
23  

 
 

 
Research article 

Incidence of lumpy skin disease virus with its characterization in 
vaccinated pregnant Holstein cows in Dakahlia governorate, Egypt 

Samah M. Mosad1∗, Nesma Rasheed2, Hanaa S. Ali2, Khaled A. S. El-Khabaz3, Eman A. M. 
Shosha4 and Mohamed El-Diasty2 

1 Department of Virology, Faculty of Veterinary Medicine, Mansoura University, Egypt 
2 Agricultural Research Center (ARC), Animal Health Research Institute- Mansoura Provincial Laboratory (AHRI-Mansoura) 

P.O. Box 264-Giza, Cairo 12618, Egypt 
3 Department of Animal Medicine (Infectious Diseases), Faculty of Veterinary Medicine, Assiut University, Egypt 
4 Department of Microbiology and Immunology, Faculty of Veterinary Medicine, New Valley University, Egypt 

 

 
 

 

 
 

 
Article History: 

Received: 09-Oct-2021 

Accepted: 30-Nov-2021 

*Corresponding author: 

Samah M. Mosad 

dr samahmosad@mans.edu.eg 

Abstract 

Lumpy skin disease (LSD) is an infectious, economically important viral disease of 

cattle. Lumpy skin disease virus (LSDV) is still circulating in Egypt, despite the annual 

mass vaccination with the sheep pox virus vaccine recommended by the Egyptian 

authorities. This study was carried out on two farms of pregnant Holstein cows vaccinated 

with Bovivax LSD-N® vaccine (Neethling strain) (farm I) and Servac Capri-C® vaccine 

(live attenuated sheep pox) (farm II). After 40-60 days post-vaccination, mild clinical signs 

were detected in 3% of cows on farm I, whereas a more severe clinical infection was 

developed in 40% of cows on farm II. LSDV was isolated on the chorioallantoic membrane 

(CAM) of 11-day-old embryonated chicken eggs (ECEs) and Madin Darby bovine kidney 

(MDBK) cell culture. LSDV was identified in collected skin tissues by transmission electron 

microscopy (TEM) and histopathological examination. Finally, LSDV was confirmed by 

amplification of 192 base pairs (bp) of the P32 gene using polymerase chain reaction 

(PCR), and two samples were selected for DNA sequencing. LSDV developed characteristic 

pock lesions on the CAM of the inoculated ECEs. MDBK cell culture developed a prominent 

LSDV cytopathic effect at the 3rd passage. Viral particles were detected in the cytoplasm of 

both epidermal cells and dermal macrophages by TEM. Histopathological examination 

revealed different lesions correlated with LSDV infection age. LSDV was confirmed in all 

tested samples by PCR. Our strains (Dakahlia-2020-1 and Dakahlia-2020-2) were closely 

related to other Egyptian LSDV strains in the GenBank with 98.2-100% identity. The 

present study proved conclusive evidence that the live attenuated sheep poxvirus vaccine 

poorly protects Egyptian cattle against LSDV, while the LSDV Neethling strain vaccine gave 

a promising and sufficient protection rate. 
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Introduction 

Lumpy skin disease (LSD) is a highly contagious viral 
disease of cattle produced by LSDV, which belongs to 
the genus Capripoxvirus (together with sheep poxvirus 
and goat pox virus), subfamily Chordopoxvirinae, of 
the family Poxviridae (ICTV, 2021). LSDV has a DNA 

genome of about 151 kbp in length, which consists of 
a central coding region flanked by identical inverted 
terminal repeats (2.4 kbp each) and also contains 
156 putative genes (Tulman et al., 2001). Great 
economic losses are incurred due to severe skin 
damage caused by circumscribed skin nodules that 
cover all the body parts, reduced milk production, 
mastitis, decreased fertility, abortion, and sometimes 

 death. The cost-effectiveness of the disease 
contributed to its high morbidity rate (up to 90%) 
rather than mortality (less than 10%) (Babiuk et al., 

2008; Tuppurainen and Oura, 2012). 

