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Introduction 
 
 A session of the Research Group of the Standing Technical Committee of the European 
Commission for the Control of Foot-and-Mouth Disease (EUFMD) was held on the Island of Moen, 
Denmark, from 12 to 15 September 2001. 
 
 Dr Per Have, Head of the Diagnostics Department of the Danish Veterinary Institute for Virus 
Research of Lindholm welcomed the Research Group members to the meeting.  He informed them 
that this year is a special year in that the Institute is celebrating its 75th anniversary. It is therefore 
the perfect opportunity to host this important session of the Research Group taking into 
consideration the present FMD situation in Europe. This will no doubt put into focus this gathering.  
He wished all a very interesting few days in discussing different aspects of FMD. He regretted the 
fact that representatives from UBI were unable to attend due to the tragic situation in USA and that 
Nick Knowles from the Pirbright laboratory is also unable to attend. 
 
 The floor was then given to Dr Knud Borge Pedersen, Director of the Danish Veterinary 
Institute for Virus Research of Lindholm and the Danish Veterinary Laboratory who proceeded to 
welcome the Session to Denmark. He stressed how the outbreak in February in UK has reminded us 
that FMD is a very serious disease which can occur whenever and wherever, and new knowledge is 
still required, therefore this meeting is of particular importance. 
 
 He briefly described the founding of the Institute. The last outbreak of FMD in Denmark 
occurred  in 1982/83 in 23 herds. At the beginning of the last century the disease was sporadic but 
in the 1920s a very large epidemic occurred. As a consequence, the Danish Government, under 
pressure of the Danish farm industry, decided to establish a research institute for FMD. It was 
intended to start by carrying out experiments and this led to the establishment of the Danish 
Veterinary Institute for Virus Research on the Island of Lindholm. This locality was selected in 
order to avoid the spread of infection. The island was subsequently purchased by the Danish State 
and thus the Institute became operational. The original intentions of the Institute were to establish 
only short-term experiments, but in 1933 there was an outbreak of Swine fever and this led to a 
broadening of the Institute and included other diseases. In the late 1930s the Institute also became 
involved in the development of vaccines.  
 
 He then briefly described the organization of the Danish Veterinary system which is part of 
the Ministry of Food, Agriculture and Fisheries in Copenhagen. There are two veterinary 
laboratories, the Danish Veterinary Laboratory and the Danish Veterinary Institute for Virus 
Research based in Aarhus and Lindholm. The intention is to merge these two Institutes into one unit 
thus becoming the Danish Veterinary Institute. 
 
 He wished the Session a useful and fruitful meeting and stressed the importance of the 
Research Group’s contribution to this meeting taking into consideration the present situation in 
Europe. He took this opportunity to welcome everybody to visit the Institute during the duration of 
the meeting. 
 
 Dr Yves Leforban, Secretary of the European Commission for the Control of Foot-and-Mouth 
disease then took the floor. He welcomed all members of the Research Group on behalf of FAO, in 
particular the new members. The present Group was elected by the 34th Session of the Commission 
held in Rome in March 2001. 
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 He thanked the Government of Denmark, in particular, Dr Pedersen, Director of the Institute 
and Dr Per Have for hosting this meeting near the institute of Lindholm.  The venue is particularly 
appropriate for such an important meeting taking into consideration the new introduction of FMD in 
Europe which has had serious consequences.   
 
 He explained that at the same time, there is an important turnover in the staff of the EUFMD 
Secretariat. Ms. Joan Raftery retired immediately after the 34th Session after 24 years with the 
Commission. A replacement Administrative Assistant is being appointed by FAO.  For the time 
being, Ms Egiziana Fragiotta is covering this interim period. He thanked John Ryan, who will be 
leaving in early October, for his valuable contribution to the activities of the Commission during the 
3-year period of his assignment. He also thanked the Government of Ireland for funding his 
appointment. 
 
 He then proceeded to inform the meeting of his intentions to leave the post of Secretary 
during the year 2002. He emphasized that he will be leaving purely for personal reasons.  He 
considered it important to inform the Group members at an early stage in order for them to have 
time to think about candidates for the position. The new post description has been submitted to the 
Executive Committee members and the vacancy will be issued within the next few months.  
 
 He took this opportunity to thank everybody for their cooperation and help which he highly 
appreciated. He enjoyed working with the Research Group members and always enjoyed the 
organization of the Research Group meetings.  He stressed the fact that he will continue to carry out 
his duties as Secretary until his departure and will do his best to ensure a harmonious transition with 
the new Secretary.  He wished the members a fruitful meeting and an enjoyable stay on the Island 
of Moen. 
 
 It was suggested that the election of the Chairman of the Research Group be done at this 
stage. It was unanimously agreed that Dr Kris De Clercq be re-elected to cover the next 2-year 
period. 
 
 Dr De Clercq accepted the task once again. However, he wished to point out that in future the 
procedure for election should be changed. He suggested that anybody wishing to present their own, 
or to propose another candidature, should contact the Secretariat before the meeting so that the 
nominations can be looked at in advance. He informed the meeting that he would do his best to 
carry out his duties as Chairman. He thanked the Danish Government, Dr Pedersen and Dr Have for 
hosting and arranging this meeting and congratulated them for the 75th year of the Institute. He also 
thanked the Secretariat of the Commission for the work carried out in preparation for the meeting.  
He thanked John Ryan for his contribution to the Commission and wished him success for his 
future. Particular gratitude was given to Dr Leforban as his contribution to putting the Commission 
back on the rails has been of utmost importance. He has done an excellent job and the new 
Secretary will have the important task of continuing the work that Dr Leforban has carried out so 
efficiently.  He invited the members to either put forward their own candidature for the position or 
to suggest suitable candidates. 
 
 He then spent a few words on the Administrative Assistant of the Commission, Ms Joan 
Raftery.  He informed the meeting that she has probably been with the Commission for longer than 
most of the members of the Research Group. She was very dedicated to the Commission and carried 
out her duties deligently and efficiently. He spoke to her a few days before the meeting and she 
requested that he convey her message to the Research Group on her behalf. She regrets not being 
present in Bulgaria and at this present meeting. This would have been her last meeting and would 
have been the perfect opportunity to say good-bye to all personally. She fell ill immediately after 
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the last meeting in Rome. She underwent major surgery and is presently under intensive 
chemiotherapy. She was not expecting this to occur, but is nonetheless quite serene and is doing her  
best to recover. Her message ended by conveying her warmest wishes to all. 
 
 Dr De Clercq took the opportunity to welcome both old and new members to the meeting of 
which approximately half are new members.  
 
 Prof. Reinhard Ahl of the Scientific Committee on Animal Health and Welfare of the 
European Commission in Brussels, conveyed the Committee’s regards to the organizers and 
members of the Research Group. He reminded the group of the meeting in 1990 at this location 
which was chaired by the late Morton Eskildsen.  He recalled the last meeting in Borovets, Bulgaria 
when at the time, FMD had been cleared from Albania, Bulgaria, Macedonia and the risks seemed 
to be well assessed and under control.  However, this situation had changed dramatically this year 
and the ongoing threat of FMD in Europe had not yet been resolved. This meeting could be 
considered as a special one as the contributions would provide scientific advice and knowledge to 
the present disease situation.  
 
 The meeting was chaired by Dr Kris De Clercq (Belgium). Members of the Group present 
were: Drs. Aldo Dekker (the Netherlands); Franco De Simone (Italy); Chris Griot (Switzerland); 
Bernd Haas (Germany); Per Have (Denmark); François Moutou (France); Vilmos Pàlfi (Hungary);  
Sánchez-Vizcaíno (Spain); Ms Nilay Ünal (Turkey); Hagai Yadin (Israel); and, Soren Alexandersen 
who replaced Alex Donaldson as representative from the World Reference Laboratory.  Observers 
attended from Turkey, WRL and the EC. 
 

Adoption of the Agenda 
 
The following Agenda was proposed for adoption. 
 
Item 1 General information on the FMD situation in the world 
Item 2 Reports on the outbreaks in Europe 
Item 3 Reports on field and laboratory experiences during the crisis in Europe 
Item 4 Special session on new kits by private companies and IAEA 
Item 5 Serosurveillance 
Item 6 Subclinical infection and carrier stages 
Item 7 FMD diagnostics 
Item 8 Pathogenicity 
Item 9 Risk analysis and expert elicitation 
Item 10 Vaccines and antigen banks: New type O in Turkey; Review 
 of the list of strains to be included in the banks 
Item 11 European Pharmacopoeia 
Other items Report of the Workshop on the Simulation Exercise held in Brno, 5-7 June 2001 
 Presentation of the new Reference Laboratory for Vesicular Diseases 
 (CERVES) at ISZLE, Brescia, Italy 
 Venues for the next Sessions of the Research Group 
 The EC/EUFMD project  
 FMD in small camelid 
 
The Agenda was adopted as proposed. 
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Item 1 - General information on FMD situation in the World 
 
 John Ryan presented the FMD situation in Europe and over the world in 2001 (Appendix 1). 
He noted that the FMD situation world-wide has deteriorated significantly over the period 2000-
2001 with different types of virus spreading beyond their traditional endemic areas.  
 
 Countries that had been free of the disease for long periods of time have had to cope with 
introductions of virus and the subsequent difficulties of disease eradication. Other countries that 
were considered to have improving situations with regard to FMD have experienced the 
reintroduction of the disease which abolished the advances made in recent years. The restrictions 
associated with the measures taken to control the disease have had severe societal and economic 
impacts. 
 
 Within serotype O, the PanAsian O strain has been particularly successful in spreading over 
long distances and affecting countries with a long history of freedom from FMD, such as Japan, 
Republic of  Korea, Mongolia, South Africa, UK, Ireland, France and the Netherlands. This 
pandemic type O invaded the UK where the first cases were detected in February this year. From 
there the disease spread to France, the Netherlands and Ireland. Currently, all European countries 
with the exception of the UK have managed to eradicate the disease, either with (the Netherlands) 
or without (Ireland, France) emergency vaccination.  
 
 With regard to type A, massive outbreaks of disease caused by an A strain in South America 
have necessitated the return to mass prophylactic vaccination in Argentina and Uruguay. The 
complex situation with 3 distinct A strains circulating in the Middle East and Turkey continues to 
make control efforts difficult in this region. 
 
 Type Asia 1 continues to be endemic in South and South-East Asia, it is persisting in Turkey 
and Iran after its recent invasion and it continues to spread into the Caucasian countries. 
 
 Type SAT 2 has spread from its traditional endemic zone in Africa and has caused outbreaks 
in Saudi Arabia and Kuwait for the first time. 
 
 Nilay Ünal presented the situation of FMD in Turkey (Appendix 2). FMD continues to be 
endemic, with 3 serotypes (O, A, Asia 1) causing disease in Anatolia. The most prevalent serotype 
is type O, Asia 1 also continues to cause outbreaks, but type A was not as important as in other 
years, only two outbreaks were recorded and these belong to only one strain, A/Iran/96. Turkish 
Thrace experienced its first outbreak since 1996, with type O affecting a goat farm in Tekirdag 
province. The disease has been rapidly controlled by ring vaccination. 
 
 Soren Alexandersen presented a paper by Nick Knowles on the molecular epidemiology of 
recent type O isolates collected by the WRL from all over the world (Appendix 3). He highlighted 
that the interpretation of nucleotide sequence data and dendrograms should be undertaken with care 
due to differences in techniques and programmes employed and differences in the sections of the 
genome sequenced. In addition to the PanAsian type O virus, he reported that there are other 
genetically distinct O strains continuing to cause disease problems in South-East and East Asia, the 
Middle East, South America and Africa. 
 
