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ABSTRACT

Lumpy skin disease virus is a member of the Capripoxvirus genus of the Poxviridae family,
which affects cattle and causes significant economic losses. It is controlled by vaccination with
capripox live attenuated vaccines. The aim of this research was studying lumpy skin disease
Vaccination practice based on field survey and vaccine efficacy based on molecular
characterization of immunogenic genes in and around Bishoftu Town, Ethiopia. Questionnaires
were prepared for 101 cattle owners and animal health professionals incorporating questions with
a major emphasis on LSD vaccine and vaccination practices. From transport related factors,
inappropriate vaccine handling and lack of transport equipment’s and from storage related factors
electric outage and refrigerator problems were taken as important factors which have negative
impact on effective vaccination. Nodular skin lesions that have been collected in 2022 from the
same study area by the same project were used to isolate the virus using lamb kidney cells at
virology laboratory of Animal Health Institute (AHI) of Ethiopia. Polymerase chain reaction was
performed targeting the immunogenic genes; LSDV 117(A27L), LSDV122 (A22R), LSD 060
(L1IR) and LSD 141 (B5R). Additionally, both the field isolates and currently on use LSDV
vaccine strains (KS-180) from National vaccine institute (NVI1) were sequenced and analyzed. The
amplicons of 7 isolates and 1 vaccine strain (KS-180) immunogenic genes (LSDV117, LSD122,
LSDV060) were used for sequencing. The sequence from Neethling vaccine strain NI-2490 and
NVI/CaPV vaccine strain (KS-180 have an overall similar sequence for LSD117 (A27L) but the
sequences from the field sample (wild strains) have two nucleotides substituted at 325nt and 360nt
positions ‘A’ by ‘G’ and ‘G’ by ‘A’, respectively. But a wide range of mutation was found on
LSDV112 (EEV glycoprotein coding) gene sequence analysis. This amino acid change may have a
mutative advantage for the wild strain over vaccine strains while it interacts with the immune
system. Reference capripox viruses were obtained from GenBank to create the phylogenetic tree.
It is recommended that genome sequence information of LSD virus circulating in a specified area
(i.e. Bishoftu) should be considered in order to enhance the efficacy of the vaccine used prevent
and control LSD disease in study area. Improving the transport, storage and handling of a vaccine

is important for the success of disease prevention as well.

Key words: Genome ; Sequence analysis ; phylogenetic analysis; lumpy skin disease;

Capripoxvirus; Vaccine efficacy ;LSDV ; KS-180



1. INTRODUCTION

Ethiopia has the largest livestock population in Africa, with 65 million cattle, 40 million
sheep, 51 million goats, 8 million camels and 49 million chickens in 2020 (Central Statistics
Agency, CSA, 2020a). Livestock is a major source of animal protein, power for crop
cultivation, means of transportation, export commodities, manure for farmland and household
energy, security in times of crop failure, and means of wealth accumulation. The sector
contributed up to 40% of agricultural Gross Domestic Product (GDP), nearly 20% of total
GDP, and 20% of national foreign exchange earnings in 2017 (World Bank, 2017).The
Ethiopian livestock population is almost entirely composed of indigenous animals. Recent
estimates showed that 97.8%, 1.9%, and 0.3% of cattle are indigenous, hybrid, and exotic
breeds, respectively. (CSA, 2020a). Cattle breeds found in Ethiopia include the Boran, the
Menz, and the Horro. These breeds are all well-adapted to the local environment, with their

hardiness making them important in agricultural production.

Lumpy skin disease is a pox disease of cattle characterized by fever, nodules on the skin,
mucous membranes and internal organs, emaciation, enlarged lymph nodes, oedema of the
skin, and sometimes death (Alaa et al., 2008; Vorster and Mapham, 2008). LSD is caused by
strains of Capri poxvirus that are antigenically indistinguishable from strains causing sheep
pox and goat pox. However, LSD has a different geographical distribution to sheep and goat
poX, suggesting that cattle strains of capripoxvirus do not infect and transmit between sheep
and goats (Ahmed and Kawther, 2008).

The genus Capri poxvirus which comprises sheep pox, goat pox and LSD virus encodes
putative 156 proteins in their genome, among which some of them are reported as potential
immunogenic candidate genes (Kushwaha et al., 2019). Capri poxvirus has two virion forms,
intracellular mature virions (IMV) and extracellular enveloped virions (EEV). The most
abundant particle is the IMV, which accumulates in infected cells and is released as cells die
(Moss, 2006). Thus, evaluating of the virion structures is required to develop knowledge
regarding the targets of protective antibodies. It could be a significant achievement if the
immuno dominant CaPV genes (IMV/EEV) identified and understood very well.



The most popular Vaccinia virus immunogenic genes majorly studied were IMV proteins
(A27L, L1R, D8L, H3L and Al17L), for EEV proteins (B5R, A33R, A34R, A36R and A56R)
(Ramirez et al., 2002; Kushwaha et al., 2019). Meanwhile, different study reports testified that
at least six of the above mentioned genes products (proteins) (H3L, A27L, B5R, D8L, L1R)
resulted protective neutralizing antibodies and (A33R) a protective but non-neutralizing
antibody response in mice when used as vaccine (Rodriguez et al., 1987; Hsiao et al., 1999).
The vaccinia virus Orthologs present in CaPVs, like the sequence analysis on CaPV L1R
genes shown that it shares more than 99% and >96% identity both at nucleotide and amino
acid levels with vaccine based on analysis done on some Indian isolates (Karki et al., 2018)
which testifies a strong conserved region among the three CaPVs. Thus, its immunogenicity is
expected the same too. The second IMV immunogenic protein is P32 protein which is
homolog of VACV H3L. In the CaPVs (ORF074 coding) had shown VACV H3L homolog
and reported in all the members namely SPPV, GTPV and LSDV as a major antigenic
determinant (Gnanavel et al.2028). The other IMV protein is A27L protein identified by its
(ORF 117) and Sequence analysis revealed a significant percentage of identity among GTPV,
SPPV and LSD at both nucleotide and amino acid levels (Dashprakash et al. 2015). For
extracellular enveloped virions (EEV) glycosylated protein B5R found to be a good candidate.
Based on the study done for Vaccinia virus it was found more conserved among pox Virus.
Immunogenicity of GTPV homolog, B5R has been evaluated in combination with other
protective immunogens and the result was promising (Zheng et al., 2009). In general, since the
combination those immunogenic polyvalent formulation (A27L,L1R, B5R, H3L) from LSDV
(IMV &EEV) and A4L core protein structurally share approximate similarity with the whole
LSDV is most protective, polyvalent formulations with various combinations of five LSDV

antigens can confer complete protection.

In Ethiopia lumpy skin disease was first observed in the northwestern part of the country
(southwest of Lake Tana) in 1983 (Mebratu et al., 1984). It has now spread to almost all the
regions and agro ecological zones. Vaccination is classically used to control outbreaks
whenever they occur. Because of the wide distribution of the disease and the size and
structure of the cattle population in Ethiopia it is likely that LSD is one of the most
economically important livestock diseases in the country (Gari et al., 2010). Vaccination is

the only effective method to control the disease in endemic countries like Ethiopia. Four



live attenuated strains of capripoxvirus have been used as vaccines specifically for the
control of LSD (Carn and Kitching, 1995; Brenner et al., 2006; Kitching, 2003). These are
strain of Kenyan sheep and goat pox virus, Yugoslavian RM 65 sheep pox strain, Romanian

sheep pox strain and lumpy skin disease virus strain from South Africa (OIE, 2010).

Although previous studies have explored the presence of LSDV in Ethiopia (MoA, 2022),
there are also data on the molecular characterization of circulating LSD viruses which
majorly depend on RPO30 subunit and GPCR genes for genotyping purpose. These data
were essential for understanding the molecular epidemiology and vaccine design for disease
control. More recently, there are some studies questioning the field efficacy of the Kenyan
sheep and goat pox vaccine strain (KS-180) (Ayelet et al, 2013). Therefore, this study aimed
at investigating this vaccine strains field efficacy through field survey and molecularly
characterization of immunogenic genes recovered from Lumpy skin disease virus isolates

and comparing with the vaccine strain currently on use in Ethiopia.

1.2.0bjectives of the study

1.2.1. General Objectives
General objectives this study were “Study on Lumpy Skin Disease Vaccination Practice and
Vaccine Efficacy Based on Molecular Characterization of Immunogenic Genes in and around

Bishoftu town, Ethiopia

1.2.2. Specific Objectives
Accordingly, Specific objectives of the study were;

» To investigate LSD Vaccination practice Based on Field Survey
» Toisolate and identify LSD virus
> Molecular characterization of LSDV immunogens to evaluate vaccine strain deviation

from filed strains



2. LITERATURE REVIEW

2.1. History and economic significance of LSD

Lumpy skin disease (LSD) is caused by lumpy skin disease virus (LSDV), a virus from the
family Poxviridae, genus Capripoxvirus. Sheeppox virus and goatpox virus are the two other
virus species in this genus.(woah,2022) Lumpy skin disease also called Pseudo-urticaria,
Neethling virus disease, exanthema nodularis bovis, and knopvelsiekt. LSD is an acute to
chronic viral disease of cattle characterized by skin nodules that may have inverted conical
necrosis (sitfast) with lymphadenitis accompanied by a persistent fever (Davies, 1991,
Grooms, 2005; James, 2004; Alaa et al., 2008; Vorster and Mapham, 2008).

Lumpy skin disease was first described in Northern Rhodesia (Zambia) in 1929 and spread in
epizootics south then north and west. Initially, it was considered to be the result either of
poisoning or a hypersensitivity to insect bites. Between 1943 and 1945, cases occurred in
Botswana (Bechuanaland), Zimbabwe (Southern Rhodesia) and the Republic of South Africa.
The infectious nature of the disease was recognized at this time (Davies, 1991; OIE 2008).
Until 1988 LSD was confined to sub-Saharan Africa, but then spread into Egypt. There have
been only two laboratory-confirmed outbreaks of LSD outside Africa: in Israel in 1989, which
was eliminated by slaughter of all infected and in-contact cattle, and vaccination and in
Bahrain in 1993. There was an outbreak in 2000 in cattle imported into Mauritius; the
diagnosis was confirmed by electron microscopy (Murphy et al., 1999; OIE 2008). And more
recent outbreaks of LSD outside Africa have been reported in Israel (2006 and 2007),
Palestine (2007 and 2008) and Bahrain (2006-2009) (OIE, 2010; Anonymous, 2011; Body et
al., 2012).

The office international des epizootics consider LSD as list A disease that has the potential for
rapid spread with ability to cause serious economic loss (Castro and Heuschele, 1992).
Morbidity and mortality of the disease vary considerably depending on the breed of cattle, the
immunological status of the population and insect vectors involved in the transmission.
Morbidity rates generally varying between 1% and 20%. In a few outbreaks it was reported to
be more than 50% although the mortality rates are usually less than 10%. Cows in 1% to 7%

of cases may abort. LSD causes severe economic losses due to permanent damage to hides, a



prolonged debilitating clinical course, reduced weight gain, temporary or permanent loss of
milk production, temporary or permanent infertility or even sterility in bulls, and abortion of
pregnant cows (Radostits et al., 2006; Vorster and Mapham, 2008).

2.2.Classification

According to Maclachlan and James (2017) the family Poxviridae is subdivided into two
subfamilies: Chordopoxvirinae (poxviruses of vertebrates) and Entomopoxvirinae (poxviruses
of insects). The subfamily Chordopoxvirinae is further subdivided into ten genera that include
viruses that cause disease in domestic or laboratory animals (Table 1). A considerable and
growing number of poxviruses await precise taxonomic assignment and are currently

“unclassified.”

Because of the large size and distinctive structure of poxvirus virions, negative-stain electron
microscopic examination of lesion material is still used in veterinary and zoonotic virology
laboratories for diagnosis—this method allows rapid visualization of poxviruses in various
specimens, but it does not allow specific verification of virus species or variants. Hence,

99 ¢

diagnostic specimens are frequently left with a diagnosis of “poxvirus,” “orthopoxvirus,” or
“parapoxvirus,” with further identification only pertaining to the species of origin. The
application of molecular methods such as PCR, and especially real time PCR assays will help
to rapidly confirm known poxviruses in diseased animals or to identify them in novel hosts. In
addition, the use of next generation sequencing technologies will help to characterize
additional pathogenic poxvirus species that have not been isolated and propagated in vitro, and

to discover others that are new to science. (Maclachlan and James, 2017)

Based on phylogenetic reconstructions, a new virus order, Megavirales, has been recently
proposed that would include the Poxviridae, the Asfarviridae, and other families of large DNA
viruses, including giant viruses that infect protozoa. Most of these viruses typically replicate in

so-called “virus factories” in the cytoplasm of infected cells (Maclachlan and James, 2017).

