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ABSTRACT

Foot and mouth disease is a highly contagious viral disease of cloven-hooved animals
with significant economic impact. Outbreak investigation was conducted in Tigray,
Oromia and SNNPs regional states of Ethiopia from September 2018 to May 2019.
Purposive sampling was conducted in the respective districts and kebeles where the
outbreaks occurred. A total of 215 animals were examined for the presence of typical
clinical signs, 55 animals (25.58%) showed clinical signs and lesions suggestive of FMD.
Totally 55 epithelial tissues and 8 oral swab samples were collected from suspected cases
and submitted to the NAHDIC, Sebeta, Ethiopia for virus isolation, serotype
identification and molecular characterization. Culture positive FMDV isolates were sent
to WRLFMD, Pirbright, UK for sequencing. Of the 63 collected samples, 53 samples
(84.13%) were positive for the FMDV genome by rRT-PCR with C; values ranging from
15.06 to 31.19. Out of 34 cultured samples, 76.47% (n = 26) exhibited cytopathic effect
in BHK-21 cell and the viruses were isolated. In the current study, serotypes of O
(53.85%) and A (46.15%) were identified by antigen detection ELISA. Phylogenetic
analysis of VVP1 sequences from these viruses were used to determine the relationships
from Ethiopia and other viruses retrieved from GenBank. Phylogenetic analysis of the
VP1 nucleotide sequences showed that the type O viruses belonged to the EA-3 and EA-4
topotypes. Serotype A isolates belonged to genotype 1V of African topotype. Amino acid
substitutions were observed at critical residues of antigenic sites of serotype O at position
45 and 48 of VP1. Amino acid variations also identified in the main antigenic sites
between the vaccine strain and field isolates of FMDV serotype A at positions 45, 140,
141, 143, 149 and 157. Similarly a total of 12.68% and 15.96% amino acid variations
were observed in serotype O and A, respectively, in different sites of the VP1 gene with
reference to the vaccine strain of the country. Therefore, regular investigation of FMD
outbreaks to have more detailed information about the serotypes and topotypes
circulating in Ethiopia is important for development of effective vaccine for the

controlling of the disease.

Key words: Ethiopia, FMDV, molecular characterization, Outbreak investigation,

Serotype O and A, Vaccine strain

Xl



1. INTRODUCTION

Ethiopia has the largest livestock population in Africa, the country is not benefiting from this sector
as development of this sector is hampered by different constraints that include wide spread endemic
disease, lack of appropriate disease control policy and lack of appropriate veterinary services and
lack of attention from government (Abdela, 2017). Among the livestock diseases hampering
productivity of the sector, foot and mouth disease (FMD) is considered as a bottleneck for livestock
production and productivity and is prompting trade embargos for livestock and livestock products
(Mansley et al., 2011; El-Khabaz and Al-Hosary, 2017; Sulayeman et al., 2018). It is an acute and
highly contagious disease of domestic and wild cloven-hoofed animals and it is a transboundary
disease (Kasambula et al., 2012; Dyirakumunda et al., 2017). The disease is characterized by fever,
loss of appetite, salivation, vesicular eruptions in the mouth, on the feet and teats, and sudden death
of young stock (AbuBakar et al., 2013). Generally, it is mild in adult animals although severe in
young animals due to myocarditis (Arzt et al., 2011). Unrestricted animal movements are an

important mechanism by which FMD is spread from one place to the other (Habiela et al., 2010).

The foot and mouth disease virus (FMDV), is a positive sense, single stranded RNA virus, a small
non-enveloped RNA virus belongs to genus Aphthovirus of family Picornaviridae (Al-Shawkany et
al., 2012) . FMDV has a high mutation rate because the viral RNA dependent RNA polymerase
lacks proofreading ability and exists in seven immunologically distinct serotypes, O, A, C, Asia 1,
SAT (Southern African Territories) 1, SAT 2 and SAT 3, each with a wide range of antigenically
distinct subtypes (Maree et al., 2011; Kasambula et al., 2012; Valdazo-Gonzélez et al., 2012; Maree
et al., 2014). Infection with one serotype does not confer immunity against another (Lloyd-Jones et
al., 2017). The viral genome is about 8.3 kb long and enclosed in a protein capsid. It contains a
single open reading frame (ORF) encodes the four structural proteins which form the capsid (VP1,
VP2, VP3, VP4); the VP1-3 proteins are located on the surface, while VP4 is internal (Bari et al.,
2015) and ten non-structural proteins (L, 2A, 2B, 2C, 3A, 3B1-3, 3C, and 3D) (Gao et al., 2016).
Within each serotype, many strains can be identified by genetic and immunological tests (OIE,
2012). They also differ in distribution across the globe (FAO, 2007).

FMDYV is endemic in Ethiopia causing several outbreaks every year (Ayelet et al., 2012). Previous

studies have provided evidence for the presence of five FMDV serotypes from the seven serotypes
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(O, A, C, SAT1, SAT2) were reported in Ethiopia samples collected from different outbreaks
occurred from 1981-2018 (Roeder et al., 1994; Sahle, 2004; Ayelet et al., 2009; Negusssie et al.,
2011; Kassaw et al., 2013; Legesse et al., 2013; Menda et al., 2014; Belay and Muktar, 2015;
Jemberu et al., 2016; Beksisa, 2017; Metages, 2018; Sulayeman et al., 2018). Topotype is used to
reflect the presence of genetically and geographically distinct evolutionary lineages (Samuel and
Knowles, 2001). East Africa 1 (EA-1) (Sahle, 2004), EA-3 (Ayelet et al., 2009; Negusssie et al.,
2011; Menda et al., 2014; Kassaw et al., 2013; Metages, 2018) and EA-4 topotypes (Ayelet et al.,
2009; Motuma, 2017; Beksisa, 2017; Wondwaossen, 2017) of FMDV serotype O were circulating in
the country. From serotype A, Africa topotype of genotype | (G-l1) (Metages, 2018), G-IV
(Sulayeman et al., 2018), G-VII (Negusssie et al., 2011; Bari et al., 2014), and African topotype of
serotype C (Ayelet et al., 2009), topotype of IX from serotype SAT 1 (Ayelet et al., 2009) and
topotypes of XIV, IV, X1V, XIII (Ayelet et al., 2009) and VI (genotype Alx-12) from SAT 2 were
identified (Sulayeman et al., 2018).

Effective control and prevention of FMD depends largely on the implementation of strategies such
as physical separation of wildlife and livestock, vaccination of cattle herds, control of animal
movements and careful assessment of the risk of FMDV introduction into disease-free areas
(Thomson et al., 2003; Jori et al., 2009).

A detailed knowledge of molecular epidemiology of the FMDV is helpful to define strains, to
characterize diversity, to effective quarantine measures against reintroduction and the development
of specific diagnostic tests and protective vaccine (Samuel and Knowles, 2001). These requirements
are achieved via determination of the nucleotide sequence of the viral RNA that allows unequivocal
characterization of the genetic relationships between strains, and given precise evidence. A
phylogenetic tree based on the VP1 (1D) region of FMDV is widely used for genetic
characterization because of its significance for virus attachment, entry, protective immunity and
serotype specificity (Burman et al., 2006). This technique has helped in defining genetic
relationships between FMDV isolates and geographic distribution of lineages and genotypes; it has
also helped establish genetically and geographically linked topotypes and trace the source of
outbreaks (Samuel and Knowles, 2001; Knowles and Samuel, 2003; Sangare et al., 2003).



Outbreak investigations are continuously required in the disease endemic areas coupled with
submission of specimens to reference laboratories to increase the chances of detecting new emerging
diverse strains of FMD virus. Hence, the availability of updated information on genetic
characteristics of FMDV field isolates and strains helps to know circulating strains in the field
(Beksisa, 2017).

Currently the occurrence of FMD outbreaks in Ethiopia is increasing from time to time and cattle
were under risk of infection, however, there is no government strategy in FMD control. Lack of
vaccination strategies, presence of free animal movement, high rate of contact among animals at
commercial markets, in communal grazing areas and watering points, poor surveillance and
diagnostic facilities were among the reasons forwarded for increasing incidence of the disease.
Effective control strategies of this disease needs sensitive, specific and rapid diagnostic tools like
molecular detection (real time RT-PCR), virus isolation and antigen detection by ELISA. However,
in Ethiopia the information and knowledge of molecular characterization and serotyping is scarce
particularly in remote areas of the country. Serotyping and molecular characterization of the FMDV
isolates from suspected outbreaks in cattle, which is useful for vaccine strains selection, tracing the
source of outbreaks, implementation of good control programmers and the eradication of the disease
in the country.

Therefore, the main objectives of the study were:
v" To isolate and characterize the serotypes and topotypes of FMD virus causing outbreaks in
cattle

v To determine recent FMDV strains circulating in the study areas

<

To reconstruct phylogenic (evolutionary) relationships between virus strains
v To determine the relationship between field isolates against current vaccine strain based on

VP1 sequence.



2. LITRATURE REVIEW

2.1. Definition

Foot and mouth disease (FMD) is a highly contagious viral disease of cloven-hooved animals with
significant economic impact, in cattle and swine as well as sheep and goats (Rodriguez and Gay,
2011; Upadhayay and Ewam, 2012; Ding et al., 2013; Xu et al., 2013). The disease is characterized
by fever, loss of appetite, salivation, vesicular eruptions in the mouth, on the feet and teats and
sudden death of young stock (Arzt et al., 2010; Knight-Jones and Rushton, 2013; Admassu et al.,
2015). It is one of the most globally important notifiable diseases of livestock due to its high
infectious and transboundary distribution nature (Longjam et al., 2011). The disease was identified
for the first time by Friedrich Loefffler in 1898 (Lefevre, 2010) and has different names in different
regions of the world which include: Aphtous fever, Epizotic aphtae, Infectious aphtous stomatitis,
Aftosa (Italian and Spanish), fievere aphtheuse (French), Maul and Klavenseuch (German),
(Timoney et al., 1988; Di Nardo et al., 2011).

2.2. Etiology

Foot and mouth disease is associated with foot and mouth disease virus (FMDV), is classified within
the Aphthovirus genus as a member of the Picornaviridae family, being small, a non-enveloped,
single stranded RNA virus, icosahedral and is 26 nm in diameter (Arzt et al., 2010; Knowles et al.,
2011), which occurs as seven major serotypes, over 60 subtypes have been described. There is also
extensive genetic heterogeneity within individual serotypes with many distinct virus subtypes
occurring within each serotype (Knowles and Samuel, 2003). The genome contains one open
reading frame (ORF) encoding Lpro and capsid proteins as well as nonstructural proteins (Mason et
al., 2003).

2.2.1. Genomic structure of FMDV

The FMDV genome is an 8.3kb single stranded positive sense RNA. It is divided into three sections;
5’untranslated region (UTR), a single open reading frame (ORF) and 3’UTR (Yang et al., 2014;
Ashfaq et al., 2015; Bari et al., 2015). The organization of the FMDV genome is shown in figure
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(1). A small non-structural protein (NSP) of about 24 bases, named VPg (viral protein linked
genome), is linked to the 5’end of the genome. This protein is the primer for genome replication

(Longjam et al., 2011).

Following this protein is the 5’UTR which consists of an S fragment, poly C tract, pseudoknot
structures, a cis-acting replication element (cre) and the internal ribosome entry site (IRES) (Naveed
et al., 2018). Poly C tract is of variable length and evidence has shown that the length is linked to
virulence of the virus (Longjam et al., 2011). The cre element is used as a template for the
uridylylation of the VPg and is therefore involved in the initiation of the genomic replication
(Mason et al., 2002). The IRES is responsible for cap-independent initiation of viral protein
synthesis. The roles of the other elements are unknown albeit functional (Grubman and Baxt, 2004).

The viral genome is enclosed in a protein capsid (Ashfaq et al., 2015; Bari et al., 2015; Ludi et al.,
2017). Downstream the 5’UTR is a single ORF which is about 7000 residues long. The FMDV
particle is roughly spherical in shape and about 25-30 nm in diameter. It consists of the RNA
genome and the capsid is composed of 60 copies of the capsomers (Jamal and Belsham, 2013). The
viral genome encodes the four structural proteins which form the capsid (VP1-VP4); the VP1-3
proteins are located on the surface, while VP4 is internal (Ashfaq et al., 2015; Bari et al., 2015; Gao
et al., 2016; Mahapatra et al., 2017) and ten non-structural proteins (L, 2A, 2B, 2C, 3A, 3B1-3, 3C,
and 3D) (Jamal and Belsham, 2013; Gao et al., 2016).

These four proteins form the capsid of the virus and are coded for by 1D, 1B, 1C and 1A coding
sequences respectively. The 1D is 627-639 nucleotides long and codes for VP1 which is a capsid
protein containing 209-213 amino acid residue depending on the serotype. The most important
antigenic site of FMDV is in the VP1 (Feng et al., 2003). It has multiple roles including receptor
recognition, neutralization and antigenic diversity (Bastos et al., 2003). The VP1 coding sequence
analysis can be used to determine the relatedness of FMDVs and thus evaluate the likelihood that a
vaccine will provide protective immunity to the vaccinated animals since most FMDV vaccines are
developed targeting the VP1 (Feng et al., 2003; Xiao et al., 2007). The genome is subject to a high
rate of mutation because the FMDV RNA-dependent RNA polymerase lacks proof reading ability
(Lordwin, 2011).



Lastly, the 3’UTR follows the ORF termination codon. It is involved in the replication of the RNA
and consists of a stem-loop structure and a poly A tract which plays a role in the translation process
(Figure 1) (Grubman and Baxt, 2004; Jamal and Belsham, 2013).
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Figure 1: Schematic diagram of FMDV genome, processing of viral polypeptide and conformations

of the structural proteins.

Source: (Gao et al., 2016)

2.2.2. Antigenic variation in FMD virus

The microorganism changes its surface proteins to provoke the host immune response. The immune
response is associated with the mutation rate that causes amino acid replacement. Mostly, it occurs
at hyper variable sites of the G-H loops in the variable protein 1 (VP1). The main factor of antigenic
variation is an abrupt antigenic change which also causes mutation in B-cell epitope. The basic
alteration in the antigenic profile follows the antigenic diversity in which the virus pass through the
host population and hold the system of the original infected host cell (Naveed et al., 2018). Changes
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to the genes encoding capsid proteins through mutation can result in antigenic variation and
evolvement of new subtypes (Haydon et al., 2001). Genetic variation also produced by those RNA
viruses that exhibit an error prone RNA replication process. FMDV continue to adapt and evolve

new environments during RNA replication process to give high mutation rates (Naveed et al., 2018).

Antigenic variation is the most remarkable character of the FMD virus. The infectious virus alters its
surface proteins by a special process to dodge a host immune response that is specifically related to
replacement of amino acid causing mutation (Mahy, 2005). Nucleotide sequencing is routinely used
to identify the genetic relationships between different isolates and historical strains. In this way the
origin of a virus can be traced in outbreak conditions (Bari et al., 2015). Antigenic characteristics of
a virus related to emergence of new strains, the severity of outbreaks and vaccine selection is
common. This is defined by a complex interplay of viral and host factors as phylogenetic measures

of viral similarity are poorly correlated to antigenic relationships (Reeve et al., 2016).
2.2.3. Physical characteristics of FMDV

Picornaviruses are small RNA viruses that are enclosed within a non-enveloped protein shell called
capsid. The capsid consists of polypeptides, which are devoid of lipoprotein and is stable to lipid
solvents like ether and chloroform (Awan, 2009). The effects of acid and heat on virus capsid
structure and identification of interactions that may correlate with enhanced with heat or acid
stability (Mateo et al., 2008; Maree et al., 2013).

The virus may persist for days or weeks in organic matter under moist and cold conditions. It can
survive in frozen bone marrow, lymph nodes and also in cheese during its processing. FMD virus
can be inactivated by acetic acid (2%), citric acid (0.2%), sodium hydroxide (2%), sodium carbonate
(4%), sodium chloride (2%) and sodium hypochlorite (3%). It is destroyed in muscles at pH above
6. The virus in milk and meat can be inactivated by heating at the temperature of 70°C for at least 30
minutes (Awan, 2009). But, the virus can survive in aerosols and micro-droplets in the environment
with humidity levels greater than 55% and cool temperatures. The virus also protected from
degradation in the environment in neutral or slightly alkaline conditions in fomites like hay, dry
faces, animal hair and winter slurry and may also have implications on the spreading of the virus
(Alexandersen et al., 2003Db).



