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Summary of samples tested and reported FMD outbreaks

ASIA
Afghanistan

Twenty one samples were received on the 31/03/2015; typing and sequencing results are
pending and will be reported in the next quarterly report.

Hong Kong SAR, P.R. China

One sample, collected from pigs on the 16/12/2014, was received by the WRLFMD but no
virus could be detected.

Republic of Korea (South Korea)

Ten samples, collected from pig on the 3" December 2014 were received on 22/12/2014 (no
locations were given). Four samples were identified as FMD type O and VP1 sequencing
showed they belonged to the SEA topotype, Mya-98 lineage (see below). Subsequent to the
three FMD outbreaks initially reported in early December 2014, >100 FMD outbreaks have
now been reported across the country during 2015. The majority of the affected premises
have been pig farms and disease appears to have occurred in spite of a vaccination
programme (with O1-Manisa).

Pakistan

Thirty two samples were received on 24/02/2015 which had been collected from cattle and
water buffalo between 18/01/2014 and 09/02/2015. FMD types O, A and Asia 1 were
identified. Genotyping is pending.

AFRICA
Algeria

Two outbreaks of FMD type O were reported to have occurred in March 2015 in the Sidi Bel
Abbes and Saida provinces. These new outbreaks have occurred in small ruminants (goats
and sheep) are in a different region to areas that were affected during 2014. Genotyping of
representative FMD viruses from these cases is now urgently required to confirm that these
outbreaks are caused by the O/ME-SA/Ind-2001 lineage that has spread recently across
Libya, Tunisia and Algeria. In view of the rapid spread of this lineage during 2013/14, a
resurgence of new cases (now 12 outbreaks in 2015) that is focussed further to the west than
the outbreaks in 2014 (and closer to the border with Morocco) needs to be carefully
monitored.

Botswana

Three FMDV type SAT 2 VP1 sequences were received from the Botswana Vaccine Institute
on 13/03/2015. They were derived from samples collected from cattle in the Kareng Extension
Area, Maun, North East District on 4™ March 2015. Genotyping revealed them to belong to
topotype 1l (see below).

SOUTH AMERICA

No new outbreaks of FMD were reported in the region.
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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/2015.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
January and March 2015 is shown in Annex 1 Table 2. A record of all samples received by
WRLFMD (January to March 2015) is shown in Annex 1 Table 3.

Date Number of Number of Sequencing

WRLFMD Batch No. Country Serotype

received samples sequences status
WRLFMD/2014/00040* 22/12/2014 South Korea @) 4 4 Completed
WRLFMD/2015/00002 24/02/2015 Pakistan @) 13 Pending
WRLFMD/2015/00002 24/02/2015 Pakistan A 8 Pending
WRLFMD/2015/00002 24/02/2015 Pakistan A&O 3 Pending
WRLFMD/2015/00002 24/02/2015 Pakistan Asia 1 5 Pending
WRLFMD/2015/00002 24/02/2015 Pakistan Asial & O 1 Pending
WRLFMD/2015/00003 31/03/2015 Afghanistan Pending 21 Pending

55 4

Table 1: Status of sequencing of samples received by the WRLFMD from January to March
2015 (*) indicates samples carried over from the last quarter)
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Detailed Analysis:
ASIA

Figure 1: Republic of Korea (South Korea)
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AFRICA

Figure 2: Botswana
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Vaccine matching

For individual data see Table 4 (Annex 1).

Serotype O

Due to the move into the new high-containment laboratories at the The Pirbright Institute, only
a limited number of samples were tested during this reporting period.

We received six samples from South Korea for vaccine matching. These were all serotype O
viruses (from the O/SEA/Mya-98 lineage), from recent field cases in South Korea, of which
three were originally isolated at Merial before being tested at TPI. There was a good vaccine
match for O 3039, O/SKR/7/2010, O Taw98 and O/TUR/5/09; however there was poor
vaccine match with O Manisa.
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Annex 1

Table 2: Clinical sample diagnostics made by the WRLFMD® between January — March 2015

WRL for FMD Results
: Date of
Country Sample Species Collecti _
Identification oliection  yyELISA  rRT-PCR Final report