Tablel: Eight genera of chordopoxvirinea



Genus Virus members

Avipoxvirus Canarypox virus
Fowlpox

Juncopox virus
Mynahpox virus
Pigeon pox virus
Psittacinepox virus

Quailpox virus
Sparrowpox virus
Starlingpox virus

Turkeypox virus
Capripoxvirus Goatpox virus

Lumpy skin disease virus

Sheeppox virus

Cervidpoxvirus Mule deerpox virus
Crocodylidpoxvirus Nile crocodilepox virus

Myxoma virus
Rabbit fibroma virus
Squirrel fibroma virus

Molluscipoxvirus Molluscum contagiosum virus®

Orthopoxvirus Camelpox virus
Cowpox virus

Ectromelia virus
Monkeypox virus
Raccoonpox virus
Skunkpox virus

Taterapox virus
Vaccinia virus®

Variola virus
Volepox virus

Parapoxvirus Bovine papular stomatitis virus
Orf virus

Parapoxvirus of red deer in New Zealand
Pseudocowpox virus

Suipoxvirus Swinepox virus
Unassigned Squirrelpox virus
Yatapoxvirus Tanapox virus

Yaba monkey tumour virus

Source; (Tuppurainen et al., 2018 complete genomic sequences of poxvirus.

2.3.Viral replication LSDV

As LSDV a poxvirus; all viruses grouped under family of poxviridae have the same way of

replication (Howley et al., 2007). Replication of the poxvirus involves several stages. The first



thing the virus does is to bind to a receptor on the host cell surface; the receptors for the
poxvirus are thought to be Glycosaminoglycans (GAGs). After binding to the receptor, the

virus enters the cell where it uncoats. Uncoating of the virus is a two-step process.

MV membrane
@ Lateral \

MV

DNA replication

uncoating |

Intermediate mMRNA

. & > L2
uncoating Il DT
/ /
x early

proteins

\‘E / (\VITF) Intermediate
arly mRN proteins

NI TR

Figure.1. The vaccinia virus life cycle. See text for description. 1V: immature virus; MV: mature
virus; WV: wrapped virus; EV: enveloped virus; VETF: viral early transcription factors; VITF:

viral intermediate transcription factors; VLTF: viral late transcription factors.

Source: ( N.Acheson et al.,, 2011.)

Firstly the outer membrane is removed as the particle enters the cell; secondly the virus
particle (without the outer membrane) is uncoated further to release the core into the

cytoplasm. The pox viral genes are expressed in two phases.

The early genes are expressed first. These genes encode the non-structural protein, including
proteins necessary for replication of the viral genome, and are expressed before the genome is
replicated. The late genes are expressed after the genome has been replicated and encode the
structural proteins to make the virus particle. The assembly of the virus particle occurs in the
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cytoskeleton of the cell and is a complex process that is poorly understood but is currently
being researched. Considering the fact that this virus is large and complex, replication is
relatively quick taking approximately 12 hours until the host cell dies by the release of viruses,
About 10,000 viral particles are produced by infected cell and are released upon lysis of cell
(Kara et al., 2003; Howley et al., 2007).

The replication of poxvirus is unusual for a virus with double-stranded genomic DNA because
it occurs in the cytoplasm. Poxvirus encodes its own machinery for genome transcription, a
DNA dependent RNA polymerase, which makes replication in the cytoplasm possible. Most
dsDNA viruses require the host cell's proteins to perform transcription. These host proteins are
found in the nucleus, and therefore most dsDNA viruses carry out a part of their infection

cycle within the host cell's nucleus (Kara et al., 2003; Howley et al., 2007).

2.4. Diseases caused by genus Capripox virus

Capripox viruses are among the eight genera within the Chordopox virus (ChPV) subfamily of
the Poxviridae. The capripox virus genus is currently composed of lumpy skin disease virus,
Sheeppox virus, and Goatpox virus. These viruses are responsible for some of the most
economically significant diseases of domestic ruminants in Africa and Asia. CaPV infections
are generally host specific and they have specific geographic distributions. CaPVs are,
however, serologically indistinguishable from each other, able to induce heterologous cross-
protection, and able in some instances to experimentally cross-infect (Davies, 1991; Tulman et
al., 2001; Alaa et al., 2008).

CaPVs induce highly economic important diseases of sheep, goat and cattle causing
significant production losses in endemic countries. Sheep pox and goatpox cause reduced milk
production, decreased weight gain, abortion, damage to wool and skin, increased susceptibility
to pneumonia and fly strike and mortality (Bhanuprakash et al., 2006; Alaa et al., 2008). A
production loss by LSD is also similar in cattle causing skin damage with occasional fatality.
CaPVs diseases can be introduced into the countries where the diseases are exotic, the
economic costs because of trade restrictions and the need of disease eradication would be

substantial and comparable to a Foot and Mouth disease outbreak (Babiuk et al., 2008).
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Capripox diseases are considered as trans boundary diseases which have significant impendent
on livestock market and animal products. In addition Capripoxviruses are listed by the OIE
and US Department of Agriculture as Select Agents Legislation on the National Select Agent
Registry List A and are considered as potential economic bioterrorism agents (Castro and
Heuschele, 1992; Babiuk et al., 2008).

2.5.Etiology of lumpy skin disease

Lumpy skin disease virus (LSDV) is the causative agent Lumpy skin disease, belonging to the
family of Poxviridae; it belongs to the genus capripox virus that includes sheep pox virus and
goat pox virus. There is only one serotype of LSDV Neethling strain (James, 2004; Vorster
and Mapham, 2008). Restriction endonuclease studies of capripox viruses indicate that LSDV
strains are essentially identical with each other and with a Kenyan strain (O 240/KSGP) of
sheep and goat pox virus (SGPV). Other strains of SGPV from Kenya were different from the
O 240/KSGP strain but similar to each other and resembled strains of SGPV from the Arabian
Peninsula. The Kenyan group of SGPV strains showed differences when compared with ones

from India, Irag, and Nigeria (Kitching et al., 1998; James, 2004).

2.6. Morphological structure LSDV

LSDV has a Linear, dsSDNA genome of about 151kb. The genome is flanked by inverted
terminal repeat (ITR) sequences which are covalently-closed at their extremities. And the
Virion is enveloped, brick-shaped, 300x270x200nm. The surface membrane displays surface
tubules or surface filaments. Two distinct infectious virus particles exist, the intracellular
mature virus (IMV) and the extracellular enveloped virus (GPBR, 2008; Yehuda et al., 2011).
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Figure .2: Morphological structure LSDV

2.7. Physico-chemical property of LSDV

LSDV is very resistant to physical and chemical agents. The virus persists in necrotic skin for
at least 33 days and remains viable in lesions in air-dried hides for at least 18 days at ambient
temperature. The virus is remarkably stable and it can survive in skin nodules kept at —-80 °C
for ten years and from infected tissue culture fluid stored at 4 °C for six months (\Vorster and
Mapham, 2008). Purified virus resists 1000C dry heat for 5-10 min, but is destroyed by moist
heat (60C) within 10 min. LSDV is susceptible to sun light and detergents containing lipid
(Babiuk et al., 2008; Lefevre and Gourreau, 2010).

2.8.Genome organization and protein processing

The genome of LSDV is 151-kbp; this genome consists of a central coding region bounded by
identical 2.4 kbp-inverted terminal repeats and contains 156 putative genes. Comparison of
LSDV with chordopoxviruses of other genera reveals 146 conserved genes which encode

proteins involved in transcription and mRNA biogenesis, nucleotide metabolism, DNA
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replication, protein processing, virion structure and assembly, and viral virulence and host

range (Tulman et al., 2001).
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Figure 3: 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 ( Tulman et al., 2001).

LSDV contains a number of potential host range genes with likely functions in modulation or
evasion of host immune responses, in modulation or inhibition of host cell apoptosis, and in
aspects of cell and/or tissue tropism. Many potential LSDV host range genes are similar in
sequence and in terminal genomic location to genes present in other poxviruses. However,
LSDV encodes unique complement genes which dictate its specific host range properties
(Tulman et al., 2001). LSDV also contains the same complement of nucleotide metabolism
genes found in the leporipox viruses and, like the leporipox viruses, it lacks a large subunit of
ribonucleotide reductase, this shared complement likely reflects phylogenetic relatedness but
may also be significant in cell and/or tissue tropism (Willer et al., 1999; Tulman et al., 2001,
Kara et al., 2003; Le Goff et al., 2009).
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LSDV encodes at least 30 homologues of poxviral protein known to be structural or involved
in virion morphogenesis and assembly. These include proteins present in the virion core;
proteins present in the intracellular mature virus (IMV) and associated membranes; potential
enzymes involved in protein modification, DNA packaging, and redox activity; and at least
four Vaccinal virus proteins found in or associated with the release of extracellular enveloped

virions ( Tulman et al., 2001).

LSDV secretes six proteins potentially and likely involved in the disruption or modulation of
host immune responses, as indicated by the presence of potential signal peptide sequences
and/or similarity to other secreted immunomodulatory. These include homologues of cellular
and viral interleukin-10 (IL-10), gamma interferon (IFN-g) receptor (R), IL-1R, IFN- a /
binding protein, and IL-18 binding protein. LSDV is the first poxvirus known to encode two
proteins, in addition to poxvirus IFN- o / B binding proteins, with similarity to IL-1 R (Tulman
et al., 2001). LSDV also contains four potentially membrane localized, immunomodulatory
proteins. Homologues of a G protein-coupled B-Chemokine receptor (GPCR), CD47, and
poxvirus OX-2- like proteins potentially bind extracellular factors and/or influence
intracellular signal transduction mechanisms to affect immune mechanisms or host range
(Lalani et al., 1999; Tulman et al., 2001; Kara et al., 2003). Several LSDV proteins are likely
to have intracellular roles in immune modulation or immune evasion. These include
homologues of vaccinia virus PKR inhibitors which confer resistance to the antiviral effects of
IFN. LSDV encodes six homologues of other pox viral proteins known to affect virus
virulence, virus growth in specific cell types, and/or cellular apoptotic responses. These
include homologues of epidermal growth factor (EGF), VV C7L host range, N1L virulence,
and A14.5L virulence proteins, MYX MO004 and MO11L anti- apoptosis proteins, and the
rabbit fibroma virus (RFV) N1R/ectromelia virus p28 host range factor (Tulman et al., 2001).

2.9.Epidemiology of LSD

2.9.1. Geographic distribution

Lumpy skin disease was known to circulate in the Central Africa for years (Thomas and Mare
1945) before it was reported in Zambia in 1929 (Thomas 1945; MacOwan 1959). After
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sweeping throughout and causing substantial economic losses for the cattle farming in the
Southern African region in the 1940s, the disease continued to spread towards the north, and
currently it is present practically everywhere in Africa, including Madagascar. Only Libya,
Algeria, Morocco and Tunisia are still officially free of Ilumpy skin disease
(LSD).(Tuppurainen et al., 2018)

Many Middle Eastern countries import live cattle from the African Horn region (Shimshony
and Economides 2006) where LSD is endemic. The first incursion of the disease in Egypt was
reported in May 1988 followed by outbreaks in Israel in August 1989 (Yeruham et al. 1995).
In 2006 LSD reoccurred in Egypt after being introduced by imported cattle from the Horn of
Africa (El-Kholy et al. 2008). Outbreaks in the southern part of Israel swiftly followed
(Brenner et al. 2009). In Oman LSD outbreaks occurred to such an extent in 2009 that it is
currently considered endemic (Somasundaram 2011; Tageldin et al. 2014).

LSD is currently endemic in most of Africa, parts of the Middle East and Turkey. Since 2015,
the disease has spread to most of the Balkan countries, the Caucasus and the Russian
Federation, where the disease continues to spread, making the risk of an imminent incursion
into other unaffected countries very high. Since 2019, several outbreaks of LSD have been
reported by Members in Asia (Bangladesh, India, China, Chinese Taipei, Vietnam, Bhutan,
Hong Kong (SAR-RPC), Nepal, Sri Lanka, Myanmar, Thailand- as of
02/6/2021).(WOAH,2022)

In Ethiopia LSD was first observed in the northwestern part of the country (southwest of Lake
Tana) in 1983 (Mebratu et al., 1984). It has now spread to almost all the regions and
agroecological zones. Because of the wide distribution of the disease and the size and structure
of the cattle population in Ethiopia it is likely that LSD is one of the most economically
important livestock diseases in the country (Gari et al., 2010). Data investigations from the
national disease outbreak report database during the period 2000-2009 showed that major
epidemic outbreaks of LSD occurred in 2000/2001 in the northern parts of the country in
Ambhara and West Oromia regions. Then it extended to the central and the southern parts of
the country in 2003 and 2004 covering large parts of Oromia and Southern Nation,
Nationalities and Peoples (SNNP) regions. In 2006 and 2007 another extensive outbreak
reappeared in Tigray, Amhara and Benishangul regions in the northern and north-western
parts of the country. From 2007 up to 2009 the outbreak number progressively increased in

Oromia Region situated in the central part of the country while it seemed to be gradually
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decreasing in the northern part of the country including Tigray, Amhara and Benishangul
regions. This showed that an epidemic reoccurs after an interval of 5-6 years cycle in
unvaccinated cattle population (Gari, 2011).

