curbing the study limitations. Further, convenient and
mutually acceptable appointments with respondents will be made, before any attempts to
conduct any data collection. Interview respondents will be given informed consent forms,

to be signed before proceeding to provide information for the study.

3.12 System Development
The Waterfall Model was used in the development of this project. Bassil (2011) defined

Waterfall SDLC model as a sequential software development process in which progress is
related as flowing increasingly downwards through list of phases that must be executed in
order to successfully build a computer software. This model is comprised of five phases:
Analysis, design, implementation, testing and maintenance. Each phase can be endlessly
repeated until it is perfected.

1. System Analysis

(Functional & Non-Functional requirements of
waste management app)

2. System Design

_____________ Data flow diagrams, flow charts, Entity Relation-
ship Diagram)

3. System Implementation

! (Front end, back end-Database, coding, design-
H ing)

H

H

'

:

i

4. System Testing

T (Unit testing. Integration testing, system testing
' 3

' & Acceptance testing)

'

'

i
i 5. System Maintenance
i
i
i

(Correction of errors. adapting system to its

Figure 2: Water fall Model

Spiral Model
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The spiral model is a risk-driven software development process model that combines elements of both
waterfall and iterative development models. It emphasizes the iterative nature of development and
incorporates risk analysis and prototyping in each iteration. On Identification phase included
requirements gathering at the initial stage of the system development and review for the system for
improvement, Design phase entailed conceptual, Architectural, logical and physical design of the system.
Construction phase includes the proof of concept and add functionality for system improvement and
evaluation phase to find out whether the system meets its purposed requirements. The researcher
employed this model on the system development.

m Identification
Review

,/

Requirements

Proof of concept

) ) Conceptual
Add functionality

Architectural
Logical

-

—
—

~ ~Physical

Figure 3: Spiral Model

3.12.1 System Analysis
Bassil (2011) stated that system analysis is mainly known as Software Requirements

Specifications (SRS) which is a complete and comprehensive description of the software that is
developed. This phase describes mainly the functional and non-functional requirements of the
system. A disease Surveillance Information System for Livestock was developed with

consideration of physical database design, user interfaces and security.
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i)  Following the needs of livestock data storage for easy access to the farmers any ware at
any time, the system physical database was designed using the SQL. SQL was chosen
depending on its integrated security measures that meets the ACID database properties.

i)  Different programming languages were used in order to fit the end user needs in terms of
the graphical user interface. HTML, Python, JavaScript and PHP languages were used by
the programmer. Adobe Photoshop CS6 was used to design the attractive interface.

3.12.2 System Design
System design is the second phase of waterfall model that has to be achieved first. Bassil

(2011) clarified that system design is the process of planning and problem solving for
software solution and it includes the software architecture design, algorithm design,
database conceptual schema and logical diagram design. Graphical user interface design
and data structure definition are also included.

Data Flow Diagrams were used by the developer since they are easy to understand and
helped in defining the boundaries of the system and also very helpful during
documentation. Flow Charts showing the logical structure of the system were also used by
the developer. Entity Relationship Diagrams (ERD) were used as they graphically represent

entities and their relationships to each other.

3.12.3 System Implementation
System implementation is the realization of the business requirements and design

specifications into concrete executable programs, database and other components and also
deployment (Bassil, 2011). The programmer did cod and program execution. Programming
languages and Software used to implement the disease surveillance systems were:

(a) SQL database was chosen depending on its integrated security measures that meets the

ACID database properties.
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(b) JavaScript, PHP, Python and HTML programming languages were used in designed
the user-friendly graphical interface as most of the farmers were learning to use the
current technology.

(c) Adobe Cs6 was used to design the Application logo and any other images and pictures
that was needed by the application.

