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ABSTRACT

Foot and Mouth disease (FMD) is a transboundary disease caused by a virus that affects domestic
and wild cloven-hooved animals such as sheep, goats, pigs, and buffalos. FMD is transmitted from
one animal to another through direct or indirect contact. Apart from other animal diseases, FMD has
been given great attention due to its unique behaviour, such as being potentially dangerous, rapidly
spreading disease, and it has no cure. Therefore, immediate information flow among livestock
stakeholders could help to mitigate FMD. Realizing the importance of animal disease surveillance,
many agencies developed systems for monitoring animal health (fast disease reporting and
response). The challenge is that they were developed using advanced technologies like web-based
and android, requiring skills, internet connectivity, computers, and smartphones to access them.
However, most livestock keepers lack these facilities, especially in developing countries. In that
case, they deny access to livestock keepers positioned at the grass-root of animals’ disease reporting
chain since illnesses always begin with their animals. Therefore, their lack of participation in
reporting or receiving animal disease information through the electronic-based animal disease
surveillance system causes a delay in identifying and reporting disease cases and provides
insufficient information for controlling contiguous diseases like FMD, which require more

precautionary measures through timely information sharing.

This study aims to bridge the gap between livestock keepers and top-level stakeholders by
developing an animal diseases surveillance system named “Monitoring System for Transboundary
Foot and Mouth Disease Considering Livestock Keepers Demographic Characteristics (AMoSA4T -
FMD)”. The system provides a standard platform for sharing FMD-related information between top-
level stakeholders and livestock keepers in time using various mobile technologies based on their

demographic characteristics.

Gairo district in the Morogoro region was selected as a study area. Therefore, the surveillance system
was developed and tested in Gairo district settings. However, it has flexible settings to work
elsewhere. In Gairo, livestock keepers’ mobile phone usage and demographic data were collected to
determine the appropriate mobile technologies to communicate animal disease surveillance
information among themselves and top-level stakeholders through AMoS4T-FMD. After that, an
algorithm (FMD communication algorithm) which enables livestock keepers to communicate with
AMO0SAT-FMD using Unstructured Supplementary Service Data (USSD), Short Message Service
(SMS) and Raobot calls (Robocalls) based on their demographic data was developed. Also, a Model
for predicting and alerting FMD outbreaks in the Gairo district using an Agent-Based Simulation
modelling technique was developed. Lastly, the FMD communication algorithm and the Agent-



Based Simulation model were combined into the software using the waterfall model for system

development. Finally, the system was tested using verification and validation techniques.



DECLARATION

I, Ahmed Kijazi, declaring to the Senate of the Nelson Mandela African Institution of Science and
Technology that this thesis is my original work and, to the best of my knowledge, has not been

submitted or presented to any other institution for a similar or different award.

/4// 0303 [2:2%

Ahmed Kijazi Signature Date

The above declaration is confirmed

] 2-2-2823%

Prof. Shubi Kaijage Signaturd””" Date
2-0 273

Prof. Michael Kisangiri Signature Date

Prof. Gabriel Shirima Signature Date

il



COPYRIGHT

This thesis is copyright material protected under the Berne Convention, the Copyright Act of 1999
and other international and national enactments, in that behalf, on intellectual property. It must not
be reproduced by any means, in full or in part, except for short extracts in fair dealing; for researcher
private study, critical scholarly review or discourse with an acknowledgement, without the written
permission of the office of Deputy Vice Chancellor for Academic, Research and Innovation on

behalf of both the author and Nelson Mandela African Institution of Science and Technology.



CERTIFICATION

} The undersigned certify that they have read and hereby recommended for acceptance by the Nelson
Mandela African Institution of Science and Technology a Thesis titled:" 4 Monitoring System For
Transboundary Foot and Mouth Disease (FEMD) Conside'ring Livestock Keepers Demographic
Characteristics (AMoS4T-FMD)"in Fulfillment of the Requirements for the Degree of Doctor of
Philosophy in Information and Communication Science and Engineering of the Nelson Mandela

African Institution of Science and Technology.

‘ By [J- 3- %2

Prof. Shubi Kaijage Signature ' Date

1303221

Prof. Michael Kisangiri Signature Date

Prof. Gabriel Shirima Signature Date

|
, cail 2Nk 213
|



ACKNOWLEDGEMENT

First, I would like to thank Almighty God for giving me good health and guidance throughout my

PhD studies and my life's journey in general.

Secondly, I would like to thank my employer, the College of Business Education (CBE), for
permitting me to attend PhD studies at NM-AIST and for extra financial support when the

scholarship was insufficient.

Third, | would like to acknowledge the contributions of my research supervisors, Prof. Michael
Kisangiri, Prof. Shubi Kaijage, and Prof. Gabriel Shirima, for their immense support and overall
guidance towards the accomplishments of this research work by giving proper directions all the
time. They encouraged me like parents and brothers when | felt desperate, especially during the most

challenging times in my academic and social life.

Fourth, I would like to acknowledge the African Development Bank's (AFDB) contribution by
providing funds for this research work through the AFDB PhD Scholarship at NM-AIST. Many
thanks to Mr. Julius Lenguyana, AFDB Manager at NM-AIST, and his team, Mr. Humphrey Robert,
Ms. Victoria Ndossi, and Mr. Japhet Laizer, for always being on the front lines when processing
research funds.

Fifth, 1 acknowledge the contribution of the Gairo district council for accepting Gairo as the study
area for this research work. Special thanks to Gairo district veterinarians Mr. Emmanuel Kasanga
and Mr. Godbless Emmanuel Luhunga, for their considerable support, especially in the fieldwork
(data collection in six villages of Gairo district), which was among the challenging parts of this

research and could not be possible without them.

Finally, special thanks to my beautiful wife, Ms. Eva Naiman Mseke, and my children for their love,
patience, and support throughout my PhD studies. | am also grateful to my parents, Ms. Aziza and

Mr. Adam, for making sure | got a good education.

Vi



DEDICATION

I am dedicating this work to my lovely wife, Ms. Eva Naimani Mseke, who has greatly supported
and encouraged me throughout my PhD studies. | am also dedicating this work to my children.
Lastly, I am saving this work for my parents, who ensured that | had an excellent education; | am

incredibly grateful.

vii



TABLE OF CONTENTS

AB ST RA CT ettt b ettt b e e e h bt e bt e R et e bt e e bt e Re e Rb e e beeann e e beeanneenreeas i
DECLARATION L.ttt ettt s et m e s e s sn e e b e e nnn e e nneesnneeneens ii
COPY RIGHT ettt ettt e st e et e s Rt e ekt e sab e e bt e anbe e beeanbaebeesneeeneeas iv
CERTIFICATION . ...ttt ettt et ekt et eebe e e be e s ab e e nbeesnbeenbeennneen v
ACKNOWLEDGEMENT ...ttt sttt st e e be e abeebeesane e vi
DEDICATION .ottt sttt e skt e bt e s et e be e s rn e e ne e snneenneennne s vii
TABLE OF CONTENTS ...ttt nne e viii
LIST OF TABLES ...ttt ettt st e et bttt e s aa e e nbe e st e e nbe e enee e Xi
LIST OF FIGURES. . ... .ottt sttt b et ib e e sbe e b e e nbeesnneen Xii
LIST OF PLATES. ..ottt b et ekt b e e bt et e e nn e e nbeeanbeenbee s XVi
LIST OF APPENDICES ...ttt XVii
LIST OF ABBREVIATIONS AND SYMBOLS........oooiiiiieieiee e XViii
CHAPTER ONE ...ttt sttt b et et e e b e b e e e be e e be e ssb e e nbeesnbeenbeennneens 1
INTRODUGTION ...ttt bt bttt ekttt e sb e et e e srn e e eneesnneenreas 1
1.1 Background Of the ProDIEM .........coiiiiiiie et 1
1.2 Statement of the ProDIEM..........ooiiii e 9
1.3 RAtioNale OF the STUY......c.oiiiiiiie e 9
1.4 RESEAICN ODJECTIVES. ... .oieiiieiiee ettt ettt sne e 10

1.4.1  General ODJECLIVE ....ccvviiiec ettt sae e reesrae e 10

1.4.2  SPECITIC ODJECHIVES ...oeveeiiceie sttt ae e e 11
1.5 RESEAICN QUESTIONS......ciuiiiieeiiie et ettt s b s e sre e st e e sb e e e be e saeeebeesareebeesaseesbeesnreentes 11
1.6 SIgnificance Of the STUAY ..o 11
1.7  Delineation Of the StUAY .......ccuviiiii e 12
CHAPTER TWO ...ttt sttt b ettt e st b e e e b e et e e enn e e nneeanneeneas 14
LITERATURE REVIEW ...ttt 14
CHAPTER THREE ... .ottt bttt b e e et st e e nbe e nbe et 19



MATERIALS AND METHODS ... 19

3.1 Objective: To Gather user Requirements in the Gairo District for Developing the Foot and

mouth Disease SUrVEIllanCe SYSIEM .........coviiiiiiie e s 19
3.1.1 Description of the STUAY AT€a........cccouiiiiriieie it 19
3.1.2 The Sample Size and Data Collection for System Requirements..............cccccervenen. 20
3.1.3  Data ANAlYSIS PIAN ......oouiiiiiiieeeee et e 24

3.2 Objective: To Formulate an Algorithm for Livestock Keepers to Communicate with the

Surveillance System by Considering their Demographic Characteristics .............ccccoveveannnne 24
3.2.1  AIQorithm FOrmuUIAtIoN ..........cooiiiiiiiieee e 24
3.2.2  Algorithm IMplemeNntatioN..........ccccveiiiiiie i 28

3.3 Obijective: To Develop an Agent-Based Simulation Model for Predicting Foot and Mouth

Disease Outbreaks in the Gairo DIStrCt .........cccocuiiiiiiiiieise e 31
3.3.1  AQENE ENVIFONMENT ...ttt sttt nbesre b b 31
3132 AGEINES ..t r e 35
3.3.3 Agent Relationships and Methods of Interaction............ccccccevvevieiieeiiecii e, 36
3.3.4 Time of Interactions DEtWEEN AGENLS .......ccveiiiiiceciece e 39

3.4 Objective: To Develop the Foot and Mouth Disease Surveillance System by Combining

ODbjJeCtiVeS NO (1) AN (T1).vevvererereieiieieeeee e nre s 39
3.4.1 System Development APProacCh..........ccooiiiiiiiiiieiie e 39
3.5 Objective: To Validate the Developed Foot and Mouth Disease Surveillance System......... 40
3.5.1 Foot and Mouth Disease Future Outbreaks Prediction Module Validation............... 40
3.5.2 Foot and Mouth Disease Communication Module Validation ..............ccocoeeivnenns 40
CHAPTER FOUR ...ttt ettt b ettt et e e e st e et e e snb e e nbe e nbeeneas 41
RESULTS AND DISCUSSION ...ttt sae e neas 41
4.1 Foot and Mouth Disease Status in Gairo DiStrCE............ccoeoriiiiiiiecee e 41

4.2 Relationship between the Foot and Mouth Disease Outbreaks and Seasons of the Year in the
LC UL o B 13 g od SRR SSRTN 42



4.3 The Time taken for Livestock Keepers to Receive Information about Foot and Mouth Disease

Outbreaks in their COMMUNITIES ..........cooiiii e 43
4.4 Livestock Keepers’ Demographic CharacteriStiCS......uuuiuiiiiuiiiiiieiiiiiesiieessiieessieeesieessneee e 45
4.5 Animals’ Interaction Locations and Livestock Keepers’ Villages Details.............ccccccvernene 45
4.6 Foot and Mouth Disease Communication AIgorithm ... 46
4.7 Foot and Mouth Disease Future Outbreaks Prediction Model ... 50

4.7.1 Model Working PrinCIPIE .......cc.oiieiicc et 50
4.8 SYSIEM AFCNITECIUIE. ... ecuiiieici ettt e te e essaesaeennesreenreeneens 64

4.8.1 System Components DESCIIPLIONS .........cccooiiiriiiiiieieriesie e 68
4.9 SYSTEM TESHING...c.eiitiieiitieiieii ettt b bbb bttt e e bbb 91

4.9.1  System VErifiCation ........ccoooiiiiiiic et 91

4.9.2  SysStem Validation..........c.oouiiiiiiiic e 91
4.10 SyStem DepPlOYMENT.......cciiiiieieieie bbbt b e 94
411 DISCUSSION ...ttt sttt ettt bbbkttt bbbtk b b et e b et e ke bt bbbt et e e nn e 95
CHAPTER FIVE ...ttt ettt b e b e et e nb e e nbe e nneeneas 97
CONCLUSION AND RECOMMENDATIONS ... 97
5.1 CONCIUSTON w.ttiteitee ettt bbbt bbbt e et bbbt ens 97
5.2 RECOMMENUATIONS. ...ttt ettt bbbttt ettt nb e b b ens 97
REFERENGES. ...ttt ettt ettt b e e b et e bt e sae e e beesbeeenbe e san e e abeesrneas 99
APPENDICES. ...ttt ettt b e e b e e bt e e hb e e e bt e nr e e be e nnneenneennre s 106
RESEARCH OQUTPUTS ...t 124



Table 1:

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

Table 7:

Table 8:

LIST OF TABLES

Gairo district Agents' possible iNteraction MAtriX ..........ccovvvereiieeiieeresie s 37

Frequencies of livestock keepers who have already faced FMD challenges................. 41

Time taken by livestock keepers to receive FMD outbreaks information from different

sources and sources of FMD information .............ccccocooiiiiiiiiiiiic 44
Frequencies of livestock keepers’ demographic characteristics..........ccoovvvververiinnnnns 45
Animals’ interaction locations and livestock keepers’ villages details...............cccc.ee. 46

Initial FMD incidents/outbreaks secondary data (March 2021-June 2021) from five

Villages in the Gairo diSTFICT .........coveiviiiiiiicie e 92
The compliance matrix for the likely upcoming FMD incidents/outbreaks ................. 93
Foot and Mouth Disease communication module validation response............ccccoveu.... 94

Xi



Figure 1:

Figure 2:

Figure 3:
Figure 4:
Figure 5:
Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:

Figure 16:

Figure 17:

Figure 18:

LIST OF FIGURES

Foot and mouth disease outbreaks between 2016-2017 and serotypes distribution in

TANZANIA oottt e e e e et e ettt ee e e e e e e —raeee e e e e aa————aaaaaaaas 2

Foot and mouth disease communication framework using existing surveillance

1118 1 P 6
Proposed FMD communication framework using AMoSAT-FMD..........cccocvveieennene. 8
Global FMD status between 2005-2013 (Knight-Jones & Rushton, 2013)............ 10
Information flow in the paper-based surveillance system ...........ccccoveviveieiicinennn, 15
A map Of the GaIr0 QISIIICT ........coiiieiiere s 20

Spot map images (symbols) generation process using Adobe Fireworks (Adobe, 2022)

Spot map showing FMD-reported and confirmed Case ..........cccocveveviveveevcieesneiene 30

Agent-Based Simulation Model (ABSM) before FMD outbreak prediction (Google,

2022) et ettt Re R e et et et e tententeeaeareeneeneens 33
Compass direCtion ManNAQEr MENU ........ccvveiieiiieiieeiteesieesee e sreesreesreesreesreesaeenreeas 34
Weather condition threshold values manager Menu ...........cccovveviveiiecieeciee e s 36
Agents ‘possible interaction tOPOIOZY .....ccvvviiiiiiiiiiiiiiiiie e 38
Villages MatChiNg MENU .......ccviiiiiiiiee s 39
Animal’s interaction location matChing MEeNU ..........covveriiiiriieiieie e 39
Spatial distribution of FMD surveyed households in the Gairo district ..................... 42

Foot and Mouth Disease affected cattle in the Gairo district by the year (Jan 2015 to

IMAY 2019) ...t a ettt r e reeaaere e enes 43
Data flow in the FMD Communication Module...........ooooeieei 48
Foot and Mouth Disease Unconfirmed Cases MEeNU.........coooveeeeeeeeeee e, 49

xii


file:///C:/Users/GWADA%20MSHIRIKINA/Desktop/kijazi%202v.docx%23_Toc128697675
file:///C:/Users/GWADA%20MSHIRIKINA/Desktop/kijazi%202v.docx%23_Toc128697675

Figure 19:
Figure 20:
Figure 21:
Figure 22:

Figure 23:

Figure 24:

Figure 25:

Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:

Figure 38:

Weather condition Manager MENU ........c.ceieeieieeieeie e siee et ee e sre e 51

Foot and Mouth Disease incubation period manager MenU...........ccoevvveveeiiveenieesneenn, 51
Foot and Mouth Disease confirmed CaseS MENU..........coorirererinieerienenie e 52
Agent-based-simulation model data gathering process ..........cccoovvevenencneninncenn 53

Foot and mouth disease prediction based on the social and economic activities
INteractions (GOO0QGIE, 2022).........cceiiiiieiieie et et 55

Foot and Mouth Disease prediction by wind direction (Google, 2022) ..................... 57

Foot and Mouth Disease prediction based on the animals’ interaction location (Google,

71077 DY 60
Agent-Based-Simulation Model Foot and Mouth Disease prediction process........... 61
A hybrid of the three FMD prediction mechanisms (Google, 2022).........c.ccccocvvvenen. 63
SYSIEM AIrCIITECIUNE ...t nrs 65
SYSEEM LOGIN PAGE ... vttt ettt bbb 66
System home page with modules and menus liStS ........ccccvevrieriiiieiienese e 67
System modules and MENUS HiSt.........cceoiiiiiiiiii e 68
Connecting SMS/Voice gateway with MySQL database and voice modem.............. 70

Storing/uploading an audio file to the voice modem using voice gateway software..71

Vendor's USSD service configuration panel............ccoeveniiinennienese s 73
Weather station installation at the Gairo district headquarter.............cccccoovenininnnn. 74
The weather condition data uploading process in AMOS4AT-FMD..........ccccoevevinenee. 75
Connecting weather station to the web server using weather logger software ........... 76
Web server vendor Website 10gin PAJE .....cccvevveiiereeie e 77

Xiii



Figure 39:

Web server vendor website control panel configured with weather station parameters

..................................................................................................................................... 77
Figure 40: Weather condition data hourly uploaded to wunderground.com server by the receiver

] | OSSPSR PSPPI 78
Figure 41: Register/Update other stakeholders' MENU...........ccoeiiiiieniiiiineceee e 79
Figure 42:  Register/Update stakeholders role Menu...........ccccoooeeiiiiiieiiiie s 79
Figure 43:  Register/Update stakeholders affiliation Menu...........c.cccccoveviiieiieii e 80
Figure 44: Register/Update livestock KEEPErs” MENU.......cuvcveieriieeieiiereeeeseeseeiesee e eeesseeseeas 80
Figure 45:  Register/Update livestock farming SyStem MENU...........ccocvrerininiieienene e 81
Figure 46:  Register/Update VIllages MENU ........ccooiiiiiiiiiiicee e 82
Figure 47:  Register/Update animal’s interaction 10cations MENU ..........cccevvereereniiesiennieniieseennens 83
Figure 48:  System and user interactions when livestock keeper report FMD by USSD menu....84
Figure 49:  System and user interactions when livestock keeper report FMD by SMS................ 85
Figure 50:  Foot and Mouth Disease awareness ManagEN ...........coererrerrerererimereessesiesesseseseseens 85
Figure 51:  Foot and Mouth Disease AlErts Manager .........cccooeerireiieeieeie e 86
Figure 52:  Spot map showing FMD reported and confirmed Cases ..........ccccevvveeieeiiieeiiesiieeniiens 87
Figure 53:  Livestock keeper reporting FMD outbreak to the system using USSD menu (Africa’s

Figure 54:

Figure 55:

Figure 56:
Figure 57:

Figure 58:

TAIKING, 2021) ...ttt bbbt bbb 88
Unstructured Supplementary Service Data Menu Manager menu ..........cccoceevereennnns 88

Livestock keeper requesting FMD awareness information from the system using the

USSD menu (Africa’s Talking, 2021) ....ccceceeieiiieiieiesieeseeseeseeseesie e e e eeesneesneas 89
Manager USEI grOUPS MENU ......ouuieiieeeiiieeiieeesieeesieeesieeesieesssseesssseeessseeessseesssneesssns 89
MANAZE USETS” TNETIU .....vveereiiirieieesireesteessre e e st e e m e s e ne e e ne e s ne e neennn e e nneesnnas 90
Change PaSSWOIT MENU .......cveiuiiiiiiiieiisieee et 90



Figure 59:

View system logs menu

XV



LIST OF PLATES
Plate 1: Mouth (a) and hoofs (b & c) vesicles of the FMD-affected animals (Infonet biovision,
2022; Bi0, 2022) ...eoveeieeie ettt bbbttt bbbt 3
Plate 2: Interviewing livestock keepers in zero-grazing livestock-keeping community .............. 22

Plate 3: A focus group discussion (a) and interviewing (b) livestock keepers in pastoralism
livestock Keeping COMMUNITY .......cuiiiiiiiie e 23

Plate 4: Deployment 0f AMOSAT-FIMD ........cc.ooiiiiiiieiicie et 95

XVi



Appendix 1:
Appendix 2:
Appendix 3:
Appendix 4:
Appendix 5:
Appendix 6:

