
I

ACKNOWLEDGEMENTS

Above all, praise is to my almighty Allah for giving me a good health, wisdom, ability,

and strength to carry out this work and for all other graces.

I would like to express my deep and sincere gratitude and appreciation to my

supervisor Professor. Abd Elhamid A. M. ElFadil, College of Veterinary Medicine, for

his excellent guidance, support and constant encouragement throughout this study.

I would like to express my deep thanks to Dr. Fayga Ahmed Belal for har support and

her guidance in economic impacts analysis.  

I am grateful to Dr. Khedir Alfakki, Director General of General Directorate of Animal

Health and Epizootic Diseases Control, Ministry of Animal Resources, Fisheries and

Rangelands for his organization of the field mission with states Directors. Also, I

would like to thank Dr. Alwia Ahmed Head of CELISA Unit, General Directorate of

Animal Health and Epizootic Diseases Control, Ministry of Animal Resources,

Fisheries and Rangelands Dr. Alyaa Hassan and Dr. Rehab Mohammed Nour and the

people of the ELISA Unit for their endless and kind help during carrying out the

cELISA test.

I am grateful to Dr. Hanan Yosif, the Head of Statistics and Geographical Information

System (GIS) Unit, General Directorate of Animal Health and Epizootic Diseases

Control, Ministry of Animal Resources, Fisheries and Rangelands for providing the

Chloropleth maps.

I would also like to thank the General Directors of Animal Resources of River Nile and

White Nile States for their support, help, and facilitating the field missions and

sampling. 

I am grateful to Dr.Tarig Nouredein, Head of Rabak Research Laboratory, White Nile

state, and Dr. Khalied M. Taha Head of Atbara Research Labrotary, River Nile state. 

I would also like to thank Dr, Ranaia Basheir, Field Investigation Unit, General

Directorate of Animal Health and Epizootic Diseases Control, Ministry of Animal

Resources and Fisheries for her help and support for preparing satllite image. Also I

would like to thank Animal Production Officer. Faiza Osman Shareef, Central

Information Unit, General Directorate of Animal Health and Epizootic Diseases



II

Control, Ministry of Animal Resources, Fisheries and Rangelands for her help on

preparing the final layout of the thesis. Finally, I am thankful to my husband, my

beloved sisters and brother, and to all my friends for their everlasting support.

DEDICATION

This Work is dedicaTed To The

souls of my parenTs, Who

believed in The imporTance of

educaTion. iT is also dedicaTed

To my husband, broThers, sisTers

and friends, WiTh Warm Wide

Wishes



III

TABLE OF CONTENTS

ACKNOWLEDGEMENTS………………………………………………………….........

................I

DEDICATION…………………………………………………………………………………

…………II

TABLE OF
CONTENTS…………………………………………………………………………………III

LIST OF TABLES V

LIST OF FIGURES ………………………………………….. VI

LIST OF APPENDIXS VII

LIST OF ACRONYMS ………………………………………………………. VIII

 SUMMARY ……………………………………………….. XII

KEYWARDS XIII

INTRODUCTION………………………………………………………………………………
…………1

C H A P T E R

I…………………………………………………………………………………..……

……….5

1. LITERATURE

REVIEW……………………………………………………………….………5 

     1 . 1 .

Definition……………………………………….……………………………….………….…

……5

     1. 2 History of the

Disease………………………………………………………………………………5

1.3. Epidemiology 6



IV

1.3.1. Causative Agent 6

1.3.2. Global Geographical Distribution 7

1.3.3. Transmission of PPRV 12

1.3.4. Host Range and Pathogenicity of PPRV 12

1.3.5 Clinical Signs of PPRV

Infection…………………………………………………………..…..14

1.3.6. Post-Mortem Findings of PPRV

Infection…………………………….………………………16

1.3.7. Histo-Pathology of PPRV

Infection…………………………………………………………17

1 . 3 . 8 .

