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FMDV Classification

 Order: Picornavirales

 Family: Picornaviridae

 Genus: Aphthovirus
 Species: Foot-and-mouth disease virus

 Species: Equine rhinitis A virus

 Proposed species: Bovine rhinitis A virus

 Proposed species: Bovine rhinitis B virus
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FMDV Serotypes

 Vallée O (Dept. of Oise)

 Vallée A (Allemagne)

 Waldmann A

 Waldmann B

 Waldmann C
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 Southern African Territories (SAT) 1

 SAT 2

 SAT 3

 Asia 1

(Vallée and Carré, 1922)

(Waldmann and Trautwein, 1926)

India in 1951 (Dhanda et al., 1957)

Pakistan in 1954 (Brooksby and Rogers, 1957)

Brooksby, 1958



Eurasian Serotypes, 2000-2008

FMDV O

FMDV Asia 1FMDV C

FMDV A

(hashed areas indicated unconfirmed reports)

Summary of known FMD outbreaks; this may not represent the true disease situation
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FMDV SAT Serotypes:
2000-2008

Saudi Arabia &
Kuwait, 2000

FMDV SAT 1 FMDV SAT 2

FMDV SAT 3

Summary of known FMD outbreaks; this may not represent the true disease situation
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Measuring FMDV Variation

 Antigenic subtypes (1940-1976)

 Antigenic variants (1976-present)

 Biochemical assays

 PAGE (1979-1986)

 Electrofocusing

 RNase T1 oligonucleotide mapping

 DNA sequencing (1987-present)
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FMDV O Topotypes

1%

East Africa 1 

(EA-1)

West Africa 

(WA)

Middle East-South Asia 

(ME-SA)

Southeast Asia 

(SEA) 

Europe-South America  

(EURO-SA)

Indonesia-2 

(ISA-2)

Indonesia-1 (ISA-1)

Cathay 

East Africa 2 

(EA-2)

East Africa 3 

(EA-3)

East Africa 4 

(EA-4)

1924-2006

1970-2007

1966-2008

1986-2007

1989-2005

1977-1995

1987-2006
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FMDV O Topotypes: 1924-1993

Cathay

ME-SA (Middle East-South Asia)

Euro-SA (Europe-South America)

Indonesia-1 / Indonesia-2

SEA (South-east Asia)

FMD present or suspected, topotype unknown

Topotype
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FMDV O Topotypes: 1993-2006

Vietnam

1997/9 1997/9 1999

Taiwan Province
of China

1997-99 1999-2000

Cathay

ME-SA (Middle East-South Asia)

Euro-SA (Europe-South America)

Indonesia-1 / Indonesia-2

SEA (South-east Asia)

FMD present or suspected, topotype unknown

Topotype

+ Malaysia & Thailand
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O/ETH/49/2005
O/ETH/52/2005
O/ETH/53/2005
O/ETH/62/2005
O/ETH/51/2005

O/ETH/48/2005
O/ETH/61/2005

O/YEM/35/2004
O/YEM/21/2004

O/YEM/66/2004
O/YEM/57/2004

O/ETH/38/2005 (2003/4)
O/ETH/54/2006

O/YEM/70/2004
O/ETH/3/2004

O/ETH/46/2006
O/ETH/48/2006
O/ETH/62/2006

O/ETH/22/01* (AY283395)
O/ETH/1/2005

O/ETH/55/2005
O/ETH/56/2005
O/ETH/63/2005
O/ETH/64/2005

O/ETH/65/2005
O/ETH/66/2005
O/ETH/67/2005
O/ETH/54/2005
O/ETH/57/2005

O/YEM/3/2006
O/YEM/4/2006

O/YEM/29/2006
O/YEM/48/2004
O/YEM/1/2004
O/YEM/22/2003
O/YEM/28/2003

O/ETH/11/2005 (1996)
O/ETH/1/79 (AY283376)

O/K201/83*
O/K22/82*

O/K101/80*
O/K8/84*

O/ETH/2/2006
O/ETH/43/2006

O/ETH/4/2006
O/ETH/27/2006

O/ETH/21/2006
O/ETH/19/2006
O/ETH/20/2006
O/ETH/30/94 (AY283386)

O/SUD/2/86 (DQ165075)
O/ERI/1/2004
O/ERI/21/2004

O/ERI/3/2004
O/SUD/1/99 (DQ165076)

O/SUD/1/2005
O/SUD/2/2005

O/SUD/3/2005
O/SUD/12/2004
O/SUD/30/2004

O/SUD/3/2004
O/SUD/1/2004
O/SUD/26/2004

EA-3

O/UGA/3/72
O/K77/78* (DQ165072)

O/KEN/5/95 (K36/95)
O/K70/77*

O/K83/79* (AJ303511)
O/UGA/5/96

O/K40/84*

EA-1

O/RWA/2/2004
O/RWA/3/2004
O/TAN/14/2004
O/TAN/17/2004

O/TAN/3/96
O/MAL/1/98 (DQ165074)

O/TAN/7/98
O/ZAM/1/2000
O/ZAM/2/2000

O/TAN/1/2004
O/UGA/7/2004
O/UGA/8/2004
O/UGA/5/2004
O/UGA/6/2004

O/UGA/18/2004
O/UGA/1/2004
O/UGA/3/2004

O/UGA/18/2007
O/UGA/4/2004

O/UGA/5/2002
O/KEN/3/2002

O/UGA/3/2002 (DQ165077)
O/UGA/6/2002

O/KEN/14/2005
O/KEN/27/2005

O/KEN/10/2005
O/TAN/2/2004
O/TAN/12/2004

O/BUN/7/2003
O/KEN/23/2004

O/KEN/24/2004
O/KEN/29/2004
O/KEN/5/2002 (DQ165073)