Appendix 7:

Appendix 8:

Appendix 9:

LIST OF APPENDICES

A request letter for the Gairo district to be a study area..........ccccccvevvevieeieeinnne, 106
Acceptance letter for Gairo district to be a study area ..........c.cceeeveveeiieiverrenene. 107
Questionnaire for liVeStoCK KEEPEIS .......cviiiiiieieecet e 108
USSD AP ettt ra e nes 112
FMD communication algorithm ... 115
Weather Condition AP ........ccooiiiiiiiee e 117

Function to Calculate the bearing angle and distance between two latitudes and

JONGITUAES ... 118
The four months (March 2021-June 2021) FMD outbreaks secondary data ....... 120
Questionnaire for validating the FMD communication module..............c..cc........ 122

Xvii



LIST OF ABBREVIATIONS AND SYMBOLS

ABMS Agent-Based Modelling and Simulation

ABSM Agent-Based-Simulation Model

ADIS Animal Diseases Information System

ADNS Animals Disease Notification System

AMO0SAT-FMD A Monitoring System for Transboundary FMD

API Application Programming Interface

ArcGIS Aeronautical ~ Reconnaissance ~ Coverage  Geographic

Information System

ARIS-AU-IBAR Animal Re-sources Information System

ASF African Swine Fever

BrTi Broadcast Time Interval of Each FMD Awareness

CBPP Contagious Bovine Pleuropneumonia

CCPP Contagious Caprine Pleuropneumonia

CHRs Community Health Reporters

DONSs Disease Outbreak News

DVO District Veterinary Officer

EIS Epidemiology and Informatics Sub Committee

EMA-i Event Mobile Application

FAO Food and Agriculture Organization

FMD Foot and Mouth Disease

FMDV Foot and Mouth Disease Virus

GDP Gross Domestic Product

HDD Hard Disk Drive

HPAI Highly pathogenic avian influenza in poultry

IP Internet Protocol

KABS Kenya Animal Biosurveillance System

LastBrT Last FMD Awareness Broadcast Time

LIMS Livestock Management Information System

MATLAB Matrix Laboratory

MoLF Ministry of Livestock and Fisheries

NM-AIST The Nelson Mandela African Institution of Science and
Technology

OIE World Organization for Animal Health

Xviii



OsT
PDB2
PO-RALG

PPR
RAM
Robocalls
SACIDS
SIMAN

SMS
SQL
SUA
TDB
USSD
WAHIS
ZVC

Current Operating System Time

Permanent Database2

President's Office - Regional Administration and Local
Government

Peste des Petits Ruminant

Random Access Memory

Robot Voice Calls

Southern African Centre of Excellence for Infectious Diseases
National Information System for the Notification of Animal
Disease in Italy

Short Message Services

Structured Query Language

Sokoine University of Agriculture

Temporarily Database

Unstructured Supplementary Service Data

World Animal Health Information System

Zonal Veterinary Center

XiX



CHAPTER ONE

INTRODUCTION

1.1  Background of the Problem

Tanzania contributes approximately 1.4 % of the world's cattle population and 11% in Africa. It also
occupies the third position in Africa in terms of goat and cattle population (National Audit Office
[NAOT], 2020). However, despite the pleasant grazing land, the livestock sector contributes only
7.6% of the overall Gross Domestic Product (GDP) due to several challenges that hinder its

performance.

The Tanzanian government, through its NAOT in 2020, conducted an audit to examine whether the
Ministry of President's Office - Regional Administration and Local Government (PO-RALG) and
the Ministry of Livestock and Fisheries (MoLF) had effectively prevented and controlled livestock
disease between 2013 and 2019. The audit found that despite the control and prevention measures
instituted previously for some major animal diseases, such as Contagious Bovine Pleuropneumonia
(CBPP), Contagious Caprine Pleuropneumonia (CCPP) and Foot and Mouth Disease (FMD), there
has been an upsurge in the magnitude (NAOT, 2020).

The audit report mentioned several factors accelerating this situation, including the government's
outdated animal disease surveillance and reporting mechanism (95% paper-based), which causes
delays in identifying and reporting cases due to poor communication between the livestock keepers
and the livestock field officers. Also, in this mechanism, government officials use physical
documents to pass surveillance data between administrations instead of being electronic (NAOT,
2020; Mwabukusi et al., 2014). Furthermore, the audit mentioned the lack of timely feedback on the
reported cases from the Zonal Veterinary Centers (ZVC) to the District Veterinary Officer (DVO)
and livestock keepers as another challenge that hindered the performance of the livestock sector.

Generally, poor communication between livestock keepers and top-level stakeholders such as
veterinarians, researchers, and laboratory staff is among the difficulties in controlling contagious
animal diseases (i.e., Foot and Mouth Disease (FMD), CBPP and CCPP) in Tanzania. One should
realize the importance of livestock keepers in combating animal diseases since they are at the grass-
root of the disease reporting chain, as illnesses always begin with their animals (NAOT, 2020).
Regardless of other diseases, FMD has been given great attention due to its high mortality, especially
in calves, and its ability to cause significant losses in milk production and draught animal power,
which limits livestock production and affects food security (Michael, 2018; Knight-Jones &

Rushton, 2013). The FMD is a transboundary disease caused by a virus from the Picornaviridae
1



family that affects domestic and wild cloven-hooved animals such as sheep, goats, pigs, and
buffaloes (Kasanga et al., 2014). The FMD has already affected many countries, including Tanzania
(Food and Agriculture Organization [FAQO], 2019; Fig. 1 & 4). There are currently 7 known
serotypes of the FMD virus and many more subtypes. For example, type A, O, SAT1, SAT2, and
SAT3 serotypes are present in Tanzania (Fig. 1; FAO, 2019).

B Year 2016

®  Year 2017 ht ]

Figure 1: Foot and mouth disease outbreaks between 2016-2017 and serotypes
distribution in Tanzania (Michael, 2018)

The FMD is transmitted from one animal to another through direct or indirect contact, e.g., through
contaminated inanimate objects (fomites). The FMD clinical signs include high fever (up to 42°)
accompanied by severe depression and inappetence (William & Juan, 2002). Other clinical signs are

the appearance of wounds on the feet and tangle of the animal (Plate 1; William & Juan, 2002).



Vesicles found on cattle mouth (a) Loose-off hoofs in pig (b)

Vesicles found on cattle hoof (c)

Plate 1: Mouth (a) and hoofs (b & c) vesicles of the FMD-affected animals (Infonet
biovision, 2022; Bio, 2022)

The disease has no cure; hence, vaccination is the essential control measure for FMD. However,
vaccines do not protect between serotypes, and sometimes protection within a serotype is limited.
Therefore, the vaccines must match the virus strain circulating in livestock for effective prevention
(Jamal & Belsham, 2013). Unfortunately, FMD-free countries prohibit the importation of FMD-
vaccinated animal products or only allow it after additional risk-mitigating measures, which reduce
the possibilities of international trade, which in turn affect livestock keepers’ economy and the
countries in general (Knight-Jones & Rushton, 2013; Kijazi et al., 2021b). Therefore, immediate
information sharing during FMD outbreaks and predicting future attacks is mandatory for
preparedness and mitigating the disease before its adverse impact on livestock-keeping communities
and the country’s economy (prevention is better than cure for FMD) (Kijazi et al., 2021b).



Aswini et al. (2017) observed that Information systems play a significant role in developing different
practical approaches to prevent, detect, respond to, and manage infectious disease outbreaks in
plants, animals and humans. This study, therefore, aims to bridge the gap between top-level
stakeholders and livestock keepers by developing an electronic-based surveillance system named
“A Monitoring System for Transboundary Foot and Mouth Disease (FMD) Considering Livestock
Keepers Demographic Characteristics”. The AMoS4T-FMD is a given system short name which

means a Monitoring System for Transboundary FMD.

The system accommodates livestock keepers among the users for sharing FMD events such as
transmission pathways, clinical signs, predictions, negative impacts and outbreaks between
themselves and top-level stakeholders in time, realizing their importance in the animal disease

reporting chain as illness starts from their animals (Primary informer of FMD incidents/outbreaks).

Realizing the importance of information systems in monitoring animal health, many agencies
developed several surveillance systems like AMoS4T-FMD (Aswini et al., 2017; Mwabukusi et al.,
2014; ProMED-mail, 2022). However, they were developed using more advanced technologies such
as web-based and android, requiring skills, internet connections, computers, and smartphones to
access them. However, most livestock keepers lack these facilities, especially in developing

countries.

In that case, they deny access to livestock keepers. As a result, the systems utilize top-level
stakeholders as messengers to pass surveillance information between livestock keepers and the
systems as they have facilities to access them (Fig. 2). During the disease outbreaks, top-level
stakeholders manually/physically collect surveillance data from livestock keepers and upload them
to the systems for record purposes and Disease Outbreak News (DONSs) (Fig. 2). On the other hand,
top-level stakeholders deliver to livestock keepers any relevant information available in surveillance
systems, such as disease outbreaks and predictions in various locations, clinical signs, and
precautionary measures generated by surveillance systems or uploaded by other systems top-level
stakeholders (Fig. 2).

The manual process of collecting or giving information to livestock keepers has several challenges,
including difficulties in delivering disease mitigation information or getting data in the hard-to-reach
livestock keepers’ villages, especially during rainy seasons. Similarly, it leaves many unreported
cases due to unfriendly terrains that hinder access to remote livestock-keeping communities,
especially during rainy seasons. Also, it requires a significant number of infield veterinarians to be
effective, while the Tanzanian government reported an insufficient number of infield veterinarians
(<30%) for the entire country (NAOT, 2020; Allport et al., 2005). Therefore, this mechanism is not

4



efficient enough to control contagious diseases like FMD, which requires timely information sharing

for preparedness as it has no cure.
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Unlike other existing animal diseases surveillance systems, the AMoS4T-FMD enables livestock
keepers to receive or send FMD data (information) directly to the system using mobile technologies
such as Short Message Services (SMS), Unstructured Supplementary Service Data (USSD) and
Automatic Voice Calls (Robocalls) (Fig. 3). Robocalls or Robot calls are automated voice calls
generated by a computer system that dials more than one mobile number at once and plays the audio
message for anyone who picked the call (The Conversation, 2019). The SMS and USSD enable
livestock keepers to report FMD outbreaks to the system using mobile phones. The system also
periodically broadcasts FMD-related information such as precaution measures, negative impacts,
clinical signs, transmission pathways, outbreaks, and predictions to livestock keepers in SMS and
Robocalls (Fig. 3, 17, 51) (The Conversation, 2021).

Similarly, AMoS4T-FMD provides an opportunity for livestock keepers to access similar
information at any time (excluding predictions) via the USSD menu option after dialling a particular
USSD code (Fig. 55) (e.g., *384*90005#) (Kijazi et al., 2021a; Kijazi et al., 2021b). This
information enhances FMD awareness among livestock keepers and maintains communication with
top-level stakeholders. In addition, the Agent-Based Simulation Model (ABSM) is a part of
AMOo0SAT-FMD, which periodically predicts FMD outbreaks (Fig. 9, 23-27). The ABSM generates
FMD prediction data while the top-level stakeholders upload the rest to the system based on their
privileges. Top-level stakeholders also have the right to register livestock keepers and validate FMD
outbreaks data reported by livestock keepers via SMS and USSD before being permanently saved
in AMoS4T-FMD (Fig. 17, 18 & 44). On the other hand, the system provides a common platform
for sharing FMD outbreak data among top-level stakeholders based on their systems’ privileges.

Lastly, it gives secondary data to policymakers for decision-making.

Gairo district in Tanzania was selected as a study area for this research due to its easy accessibility
and high frequency of FMD outbreaks. Also, it combines three cattle farming systems: Smallholder
dairy, agro-pastoral, and pastoral, which is opposite to other districts, whereby one farming system
may dominate (Mgongo et al., 2014). Therefore, Gairo promised to provide sufficient data for this
research. Thus, the system was designed and tested for Gairo district settings; however, it has

flexible settings to work elsewhere.
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1.2 Statement of the Problem

Livestock owners who are the primary informer of FMD outbreaks/incidents were not
considered/included in most electronic-based animal diseases surveillance systems developed. The
surveillance systems were implemented using advanced technologies such as android and web-
based applications, requiring skills and special devices (smartphones or computers) to access them.
In contrast, most livestock owners, especially in developing countries, lack these facilities.
Similarly, the systems require an internet connection to access them, which is highly limited in rural
settings. The negligence of livestock keepers in giving or receiving FMD information through the
surveillance systems causes the delay of information for FMD control. Therefore, an electronic-
based surveillance system that could accommodate livestock keepers among the system users for
sharing FMD-related information between themselves and top-level stakeholders using friendly

technologies is needed.

1.3  Rationale of the Study

Foot and mouth disease (FMD) is a severe, highly contagious transboundary viral disease of
livestock that has a significant economic impact due to its ability to cause substantial loss in draught
animal power (the use of animals in different economic activities such as farms cultivation,
harvesting and load carrying). Similarly, the disease causes a loss in milk production and disrupts
regional and international trade in animals and animal products (Knight-Jones & Rushton, 2013).
This viral infection costs Africa roughly US$2.3 billion in economic damages annually (Galvmed,
2022). According to the World Organization for Animal Health (OIE), FMD is estimated to circulate
in 77% of the global livestock population (Fig. 4). One hundred per cent (100%) morbidity rate is
possible if adequate precautionary measures are not implemented during the FMD outbreaks
(Mahmoud & Galbat, 2017).

The OIE recognizes FMD as a potentially dangerous and rapidly spreading disease (Galvmed, 2022).
Therefore, since FMD has no cure, timely information sharing among livestock stakeholders during
its outbreaks may enhance preparedness against the disease and reduce its impact. Livestock keepers
at the grass-root of the animal diseases reporting chain are the primary informers of FMD outbreaks

since diseases start from their animals (NAOT, 2020).
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Figure 4: Global FMD status between 2005-2013 (Knight-Jones & Rushton, 2013)

Therefore, an electronic-based surveillance system that could accommodate livestock keepers
among the system users for sharing FMD-related information between themselves and top-level
stakeholders will provide a rapid response and preparedness for managing FMD.

The study named “Stakeholders’ perceptions on the performance of the Livestock Disease
Surveillance system in Uganda: A case of Pallisa and Kumi Districts” conducted by Namayanja et
al. (2019) revealed that farmers contributed to the reporting of significant disease outbreaks. In the
two areas, they were able to identify the clinical signs of five prevalent cattle diseases such as FMD,
CBPP, African Swine Fever (ASF), Peste des petits ruminant (PPR), and Highly pathogenic avian
influenza in poultry (HPAI). In this study, Farmers remarked that their role in the early detection
and reporting of disease outbreaks was crucial for controlling and preventing the spread of such
illnesses among animals. Therefore, the researcher believes that the full participation of livestock
keepers in animal disease surveillance will improve early FMD outbreak detection and reporting
and provide real-time quality data for rapid disease epidemic response and disease control.
Additionally, receiving various FMD information/events via SMS or voice calls regularly raises

awareness of livestock keepers.

1.4  Research Objectives

1.4.1 General Objective

To develop an electronic-based surveillance system that accommodates livestock keepers among the
system users for sharing FMD data between themselves and other stakeholders using various mobile

technologies based on their demographic characteristics.
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1.4.2 Specific Objectives

(i)

(i)

(iii)

(iv)
v)

1.5

(i)

(iii)

(iv)

(v)

1.6

To gather user requirements in the Gairo district for developing the FMD surveillance

system.

To formulate an algorithm for livestock keepers to communicate with the surveillance

system by considering their demographic characteristics.

To develop an Agent-Based Simulation Model for predicting FMD outbreaks in the Gairo

district.
To develop the FMD surveillance system by combining objectives no (ii) and (iii).

To validate the developed FMD surveillance system.

Research Questions

Can Gairo district livestock keepers' demographics provide sufficient information to develop

an animal disease surveillance system?

Which mobile technologies could livestock keepers use to communicate with the
surveillance system based on their demographic data?

Which modelling approach can simulate and display the interaction between more than one

object to predict the occurrences of a particular phenomenon?

Which software development model is better for a project with tight timelines and clear

deliverables?

Can livestock keepers share FMD-related information with top-level stakeholders via the

surveillance system?

Significance of the Study

The output of this research is a surveillance system named the ‘“Monitoring System for

Transboundary Foot and Mouth Disease (FMD) considering Livestock Keepers Demographic
Characteristics (AMoS4T-FMD)”, which has the following advantages:
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(1) It will enable early identification and reporting of FMD cases since livestock keepers, who
are the primary FMD informers, will be allowed to report the outbreaks/incidents directly to

the system

(i) It will maintain FMD awareness among livestock keepers by periodically broadcasting any

new information available in the system to their mobile phones.

(iti)  Creating a common platform for sharing FMD surveillance information would improve the

long chain and reduce the time for notifying FMD outbreaks across livestock stakeholders.

(iv)  The Agent-Based Simulation Model (ABSM), a part of the surveillance system for predicting
FMD outbreaks, will enhance FMD preparedness before impacting livestock-keeping

communities and countries in general.
(V) Decision-makers may use the secondary data available in the system for decision-making.

(vi)  The FMD-affected cattle shed spatial distribution map generated by the ABSM that will help
understand the disease distribution behaviour at a particular time and take the necessary
action (Fig. 8, 23-25 & 27).

1.7 Delineation of the Study

This study explains the development of an animal diseases surveillance system named Monitoring
System for Transboundary Foot and Mouth Disease (FMD) Considering Livestock Keepers
Demographic Characteristics, abbreviated as AMoS4T-FMD. The AMoS4T-FMD is web-based like
other animal diseases surveillance systems but with additional SMS, Robocalls, and USSD
functionalities to extend its accessibility. Gairo district in the Morogoro region was selected as a
study area. Therefore, the surveillance system was developed and tested in Gairo district settings.
However, it has flexible settings to work elsewhere. The AMoS4T-FMD aims to bridge the
communication gap between livestock keepers and other top-level livestock stakeholders such as
veterinarians, researchers and laboratory staff, which was an unforeseen challenge in the existing
surveillance systems (NAOT, 2020). The system provides the standard platform for communicating
FMD-related information, including outbreaks/incidents, clinical signs, precaution measures,
negative impacts and predictions among the stakeholders through the system web interface, SMS,
USSD and Robocalls. However, before accessing the system, livestock keepers and top-level
stakeholders should be registered in the system. The system has flexible settings to add more

stakeholders or update the existing ones. The FMD prediction data will be periodically automatically
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generated by the Agent-Based-Simulation Model (ABSM), a part of the surveillance system.
However, top-level stakeholders uploaded the rest to the system. Top-level stakeholders may access
the system through its web interface based on their privileges. Similarly, livestock keepers may
access the system using SMS, Robocalls and USSD based on their demographic characteristics in

the following ways:

(1) The system periodically broadcasts to livestock keepers’ clinical signs, precaution measures
and negative impacts in SMS and Robocalls following the time interval allocated for each

piece of information.

(i) At any time, livestock keepers may access the same information using the USSD menu

option after dialling a specific USSD code with their feature mobile phone.

(i)  The system displays on the map and broadcasts to livestock keepers FMD prediction
information at the instant they are available (Fig. 23-25 & 27).

(iv)  Atany time, livestock keepers may report FMD outbreaks through the USSD menu option
after dialling a specific USSD code or by sending the SMS to a particular mobile number

indicating the number of suspected FMD cattle using their feature mobile phones (Fig. 53).
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CHAPTER TWO

LITERATURE REVIEW

The Tanzania government's current animal disease surveillance system is 95% paper-based (Fig. 5).
Government officials use physical documents to pass surveillance data between administrative
structures instead of electronic systems (NAOT, 2020; Mwabukusi et al., 2014). Often this
surveillance mechanism has many challenges that hinder efforts to combat animal diseases disaster
in the country. Among the challenges is the long chain of communicating disease
outbreaks/incidents among livestock stakeholders. Usually, the Ward Veterinary Officer receives
outbreaks/incidents from livestock keepers by routine visits or phone calls from immediate livestock
keepers. Once the veterinarians receive the information, they report the incident to the District
Veterinary Officer (DVO) by calling or visiting the DVO office (Kijazi et al., 2021b). Finally, the
DVO forwards the information to the Directorate of Veterinary Services at the Ministry level for
decision-making. Sometimes, a communication breakdown may happen if somebody is

irresponsible along the reporting chain (Fig. 5).

Similarly, whenever there is a disease outbreak threat, veterinarians visit individual livestock
keepers to alert them about the disease and precaution measures that could be taken efficiently by
using the information system. Sometimes, the current reporting mechanism causes delays and
insufficient information for controlling the disease (Kijazi et al., 2021b). Also, veterinarians leave
unreported cases due to unfriendly terrains that hinder access to remote livestock-keeping
communities, especially during rainy seasons. Similarly, visiting livestock keepers to collect or give
information is costly and requires a higher number of veterinarians for it to be effective.
Furthermore, the paper-based mechanism does not timely capture data from livestock keepers,
wildlife and private sectors hence contributing to the delay of reporting and response during disease
incidents and outbreaks (NAQOT, 2020).
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Information Flow

Realizing the importance of electronic-based animal disease surveillance systems, different
livestock stakeholders developed electronic-based surveillance systems to replace the existing
paper-based surveillance system in various places globally. An excellent example is an android
mobile application named Afyadata, developed by the Sokoine University of Agriculture (SUA) in
collaboration with the Southern African Centre of Excellence for Infectious Diseases (SACIDS) for
collecting animal diseases field data for them (Karimuribo et al., 2016). Similarly, the Food and
Agriculture Organization (FAO) developed the mobile application named Event Mobile Application
(EMA-i) for animal disease's early detection and timely reporting in developing countries, including
but not limited to Tanzania, Mali and Zimbabwe (FAO, 2015; FAO, 2021).