According to 2010 annual report of Ministry of Agriculture, animal and plant health regulatory
directorate in the department of epidemiology prevalence of the disease in different regional
state of the country shows us; 1.63%, 0.49%, 5.2%, 2.69%, 0.37%, 0.7%, and 3.8% in Addis
Abeba, Amhara, Gambela, Oromia, SNNP, Somali and Tigray regions respectively. The 2011
annual report shows prevalence of; 0.36%, 1.13%, 0.22%, 0.65%, 0.24% and 0.30% in
Amhara, Gambela, Oromia, SNNP, Somali and Tigray regions respectively. This is an
indicative that how much the disease distributes throughout the country.

2.9.2. Epidemiological risk factors

2.9.2.1. Host risk factor

All ages and types of cattle are susceptible to the causative virus, except animals recently
recovered from an attack, in which case there is a solid immunity. In outbreaks, very young
calves, lactating and malnourished cattle develop more severe clinical disease. British breeds,
particularly Channel Island breeds, are much more susceptible than zebu types, both in
numbers affected and the severity of the disease because of their thin skin. Wildlife species are
not affected in natural outbreaks, although there is concern that they might be reservoir hosts.
Serological evidence of naturally acquired infection has been observed only in African buffalo
(Syncerus caffer). There is only one report of the natural occurrence of LSD in a species other
than cattle, in water buffalo (Bubalis), but no further such cases are recorded (Radostits et al.,
2006; Vorster and Mapham, 2008).

2.9.2.2. Environmental risk factor

Outbreaks tend to follow waterways and extensive epizootics are associated with high rainfall

and concomitant high levels of insect activity with a peak of disease in the late summer and
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early autumn (Radostits et al., 2006). Other environmental risk factors associated with spread
of LSD were found to be worm humid agro-climate, communal grazing/watering and
introduction of new animals in a herd. The incidence of LSD occurrence is high during wet
seasons when biting-fly populations are abundant and it decreases or ceases during the dry
season (Gari et al., 2010).

2.9.2.3. Pathogen risk factor

LSDV is generally resistant to drying, survive freezing and thawing. Resistance to heat is
variable but most are inactivated at temperatures above 60°C (Radostits et al., 2006). LSDV is
very resistant to physical and chemical agents. The virus persists in necrotic skin for at least
33 days and remains viable in lesions in air-dried hides for at least 18 days at ambient

temperature (Vorster and Mapham, 2008).

2.9.3. Origin of infection and transmission

Infected cattle are the main source of LSDV infection. Transmission of LSD among cattle is
inefficient, and arthropod-vectored transmission may be significant in epizootic outbreaks and
in the spread of LSD into non-enzootic regions and direct contact could be a minor source of
infection (Alaa et al., 2008). LSDV can be found in cutaneous lesions, saliva, respiratory
secretions, milk and semen. Shedding in semen may be prolonged; viral DNA has been found

in the semen of some bulls for at least 5 months after infection (Carn and Kitching, 1995).

The most likely way for LSD to enter a new area is by introduction of infected animals.
Extensive livestock production system allows maximum chance for different herd mixing
during utilization of communal grazing lands and watering points. Under this prevailing
system it is likely to speculate that the introduction and spread of LSD infection could have
favorable environment. Uncontrolled cattle movements due to trade, pastoralism, vector
insects population and dynamic, wet climate which favors insect multiplications and other
reasons of cattle movement from place to place could render potential risk factors for the

transmission of the disease from herd to herd and from place to place (Toma et al., 1999).
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Animals can be infected experimentally by inoculation with material from cutaneous nodules
or blood, or by ingestion of feed and water contaminated with saliva. LSDV has been proven

to be transmissible to calves through infected milk (\VVorster and Mapham, 2008).

Biting insects including flies (Stomoxys and Tabunus) and mosquito (Culex and aedes), are
mechanical vectors and the major means of LSD virus transmission (Castro and Heuschele,
1992). And also LSD virus has been isolated from Stomoxys calcitrans and Musca confiscata
and transmitted experimentally using Stomoxys calcitrans but other vectors are also suspect
including Biomyia, Culicoides, Glossina and Musca species. However, in a recent study,
despite the detection of virus in mosquitoes (Anopheles stephensi, Culex quinquefascuatus)
the stable fly and a biting midge (Culicoides nebeculosis) after they had fed on cattle with
lumpy skin disease, the infection did not transmit to susceptible cattle when these arthropods
were allowed to re-feed on them (Radostits et al., 2006). In a recent study researchers found
molecular evidence suggesting that LSD can be transmitted through hard (Ixodid) ticks
(Rhipicephalus decoloratus, Rhipicephalus appendiculatus and Amblyomma hebraeum)

(Tuppurainen et al., 2011) .

2.10. Pathogenesis and clinical sign of the disease

The basic pathogenic mechanism by which the virus seems to cause lesions is viral replication
in cells such as the pericytes and endothelial cells in lymphatics and blood vessels walls;
giving rise to vasculitis and lymphangitis. In some more severe cases thrombosis and
infarction may be the end result. Other cells such as macrophages, fibroblasts and
keratinocytes may also be infected. Most animals that recover from clinical disease seem to
develop a lifelong immunity. Immunity to LSD seems mostly cell- mediated but maternal
antibodies acquired by calves may protect them from clinical diseases for approximately six
months (\VVorster and Mapham, 2008).

An incubation period of 2-4 weeks is common in field outbreaks and 7-14 days following
experimental challenges. The clinical signs range from in apparent to severe. Host
susceptibility, dose and route of virus inoculation affect the severity of disease (Knopvelsiekte,

2008). In severe cases there is an initial rise of temperature, which lasts for over a week,
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sometimes accompanied by lacrimation, nasal discharge, salivation, and lameness. Multiple
nodules appear suddenly about a week later, the first ones usually appearing in the perineum.
They are round and firm, varying from 1 to 4 cm in diameter, and are flattened and the hair on
them stands on end. They vary in number from a few to hundreds; they are intradermal and, in
most cases, are confined to the skin area. Other manifestations that may be observed in severe
cases include lesions in the nostrils and on the turbinates , causing mucopurulent nasal
discharge, respiratory obstruction and snoring; plaques, later ulcers, in the mouth causing
salivation; nodules on the conjunctiva, causing severe lacrimation, and on the prepuce or
vulva, and spreading to nearby mucosal surfaces. The limbs may become grossly distended
with edema fluid (Radostits et al., 2006; Salib and Osman, 2011).

Feed intake decreases in affected cattle, milk yield can drop markedly, and animals may
become emaciated. Rhinitis, conjunctivitis and keratitis can also be seen; ocular and nasal
discharges are initially serous but become mucopurulent (Knopvelsiekte, 2008). Secondary
bacterial infections can cause permanent damage to the tendons, joints, teats and mammary
gland. Abortions and temporary or permanent sterility may occur in both bulls and cows. A
few animals die, but the majority slowly recovers. Recovery can take several months, and
some skin lesions may take a year or two to resolve. Deep holes or scars are often left in the
skin (Grooms, 2005).

The post mortem lesions can be extensive. Characteristic grayish-pink deep nodules with
necrotic centers are found in the skin (Grooms, 2005). Similar lesions on the skin are present
in the mouth, pharynx, trachea, skeletal muscle, bronchi and stomachs, and there may be
accompanying pneumonia. The superficial lymph nodes are usually enlarged. Respiratory
distress and death are often the result of respiratory obstruction by the necrotic ulcers and
surrounding inflammation in the upper respiratory tract and/or concurrent aspiration

pneumonia (Radostits et al., 2006).

2.11. Diagnosis

2.11.1. Field diagnosis
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Field diagnosis of LSD is often based on characteristic clinical signs of the disease. However,
mild and subclinical forms require rapid and reliable laboratory testing to confirm diagnosis
(Alaa et al., 2008; Knopvelsiekte, 2008).

2.11.2. Laboratory diagnosis

Samples submitted for laboratory diagnosis of LSD includes; take biopsy specimen at least
two early lesions (for viral isolation), clipped and cleansed with a none-disinfectant soap; if a
punch biopsy is used, specimens must be collected at the lesions edge. An enlarged LN can be
aspirated aseptically with a syringe and 16- gage needle or a biopsy can be taken. Organ
samples should be sealed in screw-caped vials and taped shut. Tissue specimens should
include all organs with emphasis on those showing lesions i.e., skin turbinates, trachea, lung
and lymph nodes. specimens should arriving to laboratory within 24 hours ship with wet ice; if

more than one day shipment is required dry ice should be used (Castro and Heuschele, 1992).

Tests for the specific diagnosis of a viral infection are of two types: (1) those that demonstrate
the presence of infectious virus, viral antigen, or viral nucleic acid and (2) those that
demonstrate the presence of viral antibody (Murphy et al., 1999). Generally LSDV diagnostic
tests can be grouped into 3 categories (1) direct detection, (2) indirect examination (virus
isolation), and (3) serology. In direct examination, the clinical specimen is examined directly
for the presence of virus particles, virus antigen or viral nucleic acids. In indirect examination,
the specimen into cell culture, eggs or animals in an attempt to grow the virus: this is called
virus isolation. Serology actually constitute far the bulk of the work of any virology laboratory
to demonstrate the presence antibody against the virus infection (Vorster and Mapham, 2008;
OIE, 2010; Tuppurainen et al., 2011).

2.11.2.1.Virus isolation

LSD virus can grow in tissue culture of bovine, ovine or caprine origin, although primary or
secondary culture of bovine dermis cells or lamb testis (LT) cells are considered to be the most
susceptible, particularly those derived from a breed of wool sheep. Infected cells develop a
characteristic CPE consisting of retraction of the cell membrane from surrounding cells, and

eventually rounding of cells and margination of the nuclear chromatin. At first only small
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areas of CPE can be seen, sometimes as soon as 2 days after infection; over the following 4-6
days these expand to involve the whole cell sheet. If no CPE is apparent by day 14, the culture
should be freeze—thawed three times, and clarified supernatant inoculated on to fresh LT
culture (OIE, 2010).

2.11.2.2.Virus ldentification

LSDV can be identified using transmission electron microscopy. Material from the original
biopsy suspension is prepared for examination under the transmission electron microscope by
floating a 400-mesh hexagon electron microscope grid, with pileo form carbon substrate
activated by glow discharge in pentylamine vapour, on to a drop of the suspension placed on
parafilm or a wax plate. After 1 minute, the grid is transferred to a drop of Tris/EDTA buffer,
pH 7.8, for 20 seconds and then to a drop of 1% phosphotungstic acid, pH 7.2, for 10 seconds.
The grid is drained using filter paper, air-dried and placed in the electron microscope. The
capripox virion is brick shaped, covered in short tubular elements and measures approximately
290 x 270 nm. A host-cell-derived membrane may surround some of the virions, and as many

as possible should be examined to confirm their appearance (Kitching and Smale, 1986).

2.11.2.3.Viral Nucleic acid identification

The polymerase chain reaction (PCR) is a scientific technique in molecular biology to amplify
a single or a few copies of a piece of DNA across several orders of magnitude, generating
thousands to millions of copies of a particular DNA sequence. The conventional gel-based
PCR method is a simple, fast and sensitive method for the detection of capripoxvirus genome.
In EDTA blood, biopsy, semen or tissue culture samples. However, it does not allow
differentiation between LSD and sheep and goat pox viruses. Primers for the viral attachment
protein gene and the viral fusion protein gene (Ireland and Binepal, 1998) are specific for all
the strains within the genus Capripoxvirus. By the use of sequence and phylogenetic analysis;
strains of virus can be identified (Le Goff et al., 2009).

2.11.2.4.Serological testes
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All the viruses in the Capripox virus genus share a common major antigen for neutralising
antibodies and it is thus not possible to distinguish strains of capripox virus from cattle, sheep
or goats using serological techniques. Virus neutralization, Agar gel immunodiffusion,
Indirect fluorescent antibody test are sensitive serological diagnostic system for the detection

of antibody to Capripoxvirus structural proteins (OIE, 2010).

