
 

 

 

 

 

 

Benha University 

Faculty of Veterinary Medicine 

Department of Virology 

 

 

“Molecular diagnosis of LSD virus in cattle” 
 

 

Thesis presented by 
 

 

Mohammed Gamal Abd El-Aziz El-Hamady 
B. V. Sc., Sadat University, 2012 

 

For M. V. Sc. Degree (Virology) 
 

 

Under supervision of  

 

Prof. Dr. Gabr Fikry El-Bagoury 
Professor of Virology 

Faculty of Veterinary Medicine 

Benha University 
 
 

Prof. Dr. Ehab Mustafa El-Nahas Mohamed 
Professor of Virology  

Faculty of Veterinary Medicine 

Benha University 
 
 

Prof. Dr. Nashwa Mohamed Helmy 
Chief of researches 

Animal health research institute, Dokki, Giza 

 
 
 
 

(2018) 

BENHA UNIVERSITY 
FACULTY OF VETERINARY MEDICINE



List of content 
 

1. Introduction                                                                                       1 

2. Aim of the study                                                                                5     

3. Review of literature                                                                           6 

3.1. Historical overview on LSDV                                                   6 

3.2. Economic impact of LSDV                                                       8 

3.3. Etiological agent                                                                        9 

       3.3.1. Classification                                                                   9 

       3.3.2. Morphology and physic-chemical properties                  10 

       3.3.3. Genome and protein processing of LSDV                       14 

       3.3.4. Antigenic characters and relationships                            18 

3.4. Biological properties of LSDV                                                  19 

       3.4.1. Susceptible hosts to LSDV                                              19 

       3.4.2. Mode of transmission of LSDV                                       19 

       3.4.3. Pathogenesis and histopathology of LSDV                      22 

                    3.4.4. Replication in host cell                                                  25 

3.5. Diagnosis of LSDV                                                                    27 

       3.5.1. Clinical symptoms                                                            27 

       3.5.2. Labortatory diagnosis                                                       28 

                 3.5.2.1. Sampling of LSDV                                              28 

                 3.5.2.2. Isolation of LSDV                                               29 

                 3.5.2.2. LSDV identification                                            33 

                       3.5.2.2.1. Non-serological techniques                        33  

                       3.5.2.2.2. serological techniques                                 34 

                       3.5.2.2.3. Molecular identification of LSDV              36 

4. Materials and methods                                                                         45 



    4.1. Materials                                                                                        45  

    4.2. Methods                                                                                         57 

5. Results                                                                                                  77 

6. Discussion                                                                                            101 

7. Conclusion                                                                                           112 

8. Summary                                                                                              113 

9. References                                                                                            116 

10. Arabic summary                                                                                  - 

 

  



List of Figures 

 

Figure (1): Diagram shows the surface structure of an enveloped virion, 

whereas the other part shows the cross- section through the center of an 

enveloped virion, adopted from ( Fenner's Veterinary virology, fourth 

edition, 2011). 

12 

Figure (2): Electron micrograph of lumpy skin disease virus particles 

stained with phosphotungstic acid at pH 8.5. Magnification. 200,000 x., 

adopted from (Weiss, 1968). 

13 

Figure (3): Morphological structure LSDV, adopted from (Haftu et al., 

2012) 

14 

Figure (4): linear map of the LSDV genome. ORFs are numbered from left 

to right based on the position of the methionine initiation codon. ORFs 

transcribed to the right are located above the horizontal line; ORFs 

transcribed to the left are below. Genes with similar functions and members 

of gene families are colored according to the figure key. ITRs are represented 

as black bars below the ORF map, adopted from (Tulman et al., 2001). 

15 

Figure. (5) Dermal necrosis with a pox cell (arrow) showing central nuclear 

clearing and an eosinophilic intracytoplasmic inclusion body; atrector pili 

muscle bundle in lower right, adopted from (House et al. 1990). 

25 

Fig. (6). Suspected cattle for LSD showing skin lesions as skin nodules 

scattered all over the body accompanied with recumbency. 

46 

Fig (7). Suspected female cattle for LSD showing skin lesions as skin 

nodules accompanied with edematous leg. 

47 

Fig (8). Suspected male cattle for LSD showing skin lesion as skin nodules 

scattered all over the body and on scrotum. 

47 



Fig (9). Female cattle show skin lesion as scabs two months after LSD 

infection. 

48 

Fig (10). Suspected female cattle for LSD showing skin lesion as nodules 

scattered all over the body with enlargement of lymph nodes. 

48 

Fig. (11). Amplification plot of real time PCR result of 12 positive nodular 

samples compared with positive control (P) and negative control (N). 

77 

Fig. (12). Amplification plot of real time PCR result of  positive scab, 

nodular and rectal swab samples compared with positive control (P) and 

negative control (N). 

