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1. Summary of samples tested and reported 
FMD outbreaks 

1.1. ASIA 

Afghanistan 

27 samples were received to WRLFMD on 13/09/2016. Typing and sequencing results 
are awaited. 

Hong Kong SAR 

Six FMD type O viruses were isolated from samples collected from pigs in August 
2016. All belonged to the CATHAY topotype. 

Iran 

Sixteen FMD type O, 7 type A and 1 type Asia 1 viruses were isolated mainly from 
cattle and sheep between January and April 2016. All 10 samples collected from 
sheep were from the hearts of cases of acute fatal myocarditis and were identified as 
O/ME-SA/PanAsia-2QOM-15. Unusually, a heart sample from a puppy dog (which also 
died) was also submitted. This was also identified as O/ME-SA/PanAsia-2QOM-15. Virus 
was identified in the heart tissue and was also isolated in cell cultures. Epithelium 
samples collected from cattle were identified as O/ME-SA/PanAsia-2QOM-15 (n=3), 
A/ASIA/G-VII (n=6), A/ASIA/Iran-05SIS-10 (n=1) or Asia 1/ASIA/Sindh-08 (n=1). 
Complete genome sequencing of the dog heart and a sheep heart has been 
undertaken. 

Malaysia 

Twelve FMD type O viruses and 1 type A virus were isolated from samples collected 
from cattle between July 2014 and September 2016. These were identified as 
O/SEA/Mya-98 and A/ASIA/Sea-97, respectively. 

Mongolia 

An outbreak due to FMD type A was reported in cattle on 16/07/2016 at Muu Khoot, 6 
Bag, Sumber soum, Govi-Sumber. No samples have been received by the WRLFMD 
and no sequence analysis has been reported. 
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Myanmar 

Two FMDV type O VP1 sequences were received from the OIE and Regional 
Reference Laboratory in Pakchong, Thailand. They were from two viruses collected in 
Rakhine State in 2016 and belonged to the O/ME-SA/Ind-2001d lineage. This is the 
first report of this lineage in Myanmar, and these cases appear to represent a 
new introduction of the O/ME-SA/Ind-2001d lineage into Southeast Asia from the 
Indian Sub-continent (independent to cases in Laos and Vietnam). 

Nepal 

Fifteen FMD type O viruses were isolated from cattle (and one pig) collected between 
May 2014 and December 2015. These were all identified as O/ME-SA/Ind-2001d. 

1.2. AFRICA 

Botswana 

Four FMD type SAT1 viruses and one SAT 2 virus were isolated from cattle samples 
collected between March and August 2015. The samples (provided by the Botswana 
Vaccine Institute; BVI) were collected in two distinct geographical locations: Maun, 
North-west district (SAT 1 and SAT 2) and Kasane, Chobe district (SAT 1). Although 
all SAT 1 viruses belonged to topotype III, they fell into two distinct lineages which 
corresponded with their geographical origin. The SAT 2 virus belonged to topotype III. 

Egypt 

From a batch of 32 samples received, 18 were typed as FMD type O, two as FMD type 
A and one as FMD type SAT 2. The other samples were FMDV-GD (n=1) or NVD 
(n=10). All the type O viruses were of the EA-3 topotype, the A’s were AFRICA/G-IV 
and the SAT 2 was VII/Alx-12. Three historical samples were also received for 
confirmatory identification. 

Malawi 

FMDV genome was detected in a single sample of bovine epithelium collected in 
September 2015 (Mthumba Dip Tank, T/A Katunga, Chikwawa, Shire Valley), 
however, no virus could be isolated in cell cultures and therefore has remained 
untyped. The BVI, who supplied the sample, were able to type and sequence FMDV 
SAT 1 (topotype I). They also typed as SAT 1 a sample collected from a later outbreak 
in cattle at Bangula Dip Tank, Bangula, Nsanje in January 2016. The two sequences 
shared 98.9% identical nucleotides in VP1. 
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Mauritius 

FMD was reported for the first time on 7th July 2016 on the island of Rodrigues (>158 
outbreaks). It subsequently spread to the main island of Mauritius on 1st August where 
five outbreaks were reported up to 5th September. The virus was identified as FMD 
type O and VP1 sequenced by ANSES (labelled MAUR in the tree below) and the BVI 
(labelled MUS in the tree below). The outbreaks were caused by O/ME-SA/Ind-2001d. 
Samples were received to WRLFMD from ANSES and were typed and sequenced 
(VP1); complete genome sequencing and vaccine matching is underway.  

Mozambique 

Two samples were submitted by the BVI that were collected from cattle in 
Mapulanguene, Magude, Maputo in June 2015. One was identified as FMD type SAT 
2 (topotype I) and the other was NVD. 

Namibia 

Four samples were submitted by the BVI which had been collected from cattle in May 
and August 2015. Only one grew in cell cultures and was identified as FMD SAT 2 
(topotype III). Two were FMDV-GD and one was NVD. 

Zambia 

Three samples were submitted by the BVI which had been collected from cattle in 
three different locations. One was identified as FMD type A (AFRICA/G-I), one as SAT 
2 (topotype IV) and the other as SAT 3 (topotype II). Complete genome sequencing 
has also been performed. 

Zimbabwe 

Between 20th June and 5th September 2016, 20 outbreaks of FMD type SAT 2 were 
reported in cattle. These occurred in two areas, Matabeleland South/Masvingo and 
Matabeleland North/Midlands. Four samples (which were collected from cattle in April 
and August 2015) were submitted by the BVI. Two of these were identified as FMD 
SAT 2 (topotype II), while the other two were FMDV-GD and NVD. 

1.3. SOUTH AMERICA 

No new outbreaks of FMD were reported in the region. 
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STOP PRESS - RUSSIA:  

On 20th October, an FMD outbreak has been reported to the OIE from the Russian 
Federation. Ninety FMD cases have been detected in cattle in Vyshmanovo, 
Sobinsky, VLADIMIRSKAYA OBLAST.  

The serotype has been reported as Asia-1. 

1.4. Uncharacterised FMD viruses 

A number of outbreaks have occurred where samples have not been sent to the 
WRLFMD. It is probable that the countries involved have performed their own genetic 
characterisation; however, through the OIE/FAO laboratory network we would also like 
to encourage the submission of samples (or complete VP1 sequences) to the 
WRLFMD. 

An up-to-date list and reports of FMD viruses characterised by sequencing can be 
found at the following website: http://www.wrlfmd.org/fmd_genotyping/2016.htm. 

Results from samples received at WRLFMD (status of samples being tested) are 
shown in Table 1 and a complete list of clinical sample diagnostics made by the 
WRLFMD between July and September 2016 is shown in Annex 1 (Summary of 
Submissions). A record of all samples received by WRLFMD (July to September 2016) 
is shown in Annex 1 (Clinical Samples). 

http://www.wrlfmd.org/fmd_genotyping/2016.htm
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Table 1: Status of sequencing of samples received by the WRLFMD from July to 
September 2016 (* indicates samples carried over from the last quarter) 

WRLFMD Batch No. 
Date 

received 
Country Serotype 

No. of 

samples 

No. of 

sequences 

Sequencing 
status 

WRLFMD/2016/00017 14/06/2016 Egypt O 1 1 Completed* 

WRLFMD/2016/00017 14/06/2016 Egypt SAT 2 1 1 Completed* 

WRLFMD/2016/00018 15/06/2016 Iran O 16 16 Completed* 

WRLFMD/2016/00018 15/06/2016 Iran A 7 7 Completed* 

WRLFMD/2016/00018 15/06/2016 Iran Asia 1 1 1 Completed* 

WRLFMD/2016/00019 10/06/2016 Botswana SAT 1 4 4 Completed* 

WRLFMD/2016/00019 10/06/2016 Botswana SAT 2 1 1 Completed* 

WRLFMD/2016/00021 10/06/2016 Mozambique SAT 2 1 1 Completed* 

WRLFMD/2016/00022 10/06/2016 Zambia A 1 1 Completed* 

WRLFMD/2016/00022 10/06/2016 Zambia SAT 2 1 1 Completed* 

WRLFMD/2016/00022 10/06/2016 Zambia SAT 3 1 1 Completed* 

WRLFMD/2016/00023 10/06/2016 Zimbabwe SAT 2 2 2 Completed* 

WRLFMD/2016/00024 14/06/2016 Egypt O 18 18 Completed* 

WRLFMD/2016/00024 14/06/2016 Egypt A 2 2 Completed* 

WRLFMD/2016/00024 14/06/2016 Egypt SAT 2 1 1 Completed* 

WRLFMD/2016/00025 07/07/2016 Nepal O 15 15 Completed 

WRLFMD/2016/00026 10/06/2016 Namibia SAT 2 1 1 Completed* 

WRLFMD/2016/00027 24/08/2016 
Hong Kong 
SAR of PRC 

O 6 6 Completed 

WRLFMD/2016/00028 07/09/2016 Malaysia O 12 12 Completed 

WRLFMD/2016/00028 07/09/2016 Malaysia A 1 1 Completed 

WRLFMD/2016/00029 13/09/2016 Afghanistan Pending (27†)  Pending 

WRLFMD/2016/00030 20/09/2016 Mauritius O 23 23 Completed 

   Total 116 116  

*, received during the 2nd quarter of 2016 

†, not included in totals 
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2. Detailed Analysis 

Key for maps and trees: 

Serotype O 

Serotype A 

Serotype C 

Serotype Asia-1 

Serotype SAT 1 

Serotype SAT 2 

Serotype SAT 3 

FMDV Genome Detected 

No Virus Detected 
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2.1. Africa 

Botswana 
WRLFMD/2016/00019 

Date received: 10/06/2016 

No. of samples: 6 

SAT1 (III): 4 

SAT2 (III): 1 

FMDV-GD: 1 
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(Botswana Continued) 
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Egypt 
WRLFMD/2016/00017 

Date received: 14/06/2016 

No. of samples: 3 

O (ME-SA): 1 

SAT2 (VII/Ghb-12): 1 

NVD: 1 

 & 

WRLFMD/2016/00024 

Date received: 14/06/2016 

No. of samples: 32 

O (EA-3): 18 

A (AFRICA/G-IV): 2 

SAT2 (VII/Alx-12): 1 

FMDV-GD: 1 

NVD: 10 
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(Egypt continued) 
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(Egypt continued) 

 

 
  