O/KEN/7/2002
O/KEN/30/2004

O/KEN/4/2005
O/KEN/6/2005

O/KEN/26/2005

EA-2

O/IND/53/79 (AF292107)
O/SAR/1/2000 (AJ318860)

O/KEN/102/60
O/IND/R2/75* (AF204276)

O1/Manisa/TUR/69 (AJ251477)

ME-SA

O/ETH/58/2005
O/ETH/59/2005
O/ETH/60/2005

EA-4
O/CAR/16/2000
O/CAR/17/2000

O/CAR/6/89
O/GHA/5/93

O/MAU/19/2000
O/MAI/11/2006
O/MAI/15/2006

O/MAI/17/2006
O/MAI/1/2005
O/MAI/3/2005

O/MAI/2/2005
O/NGR/11/2001

O/BKF/1/2002
O/ALG/2/99

O/CIV/8/99

WA

EURO-SAO1/Kaufbeuren/FRG/66 (X00871)

CATHAYO/HKN/6/83

0.02

FMDV O in Africa
1960-2007

EGYPTLIBYAALGERIA

MOROCCO

NIGERMAURITANIA

WESTERN

SAHARA

MALI

CHAD
SUDAN

D.R. 
CONGO

ANGOLA

NAMIBIA

SOUTH

AFRICA

BOTSWANA

ETHIOPIA

SOMALIA

NIGERIA
GUINEA

TUNISIA

ERITREA

CENTRAL

AFRICAN REPUBLIC

TANZANIA

GABON

BURKINA 
FASO

GHANA

COTE

D'IVOIRE

ZAMBIA

ZIMBABWE

CAMEROON

TOGO

BENIN

KENYA

MOZAMBIQUE

LESOTHO

SWAZILAND

CONGO

SENEGAL

THE GAMBIA
GUINEA-BISSAU

SIERRA-LEONE

LIBERIA

EQUATORIAL 
GUINEA

ANGOLA

RWANDA

BURUNDI

MALAWI

DJIBOUTI

WA

EA-1

EA-2

EA-3

ME-SA & WA

ME-SA

Euro-SA

EA-4

UGANDA

YEMEN

ETHIOPIA

KENYA

UGANDA

KENYA

UGANDA

Topotypes

Introduced from 

outside Africa

Introduced from outside 

Africa (or from West Africa)

ETHIOPIA

UGANDA
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FMDV A Topotypes
1929-2008

EURO-SA

AFRICA

ASIA

1%

A76/Arg/76
A/ALG/1/77
A/MOR/7/77

A/MAL/1/75
A/MAL/14/73

A/MAL/14/74
A/ANG/17/73

A24/Cruzeiro/BRA/55 [AJ251476]
A10/HOL/42 [M20715]

A/SWA/2/67
A/TUN/2/82

A5/Allier/FRA/60 [AY593780]
A/MOR/8/83

A/LIB/4/79
A/TUN/2/79

A15/Bangkok/TAI/60 [AY593755]
A/SAU/41/91

A/SAU/23/86
A/IND/17/77* [AF204108]
A22/IRQ/24/64 [AJ251474]

A23/KEN/46/65 [1964]
A/KEN/29/2005

A/EGY/4/2006
A/EGY/1/2006
A/EGY/2/2006
A/EGY/3/2006
A/EGY/5/2006

A/KEN/15/98 [K62/98]
A/KEN/16/98A [K67/98]

A/ETH/7/92
A/ETH/23/94

A/ETH/1/94
A/YEM/2/98

A/SUD/1/82
A/K35/80*

A/UGA/20/76
A/K37/84*

A/NYE/8/89
A/UGA/4/75

A/KEN/22/69 [K140/69]
A/UGA/13/66

A/BKF/2/94
A/CIV/4/95
A/CIV/2/96
A/GHA/4/96
A/GAM/44/98
A/GAM/46/98

A/GAM/52/98
A/SEN/34/97
A/MAI/2/97

A/MAU/3/97
A/SEN/10/96

A/GHA/16/73
A/NIG/10/76

A/CAR/2/85
A/NIG/4/79

A/CAR/1/86
A/CAR/1/87

A/TCH/2/73
A/CAR/1/76

A/NGR/2/73
A/MAI/4/2004

A/TOG/9/2005
A/CAR/P19/2000 (mfa/057/01)

A/CAR/15/2000
A/CAR/14/2000
A/CAR/12/2000
A/CAR/13/2000

A/CAR/P22/2000 (fke/066/08)
A/ERI/3/97

A/ERI/2/98
A/ERI/3/98

A/SUD/3/77
A/SUD/1/81

A/SUD/2/84
A/SUD/1/85

A/UGA/1/2002
A/BUN/2/80

A/ZAM/90
A/MAL/5/81

A/BUN/4/90
A/K49/84*

A/KEN/12/2005
A/KEN/3/2006

A/TAN/4/80
A/TAN/2/68 [T626/68]

A/TAN/3/68 [T809/67]
A/KEN/42/66 [K18/66]

A/K16/74*
A/SOM/1/78

A/K5/80*
A/KEN/1/95 [K4/95]
A/KEN/1/93 [K64/93]
A/KEN/1/2003 [K177/03]
A/KEN/2/2003 [K181/03]