AFGHANISTAN AFG 22/2013 BOVINE 27-Jul-13 Pending Pending Pending
AFG 23/2013 BOVINE 18-Dec-13 Pending Pending Pending
AFG 24/2013 BOVINE 23-Dec-13 Pending Pending Pending
AFG 25/2013 BOVINE 24-Dec-13 Pending Pending Pending
AFG 26/2013 BOVINE 26-Dec-13 Pending Pending Pending
AFG 27/2013 BOVINE 28-Dec-13 Pending Pending Pending
AFG 28/2013 BOVINE 30-Dec-13 Pending Pending Pending
AFG 29/2013 BOVINE 30-Dec-13 Pending Pending Pending
AFG 30/2013 BOVINE 30-Dec-13 Pending Pending Pending
AFG 31/2013 BOVINE 30-Dec-13 Pending Pending Pending
AFG 32/2013 BOVINE 30-Dec-13 Pending Pending Pending
AFG 1/2014 BOVINE 03-Apr-14 Pending Pending Pending
AFG 2/2014 BOVINE 09-Apr-14 Pending Pending Pending
AFG 3/2014 BOVINE 12-Apr-14 Pending Pending Pending
AFG 4/2014 BOVINE 19-Apr-14 Pending Pending Pending
AFG 5/2014 BOVINE 23-Apr-14 Pending Pending Pending
AFG 6/2014 BOVINE 24-Apr-14 Pending Pending Pending
AFG 7/2014 BOVINE 26-Apr-14 Pending Pending Pending
AFG 8/2014 BOVINE 28-Apr-14 Pending Pending Pending
AFG 9/2014 BOVINE 02-May-14 Pending Pending Pending
AFG 10/2014 BOVINE 11-May-14 Pending Pending Pending

HONG KONG,

SAR OF PRC HKN 16/2014 PORCINE 16-Dec-14 NEG NEG NVD
PAKISTAN PAK 26/2014 CATTLE 18-Jan-14 ASIA-1 POS ASIA-1
PAK 27/2014 CATTLE 25-Jan-14 O POS (0]

PAK 28/2014 CATTLE 30-Jan-14 A POS A
PAK 29/2014 BUFFALO 28-Feb-14 O POS o
PAK 30/2014 CATTLE 02-Apr-14 O POS o
PAK 31/2014 BUFFALO 06-May-14 O POS o
PAK 32/2014 CATTLE 15-May-14 A POS A
PAK 33/2014 CATTLE 22-Oct-14 A O POS A O
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WRL for FMD Results
Country Samplg Species Cct))l?(ta?:t(i)cf)n _
Identification VI/ELISA  rRT-PCR Final report
PAK 34/2014 CATTLE 01-Nov-14 (@) POS (0]
PAK 35/2014 BUFFALO 08-Nov-14 ASIA-1 POS ASIA-1
PAK 36/2014 BUFFALO 16-Nov-14 @) POS O
PAK 37/2014 CATTLE 17-Nov-14 ASIA-1 POS ASIA-1
PAK 38/2014 CATTLE 28-Nov-14 A POS A
PAK 39/2014 CATTLE 02-Dec-14 ASIA-1, O POS ASIA-1, O
PAK 40/2014 BUFFALO 05-Dec-14 @) POS O
PAK 41/2014 CATTLE 05-Dec-14 A, O POS A O
PAK 42/2014 BUFFALO 15-Dec-14 A POS A
PAK 43/2014 CATTLE 20-Dec-14 A POS A
PAK 44/2014 BUFFALO 22-Dec-14 (@) POS (0]
PAK 45/2014 CATTLE 29-Dec-14 (@) POS (0]
PAK 46/2014 BUFFALO 30-Dec-14 ASIA-1 POS ASIA-1
PAK 1/2015 BUFFALO 09-Jan-15 ASIA-1 POS ASIA-1
PAK 2/2015 CATTLE 11-Jan-15 @) POS O
PAK 3/2015 CATTLE 15-Jan-15 A POS A
PAK 4/2015 CATTLE 18-Jan-15 NEG POS FMDV GD
PAK 5/2015 CATTLE 26-Jan-15 @) POS O
PAK 6/2015 BUFFALO 26-Jan-15 NEG POS FMDV GD
PAK 7/2015 CATTLE 28-Jan-15 A O POS A O
PAK 8/2015 CATTLE 29-Jan-15 (@) POS (0]
PAK 9/2015 CATTLE 30-Jan-15 A POS A
PAK 10/2015 CATTLE 02-Feb-15 A POS A
PAK 11/2015 CATTLE 09-Feb-15 0] POS 0]
TOTAL: 54
Carried over from previous quarterly report:
WRL for FMD Results
Country Samplg Species C(E)I?tteit(i)c];n _
Identification VI/ELISA RT-PCR  Final report
SOUTH KOREA SKR 11/2014 PIG 03-Dec-14 Nottested Nottested Not tested
SKR 12/2014 PIG 03-Dec-14 @) POS O
SKR 13/2014 PIG 03-Dec-14 Nottested Nottested Not tested
SKR 14/2014 PIG 03-Dec-14 @) POS O
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WRL for FMD Results
. Date of
Country Sample Species Collecti _
Identification oflection  v/ELISA  rRT-PCR Final report
SKR 15/2014 PIG 03-Dec-14 Nottested Nottested Not tested
SKR 16/2014 PIG 03-Dec-14 (0] POS (0]
SKR 17/2014 PIG 03-Dec-14 Nottested Nottested Not tested
SKR 18/2014 PIG 03-Dec-14 (0] POS (0]
SKR 19/2014 PIG 03-Dec-14 Nottested Nottested Not tested
SKR 20/2014 PIG 03-Dec-14 NEG POS FMDV GD
TOTAL: 10