2.12.  Prevention and control

The most likely way for LSD to enter a new area is by introduction of infected animals. Biting
insects that have fed on infected cattle may travel and be blown for substantial distances. The
movement of contaminated hides represents another potential means for this resistant virus to
move (Davies, 1991). Vaccination is the only effective method to control the disease in
endemic countries like Ethiopia. The experience in the major parts of the country showed that
the vaccination approach is commonly chosen and is often that of ring vaccination around a
local foci outbreak when it occurs. Animals that recover from virulent LSD infection generate
lifelong immunity consisting both of a humoral and cell mediated protective immunity
(Kitching et al., 1987). Maternal immunity provides protection from LSD in calves at least for
6 months (Davies 1991). In previously LSD-free countries, in the event of an outbreak, the
rapid confirmation of a clinical diagnosis is essential so that eradication measures, such as
quarantine, slaughter-out of affected and in-contact animals, proper disposal of carcasses,
cleaning and disinfection of the premises and insect control and ring vaccinations can be

implemented as soon as possible (Tuppurainen et al., 2005; Radostits et al., 2006).

Live attenuated vaccines of different capripoxvirus strain origins are available to protect cattle,
sheep and goats. Four live attenuated strains of capripoxvirus have been used as vaccines
specifically for the control of LSD (Carn and Kitching, 1995; Brenner et al., 2006; Kitching,
2003). A strain of Kenyan sheep and goat pox virus passaged 18 times in LT or fetal calf
muscle cells, Yugoslavian RM 65 sheep pox strain, Romanian sheep pox strain and lumpy
skin disease virus strain from South Africa, passaged 60 times in lamb kidney cells and 20
times on the chorioallantoic membrane of embryonated chicken eggs (OIE, 2010). It is likely
that many of these vaccine strains available in different parts of the world would be suitable
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for the prophylaxis of LSD. These live attenuated vaccines are mainly stimulating the cell
mediated immune response (Davies, 1991; Kitching, 2003).

The available vaccine for Lumpy skin Disease virus in Ethiopia is product of National
Veterinary Institute at Debre Zeit. Vaccine is live freeze dried Capri poxvirus KSGP-0180

strain cultured on VERO-cells freeze dried (lyophilized) with a minimum titer of 3 TCIDg
per field dose. The vaccine should be stored at a temperature of -20°c reconstitution and
dilution of vaccine is in 100 ml of cool and sterile saline water. 5ml or 20ml vial of 100 doses
1 ml of diluted vaccine injected subcutaneously on back of neck for cattle and the inner face of
the thigh both for sheep and goat. Immunity is develops eight days after vaccination and may
last for two years (NVI, 2016).

2.13.  Experimental Evaluation of the Efficacy of a Vaccine and Vaccination

Effectiveness Studies

A challenge model for the evaluation of the efficacy of a vaccine against LSD has been
described previously (Haegeman et al., 2021 & Wolff et al., 2020). A minimum of six to
eight healthy animals should be included in a challenge trial and an additional five to six
animals should serve as unvaccinated control. Most often, calves at the age of six to
twelve months are used as experimental animals for practical reasons. In that age group,
both male and female calves can be included. Prior to the onset of the experiment, cattle
need to be tested to be sero-negative and free of ongoing LSD infection. Acclimatization to
the controlled environment of one or two weeks is required to avoid the effect of stress-
related factors. Vaccination should be undertaken strictly according to manufacturers’
recommendations. Three to four weeks post-vaccination, vaccinated and control groups
are infected with a highly virulent LSDV field strain (wild-type). Experiences obtained
from previous animal experiments indicate that in order to produce visible clinical disease
in half of the susceptible experimental cattle, the titer of the challenge virus needs to be
between 1040 to 1085 TCIDso. Several different cells can be used to grow the virulent
field strain. The application of the challenge virus via the intravenous route is important
and can be combined with a local inoculation via the intradermal or subcutaneous route.

After the challenge, the animals should be closely monitored and the findings recorded
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for up to four weeks for the appearance of clinical signs, such as fever, nasal and eye
discharge, excessive salivation, enlarged lymph nodes, local or generalized skin nodules,
and lesions in the muzzle and/or mucous membranes of the mouth and nasal cavities.
Every second day, samples should be collected for PCR and virus isolation. EDTA
blood, as well as saliva and nasal swabs are the recommended sample material to analyze
viremia as well as virus excretion. In addition, biopsies from the typical skin nodules can
be tested with polymerase chain reaction (PCR) and used for the virus isolation purpose.
Molecular tools have been described to differentiate a vaccine from a field virus (Boumart
et al., 2016; Menasherow et al., 2016; Sprygin et al., 2018 and Vidanovic et al., 2016)

A retrospective surveillance of vaccine effectiveness not only measures the efficacy of
the vaccine, but also the implementation of the vaccination campaign. Active clinical
surveillance is a good tool when combined with serological surveillance. The reliability
of the clinical surveillance and sero-surveillance heavily builds on the ability to know
which animals are vaccinated and which ones are not. If no animal health record
databases/systems are available, a permanent way to mark the vaccinated animals should
be developed for the purpose. During outbreaks with a virulent virus circulating in the
region, it should be considered that it takes two to three weeks until the vaccine provides
full protection, before that animals may still become infected and exhibit clinical signs
typical for LSD.

Serological surveys after vaccination campaigns are complicated by the fact that some
vaccinated animals, and those individuals showing a mild disease, may develop only low
antibody levels although they are fully protected (Weiss, 1968 and Kitiching et al.,
1992). The unclear meaning of sero-negative animals decreases the value of sero-
surveillance as a sole method. Sero-negative animals in a vaccinated herd may or may
not be protected by the vaccine or they may have been missed during the vaccination
campaign. The most reliable results are obtained when the serum samples are collected
not earlier than one month and not later than five months after vaccination (Milovanovic
et al., 2019). The sample size calculations need to take into consideration the percentage
of animals that are expected not to develop any detectable antibody levels after
vaccination. Passive surveillance provides an additional tool if the awareness levels
regarding LSD are high amongst cattle farming stakeholders and if farmers are willing to

report. Commercially available pancapripoxvirus ELISA is available for large-scale
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testing, allowing easier monitoring of the duration of humoral responses in vaccinated

herds than using a serum neutralization method.

Currently, there are no DIVA (differentiating infected from vaccinated animals) vaccines
with associated marker tests commercially available for LSDV. Therefore, it is not
possible to differentiate between vaccinated and naturally infected animals based on
serology. Even if a DIVA strategy would be available, it is questionable whether it
would be affordable or feasible for low-resource countries, most likely due to the lack of
animal identification/vaccination/recording systems and the extra costs and resources
required by the surveillance programs. Measuring the cytokine (e.g., IFN-y) response,
such as in blood samples collected from vaccinated animals, could potentially provide an
additional diagnostic tool in the future. Currently, standard operating procedures and

commercially available tests validated for this approach are still missing.

2.14.  LSD Vaccine types and vaccination in Ethiopia

According to Boumart et al., (2016) vaccines produced against LSD have different types
including ‘live’ attenuated and inactivated vaccines. Comparatively, the inactivated one
are considered to be less effective. However, ‘live’ attenuated vaccines are relatively
effective, cheap and available with recorded herd immunity (over 80%) through annual
vaccination (Tuppurainen et al., 2017a). There are four CaPVs strains of 'live’ vaccines
namely Yugoslavian RM 65 sheep pox strain, Kenyan sheep and goat pox (KSGP) virus,
Romanian sheep pox strain and LSDV strain from South Africa, used to control the
spread of LSD (OIE, 2017). Regardless of its availability and suggested efficacy, vaccine
failure is reported in different areas that pose its effect on the effective control of LSD
(Gari et al., 2015). Even in effective vaccination outcome, the existence of large local
reaction at injection site was reported as a side effect (Davies, 1991). The skin reaction
sometimes can affect the cattle owners’ attitude and discourage the use of vaccine though
the loss to the production and productivity from the disease outbreak is enormous (OIE,
2017).

In general control and prevention methods include vaccination, animal control movement

and slaughter of affected and in contact animals. However, some of these methods are not
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affordable practices especially in developing countries. Vaccination is considered to be a
realistic approach to control the disease in endemic regions and considered cost-effective
compared to the abovementioned one (Tuppurainen et al., 2012). LSD as endemic
disease to Ethiopia is approached with annual vaccination scheme and following an
outbreak (Molla et al., 2017). Kenyan sheep and goat pox (KSGP) virus is a vaccine
produced by Ethiopian National Veterinary Institute (NVI) and available when needed
with affordable price (NVI, 2023). However, there have been repeated complaints
towards vaccine effectiveness due to the occurrence of outbreak in vaccinated cattle
population (Ayelet et al., 2013; Molla et al., 2017)

24



3. MATERIALS AND METHODS

3.1. Study Area

The study was conducted in purposely selected dairy cattle herders in Bishoftu town
and surrounding rural areas of Ada’a district, of East Shewa zone. The selection
considers presence of previous outbreak of LSD in the sites aiming to collect some
retrospective information and accessibility to reach both sites for sampling. LSD
outbreak was reported in the farms in different times. The samples used for LSD
isolates was collected 2022 from the same study area from the same project and stored
at NAHDIC.

B 8ishoftu Town

B Ada's Woreda Map

B Orormya Regional Map
JETHadM. 1

0 100 200 300 400 km
e _— J

Figure: 4. Map of Study Area

The town is located in the East Shewa Zone of the Oromia National Regional State, and has an
elevation of 1,999 meters, latitude of 8°45°0 N, and longitude of 38%58° E. It is the capital
town of Ada’a District, the largest District in East Shewa Zone. One of the district in this zone
is Ada’a, central Ethiopia that has a bimodal rainfall season: the long rainfall season from late

June to late September and the short season from February to April, with a mean annual
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rainfall range of 450 mm to 1,000 mm and temperature range of 17°C to 30°C (Eastern Shewa
Agricultural Bureau report, 2014). The town is surrounded by Dire, Dhankaka, and Godino
rural kebeles of Ada’a District in the north, the east and the south, respectively, and Dukam
Town in the west. The total cattle population in Ada’a district was 172, 356 (Ada’a district
animal health office, 2023).

3.1.Study population

This study respondents were cattle owners who had brought cattle having of clinical sign of
LSD to the wereda veterinary clinic and animal health professionals in and around Bishoftu
and Ada’a district. Cattle production system in the study area is both extensive and intensive
production system. The intensive production system is market oriented dairy farms and
fattening. The rest is majorly small holders farms. The breed types are including local

(indigenous), exotic and crossbred cattle.

3.2.Study design and sample size

From October 2022 to April 2023 a cross-sectional study design was carried out. The study
was done purposively based on 2021-2022 LSD outbreak reports the study areas. This study
designed based on both retrospectively (2022) and prospectively with employed questionnaire
survey used to generate information related to LSD outbreak occurrence, status of
vaccination, challenges on vaccination delivery ,and disease associated losses. Additionally,
Tissue samples collected from the same area by 2022 processed for molecular
characterization.

To get information on LSD vaccination practice, 101 cattle owners and Clinical professionals

were subjected to respond to the questionnaire prepared.

3.3.Sample collection

The tissue and whole blood sample collection was performed during the weeks of reported
outbreaks. And about 2-5 grams of nodular skin lesions were collected by using a sterile
scalpel blade and an incision was made to reach the epidermis and the dermis of the skin. The

skin biopsy was placed in the Virus transport media (VTM) which contains 10% antibiotics.
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whole blood samples were collected for the serum with a plain tube ( Tuppurainen et al, 2017,
OIE, 2017). The tissue samples with VTM in a falcon tube and the blood sample were
transported within an ice box to PROCFARM in the laboratory (AHI) and stored at -20°C until
used for the next laboratory processes.

