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ABSTRACT 

 

 

FMD is a highly contagious list A disease affecting many host species ad posing a high economic 

loss in different countries of the world. A cross sectional study was conducted with the aim of 

isolation and molecular characterization of foot and mouth disease viruses in cattle from 

outbreaks occurred in different parts of Ethiopia from March to April, 2020. Outbreak samples 

were collected for virus isolation, serotyping and molecular characterization. A total of 23 

samples were collected during the outbreak and 19 were inoculated on BHK21 cell culture. 

Among the 19 tested samples, five (26.3%) showed cytopathic effect (CPE) after 24-48 hr of 

incubation. The samples were identified by using the antigen detection sandwich ELISA, only 

three of the samples were serotyped as serotype O and SAT1. Up on molecular characterization 

by RT PCR using universal primers, only two samples were positive. The two positive samples 

were further identified for their serotype by RT-PCR using serotype specific primers. The result 

revealed one of the positive sample was identified as serotype O while the other was negative for 

all serotype specific primers for O, A, SAT2, and SAT1. This may happen due to the higher 

antigenic variability of the SAT 1 serotypes which causes the failure of the primer to attach to the 

nucleotide. Thus, further detailed molecular analysis and serotyping of outbreak FMD viruses 

using sequence data for the samples which are negative by different serotype specific primers is 

needed. Also the detection of SAT 1 serotype circulating in the country should be an alarm to 

consider this serotype as vaccinal strain.  

 

 

Keywords- Ethiopia, FMD, molecular characterization, outbreak, serotype  
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1. INTRODUCTION  

 

 

Livestock production is hampered by many factors mainly of diseases. Their impact can vary 

from reduced productivity and restricted market access to the elimination of entire flocks or 

herds, with the resultant loss of biodiversity and valuable genetic resources (OIE, 2012). Foot and 

mouth disease (FMD) is one of the Trans-boundary Animal Disease (TAD), that cause significant 

loss in many species of livestock and livestock products (OIE, 2009).  

 

The disease is caused by Foot and Mouth disease virus (FMDV), in the genus Aphthovirus and 

the family Picornaviridae. The virus has seven immunologically distinct serotypes, namely O, A, 

C, SAT1, SAT2, SAT3 and Asia 1 as well as over 60 subtypes (OIE, 2016). All of the seven 

serotypes produce clinically indistinguishable disease but immunity to one serotype does not 

confer protection against another due to the antigenic diversity (Bari et al., 2014). It is a 

contagious animal disease affecting cloven hoofed animals of domesticated and wildlife, where 

cattle, pig, sheep, goat and buffaloes are among the susceptible ones (Paton et al., 2018). The 

disease is characterized by fever, loss of appetite and weight, blister on the mucous membrane 

especially of the mouth, udder and teats (Admassu et al., 2015). 

 

Even if the disease has a low mortality rate, it is one of the most economically important 

infectious diseases of animals according to the World Organization for Animal Health (OIE). 

This is due to the impact of the disease on the international trade in livestock and animal products 

and also the effects on the livelihoods of local farmers as a result of impacts upon productivity, 

food security, and losses of income (Maree et al., 2014). Although, the disease has been 

eradicated in some of developed countries, it remains endemic in developing countries. In these 

developing regions, livestock farming is their major economic input for more than half of the 

rural economies (Maree et al., 2014). Hence, this disease is one of the most destructing 

phenomena in these regions of the world affecting their socio economic sector of their country. 

 

In Ethiopia, one of the country that possess a huge number of livestock populations in Africa and 

where 16.5% of National Gross Domestic Product and 35.5% of the Agricultural GDP is covered 

by the livestock sector (CSA, 2017), FMD is causing several outbreaks every year. In the 

country, FMD is endemic with four of the seven serotypes of FMDV (O, A, SAT 1 and SAT 2) 
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(Mitiku et al., 2016). The disease impact has been increasing from time to time. In 2005/06 

Ethiopia has lost about 14 million USD in consequence of the Egyptian trade ban (Leforban, 

2005). Also a trade ban in 2011 loss estimated to be 3,322,269 USD as a result of bull rejection 

from the market. Economic loses recorded in terms of losses arising from milk loss, mortality and 

draft power loss was estimated to be 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 (Yalew, 2019). 

 

Despite the above impacts of the disease, there is no government strategy to control the disease. 

This is evidenced by the increasing occurrence of outbreaks since 1990 (Ayelet et al., 2009) 

throughout the country due to the presence of high number of susceptible animals, wild and 

domestic animals sharing common grazing pastures and watering points in areas where wild life 

occur as well as lack of control of animal movement (Admassu et al., 2015). Currently 

vaccination by a trivalent vaccine with serotypes O, A and SAT2, produced National Veterinary 

Institute (NVI), is used as a prevention method in the country. 

 

In Ethiopia, the circulation of different serotypes makes the selection of sufficiently cross-

protective FMD vaccines a challenge. As a result, local and regional programs of surveillance 

such as isolation, molecular characterization and serotyping of FMDVs circulating in animal 

populations are an important component of FMD control, in order to aid the vaccine matching 

data and access to appropriate viral strains that should be used in the development of new 

vaccines (Maree et al., 2014). However there is no molecular data and serotyping of the 

circulating FMDV in the current study areas. 

 

Therefore, the objectives of this study were: 

 

General objective 

 

 To determine the molecular characterization of FMDV in different parts of Ethiopia. 
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Specific objectives  

 

 To isolate the virus from clinical samples collected from different areas. 

 To determine the serotype of the virus circulating the study areas.  

 To detect and characterize the virus at the molecular level. 
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2. LITERATURE REVIEW  

 

 

2.1. Definition  

 

FMD is a highly contagious disease predominantly affecting the animals of the order artiodactyla, 

with the primary domestic hosts being cattle, buffalo, sheep, pigs and goats, although the virus 

circulates in wildlife, in particular in the African buffalo (syncerus caffer) (Reeve et al., 2016). It 

was first described in Venice in 1546 (Obrinoa et al., 2001). The impact of the disease outbreak 

not only affects the international trade of livestock and animal product but it causes significant 

effect on the livelihoods of local farmers due to reduced productivity, food insecurity, and losses 

of income (Maree et al., 2014).   

 

2.2. Etiology  

 

2.2.1. Taxonomy  

 

FMDV, the causative agent of FMD, is the first animal virus to be identified as a filterable agent 

(Loeffler and Frosch, 1897). It is a prototype member of the genus Apthovirus in the family 

picornaviridae, in which „pico‟ means small and „RNA‟ indicates the genome of the virus (OIE, 

2011). 

 

2.2.2. Virus structure  

 

Even if it‟s the first animal virus, the elucidation of its general morphology became possible after 

the event of electron microscope which revealed smooth, round particle of 30 nm diameter (Wild 

et al. 1969). A detailed understanding of the virus structure comes later with the advancement of 

technologies. The virus particle has 60 copies of four structural proteins (VP1-4) which associate 

to the icosahedral shape or capsid (Klein, 2009). The arrangement of the viral proteins are similar 

when compared to other picornaviruses in which the VP1 proteins are located around the 

icosahedral five-fold axes, whereas VP2 ad 3 alternate around the three fold axes and the VP4 is 

located entirely at the inner surface of the viral capsid. The outer proteins have a fold almost 

ubiquitous to RNA viruses known as the RNA virus fold (RVF) that of wedge shaped eight 

stranded b-barrel. Loops connecting the strands (N- and C- termini) form the exterior surfaces 
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and identified by the strands they join; thus hypervariable sequence known as the FMDV loop, 

spanning residues 140-160 of VP1, is also known as the GH loop (Beard and Mason, 2000).  

 

 
 

Figure 1: Structure of mature FMD virion based on X-ray crystallographic data. (a) A viral (b) 

the pentamer position of the virus (c) general Organization of the entire virion, (d) G-H loop with 

purple colour. Adapted from (Grubman and Baxt, 2004).  

Despite structural similarities among picornavirus genera, FMDV exhibits distinctive structural 

features. In most of the picornaviruses, there is a prominent depression on the surface, termed as 

“canyon”, which is involved in the interaction with the host cell receptor (Obrinoa et al., 2001). 

But in case of the FMDV capsid, it is relatively smooth with no obvious canyons or pits. This 

occurs due to the traverse of the C-terminus of the VP1 protein in a clockwise direction finishing 

adjacent to the VP1 GH loop of the 5-fold related protomer and in doing so fills the depression 
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which would be analogous to the canyon/pits (Rowlands, 2005). The other unique feature of 

FMDV among the picornaviruses is the highly hydrophobic hole at the 5-fold axis that allows the 

penetration of molecules such as intercalcating dyes and caesium ions. This feature makes the 

inactivation of virus infectivity by photoreactive dyes and the high buoyant density of their 

virions, makes them the highest among the picornaviruses (Obrinoa et al., 2001).  

 

2.2.3. Genome organization  

 

The genome of FMDV comprises a single strand positive sense RNA virus which is over 8000 

bases in length. The viral genome contains one open reading frame (ORF) flanked by highly 

structured 5‟ and 3‟ untranslated regions (UTR) both predicted to display complex secondary 

structures. The picornavirus internal ribosomal entry sites (IRES) element provides the cap 

independent translation function, as do those which are present in other viral RNAs and some 

eukaryotic RNAs. The translation initiation of the FMDV RNA starts at two AUG codons 

separated by 84 nt. Replication and translation of FMDV RNA occur in the cytoplasm of infected 

cells, and these biochemical processes are associated with cell membranes (Sangar et al., 1977). 

The single viral ORF encodes only one polyprotein that is cleaved by viral proteases (Ryan et al., 

1989) to yield the different viral products (Figure 2). The P1-2A region encodes the structural 

proteins VP1, VP2, VP3, and VP4. The regions L, P2 and P3 encode eight different mature non-

structural proteins (NSP). All of them and some of the processing intermediates, are involved in 

functions relevant to the virus life cycle in infected cells (Obrinoa et al., 2001). 

 

 

 

Figure 2: A cartoon of FMDV genome. Adapted from (Freimanis et al., 2016). 
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2.2.4. Antigenic variation  

 

Antigenic variation results when genes encoding the capsid proteins are mutated which also 

results the evolvement of new subtypes (Haydon et al., 2001). More frequently, the impacts of 

this variation derive from the three major surface exposed proteins of the virus (VP1-VP3) 

(Maree et al., 2014). These proteins contribute to the formation of five known antigenic sites of 

FMDV (Kitson et al., 1990 ; Crowther et al., 1993). The βG–βH loop and carboxy terminus of 

VP1 provide to site 1, the critical residues being 144, 148 and 154 and 208. Amino acids at 

positions 31, 70–73, 75 and 77 of VP2 contribute to site 2, and site 3 is formed in part by residues 

43 and 44 of the βB–βC loop of VP1. Only one critical residue, at position 58 of VP3, has so far 

been identified for site 4. The fifth site, characterized by an amino acid at position 149 of VP1, is 

mainly formed by interaction of the VP1 loop region with other surface amino acids (figure 3). 

Site 1 is linear and trypsin sensitive, whereas all the other identified sites is conformational and 

trypsin resistant (Bari et al., 2014). 

 

Even though, the sites appear to be necessary for a complete immunologic response to either 

infection or vaccination, the major antigenic site, to which most of the immune response is 

directed and which is common to all of the serotypes, is located within the G-H loop of VP1 

(Maree et al., 2014). Also mutations are not only occurs within the structural proteins only, it 

may occur within the nonstructural protein coding regions of the genome. But they are probably 

less tolerated, since proteins encoded by these regions are necessary for viral replication and 

changes are more likely to be lethal (Grubman and Baxt, 2004). 

 

Because of this antigenic variation, seven serotypes and multiple subtypes and variants of FMDV 

has been appeared. This variation leads to the continuous emergence of new variants which 

makes the selection of FMD vaccine candidates complicated (Verma and Kumar, 2012). Hence, 

it has a great importance for the epidemiological point of view and for formulating suitable 

control strategy. In addition to this, the observation that antigenic variation can also occur in 

tissue culture, has implications for vaccine production, since a number of tissue culture passages 

are required to produce vaccine for a new variant, leading to the possibility that the virus 

eventually utilized as antigen may not provide the antigenic coverage needed (Grubman and 

Baxt, 2004). 
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Figure 3: Antigenic sites of FMDV. Adapted from (Rowlands, 2005). 
 

2.2.5. Genetic variation  

 

The high genetic variability of FMDV is a common feature of RNA viruses. Genetic variation in 

foot-and-mouth disease virus (FMDV) is of interest for 2 reasons. First, changes to the genes 

encoding capsid proteins results in antigenic variation, and affects vaccine efficiency and 

effectiveness of vaccination programs; second, genetic changes can lead to important insights 

into the transport of virus between countries, regions, herds, and individuals (Verma and Kumar, 

2012). These changes mainly occurred due to different reasons. The first cause of this variation is 

mutation. Due to the lack of error correction mechanisms during replication, RNA viruses are 

prone to high substitution rates that ranges from 103 to 105 per nucleotide site per genome 

replication. This high rate leads to the differences of FMDV replicates from the original genomes 

by 0.1 to 10 base positions; hence, a quasispecies concept is developed. Quasispecies are pools of 

variant genomes statistically defined but individually indeterminate. In such cases all genome 

sequences are not the same, and that selection occurs at the population level instead of individual 
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level. Hence, there is not a “wild type” as such but rather an observed “average” phenotype 

which has adapted to and replicates “best” within any given environment (Grubman and Baxt, 

2004). 