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
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Table 3: Summary of samples collected and received to WRLFMD (January to March 2015)

rRT-PCR for FMD

Country NE of Virus isolation in cell culture/ELISA '(or SVD)
samples EMD vi ¢ virus (where
virus serotypes NVD appropriate)
O A C SAT1 SAT2 SAT3 Asial Positive Negative
AFGHANISTAN 21 - - - - - - = = =
HONG KONG, 1 - - - - - - - 1 - 1
SAR OF PRC
PAKISTAN' 32 6 11 - - - - 6 2 32 -
TOTAL 54 16 11 - - - - 6 3 32 1

Sample results pending from previous report:
South Korea* 10 4 - - - - - - - 5 -

TOTAL 10 4 - - - - - - - 5 -

* 5 samples in this batch were not tested by VI and rRT-PCR methods at the WRLFMD

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

Real-time reverse transcription polymerase chain reaction for FMD (or

rRT-PCR SVD) viral genome
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Table 4: Antigenic characterisation of FMD field isolates by matching with vaccine strains by
2dmVNT from January to March 2015

Vaccine Matching Studies for Serotype O FMDV by VNT

Sample Reference 03039 O Mansia O/SKR/7/10** O TAW/98 0O/TUR/5/09
O/SKR/13/2014* M N M M M
O/SKR/14/2014 M N M N M
O/SKR/15/2014* M N M M M
O/SKR/16/2014 M N M B M
O/SKR/18/2014 M N M M M
O/SKR/19/2014* M B M M M

* These isolates provided by Merial Animal Health from the shipment sent to The Pirbright Institute
** This test used a closely related field strain, not the homologous vaccine strain

Abbreviations used in table:

Vaccine Match- r; = > 0.3. Suggests that there is a close
M relationship between field isolate and vaccine strain. A potent
vaccine containing the vaccine strain is likely to confer protection.

No Vaccine Match - r; = < 0.3. Suggests that the field isolate is so

N different from the vaccine strain that the vaccine is unlikely to
protect

Borderline  Any r; values between 0.28 to 0.32

NT Not tested against this vaccine
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Annex 2

Recent FMD Publications (January-March 2015) cited by Web of Science (Pirbright Institute
papers and authors are highlighted in BOLD AND GREY)

1.

10.

11.

12.

Basagoudanavar, S.H., M. Hosamani, R.P. Tamil, B.P. Sreenivasa, B.K. Chandrasekhar,
and R. Venkataramanan (2015). Immunoreactivity and trypsin sensitivity of recombinant
virus-like particles of foot-and-mouth disease virus. Acta virologica, 59(1): 84-91.