V  

VI

I

III
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IX  

XII  

X  

XI  
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VIII

XIV  

XIII

VII

Ghb-12

Lib-03

Alx-12

GAM/8/79

NIG/2/75

GHA/2/90
100

SA/106/59

ZIM/14/2002

MAL/1/2003

BOT/P3/98 VUM-29*

RHO/1/48
96

KEN/1/84  

ETH/1/90
100

83

ZIM/7/83*

ZIM/5/81
99

ANG/4/74

UGA/19/98

ZAI/1/82
92

UGA/51/75

KEN/2/84

KEN/3/57
98

RWA/1/2000*

ZAI/1/74
100

SUD/6/77

ETH/2/2007
98

ETH/2/91

EGY/7/2012*  

EGY/15/2012

EGY/29/2012

EGY/10/2012  

EGY/6/2012  

EGY/5/2012  

EGY/4/2012  

EGY/22/2012  

EGY/21/2012  

PAT/1/2012

96EGY/44/2012

88 EGY/43/2012  
EGY/28/2012

EGY/31/2012  

EGY/14/2012

EGY/26/2012a*  

EGY/23/2012*

EGY/13/2012

EGY/16/2012  

EGY/3/2012

96  EGY/17/2012

EGY/11/2012

EGY/9/2012

100

CAR/42/2013  

CAR/29/2013

CAR/24/2013100

CAR/104/2005

99 CAR/43/2013  

CAR/6/2013

CAR/50/2005

CAR/110/2005
91CAR/98/2005

CAR/8/2005

100

NGR/15/2005

LIB/1/2003  

LIB/7/2003
100

83

Nig-sample-5*  

SEN/27/2009

98NIG/17/2011

98   NIG/16/2011

90Nig-sample-8*

90Nig-sample-6*  
90NIG/6/2011
NIG/5/2011

100

NIG/4/2008

SAU/6/2000

CAR/P12/2000 VDI_44/1*

ERI/1/98

ERI/4/98
100

EGY/2/2012

ETH/20/2015

ETH/18/2015

ETH/22/2014
97

ETH/16/2015
81      ETH/15/2015

OMN/4/2015

100 OMN/2/2015  
OMN/3/2015

76       88ETH/10/2015

88 ETH/14/2015  
ETH/7/2015

98 ETH/19/2014

ETH/21/2014

ETH/2/201590

99

SUD/5/2013
78SUD/7/2014

SUD/9/2013

EGY/22/2014  

EGY/24/2014

EGY/11/2014

7182EGY/20/2014

83

SUD/11/2014

95

89

SUD/4/2010  

SUD/3/2013  

SUD/4/2014

EGY/5/2015

82

98

100
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 Malawi 
WRLFMD/2016/00020 

Date sequence received:  

No. of samples: 1 

FMDV-GD: 1 

& 

WRLMEG/2016/00003 & 10 

Date sequence received:  

No. of sequences: 2 

SAT 1 (I): 2 

 

 
  

IV

II

III

I

SUD/3/76
ISR/4/62

VI100

UGA-BUFF/21/70*
RHO/5/66

RV/11/37
100

BOT/1/68  
BOT/1/77

100

BEC/1/48
100

ZIM/23/2003
TAN/19/2014
TAN/16/2014

TAN/15/2014  
TAN/14/2014

TAN/37/2014
TAN/35/2014
TAN/36/2014

TAN/34/2014  
TAN/38/2014

TAN/33/2014
TAN/28/2014

TAN/18/2014

TAN/25/2014
TAN/41/2014
TAN/17/2014

TAN/26/2014

TAN/22/2014
TAN/27/2014
TAN/24/2014

TAN/29/2014

72TAN/23/2014

TAN/31/2014
TAN/32/2014
TAN/30/2014

TAN/12/2014
84TAN/11/2014

100

KEN/22/2008
KEN/23/2008
KEN/32/2008

KEN/34/2008
KEN/35/2008
KEN/8/2009

100

76

99 KEN/13/2005  
K67/05*

KEN/19/2005
100

T155/71*

10T0AN/5/96
10K0EN/75/2010

100KEN/21/2004
98TAN/5/96

98T155/71*

TAN/2/71

100

KEN/104/2009
KEN/121/2009

100

ZAM/P2/96 LOC-26*
ZAM/P2/96 LOC-23*

77

ZAM/P2/96 LOC-25*
100

ZAM/16/2004  
ZAM/5/2004

100

ZAM/P2/96 NAN-18*  
ZAM/1/2005  
ZAM/29/2004  
ZAM/28/2004
ZAM/27/2004  

ZAM/30/2004

79ZAM/1/2004

ZAM/12/2004  
ZAM/8/2004  
ZAM/2/2004  
ZAM/6/2004  
ZAM/11/2004  
ZAM/13/2004  
ZAM/7/2004  
ZAM/10/2004  
ZAM/3/2004  
ZAM/14/2004

99

TAN/P12/2010 BUF B15*
TAN/P12/2010 BUF B1*

74

TAN/P12/2010 BUF B3*
86

100

TAN/37/99  
TAN/P12/2010 BUF B7*

95TAN/43/99
TAN/37/99
TAN/37/99
TAN/6/99

TAN/18/99

100

TAN/2/77
MAL/4/2000
MAL/2/2000

MAL/1/2001
87
87   ZAM/3/2000
95MAL/3/2000

100

ZIM/P27/90 DSA-3*  
ZIM/P27/90 DSA-23*

100

ZIM/P27/90 DSA-17*
100

ZIM/P25/91 UR-25*
100

MAL/P5/2010*
100

MAL 01/16*
MAL/P6/2010*

MAL 01/15*100

100

100

89

0.00 0.10 0.20

MAL 01/16*
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Mauritius 
WRLFMD/2016/00030 

Date received: 20/09/2016 

No. of samples: 24 

O (ME-SA/Ind-2001d): 23 

FMDV-GD: 1 

 

 

 
  

PanAsia-2

FAR-09

ANT-10  
BAL-09

PanAsia

Ind-2001

c
b
a

d

Manisa/TUR/69*
IRN/31/2009

IRN/8/2005
IRN/18/2010

IRN/88/2009
95

UKG/35/2001
99

KUW/3/97
OMN/7/2001

UAE/4/2008
BHU/3/2009

SAU/7/2016

96 SAU/3/2016  
SAU/2/201685

NEP/17/2016

99UAE/2/2016
99UAE/4/2016

99 UAE/5/2016  
UAE/3/2016

SAU/10/2016

86 NEP/10/2016
NEP/11/2016
NEP/14/2016

NEP/5/2016  
NEP/19/2015  
NEP/28/2015  
NEP/17/2015  
NEP/6/2016

87 NEP/13/2016
NEP/12/2016

85SAU/20/2015
85SAU/18/2015

85 SAU/19/2015  
SAU/22/2015

73

87

NEP/12/2015  
NEP/10/2015

UAE/1/2015

NEP/11/201598

NEP/7/2016  
NEP/9/2015

MYA12-2016 2*
MYA13-2016*

96

NEP/14/2015  
NEP/9/2016

99

MUS02/19*  
NEP/15/2015

3A/MAUR/2016*

2B/MAUR/2016*

MUR/10/2016
5A/MAUR/2016*
MUR/5/2016

MUR/23/2016

100

97

70

0.000 0.020 0.040

F3/ROD/2016*  
F2/ROD/2016*  
MUR/24/2016  
MUR/19/2016  
F1/ROD/2016*  
MUR/22/2016  
MUR/21/2016  
MUR/20/2016

MUR/17/2016  
MUR/2/2016  
MUR/3/2016  
MUR/9/2016  
MUR/11/2016  
MUR/14/2016  
MUR/13/2016  
MUR/18/2016  
MUR/6/2016  
MUR/8/2016
2C/MAUR/2016*  

MUR/7/2016  
MUR/4/2016  
MUR/15/2016

89 MUR/16/2016  
MUR/1/2016
1A/MAUR/2016*

3B/MAUR/2016*



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  16 

Mozambqique 
WRLFMD/2016/00021 

Date received: 10/06/2016 

No. of samples: 2 

SAT2 (I): 1 

NVD: 1 

 

 

 

V

IX

XII

X

VIII

XIII

VI  
XIV  
XI

VII

I

IV

I

GHA/2/90

NIG/2/75
100

UGA/19/98

ZAI/1/82
97

UGA/51/75

KEN/3/57

KEN/2/84
100

RWA/1/2000*  

ZAI/1/74
100

SUD/6/77

ETH/2/2007
100

CAR/8/2005

SAU/6/2000
100

ANG/4/74

ETH/2/91

GAM/8/79

ZIM/7/83*

ZIM/5/81

II
89

MAL/1/2003

RHO/1/48

BOT/P3/98 VUM-29*

III
94

KEN/1/84  

ETH/1/90
100

77ZIM/2/2003

ZIM/8/2003  

ZIM/3/2003

96 ZIM/20/2003  

ZIM/6/2003  

ZIM/19/2003
71ZIM/18/2003

ZIM/5/2003  

ZIM/1/2003  

ZIM/22/2003  

ZIM/16/2003  

ZIM/9/2003

ZIM/12/2002

83ZIM/18/2002

83ZIM/12/2003

83ZIM/7/2003
83ZIM/11/2003

88ZIM/1/2004

100

ZIM/P7/94 MT-8*

ZIM/14/2002  

ZIM/15/2002
100    ZIM/13/2002

MOZ/1/70  

MOZ/1/70
100

SA/106/59

MOZ/1/79
98

93

MOZ/1/2010

MOZ/5/2010  

MOZ/2/2010  

MOZ/6/2010

MOZ/3/2010
87MOZ/4/2010

MOZ/7/2010

KNP/183/91*

PAL/5/83*  

KNP/32/92*

RHO/1/65

ZIM/9/2010
82ZIM/8/2010

100

87

SAR/9/01*  

SAR/8/01*

KNP/1/92*

BOT/3/2011
99       BOT/7/2011

BOT/6/2011

SAR/6/01*

SAR/1/01*

SAR/7/01*

SAR/5/01*

SAR/2/01*

SAR/4/01*

SAR/3/01*

SAR/10/01*
86  SAR/11/01*

100

95 KNP/19/89*  

KNP/19/89*

KNP/19/89*
100

KNP/7/88*
94

KNP/18/88*

73 KNP/17/88*

KNP/2/89*

KNP/20/88*  

KNP/19/88*

KNP/16/88*

100

81

KNP/18/95*  

KNP/31/95*
100

95

MOZ/2/2014

MOZ/1/2014  

MOZ04/14*  

MOZ05/14*

MOZ/4/2014  

MOZ/3/2014

MOZ06/14*

MOZ/3/2015

97 MOZ/1/2015  
MOZ01/15*

100

94

84

0.00 0.10
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Namibia 
WRLFMD/2016/00026 