78 

Fig. (13). Amplification plot of real time PCR result of (3) blood and (3) 

serum samples from feverish animals (cattle) compared with positive control 

(P) and negative control (N). 

78 

Fig. (14). Amplification plot of real time PCR result of (2) blood and (2) 

serum samples from sheep and goat compared with positive control (P) and 

negative control (N). 

79 

Fig. (15). The characteristic CPE of LSDV positive samples on MDBK cells 

where cell rounding (A), cell aggregation and the presence of cell clusters 

(B) occurred till detachment of the sheet (C). 

82 

Fig. (16). Control normal non- infected complete sheet of MDBK cells. 83 

Fig. (17). lesion of LSDV on CAM of SPF-ECE which varied from 

congestion (A), thickening of the membrane during first passage till 

occurrence of small, numerous and scattered white opaque foci (B, C, D and 

E, arrows) and turbidity (E) through second and third passages. 

85 

Fig. (18). non-inoculated negative control of CAM 86 

Fig. (19). Amplification plot of real time PCR result of the third passage of 

the three nodular samples on MDBK cells and the third passage of the three 

87 



nodular samples on CAM compared with positive control (P) and negative 

control (N). 

Fig. (20). result of antibody detection ELISA where only one serum sample 

was positive. Well A: Negative control. Well B: Positive control. Wells C, 

D and E: negative serum sample from feverish cattle. Well F: Positive serum 

sample from cattle. Well G: negative serum sample from sheep. Well H: 

negative serum sample from goat 

89 

Fig. (21). Ethidium bromide stained 1.5 % agarose gel electrophoresis of 

amplified PCR products of 8 nodular samples based on fusion protein 

encoding gene. Lane N: negative control. Lane M: High molecular weight 

nucleic acid marker (100bp). Lanes 1, 3, 4, 5, 7 and 8: Positive nodular 

samples (472 bp). Lanes 2 and 6: Negative nodular samples. 

92 

Fig. (22). Ethidium bromide stained 1.5 % agarose gel electrophoresis of 

amplified PCR products of previously examined 4 samples (No. 1, 2, 3, and 

4) and three newly examined nodular samples (No. 5, 6, 7 and 8)  based on 

fusion protein encoding gene. Lane N: negative control. Lane M: High 

molecular weight nucleic acid marker (100bp). Lane 1: faint band at 472 bp 

of previously considered negative nodular sample. Lanes (2, 3, and 4): sharp 

bands of previously positive nodular samples. Lanes (5, 6, 7 and 8) positive 

new nodular samples (472 bp). 

93 

Fig. (23). Ethidium bromide stained 1.5 % agarose gel electrophoresis of 

amplified PCR products of 1 nodular sample and 2 scab samples based on 

fusion protein encoding gene. Lane N: negative control. Lane M: High 

molecular weight nucleic acid marker (50bp). Lane 1: Positive nodular 

sample (472 bp). Lane 2: negative scab sample. Lane 3: Positive scab sample 

(472 bp). 

94 



Fig. (24). Ethidium bromide stained 1.5 % agarose gel electrophoresis of 

amplified PCR products of (11) nodular samples and (2) scab samples based 

on RBO30 gene. Lane N: negative control. Lane M: High molecular weight 

nucleic acid marker (50bp). Lanes (1, 2, 3, 5, 7 and 8): negative nodular 

samples. Lanes (4, 6, 9, 10and 12): positive nodular samples (172 bp). Lanes 

(11 and 13): positive scab samples (172 bp). 

95 

Fig. (25). Ethidium bromide stained 1.5 % agarose gel electrophoresis of 

amplified PCR products of 2 nodular samples and sheeppox vaccine based 

on RBO30 gene. Lane N: negative control. Lane M: High molecular weight 

nucleic acid marker (50bp). Lanes (14 and 15): positive nodular samples 

(172 bp). Lanes (16 and 17): negative sheeppox vaccine. 

96 

Fig. (26). Neighbor-joining phylogenetic tree based on the LSDV fusion 

protein coding sequence, showing the relationship between LSDV strains of 

the study (LSDV/EGY/Menufia/2017, LSDV/EGY/Giza/2017, 

LSDV/EGY/BeniSuef/2016 and LSD/EGY/Dakahlia/2016) with LSDV, 

SPV and GPV reference strains submitted to gene bank conducted using 

MEGA version 7 using Clustal W alignment algorithm and Neighbor-joining 

for tree construction. 

100 

 

  



List of Tables 

Table. (1). List of skin lesion samples collected from cattle suspected for 

LSDV infection from different governorates. 

