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INTRODUCTION

Foot and mouth disease (FMD), caused by the FMD virus (FMDV), is important from an 
economic point of view.[1] The virus has seven immunologically distinct serotypes, specifically, O, 
A, C, South Africa Territories (SAT-1), SAT-2, SAT-3, and Asia-1.[2]

FMDV occurs in most parts of the world and is very endemic in most sub-Saharan African 
countries which exacerbates the farming socioeconomic issues.[3] The disease is also characterized 
by low mortality in adult animals and sometimes high mortality among young animals and is 
attributed to acute myocarditis.[4]

Formerly, five of the seven serotypes of FMDV (O, A, C, SAT 2, and SAT 1) were endemic in 
Ethiopia. FMD affects animals’ performance directly through a reduction of milk yield, a high 
number of deaths among young animals, and fertility impairment due to an increased abortion 
rate.[5] Moreover, the economic importance of the disease is also related to the reaction of 
veterinary services to the presence of the disease and the restrictions on the trade of animals both 
locally and internationally.[6]
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Rapid identification of FMDV serotypes during the outbreak 
is very important to determine the origin of infection and 
to use the appropriate emergency vaccine.[7] Therefore, the 
objective of this paper is to present a comprehensive review 
of FMD with special reference to its status in Ethiopia.

LITERATURE REVIEW

Antigenic variation

The impacts of antigenic variation are derived from the three 
major surface-exposed proteins of the virus (VP1–VP3).[8] 
The βG-βH loop and carboxyl terminus of VP1 provide at 
Site 1. Amino acids of VP2 contribute to Site 2, Site 3 is made 
partly by the βB-βC loop of VP1, and VP3 has to Site 4. 
The five sites, characterized by an amino acid of VP1, are 
mainly formed by the interaction of the VP1 loop region 
with other surface amino acids [Figure 1]. Site 1 is linear and 
trypsin sensitive, whereas all the other identified sites are 
conformational and trypsin resistant.[9]

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 in the G-H loop of VP1.[8] Because of this antigenic 
variation, seven serotypes and multiple subtypes and variants 
of the FMDV have appeared. This variation results in the 
continual emergence of the latest variants that choose FMD 
vaccine candidates complicated.[10]

Species affected

Among the domestic species; bovines, water buffalo, swine, 
ovine, and caprine are the most sensitive with more severe 
diseases in bovine and porcine species. African buffalo play 
an important role as the natural maintenance host in Africa.[5]

Morbidity and mortality

The morbidity rate of FMD in the susceptible animal can 
rapidly approach 100%; however, the mortality rate is very 
low in adult animals, about 2% in comparison to 20% in 
young stock. Calves mostly die due to cardiac involvement 
and complication, such as secondary infection, exposure, or 
malnutrition. Mortality in suckling pigs and lambs ranges 
from 20% to 75% in most extreme cases and it is highly age-
dependent, infected animals under 4 weeks of age, mortality is 
high and decreases rapidly as animals get older than 4 weeks.[2]

Clinical spectrum

The common characteristics of the disease are fever, loss of 
appetite, salivation, and sudden death of young stock.[6,12] 
death in young calves may occur due to myocarditis and 
mortality may reach up to 20% in young calves.[12] Clinical 
signs of FMD usually develop in 3–5 days although, in natural 
infection, the incubation period ranges from 2 to 14 days.[2] 
FMD is typically an acute febrile disease with vesicles (blisters) 
localized on the dental pad, tongue, muzzle or snout, hooves, 
teat, and another site of the skin that ruptures within 3 days to 
leave shallow erosions that ill rapidly.[13]

Lameness is usually the primary ascertained clinical sign 
in sheep and goats. Affected animals develop fever, show 
reluctance to walk, and might separate themselves from the 
rest of the flock. The vesicles square measure shaped in the 
mouth that ruptures simply feat shallow erosions, however, 
usually seen in the dental pad, adjacent to the incisors, 
additionally on the tongue, surface lips, and gums.[14]

Mode of transmission

FMD can replicate and be excreted from the respiratory tract 
of animals, leading to airborne excretion of the virus during 
the acute phase of infection, although, FMD might occur 
in all bodily secretions and excretions including aerosols 
that infect other animals. Hence, after an animal becomes 
infected by any means, the primary mode of virus spread 
is through respiratory aerosols since the respiratory tract is 
the major site of virus replication and a large number of viral 
particles are secreted from this site.[15] The principal modes of 
disease transmission are shown in Figure 2.