Date received: 10/06/2016 

No. of samples: 4 

SAT2 (III): 1 

FMDV-GD: 2 

NVD: 1 

 

 

 

IX  

XII  

X  

XIV  

XIII  
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VIII

VII

II  
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I

IV
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GAM/8/79

ETH/2/2007

SUD/6/77
100

ETH/2/91
78

UGA/19/98
85

UGA/51/75  

ZAI/1/82

KEN/2/84

KEN/3/57
100

RWA/1/2000*

ZAI/1/74
100

SAU/6/2000

CAR/8/2005
100

NIG/2/75  

GHA/2/90
100

ANG/4/74

ZIM/7/83*

ZIM/5/81
97

ZIM/14/2002

SA/106/59

MAL/1/2003
81

KEN/1/84

ETH/1/90
100

BOT/14/2012  

BOT-BUFF/2/68

BOT-BUFF/2/69

RHO/1/48

BOT/18/2012

BOT/15/2012

BOT14/12*

BOT/16/2012
98BOT/17/2012  

BOT/10/2012  

BOT/8/2012  

BOT/12/2012  

BOT/11/2012

BOT/9/2012
100

BOT/8/2009

74 BOT/6/2009  

BOT/7/2009

100

77BOT/5/2007

80BOT/2/2007

76BOT/3/2007  

BOT/6/2007

BOT/5/2009

BOT/11/2008
98 BOT/7/2008

BOT/18/2008
86  BOT/16/2008

78

BOT/4/2009

BOT/2/2009  

BOT/3/2009100

BOT/2/2011  

BOT/1/2011
100

99

BOT/P3/98 NXA-16*  

BOT/P3/98 NXA-7*
100

BOT/3/2015

100

BOT/3/77

BOT/1/80
100

SWA/4/89

BOT/P3/2000 SAV-24*

BOT/24/2006

ZAM/13/2009

ZAM/16/2009

ZAM/12/2009

ZAM/14/2009

100

NMB/4/2007

ZAM/2/2007

91    NMB/1/2007

NMB/2/2008

92ZAM/3/2007

81 ZAM/1/2007

80NMB/4/2008
90   NMB/3/2008

ZAM/8/2008  

NMB/1/2008

BOT/15/2008  

BOT/14/2008
100

100

92

93

BOT/P9/2010

NMB01/14*

84

BOT/P3/98 VUM-29*

BOT/P3/98 VUM-29*
100

BOT/P3/98 VUM-31*
100

BOT/1/2005

87BOT/7/2005

BOT/5/2005  

BOT/2/2005  

BOT/4/2005

92BOT/3/2005

92BOT/6/2005

92BOT/8/2005

100

NMB/2/2015  

NMB/4/2015  

NMB/6/2015

NMB/3/2015  

NAM04/15*

NAM20/15*  

NMB/5/2015
78

NMB/7/2015

100

92

99

96

0.00 0.10
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Zambia 
WRLFMD/2016/00022 

Date received: 10/06/2016 

No. of samples: 3 

A (AFRICA/G-I): 1 

SAT2 (IV): 1 

SAT3 (II): 1 

 

 

 

 

ASIA

Thai-87  

Sea-97

Iran-87  
A22
Iran-96

G-VII  

A15

EZM-07  
SIS-12  
QAZ-11  
KSS-09

ARD-07
HER-10  Iran-05

ESF-10  
FAR-11  
SIS-10  
BAR-08  
AFG-07  
FAR-09

EURO-SA

AFRICA

G-IV  
G-VII  
G-V  
G-VI  
G-II  
G-III  
A-81  
A24  
A5  
A12
Iran-99

G-I

Bangkok/TAI/60*

IND/40/2000*

SAU/16/95100

IRN/1/96
72

IRQ/24/64

IRN/2/87

TAI/7/2003

TAI/2/9786

TAI/118/87*
100

TUR/3/2010

IRN/9/2011

IRN/15/2012

TUR/33/2008

IRN/1/200593

TUR/1/2008

AFG/10/2010

IRN/78/2009

AFG/6/2007

BAR/6/2008

IRN/125/2010

IRN/1/2011

IRN/9/2010

100

IRN/22/99

86

UKG/119/32

Allier/FRA/60*

Alem/ARG/81*  

Cruzeiro/BRA/55*100

KEN/3/64

EGY/1/72

GHA/16/73

UGA/13/66  

NGR/2/73

SUD/3/77

100

K16/74*  

KEN/42/66

K18/66*

95

K293/83*

100

K67/85*  

K49/84*  

K49/84*

K288/83*  

K16/80*100

94

BUN/1/80

74

TAN/9/2009

KEN/3/2006

K129/03*

KEN/12/2005

KEN/8/2008
100

88

COD/9/2011

KEN/7/2008

COD/11/2011  

COD/8/2011  

COD/12/2011

COD/10/2011

COD/3/2011

COD/2/2011

100

KEN/28/2008

TAN/45/2009

TAN/11/2009

TAN/4/2009

K73/08*

99
71

TAN/47/2009

TAN/42/2009

TAN/26/2013

K148/12*  

KEN/6/2012  

K154/12*

KEN/5/2012

K143/12*

K3/13*  

K138/12*
100

K63/09*
100       KEN/22/2009

TAN/41/2012  

TAN/40/2012
100

TAN/16/2013  

TAN/18/2013
100

TAN/66/2012

TAN/56/2012

TAN/61/2012

TAN/65/2012

TAN/60/2012

TAN/1/2013

TAN/3/2013

TAN/5/2013  

TAN/2/2013

89TAN/7/2013

89  TAN/6/2013

73 TAN/14/2013  

TAN/15/2013
82

TAN/69/2012

TAN-CVL-2013-0370*

TAN/72/2012
87       TAN/73/2012

TAN/70/2012

TAN/68/2012  

TAN/67/2012

TAN/71/2012

99

100

ZAM/1/2015

85

76

100

92

82

89

0.00 0.04 0.08 0.12
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(Zambia continued) 
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GAM/8/79

ETH/2/2007

SUD/6/77100

ETH/2/91
76

UGA/19/98

ZAI/1/8289

UGA/51/75

KEN/2/84

KEN/3/57100

75

ZAI/1/74  

RWA/1/2000*
100

CAR/8/2005

SAU/6/2000100

GHA/2/90

NIG/2/75
100

ANG/4/74

ZIM/5/81

ZIM/7/83*90

ZIM/14/2002

SA/106/59

MAL/1/2003
75

BOT/P3/98 VUM-29*
97

KEN/12/2011  

RHO/1/48

86 TAN/7/2011  

TAN/8/2011

KEN/19/2011

KEN/17/2011

TAN/18/2012  

KEN/4/2012

KEN/18/2011

TAN/4/2011  

TAN/3/2011  

KEN/21/2011  

TAN/6/2011

KEN/20/2011

99    TAN/19/2012

ZAM/2/2012
94      ZAM/1/2012

TAN/64/2012  

TAN/36/2012

TAN/37/2012

TAN/3/2012
72TAN/1/2012

TAN/5/2012  

TAN/13/2012  

TAN/14/2012  

TAN/34/2012

TAN/10/2012  

TAN/9/2012

100 TAN/16/2012  

TAN/15/2012

77 TAN/32/2012

TAN/7/2012

100

TAN/43/2009

100

KEN/17/2004
90  KEN/6/2004

TAN/18/2004

KEN/32/200474

K120/04*

100

KEN/19/2008

KEN/22/2007

98KEN/13/2007
71     K59/07*

KEN/7/2007

K42/07*

K17/07*  

K67/07*

75 K12/07*  

KEN/2/2007

KEN/8/2007

89

KEN/21/2008  

KEN/18/2008

KEN/31/2008

KEN/2/2008  

KEN/10/2007  

KEN/5/2007  

KEN/11/2007  

KEN/14/2007

90  K20/07*

71        KEN/9/2007

100

79

100

86

K183/74*

KEN/2/76100

85 KEN/9/2004
85 K70/05*  

KEN/11/2004

90    94KEN/9/2004

U267/83*  

KEN/1/84100

75

KEN/7/2005  

TAN/1/86

K6/06*

100

ETH/1/90  

KEN/122/2009

BAR/16/2012

86

BUN/1/91

TAN/P7/2010*  

TAN/P8/2010*
100

97

ZAM/2/2015
97

100

79

99

73
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(Zambia continued) 

 

 
  

IV
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UGA/92/70
UGA/2/97*

V100

ZAM/P2/96 MUL-4*  

ZAM/P2/96 MUL-4*
100

ZAM/P2/96 NAN-11*
100

ZIM/P27/90 DSA-44*

ZIM/P27/90 DSA-31*99

ZIM/P25/91 UR-24*
80

ZIM/P25/91 UR-26*

ZIM/P25/91 UR-23*  

ZIM/P25/91 UR-22*

ZIM/P25/91 UR-7*

ZIM/P25/91 UR-14*  

ZIM/P25/91 UR-21*

ZIM/P25/91 UR-5*

ZIM/P25/91 UR-13*

ZIM/P25/91 UR-16*
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Zimbabwe 
WRLFMD/2016/00023 

Date received: 10/06/2016 

No. of samples: 4 

SAT2 (II): 2 

FMDV-GD: 1 

NVD: 1 
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2.2. Asia 

Hong Kong SAR 
WRLFMD/2016/00027 

Date received: 24/08/2016 

No. of samples: 6 

O (CATHAY): 6 
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Iran 
WRLFMD/2016/00018 

Date received: 15/06/2016 

No. of samples: 29 

O (ME-SA/PanAsia-2QOM-15): 16 

A (ASIA/G-VII): 6 

A (ASIA/Iran-05SIS-10): 1 

Asia1 (ASIA/Sindh-08): 1 

FMDV-GD: 3 

NVD: 2 

 

 

 