The characteristic clinical signs are numerous 
raised painful cutaneous lesions that develop within 
3-4 days from macules, then papules, to nodules 
(Sanz-Bernardo et al., 2020). These cutaneous 
lesions are accompanied by fever, oral, nasal, and 
ocular discharge (Kasem et al., 2018). 
Histopathological studies of skin samples showed 
vasculitis, necrotic epidermis, and intracytoplasmic 
inclusion bodies (El-Neweshy et al., 2013; Neamat-
Allah, 2015). 
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LSD was reported for the first time in 
Zambia in 1929, then spread to other African 
countries, including Egypt (Maclachlan, 2010; Tupp 

urainen and Oura, 2012). According to the 
World Animal Health Information Database (https:// 
www.oie.int/en/animal-health-in-the-world/wahis-
portal-animal-healthdata/), LSD was first 
recognized in Egypt in 1988 in Suez Governorate 
at a quarantine station among cattle imported from 
Somalia (House et al., 1990; Davies, 1991). The 
spreading of the disease increased day by day with 
different degrees of clinical signs until it reached 22 
out of the 26 Egyptian governorates by the summer 
of 1989. Approximately 1449 animals died in this 
epizootic; at the same time, the veterinary authorities 
applied a vaccination program using the sheep pox 
vaccine (SPV) to control the massive outbreak (Ali et 
al., 1990). 

Although the annual mass vaccination is enforced 
by the Egyptian veterinary authorities with SPV, 
LSDV still circulates among livestock in each summer 
season. The disease reappeared as an extensive LSD 
outbreak hit Egypt, affecting 16 provinces in early 
2006 after cattle importation from Ethiopia, then 
again in 2011 and 2014 as well as the disease was 
recorded in Upper Egypt during the summer of 2018 
(Salib and Osman, 2011; Elhaig et al., 2017; Allam et 
al., 2020). The recurrent occurrence of LSD outbreaks 
is dependent mainly upon animal movements, 
immunological status, and the insect vectors 
involved in the transmission of the virus (Farah 
Gumbe, 2018). 

LSDV is an arbovirus transmitted mechanically 
by Aedes aegypti mosquitoes, Culicoides. However, 
the hard ticks have a role in the transmission cycle 
(Alkhamis and VanderWaal, 2016; Hussein et al., 
2017). Some previous studies suggested the 
possibility of biological transmission of LSDV by 
Culicoides midges and Culicoides punctatus (Latreille; 
Diptera: Ceratopogonidae) (Şevik and Doğan, 2017). 
The efficient control measures of LSDV in endemic 
areas as Egypt need a rapid and accurate vaccination 
strategy (Tuppurainen et al., 2017). 

Live attenuated strains of Capripoxvirus are used 

in the vaccination of LSD because of the cross-
protection among the genus Capripox, such as 
Romanian sheep pox virus strains and also Neethling 
LSDV strain (Tuppurainen et al., 2014). In Egypt, the 
Romanian sheep poxvirus vaccine strain was applied 
to immunize cattle and small ruminants against 

Capripoxviruses, although the re-appearance of new 
outbreaks in vaccinated animals has been recorded 
in the last few years (Mikhael et al., 2017). Reliance 
on LSD vaccination based on the Romanian SPV is 
not effective, as many outbreaks appeared at different 
time intervals (Ochwo et al., 2020; El-Khabaz et al., 
2020). 

In this regard, the present study was undertaken 
to assess the occurrence of LSDV in pregnant 
Holstein cows vaccinated with SPV (Romanian 
strain) in comparison to the LSDV vaccine 
(Neethling strain) in Dakahlia Governorate, Egypt. 
According to the authors’ knowledge, this is the first 
study to address the efficacy of homologous LSDV 
vaccines compared with heterologous SPV in 
Egyptian livestock. 

Materials and methods 

Ethical statement 

Sampling and examination procedures were performed 

according to the ethical standards of the Faculty of 
Veterinary Medicine, Mansoura University, Egypt, 
which fulfills all relevant Egyptian legislation. Cattle 
owners gave consent orally, which is in harmony with 
the nation's ethical regulations. 

Vaccines 

Bovivax LSD-N® Vaccine 

A live attenuated tissue culture LSDV vaccine prepared 
from the Neethling strain was used. Each dose (2 

mL) of vaccine contains about 103.8 TCID50 LSDV. 
The vaccine manufactured by M.C.I. Sant´e Animale, 
Lot 157, ZI Sud-Ouest P.O. Box 278, Mohammadia 
28810, Morocco. 