EPIDEMIOLOGY

Global distribution of the disease

FMD is one of the most widely distributed diseases 
worldwide mainly in South America, Asia, and the Middle 
East countries. Among 178 member States of the World 
Organization for Animal Health, only 66 countries are FMD-
free (65 without vaccination and one with vaccination) and 

Figure  1: Antigenic sites of foot and mouth 
disease virus.[11]
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10 countries have FMD-free Zones. North America, the 
majority of South America, West Europe, Australia, New 
Zealand, and most Island countries in the pacific are free of 
the disease.[17]

The seven serotypes of the disease do not seem to be equally 
distributed around the world. Types O and A have the 
broadest distribution and are continuously circulating in 
many parts of FMD endemic countries such as Africa, South 
Asia, the Far East, and South America.[18] Type  C appears 
greatly in the Indian subcontinent and Asia-1 normally only 
occurs in South Asia. All the different serotypes of the virus 
are present in Africa except Asia-1. The SA-T serotypes are 
normally confined to sub-Saharan Africa.[19]

The global FMDV population may be roughly divided into 
seven regional pools. Pool, one covers Southeast Asia with 
results in East Asia. Pool 2 represents southern Asia. Pool 
3 covers Euro-Asia (Middle East). In these three pools, 
serotypes O, A, and Asia-1 are circulating viruses. Pools 4, 
5, and 6 cover the East, West, and South African continent, 
respectively. In Pool 4, serotypes O, A, SAT-1, SAT-2, and 
SAT-3 are circulating. In Pool 5, serotypes O, A, SAT-1, 
and SAT-2, and in Pool 6, the SATs tended to circulate. 
Pool 7 covers South America and has solely sort A and O 
circulating.[20]

Diagnosis

An essential component of the FMD control strategy 
includes diagnostic assays to rapidly confirm the initial 
clinical determination of infection. The diagnosis is mainly 
relying on the clinical signs, in combination with laboratory 
examination to establish the serotypes of the causal virus.[5]

Diagnosis by clinical signs alone is complicated by other viral 
diseases of livestock, vesicular stomatitis and swine vesicular 
disease produce lesions that are identical to those of FMD. 
Lesions induced by bovine popular stomatitis, bovine herpes 
mammillitis, infections of bovine rhinotracheitis, bovine 
mucosal disease, malignant catarrhal fever, rinderpest in 
cattle, bluetongue, Parapoxvirus, peste des petits ruminants, 

and foot root in sheep might also be mistaken for FMD and 
all these listed diseases should be considered during the 
diagnosis.[2]

Serological test

Serological tests are necessary for an additional diagnosis 
of FMD, for certification of animals for import/export, 
in determining the freedom from infection, and for 
demonstrating vaccine efficacy. Virus infections are often 
diagnosed by the detection of a particular protein response. 
Enzyme-linked immunosorbent assay (ELISA), agar gel 
immune diffusion test and virus neutralization test, and 
complement fixation test are used for serological diagnosis 
of FMDV. Previous or current infections can be diagnosed 
using antibodies to FMDV structural proteins and include 
ELISA (solid-phase competition ELISA and liquid-phase 
blocking ELISA) and virus neutralization tests which are 
serotype specific.[21]

The virus neutralization test could be a gold standard test for 
the detection of antibodies to structural proteins of FMDV.[21] 
The presence of FMDV viral antigens in high concentrations 
and types of the virus can be detected using an antigen ELISA 
(Sandwich ELISA) from active outbreak samples.[22]

Nucleic acid recognition method

Polymerase chain reaction (PCR) techniques are the most 
broadly used nucleic acid-based diagnostic technique for 
rapid detection of FMDV and sequence analysis of any PCR-
positive result.[23]