The primary purpose of EMA-i was to upload surveillance data to the FAO public portal (EMPRES-
i), which serves its member countries (FAO, 2021). Not only that but also Kenya developed the
Kenya Animal Biosurveillance System (KABS) program, whereby Kenya’s domestic and wild
animal sectors adopted its data collection tool. The surveillance system was created using the Java
platform and is free to download for Android-enabled mobile phones (Njenga et al., 2021).

The Afyadata, EMA-I and KABS utilize trained community-based animal health workers and Field

veterinarians to collect near-real-time surveillance data from their immediate livestock keepers. The
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community-based animal health workers and Field veterinarians use smartphones with android
surveillance applications for collecting field data (FAO, 2015; Karimuribo et al., 2016). However,
although these APPs exist, delay of disease reporting cases is still a challenge because they cannot
capture surveillance data directly from livestock keepers at the grass-root of the animal diseases
reporting chain (Namayanja et al., 2019).

Hence due to lack of access, the APPs deny livestock keepers sharing animal disease-related
information such as outbreaks, precaution measures, and clinical signs. This situation contradicts
other studies, emphasising that livestock keepers should be the primary source of animal disease

information because sickness always originates with their animals (Namayanja et al., 2019).

Another challenge is that they require a sufficient number of community-based animal health
workers/field veterinarians in the area for them to work effectively; however, most developing
countries reported an insufficient number of workers. For example, Tanzania reported below 30%
of ward livestock field officers are available for the entire country (NAOT, 2020). Regardless of the
minimum number of ward livestock field officers, getting information from livestock keeper's
communities is tricky due to rugged terrains, especially during the rainy season (Karimuribo et al.,
2016).

Apart from Afyadata, EMA-I and KABS, there are Mobile phone-based syndromic surveillance
systems for early detection and control of livestock diseases and Mobile phone-based Infectious
Disease Surveillance systems available in Kenya and Sri Lanka (Wamwere-Njoroge et al., 2019;
Robertson et al., 2010; Namayanja et al., 2019). However, regardless of some valuable
functionalities, the APPS still failed to accommodate livestock keepers among the users (Wamwere-
Njoroge et al., 2019; Robertson et al., 2010). The APPs also utilize Community animal health
workers to collect surveillance information on their behalf but with various names, such as

Community Disease Reporter in Kenya (Wamwere-Njoroge et al., 2019).

Apart from surveillance of animal health, this study also found that Mobile-based surveillance
systems have applications across multiple domains and disciplines, including but not limited to
surveillance of human health (Pascoe et al., 2012; Search Health 1T, 2021; Thirumurthy & Lester,
2012; Brinkel et al., 2014).

Furthermore, this study reviewed many existing web-based surveillance systems that replaced the
paper-based surveillance mechanism, which has been used in various locations globally (ProMED-
mail, 2022; World Organisation for Animal Health, 2021; FAO, 2021; African Union, Inter African
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Bureau for Animal Resources, 2019; European Commission, 2020; Bonnet et al., 2010; Milinovich
et al., 2014). Excellent examples of such surveillance systems are the Animals Disease Notification
System (ADNS) and Animal Diseases Information System (ADIS) for European Union member
countries (European Commission, 2020 & 2022). Similarly, there are Livestock Management
Information System (LIMS) under the SADC Epidemiology and Informatics Sub Committee (EIS)
(Bonnet et al., 2010). Also, there is an Animal Re-sources Information System (ARIS-AU-IBAR)
under the African Union-International Bureau of Animal Resources (African Union, Inter African

Bureau for Animal Resources, 2019).

Not only that, but also, there is a national information system for the notification of animal disease
in Italy (SIMAN) which aims to communicate disease outbreaks and provide valuable tools to
manage activities for emergency implementation (Colangeli et al., 2011). Likewise, there is the
World Animal Health Information System (WAHIS), under World Organization for Animal OIE
and FAO Empress-i global animal disease etc. (World Organization for Animal Health, 2021; FAO,
2021). However, these systems still depend on input data from livestock stakeholders at the top of
the disease reporting chain (veterinarians, laboratories, other healthcare providers, researchers etc.)

and ignore those at the grass-root level (Livestock keepers).

General, the existing animal diseases surveillance systems were developed using more advanced
technologies such as web-based and android that require skills and other resources like computers,
smartphones and Internet connections to access them, while most livestock keepers, especially in
developing countries, lack these requirements (Sankaranarayanan & Sallach, 2014). Therefore, it is
difficult for them to report or access disease-related information whenever available in the systems
(Kijazi et al., 2021a; Kijazi et al., 2021b).

Lack of communication between livestock keepers and other top-level stakeholders results in
difficulties in early detection and response to FMD epidemics in livestock keepers’ communities.
Thus, it causes high livestock mortality and monetary loss due to the lack of convenient control
options and negatively impacts its socio-economic development. This situation calls for a robust
surveillance system that accommodates livestock keepers among the users for timely
communicating FMD events with top-level stakeholders and among themselves based on their
resources and demographic characteristics. Therefore, this study proposes the AMoS4T-FMD,
which provides SMS, USSD and Robocalls services for livestock keepers to share FMD events with
top-level stakeholders based on their education level, mobile phone categories and usage. The
system will bridge the gap between livestock keepers and other top-level stakeholders by developing
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an all-inclusive surveillance system for sharing FMD information that was not covered by the

existing monitoring system.
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CHAPTER THREE

MATERIALS AND METHODS

3.1  Objective: To Gather user Requirements in the Gairo District for Developing the Foot

and mouth Disease Surveillance System

3.1.1 Description of the Study Area

Gairo district is in the Morogoro region and located between the latitude 36'450E-37'25 OE and
longitude 6'400S-5'500S along the Morogoro—Dodoma highway (Fig. 6). The Gairo district was
selected as a study area for this research (Appendix 1& 2). Therefore, the surveillance system was
developed based on the Gairo district settings. However, the system has flexible configurations to
work elsewhere. There are many districts in Tanzania with a significant number of cattle populations
compared to Gairo. However, Gairo was selected as a study area because of the easy availability of
three livestock farming systems: Zero-grazing, agro-pastoralism, and pastoralism, in contrast to
other districts whereby one farming system may dominate, e.g., pastoralism in the Chalinze district.
As a result, the researcher was convinced that the Gairo district would provide sufficient
information/data for the study. Usually, zero-grazing is available in peri-urban areas; agro-
pastoralism is practised in rural areas, while pastoralism is available in rangeland areas long-

distanced from urban centres.
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Figure 6: A map of the Gairo district

3.1.2 The Sample Size and Data Collection for System Requirements

The researcher used closed-ended interviews to collect data in the Gairo district using questionnaires
with multiple and single-response questions (Appendix 3). Since some of the livestock did not know
to read and write, even their native language (Swahili), the researcher decided to fill out
questionnaires. The questions were formulated to gather data for different purposes (Appendix 3).
Data about FMD-affected households and the relationship between the FMD outbreaks and seasons
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of the year were collected to determine the general FMD status in Gairo. In addition, the data about
the time taken for livestock keepers to receive information about FMD outbreaks in their
communities and FMD outbreaks information sources also were collected to determine the FMD
communication challenge in Gairo. Also, the researcher collected data about livestock keepers’
demographics to determine the appropriate technologies they could use to communicate FMD events

with other stakeholders in the district.

During data collection, some livestock keepers refused to disclose information during the interview
for various reasons, such as ignorance and livestock security. In such livestock-keeping
communities, the researcher utilized the focus group discussion to explain the research's aim,
eliminating fear and generating trust and friendship between the two sides for smooth data collection
(Plate 3(a)).

The sample size of 180 livestock-keeping households from 6 villages in the Gairo district named
Kilama, Chogoali, Chakwale, Kilimani, Gairo town, and Ibuti were interviewed. The interviewees
were the heads of the families, regardless of their gender (Plate 2 & 3). The number of households
to be interviewed was selected using the rule of thumb to determine the sample size of households,
which states that a minimum sample size of 25-30 homes is appropriate for a village that ranges
from 100 to 500 families (Arild, 2011). As a result, 30 households from each village were
interviewed. To obtain the number of villages to be interviewed, the researcher used a stratified
sampling technique to group 54 Gairo district villages into 3 groups based on livestock farming
systems (Kothari, 2004). Hence, the 54 villages were divided into zero-grazing, agro-pastoralism,
and pastoralism (Kothari, 2004). The three groups were then listed in the Excel sheet, and two

villages were randomly selected from each group to collect data.

During the interview, the households were randomly chosen to avoid biases. The MATLAB was
used for generating the frequency distributions table for the data, and Aeronautical Reconnaissance
Coverage Geographic Information System (ArcGIS) was used to render maps in this study (Fig. 6
&7).
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Plate 2: Interviewing livestock keepers in zero-grazing livestock-keeping community
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(b)

Plate 3: A focus group discussion (a) and interviewing (b) livestock keepers in pastoralism livestock keeping community
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3.1.3 Data Analysis Plan

Data were collected using questionnaires with multiple and single-response questions (Appendix 3).
Therefore, questionnaires were gathered from 180 livestock keepers in six communities in the Gairo
district, and replies were recorded in an Excel spreadsheet. Then the spreadsheet was imported into
MATLAB for analysis.

The data analyzed include the FMD-affected households and the relationship between the FMD
outbreaks and seasons of the year, which were used to determine the general FMD status in (Table
2; Fig. 8). Similarly, the time taken for livestock keepers to receive information about FMD
outbreaks in their communities and FMD outbreaks information sources was used to determine the
FMD communication challenge in Gairo (Table 3). Also, the livestock keepers’ demographics were
used to determine the appropriate technologies they could use to communicate FMD events with
other stakeholders in the district (Table 4).

On the other hand, the livestock keepers’ cattle sheds/kraal’s locations data (Latitudes and
Longitudes) were recorded in an Excel spreadsheet and imported to the ArcGIS for drawing the
distribution of FMD surveyed households in the district to determine the FMD status in each

livestock-keeping community (Fig. 7).

3.2  Objective: To Formulate an Algorithm for Livestock Keepers to Communicate with
the Surveillance System by Considering their Demographic Characteristics

3.2.1 Algorithm Formulation

An algorithm is a problem-solving strategy. During the algorithm formulation process, the following

steps were followed.
(1)  Obtaining a Description of the Problem

How can we facilitate communication between AMoS4T-FMD and livestock keepers so they can
share FMD information among themselves and top-level stakeholders via the system? This question
is the primary issue that has to be addressed. Since the functionality that enables the communication
between livestock and AMoS4T-FMD is an important component of the system, which is complex
because it involves information flow in both directions, the researcher decided to formulate the
algorithm to handle the challenge. The algorithm was developed and tested separately before being

embedded into the system
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(i) Problem Analysis

The geographical complexity of livestock-keeping communities and their perception and
willingness to adopt communication technologies such as websites, smartphones and computers
raised many questions about the technology they could use to communicate FMD scenarios among
themselves and top-level stakeholders in the district via the AMoS4T-FMD. As a result, the
researcher analyzes livestock keepers’ demographic characteristics in six villages of the Gairo
district to find suitable communication. Thus, the livestock keepers’ communities’ demographic
characteristics analysis part formulates the first objective of this study and results were used as the
benchmark to develop the algorithm, which is the second objective of this study. Aswini et al. (2017)
explained that information systems play a significant role in creating different practical approaches
to prevent, detect, respond to, and manage infectious disease outbreaks in plants, animals and
humans. Therefore, the researcher believes that if a suitable communication mechanism is
established between livestock keepers and other stakeholders, it may reduce the impact of the FMD

in the district.

As a result, this study considered livestock keepers' demographic characteristics to suggest the best
technology to communicate FMD events with other livestock stakeholders through AMoS4T-FMD.
The data showed that the Gairo district has a reasonable number of livestock keepers owning feature
phones and mostly use them for SMS and voice calls (Table 4). Therefore, the study suggests that
SMS, USSD code and automatic broadcasting calls (Robocalls) will be the best way to communicate

FMD incidents/Outbreaks among livestock farmers and other stakeholders in the Gairo district.

The SMS, USSD code and Robocalls will technically satisfy those with a primary school level and
above who can read and write SMS (Table 3). In contrast, Robocalls will benefit those without
formal education who can not read and write SMS (Table 4). However, all the mentioned
technologies will satisfy most livestock keepers because most own feature mobile phones that do
not require an internet connection to access the AMoS4T-FMD and are easy to use. Thus, the study
suggests formulating the FMD communication algorithm, which is a part of the FMD

communication module using the mentioned technologies.
(ili)  Development of High-level Algorithm

The goal of the high-level algorithm is to provide general explanations of how the algorithm works.
The high-level algorithm is written so that someone with no professional or specialized experience

in computer programming can understand it.
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01 Upload FMD-related information to the system, such as FMD awareness and outbreak alerts Messages

02 Load all cattle sheds/kraals to the map and indicate them as healthy ones with green colour

03 Livestock keepers decide to report FMD outbreaks or access FMD awareness information from the
system using a feature mobile phone

04 If livestock keeper report FMD outbreaks

05 Livestock keeper may report FMD outbreaks by SMS or USSD

06 If he/she reports FMD outbreak by USSD

07 Dial a USSD code e.g., *384*90005#

08 Select Option number 1 of the USSD menu

09 Enter the number of FMD-suspected cattle

10 Submit

11 The system checks if the livestock keeper is registered

12 If the livestock keeper registered

13 Store the reported number of FMD-suspected cattle in Temporary Database (TDB)

14 Update reporter cattle shed/kraal on the map to the blue disc

15 If the livestock keeper not registered

16 Discard the reported case and inform the reporter that she is not registered

17 If he/she reports FMD outbreak by SMS

18 Open the SMS panel and enter the number of FMD-suspected cattle

19 Send an SMS to a given AMoS4T-FMD mobile number

20 The system checks if the livestock keeper registered

21 If the livestock keeper registered

22 Store the reported number of FMD-suspected cattle in Temporary Database (TDB)

23 Update reporter cattle shed/kraal on the map to the blue disc

24 If the livestock keeper not registered

25 Discard the reported case and inform the reporter that she is not registered

26 After the FMD valid case is received in the system, Top level stakeholders validate their truth

27 If the case is valid

28 Store the number of FMD-reported cases and the reporter's mobile number in Permanent Database
2(PDB2)

29 Send SMS alerts to all villagers informing them that there is an FMD outbreak in the reporter village

30 Update the reporter cattle shed on the map from blue to red

31 If the case is invalid

32 Discard the case and inform the reporter via SMS that the case is invalid

33 If the livestock keeper access FMD awareness information

34 Dial a USSD code e.g., *384*90005#

35 Select other options (2............... ) than option no 1

36 Fetch a particular FMD awareness information from permanent Database 2(PDB2)

37 Broadcast a particular FMD awareness to the reporter via SMS and Robocalls

38 The system also periodically broadcasts FMDinfo in SMS/Robocalls from PDB2 to livestock keepers
based on allocated time interval

39 The system checks if there is any FMDinfo to broadcast after every 30 seconds

40 If the time to broadcast has already elapsed

41 Broadcast that particular FMDinfo to livestock keepers

42 If the time to broadcast has not elapsed

43 Skip that particular FMDinfo

(iv)  Development of the Detailed Algorithm

The goal of the detailed algorithm is to provide a programming overview of the algorithm. The
detailed algorithm was formulated so the programmer could clearly understand the logical view of

an algorithm. The detailed algorithm can be easily converted to pseudocode (Appendix 5).
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01 Upload FMD-related information to the system, such as FMD awareness and outbreak alerts Messages

02 Load all cattle sheds/kraals to the map and indicate them as healthy ones with green colour

03 Livestock keeper decide to report FMD outbreaks or access FMD awareness information from the
system using a feature mobile phone

04 If livestock keeper report FMD outbreaks

05 Livestock keeper may report FMD outbreaks by SMS or USSD

06 If he/she reports FMD outbreak by USSD

07 Dial a USSD code e.g., *384*90005#

08 Select Option number 1 of the USSD menu

09 Enter the number of FMD-suspected cattle

10 Submit

11 The system checks if the livestock keeper is registered

12 If the livestock keeper registered

13 Store the reported number of FMD-suspected cattle in Temporary Database
(TDB)

14 Update reporter cattle shed/kraal on the map to the blue disc

15 If the livestock keeper not registered

16 Discard the reported case and inform the reporter that she is not registered

17 If he/she reports FMD outbreak by SMS

18 Open the SMS panel and enter the number of FMD-suspected cattle

19 Send an SMS to a given AMoS4T-FMD mobile number

20 The system checks if the livestock keeper registered

21 If the livestock keeper registered

22 Store the reported number of FMD-suspected cattle in Temporary Database
(TDB)

23 Update reporter cattle shed/kraal on the map to the blue disc

24 If the livestock keeper not registered

25 Discard the reported case and inform the reporter that she is not registered

26 After the FMD valid case is received in the system, Top level stakeholders validate their truth

27 If the case is valid

28 Store the number of FMD-reported cases and the reporter's mobile number in Permanent

Database 2(PDB2)
29 Send SMS alerts to all villagers informing them that there is an FMD outbreak in the
reporter village

30 Update the reporter cattle shed on the map from blue to red

31 If the case is invalid

32 Discard the case and inform the reporter via SMS that the case is invalid

33 If the livestock keeper access FMD awareness information

34 Dial a USSD code e.g., *384*90005#

35 Select other options (2....) than option no 1

36 Fetch a particular FMD awareness information from permanent Database 2(PDB2)

37 Broadcast a particular FMD awareness to the reporter via SMS and Robocalls

38 The system also periodically broadcasts FMDinfo in SMS/Robocalls from PDB2 to livestock keepers
based on allocated time interval
39 The system checks if there is any FMDinfo to broadcast after every 30 seconds

40 If the time to broadcast has already elapsed

41 Broadcast that particular FMDinfo to livestock keepers
42 If the time to broadcast has not elapsed

43 Skip that particular FMDinfo
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3.2.2  Algorithm Implementation

The researcher considered open-source software or services to minimize maintenance and
development costs. Therefore, the algorithm was implemented using open-source programming
languages, i.e., PHP hypertext processor, Jquery, HTML, JSON, Javascript, MySQL database and
Apache webserver. Similarly, MySQL database and Apache web server were used to provide data
storage engine and web services for accessing the system using computers and smartphones with a
web browser. The MySQL database and Apache web server were installed through the XAMPP
software package. However, there were no options for the third-party applications (software) and
services that required purchasing. Therefore, SMS Deliverer was used to providing SMS and voice
call (Robocall) functionalities (SMS Deliverer, 2022; Fig. 32 & 33). Similarly, the Unstructured
Supplementary Service Data (USSD) service enabled communication between AMoS4T-FMD and

livestock keepers via their feature mobile phones (Africa’s Talking, 2021).

On the other hand, a spot map was used to show cattle sheds/kraals' status when livestock keepers
report FMD to the system via SMS or the USSD menu. The spot map is a Gairo district Google map
embedded with cattle sheds/kraals (Fig. 8). The cattle sheds/kraals were created by Adobe graphics
design software as disk images of different colours indicating their status (Fig.7). The Images were
imported on the map as cattle sheds/kraals using JavaScript and PHP programming languages based
on their latitudes and longitudes data stored in the MySQL database when registering livestock

keepers ‘in the system through a specific menu (Fig. 44).

The 3G four ports SIMCOM multimedia modem pool provided SMS and automatic voice call

broadcasting services (Shenzhen Antecheng Technology, 2022).
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3.3 Objective: To Develop an Agent-Based Simulation Model for Predicting Foot and
Mouth Disease Outbreaks in the Gairo District

Agents are heterogeneous autonomous objects which can interact with each other through the
interactive environment (space) (MacAl & North, 2010; Bonabeau, 2002). Agents also interact with
other agents in the space (MacAl & North, 2010; Bonabeau, 2002). Each agent has its attributes and
behaviour, which unequally differentiates it from others in the group. The behaviours of individual
agents sometimes generalize the group's behaviour. The ABMS was used in this study due to its
ability to model the interaction of objects with different characteristics. Therefore, ABSM would be
the best approach for predicting FMD outbreaks in the Gairo district since interactions between
animals (livestock) and contaminated fomite objects like human beings, drinking water points,
vehicles, and wind influences the spread of FMD.