Questionnaires were prepared for cattle owners and animal health professionals incorporating
questions with a major emphasis on LSD vaccine and vaccination practices which include
issues on the management, storage, transportation, administration of the vaccine and related
questions. Additionally, background data were also collected in each locality clinics and
farms where the outbreak occurred, including the date of data collection, age, sex, and
previous history of vaccination using these questionnaires. Information were obtained from

face to face interview with farm owners and animal health professionals.
3.4.Laboratory Diagnosis

3.4.1. Virus isolation

The nodular tissue samples were thawed at room temperature and washed three times in sterile
phosphate-buffered saline (PBS, pH 7.2). With 9 ml sterile PBS containing antibiotic (0.1%
gentamicin, Sigma-Aldrich, Germany) and about 1 g of washed tissue sample was mixed and
ground using a sterile mortar and pestle. Following this tissue suspension was centrifuged at
3000rpm for 15 min and the supernatant was filtered through a membrane of pore size 0.45
um (Millipore, United States of America). Approximately 100 uL of filtered supernatant was
inoculated onto a monolayer of (Lamb kidney cells). Primary lamb kidney cells were
established and propagated in a Dulbecco's Modified Eagle Medium (DMEM) (Sigma-
Aldrich, Germany) supplemented with antibiotics and 10% fetal bovine serum. And then the
cells were aliquoted into different flasks and used when required by adding trypsin and
incubating for ten minutes. When detachment takes much time the cells were then manually
washed from the flask using the pipette. Then the cells were transferred to the 24 micro well
plates. The cells were then reconstituted with the growth maintenance medium (DMEM)
supplemented with 1% fetal bovine serum and cultured incubated at 37°C in a humidified
incubator with 5% CO2. The cells were then checked for the 80% confluence. After checking

the confluence of the cell, DMEM was added to the cells by removing the first media then,
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virus suspension was added to the cells. The whole process of the cell culture was performed
under the biosafety cabinet level 2.

Virus suspension was inoculated on the cell after removing the media from the cell and
washing the cell using 100ul phosphate buffers. The inoculation was done on a 24-well plate
and incubated for 1 hour at 37°C for the adsorption time. Maintenance media was added and
the culture was followed for up to 14 days for the presence of CPE. The absence of CPE
shows presence of protective antibody in the test sera. The negative samples were then made
to continue for the consecutive 2" to 3rd blind passages until the CPE was observed. This was
done by freeze-thawing so that virus-cell particles are released from the culture cell. Then the
collected suspension was vortexed and transferred to a new fresh cell, and monitored daily

using an inverted microscope for the evidence of virus-induced CPEs.

3.4.2. DNA extraction

DNA of LSDV from tissue samples was extracted by QIlAamp DNA Mini Extraction Kit
(Qiagen, Germany) for blood and tissue based on the protocol set for DNA extraction in its
manual for user. The skin nodular samples were processed by grinding using a sterile pestle
and mortem and by adding sterile coarse sand. Following grinding the suspensions were
centrifuged at 2000 rpm for 2 minutes and the 200ul of supernatant was transferred into a
sterile microcentrifuge tube and 20 pl proteinase k was added to digest the cell. Afterwards,
200 pl of AL (lysis buffer) was added, mixed by vortex and incubated at 56°C for ten minutes
in a water bath. Then 200ul of 95% ethanol was added to it and mixed thoroughly, this was to
ensure the binding process. The mixture was transferred to the mini spin column in a 2ml
collection tube and centrifuged at 6000 xg (8000 rpm) for 1 minute. The first wash was done
using washing buffer AW1 with an amount of 200 pl on a mini-spin column in a new
collection tube. That was then centrifuged at 8000 rpm for 1 minute. The next washing was
done using AW2 (washing buffer 2) with 200 ul and centrifuged at 14000 rpm for 3 minutes.
Finally, the collection tube was discarded, and the min-spin column was carefully transferred
into a new 1.5ml microcentrifuge tube with 200 pl elution buffers and incubated for 1 minute
at room temperature before centrifuging at 14000rpm for 3 minutes until all the liquid has
completely passed through. The eluted DNA was labelled and stored in a -20C freezer until

downstream activities start.
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3.4.3. Polymerase chain reaction (PCR)

A conventional polymerase chain reaction was performed to detect four LSDV
immunogens (LSD117, LSD122, LSD141 and LSDVO060); using the specific primers listed
under table 2. The primers (forward and reverse) designed based on the lumpy skin disease
NI-2490, complete genome (Acc no=NC_003027) (Tulman et al, 2001), retrieved from NCBI
data bank. The primers were designed by using snapGene viewer software to generate the
targeted genes. All PCRs were conducted in a reaction volume of 25 pL containing; 0.5pL
of F primer, 0.5uL of REV primer, 0.5uL of dNTPs, 2.5pL of 10x PCR Buffer
(Qiagen), 0.125 pL Taq polymerase (Qiagen), 17.875uL Milli-Q water and 3 pL template
DNA. The PCR run set was with the first denaturation at 95°C for 2 minutes, followed by 40
cycles of elongation at 95°C for 30 seconds, 50°C for 30 seconds, and 72°C for 30 seconds,
followed by a final extension at 72°C for 5 minutes. Aliquots of PCR products were checked
using electrophoresis on a 1% agarose used Midori Green Advance (NIPPON Genetics
EUROPE, inc.) in gel staining for 40 minutes at 100v.

3.4.4. Sequencing and Phylogenetic analysis

Following the amplification of the LSDV immunogens (LSD117, LSD122, LSD141 and
LSDV060) with observation of a clear band through the gel were selected and sent for
sequencing. Then, the remaining PCR product was cleaned by using the Wizard™ SV Gel and
PCR Clean-Up kit (Promega, Germany). Each purified product's concentration which was
above 20 ng/ul was prepared for sequencing. The purified PCR products were mixed with the
amplification/sequencing primers and submitted for sequencing to Eurofins Scientific SE
(Luxembourg, EURO).

Table 2. Genes selection and primer design for PCR amplification and Sanger sequencing

No LSDV-ORF Pair of primers Annealing Gene
Temperatur  fragment
e length (bp)
1 LSD117 (A27L) F: 5-TCATAGTGTTGTACTTCGGCT-3’ 49 °C 447
Rev: 5’- AATGGACAGAGCTTTATCAATC-3’
2 LSD122 (A33R) F: 5-ATAGTTGATATTCAAAAG-3’ 50 °C 594

RE: 5’-ATTTATAGTAATATAATAAT-3’
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3 LSD141 (B5R) F: 5-AAAAATATACATATGTTATTG-3’ 48°C 678
Rev: 5’- ATTATTTATAATATTTTATACTATC-
3’)

4 LSDV060 (L1IR) F: 5’-AGAGCAGCCGCAAGTATAC-3’ 57°C 738
Rev. 5S>-ATTATTTTTCTATGATTGTTGGTGT-3’

3.5.Data management and analysis

The data collected by a Questionnaire data were entered in MS- excel, edited to make it fit for
analysis and transferred to R software package with version (R.0.s) for descriptive analysis.

Pearson X test was applied to test the relatedness of the variables.

Molecular sequence data received from Eurofins Scientific SE were edited and cleaned to get
the consensus sequence, and then all the sequence data was analysed using a bioinformatics
tool. The comparative sequence analysis of the RPO30 gene subunit of, Ethiopian Lumpy skin
disease virus isolates was carried out along with those of other Capri poxviruses available in
the NCBI database (https://www.ncbi.nlm.nih.gov/). The nucleotide sequences of the RPO30
gene subunit generated by the Sanger sequence and other publicly available sequences
retrieved from NCBI data bank were transported to BioEdit (version 7.2) software package

(https://bioedit.software.informer.com/7.2/), and were edited and joined together for each of

the isolates. Finally, multiple sequence alignments were performed using the ClustalW
algorithm implemented in BioEdit software package to compare the RPO30 genes sequences
of the outbreak isolates and the reference strain retrieved from the gene NCBI database, and to
that of the vaccine strain. Moreover, the sequences obtained from the RPO30 gene amplicons
were translated into corresponding amino acid sequences and were checked if any of the
unique signatures associated with LSDV happened.

For phylogenetic analysis, the Maximum Likelihood method in MEGA 11 was used to
construct the phylogenetic tree. Bootstrap analysis with 1000 replications was used to estimate
the confidence of the branching patterns of the trees.
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4. RESULTS

4.1.Questionnaire Survey

A total of 101 households in K’oftu , Dire , Bekejo , Golo dheertu , Akako, Hidi , Denkaka of
Ada’a district( i.e. Surrounding of Bishoftu town) and Kebele 02, Kebele 08, Kebele 03,
Kebele 15, Kebele 05 and Kebele 01 of Bishoftu town. The higher number of Livestock was
recorded in respondents of Denkaka Kebele of Ada’a district. During the study period
outbreak of LSD was not reported. But there were report of outbreak in the times preceded the
study period (September to November 2022).

4.1.1. General cattle population at risk owned by respondents years LSD outbreak seen in the
last 8-10 years

'Sum of Number Of Cattle per house at risk’, ‘LSD outbreak seen in
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Figure 5: General cattle population at risk owned by respondents and years LSD outbreak seen in the
last 8-10 years ; bars with blue shading cattle population at risk and bars with pink shade number of

outbreaks

As depicted in the figure (Figure 5) above the outbreak of LSD in the past 10 years are

increasing time to time.
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4.1.2. Variables affecting vaccination and LSD outbreak

Table 3: Variables affecting vaccination and LSD outbreak

Variables vaccination LSD outbreak occurrence Pearson’s- X>  P-value
observed by the Value
respondents
Vaccination Status of 2021-2023 2017-2021
LSD unvaccinated 13 18 0.3 0.587
vaccinated 25 44
Vaccination period After outbreak 17 40 6.3 0.043
At time of an outbreak 8 4
No vaccination given 13 16
Vaccine delivered by  Public Vet.clinics 15 27 1.25 0.534
private Vet.practitioners 8 17
None 15 18
Vaccination status vrs recurrence of LSD outbreak
Vaccination Status of repeated First Time
LSD occurrence occurrence
unvaccinated 49 20 3.54 0.06
vaccinated 16 15

As depicted in Table 3 the factors responsible for previous out breaks were found to be

Vaccination period at time occurrence of an outbreak or After Occurrence of an out Break P
value = 0.043.

4.1.3. General LSD vaccine and vaccination related challenges affecting the its efficacy
and effectiveness in the study areas based on respondents(users)
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Figure 6: LSD vaccine transport Challenges
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As we can see on the table Figure above ( Figure 6) , the vet clinic professionals responds
about the general LSD vaccine and vaccination related challenges and effectiveness of the
vaccine from inappropriate vaccine handling were taken as a main( first) factor , lack of
transport equipment(ice box) taken as a second factor and lack of professional safety hold
third factor . Additionally, from LSD vaccine storage challenges in local Veterinary Clinics
electricity challenges (e.g. Power cuts) was mentioned as the main constraint and lack of
properly working refrigerators and unfit vaccine storage rooms were assumed to be important
factors for the respondents. Furthermore, the regarding general challenge related with LSD
vaccine delivery was claimed to be problem during vaccine delivery and old equipment like
syringes.

4.1.4. LSD Vaccine storage challenges in local Veterinary clinics

LSD Vaccine storage challenges in local Vet. clinics

Unfit vaccine storage room

lack of properly functional Refeigrators

Electricity challenge.eg.power cut

Nno response

vaccine storage challenges in vet clinics

o
(6]

10 15 20 25 30 35 40 45
No of respondants

Figure 7: LSD vaccine storage challenges

As illustrated in the figure 7 Electricity challenges such as electric power cut seen as the major

challenge for LSD vaccine storage followed by lack of properly functional Refrigerator.

4.1.5. General challenges during LSD vaccine delivery at field



General callenges during LSD vaccine delivery at field

unable to manage dosage during vaccination

Old equipments like syringes, tips

Lsd vaccine delivery challenges
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Figure 8: General challenges during LSD vaccine delivery at field

As shown in figure 8 among the general challenges during LSD vaccine delivery at field
problem in handling of the vaccine is seen as the biggest challenge and followed by old
equipment like vaccination syringe and tips.

