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Abstract  
Sheep pox, goat pox and lumpy skin are serious diseases that cause a huge 
economic loss in Egypt. Sheep pox, goat pox, and lumpy skin are endemic 
diseases since their discovery in Egypt. Despite cross-protection between 
genus Capripox viruses, vaccination with living attenuated homologous and 
heterologous vaccines is the only effective way to control these diseases in 
Egypt. Although, the regular and prompt vaccination against Capripox virus 
diseases in Egypt, problems of vaccination failure and short duration of 
protection can occur. In this study, heterologous attenuated sheep pox 
vaccine was evaluated in cattle and goat, also, homologous Neethling vaccine 
and sheep pox vaccine were evaluated in cattle and sheep, respectively.  All 
tested vaccines were evaluated for humoral and cellular immunity using 
ELISA, IFN-γ, lysozymes, and nitric oxide production in serum at the field 
conditions . 



 

Index 

 

Dedication                                                                                                                 ί                                                                                                                                                                                      

Acknowledgement                                                                                                    

ⅠIndex 

List of Tables 

List of Figures 

List of abbreviations 

Chapter I – Introduction                                                                                           1                                                                                                                                                        

Chapter II – Review of Literature                                                                            4 

1-History and geographical distribution of Capripox viruses                                    4                                                              

2-Economic Impact of capripox viruses                                                                     7 

3-Taxonomy and morphology of Capripox viruses                                                    8 

4-Transmission of Capripox viruses                                                                           9                                                                                                                                                                   

5- Pathogenesis of Capripox viruses                                                                         11                                                                                                                                                                                                                               

6-Laboratory diagnosis                                                                                              13 

7-Immunity against CaPV                                                                                         16 

    7.1. Nonspecific immune response to Capripox viruses                                       17                                          

         7.1.1. Nitric oxide                                                                                             17 

         7.1.2. Lysozymes                                                                                              23 

         7.1.3. Interferons                                                                                              26 

   7.2. Specific immune response to Capripox viruses                                              29  

8-Control and eradication                                                                                          32                                                                                     

9-Capripox virus vaccines                                                                                         33               

Chapter Ⅲ-Material and Method                                                                               

Ⅲ-Ⅰ Materials                                                                                                            39 

1-Animals                                                                                                                  39 

2-Vaccine                                                                                                                  39 

   2.1. Sheep pox vaccine                                                                                         39 



 

   2.2. Neethling vaccine                                                                                          39 

3-Serum samples                                                                                                     40                                                                                                                 

4-Reagents and buffers                                                                                            40 

    4.1. Griess reagent                                                                                               40 

   4.2. Phosphate buffer saline                                                                                 40 

5-Bacteria used for detection of lysozyme concentration                                      41 

6- ELISA kits for detection of capripoxviruses antibodies                                    41 

7-Materials of SYBER Green real time PCR for detection IFN Gamma              41 

   7.1. Materials used for RNA extraction.                                                             41 

   7.2. Material used for master mix preparation for SYBER Green real-time  

PCR.                                                                                                                        42 

   7.3. Primers and probes used in SYBER Green real-time PCR.                         42 

8-Equipment                                                                                                           42 

Ⅲ.2. Methods                                                                                                                                                                                                                                    

1- Vaccine Preparation and vaccination                                                                 44  

2-Sample preparation                                                                                              44 

3-Experimental design of sheep pox vaccination                                                   44 

4-Experimental design of Neethling vaccination                                                    45 

5-ELISA detection of Capripox virus antibodies                                                    46 

6- Evaluation of nitric oxide concentration in serum                                              47 

7-Evaluation of lysozyme concentration in serum                                                  48 

8-SYBER Green real time PCR                                                                              49 

8.1-Extraction of RNA                                                                                            49 

8.2-Preparation of PCR Master Mix                                                                        50 

8.3-Cycling condition for SYBER Green real time PCR according to Quantitect 

SYBER Green PCR kit                                                                                            50 

8.4-Analysis of the SYBER Green real time PCR results.                                      51 

9. Statistical analysis                                                                                                51 

Chapter Ⅳ- Result                                                                                              52 



 

1. Field evaluation of attenuated sheep pox vaccine in cattle                               52 

   1.1. Evaluation of humeral immune response of cattle vaccinated with sheep pox 

vaccine by ELISA.                                                                                                 52 