Immunity…………………………………………………………………………………

…17

1.3.9. Diagnosis of PPRV

Infection……………………………………………..…………………19

1.3.10 Differential Diagnosis of PPRV

Infection………………….…………………………………24

1.3.11. Risk Factors for PPRV

Infection…………………………….….………………………….…25

1.3.12. Control and

Treatment…………………………………………………………………….…..27

1.3.13. Economic Impacts of

PPR…………………………………………………………….…..29

CHAPTER II 32

2. MATERIALS AND METHODS 32

2.1. Study

Area………………………………………………………………………………………..3

2

2.2 study Population

………………………………….………………………………………………33

2.3. Sample

Size………………………………………….……………………………….……..........34



V

2 . 4 .
Samples………………………………………………………………………………………
….35

2.5. Sampling Strategy and Study Design 35

2.6. Competitive ELISA (cELISA) for Detection of PPR Antibodies 38

2.6.1. Description and Principle 38

2.6.2. Test Procedure 38

2.6.3. Interpretation of cELISA Results 39

2.7. Questionnaire Survey 40

2.8. Data Management and Analysis 40

2.9. Economic impacts

Analysis…………………………………………………………………..........41

CHAPTER III 42

3. RESULTS 42

 3.1: Frequencies and distributions of tested serum samples by

states……………………………..42

3.2. The Overall Sero-Prevalence Rate of PPR: 46

3.3 Sero-Prevalence Rate of PPR in River Nile and White Nile States: 46

3.4. Sero-Prevalence Rate of PPR in the Different Surveyed Localities 46

4.5. Sero-Prevalence Rate of PPR among Breeds 46

4.6. Sero-Prevalence Rate of PPR in Males and Females 46

3.7 Results of the Univariate Associations with Sero-positive status against PPR: 51

3.8. Results of Multivariate Analysis of Associations with PPR-Sero-positive Status : 54

   3.9 Sero-prevalance location in satellite images in White Nile
State…………....………………….56

 3.10 Sero-prevalance location in satellite images in River Nile

State………………………………….57

 3.11 Economic impact of PPR in River Nile and White Nile

States………………………….………..58

3.11.1 T test for abortion, death, abortion cost and death

cost………………..……………………58

3.11.2 Summary of Budget Analysis of PPR in River Nile and White Nile

States……..…………58



VI

C H A P T E R
IV……………………………………………………………………………………………61

4. DISCUSSION 61

Conclusions……………………………………………………………………………………
…..         68

Recondation……………………………………………………………………………………
………….69

REFERENCES 70

LIST OF TABLES
Page No.

Table 1: Number of detected outbreaks of PPRV in different parts of the Sudan

and number of herds at risk from 2000 to 2007 11

Table 2: Detection of PPRV in wildlife species 14

Table 3: Number of vaccinated small ruminants against PPRV in the Sudan in the

period from 2005 to 2009

29

Table 4: The geographical distribution of the sheep in different localities as

estimated by the general directorate of the animal resources

34

Table 5: Frequencies and distributions of tested serum samples by state, locality,

breed, herd size, herd composition and sex for PPR in River Nile and White Nile

States (April 2012)

42

Table 6: Estimated sero-prevalence rates of PPR by state, locality, breed, age and

sex in River Nile and White Nile States, April 2012:

49

Table 7: Univariate associations of risk factors with cELISA PPR-sero-positivity 52



VII

in sheep in River Nile and White Nile States (April 2012)

Table 8: Results of multivariate analyses of associations of risk factors with

cELISA PPR-sero-positivity in sheep in River Nile and White Nile States (April

2012)

55

Table 9: the T test for abortion, death, abortion cost and death cost 58

Table 10: Summary of Budget Analysis 58

Table 11: Budget Analysis of PPR in River Nile State 59

Table 12: Budget Analysis of PPR in White Nile State 60

LIST OF FIGURES
Page No.

Figure 1: PPR in countries in which the disease has been reported 8

Figure 2: Distribution of PPRV across West Africa from 2000 to 2010 10

Figure 3: Common clinical signs of acute PPRV infection in small ruminants: Ocular and

nasal discharges.