Various research explained different components of the Agent-Based Simulation Model (ABSM),
including: (a) Agents, which are objects involved in the interactions (e.g., person, animals,
organization). Each agent has its attributes (colour, age, nhame) and behaviour (changing colour,
moving, increasing) (Future Learn, 2022; MacAl & North, 2010; Bonabeau, 2002), (b) Set of agent
relationships and interaction methods that describe various ways the agents can interact. For
example, sharing grazing land and water drinking points between animals is an interaction that may
lead to the spread of FMD from infected to healthy cattle herds (Bonabeau, 2002; MacAl & North,
2010; Bonabeau, 2002), (c) Environment, which is the space agent interaction. Space can be the
space or layer of a Geographical Information System (GIS) such as Maplinfo or Google Map. The
environment may be static or dynamic, changing with time (Bradhurst et al., 2015; Future Learn,
2022), and (d) Time of interactions between agents. For example, animals share water drinking

points every year from January-April due to the drought (Future Learn, 2022).

Therefore, this study set the components of an ABSM as follows:

3.3.1 Agent Environment

The agent environment is the space in which agents interact. This study used the Gairo district
Google map as space (Geographical Information System) to develop the model. The Google map
was embedded in the model using the google maps API concept (Google, 2022). The Google map,
by default, is composed of different things, including village names connected by the road networks
for driving, walking and bicycling. Regardless of having these valuable features, they are

insufficient to build the model. Therefore, this study generates a spot map by embedding the Google
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map with cattle sheds/kraals, a weather station, wind direction and livestock interaction locations
(Fig. 7, 23-25 & 27). The researcher collected the centre coordinates (Latitudes and Longitudes) of
animals’ interaction locations and livestock keepers’ villages details to create the spot map.
Therefore, the spot map provides the agent interaction environment for building the ABSM in this

study.

This study considered all places whereby animals came into contact, such as livestock drinking water
points, grazing areas, animal markets and livestock loading ramps as interaction points (Table 5).
Creating and importing cattle sheds (discs) have been explained in this study's FMD communication
module and General setting module sections in Chapter four. However, unlike cattle sheds, the
livestock interaction locations were created using Adobe fireworks graphic design software as
square images (.png) with different colours indicating their status at a particular time (Adobe, 2022;
Fig. 7).

The interaction locations were imported on the map using JavaScript and PHP programming
languages based on their latitudes, longitudes and names stored in the MySQL database. During data
collection, the interaction location details were noted and inserted in the AMoS4T-FMD through the
Register/Update animal’s interaction locations menu in the General setting module (Fig. 28; Table
5). The process of registering and updating animals' interaction locations in the system has been
explained in detail in this study’s General setting module section in Chapter four. Other components

added to the map include wind direction and weather station.
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The weather station also was created using the Adobe fireworks graphic design software as an image
stick (.png) pointing to the north and south poles (Fig. 7, 23-25 & 27).

The weather station was added to the map using the JavaScript programming language, referring to
the weather station's location (latitude and longitude) installed in the Gairo district. The green colour
stick image indicates the weather station is online and uploads data to the AMoS4T-FMD using API.
Conversely, the red stick image denotes that the weather station is offline and does not upload any
data to the AMoS4T-FMD (Fig. 23-25 & 27). The process of uploading weather data into the
AMOo0SAT-FMD has been explained in Chapter four (The weather station and weather condition
API).

On the map, the wind is also denoted by an arrow beside the cattle shed/kraal, pointing in the wind
direction (Fig. 7 & 24). The wind direction arrows were also created as (.png images) using Adobe
fireworks and uploaded into the AMoS4T-FMD through the Campus direction manager menu as
part of the FMD feature outbreaks prediction module (Fig. 10). This study uploaded wind direction
arrows to the system based on the 8-point compass rose. However, the system is flexible to upload
more than 8-point compass rose such as 16-points, 32-points, 64-points etc. (Fig.10). The ABSM
imports wind direction symbols from the database using JavaScript and PHP, like cattle sheds and
animals’ interaction locations. The wind direction symbols will only be shown on the map if the

condition for FMD transmission by wind is met.

Similarly, roads connecting villages through walking, driving, and bicycling provide the model

interaction environment for social and economic activities between Gairo’s district village.
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Figure 10:  Compass direction manager menu
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3.3.2 Agents

All movable objects capable of spreading FMD by carrying the FMD virus from one location to
another through interacting with themselves were considered agents in this study. Therefore, this
study utilized livestock (cattle), villagers and wind as agents for developing the ABSM to predict
FMD outbreaks in the Gairo district. Unlike other objects, wind-borne FMD transmission (also
known as aerosol transmission) occurs only under favourable weather conditions (temperature,
humidity and wind speed) and at an acceptable distance from the source (FMD-infected herd).
Various studies suggested the maximum possible distances from the FMD source and the favourable

weather condition for FMD aerosol transmission (Bjornham et al., 2020; Mikkelsen et al., 2003).

As a result, this study utilizes the maximum suggested weather parameters such as relative humidity
> 60 RH, temperature <27°C and wind speed 2-5M/S as favourable weather conditions for FMD
aerosol transmission (Hagerman et al., 2018). Similarly, other studies reported that the FMD virus
could be transmitted up to 60 km over the land and 250 km over the sea under favourable weather
conditions (Garner & Cannon, 1995). Consequently, this study utilized 60 km as an acceptable
distance from the FMD source to develop the ABSM since all Gairo district villages were on dry
land. All variables influencing FMD aerosol transmission were inserted (stored) into the system

through the Manage weather condition threshold values menu (Fig. 11).

The model is also indirectly considered moving objects like cars and bicycles since they provide a
means of transport when villagers and animals move between villages via the road channels. This
study utilizes the Spot map (Google Maps) as an animal interaction environment (space) (Fig. 23-
25 & 27). Various mechanisms have been used to describe agents in space. For example, cattle were
represented by their cattle sheds/kraals denoted by discs (Fig. 23-25 & 27).
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Figure 11:  Weather condition threshold values manager menu

Similarly, villagers were represented on the map using their villages' location information (latitude
and longitudes) inserted into the system with other details when registering villages (Fig. 46). Lastly,
the map represented the wind using an arrow pointing in the wind direction beside the cattle
shed/kraal (Fig. 24).

3.3.3 Agent Relationships and Methods of Interaction

This study considered agent relationships as possibilities for agents to interact or collaborate in the
Gairo district. For example, villagers can move between villages for daily social and economic
activities such as selling and purchasing livestock in the livestock market, moving with animals in
the loading ramps, shared grazing areas and drinking water points (Table 5). Similarly, this study
considered the possibility of wind blowing through the downwind cattle sheds or kraals as among

the agent relationship.

On the other hand, the mechanisms by which the agents interact, such as animals, wind, and human
movement, were considered a method of interaction that influences agent relationships. The agent
relationships and methods interactions influence the spread of FMD when the health agent meets
the FMD suspected ones in the district. Therefore, this study generates the matrix of all agents
(livestock, villagers, vehicles, etc.) possible interactions for the six Gairo district villages named
Kilama, Chogoali, Chakwale, Kilimani, Ibuti, and the Gairo town (Table 5). Similarly, the Agent's
possible Interaction topology was generated from (Table 5) to indicate how agents were connected.
The blue vertices (arrows) indicate an interaction between agents when moving between villages,
while black means an interaction between agents through the animals’ interaction locations, e.g.,

Animal markets (Fig. 12).
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In Table 5, the agent’s interactions can be in the form of (Xu, Yw) or ((Xuw, Yi)1, (Xu, Yi)2)
coordinates. The (Xvl, Yvl) signals the interaction when agents move from one village to another.
For example, (Jvl, Hvl) demonstrates that agents may move from Kilama to Chakwale village.
Similarly, ((Xv, Yi)1, (Xw, Yi)2) indicates interaction between agents through the animals’
interaction location. For example, (G, Ail) can be interpreted as Gairo town villages using Chakwale
livestock market for selling and buying animals. Also, (lv, Aii) means that Kilama villagers use the
same Chakwale livestock market to sell and buy animals. Therefore, one may deduce that villagers
and animals from Kilama and Gairo towns interact through the Chakwale livestock market with the
relationship ((Gw, Air), (Iv, Ai)).

Table 1: Gairo district Agents' possible interaction matrix
X
Villages
© c s
S |2 |88 8
= |2 |8 |58
A @) ¥ | ¥ 2 10
le Hvl |v| Jvl Kvl LvI
Chakwale livestock market | A \ \ R R
Kilama pond, shared Bil v v
livestock drinking water
point
Livestock | Magamba shared livestock | Cj \ \
interaction | grazing area
location | Chakwale river shared Dil N N
livestock drinking water
Y point
Ibuti shared livestock Eil v
grazing area
Ukwamani (Minjenga) Fil N N R R
livestock loading ramp
Gairo town Gui N N
Chakwale Hui v R v
Gairo Kilimani i v
district Kilama Jui \ \
villages | Ibuti Ka [V [W N
Chogoali Lvi v v
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Figure 12:  Agents ‘possible interaction topology

In the ABSM, the interactions when agents move between villages were enforced by matching the
nearby villages through the Villages matching menu in the FMD future outbreaks prediction module.
This menu provides flexibility to match and unmatch nearby villages in the model (Fig. 13).
Similarly, the model's interactions between agents were enforced by matching villages and animals'
interaction locations via the Animals interaction location matching menu in the FMD future
outbreaks prediction module (Fig. 14). This menu also provides flexibility to match and unmatch
villages and interaction locations in the model. Remember that villages and animals interaction sites
were added to the system via the General settings module's Register/Update villages and
Register/Update animals interaction locations menus (Fig. 13 & 14).
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Figure 14:

3.3.4 Time of Interactions between Agents

Animal’s interaction location matching menu

The model shows agents' interactions and predicts FMD outbreaks daily based on the reported FMD

valid cases. However, showing interactions and predictions for a particular period is flexible by
specifying the starting and ending date (Fig. 23-25 & 28).

3.4
Objectives no (ii) and (iii)

3.4.1 System Development Approach

Objective: To Develop the Foot and Mouth Disease Surveillance System by Combining

The waterfall model was used to develop AMoS4T-FMD because it is easy to use and focuses more

on deliverables than customers when all user requirements are known and fixed (Tutorials point,
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2022). Therefore, it saves system development time when the researcher combines the FMD

communication algorithm and the Agent-Based Simulation model into a software

3.5  Objective: To Validate the Developed Foot and Mouth Disease Surveillance System

3.5.1 Foot and Mouth Disease Future Outbreaks Prediction Module Validation

The model's operation was validated using the replicative validation technique, in which the model
outputs were compared to actual Gairo district FMD incidents/outbreaks data (Darvishi & Ahmadi,
2014). As a result, the model was validated using four months of FMD incident/outbreak secondary
data (March 2021-June 2021) from six selected villages in the Gairo district: Kilama, Chogoali,
Chakwale, Kilimani, Gairo town, and Ilbuti (Appendix 8). However, the data on FMD
incidents/outbreaks from Ibuti village, on the other hand, was excluded because no FMD cases were
reported during the stated period. Similarly, testing did not involve the weather condition data since
no weather condition parameters favour the FMD transmission by wind direction reported by the
Weather station at that time (March 2021-June 2021).

3.5.2 Foot and Mouth Disease Communication Module Validation

The ability of livestock keepers to access AMoS4T-FMD using their mobile phones was tested as
part of the FMD communication module validation. As a result, 36 livestock keepers from Chogoali
and Kilama villages were randomly chosen to see if they could use their feature phones to access
the system using the USSD menu, SMS, and Robocalls on the first trial. As a result, a closed-ended
interview with a questioner was undertaken to see if they could access the USSD menu and use SMS
and USSD menus to report disease outbreaks to the system (Appendix 9). They were also asked if
they could get FMD awareness information from the system on the first attempt, such as precautions,
negative effects, transmission pathways, and clinical indicators via SMS and automated voice calls
(Robocalls) utilizing the USSD menu.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Foot and Mouth Disease Status in Gairo District

To determine the FMD status, 170 livestock keepers out of 180 responded that either they had
already observed FMD infection in their cattle or not. The question was a single-response question
(Appendix 3). The livestock keepers responded “yes” to the question and were informed to mention
at least three FMD clinical signs to validate their answers (Appendix 3). The data found that 133
(78%) of the interviewed livestock keepers had already observed FMD infection in their cattle
(Table 2; Fig. 15). A larger number was experienced in the pastoralist community, that 97% of them
had already observed FMD infection in their cattle, followed by the agro-pastoral community, 93%

(Table2; Fig. 15). In contrast, only 44% was observed in the zero-grazing community.

Table 2: Frequencies of livestock keepers who have already faced FMD challenges
Livestock farming system Responses Frequency Per cent
no 31 56%
raring (Ne yes 24 44%
Zero-grazing (N=55) Total 55 100%
no 4 7%
i : _ yes 93 93%
Agro-pastoralist (N=57) Total 57 100%
no 2 3%
Pastoralist (N=58) yes 56 97%
Total 58 100%
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Figure 15:  Spatial distribution of FMD surveyed households in the Gairo district

4.2 Relationship between the Foot and Mouth Disease Outbreaks and Seasons of the Year

in the Gairo District

The five years FMD outbreaks secondary data (Jan 2015 to May 2019) were collected from Gairo
district veterinary office. Data shows that most FMD outbreaks were reported in January-May,
August, October and December. However, there were very few cases in July, September and
November, and no FMD cases were reported in June for the past five years consecutively (Fig. 16).

The reason for this variation was not identified in this study.
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Figure 16:  Foot and Mouth Disease affected cattle in the Gairo district by the year (Jan
2015 to May 2019)

4.3  The Time taken for Livestock Keepers to Receive Information about Foot and Mouth

Disease Outbreaks in their Communities

The study revealed a delay in information flow in livestock-keeping communities during the FMD
outbreak. The data indicated that most livestock keepers got information one day after the disease
outbreaks (Table 3). Thus, 79% of pastoralists, 74% of agro-pastoralists, and 67% of zero-grazing
got information more than one day after the FMD outbreaks (Table 3). Also, livestock keepers
mostly communicate FMD incidents/outbreaks and control measures among themselves rather than
getting official information from liable sources such as local and regional VET offices or
Veterinarians (Table 3). This is because the government established no official communication

channels for reporting or delivering FMD outbreak information in their communities.

Since most livestock keepers received FMD outbreak information more than one day after the
outbreaks, and clinical signs can appear in animals within 2 to 14 days after FMD virus exposure,
the likelihood of receiving information after animals have been affected is higher (World
Organization for Animal Health, 2022). Not only that, but also the majority of livestock keepers
received FMD outbreaks information from other livestock keepers and just heard rumours from their
nearby villages. However, very few receive information from veterinarians. Generally, there are no

official ways of communicating FMD events among livestock stockholders in the district.
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Table 3: Time taken by livestock keepers to receive FMD outbreaks information from
different sources and sources of FMD information

Livestock Farming system Variables Frequencies Per cent
Time taken by livestock keepers’ communities to receive information during FMD outbreaks
Within 1 hour 2 5%
Within 6 hours 1 3%
Within 12 hours 3 8%
P _ Within 1 day 4 10%
Zero-grazing (N=39) More than 1 day 26 67%
No Information at all 3 8%
Total 39 100%
Within 1 day 6 15%
Within 6 hours 0 0%
Within 12 hours 0 0%
i ot (N= Within 1 day 0 0%
Agro-pastoralist (N=39) More than 1 day 29 24%
No Information at all 4 10%
Total 39 100%
Within 1 hour 1 2%
Within 6 hours 3 6%
Within 12 hours 0 0%
. _ Within 1 day 6 12%
Pastoralist (N=52) More than 1 day 41 79%
No Information at all 1 2%
Total 52 100%
Sources of FMD information in livestock keepers’ communities
VET professional 11 19%
Other livestock keepers 39 67%
Special meetings 1 2%
Zero-grazing (N=43) Just hearing rumours 7 12%
Other 0 0%
Total 58 100%
VET professional 5 8%
Other livestock keepers 44 75%
Special meetings 0 0%
Agro-pastoralist (N=49) Just hearing rumours 4 7%
Other 6 10%
Total 59 100%
VET professional 0 0%
Other livestock keepers 54 91%
. _ Special meetings 1 2%
Pastoralist (N=55) Just hearing rumours 0 0%
Other 4 7%
Total 59 100%
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4.4 Livestock Keepers’ Demographic Characteristics

The researcher collected information about livestock keepers’ demographic characteristics to
determine the user requirements. Therefore, one hundred and eighty livestock keepers (180) were
interviewed to determine their demographic characteristics, including their level of education and
mobile phone categories, possession and usage. The data found that 91% of livestock keepers own
feature phones, and 9% own Smartphones (Table 4). The data also found that most livestock keepers
used mobile phones to make and receive voice calls and send and receive SMS (Table 4). Not only
that, but 60% of livestock keepers had primary school education, and 33% had no formal education
(Table 4).

Table 4: Frequencies of livestock keepers’ demographic characteristics

Variables Frequencies Per cent
Livestock keepers owning mobile phones (N=170)

No 27 16%
Yes 143 84%
Total 170 100%
Mobile phone usage (N=143)

Smartphone 13 9%
Feature phone 139 91%
Total 152 100%
Level of education (N=171)

Primary School 103 60%
Secondary School 10 6%
University 1 1%
No Formal Education 57 33%
Total 171 100%
Mobile phone usage (N=144)

Sending and receiving SMS 114 39%
Making and receiving calls (including Robocalls) 141 48%
Surfing the Internet 10 3%
Social Network 11 4%
Other use 19 6%
Total 295 100%

45  Animals’ Interaction Locations and Livestock Keepers’ Villages Details

The study found that there are 6 possible animal interaction locations in six villages of Gairo district
namely; Gairo town, Chakwale, Chogoali, Kilama, Kilimani and Ibuti (Table 5).
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Table 5: Animals’ interaction locations and livestock keepers’ villages details

Notations Places Center Coordinates (Lat, Lng)

Animal’s interaction location (il)

Ail Chakwale livestock market -6.06542996, 36.96424154
Bil Kilama pond, shared livestock drinking water -6.05153231, 37.23789128
point
Cii Magamba shared livestock grazing area -6.02680034, 37.35967209
Di Chakwale river shared livestock drinking water -6.07756290, 36.96884716
point
Eil Ibuti shared livestock grazing area -6.14983980, 36.90310699
Fil Ukwamani (Minjenga) livestock loading ramp -6.12568657, 36.85628147
Place Type: Livestock keepers’ villages (v1)
Gui Gairo town -6.15121500, 36.87513170
Hui Chakwale -6.06099170, 36.96072830
lv Kilimani -6.08598710, 36.97170540
i Kilama -6.05224000,37.231162500
Kui Ibuti -6.13271670, 36.93784670
Lvi Chogoali -6.11075170, 37.35772000

4.6  Foot and Mouth Disease Communication Algorithm

The FMD communication algorithm, as the heart of the FMD Communication Module,
accomplishes the overall FMD communication process with the help of a spot map (Appendix 5;
Fig. 8 & 17). The algorithm performs the FMD communication process between livestock keepers
and top-level stakeholders in stages. First, before any FMD case is reported to the system, the
algorithm loads all healthy cattle sheds (green discs) onto the spot map (Fig. 8). Next, the system
stores the number of FMD-suspected animals in the Temporarily database (TDB) and believed the
information was unconfirmed anytime a livestock keeper submitted the number through SMS or
USSD menu (Fig. 31 & 52). In addition, the algorithm updates the reporter's cattle shed/kraal on the

map to a blue disc denoting an unconfirmed case (Appendix 5; Fig. 18).

The veterinarians (Top-level stakeholders) validate the incident by calling the livestock keeper who
reported the outbreaks/incidents and physically visiting the area. The algorithm moves the number
of FMD-suspected cattle to the Permanent database2 (PDB2) after the veterinarian clicks the
“Accept Cases button” if the case is valid (Appendix 5; Fig. 17 & 18). Otherwise, the system
discards the information and informs the cattle shed/kraal own the claim is invalid.Also, the
algorithm updates the unverified (blue disc) cattle shed/kraal on the map to red, indicating it is a
valid case (FMD-affected cattle shed)(Fig. 52).

Sometimes both unverified and valid status may happen in a particular shed/kraal when the FMD-

affected cattle shed/kraal reports the new FMD suspected cases to the system after the preceding
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valid cases. The spot map represents them with blue and red discs simultaneously; however, the blue
disc will be bouncing on the top of the stationary red disc (Fig. 52).

Similarly, the algorithm broadcasts alert messages to livestock keepers (excluding the reporter)
explaining the scenario in SMS and Robocalls for preparedness (Fig. 17). The alert messages
mention the reporter village and suggest the necessary precaution measures to minimize FMD
impact in livestock-keeping communities. The process of broadcasting audio files as Robocalls has
been explained in this study's SMS/Voice gateway and voice modem pool section of this Chapter.
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FMD Communication Module || FMD Reported Cases || Unconfirmed Cases

Reset Page
Click Here to Verify FMD Case

Verify FMD Reported Cases
Livestock Keeper Name AHMED KIJAZI
MNumber of Suspected Cattle 23

Accept Cases| Discard Cases
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05/05/2021 MICHAEL - Gairo
1 12:0216 Cs3r KISANGIRI +288 ___5075 Municipal 23 (1) Zero-Grazing ussD
- |05/05/2021 BLANDINA .
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Figure 18:  Foot and Mouth Disease Unconfirmed Cases menu

Apart from enabling livestock keepers to report FMD outbreaks, the algorith is also responsible for
maintaining FMD awareness by periodically broadcasting FMD awareness to livestock keepers in
SMS and Robocalls. The FMD communication algorithm broadcast FMD awareness information
based on the time interval allocated when uploaded to the system through the FMD alerts manager
menu (Appendix 5; Fig. 50). The targeted FMD awareness information includes but is not limited

to FMD precaution measures, negative impacts, clinical signs and transmission pathways (Fig. 50).