4.2. Polymerase Chain Reaction

PCR was run for four samples four each of the targeted genes (4*4=8) and the expected
amplicons sizes (figure 1 ) were detected here on all the samples. The strong running bands
produced by Ethidium Bromide-stained Agarose Gel were detected. And the bands after

cleaned from mix prepared for downstream analysis (sequencing).
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Fig.9. conventional PCR gel products for the four LSDV immunogens (LSD117, LSD122, LSD141
and LSDV060); The first Lane on the left and right side denotes DNA ladder of a 1kp (1000bp)
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4.3.Sequences analysis Results

1. LSDV117(VVA27L homology)
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[NC 003027.1:c110841-110395 Neethling Vaccine strain NI-24590/
KP663685.1: LSDV117 NVI/CaPV Vaccine (KS-1)

LSDV/Ethiopia/Bishoftu/B06/2022 / LSDV1l7gene (VV A27L homol
LSDV/Ethiopia/Bishoftu/B08/2022 / LSDV1l7gene (VV A27L homol
LSDV/Ethiopia/Bishoftu/B012/2022 / LSDV1l7gene (VV A27L homc
LSDV/Ethiopia/Bishoftu/B16/2022 / LSDV1l7gene (VV A27L homol
LSDV/Ethiopia/Hora/H02/2022 / LSDV1l7gene (VV A27L homology)
LSDV/Ethiopia/Dembi/D02/2022 / LSDV11l7gene (VV A27L homology

NC 003027.1:c110841-110395 Neethling Vaccine strain NI-2490/
KPE636€85.1: LSDV117 NVI/CaPV Vaccine (KS-1)
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NC 003027.1:c110841-110355 Neethling Vaccine strain NI-2450/LSDV
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LSDV/Ethiopia/Bishoftu/B16/2022 / LSDV1l7gene (VV A27L homology)
LSDV/Ethiopia/Hora/H02/2022 / LSDV117gene (VV A27L homology)
LSDV/Ethiopia/Dembi/D02/2022 / LSDV1l7gene (VV A27L homology)
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LSDV/Ethiopia/Bishoftu/B16/2022 / Ls8DV1l7gene (VV A27L homol|- - -
LSDV/Ethiopia/Hora/H02/2022 / LSDV1l7gene (VV A27L homology)|-- -
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Fig 10. LSDV117 (VVA27L homology)

The sequence from the vaccines (Neethling vaccine strain NI-
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LSDV/Ethiopia/Bishoftu/B06/2022 / LSDV1l7gene (VV A27L homol
LSDV/Ethiopia/Bishoftu/B08/2022 / LSDV1l7gene (VV A27L homol
LSDV/Ethiopia/Bishoftu/B012/2022 / LsDV1l7gene (VV A27L homc
LSDV/Ethiopia/Bishoftu/B16/2022 / LSDV11l7gene (VV A27L homol
LSDV/Ethiopia/Hora/H02/2022 / LSDV1l7gene (VV A27L homology)
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2490 and NVI/CaPV vaccine strain (KS-180) have an overall similar

sequence for ORF117 (A27L) but the sequences from the field sample (wild strains) have two nucleotides substituted at 325nt and 360nt

positions ‘A’ by ‘G’ and ‘G’ by ‘A’, respectively. Since all nucleotide changes may not have any effect on the codons (amino acids).
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2. Proteins sequence analysis for LSDV117(VVA27L homology)

Species/Abbry

1.NC 003027 1:c110841-110395 Neethling Vaccine strain NI-2490/LSDV11(VV A27L homology)geney
2 KP663685.1: LSDV117 NVIICaPV Vaccine (KS-1)

3. LSDViEthiopia/BishoftwBO6/2022 / LSDV117gene (VV A27L homology)

4 | SDV/Ethiopia/Bishoftu/B08/2022 / LSDV117gene (VV A27L homology)

5. LSDViEthiopia/BishoftuB012/2022 / LSDV117gene (VV A27L homology)

6. LSDV/Ethiopia/Bishoftu/B16/2022 / LSDV117gene (VV A27L homology)

7. LSDV/Ethiopia/Hora/H02/2022 / LSDV117gene (VW A27L homology)

8. LSDV/Ethiopia/Dembi/D02/2022 / LSDV117gene (VV AZ7L homology)

Species/Abbry

1. NC 003027.1:c110841-110393 Neethling Vaccine strain NI-2490/LSDV11(VV A27L homology)gene | V'V

2 KP663685.1: LSDV117 NVIICaPV Vaccine (KS-1)

3 LSDV/Ethiopia/BishoftuB06/2022  LSDV117gene (VV A27L homology)
4 LSDV/Ethiopia/Bishoftu/B08/2022 / LSDV117gene (VV A27L homology)
5 LSDVIEthiopia/BishoftwB012/2022 / LSDV117gene (VV A27L homalogy)
6. LSDVIEthiopia/Bishoftu/B16/2022 / LSDV117gene (VV A27L homology)
7. LSDV/Ethiopia/Hora/H02/2022 / LSDV117gene (VV A27L homology)

8. LSDV/Ethiopia/Dembi/D02/2022 / LSDV117gene (VW A27L homology)

Figure 11. Proteins sequence analysis for LSDV117
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IVVDRN I A TSFIMYFLNI IFYFYHIGFFUAFVAKF I FIMPVFATSFLEY Y ISFIGF 1|1 AWKD* * S8V
IVVDRM I TATSFINYFLNIIFYFYHI *VAKF I FIMPVFATSFLSVIYISFIEFI|I|1I ANKD* =88V
IVVDRM I TAISFINYFLNITFYFYHI *VAKF I FIMPVFATSFL VY‘F‘FA K‘“IV

There complete similarity between the two vaccine strains but the vaccine strains amino acid at number 108 a.a sequence which is

threonine (T) is replaced by Alanine in the sample (wild strain ) of lumpy skin disease virus. This amino acid change may have a

mutative advantage for the wild strain over vaccine strains while it interacts with immune system. But further detail study needed on this

protein at the structure level.
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3. LSDVO060 (VV L1R homologous)

=]

NC_003027.1:53153-53890 LSD Neethling vaccine strain (NI-2490), LSDVOgd

KX683219.1: LSDVOE(0_ NVI/CaPV Vaccine (KS-0240)

LSDV/Ethiopia/Bishoftu/B06/2022 / / LSDV0&0 gene (VV L1R homology)

LSDV/Ethiopia/Bishoftu/B16/2022 / / LSDV060 gene (VV L1R homology)

LSDV/Ethiopia/Hora/H02/2022 / /LSDV0OE0 gene (VV L1R homology)

LSDV/Ethiopia/Dembi/D02/2022 /LSDV0E0O gene (VV L1R homology)

LSDV/Ethiopia/Dodota/D02/2022 / LSDV0E0 gene (VV L1R homology)

i =il &0 70 80
NC_003027.1:53153-53890 LSD Neethli:
EX683219.1: LSDV0E0_ NVI/CaPV Vaccii
LSDV/Ethiopia/Bishoftu/B06/2022 / /
LSDV/Ethiopia/Bishoftu/B16/2022 / /
LSDV/Ethiopia/Hora/H02/2022 / /LSDV!
LSDV/Ethiopia/Dembi/D02/2022 /LSDVO:

LSDV/Ethiopia/Dodota/D02/2022 / LSD'
NC_003027.1:53153-53890 LSD Neethli:

S0

10 20 30 40 50 €0
ATGGGAGCAGCCGCAAGTATACARACTACAGTARATACGTTARATGARALAAATAAGTAGTARATTGEC

100 110 120 130 140 150 1607

GTARAT GGIACAAACTGCTGAAGCCACTGCGGAAGChAAATGCGAThThGAAhTTGGTAGTATTGTATTTAGACAAAATAAGGGTTGThATGTTACTGTAAAA

CAAAGGAT AR AR T AR R A AT TATT T TAGCTAACARACCAGRAAGTTCACTGGACATCTTATTTGGATACCTITTTTAGTAATACACCRAACAATCATAGARARRTAR

KX€83219.1: LSDV060_ NVI/CaPV Vaccii

LSDV/Ethiopia/Bishoftu/B06/2022 / [ |----

LSDV/Ethiopia/Bishoftu/B16/2022 / /

LSDV/Ethiopia/Hora/H02/2022 / /LSDVI|.- .-

LSDV/Ethiopia/Dembi/D02/2022 /LSDVO:
LSDV/Ethiopia/Dodota/D02/2022 / LSD'
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4. Proteins sequence analysis for LSDV060 (myristylated IMV envelope protein)

Species/Abbrv RN R R R R N R R R R R N R R R NN R
1.NC_003027.1:53153-53890 LSD Neethling vaccine strain (NI-2490) LSDV060 (VV L1R1 homo.) gene[M|GIA AAS | V' L | q A AlL
2. LSDV/Ethiopia/BishoftwB06/2022 / / LSDV060 gene (VV L1R homology) |M AAAS I | C LRAITL
3. LSDV/Ethiopia/Bishoftw/B16/2022 / / LSDV060 gene (VV L1R homology) |M AAAS I | L AlL
4. LSDV/Ethiopia/Hora/H02/2022 / /LSDV060 gene (VV L1R homology) |M AAAS | L A AlL
5. LSDV/Ethiopia/Dembi/D02/2022 /LSDV060 gene (VV L1R homology) |M AAAS | L L@ AlL
6. LSDV/Ethiopia/Dodota/D02/2022 / LSDV060 gene (VV L1R homology) |M AAAS I | L A AlL

Species/Abbrv BEIEIRIEIE wlw x|w|w x|x x5 x|x 5 x|z x5 x

1. NC_003027.1:53153-53890 LSD Neethling vaccine strain (NI-2490) LSDV060 (VV L1R1 homo.) gene|L |K A A YV c Vi
2_LSDVIEthiopia/Bishoftu/B06/2022 / / LSDVO0E0 gene (VV L1R homology) AA L YV Vi CA
3. LSDV/Ethiopia/BishoftwB16/2022 / / LSDV060 gene (VV L1R homology) AA YV Vi CA
4. LSDV/Ethiopia/Hora/H02/2022 / /ILSDV060 gene (VV L1R homology) AA YV Vi Fl CA
5. LSDV/Ethiopia/Dembi/D02/2022 /LSDV060 gene (VV L1R homology) AA YV Vi Fl CA
6. LSDV/Ethiopia/Dodota/D02/2022 / LSDV060 gene (VV L1R homology) AA YV Vi Fl CA

5. LSDV112 (EEV glycoprotein coding)gene sequence analysis

T T e e e e e e e e e e e i e
= 10 20 30 40 50 €0 70 80 1
RXEB3210.1: LSDVOE0 NVI/CaPV Vaccine (KS5-0240) ( Commercial Live AttAIGTTAGITGATATICCARAGAGIGGAARCTGAAARCAGATTATGATGAAAGTARTAATTITACAGCATTCGCAGGTTCCACTATATACGE.

NC_003027.1:113441-114031. LSD Neethling vaccine strain (NI-2480),I
LSDV/Ethiopia/Bishoftu/B06/2022 / L5DV122 gene (VV A33R homology

LSDV/Ethiopia/Bishoftu/B06/2022 / / LSDV122 gene (VV A33R homology
LSDV/EchiQpia/Bishgf\:u/Blsfzozz /[ L5DV122 gene (VV A33R NOMOLOGY =« s s e r et oaeoaaseasesssssssssssassatssssssssatastassssssatasssssssatasssssssasssssns
LSDV/Ethiopia/Hora/H02/2022 /LSDV122 gene (VV A33R homology B I B
LSDV/Ethiopia/Dembi/D02/2022 / LSDV122 gene (VV A33R homology
LSDV/Ethiopia/Dodota/D02/2022 / LSDV122gene (VV A33R homology

j]go 100 110 120 130 140 150 160 170 180 190 200

KX683219.1: LSDV060 NVI/CaPV Vaccine RIATGGTTITAAAATCARARRRRRRATATARALRARRRRGTRRRRTTAATTARTTICTGTATARAAATATCARTTATGGCATCAATGGTTITCGTITARTTACRATAACARATICTTITITAGCE
NC_003027.1:113441-114031. LSD IS EEL: [« « v o v s v s e s s a o sssnsonsanssnssesssssansssssssssssensansseassesssssassssssenssesesnsnssnssssssanassnssssnseastarnsennsns
LSDV/Echigpia/Bisth\;u/BOé/ZOZZ F A -] P T T T T T T T T T T T T T R
LSDV/Ethiopia/BisShoftu/BO6/ 2022 / / Lij+ =t o ettt anaassnnaassesnasansassnnsassnsnnsansassnsaassssosnsansansassassessnsassnnsassasssssnsssssnssnssnssssnssnssns
LSDV/Ethiopia/Bishoftu/Bl6/2022 / / Lij+eteserasesasasasasasasssasasanssnnns e ea e
LSDV/Ethiopia/Hora/H02/2022 /LSDV122 .
LSDV/EChiopia/Dembi/DO2/ 2022 / LODV L2« -« e o s et o naeasanaeaaaeasasana e e sseaassasasesasesnsasssnsasasasesssssassseesssssesssesassensasssnsasssasnsnssss
LSDV/Ethiopia/Dodota/D02/2022 / LSDVLi|+ et taerasesarasasasasasssasasanssnnas e e ea e .
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el it e e e e e e e e e e e e e e e e g e e e e e e
Ej 210 220 230 240 250 260 270 280 290 300 310 320
KX683210.1: LSDVOG0 NVI/CaPV Vaccine [[ITTTTAATARTACATGTGAATTAAATCAATTTAAGGAACACARACCGTACTTTTTAARARATCCARATCCTACTACATATAGTGACGACGATACTGARTCTGAGTTARATGTTTATA