Servac Capri-C vaccine® 

A live attenuated lyophilized tissue culture SPV 
prepared from a Romanian strain was used. Each 
dose (1mL) of vaccine contains about 106 TCID50 
SPV. The vaccine was manufactured by the Veterinary 
Serum and Vaccine Research Institute (VSVRI), El-
Sekka El-Beda St., Abbasia, Cairo, Egypt. 

Animals 

The study was carried out on two farms (farm I and 
farm II) of pregnant Holstein cows (100 cows/ farm) 
imported from Germany (LSDV free) at the same 
locality in Gamsa City, Dakahlia governorate, Egypt. 
Both farms applied the same hygiene and 
management systems for disease control and in-sects 
eradication. 

Up on arrival to Egypt, all cows were examined 

clinically, and they were free from LSDV lesions with 
no previous history of LSDV vaccination or infection 
(they did not develop clinical signs of LSDV infection 
at any point in their lives). Cows in farm I (n=100) 
were vaccinated with Bovivax LSD-N® Vaccine, while 
cows in farm II (n=100) were vaccinated with Servac 
Capri-C vaccine®. At vaccination, the animals were 
18-20 months of age and 5-7 months pregnant. After 
40-60 days post-vaccination, the animals developed 
clinical signs consistent with LSDV infection. Clinical 
signs and mortality rates were recorded in both 
farms, as shown in Table 1. 

Collection of clinical specimens 

Skin nodules were collected from animals suspected to 
be infected with LSDV (n=43; three animals on farm 
I and 40 animals on farm II). These samples were 
collected aseptically after washing the area and 
removing the hair with a sterile scalpel blade. Then, a 
povidone-iodine (10% w/v) skin solution was applied 
to the wounds to evade secondary bacterial infection. 

Each sample was divided into three parts: the first 
part was collected in sterile phosphate-buffered 
saline (PBS) for virus isolation and molecular 
identification of LSDV. The second part was collected 
in 4% buffered glutaraldehyde for electron 
microscopic examination, and the third part was 
collected in 10% neutral formalin for histopathological 
examination. Skin samples from three healthy cattle 
(with no skin lesions) were pooled and used as a 
negative control. 

https://www.oie.int/en/animal-health-in-the-world/wahis-portal-animal-healthdata/
https://www.oie.int/en/animal-health-in-the-world/wahis-portal-animal-healthdata/
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Table 1: Incidence of lumpy skin disease in cows vaccinated with Bovivax LSD-N® Vaccine in comparison 

to Servac Capri-C vaccine® and variance in clinical signs. 

Item
 

Farm I- Vaccinated with 
LSD-N® Vaccine (n=100) 

Farm II- Vaccinated with Servac 
Capri-C® Vaccine (n=100) 

No. of Clinically diseased animals 3 40 

Fever 0 35 

Nodules % to the body 2-3% 20-60% 

Edema 0 25 

Abortion 0 8 

Mortality 0 13 

 

For virus isolation, the skin samples of different sizes 
were thawed at room temperature and then washed 
three times using sterile PBS with antibiotics and 
antifungals at a pH of 7.2. Tissue homogenates (10% 
W/V) were ready for centrifugation at 4000 rpm/10 

minutes. The supernatant was collected and stored at 

-20°C until use in PCR and virus isolation (OIE, 
2021). 

Virus isolation 

Specific Pathogen Free (SPF) Embryonated Chicken 
Eggs (ECEs) 

SPF-ECEs (11-day-old), obtained from Koum Oshim 
farm, Fayoum-Egypt, were inoculated by the 
prepared supernatant of skin nodules samples (n=43) 
via chorioallantoic membrane (CAM) route according 
to Tuppurainen et al. (2005); Sharawi and Abd El-
Rahim (2011). The collected CAMs were examined for 
pathological changes 7 days post-incubation at 33°C. 

Madin Darby Bovine Kidney (MDBK) cell culture 

MDBK tissue culture cells, which were propagated with 

Eagle’s minimum essential medium (EMEM) and 
supplemented with 10% fetal bovine serum (FBS), were 
used for LSDV isolation from skin nodules samples 
(n=43). Cell cultures are observed daily for cytopathic 
effects (CPE) development. A sample was considered 
negative once no CPE was noticed after three blind 
passages according to the method described by Irons 
et al. (2005) and OIE (2021). 