 

In addition to mutation, viral recombination is one of the determinants of genetic diversity in 

FMDV. This recombination occurs due to the polymerase jumping which results the 

recombination of genetic material between two non-segmented RNA genomes (Metages, 2018). 

This occurs between viruses of the same serotype as well as between different serotypes. 

Recombination rates were found to be higher in the acute phase of infection as compared to the 

carrier phase. Although recombination rates occurred more likely in the NS region, the overall 

amount of recombination in the capsid was still very high (Ferretti et al., 2018).Mutations 

through recombination could result in the exchange of genetic material that could lead to the 

generation of new antigenic variants that may escape immune pressure. Therefore, recombination 

is an important factor in the creation of genetic diversity (Mwanandota, 2013). 

 

2.2.6. Serotypes and subtypes  

 

After the demonstration of FMDV plurality by Valle‟e and Carre‟ in 1922, there has been a need 

to differentiate the viruses causing outbreaks of FMD. They have been using the antigenic 

relationships to show the genetic relatedness, but it leads to the misidentification of the origin of 

outbreaks. In order to overcome such problems, SDS-polyacrylamide gel electrophoresis and 

electro focusing were used to examine the migration of viral capsid proteins according to size and 

or charge. But, a small genetic changes causes large changes in the migration of proteins, hence, 

genetically closely related proteins seems to be different (King et al., 1983). 

 

However, the determination of the nucleotide sequence of viral RNA allowed the characterization 

of genetic relationships between strains and gave precise evidence for the epidemiological 

studies. The construction of phylogenetic trees allowed the comparison of nucleotide sequence 

similarity between virus strains which helped to visualize relationships of FMDV (Crowther et 

al., 1993). The significance of differences in percentage identity values is not clearly understood 

because; some amino acid substitutions are antigenically conservative, whereas, others are liable 

to have significant effects on the ability of antibodies to bind. Based on the differences on the 

VP1 gene, FMDV is classified in to seven serotypes, O, A, C, SAT 1-3 and Asia 1. All of the 
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serotypes grouped into distinct genetic lineages with approximately 30%-50% differences in the 

VP1 gene. They are also grouped into geographically restricted clusters also known as topotypes . 

Topotypes classification is based on the genetic differences which is <15% genetic variations for 

serotypes O, A and C and <20% for SAT serotypes (Yalew, 2019). Specific characteristics of 

FMDV serotypes are discussed below.  

 

FMDV type O 

 

Valle‟e and Carre‟ showed the existence of serotype O in 1922 and named it as Valle‟e O by the 

regions they originated, department of Oise in France but it then shortened to O. It is the most 

widely distributed serotype in the world but there is no precise information for its higher 

prevalence (Vallée and Carré, 1922). This serotype has low antigenic variation which is not as 

extensive as the other serotypes which able the few vaccine strains to protect against most field 

outbreaks. But it has a greater genetic diversity that allows the classification of many distinct 

lineages. As a result it has eight topotypes with genetically and geographically distinct 

evolutionary lineages. This topotypes are named as Cathay, Middle East/South Asia (ME/SA), 

South East Asia (SEA), Europe/South America (Euro/SA), East Africa (EA), Indonesia-1 (ISA-

1), Indonesia-2 (ISA-2), and West Africa (WA). Among the eight topotypes, two of them are 

thought to be extinct (ISA-1 and ISA-2). Nowadays, many of the current virus isolates belong to 

the ME-SA topotype (Samuel and Knowles, 2001). 

 

FMDV type A 

 

Serotype A was also demonstrated by Valle‟e and carre‟ in 1922 and named as valle‟e A by the 

place of discovery Allemagne in France. But latter it‟s changed to A. It is the most genetically 

and antigenically diverse as compared to the seven FMDV serotypes. This may be due to the high 

recombination rate in this serotype than the others. Due to this high variability, there are about 

more than 32 subtypes and 26 genotypes (Bari et al., 2014). Comparison of complete VP1 

sequences has shown that type A viruses can be grouped in to three major geographically 

restricted genotypes, as Euro/SA, Asia and Africa. However there is occasional spread between 

these continents may take place (Knowles and Samuel, 2003). 
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FMDV type SAT 1-3 

 

The SAT 1 and 2 were identified in Bechuanaland (Botswana) and Rhodesia (Zambia) in 1948. 

Then after, a retrospective testing of samples from Southern Rhodesia from 1930s found the three 

SAT serptypes ( Brooksby, 1958). African buffalos (Syncerus caffer), the natural hosts for the 

SAT viruses, show overt clinical signs of the disease. This serotypes are confined to sub-Saharan 

Africa, however a number of outbreaks of SAT 1 have been occurred in the Middle East 

(1962/1965 and 1969/1970) and SAT2 spread in to Saudi Arabia and Kuwait has been recorded. 

It is important to know that SAT 1 and 2 has shown greater antigenic variability among the 

Euroasian serotypes. For SAT-1 eight topotypes were identified throughout the region of which 

most had localized geographic distribution. However, SAT-2 showed higher genetic diversity 

with a total of 14 topotypes with five of these possibly extinct (Vosloo et al., 2004). Although 

SAT-3 has the most restricted distribution and is the type least frequently recovered from African 

buffalo, 6 topotypes were found with 25 genotypes of which four occurred in southern Africa and 

two were unique to East Africa (Bastos et al., 2003). 

 

2.3. Epidemiology of the disease 

 

2.3.1. Global distribution of the disease  

 

FMD is one of widely distributed disease worldwide mainly of South America, Asia, Middle East 

and sub-Saharan African countries. Among 178 member states of World Organization for Animal 

Health, only 66 countries are FMD free (65 without vaccination, 1 with vaccination), 10 

countries have FMD free zones. North America, Majority of South America, Western Europe, 

Australia, New Zealand and most Island countries in pacific are free of the disease (Depa et al., 

2012). The seven serotypes of the disease are not equally distributed around the world. Types O 

and A have the broadest distribution and are continuously circulating in many parts of FMD 

endemic countries like Africa, southern Asia, the Far East (Gorna et al., 2014) and South 

America. Type C appears greatly in the Indian sub-continent and Asia 1 normally only occurs in 

southern Asia. In Africa all the different serotypes of the virus are present except Asia1. The SAT 

serotypes are normally confined to sub-Saharan Africa (Saeed et al., 2015).  
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The global FMDV population can be roughly divided into seven regional pools. Pool 1 covers 

south-east Asia with spillover into eastern Asia. Pool 2 represents southern Asia. Pool 3 covers 

Euro-Asia (including the Middle East). In these three pool serotype O, A and Asia 1 are 

circulating virus. Pools 4, 5 and 6 cover eastern, western and southern Africa respectively. In 

pool 4 serotype O, A, SAT 1, 2 and 3 are circulating. In pool 5 serotype O, A, SAT 1 and 2 and 

in pool 6, only the SATs are tends to circulate. Pool 7 covers South America and has only type A 

and type O circulating (Logan, 2017).  

 

2.3.2. Distribution of the disease in African countries  

 

FMD is widely distributed in Africa, where 75% of the livestock populations are raised under 

traditional systems that sustain livelihoods of women and children. The epidemiology of FMD in 

Africa is affected by two major different patterns i.e. the cycle involving wild life in particular 

the African buffalo and the independent cycle maintained within domestic animals (Thomson et 

al., 2003). Also the existence of three SAT serotypes which are maintained within the African 

buffalo population makes the control of FMD challenging. In addition to this lack of veterinary 

centers, human resources, movement controls and appropriate vaccines pose the developing 

countries exposed to the disease (Ayebazibwe et al., 2010).  

 

Currently, FMD is maintained within the three continents Asia, Africa and South America with 

different pattern of serotype distribution. In order to make the study easier, the distribution of 

FMD is divided in to seven major pools of infection. Each pool has at least three serotypes of 

virus which are specific to the region and needs tailored diagnostics and vaccines for control 

(Rweyemamu et al., 2008). In Africa, FMDV serotypes are not evenly distributed which results 

different epidemiological patterns. The cumulative incidence of FMDV serotypes demonstr that 

six of the seven serotypes of FMD (O, A, C, SAT1, SAT2, and SAT3) have occurred in Africa 

(Paton et al., 2009).The distribution of five serotypes and the different topotypes are shown in 

Figure 4A–E.  

 

Based on the genetic characterization of the virus and antigenic relationship of FMDV in Africa, 

the virus distribution is divided into three virus pools: namely, pool 4 covering East and North 

Africa, with predominance of serotypes A, O, SAT1, and SAT2; pool 5 restricted to West and 

northern Africa, with serotypes O, A, SAT1, and SAT2; and pool 6 restricted mainly to South 
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Africa, with SAT1, SAT2, and SAT3 serotypes (Donaldson, 1999). Periodically, there have been 

incursions of types SAT1 and SAT2 from Africa into the Middle East, probably as a result of 

animal movement (Valarcher et al., 2004).  

 

In order to clearly understand the complex epidemiology of FMD and to assist in decision 

making to control the disease in Africa, the virus pools are further divided into epidemiological 

clusters. Therefore, eight epidemiological clusters for Africa (Figure 4F) is proposed based on the 

distribution of serotypes and topotypes in different regions of Africa (Figure 4A–E), animal 

movement patterns, impact of wildlife, and farming systems (Rweyemamu et al., 2008). 

 

 

Figure 4: Maps of Africa showing the serotype and topotype distribution. Adapted from (Maree 

et al., 2014). 

 

Notes: The topotypes are color coded. The epidemiological clustering is indicated. The 

epidemiological clusters shown in the maps (A–F) do not necessarily indicate political borders of 

the countries.  
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2.3.3. Molecular epidemiology of the disease  

 

FMD endemic areas in the world are high-risk zones for introducing FMD to countries free of the 

disease and for the origin of new FMDV lineages. Therefore, a continuing surveillance of FMDV 

is needed for the early recognition and understanding of emerging risks or changes in the global 

FMD situation. The detection and characterization of new FMDV lineages and control of 

possible conformation changes of circulating immune relevant epitopes, is of special interest, as 

it may indicate that a change in the current used vaccine strains is needed (Klein, 2009). As a 

result, Molecular epidemiologic studies have contributed more in planning FMD control 

strategies by elucidating historical and current disease transmission patterns within and between 

countries and it provides information that should be needed when planning FMD vaccination 

strategies (Mwanandota, 2013). 

 

The molecular epidemiology of FMDV is studied on the comparison of genetic differences 

between viruses (Knowles and Samuel, 2003). The VP1 coding region was used to study the 

molecular epidemiology of the virus. Accordingly, the Phylogenetic analysis of VP1 will be  

applied to group field strains into discrete topotypes and lineages (Carrillo, 2012). The VP1 gene 

which is the most highly variable capsid protein that had a major immunogenic site of the virus, 

is used to genotype the seven serotypes of FMDV into geographically distinct groups called 

topotypes. In VP1 gene, 26% of proteins are only conserved between serotypes. In addition, 

comparison of VP1 coding sequences from isolates obtained from FMD outbreaks gives evidence 

of relatedness between individual FMDV strains. This provides the tracing of the spread and 

transmission of the virus from one region to another or across national borders (Di Nardo et al., 

2011). 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 (Yalew, 2019). 

 

2.3.4. Transmission 

 

The transmission of the disease can occur both in direct and indirect ways through contact with 

infected animals, contaminated fomites, virus spread through inhalation of aerosolized virus, 

contaminated feed and the virus enters through skin abrasions or mucous membranes. The direct 
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contact transmission occurred when susceptible animals directly contacted with infected animals 

which leads to the virus enters the host through damaged epithelium, cuts or abrasions and 

mucous membrane or by deposition of droplets in the respiratory tract as shown in figure 4 

(Paton, 2018). In comparison to aerosol transmission, pigs are infected with the virus through 

physical contact with infected secretions containing large amount of virus. Besides, as pigs are 

commonly kept on concrete floor, pre-existing damage to the integument may increase the 

chance of being infected (Muhammad et al., 2012).  

 

The indirect transmission of the disease occurred through contaminated vehicles; persons that are 

working in diseased area and through all other activities like shearing, deworming, blood 

sampling. In favorable climatic and geographic factors, FMDV can also be transmitted over a 

long distance in airborne manner. Conditions that prompt the long distance transmission of 

FMDV include a high relative humidity, usually 55 % or higher, minimal mixing of air by 

turbulence and convection. Although pigs are relatively resistant to aerosol exposure, infected 

pigs release largest quantities of air-borne virus and act as an important source of FMDV for long 

distance aerosol spread (Alexandersen and Donaldson, 2002). 

 

 

 

Figure 5: Routes of FMDV transmission. Adapted from (Paton, 2018). 

 

 



16 

 

2.3.5. Clinical signs  

 

Virus shedding starts during the incubation period, about 24 hours before the appearance of 

clinical signs. Based up on the infecting dose, susceptibility of the host and the strain of the virus 

get in to the animal, the incubation period ranges from 2-14 days (Mitiku et al., 2016). The 

disease is characterized by pyrexia, drooling of saliva and development of vesicles in and around 

mouth, on tongue, gum, feet, mammary gland and teats in adults. Lesions are often observed 

initially as blanched areas, followed by development of vesicles and these fluid-filled vesicles are 

readily seen in cattle. However, these vesicles are rarely observed in the mouth of sheep and 

goats, may be due to of the thinness of the lingual epithelium causes superficial lesions to rupture 

early, leaving shallow erosions which usually heal within a few days (Ranjan et al., 2016).  