 Aldo Dekker presented sequencing data on isolates from 24 of 26 FMD outbreaks in the 
Netherlands (Appendix 4). Only minor mutations were found. He concluded that the use of 
nucleotide sequencing remains limited in small outbreaks. 
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Appendix 2 
 

THE SITUATION OF FMD IN TURKEY 
 

Nilay Ünal 
Sap Institute, P.O.Box 714, 06044, Ulus, Ankara, Turkey 

 
 
Foot-and-mouth disease which is one of the most important diseases threatening livestock, 
remains endemic in Turkey. 
 
Three FMD virus serotypes, O1 Manisa, A Aydin 98 (homologue A Iran 96) and Asia1 are 
circulating. In 2001, up to August, a total of 79 outbreaks were reported in Turkey. 46 out of 
them were O; 31 Asia-1 type and only 2 were A type (Table 1). These serotypes were 
identified at Sap Institute, by virus isolation, CFT, ELISA and RT-PCR.  
 
One outbreak was reported in Malkara district, Tekirdag Province in the Thrace Region on 
29th of June (OIE Bulletin, 6 July, Vol.14, No.27). 50 goats were affected in one herd. 6 goats 
which didn’t show any clinical signs of FMD, had been introduced from neighbouring village 
a month ago. One goat was died in this herd.5 vesicular epithelium from suspected animals 
and 1 heart tissue post mortem sample were found O type FMDV positive by ELISA. 
 
The team from Sap Institute went to infected village and took sera from the suspected animal. 
These sera were tested by LPB-ELISA and MAT-ELISA. The results of the samples were 
given in Table2.  
   
Large and small ruminants in 12 villages around the outbreak were vaccinated and strict 
measures were taken. A serological survey was carried out 21 days after the vaccination by 
LPB-ELISA and 3ABC ELISA. According to the results of 3ABC ELISA, all sera were 
negative. The results of the serosurvey after the vaccination were given Table 3. 
 
In 2001, 18 samples were sent to Pirbright IAH for strain identification,  but no reply is being  
received yet. The list of the samples is given in Table 4. Some of them were the samples of 
last year.  
 
Vaccination rate in the spring campaign in 2001 was about 60% both in Anatolia and Thrace 
Region. Because of some problems in vaccine production and modernization studies to 
improve the production conditions at Ankara, Sap Institute, sufficient quantity of FMD 
vaccine couldn’t be produced at the beginning of the 2001. 
 
In this period, due to the lack of the available vaccine, importation from other countries was 
intended, but non of the international producers put up to tender until the end of March, 
finally on April, Indian Biologicals Company accepted to provide 3 million doses of trivalent 
vaccine. As it was planned to vaccinate animals in the Thrace Region with the imported 
vaccine, the trivalent vaccine produced by Sap Institute as distributed starting from the eastern 
and south-eastern borders towards western part of Anatolia. So, the rate of the vaccination in 
Thrace Region couldn’t reach to desired level.  
 
Meanwhile, there is now sufficient vaccine at Sap Institute’s stocks for the autumn campaign 
and it will start on October. In Turkish Thrace is going to be used a trivalent FMD vaccine  
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(O1 Manisa, A Aydin98 and Asia 1) which will be donated by the EU and a serosurvey will 
be carried out following this vaccination campaign. 
 
Table 1: FMD outbreaks up to August 2001 
 
 
 

Month No.of FMD 
outbreaks in 
month 
identified 

Virus 
types 
affected  

Species Susceptible Cases Death 

January 8 1 A 
4 O 
3 Asia1 

Bovine 4248 60 - 

February 9 3 Asia 1 
6 O 

Bovine 2890 20 - 

March 26 8 Asia1 
1 A 
17 O 

Bovine 
Ovine 

21322 
3565 

232 
165 

2 
- 

April 4 2 Asia 1 
2 O 

Bovine 
Ovine 

2111 
6500 

86 
150 

15 
62 

May 11 6 Asia 1 
5 O 

Bovine 
Ovine 

6500 
1100 

437 
80 

1 

June 18 9 Asia 1 
9 O 

Bovine 
Ovine 

8590 
300 

742 
50 

1 
1 

July 3 3 O Bovine 2413 34 - 
TOTAL 79 2A 

46O 
31Asia-1 

Bovine 
Ovine 

48074 
11465 

1611 
445 

19 
63 
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Table 2: The results of samples from infected area in Thrace Region by ELISA 
 
 
 

 Before the vaccination Post vaccination 
Item (earlap) LPB-ELISA MAT-

ELISA 
LPB-ELISA 

 
 O A Asia1  O A Asia1 

110 N N N N 192 >256 128 
137 N N N N >256 >256 192 
115 N N N N 128 256 192 
118 N N N N 96 >256 256 

34451 128 >256 N N 192 >256 192 
207-99 96 192 N N 192 256 256 
103-98 N N N N 128 >256 128 
16975 N N N N 128 256 256 
166-99 128 45 N + 192 256 256 
111-98 96 128 N + 128 256 256 
215-99 128 192 N + >256 >256 192 
152-96 192 N N N 192 256 256 
284-95 192 N N + >256 >256 256 
229-94 N N N N 128 >256 192 
103-98 N N N N 192 >256 256 
44-96 N N N N 128 192 192 
245-97 N N N N 192 >256 256 
221-98 N N N N 192 192 192 
270-97 N N N N 128 >256 >256 
99-98 N N N N 128 >256 192 
1493 192 64 45 N >256 >256 256 
16959 64 N N N 128 256 192 
1579 96 192 N N 192 >256 >256 
1377 N N N N 128 >256 256 
1541 N N N N 192 192 256 

244/97 N N N N 128 256 256 
18-93 N N N N 96 >256 192 

  
N: negative 
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Appendix 3 
 

MOLECULAR EPIDEMIOLOGY OF FOOT-AND-MOUTH DISEASE 
VIRUS: THE CURRENT SITUATION IN EUROPE  

AND THE MIDDLE EAST 
 

N.J. Knowles, P.R. Davies and A.R. Samuel 
 

Abstract 
 

In February 2001 foot-and-mouth disease (FMD) appeared in Great Britain for the first time 
since 1981. Spread of the disease occurred to Northern Ireland, the Republic of Ireland (FMD-
free since 1941), France (free since 1981) and the Netherlands (free since 1984). On the 20th 
February the World Reference Laboratory for FMD (WRLFMD) identified the causative virus as 
belonging to serotype O. Within 24 hours we had determined the complete sequence of the VP1 
gene and had compared it to sequences on the WRLFMD database. This analysis clearly showed 
that the outbreak was due to the PanAsia strain, being closely related to viruses from recent 
outbreaks in Asia and South Africa (Knowles et al., 2001; Vet. Rec. 148: 258-259). Since then, 
VP1 sequences have been determined for over 25 UK virus isolates and also those from the 
outbreaks in the Irish Republic and France. Twenty three VP1 sequences of the Dutch outbreak 
viruses were also received from Dr. Aldo Dekker (ID-Lelystad). Comparison of all of these 
sequences showed that there was little genetic variation between all of the viruses examined. 
Routine molecular epidemiological surveillance of FMD type O viruses in the Middle East has 
revealed a new lineage present in the United Arab Emirates, Bahrain and Saudi Arabia in 2001 
which is also present in India. This lineage appears to be most closely related to viruses from 
1997 and more distantly related to the UK virus. Sequence analysis of FMD type O viruses from 
Turkey in 2000 has revealed the presence of two lineages one being closely related to the 
Iran/Iraq viruses from that year and the other being most closely related to PanAsia viruses from 
the Middle East in 1995/96. It would appear that individual viruses belonging to the PanAsia 
strain may have been evolving independently in different geographic regions and that the 
diversity at the tips of these lineages exceeds that previously stated for the variation seen within 
this virus strain. 
 
 

Introduction 
 

The spread of a pandemic foot-and-mouth disease (FMD) type O virus strain has recently 
been described (Knowles et al., 2000, 2001c). This strain, named PanAsia, has occurred 
throughout most of Asia from Turkey in the west to Japan in the east. It even spread into Europe 
in 1996 causing outbreaks in Bulgaria and Greece. The PanAsia strain has also managed to 
invade countries which have remained FMD-free for many years, e.g. Japan and South Korea. 

The last significant outbreak of FMD to occur in the United Kingdom was in 1967-68 and 
was caused by a type O virus. Since then only two small outbreaks have occurred. The first was 
on the Channel Island of Jersey in 1974 and was caused by FMD virus type C. The second was 
due to FMD virus type O and occurred in 1981 both on Jersey and the Isle of Wight, just off the 
south coast of England. 
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On the 20th February 2001 FMDV type O was identified in samples of pig epithelium from an 

abattoir in Brentwood, Essex. Subsequently, the probable source of infection was traced to a 
swill-feeding pig farm at Heddon-on-the-Wall in Northumberland. It was suspected that infection 
had been present on that farm for a number of weeks and that spread had occurred, possibly by 
the windborne route to a nearby farm which kept sheep. Once within the sheep population, spread 
was able to occur, mainly by contact, due to the many uncontrolled movements that occur in the 
UK. Disease has now been confirmed on 2013 premises (Table 1; Fig. 1) with the resultant 
destruction of some 3,854,000 animals. These were comprised of 594,000 cattle, 3,104,000 
sheep, 139,000 pigs, 2,000 goats, 1,000 deer and 14,000 other animals. 

 
On the 12th March 2001 FMD was detected in France in six cattle at Baroche Gondoin, 

Mayenne. The animals became infected after having been in close proximity to sheep imported 
from the United Kingdom. The imported sheep, kept in a holding 500 metres from the affected 
establishment, were slaughtered and then destroyed (as were in-contact animals) on 27th February 
2001. They had originated from British outbreak FMO/2001/11 (Llangaron, Herefordshire) where 
 disease had been confirmed on the 26th February 2001. A second outbreak was detected in 
France at Mitry-Mory, Seine et Marne on the 23rd March 2001. 

 
A series of outbreaks occurred in Northern Ireland starting on the 28th February 2001 with a 

farm at  Meigh, South Armagh. The second outbreak was detected over six weeks later on the 
13th April 2001 at Ardboe, nr. Cookstown, County Tyrone and the third on the 15th April 2001 at 
Cushendall, County Antrim. The fourth outbreak occurred near the second at Ardboe, but about 
nine days later on the 22nd April 2001. 

 
Infected animals were found in the Republic of Ireland on the 22nd March 2001 at 

Broughattin, Proleek, County Louth, just a few miles from the first outbreak in Northern Ireland. 
 
Between the 21st March and the 22nd April 2001, 26 infected premises were detected in the 

Netherlands (see A. Bouma, P. Eble, E. v. Rooij, A. Bianchi, A. Dekker, this meeting). An 
infected farm in Oene (Dutch outbreak number 3) housed 74 veal calves from Ireland. These 
calves had been part of a larger shipment of Irish calves which had been laid up at a holding point 
in Baroche Gondoin, department of Mayenne, from 4 pm on 23rd February to 4 am on 24th 
February. It is therefore thought that the calves may have become infected during those 12 hours 
through contact with infected British sheep and then transmitted disease to the Netherlands. 

 
The VP1 genes of viruses isolates from a number of the British, Irish and French cases were 

sequenced and compared with sequences of the Dutch virus isolates determined at ID-Lelystad 
and with FMD type O virus isolates from various other countries. In addition recent FMD type O 
viruses isolated from samples received from various countries in the Middle East were also 
sequenced and compared. 
 