Treatment

Antiviral approaches including 2-C-methylcytidine[24] 
and ribavirin[25] are useful for prophylaxis in susceptible 
animals. 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 apply. Furthermore, sick animals could 
be treated by applying broad-spectrum antibiotics, such 
as tetracycline by parenteral route in particular, to control 
secondary bacterial infections.[26]

Prevention and control

FMD is subject to national and international control and 
the measure is taken depending on whether the country 
is free from the disease or endemic infection. A  good 
infrastructure, veterinary staff trained in disease control, 
well-stocked laboratories, good governance, rapid and 
accurate diagnostics, rapid response measures, monitoring, 
surveillance, and vaccination are required.[27,28]

Figure  2: The principal routes of transmission of foot and mouth 
disease.[16]
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Control in endemically affected countries

In countries where the disease is endemic, control and 
prevention of FMD mainly rely on repeated vaccination, 
control of animal movement, and physical separation 
of wildlife and livestock.[29] However, due to economic 
and social problems, it is not advisable to adopt a test and 
slaughter policy for the control of the disease.[30]

Control in the disease-free area

FMD-free countries use a “stamping out” policy, consisting 
of the slaughter of all affected and in-contact susceptible 
animals. Furthermore, zoosanitary measures, like the 
imposition of movement restrictions, are used to control 
the outbreaks of disease. Such measures may additionally 
be preemptively slaughtering alternative herds within which 
there is no clinical evidence of the disease; however, they 
are epidemiologically joined with an outbreak and would 
possibly so contain infected animals.[31]

FMD IN ETHIOPIA

Disease status

According to FMD outbreaks annually reported[32] from 2009 
to 2015, the highest and lowest number of FMD outbreaks 
are reported from Oromia and the Afar Regional State of 
Ethiopia, respectively [Figure 3].

The serotypes of the FMDV

From 1981 to 2007, the prevalence of serotypes, O (73.3%), 
A (19.5%), SAT-2  (4.1%), SAT-1  (1.8%), and C (1.3%) in 
Addis Ababa, Amhara, and Tigray, Benishangul-Gumuz, and 
SNNPRS, respectively, is testified. Serotype C is not isolated 
in any of the outbreak investigations since 1983 and there 
is only a single isolation report of SAT-1 in 2007.[34] The 
distribution of serotypes of the virus is presented in Figure 4.

Prevalence of the disease

FMD is endemic and widely prevalent in all areas of the Ethiopian 
country.[36] The seroprevalence investigation undertaken so far 
in the country indicated that the prevalence ranges from 0.8% 
to 53.6% in cattle.[37,38] However, the prevalence of the disease is 
varying from place to place.

The seroprevalences of FMD in cattle in different parts of 
Ethiopia from 2009 to 2020 were 12.08% in Bench Maji[34], 5.6% 
in Afar, 14.05% in Somali, 8.01% in Dire Dawa, 21.4% in Kellem 
Wollega, 40.4% in West Shewa, 8.18% in South Omo, 10.88% 
in Bishoftu, 24.22% in Central Ethiopia, 24.39% in Oromia, 
Amhara and SNNPRS[39-47].

Control program

Control measures for FMD include involvement of 
quarantine, restriction of animal movement, isolation of 
infected animals, vaccination programs, proper disposal of 
an infected carcass, and other methods which are feasible 
to the Ethiopian economy.[48] The vaccination program 
should emphasize the control of all outbreaks occurring in 
the country through ring vaccination and vaccination of 
all export cattle before entering the quarantine stations. All 
dairy animals should be vaccinated and a ring vaccination is 
carried out around an infected area.[49] As FMD has zoonotic 
implications, it is advised that animal handlers, dairy 
farmers, veterinarians, and laboratory workers should take 
precautions to prevent the infection.[12]

CONCLUSION

FMD is one of the most important endemic livestock diseases 
in Ethiopia. In addition, due to this disease’s economic 

Figure  3: FMD outbreaks in the regional states of Ethiopia 
according to MoLF from 2009 to 2015.[33]

Figure 4: Distribution of foot and mouth disease virus serotypes in 
Ethiopia.[35]
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importance, it is vital to pay great attention to this disease, 
since its occurrence can harm the country’s export earnings, 
thereby threatening the livelihood of farmers and the overall 
economy of the nation. Serotype O is the most prevalent of 
the five FMDV serotypes documented in Ethiopia (O, A, 
C, SAT1, and SAT2). In cattle, FMD prevalence in Ethiopia 
ranges from 0.8% to 53.6%. A  vaccination program should 
be implemented based on the specific serotypes circulating 
in the area to combat FMD. It is recommended that disease 
reporting, surveillance, detection, and quick response should 
be improved to tackle the outbreaks of this highly infectious 
disease.

