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ABSTRACT 
 

Lumpy skin disease virus is a member of the genus Capripoxvirus within the 

Poxviridae family that infects cattle and causes considerable economic losses. 

Providing a suitable cell culture for virus propagation is essential goal to be used 

for virus isolation and vaccine production. The present work deals with a novel 

cell culture, the ovine lamb heart (OLH), to investigate its benefit for LSDV 

propagation in comparison with the use of African green monkey kidney cells 

and Madin-Darby bovine kidney cell cultures. Ten serial passages of The Lumpy 

skin disease virus in each cell culture revealed a similar cytopathic effect 

recorded in the peak virus titer (6.0, 5.5, and 5.0 Log10 TCID50/ml in OLH, Vero, 

and MDBK cell cultures, respectively) by the 6th day post-cell infection at the 

time of harvest of the highest titer by studying the virus growth curve in each cell 

culture. The virus neutralization test (VNT) and direct fluorescent antibody 

technique (FAT) using specific anti-LSDV sera confirmed the presence of all 

used cell cultures. Therefore, it was concluded that OLH cell culture is suitable 

for the propagation of LSDV, and more research is needed to evaluate its use for 

vaccine preparation.  
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INTRODUCTION 
 

 Lumpy Skin Disease (LSD) is the pox 

disease of cattle and is of high economic importance 

in the cattle industry in which milk and meat 

production are deceased  (Babiuk et al., 2008; OIE, 

2017). The first case of LSD was observed in Zambia 

in 1929 (RAS, 1931) and rapidly spreading in cattle 

crossing across African countries.LSD is affected 

different animal species, especially cattle. It is a 

member of the Poxviridae family with the Neethling 

strain. insect vectors are the main route of 

Transmission of the disease. Viremia, nodules on the 

skin, sit-fast formation, and reduction in milk and 

meat production are the main characteristics of this 

disease. It was spread through the Middle East into 

Southeast, Europe, Russia, and Western Asia during 

the past five years (AL- Sabawy et.al., 2020).The 

lumpy skin disease virus genome length is 151 kbp in 

length (Lojkic et al., 2018).  

 
Cell culture technique is the process in which 

human, animal, or insect cells are grown in a 

favorable artificial environment. There are two types 

of cell cultures: the first is established cell lines and 

the second is established cell strains. Animal cell 

culture became a common laboratory technique In the 

mid1900s and is now become one of the major tools 

used in the field of research sciences because of its 

economic value (Anju Verma et al., 2020). 

 
Cytopathic effect (CPE) of Lumpy Skin 

Disease Virus on Vero cells does not produce until 

the 4
th
 blind passage, but upon adaptation, it produces 

high viral titers in the cultured cells. The growth 

curve analysis of Vero cell-adapted LSDV initiates 

synthesizing its genome at 24 hours post-infection 

and reaches its peak level at 96 HPI. The evidence of 

progeny virus particles was observed at 36–48 hours 

(h) with a peak titer at 120 h. The cytopathic effect 

(CPE) of the Lumpy Skin Disease Virus on Madin-

Darby bovine kidney (MDBK) cells is characterized 

by the formation of foci (multifocal areas of 

hyperplastic cells) (Naveen Kumar et al., 2021). 

 

https://javs.journals.ekb.eg/
mailto:Mohamedkafafy116@gmail.com
https://dx.doi.org/10.21608/javs.2023.216177.1240
https://dx.doi.org/10.21608/javs.2023.216177.1240
http://creativecommons.org/licenses/by/4.0/
https://pubmed.ncbi.nlm.nih.gov/?term=Kumar%20N%5BAuthor%5D
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Faetal ovine heart (FOH-SA) was established 

by serial passage of fetal ovine heart cells and found 

that this cell line is permissive to peste des petits 

ruminants (PPR), lumpy skin disease (LSD), sheep 

pox, RVF, and camelpox viruses (Khalid et al., 

2022). This work aims to determine the most suitable 

cell culture for the propagation of LSDV aiming to 

obtain the maximum titer in order to increase the 

yield of LSDV vaccine production economically.  
 

 

MATERIALS AND METHODS  
    

 1. Lumpy skin disease virus (LSDV) 
Live attenuated Lumpy Skin Disease Virus 

with titer 4.5 Log10 TCID50/ml was supplied by the 

Department of Pox Vaccines Research (DPVR); 

Veterinary Serum and Vaccine Research Institute 

(VSVRI), Abbasia, Cairo, Egypt. 
  

2. Positive anti-LSD serum  
Positive LSD antiserum unconjugated and 

conjugated with FITC were supplied by DPVR, 

VSVRI, and used to confirm the incidence of LSDV 

in infected cell culture. 
 