A/K179/71* [KEN/1/76]
A/K207/73*

A/EGY/1/72
A/ETH/2/79

A/YEM/2/85
A/YEM/7/85

A21/KEN/3/64
A/NIG/5/72

Euro-SA

Asia

Africa
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FMDV A Lineages in Africa

East Africa 1

East Africa 3

Central Africa 1

Central Africa 2

West Africa 2

East Africa 2

EURO-SA

A/GAM/44/98 (EF208768)

A/GAM/46/98

A/GAM/52/98

A/SEN/34/97

A/MAI/2/97 (EF208776)

A/MAU/3/97

A/SEN/10/96

A/MAU/1/2006

A/MAU/3/2006

A/MAU/4/2006

A/MAU/5/2006

A/MAU/6/2006

A/MAU/7/2006

A/MAU/8/2006

A/BKF/2/94

A/CIV/4/95

A/CIV/2/96

A/GHA/4/96

A/GHA/16/73

A/NIG/10/76

A/CAR/2/85

A/CAR/1/86

A/CAR/1/87

A/NIG/4/79

A/TCH/2/73

WEST AFRICA 1

A/CAR/1/76

A/NGR/2/73 WEST AFRICA 2
A/NIG/5/72

A21/KEN/3/64 CENTRAL AFRICA 1
A/ETH/13/2005 (1981)

A/ETH/14/2005 (1981)

A/ETH/2/79

A/EGY/1/72 (EF208756)

A/SUD/1/85

A/SUD/2/84

A/SUD/1/81

A/SUD/3/77

A/CAR/115/2005

A/CAR/116/2005

A/CAR/36/2005

A/CAR/P22/2000 (fke/066/08)

A/ERI/2/98

A/ERI/3/98

A/ERI/3/97

A/MAI/4/2004

A/TOG/9/2005

A/CAR/P19/2000 (mfa/057/01)

A/CAR/12/2000

A/CAR/13/2000

A/CAR/14/2000

A/CAR/15/2000 (EF208755)

CENTRAL AFRICA 2

A/K35/80*

A/UGA/20/76

A/K37/84*

A/SUD/1/82

A/UGA/4/75

A/KEN/22/69 (K140/69)

A/UGA/13/66

A/ETH/10/2005 (2002)

A/ETH/9/2005 (2000)

A/ETH/16/2005 (2000/01) (EF208764)

A/ETH/3/2005 (year nk) (EF208762)

A/ETH/23/94 (EF208767)

A/ETH/1/94 (EF208766)

A/ETH/7/92 (EF208765)

A/KEN/15/98 (EF208774)

A/KEN/16/98A (EF208775)

A/KEN/29/2005 (EF208773)

A/EGY/3/2006 (EF208759)

A/EGY/5/2006 (EF208761)

A/EGY/4/2006 (EF208760)

A/EGY/1/2006 (EF208757)

A/EGY/2/2006 (EF208758)

EAST AFRICA 2

A/KEN/1/2003 (K177/03)

A/KEN/1/93 (K64/93)

A/KEN/2/2003 (K181/03)

A/KEN/1/95 (K4/95)

A/K5/80*

A/K179/71* (KEN/1/76)

A/K207/73*

A/SOM/1/78

A/TAN/2/68 (T626/68)

A/TAN/3/68 (T809/67)

A/TAN/4/80

A/K16/74*

A/KEN/42/66 (K18/66)

A/KEN/12/2005 (K44/2005)

A/KEN/3/2006

A/BUN/2/80

A/ZAM/90

A/UGA/1/2002

A/MAL/5/81

A/BUN/4/90

A/K49/84*

EAST AFRICA 1

A/MAL/14/73

A/MAL/14/74

A/MAL/1/75

A/ALG/1/77

A/MOR/7/77

A/ANG/17/73

A23/KEN/46/65 (1964)

A/SWA/2/67

A/TUN/2/82

A/MOR/8/83

A/LIB/4/79

A/TUN/2/79

EURO-SA

0.02

EAST AFRICA 3

West Africa 1
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FMDV C Topotypes
1926-2004

EURO-SA

AFRICA

ASIA

C1/Cadelbosco di Sopra/89
C1/Villa Sesso/89

C1/S.Palo dEute/89
C1/Villa Colli/89
C1/Brescia/64
C1/Brescia/ITL/64
C1/Modena/89
C1/Poutecchio Bibhieur/Italy/89

C1/Oberbayern/FRG/60 (X00130)
C1/Perugia/ITL/63

C1/Santa Pau/SPA/70 (AJ133357)
C1/Santa Pau/70

C/HUN/1/72
C/USSR/2/90

C1/Noville/SWI/65
C1/Noville/SWI/65 (AY593804)
C1/Detmold/FRG/60

C/Cotes du Nord/FRA/74
C1/Oberbayern/FRG/60 (AY593805)
C/POR/2/80

C/Pyrenees Atlantiques/FRA/80
C1/Serra de Daro/SPA/81 (C-S15)

C1/Barcelona/SPA/82 (C-S30)
C/BEL/1/72

C/AUR/4/73
C1/Vosges/FRA/60 (EVD)
C1/Turup/DEN/61
C1/Vosges/FRA/60

C1/Bombay/IND/64 (IVRI)
C1/Loupoigne/BEL/53 (1)
C1/Loupoigne/BEL/53
C/CZE/3/89
C1/Loupoigne/BEL/53 (2)
C/FRA/2/66

C1/Haute Loire/FRA/69
C2/Pando/URU/44

C2/Pando/URU/44 (EVD)
C4/TDF/ARG/66 (AY593808)

