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1 OIE/FMD Reference Laboratories Network 

1.1 Principle Goals 

The Network of OIE/FAO FMD Reference Laboratories has been established 

with two principal goals: 

 

1) To understand global virus distribution patterns and 

use these data to inform vaccine recommendations 

 

and 

 

2) To harmonise and improve the quality of laboratory 

testing carried out by international and national 

reference laboratories. 

 

These activities require sharing and joint evaluation of surveillance information 

from laboratory diagnosis, serotyping, genetic characterisation and vaccine 

matching tests and harmonisation of standards for diagnostic procedures. 

  

 

 

 

 

 

 

 

 

This report is divided into two parts providing an update on progress towards 

each of these goals. 
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1.2 Reporting Period 

1st January 2016 - 31st December 2016 

1.3 Collated input from 

 

Figure 1-1: Participating laboratories 

 

OIE Reference Laboratory for Foot and 
Mouth Disease, Dirección de Laboratorio 

Animal 

SENASA, Argentina 

  

OIE collaborating centre for validation, 
quality assessment and quality control of 
diagnostic assays and vaccine testing for 
vesicular diseases in Europe, and FAO 

Reference Centre for vesicular Diseases 

CODA-CERVA, Ukkel, Belgium 

 

OIE Regional Reference Laboratory for 
Sub-Saharan Africa (RRLSSA) 

BVI, Gabarone, Botswana 

  

Centro Panamericano de Fiebre Aftosa 
(PANAFTOSA) and OIE Reference 

Laboratory for FMD 

Rio de Janeiro, Brazil 

 

FAO FMD Reference Laboratory 

National Centre for Foreign Animal Disease National 
Centres for Animal Disease, Canadian Food 

Inspection Agency, Winnipeg, Manitoba, Canada 

  

OIE and China National FMD Reference 
Laboratory 

Lanzhou Veterinary Research Institute (LVRI), 
CAAS, Gansu, Peopleôs Republic of China 

 

OIE FMD Reference Laboratory   

French Agency for Food and, Environmental and 
Occupational Health & Safety (ANSES), Maisons-

Alfort, Paris, France 

  

FAO Reference Centre for FMD in South 
Asia 

Project Directorate on FMD (PDFMD), Indian 
Council for Agricultural Research, Mukteswar, 

Nainital (Uttarakhand), India 

 

OIE/FAO FMD Reference Laboratory 

Istituto Zooprofilattico Sperimentale della Lombardia 
e dell'Emilia Romagna (IZSLER), Italy 

  

OIE Reference laboratory for Foot and 
Mouth Disease 

Animal and Plant Quarantine Agency (QIA), Anyang 
city, Gyeonggi-do, Republic of Korea 
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FAO Reference Centre for FMD for 
Central Asia and West Eurasia and OIE 

Reference Laboratory for FMD 

Federal Governmental Institute, Centre for Animal 
Health (FGI ARRIAH), Vladimir, Russian Federation 

  

FAO Reference Laboratory for FMD in 
Africa and OIE FMD Reference 

Laboratory 

Transboundary Animal Diseases Programme, ARC-
Onderstepoort Veterinary Institute (ARC-OVI), South 

Africa 

 

OIE Regional Reference Laboratory for 
Foot and Mouth Disease in the South 

East (RRLSEA) 

Department of Livestock Development, Pakchong, 
Thailand 

  

FAO World Reference Laboratory and 
OIE FMD Reference Laboratory 

The Pirbright Institute Pirbright, Surrey, United 
Kingdom 

 

FAO Reference Centre for FMD and other 
vesicular diseases for the Americas and 
the Caribbean and OIE FMD Reference 

Laboratory 

Foreign Animal Disease Diagnostic Lab, Plum Island 
Animal Disease Center (PIADC), Greenport, United 

States of America 

   

Additional input kindly supplied by: 

 

NATIONAL Animal Health Diagnostic & 
Investigation Center (NAHDIC) 

Sebeta, Ethiopia 

  
Foot and Mouth Disease Laboratory 

Embakasi, Kenya 

 
National Veterinary Research Institute 

Vom, Plateau State, Nigeria 
  

ķAP INSTITUTE (and WELNET FMD) 

Ankara, Turkey 
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2 Genetic and antigen diversity and global distribution of foot-

and-mouth disease viruses 

Foot-and-mouth disease (FMD) is a highly contagious viral disease that infects 

a wide variety of domestic and wild cloven-hooved hosts. Its presence impacts 

upon rural livelihoods and restricts trade opportunities for countries where the 

disease is endemic, and poses a constant threat to those countries that are free 

of the disease. FMD virus lineages are not randomly dispersed throughout the 

world but are associated with particular ecological niches. The distribution of 

these FMD virus lineages is affected by cyclical upsurges in the prevalence of 

particular strains that may be associated with the evolution of FMD viruses to 

escape protective immunity in susceptible livestock populations and/or 

opportunities presented by movements of animals and their products. These 

features can give rise to pandemic events where FMDV lineages spread widely 

to affect new regions. 