NC_003027.1:113441-114031. L5D Neethl.
LSDV/Ethiopia/Bishoftu/B06/2022 / LSD
LSDV/Ethiopia/Bishoftu/B06/2022 / / L.
LSDV/Ethiopia/Bishoftu/B16/2022 / / L.
LSDV/Ethiopia/Hora/H02/2022 /LSDV122 .
LSDV/Ethiopia/Dembi/D02/2022 / LSDV12:
LSDV/Ethiopia/Dodota/D02/2022 / LSDV1.
i’ 330 340 350 360 370 380 390 400 410 420 430 440

FAICATGIAAAGGTATTGTITATAGCGGAIACTGITACACGITTHACTCRGAACCTAAAAGITITARTGATGCATACGATGATIGTGARBARIARBAATHGCGA}-\TIACCAICAAATAA'

KX€83219.1: LSDV0O60 NVI/CaPV Vaccine

NC_003027.1:113441-114031. LSD Neethl.
LSDV/Ethiopia/Bishoftu/B06/2022 / LSD
LSDV/Ethiopia/Bishoftu/B06/2022 / / L.
LSDV/Ethiopia/Bishoftu/B16/2022 / / L.
LSDV/Ethiopia/Hora/H02/2022 /LSDV122 .
LSDV/Ethiopia/Dembi/D02/2022 / LSDV12:
LSDV/Ethiopia/Dodota/D02/2022 / LSDV1.
KX683219.1: LSDV060 NVI/CaPV ‘.i"at:t::i.ne:l
NC_003027.1:113441-114031. LSD Neethl.
LSDV/Ethiopia/Bishoftu/B06/2022 / LSD'
LSDV/Ethiopia/Bishoftu/B06/2022 / / L.|-
LSDV/Ethiopia/Bishoftu/B16/2022 / / L‘.f
LSDV/Ethiopia/Hora/H02/2022 /L5SDV122 |
LSDV/Ethiopia/Dembi/D02/2022 / LSDV12:
LSDV/Ethiopia/Dodota/D02/2022 / LSDVL:|.

Fig. 12. Sequence alignment of LSDV112 (EEV glycoprotein coding)gene sequence
6. Proteins sequence analysis for LSDV112 (EEV glycoprotein coding)

*
*

BRI e e e e e e e e e e e

MLV Y FlTAFA

Species/Abbry
1. KX683219.1: LSDVO060 NVIICaPV Vaccine (KS-0240)( Commercial Live Attenuated Vaccine)

| Ly VKL L
2.NC_003027.1:113441-114031. LSD Neethling vaccine strain (NI-2490)LSDV122 (VV A33R hom.)M L VD | AFA Ly VKL L
3. LSDV/Ethiopia/Bishoftu/B06/2022 / LSDV122 gene (VV A33R homology MLVDI AFA Ly VKL L
4. LSDV/Ethiopia/Bishoftw/B06/2022 / / LSDV122 gene (VV A33R homology MLVDI AFA Ly VKL L
5. LSDV/Ethiopia/Bishoftu/B16/2022 / / LSDV122 gene (VV A33R homology MLVDI AFA Ly VKL L
6. LSDV/Ethiopia/Hora/H02/2022 /LSDV122 gene (VV A33R homology MLVDI AFA Ly VKL L
7. LSDV/Ethiopia/Dembi/D02/2022 / LSDV122 gene (VV A33R homology MLVDI AFA Ly VKL L
8. LSDV/Ethiopia/Dodota/D02/2022 / LSDV122gene (VV A33R homology MLVDI AFA Ly VKL L
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: w5 ]
Species/Abbrv

1. KX683219.1: LSDV060 NVI/CaPV Vaccine (KS-0240)( Commercial Live Attenuated Vaccine) F HKPYFLK P LNVYRSCKG I
2. NC_003027.1:113441-114031. LSD Neethling vaccine strain (NI-2490)LSDV122 (VV A33R hom.){F| HKPYFLK P LINVYRSCKEE |
3. LSDV/Ethiopia/BishoftwB06/2022 / LSDV122 gene (VV A33R homology E HKPYFLK P LINVYRSCKE I
4. LSDV/Ethiopia/BishoftwB06/2022 / / LSDV122 gene (VV A33R homology HKPYFLK P LINVYRSCKE I
5. LSDV/Ethiopia/Bishoftuw/B16/2022 / / LSDV122 gene (VV A33R homology HKPYFLK P LNVYRSCKE !
6. LSDV/Ethiopia/Hora/H02/2022 /LSDV122 gene (VV A33R homology HKPYFLK P LNVYRSCKE !
7. LSDV/Ethiopia/Dembi/D02/2022 | LSDV122 gene (VV A33R homology HKPYFLK P LNVYRSCKE !
8. LSDV/Ethiopia/Dodota/D02/2022 / LSDV122gene (VV A33R homology HKPYFLK P LINVYRSCKE !

Species/Abbrv *
1. KX683219.1: LSDV060 NVI/CaPV Vaccine (KS-0240)( Commercial Live Attenuated Vaccine) K
2.NC_003027.1:113441-114031. LSD Neethling vaccine strain (NI-2490)LSDV 122 (VV A33R hom._)iK
3. LSDV/Ethiopia/Bishoftuw/B06/2022 / LSDV122 gene (VV A33R homology
4. LSDV/Ethiopia/BishoftwB06/2022 / / LSDV122 gene (VV A33R homology
5. LSDV/Ethiopia/Bishoftu/B16/2022 / / LSDV122 gene (VV A33R homology
8. LSDV/Ethiopia/Hora/H02/2022 /LSDV122 gene (VV A33R homology

7. LSDV/Ethiopia/Dembi/D02/2022 / LSDV122 gene (VV A33R homology

8. LSDV/Ethiopia/Dodota/D02/2022 / LSDV122gene (VV A33R homology

%% x| % 5% % %% % 5| %%

VLFKEK
VLFKEK
VLFKEK
VLFKKK
VLFKK <
VLFKK K
VLFKKK

VL FKEK

AARAARAAARA
OO0OO00O00O0

Fig 13. Protein translate sequence alignment of LSDV112 (EEV glycoprotein coding) gene

There is a complete similarity between the two vaccine strains. But almost 10 amino acid substitutions on sample isolates compared to
vaccine strains. But the isolate from DoDota/2022 (Aris, Oromia region) is very similar to the two vaccine strains. The major a.as
substitutions were Aspartic acid (D) to Asparagine (N), Glutamic acid (E) to Lysine (K), Tryptophan (W) to Glycine (G) and Cysteine
(C) to Glycine (G). This amino acid change may have a mutative advantage for the wild strain over vaccine strains while it interacts with

the immune system. But further detailed study is needed on this protein at the structure level.
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4.4.Phylogenetic analysis for LSDV117 (VVA27L homology) sequence

Phylogenetic analysis

Phylogenic analysis was done to evaluate the evolutionary relationship between the sample
DNA sequences with the two vaccine strains (Neethling vaccine strain NI-2490 and CaPV
Vaccine (KS-1). Thus, to construct the phylogenic tree, first multiple sequence alignments
were performed to align the sequence result using the Muscle algorithm in MEGA1l
(https://www.megasoftware.net/). The Neighbor-Joining statistical method was used, along
with the maximum composite likelihood nucleotide substitution model and the pair-wise
deletion option was used to remove all ambiguous positions for each sequence pair (Tamura et
al., 2011).

[0 LsbviEthiopia/Hora/H02/2022 / LSDV117gene (VV A27L homology)

D LSDV/Ethiopia/Dembi/D02/2022 / LSDV117gene (VV A27L homology)

83 D LSDV/Ethiopia/Bishoftu/B16/2022 / LSDV117gene (VV A27L homology)

D LSDV/Ethiopia/Bishoftu/B012/2022 / LSDV117gene (VV A27L homology)

D LSDV/Ethiopia/Bishoftu/B08/2022 / LSDV117gene (VV A27L homology)
100

D LSDV/Ethiopia/Bishoftu/B06/2022 / LSDV117gene (VV A27L homology)

NC 003027.1:¢110841-110395 Neethling Vaccine strain NI-2490/LSDV11(VV A27L homology)gene

@ KP663685.1: LSDV117 NVI/CaPV Vaccine (KS-1)

AY160184.2 Vaccinia virus strain Connaught A27L (A27L) gene complete cds

KF153674.1 Sheeppox virus isolate Ranipet fusion protein (A27L)gene complete cds

KF153677.1 Sheeppox virus isolate Jaipur fusion protein (A27L)gene complete cds
85

KF153673.1 Sheeppox virus isolate Makdhoom fusion protein (A27L) gene complete cds
76

KF153678.1 Goatpox virus isolate Pune/09/A27L fusion protein gene complete cds
49

KF153667.1 Goatpox virus isolate Uttarkashi fusion protein (A27L) gene complete cds
90

KF153671.1 Goatpox virus isolate Ladakh/01/p3 fusion protein (A27L) gene complete cds

Figure.14: Phylogenetic analysis of LSD 117
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5. DISCUSSION

Vaccination is the sole control strategy for so long time in Ethiopia. The vaccine type used as
vaccine control against LSD has been live attenuated KS1 O-180 vaccine. However, some
studies (Ayelet et al.2013 , Garia et al., 2015 and Molla et al., 2017), reported that KS1 O-180
based vaccine strain protection against natural LSD infections and severity of the disease are
failed. Therefore, this study aimed at investigating LSD Vaccine Efficacy based on Field
vaccination practices and drawbacks in specific area in and around Bishoftu town and Adaa
districts which purposefully selected based on previous repeated outbreaks and vaccination
delivery. The other objective which, as far as our knowledge is concerned, was not done
before for LSDV was characterization of the vaccinia virus immunogens homologies and

analysis of the translated proteins for real mutation.

5.1.Questionnaire survey

The questionnaire survey shows that in almost all respondents (small holder farmer as well as
large scale dairy farms), LSD outbreak occurred in the last 10 years in Bishoftu town and the
surrounding areas (Adaa district). In general the survey covered 13 kebeles from the urban,
semi-urban and rural areas in the study area by involving 101 participants. From the
respondents two rural kebeles’ (Denkaka and Hidi) and one Bishoftu town Kebele (kebele 01)
have high cattle population per household at LSD risk.

In the current study, according to the respondents in the survey, the general LSD vaccine and
vaccination related challenges affecting its efficacy and effectiveness were dominantly
related to vaccine transport challenges, vaccine storage challenges in vet clinics and related to
vaccine delivery system to the animals. From the first factor (vaccine transport challenges)
inappropriate handling of vaccine, the animals may not get a vaccine with proper quality due
the veterinarian administer to the cattle. On the second part related to vaccination delivery
challenges, most respondents had no confidence on appropriate vaccine delivery either from
competency of vaccinator or vaccine delivery equipment like malfunctioning of vaccination
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syringes. This is in agreement with the report of Molla et al. (2017) which suspected one
cause of vaccine failure in his study area (in the central and north-western parts of the
country) might be related to the administration of the vaccine by incompetent practitioners. In
general, other major challenges were also lack of transport equipment (ice box), lack of
electricity or Power cuts in Vet, clinics and lack of properly working refrigerators. In this
study vaccination status was also compared with other factors which might have contribution
for vaccine protection failure in the study area. One of these factors was vaccination period in
relation to LSD outbreak occurrence i.e LSD vaccination is usually given after an
observation of at least the first case of the disease. Therefore, the vaccine delivery after or
before LSD outbreak occurrence has a statistically significant (P<0.05) effect on the status of
the LSD expansion which might affect the vaccination efficiency (Table 3). This also in line
with the previous study by Molla et al. (2017) “LSD vaccination is commonly carried out at
the face of the outbreak to control the disease occurrence”. Meanwhile, vaccinating animals
during an LSD outbreak may worsen the transmission the disease and may cause genetic

recombination (Hunter and Wallace, 2001).

5.2.Molecular characterization LSD immunogenic genes

In these study four LSD immunogenic genes namely LSD117, LSD122, LSD141 and
LSDV060 were detected by polymerase chain reaction. The genome length of each of these
four genes were confirmed based on sequence annotated for Lumpy skin disease virus NI-
2490, vaccine strain complete genome accessed from Gene bank data base with accession
number (NCBI Reference Sequence: NC_003027.1)
(https://www.ncbi.nlm.nih.gov/nuccore/NC_003027.1).