3.12.4 System Testing and Integration
Process of verification and validation of a developed software or system by checking is it

meets the original requirements and specifications with accomplishment to the intended
purpose is known as system testing. Debugging process is also achieved by testing Bassil
(2011). Testing of the system was carried out to evaluate and check if the system meets its
obligations and objectives. Unit testing, Integration testing, System testing and Acceptance
testing was done before the system was deployed

3.13 System Functions
I.  Monitor number of times a specific disease was reported ii. Enable remote

access of livestock information and reports by the stakeholders.
iii.  Provide farmers with required information of livestock health and diseases.
iv.  Guide the public on the health actions to be handled urgently by stakeholders
3.13.1 Functions provided to System Administrators
System allows the administrator to add, edit and delete users such as field veterinary
officers, field research officers. The system also allows monitoring and management of all

users’ databases. Additionally, the system administrator can update the database.
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3.13.2 Functions provided to the Farmers
Farmers can only be able to view the different livestock diseases, their prevation measures

and treatment measures. They also have a comment section that they provide their views
which can be posted by the system admin.

3.13.3 Functions provided to the Field Research Team
The research team can upload the livestock information to the system. This is the

information that helps the end user who is either a farmer or budgeting stakeholders.

3.14 User Requirements
User requirements included the functionalities under the different constraints that the

proposed system covered and were provided in accordance to the users’ access and usage
of the system. The identified functionalities were: System administrators, field officers and
farmers.

3.14. 1 Functional Requirements
i.  The system allows users and admin to register using their username and passwords.

ii.  Only Administrators have the right to view and edit the registered users in the
system.
iii.  The system should only work if there is internet access to the mobile devices. iv.
The System should allow the livestock information to be uploaded to the database
3.14.2 Non-Functional Requirements
i The system should be portable for android phones
il Users should not be able to add or delete details or data from the database
iii .Privacy of information of the system should be audited
iv System database should be able to handle more than 20 million users

v System database should be updated regularly to identifies the customers on the system
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3.15 Conclusion
This chapter examined the research design, which was descriptive; methodology (mixed

approach); study area — Mbale district and population, sample size and sampling methods,
which included the purposive and simple random sampling due to the nature of selected
target groups. Data collection tools of questionnaires and interview guides were also
discussed. The chapter focused and depended on the Introduction and Literature review as
in Chapter 1 and 2 respectively. This led to Chapter four that discussed on the data collected
and analysed using the proposed softwares SPSS and MS Excel. Chapter 4 looked at the

data analysis and system design in relation to the provided details in Chapter 3, 2, and 1.
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CHAPTER FOUR: ANALYSIS AND DESIGN
4.1 Introduction
This chapter looked at the data analysis, system study and investigation, system analysis,
and system design which described broadly the tools, instruments, approaches, processes,

techniques and methods that were employed as stated in the methodology.

4.2 Data Analysis
Data collection was done by distribution of one hundred and forty-eight (148)

questionnaires to appropriate respondents by the researcher who filled them. Data was then
collected and grouped, coded and analysed to relations of the objectives of the study as was
outlined earlier in chapter one. The results were then recorded as below.
4.2.1 Response Rate

Response rate is the proportion of the eligible sample that completed a survey (Carlson,
2013). Survey response rates can give an indication of the success of survey operations and
performance; be used for non-responsive weighing adjustments, weighted response rates
can represent the proportion of the target population represented by the respondents and

often can be correlated with the risk of nonresponsive bias.

The response rate for this study was computed as follows:

number of completed surveys
number of people contacted

Response rate =
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4.2.2 Demographic data of respondents
The demographic features in the study included; sex, marital status, classification of the

respondents and duration of stay at the organization. The tables below categorically

reflected the results retrieved from the SPSS software

4.2.2.1 Gender (Sex) of the respondents
Table 4: Gender (Sex) of the Respondents

Gender

Frequency Percent
Male 90 64.3
Female 50 35.7
Total 140 100

Source (Primary Data 2022)

The results reflected from the above table 3.0 clearly shows that majority of the respondents
were male 64.3% (*°140) compared to females who were just 35.7% (*°140) of the total

population. Male respondents took the higher lead because the targeted population had

many male staff members compared to females.

4.2.2.2 Marital Status of the respondents
Table 4: Marital Status of the Respondents

Marital Status Frequency Percent
Single 48 342
Married 62 44.3
Divorced 0 0
Others 30 21.4
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Total 140 100.0

(Source: Primary Data 2022)

The results clearly stipulate that married respondents lead by 44.3% (%%140), single
respondents were 34.2% (*41140), and others were 21.4% (*/10). There was no divorced
respondent that provided data. This explains that most staff members were married.