 

While the disease has low mortality in adult animals, it may be high in young animals, including 

calves, lambs and piglets, due to acute myocarditis. Up on post mortem examination of the heart, 

it reveals a soft, flaccid heart with white or greyish stripes i.e. “tiger heart” or spots, seen mainly 

in the left ventricle and interventricular septum (Alexandersen et al., 2003). In lactating cows, 

Vesicles may develop in the skin of teats and udders which causes dramatically decrease in milk 

yield resulting in mastitis. Secondary bacterial invasion of the ruptured lesions may interfere with 

healing and may lead to severe involvement of the deep structure of foot and mouth (Mitiku et 

al., 2016). 

 

2.3.6. Pathogenesis  

 

In cattle, the epithelial cells of the dorsal soft palate, the roof of the pharynx just above the soft 

palate and part of the tonsil are thought to play a significant role in the prime infection. After 

inhalation of the virus by susceptible animal, the proportions of the particles are deposited in 

respiratory systems. But the sites of deposition mainly depend on diameter and mass of the virus 

(Quinn et al., 2002). As a result, large particles are deposited in the upper respiratory tract 

(nares); medium sized particles are deposited at middle to upper respiratory tract (pharynx, 

trachea, bronchi) and small particles in the lower regions (small bronchioles and alveoli) (Pugh, 

2002). Subsequent to the deposition of the virus in the respiratory system, FMDV infection 

started at the epithelia of mucosal associated lymphoid tissue of the nasopharynx. The virus then 

attaches to the cells to penetrate into the cytoplasm and replicate until the cells disintegrate. The 
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disintegration of the cells leads to the release of more viral particles to infect other cells. The 

released viral particles move from the blood stream during the viremia to infect the epithelium of 

the oral cavity and feet, where lesions develop (Hirsh et al., 2004). 

 

Once infection gains access to the blood stream, the virus is widely disseminated to many 

epidermal sites, probably in macrophages, but gross lesions develop only in areas subjected to 

mechanical trauma or unusual physiological condition, such as epithelium of the mouth and feet, 

the dorsum of the snout of pigs and teats (Lefevere et al., 2010). Bacterial complication generally 

aggravates the lesions, particularly those of the feet and the teat, leading to sever lameness and 

mastitis, respectively. In young animals, especially neonates, the virus frequently causes 

necrotizing myocarditis and this lesion may also be seen in adults infected with some strains of 

the virus particularly type O (Ranjan et al., 2016). 

 

2.4. Diagnosis  

 

A pivotal component of any disease control strategy is based on the diagnostic assays to rapidly 

confirm the initial clinical determination of infection. The accurate and fast diagnosis of FMD is 

very important for both control and eradication programs in FMD endemic areas and as a 

supportive measure to the stamping out policy in FMD free areas (Longjam et al., 2011). The 

diagnosis of FMD depends 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 (Yalew, 2019). However, the clinical signs can be confused with other diseases 

such as swine vesicular disease (SVD), vesicular stomatitis, and vesicular exanthema of swine 

that cause the vesicular lesion on the mouth of swine and cattle which is identical to those caused 

by FMD. In addition, FMDV infection of sheep and goats can be difficult to detect clinically. 

Also, in a highly susceptible animal the clinical signs are pathognomic however in the endemic 

region, due to partial natural immunity or vaccinal immunity, clinical signs may be mild or 

confusing(Verma and Kumar, 2012). Hence laboratory based diagnosis is necessary.  

 

The research and diagnosis of FMD starts by using experimental laboratory animals by 

Waldmann and Pape followed by Skinner, using the guinea pig and suckling mouse, in 1951. The 

use of tongue epithelium by Frenkel in 1947, for large scale production of the virus formed the 

basis for the initiation of FMD vaccine programs in Europe in the 1950‟s. The subsequent 
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development of cell lines brought a remarkable degree of sophistication to the study of virus 

growth. As the technology advances through time, the recognition of more than one serotype has 

led to the development of various techniques for serotyping of the virus. Earlier typing of FMDV 

was done by cross-immunity test in guinea pigs and less frequently in cattle (Waldmann and 

Trautwein, 2009). As this test was time consuming, expensive, and imprecise, different 

serological tests like complement fixation test (CFT), virus neutralization test (VNT), and 

enzyme-linked immunosorbent assay (ELISA) were developed and the most recent is the 

development of molecular techniques, the polymerase chain reaction (PCR) method making 

diagnosis more rapid and precise (Rweyemamu et al., 1982). For the diagnosis, epithelial tissue  

or vesicular fluid are used. But in case of advanced or convalescent cases, or in case of 

subclinical cases, oropharyngeal fluid is collected by means of a probang cup (Yalew, 2019). 

 

Virus isolation  

 

Of the established diagnostic approaches, virus isolation (VI) in cell culture is considered as the 

„„gold standard‟‟ as described in OIE Terrestrial Manual 2012. Although primary cell culture of 

bovine, ovine and porcine origin has exhibited susceptibility to FMDV, the most sensitive culture 

system is primary thyroid cells. But cryopreservation of bovine thyroid cells directly after 

trypsinization results in the loss of susceptibility to FMDV (House, 1989). Even if cell lines are 

less susceptible than primary cells, they are more desirable for diagnostic system. Among the cell 

lines that are susceptible to FMDV, Baby hamster kidney (BHK21) cell line is the preferred one 

due to the well growth of the virus and large scale production. The virus is cytocidal, and infected 

cells shows morphological changes, known as cytopathic effects (CPE), which include cell 

rounding and alteration and redistribution of internal cellular membranes. The virus also causes 

biochemical alterations, including inhibition of host translation and transcription (Verma and 

Kumar, 2012). CPE is detected within 48 hrs. If there is no CPE, the cells would be frozen and 

thawed, used to inoculate fresh cultures and examined for CPE for another 48 hrs. In the absence 

of CPE after 3 blind passages, the sample can be declared negative for the presence of live virus. 

However, the cell culture system is laborious, time consuming, and relatively low sensitive. It 

also requires careful handling of specimens and a biosafety laboratory. In particular, virus 

isolation requires a laboratory cell culture facility, which can be difficult and expensive to 

maintain, besides requiring 4 to 6 days for test completion (Jae et al., 2009). 
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Serological tests  

 

The virus infection can be diagnosed by the detection of specific antibody response (Ryan et al., 

1989). Serological tests are mainly used to monitor the immune status of animals exposed to 

FMDV or FMDV vaccines. Approaches used include Enzyme Linked Immunosorbent Assays 

(ELISAs) and VNTs, although CFT are still used in a limited number of countries (Yalew, 2019). 

As compared to VNT, ELISA results were much more reproducible and are not influenced by 

variations in tissue culture susceptibility. At the FAO/WRL for FMD, the best procedure for the 

detection of FMDV antigen and identification of viral serotypes is ELISA (Paiba et al., 2004). 

There are different types of ELISA either for detection of FMDV antigen or antibodies. The 

antigen detection sandwich ELISA was shown to be rapid and simpler to perform. It is based on 

the detection of FMDV structural proteins and has 100% specificity for heterologous FMDV and 

80% sensitivity for detection of complete virus particles in clinical samples (Ranjan et al., 2016). 

 

Although ELISA is far finer to CFT, a large number of samples failed to give positive results and 

such negative sample has to be confirmed by inoculation of sample into BHK21 cell cultures 

followed by confirmation of the virus serotype by ELISA lasts 4 more days, which is difficult to 

rapidly detect disease and in order to take appropriate control measure. As a consequence, there is 

a need of an alternative assay system that allows more rapid confirmation of clinical diagnosis 

with more sensitivity and this has resulted in development of PCR (Verma and Kumar, 2012). 

 

Molecular methods  

 

It needs to have a diagnostic test that is sensitive, accurate, rapid and easy to use, because of the 

rapid spread and the devastating economic consequences of the disease. The polymerase chain 

reaction is a technique which amplifies a specific genome segment of virus in a diagnostic 

sample. It needs prior knowledge about the nucleotide sequencing flanking regions which would 

be amplified. Several groups have been developing quick diagnostic methods based on 

amplification of specific sequences of viral genome by reverse transcription polymerase chain 

reaction (RT-PCR), which can be applied to different kinds of biological specimens such as nasal 

swabs (Marquardt et al., 1995), vesicular epithelium (Verma, 2008), milk, serum and probang 

samples (Yadav, 2009). This approach was used to rapidly detect and type FMDV, to 

differentiate with other vesicular diseases such as SVD or BVD and to detect virus infection in 
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animals even before the development of clinical signs (Marquardt et al. 1995) as well as for 

identification of positive cattle at the end of the course of infection when virus isolation may be 

negative.  

 

Differentiation of vaccinated from infected animals   

 

Vaccination can increase the resistance against the viruses but cannot prevent infection. 

Vaccination with inactivated virus leads to generation of immune responses similar to that of 

infection, hence based on serology, identification of infected in vaccinated population is difficult. 

There is challenge to identify the infected animals among the vaccinated animals for appropriate 

implementation of the control programme. Differentiation of these two categories of animals is 

important during serological surveys to detect evidence of infection, as a follow up to ring 

vaccination in FMD free countries and for import/ export serology (Sharma et al., 2012). 

 

In order to alleviate this challenge, a standard established by the OIE, differentiation between 

vaccinated and infected animals (DIVA), through post-vaccination serological monitoring and 

analysis of virus circulation, would depend upon improved quality control of FMD vaccines to 

ensure the elimination of NSP during vaccine production and formulation (Lubroth et al., 

2007).It is done on the basis of detecting serum antibodies to the viral NSP that are generated 

during infection but not after vaccination with a vaccine from which the NSP had been removed. 

However, even purified vaccine preparations are sometimes contaminated with traces of NSP, 

and after several immunizations with these vaccines, animals that have never been infected with 

FMDV can also possess anti-non-structural protein antibodies. The occurrence of diseases in 

vaccinated animal shows the problem of mismatching of the field and vaccine strains according 

to DIVA test (Robinson et al., 2016). 

 

The term DIVA was coined in 1999 by Jan T van Oirchot. Now the term DIVA has been broadly 

accepted over earlier term “marker vaccines” as originally marker vaccines were deletion mutants 

of wild type micro-organisms which could be differentiated easily from wild type. The same 

principle has been extended to include subunit and killed whole virus vaccines and is broadly 

termed as DIVA. Different methods have been proposed for DIVA for FMD which includes virus 

isolation, reverse transcriptase- polymerase chain reaction (RT-PCR), VNT, IgA ELISA and non-

structural protein (NSP) immunoassay (Lubroth et al., 2007). 
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NSP based ELISAs are now been considered to be most sensitive method to detect infected in a 

vaccinated population. The NSP based immunoassays are based on the general DIVA principal 

that the inactivated FMD vaccine (may be called as DIVA vaccine) induces an antibody response 

that is different from the antibodies produced by infection with wild type of virus. What is 

required is just to have an assay that can discriminate the two immune responses. Most of the 

serological assays for FMD detect antibody to the capsid proteins (VP1, VP2, VP3 and VP4) of 

the virus. These antibodies are common to both vaccinated and infected animals hence cannot be 

utilized for DIVA. On the other hand viral replication during infection results in the production of 

a number of non-structural proteins of which some are immunogenic. Among the eight FMDV 

NSPs, antibodies against Lpro, 2C, 3A, 3B, 3C and 3D are produced in infected animals but not 

in vaccinated animals. The NSPs 3A, 3B and 3AB, 3ABC, 2C have been proven for their ability 

to detect infection specific antibodies in cattle and other species regardless of vaccination status 

(Sharma et al., 2012). 

 

2.5. Treatment  

 

Currently, there is no specific curative drug, which would be recommended to treat foot and 

mouth disease (Mitiku et al., 2016). But in place of specific treatment, symptomatic treatments 

have been applied depending on the clinical signs observed. Sodium carbonate, boric acid and 

glycerin are applied on the lesion and the affected animals feet may be washed with 2% copper 

sulphate solution. Also, washing of the wounds with soda ash solution and topical application of 

honey is found suitable in foot lesions. Antiviral approaches such as 2‟-C-Methylcytidine and 

ribavirin are used for the purpose of prophylaxis in susceptible animals (Gakuya et al., 2011).  

 

But, treatment of secondary bacterial infection and dressing of lesions with proper animal 

husbandry practices is recommended in FMD endemic countries in which slaughter policy is hard 

to hard to apply. Also 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. Infected animals are usually killed depending on 

economy (Hirsh and Zee, 2002). 
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2.6. Prevention and control  

 

Control of foot and mouth disease is difficult due to its highly contagious nature, multiple hosts, 

viral stability, multiple antigenic types and sub types and short term immunity. The type of 

control strategies applied in a country depends on the goal of the control programme. The control 

strategies varies from country to country based on their epidemiological condition, importance of 

livestock sector in the national economy and economic capability of the country to invest in 

control strategies (Radostits et al., 2007). 

 

In developing countries, control by eradication is too costly, hence, in most of African countries 

FMD control is mainly applied by using vaccination and with the control of animal movement 

(Mekonen et al., 2011). Many countries free of the foot and mouth disease have a policy of 

slaughter of all affected and in contact susceptible animals (economically affordable countries) 

and strict restriction on movement of live animals, animal products and vehicles around infected 

premises (Quinn et al., 2002). After slaughter, the carcasses must be disposed of safely by 

incineration, rendering, burial, the building are thoroughly washed and disinfected with mild acid 

or alkali and by fumigation (Ayelet et al., 2009). Rodents and other vectors may be killed to 

prevent them from mechanical dissemination of the virus. In areas or countries free of FMD in 

which this is not possible, control is by movement restriction, quarantine of infected premises and 

vaccination around (and possibly within) the affected premises (Hirsh and Zee, 2002).  The 

commonly used procedures for control of FMD are vaccination and eradication. 