Contribution of the authors

Both authors contributed equally. The final version was 
accepted for publishing after it was critically reviewed.

Declaration of patient consent

The authors certify that they have obtained all appropriate 
patient consent.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

 REFERENCES

1.	 Chen J, Wang J, Wang M, Liang R, Lu Y, Zhang Q, et al. 
Retrospect and risk analysis of foot and mouth disease in 
China based on integrated surveillance and spatial analysis 
tools. Front Vet Sci 2020;6:1-13.

2.	 Balemual A. Review on pathogenesis, economic significance, 
prevention and controls of foot and mouth disease. Acad J 
Anim Dis 2018;7:12-20.

3.	 Baluka SA, Ocaido M, Mugisha A. Prevalence and economic 
importance of foot and mouth disease, and contagious 
bovine pleuropneumonia outbreaks in cattle in Isingiro and 
Nakasongola districts of Uganda. Discourse J Agric Food Sci 
2014;2:107-17.

4.	 Kandeil A, El-Shesheny R, Kayali G, Moatasim Y, Bagato O, 
Darwish M, et al. Characterization of the recent outbreak of 
foot-and-mouth disease virus serotype  SAT2 in Egypt. Arch 
Virol 2013;158:619-27.

5.	 Admassu B, Getnet K, Shite A, Mohammed S. Review on foot 
and mouth disease: Distribution and economic significance. 
Acad J Anim Dis 2015;4:160-9.

6.	 Knight-Jones TJ, Rushton J. The economic impacts of foot and 
mouth disease - What are they, how big are they and where do 
they occur? Prev Vet Med 2013;112:161-73.

7.	 Yang M, Goolia M, Xu W, Bittner H, Clavijo A. Development 

of a quick and simple detection methodology for foot-and-
mouth disease virus serotypes O, A and Asia 1 using a generic 
RapidAssay Device. Virol J 2013;10:1-13.

8.	 Maree FF, Kasanga CJ, Scott KA, Opperman PA, Melanie C, 
Sangula AK, et al. Challenges and prospects for the control 
of foot-and-mouth disease: An African perspective. Vet Med 
(Auckl) 2014;5:119-38.

9.	 Bari FD, Paridaa S, Tekleghiorghi T, Dekker A, Sangula A, 
Reevea R, et al. Genetic and antigenic characterization of 
serotype A FMD viruses from East Africa to select new vaccine 
strains. Vaccine 2014;32:5794-800.

10.	 Verma KA, Kumar A, Mahima, Sahzad. A  review on 
epidemiology and diagnosis of foot and mouth disease. Indian 
J Anim Sci 2012;82:543-51.

11.	 Fry EE, Stuart DI, Rowlands DJ. The structure of foot 
and mouth disease virus. Curr Top Microbiol Immunol 
2005;288:71-101.

12.	 Pal M. Foot and mouth disease: A  highly infectious viral 
zoonosis of global importance. J  Appl Microbiol Biochem 
2018;2:1-2.

13.	 Aftosa F. Foot and Mouth Disease; Revised: March 2021. 
Available from: https://www.cfsph.iastate.edu.

14.	 Rout M, Subramaniam S, Sanyal A, Dash B, Sharma K, 
Misri J, et al. Foot and mouth disease in sheep, goats, semi-
domesticated and wild animals. Indian Farming 2012;61:24-9.

15.	 Alexandersen S, Donaldson AI. Further studies to quantify the 
dose of natural aerosols of foot and mouth disease virus for 
pigs. Epidemiol Infect 2002;128:313-23.

16.	 Paton DJ, Gubbins S, King DP. Understanding the transmission 
of foot-and-mouth disease virus at different scales. Curr Opin 
Virol 2018;28:85-91.