3. Cell cultures  

3.1. Cell lines 
3.1.1. Madin-Darby bovine kidney (MDBK) cells 

(Yatinder Singh et al., 2001; Khandelwal et al., 

2017); Mashaly et al.,  2020)  were available at 

VSVRI and grown in Dulbecco’s Modified Eagle’s 

Medium (DMEM) supplemented with antibiotics and 

10% fetal calf serum. 

3.1.2. African green monkey kidney (Vero) cell line 

established by Yasamura and Kawatika (1967); 

Mashaly et al., (2020) was supplied by VSVRI. 
  

3.2- Primary cell culture 
Primary ovine fetal heart cell culture (OLH) 

(Khalid et al., 2022) was prepared from freshly 

slaughtered lamb straeh and aseptically incised and 

used to prepare primary cell cultures. The heart 

muscles were thinly minced washed several times 

with Hank’s balanced salt solution and trypsinized 

with 0.25% trypsin under stirring for half an hour. 

Then the supernatant was sieved through double 

sterile gauze and centrifuged at 1000 RPM for 5 

minutes. The obtained cell pellet was cultured into 

Roux flasks containing complete growth minimum 

essential medium (MEM supplied by (Gibco), 10 % 

fetal bovine serum; Gentamycin 50µg/ml with 

adjusted pH 7.2-7.4 with 4.5% sodium bicarbonate 

followed by incubation at 37°C. 
 

4. cell culture media, serum, chemicals, and 

Equipments  
4.1. MEM supplemented with 10% heat-inactivated 

FBS, filter sterilized 

4.2. Trypsin-EDTA in DPBS without calcium or 

magnesium, filter sterilized 

4.3. DPBS without calcium or magnesium, filter-

sterilized  

4.4 . 25cm
2
, 50cm

2
and 75cm

2
 tissue culture flasks 

with vented caps, 15mL conical tubes, Serological 

pipets, 96-well plate, sterile biological Cabinet, 

humidified 37°C incubator with 5% CO2, Centrifuge, 

and inverted microscope. 

 

5. Adaptation of LSDV to African green 

monkey (Vero), Madin Darby Bovine Kidney 

(MDBK), and Ovine Lamb Heart (OLH) cell 

cultures 
In order to adapt LSDV to Vero, MDBK, and 

OLH cell cultures, 500 μl inoculum of the virus was 

used to infect the cells for 1 h followed by the 

addition of maintenance medium and observation of 

CPE during sequential passage(s) (Kumar  et al., 

2021). Ten sequential passages in each cell culture 

were made. The growth curve and kinetics of 

synthesis of the LSDV genome of the P10 virus were 

studied in the three cell cultures as described by 

(Coves-Datson et al., (2020). After complete CPE 

was observed, the cells were freeze-thawed twice and 

used to reinfect fresh cells. The virus titer of each 

passage was determined in the corresponding cell 

culture by TCID50 according to (Reed and Muench 

(1938), and OIE, (2018).  

  

6. Growth curve of LSDV in tested cell 

cultures 
Vero, MDBK, and OLH cell monolayers 

were prepared in tissue culture tubes where each cell 

culture was infected with its propagated LSDV at its 

10
th
 passage. Infected tissue culture tubes were picked 

up every day for hours up to 6 days post-cell infection 

and kept at -80°C till subjected to virus titration.  

 

7. Confirmation of the incidence of LSDV in 

cell cultures 

7.1. Virus neutralization test 
Samples of each virus passage in each of the 

used cell cultures were subjected to a virus 

neutralization test to confirm the incidence of LSDV 

using specific LSDV immune serum according to 

(OIE, 2018), EU Reference Laboratory for Capri 

pox Viruses, 2022). 

 

7.2. Direct FAT 
Direct fluorescent antibody technique was 

carried out on the tenth LSDV passage in each type of 

Vero, MDBK, and OLH cell culture using specific 

anti-LSDV serum conjugated with fluorescein 

isothiocyanate according to (Ehizibolo et al., 2013).  
  

 

 

https://europepmc.org/authors/0000-0003-3974-9409
https://link.springer.com/article/10.1007/s11011-020-00553-y#ref-CR11
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RESULTS 
 

 

Table 1: LSDV passages in Vero cell line 
 
 

Passage 

number 

Onset of 

CPE  

(Days post-

infection) 

Time of 

harvesting  

(Days post-

infection) 

Virus titer  

(Log10 

TCID50/ml) 

1 3 7 2.0 

2 3 7 2.5 

3 3 7 3.0 

4 3 6 3.5 

5 3 6 4.0 

6 3 6 4.0 

7 3 6 4.5 

8 3 6 4.5 

9 2 6 5.0 

10 2 6 5.5 

 
 

Table 2: LSDV passages in MDBK cell line 
 

Passage 

number 

Onset of 

CPE  

(Days 

post 

infection) 

Time of 

harvesting  

(Days 

post 

infection) 

Virus titer  

(Log10 

TCID50/ml) 

1 3 7 2.0 

2 3 7 2.0 

3 3 7 2.5 

4 3 7 3.0 

5 3 6 3.5 

6 3 6 4.0 

7 2 6 4.0 

8 2 6 4.0 

9 2 6 5.0 

10 2 6 5.0 

 
Table 3: LSDV passages in primary OLH cell 

culture. 