4.2.2.3 Classification of the Respondent (Position Held)
Table 5: Classification of the Respondents

Position held Frequency Percent
Agricultural Officer 03 2.1
Veterinary Staff 32 22.9
Livestock Farmer 105 75
Total 140 100.0

(Source: Primary Data 2022)

Respondents were classified for the need to differentiate agricultural officers, veterinary
staff and livestock farmers in the district. From the above table 4, it clearly shows 2.1%
(%140) of the respondents were agricultural officers, 22.9% (*%/140) were veterinary staff and

75% (*%°1140), were livestock farmers.

4.2.2.4 Work duration at the organization
Table 6: Work duration at the organization (municipal council)

Duration in Years Frequency Percent
1 Year 85 60.7
2 Years 20 12.3
3 Years 14 10
4 Years 6 4.3
5 Years and More Years 15 10.7
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Total

140

100.0

(Source: Primary Data 2022)

Depending on how long the respondents worked in livestock industry, the above results

clearly shows that most respondents have worked for 1 year 60.7% (3%140), followed by 2

years 12.3% (*°140), then 5 years and more 10.7% (*°140), then 3 years at 10% (%140) and

lastly those who worked for 4years at 4.3% (%140). The result is out of honesty as the

literature of the study focused on three years ago.

4.3 Findings from Research Objectives

The findings below were based on the research objectives that were to establish the use of a disease

surveillance information system on livestock farming. Findings are as below;

4.3.1 Use of disease surveillance information system on animal disease detection

Table 7: Objective One: (Source: Primary Data 2022)

SD| D | N| A|SA
Questions (%) | (%0) | (%) | (%0) | (%0)
Animal identification, registration, traceability and movement control
helps in diseases detection in an animal. 10.2123.9/11.4/34.11205
Parasites (both internal and external) causes diseases to animal’s 100%
17.0{17.0| 8.0/23.9/33.0
Well trained farmers can discover diseases very first in the animals
20.5|15.9| 9.1]30.7|22.7
Enough information to a farmer about his animals is very necessary. 45| 8.0/15.9(34.1|375
Animal Samples and specimens’ collections help in diseases detections
3.4112.5(13.6|42.0|28.4
Animal clinical examination is necessary to all animals by the farmer.
6.8]13.6(11.4|30.7 | 36.4

The first objective was determining the use of a disease surveillance information system on animal

disease detection. A questionnaire was distributed to a population of one hundred and forty-eight
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(148) although one hundred and forty (140) respondents responded. The below are the results

analysed from SPSS software

Legend

SD Strongly Disagree
D Disagree

N Neutral

A Agree

SA Strongly Agree

From table 6 above, 10.2% strongly disagreed with the idea that Animal identification, registration,
traceability and movement control helps in diseases detection in an animal. 23.9% disagreed, and
11.4% of the respondents were not sure, but majority of the respondents had support with the
statement as 34.1% agreed and 20.5% strongly agreed that Animal identification, registration,
traceability and movement control helps in diseases detection in an animal. The above table 6 also
showed that 17.0% of the respondents strongly disagreed that Parasites (both internal and
external) causes diseases to animal’s 100% while 17.0% of the respondents disagreed and 8.0%
of the respondents were not sure with the statement but 23.9% of the respondents agreed and 33.0%
strongly agreed that parasites (both internal and external) cause diseases to animal’s 100%.
Further, the results shows that 20.5% of the respondents strongly disagreed that well trained
farmers can discover diseases very first in the animals, 15.9% disagreed, 9.1% were not sure,

30.7% agreed while 22.7% strongly agreed. When the respondents were asked if enough
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information to a farmer about his animals is very necessary. The table 7.0 shows that 4.5%
strongly disagreed, 8.0% disagreed, 15.9% were not sure, 34.1% agreed and 37.5% strongly agreed
that enough information to a farmer about his animals is very necessary. 3.4% respondents
strongly disagreed that the animal samples and specimens’ collections help in diseases detections,
12.5 % disagreed, 13.6% were not sure, 42.0% agreed and 28.4% strongly agreed to the statement.
When asked if animal clinical examination is necessary to all animals by the farmer. 6.8%
strongly disagreed, 13.6% disagreed, 11.4% were not sure, 30.7% agreed with the statement and
then 36.4% strongly agreed.