C4/TDF/ARG/66
C2/997/UK/53
C2/997/UK/53 (EVD)

C/Leticia/COL/67
C/Leticia/COL/70

C/General Roca/Cordoba/ARG/02/93 (AJ3062
C/General Villegas/BA/ARG/93 (AJ306217)

C3/Sao Jose dos Campos/BRA/72
C3/Goias/88

C3/Chaco/PAR/74
C3/Cordoba/ARG/85 (L29062)
C3/ARG/85 (AJ007347)

C/General Lamadrid/ARG/93 (AJ306213)
C3/ARG/85 (M19762)

C/Salto/BA/ARG/91 (AJ308703)
C3/San Antonio de Giles/ARG/92 (AJ308704

C/ANG/3/73
C3/Indaial/BRA/71(78) (M90376)

C3/Indaial/BRA/71 (J02184)
C3/Alegrete/BRA/82

C3/Santa Fe/ARG/75
C3/Indaial/BRA/71 (K01202)

C3/Indaial/BRA/71 (AY593806)
C/PHI/7/84 VS

C/PHI/6/89
C/PHI/3/88

C/PHI/11/89
C/PHI/3/94

C/PHI/4/94
C3/PAR/69

C5/ARG/69 (AY593809)
C5/BEL/1/69

C5/ARG/69
C3/ARG/84 (M19761)

C/PHI/7/76
C/PHI/1/79

C/ISR/4/70
C/LEB/3/69
C3/Resende/BRA/55 (AY593807)
C3/ARG/83 (EVD)

C3/ARG/83
C3/Resende/BRA/55 (M19760)
C3/Resende/55

CGC WRL
C1/GER/c.26 (CGC) (Madrid)

C/UKG/149/34 (AY593810)

EURO-SA

C/KEN/1/2004 (K6/04)
C/KEN/32/70 (K267/67)
C/KEN/5/96 (K14/96)
C/K221/83 (Kenya)

C/ETH/1/71
C/ETH/6/2005

C/ETH/7/2005

AFRICA
C/CEY/4/71

C/SRL/4/78
C/SRL/1/84

C/IND/3/83
C/KUW/2/82

C/IND/9/82
C/IND/7/76

C/IND/14/80
C/IND/12/82
C/IND/51/79 (IND/42/77*)
C/IND/1/82

C/SAU/1/84
C/SAU/12/84

C/NEP/35/96
C/IND/63/96* (1991 IVRI)
C/IND/147/93* (IVRI)

C/IND/26/93* (IVRI)
C/IND/146/93* (IVRI)

C/NEP/1/94
C/NEP/10/93

C/IND/66/96* (1991 IVRI)
C/NEP/124/90

C/IND/67/96* (1991 IVRI)
C/IND/64/96* (1991 IVRI)

C/IND/65/96* (1991 IVRI)
C/IND/8/93* (1992 IVRI)

C/BAN/1/92
C/BAN/2/92

C/BHU/10/91
C/IND/89/92* (1991 IVRI)

C/BHU/7/91
C/IND/9/93* (1992 IVRI)

C/IND/7/92* (1991 IVRI)
C/IND/136/92* (IVRI)

ASIA
0.02

Tracking the Emergence and Global Spread of FMD
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Russia,

Khabarovsk, 

Aug & Dec 2005

Hong Kong,

Feb 2005

Pakistan,

2002-2005

China, Jiangsu,

Apr 2005 & Dec 2005

China, Beijing,

May 2005

China, Hebei,

May & June 2005

China, 

Xinjiang AR 

May 2005

Iran,

2004 

China, Shandong,

Apr 2005 & Dec 2005

Tajikistan,

2004

Russia, Amur,

June & Dec 2005

India,

2003-2004

Myanmar,

Jul 2005

Mongolia,

Aug 2005

Russia,

Primorsky, 

Sept 2005

group II

groups I  & II

group IV

group V

group III groups II & VI

group VI

Vietnam,

Nov 2005

China, Ningxia

Autonomous Region,

Dec 2005

Genetic identity not known

China, Gansu 

Jul 2005, Dec 2005

May-Jul 2006

China, Tibet,

Sep 2006

China, Hubei

May 2006

China

China, Qinghai,

Jul, Dec 2005;

Jul 2006
Afghanistan,

2004

0.02

Group V

Group IV

Group II

Group I

Group III

Group VI
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SAT 1 Topotypes
1937-2007

SAT1/KEN/18/2005
SAT1/KEN/19/2005
SAT1/KEN/16/2005

SAT1/KEN/17/2005
SAT1/KEN/9/2006

SAT1/KEN/24/2005
SAT1/KEN/10/2006

SAT1/KEN/13/2005
SAT1/KEN/31/2005

SAT1/KEN/32/2005
SAT1/KEN/5/2006

SAT1/TAN/60/99 (AY442002)
SAT1/KEN/11/2005

SAT1/TAN/19/96 (AY442013)
SAT1/TAN/51/99 (AY442004)

SAT1/TAN/3/80 (AY442006)
SAT1/TAN/6/99

SAT1/TAN/37/99 (AY442005)
SAT1/TAN/13/74 (AY442001)
SAT1/TAN/1/96 (AY442003)

SAT1/KEN/1/2005 (K4/05)
SAT1/TAN/2/77 (AY442008)

SAT1/KEN/21/2004
SAT1/TAN/5/96 (AY442007)
SAT1/T155/71

SAT1/KEN/4/98 (AY441993)
SAT1/KEN/9/91 (AY441995)