16

Figure 4: Map of location visited to estimate sero-prevalence rates for PPR in River Nile 

State (April 2012)                                                                                                                 

36

Figure 5: Map of location visited to estimate sero-prevalence rates for PPR in White Nile

State (April 2012)

37

Figure 6: Plate Layout of cELISA for PPR 39



VIII

Figure 7: Map of state sero-prevalence rates for PPR in sheep in River Nile state April 2012 47

Figure 8: Map of state sero-prevalence rates for PPR in sheep in White Nile state (April

2012)

48

Figure 11: The sero- prevalence in satellite image in White Nile State 56

Figure 12: The sero- prevalence in satellite image in River Nile state 57

LIST OF ANNEXES
Page No.

Appendix 1: Distribution and prevalence of PPR in 519 sheep tested by ELISA

in River Nile and White Nile States, Sudan by State

85

Appendix 2: Association between PPR and States 89

Appendix 3: Economic impacts analysis tables 95

Appendix 4: Competitive ELISA Reagents and Solutions 98

Appendix 5: PPR Questionnaire Format for Owners and Herders 99

Appendix 6: PPR outbreak from 2003-2007 101

Appendix

5:



IX



X

LIST OF ACRONYMS

aa Amino Acid

Abs Antibodies

Ag Antigen

AGID Agar Gel Immunodiffusion

AGPT Agar Gel Precipitation Test

APS Animal Production System

ATCC # CCL81 American Type Cell Culture

BB Blocking Buffer

BDSL Biological Diagnostic Supplies Limited

BHK-21 Baby Hamster Kidney

bp Base pair

BPS Buffered Physiological Saline

CBS Central Bank of Sudan

CCFR Crude Case Fatality Rate

CCPP Contagious Caprine Pleuro-Pneumonia

cDNA Complementary Deoxyribonucleic Acid

CDV Canine Distemper Virus

cELISA Competitive Enzyme Linked Immuno-Sorbent Assay

CFT Complement Fixation Test

CIEP Counter immunoelectrophoresis

CIRAD Centre de Coopération Internationale en Recherché Agronomique

pour       le Développement

CIRAD The International Cooperation Centre in Agronomic Research for

Development

CPE Cytopathic Effect

DAAD Deutscher Akademischer Austausch Dienst

DAAD The German Academic Exchange Service

DAH & ED Directorate of Animal Health and Epizootic Diseases Control

DDW De-ionized Distilled Water

DIVA Differentiation of Infected from Vaccinated Animals



XI

DNA Deoxyribonucleic Acid

dNTPs Deoxonucleoside triphosphate

EDI ELISA Data Interchanges Software

EduLink The Connecting Learning Communities

F The Fusion Gene

FAO Food and Agriculture Organization of the United Nations

FEE Foreign Exchange Earnings

GDP Gross Domestic Product

GHA The Greater Horn of Africa

GIS Geographical Information System

GIT The Gastrointestinal Tract

GREP Global Rinderpest Eradication Project

H The Haemagglutinin Gene

H2O2 Hydrogen Peroxide

HA Hemagglutination Test

HRPO Horseradish Peroxidase Conjugate

IcELISA Immunocapture Enzyme Linked Immuno-Sorbent Assay

IGAD Intergovernmental Authority on Development

ILRI International Livestock Research Institute

M The Matrix Gene

MAb Monoclonal Antibody

MAR Mean Average Rainfall

MARF Ministry of Animal Resources and Fisheries

MDBK Madin-Darby Bovine Kidney Cells

MDT Mean Daily Temperatures

MEPD Ministry of Environment and Physical Development

mRNA Messenger Ribonucleic Acid

MT Metric Tones

MTADM Master Program in Transboundary Animal Disease Management

MV Measles Virus of Humans

N The Nucleocapsid Gene



XII

NES Nuclear Export Signal

NLS Nuclear Localization Signal

No. Number

NP Nucleoprotein

NPV Net Present Value

NS Normal saline

nt Nucleotide

ºC Degree Centigrade

OD Optical Density

OIE The International Organization for Animal Heath

OPD Ortho-Phenylenediamine

Orf Contagious Ecthyma

ORF Open Reading Frame

PAGE Electrophoretic Profile in Polyacrylamide Gel