2.2.4. Error-prone replication of FMDV

The virus particle has an icosahedral capsid made of protein, without an envelope outer layer,
containing a single strand of ribonucleic acid with a positive encoding of its genome (Martinez-
Salas et al., 2008). FMDV RNA replicates within the cytoplasm of infected cells and requires the
virus encoded RNA-dependent RNA polymerase. This enzyme catalysis the synthesis of a negative
strand copy of the positive strand viral genome and then the nascent negative strand is used as the
template for the production of new positive strand RNA molecules (Paul and Wimmer, 2015). The
positive strand RNASs can be packaged by the virus capsid proteins to make new virus particles. The
VPg acts as a protein primer for the synthesis of the viral RNA (Paul and Wimmer, 2015). The
replication process is error prone, i.e. incorrect nucleotides are incorporated into the RNA copies.
On average the error rate suggest that about 1 error is made for every 10,000 nucleotide that are
synthesized (Castro et al., 2005). There is no known mechanism of proof reading activity in
picornaviruses and thus the viral RNA represents a pool of closely related sequences; this pool is
known as a quasi-species (Domingo et al., 2012). Modifications to the fidelity either to increase or
decrease the error rate the 3DP from picornaviruses reduce the “fitness” of the virus (Korboukh et
al., 2014). Because of this continuous generation of errors, the virus population is always evolving.
During the process of RNA replication, it is possible for the RNA polymerase (3D") to switch from
copying one positive strand template to another (Jackson et al., 2007; Jamal et al., 2011).

When the virus comes in contact with the membrane of a host cell, it binds to a receptor sites and
triggers a folding-in of the membrane. The exact receptors for FMDV are not quite known, but beta
integrins that are used for adhering to other cells and the cell matrix as well as interacting with
extracellular proteins to perform physiological processes have been identified as FMD receptors; a
receptor known as a heparan sulfate, a glycosaminoglycan, also shows affinity for FMDV (Ruiz-
Séenz et al., 2009). Once the virus is inside the host cell, the capsid dissolves and the RNA gets
replicated, and translated into viral proteins by the host cell's ribosomes using a cap-independent
mechanism driven by the internal ribosome entry site element. The synthesis of viral proteins
includes 2A ‘cleavage' during translation. They include proteases that inhibit the synthesis of normal
cell proteins, and other proteins that interact with different components of the host cell. The infected

cell ends up producing large quantities of viral RNA and capsid proteins, which are assembled to



form new viruses. After assembly, the host cell lyses (bursts) and releases the new viruses as shown
in figure (2) (Martinez-Salas et al., 2008).
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Figure 2: Life cycle of FMDV in host cells.
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2.2.5. Serotypes of foot and mouth disease virus (FMDV)

Globally, there are seven immunologically distinct serotypes of FMDV namely O, A, C, SAT
(Southern African Territories) 1, 2 and 3, and Asia 1, which infect cloven hoofed Animals
(Rweyemamu et al., 2008; Di Nardo et al., 2011; Kasambula et al., 2012; Jamal and Belsham,
2013). Examination of an extensive number of samples from across the world have failed to reveal
the existence of another serotype although there are many different “sub-types”, some of which are

quite distinct from other strains of the same serotype (Jamal and Belsham, 2013).

In 1922 Vallée and Carré demonstrated that the existence of serotype O, they named these Vallée O
after the regions they originated from department of Oise in France but latter shortened to O (Vallée
and Carré, 1922). It allows the classification of the viruses into many distinct lineages and the
lineages are Cathay, ME-SA (Middle East-South Asia), SEA (South-East Asia), Euro-SA (Europe-



South America), ISA-1 (Indonesia-1), ISA-2 (Indonesia-2), EA (East Africa) and WA (West Africa)
(Knowles et al., 2001).

Serotype O is the pandemic and the most prevalent serotype worldwide, although there is no precise
genetically explanation for this higher prevalence (Mason et al., 2003). Five neutralizing antigenic
sites (1-5), involving three of the capsid proteins (VP1-3), have been identified on the surface of
serotype O FMDV. Antigenic site 1 is linear and trypsin-sensitive, whereas the rest of the identified
antigenic sites are conformation-dependent and trypsin-resistant. The most prominent surface
projection is formed by surface exposed the G—H loop of VP1 and the C terminus of VP1 that
contributes to antigenic site 1 with critical residues at positions 144, 148, 154 and 208. Antigenic
site 2 is located on the B-C loop of VP2 that contributes this site at amino acid residues 67-79 and
131. Antigenic site 3 involves residues 43, 44, 45 and 48 found on B-C loop of VP1, and antigenic
site 4 is located on VVP3 of amino acid residues at positions 56 and 58 of VVP3 that have been critical
for this site whereas antigenic site 5 is located at amino acid residue at position of 149 of VP1 and
characterized by interaction of the VP1 G—H loop region with other surface-located amino acids.
Antigenic site 1 has been considered to be immune dominant and its linear structure has made it an

obvious target for the development of vaccines (Aktas and Samuel, 2000).

In 1922 Vallée and Carré demonstrated that the existence of serotype A, they named these Vallée A
(Allemagne in French) but latter shortened to A (Vallée and Carré, 1922). FMDV serotype A is the
most genetically and antigenically diverse among the seven FMDV serotypes and more than thirty
subtypes have been identified (Kitching, 2005; Abubakar et al., 2012). There is also often no cross-
protection between them (Klein et al., 2006; Konig et al., 2007; Bai et al., 2011). There is also
evidence that recombination in serotype A occurs much more than in the other serotypes
(Simmonds, 2006; Jackson et al., 2007; Bai et al., 2011). In serotype A, four antigenic sites have
been reported which are found to be in similar positions to that of serotype O except antigenic site 3.
Two major antigenic sites were reported on VP1 (residues 140-160) coupled with two minor
antigenic sites on VP1 (residue 169) and C - terminus of VP1. Antigenic site 2 is found in VP2 at
residue positions 72 and 79. However, it is still unclear why so many new lineages of serotype A

regularly appear and disappear (Kitching, 2005).
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The serotype C was identified by Waldmann & Trautwein in 1926, they named these Waldmann C
but latter shortened to C (Waldmann and Trautwein, 1926). Serotype C has a very limited
distribution compared with most of the other FMDV serotypes (Kitching, 2005). During the last 20
years there have been no major outbreaks reported of this serotype (only sporadically in South
America, East Africa and Pakistan between 2000 and 2006) (OIE, 2008) and there is no explanation
for the apparent disappearance (Kitching, 2005).

The serotype Asia 1 was identified in the early 1950s in viruses isolated from India and Pakistan
(Brooksby and Rogers, 1957; Dhanda et al., 1957). The members of this serotype seem to be the less
virulent and are usually restricted to Asia (Biswas et al., 2006; Chang et al., 2007; Bai et al., 2011).
Serotype Asia 1 has never circulated within Africa. However, in recent years an increase of Asia 1
caused outbreaks in Asia has been reported, as well as further spread of viruses of this type to
Turkey and Greece in 2000 (Valarcher et al., 2005).

Two new serotypes were identified in 1948 in samples from Bechuanaland (Botswana) and Northern
Rhodesia (Zambia) (Brooksby, 1958). Retrospective testing of samples from Southern Rhodesia
(Zimbabwe) from the 1930s found both of these new serotypes and a third new serotype as well.
These new serotypes were named Southern African Territories 1 to 3 (SAT 1, SAT 2 and SAT 3).
The SAT serotypes are usually found in Africa but there have also been sporadic outbreaks in Saudi
Arabia and Kuwait in 2000 (East, 2002). The natural host for the SAT viruses is the African buffalo
which is persistently infected with multiple serotypes. Several studies in Southern Africa have
confirmed the African buffalo can sustain FMD virus in their body as a carrier for serotypes SAT1,
SAT2 and SAT3 (Vosloo and Thomson, 2017). The SAT serotypes of FMDV are not well
characterized as there have been very limited studies (Grazioli et al., 2006). There is a higher
sequence variation within each of the three SAT types than in serotype O (Bastos et al., 2001;
Bastos et al., 2003).

There are four independent antigenic sites on the surface exposed proteins of SAT1 serotypes. Site |
is located on VP1 and has two sub-sites namely site la residues at 146 or 154 or 157 of VP1 and site
Ib residue at 146 alone or together with residue position 148 on VP1. The second site (site VII) has
two different sites on different structural proteins residue at 135 alone or together with residue 71
and residue 76 on VP3 and another site at position 179 or 181 of VP1. The third site (site VII)
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involves residue at VP2 72. Fourth site (site VIII) involves one residue at position 111 of VP1
(Grazioli et al., 2006).

In SAT2, three different antigenic sites were reported: two of the antigenic sites are located on VP1
at positions 210 and 154 while the third one was identified on VP2 at position 72 indicated that
antigenic sites on the SAT2 viruses at residues 147 to 149 and 156 or 158 of VVP1 that might match
with the second antigenic site reported by (Grazioli et al., 2006; Bari et al., 2015).

Serotype SAT 3 was identified for the first time from Uganda in East Africa in 2013 (Dhikusooka et
al., 2015). SAT 3 FMDV is the least well-characterized serotype; the most recent incidence of SAT
3 reported by the FMD World Reference Laboratory (Pirbright Institute, UK) was in buffalo within
the Kruger National Park (South Africa) in 2006 (Ahmed et al., 2012).

2.2.6. Genotypes of FMDV

Nucleotide sequence analysis compares the nucleotide sequences of the capsid protein genes from
many FMD viruses from different geographical sites of isolation showed that there was good
correspondence with serotype differences, the sequences clustering into serotype-specific lineages
upon phylogenetic analysis. The seven serotypes of FMDV cluster into distinct genetic lineages with
approximately 30%-50% differences in the VP1 gene (Knowles and Samuel, 2003). FMD viruses
are classified into geographically restricted clusters also known as topotypes (Knowles and Samuel,
2003; Vosloo et al., 2004). Topotypes generally refers to isolates that has <15% genetic variations
for serotypes O, A and C and <20% for SAT serotypes (Knowles and Samuel, 2003; Di Nardo et
al., 2011). Distinct genetic variants exist within these serotypes, with the serotypes being divided
into topotypes based on genetic differences (Knowles and Samuel, 2003). Serotype SAT1 can be
grouped into eight topotypes | to VIII. This is based on nucleotide differences (Samuel and
Knowles, 2001). SAT2 viruses appear to be particularly diverse, with the largest number of
topotypes, whilst serotype C, probably as a result of being the rarest serotype in the continent, has
the fewest (Bastos et al., 2001; Reid et al., 2001; Sangare et al., 2001).

2.3. Mode of transmission

Susceptible animals are infected through direct or indirect contact with infected animals or other

objects exposed to live virus. The most common route of infection of susceptible animals is by
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direct contact, either by mechanical transfer or by aerosol infection. Oral transmission is also
possible especially when the animal has damaged skin in and around the mouth as well as on pre-
existing abrasions on animals (Alexandersen et al., 2003b). Some cases of airborne transmission as
far as 300km from source of infection have been described (Sgrensen et al., 2000; Sgrensen et al.,
2001).

Inhalation of aerosolized virus is also common mode of transmission for cattle (Alexandersen et al.,
2003b). Pigs are more likely to get infected by eating contaminated food (Alexandersen and
Donaldson, 2002). Pigs can be infected by FMDV if placed in premises previously housing infected
animals and like cattle, they are at risk of infection due to direct contact with infected animals
(Grubman and Baxt, 2004).

2.4. Incubation period

Incubation period, which represents the time from infection to disease, depends on the dose of the
virus, portal of entry, animal husbandry practices and animal species involved (Alexandersen et al.,
2003; Grubman and Baxt, 2004; Alexandersen and Mowat, 2005) in cattle it varies from 2-14 days
in pigs it is usually 2 days (or more) but can be even short (18-24 hours) and in sheep normally it is
3-8 days (Chakraborty et al., 2014)). The incubation period is most likely to be 2-6 days
(Alexandersen et al., 2003).

2.5. Clinical signs and lesions

Animals that can be affected include cattle, swine, sheep, goats, buffaloes and wild ruminants
(Alexandersen and Mowat, 2005). When susceptible animals are in contact with clinically infected
animals, clinical signs usually develop (Kitching, 2002). The severity of clinical signs of the disease
varies with the strain of the virus, the exposure dose, the age and breed of the animal, the host
species, and its degree of immunity. The signs can range from a mild or in apparent in sheep and

goats to a severe disease occurring in cattle and pigs (OIE, 2004).

FMD in Bovine is systemic vesicular disease characterized by fever (above 40 °C), excessive
salivation, lameness, depression and decreased milk production, which requires a differential
diagnosis from other vesicular diseases (Longjam et al., 2011). The mucosa of the lips, dorsum of
the tongue and the dental plate are most severely involved. Lesions are often observed initially as
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blanched areas, which subsequently develop into vesicles (Figure 3). The vesicles rupture and then
heal whilst coronary band lesions may give rise to growth arrest lines that grow down the side of the
hoof (OIE, 2012).The mortality rate is low and mostly young animals are affected due to myocardial
necrosis (Kitching, 2002; Alexandersen et al., 2003a; Gulbahar et al., 2007).

FMD in pigs primarily affects the feet. It is dominated by rather painful formation of vesicles in the
epidermis of the feet (coronary band, interdigital clefts and bulbs) associated with severe lameness.
Complications are seen, such as detachment of the hoof and secondary infection of disrupted
aphthae (Kitching and Hughes, 2002).

Clinical signs of FMD in sheep and goats are less severe; often only lameness through aphthae and
inflammation at the cloves (Alexandersen and Mowat, 2005). Lameness is usually the first
indication of FMD in sheep and goats. An affected animal develops fever, is reluctant to walk and
may separate itself from the rest of the flock. Vesicles may develop in the interdigital cleft, on the

heal bulbs and on the coronary band but they usually rupture rapidly (Kitching and Hughes, 2002).

Figure 3: Clinical signs of FMD

(A) Salivation, (B) Erosion of oral mucosa and (C) erosion in interdigital space
Source: (El-Khabaz and Al-Hosary, 2017)
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2.6. Pathogenesis

The predominant entrance of virus is most commonly through the upper respiratory tract by
inspiration of infected aerosols, but infection may also occur through a skin injury (Lyytikdinen et
al., 2011). After inhalation, the virus can affect the pharynx and primary multiplication of the virus
in the mucous membrane is transported by lymphatic and blood circulation to the sites of secondary
multiplication in the lymphatic glands, epithelial tissues in and around the mouth, feet and in the
mammary glands (Lefevre, 2010). Secondary replication in other glandular tissues, the virus appears
in different body fluids such as milk, urine, respiratory secretions and semen before the appearance
of clinical signs of FMD. The virus can also persist in oral cavity of infected animals for long
periods after the acute infection (Alexandersen et al., 2003b).

The clinical outcome of the disease may vary among the host species considered and the infecting
virus strain. The acute phase of disease lasts about 1 week and declines gradually coinciding with
the emergence of a strong humoral response. In sheep and goats symptoms are frequently less severe
and may make the detection of the disease difficult (Knowles et al., 2001). In fatal cases, death is
caused either by dehydration or by ventricular fibrillation during cardiac attacks or as a result of

bacterial complication (Lefevre, 2010).

2.7. Morbidity and mortality rate

Variation in the morbidity rate occurs and may depend on species, age, sex as well as the status of
the immunity. Self-recovery in the animals is the result of immunity against the infecting serotype of
the virus. Mostly the disease occurs due to one type of virus and development of immunity also
remains confined against specific serotype, thus no immunity develops to other serotypes, a reason
behind occurrence of the disease in the endemic areas (Chakraborty et al., 2014). The morbidity rate
in cattle is 100% but mortality rate is very low (2%) (Seyoum and Teshome, 2018). However,
fatality in calves may reach up to 20% (Radostits et al., 2007; Seyoum and Teshome, 2018). The

death in young animals may be due to myocarditis (Gulbahar et al., 2007).