SAT1/KEN/11/91 (AY441994)
SAT1/MAL/4/2000

SAT1/MAL/1/2001
SAT1/MAL/2/2001

SAT1/MAL/3/2000
SAT1/MAL/2/2000
SAT1/ZAM/3/2000

SAT1/ZAM/28/2004
SAT1/ZAM/29/2004
SAT1/ZAM/27/2004

SAT1/ZAM/30/2004
SAT1/ZAM/1/2005
SAT1/ZAM/2/2005
SAT1/ZAM/31/2004
SAT1/ZAM/32/2004
SAT1/ZAM/4/2004
SAT1/ZAM/9/2004
SAT1/ZAM/16/2004
SAT1/ZAM/5/2004
SAT1/ZAM/14/2004
SAT1/ZAM/13/2004
SAT1/ZAM/2/2004
SAT1/ZAM/3/2004
SAT1/ZAM/6/2004
SAT1/ZAM/7/2004
SAT1/ZAM/8/2004
SAT1/ZAM/10/2004
SAT1/ZAM/11/2004
SAT1/ZAM/1/2004
SAT1/ZAM/12/2004

SAT1/ZIM/23/2003

NWZ

SAT1/UGA/1/97 (AY442012)
SAT1/UGA BUFF/21/70 buffalo

SAT1/UGA/3/99 (AY442009)
SAT1/UGA/7/99 (AY442011)

UGANDA
SAT1/RV/11/37 (AY593839)

SAT1/RHO/5/66 (AY593846) SEZ
SAT1/ZIM/20/2003
SAT1/ZIM/21/2003
SAT1/ZIM/13/2003
SAT1/ZIM/4/2003
SAT1/ZIM/2/2003

SAT1/ZIM/5/2003
SAT1/ZIM/P1/2004 (E45)
SAT1/ZIM/P1/2004 (C10)
SAT1/ZIM/P1/2004 (D19)

SAT1/BEC/1/48 (AY593838)
SAT1/SA/2/58 (AY593841)

SAT1/SWA/1/49 (AY593840)
SAT1/BOT/1/68 (Z98203)

SAT1/BOT/1/68 (AY593845)
SAT1/SWA/40/61 (AY593843)

SAT1/SA/13/61 (AY593842)
SAT1/ZAM/4/2000

SAT1/BOT/22/2006 (buffalo)
SAT1/NMB/1/2000

SAT1/BOT/20/2006 (buffalo)
SAT1/BOT/15/2006
SAT1/BOT/12/2006
SAT1/BOT/13/2006
SAT1/BOT/14/2006
SAT1/BOT/16/2006
SAT1/BOT/17/2006

SAT1/BOT/18/2006

WZ

SAT1/SUD/8/74 (AY441998)
SAT1/SUD/9/74 (AY441999)

SAT1/SUD/13/74 (AY442000)
SAT1/SUD/4/76 (AY441997)

SAT1/ISR/4/62 (AY593844)
SAT1/NIG/2/79 (AF431728)

SAT1/NIG/10/81 (AF431731)
SAT1/NIG/3/80 (AF431729)
SAT1/NIG/5/81 (AF431730)

SAT1/SUD/3/76 (AY441996)
SAT1/UGA/47/71

SAT1/UGA/13/74 (AY442010)
SAT1/NGR/4/76 (AF431719)
SAT1/NGR/5/76 (AF431720)
SAT1/NIG/20/76 (AF431727)
SAT1/NIG/8/76 (AF431724)
SAT1/NIG/14/76 (AF431725)
SAT1/NGR/1/76 (AF431717)
SAT1/NGR/2/76 (AF431718)

SAT1/NIG/1/76 (AF431721)
SAT1/NIG/17/75 (AF431712)
SAT1/NIG/11/75 (AF431711)
SAT1/NIG/20/75 (AF431713)
SAT1/NIG/24/75 (AF431714)
SAT1/NIG/25/75 (AF431715)
SAT1/NIG/5/76 (AF431723)
SAT1/NIG/7/76 (AF431726)
SAT1/NIG/6/76 (AF431716)
SAT1/NIG/2/76 (AF431722)
SAT1/NIG/14/75 (AF431709)
SAT1/NIG/15/75 (AF431710)

CENTRAL AFRICA

0.05

CENTRAL AFRICA

WESTERN ZIMBABWE

(WZ)

NORTHWEST ZIMBABWE

(NWZ)

UGANDA

SOUTHEAST ZIMBABWE

(SEZ)

GHANA

ANGOLA

Countries in which FMDV 

SAT 1 has been found
15
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SAT 2 Topotypes
1948-2007

SAT2/KEN/11/2004
SAT2/KEN/1/86 (AY343943)

SAT2/KEN/9/2004

SAT2/KEN/1/84 (K7/84) (AY344505)

SAT2/KEN/1/87 (AY343944)
SAT2/KEN/2/87 (AY343945)

SAT2/K65/82 (Kenya)

SAT2/K52/84 (B)

SAT2/K52/84 (Kenya)
SAT2/MAL/3/75 (AF367099)

SAT2/TAN/1/86 (AY343971)

SAT2/TAN/1/75 (AY343970)

SAT2/KEN/3/95 (AY343957)
SAT2/K183/74 (Kenya)

SAT2/KEN/2/76 (AY343940)

SAT2/KEN/7/2005

SAT2/KEN/33/91 (AY343950)
SAT2/KEN/16/98 (AY343962)