   1.2. Evaluation of nonspecific immune response of cattle vaccinated with sheep pox 

vaccine.                                                                                                                   53 

          1.2.1. Lysozymes                                                                                          54 

          1.2.2. Nitric oxide in serum                                                                           55 

          1.2.3. Interferon gamma                                                                                56 

2.Field evaluation of Neethling vaccine in cattle                                                    58 

     2.1. Evaluation of humeral immune response of cattle vaccinated with attenuated      

Neethling vaccine by ELISA.                                                                                  58 

    2.2. Evaluation of nonspecific immune response of cattle vaccinated with 

Neethling    vaccine.                                                                                                59 

          2.2.1. Lysozymes                                                                                           59 

          2.2.2. Nitric oxide concentration                                                                   61 

          2.2.3. Interferon gamma                                                                                62 

3. Field evaluation of attenuated sheep pox vaccine in sheep                                 63 

  3.1. Evaluation of humeral immune response of sheep vaccinated with sheep pox 

vaccine by ELISA.                                                                                                   63 

  3.2. Evaluation of nonspecific immune response of sheep vaccinated with sheep pox 

vaccine.                                                                                                                      65 

        3.2.1. Lysozymes                                                                                               65 

        3.2.2. Nitric oxide in serum                                                                               66  

        3.2.3. Interferon gamma                                                                                     68 

4. Field evaluation of attenuated sheep pox vaccine in goats.                                   69 

  4.1. Evaluation of humeral immune response of goat vaccinated with sheep pox 

vaccine by ELISA.                                                                                                     69 

 4.2. Evaluation of nonspecific immune response of goat vaccinated with sheep pox 

vaccine.                                                                                                                       71 



 

      4.2.1. Lysozymes                                                                                                  71 

      4.2.2. Nitric oxide in serum                                                                                  72 

      4.2.3. Interferon gamma                                                                                        73 

Chapter Ⅴ-Discussion                                                                                                75                                                                                                    

Chapter Ⅵ-Conclusions and Recommendations                                                       85                                                                                                         

Chapter Ⅶ-Summary                                                                                               87 

Chapter Ⅷ- References                                                                                          91 

Chapter Ⅸ- Arabic summary                                                                                                   

 

 



 

                                            List of tables        

 

List of tables 

page Title Table 

NO. 

51 Cycling conditions of real time PCR 1 

52 Humeral immune response of cattle vaccinated with 

attenuated sheep pox vaccine by ELISA 

2 

53 Mean ELISA O.D of sheep pox vaccinated cattle 3 
54 Concentration of lysozymes (µg /ml) in serum of cattle 

vaccinated with sheep pox vaccine 

4 

54 Mean lysozyme concentrations of cattle vaccinated with 

attenuated sheep pox vaccine 

5 

55 Concentration of nitric oxide (µmol /ml) in serum of cattle 

vaccinated with sheep pox vaccine. 

6 

56 Mean nitric oxide concentrations of cattle vaccinated with 

attenuated sheep pox vaccine.  

7 

57 Interferon gamma expression in serum of cattle vaccinated 

with attenuated sheep pox vaccine. 

8 

58 Humeral immune response of cattle vaccinated with 

attenuated Neethling vaccine. 
9 

59 Mean ELISA O.D of cattle vaccinated with attenuated 

Neethling vaccine. 
10 

60 Concentration of lysozymes (µg /ml) in serum of cattle 

vaccinated with Neethling vaccine. 

 

11 

60 Mean lysozyme concentrations of cattle vaccinated with 

attenuated Neethling vaccine. 

12 

 
61 Concentration of nitric oxide (µmol/ml) in serum of cattle 

vaccinated with Neethling vaccine. 
13 

62 Mean Nitric oxide concentrations of cattle vaccinated with 

attenuated Neethling vaccine. 

14 

63 Interferon gamma expression in serum of cattle vaccinated 

with attenuated Neethling vaccine. 

15 

64 Humeral immune response of sheep vaccinated with 

attenuated sheep pox vaccine by ELISA. 

16 

64 Mean ELISA O.D of sheep vaccinated with attenuated sheep 

pox vaccine. 

17 

65 Concentration of lysozymes (µg /ml) in serum of sheep 

vaccinated with attenuated sheep pox vaccine. 

18 



 

66 Mean lysozyme concentrations of sheep vaccinated with 

attenuated sheep pox vaccine. 

19 

67 Concentration of nitric oxide (µmol /ml) in serum of sheep 

vaccinated with sheep pox vaccine. 