17.	 Depa PM, Dimri U, Sharma MC, Tiwari R. Update on 
epidemiology and control of foot and mouth disease: A menace 
to international trade and global animal enterprise. Vet World 
2012;5:694-704.

18.	 Gorna K, Houndje E, Romey A, Relmy A, Blaise-Boisseau S, 
Zientara S, et al. First isolation and molecular characterization 
of foot-and-mouth disease virus in Benin. Vet Microbiol 
2014;171:175-81.

19.	 Saeed A, Kanwal S, Arshad M, Ali M, Shaikh RS, Abubakar M. 
Foot and mouth disease: Overview of motives of disease 
spread and efficacy of available vaccines. J Anim Sci Technol 
2015;57:10.

20.	 Logan G. The Molecular and Genetic Evolution of Foot and 
Mouth Disease Virus. PhD Thesis, University of Glasgow; 
2017.

21.	 Deb R, Chakraborty S, Veeregowda B, Verma AK, Tiwari R, 
Dhama K. Monoclonal antibody and its use in the diagnosis of 
livestock diseases. Adv Biosci Biotechnol 2013;4:50-62.

22.	 OIE. Foot and Mouth Disease, Manual of Standard for 
Diagnostic Tests and Vaccines for Territorial Animals 
(Mammals, Birds and Bees). OIE Terrestrial Manual, 7th 
edition, Paris, France; 2012.

23.	 Xu L, Hurtle W, Rowland JM, Casteran KA, Bucko SM, 
Grau  FR, et al. Development of universal RT-PCR for 
amplifying and sequencing the leader and capsid coding 
region of the foot and mouth disease virus. J  Virol Methods 
2013;189:70-6.



Tolawak and Pal: A review on the FMD in Ethiopia

Research in Veterinary Science and Medicine • 2022 • 2(6)  |  6

24.	 Lefebvre DJ, De Vleeschauwer AR, Goris N, Kollanur D, 
Billiet A, Murao L, et al. Proof of concept for the inhibition of 
foot-and-mouth disease virus replication by the anti-viral drug 
2′  -  C-methylcytidine in severe combined immunodeficient 
mice. Transbound Emerg Dis 2014;61:e89-91.

25.	 Yoon H, Yoon SS, Wee SH, Kim YJ, Kim B. Clinical 
manifestations of foot and mouth disease during the 2010/2011 
epidemic in the Republic of Korea. Transbound Emerg Dis 
2012;59:517-25.

26.	 Radostits OM, Gay CC, Hinchcliff KW, Constable PD. Veterinary 
Medicine: A Textbook of the Diseases of Cattle, Horses, Sheep, Pigs 
and Goats. 10th ed., Vol. 51. Saunders, USA: CVJ; 2010. p. 2065.

27.	 Ding Y, Chen H, Zhang J, Zhou J, Ma L, Zhang L, et al. An 
overview of control strategy and diagnostic technology for foot 
and mouth disease in China. Virol J 2013;10:2-7.

28.	 Namatovu A, Wekesa SN, Tjornehoj K, Dhikusooka MT, 
Muwanika VB, Siegsmund HR, et al. Laboratory capacity 
for diagnosis of foot and mouth disease in eastern Africa: 
Implications for the progressive control pathway. BMC Vet Res 
2013;9:19.

29.	 Quinn PJ, Markey BK, Leonard FC, Fitz Patrick ES, Fanning S. 
A Concise Review of Veterinary Microbiology. Hoboken, New 
Jersey: John Wiley and Sons; 2015.

30.	 Pal M. Transboundary Animal Diseases and Their Impact 
on International Trade. MSc Lecture Notes, Addis Ababa 
University, College of Veterinary Medicine, Debre Zeit, 
Ethiopia; 2015. p. 1-25.

31.	 Sangare O. Molecular Epidemiology of Foot and Mouth 
Disease Virus in West Africa, University of Pretoria; 2005.

32.	 MoLF. Ministry of Livestock and Fishery and Epidemiology 
Directorate: Foot and Mouth Disease Outbreaks Annual Report 
Recording Data Summary from the Years 2009-2015; 2016.