Transmission electron microscopy 

The preparation and negative staining of skin 
specimens were done according to Johannessen 
(1978). Im- mediate fixation of cutaneous tissues taken 
from lumpy nodules (1mm cubes) was carried out by 

immersion in 4% buffered glutaraldehyde (4°C). Fixed 
tissue cubes were post-fixed in 1% osmium tetroxide, 
dehydrated in an up-graded ethanol series, and 
embedded in Epon 812. Semi-thin sections stained 
with 1% toluidine blue were examined for 
histopathological changes and also to localize the 
desired tissues. Consequently, ultra-thin sections 
were prepared, double-stained with uranyl acetate 
and lead citrate, and examined under TEM (JEOL 

100 CXII) operated at 80 kv. TEM examination was 
done in the electron microscopy unit at Assuit 
University, Egypt. 

Histopathological examination  

Skin nodules from affected animals have removed 
after local anesthesia and fixed in 10% neutral 
buffered formalin, embedded in paraffin, sectioned at 
5 µm thick and stained with H&E, and then 
examined microscopically for LSDV lesions as 
described by Suvarna et al. (2019).  

Molecular identification of LSDV in collected 
samples 

Viral DNA was extracted from the supernatant fluid 
of skin nodules homogenates with QIAamp® Mini 
Elute® Virus Spin Kit (QIAGEN, GmbH, Hilden, 

Germany) Cat. No. 51304, according to kit 
instructions. Bovivax LSD-N® Vaccine was used as a 
positive control sample, and a negative control skin 
sample was also involved in the PCR. The extracted 
DNA from skin nodules was used for screening of LSDV 

presence with PCR amplification of 192 bp of viral 
attachment protein-encoding gene (P32 gene) using a 
previously reported primer set by Ireland and Binepal 
(1998). The forward (5’- TCCGAGCTCTTTTCTT 
ACTAT - 3’), and reverse (5’- TATGGTACCTAAAT 
TATAT-ACGTAAATAAC -3’) primers (Macrogen, South 
Korea) were used. 

The 50 µL reaction mixture was composed of 25 
µl of 2x Dream Green PCR Mix (Thermo Scientific, 
MA, USA), 1.0 µL of each primer (10 pmol/µL), 5 
µL of DNA and nuclease-free water up to 50 µL. The 
thermal cycler (Bio-RAD, USA) was adjusted on the 
first denaturation cycle of 95°C/5 minutes, then 
35 cycles of three steps: denaturation (95°C/45 
seconds), annealing (50°C/50 seconds) and extension 
(72°C/1 minute) with a final extension cycle at 72°C 
for 10 minutes. The obtained PCR products were 
visualized by gel electrophoresis in 1% agarose gel 
(Sigma, USA) against Gene Ruler 100bp plus DNA 
Ladder (Thermo Scientific, MA, USA). 

Sequencing and phylogenetic analysis of PCR 
products 

The QIAquick Gel Extraction kit (Qiagen Inc., 
Valencia, CA, USA) was used to purify amplified PCR 
products of the two selected samples showing the 
sharpest bands in gel electrophoresis. Gel-purified 

DNAs from two selected samples were submitted to 
the Macrogen laboratory in South Korea for 
bidirectional DNA sequencing. The obtained DNA 
sequences were deposited to GenBank with 
accession numbers MZ102252 and MZ102253. Basic 
Local Alignment Search Tool (BLAST®) (Altschul et 
al., 1990) was used to establish sequence similarities 
to the sequences deposited in the GenBank 
database, and sequencing data were analyzed using 
ClustalW (http://www.ebi.ac.uk/Tools/MSA).  
Sequences were used for the generation of the 
phylogenetic tree, as well as divergence, and identity 
percent calculation was carried out via MEGA 

software (http://www.megasoftware.net/). Nucleotide 
and amino acid sequences were compared with other 
sequences from GenBank with Bioedit software- 
version 7.1 (Hall, 1999). 
 