4.3.2 Use of disease surveillance information system on animal disease transmission

The second objective was determining the use of disease surveillance information system on

animal disease transmission. The below are the results from SPSS software:

Table 8: Objective Two (Source: Primary Data 2022)

SD| D [NS| A |SA
Questions (%) | (%0) | (%0) | (%) | (%)
Dumping of xenobiotics into the environment (medicine residue) affects
animals 2.3| 4.5|12.5/39.8(40.9
Infectious diseases can be transmitted between domestic and wild animals. | 19.3|20.5| 9.1]18.2|33.0
Resistance to antibiotics and traces of medicines in animal products causes
infections to an animal. 12.5117.0127.3130.71 125
Animal food scarcity always causes diseases hence transmission
10.2|13.6|25.0(25.0|26.1
Consumption of wild animals lead to spread of novel Coronavirus (COVID-
19) outbreak 45(13.6|17.2|35.1|29.5
Non-human animals have infected humans by infectious disease (zoonosis) | 10.2| 6.8|15.9|23.9|43.2
Legend
SD Strongly Disagree
D Disagree
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N Neutral
A Agree
SA Strongly Agree

From the above table 7, the results shows that 2.3% of the respondents strongly disagreed to the
statement that dumping of xenobiotics into the environment (medicine residue) affects animals,
4.5% disagreed, 12.5% were not sure, 39.8% agreed to the statement and 40.9% strongly agreed
that dumping of xenobiotics into the environment (medicine residue) affects animals. 19.3% of the
respondents strongly disagreed that Infectious diseases can be transmitted between domestic and
wild animals. 20.5% disagreed to the statement, 9.1% were not sure, 18.2% agreed and 33.0%
strongly agreed that infectious diseases can be transmitted between domestic and wild animals.
Furthermore, the results shows that 12.5% of the respondents strongly disagreed that resistance to
antibiotics and traces of medicines in animal products causes infections to an animal, 17.0 %
disagreed, 27.3% were neutral, 30.7% agreed and 12.5% strongly agreed to the statement. When
respondents were asked if animal food scarcity always causes diseases hence transmission, 10.2%
strongly disagreed, 13.6% disagreed, 25.0% were not sure of the statement, 25.0% agreed and
largest respondent of 26.1% strongly agreed. From the table, it also shows that 4.5% strongly
disagreed when asked if consumption of wild animals lead to spread of novel Coronavirus
(COVID-19) outbreak. 13.6% disagreed, 17.2% were not sure, majority of respondents by 35.1%
agreed that it’s true and lastly 29.5% strongly agreed to the statement. 10.2% of the respondents
strongly disagreed when asked if non-human animals have infected humans by infectious disease
(zoonosis), 6.8% disagreed, 15.9% were not sure, 23.9% agreed while the majority of 43.2%

strongly agreed that non-human animals have infected humans by infectious disease (zoonosis).
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4.3.3 Use of disease surveillance information system on animal disease prevention
Table 8: Objective Three (Source: Primary Data 2022)

SD D NS A ©SA

Questions (%) (%) (%) (%) (%)
Animal balanced diet is highly important on daily animal feeds 16. 3. 33.
YA 4 ' 99 S5 88 0 3
Vaccination and treatment of animals is the best measures of disease 25. 15. 37.
control in animals. 101 3 121 4 2
Discount on medicines and vaccines for the farmers leads to proper 22, 20. 30.
prevention of diseases by majority of farmers. 143 0 132 3 3
Good selection of animal breeds reduces the effects of sicknesses in 14. 42.
animals. 164 86 154 3 1
Proper and well record management about an animal helps in 17. 25. 26.
planning 55 6 953 3 4
Early disease recognition and control must be practiced by every 11. 29. 27.
animal farmer 142 8 163 8 8

Table 8 above shows the results obtained from the SPSS software about the third research objective

of determining the use of disease surveillance information system on animal disease prevention

The results clearly showed that 9.9% strongly disagreed that animal balanced diet is highly
important on daily animal feeds., 16.5% of the respondents disagreed, 8.8% were not sure, 33.0%
agreed and lastly 33. % strongly agreed with the statement. Table also showed that 10.1% of the

respondents strongly disagreed to the statement that vaccination and treatment of animals is the
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