CATHAY

ISA-1

ISA-2

EURO-SA
O2

O3

O1

EA-3

EA-2

EA-4

EA-1

WA

SEA
Mya-98

Cam-94

ME-SA

Ind-2001

d

c

b

a

PanAsia

PanAsia-2

SAN-09  

TER-08

PUN-10

FAR-09

ANT-10

BAL-09

KAT-15

QOM-15

HKN/21/70

Yunlin/TAW/97*

PHI/7/96100
97

100

ISA/9/74

HKN/6/83

ISA/8/8397

ISA/1/62
100

ISA/1/74  

JAV/5/72
100

BFS 1860/UK/67

Venezuela/51*

Brescia/ITL/47*

75

Corrientes/Arg/06*
83

73

79

ETH/1/2007
98

SUD/2/86  

ETH/3/2004

ETH/2/200687

UGA/3/2002

KEN/5/2002

MAL/1/98  

TAN/2/2004100

UGA/17/98

ETH/58/2005
99

UGA/5/96

K83/79*100

GHA/5/93

CIV/8/99100

MYA/7/98

TAI/189/87*93

CAM/3/98
94

IND/53/79

IND/R2/75*

Manisa/TUR/69*

KUW/3/97

OMN/7/200193

UAE/4/2008
72

BHU/3/2009
99

UKG/35/2001

TUR/257/2008*

TUR/264/2009*100

IRN/8/2005

IRN/88/2009

IRN/31/2009

PAK/16/2010

AFG/23/2009

75      IRN/18/2010
73AFG/37/2009
72AFG/93/2010
72AFG/38/2009
71AFG/27/2009
71AFG/21/2010
71AFG/29/2009
71AFG/31/2009
72AFG/66/2009

73AFG/33/2009

AFG/12/2010

100

NEP/1/2015

IRN/6/2015

IRN/16/2015  

IRN/15/2015

TUR/96/2016*

91    IRN/26/2015

PAK/30/2015  

PAK/34/2015

98

IRN/28/2016

IRN/9/2016

IRN/4/2016

KUW/1/2016  

IRN/15/2016

IRN/19/2016  

IRN/21/2016  

IRN/18/2016

IRN/13/2016  

IRN/5/2016

IRN/16/2016  

IRN/25/2016

KUW/2/2016  

KUW/4/2016

77PAK/32/2015

IRN/22/2016  

IRN/29/2016

IRN/17/2016

IRN/10/2016

IRN/27/2016

80

100

90

79

80

91

77

0.00 0.04 0.08 0.12



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  24 

(Iran continued) 
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(Iran continued) 
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Malaysia 
WRLFMD/2016/00028 

Date received: 07/09/2016 

No. of samples: 26 

O (SEA/Mya-98): 12 

A (ASIA/Sea-97): 1 

FMDV-GD: 13 
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(Malaysia Continued) 
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TAI/3/2014  
TAI/9/2014
TAI/21/2013  

LAO/1/2014  
LAO/2/2014
TAI/15/2015

LAO/3/2014
VIT/58/2013

TAI/2/2014
78

87 TAI/8/2014  
TAI/1/201481

TAI/6/2014
TAI/17/2013
TAI/20/2013

MAY/20/2013
88MAY/21/2013
MAY/17/2013
TAI/7/2014

TAI/18/2014

100 TAI/16/2014  
TAI/15/2014

VIT/14/2014
98   VIT/15/2014
VIT/56/2013
TAI/5/2014
TAI/15/2013

TAI/12/2013  
TAI/14/2013

TAI/16/2013

81
TAI/4/2014

VIT/3/2014  
VIT/54/2013  
VIT/35/2013

VIT/3/2015
VIT/1/2015
VIT/6/2014
VIT/7/2014

VIT/59/2013
VIT/2/2014

VIT/53/2013
VIT/42/2013

VIT/60/2013  
VIT/1/2014
VIT/49/2013

96 VIT/20/2014  
VIT/19/2014

VIT/64/2013  
VIT/55/201398

VIT/8/2014
83  VIT/2/2015

TAI/14/2014
TAI/12/2014

MAY/15/2014
80

80

100

99

89

100

0.00 0.04 0.08
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Myanmar 
WRLMEG/2016/00015 

Date sequences received: 24/08/2016 

No. of sequences: 2 

O (ME-SA/Ind-2001d): 15 

(Note: these are TRRL Ref. nos.) 

 

 

 

PanAsia-2
BAL-09  
FAR-09

PanAsia

Ind-2001

c
a
b

ANT-10

d

Manisa/TUR/69*
IRN/31/2009

IRN/18/2010

IRN/88/2009  
IRN/8/200596

UKG/35/2001

99

OMN/7/2001
KUW/3/97

UAE/4/2008
IND/84/2010*

IND/86/2010*
82

NEP/3/2009

NEP/2/2009
99

90

IND/129/2010*
IND/229/2010*
IND/11/2010*

IND/149/2010*
IND/146/2010*

IND/220/2010*
NEP/7/2010
BHU/6/2009

NEP/5/2010  
IND/182/2010*  
NEP/17/2010  
IND/148/2010*  
NEP/6/2010  
BHU/2/2009  
BHU/5/2009  
BHU/4/2009

BHU/18/2009
BAN/26/2009
BHU/8/2009
IND/181/2010*

BHU/25/2009  
BHU/26/2009

80    BHU/23/2009

79

BHU/3/2009
BHU/16/2009
BAN/1/2009

70

100

BHU/12/2012

NEP/4/2012  
NEP/6/2012

95

NEP/21/2012

100

88SAU/18/2015

88 SAU/20/2015  
SAU/22/2015

UAE/1/2015  
SAU/10/2016

84

UAE/1/2016  
SAU/1/2016  

88SAU/19/2015

UAE/4/2016

99UAE/2/2016
99UAE/5/2016

99UAE/3/2016
98

NEP/5/2016
NEP/28/2015
NEP/17/2015

NEP/14/2016
NEP/6/2016
NEP/19/2015

NEP/13/2016
87    NEP/12/2016

NEP/11/2016
85   NEP/10/2016

NEP/11/2015  
NEP/12/2015

NEP/10/2015

NEP/9/2015
98

SAU/7/2016  
NEP/17/2016

95 SAU/3/2016  
SAU/2/201681

NEP/4/2016

F3/ROD/2016*
F1/ROD/2016*
F2/ROD/2016*

5A/MAUR/2016*

3B/MAUR/2016*
2B/MAUR/2016*

3A/MAUR/2016*

1A/MAUR/2016*

MUS02/19*  
2C/MAUR/2016*

86

92 NEP/15/2015
NEP/14/2015
NEP/9/2016

NEP/24/2015
NEP/8/2016

NEP/3/2016  
NEP/29/2015  
NEP/21/2015  
NEP/23/2015

NEP/25/2015

81

NEP/18/2015
NEP/7/2016

96

100

97

98

83

0.000 0.020 0.040

MYA13-2016*  
MYA12-2016 2*
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Nepal 
WRLFMD/2016/00025 

Date received: 07/07/2016 

No. of samples: 22 

O (ME-SA/Ind-2001d): 15 

FMDV-GD: 5 

NVD: 2 

 

 

 

 
 

CATHAY

ISA-1

ISA-2

EURO-SAO2

O1

O3

EA-2

EA-3

EA-4

EA-1

ME-SA

ME-SA

ME-SA

WA

SEA

ME-SA

PanAsia

Cam-94

Mya-98

PanAsia-2

SAN-09  

TER-08  

QOM-15  

BAL-09

Ind-2001

c

a

b

KAT-15

PUN-10

ANT-10

FAR-09

d

HKN/21/70

Yunlin/TAW/97*  

PHI/7/96
100

HKN/6/83
95

100

ISA/8/83

ISA/9/74
97

ISA/1/62
100

ISA/1/74
100

Venezuela/51*  

JAV/5/72

BFS 1860/UK/67

Brescia/ITL/47*
78

Corrientes/Arg/06*
82

81

KEN/5/2002

UGA/3/2002

TAN/2/2004

MAL/1/98

100

ETH/3/2004  

ETH/1/2007
100

SUD/2/86

ETH/2/2006
79

ETH/58/2005
99

K83/79*

UGA/17/98

UGA/5/96
100

CIV/8/99

GHA/5/93
100

Manisa/TUR/69*

IND/53/79

IND/R2/75*

TAI/189/87*

MYA/7/98
92

CAM/3/98
97

UKG/35/2001

IRN/18/2010
83

TUR/257/2008*

IRN/6/2015

TUR/264/2009*
99

IRN/8/2005

IRN/31/2009

IRN/88/2009

PAK/16/2010

NEP/1/2015

77

79

OMN/7/2001

KUW/3/97

UAE/4/2008
79

SAU/7/2016  

BHU/3/2009

98SAU/3/2016

76       SAU/2/2016

98NEP/10/2015

98 NEP/11/2015  

NEP/9/2015

UAE/1/2016

98UAE/4/2016

98UAE/3/2016

98UAE/2/2016
96    UAE/5/2016

UAE/1/2015  

SAU/22/2015

SAU/10/2016
88

NEP/17/2015

NEP/19/2015

86 NEP/12/2016

NEP/14/2015
91NEP/15/2015

NEP/8/2016

NEP/23/2015  

NEP/21/2015

83    
NEP/29/2015

78

100

99

90

0.00 0.04 0.08 0.12

NEP/17/2016

NEP/4/2016  

NEP/3/2016  

NEP/25/2015

NEP/24/2015  

NEP/18/2015

NEP/9/2016  

NEP/7/2016

NEP/13/2016

NEP/6/2016

NEP/14/2016

NEP/28/2015

NEP/11/2016
85NEP/10/2016

NEP/5/2016
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3. Vaccine matching 

For individual data see Annex 1, section 4.3 (Antigenic Characterisation).  

3.1. Serotype Asia 1 

One virus from Iran was tested against Asia 1 Shamir and the result was negative. This result is 
consistent with previous results for Asia 1 strains within the Sindh-08 lineage.  

3.2. Serotype A 

One sample from Egypt, two samples from Iran and one sample from Zambia were tested against a 
panel of serotype A vaccines.  

3.3. Serotype O 

Two Egypt viruses and one Iranian virus were tested against a panel of serotype O vaccines.   