SAT2/KEN/8/99 (DQ009729)

SAT2/KEN/7/99 (AF367132)

SAT2/KEN/5/99 (AF367131)
SAT2/KEN/9/99 (AF367133)

SAT2/KEN/6/2004

SAT2/KEN/17/2004

SAT2/TAN/18/2004
SAT2/KEN/22/2004

SAT2/KEN/32/2004

SAT2/KEN/8/2004

SAT2/KEN/5/2004
SAT2/KEN/8/2005

SAT2/TAN/21/2004

SAT2/TAN/6/2004

SAT2/KEN/13/2004
SAT2/KEN/10/2004

SAT2/TAN/4/2004

SAT2/TAN/9/2004

SAT2/ETH/1/90 (AY343935)
SAT2/ETH/2/90 (AY343936)

SAT2/ETH/1/91 (AY343937)

SAT2/BUN/1/91 (AF367111)

SAT2/ZAM/9/93* (AF367116)
SAT2/ZAM/10/93* (AF367117)

SAT2/ZAM/7/96* (AF367120)

SAT2/ZAM/10/96* (AF367121)
SAT2/RHO/1/48 (AJ251475)

SAT2/RHO/1/48 (AY593847)

SAT2/ZIM/10/2002

SAT2/ZIM/11/2002
SAT2/BOT/29/98* (AF367124)

SAT2/BOT/31/98* (AF367125)

SAT2/BOT/24/2006

SAT2/BOT/1/2005
SAT2/BOT/3/2005

SAT2/BOT/6/2005

SAT2/BOT/8/2005

SAT2/BOT/2/2005
SAT2/BOT/4/2005

SAT2/BOT/5/2005

SAT2/BOT/7/2005

SAT2/ZIM/19/2003
SAT2/ZIM/22/2003

SAT2/ZIM/18/2003

SAT2/ZIM/16/2003

SAT2/ZIM/9/2003
SAT2/ZIM/5/2003

SAT2/ZIM/1/2003

SAT2/ZIM/6/2003

SAT2/ZIM/2/2003
SAT2/ZIM/3/2003

SAT2/ZIM/20/2003

SAT2/ZIM/17/2003

SAT2/ZIM/18/2002
SAT2/ZIM/7/2003

SAT2/ZIM/8/2003

SAT2/ZIM/11/2003

SAT2/ZIM/12/2003
SAT2/ZIM/14/2003

SAT2/ZIM/15/2003

SAT2/ZIM/12/2002

SAT2/ZIM/14/2002
SAT2/ZIM/13/2002

SAT2/ZIM/15/2002

SAT2/MAL/2/2003

SAT2/ZIMGn10/91
SAT2/MOZ/1/79 (AF367137)

SAT2/MOZ/4/83* (AF367101)

SAT2/SA/106/59 (AY593848)

SAT2/SAR/16/83 (DQ009734)
SAT2/KNP/183/91* (AF367112)

SAT2/PAL/5/83* (AF367102)

SAT2/KNP/32/92* (AF367115)

SAT2/SAR/5/01* (AY442907)
SAT2/SAR/7/01* (AY442909)

SAT2/SAR/4/01* (AY442906)

SAT2/SAR/3/01* (AY442905)

SAT2/SAR/2/01* (AY442904)
SAT2/SAR/1/01* (AY442903)

SAT2/SAR/6/01* (AY442908)

SAT2/SAR/9/01* (AY442911)

SAT2/SAR/8/01* (AY442910)
SAT2/SAR/10/01* (AY442912)

SAT2/SAR/11/01* (AY442913)

SAT2/KNP/1/92* (AF367114)

SAT2/KNP/18/95* (AF367118)
SAT2/KNP/31/95* (AF367119)

SAT2/KNP/19/89* (AF367110)

SAT2/KNP/19/89* (DQ009735)

SAT2/KNP/7/88* (AF367103)
SAT2/KNP/16/88* (AF367104)

SAT2/KNP/17/88* (AF367105)

SAT2/KNP/2/89* (AF367109)

SAT2/KNP/18/88* (AF367138)
SAT2/KNP/19/88* (AF367106)

SAT2/KNP/20/88* (AF367107)

SAT2/ZIM/8/2002

SAT2/ZIM/17/2002
SAT2/ZIM/9/2002

SAT2/ZIM/1/88* (AF367108)

SAT2/ZIM/7/83 (AF136607)

SAT2/ZIM/7/83* (DQ009726)
SAT2/NAM/286/98* (AF367127)

SAT2/NAM/292/98* (AF367128)

SAT2/BOT/1/98* (AF367122)

SAT2/BOT/18/98* (AF367123)
SAT2/NAM/304/98* (AF367129)

SAT2/ZIM/17/9*1 (DQ009727)

SAT2/ZIM/267/98* (AF367130)

SAT2/Zim/14/90* (DQ009728)
SAT2/ZIM/1/00* (AF367136)

SAT2/BOT/1/2006

SAT2/BOT/5/2006

SAT2/BOT/8/2006
SAT2/ZIM/7/2002

SAT2/ZIM/16/2002

SAT2/ZIM/6/2002

SAT2/ZIM/5/2002
SAT2/ZIM/1/2001

SAT2/ZIM/2/2001

SAT2/BOT/13/2002

SAT2/BOT/29/2002
SAT2/BOT/30/2002

T1

SAT2/GHA/25/73

SAT2/NIG/2/75 (AF367139)

SAT2/SEN/5/75 (AF367140)
SAT2/SEN/5/75 (DQ009738)