2.8. Molecular epidemiology of FMDV
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The molecular epidemiology of FMDV is based on the comparison of genetic differences between
viruses (Knowles and Samuel, 2003).The molecular epidemiology of FMDV has been extensively
studied using the VP1 coding region of the virus genome. Phylogenetic analysis of VP1 can be
applied to categorize field strains into discrete topotypes and lineages which, despite the tendency
for the virus to spread, frequently show geographical clustering based on the historical distribution
of the virus (Di Nardo et al., 2011). VP1 is the most variable capsid protein includes a major
immunogenic site of the virus has been used to genotype the seven serotypes of FMDV into
geographically distinct groups called topotypes. In VP1 protein only 26% of its amino acids are
universally conserved between serotypes (Jackson et al., 2007). Furthermore, comparison of VP1
coding sequences from isolates obtained during outbreaks provides evidence of relatedness between
individual FMDV strains and hence the tracing of the spread and transmission of the virus from one
region to another or across national borders (Knowles and Samuel, 2003). The evolutionary changes
of virus are determined by comparing genomic material from more than one virus with each other.
At present, sequencing and phylogenetic trees are widely used to illustrate the genetic relationship

between viruses (Sahle, 2004).

2.9. Diagnosis techniques of FMD

The accurate diagnosis of infection with FMDV is of prime most importance for both control and
eradication campaigns in FMD endemic areas (Longjam et al., 2011). The disease is diagnosed
based on clinical signs, including high temperature, excessive salivation, and formation of vesicles
on the oral mucosa, on the nose plus the inter-digital spaces and coronary bands on the feet.
However, the clinical signs can be confused with other diseases and thus laboratory based diagnosis
is necessary (Jamal and Belsham, 2013).

For laboratory diagnosis, the sample of choice is tissue epithelium or vesicular fluid. Ideally,
epithelial tissue should be collected from an unruptured or recently ruptured vesicle, usually from
the tongue, buccal mucosa or feet. When epithelial tissue is not available, for example in advanced
or convalescent cases, or where infection is suspected in the absence of clinical signs, samples of
oropharyngeal fluid is collected by means of a probang cup (or in pigs by swabbing the throat) for
diagnosis. Serum samples are used for FMD diagnosis based on spiking of antibody against a
particular serotype (Musser, 2004; OIE, 2009).
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Diagnosis of FMD in the laboratory is conducted by virus isolation, demonstration of the FMD viral
antigens or nucleic acid in a sample tissue or fluid. Detection of virus specific antibodies can also be
used. Additionally, antibodies to viral nonstructural protein can be used as indicators of infection

irrespective of vaccination status (Grubman and Baxt, 2004).

2.9.1. Virus isolation

The isolation and characterization of the virus is the "golden standard™" for the diagnosis of viral
diseases (Admassu et al., 2015). Virus isolation (V1) remains the definitive proof of the presence of
live FMDV. Virus isolation requires the presence of infectious virus, which depends on sample
quality. Up to 4 days may be required to demonstrate the presence of virus, especially when the
levels of virus are low (Jamal and Belsham, 2013). Sensitive cell culture systems include primary
bovine (calf) thyroid cells and primary pig, calf or lamb kidney cells. Established cell lines, such as
BHK-21 (baby hamster kidney) and IBRS-2 cells, may also be used but are generally less sensitive
than primary cells for detecting low amounts of infectivity. The sensitivity of any cells used should
be tested with standard preparations of FMDV (Damena et al., 2017). Pig cell lines were not always
suitable for isolation of FMDV coming from other species (Bouma et al., 2001). The BHK-21 cell
line seems to be less species dependent. The cell cultures should be examined for cytopathic effect
(CPE) for 48 hours. If no CPE is detected, the cells should be frozen and thawed, used to inoculate
fresh cultures and examined for CPE for another 48 hours. In the case of OP fluids, pretreatment
with an equal volume of chloro-fluoro-carbons may improve the rate of virus detection by releasing
virus from immune complexes (Damena et al., 2017). A small proportion of samples may give
negative results for infectivity but positive results by ELISA or RT-PCR (Alexandersen et al.,
2003b).

2.9.2. Serological approaches

The virus infection can be diagnosed by the detection of specific antibody response (Admassu et al.,
2015). Serological tests are widely used to monitor the immune status of animals exposed to FMDV
or FMDV vaccines. Approaches used include enzyme linked immunosorbent assays (ELISAS) and
virus neutralization tests (VNTSs), although complement fixation tests (CFT) are still used in a
limited number of laboratories. Previous or current infections can be diagnosed by using antibodies
to FMDV structural proteins and include: ELISAs [Solid-phase competition ELISA (SPCE), Liquid-
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phase blocking ELISA (LPBE)] and virus neutralization tests (VNT) (Gold standard test) which are
serotype specific (Singh et al., 2008; Verma et al., 2009; Ma et al., 2011; Deb et al., 2013).

One particular application of these serological assays is to identify animals in a vaccinated herd that
have been infected with FMDV. This so called DIVA (differentiating infected from vaccinated
animals) principle exploits differences in the antibody (humoral) responses generated in vaccinated
animals compared to those animals naturally infected with FMDV (whether or not they have been
vaccinated). High quality FMDV vaccines are purified to contain structural protein (SP) viral capsid
components from which most of the viral non-structural proteins (NSP) have been removed. In
contrast, during natural infection with FMDV, viral NSP are expressed that elicit a corresponding

immune response that can be detected using diagnostic approaches (Figure 4) (Ludi et al., 2017).
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Figure 4: The principle of using NSPs tests to differentiate between vaccinated and infected
animals.
Source: (Ludi et al., 2017)

2.9.3. Nucleic acid recognition method

The polymerase chain reaction (PCR) can be used to amplify the genome fragments of FMDV in
diagnostic material (Lomakina et al., 2004). The PCR techniques are the most widely used nucleic
acid based diagnostic technique for rapid identification of FMD virus (Xu et al., 2013). A specific
reverse transcriptase polymerase chain reaction was developed and validated for the detection of the
polymerase gene (3D) of FMD with an sensitivity equal to 1000 times higher than that of a single
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passage virus isolation (Longjam et al., 2011). RT-PCR is used as diagnostic tool for FMD virus

where specific primers are designed to distinguish seven serotypes.

Real time PCR assays recommended by the World Organization for animal health (OIE) for
detection of FMDV incorporate universal primers and fluorescent labeled probes that recognized
conserved region within the 5> UTR or conserved gene regions within the RNA-dependent RNA
polymerase gene (3D (Reid et al., 2014). TagMan technology has combined the 5- nuclease
activity of the Tag DNA polymerase and foster resonance energy transfer to detect and quantify
amplification product. Using this technology real time PCR has been developed to detect the nucleic
acid (Oleksiewicz et al., 2001). This is most sensitive and rapid method to detect the nucleic acid.
The viral RNA can be consistently detected over a seven-log range, the lowest of which
corresponded to as few as 10-100 RNA per volume tested. The test can be performed in 2 hours or
less on a portable instrument and sample can be held at ambient temperatures. Real time chemistry
allows for the detection of PCR amplification during the early phases of the reaction and real time
PCR monitors the progress of a PCR reaction in the real time. At the same time, a relatively small
amount of PCR products (DNA or cDNA) can be quantified (Shaw et al., 2007). In epidemiological
studies of FMD virus, nucleotide sequencing of the VP1 gene has been used extensively to

determine the relationships between the field isolates (Genchwere and Kasanga, 2014).

2.10. Differential diagnosis

Clinical signs of FMD have got species variation but feet vesicles and erosions or those in the oral
cavity or teats suggest the presence of disease. Clinical signs of excessive salivation (except in pigs
and sheep) and laminitis with the history of high rise of temperature are always suggestive of FMD
(Chakraborty et al., 2014). Clinically, it is impossible to distinguish foot and mouth disease from the
other vesicular diseases of the viral origin. Vesicular stomatitis, Vesicular exanthema and Swine
vesicular disease required laboratory studies to differentiate them from foot and mouth disease
(Leforban, 2005; Teifke et al., 2012).

2.11. Epidemiology

2.11.1. Host range
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Affected Host range always governs the existence of pathogen in environment. Larger host range
always supports fast spread of disease with more chance of the antigenic diversity and hence makes
the control program a tedious task (Teifke et al., 2012). FMD is highly contagious and affects over
70 domestic and wild Artiodactyl species (Michel and Bengis, 2012). Of the domesticated species, it
causes disease in cattle, pigs, sheep and goats. In addition, many species of cloven-hoofed wild life
such as deer, antelope and wild pigs may become infected though their involvement in the
epidemiology of FMD in the domesticated species is not certain (OIE, 2004). The susceptibility of
these animals can vary with breed of animal and strain of virus. African buffalo are the only wildlife
species to play a significant role in the epidemiology of FMD (Awan, 2009). Cattles and pigs are
more susceptible and show greater severity of signs than sheep and goats (Alexandersen et al.,
2003b). Sheep, pigs and cattle are maintenance, amplifier and indicator hosts of FMD respectively.
Human health is not affected by FMDV. Although Horses, dogs and cats can spread the virus by

carrying it on their hair, they are not susceptible for the disease (Radostits et al., 2007).

2.11.2. The role of carrier animals

In FMD, Carrier is defined as an animal from which FMD virus can be isolated from the
oropharyngeal (OP), more than 28 days after infection. Although it is well established that FMD
virus persists in buffalo (up to 5 years), cattle (up to 3 years), Sheep (up to 9 months), and goats
(between 3-6 month) (Bastos et al., 2000). This may provide a mechanism for the maintenance of
the virus in nature and may contribute to the emergence of new antigenically variant viruses (Sahle,
2004).

2.11.3. The role of wild life

FMD can infect other wildlife species apart from African buffalo (Syncerus caffer) these include,
Impala (Aepyceros melampus), Kudu (Tragelaphus strepsiceros) species, Warthog (Phacochoerus
aethiopicus) and elephants that has a role in epidemiology of the disease. African Buffalo can harbor
the infection up 24 years whilst an individual animal can maintain the infection for up to five years.
Buffalo have unequivocally been shown to be a source of infection for cattle under both natural and
experimental conditions (Sangare, 2002).The SAT-type virus transmission is mainly facilitated by
close contact between the two species during the acute stage of infection and shedding of virus in

large amount. Strong spatial associations between molecular types from outbreaks in cattle and virus
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recovered from buffalo suggest that any control strategy for FMD in cattle must address control in
buffalo (Thomson et al., 2003). Impala is the most frequent infected species and act as
intermediaries in disease transmission. But, impala do not become carriers, it appears that the

disease can persist in impala populations for between 6 and 13 months (Vosloo et al., 2002).

2.12. Geographical distribution

The disease has been present in almost every part of the world where livestock are kept. More than
100 countries are still affected by FMD worldwide and distribution of the disease roughly reflects
economic development (Jamal and Belsham, 2013). Globally and across multiple serotypes, there
are distinct genetic and antigenic strains of FMDV circulating and evolving in defined geographical
regions that are hence grouped into seven regional pools. Pools 1 and 2 occur in Asia, while pool 3
occurs in Asia, Middle East and North Africa. Virus pool 7 is found in South America while Africa
contains 3 different pools roughly spread across East, West and South Africa respectively (Figure 5)
(Rweyemamu et al., 2008b; Tully and Fares, 2008). Each of these contains at least three serotypes
of virus and because virus circulation is mainly within these regional reservoirs, strains have
evolved which are specific to the region (Paton et al., 2009). FMDV has an essentially global
distribution, with the exception of North America and Central America, New Zealand, Australia,
Greenland, Iceland and Western Europe. The FMD status of any particular country or region can be
defined as endemic, epidemic or free. The USA, Canada, Mexico, Australia and Scandinavia
haven’t had the disease for many years (Samuel and Knowles, 2001). At present, most developed
countries have successfully controlled or eradicated the infection and have implemented strict
control measures especially regarding imports of animals and animal products to prevent re-

emergence of the disease.

The seven serotypes display different geographical distributions and epidemiology (Bastos et al.,
2003; Knowles and Samuel, 2003; Bronsvoort et al., 2004). The cumulative incidence of FMD
serotypes showed that six of the seven serotypes of FMD (O, A, C, SATL1, SAT2, SAT3) have
occurred in Africa (Bastos et al., 2001; Valarcher et al., 2004; Rweyemamu et al., 2008).
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Figure 5: Global circulation of foot and mouth disease virus

Source: (Freimanis et al., 2016)

2.13. Distribution of FMDV serotypes and topotypes in Africa

Foot and mouth disease was first described in Africa in 1780 but the disease may have been present
in the continent for centuries. Foot and mouth disease is endemic in Africa and the epidemiology of
the disease is more complicated than in other parts of the world (Vosloo et al., 2006). In Africa, the
FMDV serotypes are not uniformly distributed and each serotype results in different
epidemiological patterns. The cumulative incidence of FMDV serotypes show that six of the seven
serotypes of FMD (O, A, C, SATL, SAT2, and SAT3) have occurred in Africa with the exception of
Asia-1 (Figure 6) (Rweyemamu et al., 2008; Maree et al., 2014).

Based on the antigenic relationship of the virus and genetic characterization of FMDV in Africa, the
virus distribution has been divided into three virus pools: namely, pool 4 covering East and North
Africa, with predominance of serotypes A, O, SAT1, and SATZ2; pool 5 restricted to West and
northern Africa, with serotypes O, A, SAT1, and SAT2; and pool 6 restricted mainly to South
Africa, with SAT1, SAT2, and SAT3 serotypes (Figure 5). Recent studies in East and southern
Africa have revealed genetic differences between viruses isolated at different times and places
(Sangula et al., 2010; Kasanga et al., 2012; Maree et al., 2014; Kasanga et al., 2015).
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The last known cases of FMD caused by serotype C FMDV within Africa occurred in Kenya, in
East Africa, during 2004 (Sangula et al., 2011). In the wider East African region, type C was last
reported in Uganda in the 1970s and Ethiopia in 1983 (Roeder and Knowles, 2008; Ayelet et al.,
2009). No serotype C FMDV has been detected anywhere in the world since 2004 and it is now
possible that this serotype is extinct (Roeder and Knowles, 2008). Serotypes O, A, and the South
African Territories (SAT) FMDVs are endemic in Africa; serotype O is the most widely distributed
in eastern and western Africa, whereas SAT viruses are mostly found in sub-Saharan Africa (Brito
et al., 2017). SAT 1 and SAT 2 serotypes are much more prevalent than SAT 3 (Vosloo et al.,
2002). Serotype SAT 3 FMDV has been isolated from cattle and buffalo in sub-Saharan Africa
(Dhikusooka et al., 2015).

In North Africa, incursions of FMDV from sub-Saharan Africa and the Middle East are mainly by
livestock trade and the virus maintenance is very likely within the domestic animals (Knowles et al.,
2007; Hall et al., 2013). Northern Africa is a bridge for FMDV exchange between Africa (pools 4,
5, 6) and western Asia (pool 3) (Brito et al., 2017). The West, Central and East Africa region is
divided into two virus pools (4 and 5) (Paton et al., 2009). FMDV serotypes of A, O, SAT1 and
SAT?2 are endemic in most countries of Eastern Africa. Serotypes that are known to be endemic in
western Africa are O, A, SAT1 and SAT2 (Brito et al., 2017). Of the four serotypes, serotype O is
the least prevalent in southern Africa (Sebhatu, 2014). The SAT serotypes are maintained by large
numbers of African buffalo in the region, which provides a potential source of infection for both
domestic livestock and other wild, cloven-hoofed animals, such as impala, which can be transiently
infected and transmit the disease to susceptible livestock (Thomson et al., 2003; Hargreaves et al.,
2004; Phologane et al., 2008).

Serotype SATL is limited to southern and eastern Africa and SAT1 has not been isolated in West
and Central Africa since 1981, although serological studies reported antibodies to SATL in cattle
and sheep against the virus (Ehizibolo et al., 2014). Serotype SAT2 is also limited to southern and
eastern Africa, but SAT2 topotype VII has spread to the North and West Africa. Serotype SAT3 is
restricted to South Africa, Namibia and Mozambique since 2006 (Sebhatu, 2014).
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Figure 6: Occurrence of FMD serotypes in Africa from 1990 to 2013.