3.4. Serotype SAT 1, SAT 2 and SAT 3 

One SAT 1 virus from Botswana was tested and found to be antigenically matched against SAT 
1/RHO/12/78. Six SAT 2 viruses from Botswana, Egypt, Mozambique and Sudan were also tested.  
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4. Annex 1 

4.1. Summary of Submissions 

Table 2: Summary of samples collected and received to WRLFMD (July to September 2016) 

Country 
No of 

samples 

Virus isolation in cell culture/ELISA RT-PCR for FMD 
(or SVD) 

virus (where 
appropriate) 

FMD virus serotypes 

N
o

 V
ir

u
s
 

D
e
te

c
te

d
 

O A C SAT 1 SAT 2 SAT 3 ASIA-1 Positive Negative 

BOTSWANA * 6 - - - 4 1 - - 1 6 - 

EGYPT * 32 18 2 - - 1 - - 11 7 25 

MALAWI * 1 - - - - - - - 1 1 - 

MOZAMBIQUE * 2 - - - - 1 - - 1 1 1 

NAMIBIA * 4 - - - - 1 - - 3 3 1 

ZIMBABWE * 4 - - - - 2 - - 2 3 1 

AFGHANISTAN 27 10 1 - - - - 3 13 22 5 

HONG KONG, 
SAR OF PRC 

6 6 - - - - - - - 6 - 

MALAYSIA 26 12 1 - - - - - 13 26 - 

MAURITIUS 24 23 - - - - - - 1 24 - 

NEPAL 22 15 - - - - - - 7 19 3 

TOTAL 154 84 4 - 4 6 - 3 53 118 36 

* Samples received before, but untested, July 2016 

Abbreviations used in table 

VI / ELISA FMD (or SVD) virus serotype identified following virus isolation in 
cell culture and antigen detection ELISA 

FMD  Foot-and-mouth disease 

SVD  Swine vesicular disease 

NVD  No FMD, SVD or vesicular stomatitis virus detected 

NT  Not tested 

rRT-PCR Real-time reverse transcription polymerase chain reaction for FMD 
(or SVD) viral genome 
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4.2. Clinical Samples 

Table 3: Clinical sample diagnostics made by the WRLFMD® July to September 2016 

Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

Botswana 

BOT 3/2015 Bovine 08-Mar-15 SAT 2 POS SAT 2 

BOT 4/2015 Bovine 27-Jun-15 SAT 1 POS SAT 1 

BOT 5/2015 Bovine 27-Jun-15 SAT 1 POS SAT 1 

BOT 6/2015 Bovine 28-Jul-15 
NEG POS FMDV 

GD 

BOT 7/2016 Bovine 28-Jul-15 SAT 1 POS SAT 1 

BOT 8/2015 Bovine 02-Aug-15 SAT 1 POS SAT 1 

Egypt 

EGY 2/2015 Cattle 05-May-15 
NEG POS FMDV 

GD 

EGY 3/2015 Cattle 27-May-15 O POS O 

EGY 4/2015 Cattle 17-Jun-15 NEG NEG NVD 

EGY 5/2015 Cattle 26-Jul-15 SAT 2 POS SAT 2 

EGY 6/2015 Cattle 16-Aug-15 NEG NEG NVD 

EGY 7/2015 Cattle 31-Aug-15 NEG NEG NVD 

EGY 8/2015 Cattle 21-Sep-15 A NEG A 

EGY 9/2015 Cattle 21-Sep-15 O NEG O 

EGY 10/2015 Cattle 07-Oct-15 O NEG O 

EGY 11/2015 Buffalo 05-Nov-15 O NEG O 

EGY 12/2015 Buffalo 18-Nov-15 NEG NEG NVD 

EGY 13/2015 Cattle 03-Dec-15 O POS O 

EGY 14/2015 Cattle 29-Dec-15 O POS O 

EGY 15/2015 Cattle 30-Dec-15 NEG NEG NVD 

EGY 1/2016 Cattle 04-Jan-16 NEG NEG NVD 
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Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

EGY 2/2016 Cattle 06-Jan-16 NEG NEG NVD 

EGY 3/2016 Cattle 11-Jan-16 A NEG A 

EGY 4/2016 Cattle 19-Jan-16 O NEG O 

EGY 5/2016 Cattle 19-Jan-16 O NEG O 

EGY 6/2016 Cattle 06-Feb-16 NEG NEG NVD 

EGY 7/2016 Buffalo 20-Feb-16 O NEG O 

EGY 8/2016 Cattle 22-Feb-16 O NEG O 

EGY 9/2016 Cattle 24-Feb-16 O NEG O 

EGY 10/2016 Cattle 07-Mar-16 O POS O 

EGY 11/2016 Cattle 07-Mar-16 O NEG O 

EGY 12/2016 Cattle 07-Mar-16 O POS O 

EGY 13/2016 Cattle 10-Mar-16 NEG NEG NVD 

EGY 14/2016 Cattle 10-Mar-16 O NEG O 

EGY 15/2016 Cattle 14-Mar-16 NEG NEG NVD 

EGY 16/2016 Cattle 24-Mar-16 O NEG O 

EGY 17/2016 Cattle 24-Mar-16 O NEG O 

EGY 18/2016 Cattle 27-Mar-16 O NEG O 

Malawi MAL 1/2015 Bovine 10-Sep-15 
NEG POS FMDV 

GD 

Mozambique 

MOZ 3/2015 Bovine 11-Jun-15 SAT 2 POS SAT 2 

MOZ 4/2015 Bovine 11-Jun-15 NEG NEG NVD 

Namibia NMB 7/2015 BOVINE 13-May-15 SAT 2 POS SAT 2 

NMB 8/2015 BOVINE 23-May-15 NEG POS FMDV 
GD 
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Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

NMB 9/2015 BOVINE 23-May-15 NEG POS FMDV 
GD 

NMB 10/2015 BOVINE 22-Aug-15 NEG NEG NVD 

Zimbabwe 

ZIM 23/2015 Bovine 15-Apr-15 SAT 2 POS SAT 2 

ZIM 24/2015 Bovine 15-Apr-15 
NEG POS FMDV 

GD 

ZIM 25/2015 Bovine 15-Apr-15 SAT 2 POS SAT 2 

ZIM 26/2015 Bovine 17-Aug-15 NEG NEG NVD 

Afghanistan AFG 1/2016 BOVINE 18-Apr-16 NEG POS FMDV 
GD 

AFG 2/2016 BOVINE 20-Apr-16 NEG NEG NVD 

AFG 3/2016 BOVINE 28-Apr-16 NEG POS FMDV 
GD 

AFG 4/2016 BOVINE 01-May-16 O POS O 

AFG 5/2016 BOVINE 04-May-16 A NEG A 

AFG 6/2016 BOVINE 08-May-16 ASIA-1 POS ASIA-1 

AFG 7/2016 BOVINE 08-May-16 NEG POS FMDV 
GD 

AFG 8/2016 OVINE 12-May-16 NEG POS FMDV 
GD 

AFG 9/2016 BOVINE 12-May-16 NEG POS FMDV 
GD 

AFG 10/2016 BOVINE 17-May-16 ASIA-1 POS ASIA-1 

AFG 11/2016 BOVINE 23-May-16 O POS O 

AFG 12/2016 BOVINE 24-May-16 O POS O 

AFG 13/2016 BOVINE 26-May-16 NEG POS FMDV 
GD 

AFG 14/2016 OVINE 29-May-16 NEG NEG NVD 
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Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

AFG 15/2016 BOVINE 29-May-16 O POS O 

AFG 16/2016 BOVINE 01-Jun-16 O NEG O 

AFG 17/2016 BOVINE 08-Jun-16 O POS O 

AFG 18/2016 BOVINE 08-Jun-16 O POS O 

AFG 19/2016 BOVINE 08-Jun-16 O POS O 

AFG 20/2016 BOVINE 11-Jun-16 O POS O 

AFG 21/2016 BOVINE 19-Jun-16 ASIA-1 POS ASIA-1 

AFG 22/2016 BOVINE 19-Jun-16 NEG POS FMDV 
GD 

AFG 23/2016 BOVINE 19-Jun-16 NEG NEG NVD 

AFG 24/2016 BOVINE 17-Jul-16 NEG POS FMDV 
GD 

AFG 25/2016 BOVINE 20-Jul-16 O POS O 

AFG 26/2016 BOVINE 20-Jul-16 NEG POS FMDV 
GD 

AFG 27/2016 BOVINE 29-Jul-16 NEG POS FMDV 
GD 

Hong Kong, 
SAR of PRC 

HKN 2/2016 PORCINE 06-Aug-16 O POS O 

HKN 3/2016 PORCINE 06-Aug-16 O POS O 

HKN 4/2016 PORCINE 06-Aug-16 O POS O 

HKN 5/2016 PORCINE 06-Aug-16 O POS O 

HKN 6/2016 PORCINE 06-Aug-16 O POS O 

HKN 7/2016 PORCINE 06-Aug-16 O POS O 

Malaysia MAY 10/2014 CATTLE 01-Jul-14 O POS O 

MAY 11/2014 CATTLE 05-Aug-14 NEG POS FMDV 
GD 
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Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

MAY 12/2014 CATTLE 13-Aug-14 NEG POS FMDV 
GD 

MAY 13/2014 CATTLE 20-Aug-14 NEG POS FMDV 
GD 

MAY 14/2014 CATTLE 25-Aug-14 O POS O 

MAY 15/2014 CATTLE 27-Aug-14 A POS A 

MAY 16/2014 CATTLE 28-Aug-14 NEG POS FMDV 
GD 

MAY 17/2014 CATTLE 22-Sep-14 O POS O 

MAY 18/2014 CATTLE 12-Nov-14 O POS O 

MAY 1/2015 CATTLE 26-Mar-15 O POS O 

MAY 2/2015 CATTLE 16-Apr-15 O POS O 

MAY 3/2015 CATTLE 25-May-15 NEG POS FMDV 
GD 

MAY 4/2015 CATTLE 22-Jul-15 O POS O 

MAY 5/2015 CATTLE 21-Sep-15 NEG POS FMDV 
GD 

MAY 6/2015 CATTLE 29-Oct-15 NEG POS FMDV 
GD 

MAY 1/2016 CATTLE 11-Jan-16 NEG POS FMDV 
GD 

MAY 2/2016 CATTLE 11-Jan-16 NEG POS FMDV 
GD 

MAY 3/2016 CATTLE 05-Feb-16 NEG POS FMDV 
GD 

MAY 4/2016 CATTLE 14-Mar-16 O POS O 

MAY 5/2016 CATTLE 14-Mar-16 O POS O 

MAY 6/2016 CATTLE 10-May-16 NEG POS FMDV 
GD 
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Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