 

Vaccination-Vaccination is instrumental in the control of FMD in endemic countries. Foot and 

mouth disease vaccines commonly contain more than one serotype of the virus depending on the 

epidemiological condition of the particular country. Mass vaccination campaigns usually involve 

a bi-annual or annual schedule (Radostits et al., 2007). The current foot and mouth disease 

vaccine confers protection for 6 months and hence at least two vaccinations are recommended for 

prophylactive protection in endemic areas. In vaccinated animals the peak antibody response is 

attained in 21-28 days and protection can be achieved within one to two weeks post vaccination. 

Vaccination can be used to reduce the spread of foot and mouth disease or protect specific 

animals (Quinn et al., 2002).  
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Eradication- Eradication is policies and actions designed to eliminate completely FMD virus 

following an outbreak of disease. This includes both 'stamping out', defined by OIE as the 

slaughter of all infected and incontact animals, together with cleaning and disinfection, and all 

the other measures that are necessary in the event of an outbreak in an FMD-free country, region 

or zone. Stamping out involves: slaughter and disposal, cleaning and disinfection, movement 

controls, zoo sanitary measures and epidemiological monitoring (Vosloo et al., 2002)  

 

2.7. Economic importance  

 

FMD pose significant threats to the livestock sector throughout the world, both from the 

economic impacts of the disease themselves and the measures taken to control and prevent the 

risk of disease introduction and spread (Perry and Randolph, 2003). These impacts are 

multidimensional and not always understood which makes the policy response ineffective. This is 

particularly the case in developing countries where livestock plays an important role in the 

household livelihoods and as a pathway out of poverty (Perry and Grace, 2009). At the same 

time, because of its potential for rapid international spread and effects on animal productivity, 

international markets for beef are segmented on the basis of FMD status, with higher price 

premiums available for supplying countries that are both FMD-free and which do not vaccinate 

their herds (Knight-jones and Rushton, 2013).  

 

Hence, the impact of disease is not equal across all countries and livestock populations due to 

differences in not only FMD status, incidence and risk of incursion but also (a) the genetics of the 

national herd; (b) prevailing livestock management practices; (c) prevailing prices of livestock 

production inputs and outputs  and (d) their ability to supply livestock for export markets. This is 

easier to appreciate when one considers specific countries which differ in these characteristics. 

When FMD outbreaks occur in disease free countries and zones that produce livestock for export 

the economic impact is clear to see; however, the impact of the disease in endemic countries is 

more controversial, particularly when compared to diseases that cause greater mortality (James 

and Rushton, 2018). The impacts of the disease are direct and indirect, which are discussed 

below. 

 

The direct losses of the disease are production losses due to reduced milk production (Bayissa et 

al., 2011), affecting both the humans and calves that depend on it. This can account for 33% of 
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losses in endemic settings (Ellis and Putt, 1981). Not only crucial to commercial dairy operations, 

milk is an important source of nutrition for many pastoralists, particularly for children (Barasa et 

al., 2008). Livestock growth rates are also suppressed and mortality amongst young stock is 

typically 2–3% (Rufael et al., 2008) although occasionally much higher. Loss of traction power 

where draught animals are used is particularly damaging if it occurs during harvest. FMD can 

result in abortion, the cost of which is high as the farmer will have to pay to keep the cow without 

it producing anything for another year or more, or cull the animal. Visible production losses are 

most prominent in pigs in intensive production systems and dairy cattle. These two systems are 

key sources of animal protein in poor countries and their importance continues to grow (Delgado 

et al., 1999). 

 

The indirect costs are carried out by the state veterinary services (e.g. vaccination, outbreak 

control, culling and compensation). These costs are enormous with an estimated 2.35 billion 

doses of FMD vaccine administered in the world every year (Hamond, 2011) at a cost of $0.4–3 

or occasionally $9 per dose including delivery and application (Forman et al., 2009). Due to the 

short duration of immunity induced by FMD vaccines, ongoing control programmes vaccinate 

cattle one to five times a year and sheep and goats once a year; limiting resources available to 

combat other diseases. Wildlife is sometimes kept out of FMD free zones with fencing which is 

both costly and affects wildlife ecology (Gadd, 2011). Even if a country is FMD free there are 

ongoing costs due to efforts to prevent disease introduction, including import controls and 

sometimes vaccination. In addition, maintaining FMD early detection and control capability, 

including vaccine banks, is costly. Other costs include FMD related research and permanent 

restrictions on the livestock sector (such as post-movement standstills and bans on feeding swill). 

The cost of surveillance are significant, including proving disease freedom after an outbreak; >3 

million serum samples were tested after the UK 2001 outbreak (Paton et al., 2006) in addition to 

approximately 3.5 million sera tested during the outbreak.  

 

Also countries infected with FMD cannot trade live animals with FMD free countries. Typically 

the countries with the best meat prices are FMD free (i.e. EU, USA and Japan) (James and 

Rushton, 2002) where prices are typically 50% higher (Jarvis et al., 2005). The trade of livestock 

products is also restricted. If regular outbreaks occur only processed, tinned products can be 

exported to free countries; if FMD is effectively controlled with vaccination by a competent 
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veterinary service able to detect outbreaks then deboned meat can be exported. Even if a country 

is FMD free, if it trades with FMD infected countries it will experience trade restrictions (James 

and Rushton, 2002). Lack of access to lucrative markets has further consequences; it restricts the 

development of commercial farming. Restrictions limit the supply of livestock and livestock 

products to free countries; although this is good for domestic producers it leads to increased 

market prices for consumers. If FMD free status is lost livestock are dumped on the domestic 

market, reducing prices for consumers at the cost of producers. Even within an endemic country 

livestock trade is limited; those affected by FMD receive lower prices for their stock and those 

wishing to purchase animals from FMD free herds face a restricted supply. Furthermore, 

investment in the livestock sector is limited if there is a perceived risk that FMD may occur. High 

productivity breeds are typically more susceptible to FMD. The threat of FMD therefore restricts 

(a) the use of these breeds and (b) prevents the development of more intensive production 

(Knight-jones and Rushton, 2013). 

 

2.8. FMD in Ethiopia  

 

2.8.1. Disease status  

 

In Ethiopia the disease is widely distributed throughout the country. Previously the disease occurs 

mostly in the pastoral herds of the marginal lowland areas of the country. But now the disease has 

been frequently noted in the highlands of the country. Also the disease has shown significant 

variation across different farming systems and agro ecological zones of the country (Tefera, 

2010). FMD outbreaks are reported frequently with increasing occurrence of outbreaks since 

1990 (Ayelet et al., 2009). According to data from the MoLF (2018) 884 outbreaks were reported 

from Addis Ababa, Oromia, Amhara, Tigray, SNNPRS, Gambela, Benishangul Gumuz , Somali 

Afar and Harari. The higher number of outbreaks occurs in Oromia with 438 outbreaks. But these 

numbers didn‟t refelect the exact epidemiplogical situation of the disease in the country due to 

the nature of the disease and the unreported cases by the farmers. According to the seasonal 

variation in a year, the disease occurs at any season of the year with highest outbreak recorded in 

the dry season. This is because during the dry season, pastoralists are obliged to move their herds 

long distance in search of pasture and water. Hence, the transmission exacerbated at herd 

gathering sites or communal points (Molla et al., 2010). 
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2.8.2. FMD 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 (Marte, 1975). SAT2 was first isolated from in 

Awassa, Sidamo and Negelli Borena in 1989 (Roeder et al., 1994). But, serotype SAT1 was first 

isolated and reported in 2008 from three different species of animals; cattle, sheep and goats 

(Legesse et al., 2013). Nowadays, FMD is endemic and widely distributed in all regions of the 

country. Among the seven serotypes five of them were reported as a cause of different outbreaks 

in the country during 1981-2018 as shown in the figure. From the report, serotype O was the 

most predominant serotype circulating in the country. The serotype C has not been reported in the 

country since 1983 (Ayelet et al., 2009). 

 

 

Figure 6: distribution of FMDV serotypes in Ethiopia. Adapted from (wubshet et al., 2019). 
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2.8.3. Control and prevention in Ethiopia  

 

FMD controlling methods includes animal movement restrictions, a vaccination program, animal 

quarantine, environmental sanitary controls, outbreak investigation, serological surveillance, and 

slaughtering of sick animals. But due to the inaccessibility of the vaccine in particular, and lack 

of awareness about the vaccination program, the disease outbreak remains an economical burden 

to farmers of Ethiopia (Rufael, 2006). Prophylactive vaccination is very limitedly practiced and 

ring vaccination is carried out in outbreak areas to limit further spread of the virus (Ayelet et al., 

2009). Trivalent FMD vaccines against FMD strain O, A, and SAT2, particularly topotypes of 

EA 3, Africa 3, and XIII (OIE, 2017), respectively, are commonly produced and distributed in the 

country, regardless of the quantity and quality. Most often, the vaccines are insufficient relative 

to the livestock population in the country, only centrally coordinated vaccination activities have 

been carried out in some market-oriented dairy farms and feedlots in urban and peri-urban areas 

(Zewudie et al., 2006). In addition, livestock producers in the country use palliative antibiotics or 

traditional treatments to monitor the clinical signs of FMD in cattle (Jemberu et al., 2016). 

Despite several efforts and attempts to design an FMD control strategy at the national level, an 

officially endorsed control plan for FMD has not been established. Recently, Ethiopia has joined 

the progressive control pathway (PCP-FMD) network, launched by FAO and OIE in Bangkok in 

June 2012, and has started implementing this since 2017 with the progress reaching stage one 

(Wubshet et al., 2019). 
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3. MATERIALS AND METHODS 

 

 

3.1. Study area  

 

The study was conducted in areas where FMD outbreak occurs in Ethiopia from March 2020 to 

May 2020 to in two regions of the country; Oromia and Tigray regions to isolate and characterize 

the virus responsible for the outbreak. Outbreaks have been reported in Assela and Woliso from 

Oromia and Humera from Tigray region.  

 

The first study area was Humera from Tigray region, northern Ethiopia. It is about 560 km to the 

west of Mekelle, the capital city of Tigray regional state, with an altitude ranging from 580-1820 

meters above sea level. The area receives a rainfall of 400-650nm annualy. In this district, there 

are 15 rural and two urban kebelles (Haileselassie and Ali, 2005).  

 

The second study area was Arsi zone, Asella town, Oromia regional state. Asella is located at 175 

kilometers south-east of Addis Ababa with a latitude 7
o 

57
‟ 
N and longitude of 39

o 
7

„
E with an 

elevation of 2430 meters above sea level. 
 
The total number of cattle found in Arsi Zone is 

2,528,903 and area of the Zone is approximately 19,825.22km
2
. It receives biannual rain falls and 

the average temperature ranges from 10 to 25°C (CSA, 2015).  

 

The third study area is woliso. Woliso is a district in south west Shewa zone of Oromia regional 

state, about 90-140km away from Addis Ababa. It is located at a latitude and longitude of 8
0
 32′ 

23.0′′ N and 37
0
 58′ 16.3′′ E respectively. It has an area of 1,511.501 km

2
 , and 37 rural kebeles 

and three urban centers including Woliso town. The district is bordered in South by the Regional 

State of Southern Peoples‟ Nations and Nationalities and Goro district, in the North by Dendi 

district of West Shoa and Dawo district, in North East by Becho district, in West by Amaya 

district, in North West by Wonchi district, in East by Saden Sodo of South West Shoa Zone 

(Ejeta et al., 2019). 
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Figure 7: Map of the three study areas where FMD outbreak samples were collected.  

 

3.2. Study animals  

 

The study was conducted in cattle that had experienced outbreaks of FMD and showing clinical 

signs of the disease such as vesicles on the mouth, feet and teat. Cattle of both sexes with the 

extensive and semi intensive farms had been included in this research. 

 

3.3. Study design  

 

A cross sectional study design was used during the outbreak investigation, aimed at isolating and 

characterizing the serotypes of FMDV circulating in the study areas. Samples were collected by 

the regional veterinary diagnostic laboratories in the study areas and submitted and stored at the 

National Animal Health Diagnostic and Investigation Center (NAHDIC). For this study, tissue, 

swab and probing samples were used. Based on the data from the regional laboratories, animals 
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of all age, sex and breed with the history of infection and with healing lesions were used to 

collect samples.  

 

3.4. Ethical clearance  

. 

Ethical clearance for this study was obtained from Addis Ababa University College of Veterinary 

Medicine and Agriculture Minutes of Animal Research Ethics and Review committee. After the 

committee evaluated as part of the research project, it was approved. 

 

3.5. Study methodology  

 

3.5.1. Virus isolation  

 

Before the virus isolation, the sample was first processed based on the procedure on OIE manual 

(OIE, 2014). The 10x sample suspension was made by grinding the sample in a sterile pestle and 

mortar using sterile sand and tissue culture medium containing antibiotic (penicillin, 

streptomycin and Amphotericin B solution). After grinding the suspension was centrifuged at 

3500 xg for 10 minutes and then the suspension was filtered by Millipore filter of 0.22 µm sizes. 

Filtered tissue suspension (0.5 ml) suspected to contain the virus was inoculated on the confluent 

Baby hamster kidney cell grown on 25 cm
2 

tissue culture flasks (appendix 1) and incubated at 37
0 

C for one hour followed by addition of 10ml serum free Hank‟s media and incubated at 37
0 

C 

with 5% CO2 for 24-48 hr (appendix 2). It was observed daily for the appearance of CPE through 

inverted microscope. The cell was harvested when a CPE of >70% was observed, while samples 

was declared negative if CPE was not detected after three blind passages (OIE, 2012). 