Bereket, M. and D. Faris (2015). Mapping of major diseases and devising prevention and
control regimen to common diseases in cattle and shoats in Dassenech district of South
Omo Zone, South-Western Ethiopia. Tropical Animal Health and Production, 47(1): 45-
51.

Hamad, A.A., L. Hassan, M.Z. Azmie, P. Loganathan, T. Jaafar, S.S. Arshad, J. Hashim,
H. Amir, O. Norlida, M.A. Syarifah Asiah, and M.M. Salih (2015). Response to foot and
mouth disease (FMD) vaccination among local Malaysian cattle of various vaccination
backgrounds from endemic and non-endemic FMD areas. Pertanika Journal of Tropical
Agricultural Science, 38(1): 57-69.

Jung, M., H.-T. Park, J.-H. Park, K.-N. Lee, S.W. Shin, M.-K. Shin, K.Y. Sung, Y.-K.
Jung, B. Kim, and H.S. Yoo (2015). Effects of Germanium Biotite Supplement on
Immune Responses of Vaccinated Mini-pigs to Foot-and-Mouth Disease Virus
Challenge. Immunological Investigations, 44(1): 101-112.

Ma, Y., L. Zhang, X. Su, X. Zhao, and S. Hu (2015). Study on oral administration of six
herbal tonics on the antibody responses induced by foot-and-mouth disease vaccine.
Zhongguo Yufang Shouyi Xuebao / Chinese Journal of Preventive Veterinary Medicine,
37(1): 49-52.

Ramesh, K., B.P. Sreenivasa, and R.P. Tamilselvan (2015). Construction and
characterization of recombinant human adenovirus type 5 expressing foot-and-mouth
disease virus capsid proteins of Indian vaccine strain, O/IND/R2/75. Veterinary World,
8(2): 147-155.

Zhang, Q., X. Liu, Y. Fang, L. Pan, J. Lv, Z. Zhang, P. Zhou, Y. Ding, H. Chen, J. Shao,
F. Zhao, T. Lin, H. Chang, J. Zhang, Y. Wang, and Y. Zhang (2015). Evolutionary
Analysis of Structural Protein Gene VP1 of Foot-and-Mouth Disease Virus Serotype Asia
1. The Scientific World Journal, 2015: 734253-734253.

Qian, S., W. Fan, P. Qian, D. Zhang, Y. Wei, H. Chen, and X. Li (2015). Apigenin
Restricts FMDV Infection and Inhibits Viral IRES Driven Translational Activity. Viruses,
7(4): 1613-26.

Singh, R., R. Deb, U. Singh, T.V. Raja, R. Alex, S. Kumar, S. Chakraborti, G. Sengar,
and S. Sharma (2015). Single tube tetraplex PCR based screening of a SNP at exon 14
region of bovine ITGB6 among different Zebu breeds. Meta gene, 3: 26-30.

Kim, R.-H., J.-Q. Chu, J.-N. Park, S.-Y. Lee, Y.-J. Lee, M.-K. Ko, J.-H. Hwang, K.-N. Lee,
S.-M. Kim, D. Tark, Y.-J. Ko, H.-S. Lee, M.-G. Seo, M.-E. Park, B. Kim, and J.-H. Park
(2015). Antigenic properties and virulence of foot-and-mouth disease virus rescued from
full-length cDNA clone of serotype O, typical vaccine strain. Clinical and experimental
vaccine research, 4(1): 114-8.

Wernike, K., B. Hoffmann, and M. Beer (2015). Simultaneous detection of five notifiable
viral diseases of cattle by single-tube multiplex real-time RT-PCR. Journal of virological
methods, 217: 28-35.

Mohapatra, J.K., L.K. Pandey, D.K. Rai, B. Das, L.L. Rodriguez, M. Rout, S.
Subramaniam, A. Sanyal, E. Rieder, and B. Pattnaik (2015). Cell culture adaptation
mutations in foot-and-mouth disease virus serotype A capsid proteins: implications for
receptor interactions. The Journal of general virology, 96(3): 553-64.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
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Rahman, T., M. Mahapatra, E. Laing, and Y. Jin (2015). Evolutionary non-linear
modelling for selecting vaccines against antigenically variable viruses. Bioinformatics
(Oxford, England), 31(6): 834-40.