45 

Table (2). Sequence of Fusion protein coding gene primers 53 

Table (3). Sequence of RBO30  coding gene primers 54 

Table. (4). Real-Time PCR reagents and their volume. 64 

Table. (5). Real-Time PCR thermal profile. 64 

Table. (6). Conventional PCR reagents for amplification of Fusion protein 

coding gene, their volume and final concentration. 

67 

Table. (7). Conventional PCR thermal profile for amplification of fusion 

protein coding gene. 

68 

Table. (8). Conventional PCR reagents for amplification of RBO30 gene, 

their volume and final concentration. 

68 

Table. (9). Conventional PCR thermal profile for amplification of RBO30 

coding gene 

69 

Table. (10). Amount of tamplet to be used in a cycle sequencing reaction 

based on product size. 

73 

Table. (11). Reagents of Big dye Terminator V3.1 cycle sequencing mixture 

and their amount. 

73 

Table. (12). Thermal profile used in sequence reaction. 74 

Table. (13). samples details with CT values. 80 

Table. (14). the difference in Ct values between the original nodular samples 

and their passage in MDBK cell culture and CAM of SPF-ECE. 

88 

Table. (15). Result of 1st and 2nd ELISA test in addition to case history of 

animals 

90 



Table. (16). Result of conventional PCR based on Fusion protein coding gene 

and RPO30 gene. 

97 

 

  



Summary 

     LSD is a serious infectious skin disease which considered one of the most 

economically important viral diseases that infect cattle. The disease is endemic in 

Egypt and further isolation and characterization of the LSD virus is required to 

provide more reliable methods for detection and control of outbreak of the virus so, 

the present study show trials for molecular detection and isolation of the virus.  

 

The applied experiments revealed that: - 

 

1- Trails for detection of LSDV in skin biopsy samples (nodules and scabs), 

blood samples, serum samples from cattle, sheep and goat and rectal swab 

sample by using real-time PCR and all the samples were positive with the 

lowest Ct values for skin biopsy samples. 

 

2- The detection of LSDV in three skin nodular samples of clinically suspected 

cattle by three blind passages on MDBK cell cultured. The isolated virus 

induced the characteristic CPE which appeared in the form of cell rounding, 

cell aggregation and cells coalesce together forming clusters and the CPE 

increased gradually till 70-90% of the sheet become completely detached. 

 

3- The detection of LSDV in three skin nodular samples of clinically suspected 

cattle by three blind passages on CAM of SPF-ECE. The isolated virus 

induced the characteristic lesion on CAM which appeared in the form of 

congestion and clotting of blood in CAM Blood vessels, presence of pock 

lesion in the form of small, scattered, numerous white foci and turbidity of the 

membrane. 

 

4- The passages on MDBK cell culture and on CAM were subjected to real-time 

PCR to detect the difference in Ct values between the original samples and 



their passage. The passages showed higher Ct values than their original 

samples. 

 

5- Serum samples from cattle, sheep and goat were examined by ELISA for 

detection of antibodies against Capripoxviruses and only one serum sample 

from cattle (showed signs of LSD two months before collecting the sample) 

was positive. Serum samples were collected after one month from the 

previous three negative cattle to be tested again by ELISA to detect the 

presence of antibodies. This time the three serum samples give positive result 

with ELISA test. 

 

6- Molecular identification of LSDV in (13) Nodular samples and (2) scab 

samples using conventional PCR for the amplification of fusion protein 

coding gene. 11 nodular samples and only one scab sample were positive 

showing specific PCR product at the correct expected size of fusion protein 

coding gene (410 bp). Four samples were applied to re-PCR to increase the 

concentration of the PCR product and the sharpness of bands. Three of them 

gave sharp clear bands (410 bp) while the fourth one which was considered 

negative gave a faint band at the same size (410 bp). 

 

7- Further molecular identification of LSDV in (13) Nodular samples, (2) scab 

samples and sheeppox vaccine using conventional PCR for the amplification 

of RBO30 gene. Sheeppox vaccine was used as reference to approve the 

specificity of RBO30 primers. The two scab samples and (7) nodular samples 

were positive while (6) nodular samples and the sheeppox vaccine were 

negative. 

 

8- Sequencing of purified PCR products obtained from four nodular samples. 



9- Alignment of the four LSDV strains in this study with each other which 

revealed 100% nucleotide identity between strains in this study. Then the 

strains in our study were aligned with other published LSDV, SPV and GPV 

strains available in gene bank database and they show high percent of 

nucleotide identity with LSDV strains ranged from 100-99%.  

 

10- Construction of phylogenetic tree to calculate, examine the 

evolutionary relationships of the sequence and show the relationship between 

LSDV strains of the study and LSDV, SPV and GPV strains available in gene 

bank database. The phylogenetic analysis show that our strains are closely 

related to LSDV group than to GPV and SPV. 

  