 
 

http://www.ebi.ac.uk/Tools/MSA
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Results 

Clinical signs 

For diagnosis of LSDV and evaluation of its incidence 

in both farms, clinical signs and mortality rates were 
recorded in cows vaccinated with Bovivax LSD-N® 
Vaccine (farm I) in comparison to Servac Capri-C 
vaccine® (farm II). Only three cows (3%) in farm I 
exhibited mild clinical infection as circumscribed 
nodules covering 2-3% of their body area (Figure 1 
A). Whereas 40% of cows in farm II developed more 
severe clinical infections with numerous 
circumscribed nodules covering 20-60% of their body 
surface (Figure 1 B and C). With the disease 
progression, the nodules became necrotic, and 
eventually, a deep scab formed (sit-fast), which 
detached, leaving porous skin (Figure 1 D). On-farm II, 
35% of cows exhibited fever, and 25% of cows 

showed edema in the legs (Figure 1 C). Abortion was 
also recorded in 8% of cows in farm II, and the 
aborted fetuses showed skin lesions (Figure 1 E and 
F). The mortality rate was 0% on the farm I and 13% 
on farm II (Table 1). 

Virus isolation 

SPF-ECEs 

Supernatant fluids of tissue homogenates were 

inoculated on the CAM of 11-day-old SPF-ECE for 
three successive passages, resulting in the 
characteristic pock lesions of LSDV (circular, 
opaque, white enlarged eas). The pock lesions were 
enlarged in size and numbers by consecutive serial 
passaging of the virus. 

MDBK 

The characteristic CPE does not appear up to the 
second passage level. The prominent CPE of 
inoculated LSDV appears in the third passage. 
MDBK cell culture showed cell aggregation, which 
progressed rapidly; also, rounding and degeneration 
of cells were observed (Figure 2 B). At the 5th day 
post-inoculation (pi), massive detachments of cells, 
vacuolation, and network formation were observed 
(Figure 2 C). The uninfected controls showed no such 

changes (Figure 2 A). 

Transmission electron microscopy (TEM) 

Viral particles were detected in the cytoplasm of both 
epidermal cells and dermal macrophages. Virions are 
large, mature, and ovoid-shaped with rounded ends. 
The viral particles appeared as ovoid electron-dense 
bodies with characteristic short mulberry appeared 
surface tubules (Figure 3). 

Histopathological examination 

The examined skin samples revealed different lesions 

correlated with the age of LSDV infection. Early 
epidermal hyperplasia with ballooning degeneration 
of the superficial layers, spongiosis, and necrosis with 
the presence of numerous eosinophilic intra-
cytoplasmic inclusion bodies were found (Figure 4 A). 
Later on, vesicles formation and necrosis were 
noticed. Intense serofibrinous or fibrinopurulent 
exudate with or without bacterial colonies were seen in 
the dermis and extended deeper to the subcutaneous 
tissue beside necro- sis in the hair shaft (Figure 4 B).                 

 

Intense necrosis of skeletal muscles with or without 

inflammatory cell infiltrations, congestion, and 
thrombosis of blood vessels was seen (Figure 4 C). 
Moreover, dystrophic calcification was evident in 
necrotizing muscles (Figure 4 D). Later on, ulceration 
of the skin and fibrous tissue proliferation replacing 
subcutaneous fats and muscles beside hemosiderin 
pigment were common (Figure 4 E). Finally, crust 
formation or necrotic skin replaced by granulation 
tissue covered by a few regenerated epidermis was 
encountered (Figure 4 F). 

Molecular identification of LSDV in collected 

samples 

All 43 tested samples (3 samples from farm I and 

40 samples from farm II) were PCR positive, showing 
DNA bands at 192 bp (Figure 5). Phylogenetic 

analysis of the obtained DNA sequences from two 
selected samples with other LSDV field isolates and 
vaccine strains from GenBank showed that our 
strains (Dakahlia- 2020-1 and Dakahlia- 2020-2) were 
closely related to other Egyptian LSDV strains. The 
Egyptian strains LSDV-EGY-BUS1, LSDV-EGY-
BUS2, and LSDV-EGY-BUS3 showed 100% and 
99.4% identity with Dakahlia- 2020-1 and Dakahlia- 
2020-2 strains, respectively. 