20 

67 Mean nitric oxide concentrations of sheep vaccinated with 

attenuated sheep pox vaccine. 

21 

68 Interferon gamma expression in serum of sheep vaccinated 

with attenuated sheep pox vaccine. 

22 

70 Humeral immune response of goat vaccinated with 

attenuated sheep pox vaccine by ELISA. 

23 

70 Mean ELISA O.D of goat vaccinated with attenuated sheep 

pox vaccine.  

24 

71 Concentration of lysozymes (µg /ml) in serum of goat 

vaccinated with attenuated sheep pox vaccine. 

25 

71 Mean lysozyme concentrations of goat vaccinated with 

living attenuated sheep pox vaccine. 

26 

72 Concentration of nitric oxide (µmol /ml) in serum of goat 

vaccinated with sheep pox vaccine. 

27 

73 Mean nitric oxide concentrations of goat vaccinated with 

attenuated sheep pox vaccine. 

28 

74 Interferon gamma expression in serum of goat vaccinated 

with attenuated sheep pox vaccine. 

29 

 
 

 

 

 

 

 

 

 
 



 

List of figures 

List of figures 
page 

no. 

Title No. of 

fig.  

9 Morphology of Capri pox viruses 1 

45 Experimental Design of animals vaccinated with sheep pox 

vaccine 

2 

46 Experimental Design of animals vaccinated with Neethling 

vaccine. 

3 

53 Levels of antibody response to sheep pox vaccine in cattle. 4 

55 Level of lysozyme in cattle vaccinated with sheep pox vaccine. 5 

56 Levels of nitric oxide in cattle serum after vaccination with sheep 

pox vaccine. 

6 

57 Expression of IFN gamma in cattle after vaccination with sheep 

pox vaccine 

7 

57 Gene expression curve of IFN gamma in cattle after vaccination 

with sheep pox vaccine measured by real time PCR. 

8 

59 Levels of antibodies in cattle serum after vaccination with 

attenuated Neethling vaccine 

9 

61 Levels of lysozymes in cattle serum after vaccination with 

attenuated Neethling vaccine. 

10 

62 Levels of NO in cattle vaccinated with Neethling vaccine 11 

63 Expression of IFN γ in cattle vaccinated with Neethling vaccine. 12 

65 Levels of antibody response in sheep after vaccination with sheep 

pox vaccine. 

13 

66 Levels of lysozymes in sheep serum after vaccination with sheep 

pox vaccine. 

14 

68 Levels of nitric oxide in sheep serum after vaccination with sheep 

pox vaccine. 

15 

69 Induction of IFN gamma in sheep serum post vaccination with 

sheep pox vaccine measured by real time PCR. 

16 

70 Levels of antibody response in goats post vaccination with sheep 

pox vaccine measured by ELISA. 

17 

72 Levels of lysozymes in goat serum after vaccination with sheep 

pox vaccine. 

18 

73 Levels of nitric oxide in goat sera after vaccination with sheep 

pox vaccine. 

19 

74 IFN gamma expression in goat sera post vaccination with sheep 

pox vaccine 

20 



List of abbreviation 

 

 

 

 

List of abbreviation 

 

 

 

Capripox viruses CaPVs 

Chordopoxvirinae ChPV 

day post infection dpi 

Enzyme linked immunosorbent Assay ELISA 

goat pox virus GPV 

Goat pox GTP 

Intercellular Adhesion Molecule ICAM 

Interferon gamma IFN gamma 

Interleukin IL 

Inducible nitric oxide synthase iNOS 

Kenian sheep strain 1                      KS-1 

lumpy skin disease virus LSDV 

Madin darby bovine kidney cell MDBK 

Nitric oxide NO 

Polymerase Chain Reaction PCR 

Post-vaccination                      PV 

Randomized Control Trial RCT 

Restriction Fragment Length 

Polymorphism 

RFLP 

Rift Valley Fever virus RVFV 

Severe Combined Immunodeficiency SCID 

Sheep goat pox SGP 

Sheep pox SPP 

 .Statistical Package for Social Sciences SPSS 

sheep pox virus SPV 

Signal Transducer and Activator of 

Transcription 3 

STAT 3 

T Cell Receptor Signaling TCR signaling 

Transforming growth factor TGF 

the normalizing beta 2-microglobulin 

(β2M) housekeeping gene 

β2M 