Materials and Methods 
 
Viruses. All the virus isolates were obtained from the WRLFMD strain collection either as 10% 
epithelial suspensions or as cell culture passaged material. Details of the viruses studied are 
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These proved to be very closely related to this new lineage. The next most closely related virus 
sequences were those derived from Bahrain, Kuwait and the UAE in 1997 (Fig. 2). These 1997 
isolates had previously been classified as members of the PanAsia strain (Knowles et al., 2000, 
2001c), however, it is not clear if the newer (2001) viruses should also be included as members 
of this strain. Clearly the evolution and co-existence of multiple genetic lineages (Samuel et al., 
1997) is a very complex issue and needs further study. 

 
Previously, a maximum level of 5% nucleotide difference was used to group viruses within 

the PanAsia strain (Knowles et al., 2000, 2001c). As different lineages evolve newer isolates may 
be related to previous ones by less that 5%, however, isolates at the tips of the lineages become 
more and more distantly related. Figure 3a shows a hypothetical case where a progenitor virus 
isolate AA@ gives rise to two descendants AB@ and AC@, each differing by 5% to AA@. Further 
evolution gives rise to AD@ and AE@ from the AB@ isolate and AF@ and AG@ from the AC@ 
isolate. The resulting relationship are shown in Table 3. 

 
In the past we have used UPGMA (Unweighted Pair Group Method with Arithmetic mean) 

trees to reconstruct phylogenetic trees, however, recently we have started to use the Neighbor-
joining method. The latter method is better at reconstructing these trees, particularly when all the 
viruses being examined are not contemporaneous. Using the Neighbor-joining method the 
hypothetical evolutionary case mentioned above (Fig. 3a) is accurately reconstructed (Fig. 3b). 
However, using the UPGMA method (which assumes an evolutionary clock and that all viruses 
are contemporaneous) a number of mistakes are made (Fig. 3c). The UPGMA method can 
successfully reconstruct the tree topology if only contemporary virus isolates are used (Fig. 3d). 
 
The FMD situation in Europe 

 
Phylogenetic analysis of 18 FMD type O viruses from the UK epizootic in 2001 showed them 

to be very closely related (Fig. 2). Similarly isolates from the Republic of Ireland, France and the 
Netherlands also closely related to each other and to the UK viruses (Fig. 2). Further analyses are 
currently in progress, particularly to compare in more detail the Hereford (UK), French and 
Dutch viruses which are thought to be directly linked. The suspected routes of spread of these 
European outbreaks are shown in Figure 4. 
 
The FMD situation in South America 

 
In the past few years FMD type O has occurred in a number of South American countries, i.e. 

Bolivia (1998), Brazil (Matto Grosso do Sul, 1998), Brazil (State of Rio Grande do Sul, August-
September 2000), Uruguay (Department of Artigas, October 2000) and Colombia (Department of 
Antioquia, August-September 2000) . Examination by RT-PCR and nucleotide sequencing of 
theVP1 gene of viruses isolated during these outbreaks has demonstrated that none were closely 
related to the PanAsia strain (O/URU/1/2000 shown in Fig. 2, otherwise data not shown). 

Currently further FMD type O virus isolates from the UK outbreaks are being examined to 
elucidate the extent of diversity in the course of the epizootic. In addition the complete genome 
sequence of one UK isolate is being determined in order to compare it with other PanAsia 
viruses. Newer virus isolates from the Middle East and other parts of the world are also being 
studied to establish which strains are present. 
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Table 1. Number of infected premises in the UK 2001 
FMD epizootic (n=2013*).  
County/region 

 
No. 

 
 

 
County/region 

 
No.  

Anglesey 
 
13 

 
 

 
Monmouthshire 

 
26  

Berkshire 
 

2 
 
 

 
Northants 

 
1  

Borders 
 
11 

 
 

 
Northumberland 

 
77  

Cheshire 
 
16 

 
 

 
North Yorkshire 

 
134  

Co Durham 
 
93 

 
 

 
Oxfordshire 

 
2  

Cornwall 
 

4 
 
 

 
Powys 

 
69  

Cumbria 
 
886 

 
 

 
Shropshire 

 
11  

Derbyshire 
 

8 
 
 

 
Somerset 

 
8  

Devon 
 
173 

 
 

 
Staffordshire 

 
48  

Dumfries & Galloway 
 
176 

 
 

 
Teesside 

 
5  

Essex 
 
11 

 
 

 
Tyne & Wear 

 
6  

Glamorgan 
 

5 
 
 

 
Warwickshire 

 
2  

Gloucestershire 
 
76 

 
 

 
West Yorkshire 

 
6  

Herefordshire 
 
43 

 
 

 
Wiltshire 

 
7  

Kent 
 

5 
 
 

 
Worcestershire 

 
26  

Lancashire 
 
53 

 
 

 
Northern Ireland 

 
4  

Leicestershire 
 

6 
 
 

 
 

 
  

* as of 9th September 2001 
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Table 2. Details of the foot-and-mouth disease type O viruses studied. 

 
Virus designation 

 
Geographic origin 

 
Date of 

collection 
 
Species 

 
Accession 
number 

 
Reference 

 
O/ALG/1/99 

 
Souidania, Governorate of Greater Algiers, 
Algeria 

 
02/1999 

 
bovine 

 
AJ303467 

 
Samuel et al., 1999  

O/BAR/2/97 
 
Bahrain 

 
1997 

 
nk 

 
AJ318824 

 
Knowles et al., 2001c  

O/BAR/8/98 
 
Bahrain 

 
1998 

 
bovine 

 
AJ318825 

 
Knowles et al., 2001c  

O/BAR/6/99 
 
Bahrain 

 
1999 

 
bovine 

 
- 

 
This work  

O/BAR/1/2001 
 
Bahrain 

 
03/2001 

 
bovine 

 
- 

 
This work  

O/CAM/6/99 
 
Kâmpóng Thum, Cambodia 

 
28/01/1999 

 
bovine 

 
AJ318827 

 
Knowles et al., 2001c  

O/CAM/2/2000 
 
Angkor Chum, Siem Reap, Cambodia 

 
27/01/2000 

 
bovine 

 
AJ318828 

 
Knowles et al., 2001c  

O/CHA/1/99* 
 
Tibet, P.R. China 

 
05/1999 

 
bovine 

 
AJ318830 

 
Knowles et al., 2001c  

O/CHA/2/99* 
 
Tibet, P.R. China 

 
05/1999 

 
bovine 

 
AJ318831 

 
Knowles et al., 2001c  

O/CHA/3/99* 
 
Tibet, P.R. China 

 
05/1999 

 
bovine 

 
AJ318832 

 
Knowles et al., 2001c  

O/CHA/4/99* 
 
Hainan, P.R. China 

 
05/1999 

 
bovine 

 
AJ318833 

 
Knowles et al., 2001c  

O/FRA/1/2001 
 
Baroche Gondoin, Dept. of Mayenne, France 

 
12/03/2001 

 
bovine 

 
- 

 
This work  

O1/Kaufbeuren/FRG/66 
 
Kaufbeuren, West Germany 

 
1966 

 
bovine 

 
X00871 

 
Forss et al., 1984  

O/GHA/5/93 
 
Kintampo, Ghana 

 
06/01/1993 

 
bovine 

 
AJ303488 

 
Samuel and Knowles, 2001  

O/HKN/1/99 
 
Mong Tseng Tsuen, Yuen Long, Hong Kong 

 
05/01/1998 

 
porcine 

 
AJ294925 

 
Knowles et al., 2001a  

O/HKN/4/2001 
 
Hong Kong 

 
04/2001 

 
nk 

 
- 

 
This work  

O/IND/83/2001H 
 
Karnataka, India 

 
2001 

 
nk 

 
- 

 
R. Venkataramanan, pc 2001  

O/IND/96/2001H 
 
Punjab, India 

 
2001 

 
nk 

 
- 

 
R. Venkataramanan, pc 2001  

O/IND/116/2001H 
 
Haryana, India 

 
2001 

 
nk 

 
- 

 
R. Venkataramanan, pc 2001  

O/IRN/9/99 
 
Iran 

 
1999 

 
nk 

 
AJ318838 

 
Knowles et al., 2001c  

O/IRN/16/2000 
 
Alostan, Sardasht, West Azerbaijan, Iran 

 
28/06/2000 

 
ovine 

 
AJ318840  

 
Knowles et al., 2001c  

O/IRQ/30/2000 
 
Iraq 

 
09/04/2000 

 
bovine 

 
AJ303499 

 
Samuel and Knowles, 2001 

 
O/IRL/134/2001 

 
Broughattin, Proleek, County Louth, 
Republic of Ireland 

 
22/03/2001 

 
ovine 

 
- 

 
This work  

O/KEN/83/79 
 
Mweiga, Nyeri Dist., Central Prov., Kenya 

 
1979 

 
bovine 

 
AJ303511 

 
Samuel and Knowles, 2001  

O/KUW/3/97 
 
Kuwait 

 
1997 

 
bovine 

 
- 

 
This work  

O/KUW/1/98 
 
Warfra (Al Warfah), Kuwait 

 
02/05/1998 

 
bovine 

 
- 

 
This work  

O/JPN/A/2000 
 
Miyazaki, Japan 

 
07/04/2000 

 
bovine 

 
AB050978 

 
Knowles et al., 2001c  

O/LAO/2/2000 
 
Laos 

 
26/01/2000 

 
nk 

 
AJ318844 

 
Knowles et al., 2001c  

O/MAY/2/2000 
 
Kilang Papan, Batu Arang, Selangor, Malaysia 

 
02/02/2000 

 
bovine 

 
AJ318846 

 
Knowles et al., 2001c  

O/MAU/19/2000 
 
Nieleba, Guidimakha, S.E. Mauritania 

 
01/10/2000 

 
nk 

 
- 

 
This work  

O/MOG/2000 
 
Ulaanbadrakh, Dornogovi, Mongolia 

 
04/2000 

 
nk 

 
AJ318847 

 
Knowles et al., 2001c  

O/NEP/12/2000 
 
Kathmandu, Nepal 

 
14/06/2001 

 
bovine 

 
- 

 
This work  

O/NET/1/2001I 
 
Olst, Netherlands 

 
21/03/2001 

 
nk 

 
- 

 
A. Dekker, pc, 2001  

O/NET/3/2001I 
 
Oene, Netherlands 

 
22/03/2001 

 
nk 

 
- 

 
A. Dekker, pc, 2001  

O/NET/5/2001I 
 
Oene, Netherlands 

 
25/03/2001 

 
bovine 

 
- 

 
A. Dekker, pc, 2001  

O/NET/11/2001I 
 
Oene, Netherlands 

 
29/03/2001 

 
nk 

 
- 

 
A. Dekker, pc, 2001  

O/PHI/7/96 
 
Mahabang Parang, Angono, Philippines 

 
1996 

 
porcine 

 
AJ294926 

 
Knowles et al., 2001a 

 
O/QTR/3/99 

 
Al-Wabra, Wildlife Preservation, Dohar, Qatar 

 
27/02/1999 

 
Dorcas 
gazelle 

 
- 

 
This work 

 
O/1734/RUS/2000 

 
Elitnoye, Ussuriysk, 
Primorskiy, Russian Federation 

 
04/2000 

 
porcine 

 
AJ318850 

 
Knowles et al., 2001c  

O/SAR/1/2000 
 
Camperdown, Kwazulu-Natal, South Africa 

 
09/2000 

 
porcine 

 
AJ318860 

 
Knowles et al., 2001c  

O/SAU/2/97 
 
Riyadh, Saudi Arabia 

 
05/1997 

 
bovine 

 
AJ318851 

 
Knowles et al., 2001c  

O/SAU/38/98 
 
Al-Kharj, Saudi Arabia 

 
1998 

 
bovine 

 
AJ318852 

 
Knowles et al., 2001c  

O/SAU/2/99 
 
Saudi Arabia 

 
1999 

 
nk 

 
- 

 
This work  

O/SAU/11/2001 
 
Saudi Arabia 

 
04/2001 

 
bovine 

 
- 

 
This work 

 
O/SKR/1/2000 

 
Papyung, P=aju City, 
Kyunggi, South Korea 

 
26/03/2000 

 
bovine 

 
AJ318854 

 
Knowles et al., 2001c  

O/TAW/81/97 
 
I-lan, Taiwan POC 

 
17/04/1997 

 
porcine 

 
AJ296321 

 
Samuel and Knowles, 2001  

O/TAW/2/99 
 
Kinmen, Taiwan POC 

 
06/1999 

 
bovine 

 
AJ294927 

 
Knowles et al., 2001a  

O/TAI/4/99 
 
Mae Hong Son, Thailand 

 
01/03/1999 

 
bovine 

 
AJ303536 

 
Samuel and Knowles, 2001 
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O/TAI/1/2000 