33.	 Aman E. Review on foot and mouth disease status in Ethiopia: 
Spatiotemporal distribution, frequency and prevalence. Rep 
Opin 2018;10:60-8.

34.	 Ayelet G, Mahapatra M, Gelaye E, Egziabher BG, Rufeal T, 
Sahle M, et al. Genetic characterization of foot and mouth 
disease viruses Ethiopia, 1981–2007. Emerg Infect Dis 
2009;15:1409.

35.	 Wubshet AK, Dai J, Li Q, Zhang J. Review on outbreak 
dynamics, the endemic serotypes, and diversified topotypic 
profiles of foot and mouth disease virus isolate in Ethiopia 
from 2008 to 2018. Viruses 2019;11:1076.

36.	 Abdela N. Seroprevalence, risk factors, and distribution of foot 
and mouth disease in Ethiopia. Acta Trop 2017;169:125-32.

37.	 Tesfaye A, Sehale M, Abebe A, Muluneh A. Seroprevalence 
of foot and mouth disease in cattle in Borena Zone, Oromia 

Regional State, Ethiopia. Ethiop Vet J 2016;20:55-66.
38.	 Gelana M. Seroprevalence study on foot and mouth disease 

in selected districts of western Oromia. J  Pharm Altern Med 
2016;13:15-8.

39.	 Jenbere TS, Etana M, Negussie H. Study on the risk factors of 
foot and mouth disease in selected districts of Afar pastoral 
area, Northeast Ethiopia. J Anim Vet Adv 2011;10:1368-72.

40.	 Mohamoud A, Tessema E, Degefu H. Seroprevalence of bovine 
foot and mouth disease in Awbere and Babille districts of Jijiga 
Zone, Somalia Regional State, eastern Ethiopia. Afr J Microbiol 
Res 2014;5:3559-63.

41.	 Abunna F, Fikru S, Rufael T. Seroprevalence of foot and mouth 
disease at Dire Dawa and its surroundings, eastern Ethiopia. 
Glob Vet 2013;11:575-8.

42.	 Desissa T, Tura D, Mamo B, Rufael T. Epidemiological study 
on foot and mouth disease in cattle: Seroprevalence and risk 
factor assessment in, Kellem Wollega Zone, west Ethiopia. Afr 
J Agric Res 2014;9:1391-5.

43.	 Ahmed B, Megersa L, Mulatu G, Siraj M, Boneya G. 
Seroprevalence and associated risk factors of foot and mouth 
disease in cattle in the west Shewa Zone, Ethiopia. Vet Med Int 
2020;2020:6.

44.	 Molla B, Ayelet G, Asfaw Y, Jibril Y, Ganga G, Gelaye E. 
Epidemiological study on foot and mouth disease in cattle: 
Seroprevalence and risk factor assessment in south Omo Zone, 
Ethiopia. Transbound Emerg Dis 2010;57:340-7.

45.	 Belina D, Girma B, Mengistu S. Seroprevalence of bovine 
foot and mouth disease in selected districts of eastern Showa 
Zone, Oromia Regional State, Ethiopia. Glob J Sci Front Res 
2016;16:79-84.

46.	 Sulayeman M, Dawo F, Mammo B, Gizaw D, Shegu D. 
Isolation, molecular characterization and seroprevalence study 
of foot and mouth disease virus circulating in central Ethiopia. 
BMC Vet Res 2018;14:110.

47.	 Mutal HN. Serological Investigation of Foot and Mouth 
Disease in Cattle and Pigs in Selected Commercial Farms 
and Molecular Characterization from Active Outbreak Cases. 
MSc Thesis Submitted to College of Veterinary Medicine and 
Agriculture, Addis Ababa University; 2019.

48.	 Lombard MF. FAO/OIE Global Conference on Foot and 
Mouth Disease Control. Bangkok, Thailand; 2012.

49.	 Alemayehu G, Zewde G, Admassu B. Seroprevalence of foot 
and mouth disease and associated economic impact on central 
Ethiopian cattle feedlots. J Vet Med Anim Health 2014;6:154-8.

How to cite this article: Tolawak D, Pal M. A review on the FMD in 
Ethiopia. Res Vet Sci Med. 2022;2:6.