SAT2/GHA/2/90 (AF479415)

SAT2/GHA/8/91 (AF479416)

SAT2/GHA/8/91 (DQ009732)

T3
SAT2/GAM/8/79 (AF479410)

SAT2/GAM/9/79 (AF479411)

SAT2/SEN/7/79 (AF479412)

SAT2/SEN/3/83 (AF479413)
SAT2/SEN/7/83 (AF479414)

SAT2/SEN/7/83 (DQ009733)
T4

SAT2/KEN/8/91 (AY343949)

SAT2/UGA/3/91 (AY343966)
SAT2/KEN/1/94 (AY343954)

SAT2/KEN/11/96 (AY343958)

SAT2/KEN/6/92 (AY343952)

SAT2/UGA/9/95 (AY343967)
SAT2/KEN/7/96 (AY343959)

SAT2/KEN/1/96 (AY343960)

SAT2/KEN/7/95 (AY343956)

SAT2/KEN/2/94 (AY343955)
SAT2/KEN/3/92 (AY343951)

SAT2/KEN/1/92 (AY343953)

SAT2/KEN/28/91 (AY343948)

SAT2/KEN/1/89 (AY343947)
SAT2/KEN/1/85 (AY343942)

SAT2/KEN/2/84 (AY343941)

SAT2/KEN/7A/98 (AY343961)

SAT2/KEN/2/84 (K52/84)
SAT2/K52/84 (A)

SAT2/KEN/2/88 (AY343946)

SAT2/KEN/3/57

SAT2/KEN/11/60 (AY593849)
SAT2/ANG/4/74 (AF479417)

SAT2/UGA/51/75 (AY343963)

SAT2/UGA/3/76 (AY343964)

SAT2/UGA/8/76 (AY343965)
SAT2/UGA/2/2002 (DQ009731)

SAT2/ZAI/1/82 (AF367100)

SAT2/UGA/19/98 (AY343969)

SAT2/UGA/28/98 (AY343968)
SAT2/SUD/6/77 (AY343939)

SAT2/SUD/9/77 (AY442014)

SAT2/ETH/2/91 (AY343938)

SAT2/RWA/1/2000* (AF367134)
SAT2/RWA/2/2001 (DQ009730)

SAT2/RWA/1/2004

SAT2/ZAI/1/74 (DQ009737)

SAT2/ERI/1/98 (AY343933)
SAT2/ERI/4/98 (AY343934)

SAT2/ERI/12/98 (AF367126)

SAT2/CRC/12/2000 (P12/2000-VDI 44/1)

SAT2/SAU/6/2000 (AF367135)
SAT2/NGR/15/2005

SAT2/CAR/104/2005

SAT2/CAR/105/2005

SAT2/CAR/7/2005
SAT2/CAR/8/2005

SAT2/CAR/9/2005

SAT2/CAR/20/2005

SAT2/CAR/24/2005
SAT2/CAR/110/2005

SAT2/CAR/12/2005

SAT2/CAR/1/2005

SAT2/CAR/4/2005
SAT2/CAR/118/2005

SAT2/CAR/117/2005

SAT2/CAR/119/2005

SAT2/CAR/5/2005
SAT2/CAR/107/2005

SAT2/CAR/108/2005

SAT2/CAR/109/2005

T2

0.05

FMDV SAT 2 topotypes have 

very different distributions to 

those of SAT 1 & SAT 3

Topotype 1

Topotype 2

Topotype 3

Topotype 4
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SAT 3 Topotypes
1934-1998

Southeast

Zimbabwe (SEZ)

Northwest

Zimbabwe (NWZ)

Western

Zimbabwe (WZ)

Zambia

SAT3/ZIM/4/99 (AY168821)

SAT3/ZIM/3/99 (AY168820)

SAT3/ZIM/1/99 (AY168819)

SAT3/ZIM/3/94 (AY168807)

SAT3/ZIM/Gn39/91 (AY168797)

SAT3/RHO/5/76 (NJK)

SAT3/ZIM/Gn9/91 (AY168796)

SAT3/ZIM/Ck7/91 (AY258045)

SAT3/ZIM/Ck4/91 (AY168794)

SAT3/ZIM/Ck10/91 (AY168795)

SAT3/ZIM/Ck5/91 (AY258044)

SAT3/KNP/10/90 (DQ009739)

SAT3/SAR/1/80 (AY258042)

SAT3/ZIM/HV5/90 (AY168792)

SAT3/SA/57/59 (AY593850)

SAT3/SAR/336/98 (AY168818)

SAT3/KNP/36/93 (AY258048)

SAT3/KNP/11/96 (AY168812)

SAT3/KNP/9/96 (AY168811)

SAT3/KNP/6/88 (AY168791)

SAT3/RHO/3/78 (AY168790)

SAT3/KNP/14/96 (AY168813)

SAT3/KNP/33/94 (AY168803)

SAT3/KNP/15/96 (AY168814)

SAT3/KNP/44/94 (AY168804)

SAT3/KNP/3/94 (AY168802)

SAT3/RV/7/34 (NJK)

SAT3/KNP/5/96 (AY168810)

SAT3/KNP/3/96 (AY168809)

SEZ

SAT3/ZIM/1/91 (AY168798)

SAT3/ZIM/32/90 (AY258043)

SAT3/NAM/294/98 (AY258052)

SAT3/NAM/287/98 (AY258051)

SAT3/NAM/5/94 (AY168806)

SAT3/NAM/1/94 (AY168805)

SAT3/ZIM/11/94 (AY168808)