 

3.5.2. Identification of FMDV serotypes by antigen detection ELISA  

 

Antigen detection sandwich ELISA (IZSLER, Bresica, Italy) was used to determine the serotypes 

of the FMDV. It is coated with and conjugated with monoclonal antibodies (MAbs) that can 

detect type O, A, C, Asia 1, SAT 1 and 2 serotypes. There is a pan-FMD test that can detect 

serotypes O, A, C, Asia 1 and some SAT serotypes which might have escaped to bind to the 

coated MAbs. The micro plates were supplied with one positive and one negative control with a 

catched Mabs to detect 10 samples per a well. The test was carried out using the manufacturers 
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guide lines in which samples were diluted in a diluent buffer and 50ul diluents per well were 

added into 8 wells from A-H and 50ul of diluents were added to the wells 11 and 12 ( positive 

and negative controls, respectively). Then the plates were incubated for one hour at room 

temperature. After the incubation, all fluid in each wells were discarded and the plate were tap 

hard to remove all the residual fluid. 200ul of washing solution were added and incubated for 3 

minutes at room temperature and then the well were emptied and washed two times. Finally, 

50ul/well of conjugate A was added to rows A to F while the same volume of conjugate B was 

added to rows G and H and allowed to incubation for one hour. After the incubation, 50ul of 

substrate was added to all wells and left at room temperature for 20 minutes in the dark place. 

After 20 minutes, the reaction was stopped by adding 50ul/well of stop solution and the optical 

density of each well were read at wave length of 450nm using the micro plate reader (appendix 

3).  

 

Criteria for the validity of antigen detection ELISA  

 

The positive inactivated controls are expected to give OD values of 1.0 unit or higher while the 

negative control for serotype O, A, C, Asia 1 and Pan-FMDV were expected to give OD values 

lower than 0.1 unit and the negative control for serotype SAT 1 and SAT 2 are expected to give 

OD value lower or equals to 0.2 unit. 

 

Interpretation of antigen detection ELISA test 

 

OD values of the samples were interpreted by subtracting the OD value of each negative control 

from the OD value measured for the test sample with the corresponding coated MAbs. 

 

Table 1-Interpretation of antigen detection ELISA result. 

 

Negative for FMDV  OD< 0.1 

FMDV positive for 

type O 

OD ≥ 0.1 with the type O MAb and with the pan FMDV MAb; some 

samples may cross react with the 1
st 

MAb type A, but OD values with 

MAb O are higher.  

FMDV positive for 

type A 

OD ≥ 0.1 with at least one of the two type A MAba and with the pan-

FMDV MAb. 
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FMDV positive for 

type Asia 1 

OD ≥ 0.1 with the type Asia 1 MAb and with pan-FMDV MAb. 

FMDV positive for 

type C 

OD ≥ 0.1 with the type C MAb and with the pan-FMDV MAb. 

FMDV positive for 

type SAT 1 

OD ≥ 0.1 with the type SAT1 catching MAb; some samples could be 

positive also with the pan-FMDV MAb. 

FMDV positive for 

type SAT2 

OD ≥ 0.1 with the type SAT2 catching MAb; some samples could be 

positive also with the pan-FMDV MAb. 

FMDV positive 

(untyped) 

OD ≥ 0.1 with the pan-FMDV cathing MAb and < 0.1 with the type 

specific MAbs. 

 

3.5.2. Molecular characterization  

 

RNA extraction- total RNA was extracted from the cell culture isolate using RNAse mini kit 

(Qiagen, Germany) based on the manufacturer‟s protocol. For 350 ul of tissue sample an equal 

volume of lysis buffer RLT was added to 1.5 ml eppendrof and mixed by vortexing, then 

centrifuged at 13000xg using mini spine centrifuge for three minutes. After centrifugation, 350ul 

of 70% ethanol was added and vortexed as the previous one. The mixture was then transferred to 

RNeasy mini spin column placed on the 2ml collection tube under biosafety level II cabinet and 

spinned in a centrifuge for one minute at 12,500 rpm. The flow through was discarded from the 

collecting tube and repeated with remaining volume. 700 ul washing buffer RWI was added and 

centrifuged for 1 minute at 12.500 rpm to wash the RNA. After that, 500 ul RPE buffer was 

added and centrifuged 13400 rpm. Again the flow through was discarded and the RNAse mini 

spine column was centrifuged at 13400 rpm for 2 minutes. The column was transferred to a new 

clean and labeled eppendrof tube. Then, RNA free water was added and centrifuged at 13400 rpm 

for 1 minute. Finally, the RNA was elute with RNA free water in to eppendrof tube and stored at 

-20
o 
C until use.  

One step RT-PCR- After extraction, master mix was done for the one step RT-PCR. Briefly, 8 

µl RNase free water, 5 µl 5X PCR buffer, 1 µl Q Solution, 10 Mm dNTPs, 1 µl One step RT-

PCR enzyme mix and universal primers ( forward and reverse primers each with a volume of 2 µl 

were added to the total volume of 19 µl. Then 5 µl of the extracted RNA was added and the final 

volume was 24 µl.  
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Polymerase chain reaction cycles and primers used- At the molecular laboratory of NVI, 

samples were screened by universal primer set FMDV7- forward (FMDV7F) and FMDV7- 

reverse (FMDV7R) on the RT-PCR. The table below shows the primers and thermal profiles 

used for the amplification of the 5‟UTR to screen the FMDV.  

 

Table 2: List of universal primers used for the detection of FMDV and the thermal cycle protocol 

used.  

 

Primer name  Sequence  

Primer-FMDV7F 5‟-GCCTGGTCTTTCCAGGTCT-3‟ 

Primer-FMDV7R 5‟-CCAGTCCCCTTCTCAGCTC-3‟ 

 

Steps  Temperature  Time  Cycle  

cDNA synthesis 50
o 
C 30 minutes 1 cycle 

Intial denaturation  95
o
C 5 minutes 1 cycle  

1
st 

denaturation  94
o
C 1 minute  

30 cycles Annealing  54
o
C

 
1 minute 

Elongation  72
o 
C 1 minute 

Final elongation  72
o 
C 1 minute 1 cycle  

 

Agarose gel electrophoresis of post RT-PCR amplicons- agarose gel is the most effective way 

of separating DNA fragments of varying molecular sizes. The principle of gel electrophoresis is 

that the negatively charged phosphate backbone of DNA will migrate to the positively charged 

anode when placed in an electric field. Due to the uniform mass/charge ratio of DNA, molecules 

are separated by size within an agarose gel in a pattern such that the distance traveled is inversely 

proportional to the log of its molecular weight (Lee et al., 2012). Hence, it is used as a qualitative 

tool for estimation of molecular weight. The PCR products were analyzed on the prepared 1.5% 

Agarose gel by adding 4µl Gel red with loading dye then the PCR product were loaded in the 

volume of 10µl in each well and 10µl molecular marker(Ladder) was added started 100bp plus. 

Electrophoresis was run for one hour at 120v then the DNA band was visualized by UV 

illumination, using desktop according to the base pair (bp), and then the size was determined and 

documented (appendix 4). 
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Serotyping of FMDV by one step RT-PCR- after screening of FMDV by RT-PCR, positive 

samples were amplified using serotype specific primers for serotypes O, A, SAT2 and SAT 1 

were indicated in table 5. The thermal cycling condition for each serotypes were also indicated in 

table 6. All the amplified PCR products were visualized on gel electrophoresis using 1.5% 

agarose gel. 

 

Table 3: Location in the genome and sequences of primers for serotyping of each serotype 

 

Primers      Sequence (5’-3’) Location  bp Serotype  

FMDVF CTGCCACCGTCGAGAACTAC VP3 591  O 

FMDVR CAGGCGCCACTATCTTCTTGT 1D 

IC562F TACCAAATTACACACGGGAA 2B 866 A 

EUR-2B52 GACATGTCCTCCTGCATCTGGTTGAT 1C 

FMDVSATF CCACATACTACTTTTGTGACCTGGA VP1 730bp SAT2 

FMD2B208R ACAGCGGCCATGCACGCCAG 2B 

IC559F CAAGACCGTGGACAACAAGA VP3 506 SAT 1 

2B208R GCGTGGTCTTGTACCTGTCA 2B 

 

Table 4: Thermal cycling profile of each serotype (O, A, SAT 2, SAT1). 

 

Thermal cycling for serotype O 

 

Steps  Temperature  Time  Cycle  

cDNA synthesis 50
o 
C 30 minutes 1 cycle 

Intial denaturation  95
o
C 5 minutes 1 cycle  

1
st 

denaturation  95
o
C 1 minute  

35 cycles Annealing  58
o
C

 
1 minute 

Elongation  72
o 
C 1:30 minute 

Final elongation  72
o 
C 7 minute 1 cycle  

 

 

 



35 

 

Thermal cycling for serotype A 

 

Steps  Temperature  Time  Cycle  

cDNA synthesis 50
o 
C 30 minutes 1 cycle 

Intial denaturation  95
o
C 15 minutes 1 cycle  

1
st 

denaturation  95
o
C 1 minute  

35 cycles Annealing  55
o
C

 
1 minute 

Elongation  72
o 
C 2 minute 

Final elongation  72
o 
C 5 minute 1 cycle  

 

Thermal cycling for serotype SAT2 

Steps  Temperature  Time  Cycle  

cDNA synthesis 50
o 
C 30 minutes 1 cycle 

Intial denaturation  95
o
C 5 minutes 1 cycle  

1
st 

denaturation  95
o
C 1 minute  

15 cycles Annealing  58
o
C

 
1 minute 

Elongation  72
o 
C 1:30 minute 

2
nd 

denaturation  95
o 
C 1 minute  

20 cycles Annealing  57
o 
C 1 minute 

Extension  72
o 
C 1:30 minutes 

Final elongation  72
o 
C 7 minute 1 cycle  

 

Thermal cycling for SAT1  

Steps  Temperature  Time  Cycle  

cDNA synthesis 50
o 
C 30 minutes 1 cycle 

Intial denaturation  95
o
C 5 minutes 1 cycle  

1
st 

denaturation  95
o
C 1 minute  

35 cycles Annealing  55
o
C

 
1 minute 

Elongation  72
o 
C 2 minute 

Final elongation  72
o 
C 5 minute 1 cycle  
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3.6. Data management  

 

Results from virus isolation, antigen detection ELISA and RT-PCR results were recorded on 

Microsoft Excel spread sheet. Cell culture results, CPE development and molecular 

characterization results were recorded and tabulated. Virus isolation and molecular detection of 

FMD virus were elaborated using descriptive statistics analysis. Moreover, regarding the 

molecular characterization, the banding patterns of individual sample were scored based on the 

presence or absence of the bands with the appropriate base pairs. 
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4. RESULT  

 

 

4.1. Virus isolation  

 

Among the 23 samples collected from the three areas, 19 samples were subjected for virus 

isolation on BHK21 cell culture as shown in table 3. From 19 samples inoculated on BHK21 cell 

culture CPE was observed on 5 (26%) samples, while virus didn‟t grow on the rest of samples 

14(74%) after third passage. CPE was observed on samples collected from woliso, but from 

Assela and Humera samples no CPE was seen even after the third passage. 

 

Table 5- FMDV isolated from cattle in different areas. 

 

Site of outbreak No. of sample 

inoculated 

Type of sample Date of 

collection  

Virus isolated  

Humera  6 3- swab  

3- probang 

28/03/20 _ 

Assela  6 2- tissue 

4- swab 

22/05/20 _ 

Woliso 7 5 tissue  

2 swab 

02-04/05/20 5 

 

But samples from Assela and Humera didn‟t show any CPE. The CPE observed in BHK-21 cell 

were fast destruction of mono-layer cell and the infected cell appeared as singly and round in 

shape (Figure 5). Additionally, the CPE was characterized by complete destruction of the cell and 

cell detachment which was mostly seen within 48 hrs of inoculation. 
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A       B 

 

 
 

Figure 8: Picture showing FMDV on BHK cell. A: BHK-21 cell control (Virus was not 

inoculated), B: showed morphological change (CPE) after FMDV inoculation as indicated by the 

arrow. Arrow shows rounded cells and sloughing of the cell as a result of FMD virus infection. 

 

4.2. Antigen detection ELISA  

 

Out of the 23 original samples, three samples become positive on the antigen detection ELISA 

test. From the three, two samples were from Woliso and one sample from Assela. The woliso 

samples were typed as serotype O and SAT1 whereas the sample from Assela was serotype O as 

shown in the table 4 below. 

 

Table 6- Serotypes of FMDV identified in the study areas. 

 

Site of outbreak No. of sample 

collected 

No of sample 

isolated 

No. of serotype 

identified 

O              SAT1  

Humera  7 - - - 

Assela  6 1 1 - 

Woliso  10 3 1 1 

Total  23 4 2 1 
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4.3. Molecular characterization  

 

Among the 19 cell culture samples tested on RT PCR only two (10.5%) of the samples from 

Woliso were found to be positive as shown in figure 8, where sample number 3 and 9 were found 

to be positive.  

 

 

 

 

Figure 9: Detection of FMDV genome by RT–PCR using primer mixture of FMDV7F/ 

FMDV7R was used targeting the 5ʹ UTR coding region of the virus. 