Global surveillance for FMD is necessary to identify the current hazards and to 

predict heightened risk so that appropriate diagnostic tools and vaccines are 

available for detection and control. This requires sustained effort directed 

towards the monitoring of FMD outbreaks and ideally also of FMDV circulation 

and persistence, along with collection and characterisation of FMD viruses and 

integration of findings with associated epidemiological intelligence. Such an 

extensive effort requires a coordinated approach encompassing national and 

international disease laboratories of the OIE/FAO FMD Laboratory Network 

along with commercial vaccine and diagnostic providers. The worldwide 

distribution of the different serotypes and variants of FMD virus (as compiled in 

2016) and the associated activities of the Network laboratories are presented in 

this report. 

2.1 Introduction  

Global surveillance undertaken by the OIE/FAO FMD Laboratory Network aims 

to monitor the distribution of FMD viruses to predict risk for endemic and FMD-

free countries. FMDV is unevenly distributed throughout the world reflecting 

factors such as livestock density and species mix, patterns of husbandry, animal 

movement and trade, wildlife reservoirs and incentives and capacities for 

disease control. The virus exists as seven serotypes and multiple subtypes 

where cross-immunity is absent or incomplete. The situation is dynamic and 

complex and affected by viral evolution, waxing and waning of host immunity 

and changing ecosystems and trading patterns. Despite the opportunities for 

spread of FMDV into new regions, viruses tend to recur in the same parts of the 

world, presumably reflecting some degree of either ecological isolation or 

adaptation. On this basis, the global pool of FMD viruses can be subdivided into 
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seven óregional poolsô in which genetically and antigenically distinctive virus 

strains tend to occur within a defined region.  

The seven óRegional Poolsô referred to throughout this report are shown below 
(Figure 2-1) and represent:  

Pool 1 Southeast Asia with spill over into Eastern Asia 

Pool 2 Southern Asia 

Pool 3 EurAsia including the Middle East 

Pool 4 Eastern Africa 

Pool 5 Western Africa 

Pool 6 Southern Africa 

Pool 7 South America 

 

 

Figure 2-1: Distribution of the seven endemic pools of FMD showing conjectured status of FMD 
in countries during 2016. Virus circulation and evolution within these regional virus pools results 
in changing priorities for appropriately adapted vaccines. Periodically, viruses spread between 
pools and to free regions, and countries at the interfaces between pools (such as in North Africa 
and Central Asia) often experience FMD outbreaks from different regional sources. Note on 
Pools 4-6: In Africa there are currently three FMD virus pools loosely defined as covering East 
Africa (pool 4), West Africa (pool 5) and Southern Africa (pool 6). There is some overlap between 
pools 4 and 5. 

 

The clustering of FMD viruses into 7 virus pools, with 3 pools covering West 

Eurasia, South Asia and Southeast Asia, 3 pools covering East, West and 

Southern Africa and 1 pool covering the Americas, is now enabling a targeted 

approach to be applied to the óProgressive Global Control of FMDô initiative 

overseen by the OIE and FAO and for which the Network laboratories will play 

a pivotal role. 

Overview of the Global situation in 2016 

Information regarding contemporary FMD outbreaks can be found on the World 

Animal Health Information Database (WAHID) located on the OIE website 

(http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home), as well as the 

EMPRES Global Animal Disease Information System (http://empres-i.fao.org/) 

http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home
http://empres-i.fao.org/


 

Page | 8 

 

provided by FAO. Further supplementary data and updates are generated on a 

monthly basis by EuFMD  

(http://www.fao.org/ag/againfo/commissions/eufmd/commissions/eufmd-

home/fmd-surveillance/situation-reports/en/).  

During 2016, FMD outbreaks have continued to affect countries in the 

established endemic regions of the world. Particular attention has been focussed 

upon new FMD outbreaks and events that have occurred at the margins of these 

endemic regions (reported on the OIE WAHIS Interface: 

http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home/indexcontent/n

ewlang/en, summarised in Figure 2-2 and described elsewhere in this report). 

Additional disease outbreaks in countries in the FMD endemic pools have also 

been reported to OIE during 2016 (data collated in Table 2-1). 

 

 

Figure 2-2: Map indicating the location of significant epidemiological events and disease 
outbreaks reported to OIE in immediate notifications or follow-up reports in 2016 (data available 
from: http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/Immsummary. 