Passage 

number 

Onset of 

CPE  

(Days post 

infection) 

Time of 

harvesting  

(Days post 

infection) 

Virus titer  

(Log10 

TCID50/ml) 

1 Hidden 10 Hidden 

2 Hidden 10 Hidden 

3 4 8 2.5 

4 4 8 3,0 

5 4 8 3.0 

6 4 7 3.5 

7 3 7 4.0 

8 3 7 4.5 

9 3 6 5.5 

10 3 6 6.0 
 

 

 

Fig. 1: LSDV titer (Log10 TCID50/ml) in VERO, 

MDBK and OLH 

 
Table 4: Growth curve of LSDV in different cell 

cultures using the 10
th

 passage 
 

Infected 

cell 

culture 

LSDV titer (Log10 TCID50/ml) 

Days Post Infection 

1
st
  2

nd
  3

rd
  4

th
  5

th
  6

th
  

Vero 2.0 2.8 4.0 4.5 5.0 5.5 

MDBK 2.0 2.6 3.5 4.0 4.5 5.0 

OLH 2.0 2.9 4.1 4.6 5.2 6.0 

 

 
Fig. 2: Growth curve of LSDV in VERO, MDBK and 

OLH 

 

Cytopathic effect (CPE) of LSD virus 

characterized by cell rounding, foci formation (cell 

clustering), and degenerative changes was observed 

in Vero cells (Fig.  3 ) .  
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FFig. 3: Vero cell line. A:Normal cell. B: CPE of 

LSDV (72HPI). 

 
Typical poxvirus cytopathic effect (CPE) was 

obseved,which characterized by cell rounding  and 

becoming refractile then developing irregular shapes 

with long, thin projections (Fig. 4). LSDV replicated 

well on MDBK cells with approximately 2.5 

log10 growth rate by day 2 post-infection. This 

indicates that MDBK cells are able to support the 

growth of LSDV to a high titer.LSDV quantitation is 

currently based on the determination of TCID50 in 

primary cells).  

 

 

 

Fig. 4: MDBK cell line: A: Normal cell. B: CPE of 

LSDV (96HPI). 
 

 

Similar description of LSD-CPE in Vero and 

MDBK cell cultures was recorded by with best 

harvesting time 72hr PI to obtain a maximum titer for 

subsequent vaccine production.  

 

 

 

 

Fig. 5: OLH cell culture A: Normal cell. B: CPE of 

LSDV.    

 

 

Fig 6: Direct FAT on OLH cell culture: A. Negative       

B. Positive 

 

DISCUSSION 
 

Capripox viruses grow slowly in mammalian 

cell culture of animal origin and require several 

passages to propagate these viruses and CPE of 

LSDV cannot be detected before day 4 post-

inoculation up to 14 days (Tuppurainen et al., 

2017). The results of the current study came to be 

confirmed with this fact where detectable CPE of 

LSDV was able to be obvious by the 3
rd

 days post 

infection of Vero and MDBK cell up to the 9
th
 

passage in Vero and 7
th
 passage in MDBK cells then 

began to appear by the 2
nd

 day in both cultures 

(Tables 1 and 2).  

 

Vero cell culture was able to produce higher 

virus titer (5.5 Log10 TCID50/ml) than that obtained 

by MDBK cell (5.0 Log10 TCID50/ml) by the 10
th
 

passage. This finding agrees with (Mashaly et al., 

2020) who concluded that Vero cell was considered 

the best susceptible cell for the propagation of LSDV. 

Similar characterized CPE of LSD virus in Vero and 

MDBK was described by (Omyma, 2008; OIE, 

2017; Zhivodeorova, et al., 2017). CPE of LSDV on 

Vero cells was similar to those observed previously in 

MDBK cells (Fay et al., 2020) characterized by cell 

clustering, cell rounding, and degeneration. Vero cell-

adapted LSDV grew similar to the virus titer obtained 

in primary cells (Babiuk et al., 2007) and MDBK 

cells (Fay et al., 2020), suggesting their suitability for 

LSDV propagation. 