After agarose gel band purification, three of the immunogenic genes (LSD117, LSD122, and
LSDV060) were sequenced. And from the sequence analysis and alignment of LSD117
gene, the sequence from the vaccines (Neethling vaccine strain NI-2490 and NVI/CaPV
vaccine strain (KS-180) have an overall similar sequence for LSD117 (A27L) but the
sequences from the field sample (wild strains) have two nucleotides substituted at 325nt and
360nt positions ‘A’ by ‘G’ and ‘G’ by ‘A’, respectively. Since all nucleotide changes may not
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have any effect on the codons (amino acids), nucleotide translation was done for the
alignment. And even though there was a similarity between the two vaccine strains but the
vaccine strains amino acid at number 108 a.a sequence which is threonine (T) is replaced by
Alanine in the sample (wild strain ) of lumpy skin disease virus. This amino acid change may
have a mutative advantage for the wild strain over vaccine strains while it interacts with
immune system. But further detail study needed on this protein at the structure level.
Meanwhile , there were no significant changes on nucleotide sequence as well as its
translated amino acids analysis for LSDV060 (myristylated IMV envelope protein) except a
single nucleotide and amino acid substitution (‘A’ by ‘G’) and (‘threonine’ by ‘Alanine’)
respectively on a single isolate (Dembi/02). But a wide range of mutation was found on
LSDV112 (EEV glycoprotein coding) gene sequence analysis. There is a complete similarity
between the two vaccine strains. But almost 10 amino acid substitutions on sample isolates
compared to vaccine strains. But the isolate from DoDota/2022 (Aris, Oromia region) is very
similar to the two vaccine strains. The major a.as substitutions were Aspartic acid (D) to
Asparagine (N), Glutamic acid (E) to Lysine (K), Tryptophan (W) to Glycine (G) and
Cysteine (C) to Glycine (G). This amino acid change may have a mutative advantage for the
wild strain over vaccine strains while it interacts with the immune system. But further detailed

study is needed on this protein at the structure level.

The phylogenetic tree was built for analysis of the local isolates, vaccine strains and other
Capripoxvirus strains to compare relatedness only for LSD117 gene only. That was because
of the absence of sequences for other Capripoxvirus virus strains (Sheep pox virus and Goat
pox virus) from the database. The phylogenetic relationship (Figl3) and Sequence distance of
the LSD117 genes showed a high identity overlap of the field isolated LSD viruses and with
the tested vaccine strains: 100% among the isolates, 83% with KS-180, and Neethling vaccine
strain, N1-2490.
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6. CONCLUSIONS AND RECOMMENDATIONS

Vaccination is the sole control strategy for so long time in Ethiopia. The vaccine type used as
vaccine control against LSD has been live attenuated KS1 O-180 vaccine. The questionnaire
survey shows that in almost all respondents (small holder farmer as well as large scale dairy
farms), LSD outbreak occurred in the last 10 years in Bishoftu town and the surrounding areas
(Adaa district).According to the respondents in the survey, the general LSD vaccine and
vaccination related challenges affecting its efficacy and effectiveness were dominantly
related to vaccine transport challenges, vaccine storage challenges in vet clinics and related to
vaccine delivery system to the animals. In this study four LSD immunogenic genes namely
LSD117, LSD122, LSD141 and LSDV060 were detected by polymerase chain reaction. From
the sequence analysis and alignment of filed strains and LSDV060 (IMV) have slight (single
mutation) difference with vaccine ones. Meanwhile the sequence from LSD122 of the vaccines
(Neethling vaccine strain NI-2490 and NVI/CaPV vaccine strain (KS-180) vaccines have
significant variation (multiple mutation) at nucleotide as well as a.as sequence lebvel. This wide
range of mutation found on LSDV112 (EEV glycoprotein coding)gene sequence may have an
implication for immune response. This amino acid change may have a mutative advantage for
the wild strain over vaccine strains while it interacts with the immune system. But further
detailed study is needed on this protein at the structure level needed. The phylogenetic
relationship (Figl3) and Sequence distance of the LSD117 genes showed a high identity overlap
of the field isolated LSD viruses and with the tested vaccine strains: 100% among the isolates,
83% with KS-180, and Neethling vaccine strain, N1-2490.
Recommendations
e Vaccination strategy, especially given after onset of outbreak, must not be given and
awareness creation trainings should be provided for clinical professionals.
e Proper handling of a vaccine during transportation, injection to the cattle and
disposition should be made in accordance vaccination regulations and safety rules.
e Further studies needed on immunogenic genes and on their translates at the proteins
structural level and their immunogenic status at animal experimentation level
e Improving the transport, storage and handling of a vaccine is important for the success

of disease prevention
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8. ANNEXES

Annex 1: Primary Lamb kidney cell culture preparation
1. Thaw the biopsy samples at room temperature and wash three times
in sterile phosphate-buffered saline (PBS, pH 7.2).

N

Take approximately 1 g washed tissue sample mix with 9 ml sterile
PBS containing antibiotic (0.1% gentamicin, Sigma-Aldrich,
Germany) and ground using a sterilemortar and pestle.

3. Centrifuge the tissue suspension at 600 x g for 15 min and filter the
supernatant through a membrane of pore size 0.45 pm (Millipore,
United States of America [USA]).

4. Inoculate approximately 0.4 ml filtered supernatant onto a monolayer
of PLK cells in a6 well plate.

5. Incubate at 37°C for an hour for adsorption, and then add 9 ml
Dulbecco's Modified Eagle Medium (DMEM, Sigma-Aldrich),
containing 0.1% gentamicin and 2% fetal calf serum (Sigma-
Aldrich).

6. Incubate the inoculated flasks at 37°C in a humidified incubator with 5% CO?2.

7. Monitor the cells daily for 14 days for evidence of CPE
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Annex 2: Virus Neutralization test procedure

Principle: to detect the presence of serum specific antibodies against Lumpy
skin disease virusby in vitro neutralization of the viral cytopathic effect on
cell culture. This method is based on a reaction between the virus and
specific antibody in the test serum. un-neutralized virus is detected by
cytopathic effect. A loss of infectivity of the virus is caused by interference
by the bound antibody with any of the steps leading to the release of the viral

genome from the host cells including attachment, infection, or viral release.
Procedures

> Trypsinize the lamb kidney cells and prepare suspension of 4X10°
cells per ml in complete MEM medium. The cells are then kept
appropriately diluted at 37°C in the incubator.

» Dilute the viral suspension to be titrated in sterile tubes 10 fold from
10-1 to 10-7 (0.5ml viral suspension in 4.5 ml of MEM without
serum) and place it in ice rack.

» With multichannel pipette, dispense 100ul of this cell suspension in
all the wells (4x10° cells/well)

» In the wells of the last row, which serve as a negative control,
dispense 100ul of the MEM without serum

» Dispense there after different viral dilutions on to cells in a way to
have ten replicates for each dilution in 100ul volumes.

» Fill the periphery wells with 200ul media so as to make barrier against desiccation

> Incubate at 37°C under 5% CO2 and humidity. In case of no CO2
supply, it is possible to wrap the cells in paraffin (making an
impermeable envelope). The humidity supplied by the water
tank/rack is a requirement against desiccation.

> The test serum from -80 is thawed by incubating 56% for 30 minutes

» A working record format is prepared in a layout of the 96 plate

according to the samples to be tested, each sample must be recorded
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individually, the stock virus, the sera dilution(inverse log), and all the
information required

» Prepare a sufficient volume of medium: MEM + 2%
antibiotic/antimycotic + 1% L- Glutamine of 200 mM with and
without serum.

» Take out the viral suspension from -80 right before use.

> The virus stock with known titer should be diluted to give a 10°
TCIDso /ml. Use MEMwithout serum but with 2% antibiotics &
antimycotics and 1% glutamine.

> 100 (/1 (10 2 TCIDsp) of this viral dilution will be added to each well,
therefore 10ml ofthe viral suspension is required for one plate.

» Addition of medium: 100 pul of medium without serum is distributed in all wells.
» Take a 96 well tissue culture plate. One plate allows testing 8

sera in duplicate inserial dilutions (1:5).

25 pl of test sample 1-16, added in well

Al-H1 and A7-H725 pl of test sample 1-

16, added in well A2-H2 and A8-H8

With the multichannel pipette set at 25 pl, perform 5 fold serial
dilutions (from colomnl1-6, and Colomn7-12) with initial dilution 1/5
and discard 25 pl of suspension from the end point dilution 1/15625 i.e.

from column 6 and 12.

» Addition of virus: Add 100ul of 1000 TCID50/ml viral suspension to each wells.
» Control plate: The plate should contain positive and negative

controls and prepareseparately

Negative control: 6 wells in the last row are without virus.

Positive control: 6 wells in each 4 rows are filled with different dilutions of LSDV

Viruses (100TCIDsp, 10TCIDsg, 1TCIDsg and 0.1TCIDsp in 100 pl

suspension) thenincubate in 37°c for 1 hour.

» Addition of cells: After 1 hour add in each well of the plate 50 ul of

lamb kidney cellssuspension of (4x10° cell/ml). Then the plates are
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incubated at 37°c with 5% CO2.
» Microscope reading: Plate reading to monitor for CPE formation at 8,10 and 14 days
» The test result is valid only if CPE does not occur in the Negative control wells and
» For the positive controls the CPE formation should be according to the

virus titer in eachfour rows and expected standard protocol would be

(F+++, H++, +- +-, -).

100TCIDso/100ul: + + + + +
10TCIDso/100pl: + + + + +
1TCIDso/100pl: + - + - +
0.1TCIDso/200pl: - - - - -
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Annex 3: DNA extraction (Qiagen)

1. Cut the tissue sample in to pieces and grind it with sand by adding PBS buffer.

2. After centrifugation at 2000 rpm for 2 minutes, collect the supernatant in

to new micro centrifuge tubes after that

3. Take 200ul of it put in to new micro centrifuge tube and add20 ul of
proteinase K and mix by vortex. To ensure efficiency of lysis add 200 pl of

AL buffer (lysis buffer) and mix it with pulse vortexing for 15 sec.
4. Incubate it at 56°C for 10 minutes then briefly centrifuge

5. Add 200ul ethanol (96-100%) and mix thoroughly for 5 sec by vortex

mixer and brieflycentrifuge it.

6. Apply this mixture to the QlAamp mini spin column and centrifuge at
6000 x g (8000rpm)for 1 minute.

7. Transfer the spin column in to 2 ml collection tube and add 500l buffer
AWlandcentrifuge it at 8000rpm for 1 min.

8. Discard the collection tube, transfer the spin column in to new 2 ml
collection tube and add500ulbuffer AW?2 and centrifuge at full speed 14000

rpm for 3 min.
9. Carefully transfer the spin column in to a new 2 ml collection tube and discard it.

10. Centrifuge the old collection tube with the filtrate for 1 min and add200
ul of buffer AE and incubate at room temperature for 1 minute and continue
with centrifugation at 8000rpm for 1 min and this step was repeated to get
the finale extract.

Collect the extracted DNA and store at -20°C until use
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Anex 4 : Questionnaire format

1.Background information:
District Kebele

Owner‘‘s hame

2.Animal description

Animal name or tag. No

3. Number of cattle per house holds
4.0ccurrence of LSD infection

4.1.0ccurrence

First time yes No _
Commonly occurred @s_ mo_

4.2. Season of occurrence

Dry season _ —
yes ]~ Nod

Rainy season - @ —

Any season y _ @ _

4.3.  The last outbreak of LSD in the village occurred in (For Vet. Clinician).

Before 2017 )J;-‘ _ lee‘
2018-2021 ;J;-‘ @
In 2021-2023 Jze_s-\ _ el _
None )l;‘ _ lee‘ _
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5. Animals at risk

Breed sex Age group
Local |Cross <2years | 2-4years | >4 years | Total
M
F
6. Animals affected
Breed sex Age group
Local  [Cross <2years | 2-4years | >4 years | Total
M
F
7. Total number of animal dead
Breed sex Age group
Local  Cross <2years | 2-4years | >4 years | Total
M
F

8. Likely source of outbreaks

Introduction of infected animals
Contact at communal points

Movement of infected animals
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Part 11:LSD vaccine and vaccination status

Vaccination status

1. Have you vaccinated your animals against LSD? Yes D D

No

When the vaccination performed?

Who gave the vaccine?

Where is the source of the vaccine?

2. How do you plan delivery of LSD vaccine? periodically every year , aD
outbreak reports |__X|

e Ifitis following outbreak, how do you know you are not vaccinating of
already infected animals?

3. Do you think vaccine transport and storage is to the standard? yes E D

What are the major challenges in vaccine transport?

What are major challenges on vaccine storage in the clinics?

[ ]

4. Do you think the current LSD vaccine effective? { | , No

e If not effective , why do you think ?

e Have you seen any vaccine-associated side effects after vaccination?
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5. Any other things to be added as a challenge related to vaccination of LSDV?
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