 

http://www.fao.org/ag/againfo/commissions/eufmd/commissions/eufmd-home/fmd-surveillance/situation-reports/en/
http://www.fao.org/ag/againfo/commissions/eufmd/commissions/eufmd-home/fmd-surveillance/situation-reports/en/
http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home/indexcontent/newlang/en
http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home/indexcontent/newlang/en
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Table 2-1: New FMD outbreaks reported to OIE during 2016 (data retrieved from WAHID on 
www.oie.int on 23rd March 2017). Note: not all outbreaks shown in Figure 2-2 are collated in this 
table and data may be incomplete 

Country 

J
a
n

 

F
e
b

 

M
a
r 

A
p

r 

M
a
y

 

J
u

n
 

J
u

l 

A
u

g
 

S
e
p

 

O
c
t 

N
o

v
 

D
e
c

 

T
o

ta
l 

Afghanistan   1 7 17 13 ... 38 
Angola 1  1 
Bhutan 11 ... 11 

Burkina Faso 7  1 2 1  12 13 8 1 5 5 55 
Cambodia 7 6 5 1 3 8 11 16 17 5 6 14 99 

Central African Republic +.. +.. +.. 
Chad 0  1     1 

Congo (Dem. Rep. of the) 3 ... 3 
Cote D'Ivoire 3 9     ... 12 

Egypt 17 8 10 1 6  ... 42 
Eritrea 0     1  1 

Ethiopia 8 ... 8 
Ghana 2 ... 2 

Guinea-Bissau ? ... ? 
Iran 4697 343 5040 

Iraq 60 153 187 67 107 45 39 5 3 14 1 4 685 
Kenya  3   7 7 14 4 13  5  53 
Kuwait 11 1     ... 12 

Malaysia 1 2 2 2 5 8 ... 20 
Mali 0  8  1   9 

Mauritania ? ? ? 
Mauritius 0 158 4 1    163 
Myanmar   1    1 2 2 3 2 1 12 

Nepal 9 4 4 6 7 6 ... 36 
Niger +.. ... +.. 

Nigeria +..  1 1   1 3 
Palestinian Auton. Territories  1         1  2 

Saudi Arabia + ... + 
Senegal 2 0 2 
Somalia 15 ... 15 

South Africa 2 0 0 0   ... 2 
Sudan 2 2     ... 4 

Tanzania 2 4 5 4 2 4 ... 21 
Thailand 19 11 9 8 5 3 ... 55 

United Arab Emirates 1  1      1    3 
Vietnam 4 9 10 1 6 1   1 3  1 36 

Zimbabwe      1 ... 1 

Legend for Table 2-1 

0 Continuing previous outbreak (s) 

... No information available for this disease 

0 Disease absent 

? Disease suspected but not confirmed 

+? Confirmed infection/infestation without clinical signs 

+.. Disease present but without quantitative data 

+ Disease present with quantitative data but with an unknown number of outbreaks 

+() Disease limited to one or more zones 

+?() Infection/Infestation in one or more zones 

?() Disease suspected but not confirmed limited to one or more zones 

Further details of many of the characterisation of viruses retrieved from these 

outbreaks are provided later in this report. 
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In South America, there continues to be tangible progress of the regional control 

programme to achieve FMD-free status since no clinical cases due to FMD have 

been reported in 2016, and it is now several years since any outbreaks have 

been reported across the entire continent (the last reported outbreaks were 

serotype A in Venezuela in March 2013 and serotype O in Paraguay in 

December 2011). 

Long distance trans-pool viral movements 

The OIE/FAO FMD Laboratory Network has recently detected a number of 

viral lineages that have emerged from their established endemic pools to cause 

field outbreaks in geographically distant locations (the main events are 

summarised in Figure 2-3). There is probably no single factor that underpins 

these changes, but these dynamic transboundary patterns are probably 

influenced by the migration of people in North Africa and the Middle East due to 

the escalation of regional political crises, as well as new trading patterns and 

demand for animal protein that arise due to increased prosperity in East Asian 

countries. These unexpected outbreaks caused by emerging viral lineages 

reinforce the importance of surveillance activities undertaken by the Network. 

 

 

Figure 2-3: Long distance FMD virus movements within Asia and Africa (2009-2016). The 
different coloured arrows represent viruses from sub-Saharan Africa (red), Indian sub-continent 
(brown), and Southeast/East Asia (blue) that have moved into new geographical locations 
outside of the endemic pools (represented by shaded ovals) where they usually circulate. 