The system algorithm calls or delivers SMS to multiple mobile numbers during SMS or Robocall
broadcast. To archieve that, the algorith compares each recorded FMD awareness's last broadcast
time (LastBrT) to the current operating system time (OsT). The algorithm only broadcasts the FMD
awareness to livestock keepers via SMS and Robocalls if the difference between OsT and LastBrT
is greater than the broadcast time interval (BrTi) assigned to that specific FMD awareness when it
was uploaded to the system. The process repeats every 30 seconds (Fig.17). Also, livestock keepers
may access the same information using options number 2-5 of the USSD menu (Fig. 55 ). The FMD
awareness descriptions and the USSD menu were translated into English for readability in this paper.
However, in the actual system, the information is in the native language (Kiswahili) system for

livestock keepers to easily understand (Fig. 53-54).
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4.7 Foot and Mouth Disease Future Outbreaks Prediction Model

4.7.1 Model Working Principle

The ABSM utilize various data for the FMD prediction process. Top-level stakeholders upload some
of them to the system, including FMD prediction alert messages, animals’ interaction locations,
cattle sheds, and village details through the menus (Fig. 44, 46, 47 & 51). Also, top-level
stakeholders generate agents’ possible interaction data by matching nearby villages and interaction
locations against villages (Tablel; Fig. 12-14). The model also utilizes weather condition variables

uploaded to the system by the weather station installed in the Gairo district.

Furthermore, the system automatically generates FMD confirmed case data using the weather
condition variables and unconfirmed FMD reported cases. The FMD unconfirmed cases menu in
the FMD communication module can be used to view the FMD unconfirmed cases (Fig. 18). When
the top-level stakeholders approve valid FMD cases, the system checks each of the 12 days' hourly
recorded weather condition secondary data in thePDB1 for FMD aerosol transmission requirements
(humidity > 60 RH, temperature 27°C, wind speed 2-5M/S) (Fig. 18 & 19).

One may view the weather condition hourly data uploaded to the system through the Weather
condition manager menu in the FMD communication module (Fig. 19). The process of uploading
data to the system using a weather station installed in the Gairo district has been explained in this
Chapter, Weather station and weather condition API section (Fig. 35a-c, 36-40). The secondary
weather data for 12 days were considered because the FMD incubation period is 2-14 days, implying
that animals may show FMD clinical signs 12 days after being exposed to the FMD virus. As a
result, whenever livestock keepers report FMD cases to the system, the likelihood that their animals
have already transmitted the FMD virus through wind movement in the previous 12 days is high
under favourable weather conditions. Therefore, in this study, the FMD incubation period was
inserted into the system through the FMD incubation period manager menu in the FMD future

outbreaks prediction module (Fig. 20).
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FMD Future Outbreaks Prediction Module || Weather Condition Manager

Thu May 26 2022

Search Date

Weather Condition History
Sno Time Temperature(®C) Hummidity(%) Wind Speed(m/s) ‘Wind Direction(Deg)
1 13/07/2021 11:30:04 24 46 3 110
2 13/07/2021 09:30:01 19 64 3 116
3 13/07/2021 07:00:36 12 a5 1 104
4 13/07/2021 05:00:02 12 96 1 119
5 13/07/2021 03:00:00 14 88 1 132
6 13/07/2021 00:30:03 14 86 1 106
7 12/07/2021 22:30:01 14 a9 1 123
8 12/07/2021 20:30:01 16 a0 2 116
9 1210772021 18:30:00 17 72 2 106
10 1210772021 16:00:44 21 53 2 119
il 12/07/2021 14:00:07 20 59 3 120
12 12/07/2021 11:30:52 20 59 3 113
12 12/07/2021 09:30:02 17 73 2 "7
14 1210772021 07:00:26 13 97 1 120
15 12/07/2021 05:00:01 13 97 2 140
16 12/07/2021 02:30:01 12 95 1 147
7 19INTIN91 NN 17 an 1 129
Figure 19:  Weather condition manager menu

| FMD Future Outhreaks Prediction Module || FMD I bation Period M:

Add FMD Incubation Period

Minimum Mo. of Days

Maximum No. of Days

Add
Animals Interaction Location Details
Sno Minimum No of Days Maximum Mo of Days Delete
1 |2 14 Delete
Page 1 of 1 First Prev 1 Next Last
Figure 20:

Foot and Mouth Disease incubation period manager menu

Reset Page

Whenever livestock keeper report FMD outbreak/incident to the system, the system stores the

reporter's details (including mobile number) and weather condition variables (temperature,

humidity, wind speed and wind direction) in PDB2 when it finds the matching weather condition
data and flags the information for FMD prediction by the wind (Fig. 17, 19 & 22). Otherwise, it

stores the reporter details only in PDB2. This information is known as valid cases and can be viewed

through the FMD confirmed cases menu available in the FMD communication module (Fig. 21).
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FMD Communication Module || FMD Reported Cases || Confirmed Cases

Reset Page

Click Here to Add/lUpdate Confirmed Cases

Search livestock Keeper

Search

Livestock KeeperName ~ ceeeeeeee-
Instructions
Click Sno to update confirmed cases
FMD Confirmed Cases
3no Date Reported  |ID Full Name Mabile No Village Mo of Affected Cattle Farming System  |Weather ConditionData
1110412022 . ' Temp 10°C, Hum 61%, Wind
1 CS27 |LUKAMKETO +255627974147 |Chogoali M 1) Pastoralism ! !
- |00:00:00 . M Speed 5WIS, Wind Dir 270
2 [1]10%4;%%22 C837 [MICHAEL KISANGIRI +265752905075| Gairo Municipal 9 (1) Zero-Grazing
11104/2022 ; Temp 3°C, Hum 75%, Wind
3 CS85 [BLANDINA MARTIN 05 Chakwale 34 1) Agro-Pastoralism ! '
= |00:00:00 (14 Speed 2W/S, Wind Dir 180°
Page 10f1 First  Prev 1 Next Last
Figure 21:  Foot and Mouth Disease confirmed cases menu
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Figure 22:  Agent-based-simulation model data gathering process

The ABSM predicts FMD outbreaks based on daily reported FMD valid cases; however, by
specifying the starting and ending dates in the "filter events by date” search box on the model
interface, it is flexible enough to forecast FMD outbreaks based on secondary FMD valid cases (Fig.
23-25 & 27). The ABSM utilizes the data stored in the PDB1 and PDB2 to predict FMD outbreaks

in the Gairo district in four ways: (a) based on the socio-economic interactions, (b) based on the
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wind direction, and (c) based on the animals’ interactions (d) A hybrid of the three FMD prediction

mechanisms.

Q) Foot and Mouth Disease Prediction based on the Socio-Economic Interaction

The model forecasts FMD outbreaks based on social and economic interactions in Kilama, Chogoali,
Chakwale, Kilimani, Gairo town, and Ibuti, six villages in the Gairo district. Furthermore, the model
assumed that fomite objects (that can carry and transmit FMD virus) like villagers are free to move
between the villages. Therefore, during FMD outbreaks, fomite items may spread the FMD virus
from FMD-infected villages to healthy villages. The ABSM predicts the FMD based on
socioeconomic interactions in the following steps: First, the model loads all cattle sheds/kraals (disc
images) on the spot map based on their latitude and longitude information provided in the system
during the livestock keepers registration procedure (Fig. 44). Next, the model assumes that all cattle

sheds/kraals are healthy and indicates them on the map with a green colour (Fig. 9 & 26).

Whenever the FMD case is confirmed, the Model updates the cattle shed/kraal on the map to a red
colour, indicating that it is FMD affected and noting its village name and all nearby villages (Fig.
23 & 26). The model then uses the Google map Directions APl and Maps JavaScript API to predict
FMD outbreaks by socio-economic interaction by tracing (drawing) on the map all possible FMD
distribution channels that could be utilized by fomite objects when moving through surrounding
villages via driving, bicycling, and walking. The Google map Directions APl and Maps JavaScript
API have the capability (built-in functionalities) to determine and draw on the map all possible road
channels connecting two points through driving, bicycling, and walking (Fig. 23 & 26). Then the
model identifies all cattle sheds/kraals in the reporter and surrounding villages and changes them to
pink, suggesting they are at risk. Simultaneously, the model sends SMS and Robocalls to the
livestock owners notifying them of the outbreaks, naming the affected village, and outlining the

essential precautions to reduce the disease's impact (Fig. 26).

In addition, the model marks all cattle sheds with unconfirmed FMD case reports with a blue disc
on the spot map. However, where both unconfirmed and confirmed FMD cases concurrently
appeared in the same cattle shed/kraal, the model indicates them with red and blue discs
simultaneously; however, the blue disc will be bouncing on top of the fixed red disc. Finally, the
model displays the FMD scenarios statistics on its right-hand side panel (Fig. 23).
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(i)  Foot and Mouth Disease Prediction based on the Wind Direction

The model forecasts FMD outbreaks based on wind direction in Kilama, Chogoali, Chakwale,
Kilimani, Gairo town, and lIbuti, villages in the Gairo district. The FMD prediction by wind direction
considers all FMD valid cases that met the criterion for FMD aerosol transmission (the favourable
meteorological conditions) when they are reported to the system. The model performs FMD
prediction by wind direction in the following steps. First, the model loads all cattle sheds/kraals
(disc images) on the spot map based on their latitude and longitude information provided in the
system during the livestock keepers registration procedure (Fig. 44). Next, the model assumes that
all cattle sheds/kraals are healthy and indicates them on the map with a green colour (Fig. 9). The
model then updates the colour of all cattle sheds that fulfilled the criteria for FMD aerosol
transmission to red, with a red arrow pointing in the direction of the wind (Fig. 24). If multiple FMD
valid cases are submitted to the system after the wind changes direction, multiple arrows may point

in various directions for a single cattle shed/kraal.

The model then detects all downwind cattle sheds by computing the bearing angle between the
infected cattle shed/kraal and each downwind cattle shed/kraal (Appendix 7). For instance, when
the wind blows 91 degrees from the infected cattle shed/kraal, the model deems it an East direction
because it falls between 67.6°and 112.5° (East) on the 8-compass rose (Fig. 10). Therefore, the
model concludes that any livestock sheds/kraals positioned between 67.6° and 112.5° on the eight-

point compass rose are downwind of the infected ones.

The model calculates the distance between the infected cattle shed/kraal and each downwind cattle
shed/kraal to identify at-risk cattle sheds/kraals (Fig. 24; Appendix 7). If the downwind cattle shed
/ kraal is at an acceptable distance from the infected cattle shed / kraal, the model considers it at-risk
and updates it on the map to pink (Fig. 24 & 26).

Finally, the model broadcasts SMS and Robocalls to all at-risk cattle sheds/kraals owners informing
the outbreak and necessary precaution measures to minimize the disease impact (Fig. 26). At the
same time, the model indicates all cattle sheds with FMD unverified reported cases by the blue disc
on the spot map. However, where both unconfirmed and confirmed FMD cases concurrently
appeared in the same cattle shed/kraal, the model indicates them with red and blue discs
simultaneously; however, the blue disc will be bouncing on top of the fixed red disc. Finally, the

model displays the FMD scenarios statistics on its right-hand side panel (Fig. 24).
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(ili)  Foot and Mouth Disease Prediction based on the Animals’ Interaction Location

The model forecasts FMD outbreaks based on animals’ interactionin Kilama, Chogoali, Chakwale,
Kilimani, Gairo town, and Ibuti, villages in the Gairo district. The model predicts FMD based on
the animal’s interaction because the Gairo district has various locations where animals come into
contact for different purposes. These locations include livestock markets, shared livestock drinking
water points, shared livestock grazing areas, and livestock loading ramps. At these locations, FMD-
infected animals from FMD-infected villages may transmit FMD to the healthy animals when they
contact or share resources like water and feeding facilities. In addition, FMD can also be transferred
to the health villages when FMD-infected animals are purchased from the market. Similarly,
villagers may transmit FMD to their villages if they contaminate the FMD virus at the animals'
interaction points. As a result, the model can predict the disease's direction after an FMD outbreak

in a specific village.

First, the model loads all cattle sheds/kraals (disc images) on the spot map based on their latitude
and longitude information provided in the system during the livestock keepers registration procedure
(Fig. 44). Next, the model assumes that all cattle sheds/kraals are healthy and indicates them on the
map with a green colour (Fig. 9). Next, the model loads all of the animals' interaction places on the
spot map using the latitudes and longitudes data recorded in the system during the registration of the
animals' interaction sites (Fig. 47). In addition, the model assumes that all animal contact places are

safe and marks them on the spot map with black squares (Fig. 9).

When livestock keepers report a valid FMD case to the system, the model updates his cattle
shed/kraal to red colour on the spot map and notes his village name (Fig. 25). The model then updates
all shared animal interaction areas used by the FMD-infected village to violet, suggesting that they
are at risk (Fig. 25). Similarly, to forecast the disease direction, the model identifies all villages that
share an interaction location with the FMD-infected village and changes their cattle sheds/kraals on
the map to a pink colour, suggesting they are at risk. Similarly, it does to the reporter village,
excluding the FMD-infected cattle sheds.

Finally, the model uses the Maps JavaScript API function to plot the polyline on the map for all
potential animal interactions, demonstrating how FMD can spread throughout villages from the focal
sites (Google API, 2022).

In addition, the model sends SMS and Robocalls to all at-risk cattle shed/kraal owners, informing
them about the outbreak and the essential precautions to reduce the disease's impact (Fig. 26). At

the same time, the model indicates all cattle sheds with FMD unverified reported cases by the blue
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disc on the spot map. However, where both unconfirmed and confirmed FMD cases concurrently
appeared in the same cattle shed/kraal, the model indicates them with red and blue discs
simultaneously; however, the blue disc will be bouncing on top of the fixed red disc. Finally, the
model displays the FMD scenarios statistics on its right-hand side panel (Fig. 25).
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Agent-Based Simulation Model (ABSM) for Predicting FMD Outbreaks
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Figure 26:  Agent-Based-Simulation Model Foot and Mouth Disease prediction process
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(iv) A Hybrid of the three Foot and Mouth Disease Prediction Mechanisms

The ABSM allows users to observe all three FMD prediction mechanisms simultaneously, such as

prediction based on socio-economic interactions, wind direction, and animal interactions (Fig. 27).
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4.8  System Architecture

Generally, the system was developed using PHP hypertext processor, Jquery, HTML, MySQL
database, Apache web server, JSON, and Javascript. The MySQL databases and Apache webserver
were available by installing the XAMPP software package. The SMS/voice gateway software was
installed to provide SMS and voice broadcast services (Fig. 28, 33 & 74). The SMS/voice Modem
is attached to the server hardware via a USB port and connected to the SMS/voice gateway software
through its settings menu (Fig. 28). The weather and USSD API enable communication between
AMo0S4T-FMD and third-party applications such as weather conditionsweb servers and cloud USSD
servers (Fig. 28, 35-37, 39 & 40). Therefore the APIs provide weather data from the Gairo district
and USSD services to the AMoS4T-FMD. Apart from the third-party hardware and software, the
AMO0SAT-FMD generally comprises four modules named: (a) General Settings Module, (b) FMD
communication Module, (c) FMD Outbreaks Prediction Module and (d) Security Module (Fig. 28-
31). One may use the scrollable left-hand side panel to navigate the modules after logging into the
system home page (Fig. 31 & 32). The user may navigate the modules by clicking their menus (Fig.
32). The user logged in to the system by providing the username and password on the system login
page (Fig. 29). All users should first be registered to the system based on their privileges assigned
by the system administrator (Fig. 56-58).The system administrator also gives the user a username
and temporary password, which could be changed after logging in to the system (Fig. 58). In the
next section, the system components description section, all system components have been

explained in detail.
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Figure 31:  System modules and menus list

4.8.1 System Components Descriptions
(1)  SMS/Voice Gateway and Voice Modem Pool

The 3G SIMCOM modem pool with 4 ports was used to broadcasts SMS and voice calls (Robocalls)
to livestock keepers using the SMS/Voice gateway software (Shenzhen Antecheng Technology Co.,
Ltd. 2022). The SIMCOM modems, unlike other modems, have permanent memory storage for
storing audio files in (.wav) format and are capable of executing “AT” commands. The SIMCOM
modem can broadcast SMS and voice due to this unique feature, unlike other modems that only
broadcast SMS. However, any modem with the features of the SIMCOM modem can be used for a
similar task. The SIMCOM modem was attached to the server via the USB portto broadcast SMS
and Robocalls (Shenzhen Antecheng Technology Co., Ltd. 2022).
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The SMS/voice gateway software known as SMSDeliverer was used broadcast the intended
messages with the help of SIMCOM modem (SMS Deliverer, 2022). Through the gateway Add/Edit
Connection menu, the SMSDeliverer bridge the 3G SIMCOM and permanent database 1([PDB1]
MySQL database), which is a part of AMoS4T-FMD (Fig. 28 & 32). As a result, it connects the
SIMCOM modem and AMoS4T-FMD.

The FMD awareness (precaution measures, negative impacts, clinical symptoms, transmission
pathways, outbreaks, and predictions) and FMD outbreaks alert pre-recorded audio files were
uploaded to the modem using SMS/voice gateway to broadcast Robocalls (Fig. 33). However, their
file names were uploaded to the system (PDB1) using the FMD alerts manager and FMD awareness
manager menus in the FMD Communication module (Fig. 50 & 51). After that, the SMS/Voice
gateway broadcasts the audio files to livestock keepers as Robocalls by referring to their names in
the PDB1(Fig. 17). The system automatically broadcasts information as Robocalls alerts whenever
FMD outbreaks are reported to the system by livestock keepers (Fig. 50 & 51). Similarly, the system
periodically broadcast information as Robocall FMD awareness based on the time interval indicated

when registering the file name to the system (Fig. 50 & 51).

On the other hand, the system broadcasts FMD awareness and alerts in SMS by referring to their
corresponding description in the PDB1(Fig. 17, 50 & 51). Similarly, the “FMD alerts manager" and
"FMD awareness manager" menus were also used to upload text descriptions to the system, like the
audio files. The SMSDeliverer provides the option to upload the new audio file or update the existing
ones in the SIMCOM modem through the “voice setting menu” (Fig. 32 & 33).
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(i)  Feature Mobile Phones

The feature mobile phones enable communication between livestock keepers and AMoS4T-FMD.
The system periodically broadcasts FMD-related information in SMS and Robocalls to livestock
keepers feature mobile phones. Livestock keepers also may report FMD outbreaks to the system by
sending the number of FMD suspected cattle to a particular mobile number of Simcard of a
SIMCOM modem or using the USSD menu (Fig. 31 & 32).

(ili)  Unstructured Supplementary Service Data Application Program Interface

The USSD code for providing USSD services in AMoS4T-FMD was obtained from the vendor
(Africa’s Talking, 2021).The provider offers access to an online control panel called sandbox for
setting the USSD code service when you subscribe to the USSD code service)(Africa’s Talking,
2021; Fig. 34). Users must configure the service code (USSD code) and callback URL, the HTTP
route pointing to the AMoS4T-FMD API file, in the sandbox (Fig. 34; Appendix 4). A callback
URL connect the vendor’s online USSD server and AMoS4T-FMD through the API. For example,
Fig. 34 indicates the sandbox control panel configured with the USSD code (*384*90005#), and the
callback function point to the API file (USSD.php) hosted in the AMoS4T-FMD server configured
with the public Internet Protocol(IP) address 41.59.85.218. The livestock keepers may access the
USSD menu by dialling a specific USSD code, e.g. *384*90005#. The USSD menu enables
livestock keepers to report FMD outbreaks to the system using option number 1 by sending the
number of FMD suspected cattle to the AMoS4T-FMD (Fig. 53).

The USSD menu also allows livestock keepers to request FMD awareness information from
AMo0S4T-FMD by selecting options 2-5 (Fig. 55) of the USSD menu. Upon the sending, the number
of FMD suspected cattle or accessing a particular FMD awareness, the option numbers and the
number of suspected cattle initially are stored on the on-cloud vendor USSD server (Fig. 34). Then
the USSD API downloads the option number, and the number of FMD suspected cattle from the
vendor USSD server and stores them in the AMoS4T-FMD MySQL database (Fig.18 & 34). The
meaning of each option number prior has already been translated and registered in the AMoSA4T-
FMD through the USSD menu manager available in the FMD communication module (Fig. 54).