 
The tabulated results in Table (3) showed that 

the CPE of LSD was hidden for 2 successive 

passages in OLH and began to be obvious on the 3
rd

 

passage at the 4
th
 day up to the 6

th
 passage then it was 

detectable by the 3
rd

 day post cell infection up to the 

10
th
 passage yielding virus titer 6.0 Log10 TCID50/ml 

(Table 3) higher than that obtained by Vero and 

MDBK. CPE in OLH cells could be attributed to the 

fact that it could not be for several passages but can 

be detected after its adaptation before day 4 post-

inoculation up to 14 days (Tuppurainen et al., 

2017). On the other side, although all used cell 

cultures yielded their harvests by the 6
th
 day post 

infection, OLH yielded the highest virus titer (6.0 

https://www.sciencedirect.com/topics/medicine-and-dentistry/poxviridae
https://www.sciencedirect.com/topics/medicine-and-dentistry/cytopathogenic-effect
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7799759/#pone.0241022.ref029
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Log10 TCID50/ml) followed by Vero (5.5 Log10 

TCID50/ml) and lastly MDBK (5.0 Log10 TCID50/ml).  

 
It was noted that the propagation of Pox 

viruses on embryonic heart (EH) cells showed no 

significant difference in viral replication among 

different passages from passage 5
th
 to the 20

th 
for 

Lumpy Skin Disease Virus. But there was a clear 

difference between the titer obtained on embryonic 

heart cells and the titer obtained on other cells. The 

titers obtained on EH reach 7.0 (Log10 TCID50/ml), 

however on other cells, the titer does not reach to7.0 

(Log10 TCID50/ml). Lamb heart cells have the 

characteristics of cell lines such as storing in liquid 

nitrogen at -180, repeatable batches and the 

advantages of primary cells such as producing a high 

number of viral progenies for LSD, camel pox, and 

Ecthyma (Rhazi et al., 2021).  

 

It was noted that propagation of pox viruses 

in Lamb heart cells give titer higher than that of 

primary lamb testis in which Lamb hear cells have 

specific type-1 membrane glycoprotein receptors for 

pox viruses is a hypothesis that should be confirmed 

with specific markings. The use of Lamb hear cells 

for the cultivation and propagation of poxviruses 

guarantees viral homogeneity and stability (Halima 

et al., 2020 Khalid et al., 2022). The observed CPE 

induced by LSDV in primary OLH was nearly similar 

to that described in Vero cell lines  and MDBK and 

(Fig. 8) agreed with what reported previously by 

(Babiuk et al., 2007 and  OIE, 2017) who concluded 

that  LSDV isolated on Primary cells of ovine, 

caprine and bovine origin. 

 
Regarding the following up of LSD virus titer 

in Vero, MDBK and OHL cell cultures, Table (4) and 

Fig (2) showed a gradual daily increase in the virus 

titer revealing that the optimum time of virus 

harvesting is the 6
th
 day post infection of Vero, 

MDBK and OLH cell cultures yielding virus titer 5.5, 

5.0 and 6.0 Log10 TCID50/ml respectively.  Although 

there are no data that discuss the growth curve of 

LSD virus in cell cultures, the present results suggest 

that there is a difference in the virus growth in Vero, 

MDBK and OLH revealing faster growth rate in OLH 

than in Vero than in MDBK. These results agree with  

(Salnikov et al., 2018; Fay et al., 2020; 

Munyanduki et al., 2020; Petra et al., 2020 ) who 

mentioned MDBK cells have been commonly used 

for the in-vitro propagation of LSDV at high titers. 

 
Similar conclusion was stated by Khalid et 

al., (2022) but it disagrees with Mashaly et al., 

(2020) who obtained the highest LSDV titer by the 4
th
 

day (96 hours post cell infection) the thing which 

could be attributed to virus passage number (more 

adapted) or the used multiplicity of infection 

(MOI.).The faster growth rate correlated with absence 

of immune cells and decrease of immune regulation 

pathways in the cell lines used while the destructive 

action of LSDV on cell culture and the detachment of 

infected cells from the surface of the prescription 

leading to decrease the titer, This result is in general 

agreement with OIE (2017). 

 
Virus neutralization test and direct FAT (Fig. 

6) confirmed the incidence of LSDV in infected 

Vero, MDBK, and primary OLH cell cultures. VNT 

is considered to be the most specific serological 

method for diagnostics of LSD (EFSA, 2015; OIE, 

2016; EFSA, 2017 and Milena Samojlovic et al., 

2019). Application of FAT to determine the incidence 

of LSDV in cell cultures (Fig. 6) agreed with what 

was reported previously by Gari et al., (2008); 

Gamil et al., (2019); Chuanwen Jiang et al., (2022) 

who concluded that fluorescence assay can 

conveniently and sensitively detect the LSDV. 

 
 

CONCLUSION 

It was concluded that the ovine lamb heart 

(OLH) cell culture represents a suitable and best one 

for propagation of LSDV and more researches are in 

needed to evaluate its use for vaccine preparation 
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