Note- M- molecular marker starts from 100bp  

          N- Negative control   

          P- Positive control   

          Ex- Extraction control  

          1-10- sample numbers       

 

         M   1      2       3        4        5      6       7        8       9      10     Ex      N     P       M 

328bp 
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The two samples which were found positive on RT-PCR were tested for serotyping by using 

different serotyping primers. On serotyping, only one of the two shows a clear band serotype O 

primer which indicates that one of the sample was serotype O as shown in the figure 7. But the 

other sample didn‟t show any band by the four serotypes O, A, SAT 2 and SAT 1.  

 

 

 

 

Figure 10: Detection of FMDV genome by RT– PCR. Primer mixture FMDVOF/FMDVOR was 

used for targeting the  coding region of the virus. 

Note - MM- molecular marker starts from 100bp  

          N- Negative control   

          P- Positive control   

          Ex- Extraction control  

          3 and 9- sample numbers 

 

4.4. Sequencing of RT-PCR positive samples  

 

The PCR product amplicons will be purified using the Wizard SV Gel and PCR clean up system 

kit (promega, Germany) in the molecular biology laboratory of NVI. The purified PCR product 

M          3        9         Ex        N         P        M 

591 bp 
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mixed with sequencing primers will be submitted for the commercial sequencing company LCG 

Genomics (Berlin, Germany). Then, the sequences will be analyzed to determine the responsible 

serotype. Currently the purified PCR product shipment to the sequencing service provider is 

closed because of COVID-19 global crisis and will be submitted for sequencing after the 

restriction is lifted.  
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5. DISCUSSION  

 

 

The highly contagious nature, wide host range, accompanied by the remarkable economic losses, 

make FMD of a primary animal health concern worldwide. Effective vaccines and strict control 

measures have enabled FMD eradication in most of the developed countries. However, the 

disease remains enzootic in many regions of the world, like Ethiopia, posing a serious problem 

for commercial trade with FMD free countries. Hence it is necessary to control FMD by reducing 

the dissemination of the causative virus to other non-infected regions and by using tailored made 

vaccines with antigenic similarity to the outbreak virus serotype. Therefore, characterization of 

the circulating FMDV serotype is essential for tracing source of the outbreak virus and for proper 

selection of effective vaccine. 

 

The present study was aimed at isolation, molecular characterization and serotype identification 

of FMDV causing outbreaks in Humera, Assela and Woliso. In this research, from 19 suspected 

clinical samples subjected to BHK 21 cell line adaptation, 26 % (n=5) field samples showed 

FMDV induced CPE after 24-48 hrs of incubation. The CPE was characterized by rounding, 

detachment and sloughing of the mono-layer cell culture. This finding is in agreement with 

sulayeman et al. (2018), Metages (2018). But the rest of 14 samples didn‟t show any CPE even 

after the third passage. Most of the samples that didn‟t showed CPE were samples collected from 

Assela and Humera. This may be due to the animals where the sample had been taken may be at 

the late stage of recovery during sample collection (Metages, 2018). Also it could be due to the 

improper transportation of the samples from the collection site to the laboratory where the cold 

chain system might not be maintained that leads to the loss of FMDV. And may be the sample 

had been taken from animals that had been diseased by other vesicular diseases that have similar 

clinical signs like vesicular diseases. 

 

In this study, all the 19 samples were detected using conventional PCR for the presence of 

FMDV genetic material in the sample, only two samples from Woliso were found to be positive. 

From the two samples, one was from epithelial origin while the other was swab sample. The 

epithelial sample had a clear band as compared to the swab sample which showed that the 

epithelial sample had more FMDV antigen. This is in agreement to OIE (2009), as this institution 
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described that epithelial tissues are the ideal samples for virus detection. This small number of 

positive conventional RT-PCR results might have been because of the virus destruction in the 

course of transfer from the field.  

 

In Ethiopia, five of the seven serotypes had been diagnosed by clinically, serologically and 

molecular techniques during the period 1981 to 2018 (Yalew, 2019, Wubshet et al., 2019). In this 

study serotyping was done through antigen detection sandwich ELISA and serotype specific RT-

PCR techniques. In antigen detection ELISA, two samples (10.5%) from Woliso and one sample 

from Assela have been found serotype SAT1 and O, respectively. But sample from Humera has 

been found to be negative for FMDV serotyping with OD value <0.1. This is agreement that all 

the samples from Humera didn‟t show any CPE after the third passage and were detected 

negative by the conventional PCR.  

 

Antigen detection sandwich ELISA was developed for detection and typing of FMDV directly 

from field materials. But in this scenario, many samples failed to give positive results and such 

negative results have to be confirmed by inoculation into sensitive cell line which may take more 

than 4 days. As a result, a need for rapid confirmation of clinical diagnosis with more sensitivity 

resulted the development of serotype specific PCR. Also, a particularly high sensitivity was 

reported by RT-PCR ELISA (Longjam et al., 2011). Therefore, the two samples that were 

positive on the conventional PCR were serotyped by using serotype specific primers for serotype 

O, A, SAT2, and SAT1. The result was one sample was serotype O and the other sample was 

found negative by all serotype specific primers. The sample which was found to be serotype O by 

serotyping PCR was in agreement with the finding to the antigen detection ELISA result. The 

finding of the serotype O in this study is in agreement with Ayelet et al. (2009), Menda et al. 

(2014), Nigussie et al. (2011), Sulayman et al. (2018), Metages (2018).  

 

The one sample that was positive by the universal primer and negative for other serotypes primer 

sets was serotyped as SAT1 by the antigen detection sandwich ELISA earlier than the 

conventional PCR. This might be attributed to different possibilities, one of which might be 

simple mutation. Point mutation at a critical site leads to failure of the primer to bind to the viral 

nucleic acid (Locher et al., 1995). Success in PCR depends mainly on the efficiency of the primer 

and template to bind together and amplify (Giridharan et al., 2005). Also High nucleotide 
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mutation rate is a common character of FMDV (Phologane et al., 2008) especially of the SAT 

serotypes that have the high substitution rates as compared to the other serotypes (Bastos et al., 

2003, El-khabaz and Al-hosary, 2017). Hence, this sample was found SAT1 by antigen detection 

sandwich ELISA. The other sample which was from Assela, serotyped as O was found to be 

negative in conventional PCR. This may be due to the RNA degradation.  
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6. CONCLUSSION AND RECOMMENDATIONS  

 

 

In this study, FMDV serotype O and SAT1 were identified. While the rest study areas found to 

be FMDV negative which could be attributed as a result of improper sample shipment from the 

study areas, samples may be collected at the stage of disease recovery or from other clinically the 

same vesicular diseases of cattle. The finding of serotype O indicates the dominating serotype 

circulating serotype in Ethiopia and still circulating in the country. But the one sample which had 

been detected as serotype SAT1 by the antigen detection ELISA and positive by the universal 

primers in the RT-PCR became negative by the serotyping RT PCR using serotype specific 

primers. However, the detection of SAT1 serotype is an alarm to include this serotype in the 

vaccine program of the country as it is circulating in outbreaks.  

Based on the above conclusion, the following recommendations are forwarded. 

 Research on continuous surveillance, serotyping and molecular characterization on 

FMDV should be conducted to check the introduction and circulation of new serotype and 

topotypes coupled emerging strains of the virus in the country. 

 

 Government FMD control strategy through regular vaccination should be started and 

carried out in all susceptible animals and/or selected areas to control the disease and 

access export market. 

 

 Further works such as nucleotide sequence is essential to explain the exact serotype of 

FMDV. 

 

 

 

 

 

 



46 

 

7. REFERENCES  

 

 

Admassu, B., Getnet, K., Shite, A., Mohammed, S. (2015): Review on Foot and Mouth Disease : 

Distribution and Economic Significance. Academic Journal of Animal Diseases, 4(3): 

160-169. 

Alexandersen, S. and A., Donaldson. (2002): Further studies to quantify the dose of natural 

aerosols of foot-and-mouth disease virus for pigs. Epidemiology Infection, 128: 313-323. 

Alexandersen, S., Zhang, Z., Donaldson, A.I., Garland, A.J.M. (2003): The pathogenesis and 

diagnosis of foot-and-mouth disease. Journal of Computational Patholology, 129: 1–36. 

Ayebazibwe, C., Mwiine, F.N., Tjornehoj, K. (2010): The role of African buffalos (Syncerus 

caffer) in the maintenance of foot-and-mouth disease in Uganda. BMC Veterinary 

Research, 6:54. 

Ayelet, G., Mahapatra, M., Gelaye, E., Egziabher, B., Rufeal, T., Sahle, M. (2009):  Genetic 

characterization of foot and mouth disease viruses, Ethiopia, 1981– 2007. Emerging 

Infectious Disease, 15: 1409.  

Barasa, M., Catley, A., Machuchu, D., Laqua, H., Puot, E., Tap Kot, D., Ikiror, D. (2008): Foot-

and-mouth disease vaccination in South Sudan: benefit–cost analysis and livelihoods 

impact. Transboundary Emeringing Disease, 55: 339–351. 

Bari, F.D., Parida, S., Tekleghiorghis, T., Dekker, A., Sangula, A., Reeve, R., Haydon, D.T., 

Paton, D.J. (2014): Genetic and antigenic characterisation of serotype A FMD viruses 

from East Africa to select new vaccine strains. Vaccine, 32: 5794–5800. 

Bastos, A. D., Anderson, E. C., Bengis, R. G., Keet, D. F., Winterbach, H. K., Thomson, G. R. 

(2003): Molecular epidemiology of SAT3-type foot-and-mouth disease. Virus Genes, 27: 

283-290. 

Bastos, A.D., Haydon, D.T., Sangare, O., Boshoff, C.I., Edrich, J.L., Thomson, G.R. (2003): The 

implications of virus diversity within the SAT 2 serotype for control of foot and mouth 

disease in sub-Saharan Africa. Journal of General Virology, 84: 1595-606. 



47 

 

Bayissa, B., Ayelet, G., Kyule, M., Jibril, Y., Gelaye, E. (2011): Study on seroprevalence, risk 

factors, and economic impact of foot-andmouth disease in Borena pastoral and agro-

pastoral system, southern Ethiopia. Tropical Animal Health Production, 43: 759–766. 

Beard, C.W., Mason, P.W. (2000): Genetic Determinants of Altered Virulence of Taiwanese 

Foot- and-Mouth Disease Virus. Journal of Virology, 74: 987–991. 

Beksisa, U. (2017): Serotyping and molecular characterization of fmd virus isolated from 

outbreak cases in selected region and Addis Ababa, Ethiopia. MSc thesis Submitted to 

the College of Veterinary Medicine and Agriculture, Addis Ababa University, Bishoftu, 

Ethiopia.  

Belay, H. and Muktar, Y. (2015): Isolation and identification of foot and mouth disease virus 

from clinically infected cattle in Ada veterinary clinic. American Journal of Science 

Research, 10: 368-374.  

Brooksby, J. (1958): the virus of Foot and mouth disease, in: Advances in virus research. 

Acadamic press. Elsevier, 5:1-37. 

C. House and J. A. House. (1989): “Evaluation of techniques to demonstrate foot-and-mouth 

disease virus in bovine tongue epithelium: comparison of the sensitivity of cattle, mice, 

primary cell cultures, cryopreserved cell cultures and established cell lines,” Veterinary 

Microbiology, 20(2):  pp. 99–109. 

Carrillo C. (2012): Foot and mouth disease virus genome. INTECH Open Access Publisher.  

Crowther, J.R., Farias, S., Carpenter, W.C., Samuel, A.R. (1993): Identification of a fifth 

neutralizable site on type O foot-and-mouth disease virus following characterisation of 

single and quintuple monoclonal antibody escape mutants. Journal of General 

Virolology, 74: 1547-1553. 

CSA (2015): Federal Democratic Republic of Ethiopia. Central Statistical Agency, Agricultural 

Sample Survey Report on Livestock and Livestock Characteristics. Volume II, 2014/15. 

Addis Ababa, Ethiopia.  

CSA (2017): Federal democratic republic of Ethiopia, Central Statistical Agency. Agricultural 



48 

 

Sample Survey. Report on Livestock and Livestock Characteristics. Volume II, 2016/17. 

Addis Ababa, Ethiopia. 

DACA (2006): Standard Treatment Guidelines for Veterinary Practice 1st edition. In: Drug 

Administration and Control Authority of Ethiopia (DACA). Addis Ababa, Ethiopia, Pp 

464-465. 

Damena, D., Menkir, D., Mulatu, D. (2017): Serotyping and molecular characterization of foot 

and mouth disease of cattle in central Ethiopia, MSc thesis, Haramaya University.   

Delgado, C., Rosegrant, M., Steinfeld, H., Ehui, S., Courbois, C. (1999): Livestock to 2020. The 

Next Food Revolution. Food, Agriculture and the Environment Discussion Paper 28. 

IFPRI, Washington, DC, USA, pp. 72. 

Depa, P. M., Dimri, U., Sharma, M. C., Tiwari R. (2012): Update on epidemiology and control of 

Foot and Mouth Disease-A menace to international trade and global animal enterprise. 

Veterinary world, 5: 694-704. 

Deribie, H., Birhanu, A., Diriba, L., Eyob, E., Desalegn, D. (2017): Outbreak investigation and 

epidemiology of foot and mouth disease virus circulating in central areas of Ethiopia. 

Academic Journal of Animal Diseases. 6: 75-82.  

 Di Nardo, A., Knowles, N., Paton, D. (2011): Combining livestock trade patterns with 

phylogenetics to help understand the spread of foot and mouth disease in sub-Saharan 

Africa, the Middle East and Southeast Asia. Review on Science and Technology, 30: 63-

85. 

Domingo E., Escarmis C., Baranowski E., Ruiz-Jarabo C. M., Carrillo E., Nunez J. I., Sobrino F. 