Furthermore, the Egy-2006 strain showed 

98.2% and 98.8% identity with Dakahlia- 2020-1 
and Dakahlia- 2020-2 strains, respectively. The 
strains Dakahlia - 2020-1 and Dakahlia- 2020-2 
were also closely related to other LSDV isolates from 
China (Xin- jiang and GD01 strain), KSA (KSA3 
strain), Turkey (Pendik strain), Kazakhstan (Kubash-
KAZ-16 strain), Kenya (Kenya-001 strain) and Greece 
(Evros-GR-15 strain) (Figure 6). BioEdit software 
was used for comparison between nucleotide and 
amino acid sequences of our strains and other strains 
from GenBank. Dakahlia-2020-2 and Egy-2006 
strains have a single nucleotide substitution (T43A), 
which leads to amino acid substitution (F15I). LSDV 
vaccines have two nucleotide substitutions (G22A 
and T117C), leading to a single amino acid 
substitution (V8I) when compared to our strains and 
other field isolates from GenBank (Figure 7 and 
Figure 8).  

Discussion  

LSD is one of the most prominent viral diseases 

affecting the cattle population in Egypt, causing a big 
loss among infected animals. The disease is still 
prevalent and spread throughout Egypt although the 
presence of extensive vaccination programs. The 
reoccurrence of LSD outbreaks is related mainly to 
unsuccessful vaccination and uncontrolled animal 
movement, together with the presence of insect vectors 
(Tuppurainen and Oura, 2012). In the current study, 
the common clinical LSD symptoms observed in 
cattle were fever and depression. The characteristic 
circumscribed nodules that cover the animal body 
with different sizes and edema in legs, nasal 
discharges, and abortion were prominent signs of the 
disease. These results were similar to LSD lesions 
recorded by (Tassew et al., 2018; Ochwo et al., 
2020).
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Figure 1: Typical cases of LSDV infection in cattle with cutaneous lesions. (A) A cow on the farm showed a 
few cutaneous lesions. (B and C) Cows in farm II show severe cutaneous lesions. (C) A cow in farm II showed 
swelling of legs and joints (red arrows). (D) Sloughed skin nodules with porous skin. (E and F) The aborted 
fetus in farm II appears with LSDV skin lesions. 

 

 

Figure 2: LSDV isolation on MDBK cells. (A) Normal uninoculated MDBK cells. (B) MDBK cells 

show aggregation, degeneration, and detachment of cells. (C) MDBK 5 days post-LSDV inoculation, 

showing severe detachment, vacuolation, and network formation (Magnificent power is 10 x). 

 

Figure 3: Transmission electron micrograph showing large LSDV particles in the cytoplasm of 

infected cells as a brick shape with rounded ends and characteristic short surface tubules 

(mulberry), (Magnificent power is 400000 x). 
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Figure 4: Histopathological changes in the skin of LSDV-infected cattle. (A) The skin of cattle shows 

numerous intra-cytoplasmic inclusion bodies in degenerated and necrotic epidermal cells (black 

arrows). (B) The skin of cattle shows necrosis in the hair shaft (black arrow) with bacterial colonies in 

the dermis and subcutaneous tissues. (C) Skeletal muscles of cattle show severely congested blood 

vessels (black arrow) and necrosis of muscles (Red arrow). (D) Skeletal muscles of cattle showing 

myositis (black arrow) and focal calcification (Red arrow). (E) Skeletal muscles of cattle show fibrous 

tissue replacing necrotic muscles and fat cells (black arrow). (F) Skin of cattle showing regenerated 

epidermis under surface crust (black arrow). 

 

 

Figure 5: DNA PCR products, 1= 100 bp plus DNA ladder; 2= control positive sample; 3= control 

negative sample; 4, 5, 6, and 7= tested clinical samples showing DNA bands at 192 bp. 
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Figure 6: Neighbour-joining phylogenic tree constructed with MEGA software with 1000 bootstrap 

test for our LSDV strains (red triangles) with other Egyptian LSDV strains (yellow dots). The LSDV 

strains from other countries and LSDV vaccine strains were obtained from the GenBank database 

based on LSDV P32 gene sequences. 
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Figure 7: Comparison between nucleotide sequences of our strains (Dakahlia- 2020-1 and Dakahlia- 

2020-2) and other strains from GenBank using BioEdit software. LSDV identical nucleotides are 

represented with dots (.) and letters represent mismatches. 