 
Nong Khai, Thailand 

 
01/01/2000 

 
buffalo 

 
- 

 
This work  

O/TAI/2/2000 
 
Songkhla, Thailand 

 
18/01/2000 

 
bovine 

 
- 

 
This work  

O1/Manisa/TUR/69 
 
Manisa, Turkey 

 
01/04/1969 

 
bovine 

 
AJ251477 

 
Aktas and Samuel, 2000  

O/TUR/2/2000 
 
Balikesir, Merkez, Turkey 

 
2000 

 
bovine 

 
- 

 
This work  

O/TUR/5/2000 
 
Nigde, Turkey 

 
2000 

 
bovine 

 
- 

 
This work  

O/TUR/7/2000 
 
Diyarbakir, Turkey 

 
05/05/2000 

 
bovine 

 
- 

 
This work  

O/TUR/8/2000 
 
Konya, Turkey 

 
2000 

 
bovine 

 
- 

 
This work  

O/UAE/7/97 
 
Al Ain, United Arab Emirates 

 
05/1997 

 
bovine 

 
AJ318856 

 
Knowles et al., 2001c  

O/UAE/4/99 
 
United Arab Emirates 

 
1999 

 
antelope 

 
- 

 
This work  

O/UAE/1/2000 
 
Al Rawabi, Dubai, United Arab Emirates 

 
06/05/2000 

 
bovine 

 
- 

 
This work  

O/UAE/2/2000 
 
Al Rawabi, Dubai, United Arab Emirates 

 
06/05/2000 

 
bovine 

 
- 

 
This work  

O/UAE/3/2000 
 
Al Rawabi, Dubai, United Arab Emirates 

 
06/05/2000 

 
bovine 

 
- 

 
This work 

 
O/UAE/6/2001 

 
Al Hayk'l Slaughter House, 75 km from Bubai, 
United Arab Emirates 

 
03/2001 

 
bovine 

 
- 

 
This work  

O/UKG/12/2001 
 
Essex, England, UK (FMO/2001/01) 

 
20/02/2001 

 
porcine 

 
 

 
Knowles et al., 2001b  

O/UKG/123/2001 
 
Essex, England, UK (FMO/2001/03) 

 
22/02/2001 

 
bovine 

 
- 

 
This work 

 
O/UKG/128/2001 

 
Northumberland, England, UK (FMO/2001/04) 
(index case) 

 
23/02/2001 

 
porcine 

 
- 

 
This work  

O/UKG/130/2001 
 
Essex, England, UK (FMO/2001/05) 

 
23/02/2001 

 
porcine 

 
- 

 
This work  

O/UKG/150/2001 
 
Northumberland, England, UK (FMO/2001/06) 

 
23/02/2001 

 
bovine 

 
- 

 
This work  

O/UKG/174/2001 
 
Devon, England, UK (FMO/2001/07) 

 
24/02/2001 

 
bovine 

 
- 

 
This work  

O/UKG/195/2001 
 
Wiltshire, England, UK (FMO/2001/08) 

 
26/02/2001 

 
ovine 

 
- 

 
This work  

O/UKG/198/2001 
 
Devon, England, UK (FMO/2001/09) 

 
26/02/2001 

 
bovine 

 
- 

 
This work 

 
O/UKG/438/2001 

 
Co. Armagh, Northern Ireland, UK 
(FMO/2001/1700) 

 
28/02/2001 

 
ovine 

 
- 

 
This work 

 
O/UKG/478/2001 

 
Dumfries & Galloway, Scotland,, UK 
(FMO/2001/28) 

 
01/03/2001 

 
ovine 

 
- 

 
This work 

 
O/UKG/3730/2001 

 
Dumfries & Galloway, Scotland, UK 
(FMO/2001/806) 

 
30/03/2001 

 
nk 

 
- 

 
This work  

O/UKG/3802/2001 
 
Devon, England, UK (FMO/2001/801) 

 
30/03/2001 

 
bovine 

 
- 

 
This work  

O/UKG/4021/2001 
 
Cumbria, England, UK (FMO/2001/911) 

 
01/04/2001 

 
ovine 

 
- 

 
This work  

O/UKG/4027/2001 
 
North Yorkshire, England, UK (FMO/2001/766) 

 
29/03/2001 

 
ovine 

 
- 

 
This work  

O/UKG/4553/2001 
 
Borders, Scotland, UK (FMO/2001/1101) 

 
07/04/2001 

 
ovine 

 
- 

 
This work 

 
O/UKG/5060/2001 

 
Co. Tyrone, Northern Ireland, UK 
(FMO/2001/1701) 

 
13/04/2001 

 
bovine 

 
- 

 
This work 

 
O/UKG/5565/2001 

 
Co. Antrim, Northern Ireland, UK 
(FMO/2001/1702) 

 
15/04/2001 

 
bovine 

 
- 

 
This work 

 
O/UKG/9359/2001 

 
North Yorkshire, England, UK 
(FMO/2001/1602) 

 
16/05/2001 

 
bovine 

 
- 

 
This work  

O/UGA/5/96 
 
Mbarara, Uganda 

 
17/01/1996 

 
bovine 

 
AJ296327 

 
Samuel and Knowles, 2001  

O/URU/1/2000 
 
Artigas, Uruguay 

 
25/10/2000 

 
bovine 

 
- 

 
This work  

O/VIT/2/97 
 
Vietnam 

 
1997 

 
bovine 

 
AJ294929  

 
Knowles et al., 2001a 

 
O/VIT/3/97 

 
Vietnam 

 
1997 

 
porcine 

 
AJ294930  

  
 
Knowles et al., 2001a 

 
*, Lanzhou Veterinary Research Institute reference number 
H, Indian Veterinary Research Institute-Mukteswar reference number 
I, ID-Lelystad reference number 
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Table 3. Percentage nucleotide relationships between a hypothetical progenitor virus 
isolate AA@ and its descendants. 
 
 

 
A 

 
B 

 
C 

 
D 

 
E 

 
F 

 
G 

 
A 

 
0.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
B 

 
5.00 

 
0.00 

 
 

 
 

 
 

 
 

 
 

 
C 

 
5.00 

 
10.00 

 
0.00 

 
 

 
 

 
 

 
 

 
D 

 
10.00 

 
5.00 

 
15.00 

 
0.00 

 
 

 
 

 
 

 
E 

 
10.00 

 
5.00 

 
15.00 

 
10.00 

 
0.00 

 
 

 
 

 
F 

 
10.00 

 
15.00 

 
5.00 

 
20.00 

 
20.00 

 
0.00 

 
 

 
G 

 
10.00 

 
15.00 

 
5.00 

 
20.00 

 
20.00 

 
10.00 

 
0.00 

 
 

 
 



������

�������� ��������

��������

������

����������

����������

������

����������

����������������
��������

������

��������

������

������

��������

������

��������

������

��������

������

������

������

����������

������

������

������

��������

��������

��������

������

������

������

������

��������

�&�R�X�Q�W�L�H�V���D�I�I�H�F�W�H�G���E�\���)�0�'���V�L�Q�F�H��
�����W�K���)�H�E�U�X�D�U�\����������

�&�R�X�Q�W�L�H�V���F�R�Q�W�L�Q�X�L�Q�J���W�R���E�H��
�D�I�I�H�F�W�H�G���E�\���)�0�'���D�I�W�H�U�����V�W���$�X�J�X�V�W��
��������

�)�L�J�����������1�X�P�E�H�U���R�I���L�Q�I�H�F�W�H�G���S�U�H�P�L�V�H�V���E�\���F�R�X�Q�W�\���L�Q���W�K�H�������������8�.���R�X�W�E�U�H�D�N���R�I���)�0�'�����$���W�R�W�D�O���R�I�������������Z�H�U�H��
�U�H�F�R�U�G�H�G���D�V���R�I�����W�K���6�H�S�W�H�P�E�H�U������������



��

�2���)�5�$��������������
�2���8�.�*��������������������

�2���8�.�*������������������

�2���8�.�*��������������������
�2���8�.�*��������������������

�2���8�.�*��������������������
�2���8�.�*��������������������

�2���8�.�*��������������������

�2���8�.�*������������������
�2���8�.�*������������������

�2���8�.�*������������������
�2���8�.�*������������������

�2���8�.�*������������������
�2���8�.�*������������������
�2���8�.�*������������������

�2���,�5�/������������������
�2���1�(�7��������������

�2���8�.�*����������������
�2���8�.�*��������������������

�2���$�/�*����������
�2���*�+�$����������

�2���0�$�8����������������

�2���.�(�1������������
�2���8�*�$����������

�2�����.�D�X�I�E�H�X�U�H�Q���)�5�*������
�2���8�5�8��������������

�2���+�.�1��������������
�2���+�.�1����������

�2���3�+�,����������
�2���7�$�:������������

�2���9�,�7����������

�2���&�$�0����������
�2���9�,�7����������

�2���7�$�,����������
�2���7�$�,��������������

�2�����0�D�Q�L�V�D���7�8�5������
�2���1�(�3����������������
�2���%�$�5��������������

�2���,�1�'����������������
�2���,�1�'������������������
�2���,�1�'����������������

�2���6�$�8����������������
�2���8�$�(��������������

�2���%�$�5����������
�2���8�$�(����������

�2���.�8�:����������

�2���6�$�8����������

�2���7�8�5��������������
�2���7�8�5����������������������

�2���7�8�5����������������������

�2���.�8�:����������

�2���%�$�5����������
�2���6�$�8������������

�2���,�5�1����������������
�2���7�8�5��������������

�2���7�8�5��������������

�2���,�5�4����������������

�2���6�$�8����������
�2���4�7�5����������

�2���,�5�1����������
�2���8�$�(����������

�2���8�$�(��������������
�2���8�$�(��������������
�2���8�$�(��������������

�2���%�$�5����������
�2���0�2�*����������

�2���&�+�$����������

�2���&�$�0��������������
�2���/�$�2��������������

�2���0�$�<��������������
�2���7�$�,��������������

�2���&�+�$����������
�2���7�$�:����������

�2���&�+�$����������

�2�������������5�8�6����������
�2���6�.�5��������������

�2���&�+�$����������
�2���-�3�1���$����������

�2���6�$�5��������������

�2���1�(�7��������������
�2���1�(�7��������������

�2���1�(�7����������������

�2���8�.�*������������������
�2���8�.�*��������������������

�)�L�J�����������*�H�Q�H�W�L�F���F�R�P�S�D�U�L�V�R�Q���R�I���W�K�H���F�R�P�S�O�H�W�H���9�3�����J�H�Q�H�V���R�I���U�H�F�H�Q�W�O�\���L�V�R�O�D�W�H�G���I�R�R�W���D�Q�G���P�R�X�W�K���G�L�V�H�D�V�H���Y�L�U�X�V�H�V��

���&�D�W�K�D�\��

���6�(�$��

���(�X�U�R���6�$��

���:�$��

���0�(���6�$��

���(�$��

���3�D�Q�$�V�L�D���V�W�U�D�L�Q��

�7�2�3�2�7�<�3�(�6
���0�(���6�$ � ���0�L�G�G�O�H���(�D�V�W���6�R�X�W�K���$�V�L�D��
���6�(�$ � ���6�R�X�W�K���H�D�V�W���$�V�L�D
���(�$ � ���(�D�V�W���$�I�U�L�F�D
���:�$ � ���:�H�V�W���$�I�U�L�F�D��
���(�X�U�R���6�$ � ���(�X�U�R�S�H���6�R�X�W�K���$�P�H�U�L�F�D
���&�D�W�K�D�\ � ���&�K�L�Q�D



 52 

Appendix 4 
 
Sequence data of the foot-and-mouth disease outbreaks in the Netherlands; 

how do they correspond with the results from tracing 
 

A. Dekker, C. Boonstra-Leendertse, J. Boonstra 

During an outbreak of a notifiable disease tracing of contacts of infected farms is always 
difficult. In the Netherlands the compensation paid to the farmers are cut, if regulations with 
regard to identification and registration or hygiene have not been followed. Therefore, farmers 
are often reserved to reveal information. In the 2001 foot-and-mouth disease outbreak on 7 
farms possible contacts came to light. In 17 cases, there was an infected farm nearby but the 
real contact could not be traced. To study whether sequencing the virus isolates could help to 
reveal the possible contacts, all outbreak viruses were sequenced and compared to a known 
UK outbreak strain.  
Standard methodologies for RNA isolation, RT-PCR and sequencing, using primers advised 
by the world reference institute, were used. In all cases, RNA was isolated from the original 
vesicular material, without a cell passage.  
The VP1 sequence of the index case (NET 3/2001) was identical to several UK strains. 
Within the outbreak strains only small differences were found. Two nucleotides in VP1 and 
one in the beginning of 2A changed very early in the epidemic. Nine isolates had these 
changes. The other 13 isolates had one additional nucleotide change in VP1, which in 11 
isolates resulted in an amino acid substitution (Figure 1).  

Figure 1:  Neighbour-joining tree of all Dutch outbreak isolates (based on VP1 and first 63 
nucleotides of 2A) 
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In this figure, NET 9/2001 is missing, because this farm was diagnosed based on serology and 
the epidemiological link, transport of infected goats, and strain NET 21/2001 has not been 
sequenced yet. 
Geographically strains with equal sequence were often found in the same area (Figure 2). 
Some contacts identified during the inquiry did not seem logical when looking at the 
sequences of the isolates and the serological results found on the farm.  
 

 
The ability to trace contacts is essential for disease control. All people having contact with 
farm animals should register all contacts during an outbreak of a notifiable disease, to enable 
epidemiological tracing. The fact that the geographical distribution of sequences was not 
randomly suggests that spread of virus within a small area often occur. This Implicates that 
hygiene by farmers, and by disease control personnel has to be very strict. If control measures 
cannot be performed without these very strict hygienic measures, other control measures like 
vaccination should be pursued. 
 
This study shows that sequence data can help to understand the epidemiology of FMD. But 
due to the fact, that only minor mutations were found in the part that was sequenced, the use 
of nucleotide sequencing remains limited in small outbreaks like this one.  
 
 

Figure 2:  Geographical distribution (approximation based on postal code areas) of 
the infected farms in the centre of the Netherlands. 
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Appendix 5 
 

 
REPORT  ON  THE  OUTBREAK  IN  FRANCE 

 
François Moutou 

 
* 20 February 2001 Notification of FMD in the UK 
 
* 1-21 February 2001 31476 sheep imported from the UK 
 
20 February – 2 March 1254 animals from Ireland 
20 February – 5 March 15787 animals from the Netherlands 
 
* 59 968 animals slaughtered in 117 farms ; 43% imported, 53% in-contact. 
 
* 5404 blood samples 
 
 
 5398 negative from 189 farms 
     28 positive from 6 farms 
 
* First outbreak on 13 March in Mayenne 
*  Second outbreak on 23 March in Seine-et-Marne. 
 
 
Serology against FMD in 2001 
 
* February – June  17932 blood samples 
         893 lots 
           68 departments 
 
 
* Imported – contact sheep 
 
     9524 blood samples  
       590 lots 
         61 departments 
 
 
* "Native" sheep (May – June) 
 
 Resident and "nomadic" (Alps and Pyrénées) 
 
     8408 blood samples 
       303 lots 
         18 departments 
 
All negative 
 
- 30 blood samples / flock. 
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Appendix 6 
 

THE EPIDEMIC OF FOOT-AND-MOUTH DISEASE IN  
THE NETHERLANDS IN 2001: LABORATORY EXAMINATIONS 

 

A. Bouma, P. Eble, E. v. Rooij, A. Bianchi, A. Dekker 

 

After the outbreak of foot-and-mouth disease (FMD) in the United Kingdom, an outbreak of FMD 

occurred in the Netherlands. The first farm infected (NET 3/2001) was a mixed, veal calf / goat farm in 

the central part of the Netherlands. The most likely route of infection was the import of Irish veal calves 

via an FMD contaminated staging point in France, which was located near the first outbreak of FMD in 

France. Because the virus grew poorly in the secondary pig kidney cells used for virus isolation the 

diagnosis took several days. Before the first farm was confirmed, in the laboratory, already two other 

clinical cases were detected (NET 1/2001 and NET/2/2001). Despite the control measures, more 

outbreaks of FMD occurred within the area around Oene. In total 26 outbreaks occurred (Table 1). 
 
Table 1: Outbreaks of FMD in the Netherlands (2001) 

Number Date  
Diagnosis 

Date 
Culling Location Number of animals present  

Number of 
samples taken 
before culling 

Cattle Sheep Pigs Goat  Total Positive 
1 21/03/01 21/03/01 Olst 59 74 0 0  4 1 
2 21/03/01 22/03/01 Welsum 121 0 0 0  122 0 
3 22/03/01 17/03/01 Oene 74 0 0 545  184 94 
4 24/03/01 24/03/01 Nijbroek 1197 16 0 3  113 1 
5 25/03/01 26/03/01 Oene 164 0 0 0  163 0 
6 27/03/01 28/03/01 Terwolde 0 0 0 624    
7 27/03/01 28/03/01 Tongeren 69 86 0 0  64 1 
8 28/03/01 27/03/01 Kootwijkerbroek 457 3 0 1  67 0 
9 28/03/01 21/03/01 Oosterwolde 327 36 0 50  129 47 

10 29/03/01 29/03/01 Oosterwolde 113 0 0 0  57 0 
11 29/03/01 30/03/01 Oene 179 0 0 43  223 2 
12 01/04/01 02/04/01 Vaassen 78 19 0 0  94 0 
13 03/04/01 03/04/01 Olst 46 0 0 0  12 2 
14 03/04/01 03/04/01 Oene 31 0 0 0  1 0 
15 03/04/01 03/04/01 Oene 54 0 0 0  51 0 
16 07/04/01 06/04/01 Wapenveld 23 0 0 0  23 0 
17 07/04/01 07/04/01 Heerde 91 0 0 0  71 0 
18 07/04/01 08/04/01 Heerde 334 0 0 0  180 0 
19 09/04/01 08/04/01 Heerde 47 1 0 0  43 0 
20 09/04/01 09/04/01 Wapenveld 11 22 0 0  15 0 
21 10/04/01 09/04/01 Heerde 47 1 0 1  93 0 
22 11/04/01 11/04/01 Ee 103 0 0 0  8 0 
23 11/04/01 12/04/01 Wapenveld 54 0 0 0  55 2 
24 11/04/01 12/04/01 Wapenveld 89 0 0 0  86 0 
25 11/04/01 12/04/01 Anjum 133 0 0 2  33 1 
26 22/04/01 22/04/01 Wijhe 76 0 0 0  58 1 
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In the cases that animals were not vaccinated, positive serological results were always followed by the 

collection of additional samples. Except for the three farms mentioned above, all other positive results 

were considered as false positive. During final screening all farms in a 10 km zone around the 

vaccination area were examined for clinical signs of disease and in a sample of these farms 45,699 

sera were collected (Table 2). 

 

Table 2: Serological results during the outbreak (without the results obtained at the outbreak farms) 

Reason serological 
investigation 

Number of sera Percentage tested Positive 
Suspicion or screening 63161 95 0.15% 
Pre-vaccination 61208 72 0.12% 
Pre-emptive slaughter 10971 14 0.13% 
Final screening 45699 6 0.01% 
Total 181039 187 0.10% 

 
During this final screening 6 animals on 6 farms were found positive by ELISA and the VNT. In three 

cases no serological positive samples were found at re-sampling. In two cases the same animal was 

positive on re-sampling, so this was a singleton reactor. The seropositive animals were culled. In one 

case the cow was born in 1989 and had been vaccinated so no further investigation followed.  

In total, 26 outbreaks occurred, the last outbreak on 22 April 2001. The country was declared FMD-

free in August 2001. 

 
 



Appendix 7 
 

PIRBRIGHT’S ROLE IN THE UK 2001 FMD EPIDEMIC AND ITS 
RESPONSE TO THE EMERGENCY 

 

Soren Alexandersen* , Paul Kitching and Alex I Donaldson 

Institute for Animal Health, Pirbright Laboratory, Pirbright, Woking, Surrey, GU24 ONF, 
U.K. 

 
SUMMARY  
 
An initial diagnosis of type O FMD in pigs at an abattoir near Brentwood, Essex was 
made on Tuesday 20 February by the Institute for Animal Health (IAH) Pirbright.  Soon 
afterwards AID visited the premises and investigated the disease situation. In the 
meantime the laboratory diagnosis was repeated and confirmed. The CVO was given a 
report by telephone from the abattoir that evening.  He decided to declare an outbreak 
which was done officially the following morning.  The first sequencing results, available 
after 36 hours, showed that the UK virus was a member of the PanAsia group of strains 
within type O.  
 
After a lull of 3 days, a series of outbreaks occurred, first in Northumberland, in the 
northeast and then in Devon, in the southwest. Experts from Pirbright (SA and RPK) 
visited premises in those regions and later a premises in Essex, about 30 km from the 
abattoir where the disease was first diagnosed.  The objectives were to identify the periods 
when infection was probably introduced and in the case of the pig premises to analyse the 
risk of airborne spread both locally and over distance, including to the continent. This was 
done by ageing lesions, by laboratory investigations and by the use of models to generate 
simulated plumes of airborne FMD virus. The modelling was done in collaboration with 
meteorologists in Denmark and the UK.  
 