SAT3/BEC/1/65 (M28719)

SAT3/BEC/1/65 (AY593853)

SAT3/BEC/20/61 (AY593851)

SAT3/NAM/274/98 (AY168817)

SAT3/BOT/9/98 (AY168816)

SAT3/BOT/6/98 (AY258050)

WZ

SAT3/ZIM/31/90 (AY168793)

SAT3/ZIM/11/91 (AY258046)

SAT3/ZIM/13/91 (AY258047)

SAT3/ZIM/5/91 (DQ009740)

SAT3/ZIM/5/91 (AY168799)

NWZ

SAT3/ZAM/4/96 (DQ009741)

SAT3/ZAM/11/96 (AY168815)

SAT3/ZAM/7/93 (AY168801)

SAT3/ZAM/1/93 (AY258049)

ZAM

SAT3/UGA/2/97 (DQ009742)

SAT3/UGA BUFF/27/70 (NJK)
QENP

0.05

Queen Elizabeth

National Park (QENP)

Countries in which FMDV SAT 1 has been found
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The Origins of FMDV

 It is thought that the natural host of 
FMDV is the African buffalo (Syncerus 
caffer) since:

 it is principally a persistent infection

 disease is rarely observed

 greatest genetic diversity is seen within and 
between the SAT serotypes

18Tracking the Emergence and Global Spread of FMD



Early Reports of FMD

Italy

1514

Australia - 1801,

1804, 1871 and 1872
Cape Town

ex. Argentina - 1903

USA - 1870, 1880,

1884, 1902, 1908,

1914, 1924 (x2),

and 1929

Canada

1870

Argentina – 1870

Chile – 1871

Brazil – 1895

Uruguay – 1910

Bolivia – 1910

Ceylon

1842

UK

1839

India

1025

Southern Africa

1780

Germany

1754

19Tracking the Emergence and Global Spread of FMD



The African Rinderpest Pandemic
of 1887-1897

Tracking the Emergence and Global Spread of FMD

1890

1890-92

Egypt

Congo

1892

1897

1892

Somalia

1893

Zambezi

Angola

Bulawayo

Feb. 1896
Mar. 1896

Apr. 1896

Oct. 1896

1890

Mafeking

Bechuanaland
South West Africa

Northern

Rhodesia

Tanganyka

Kenya

Transvaal

Cape Colony

Orange Free State

1841

Abyssinia

Oct. 1883 

Southern

Rhodesia

K

According to Hutcheon (1897)

According to Thomson (1885)

1887

1889

Affected FMDV diversity in 

Africa by severe reduction in 

numbers of susceptible hosts 

(possibly by 90-95%)

Prior to the pandemic African 

buffalo ranged almost 

continuously from southern 

Sudan to the Cape

Afterwards only isolated 

herds were left, some of 

which harboured the SAT 

serotypes of FMDV

20



Reappearance of FMD in Africa

Tracking the Emergence and Global Spread of FMD 21

Kenya

1915 – A

1954 – O

1957 – C

1957 – SAT 2

1971 – SAT 1

1925

1915

1931

1905



Dating by Regression Analysis
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0

0.05

0.1

0.15

0.2

0.25

0.3

1920 1940 1960 1980 2000

G6

Others

0

0.05

0.1

0.15

0.2

0.25

0.3

1920 1940 1960 1980 2000

G6

Others

A/GHA/16/73

A/TCH/2/73

Year

Year



Antigenic Cross-Reactions
Between Serotypes

SAT 2

SAT 1

SAT 3

A

O

C

Asia 1

23Tracking the Emergence and Global Spread of FMD

Virus

Antibody

V

V

V

V

A

A

A

A



SAT 2
40 aa

SAT 1
43 aa

SAT 3
43 aa O

38 aa

A
37 aa

A
36 aa

C
35 aa

C
34 aa

Asia 1
37 aa

Asia

Africa

Africa

East

Africa?

East 

Africa?

Europe

Middle East?

C
33 aa

Asia 1
36 aa

Philippines

Asia

Europe

O
36 aa

Philippines

C
34 aa

Europe

Serotype Evolution &
VP1 G-H loop length

A
36 aa

SE Asia

Africa

Ancestor
45+ aa
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Known

Hypothetical



An Early African O Lineage

25Tracking the Emergence and Global Spread of FMD

O/SUD/62/63 

Asia 1

SAT 2

SAT 1

CSAT 3 A

O
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Conclusions
 FMDV is most diverse in Africa where it probably 

originated

 The different serotypes exhibit distinct 
epidemiological patterns 

 Most serotypes have members which have 
evolved independently in different geographical 
regions to give rise to “topotypes”



27

Acknowledgements
 Jemma Wadsworth

 Katja Ebert

 Julie Stirling

 Don King

 David Paton

 Alan Samuel

 Paul Davies

 Beck Midgley

 Kate Swabey

 Jean-Francois Valarcher

 Paul Kitching

 Alex Donaldon

 Nigel Ferris

 Geoff Hutchings

 FAO

 OIE

 Defra

 Onderstepoort Vet. Inst., South Africa

 Lanzhou Vet. Res. Inst., China

 PDFMD-Mukteswar, India

 Indian Immunologicals, India

 FMD Ref. Lab., Pakchong, Thailand

 FMD Ref. Lab., Botswana

 PIADC, USA

 FGI-ARRIAH, Russia

 AAHL, Geelong, Australia

 Panaftosa, Brazil

 INTA, Argentina

Tracking the Emergence and Global Spread of FMD