PANVAC The Pan African Veterinary Vaccine Centre

PARC The Pan-African Rinderpest Campaign

PBMC Peripheral Blood Mononuclear Cell

PBS Phosphate Buffered Saline

PCR Polymerase Chain Reaction

PCV Packed Cell Volume

PD Phosphate diluents

pH Measure of the Acidity or Basicity

PI Percentage of Inhibition

PPR Peste Des Petits Ruminants

PPRV Peste Des Petits Ruminants Virus

RBCs Red Blood Cells

RBOK The Kabete 0 Strain of Rinderpest

RNA Ribo-nucleic Acid

RNP Ribonucleo-Protein

RPV Rinderpest Virus

RT Reverse Transcriptase Enzyme



XIII

RT-PCR Reverse Transcription Polymerase Chain Reaction

Shoats Sheep and Goats

SP Strong Positive

SPS Sanitary and Phyto-Sanitary

SPSS The Statistical Package for Social Sciences for Windows®

SVRI Soba Veterinary Research Institute

T cells CD4+ T helper Lymphocytes

T cells CD8+ Cytotoxic T Lymphocytes

Taq Thermostable DNA Polymerase

TCID Tissue Culture Infective Dose

TCID50 50% Tissue Culture Infective Dose

TCRV The Tissue Culture Rinderpest Vaccine

UN The United Nations

US$ United States Dollar

USAID United States Agency for International Development

Vero African Green Monkey Kidney Cell

VNT Virus Neutralization Test

WP Weak Positive

μl Microliter



XIV

ABSTRACT:
The results of this study have increased knowledge on the epidemiology of PPR in

sheep in River Nile and White Nile States of the Sudan, by using cELISA testing and a

questionnaire survey. The estimated overall sero-prevalence rate was found to be 53%

(275/519). There were differences in the sero-prevalence rates between different

surveyed localities: Shendi and Almatama localities showed a significantly higher

sero-prevalence rate than the other 3 localities in River Nile State. In White Nile state

Alsalam locality showed the higher sero-prevalence rates while Rabak, Elgableen and

Algetena showed a lower rate. There were differences in the sero-prevalence rates

estimated among different breeds: Garrage showed lower sero-prevalence rates 49.2%

(123/250) than the other breeds. On the other hand, Baladi breed showed the highest

prevalence rate of 56.5% (147/260), with 95% CI between 50.47% and 62.53%, while

Hamari breed showed sero-prevalence rate of 55.6% (108/174), with a 95% CI

between 23.14 and 88.06. There were no statistically significant differences in the

sero-prevalence rates among different age groups. For sexes, females were showing a

higher sero-prevalence rate than males. Significant risk factors associated with a

cELISA positive status for PPRV in the univariate analysis using the chi-square test

were found to be locality, sex, age, herd composition, cleaning, migratory routes, season,

morbidity rate, mortality rate, abortion rate, affecting production, loss during year, using

outside rams and vaccination (p-value ≤ 0.05). State, herd size, breed, signs in herd,

cleaning after abortion, udder cleaning and veterinary service, were not identified as

significant risk factors. The only factors found to be significantly associated with

increased odds of being cELISA positive in the multivariate analysis was sex (females).
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From the economic analysis it found that disease caused big loss due to PPR and there

was significant association between abortions, death, cost of abortion and cost of death

and PPR infection in the two states. 

Investigation results suggest that PPR has taken an endemic pattern of occurrence in

the Sudan as reported from other countries in East Africa. Urgent need therefore exists

to initiate a realistic network for surveillance, control and eradication of this important

disease in the Sudan and in the region. Such scheme is suggested and supported at high

levels and it should immediately be launched as recommended by OIE.