Countries colored with light grey: North Africa, white: West, Central and East Africa,
dark grey: Southern Africa.
Source: (Sebhatu, 2014)

The term topotype is used to reflect the presence of genetically and geographically distinct
evolutionary lineages (Samuel and Knowles, 2001). In Africa, six topotypes have been identified for
serotype O, two for serotype A, three for serotype C, nine for serotype SATL, fourteen for serotype
SAT2 and five topotypes for serotype SAT3 (Figure 7) (Di Nardo et al., 2011; Sebhatu, 2014).
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2.14. Treatment

Currently, there is no specific drug, which can be recommended to treat foot and mouth disease
(Grubman and Baxt, 2004). Instead of specific treatment, symptomatic treatments may be applied
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depending on the clinical manifestations. Sodium carbonate, boric acid and glycerin may be applied
over the lesion. Feet of the affected animals may be also washed with 2% copper sulphate solution.
Washing of the wounds with soda ash solution and topical application of honey is found suitable in
foot lesions (Gakuya et al., 2011). Antiviral approaches including 2'-C-Methylcytidine and ribavirin
are useful for the purpose of prophylaxis in susceptible animals (Lefebvre et al., 2014; Yoon et al.,
2012) .

However, proper animal husbandry practices and treatment of secondary bacterial infection of
lesions and dressing to inflamed areas to prevent secondary infection is recommended in endemic
countries where slaughter policy is not enforced. Sick animals may be treated by applying broad-
spectrum antibiotics parentally, tetracycline in particular, in order to control the consequences of
secondary bacterial infections (Radostits et al., 2007). Affected animals will recover however with
loss of production based on the infection state of the disease. The recovery in animals may take
around 15 days (Grubman and Baxt, 2004).

2.15. Prevention and control measures of foot and mouth disease

Foot and mouth disease is subject to national and international control and the measures taken
depend on whether the country is free from the disease, is subject to sporadic outbreaks or has
endemic infection (Rweyemamu et al., 2008a). In countries free of FMD that have naive livestock
populations, great attention is paid to reducing the possibility of incursions of the virus (Paton et al.,
2009). In disease free counties, strict movement controls and slaughter of infected and contact
animals when outbreaks occur is applied (OIE, 2004). In endemic areas, the disease is generally

controlled by vaccination and movement restriction of animals (Asseged, 2005).

Preventive measures in the absence of disease should be implemented as follows: Control of
national borders to prevent significant movement of animals and livestock products from non-free
neighbors or trade partners. For officially free countries, prohibition of imports of animals and
livestock products from endemic countries in accordance with the OIE standards. Emergency
measures in the event of outbreaks through: Rapid slaughter of infected animals, in contact animals
and herds considered to have received infection by contact, to reduce the quantity of virus released
policy of “stamping-out”, followed by cleaning and disinfection to reduce the risk of re-infection,

strict movement controls, extending to movement on and off farms of livestock products. And also
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possible emergency vaccination is important (Radostits et al., 2007; Lefevre, 2010; Ding et al.,
2013).

In Ethiopia context the control of FMD is practiced by involvement of quarantine, isolation of
infected animals, restriction of animal movement, vaccination programs, proper disposal of infected
carcass and other methods which are feasible to Ethiopian economy (Admassu et al., 2015).
Currently there is no country-wide vaccination program aimed to control FMD and ring vaccination
is carried out around an infected area. Considering the wide prevalence of serotypes the National
Veterinary Institute (NVI) is producing an inactivated trivalent vaccine which contains O, A and
SAT 2 serotypes (Tesfaye, 2014).

2.16. Economic impacts of FMD

Foot and mouth disease is one of the most important livestock diseases in the world in terms of
economic impact (Garner et al., 2002; James and Rushton, 2002; OIE, 2004). FMD hinders the
trading of milk, meat, animals and other agricultural products. The global impact of the disease can
be separated in to direct and indirect loses (Figure 8) (Knight-Jones and Rushton, 2013). The direct
and indirect losses associated with FMD are in terms of mortality, morbidity and milk production,
import-export losses, growth rate and abortion (Chakraborty et al., 2014). The disease also interferes
with agriculture (Longjam et al., 2011; Lordwin, 2011; Lee et al., 2017). Additional costs include
application of control measures such as quarantines, slaughter, compensation, vaccination as well as
conducting scientific surveillance after an outbreak in order to prove that the disease and the virus
have been eliminated (Prempeh et al., 2001). FMD is a greater threat to animal industry throughout
the world (Reller et al., 2009). It has been estimated that the costs associated with FMD in endemic
areas ranges between 6.5 to 21 billion USD annually (Paarlberg et al., 2002; Knight-Jones and
Rushton, 2013). Outbreaks in previously FMD-free countries are estimated to cost more than 1.5
billion USD per year (Paarlberg et al., 2002). Estimates of indirect costs due to lost exports for the
U.S. have been estimated at $6.3 billion in beef exports and about $5.6 billion in pork exports each
year (Buetre et al., 2013).

In Ethiopia FMD is posing a major threat thereby causing substantial economic losses through
morbidity and mortality (Abdela, 2017). The country lost more than 14 million USD in consequence
of the Egyptian trade ban in 2005/2006 (Leforban, 2005). In 2011 the total annual economic loss
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due to bulls rejection from international market was estimated to be 3,322,269 USD (Alemayehu et
al., 2014). According to Wagari (2016) about 71,026.8 USD losses was recorded in terms of
economic impact on export earnings. Jemberu et al. (2016) reported that the estimated economic
losses of FMD outbreak in cattle, arising from milk loss, mortality and draft power loss, average 76
USD per affected herd, 9.8 USD per head in crop-livestock mixed system, and 174 USD per
affected herd and 5.3 USD per head in the pastoral system. In another study, the overall short-term
farm level direct loss due to FMD outbreak in an urban dairy farm was estimated to €1962 (Beyi,

2012).

| FMD Impact ‘

Visible Invisible Additional Revenue
Losses Losses Costs Foregone
= Loss of milk = Lower fertility = Vaccines = Use of sub-
production = Change in the = Vaccine delivery optimal breeds
* Loss of draught herd or flock = Mowvement =Denied access to
power structure control markets both
= Lower weight = Diagnostic tests local and
gains international

=Dead animals

Figure 8: The impacts of foot and mouth disease
Source: (Rushton, 2009)

2.17. FMD in Ethiopia

2.17.1. Disease status

FMD is endemic to Ethiopia as it is in all the bordering countries like Eritrea, Sudan, Kenya and
Somalia and restriction of animal movement is limited. A large number of wildlife, including
African buffalo (particularly in the Mago and Omo national parks) could act as FMDV reservoirs.
The association of SAT serotypes with wildlife, particularly African buffalo has been indicated

(Bastos et al., 2000). The disease is widely prevalent and previously used to occur frequently in the
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pastoral herds of the marginal lowland areas of the country. However, this trend has been changed
and currently the disease is frequently noted in the highlands of the country (Abdela, 2017).

2.17.2. FMD virus serotypes identified

In Ethiopia foot and mouth disease was first recorded in 1957 when serotypes O and C were found
while serotype A was identified in 1969 (Martel, 1974; Martel, 1975). The first isolation of SAT2 in
Ethiopia was in 1989 in a sample collected from Awassa, Sidamo and Negelli Borena (Roeder et al.,
1994). The presence of FMDV serotype SAT1 in Ethiopia was isolated and reported for the first
time in 2008 from three species of animals; cattle, sheep and goats (Legesse et al., 2013). Currently
FMD is endemic and widely prevalent and distributed in all areas of the country (Abdela, 2017).
The presence of foot and mouth disease in the country is a major obstacle for the development of
agriculture because of its adverse effects on livestock production and exports (Negusssie et al.,
2011).

Endemic distributions of five of seven serotypes of FMDV are maintained in the country and
serotypes O, A, C, SAT1 and SAT2 were responsible for FMD outbreaks during 1981-2018 as
shown in table (1). From the report, serotype O was the most predominant serotype circulating in the
country (Jemberu et al., 2016). The serotype C has not been reported in the country since 1983
(Ayelet et al., 2009; Abdela, 2017).
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Table 1: Serotypes of foot and mouth disease virus isolated in Ethiopia from 1981 to 2018

Year Serotypes Sample origin References

1988-1991 O and SAT 2 Addis Ababa, Eritrea, Wellega, (Roeder et al., 1994)
Hararge, Dire Dawa, Borena
1981-2007 O, A,C,SAT1 Addis Ababa, Ahmara and Tigray, (Ayelet et al., 2009)
and SAT 2 Dire Dawa, Beneshangul-Gumuz,
and Southern Nations Nationalities
and Peoples Region
2007/08 Oand SAT 1 Girar Jarso, Yabello, Surma, Maji, (Legesse et al., 2013)
Ankesha Guagusa,
2007-2012 O, A,SAT land Koka, Surma, Sheka, Yeki, (Jemberuetal., 2016)
SAT 2 Benshangul Gumuz, Debre Zeit,
Addis Ababa, Bahir Dar
Harar, Debre Birhan Sululta
East Shoa, Arbaminch
Abaya, Borena, Dama, Guji,
Adama, Mekelle, Jille Timuga,
Kombolcha, Wollayta Sodo,
Sidama, Mekele
2008/09 Oand A Bahirdar Zuria, South Achefer, (Negusssie et al., 2011)
Yilmana Densa, and Dangela, East
Harereghe (Haremaya University
dairy farm), Borena
(‘Yabello District), and Bale
(Sinana District)
2009/10 O and SAT 2 AA, Debre-Birhan, Debre-Zeit, (Deribie, 2017)
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2010/2011

2011/12

2011/2012

2015/16

2016/17

2016/17

2016/17
2016/17

2016/17

2017/18

O and SAT 2

@)

@)

A, O and SAT2

O, A, SAT 1and
SAT 2
Oand A

0]
O and SAT 2

Oand A

Oand A

Sululta
Debrezeit (Ada clinic)

Mekelle University Farm,
Aynalem, Shibta, Cholekot, Debri
“continued”

Alage  Dairy Alaba,
Adamitulu Jido kombolcha, Debre
Zeit, Malga, Adama, Akaki-Kality,

Mekele Universty Farm, Enderta,

Farm,

Debre Berehan

Guna, Ludehitosa, Adama, Boset,
Kolfe
Wolmera, Adea
keranyo, Mulo, Kimbit

Mulo woreda, Aleltu, Kimbibit and

Berga Kolfe

Wochale woredas, Adea woreda
and Kolfe Koraneyo subcity

Addis Ababa, Bishoftu, Adama
Akaki, Bole, Yeka sub city, Mojo,
Koka,
Birbersa and Godoberet

Mulo, Aleltu, Kimbibit, Wochale,

Adea woredas and Kolfe Koraneyo

Alemtena, Angolela,

sub city
Meki, Bishoftu, Shewarobit, Bole
sub city

(Belay and

2015)

Muktar,

(Kassaw et al., 2013)

(Menda et al., 2014)

(Sulayeman et al., 2018)

(Beksisa, 2017)

(Damena et al., 2017)

(Motuma, 2017)
(Wondwossen, 2017)

(Getachew, 2017)

(Metages, 2018)

Topotype is used to describe the presence of genetically and geographically distinct evolutionary

lineages (Samuel and Knowles, 2001). Previous studies have provided evidence for the presence of
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different topotypes of FMDV serotypes from the five serotypes (O, A, C, SAT1, SAT2) reported in
Ethiopia samples collected from different outbreaks occurred from 1979-2018 as shown in table (2).

Table 2: Summary of topotype distribution of FMDYV serotypes in Ethiopia from 1979 to 2018

Serotype Topotype Genotype/ strain Country/year References
O EA-1 Ethiopia (1979-2001) (Sahle, 2004)
EA-3 Ethiopia (1981-2007) (Ayelet et al., 2009)
EA-4 Ethiopia (1981-2007) (Ayelet et al., 2009)
EA-4 Ethiopia (2016-2017)  (Beksisa, 2017)
EA-3 Ethiopia (2017-2018)  (Metages,2018)
EA-3 Ethiopia (2009/2010)  (Deribie, 2017)
EA-3 Ethiopia (2011/2012)  (Menda et al., 2014)
EA-3 Ethiopia (2008/09) (Negusssie et al., 2011)
EA-3 Ethiopia (2011/2012)  (Kassaw et al., 2013)
EA-4 Ethiopia (2016/17) (Motuma, 2017)
EA-4 Ethiopia (2016/17) (Wondwossen, 2017)
A Africa Ethiopia (1981-2007) (Ayelet et al., 2009)
African v Ethiopia (2015/2016)  (Sulayeman et al., 2018)
Africa G-VII Ethiopia (2008/09) (Negusssie et al., 2011)
African G-I Ethiopia (2017/2018)  (Metages, 2018)
C Africa Ethiopia (1981-2007) (Ayelet et al., 2009)
SAT1 IX Ethiopia (2007) (Ayelet et al., 2009)
IX Ethiopia (1981-2007)
SAT 2 XV Ethiopia (1991) (Ayelet et al., 2009)
v Ethiopia (1989)
X1V Ethiopia (1991)
X1 Ethiopia (2007)
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X1 Ethiopia (2009/10) (Deribie, 2017)
VIl Alx-12 Ethiopia (2015/2016)  (Sulayeman et al., 2018)

2.17.3. Vaccine type

In Ethiopia trivalent inactivated vaccine manufactured from locally isolated FMDV serotypes O, A
and SAT2 is produced by the National Veterinary Institute (NVI) (Tesfaye, 2014). The virus is
propagated from cell culture and absorbed into aluminum hydroxide gel and inactivated with 0.3%
formaldehyde and adjuvinated with saponin. The recommended dosage for cattle is 4ml per head
and administered subcutaneously, preferably in the dewlap region. In order to protect the cattle, two
injections at 6 months interval are recommended. Immunity develops 2-3 weeks after vaccination
and may last for one year (DACA, 2006).
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3. MATERIALS AND METHODS

3.1. General description of FMD outbreaks

FMD outbreaks were defined as the occurrence of new disease in a given areas. The outbreaks were
occurred in Tigray (Hintalo Wajirat, Kilte Awilailo, Asgede Tsimbala, Enderta, Saisi Tsaida Imba,
Amba Alaje, Raya Alamata and Korem districts), Oromia (Wolmera and Adea Berga districts of
West Shewa), SNNPs (Shashogo district) and Oromia regional states of Horo Guduru Wollega zone
in Guduru district respectively. In the study areas of the research the disease is locally called
Afeme'ar and Anashe in Tigray regional state, Anjicho in Hadiya zone of Shashogo district in
SNNPs regional state and Kote bekekisafi gororisisa and Kebenna in Oromia regional state. In
outbreak areas, cattle that have exhibited clinical signs of the FMD were identified and samples
were collected for confirmatory testing.

3.2. Study areas

The study was conducted from September 2018 to May 2019 in Tigray, Oromia and SNNPs
regional states in areas where outbreak of FMD occurred. Totally twelve outbreaks among these
eight outbreaks in Tigray, three outbreaks in Oromia and one outbreak in SNNPs regional state were
encountered and investigated during the study period as shown in figure (9). In most of the study
areas animals were reared under extensive management system although semi-intensive and
intensive management system were also practiced in farms found in Adea Berga (Adea Berga dairy
farm) and Wolmera (Holleta Agricultural Research Center (HARC) dairy farm). The specific
districts, kebeles and farms were purposively selected based on presence of suspected FMD

outbreak report.

The state of Oromia sprawls over the largest part of the country and at present consists of 12
administrative zones and 180 woredas. The capital city of the state of Oromia is Finfinnee (Addis
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Ababa). The State of Oromia borders Afar, Amhara and the state of Benishangul Gumuz in the
north, Kenya in the south, The state of Somali in the east, the state of Benishangul Gumuz in the
west, the state of South Sudan, Southern Nations, Nationalities and Peoples' (SNNPs) and the state
of Gambella in the south. It covers 366,000 km?, accounting for 31.17% of the total area of Ethiopia
(Menda et al., 2014). The region has 24,432,974 cattle, 9,394,430 sheep, 8,591,204 goats, 1,128,901
horses, 134,898 mule, 3,419,932 donkeys, 315,482 camels, 19,014,114 poultry and 3,185,361 bee
haves (CSA, 2018). FMD outbreaks were investigated in Horo Guduru Wollega zone of Guduru
district, West Shewa zone of Adea Berga district and Oromia special zone of Wolmera district
(Figure 9).