The finding of lesions around 12 days of age in pigs at the swill fed premises in 
Northumberland suggested that infection was probably present from the beginning of 
February. This was the earliest indication of infection and so it was concluded that this 
holding was probably the primary outbreak. It was concluded from further investigations 
that pigs from this premises probably spread infection to the abattoir in Essex. The 
movement of sheep from a farm at Ponteland, previously infected by airborne virus from 
the primary outbreak, was the probable mechanism of spread to Devon. The second 
outbreak investigated in Essex, a pig farm near Canewdon, was probably infected by 
contact with the abattoir near Brentwood.   
 
As soon as the first laboratory diagnosis was made Pirbright started to increase its 
capacity to handle an increased number of samples. Personnel were deployed from other 
departments on site and from our sister laboratory at Compton. Volunteers soon arrived 
from other laboratories in England, Scotland, Ireland, Australia and New Zealand.  
Previous employees obtained leave of absence from their jobs and offered their services. 
In a short time the number of people available for diagnostic work (including database 
operation and reporting) increased from 20 to over 60. Veterinarians from the UK and 



overseas, including Ireland, Australia and Italy (FAO and EUFMD) were recruited to man 
the interfaces between the laboratory and MAFF, HQ and the laboratory and the field, to 
provide expert advice to MAFF and deal with the enormous number of inquiries from the 
media, the public and politicians.         
 
As the epidemic took off the diagnostic workload increased dramatically and so duty 
rosters were established to enable the work to continue around-the-clock and through 
weekends. The ELISA for antigen detection, tissue culture for virus isolation and the 
LPBE were used for virological and serological investigations, respectively. Sheep were 
the species predominantly involved and so a large number of blood samples were tested 
for both virus and antibody.  A small number sheeep probang samples were tested by 
virus isolation and PCR.  Todate (03/08/01) over 14,000 diagnostic samples have been 
processed.  During these activities a validation exercise was begun to compare an 
automated, real time RT-PCR with conventional ELISA/virus isolation procedures.   
 
During the second month of the epidemic a major serological surveillance was initiated 
aimed mainly at freeing up the southern and eastern regions of the country. The demand 
on the laboratory increased and additional personnel were recruited, mainly from the 
Veterinary Laboratories Agency, Weybridge. The number of tests performed per week 
steadily increased and then leveled off at between 50 and 60,000 per week. By the fifth 
month of the epidemic Pirbright had tested more than 500,000 samples. This included 
sera from the Republic of Ireland and Northern Ireland. The screening test mainly used 
was the new solid phase competitive ELISA with verification of doubtful results by virus 
neutralisation. At the time of writing a robotic system with a specified capability of 
processing 100,000 sera per week was being installed and commissioned.  
 
The possibility of vaccination has been continuously debated during the epidemic.  An 
early action was to antigenically characterise the UK virus to determine its relationship 
with antigens stored in the International Vaccine Bank.  A close relationship (r = 1.0) was 
found with the O Manisa strain.  In March the International Vaccine Bank formulated 
500,000 doses of vaccine which was held in readiness but not used.         
 
The epidemic has been a stimulus to complete research projects in progress and to initiate 
new work, including: (a) studies to determine the quantities of airborne virus excreted by 
pigs and sheep infected with the UK strain of virus to update models for predicting 
airborne spread; (b) investigations to examine the virulence of the UK strain in different 
species and also its transmissibility; (c) the application of real time RT-PCR to investigate 
the infectiousness of the UK strain in sheep; (d) studies of the serial passage of FMD 
virus in groups of sheep; and (d) the sequencing of the VP1 gene of 27 isolates of the UK 
strain.   
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Appendix 8 
 
 

REPORT ON THE PRODUCTION OF EMERGENCY 01 MANISA FOOT- 
AND-MOUTH DISEASE VACCINE FOR THE UNITED KINGDOM BY THE 
INTERNATIONAL VACCINE BANK (IVB), 22nd MARCH – 4th APRIL 2001 

 
Paul V Barnett 

 
Institute for Animal Health, Pirbright Laboratory, 

Ash Road, Pirbright, Surrey GU24 ONF, U.K. 
 
Summary 
 
On the 20th February 2001 the United Kingdom confirmed its first case of foot-and-mouth disease 
(FMD) for 20 years and during the initial stages, the International Vaccine Bank (IVB), Pirbright, 
prepared itself for the possibility of producing emergency FMD vaccine. Serological evaluation and 
sequencing data undertaken at Pirbright had indicated that the most suitable vaccine strain against this 
particular field isolate would be 01 Manisa. On the 22nd March, the Department of Environment, Food 
and Rural Affairs (DEFRA), formerly the Ministry of Agriculture, Fisheries and Food (MAFF) 
requested the formulation of 500,000 bovine doses of aqueous aluminium hydroxide/saponin 01 
Manisa vaccine. This was the first time in the Banks' history that it had been summoned to produce 
vaccine in 'anger'. This report details the subsequent manufacture of vaccine following request. 
 
Manufacture of emergency FMD vaccine 
 
The 500,000 bovine doses of 01 Manisa vaccine were formulated over four separate batch runs. The 
first three runs consisting of 150,000 cattle doses, and a final run of 50,000 bovine doses. Because of 
the volumes required, the 500 litre vessel OV1 vessel was used for the blending of each of the 150,000 
dose batches (equivalent to 450 litres), whilst the final 50,000 dose run (equivalent to 150 litres) was 
blended in the 300 litre vessel LH1. Each individual run took three days to complete from preparation 
and sterilisation to filling and capping. In accordance with Good Manufacturing Practice (GMP), 
records were made of each manufacturing stage, which were countersigned by the appropriate member 
of staff and any problems entailed were also noted. 
 

Some 26 staff members were either directly or indirectly involved in assisting in the production 
of the vaccine. This included 6 bottling personnel, 5 personnel for dispatch  (1 transporting vaccine to 
hatch, 2 adding documents, freezer packs and checking, 2 strapping boxes and 3 personnel packing). 
Bottling rate of the vaccine was approximately 280 units per hour and a filling run into nominal 300 ml 
polypropylene bottles of 150,000 bovine doses took approximately 6 - 6.5 hours. Some 494,657 bovine 
doses were finally dispensed, which were hand labelled, packed appropriately in 20 unit amounts and 
stored in the 1VB’s + 4oC cold room. The only dispatched vaccine, Batch 1/01, which was transported 
to Penrith in Cumbria, also included cool packs (1 per box), an aqueous vaccine package insert/data 
sheet and a disclosure sheet notifying the user of the number of doses per vaccine bottle. These sheets 
were similarly produced for the other 3 batches awaiting dispatch. The number of doses per bottle 
tended to vary slightly from run to run. 

 
The minimum of at least 30 retention samples were kept from each batch for subsequent 

analyses or sterility testing. In addition, during the transfer of components and blending of each batch, 
in-line samples were also taken for sterility checks. The vaccine, Batch 1/01, which was dispatched to 
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Cumbria was subsequently returned to Pirbright and all four batches of vaccine are still currently stored 
in the IVB's +4oC fridge. 
 
Quality control 
 
 Safety, according to current European Pharmacopoeia guidelines, and potency of the emergency 
vaccine by serology, were undertaken in-house. Sterility of the final product was carried out 
independently by a third party to full European Pharmacopoiea compliance. Two production batches 
were used for the various tests. Batch 1/01, which was dispatched to Penrith in Cumbria, underwent 
sterility and safety testing. Batch 2/01 was used for potency analysis in 8 cattle. In addition, Batch 4/01 
has been used to monitor the stability of the final product at +4oC. 
 
Results 
 
a) Safety test on emergency 01 Manisa vaccine Batch 1/01- Carried out in accordance to the 
European Pharmacopoeia safety test for veterinary vaccines. Briefly, two cattle were inoculated with 2 
x bovine dose (6 ml) of aqueous AI (OH)3/saponin vaccine, Batch 1/01, subcutaneously. Body 
temperatures were recorded and the animals were monitored daily for well being and local reactions. 
 
Table 1 Results of safety test on emergency 01 Manisa vaccine Batch 1/01 
 
Animal 5/4/01 6/4/01 7/4/01 8/4/01 9/4/01 10/4/01 11/4/01 12/4/01 13/4/01 4/4/01 
UJ70 38.6oC  39.00C  39.1oC  38.8oC  38.9oC  38.5oC  38.4oC 38.5oC 38.7oC  38.6oC 
UJ71 38.2oC  39.0oC  38.2oC  38.5oC  38.7oC 3 8.4oC  38.2oC  38.2oC  38.4oC  38.4oC 

 
No adverse reactions were observed following vaccination and animals remained healthy and body 
temperatures remained normal during period of monitoring. 
 
b) Cattle potency test of emergency 01 Manisa vaccine Batch 2/01 - Using the same vaccine 
formulation, this antigen was originally potency tested for acceptance into the IVB in 1991 and was 
found to have a PD50 value 112. Batch 2/01 was therefore tested in accordance to a mini IVB cattle 
potency test which is routinely undertaken every fifth anniversary following acceptance. Briefly, eight 
cattle were subcutaneously vaccinated with a 1/10 cattle dose of antigen as a 3 ml aqueous AI 
(OH)3/saponin vaccine. At 21 days post-vaccination animals were bled for serology and a PD50 value 
estimated from the neutralising antibody titres at 21 days by computer model analysis using logistic 
regression. 
 
Table 2 Cattle potency test on emergency 01 Manisa vaccine Batch 2/01 
 
Animal Antibody titres Probit - % Probability 
Number (Log SN50 of Protection 
 @100 TCID50)  
 at 21 days p.v. 
UJ91 1.505 40.7% 
UJ92 1.95* >90% 
UJ93 1.95 >90% 
UJ94 1.95 >90% 
UJ95 1.806 79.7% 
UJ96 1.95 >90% 
UJ97 1.95 >90% 
UJ98 1.95 >90% 
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Expected protection for 01 Manisa Batch 2/01 = 6.606/8 (>10 PD50) Variance = 0.942 t - statistic - 
2.6849606 
 
chance that PD50 > than dilution used (10) = 98.61% 
 
* - all the 1.95 titres were >1.95 and therefore the calculation is lower that the probable value, 
however, the potency was in excess of its requirement. 
 
c) Sterility test on emergency 01 Manisa vaccine Batch 1/01 - The testing regime which was done in 
accordance to the current European Pharmacopoeia and undertaken independently found Batch 1/01 to 
be sterile. In addition, all line samples taken during the different stages of manufacture showed no 
evidence of contamination. 
 
d) Guinea pig potency/stability test on emergency 01 Manisa vaccine Batch 4/01 - The testing 
regime followed that previously described (1) except that the animals receiving a specific dilution of 
vaccine were always in groups of five and the vaccines were only diluted threefold up to 1/27. Testing 
was repeated monthly over a 4 month period. PD50 values were calculated by the method of Karber (2). 
 
 
 
Figure 1 Guinea pig potency/stability values of Batch 4/01 stored over 4 months at +4oC 
 
 
 
 

Discussion 
 
The emergency foot-and-mouth disease vaccine requested on the 22nd  March 2001 by the Department 
of Environment, Food and Rural Affairs (DEFRA), formerley the Ministry of Agriculture, Fisheries 
and Food (MAFF), and produced by the IVB at Pirbright, was shown to be safe, sterile and of the 
required potency with a PD50 value in excess of 10. A dossier of all the relevant quality control testing 
of 01 Manisa antigen was compiled for scrutiny by the Veterinary Medicines Directorate. 
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Appendix 9 
 

THE SPANISH DIAGNOSIS EXPERIENCE DURING THE 2001 FMD EUROPEAN 
CRISIS 

 
Esther Blanco, Luis.J.Romero, Zamora, M.J., Arias, M and José Manuel Sánchez-

Vizcaíno 
 

CISA-INIA, Valdeolmos, Madrid 28130, Spain 
 
 
  Since an outbreak of FMD was declared in United Kingdom on the 20th February 
2001, until June of this year, about 28.000 samples were collected in Spain and tested in our 
laboratory CISA at Valdeolmos  for monitoring the situation of possible animals infected of 
FMD virus in the country.  The distribution of these sera by animal species was as follows: 
pig sera 15.000, bovine 8.862 and ovine 4000. The diagnostic strategy  consisted of the 
inspection of samples by PCR (using "universal" primers selected in our lab) and 3ABC-
ELISA (indirect test developed and validated previously in Valdeolmos),  LPB Elisa and  
seroneutralization. 
 