MAY 7/2016 CATTLE 02-Jun-16 O POS O 

MAY 8/2016 PIG 23-Jun-16 NEG POS FMDV 
GD 

MAY 9/2016 CATTLE 27-Jun-16 O POS O 

MAY 10/2016 CATTLE 08-Aug-16 O POS O 

MAY 11/2016 CATTLE 11-Aug-16 NEG POS FMDV 
GD 

Mauritius MUR 1/2016 BOVINE 09-Aug-16 O POS O 

MUR 2/2016 BOVINE 09-Aug-16 O POS O 

MUR 3/2016 BOVINE 09-Aug-16 O POS O 

MUR 4/2016 BOVINE 09-Aug-16 O POS O 

MUR 5/2016 BOVINE 09-Aug-16 O POS O 

MUR 6/2016 BOVINE 09-Aug-16 O POS O 

MUR 7/2016 BOVINE 09-Aug-16 O POS O 

MUR 8/2016 BOVINE 09-Aug-16 O POS O 

MUR 9/2016 BOVINE 09-Aug-16 O POS O 

MUR 10/2016 BOVINE 09-Aug-16 O POS O 

MUR 11/2016 BOVINE 09-Aug-16 O POS O 

MUR 12/2016 BOVINE 09-Aug-16 NEG POS FMDV 
GD 

MUR 13/2016 BOVINE 09-Aug-16 O POS O 

MUR 14/2016 BOVINE 09-Aug-16 O POS O 

MUR 15/2016 BOVINE 09-Aug-16 O POS O 

MUR 16/2016 BOVINE 09-Aug-16 O POS O 

MUR 17/2016 BOVINE 09-Aug-16 O POS O 
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Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

MUR 18/2016 BOVINE 09-Aug-16 O POS O 

MUR 19/2016 BOVINE 15-Aug-16 O POS O 

MUR 20/2016 BOVINE 15-Aug-16 O POS O 

MUR 21/2016 BOVINE 15-Aug-16 O POS O 

MUR 22/2016 BOVINE 15-Aug-16 O POS O 

MUR 23/2016 BOVINE 15-Aug-16 O POS O 

MUR 24/2016 BOVINE 15-Aug-16 O POS O 

Nepal NEP 26/2015 CATTLE 27-Sep-15 NEG POS FMDV 
GD 

NEP 27/2015 BUFFALO 05-Oct-15 NEG POS FMDV 
GD 

NEP 28/2015 CATTLE 01-Dec-15 O POS O 

NEP 29/2015 CATTLE 29-Dec-15 O POS O 

NEP 1/2016 BUFFALO 02-Jan-16 NEG POS FMDV 
GD 

NEP 2/2016 BUFFALO 02-Jan-16 NEG POS FMDV 
GD 

NEP 3/2016 BUFFALO 10-Jan-16 O POS O 

NEP 4/2016 BUFFALO 10-Jan-16 O POS O 

NEP 5/2016 CATTLE 30-Jan-16 O POS O 

NEP  6/2016 CATTLE 01-Feb-16 O POS O 

NEP 7/2016 GOAT 12-Feb-16 O POS O 

NEP 8/2016 CATTLE 12-Feb-16 O POS O 

NEP 9/2016 PIG 12-Feb-16 O POS O 

NEP 10/2016 GOAT 10-Mar-16 O POS O 
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Country 
WRL for FMD 

Sample 
Identification 

Animal 
Date of 

Collection 

Results 

VI/ELISA RT-PCR 
Final 
report 

NEP 11/2016 GOAT 10-Mar-16 O POS O 

NEP 12/2016 CATTLE 15-Mar-16 O POS O 

NEP 13/2016 CATTLE 15-Mar-16 O POS O 

NEP 14/2016 BUFFALO 29-Mar-16 O NEG O 

NEP 15/2016 CATTLE 29-Mar-16 NEG NEG NVD 

NEP 16/2016 CATTLE 29-May-16 NEG NEG NVD 

NEP 17/2016 CATTLE 09-Jun-16 O POS O 

NEP 18/2016 CATTLE 15-Jun-16 NEG POS FMDV 
GD 

 TOTAL : 154     

 

Abbreviations used in table 

FMD(V)  Foot-and-mouth disease (virus) 

FMDV GD Genome detected 

FMDV NGD Genome not detected (samples submitted in Trizol, only rRT-PCR 
carried out) 

VI/ELISA  FMDV serotype identified following virus isolation in cell culture and 
antigen ELISA 

rRT-PCR  Real-time reverse transcription polymerase chain reaction on epithelial 
suspension for FMD (or SVD) viral genome 

NVD  No foot-and-mouth disease, swine vesicular disease or vesicular 
stomatitis virus detected 

NT  Not tested 

 

4.3. Antigenic Characterisation 

Antigenic characterisation of FMD field isolates by matching with vaccine strains by 
2dmVNT from July to September 2016. 
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Table 4: Vaccine matching studies for Asia 1 FMDV by VNT 

Strain Serotype Topotype Strain Asia 1 Shamir 

IRN/26/2016 Asia 1 ASIA Sindh-08 N 

 

Table 5: Vaccine matching studies for A FMDV by VNT 

Strain Serotype Topotype Strain A22 IRQ A IRN 05 
A/TUR/20

/2006 
A/Eritrea 

EGY/3/2016 A AFRICA G-IV N N N Y 

IRN/6/2016 A ASIA SIS-10 Y Y N n/a 

IRN/8/2016 A ASIA G-VII N N N n/a 

ZAM/1/2016 A AFRICA G-I N N N N 

 
Table 6: Vaccine matching studies for O FMDV by VNT 

Strain Serotype Topotype Strain O 3039 O Manisa O/TUR/5/2009 

EGY/7/2016 O EA-3  N Y N 

EGY/18/2016 O EA-3  N N N 

IRN/25/2016 O ME-SA PanAsia-2 Y N Y 

 

Table 7: Vaccine matching studies for SAT 1 FMDV by VNT 

Strain Serotype Topotype Strain SAT1/Rho 

BOT/5/2015 SAT 1 III  Y 

 
Table 8: Vaccine matching studies for SAT 2 FMDV by VNT 

Strain Serotype Topotype Strain SAT 2 Eritrea SAT 2 ZIM/7/83 

BOT/3/2015 SAT 2 III  Y Y 

EGY/5/2015 SAT 2 VII Alx-12 Y Y 

EGY/44/2012 SAT 2 VII Ghb-12 Y B 

MOZ/3/2015 SAT 2 I  Y Y 

SUD/9/2013 SAT 2 VII Ghb-12 Y Y 

ZIM/25/2015 SAT 2 II  Y Y 

 

Table 9: Vaccine matching studies for SAT 3 FMDV by VNT 

Strain Serotype Topotype Strain SAT3 Zim 

ZAM/3/2015 SAT 3 II  N 
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Abbreviations used in tables 

M 

Vaccine Match 

r1 = > 0.3. Suggests that there is a close relationship between field 
isolate and vaccine strain. A potent vaccine containing the vaccine 
strain is likely to confer protection. 

N 

No Vaccine Match 

r1 = < 0.3. Suggests that the field isolate is so different from the 
vaccine strain that the vaccine is unlikely to protect 

 

B 

 

Borderline 

Any r1 values between 0.28 to 0.32 

 

NT 

 

Not tested against this vaccine 
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Recent FMD Publications (April-June 2016) cited by Web of Science (Pirbright Institute 
papers and authors are highlighted in BOLD AND GREY) 

1. (2016). Disease surveillance in England and Wales, June 2016. Veterinary 
Record, 179(1): 10-13. 

2. Amiri, F.B., A.R. Bahonar, E. Mostafavi, M.A. Mansournia, N. Rasouli, M.H.F. 
Mehrabadi, D. Abdollahi, and Sholepash (2016). Study of the determinants of 
Foot-and-Mouth Disease in Iran: a unit level case-control study. Iranian 
Journal of Epidemiology, 12(1): Pe62-En70. 

3. Bai, W., Y. Cao, H. Bao, P. Sun, Y. Fu, P. Li, X. Bai, Y. Chen, K. Li, X. Ma, Z. 
Liu, D. Li, and Z. Lu (2016). Recombinant porcine reproductive and 
respiratory syndrome virus expressing B7 multi-epitope gene of foot-and-
mouth disease virus and its replication capacity. Chinese Veterinary Science, 
46(4): 449-453. 

4. Baluka, S.A. (2016). Economic effects of foot and mouth disease outbreaks 
along the cattle marketing chain in Uganda. Veterinary World, 9(6): 544-53. 

5. Berryman, S., K. Moffat, C. Harak, V. Lohmann, and T. Jackson (2016). 
Foot-and-Mouth Disease virus replicates independently of phosphatidylinositol 
4-phosphate and type III phosphatidylinositol 4-kinases. The Journal of 
General Virology, 97(8): 1841-52. 

6. Biswal, J.K., R. Ranjan, and B. Pattnaik (2016). Chimeric Foot-and-Mouth 
Disease Virus serotype O displaying a serotype Asia1 antigenic epitope at the 
surface. Biotechnology Letters, 38(9): 1509-17. 

7. Biswal, J.K., S. Subramaniam, R. Ranjan, and B. Pattnaik (2016). Partial 
deletion of stem-loop 2 in the 3' untranslated region of foot-and-mouth disease 
virus identifies a region that is dispensable for virus replication. Archives of 
Virology, 161(8): 2285-90. 

8. Biswal, J.K., S. Subramaniam, R. Ranjan, and B. Pattnaik (2016). Evaluation 
of FTA(®) card for the rescue of infectious foot-and-mouth disease virus by 
chemical transfection of extracted RNA in cultured cells. Molecular and 
Cellular Probes, 30(4): 225-30. 

9. Borm, S.v., T. Rosseel, A. Haegeman, M.E. Fana, L. Seoke, J. Hyera, G. 
Matlho, F. Vandenbussche, and K.d. Clercq (2016). Complete genome 
sequences of three African Foot-and-Mouth Disease Viruses from clinical 
samples isolated in 2009 and 2010. Genome Announcements, 4(3): e00326-
16. 

10. Bronsvoort, B.M.d., I.G. Handel, C.K. Nfon, K.-J. Sorensen, V. Malirat, I. 
Bergmann, V.N. Tanya, and K.L. Morgan (2016). Redefining the "carrier" state 
for foot-and-mouth disease from the dynamics of virus persistence in 
endemically affected cattle populations. Scientific Reports, 6. 

11. Bruner, L. (2016). Diseases of swine, treatment options, and clinical cases. 
Proceedings of the NAVC Conference, 16-20 January 2016, Orlando, Florida, 
USA. Volume 30, Large Animal: 339-341. 