Southern Nations, Nationalities, and Peoples’ (SNNPs) region is one of the nine ethnically based
regional states of Ethiopia. The state of SNNPs' comprises 10% of the total area of the country that
is administratively divided in to 9 zones, 72 woredas and 5 special woredas. Its capital city is
Hawasa. The SNNPs regional state borders Kenyato the south, south Sudan to the west, the
Ethiopian region of Gambela to the northwest, and the Ethiopian region of Oromia to the north and
east. The livestock resource of the region consists of 11,883,548 head of cattle (representing 19.68%
of Ethiopia’s total cattle), 4,639,606 sheep, 4,958,255 goats, 371,298 horses, 91,461 mules, 811,105
donkeys, 10,491,131 poultry, and 1,335,541 beehives (CSA, 2018). The outbreak was investigated
in Hadiya zone of Shashogo district (Figure 9). The district is located 360 km South of Addis Ababa
and bordered on the south by the Kembata Tembaro zone, on the west by Limo, on the northwest by
Ana Lemo, on the northeast by the Silte zone, and on the southeast by the Alaba special zone. It has
an altitude of 1800-2300 masl, average annual rainfall of about 900-1250 mm. The minimum and

maximum temperature of the area is 11°% and 37%, respectively (Assefa et al., 2015).

Tigray regional state is located in Northern Ethiopia. The region has common boundaries with Afar
and Ambhara regional states at the eastern and southern parts, respectively and international
boundaries with Sudan and Eritrea at the western and northern parts, respectively. It covers
54,548.32 km? (Menda et al., 2014). The livestock resource of the region consists of 4,817,104
cattle, 4,301,221 goats, 2,472,938 sheep, 15,664 horses, 11,308 mule, 886,103 donkeys, 43,332
camel, 6,190,640 poultry and 293,184 bee hives (CSA, 2018). Mekelle is the capital city of Tigray
regional state located about 783 km North of Addis Ababa at 38.5° east longitude and 13.5° north

latitude at an altitude of 2300 meter above sea level (masl) (Kassaw et al., 2013). The climate
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conforms to that of the Ethiopian highland. The FMD outbreaks were occurred at Amba Alaje,
Asgede Tsimbala, Enderta, Hintalo Wajirat, Kilte Awilailo, Korem, Raya Alamata and Saisi Tsaida

Imba districts (Figure 9).
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Figure 9: Map of Ethiopia indicating study districts of the research.
Specific sampling districts/areas are indicated in different colors that are explained in the

legend

3.3. Study population

The study population consists of cattle that are manifesting the clinical signs of the disease. In each
outbreak, cattle manifesting the characteristic signs of FMD like salivation and lameness in each
individual animal owner‘s farm and small holding areas were examined from distance. The mouth
cavities of salivating animals were examined for evidence of intact and/or ruptured vesicles,
erosions and ulcers, and the hooves of lame animals were carefully examined for presence of
lesions. Cattle with clinical symptoms irrespective of age groups (Appendix 3), sex, breeds and

management systems were recorded during the study period.
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3.4. Study design

Proper information channel to National Animal Health Diagnostic and Investigation Center
(NAHDIC), regional veterinary diagnostic laboratories, zonal and district veterinary officers were
organized and information about the outbreaks were gathered via mobile telephone communication
before the beginning of any outbreak investigation. Based on reports of active cases of FMD
outbreaks, a cross sectional study design was conducted for outbreak investigation so as to isolate
and characterize the serotypes of FMD virus circulating in the study areas. When active outbreak of
FMD was reported, field level investigation was conducted purposively at a particular site of
outbreaks within the study districts (Figure 9). In each selected kebele, animals having clinical
symptoms like vesicles on the dental pad, tongue, muzzle and hooves were purposively sampled as
per the extent of the outbreak. The inclusion criteria were cattle with clinical symptoms and the
exclusion criteria were cattle in the same farms without any clinical signs when outbreak occurred in
the study area. Tissue and oral swab samples were collected from clinically infected animals for

diagnostic testing.

3.5. Sampling method

Based on the presence of FMD outbreaks, a field investigation was conducted purposively at the
specific sites of the outbreak within the study districts, peasant associations, cattle herds with clear
signs, symptoms and suspected to be diseased with FMDV. The information about the disease was
first gathered by interviewing livestock owners and animal health professionals of each outbreak
site, time, animals affected and death, if any. The collected information were recorded on data
collection sheet, and then physical examination was conducted on clinically sick animals to examine
for presence of FMD like lesions on the mouth, feet and teat. Accordingly, cattle with clear signs

and symptoms of infected with FMDV were selected and sampled.
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3.6. Study methodology
3.6.1. Clinical examination

During the FMD outbreak investigation cattle were first physically examined for the presence of
typically vesicular lesions in the mouth, lips, tongue, feet and teat. The oral cavity of salivating
cattle were examined for evidence of any intact and ruptured vesicles, erosions and ulcers on the
tongue, dental pad, hard palate, gum and mucosa of mouth cavity. The hooves of lame cattle were
also thoroughly washed with clean water and then carefully examined for the presence of lesions
particularly on the coronary bands and interdigital spaces of the hooves. Teat of cows were also
examined for presence of any vesicular lesion. Sampling was conducted in cattle that showed active

clinical signs of the disease (Figure 10).

A B C
Figure 10: Clinical signs observed on cattle infected with FMDV

(A) Gum lesion, (B) Salivation, (C) Tongue lesion
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3.6.2. Sample collection

After the identification of the animal as a suspected case, epithelial tissue samples which were un-
ruptured or freshly ruptured vesicle were collected from FMD suspect cattle usually from the
tongue, buccal mucosa or feet by using sterile forceps and scissor then placed in universal bottle
with viral transport medium (VTM) composed of equal amounts of glycerol and 0.04-M phosphate
buffered saline (PBS) solution (pH 7.2-7.6) with antibiotics (OIE, 2004; Mukasa et al., 2016).

Oral swab specimens were also obtained by swabbing under the tongue and an area of contact
between the lower gum and the inner surface of the lower lip (Callahan et al., 2002). In additional
oral swab samples were also collected from fresh lesions in mouth by sterile cotton-tipped wood
applicators disposable into sterile plastic screw-cap tubes. The oral swabs were preserved using PBS
as recommended by OIE (2012). A total of 215 animals were accessed during outbreak study for the
presence of FMDV lesion in Tigray, Oromia and SNNPs regional states. Accordingly, 63 (55
epithelial tissue and 8 oral swab) samples were collected from 7 zones of 12 districts (Table 3). Out
of which all samples were forwarded for molecular detection, 34 representative samples for cell
culture based virus isolation, 26 samples for serotyping and 23 representative culture isolates for
sequencing of virus. All samples collected were labeled with identification number, date of
collection, sex, breed, age, type of sample, disease suspected and other appropriate information
listed under sampling method. Then, the collected samples were transported at 4 °C by using ice
packs box from the collection site to NAHDIC, Sebeta, Ethiopia for sample processing and other
laboratory investigation. All the samples were coded by laboratory code at reception room and
transferred to laboratory. Upon arrival, the samples were immediately stored at -80°C until

processed.
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Table 3: Description of samples collected from infected animals having oral and feet lesions

Region  Zone District Kebele No of
animals samples collected
ET 0OS
-
5 &
i <
Oromia HGW  Guduru Kombolcha 10 3 3(30%) -
Gutu Abay 9 3 3(33.3%) -
Keneni 2 2(33.3%) -
WS Adea Berga Adea Berga dairy farm 36 10  10(27.8%) -
0Sz Wolmera HARC dairy farm 41 10  10(24.4%) 8
SNNPs Hadiya Shashogo Molelicho 10 2 2(20%) -
Tigray SE Enderta Messebo 5 1 1(20%) -
Saisi Tsaida Imba Senkata 6 1 1(16.7%) -
Amba Alaje Teki'a 45 14 14(31.1%) -
Ayida 12 3 3(25%) -
Raya Alamata Kidana 13 1 1(7.7%) -
Korem 02 7 1 1(14.3%) -
NW Hintalo Wajirat Dejen 4 1 1(25%) -
Kilte Awilailo Wukro 2 2(28.6%) -
Asgede Tsimbala Alogean 4 1 1(25%) -
Total 215 55  55(25.58%) 8(3.7%)

Key: E- East, ET- Epithelial Tissue, HGW- Horo Guduru Wollega, NW- Northwest, OS- Oral
Swabs, OSZ- Oromia Special Zone, S- Southern, SE- Southeast, SNNPs- Southern Nations,
Nationalists and Peoples, WS- West Shewa
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3.6.3. Sample preparation

According to OIE (2012) manual sample preparation was done following the procedure. The tissue
epithelium samples were first taken from the transport media, and blotted dry on absorbent paper to
reduce the glycerol content which is toxic to cell culture. Totally 1 gram of epithelial tissue was
grinded with sterile sand by a sterile pestle and mortar with a small volume of tissue culture medium
and antibiotics (penicillin, streptomycin and Amphotericin B solution). Dulbecco's Modified Eagle
Medium (DMEM) was added until a final volume of nine times that of added epithelial sample was
reached, giving a 10% suspension (OIE, 2012). The suspension was clarified on a bench centrifuge
at 3000 rpm for 10 minutes. The supernatant of the suspension was collected in sterile cryovial tubes
and filtered by Millipore filter paper of 0.22 um pore size, labelled and stored at -80 °C for until

needed for further tests.

3.7. Detection of circulating FMDV
3.7.1. RNA extraction

Total RNA was extracted from supernatants of the homogenized epithelial tissue and oral swab
suspensions by Qiagen RNA extraction kit (Qiagen, Crawley, West Sussex, UK) following the
manufacturer’s recommendation. First 140 ul epithelium tissue suspensions and oral swab samples
were separately added to with 560 ul of prepared buffer AVL containing carrier RNA into a 1.5 ml
micro centrifuge Eppendorf tube, mixed by pulse vortexing for 15second (sec) then incubated at 25
OC for 10 minute (min) for lysing purpose. The tubes were then briefly centrifuged to remove drops
from the inside of the lid. Binding was done by adding 560 pl of ethanol (96%), mixed by pulse-
vortexing for 15sec then briefly centrifuged the tube to remove drops from inside the lid. A 630 ul
of the solution transferred into Ql1Aamp Mini spin (silica) column, then centrifuged at 8000 rpm for
1min through placing the QlAamp Mini column and collected into a clean 2 ml collection tube. Any
left solution was processed again similarly to get more quantity of RNA material. Washing was first
conducted by 500 ul of buffer AWL1 and centrifuged at 8000 rpm for 1 minute. The filtrate was
discarded and the column was placed in a fresh 2ml collection tube. Then 500 pl of buffer AW2
were added to the column then centrifuged at 14,000 rpm for 3 min. Then 60 ul of buffer AVE was
added to the column and incubated at room temperature for 1 min before centrifuged at 8000 rpm
for 1 min. Finally, the RNA of the FMDV was obtained. Extracted RNA was kept at +4°C for

41



immediate use or stored at -80 °C until used for real time reverse transcription polymerase chain
reaction (rRT-PCR).

3.7.2. Detection of FMDV by real time RT-PCR

The one step real time polymerase chain reaction (rRT-PCR) assay was applied for primary
detection of the FMDV. Real time RT-PCR has a sensitivity comparable to that of virus isolation
and automated procedures enhanced sample throughput (Reid et al., 2003). Reverse transcription of
FMDV RNA and PCR amplification of reverse transcribed RNA was conducted using automated
one step real time RT-PCR as reported before (Callahan et al., 2002) that detects the 3D RNA
polymerase encoding gene. The 3D non-structural protein is viral RNA dependent RNA polymerase
(RdRp), which is responsible for RNA replication and is highly conserved (94-99% similarity)
(Feng et al., 2004). The nucleotide sequence of forward primer (FMDV 3DF) 5' - ACT GGG TTT
TAC AAA CCT GTG A-3/, the reverse primer (FMDV 3DR) 5' - GCG AGT CCT GCC ACG GA-
3" and the probe (FMDV Probe 3DP) 5'- [EBFAM] TCC TTT GCA CGC CGT GGG AC [TAM]-3’
were used (Callahan et al.,, 2002). The probe was labeled with 5'- reporter dye, 6-
carboxyfluorescein and 3'- quencher, tetra-methyl-rhodamine in real time RT-PCR reaction to detect
the 3D gene sequence in all the FMDV serotypes. Real time RT-PCR assay was carried out by
using Superscript I1l/Platinum Tag one-step rRT-PCR kit. The master mix reaction components for
one step real time RT-PCR was prepared using, 12.5ul of 2x - reaction mix, 1.5ul of RNAse-free
water, 2ul of forward primer, 2ul of reverse primer, 1.5l of Tagman probe and 0.5l of superscript
®lll RT to make a total of 20ul per sample for each reaction of PCR per well per plate including

positive and negative control master mix. Then thoroughly mixed by pulse vortexing (Appendix 4).

A 5ul extracted RNA template was added to each PCR plate and the total volume of PCR plate was
25ul. The PCR plate was sealed by adhesive film then inserted into the thermal cycler machine slots
and adjusted according to QIAgen one step RT-PCR kit protocols. The one step rRT-PCR
amplification was started with reverse transcription (RT) cDNA synthesis at 50°C for 30 min;
followed by initial denaturation at 95°C for 10 min; denaturation at 95°C for 15sec, annealing at
60°C for 1min and extension at 72 °C for 30 seconds. Totally 50 cycles were taken to finish
amplifications (Mukasa et al., 2016). Negative control (nuclease free water) and positive control

(field isolate) were included in each run.
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Interpretation of real time PCR result

The PCR amplification was carried out in the thermal cycler Rotor- Gene Q (Qiagen®, Germany).
The successfully amplified target gave an amplification curve and the cycle threshold (C;) at which
the target amplicon was initially detected above the background fluorescent levels as determined by
the instrument SDS software. Then FMDV was detected through threshold cycle (C;) values based
on baseline and graphs. The C; values <32.0 were considered as positive and amplification with C;
values of undetermined were considered as negative. Samples which had C; values >32 and <50

were “inconclusive” and the test was repeated.

3.8. Virus isolation

Virus isolation was established under class Il biosafety cabinet. About 1ml of filtered FMDV
positive suspensions detected by real time RT-PCR were inoculated to baby hamster kidney (BHK-
21) cell line grown in 25cm? tissue culture flask and incubated at 37°C for 1 hour (hr) for virus
adsorption. Finally, the infected cell was added with 8ml of DMEM maintenance media (2% fetal
calf serum) and incubated at 37°C and 5% CO; in a humidified incubator, while normal non-
infected cells served as control. The plates were monitored daily for the presence of cytopathic
effect (CPE) for 24-48 hours. CPE was observed after 48 hours even less in some positive cases.
CPE was characterized by a fast destruction of the monolayer cell, cell rounding and cell disruption
and detached from the flask. If no CPE was observed after 48 hr, the culture was frozen at -80°C and
thawed. Freezing and thawing was repeated for three cycles for lysis of cells and release of viruses
(OIE, 2012). Then centrifuged at 3000 rpm for 10 min to collect supernatant for second passage
(P2); this was repeated for third passage (P3); and if no CPE was observed at 48 hr, then the sample
was considered as ‘no virus detected” (NVD) as described by Souley et al. (2018). The cells were
harvested when >85% of monolayer showed CPE. When CPE appeared in the positive cases,
supernatants of cultures were used in serotype differentiating antigen detection ELISA for
confirmation of serotype of the virus involved in the outbreak. Normal uninfected BHK-21 cell was
used for negative control and isolated samples that showed CPE labeled according to a system
specified by OIE standards (OIE, 2012). The viral isolates were labeled using the following format:

three-letter country code/isolate number/year.
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3.9. Typing of detected FMDV by antigen detection ELISA

Isolates that had CPE positive were forwarded for FMDV serotyping. Serotyping was conducted by
antigen detection ELISA (IZSLER: Brescia, Italy) with selected combinations of anti-FMDV
monoclonal antibodies (MAbs), used as coated and conjugated antibodies. According to the protocol
recommended by the Pirbright Institute, UK, the test was applied for detecting and serotyping of
FMD viruses. The kit was designed for detection and typing of FMD viruses of type O, A, SAT 1
and SAT 2. A pan FMD test, detecting any isolates of serotypes O, A, C, Asia 1 and some of the
SAT serotypes was included in the kit to complement the specific typing and to detect FMD viruses
which might have escaped binding to selected serotype-specific MAb. The Micro plates were
supplied pre-coated with catching MAbs and with both positive and negative controls already
incorporated onto plates from manufacturer. The micro plates were catched with MAbs to detect 10
samples at a time with one positive and negative control for each serotype. The controls were
already incorporated into the ELISA microplate trapped by the respective catched MAbs. The test
was conducted as per the manufacturer’s instruction. First samples were diluted Y2 in diluent buffer
and 50ul/well of each sample was distributed to 10 wells of a column (a total of 80 wells of A-H
rows). Then, 50ul of diluents per well were added in all wells of 11 and 12 columns (positive and
negative control, respectively) and plates were incubated at a room temperature for lhour. After
incubation, all the fluid in each wells were discarded and the plate were tapped hard to remove all
the residual fluid. Then 200ul of washing solution were added and incubated for 3min at room
temperature, subsequently wells were emptied and the washing repeated twice (totally three washing
cycles). Then all residual fluids were removed by gently tapping on clean absorbent paper and
S50ul/well of conjugate A was added from row A to F and the same volume of conjugate B was
added into row G and H (Appendix 7). Plates were covered and incubated at room temperature for
lhour. After incubation 50ul of substrate per well was added to all wells and plates were covered
and left at room temperature for 20minutes in the dark room. Finally, the reaction was stopped by
adding 50pul/well of stop solution (i.e. sulfuric acid (H,SO,)). Immediately after stopping, reading
the optical density (OD) of each well was done at 450 nm wavelength using micro plate reader.