Therefore the system will understand them upon imported into the database (Fig. 18).
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Figure 34:  Vendor's USSD service configuration panel (Africa’s Talking, 2021)

(iv)  Weather Station and Weather Condition Application Program Interface

Since the wind movement can also transmit FMDunder favourable weather conditions, the Misol
professional WCDMA/GSM weather station was installed at the Gairo district head office for
capturing and uploading weather data to the AMoS4T-FMD via the Internet of Things (1oT)(Misol,
2022). The weather data was used to develop the FMD outbreaks prediction by wind partition in the
FMD outbreaks prediction module. The Solar panel, outdoor sensor array, inside sensor, and
receiver control unit are the four different components (devices) that make up the weather station
(Fig. 35a). The outdoor sensor array is a device including multiple sensors, such as a thermo-hygro
sensor, wind speed sensor, ultraviolet sensor, light sensor, and a rain collector (Fig. 35c).
Rechargeable batteries power the receiver control unit and outdoor sensor array, whilst the indoor
sensor is powered by non-rechargeable batteries.
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The weather station components (a) Solar panel installation (b)

. wv_

Outdoor sensor array installation (c) Receiver and indor sensor installtion (d)

Figure 35:  Weather station installation at the Gairo district headquarter

The solar panel is used to recharge the receiver through the power cable connecting the solar panel
and the receiver (Fig. 35b, 35d & 36). However, the outdoor sensor array's integrated solar panel

allows for its recharging (Fig. 35a).

The weather station was installed at the Gairo district council office to protect it from theft for safety
reasons. The indoor sensor is mounted on the wall inside the office to protect it from rainwater.The
outdoor sensor array was mounted on the iron post outside the Gairo district council office.
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Similarly, the solar panel unit was cramped and mounted on the rooftop of the office building to

absorb the maximum solar radiation (Fig. 35a-c).
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Figure 36:  The weather condition data uploading process in AMoS4T-FMD (Misol, 2022)

Before uploading to the AMoS4-FMD, the weather station uploads data to an internet web server
named weather underground (Weather underground, 2022; Fig. 28, 36-40). Then the weather
condition APl in AMoS4T-FMD periodically queries/downloads the weather data from an online
web server and stores it in the PDB1(Fig. 19, 28 & 36; Appendix 6). The weather station software
named weather logger used with the weather station provides the option for configuring the device
for uploading data to an online web server (Fig. 37). A weather logger is installed on the computer

with the receiver unit connected to the USB port to configure the Weather station.
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(Misol, 2022)

The weather logger provides the option to enter settings such as web server domain name, weather
station ID, web server login password and time interval for uploading data to the webserver. For
example, Fig. 18 is a weather logger setting panel configured with the webserver name
(rtupdate.wunderground.com), weather station ID (IMOROG3) and the password(indicated as
asterisks). To obtain the weather station ID and login password, one should first register and login
into an online webserver vendor website (Weather underground, 2022; Fig. 38 & 39). The user

3G Tlll

generates the weather station ID after login into the website (Fig. 38 & 39).
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Figure 38:  Web server vendor website login page (Weather underground, 2022)

Usually, the webserver owners either provide the webserver domain name on their websites or the
user manual explaining the overall process of connecting weather stations and their web servers.
However, this study utilized the wunderground.com website to connect weather stations regardless

of many online websites (Weather underground, 2022; Fig. 36, 38-40).

The receiver unit is wirelessly connected to the indoor sensor and outdoor sensor array. The sensors
capture weather condition parameters such as temperature, humidity, rain wind speed and wind
direction and transfer data to the receiver control unit. The receiver periodically (based on the
settings) uploads data to the wunderground.com server (Fig. 36 & 40). For example, Fig. 40 shows
the Gairo district weather condition data hourly uploaded to the wunderground.com server on 6
November, 2020 by the receiver control unit. The receiver control unit is equipped with a prepaid

SIM card connecting to the internet through the mobile network for uploading data.
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Figure 39: Web server vendor website control panel configured with weather station

parameters (Weather underground, 2022)
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Weather History for IMOROG3

Daily Mode N November s 6 v 2020 v E Next
Previous
Summary

November 8, 2020

High Low Average High Low Average
Temperature 779 °F 60.6 °F 68.8 °F Wind Speed 5.8 mph 1.1 mph 3.1 mph
Dew Point 63.3 °F 57.7°F 59.9 °F Wind Gust 9.2 mph - 4.2 mph
Humidity 99 % 52 % 75 % Wind Direction - - SE
Precipitation 0.00 in - - Pressure 2584 in 25.72in

Graph Table

November 8, 2020
Time Temperature Dew Point Humidity Wind Speed Gust Pressure Frecip. Rate. Precip. Acoum uv Solar
12:37 AM 64.4°F 63.3°F 96 % SE 1.1 mph 1.1 mph 2576 in 0.00in 0.00in 0 0 wim?
1:36 AM 63.7 °F 62.6 °F 96 % East 2.7 mph 3.4 mph 25.74in 0.00 in 0.00 in 0 0 wim#
2:35 AM 83.0 °F 62.4 °F 58 % East 1.8 mph 2.2 mph 2573 in 0.00 in 0.00 in 0 0 wim?
3:34 AM 622 °F 619 °F 99 % ESE 1.6 mph 2.2 mph 2672 in 0.00 in 0.00 in 0 0 wim?

4:33 AM B1.3°F 61.0 °F 99 % SE 1.8 mph 2.2 mph 2574 in 0.00in 0.00in 0 0 w/m?d

Figure 40:  Weather condition data hourly uploaded to wunderground.com server by the
receiver unit (Weather underground, 2022)

(v)  Smartphones and Computers

Smartphones and computers enable veterinarians to verify the reported FMD outbreak information.
Also, other stakeholders may use smartphones and computers to access the system because it is web-

based.
(vi)  General Settings Module

The General setting module provides the system's initial settings. Then, all data required for system
operation was introduced into the system through the general setting module. The General setting
module offers various menus such as the Register/Update livestock keepers, Register/Update
villages, Register/Update animals interaction location, Register/Update other stakeholders and
Register/Update stakeholders affiliation (Fig. 31). Not only that but also Register/Update
stakeholders' roles and Register/Update the help desk (Fig. 31). Each menu provides data input for
a particular system operation. However, some system operations depend on data from each other.

First, the General setting module's Register/Update other stakeholder’s menu allows the system
administrator to register and update system users (top-level livestock stakeholders) such as Field,

District, Regional, Zonal, and National Veterinarian officers, researchers, and VET laboratory
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personnel (Fig. 41). The system administrator adds users to the system by entering their information,

such as their name, phone number, role, and affiliation. However, the stakeholder’s role and

affiliation lists are available after being registered from separate menus named Register/Update

stakeholders role and Register/Update stakeholders affiliation (Fig. 42 & 43). Each user will be

granted access to the system based on the privileges the system administrator has assigned.

‘ General Setting Module || Register/lUpdate Stakeholders ‘

Register [ Update Stakeholders

Stakeholder Name StakeholderRole s v
Stakeholder Mob Mo Stakeholder Affiliaion ——-eee- -
Register

Stakeholder Name s Search
Abbreviations MA - Mot Applicable
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Sno |MName Mobile No Role Affiliation Delete
1 [Mr Ahmed 42577240 Reseacher m‘iimﬁfn"gf’gad’fnec': ;‘Hﬁ.gchn ology| Delete
2 Dr. Kisangiri Michael +2557 7 nnT 75 Reseacher thiimﬁésnogfrgac{;dne;: :;rijc'?'gchnology Delete
3 |Dr Shubi Kaijage +2557""07074 Reseacher Lh;imﬁfn“gf’gaci’fnec's ;‘Hﬁgchmmgy Delste
4 |Prof Gabriel Shiima 4257 .. 3003 Reseacher m‘iit’jﬁfn"gf’gaci’:fnec': :;rﬁ.gchmmgy Delste
Page 1 of 1 Firs Prev 1 Next Last

Figure 41: Register/Update other stakeholders' menu

General Setting Module || Register/Update Stakeholders Role

Register/Update Stakeholders Role
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List of Stakeholders Rols
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Figure 42:  Register/Update stakeholders role menu
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Figure 43:  Register/Update stakeholders affiliation menu

Reset Pag
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The Register/Update livestock keepers menu allows users (top-level stakeholders) to register

livestock keepers' geographical data in the system. This menu was used to register livestock keepers'

details such as complete name, gender, age, village name, number of cattle possessed, status (active

or seized), and cattle shed locations (latitudes and longitudes) (Fig. 44; Appendix 1 & 2). Other

livestock particulars include farming systems, such as agropastoralism, pastoralism, zero-grazing,

and their mobile number.This data was gathered during interviews with livestock keepers (Appendix

1 & 2; Plate 2 & 3). Only registered active livestock keepers could communicate with the system to
report FMD outbreaks using SMS or USSD or receive FMD-related information in SMS and

Robocalls.
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W
Register
Search livestock Keeper
Livestock Keeper Name e Search
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Sno |ID Full Mame Gender | Age Date Registered Mobile Mo Willage Latitude Longitude Mo of Cattle Farming Systems |Status| Dele
SHADRACK J— v " (1) Agro-Pastoralism |
1 |CS46|ner AT M 49 |17/02/2021 +77TTE5T. 75| lbuti -6.1327167 |36.89995 1 (2) Pastoralism . Dele
2 |CS543|ZUME DEFLATA ] 49 |15/02/2021 +255 1345 1buti -6.1327167 |36.9378467 |1 (1) Zero-Grazing . Dele
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The Register/Update livestock keepers menu is not self-contained; it relies on data from other
menus. For example, the animal farming system list appeared in the menu only after it was added to
the system via the Register/Update livestock farming system menu, which is also part of the General
settings module (Fig. 45). In addition, users can register or remove livestock keepers farming
systems from the system using the Register/Update livestock farming system menu. During the
interview with livestock keepers, the three livestock farming systems practised in the Gairo district
(pastoralism, zero-grazing, and agropastoralism) were collected and registered to the system using
the Register/Update livestock farming system menu in Fig. 45, and Appendix 3.

General Setting Module || Register/Update Livestock Farming System

Register | Update Livestock Farming System

Farming System

Reqgister
Cattle Farming Systems List
gno |Farming Systems Delete
1 Pastoralism Delete
2 Zero-Grazing Delete
= Agro-Pastoralism Delete
Page 1 of 1 First Prev il Next Last

Figure 45:  Register/Update livestock farming system menu

Similarly, the village names list is available in Register/Update livestock keepers menuafter
registering village details like codes, names and centre latitudes and longitudes through the
Register/Update villages menu (Fig. 46). The village's details were also captured during the data
collection process (Table 5). The menu also enables users to update or delete village details when

necessary.

81



General Setting Module || Register/Update Villages

Reset Pac
Register [ Update Village

Village Code Village Name
Village Latitude Village Longitude
Reqgister
Search Villages
Village Name | - Search
Village Details

Sno  |Village Code Village Mame illage Latitude Village Longitude Mo of Livestock Keepers Delete
i g Gairo Municipal -6.151215 36.8751317 ] Delete
2 5 Chogoali -6.1107517 37.35772 8 Delete
3 4 |buti -6.1327167 36.9378467 3 Delete
4 3 Kilama -6.05224 37.2311625 7 Delete
5 2 Kilimani -6.0859871 36.9717054 7 Delete
B 1 Chakwale -6.0609917 36.9607283 8 Delete

Page 1 of 1 irst Prev 1 Hext Last

Figure 46:  Register/Update villages menu

The General setting module also contains the Register/Update animals’ interaction locations menu
responsible for registering animals’ interaction locations in the system. This study refers to animals’
interaction locations as different places in the Gairo district whereby cattle herds come into contact
(meet), such as livestock markets, drinking water points, and livestock loading ramps and grazing
areas. Users register livestock interaction details such as names and location (latitude and longitude)
through this menu system. Similarly, the menu allows users to register interaction location categories
such as shared drinking water points, shared animal grazing areas, and animals' markets. The
animals’ interaction location details were also collected during data collection (Table 5). The latitude
and longitude data were collected using a handheld GPS device. The animal’s interaction locations
were used in developing the FMD outbreaks prediction module (ABSM), which is explained in the

coming FMD prediction module section.
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General Setting Module || Register/Update Animals Int tion L ti

Register | Update Animals Interaction Locations

Interaction Type 0 mmmmeeeeee W Location Mame
Location Latitude Location Longitude

Register

Animals Interaction Location Details
Sno |ID Interaction Type Location Mame Latitude Longitude
1 |6 Shared Animals Grazing Area Ibuti Grazing Area -6.14983980 36.90310699
2 |15 Shared Drinking Water Points Chakwale River -6.07756290 36.96884716
3 |4 Shared Drinking Water Points Kiiama Pond -6.05153231 3723789128
4 13 Animals Market Chakwale Livestock Market -6.06542996 36.96424154
5 Nz Animals Loading Ramp Ukwamani (Minjenga) Loading Ramp -6.12568657 36.85628147
6 M Shared Animals Grazing Area Magamba Grazing Area -6.02680034 37.35967209
Page 1 of 1 First  Prev 1 Next Last

Figure 47:  Register/Update animal’s interaction locations menu

(vii)  Foot and Mouth Disease Communication Module

The FMD communication module enables communication between livestock keepers and top-level
stakeholders through the AMoS4T-FMD. The FMD communication algorithm and a spot map
handles the overall FMD communication process in the module (Appendix 5; Fig. 8, 17 & 52). The
FMD Communication algorithm section of this chapter has previously provided an explanation of
how the algorithms works. Similar to this, the methodology section's section on algorithm

implementation has already explained how to create a spot map.

The module enables FMD communication between livestock keepers and the system through SMS,
Voice calls and USSD. The module handles FMD communication process through two different
roots. SMS and voice calls communications are made possible through the SMS/voice gateway,
voice modem pool, mobile networks, and feature mobile phones (Fig. 28). On the hand the USSD
communication are made possible through the USSD API, Network interface card, on cloud USSD

server (Internet) and feature mobile phones (Fig. 28).

Livestock keepers (geospatial data) and top-level stakeholders should first be registered to the
system to communicate through the system. Likewise, the FMD awareness and FMD outbreaks alert
information should also be uploaded to the system through the FMD alerts manager and FMD
awareness manager menus which are parts of the FMD communication module (Fig. 50 & 51).
These menus enable top-level stakeholders to add or update FMD alerts and awareness information

in the system. Note that one should recall a particular USSD menu option number while adding
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corresponding information in the system through the menus (Fig. 54). Also, one should specify the
broadcasting time interval of each FMD awareness information when uploading it to the system
(Fig. 50).

Access to AMoS4T-FMD is restricted to active, registered stakeholders only. The top-level
stakeholders use the system via the online web interface, while livestock keepers use USSD, SMS,
and Robocalls with their basic mobile phones (feature mobile phones) (Fig. 29, 53 & 55). The
livestock keepers may report FMD outbreaks by sending an SMS indicating the number of FMD
suspected cattle to the system (Fig. 49). Alternatively, they may report FMD outbreaks through the
USSD menu’s option 1 after dialling a particular USSD code (e.g., *384*90005#) (Fig. 18, 48 &
53).

Livestock Keeper

Feature FMD Store Data in
Mobile e CI(S)Ud Ussb Communication Database the Database
ever
Phone Module
|

I Dial USSD code
| |
| Request forwarded |

| | | | |
| | | |
| | | | | |
| . -~ | ' '
' [ ' » Request ' Module check if ! '
: | : I forwarded _ : Livestock keeper : :
| : | i o | s registered N |
| I L L L " |
: : If not registered disp%lcy on the screen that héi/she is not registered : : :
| - 1—"—"—"—""~"~"“~"~"~""{~"~—~"¥~"¥“—"¥—"¥—-"—"——- r-—-—-—-—-- = |
| | | | | | |
| | | | | | |
| | If registered ask him/her to report FMD | | I |
| | | | | | |
| * | T T —t |
| I ! ! ! 1 |
| . | | | | | |
Livestock keeper | | | | | |
| enter number of | | | | |
| FMD suspected | | | | | |
it
: carre : Record forwarded : : : : :
: : : Record forwarded : : : :
B ———

| | | | | | |
| | | | M | | Record stored in |
| | | | | M | Temporary Database |
| | | | | | i
B ———

| | | | | *

v
v v v v

Figure 48:  System and user interactions when livestock keeper report FMD by USSD menu
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Livestock Keeper

[ ]
Feature 5 " FMD Store Data in
Mobile SMS/Voice SMS/Voice Communication Database the Database
Modem Gateway
Phone Module
IReport FMD by SMS | | | I |
| ”| | | | | |
| | SMS forwarded | | | | |
: | > : SMS forwarded : : : :
| N .
. . . oM forwrded | flodleheckit | .
: : : | v : is registered J :
| | | | | g |
: : Inform by SMS that :he/she is not registered! : : :
| € - ———————- T—————————= T————————== T -t |
| | | | | | Record stored in |
: : : : : : Temporary Database :
1 1 1 —>I
Inform SMS that, his/her information has been received in the system
| | Inform by SMS that his/her inf, has b d in the syst | |
I e — —— A A N _ 1 I
| | | | | | |
A\ v v v v v A\

Figure 49:  System and user interactions when livestock keeper report FMD by SMS

FMD Communication Module || FMD Awareness Manager

Add / Update FMD Awareness
uUssp option e v
Awareness Title SM3MNoice Call - ~
Enter Broadcasting Time Interval in Hrs Broadcasting Status - b
Broadcasting Time Interval in Min
Enter FMD Awareness (SMS/Name of the Voice
File)
Y
Add
Symbols Abbreviations
. Seized .Adive SMS - Short Message Senvices
FMD Awareness Details
Sno| USSD Option Title SMSMoice Call |FMD Awareness Date Added |Date Updated |Time Interval (Hrs) Last SMS/Call Date  |Status| Delete
1 [View FMD Voice Call Protecting_Against_FMD.wav 210412021 01/06/2022 24 (1440 Min) 22/04/2021 09:55:01 . Delete
Precaution 09:53:49 09:22:03 -
Measures
2 |View FMD Protecting SMS Dear Farmer FMD can be spread | 19/04/2021 01/06/2022 24 (1440 Min) 22/04/2021 10:23:00 . Delete
Precaution Against FMD from any or all of the following 13:33:38 09:45:37
Measures ways (1) Sharing grazing land with
other infected herds of Cattle,
especially during rainfall or highest
humidity seasons (2). Sharing of
sheltering and feeding facilities
with infartad catila (3Y Animal

Figure 50:  Foot and Mouth Disease awareness manager
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FMD Communication Module || FMD Alerts Manager

Add / Update FMD alerts

Village Name —mee- "
FMD Alert Title SMSMNoice Call e v
Enter FMD Alerts Information Broadcasting Status

(SMS/Mame of the Voice File)

A
Ade
Symbols Abbreviations
[ @ rcive SMS - Short Message Senvices
FMD alerts Details
Sno | Village Name Title SMS/Noice Call |FMD aleris Date Added Date Updated Last SMSICall Date |Status | Delete
" . . 21i04/2021 01/06/2022
1 |Kilama Voice Call FMD_Alert_Kilama.wav 5611 095332 . Delete
. 2110412021 01/06/2022
2 |Chakwale Voice Call FMD_Alert_Chakwalewav 11:54:50 09:54:32 . Delete
Dear Livestock keeper, Gairo Urban has FMD, avoid
. - mixing your livestock with Gairo Urban breeds. Also 19/04/2021 01/06/2022 £y
| Gattohmicpall| EMPAleE S takes extra precautions to protect yourself from the 13:41:45 09:54:44 QHUSD2I2S 2000 . Delete
disease
Dear Livestock keeper, Chogoeali has FMD, avoid mixing
4 |Chogoali FIMD Alert SMS your livestock with Chogoali breeds Also takes extra 12“’9?3221 %2?2222 05/05/2021 11:57:59 . Delete

Figure 51:  Foot and Mouth Disease Alerts Manager

The USSD menu option number 1 is hard-corded when developing the USSD menu part of
AMO0SAT-FMD (default menu that cannot be modified). However, the system is flexible to change
(add or remove) other options (2- onwards) through the USSD menu manager and their contents in
the FMD awareness manager menus (Fig. 50 & 54).
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Lomodian Filter Events By Date

StartingDate | 2020/08/0200:00
padose | 2205200000
Pin Date
Map Notations and FMD Reported Cases
Cattle Sheds/Kraals 0«
Safe Cattle Sheds/Kraals L)

Cattle Sheds/Kraals with Confirmed Reported )
Case

Cattle Sheds/Kraals with Unconfirmed 02
Reported Cases

Kinvoliel
olisi

|.\..J¢,\m.

MI::. the Server] I i
B o
mvﬂulﬂoﬂ\gmwhw ON: OFF S

hlrabind.
Chimhinda

i

Figure 52: Sbot map showing FMD reported and confirmed cases
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Welcome Mr WAKWETU MIRA
Please Choose a Service

1. Report FMD Outbreak

2. VWiew FMD Transmizsion Pathways
3. View FMD Precaution Measures

4 Vigw FMD Clinical Signs

5 View FMD Megative Impacts

1

CANCEL SEND

Response

Please Enter Number of FMD

Suspected Cattle
87

CAMCEL SEND

Figure 53:  Livestock keeper reporting FMD outbreak to the system using USSD menu
(Africa’s Talking, 2021)

| FMD Communication Module || USSD Menu Manager|

Add /Update USSD Menu Content

Option Mumber.