  

FMD-free (without vaccination)

Sporadic

Endemic

Pool 1

Pool 2

Pool 3

Pool 4

Pool 5
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2.1.1 Official status of countries and zones during 2016 

The official status of OIE member countries is shown in Figure 2-4 

 

 

Figure 2-4: Official FMD status for OIE member countries. Data provided from the OIE: 
http://www.oie.int/en/animal-health-in-the-world/official-disease-status/fmd/en-fmd-carte/ 

2.2 Overview of the activities of the OIE/FAO FMD Laboratory Network 

during 2016 

The OIE/FAO FMD Reference Laboratory Network provides important support 

to the global control of FMD and provides opportunities and expertise for 

developing and sustaining laboratory capacity and capability, exchange of 

materials and technologies, harmonising approaches to diagnosis and 

supporting complementary research. Laboratories within the Network regularly 

receive samples for FMD diagnosis from many parts of the world. The in vitro 

antigenic properties of selected isolates are assessed for vaccine matching and 

nucleotide sequencing allows precise characterisation of new isolates and 

tracing of their origin by comparison with viruses held in virus collections. This 

analysis assists the monitoring of the óreal timeô emergence and spread of FMD 

virus globally. 

Over three thousand clinical samples from suspect cases of FMD were tested 

by laboratories in the Network (and associated laboratories) during 2016. These 

samples were collected from 40 countries from all FMD endemic pools 1 to 6 

(Figure 2-8). However, sampling within these pools is not equivalent: 

surveillance within West Africa (Pool 5) is particularly sparse and efforts are 

currently underway with the network to improve sample collection and testing in 

this region.  
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Serotype C has not been detected since 2004 when the last cases due to the 

serotype were recognised in Kenya and Brazil. The Annual Network Meeting in 

November 2015 considered the difficulties of interpreting serotype-specific 

serological data and other epidemiological approaches that might be adopted to 

substantiate the ñextinctionò of this serotype. Recommendations arising from 

these discussions have been submitted to the OIE for consideration [expected 

at General Session 2017].  

 

Figure 2-5: Samples (n=3318) tested for FMD investigation (virology) by the OIE/FAO FMD 
Laboratory Network from FMD endemic countries only during 2016 and their distribution across 
the seven FMD endemic pools (see Figure 2-1) 

 

Figure 2-6: Summary of results for characterised isolates (n=1960) from FMD endemic countries 
were reported by the Network during 2016. FMDV GD denotes samples that were only positive 
using molecular (RT-PCR methods), while a further 5832 samples were tested but found to be 
negative for FMDV using all diagnostic methods. 

 

Figure 2-7: Summary of 1041 samples (viruses and field isolates) that were sequenced 
(VP1/capsid/complete genome) during 2016 (see Appendix 3). 
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Figure 2-8: Distribution of samples collected from suspect cases of FMD (highlighted in purple) 
and tested by the OIE/FAO FMD Laboratory network during 2016. FMD endemic countries 
where no samples have been tested are highlighted in pale yellow. NB: No clinical cases have 
been reported in South America since 2013; countries having zones that are not FMD-free 
(without vaccination) are represented in grey. 

 

The results for the individual samples are reported later in this report. It is also 

important to note that a much larger number of samples (such as sera, OPF and 

lymph node samples) were also received and tested by laboratories within the 

network during this period for surveillance activities: these numbers are also 

summarised in the tables for each of the individual endemic pools. 

Characterization results obtained on samples received by WRLFMD
 

and 

PANAFTOSA can also be found respectively at: http://www.wrlfmd.org/ and at: 

http://new.paho.org/panaftosa. 

2.3 Distribution of different FMD viral lineages 

In regions where FMD is endemic, continuous evolution of the virus generates 

geographically discrete lineages that are genetically distinct from FMD viruses 

found elsewhere. The conjectured global status for FMD (see Figure 2-1) masks 

this underlying complexity of FMDV virus distribution in the different pools (at 

serotype, topotype and lineage levels). In order to help visualise the changing 

patterns in FMDV distribution (see Figure 2-3) and recognise risks for the 

emergence of new lineages, the Network has reviewed available intelligence for 

epidemiologically important FMDV lineages. The ñtop-tenò virus lineages 

selected (see figures below) represent those that have already demonstrated a 

potential for long-distance trans-pool spread: O/ME-SA/Ind-2001d, O/ME-

SA/PanAsia, O/ME-SA/PanAsia-2, O/SEA/Mya-98, O/EA-3, A/ASIA/G-VII, 

A/ASIA/Iran-05, A/ASIA/Sea-97 and SAT 2/VII. 

 

http://new.paho.org/panaftosa
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FMDV O 

Ind-2001d 

 

PanAsia 

 

PanAsia-2

 

Mya-98

 

EA-3

 

Figure 2-9: Conjectured distribution of 
important serotype O FMDV lineages. 
The extent of current distribution for each 
of the viral lineages is represented within 
the black lines, while the location of 
individual outbreaks (dots) and affected 
countries (shaded in red, according to 
dates) are shown.  NB: Arrows are drawn 
to highlight the regions that are 
threatened by these lineages 

 

  












































































