Criteria for test validity and interpretation of the results of antigen detection ELISA
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The positive inactivated controls were expected to give OD values of >1.0 unit higher while the
negative control for serotype O, A, C, Asia 1 and Pan-FMDV are expected to give OD values
<0.1unit and the negative control for serotype SAT1 and SAT2 are expected to give OD value
<0.2unit. Results for the samples examined were interpreted as indicated in the table (4) below, after
the subtractions of the OD value of each negative control from the OD value measured for samples
with the corresponding catching Mab.

Table 4: Interpretation of antigen detection ELISA result

Negative for FMDV OD <0.1

FMDV +ve for type O OD = 0.1 with the type O MADb and with the pan-FMDV MAD;
Some samples may cross-react with the 1% Mab type A, but OD
values with Mab O are higher.

FMDV +ve for type A OD > 0.1 with at least one of the two type A MAbs and with the
pan-FMDV MAb

FMDV +ve for Asia 1 OD > 0.1 with the type Asia 1IMAb and with the pan-FMDV
MAD

FMDV +ve for type C OD = 0.1 with the type C MADb and with the pan-FMDV MAb

FMDV +ve for SAT1 OD > 0.1 with the type SAT1 catching MAb; some samples
could be positive also with the pan-FMDV MADb

FMDV +ve for SAT2 OD > 0.1 with the type SAT2 catching MAb; some samples
could be positive also with the pan-FMDV MAD

FMDV +ve (untyped) OD = 0.1 with the pan-FMDV catching MAb and < 0.1 with the

type specific MAbs

Note: OD values > 0.05 and <0.1 should be considered suspect and should be retested; new samples

or further investigations by other diagnostic tests may be required.
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3.10. FMDV sequencing and phylogenetic analysis

Sequencing and analysis of the VP1 coding region of the FMDV is becoming an increasingly more
accessible laboratory tool, providing information that aids our understanding of the spread and
global epidemiology of the virus. VP1 sequence data comparisons remain the main method for
classification of FMD viruses (Knowles et al., 2016). Totally, 23 representative isolates from all
outbreak areas (Table 5) were sent to World Reference Laboratory for FMD (WRLFMD), The
Pirbright Institute, Pirbright, United Kingdom, for confirmatory diagnosis and molecular
characterization of the causative FMDV strain according to recommended international standard.
Sequencing and sequence editing were conducted in WRLFMD Pirbright, United Kingdom. The
edited sequences were used for molecular characterization of the virus by phylogenetic tree
reconstruction. Multiple sequence alignments was conducted by using Clustal W algorithm
implemented in BioEdit and MEGAG6 software (Thompson et al., 1994; Tamura et al., 2013)
packages to compare with the VP1 sequence of outbreaks isolates retrieved from GenBank. For
comparative studies, BLAST search was conducted using MEGAG6 software to collect additional
FMDV serotype O and A sequences from GenBank (National Centre Biotechnology Information)
(Tamura et al., 2013). Minimum-evolution methods of analysis as implemented in MEGA6 was
used to construct phylogenetic tree of FMDV based on VP1 sequences data for viruses sequenced
from Ethiopia, Africa and from other countries. The robustness of tree topology was assessed with
500 bootstrap replicates as implemented in the program and bootstrap values of >70 are shown at

the relevant major nodes (Gorna et al., 2014).
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Table 5: List of representative cell culture isolate samples submitted to WRLFMD

Outbreak site Country code Sampling date

Region  District Kebele
Oromia  Wolmera HARC dairy farm ETH/2736/19 10/01/2019
ETH/2737/19 10/01/2019
ETH/2745/19 10/01/2019
Guduru Kombolcha ETH/8447/19 09/03/2019
ETH/8452/19 09/03/2019
Gutu Abay ETH/8450/19 09/03/2019
Keneni ETH/8451/19 09/03/2019
Adea Berga Adea Berga dairy farm ETH/4575/19 06/02/2019
ETH/4583/19 06/02/2019
ETH/4580/19 06/02/2019
ETH/4579/19 06/02/2019
SNNPs  Shashogo Molelicho ETH/8442/19 22/02/2019
Tigray  Saisi Tsaida Imba Senkata ETH/32297/19 14/12/2018
Amba Alaje Teki’a ETH/32300/19 16/12/2018
ETH/32309/19 16/12/2018
ETH/32303/19 16/12/2018
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Ayida ETH/32313/19
Korem 02 ETH/4586/19
Raya Alamata Kidana ETH/4585/19
Hintalo Wajirat Dejen ETH/23802/19
Kilte Awilailo Wukro ETH/23803/19
ETH/23804/19
Asgede Tsimbala  Alogian ETH/23805/19

16/12/2018
03/02/2019
01/01/2019
06/11/2018
09/11/2018
09/11/2018
13/11/2018

HARC- Holleta Agricultural Research Center; SNNPs- Southern Nations, Nationalists and Peoples

3.11. Data management and analysis

Data generated from field and laboratory investigations were recorded and coded by using Microsoft
Excel spreadsheet and descriptive statistics were applied to calculate the proportion. Cell culture
results, CPE development, serotype identification and molecular characterization results were
recorded and tabulated. Multiple sequence alignments was conducted by using Clustal W algorithm
implemented in BioEdit and MEGAG software packages for the new FMDV VP1 sequence data
with other reference sequences. Minimum-evolution methods of analysis and maximum likelihood
method imbedded in MEGAG6 were used to reconstruct the phylogenetic tree of the aligned sequence
and confidence levels were assessed by 500 bootstrap replications (Tamura et al., 2013). Serotypes
were distinguished on the basis of nucleotide sequence differences of 30-50% and high bootstrap

support (> 70%) while a divergence of 15% distinguishes topotypes (Souley et al., 2018).
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4. RESULTS

4.1. Characteristics of sampled animals

In this study a total of 215 cattle were examined for the presence of typical clinical signs, 55 animals
(25.58%) showed clinical signs and lesions suggestive of FMD. Accordingly, it was among these
infected cattle that sufficient epithelial tissue and oral swab samples were taken. The cattle were
managed under intensive, semi intensive and extensive management system. Most of the sampled
animals were adult and the breed composition were 34 (61.82%) local, 10 (18.18%) jersey and 11
(20%) cross (HF). The clinical signs of affected animals were salivation, lameness, interdigital

lesion, and oral and tongue lesion.

4.2. Clinical examination

Cattle were carefully examined for the presence of typical clinical signs of FMD. In each outbreak,
cattle manifesting the clinical signs of FMD like vesicular lesions (ruptured vesicles) in oral cavity
and on the feet and teats, salivation, lameness, and rise in temperature were considered as clinically
affected by FMD. Most of the affected animals in the study area showed mouth lesions. No deaths

were recorded during the outbreak in both districts of the study areas.

4.3. Molecular characterization of FMDV
4.3.1. Detection of FMDV genome

49



The presence of FMD viral genetic material was detected by using real time reverse-transcription
polymerase chain reaction (fRT-PCR) method. rRT-PCR has been widely adopted by FMD
reference laboratories as a principal tool for FMDV detection, offering high sensitivity and rapid
sample throughput (Shaw et al., 2007; Reid et al., 2009). rRT-PCR was used for accurate detection
of FMDV in serum, epithelial suspensions and oropharyngeal fluid (OP) (Howson et al., 2017). The
extracted RNAs from clinical samples were tested by rRT-PCR method targeting the 3D regions of
FMDV genome to determine the presence of viral RNA in clinical samples. The successfully
amplified target gave an amplification curve and the cycle threshold (C;), at which the target
amplicon was initially detected above the background fluorescent levels as determined by the
imbedded software. The C; value (cycle threshold or crossing point) corresponds to the number of
cycles required for a given sample to reach the threshold above is considered as positive. Hence,
using a positive C; value of 32.0 (Shaw et al., 2007), FMDV genome was detected by rRT-PCR. The
C; cut-off value is 32.0 and any Ct value <32.0 indicates positive result and Ct values of
“Undetermined” are considered negative result. Samples giving Ct values of between >32.0 and <

50 are “inconclusive” and the samples were repeatedly tested.

For FMDV detection, real time RT-PCR (using universal primers and probe of FMDV) was
performed on all 63 collected samples. Out of 63 samples tested by rRT-PCR, 53 (84.13%) samples
were found positive having C; value ranging from 15.06 to 31.19 and the fluorescence of samples
rise above the background fluorescence (Figures 11). Positive reactions were defined as those which
gave a detectable C; (Howson et al., 2017). Strong positive FMD samples have a C; value below
20.0 (Reid et al., 2001). A total of 18 (33.96%) samples that were collected from Tigray region
(Kilte Awilailo, Amba Alaje, Saisi Tsaida Imba, Hintalo Wajirat and Asgede Tsimbala districts),
Oromia region (Guduru and Adea Berga districts) and SNNPs (Shashogo district) were found strong
positive having C; values below 20.0. The lowest C; value was (15.06) recorded in epithelial tissue
sample collected from Amba Alaje district, while the highest C; value (31.19 ) was obtained from
bovine oral swab sample collected from HARC dairy farm, Wolmera district. The C; values of oral
swab samples were higher than epithelial tissue suspensions, indicating that there were higher levels
of viral RNA concentration in the epithelial tissue samples than oral swab samples. Out of 63

samples, 10 (15.87%) samples were negative having C; values “undetermined” to be no virus
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detected (NVD) (Table 6). Two positive controls consisting of viral RNA and two negative controls

consisting of nucleus free water (no-template) were included with each rRT-PCR run.

! ﬁ'ﬂ!’"ﬂ"\”ngpgmﬁ,%

Figure 11: Real time RT-PCR result showing amplification curve.
Green color shows cut-off of point for Ct value positivity and negativity.

Table 6: Sample wise result of rRT-PCR for FMDV

Sample Real time PCR
Positive Negative

Tissue 51 4

Swab 2 6

Total 53 10

4.4. FMD Virus isolation

Virus isolation was performed on some samples that were positive in rRT-PCR for which sufficient
material was available. Totally 34 representative FMDV samples were cultured for virus isolation.
Those samples were from different outbreak areas of the country and inoculated in BHK-21 cell line
with three subsequent passages for virus isolation. The results indicated that out of the total 34
bovine epithelial tissue cultured samples, 26 (76.47%) samples were showed morphological
alteration (FMDV CPE) on BHK-21 monolayer cell cultures (Table 7). Most of the isolated viruses
exhibited CPE characterized by a fast destruction of BHK-21 monolayer cells, and the infected cells
were rounded and formed singly (Figure 12). Finally BHK-21 cell deaths which are characteristic

findings of FMD virus infected cells.
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Table 7: FMDV isolated on BHK-21 cell and the status of viral CPE in different areas

Outbreak sites No. of sample  CPE status
Region District Kebele Positive %
Oromia Guduru Kombolcha 2 2 100%
Gutu Abay 1 1 100%
Keneni 1 1 100%
Adea Berga Adea Berga dairy farm 5 4 80%
Wolmera HARC dairy farm 6 4 66.67%
SNNPs  Shashogo Molelicho 2 1 50%
Tigray Enderta Messebo 1 NVD 0%
Saisi Tsaida Imba  Senkata 1 1 100%
Amba Alaje Teki”a 8 5 62.5%
Ayida 1 1 100%
Raya Alamata Kidana 1 1 100%
Korem 02 1 1 100%
Hintalo Wajirat Dejen 1 1 100%
Kilte Awilailo Wukro 2 2 100%
Asgede Tsimbala  Alogean 1 1 100%
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Total 34 26 76.47%

HARC- Holleta Agricultural Research center, NVD- No Virus Detected, No.- Number; SNNPs-

Southern Nations, Nationalists and peoples

A B
Figure 12: BHK-21 cell line infected with FMDV virus (A control, B infected cell) showing typical
CPE.

4.5. FMDV serotyping by antigen detection ELISA

The antigen detection ELISA test was conducted for identification and serotyping of FMDV. Out of
26 samples (cell culture supernatants) subjected for serotyping by the antigen detection ELISA, all
samples were found positive and two types of FMDV serotypes were detected. Out of 26 positive
samples, 14 (53.85 %) were serotype O and 12 (46.15%) were serotype A. No evidence of co-
circulation of the two different serotypes within the same animal was found since only one serotype
was amplified from each sample. Samples collected from Wolmera district, HARC dairy farm were
serotyped into type “A”, whereas samples from Amba Alaje, Saisi Tsaida Imba, Korem and Raya
Alamata districts were serotyped into type “O” and samples collected from outbreak of Adea Berga
district, Adea Berga dairy farm were serotyped into type “A”. However, samples collected from
Shashogo district were positive for serotype “O” and samples from Guduru districs were serotyped
into type “A”. The findings also showed that outbreaks from districts of Hintalo Wajirat, Kilte
Awilailo and Asgede Tsimbala were due to FMDYV serotype “O” as shown in table (8).
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Table 8: Summary of FMDV serotypes from samples of cell culture supernatants detected by

ELISA
Region District Kebele No. of positive Identified serotypes
Oromia Guduru Kombolcha 2 A
Gutu Abay 1 A
Keneni 1 A
Adea Berga Adea Berga dairy farm 4 A
Wolmera HARC dairy farm 4 A
SNNPs  Shashogo Molelicho 1 @)
Tigray  Saisi Tsaida Imba  Senkata 1 @)
Amba Alaje Teki'a 5 @)
Ayida 1 O
Raya Alamata Kidana 1 @)
Korem 02 1 O
Hintalo Wajirat Dejen 1 0]
Kilte Awilailo Wukro 2 )
Asgede Tsimbala  Alogean 1 @)
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Total 26 14 (O) and 12 (A)

HARC- Holleta Agricultural Research Center; SNNPs- Southern Nations, Nationalists and peoples;
No.— Number

4.6. Phylogenetic analysis of FMDV serotype O

Virus protein (VP) 1 coding sequence (639 nucleotides) showing the genetic relatedness between the
sequences of FMDV serotype O isolated from the study areas of Ethiopia and previously
characterized Ethiopian isolates and other reference viruses from African origin were retrieved from
NCBI database. The partial VP1 gene sequence data was used to construct the phylogenetic tree and
study the genetic relationships between the current outbreak isolates with the isolates retrieved from
the data base. For the analysis 49 nucleotide sequences were included 11 from the current study and
38 nucleotide sequences retrieved from data base. The 11 isolates falls into two different topotypes.
The sequenced serotype O isolates of Saisi Tsaida Imba, Amba Alaje, Hintalo Wajirat, Kilte
Awilailo, Asgede Tsimbala, Korem and Raya Alamata districts , Ethiopia falls to East Africa-3 (EA-
3) but the sequenced serotype isolated from Shashogo district was topotyped to East Africa-4 (EA-
4) (Figure 13). All viral isolates from Tigray regional state showed 98.5-100% nucleotide sequence
similarity with each other (Table 9). A single isolate from SNNPs regional states of Shashogo
district (O/ETH 14/2019) which was topotyped under EA-4 had 80.5-81.3% nucleotide identity with
the current strains isolated from Tigray regional state. The viral isolates from Tigray regional state
showed 86.4-87.4% nucleotide sequence identity with previous strains of Ethiopia O/ETH/30/94
(AY283386) and O/ETH/3/96 (AY283392) that tends to cluster with them on the tree. The isolates
of Shashogo district (O/ETH 14/2019) shared 86.8 and 87% nucleotide identity with previous strains

55



from Ethiopia (O/ETH/58/2005, accession number FJ798141 and O/ETH/59/2005, accession
number FJ798142), respectively both of which are classified under topotype EA-4. This EA-4

topotype virus is clustered with FMD viruses circulating in Uganda and Ethiopia (Figure 13).
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Figure 13: VP1 phylogenetic tree for FMDV serotype O.