 

Figure 8: Comparison between deduced amino acid sequences of our strains (Dakahlia- 2020-1 and 

Dakahlia- 2020-2) and other strains from GenBank. LSDV identical amino acids are represented with 

dots (.), and letters represent mismatches. 

 

 

 

 

 

 

 

 

 

 

 

 



31  

The clinical signs and mortality rates were recorded in 

cows vaccinated with Bovivax LSD-N® Vaccine (farm I) 

compared to Servac Capri-C vaccine® (farm I). In farm 

I, only three cows (3%) exhibited mild clinical infection. 

Meanwhile, 40% of cows in farm II developed more 

severe clinical infections with numerous circumscribed 

nodules. Also, in farm II, 35% of cows exhibited fever, 

25% of cows showed edema in the legs, and abortion 

was reported in 8% of cows. These results revealed 

that the clinical picture of the disease was more severe 

in farm II in comparison to farm I. This observation 

agrees with other studies on LSD vaccination with 

sheep pox virus vaccine, which is associated with 

incomplete protection and adverse post-vaccinal 

reactions against LSDV among cattle (Ayelet et al., 

2013; Tuppurainen et al., 2014; Tassew et al., 2018). 

Also, the OIE reported in 2021 that the live attenuated 

sheep poxvirus vaccine could not protect Egyptian 

cattle against LSD (OIE, 2021). 

These findings occurred previously in Ethiopia 

when Ayelet et al. (2013) and Tuppurainen et al. 

(2014) found that the Kenyan sheep pox vaccine 

strain used for LSD control cannot confer expected 

protection. Therefore, the inquisition of vaccine failure, 

including vaccine matching and alternative vaccine 

improvement, is necessary. These clinical results 

confirmed that the LSDV Neethling strain vaccine 

proved to be safe, more potent, and immunogenic 

than the Romanian sheep pox virus vaccine. The 

results also described by Ben-Gera et al. (2015) 

concluded that the Neethling vaccine is considerably 

more effective and stronger than the protection 

conferred by the X10 RM65 heterologous vaccine in 

controlling LSDV morbidity. Furthermore, 

Tuppurainen and Galon (2016) showed that 

homologous vaccinations, including locally prevalent 

strains, achieve more successive immunizations in 

protecting cattle against LSDV infection. 

The morbidity rate of LSDV varies from 3-40%. 

These results were similar to Babiuk et al. (2008), 

Tuppurainen and Oura (2012), and Tassew et al. 

(2018), who reported that the morbidity of LSD was 

from 3 to 85%. On the contrary, Gelagay et al. (2012) 

recorded almost similar results of 22.5% and 25.9% 

for cross and local breeds, respectively. The mortality 

rate of the LSD was 0% on farm I and 13% on farm II 

out of the investigated 200 cattle in both farms. These 

results were not in accordance with Salib and Osman 

(2011), who mentioned that the mortality rate of LSD 

was 1-5%. 

These morbidity and mortality rates may be 

enhanced due to immune suppression of all infected 

cattle, Romanian sheep pox vaccination failure, and 

dense insect populations. Tuppurainen et al. (2017); 

Badhy et al. (2021) also reported that the mortality 

rate is less than 10%, and the disease morbidity rate 

can reach up to 100%. With a more comprehensive 

view, in farm I, there was no mortality, while the 

morbidity was very low (3%) with mild clinical signs; 

these results proved the efficacy of the LSDV Neethling 

vaccine in controlling the morbidity of LSDV isolated   

from skin nodules samples collected from naturally 

infected animals through inoculation on CAM of 

SPF-ECEs. Characteristic pock lesions of LSDV 

were observed after the 1st passage and became clear 

after the 3rd passage; this finding agrees with Ateya 

et al. (2017) and Allam et al. (2020), who isolated 

LSDV through the CAM inoculation and detected 

pock lesions. Moreover, the MDBK cell line showed 

specific CPE, which appeared as cell aggregation and 

rounding, collected together to form clusters 

scattering all over the monolayer after the third-day 

pi. After the 5th day, massive detachments of cells 

were observed. These findings agree with those of 

ElHaig et al. (2013) and Mikhael et al. (2014), who 

mentioned that the highest LSDV titer was obtained 

from the cultures collected 5-6 days pi. LSDV was 

observed as large, mature, and brick-shaped virions 

with rounded ends. The viral particles appeared as 

ovoid electron-dense bodies under the electron 

microscope; similar results were detected by Ahmed 

and Zaher (2008). Mature and immature 

intracellular virions, as well as extracellular virion 

particles, were seen by TEM (Sanz-Bernardo et al., 

2020). 