المستخلص

فةالىالدراسةهذههدفت بائيةمعر نمرضو النيلالنيلنهرفيالأغنامفيالصغيرةالمجتراتطاعو الأبيضو

دان، ذلكبالسو الاستبيانcELISAاختبارباستخدامو رتم.و ببمامصلىانتشارمعدلعلىالعثو ٪53يقار

قهناك(.275/519) فىالاستطلاعشملهاالتىالمحلياتمختلفبينالمصلىالانتشـارمعدلاتفيفرو

المتمةشندي:محليتىالنيلنهرولاية تاو ظبشكلمصلىانتشارمعدلاعلىاظهر اخرىمحليات3عنملحو

تالسلاممحليةالأبيضالنيلولايةفي.النيلنهربولاية بك،محلياتبينمامصلىانتشارمعدلاعلىاظهر ر

تالجبليـنوالقطينــة قــاتهنــاك.الســلاممحليــةمــنمعــدلاقــلاظهرــ الانتشــارمعــدلاتمقــدارفـيمقــدرةفرو

السـلالاتمن(123/250)٪49.2مصلىانتشـارمعدلاقلاظهرالقرج:المختلفةالسـلالاتبينالمصلى

تأخرىناحيةمن.الأخرى بينCI٪95مع،(147/260)٪56.5انتشارمعدلأعلىالبلديسلالةاظهر

سلالة50،47٪62،53 تالحمريو 23،14بينCI٪95مع،(108/174)٪55.6انتشارمعدلاظهر

لم88،06 قهناكتكـنو يةالفئاتبينالمصلىالانتشـارمعـدلفيإحصائيةدلالةذاتفرو المتباينةالعمر

رمنمصلىانتشارمعدلأعلىالإناثتظهرحيثللجنسين، رتم.الذكو املعلىالعثو تبطةكبيرةخطرعو مر

حيدالتحليلفي.cELISA PPRVلالإيجابيةبالحالة بعاختبارباستخدامالمتغيرو نكايمر المكانليكو

الجنس، العمر،و ينو تكو التنظيف،القطيع،و قو كةطر سم،،الحر معدلالمو فيات،معدل،الإمراضو معدلالو
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ثرمماالإجهاض، فقدانالإنتاج،علىيؤ ذلك،العامخلالو القطيع،حجم،ولايةال.P)≥0.05(باستخدامو

الخدماتالضرع،تنظيفالإجهاض،بعدالتنظيف،التنظيفللمرض،المميزةالعلاماتالسلالة، يةو لمالبيطر

املتحديدهايتم املكان.خطرهكعو حيدةالعو نالذىالو تبطيكو يادةمعكبيربشكلمر التحليلفىالمرضز

املكلأنحينفي،(إناث)الجنسهوالمتغيراتمتعدد جدتالأخرىالعو تبطلاو يادةمعكبيربشكلتر ز

ت.إيجابيـةبانهــاالاحتمــالات أظهرــ كــةأنالاســتبياننتـائجو انـات،حر ســةالحيو ممار ثـرالرـعىو انتشــارعلـىتؤ

ض جــدالاقتصــاديالتحليــلمــن.المرــ ضأنو ـائرفــيتســببالمرــ ضبســببكبــيرةخسـ نمرــ المجــتراتطــاعو

جدالصـغيرة تباطهنــاكأنوو ت،الإجهــاض،بيـنمهــمار الموــ قتكلفةوتكلفـةالإجهاضو .الولاياتينفيالنفو

نمرضأنإلىتشيرالتحقيقنتائج طناًالصغيرةالمجتراتطاعو مستو دانفيصار دكماالسو لمنور أخرىدو

قفي يقياشر لذلك.أفر قائيةشبكةفيللشروعملحةحاجةهناكو المراقبةللسيطرةو القضاءو المرضهذاعلىو

دانفي فيالسو كذلك.المنطقةو ياتمنالدعمالدراسةتقترحو ينبغيعليا،مستو علىالمكافحةبرامجتنطلقأنو

ر صىالنحوعلىالفو انلصحةالعالميةالمنظمةقبلمنبهالمو .(OIE)الحيو
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