O/MAL/1/98(DQ165074)

O/UGA/17/98(EU919245)
r O/ETH/58/2005(FJ798141)

The isolates marked with blue color are these sequenced in the current study.
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The evolutionary history was inferred using the Minimum Evolution method (Rzhetsky and Nei,
1992) embedded in MEGA software. The optimal tree with the sum of branch length = 1.39524150
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches (Felsenstein, 1985). The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions per
site. The ME tree was searched using the Close-Neighbor-Interchange (CNI) algorithm (Nei and
Kumar, 2000) at a search level of 1. The Neighbor-joining algorithm (Saitou and Nei, 1987) was
used to generate the initial tree. The analysis involved 49 nucleotide sequences. Codon positions
included were 1°+2"+3"+Noncoding. All positions containing gaps and missing data were
eliminated. There were a total of 459 positions in the final dataset. Evolutionary analyses were
conducted in MEGAG6 (Tamura et al., 2013).

4.7. Phylogenetic analysis of FMDV serotype A

The VP1 gene sequence was used to construct the phylogenetic tree and study the genetic
relationships between the current outbreak isolates with the isolates retrieved from the GenBank.
The isolated serotype A in the current study were isolated from HARC dairy farm, Adea Berga dairy
farm and Guduru district of Oromia regional state. All serotype A isolates sequenced belonged to
the Africa topotype of genotype IV (Figure 14). The current isolates from Wolmera districts of
HARC dairy farm and Adea Berga districts of Adea Berga dairy farm showed 100% nucleotide
sequence similarity. All isolates of serotype A viruses shared 98.9-100% nucleotide similarity as
shown in table (10). The current isolates shared 93.2-93.5%, 86-86.3%, 86.3-86.8% and 88.2-88.4%
nucleotide similarity with SUD/1/2006 (GU566069) isolate of Sudan, A/ERI/3/98 (EU919238),
SUD/2/84 (GU566067) and A/CAR/15/2000 (EF208755), respectively. Molecular characterization
of serotype A FMD virus showed that the viruses belonged to African topotype of genotype IV
(Figure 14). These virus clustered with FMD viruses circulating in Sudan and Eritrea.
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Figure 14: Phylogenetic tree for FMDV serotype A.

The current isolates were marked with Blue color.
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The evolutionary history was inferred by using the Minimum Evolution method (Rzhetsky and Nei,
1992) embedded in MEGA software. The optimal tree with the sum of branch length = 1.32892721
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches (Felsenstein, 1985). The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions per
site. The ME tree was searched using the Close-Neighbor-Interchange (CNI) algorithm (Nei and
Kumar, 2000) at a search level of 1. The Neighbor-joining algorithm (Saitou and Nei, 1987) was
used to generate the initial tree. The analysis involved 35 nucleotide sequences. Codon positions
included were 1°+2"+3"+Noncoding. All positions containing gaps and missing data were
eliminated. There were a total of 627 positions in the final dataset. Evolutionary analyses were
conducted in MEGAG6 (Tamura et al., 2013).

4.8. Comparison of serotype O with vaccine strain based on VP1 sequence

Analysis on the similarity of the VP1 nucleotide sequences and deduced amino acid changes were
performed using BioEdit software. VP1 sequence of serotype O isolates identified in the current
study were compared with the VP1 sequence of vaccine strain currently used in National Veterinary
Institute (NVI) for vaccine production, Ethiopia to determine their genetic relationship.
Accordingly, 84.4 - 85.6% nucleotide similarity were detected between VP1 sequence of the vaccine
strain O/ETH/38/2005 (accession number FJ798108) and serotype O isolate of field strain from the
current study as shown in table (9). The nucleotide sequence of the vaccine strain was aligned with
field isolates of this study to determine the amino acid variations. A total of 27/ 213 (12.68%) amino
acid variations were observed in different sites of the partial VP1 gene while the rest 186/213
(87.3%) amino acids (aa) were conserved with reference to the vaccine strain. Amino acid variations
were occurred in the antigenic site 3, known to be the immunogenic sites of VP1 (Aggarwal and
Barnett, 2002). Substitutions occurred in the critical residues were at positions: 45 (T—Q for all
field isolates except O/ETH/14/2019 but strain O/ETH/14/2019 changed T—R) and 48 (Q—L in the
O/ETH/14/2019 isolate). Substitutions in non-antigenic sites were also occurred in other positions of
the region as shown in figure (15). Interestingly, the RGD cell attachment sites within the G-H loop

of the gene at position 145-147 were conserved in all isolate including the vaccine strain.
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Table 9: Percentage of nucleotide identity and divergence among current field isolates and with
vaccine strain of FMDV serotype O

85.6 | 85.4 | 85.4 | 854|854 |856 | 854|854 |854 856|844
99.3199.3199.7 995 [99.3]98.5|98.7]98.5 |80.7
100 [99.5/99.1 198.9 | 100 | 97.9|98.1|97.9 |80.5
99.1198.9 1100 [97.9]98.1]97.9]|80.5
99.1/98.9 199.5|979[98.1|979]80.1
99.1198.3]98.5|98.3|80.5
98.9198.1]98.3]98.1 811
97.9198.1 979|805

14.4
146 | 0.7
146 | 0.7 |0.0
146 |07 |05 |05
146 |03 |09 |09 |09
144 105 |11 |11 |11 |0.7
146 |07 |00 |00 |05 |09 |11
9 |146 |15 |21 |21 |21 |17 |19
10 |146 |13 |19 |19 |19 |15 |17
11 [144 |15 |21 |21 |21 |17 |19
12 | 146 |19.3/19.5]195]19.9 195|189
1 2 3 4 5 6 7

O INO || WIN|F-

DN |WIN|F-

Divergence

1-O/ETH/38/2005_VP1/FJ798108 (Vaccine strain), 2-O/ETH/81/2018, 3-O/ETH/82/2018, 4-
O/ETH/83/2018, 5-O/ETH/84/2018, 6-O/ETH/4/2019, 7-O/ETH/5/2019, 8-O/ETH/6/2019, 9-
O/ETH/7/2019, 10-O/ETH/8/2019, 11-O/ETH/9/2019, 12-O/ETH/14/2019
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Figure 15: Amino acid sequence alignments of VP1 gene of serotype O FMDV with vaccine strain.

The amino acids sequence of the vaccine strain (O/ETH/38/2005; accession number FJ798108) is
written on top row and the conserved amino acids are indicated by dots of different colors to show
presence of different amino acids.
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Divergence

4.9. Comparison of serotype A with vaccine strain (A/ETH/6/2000) based on VP1 sequence

Analysis on the similarity of the nucleotide sequences and amino acid variations of FMDV serotype
A were performed using BioEdit software. VP1 sequence of serotype A isolates identified in the
current study were compared with the VP1 sequence of vaccine strain currently used in National
Veterinary Institute (NVI1) for vaccine production, Ethiopia to determine their genetic relationship.
A total of 78.8-79.4% nucleotide similarity were detected between VP1 sequence of the vaccine
strain (A/ETH/6/2000 accession number FJ798147) and serotype A isolate of field strain from this
study as shown in table (10). The amino acid sequences of field isolates of this study were aligned
with vaccine strain to determine the amino acid variations. Totally 34/213 (15.96%) amino acid
variations were observed in different sites of the VP1 gene while the rest 179/213 (84.04%) amino
acids (aa) were conserved with reference to the vaccine strain of the country. Amino acid variations
identified in the main antigenic sites between the vaccine strain and field isolates of FMDV serotype
A at positions, 45 (L—S), 140 (T—G), 141 (T—D and (T—G), 143 (S—P), 149 (G—A) and 157
(A—T). Amino acid substitutions were also occurred in non-antigenic sites in other positions of the
region. The RGD cell attachment sites within the G—H loop of the gene at position 145-147 were

conserved in all isolates including the vaccine strain as shown in figure (16).

Table 10: Percentage of nucleotide identity and divergence among current field isolates and with

vaccine strain of FMDV serotype A

Identity

2 3 4 5 6 7 8 9 10
1 78.8|78.8 788 |78.8|78.8|788|79.0[79.4|79.1|1 | A/IETH/6/2000
2 |21.2 100 | 100 | 100 | 100 | 100 |99.098.9|99.2 |2 | A/ETH/1/2019
3 121.2(0.0 100 | 100 | 100 [ 100 |[99.098.9|99.2 |3 | A/IETH/2/2019
4 121200 |0.0 100 | 100 | 100 |[99.098.9(99.2 |4 | A/ETH/3/2019
5 1212|100 |00 |0.0 100 | 100 | 99.0|98.9|99.2 |5 | A/ETH/11/2019
6 212|100 |00 |00 |0.0 100 [ 99.098.999.2 |6 | A/IETH/12/2019
7 |21.2100 |00 |00 |00 |0.0 99.0198.9(99.2 |7 | A/IETH/13/2019
8 |21.0/10 |10 |10 |10 |10 |1.0 99.5(99.8 |8 | A/ETH/16/2019
9 |206(11 |11 |11 |11 |11 |11 |05 99.6 | 9 | A/ETH/18/2019
10(209|08 (08 |08 |08 |08 |08 |02 |04 10 | A/ETH/19/2019

1 2 3 4 5 6 7 8 9 10
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Figure 16: Amino acid sequence alignments of VP1 gene of serotype A FMDV with vaccine strain.

The amino acids sequence of the vaccine strain (A/ETH/6/2000 accession number FJ798147) is
written on top row and the conserved amino acids are indicated by dots of different colors to show
different amino acids.
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5. DISCUSSION

In this study, typical FMD clinical signs were observed in cattle found in three regional states of
Ethiopia from which two different serotypes O and A FMD viruses were identified. The identified
viruses were characterized using Ag-ELISA and by generation of partial gene sequence data used
for molecular evolutionary relationship determination. Of the 215 cattle examined during FMD
outbreaks in all districts, 55 (25.58%) animals manifested typical clinical signs and lesions
suggestive of FMD like excessive salivation, formation of vesicles and erosion on the tongue, gum
and dental pad, as well as inter-digital spaces and coronary bands on the feet. The current finding
was in agreement with the previous findings by Negusssie et al. (2011) and Sulayeman et al. (2018)
that reported during outbreak investigation of FMD in Ethiopia, 28.2% and 28.8% of animals
manifested clinical sign of FMD, respectively.

In the current study, out of 63 samples tested by real time PCR for the presence of genetic material
targeting the 3D regions of FMDV in the sample, 84.13% (n = 53) were found positive. Previously,
Paixdo et al. (2008) suggested that real time RT-PCR that targets the 3D region of the viral genome
is a powerful technique for reliable detection of FMDV which now becoming key diagnostic test
used to confirm FMDV presence in field samples. The negative results for those 10 (15.87%)
samples may be attributable to the small quantity of viral RNA in the original samples, which might
have resulted from late sample collection after the first appearance of clinical symptoms. From the
total of 53 rRT-PCR positive samples, bovine epithelial tissues were accounted for 96.23% (n=51)
and bovine oral swab samples were accounted for 3.77% (n=2). The lowest C; value was 15.06
recorded in bovine epithelial tissue sample collected from Amba Alaje district, Tigray whilst the
highest (31.19) C; value was examined in bovine oral swab sample collected from Wolmera district
of HARC dairy farm. Bovine epithelial tissue samples had lower C; values than oral swab samples
this might indicates higher level of viral RNA concentration is found in epithelial samples. In
support of this observation, OIE (2012) reported that the preferred sample for virus detection is
epithelial tissue that was previously confirmed by Beksisa (2017) who also reported the presence of
higher levels of viral RNA in the epithelial tissues. In agreement with this Reid et al. (2001)
indicated epithelium tissue samples from the vesicular lesions could be used as the sample of choice

for FMD virus detection. In this study the detection of genetic material of FMDV from oral swab
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samples were in agreement with the findings of Alexandersen et al. (2002) who suggested the FMD

virus can also be obtained from oral swabs.

BHK-21 cell line was used to isolate the virus from clinical samples. From the total of 34
representative FMDV positive samples detected by rRT-PCR, 26 (76.47%) showed CPE, which
appeared as rounding in cell culture followed fast and complete cell destruction and detachment
from the surface of the flask. This observation in CPE of FMDV agrees with previous reports (Belay
and Muktar, 2015; Ibrahim et al., 2015; Beksisa, 2017; Sulayeman et al., 2018). Previously, Paixdo
et al. (2008) and Attia et al. (2017) reported that FMD virus isolation on BHK- 21 cell is the most
reliable diagnostic method. The cell culture negative 8 (23.53%) samples which did not show CPE
could be due to death of the virus during transportation (Menda et al., 2014) or presence of very
small quantity of live virus that could not overcome the challenge of cell culture environment. The
failure to isolate all samples on BHK-21 cells may be due to the fact that viral isolation depends on
presence of live virus while real time RT-PCR depends on presence of FMDV genome whether dead

or live.

FMDV of serotype O and A were isolated in all outbreak sites of Tigray and Oromia regional states
respectively. This indicated that the outbreaks with in the two regions could be from the same origin
or from closely related viruses. This statement was supported by Samuel et al. (1999) who
demonstrated that closely related viruses could be either from the same outbreak or from viruses
temporally closely related. This similarity might be due to uncontrolled livestock movement among
different districts of the region and play an important role in the dissemination of the virus. Similarly
Ekboir (1999) also reported that movements of infected animals are the most important

dissemination and transmission means for FMD.

Serotyping of the virus revealed that serotype O was the dominant serotype identified from samples
collected from different districts of Tigray and Shashogo district of SNNPs, Ethiopia. From the total
of 26 representative samples serotyped by antigen detection ELISA, 14 (53.85%) were identified as
serotype O while 12 (46.15%) were identified as serotype A (Table 8). Previous studies have also
indicated that serotype O was highly prevalent and a dominant serotype causing most of the
outbreaks in Ethiopia (Menda et al., 2014; Belay and Muktar, 2015; Beksisa, 2017; Sulayeman et
al., 2018). Gelaye et al. (2005) and Ayelet et al. (2009) also reported that serotype O was the most
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prevalent and dominant FMD virus serotype circulating in Ethiopia, causing most of the outbreaks
in the country. Other reports from different countries like Sudan, Kenya and Niger also indicated
that, serotype O was the dominant serotype for outbreaks (Habiela et al., 2010; Chepkwony, 2011
and Kouato et al., 2018, respectively). In the current study, serotype O was isolated from samples
collected from Tigray and SNNPs regional states. In line with this, Menda et al. (2014) previously
reported that the presence of FMDV serotype O from Tigray region (Mekele Universty farm,
Enderta) and SNNPs (Alaba and Malga districts). This statement was also supported by the studies
of Kassaw et al. (2013) who reported that serotype O was the serotype prevailed in Tigray region in
Shibta, Ayanalem, Debri, Chelekot and Mekelle city. Additionally, Jemberu et al. (2016) also
revealed that serotype O was mostly isolated in different parts of the region in Ethiopia. Kitching et
al. (2007) indicated that serotype O is the most prevalent serotype worldwide. Previously,
Rweyemamu et al. (2008b) and Klein (2009) reported that serotype O was the most common cause

of outbreaks globally followed by serotype A.