Option Descriptions

Add

USSD Menu

Sno [Option Mumber Option Descriptions Delete
in Report FMD Outbreak De\ete|
2 |2 View FMD Transmission Pathways Delete
313 View FMD Precaution Measures Delete
4 |4 View FMD Clinical Signs Delete
5 |5 View FMD Megative Impacts Delate

Page 10f1 First Prev 1 HNext Last

Figure 54:  Unstructured Supplementary Service Data Menu Manager menu
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Figure 55:

(viii)

VWelcome Mr WAKWETU MIRAJ
Please Choose a Service

1. Report FMD Outbreak
2. View FMD Transmission Pathways

3. View FMD Precaution Measures
4 View FMD Clinical Signs

5. Wiew FMD Megative Impacts

2

CANCEL SEND

Security Module

Response

Africa’s Talking

€& +255627974147

+255712307240

Dear Farmer FMD can be spread
through any or all of the following
ways (1). Sharing of grazing land

with other infected herds of cattle,

especially during rainfall or
highest humidity seasons

(2). Sharing of sheltering and
feeding facilities with infected
cattle

(3). Animal contacts in the Stock
Points, whereby unsold animals
may carry disease when they
returned home.

(4). Sharing of water drinking
points with infected herbs of

Livestock keeper requesting FMD awareness information from the system using
the USSD menu (Africa’s Talking, 2021)

The security module enables the system administrator to manage users and system logs. The module

provides the Manage user groups menu to create and delete user groups in the system and assign

user group privileges (Fig. 56).

| Security Module || Users and Logs M M

User

Register User Groups

Redqister | Delete User Group

User Group Name : User

e l-_
Sno| Menu Name Page Name -
Reset Form| Register User Group AT

Assign Privileges to user groups

Reset Page

Actions [Check/Uncheck ALL W ]

Register/Update Villages
User Groups Register/Update Stakeholders Role
SoitIseneTpiiame Priileges ;| General Setting [RegistenUpdate Livestock Farming
1 |User Privileges Maodule Systems
2 |Administrator Privileges RegisterlUpdate Livestock keepers
RegisterlUpdate Other Stakeholders
Page 1 of 1 Eirst | Prev 1 By Wiest USSD Menu Manager Assign
ENID Alerts Manager
FMD EMD Awareness Manager
2 |C ti
Mo MeE1N (a6 npice Call History
FMD Reported Cases Discard
Payment
Figure 56:  Manager User groups menu

dify

The Manage users menu in the security module allows the system administrator to create users and

grant privileges to them based on user groups (Fig. 57). This menu also allows the system
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administrator to delete users from the system. Similarly, system administrators can utilize this menu

to activate or suspend users. Only registered active users will have access to the system.

| Security Module || Users and Logs Manager || Manage Users |

Add User/Update

UserMame

User Privilege Group -

Login User name

medy

Login Temporary Password [IITITTITITITITY

User Status

Reset Page
Click Here to Add User

Add User

List of Users

sno |User ID User Name Login User Name Role Afilliation Privilege Group Status
1 |+285™ =" -7240 |ur. Ahmed medy Reseacher e pandela African Instiution ofSCIENCe | dministrator Active
2 |+255==-- _075 |Dr. Kisangiri Michael Kisangiri Reseacher Z:g?:éﬁﬁzlrs‘;;de‘a Afiican Institution of Sclence iy yq o Active
3 |+288 —="=374|Dr Shubi Kaijage shubi Reseacher g:g.’ﬁ:éﬁﬁgg‘;;de‘a African Institution of Science ;.. Active
4 |+2557 """ 103 |Prof. Gabriel Shinma gabriel Reseacher e el Afican INSHLLON OTSEENCe. | gy Active

Page 10of 1 First Prev Next Last

Figure 57:  Manage users’ menu

The module also provides the Change password menu, enabling system users to change their

password at any time (Fig. 58).

Security Module || Users and Logs Manager || Change Password

Enter Old Password
Enter Mew Passwaord

Repeat Mew Password

Figure 58:  Change password menu

Change Password

Change

Lastly, the security module enables the system administrator to view system logs (Fig. 59).
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Security Module || Users and Logs Manager || View System Logs

Reset Page
System Logs List

SelectLogs = —-——- -
Show Logs

User Login Logs
Filter User Login

From Date 28/05/2022 To Date 28/05/2022 Affiliation = -------- v
Fitter
Log Details

Sno Stakeholder Name Password IP Address Time Affiliation Login Attempts
The Melson Mandela African

1 Mr. Ahmed 678c301171405ecf1419e6e8b5cIbbec 127.0.01 28/05/2022 19:24:15 Institution of Science and Successfully
Technology
The Melson Mandela African

2 Mr. Ahmed 678c301171405ecf1419e6e8b5cIbbec 127.0.01 28/05/2022 18:48:55 Institution of Science and Successfully
Technology
The Nelson Mandela African

3 Mr. Ahmed 678c301171405ecf1419e6e8b5c9bbec 127.0.01 271052022 21:20:29 Institution of Science and Successfully

Figure 59:  View system logs menu

4.9  System Testing

The researcher (system developer) utilized verification and validation techniques to test the system

operations.
4.9.1 System Verification

The system developer utilized the white box and black box techniques to test the system operation.
The white box testing technique was used to save system development time in the implementation
phase. Different system functional blocks were tested, including looping and decision-making
statements. The system’s ability to retrieve and save accurate data to the database using Structured

Query Language (SQL) was also tested.

On the other hand, the black box technique was used to test the system operation through the user
interface. Therefore, the ability of the system to perform CRUD (creating, reading, updating and
deleting data) operations through the user interface were tested. Similarly, the validation of inputs
for data entry forms was tested.

4.9.2 System validation

The system developer performed validation testing for the FMD communication and FMD future
outbreaks prediction (ABSM) modules which are crucial parts of AMoS4T-FMD.

(i) Foot and Mouth Disease Future Outbreaks Prediction Module Validation

The model's operation was validated using the replicative validation technique, in which the model
outputs were compared to actual Gairo district FMD incidents/outbreaks data (Darvishi & Ahmadi,
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2014). As a result, the model was validated using four months of FMD incident/outbreak secondary
data (March 2021-June 2021) from six selected villages in the Gairo district: Kilama, Chogoali,
Chakwale, Kilimani, Gairo town, and lbuti (Appendix 8). However, the data on FMD
incidents/outbreaks from Ibuti village, on the other hand, was excluded because no FMD cases were
reported during the stated period. Similarly, testing did not involve the weather condition data since
no weather condition parameters favour the FMD transmission by wind direction reported by the
Weather station at that time (March 2021-June 2021).

Only FMD cases reported on the initial date in the five villages of the Gairo district (excluding Ibuti
village) were sorted in order of occurrence and compared to the system output during the validation
procedure (Table 6). As a result, the comparisons were made using a matrix that displays the

expected upcoming FMD incidents/outbreaks (Table 7).

The matrix indicates that all five villages (Chakwale, Kilimani, Kilama,lbuti, Chogoali and Gairo
town) were at-risk when Chakwale village was affected by FMD (Fig. 12; Table 5). Therefore, the
FMD incident/outbreak in Chakwale village, which was reported on March 3, 2021, maybe the
source of FMD in Kilimani, Kilama, Chogoali, and Gairo town, according to the model output
(Table 7). The same scenario applies to the rest of the villages (Table 7). Hence the researcher's
opinion is that if five out of six villages comply with the model output means, the model can be used
to predict FMD outbreaks in the Gairo district.

Table 6: Initial FMD incidents/outbreaks secondary data (March 2021-June 2021) from
five villages in the Gairo district
Village name FMD reporting date Number of FMD reported cases
Chakwale 3 March, 2021 2
Kilama 3 March, 2021 1
Kilimani 3 March, 2021 3
Chogoali 3 March, 2021 6
Gairo town 21 March 2021 7
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Table 7: The compliance matrix for the likely upcoming FMD incidents/outbreaks

Villages at risk of FMD Complied villages based on

Date reported F.MD origin per the model the trend O.f F.MD
village prediction outbreaks/incidents secondary
data (Table 6)

3 March, 2021  Chakwale Kilimani \3 March, 2021
Kilama 3 March, 2021
Ibuti
Chogoali 3 March, 2021
Gairo town V21 March, 2021

3 March, 2021 Kilimani Chakwale v 3 March, 2021
Kilama v 3 March, 2021
Ibuti
Chogoali v 3 March, 2021
Gairo town v 3 March, 2021

3 March, 2021 Kilama Chakwale v 3 March, 2021
Kilimani v 3 March, 2021
Ibuti
Chogoali v 3 March, 2021
Gairo town v 21 March, 2021

3 March, 2021 Chogoali Chakwale N 3 March, 2021
Kilimani v 3 March, 2021
Kilama v 3 March, 2021
Ibuti
Gairo town v 21 March, 2021

(i)  Foot and Mouth Disease Communication Module Validation

The ability of livestock keepers to access AMoS4T-FMD using their mobile phones was tested as
part of the FMD communication module validation. As a result, 36 livestock keepers from Chogoali
and Kilama villages were randomly chosen to see if they could use their feature phones to access
the system using the USSD menu, SMS, and Robocalls on the first trial. As a result, a closed-ended
interview with a questioner was undertaken to see if they could access the USSD menu and use SMS
and USSD menus to report disease outbreaks to the system (Appendix 9). They were also asked if
they could get FMD awareness information from the system on the first attempt, such as precautions,
negative effects, transmission pathways, and clinical indicators via SMS and automated voice calls
(Robocalls) utilizing the USSD menu.

The testing found that (94%) of livestock keepers were able to access and report FMD
incidents/outbreaks using the USSD menu (Table 8). Similarly, the test found that (83%) of livestock
keepers were able to report FMD incidents/outbreaks to the system using SMS, while (17%) failed
because they lacked SMS bundles (Table 8). Not only that but also (89%) of livestock keepers were
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able to access FMD awareness information from the system using the USSD menu in the first

attempt (Table 8). However, they succeed in the proceeding attempts.

Table 8: Foot and Mouth Disease communication module validation response
Variables Frequencies Per cent
Able to access the USSD menu with their feature mobile phones?
yes 34 94%
no 2 6%
Total 36 100%
Reporting FMD incidents/outbreaks using the USSD menu
yes 34 94%
no 2 6%
Total 36 100%
Reporting FMD incidents/outbreaks using SMS
yes 30 83%
no 6 17%
Total 36 100%
Accessing FMD awareness information using the USSD menu
yes 32 89%
no 4 11%
Total 36 100%

4.10 System Deployment

The AMoSA4T-FMD system is a web-based application. For testing purposes, the system was
installed on server computer hardware with 4 GB RAM and 500 GB HDD storage at NM-AIST
computer lab (Plate 4). The PC server was installed with the Windows 10 operating system set with
a public Internet Protocol (IP) address. The Windows operating system was chosen since the SMS
gateway software is only compatible with Windows. Similarly, the public IP address allows
AMOo0SA4T-FMD to communicate with third-party services like USSD and Google Maps APIs via the
Internet. It also enables top-level stakeholders to access the system through a web browser on
Smartphones and computers with Internet connectivity. The SIMCOM modem equipped with pre-
paid SIM cards was also attached to the server via a USB port to broadcast SMS and Robocalls
(Plate 4).
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Plate 4: Deployment of AMoS4T-FMD

411 Discussion

Apart from Monitoring System for Transboundary FMD, there are other existing web-based,
mobile-based, and integrated (mobile and web-based) systems developed for similar purposes
(HealthMap, 2020; Karimuribo et al., 2016; Mwabukusi et al., 2014; Milinovich et al., 2014;
Thumbi et al., 2019). Although exists; they offer limited access to the local communities, who are
the main stakeholders in animal disease reporting since disease always starts from their cattle
(Karimuribo et al., 2017). In the case of existing web-based surveillance systems, only the top-level
stakeholders such as laboratories, researchers, and other international agencies can upload or access
disease information from the system because they have skills and devices for browsing the internet
(HealthMap, 2022; ProMED-mail, 2022). Unfortunately, most livestock keepers, especially in
developing countries, do not use these systems due to a lack of skills and tools for accessing them
(Table 4). Thus, denying communities from accessing such information. There are also existing
mobile-based animal and human health surveillance systems, such as EMA-I and AfyaData,
developed by FAO and SACIDS, which tried to collect nearly real-time surveillance data in the local
communities’ context (FAO, 2015; FAO, 2021; Karimuribo et al., 2016). Still, these systems deny
livestock keepers to communicate the surveillance data to the respective authorities directly. Instead,
the organizations utilize veterinarians and community health reporters (CHRS) in the livestock-
keeping communities to collect the data on behalf of livestock keepers using smartphones. The

challenge of this mechanism of collecting data sometimes leaves many unreported cases, especially
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in far away, hard-to-reach livestock-keeping communities (Karimuribo et al., 2017). Also, it
requires more veterinarians and community health reporters (CHRS) in the field to be effective and

well-facilitated.

Therefore, the developed Monitoring System for Transboundary FMD (AMoS4T-FMD) is designed
to cover the existing surveillance systems' deficiencies through its FMD communication module.
The extra integrated USSD and automatic voice call (Robo-calls) features in the Monitoring System
for Transboundary FMD provide two-way communication to the server without internet for the local
communities (Livestock keepers). As a result, livestock keepers can access and receive information
directly from the server using any mobile phone (Feature or Smartphone). These features
differentiate this system from the rest. The system continuously maintains awareness among
livestock keepers by reminding them about disease precaution measures, clinical signs, negative
impacts, and transmission pathways in SMS and Robo-calls. Also, livestock keepers can access this
information and any other uploaded to the server using a USSD menu instead of web browsers.
Different stakeholders may also access similar information using web browsers, Smartphones, or
Computers with the internet like in other surveillance systems (ProMED-mail, 2022; World
Organisation for Animal Health, 2021; FAO, 2021; African Union, Inter African Bureau for Animal
Resources, 2019; European Commission, 2020; Bonnet et al., 2010; Milinovich et al., 2014).

Similarly, the system enables livestock keepers to report disease outbreaks through the USSD menu.

On the other hand, the AMoS4T-FMD ABSM, like other FMD prediction models, anticipates the
risk of FMD outbreaks in neighboring villages whenever an FMD case or outbreak is reported in
one village (Kim et al., 2016; Dion et al., 2011; Bradhurst et al., 2015). However, unlike previous
FMD prediction models, which only predict FMD occurrences, the AMoS4T-FMD ABSM promptly
sends out alarm messages through SMS and Robocalls to at-risk cattle shed/kraal owners, advising
them of the FMD situation. The alert message mentions the FMD-infected village and the required

precautions that livestock keepers might take to reduce the disease's impact on their livestock.

This study also found that (91%) of livestock keepers in the Gairo district own feature phones
compared to smartphones (9%). This is comparable to Karimuribo et al. (2016), who found that 96.4
% of livestock keepers in the Gairo and Kilosa districts own feature phones. This study also found
that most livestock keepers use mobile phones to call (48%) and send SMS (39%). The sufficient
number of livestock keepers owning feature mobile phones and their calling and sending SMS
preferences motivated the use of USSD and Robo-calls services in the Monitoring System for

Transboundary Foot and Mouth Disease.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The researcher believes that livestock keepers' total involvement in animal disease surveillance will
enhance early disease outbreaks detection and reporting and provide real-time quality data for fast
response to disease epidemics and disease control. Also, periodically receiving various FMD
information/ events in SMS or voice calls increases awareness among livestock keepers.
Policymakers may also use the FMD secondary data for decision-making, like in other surveillance

systems.

The AMo0S4T-FMD does not only provide FMD communication services at the local/community
level (Livestock keepers). Additionally, it generates the spatial distribution map of FMD-suspected
and affected cattle sheds or kraals on the homepage to determine the disease distribution behaviour
for a specific period. Unlike previous monitoring systems that generate spatial distribution at the
regional, national and global levels. Also, the spot map on the AMoS4T-FMD home page and
ABSM enables top-level stakeholders to know the precise location of cattle sheds for prompt
intervention whenever a livestock keeper reports an FMD case to the system, which enhances the

FMD control process.

The ABSM, responsible for predicting the possibility of FMD occurrence and alerting livestock
keepers via SMS and Robocalls, enhances preparedness against the disease before it negatively

impacts livestock keepers' communities.

The AMoS4T-FMD was designed and tested in the Gairo district; however, its settings are flexible
enough to work in other areas if the necessary parameters, such as villages, animal interaction
locations, and livestock keepers' particulars, are uploaded. Similarly, the FMD communication
module in AMoS4T-FMD might be used to report diseases other than FMD.

5.2 Recommendations

Many private and government institutions worldwide performed research and introduced several
ways of combating FMD. Furthermore, the research findings were published in various places,
including but not limited to research journals, magazines and surveillance systems. However, this

study found that some livestock keepers in the Gairo district still lack knowledge of FMD control
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regardless of the literature’s existence. The reason is the lack of knowledge and devices for accessing

the materials.

For this reason, the researcher is in the position to advise non-FMD-free declared countries to
analyze their livestock-keeping communities to find various alternatives for sharing materials and
animal disease information with livestock-keeping communities through their resources. For
example, this study used feature phones to share FMD events in the Gairo district after analyzing

livestock keepers’ demographic characteristics.

This study also recommends that the functionality enabling Veterinarians to receive an SMS alert
when a new FMD case is reported in the system should be in place to improve the efficiency of the
AMO0SAT-FMD. The feature will enable veterinarians to attend/verify FMD cases as faster as

possible once they are available in the system.

Lastly, since the Tanzania government reported the availability of below 30% of field veterinarians
for the entire country, this study is in a position to advise the government to employ more of them

to improve the animal disease surveillance process.
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APPENDICES

Appendix 1: A request letter for the Gairo district to be a study area

The title was updated from "Detection and Monitoring System for Transboundary Foot and Mouth
Disease Outbreak in Cattle Using Predictive and Analytic Algorithms™ to ""A Monitoring System for
Transboundary Foot and Mouth Disease Considering Livestock Keepers Demographic

Characteristics (AMoS4T-FMD)" as part of the research improvement.

THE NELSON MANDELA
AFRICAN INSTITUTION OF SCIENCE AND TECHNOLOGY
(NMI-AIST)
F—\l School of Computational and Communication Science and Engineering
Lo Tengeru

Direct Line: +255 272970001 I TAY P.O. Box 447

Fax: +255 272970016 P4 & . Arusha, TANZANIA

E-mail: dean-coc m-aistac.tz B" = Website: www.nm- gist.actz

OUR Ref.No. NM-AIST/P.267/T.17/12 g/ Date: 14™ March, 2019

District Exccutive Dircctor (DED), § 4 }':6' SAIRD DISTRICT DOUNG'L’%
Gairo District Council, §~ \},’ d)én

R SEIYED

AT TInT

8'“' % .
GATE,. _\2-the %ok

~&
T
3
i
>

P.O.Box 40, )
Gairo-Morogoro. T NS jﬁ

Dear Sisz/Madam,

RE: INTRODUCTION TO MR. AHMED KIJAZI

Kindly refer ta the above heading.

I wish to introduce Mr. Ahmed Kijazi with Registration No. NM-AIST/P.267/T.17, a PhD student at
Nelsen Mandela African Institution of Science and Technelogy in the School of Computational and
Communication Science and Engineering.

As part of the requirement for PhD degree, Mr. Ahmed is undertaking a research with title “Detection
and Monitoring Svstem for Transboundary Footr and Mouth Disease outbreak in Carttle using
Predictive and Analytic Algoritiins".

In order to accomplish his research objectives, he would like to collect some information from your
organization/district. The information to be coliected will be used for research purposes only and will
help student 1o develop 2 Computer based system which can early detect, predict and communicate
FDM epidemics as it slates in the research objeclives,

It is my sincere hope you will assist the student in accomplishing his study.
Looking forward for your cooperation.
Sincerely,
s
Gy

Shubi Kaijage,PhD
Ag. Dean

Fro 1
e Az ,\". =
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Appendix 2: Acceptance letter for Gairo district to be a study area

The title was updated from "Detection and Monitoring System for Transboundary Foot and Mouth
Disease Outbreak in Cattle Using Predictive and Analytic Algorithms™ to ""A Monitoring System for
Transboundary Foot and Mouth Disease Considering Livestock Keepers Demographic

Characteristics (AMoS4T-FMD)" as part of the research improvement.

GAIRO DISTRICT COUNCIL ' (et

{AN correspondeonces to be addressed to the pustrict Executive Director]

DISTRICT EXECUTIVE

Tel. No: 255-23-
OFFICE,

Fax No: 255-23-

Email:  mo@gairo.go.tz P.O. Box 40,
Website: wnv.gsio.go.tz GAIRO.
In reply please quole: ;
Ref. No. GDC/T.20/2 VOL III/183 —

Date: 15 April, 2019.

The Nelson Mandela,
Africa Institution of Science and Technology( NM-AIST),

P. O. Box 447,
TENGERU — ARUSHA.

RE: REQUEST FOR MR. AHMED KIJAZI TO CONDUCT RESEARCH

Reference is made to the heading above,

Response is made to the letter introducing Mr. Ahmed Kijazi with registration
number REF:No.NM-AIST/P.267/T.17/12 dated 14™ March, 2019 to our
organization with intention of carrying out data collection to justify claims of the
research titled ™ Detection and Monitoring system for Transboundary
Foot and Mounth Disease outbreak in Cattle using Predictive and

Analytic Algorithms.”

I would like to respond that your request has been accepted and you are

welcome to collect data.
We hope that you will adhere to research ethics during the whole period of data

collection.