12. Cokcaliskan, C., T. Turkoglu, B. Sareyyupoglu, E. Uzunlu, A. Babak, B.B. 
Ozbilge, and V. Gulyaz (2016). QS-21 enhances the early antibody response 
to oil adjuvant Foot-and-Mouth Disease vaccine in cattle. Clinical and 
Experimental Vaccine Research, 5(2): 138-47. 



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  43 

13. Dekker, A., G. Chenard, N. Stockhofe, and P.L. Eble (2016). Proper Timing of 
Foot-and-Mouth Disease Vaccination of Piglets with Maternally Derived 
Antibodies Will Maximize Expected Protection Levels. Frontiers in Veterinary 
Science, 3: 52-52. 

14. Denver, S., L. Alban, A. Boklund, H. Houe, S. Mortensen, E. Rattenborg, T.V. 
Tamstorf, H. Zobbe, and T. Christensen (2016). The costs of preventive 
activities for exotic contagious diseases-A Danish case study of foot and 
mouth disease and swine fever. Preventive Veterinary Medicine, 131: 111-20. 

15. Duque, H., J. Naranjo, C. Carrillo, A. Burbano, J. Vargas, L. Pauszek, I. 
Olesen, M.J. Sanchez-Vazquez, O. Cosivi, and R.M. Allende (2016). 
Protection induced by a commercial bivalent vaccine against Foot-and-Mouth 
Disease 2010 field virus from Ecuador. Vaccine, 34(35): 4140-4. 

16. Elnekave, E., A. Dekker, P. Eble, F. van Hemert-Kluitenberg, B. Gelman, N. 
Storm, and E. Klement (2016). The serological response against foot and 
mouth disease virus elicited by repeated vaccination of dairy cattle. Vaccine, 
34(41): 4920-6. 

17. Elnekave, E., A. Dekker, P. Eble, F. van Hemert-Kluitenberg, B. Gelman, N. 
Storm, and E. Klement (2016). The long term effect of age and maternally 
derived antibodies against foot and mouth disease on the serological 
response following vaccination in young dairy calves. Vaccine, 34(41): 4927-
34. 

18. Elnekave, E., K. van Maanen, H. Shilo, B. Gelman, N. Storm, M.A. El Khaliq, 
B. Sharir, O. Berke, and E. Klement (2016). Prevalence and risk factors for 
Foot and Mouth Disease infection in cattle in Israel. Preventive Veterinary 
Medicine, 130: 51-59. 

19. Eschbaumer, M., C. Stenfeldt, S.I. Rekant, J.M. Pacheco, E.J. Hartwig, G.R. 
Smoliga, M.A. Kenney, W.T. Golde, L.L. Rodriguez, and J. Arzt (2016). 
Systemic immune response and virus persistence after foot-and-mouth 
disease virus infection of naive cattle and cattle vaccinated with a homologous 
adenovirus-vectored vaccine. BMC Veterinary Research, 12: 205-205. 

20. Eschbaumer, M., C. Stenfeldt, G.R. Smoliga, J.M. Pacheco, L.L. Rodriguez, 
R.W. Li, J. Zhu, and J. Arzt (2016). Transcriptomic Analysis of Persistent 
Infection with Foot-and-Mouth Disease Virus in Cattle Suggests Impairment of 
Apoptosis and Cell-Mediated Immunity in the Nasopharynx. PloS one, 11(9): 
e0162750-e0162750. 

21. Farooq, U., A. Ullah, H. Irshad, A. Latif, K. Naeem, A. Bin Zahur, Z. Ahmad, 
and L.L. Rodriguez (2016). Seroprevalence of foot-and-mouth disease in 
large ruminants in periurban dairy farms near Islamabad, Pakistan. Asian 
Biomedicine, 10(2): 123-127. 

22. Gorna, K., A. Relmy, A. Romey, S. Zientara, S. Blaise-Boisseau, and L. 
Bakkali-Kassimi (2016). Establishment and validation of two duplex one-step 
real-time RT-PCR assays for diagnosis of Foot-and-Mouth Disease. Journal 
of Virological Methods, 235: 168-75. 

23. Halasa, T., N. Toft, and A. Boklund (2015). Improving the effect and efficiency 
of FMD control by enlarging protection or surveillance zones. Frontiers in 
Veterinary Science, 2(December): 70-70. 

24. He, Q., L. Chen, J. Yan, R. Xu, C. Yi, D. Wei, S. Feng, S. Huang, S. Liang, 
and Y. Xiong (2016). Prokaryotic expression, purification and identification of 



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  44 

VP1 gene and multi-epitope gene of Foot-and-Mouth Disease virus serotype 
O. Journal of Southern Agriculture, 47(3): 472-477. 

25. Herod, M.R., C. Ferrer-Orta, E.-A. Loundras, J.C. Ward, N. Verdaguer, D.J. 
Rowlands, and N.J. Stonehouse (2016). Both cis and trans Activities of Foot-
and-Mouth Disease Virus 3D Polymerase Are Essential for Viral RNA 
Replication. Journal of Virology, 90(15): 6864-6883. 

26. Ince, O.B., R. Kalkan, and S. Cakir (2016). Comparison of two ELISA 
methods for detection of antibodies against Foot-and-Mouth Disease virus of 
cattle breeds in Turkey. Deltion tes Ellenikes Kteniatrikes Etaireias, 67(1): 33-
38. 

27. Irfan, K., M.H. Mushtaq, A. Mansur-ud-Din, H. Nisar ul, A. Furqan, A. 
Mahjabeen, R. Hamad, and C. Mamoona (2016). Mass vaccination and 
surveillance reduced the burden of Foot and Mouth Disease in two districts of 
Khyber Pakhtunkhuwa province, Pakistan. Buffalo Bulletin, 35(2): 299-307. 

28. Kadowaki, H., T. Kayano, T. Tobinaga, A. Tsutsumi, M. Watari, and K. Makita 
(2016). Analysis of factors associated with hesitation to restart farming after 
depopulation of animals due to 2010 foot-and-mouth disease epidemic in 
Japan. The Journal of Veterinary Medical Science, 78(8): 1251-9. 

29. Kim, H., N. Xiao, M. Moritz, R. Garabed, and L.W. Pomeroy (2016). 
Simulating the Transmission of Foot-And-Mouth Disease Among Mobile 
Herds in the Far North Region, Cameroon. Journal of Artificial Societies and 
Social Simulation, 19(2). 

30. King, D.J., G.L. Freimanis, R.J. Orton, R.A. Waters, D.T. Haydon, and D.P. 
King (2016). Investigating intra-host and intra-herd sequence diversity of foot-
and-mouth disease virus. Infection, Genetics and Evolution : Journal of 
Molecular Epidemiology and Evolutionary Genetics in Infectious Diseases, 44: 
286-92. 

31. King, D.J., N.J. Knowles, G.L. Freimanis, and D.P. King (2016). Genome 
sequencing of foot-and-mouth disease virus type O isolate GRE/23/94. 
Genome Announcements, 4(3): e00353-16. 

32. Knowles, N.J., K. Bachanek-Bankowska, J. Wadsworth, V. Mioulet, B. 
Valdazo-Gonzalez, I.M. Eldaghayes, A.S. Dayhum, A.M. Kammon, M.A. 
Sharif, S. Waight, A.M. Shamia, S. Tenzin, U. Wernery, S. Grazioli, E. 
Brocchi, S. Subramaniam, B. Pattnaik, and D.P. King (2016). Outbreaks of 
Foot-and-Mouth Disease in Libya and Saudi Arabia During 2013 Due to an 
Exotic O/ME-SA/Ind-2001 Lineage Virus. Transboundary and Emerging 
Diseases, 63(5): e431-5. 

33. Kotecha, A., F. Zhang, N. Juleff, T. Jackson, E. Perez, D. Stuart, E. Fry, B. 
Charleston, and J. Seago (2016). Application of the thermofluor PaSTRy 
technique for improving foot-and-mouth disease virus vaccine formulation. 
The Journal of General Virology, 97(7): 1557-65. 

34. Kotla, S., B. Sanghratna Vishanath, D. H J, G. K, S. V V S, and G.R. Reddy 
(2016). DNA vaccine (P1-2A-3C-pCDNA) co-administered with Bovine IL-18 
gives protective immune response against Foot and Mouth Disease in cattle. 
Veterinary Microbiology, 193: 106-15. 

35. Lee, S.-Y., M.-K. Ko, K.-N. Lee, J.-H. Choi, S.-H. You, H.-M. Pyo, M.-H. Lee, 
B. Kim, J.-S. Lee, and J.-H. Park (2016). Application of mouse model for 
effective evaluation of Foot-and-Mouth Disease vaccine. Vaccine, 34(33): 
3731-7. 



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  45 

36. Li, J., L. Pan, Z. Zhang, Y. Zhang, and R. Wu (2016). Construction and 
expression of type A foot-and-mouth disease virus VP1 gene in attenuated 
Salmonella typhimurium expression vector. Chinese Veterinary Science, 
46(6): 678-683. 

37. Li, R., Y. Ma, L. Zhai, Y. Lu, X. Chi, J. Wu, and S. Hu (2016). Enhanced 
immune response to foot-and-mouth disease vaccine by oral administration of 
ginseng stem-leaf saponins. Immunopharmacology and Immunotoxicology, 
38(4): 257-63. 

38. Li, W., Z. Zhu, W. Cao, F. Yang, X. Zhang, D. Li, K. Zhang, P. Li, R. Mao, X. 
Liu, and H. Zheng (2016). Esterase D enhances type I interferon signal 
transduction to suppress Foot-and-Mouth Disease Virus replication. Molecular 
Immunology, 75: 112-21. 

39. Liang, W., G. Zhou, W. Liu, B. Yang, C. Li, H. Wang, D. Yang, W. Ma, and L. 
Yu (2016). Identification of a conserved linear neutralizing epitope recognized 
by monoclonal antibody 9A9 against serotype A Foot-and-Mouth Disease 
virus. Archives of Virology, 161(10): 2705-16. 

40. Lu, Y., W. Xu, C. Zhang, Y. Xu, R. Guan, and S. Hu (2016). Enhancement of 
immune response to foot-and-mouth disease vaccine by a vegetable oil 
emulsion containing Atractylodis macrocephalae Koidz. polysaccharides. 
Chinese Journal of Veterinary Science, 36(6): 928-932. 

41. Ma, C., X. Liu, W. Chen, L. Cui, Z. Wang, and Z. Zhang (2015). Monitoring 
analysis of immune antibody for foot-and-mouth disease of cattle under 
different breeding patterns. China Herbivores, 35(4): 57-58. 