(2003): Evolution of foot-and-mouth disease virus. Virus Research, 91: 47-63. 

Donaldson A. (1999): The global status of foot-and-mouth disease and its relevance to control 

and eradication efforts in South-East Asia. Report of 33rd session of the European 

Commission for the Control of Foot-and-Mouth Disease (EUFMD Commission); April 7–

9, Rome. 

Ejeta, T.T., Legesse, B., Aman, M. (2019): Determinants of Farmers ‟ Willingness to Pay for 



49 

 

Improved Irrigation Water Use : The Case of Woliso District , Ethiopia. International 

Journal of Rural Development, Environment and Health Research, 3(3): 101-109. 

El-khabaz, K.A.S., Al-hosary, A.A.T. (2017):Detection and identification of Foot and Mouth 

disease virus serotypes in Assiut. Journal of Advanced Veterinary and Animal Research, 

4(1):  32–38. 

Ellis, P.R., Putt, S.N.H. (1981): The Epidemiological and Economic Implications of the Foot and 

Mouth Disease Vaccination Programme in Kenya. Pan Livestock Services, Reading, UK. 

Ferretti, L., Nardo, A. Di, Id, B.S., Lasecka-dykes, L., Logan, G., Wright, C.F., Pérez-martín, E., 

King, D.P., Tuthill, T.J. (2018): Disease Virus Genome. Viruses, 10(221): 1–14.  

Forman, S., Le Gall, F., Belton, D., Evans, B., Franc¸ ois, J.L., Murray, G., Sheesley, D., 

Vandersmissen, A., Yoshimura, S. (2009): Moving towards the global control of foot and 

mouth disease: an opportunity for donors. Revue scientifique et technique (OIE) 28: 883–

896. 

Freimanis, G.L., Nardo, A. Di, Bankowska, K., King, D.J., Wadsworth, J., 2016. Genomics and 

outbreaks : foot and mouth disease. Rev. Sci. Tech. Off. Int. Epiz., 35 (1): 175-189. 

G. A. Paiba, J. Anderson, D. J. Paton. (2004): “Validation of a foot-and-mouth disease antibody 

screening solid-phase competition ELISA (SPCE),” Journal of Virological Methods, 

115(2): pp. 145–158. 

Gadd, M.E. (2011): Barriers, the beef industry and unnatural selection: a review of the impact of 

veterinary fencing on mammals in Southern Africa. In: Somers, M.J., Hayward, M. 

(Eds.), Fencing for Conservation. Springer, New York, USA, pp. 153–186. 

Gakuya, D., Mulei, C., Wekesa, S. (2011): Use of ethinoveterinary remedies in the management 

of foot and mouth disease lesions in dairy herd. African Journal of Traditional, 

Computational and Alternative Medicine, 8:165-169. 

Getachew, M. (2017): Serotyping and molecular characterization of foot and mouth disease of 

cattle in central Ethiopia. MSc thesis submitted to college of Natural and Computational 

sciences, Haramaya University, Ethiopia.  



50 

 

Giridharan, P., Hemadri, D., Tosh, C., Sanyal, A., Bandyopadhyay, S.A. (2005): Development 

and evaluation of a multiplex PCR for differentiation of foot-and-mouth disease virus strains 

native to India. Journal of Virological Methods, 126: 1-11. 

Gorna, K., Houndje, E., Romey, A., Relmy, A., Blaise-Boisseau, S., Kpodekon, M., Saegerman, 

C., Moutou, F., Zientara, S., Bakkali, K. L. (2014): First isolation and molecular 

characterization of foot-and-mouth disease virus in Benin. Veterinary Microbiology, 171: 

175-181. 

Grubman, M.J., Baxt, B. (2004): Foot-and-Mouth Disease. Clinical Microbiology Reviews, 

17(2):p. 465–493.  

Haileselassie, B., Ali, A. (2005): Asesment of Insecticide Treated Nets Coverage for Malaria 

Control in Kafta-Humera District , Tigray : Possession versus Use by High-risk Groups. 

Ethiopian Journal of Health Development, 22(3):259-267. 

Hamond, J. (2011): FMD Vaccine: Practical Applications from an International Perspective-

FMDV Vaccine to Live. An event organised by NFUS, Moredun and Scottish 

Government, 15 March 2011. 

Haydon, D. T., Samuel, A. R., Knowles, N. J. (2001): The generation and persistence of genetic 

variation in foot-and-mouth disease virus. Preventive Veterinary Medicine, 51: 111-124. 

Hirsh, C. D. and Zee, C.Y. (2002): Veterinary Microbiology. 2
th 

 ed. USA. Black well science. p. 

373. 

Hirsh, D. C., MacLachlan, N. J. and Walner, R. L. (2004): Veterinary Microbiology.2
nd

.ed. Black 

well science. p.341. 

James, A.D., Rushton, J. (2002): The economics of foot and mouth disease. Revue scientifique et 

technique (OIE), 21: 637–644. 

Jarvis, L.S., Cancino, J.P., Bervejillo, J.E. (2005):The Effect of Foot and Mouth Disease on 

Trade and Prices in International Beef Markets , American Agricultural Economics 

Association Annual Meeting, Providence, Rhode Island, 24–27 July 2005. 



51 

 

Jemberu, W., Mourits, M., Sahle, M., Siraw, B., Vernooij, J., Hogeveen, H. (2016): 

Epidemiology of foot and mouth disease in Ethiopia: A retrospective analysis of district 

level outbreaks, 2007-2012. Transboundary Emerging Disease, 63: 246-259. 

K. U. O. Jae, N. P. Ferris, K. N. Lee, Y. I. S. Joo, B. H. Hyun, and J. H. Park. (2009): “Simple 

and rapid lateral-flow assay for the detection of foot-and-mouth disease virus,” Clinical 

and Vaccine Immunology, 16(11): pp. 1660–1664. 

Kassaw, K., Afera, B., Amasalu, K., Hussien, D. (2013): Serotype identification and molecular 

characterization of foot and mouth disease in and around Mekelle, Tigray region. Global 

Veterneria, 11: 390-394.  

King, A.M.Q., McCahon, D., Newman, J.W.I., Crowther, J.R., Carpenter, W.C. (1983): 

Electrofocusing structural and induced proteins of aphthovirus. Current Topical 

Microbiology and Immunolology, 104: 219-233. 

Klein, J. (2009): Understanding the molecular epidemiology of foot-and-mouth-disease virus. 

Infection, Genetics and Evolution, 9: 153–161.  

Knight-jones, T.J.D., Rushton, J. (2013): The economic impacts of foot and mouth disease – 

What are they , how big are they and where do they occur ? Preventive Veterinary 

Medicine, 112: 161–173.  

Knowles, N.J., Samuel, A.R., 2003. Molecular epidemiology of foot-and-mouth disease v irus 91. 

Lee, P.Y., Costumbrado, J., Hsu, C., Kim, Y.H. (2012): Agarose Gel Electrophoresis for the 

Separation of DNA Fragments. Journal of Visualized Experiments, 62: 1–5. 

Lefevere, C.P., Blancous, J., Chermette, R. and U.I.l Engerg, G. (2010): Infectious and parasitic 

disease of livestock. Laveisies. Paris. Pp.302- 315. 

Legesse, Y., Asfaw, Y., Sahle, M., Ayelet, G., Jenberie, S., Negussie, H. (2013): First 

confirmation of foot and mouth disease virus serotype SAT-1 in cattle and small 

ruminants in Ethiopia in 2007/08. Tropical Animal Health Production, 45: 1265-1267.  

Locher, F., Suryanarayana, V.V.S., Tratschin, J.D. (1995). Rapid detection and characterization 

of Foot-andMouth Disease virus by restriction enzyme and nucleotide sequence analysis of 



52 

 

PCR products. Journal of Clinical Microbiology, 33: 440-444. 

Logan G. (2017): The molecular and genetic evolution of foot-and-mouth disease virus. PhD 

Thesis, University of Glasgow. 

Longjam, N., Deb, R., Sarmah, A.K., Tayo, T., Awachat, V.B., Saxena, V.K. (2011): A Brief 

Review on Diagnosis of Foot-and-Mouth Disease of Livestock : Conventional to 

Molecular Tools. Veterinary medicine international, 1-17. 2011.  

Lubroth, J., Rweyemamu, M.M., Viljoen, G., Diallo, A., Dungu, B. (2007): Veterinary vaccines 

and their use in developing countries. Rev. sci. tech. Off. int. Epiz. 26: 179–201. 

M. D. Ryan, G. J. Belsham, and A. M. Q. King. (1989): Specificity of enzyme-substrate 

interactions in foot-and-mouth disease virus polyprotein processing. Virology, 173(1): pp. 

35–45.. 

M. M. Rweyemamu. (1982): Developments in the biochemical and immunoassays assessment of 

foot-and-mouth antigen,” in Proceedings of the Internationals Conference on the Impact 

of Viral Disease on the Development of Latin American Countries and Caribbean Region, 

pp. 78–79, Rio de Janeiro, Brazil. 

Maree, F.F., Kasanga, C.J., Scott, K.A., Opperman, P.A., Chitray, M., Sangula, A.K., Sallu, R., 

King, D.P., Paton, D.J., Rweyemamu, M.M. (2014): Challenges and prospects for the 

control of foot- and-mouth disease : an African perspective. Veterinary Medicine: 

Research and Reports, 5: 119–138. 

Marquardt, O., Straub, O. C, Ahl R and Haas B. (1995): Detection of foot-and-mouth disease 

virus in nasal swabs of asymptomatic cattle by RT-PCR within 24 hours. Journal of 

Virological Methods, 53: 255–61. 

Martel, J. (1975): Comparative serological study of the principal strains of the foot and mouth 

disease virus isolated in Ethiopia 1969-1974. Rev. Elev. Med. Vet. Pays Trop., 28: 287. 

Mekonen, H., Beyene, D., Rufeal, T., Feyisa, A. and Abunna, F. (2011): Study on the prevalence 

of Foot and Mouth disease in Borana and Guji Zones, Southern Ethiopia. Veterinary 

World, 4: 293-296. 



53 

 

Menda, S., Jenberie, S., Negussie, H., Ayelet, G., Amasalu, K. (2014): Molecular epidemiology 

of foot and mouth disease Virus Outbreaks in Ethiopia in 2011/2012. Academic Journal 

of Animal diseases. 3: 8-16. 

Metages, Y. (2018): Molecular characterization of foot and mouth disease viruses in cattle from 

outbreaks occurred in different parts of Ethiopia from October, 2017 to May, 2018. MSc 

thesis submitted to College of Veterinary Medicine and Agriculture, Addis Ababa 

University, Bishoftu, Ethiopia.  

Mitiku, T., Garedew, L., Zemene, Mebrie, Dagnaw, M., Admassu, B., Getaneh, G. (2016): A 

Review On Foot And Mouth Disease And Its Current Status In Ethiopia. Researcher, 8: 

42–51. 

Motuma, D. (2017): Molecular characterization and vaccine matching test of foot and mouth 

disease viruses isolated from outbreak cases in cattle in selected sites of central part of 

Oromia, Ethiopia. MSc thesis submitted to College of Veterinary Medicine and 

Agriculture, Addis Ababa University, Bishoftu, Ethiopia.  

Muhammad Abubakar, Sehrish Kanwal  and Ali Saeed (2012): Persistence, Emergence and 

Distribution of Foot and Mouth Disease Virus (FMDV); Global and Pakistan 

Perspectives. Pakistan journal of life and social Sciences, 10(2): 84-90. 

Musser, J. (2004): A practitioner‟s primer on foot and mouth disease. Journal of American 

Veterinary Medicine Association, 224: 1261-1268 

Mwanandota, J. J. (2013): Spatial and temporal distribution of foot and mouth disease virus in the 

eastern zone of Tanzania. Onderstepoort Journal of Veterinary Research, 81: 1-9. 

Negusssie, H., Kyule, M., Yami, M., Ayelet, G. (2009): Outbreak investigations and genetic 

characterization of foot and mouth disease virus in Ethiopia in 2008/2009. Tropical 

Animal Health Production 43: 235-243.  

Obrinoa, F.S., Áizb, M.S., Laverob, M.A.J.I., Úñeza, J.I.N., Osasa, M.F.R., Aranowskia, E.B., 

Eyb, V.L. (2001): Review article Foot-and-mouth disease virus : a long known virus , but 

a current threat. Veterinary Research, 32: 1–30. 



54 

 

OIE (2009): Foot-and-mouth disease, Manual of Standard for Diagnostic Tests and Vaccine for 

Terrestrial Animals. 6th ed. Paris. Pp. 156-212. 

OIE (2009): Foot-and-mouth disease, Manual of Standard for Diagnostic Tests and Vaccine for 

Terrestrial Animals. 6th ed. Paris. Pp. 156-212. 

OIE (2014): Foot and mouth disease. In: Manual of diagnostic tests and vaccines for terrestrial 

animals 

OIE, 2016. Foot and mouth disease vaccination and post vaccination monitoring guidelines.  

OIE. (2012): Foot-and-mouth disease, Manual of diagnostic tests and vaccines for terrestrial 

animals (mammals, birds and bees) 7 th ed, vol 1, Paris. Pp 145-173. 

OIE/FAO FMD Reference Laboratory Network; Annual Reports; The Pirbright Institute: Surrey, 

UK, 2017; pp. 16–25. 

Paton, D.J., de Clercq, K., Greiner, M., Dekker, A., Brocchi, E., Bergmann, I., Sammin, D.J., 

Gubbins, S., Parida, S. (2006): Application of nonstructural protein antibody tests in 

substantiating freedom from foot-and-mouth disease virus infection after emergency 

vaccination of cattle. Vaccine, 24: 6503–6512. 