Ramanathan, P., J.J. Zhu, E.A. Bishop, M.C. Puckette, E. Hartwig, M.J. Grubman, and
L.L. Rodriguez (2015). A colorimetric bioassay for high-throughput and cost-effectively
assessing anti-foot-and-mouth disease virus activity. Veterinary immunology and
immunopathology, 164(1-2): 74-8.

Shanmugam, Y., M. Muthukrishnan, N.B. Singanallur, and S.A. Villuppanoor (2015).
Phylogenetic analysis of the leader proteinase (Lpro) region of Indian foot and mouth
disease serotype O isolates. Veterinaria italiana, 51(1): 31-7.

Dong, Y.-M., G.-G. Zhang, X.-J. Huang, L. Chen, and H.-T. Chen (2015). Promising MS2
mediated virus-like particle vaccine against foot-and-mouth disease. Antiviral research,
117: 39-43.

Eble, P.L., K. Orsel, F. van Hemert-Kluitenberg, and A. Dekker (2015). Transmission
characteristics and optimal diagnostic samples to detect an FMDV infection in vaccinated
and non-vaccinated sheep. Veterinary microbiology, 177(1-2): 69-77.

Nsamba, P., T.A.P. de Beer, M. Chitray, K. Scott, W. Vosloo, and F.F. Maree (2015).
Determination of common genetic variants within the non-structural proteins of foot-and-
mouth disease viruses isolated in sub-Saharan Africa. Veterinary microbiology, 177(1-2):
106-22.

Bucafusco, D., S. Di Giacomo, J. Pega, J. Manuel Schammas, N. Cardoso, A. Victoria
Capozzo, and M. Perez-Filgueira (2015). Foot-and-mouth disease vaccination induces
cross-reactive IFN-gamma responses in cattle that are dependent on the integrity of the
140S particles. Virology, 476: 11-18.

LaRocco, M., P.W. Krug, E. Kramer, Z. Ahmed, J.M. Pacheco, H. Duque, B. Baxt, and
L.L. Rodriguez (2015). A Continuous Bovine Kidney Cell Line Constitutively Expressing
Bovine alpha(V)beta(6) Integrin Has Increased Susceptibility to Foot-and-Mouth Disease
Virus (vol 51, pg 1714, 2012). Journal of Clinical Microbiology, 53(2): 755-755.

Lee, B.-Y., K.-N. Lee, T. Lee, J.-H. Park, S.-M. Kim, H.-S. Lee, D.-S. Chung, H.-S. Shim,
H.-K. Lee, and H. Kim (2015). Bovine Genome-wide Association Study for Genetic
Elements to Resist the Infection of Foot-and-mouth Disease in the Field. Asian-
Australasian Journal of Animal Sciences, 28(2): 166-170.

Ullah, H., M.A. Siddique, M. Al Amin, B.C. Das, M. Sultana, and M.A. Hossain (2015).
Re-emergence of circulatory foot-and-mouth disease virus serotypes Asial in
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Annex 3

RECOMMENDATIONS FROM WRLFMD® ON FMD VIRUS STRAINS TO BE INCLUDED IN
FMDV ANTIGEN BANKS (FOR FMD-FREE COUNTRIES) — March 2015

Note: Virus strains are NOT listed in order of importance

O Manisa
O PanAsia-2 (or equivalent)
i O BFS or Campos
I__“g h A24 Cruzeiro
Pri orlty Asia 1 Shamir
A Iran-05 (or A TUR 06)
A22 Iraq
SAT 2 Saudi Arabia (or equivalent i.e. SAT 2 Eritrea)
A Eritrea
. SAT 2 Zimbabwe
Medium SAT 1 South Africa
A A Malaysia 97 (or Thai equivalent such as A/Sakolnakorn/97)
Prio rlty A Argentina 2001
O Taiwan 97 (pig-adapted strain or Philippine equivalent)
A lran ‘96
A lran ‘99
A Iran 87 or A Saudi Arabia 23/86 (or equivalent)
Low Al15 Bangk.ok related straip
. ) A87 Argentina related strain
Priority C Noville
SAT 2 Kenya
SAT 1 Kenya
SAT 3 Zimbabwe

NB: 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.
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