In the present study, histopathological 

examination of the skin samples collected from LSD 

naturally infected cattle revealed different lesions 

correlated with age of infection. Characteristic skin 

lesions of LSD as epidermal hyperplasia with 

ballooning, degeneration of the superficial layers, 

spongiosis, and necrosis with the presence of 

numerous eosinophilic intracytoplasmic inclusion 

bodies, vesicles formation, and necrosis were 

noticed. These results are matched with Neamat-Allah 

(2015) and Sanz-Bernardo et al. (2020). Intense 

serofibrinous or fibrinopurulent exudate with or 

without bacterial colonies were seen in the dermis 

and extended deeper to subcutis beside the necrosed 

hair shaft; these results were previously reported by 

(Salib and Osman, 2011), who found serofibrinous 

Intense exudate in vesicles and necrosis of skeletal 

muscles with and without inflammatory cells 

infiltrations and congested thrombosed blood vessels 

were seen. Moreover, dystrophic calcification was 

evident in necrotizing muscles. These results were 

reported by El-Neweshy et al. (2013). Later on, 

ulceration of the skin and fibrous tissue proliferation 

replacing subcutaneous fats and muscles besides 

hemosiderin pigment were common. Finally, crust 

formation or necrotic skin replaced by granulation 

tissue covered by a few regenerated epidermises was 

encountered. 

The variability of LSDV in the last few years makes 

it crucial to adjust the molecular differentiation 

between infected and vaccinated animals (DIVA) 

approaches based on the data of the circulating 

LSDV strain. This needs the persistent monitoring 

and characterization of LSDV field isolates. 

Molecular characterization of LSDV isolates using 

PCR with primers specific to the attachment gene 

revealed that all 43 tested skin nodules samples 

were positive in PCR, showing bands of 192 bp sizes. 
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PCR is highly sensitive (100%) to detect the LSDV 

DNA in its original skin samples, which is correlates 

very well with Elhaig et al. (2017), El-Khabaz (2014) 

and Zewdie et al. (2019). This may be due to its high 

persistence in the skin tissues. This result is in 

agreement with Fahmy and Gaafar (2016), Zeynalova 

et al. (2016) and Zeedan et al. (2019), who concluded 

that skin nodules are better samples for detection of 

LSDV using PCR.  

Phylogenetic analysis of Dakahlia- 2020-1 and 

Dakahlia- 2020-2 with other LSDV field isolates and 

vaccine strains from GenBank showed 100% and 

99.4% identity with the Egyptian strains (LSDV-

EGY-BUS1, LSDV-EGY-BUS2, and LSDV-EGY-

BUS3). These findings are in accordance with 

Ochwo et al. (2020). The phylogenetic tree was fully 

in agreement with the genotyping result of the 

classical PCR analysis. The sequence analysis 

showed no significant nucleotide variation among the 

field isolates included in this study. However, there is a 

single nucleotide substitution exists between Dakahlia-

2020-2 and Egy-2006 strains (T43A) which leads to 

amino acid substitution (F15I). Similarly, LSDV 

vaccines have two nucleotide substitutions (G22A and 

T117C), causing a single amino acid variation (V8I) 

when compared to our strains and other field 

isolates. These results are in agreement with those 

reported by Tassew et al. (2018). These amino acid 

substitutions were not previously recorded, and 

their effect is still unknown. 

Conclusions 

The current study's results declare the importance of 

LSD as it is still one of the dangerous diseases 

threatening cattle in Egypt. Within the scope of the 

current study, the use of a homologous LSDV 

Neethling strain to immunize cattle against the 

epidermal layer without bacterial colonies. LSDV 

infection gave a higher protection rate compared to 

the heterologous Romanian SPV vaccine when used 

solely in the studied farms. More studies on 

circulating LSDV strains from different outbreaks 

are recommended to confirm these results. 
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