42. Malesios, C., N. Demiris, P. Kostoulas, K. Dadousis, T. Koutroumanidis, and 
Z. Abas (2016). Spatio-temporal modelling of Foot-and-Mouth Disease 
outbreaks. Epidemiology and Infection, 144(12): 2485-93. 

43. Mokhtari, A. and Z. Azizi (2016). Foot and Mouth Disease in Iran: an 
epidemiological spatial modeling study. Online Journal of Veterinary 
Research, 20(6): 403-409. 

44. Moreno, E. and C. Perales (2016). Distance effects during polyprotein 
processing in the complementation between defective FMDV RNAs. The 
Journal of General Virology, 97(7): 1575-83. 

45. Nampanya, S., S. Khounsy, R. Abila, C. Dy, and P.A. Windsor (2016). 
Household Financial Status and Gender Perspectives in Determining the 
Financial Impact of Foot and Mouth Disease in Lao PDR. Transboundary and 
Emerging Diseases, 63(4): 398-407. 

46. Nampanya, S., S. Khounsy, R. Abila, J.R. Young, R.D. Bush, and P.A. 
Windsor (2016). Financial Impacts of Foot-and-Mouth Disease at Village and 
National Levels in Lao PDR. Transboundary and Emerging Diseases, 63(5): 
e403-11. 

47. Rai, D.K., F.D.-S. Segundo, E. Schafer, T.G. Burrage, L.L. Rodriguez, T. de 
Los Santos, P.D. Hoeprich, and E. Rieder (2016). Novel 6xHis tagged foot-
and-mouth disease virus vaccine bound to nanolipoprotein adjuvant via metal 
ions provides antigenic distinction and effective protective immunity. Virology, 
495: 136-47. 

48. Ramirez-Carvajal, L., F. Diaz-San Segundo, E. Ramirez-Medina, L.L. 
Rodriguez, and T. de Los Santos (2016). Constitutively Active IRF7/IRF3 
Fusion Protein Completely Protects Swine against Foot-and-Mouth Disease. 
Journal of Virology, 90(19): 8809-21. 



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  46 

49. Ranjan, R., J.K. Biswal, G.K. Sharma, and B. Pattnaik (2016). A review on 
foot-and-mouth disease: pathology, diagnosis and its management. Indian 
Journal of Veterinary Pathology, 40(2): 105-115. 

50. Ranjan, R., J.K. Biswal, G.K. Sharma, A.K. Sharma, K.P. Singh, J. Misri, and 
B. Pattnaik (2016). Use of nucleic acid recognition methods (m-PCR and RT-
LAMP) for the detection of foot-and-mouth disease virus excreted in cow milk. 
Indian Journal of Animal Sciences, 86(8): 865-868. 

51. Reeve, R., D.W. Borley, F.F. Maree, S. Upadhyaya, A. Lukhwareni, J.J. 
Esterhuysen, W.T. Harvey, B. Blignaut, E.E. Fry, S. Parida, D.J. Paton, and 
M. Mahapatra (2016). Tracking the Antigenic Evolution of Foot-and-Mouth 
Disease Virus. PloS one, 11(7): e0159360-e0159360. 

52. Rout, M., N.S. Nair, B. Das, S. Subramaniam, J.K. Mohapatra, and B. 
Pattnaik (2016). Foot-and-Mouth Disease in elephants in Kerala state of India 
during 2013. Indian Journal of Animal Sciences, 86(6): 627-631. 

53. Shimmon, G., B.A. Wood, A. Morris, V. Mioulet, S. Grazioli, E. Brocchi, S. 
Berryman, T. Tuthill, D.P. King, A. Burman, and T. Jackson (2016). 
Truncated Bovine Integrin α-v/β-6 as a Universal Capture Ligand for FMD 
Diagnosis. PloS one, 11(8): e0160696-e0160696. 

54. Sirohi, A.S., N. Chand, S. Tyagi, N. Srivastava, A. Sharma, and Hemlata 
(2016). Effect of FMD vaccination on various semen quality parameters in 
Frieswal crossbred bulls. Indian Journal of Animal Sciences, 86(8): 904-906. 

55. Sorwar, M.G., M.A. Rahman, M.N. Hasan, S. Hossain, and S.M.S. Islam 
(2016). Prevalence of Foot and Mouth Disease at Chuadanga sadar upazilla 
in Bangladesh. Bangladesh Journal of Veterinary Medicine, 14(1): 43-46. 

56. Umer, F., U. Aman, I. Hamid, L. Asma, N. Khalid, Z. Aamer, A. Zaheer, and 
L.L. Rodriguez (2016). Seroprevalence of foot-and-mouth disease in large 
ruminants in periurban dairy farms near Islamabad, Pakistan. Asian 
Biomedicine, 10(2): 123-127. 

57. Valeris-Chacin, R., J. Boscan-Ocando, L. Boscan-Duque, D. Pino-Ramirez, A. 
Perez, and X. Yrausquin (2016). Serological evidence of the circulation of 
foot-and-mouth disease virus in buffaloes (Bubalus bubalis) from Jesus Maria 
Semprun and Catatumbo counties, Zulia state, Venezuela. Revista Cientifica-
Facultad De Ciencias Veterinarias, 26(3): 150-155. 

58. Vosloo, W. and T.J.D. Knight-Jones (2016). GFRA Global Foot-and-Mouth 
Disease Research Update and Gap Analysis. Transboundary and Emerging 
Diseases, 63(4): 351-352. 

59. Xiao, Y., H.-Y. Chen, Y. Wang, B. Yin, C. Lv, X. Mo, H. Yan, Y. Xuan, Y. 
Huang, W. Pang, X. Li, Y.A. Yuan, and K. Tian (2016). Large-scale production 
of foot-and-mouth disease virus (serotype Asia1) VLP vaccine in Escherichia 
coli and protection potency evaluation in cattle. BMC Biotechnology, 16. 

60. Xie, Y., P. Gao, and Z. Li (2016). A Recombinant Adenovirus Expressing 
P12A and 3C Protein of the Type O Foot-and-Mouth Disease Virus Stimulates 
Systemic and Mucosal Immune Responses in Mice. BioMed research 
international, 2016: 7849203-7849203. 

61. Yamauchi, T., S. Takeuchi, Y. Horii, Y. Yamano, Y. Kuroda, and T. Nakadate 
(2016). Quantitative effects of a declaration of a state of emergency on foot-
and-mouth disease. Environmental Health and Preventive Medicine, 21(4): 
237-47. 



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  47 

62. Yan, J., Q. He, J. Jiang, S. Feng, S. Huang, D. Wei, C. Yi, R. Xu, S. Liang, 
and Y. Xiong (2016). Prokaryotic expression, purification and identification of 
structural protein VP1 of Foot-and-Mouth Disease Virus serotype A. Journal of 
Southern Agriculture, 47(2): 301-305. 

63. You, S.-H., H.M. Pyo, S.-Y. Lee, M.-K. Ko, J.-H. Choi, S.H. Shin, K.-N. Lee, B. 
Kim, and J.-H. Park (2016). Complete Genome Sequence of Foot-and-Mouth 
Disease Virus Serotype SAT3 Zimbabwe/4/81. Genome Announcements, 
4(4). 

64. Young, J.R., S. Suon, L. Rast, S. Nampanya, P.A. Windsor, and R.D. Bush 
(2016). Benefit-Cost Analysis of Foot and Mouth Disease Control in Large 
Ruminants in Cambodia. Transboundary and Emerging Diseases, 63(5): 508-
22. 

65. Younus, I., A. Siddiq, H. Ishaq, L. Anwer, S. Badar, and M. Ashraf (2016). 
Evaluation of antiviral activity of plant extracts against Foot and Mouth 
Disease virus in vitro. Pakistan Journal of Pharmaceutical Sciences, 29(4): 
1263-1268. 

66. Zhang, H., H. Zheng, P. Qian, J. Xu, X. Yang, R. Zhou, H. Chen, and X. Li 
(2016). Induction of systemic IFITM3 expression does not effectively control 
foot-and-mouth disease viral infection in transgenic pigs. Veterinary 
Microbiology, 191: 20-26. 

  



 

 

The content of this report is the property of WRLFMD®, The Pirbright Institute. 

 
Copies of all the individual reports cited herein can be obtained from The Pirbright Institute and prior to presentation, publication 
or any other public use of these data, please contact Dr Donald King, The Pirbright Institute, donald.king@pirbright.ac.uk  48 

6. Annex 3 

RECOMMENDATIONS FROM WRLFMD® ON FMD VIRUS STRAINS TO BE 
INCLUDED IN FMDV ANTIGEN BANKS (FOR FMD-FREE COUNTRIES) September 
2016 

Note: Virus strains are NOT listed in order of importance 

 

High 
Priority 

 

A/ASIA/G-VII(G-18)* 
O Manisa 

O PanAsia-2 (or equivalent) 
O BFS or Campos 

A24 Cruzeiro 
Asia 1 Shamir 

A Iran-05 (or A TUR 06) 
A22 Iraq 

SAT 2 Saudi Arabia (or equivalent i.e. SAT 2 Eritrea) 

Medium 
Priority 

A Eritrea 
SAT 2 Zimbabwe 

SAT 1 South Africa 
A Malaysia 97 (or Thai equivalent such as A/Sakolnakorn/97) 

A Argentina 2001 
O Taiwan 97 (pig-adapted strain or Philippine 

equivalent) 

Low 
Priority 

A Iran ‘96 
A Iran ‘99 

A Iran 87 or A Saudi Arabia 23/86 (or equivalent) 
A15 Bangkok related strain 
A87 Argentina related strain 

C Noville 
SAT 2 Kenya 
SAT 1 Kenya 

SAT 3 Zimbabwe 

 

Note: Discussions are currently underway to adopt a risk-based approach for 
different FMD viral lineages to identify priority vaccines for use in Europe and other 
FMD-free settings.   

*Recent in vitro data from WRLFMD for serotype A viruses from Saudi Arabia and 
Iran highlights an apparent gap in vaccine coverage.  An in vivo PPG study 
undertaken during 2016 at Pirbright demonstrated that a polyvalent vaccine 
containing A22 Iraq and A-Sau-95 antigens only protected 56% of vaccinated cattle. 
Work is urgently required to evaluate whether in vivo protection may be provided 
by any other high potency international vaccines. 

 