 None of the analysed samples by PCR were positives. The clinical lesions suspects of 
FMD and submitted to Valdeolmos were mainly collected from sheep and all of them were  
negatives to FMD virus and a few cases were positives to ecthyma virus. 

 
Serum were studied by 3ABC protein,  Liquid Phase Blocking ELISA using the 

reactive supplied by WRL from Pirbright and Seroneutralization test using BHK21 cell 
cultures. None of the sera analysed by Seroneturalization test was positive. False positives 
were found in a higher percentage analysing sheep sera: 0,67% using LPBE and 0,2% using 
3ABC-ELISA. The percentages of false positives in bovine sera were 0,51% using LPBE but 
only 0,07% when the 3ABC-ELISA was used. Among the pig sera the percentage of false 
positive were very low; 0,06% and 0,02% using LPBE or 3ABC test respectively. 

 
Concerning the number of sera found doubtful (close or equivalent to cut-off value), 

using the 3ABC-ELISA those dates were 0,3% (sheep), 0,1% (pigs) and 0% (cattle). 
However, using LPBE these percentages were slightly higher: 2,1% (sheep), 0,3% (pigs) and 
1,2 % (cattle). 

 
Summarizing these results suggest that the 3ABC test used in CISA can be a useful 

tool in the diagnosis and serosurveillance of FMD since this test is easy to perform, rapid and 
specific, being the percentage of false positive as well as the number of doubtful sera that 
required further diagnostic confirmation very low. 
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Appendix 10 
 

 
SURVEILLANCE OF FMD IN ITALY DURING THE YEAR 2001 

 
Berlinzani A.; De Simone F.; Bugnetti M.; Fallacara F. and Brocchi E. 

Istituto Zooprofilattico Sperimentale della Lombardia e dell'Emilia -Romagna, Brescia, Italy 
 
This report concerns results of the FMD surveillance performed during the year 2001 at the 
CERVES (Italian Reference Centre for Vesicular Diseases), Brescia, Italy. 
The period taken in consideration lasts from 21 February till 18 May, when restrictive regulations 
on animal trade were enforced by the E.U. 
Surveillance was extended also to consignments of FMD susceptible animals imported in Italy since 
1st February 2001.  
 
Materials and Methods 
Materials and Tests used at the CERVES are as follows: 
 
Serology 
FMD viruses in use were the O Manisa and O Switzerland subtypes. The screening ELISA 
employed inactivated antigens.            
Screening ELISA  The test was a monoclonal antibody-based LPBE. The cut-off  is the titre 
corresponding to the Weak Positive Reference Serum.   
SN    The test was performed according the "Manual of Standards for diagnostic Tests and 
Vaccines", OIE, 2000.  
3ABC ELISA   The test was a trapping-indirect ELISA for the detection of antibodies to the NS 
polypeptide 3 ABC of the FMD Virus. Results were evaluated as T/P (Test Serum/Positive Serum) 
Ratio.  
 
Virology 
Materials submitted to virological tests were the homogenates of epithelial tissues (from tongue, 
gum and lips), tonsils, bone marrow and scabs collected in the field or at slaughterhouses.  
Tissue Culture   IBRS-2 and BHK are the cell lines currently in use. The sample was scored as 
negative after three blind TC passages without showing CPE. 
Antigen detection  The test currently in use is a sandwich ELISA performed with a combination of 
rabbit immune  sera and MAbs specific for O, A, C and Asia types. 
RT-PCR The test was performed using two sources of primers, namely:  
- F17 and F21 (21-40 and 210-228  of the 3D gene), (Rodriguez A. , Virology 1992)   
- LD2 and LR2 (209-226 and 403-420 of the 3D gene), (Lomakina N.,  unpublished, 1998) 
TEST "in vivo" Suckling mice (3-5 days old) were inoculated  "in peritoneum" and kept under 
observation for 5 days. 
 
Results and Discussion 
 
Serological Examinations 
A final  43 166 serological tests have been performed during the emergency period.  
Sera have been collected from 29 721 animals among which cattle (14 515), sheep and goats (11 
775) and swine (3 421), officially submitted for examination. 
The origin of consignments was from E.U countries as well as from Italy. Species involved were 
bovine, ovine and swine. Very few samples originated from other countries (East Europe, Uganda) 
or species (elephant, camelids). 
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All sera received during the emergency period have been submitted to the screening ELISA (1st 
sampling).  
Positive and/or doubtful reactors were sampled again (2nd sampling). Sampling was usually 
extended to further animals in contact with reactors and submitted again to the screening ELISA. 
All doubtful and/or positive sera in the screening ELISA were examined by the 3 ABC test. 
In order to improve the knowledge of the performances of the 3ABC test, besides the examination 
of sera identified as reactors by the screening ELISA, also all the sera  received from 18th February 
to end of March (n = 10 487 sera) have been submitted to this test. 
In Table 1 results of 1st and 2nd samplings are reported 
Titres of reactors of the 1st sampling resulted unchanged or decreased at the 2nd sampling and never 
an increase of titres has been observed.  
All reactors  identified during the two sampling phases with the screening ELISA (n =782)  resulted 
negative  with the 3 ABC ELISA . On the contrary, within sera negative in the screening ELISA (n 
=10 487), 26 reacted in the 3 ABC test. Among them 5 scored clearly  positive whilst 21 resulted 
borderline. Twenty-five out of 26 sera originated from cattle (n = 7468), one (borderline) from a 
sheep (n =1976) and none from pig (n = 1049). The follow up of these herds demonstrated that any 
peculiar FMD sign has not been observed onwards so it is reasonable to consider that positive titres 
detected in 782 sera with the screening ELISA and in  26 sera with the 3 ABC ELISA were not 
specific.  
 
Finally 586 out of 782 reactors in the screening ELISA were submitted also to SN.  
Thirty-six among these reactors were able to neutralise to some extent the infectivity of O Manisa 
strain (6.2%).  
The distribution in classes of titres of 586 sera positive in the screening ELISA and the number of 
SN reactors found in each class is shown in Table 2. 
The summary of serological tests performed during the emergency period is reported in Table 3. 
 
Virological Examinations 
 
 Table 4 reports the results of virological tests performed to clear suspicions due to observation of 
clinical signs or after positive serological results or because herds in contact with the above 
mentioned ones.  
Often the occurrence of vesicles was claimed but never confirmed at receiving of suspect samples. 
Suspicions for positive serology confirmed at re-sampling was usually followed by slaughter of the 
reactor animals and collection of tonsils for virological studies.   
All (n = 26) of such cases has been examined in  tissue culture resulting negative: 13 out of them  
were negative also in RT-PCR tests. 
Tonsils from one cattle (origin Poland) with questionable serology showed CPE in both cell lines 
currently used. A positive reaction was obtained in an RT-PCR test using the primers described by 
Rodriguez but not with the ones described by Lomakina. The CPE was unaffected by treatment at 
pH 5 so it is unlikely to be an FMD virus. TC fluids resulted negative to all other virological tests. 
Strong alarm (serological findings and clinical signs) was connected to 3 consignments from 
different places of France: alarm became panic when the first outbreak was declared in France. A 
"parapox" virus was immediately seen by Electron Microscopy in pathological samples from two 
out of three consignments, whilst all tests for FMD virus resulted negative.  
Electron microscopy gave again a powerful help on two other similar occasions due to "Ectima" in 
sheep and "Papular Stomatitis" in cattle. 
In one clinical suspicion due to the presence of vesicles on cattle tongue a BVD virus was 
demonstrated.  
All other samples from clinical or serological suspicions resulted negative to  virological tests.  
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TABLE 1 : Serological results with the MAbs-based LPB-ELISA and the 3ABC-ELISA 
 

O
R

IG
IN

 

S
P

E
C

IE
S

 (*
) 

LPB-ELISA 3ABC ELISA 

1st sampling 2nd sampling 
1st + 2nd 
sampling  

POS LPB-ELISA 

1st + 2nd  
sampling  

NEG LPB-ELISA 

NEG     POS (%) NEG POS (%) NEG (%) POS  NEG POS (%) 

ITALY 

Cattle 68 9 (13,2) 0 0 9 0 

nd 

G and S 9742 112 (1,1) 519 28 (5,4) 140 0 
Swine 102 0 0 0 0 0 

TOTAL 9912 121 (1,2) 519 28 (5,4) 149 0 

E.U. 
Cattle 12532 345 (2,7) 1915 256 (13,3) 601 0 

G and S 664 21 (3,1) 850 9 (1,0) 30 0 
Swine 3319 2 (0,06) 0 0 2 0 

TOTAL 16991 368 (2,1) 2765 265 (9,6) 633 (100) 0 

TOTAL 
Cattle 12600 354 (2,8) 1915 256 (13,3) 610 0 7471 25 (0,33) 

G and S 10406 133 (1,2) 1369 37 (2,7) 170 0 1967 1 (0,005) 
Swine 3421 2 (0,05) 0 0 2 0 1049 0 

TOTAL 26437 489 (1,8) 3284 293 (8,9) 782 (100) 0 10487 26 (0,25) 

     Legenda: (*) G and S = Goat and Sheep 
 
 
 
 
 

TABLE 2 : Distribution in classes of titres of 585 sera positive in the LPB-ELISA. 
In brackets: number of sera resulted positive to Serum Neutralisation. 