Paton, D.J., Gubbins, S., King, D.P. (2018): ScienceDirect Understanding the transmission of 

foot-and-mouth disease virus at different scales. Current Opinon in Virolology, 28: 85–

91.  

Paton, D.J., Sumption, K.J., Charleston, B. (2009): Options for control of foot-and mouth 

disease: knowledge, capability and policy. Philos Trans R Soc Lond B Biol Sci. 364: 

2657–2667. 

Perry, B., Grace, D. (2009): The impacts of livestock diseases and their control on growth and 

development processes that are pro-poor. Philolosophical Transactions of the Royal 

Society of London Biolological Sciences, 364: 2643–2655. 

Perry, B.D., Randolph, T.F. (2003): The economics of foot-and-mouth disease, its control and its 

eradication. In: In: Dodet, B., Vicari, M. (Eds.), Foot-and-Mouth Disease: Control 

Strategies. Éditions scientifiques et médicales, Elsevier, SAS, pp. 23–41. 



55 

 

Phologane, B.S., Dwarka, R.M., Haydon, D.T., Gerber, L.J., Vosloo, W. (2008). Molecular 

characterization of SAT2foot-and-mouth disease virus isolates obtained from cattle during a 

four-month period in 2001 in Limpopo Province, South Africa. Onderstepoort Journal of 

Veterinary Research, 75: 267-277. 

Pugh, D.G. (2002): Sheep and Goat Medicine. USA, Sounders. p.386. 

Quinn, P.J., Markey, B.K., Carter, M.E. and Leonard, F.C. (2002): Veterinary Microbiology and 

Microbial disease. USA, Black well publisher. p.405. 

Radostits, O. M., Blood, D. C. and Gay, C. C. (2007): Veterinary Medicine, a Text Book of the 

Disease of Cattle, Sheep, Goats, Pigs and Horses.8thed.London: Balliere Tindall. 

Pp.1223- 1227. 

Ranjan, R., Disease, M., Biswal, J.K., Sharma, G.K. (2016): A Review on Foot-and-mouth 

disease : pathology , diagnosis and its management. https://doi.org/10.5958/0973-

970X.2016.00025.0 

Reeve, R., Borley, D.W., Maree, F.F., Upadhyaya, S., Lukhwareni, A., Esterhuysen, J.J., Harvey, 

W.T., Blignaut, B., Fry, E.E., Parida, S., Paton, D.J., Mahapatra, M. (2016): Tracking the 

Antigenic Evolution of Foot-and- Mouth Disease Virus. PLoS ONE, 11(7):1–17.  

Robinson, L., Knight-Jones, T.J.D., Charleston, B., Rodriguez, L.L., Gay, C.G., Sumption, K.J., 

Vosloo, W. (2016): Global Foot-and-Mouth Disease Research Update and Gap Analysis: 

3 - Vaccines. Transboundary Emerging Disease, 63: 30–41.  

Roeder, P, Abraham, G., Mebratu, G., Kitching, R. (1994): Foot and mouth disease in Ethiopia 

from 1988 to 1991. Tropical Animal Health Production, 26: 163-167.  

Rowlands, E.E.F.D.I.S.D.J.(2005): The Structure of Foot-and-Mouth Disease Virus. CTMI , 

288:71--101.  

Rufael, T. (2006): Participatory Appraisal and Sero-Prevalence Study of Foot and Mouth Disease 

in Borana Pastoral System. South Ethiopia. Master‟s Thesis, Faculty of Veterinary 

Medicine, Addis Ababa University, Bishoftu, Ethiopia. 

https://doi.org/10.5958/0973-970X.2016.00025.0
https://doi.org/10.5958/0973-970X.2016.00025.0


56 

 

Rufael, T., Catley, A., Bogale, A., Sahle, M., Shiferaw, Y. (2008): Foot and mouth disease in the 

Borana pastoral system, southern Ethiopia and implications for livelihoods and 

international trade. Tropical Animal Health Production, 40: 29–38. 

Rweyemamu, M., Roeder, P., Mackay, D. (2008): Epidemiological patterns of foot-and-mouth 

disease worldwide. Transboundary Emerging Disease, 55(1):57–72. 

Ryan, M.D., Belsham, G.J., King, A.M.Q. (1989): Specificity of enzyme-substrate interactions in 

foot and-mouth disease virus polyprotein processing. Journal of Virology, 173: 35-45. 

Saeed, A., Kanwal, S., Arshad, M., Ali, M., Shaikh, R. S., Abubakar, M. (2015): Foot-and mouth 

disease: overview of motives of disease spread and efficacy of available vaccines. Journal 

of Animal Science and Technology, 57: 10. 

Samuel, A.R., Knowles, N.J. (2001): Foot-and-mouth disease virus: cause of the recent crisis for 

the UK livestock industry. Trends in Genetics, 17:  421-424. 

Sangar, D.V., Rowlands, D.J., Harris, T.J.R., Brown F.(1977): A protein covalently linked to foot 

and-mouth disease virus RNA. Nature, 268: 648-650. 

Sharma, G.K., Mohapatra, J.K., Mahajan, S., Subramaniam, S. (2015):  Diagnostic assays 

developed for the control of foot-and-mouth disease in India. World journal of virology, 

4(3): 295-302. 

Sulayeman, M., Dawo, F., Mammo, B., Gizaw, D., Shegu, D. (2018): Isolation, molecular 

characterization and sero-prevalence study of foot and mouth disease virus circulating in 

central Ethiopia. BMC Veterinary Research, 14: 110.  

Thomson, G.R., Vosloo, W., Bastos, A.D. (2003): Foot and mouth disease in wildlife. Virus 

Research, 91(1):145–161. 

Valarcher, J.F, Knowles, N., Fernandez, R. (2004): Global FMD situation 2003–2004. In: Report 

of the Session of the Research Group of the Standing Technical Committee of the 

European Commission for the Control of Foot-and-Mouth. Chania, Greece; 137–148. 

Vallée H, Carré H. (1922): On the plurality of the foot and mouth virus. Accounts of the 

Academy of Sciences. Series III. Life Sciences, 174: 1498-1500. 



57 

 

Verma, A. K., Pal, B. C., Singh, C. P, Jain, U., Yadav, S. K. and Mahima. (2008): Studies of the 

outbreaks of foot-and-mouth disease in Uttar Pradesh, India, between 2000 and 2006. 

Asian Journal of Epidemiology, 1(2):40–46. 

Verma, A.K., Kumar, A. (2012): Epidemiology and diagnosis of foot-and-mouth disease : A 

review Epidemiology and diagnosis of foot-and-mouth disease : A review. Indian 

Journal of Animal Sciences, 82 (6): 543–551. 

Vosloo, W., Dwarka, R. M., Bastos, A. D. S., Esterhuysen, J. J., Sahle, M., Sangare O. (2004): 

Molecular epidemiological studies of foot-and-mouth disease virus in sub-Saharan Africa 

indicate the presence of large numbers of topotypes: implications for local and 

international control. Report on the European Commission for the Control of Foot-and-

Mouth Disease, Session of the Research Group of the Standing Technical Committee, 

Food and Agriculture Organisation of the United Nations, Chania, Crete, Greece. 

Pp.149-158. 

Wondwossen, T. (2017): Isolation, molecular characterization and vaccine matching of foot and 

mouth disease virus circulating in central Ethiopia. MSc thesis submitted to College of 

Veterinary Medicine and Agriculture, Addis Ababa University, Bishoftu, Ethiopia.   

Wubshet, A.K. , Junfei Dai , Qian Li and Jie Zhang. (2019): Review on Outbreak Dynamics, the 

Endemic Serotypes, and Diversified Topotypic Profiles of Foot and Mouth Disease Virus 

Isolates in Ethiopia from 2008 to 2018. Viruses, 11: 1-17. 

Yadav G. (2009): „Studies on molecular epidemiology of FMD virus and genetic variation in 

unvaccinated and vaccinated buffalo.‟ Ph.D. thesis, Pandit Deen Dayal Upadhyaya 

Pashu-Chikitsa Vigyan Vishwavidyalaya Evam Go Anusandhan Sansthan, Mathura, 

India. 

Yalew, S.T. (2019): Review on Foot and Mouth Disease and Its Status in Ethiopia. Austin 

Journal of Veterinary Science & Animal Husbandry, 6(4): 1065. 

Zewudie, S.; Asfaw, W.; Sahlie, M.; Gopilo, A.; G/Egziabher, B.; Bogale, A.; Demissie. (2006): 

A. Foot and Mouth Disease Control Plan; Addis Ababa, Ethiopia. 

 



58 

 

8. APPENDICES 

 

 

Appendix 1: Preparation of BHK -21 for virus inoculation 

 

• First prepare a complete media containing 1x minimal essential media, 10% fetal calf serum, 

tryptose phosphate broth, 100x antibiotics and antimycotic solution. 

• Pre-warm both Trypsin and phosphate saline solution (PBS). 

• All the materials used for sub culturing are disinfected by 70% alcohol and placed in the 

biosafety cabinet. 

• Take cell culture flask with confluent monolayer from the incubator to the biosafety cabinet 

after disinfecting by 70% alcohol 

• Decant old media and wash by PBS to remove residual serum (which would inactivate the 

trypsin). 

• Slowly add enough amount of trypsineand incubate for ten minutes. 

• Add growth medium and pipette vigorously until monolayer become dispersed to a single cell.  

• 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 37
0
c. 

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

microscope. 

 

Appendix 2: Virus isolation procedure on BHK-21 cell  

 

• The tissue suspension virus samples and 2% DMEM were thawed.  

• Put the cell, media and other materials that are used in inoculation into biosafety cabinet after 

disinfection.  

• Discard the old media from the monolayer cell and wash the cell gently with 3ml of pre 

warmed PBS.  

• Inoculate 1ml of virus sample to the cell in 25cm
2
 tissue culture flasks and rock the flask gently 

to distribute inoculum evenly over the monolayer cell.  

• Incubate inoculated culture in incubator at 37 
0
c for 1hr to allow virus adsorb.  
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• Add 5ml of 2% DMEM 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.  

 

Appendix 3: Plate layout for antigen detection sandwich ELISA 
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Note- SP, Sample; MAb, Monoclonal antibody; Po.ctrl, Positive control; Ne.ctrl, Negative 

control 

 

Appendix 4: Agarose Gel Electrophoresis Protocol  

1. Equipment  

To pour a gel you will need the following:  

•Two 1L orange cap bottles.  
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• 250 mL flask  

• Volumetric cylinders  

• Spatula  

• Gel casting tray  

• Gel combs  

For running the gel 

• Tape  

• Electrophoresis tank  

• Power supply and cables   

 

2. Pouring the gel   

 

Agarose gels will always be made in 0.04M Tris-Acetate-EDTA, pH 8.3 (1X TAE) buffer.  

 

1. Weigh out the appropriate amount of agarose (2% gel would be 2g agarose in 100 mL). Add 

the appropriate amount of 1X TAE. Make the mixture in a 250 mL flask, cover it with Wrap, and 

microwave for 1 minute until all the agarose has melted. 

2. Tape both sides of the casting tray so that it will hold the liquid gel.   

3. Add Ethidium Bromide (EtBr) to a final concentration of 0.05 μg/mL. So for a 100 mL gel add 

5 μL of 10 mg/mL stock.  

4. Pour the warm liquid agarose. Place the comb into the casting tray by placing the sides into the 

notches.  

7. Wait until the gel polymerizes. It usually takes about an hour. The gel should look opaque and 

uniform.  

8. Carefully remove the comb to expose the sample wells. 
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3. Running the gel  

 

1. Place the gel into the tank.  

2. Add 1 μL loading dye per 5 μL sample (because the dye is 6x).  

3. Add samples: 

 a) Loading 100-500 ng of DNA per lane is usually sufficient.  

 b) Total sample volume should be from 10-35 μL (depends on the gel thickness of the gel 

 and well size used).  

 c) One of the samples should be a marker that contains DNA fragments of knownlengths 

 that are in the range of your samples.  

4. Connect the tank to the power supply and Set the voltage at ~150 V.  

6. Run for about an hour or until the faster dye (BB) migrates most of the way through the gel. 

You can monitor the progress of the DNA directly (if the EtBr was added) by shining UV light 

on the gel as it is running. Just be careful with the UV lamp.  

 

4. Staining a gel  

 

If you did not add the ethidium bromide earlier, you will need to do so before you can visualize 

it. The advantage of staining it after running is reduced probability of DNA damage and 

perturbed migration. The disadvantage, however is that you can„t visualize the DNA directly 

during the run. If you didn't add EtBr, put the unstained gel in a container and pour some TAE 

buffer (you can reuse the one from the tank you just used to run the gel) just enough to cover the 

gel, and add ~50μL EtBr (from 10 mg/mL stock solution). Incubate for about an hour with mild 

shaking.   

 

5. Imaging the gel  

 

To visualize the DNA bands, you must look at them under UV light.**WEAR GLOVES**. Be 

very careful with gels, as they can be very fragile.  

1. Open the plastic cover.  
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2. Transfer gel from the casting tray by sliding onto the transilluminator. Close the plastic cover. 

This should protect you from UV, but you can use a face mask, a plastic shield, or other 

protection as well.  

3. Turn on UV to 100%. You should see bands at this point.  

4. TURN OFF UV. You want to minimize the UV exposure time as it may damage DNA. Turn 

off UV before you open the plastic cover. 

 
Appendix 5: miscellaneous photos during research  

 

 