In this study, serotype A was isolated from the samples collected from Wolmera district of HARC
dairy farm, Adea Berga district of Adea Berga dairy farm (West Shewa) and Guduru district (Horo
Guduru Wollega) of Kombolcha, Gutu Abay and Kenneni kebeles from Oromia regional state. Most
likely the viruses were responsible for the occurrence of outbreak in these areas. This record has a
close agreement with the study of Beksisa (2017) who reported that serotype O, A and SAT 1 of
FMDV were circulating in Wolmera and Adea Berga districts of Oromia region. This situation could
be associated with the presence of endemic state of the serotype in the districts. Previously serotype
A was reported from bovine samples collected from Sinana and Yabello areas (Negussie et al.,
2013) and from Arsi zone of Guna district (Sulayeman et al., 2018), both from Oromia regional

state, indicated that serotype A was the circulating FMDVs in cattle.

A phylogenetic tree based on the partial VP1 (1D) region of FMDV is widely used for genetic
characterization because of its significance for virus attachment and entry, protective immunity, and
serotype specificity (Jackson et al., 2003; Burman et al., 2006). Phylogenetic analysis conducted to
define the genetic relationship between Ethiopian viruses and FMDV isolates that have been
collected from other countries. The VP1 sequence of 11 serotype O FMDYV isolated in the present
study was compared with 38 FMDV O strains and a phylogenetic tree was constructed. All viral

isolates from Tigray regional state showed 98.5-100% nucleotide sequence similarity with each
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other and assumed to be closely related because FMD viruses with <5% of nucleotide differences in
the VP1 sequence are considered as closely related (Knowles and Samuel, 2003). The nucleotide
sequence analysis revealed that the nucleotide sequence differences with in Tigray regional state
isolates were <1.5% and this indicated that outbreaks due to these isolates could be from the same
origin as evidenced by their genetic relationship on a phylogenetic tree. This might be due to
uncontrolled animal movement from one district to the other which facilitated dissemination of the
virus. Those viral isolates from Tigray regional state had 86.4-87.4% nucleotide sequence similarity
with previous strains of Ethiopia O/ETH/30/94 (AY283386) and O/ETH/3/96 (AY283392) that
clustered with them on the tree. The current isolates from Tigray regional state were homologous,
geographically clustered and belongs to East Africa (EA-3) topotype. This is in agreement with
previous study on molecular epidemiology of serotype O by Kassaw et al. (2013) who demonstrated
the existence of EA-3 topotype in Tigray regional state of Ethiopia. This finding agrees with the
previously published reports from Ethiopia by Ayelet et al. (2009), Negusssie et al. (2011), Menda
et al. (2014) and Deribie et al. (2017) who reported the existence of EA-3 topotype. This indicates

that the topotype is endemic in the region and in the country.

A single serotype O virus isolated from SNNPs regional state of Shashogo district (O/ETH 14/2019)
had 80.5-81.3% nucleotide similarity with the current strains isolated from Tigray regional state.
This suggests the two virus groups had nucleotide difference more than 15% and need to belong to
different topotypes as recommended by Knowles and Samuel (2003). The FMDV isolates obtained
from the two regional states had no any geographic proximity for animal movement for possible
disease transmission. The FMDV serotype O nucleotide sequence difference between SNNPs and
Tigray region state isolates is between 18.7-19.5% and this indicated that the outbreaks occurred due
to two different topotypes of the viruses that is suggestive of originating from different sources. The
isolates of Shashogo district (O/ETH 14/2019, SNNPs) shared 86.8% and 87% nucleotide identity
with other strains from Ethiopia O/ETH/58/2005 (accession number FJ798141) and O/ETH/59/2005
(accession number FJ798142). The current strain isolated from Shashogo district of SNNPs regional
state was geographically clustered and belongs to East Africa topotype 4 (EA-4). The finding was in
agreement with the previous studies by Ayelet et al. (2009) and Beksisa (2017) who reported the

presence of EA-4 topotype in Mizan Teferi area, Wolmera and Adea Berga districts of Ethiopia.
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VP1 sequence analysis of Serotype A isolates identified in the current study and other sequences
data available in the GenBank database indicated that these sequences of serotype A clustered to
genotype IV of African topotype. All the current isolates of serotype A isolated from Wolmera,
Adea Berga and Guduru districts of Oromia regional state had <1.1% nucleotide differences. This
indicated that viruses were closely related and could be genetically related with one another. The
identification such closely related isolates could be due to uncontrolled animal movement from one
district to the other which facilitated dissemination of the virus from distant places to central part of
the country due to cattle marketing. In line with this Knowles and Samuel (2003) reported that
serotype A viruses with <5% nucleotide differences in the VP1 sequence are considered as closely
related. These isolates also shared 93.2-93.5% nucleotide similarity with SUD/1/2006 (GU566069)
isolate of Sudan clustered to genotype IV of African topotype. The virus clustered with FMD
viruses circulating in Sudan and Eritrea. This indicated that outbreaks due to these isolates were
from the common origin. This might be due to transboundary movement of the cattle between
Ethiopia and the neighboring countries. Studies conducted elsewhere Habiela et al. (2010) and Di
Nardo et al. (2011) described further that the spread of FMDV can also be associated by animal
movement, especially in the pastoral livestock systems in Africa and Asia. This finding was in
agreement with previous study on molecular epidemiology of serotype A by Sulayeman et al. (2018)
who demonstrated the existence of genotype 1V of African topotype in Ethiopia.

The VVP1 protein on which the present study was performed comprises of 213 amino acid residues
with major antigenic sites of virus capsid. Hence, in this study the phylogenetic tree analysis,
nucleotide similarity and amino acid alignments were conducted on VP1 protein to observe the
genetic relatedness of FMDV serotype O and A with Ethiopian vaccine strains. From 11 field
isolates of serotypes O, a total of 14.4-15.6% nucleotide changes and 12.68% amino acid variations
were observed in different sites of VP1 sequence of the vaccine strain (O/ETH/38/2005, an
accession number FJ798108). Nucleotide substitutions and amino acid variations were occurred in
different parts of VP1 region. Amino acid changes were occurred in antigenic site 3 of critical amino
acid residues at positions 45 T (Threonine) was replaced by Q (Glutamine) for all field isolates
except O/ETH/14/2019 but in strain O/ETH/14/2019 it was replaced by R (Arginine) and 48 Q
(Glutamine) was replaced by L (Leucine) in the O/ETH/14/2019 isolate. Antigenic site 3 involves
residues 43, 44, 45, and 48 found on B-C loop of VP1 (Aktas and Samuel, 2000; Sarangi et al.,
2013). In serotype O the stability of antigenic site 3 has been considered important for the stability
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of the VP1 G-H loop, and any destabilization in VP1 residues 43 to 45 may distort the conformation
of the flexible VP1 G-H loop (Fry et al., 2005). The presence of very limited genetic variation in the
antigenic sites can alter the antigenic specificity of FMD viruses isolates (Sahle, 2004). Changes in
the amino acid residues have been found to be associated with antigenic variability of the virus
because of VP1 has dual function in cell receptor binding and antigenic determination (Kweon et al.,
2002). In this study, the presence of amino acid variation in antigenic sites indicates the need for in-
vitro vaccine matching studies to establish the level of protection conferred against the currently
circulating viruses by the available vaccine strains. In this study amino acid changes were also fixed
at positions which have not yet been proven to be antigenically critical in serotype O virus. Amino
acid substitutions outside of the known antigenic sites have been shown to play an important role in
the antigenic diversification of FMDV (Aggarwal and Barnett, 2002).

A total of 20.6-21.2% nucleotide differences were recorded between VP1 sequence of the vaccine
strain A/ETH/6/2000 (accession number FJ798147) and serotype A isolate of field strain from this
study. This indicated that the vaccine strain and field isolates had no relations. FMD viruses with
>15% of nucleotide sequence differences in the VP1 sequence are considered as unrelated (Knowles
and Samuel, 2003). Totally 15.96% amino acid variations were occurred in different parts of VP1
region. Generally, antigenic sites on FMDV has centered on the sequences between amino acids 140
and 160 coupled with minor antigenic sites on VP1 (residue 169) and the C terminus of VP1
(Kitching, 2005). Amino acid residues at VVP1-43/44/45 could have potential antigenic significance
in serotype A FMDV (Bari et al., 2015). Amino acid changes were occurred on the main antigenic
sites at positions 45 (L(Leucine) was replaced by S(Serine)), 140 (T(Threonine) was replaced by
G(Glycine)), 141 (T(Threonine) was replaced by D(Aspartic Acid) and G(Glycine)), 143 (S(Serine)
was replaced by P(Proline)), 149 (G(Glycine) was replaced by A(Alanine)) and 157 (A(Alanine)
was replaced by T(Threonine)). Amino acid sequence variations of structural proteins of FMDV are
the bases for the antigenic diversity of the virus. These amino acid changes may affect the
conformation of the antigenic sites substantially, and thus change the antigenicity and virulence of
the virus (Al-Shawkany et al., 2012). This finding was supported by results reported by Lin et al.
(2010), who observed changes in the critical residues of the VP1 viruses isolated in Taiwan in 2009.
The presence of amino acid variation in antigenic sites indicates the need for in-vitro vaccine
matching studies against the currently circulating viruses and the available vaccine strains so that

matching vaccine can be used for control of the disease.
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6. CONCLUSION AND RECOMMENDATIONS

FMD is prevalent in the study districts as confirmed by clinically, virologically and molecularly and
the disease is endemic in Ethiopia. The presence of this disease in the country is a major obstacle to
the development of livestock resource because of its adverse effects on production, live cattle
exporting and their product exports. In the current study, serotypes O and A were identified and
serotype O was the dominant one. The molecular characterization of those serotypes revealed that
the almost all, except one isolate of serotype O was clustered with East African topotype-3 (EA-3)
and a single isolate to EA-4. FMDV serotype A was clustered with genotype 1V of African
topotype. Sequence based analysis of field isolates against vaccine strain revealed that amino acid

variations were observed in different sites of the VP1 gene.

Therefore, the following recommendations are forwarded:

= Regular FMD outbreak investigation should be conducted to have more detailed
information about the serotypes and topotypes circulating in the country.

= Livestock movements through regions and international boundaries should be
preceded by detailed investigation of animal meant for movement.

= Great attention should be given for this economically important disease because its
occurrence affects the export earnings of the country thereby threaten the livelihood
of farmers and economy of the country at large.

= Vaccine matching studies should be conducted for field strains circulating in the
country against the vaccine strains.

= Regular vaccination program should be started to control the outbreak of the disease.
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8. APPENDIXES

Appendix 1: List of regions, zones, districts and PAs/kebeles selected during the study period

S/No. | Region Zone District Kebele
South east Enderta Messebo
Eastern Saisi Tsaida Imba | Senkata
Southern Amba Alaje Teki”a
Ayida
Raya Alamata Kidana
Korem 02
North Western Hintalo Wajirat Dejen
> Kilte Awilailo Wukro
'Em Asgede Tsimbala | Alogean
Horo Guduru Wollega | Guduru Kombolcha
Gutu Abay
Keneni
West Shewa Adea Berga Adea Berga dairy
§ farm
o) Oromia special zone Wolmera HARC dairy farm
SNNPs Hadiya Shashogo Molelicho
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Appendix 2: FMD field outbreak investigation and data collection recording sheet

A. FMD Outbreak sample collection sheet

Region Zone ___ District _ PA Village Date  / /

Code | Species | Breed | Age Sex Management Sample type | Remark

01

02

03

04

05

06

07

08

09

10

11

12
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B. Number of animals examined, clinically affected and died animals during FMD Outbreak

Region Zone District PA Date  / /
Owners Species | Breed | Age | No. of | No. of | No. of died | Total | Remark
name animal clinically

examined | affected

animal

C. Any other animals included (affected) during the outbreak...........

D. Major Clinical signs observed in sick animals (Mark x)
v" Profuse salivation
v Lameness
v' Interdigital lesion
v

Udder lesion
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v" Oral and tongue lesion
v" Other signs

Appendix 3: Animals age determination based on teeth eruption

Species Eruption of teeth Age estimation
Bovine One incisor <2 years
Two incisors From 2-3 years

Three incisors

Canine teeth >3 years
Wear of teeth

Source: (Merck Veterinary Manual, 1998).

Appendix 4: Master Mix components of real rime RT-PCR

% 2X - reaction mix
% RNAse-free water
%+ Forward primer

% Reverse primer

% Tagman probe

¢+ superscript ®111 RT

%+ Extracted template
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Appendix 5: Preparation of BHK-21 cell for virus inoculation

v" First prepare a complete media containing 1x minimal essential media, 10% fetal calf serum,
tryptose phosphate broth, 100x antibiotics and 1000x antimycotic solution.

v Pre warm the trypsine 0.25% and the phosphate saline buffer (PBS).

v' Disinfect all the material used for sub culturing the cell by 70% ethanol and placing them
into biosafety cabinet.

v' Take the cell culture flask with confluent monolayer of BHK-21 cell from incubator to
biosafety cabinet after spraying with 70% ethanol.

v" Decant the old media and wash the cell briefly with PBS (which must be free from Ca and
Mg if versine is used as dispersant) to remove the residual serum and the residual bivalent
ion.

v" Add trypsine and mixing gently and incubate for 10 minute at 370c.

v' Add growth complete media and pipette gently to mix thoroughly until monolayer cell
dispersed to single cell.

v" Add the final amount of the complete media and dispense to other 3 TC-25 flask and then
incubate at humified incubator with 5% CO2 at 370c.

v Then follow the growth of the cell line and for any contamination using inverted light

microscope.
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Appendix 6: Virus isolation procedure on BHK-21 cell

<\

The tissue suspension virus sample is thawed.

2% MEM were thawed in water bath.

Material used and the sample bottle were disinfected by 70% ethanol and blotted dry by
sterile gauze.

Put the cell, media and other materials that are used in inoculation into biosafety cabinet.
Discard the old media from the monolayer cell and wash the cell gently with 2-3ml of pre
warmed PBS.

Inoculate 1ml of virus sample to the cell in 25cm2 tissue culture flasks and rock the flask
gently to distribute inoculum evenly over the monolayer cell.

Incubate inoculated culture in incubator at 37oc for 1hr to allow virus adsorb.

Add 7ml of 2% MEM to the inoculated cell and incubate at 37°C and 5% CO2 in a
humidified incubator.

Monitor the inoculated tissue flask daily for the development of CPE and any other

contamination.
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Appendix 7: Plate lay out for FMDV antigen detection and serotyping ELISA

NATIONAL ANIMAL HEALTH DIAGNOSTIC AND INVESTIGATION CENTER
(NAHDIC)
QUALITY ANAGEMENT SYSTEM
PLATE LAY OUT FOR FMDV ANTIGEN DETECTIONN AND SEROTYPING ELISA

Type of test: FMDYV antigen detection Test date:........
Kit batch No: 01-2016 161201a Plate No:
Expiry date: August 2021

Purpose: Research

Catching MAbs ®
2|2 2| 22 2o e e 2|8 22
o | & o | ol a|lals 98 °
£ e £ E|l E| €| €| €| € E|l'a g9 €
S I} S G| ©| ©| ©| ©| < c O g o)
(2] w (2] n  nlynl ynnlun|wm w o q 2 o
1 2 3 4 |5 |6 (7 |8 |9 10 |11 12
Type O A (:3 +
Type A(1* mab) | B :5_%
Type A (2" mab) |C : !
Type Asia 1 D o E
T S
Type C E S & 9
c
Pan-O-A-C-Asial | F s &5
Type SAT 2 G Conjugate
Type SAT 1 H B (SAT1-
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2)

Appendix 8: Nucleotide sequence of primer used for sequencing VP1 protein of FMDV in

WRLFMD
Serotype Primer name | Sequence (5°-3”) Gene
O O-1D29%6aF | ATAACACCACTAATCCAAC VP1
0O-1D628aR | GTTGGATTAGTGGTGTTAT VP1
A A-1D202aF | TCAGCCACCTACTATTTCTCTGA VP1
A-1D478aR CAGTGCTCCGTAGTTAAAGGATGA VP1

Appendix 9: Miscellaneous pictures
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