Sincerely,
dfclos
Ha/imamSendoro

FOR DISTRICT EXECUTIVE DIRECTOR
GAIRO DISTRICT COUNCIL

Copy: Ahmed Kijazi — Student,
GAIRO.
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Appendix 3: Questionnaire for livestock keepers

“Monitoring System for Transboundary Foot and Mouth Disease (FMD) Considering

Livestock Keepers Demographic Characteristics in Gairo District”
Livestock Owners Informed Consent

You are being invited to participate in a research study that will lead to developing a Monitoring
System for Transboundary Foot and Mouth Disease (FMD) Considering Livestock Keepers
Demographic Characteristics in Gairo District. This study aims to bridge the gap between livestock
keepers and top-level stakeholders in Gairo district by developing an animal diseases surveillance
system which enables to communicate FMD scenarios. We hope that the results from this research
will increase the productive lifespan of animals to reduce the costs of restocking and buying animals.
Also, it will provide early warning indicators of disease outbreaks, planning and monitoring of
disease control programmes, provision of sound animal health services, and certification of export
livestock and livestock products which are international proof to be free from diseases. In addition,
the research will improve awareness and knowledge of the distribution and behaviour of disease
outbreaks and infections. This research is being conducted by experts from the Nelson Mandela
Institution of Science and Technology (NM-AIST) in Tanzania under African Development Bank
(AFDB) Project Fund. Please read the information in this sheet which explains what is involved and
any benefits or challenges. We encourage you to ask the study representative to explain parts of the
study that are not clear or you have further questions. Take as much time as you need to decide

whether you would like to be involved or not.
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STATEMENT OF CONSENT

I confirm that | have read the information in this document or that it has been read to me thoroughly.
| understand that my participation is voluntary and that | am free to withdraw at any time, without
giving any reason and without my legal rights being affected.

Name of the Subject Date Signature

Name of a Person taking consent Date Signature
QUESTIONNAIRE FOR LIVESTOCK OWNERS

1. BIODATA
1.1 Study no...............
1.2 Date of interview (dd/mm/yy)...........

1.3 Interviewees names......................

1.7 Village...............
1.8 District.................
2. What is your level of education?
A. [ ] Primary School
B. [ ] Secondary School
C. [ ] University
D. [ ]No formal education
E. [ ]Other, Indicates
3. Do you own a mobile phone(s)?
A. []Yes
B. [ ]No
4. Which kind of a mobile phone(s) do you own ( if Q2 the answer is yes )(Tick all applies)
A. [ ] Smart phone
B. [ ] Cell phone
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5. How do you use your mobile phone (Tick all applies)?
A. [ ] For SMS (Receiving and Sending)
B. [ ] Calling
C. [ ] Surfing through the internet
D. [ ] Social Networks e.g. Whatsapp, Facebook, twitter

E. [ ] Other. Mention 1) 2)

6. Have you heard about foot and mouth disease (FMD) in cattle?
A. [ ]Yes
B. [ INo

7. (1) What are the clinical signs of FMD in cattle? Mention at least four

(2) Do you know different ways in which Foot and Mouth disease can spread from one

animal to another?

A. [ ] Yes. If Yes, Can you mention only two of them (1) 2 ?
B. [ ]No
8. Have you ever faced an FMD challenge from your cattle?
A. []Yes
B. [ INo
9. How did you handle the incident (if Q8, the answer is yes)?
A. [ ]! treated my animals myself
B. [ ]I reported the incidence to the VET professionals via Mobile phone, who then
cured my animals
C. [ ]I reported the incidence to the VET professionals physically, who then cured my
animals
D. [ ] Ijust kept quiet because I had no option
E. [ ] Other (Mention)
10. Have you ever thought about precaution measures against FMD?
C. []Yes
D. [ ]No

11. What are those measures ( if Q9 the answer is yes)

12. Have you ever heard FMD outbreak within or outside your village?
A. [ ]Yes
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B. [ ]No
13. Was this information officially communicated to you (are they coming from respective
authorities)? ( If Q11 the answer is yes)
C. [ ]Yes
D. [ ]No
14. How long does it take for you to receive information about FMD incidences/Outbreaks that
happened either within or nearby villages?
A. [ ] Within 1 hour
[ ] Within 6 hours
[ ] Within 12 hours
[ ] Within 1 day
[ ] More than 1 day

[ 1 No information at all

mmo o w

15. If either A-G in question no 8. Who gives you the information?
A. [ ] Vet professional
B. [ ] Other livestock owners
C. [ ] Special meetings
D. [ ] Just hearing rumours
E. [ ] Other indicates
16. Would you like to receive alerts for current and future likely FMD incidents via SMS?
A. []Yes
B. [ ]No
17. Why do you think to receiving information via SMS?
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Appendix 4: USSD API

Smobilenumber=5phoneNumber;
Smessage="Dear Livestock keeper you are denied to use this service, please call the following numbers for help: - ":
while:Ssqlstakdetailsrow5=mysqli_fetch_arraytssqlstakdetails}}
{
Smessage.=Ssglstakdetailsrows['stakeholder mobno'].",";
}
Broadcast_ sms_and Voice ($subject, Smessage, $link, Smessagenams, Smobilenumber) ;
}
else
{
Ssubject="";
fmessagename=199913;
Smobilenumber=5phoneNumber;
fmessage="Dear customer your account was closed, please try again later";
Broadcast_sms_and Voice ($subject, fmessage, $link, $messagenans, $mobilenumber) ;

Sresponse="END You are not registered to use this service, vou Will receive SMS for help"™:
Ssqlstakdetails=my5qli_que1y(Slink,"select help desk.*,stakeholders details.*,affiliation details.* from help desk,
stakeholders_details,affiliation details where help desk.stakeholder_mobno=stakeholders_details.stakeholder_mobno and

stakeholders_details.affiliation_code=affiliation_details.affiliation_code and stakeholders_details.stakeholder_mobn0!='1212134'"};
if(mysqli_nunLIDwscSSqlstakdetai15}>D}
{

Zzubject="";
Smessagename=19%913;
Smokilenumkber=5fphoneNunkber ;
Smessage=" Dear livestock keeper you are not registered to use this service, please call the following numbers for help :— ":
while:35qlstakdetailsr0w5=my5qli_fetch_array:Ssqlstakdetails}}
i
Smessage.=55qlstakdetailsrow5['stakeholder_mobno'].",":
}
Broadcast_sms_and Voice ($subject, Smessage, $link, Smessagename, Smobilenumber);
}
else
i
Ssubject="";
fmeszgagenamse=199313;
Zmobilenumber=5phoneNumber;
fmessage="Dear livestock keeper you are not registered to use this service, please try again later";
Broadcast_sms and Voice ($subject, $message, $link, $messagename, $mobilenumber);
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}
else if (Sexplodedtextvalus[0]=="1")

{
if (fexplodedtextvalus[0]=="1" §& isset (fexplodedtextvalus[l]))
{
if(is_numericttIimtsexplDdedtextvalue[;]}} EE filter_varttIim(SexplDdedtextvalae[;]}, FILTER VALIDATE INT))
{
Suniguid=unigid/{(};
Ssqlinsrt=mysqli_querytSlink,"insert into smsdlv_inbox (ID, FromNo,Message, RecTime, channel) values ('".Suniquid.™",
' SphonelNumber."', ', fexplodedtextvalus[1] .7, '".date ("Y-m—d H:i:s™)."","US5D")");
Sresponse="END Thank you for information™;
}
else
{
Sresponse="END Please select the correct option number™;
}
}
else
{
Sresponse="CON Please Choose a Service\n":
Zresponse.="1. Please Enter Humber of FMD Suspected Cattle";
}
}
else
{

Ssqlselassdoption=mysqli_que1ytslink,"select * from ussd menu where Dption_no='".Sexplodedtextvalae[D]."'"}:
if(mysqli_numLIUws(Ssqlselassdoption}>0}
{
while:35qlselassdoptionrows=mysqli_fetch_a11ay:Ssqlselassdoption}}
{
3sqlselectAwareness=mysqli_que1yISlink,"select * from fmd awareness where broadcast_status='Active' and
Dption_n0='".Sexplodedtextvalue[D]."'"};
iftmysqli_num;rows(Ssqlselecthwarene55]>0}
i
Sresponse="END Flease wait, vou will receive the Message";
while(Bsqlselectﬁwarenessraw5=mysqli_fetch_arxay(Ssqlselecthwareness}}

i

iftasqlselecthwarenessrows['sms_voice_call' =='SM5"')

{
BIDadcast_sms_and_Vnice:Ssqlselectﬂwarenessrows['fmd_awareness_title'],Ssqlselectﬂwarenessrows['fmd_awareness'],
£link,$sglselecthAwarensssrows['option no'], $phoneNumber) ;

}

if:Ssqlselecthwarenessrows['sms_voice_call']=='Voice Call")

{
Svoicefilename="<".Ssqlselectﬁwarenessrows['fmd_awareness'].">";
BIDadcast_sms_and_Vnice:SsqlselectAwarenessrows['fmd_awareness_title'],Svnicefilename,Slink,SsqlselectAwareneserws[

'option no'],
150 - SphoneNunber) ;
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}
}
else
{
Sresponse="END The information you have requested was not vet uploaded, please try again later™;
}
}
else

{
Stexc="";
Sresponse="END Please choose the correct service and try Again®™;

header ("Content-Type:text/plain™) ;
mysqgli close ($link);
echo Sresponse;

m

function Broadcast_sms_and Voice ($subject, Smessage, $link, $messagename, Smobilenumber)
{

]

Sunigquid=unigid():
S$sglsendsms=mysqgli query($link,"insert into smsdlv outbox (ID,ToNo,Subject,Message,CreateTime, message name)
values ('".Sunigquid.""', '". Smobilenumber.™', '".S8ubject. ™", '™ . Smessage. "', '".date ("Y-m-d H:i:s")."','".Smessagenams."") ") ;

7>
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Appendix 5:  FMD communication algorithm

- Startl

Upload the FMD related information (FMD awareness and outbreaks alerts) (FMDInfo)
Permanent Datbase 2 (PDBZ) ;continue; //Top-level stakeholders

Load all cattle sheds/Rraals on the map(on the AMoS4T-FMD index page)
(indicate them with green disc) ;continue; // AMoS4T-FMD

Livestock keeper Decision to Report FMD Cutbreak (ReportFMD) /Access FMD Awareness

Information (FMDAwarenessInfo) with Feature Mobile Phone (LivestockEeeperMobileNumber) ;jcontinue; // Livestock Eeeper
if (ReportFMD)

{
- Select Reporting Mechanism (by USSD/SMS) ;continue; // AMoS4T-FMD
if (UssD)
{
- dial a USSD code (=.g. *384*90005%#);continue; // BMoS4T-FMD
- Select the Option number 1 (Report FMD cutbreaks) ;continue; // RMoS4T-FMD
— Enter number of FMD suspected cattle and submit;continue; // AMoS4T-FMD
if (LivestockReeperMobileNumber registered=="Yes")

{

to the

[ Y SR e

as health cattle sheds

WM =l
|

- Store the reported number of suspected cattle in the Temporary Database (TDB) ;continue; // BEMoS4T-FMD
— Update the reporter cattle shed/kraals on the map from green to blus disc (indicating unverified case);

1

zlse

{

continue;// AMoS4T-FMD

— Discard Reported Case and send SMS to the reporter (Feedback) informing that she was not registered
to use this service; end;// LMoS4T-FMD

}

else

{

- COpen SMS Menu and send the number of FMD suspected cattle to a Given AMoS4T-FMD Mobile Number; continue; // AMoS4T—-FMD
if (LivestockFResperMobileNumber registered=="Yes"')

{

- Store the reported number of suspected cattle in the Temporary Database (TDB);

continue;// AMoS4T-FMD
}

zlse

{

— Discard Reported Case and send SMS to the reporter (Feedback)

informing that she was not registered
to use this service; end; // BMoS4T-FMD

— Validate FMDReportedCase in Temporary Database
if (FMDReportedCase valid=='Yes')

{

(TDB) // Top-level stakeholders

B

o

Store the number of FMD reported case and the reporter
Send SMS and Robocalls alerts to all livestock kespers
Update the reporter cattle shed/kraals on the map from

mokile number in Permanent Database 2 (PDB2); continue;// ZMoS4T-FMD

informing the FMD outbreak in the respectively village; continue;//AMoS4T-FMD
green to red disc (indicating confirmed case); continue;// AMoS4T-FMD

Discard the reported case and inform the reporter that the case is invalid; end; // RMoS4T-FMD
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31 }

52 }

53

54 1f (FMDAwarenessInfo)

33 {

56 - dial a USSD code (s.g. *384*50005%) ;continus;

57 - Select other Cption (2..... ) than Option Number 1 ;continue;

58 - Fetch the particular FMDInfo from PDB2 ;continue; // AMoS4T-FMD
59 - Broadcast that particular FMDInfo to the reporter in SMS and Robocall ;continue; // AMoS4T-FMD
60 }

61

— The system also periodically broadcast FMDInfo from PDBE2 to livestock kespers based on allocated time interval // AMoS4T-FMD
for (every 30 sesconds) // AMoS4T-FMD
{
- Fetch FMDInfo from PDEZ2 and record its broadcast time interval (BrT), record time since last broadcast(LatsBrTi) and
Operating system time (OsT)
if (OsT-LatsBrTi< BrT)
{
- Broadcast that particular FMDInfo ;continues;
- update LatsBrTi set LatsBrTi=0sT ;continus;
}
else
{
—-Skip a particular FMDInfo; end
}

;continue
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Appendix 6: Weather Condition API

<?php

furl="https://api.weather.com/v2,/pws/observations/current?stationId=IMOROG3s&format=jsonsunits=ciapiKey=ce8e4b939ca7498a8e4b%3%aTa%8ace";
Surloutput=@file get contents ($url,trus):

if (furloutput===false)
i
}
else
i
fdata=json_decode (Surloutput);

}

weatherstation latitude="";

¥ A

fweatherstation longitude="";
if(isset(Sdata))

i
=T foreach($data->observations as Sitem)
29 Sfweatherstation latitude=Sitem->lat;
30 Sfweatherstation longitude=$item->lon;
31 }

w
g B
o

w
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W
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Appendix 7: Function to Calculate the bearing angle and distance between two latitudes and
longitudes

Function calculate_angle_distance ($source_ latitude, $source_ longitude, $distination_ latitude,

$distination_ longitude)

{

//Calculate bearing angle
$x=cos($distination_latitude)*sin($distination_longitude-$source_longitude);

$y=cos($source_latitude)*sin($distination_latitude)-

sin($source_latitude)*cos($distination_latitude)
*cos($distination_longitude-$source_longitude);
$b=atan2($x,3y);
$angle=rad2deg($h);
if($angle<0)
$angle=180+%$angle+180;
else
$angle=$angle;
/ICalculate the distance between affected cattle shed and health cattle sheds
$theta = $source_longitude - $distination_longitude;

$dist = sin(deg2rad($source_latitude)) *  sin(deg2rad($distination_latitude)) +
cos(deg2rad($source_latitude))

* cos(deg2rad($distination_latitude)) * cos(deg2rad($theta));
$dist = acos($dist);

$dist = rad2deg($dist);
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$miles = $dist * 60 * 1.1515;

$distance = round(($miles * 1.609344),1);

$a=array($angle,$distance);

return $a;
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Appendix 8: The four months (March 2021-June 2021) FMD outbreaks secondary data

DATE GAIRO TOWN DATE KILAMA | CHOGOALLI
21/03/2021 7 03/03/2021 |1 6
24/03/2021 25 05/3/2021 |1 0
25/03/2021 9 08/03/2021 |1 1
29/03/2021 12 09/03/2021 | 2 2
01/04/2021 11 10/03/2021 |3 1
03/04/2021 15 11/03/2021 |1 2
08/04/2021 3 13/03/2021 | 4 0
14/04/2021 25 14/03/2021 | 4 1
20/04/2021 75 16/03/2021 |3 5
21/04/2021 32 19/03/2021 |1 2
26/04/2021 20 20/03/2021 |5 1
30/04/2021 11 22/03/2021 |3 4
03/05/2021 28 25/03/2021 |6 0
09/05/2021 11 27/03/2021 |1 3
15/05/2021 25 28/03/2021 |2 4
21/05/2021 8 02/04/2021 |2 5
22/05/2021 7 03/04/2021 | 2 5
28/05/2021 4 07/04/2021 |1 6
29/05/2021 27 12/04/2021 | 2 4
31/05/2021 9 13/04/2021 |7 5
09/06/2021 12 15/04/2021 | 6 11
16/04/2021 | 11 9
18/04/2021 |7 7
21/04/2021 | 6 7
26/04/2021 | 10 4
29/04/2021 | 6 5
03/05/2021 | 4 6
07/05/2021 | 4 2
08/05/2021 |3 2
10/05/2021 |3 1
11/05/2021 |1 0
14/05/2021 | O 1
17/05/2021 |1 0
21/05/2021 |1 0
22/05/2021 | 0 0
27/05/2021 |0 0
31/05/2021 |1 0
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Appendix 9: Questionnaire for validating the FMD communication module

“Monitoring System for Transboundary Foot and Mouth Disease (FMD) Considering

Livestock Keepers Demographic Characteristics in Gairo District”
Livestock Owners Informed Consent

You are being invited to test the animal’s disease surveillance system known as a Monitoring System
for Transboundary Foot and Mouth Disease (FMD) Considering Livestock Keepers Demographic
Characteristics in Gairo District. The test is aimed to assess your ability to access the system using
your feature mobile phone and get the desired response from the system based on the given
directives. We hope the testing results will help on improving the system before deployment. This
research is being conducted by experts from the Nelson Mandela Institution of Science and
Technology (NM-AIST) in Tanzania under African Development Bank (AFDB) Project Fund.
Please read the information in this sheet which explains what is involved and any benefits or
challenges. We encourage you to ask the study representative to explain parts of the testing
procedure that are not clear or if you have further questions. Take as much time as you need to

decide whether you would like to be involved or not.
STATEMENT OF CONSENT

I confirm that | have read the information in this document or that it has been read to me thoroughly.
I understand that my participation is voluntary and that I am free to withdraw at any time, without

giving any reason and without my legal rights being affected.

Name of the Subject Date Signature

Name of a Person taking consent Date Signature
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QUESTIONNAIRE FOR LIVESTOCK OWNERS

1. Can you access the USSD menu?
A. [ ]Yes
B. [ 1No
2. Are you able to report FMD incident/outbreak to the system using the USSD menu?
A. [ ]Yes
B. [ ]No
3. Are you able to report FMD incident/outbreak to the system using the SMS?
A. [ ]Yes
B. [ ]No
4. Are you able to access FMD awareness information using USSD menu?
A. [ ]Yes
B. [ ]No
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Background FMD Communication Process Problem Statement

Foot and Mouth disease (FMD) is a
transboundary disease caused by
a virus that affects domestic and
wild cloven-hooved animals such
as sheep, goats, pigs, and buffalos.
Apart from other animal diseases,

FMD has been given great
attention due to its unique
behaviour, such as being
potentially dangerous, rapidly

spreading disease, and it has no
cure. Therefore, immediate
information flow among livestock
stakeholders could help to
mitigate FMD

Objectives

General Objective:
To develop an electronic-based surveillance system that accommodates livestock keepers among the system users for
sharing FMD data between themselves and other stakeholders using various mobile technologies based on their
demographic characteristics.
Specific Objectives

(i)

General Setting Module

FMD Communication Module
- FMD Outbreaks Reporting
- FMD Awareness Maintenance

v t

FMD Outbreaks Prediction
Module

——

SMS/Voice

gateway

L

USSD API

Weather
Condition
API

]

Voice modem pool

(Via USB port)

Livestock
keepers with
Feature phone

B

> o r
Mobile Network g I .
% PR

interface card

s,

USsSD
Server

Network

il

Notations
-—
— -

Information Flow

(ii)
their demographic characteristics
(iif)
(iv)
(v) To validate the developed FMD surveillance system

‘ www.wunderground.com ‘
o
X
Using loT

Internet
www.wunderg
Other stakeholders with ]
Weather Station

T Uploading
round.com
Computers/Smart phone

To gather user requirements in the Gairo district for developing the FMD surveillance system
To formulate an algorithm for livestock keepers to communicate with the surveillance system by considering

To develop an Agent-Based Simulation Model for predicting FMD outbreaks in the Gairo district
To develop the FMD surveillance system by combining objectives no (ii) and (iii)

Livestock owners who are the primary
informer of FMD outbreaks/incidents
were not considered/included in most
electronic-based  animal  diseases
surveillance systems developed. The
surveillance systems were
implemented using advanced
technologies such as android and web-
based applications, requiring skills and
special devices (smartphones or
computers) to access them. In contrast,
most livestock owners, especially in
developing countries, lack these
facilities. Similarly, the systems require
an internet connection to access them,
which is highly limited in rural settings.
The negligence of livestock keepers in
giving or receiving FMD information
through the surveillance systems
causes the delay of information for
FMD control. Therefore, an electronic-
based surveillance system that could
accommodate livestock keepers among
the system users for sharing FMD-
related information between
themselves and top-level stakeholders
using friendly technologies is needed