 
>20-50 > 51-100 > 100-200 > 201 

300 
(22) 

223                             
(13) 

43                                 
(2) 

20                                 
(1) 

 
 
 
 

TABLE 3 : Summary of  serological tests performed during the FMD emergency period 
(February-May 2001) 

 
LPB-ELISA  30.503 

3ABC-ELISA 12.077 

Serum neutralisation 586 

TOTAL 43.166 
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TABLE 4 : Tests on animals with clinical and/or epidemiological and/or serological suspicions 

of FMD. 
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TESTS ELISA                  
FMDV O Man 
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Tissue 
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M
E

 

ot
he

r 
te

st
s 

IB
R

S
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B
H

K
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1 

pr
im

er
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A
 

pr
im

er
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B
 

DL                  
Pescara sheep France 

(c.s.) 9 / 9 20-70 tonsils neg nd 

DL                    
Pescara 

262        
sheep 

France 
(c.s.) 8 / 56 20>270 tongue 

vesicles neg para    
pox nd 

DL                    
Pescara 

369              
sheep 

France 
(c.s.) 1 / 360 60 tongue 

vesicles neg para    
pox nd 

ZM                        
Varese 

49      
goats 

France 
(c.s.) 0 / 49 nd lips            

epith. neg para    
pox nd 

PR                        
Modena cattles Italy    

(c.s.) 0 / 20 nd foot and 
mouth ep. neg para    

pox neg 

AO                      
Piacenza cattles Italy    

(c.s.) 0 / 1 nd gum              
epith. neg neg 

TFG                        
Pisa 

332    
sheep 

France 
(c.s.) 0 / 12 nd tonsils neg nd 

TFG                            
Pisa 

323   
sheep 

France 
(c.s.) 0 / 1 nd bone m. 

foot ep. neg nd 

LM                        
Novara cattles Italy    

(c.s.) 0 / 2 nd tongue 
vesicles neg nd BVD 

TL                       
Ravenna pigs Italy    

(c.s.) 0 / 20 nd vesicles neg nd nd neg 

BP                            
Como cattles Italy    

(c.s.) 

nd 

gum                     
epith. neg nd nd 

Bioparco               
Roma elephant Italy    

(c.s.) vesicle neg nd neg 

SF                     
Pordenone pigs Italy    

(c.s.) vesicle neg nd nd 

MD                  
Ravenna pigs Italy    

(c.s.) scabs neg nd nd 

N° 27     
holdings 

cattles, 
sheep, 
goats 

Ita, Fra, 
Ger, Pol 

(°) 
positive serology tonsils neg 13 neg       

(*) nd 

cattles Poland 1 / 31 40 tonsils pos pos neg nd 

Legenda:  
Primers A – Rodriguez et al., Virology 1992; Primers B – Lomakina, unpublished, 1998. 
(°) Ita = Italy, Fra = France, Ger = Germany, Pol = Poland 
(*) Number of examined holdings 
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Appendix 12 
 

PREVENTIVE MEASURES AND LABORATORY EXAMINATIONS IN GERMANY 
FOLLOWING THE CURRENT OUTBREAKS OF FMD IN THE EU 

 
Bernd Haas, Federal Research Centre for Virus Diseases of Animals 

 
Measures to prevent the spread of FMD: 
In Germany about 7000 animals were destroyed because of the FMD cases in neighboring 
countries. In North-Rhine-Westphalia, 2153 sheep were destroyed because they either came 
from the UK or had contact with sheep from the UK and the FMD cases in the Netherlands 
led to the destruction of 4419 pigs and 231 cattle. Markets were prohibited and the collection 
and transportation of animals were restricted. Transportation of animals required a license, 
which was given only under certain conditions. In principle, transportation of animals was 
only possible directly to an abattoir or another holding, avoiding contact with animals from 
other herds. Animals had to stay in their holding for certain periods of time before they could 
be moved. Vehicles had to be cleaned an disinfected before and after every transport. When 
the disease situation improved, the restrictions were reduced step by step. 
 
Laboratory examinations 
Reasons to perform serology: 
  1493 samples because of connections with the UK 
  7039 samples because of connections with the Netherlands 
    131 samples because of connections with France 
  2126 samples because of other reasons, mainly clinical signs in the same or contact holdings  
10789 total 
 
Species: 
8438 samples form pigs, 1472 samples form sheep and goats, 879 bovine samples 
 
Methods: 
LPBE = Liquid-phase blocking ELISA, Hamblin et al. (1986) 
A cut off of 1:90 was used because otherwise more or less all holdings would have been found 
to contain seropositive animals. This was done in agreement with the recommendations form Dr. 
P. Kitching. 
SPCE = Solid Phase Competition ELISA, Mackay et al. (2001), cut off titre was 1:5 
 
Results: 
No specific antibodies to FMDV were found with the exception of one holding with old cows 
that had been vaccinated before 1991. Unspecific reactions led to immediate  resampling, in one 
case a VNT was performed with negative results. 
 
Clinical signs that led to laboratory examinations: 
Suspect cases with clinical signs were examined by virology (plaque tests with BHK21-CT 
cells), RT-nPCR and serology with negative results. Clinical suspicions led to the testing of 
samples from 63 holdings until 26 April, which means there was about one suspect case per day 
for about 2 months. Usually there are 2 – 8 suspect cases per year. This year, in 57 holdings 
clinical signs, usually mouth or foot lesions or lameness, were reported. Virological samples 
were taken also from some possible contact holdings without specific signs. The species affected 
were bovines (19 cases), sheep (19 cases), pigs (16 cases), goats (2 cases) and roe (1 case). 
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However, actual vesicles were rarely seen, but mostly just "erosions" or "lameness" . In four 
cases bovines showed strong salivation for no obvious reason. In two cases strong salivation in 
sheep was reported. According to the information the FMD laboratory received, in at least 7 
cases parapoxvirus ovis was the most probable reason for the observed signs in small ruminants. 
MD was diagnosed in one case in cattle and a combination of stomatitis papulosa and a 
respiratory infection in another case. Often no reason for the clinical signs were established with 
certainty, although usually there were indications of mechanical injuries or bacterial infections. 
In two cases, carcasses of domestic pigs with foot lesions were found near roads. 
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Appendix 13 
 

THE FMD CRISIS 2001: FIELD MEASURES, LABORATORY TESTS AND 
PROCEDURE FOR MASS SCREENING IN BELGIUM 

 

Kris De Clercq, Karen Luyten, Koen Mintiens and Pierre Kerkhofs 
 

CODA-VAR, Section Development of Diagnostic Tools for epizootic diseases, 
Ukkel Belgium 

 
 

1. Field measures taken in Belgium during the FMD crisis 2001 
 
After a FMD outbreak in the UK all import of cloven-hoofed animals and animal products 
was prohibited. The same was applied for France and the Netherlands. The import of hay, 
animal food, slurry etc was also stopped. Also the import of horses was forbidden because of 
the danger of the transport vehicle not being used only for horses. All transport vehicles from 
those countries had to be cleaned and disinfected. Gathering of all kind of animals at markets, 
shows, competitions, etc was forbidden. Access to farms was limited and special hygienic 
measures had to be applied. French and Dutch owners of farms in Belgium were not allowed 
to visit their farms anymore. Zoos and farms for school children were closed. The limited 
swill feeding after heat treatment that was still allowed was immediately forbidden. A buffer 
zone between Belgium and France or Belgium and the Netherlands was established for a 
limited period of time after the FMD outbreaks in these countries. 
 
All animals present on a farm that imported animals from a country where FMD was 
confirmed were killed on the spot and brought to a rendering plant. Blood and saliva samples 
were taken (see below). About 8800 sheep were imported from the UK. 
 
A one-month screening for clinical signs every 4 days was done on all farms that imported 
animals and on the farms in the 10 km zone around the farm. Blood samples from sheep and 
goats were taken every 8 days. All animal movements from and on the farm were prohibited: a 
complete and immediate stand still. 
 
After the screening transport of cattle and pigs to the slaughterhouse was allowed. Ten days 
later a one to one transport for cattle and pigs was allowed. The same was allowed for sheep 
and goats another 10 days later but only after a serological examination of the farm. This was 
done because it was not absolutely sure that all imported sheep were found and FMDV could 
still persist sub clinically in these herds. 
 
End of April: transport of cloven-hoofed animals to several farms was allowed again. 
Half of May: markets for non-cloven hoofed animals were re-established. Access to farms was 
allowed again but hygienic measures were continued. 
End of May: blood sampling of sheep before transport was lifted. The gathering of cloven-
hoofed animals except sheep and goats was allowed again. The import limitation of horses 
from the UK and cattle for slaughter from the Netherlands was lifted. 
Half of June: all measures except for the UK were lifted. 
Beginning of September: border control was reinforced for the UK. 
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2. Laboratory tests 
 
All samples form suspicions and screenings for virological examination were checked by Ag-
ELISA and virus isolation on FLK cells (sheep, goat or cattle samples) or SK-6 cells (pig 
samples). All serum samples were analysed with the SPCE (solid phase competition ELISA). 
Positive samples were checked by VNT. 
 
Between the end of February and end of June 50 suspicions were recorded: 26 sheep, 16 
cattle, 5 pigs, 3 goats. In total 700 samples from these suspicions were analysed: skin and 
mouth lesions, saliva, sera, blood, tonsils, spleen. Two suspicions were very serious. One was 
on a pig farm where 3 pigs with fever and snout lesions were found. This was probably due to 
a caustic agent (exaggerating disinfection?). The second was on a cattle farm where 2 
salivating animals were found, one with fever. When the veterinary inspector arrived already 
eight animals had fever and 3 were salivating.  This turned out to be maligne catharal fever in 
one animal that died soon. Salivation and fever in other animals was probably due to chasing 
the animals for inspection. 
 
For the screening 8656 sera were analysed at a 1:10 dilution by SPCE: 6808 sheep, 1060 
goats, 512 cattle, 274 swine, 1 deer, and 1 human. Some difficulties were encountered with 
sheep and goats giving sometimes inhibition percentages near the cut off of 30%. The 
presence of FMDV was checked in saliva from sheep and goats: 2503 Ag-Elisa’s and 2759 
virus isolations with minimum one blind passage. 
 
All samples were negative. Belgium had no FMD. 
 
 

3. Procedure for mass-screening 
 
3.1. Mass-screening in periods of increased vigilance 
 
Mass-screening to identify FMDV infected herds is based on the detection of clinical signs in 
animals on the spot. The procedure is put in place when the presence of FMDV is confirmed 
within Belgium, in the neighbouring countries or with a trade partner. This procedure 
demands a complete standstill on all herds involved in the screening. 
 
All cattle and pigs on the farms involved are checked for clinical signs every fourth day. 
When clinical signs indicate the presence of FMDV the ‘Procedure for Suspicion’ (see 
Emergency plan) is initiated. Samples are taken for a virological examination. When clinical 
signs are absent the procedure for checking all animals every fourth day is maintained for 3 
weeks. 
 
All sheep and goats on the farms involved are put in quarantine and checked for clinical signs 
every fourth day. When clinical signs indicate the presence of FMDV the ‘Procedure for 
Suspicion’ (see Emergency plan) is initiated. Samples are taken for a virological examination. 
When no clinical signs are found samples are taken at day 0 and then every eighth day. A 
maximum of 60 at random selected animals is blood sampled for serological investigation and 
saliva samples are taken from the mouth for virological tests. This is continued until 30 days 
after the start of the procedure.  
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3.2. Mass-screening during culling  
 
To determine the infection rate within a farm in case of preventive culling, a clinical 
examination is done first. When clinical signs indicate the presence of FMDV the ‘Procedure 
for Suspicion’ is initiated. Samples are taken for a virological examination. 
When clinical signs are absent in cattle or pigs, no samples are taken. The FMDV prevalence 
in this herd will be so low that all animals should be sampled and only very sensitive virus 
detection tests could demonstrate the presence of FMDV (virus isolation, PCR). 
If clinical signs are absent in sheep or goats, saliva samples are taken from maximum 60 at 
random selected animals on the farm for a virological examination. The number of blood 
samples to be taken in at random selected sheep and goats for serological investigation is 
given in table 1. 
 
If a FMD outbreak in a herd is confirmed samples can be taken to determine the herd 
prevalence. The number of blood samples to be taken in at random selected animals for 
serological investigation is given in table 1. In the absence of clinical signs determination of 
FMDV prevalence during a FMD crisis is only done for sheep and goat flocks. For cattle and 
pigs, saliva samples for virological examination can be taken from maximum 60 at random 
selected animals and stored, to determine the infection status of the animals in a retrospective 
way. 
 
The procedure mentioned is only applied in non- vaccinated herds. Mass-screening in a 
vaccinated herd without clinical signs is only valuable if all animals are sampled and virus 
detection is done with very sensitive tests. 
 
Table1: number of samples to be taken (n) depending on the number of animals present (N) 
N animals 
per herd 

n samples 
per herd 

 N animals 
per herd 

n samples 
per herd 

 N animals 
per herd 

n samples 
per herd 

 N animals 
per herd 

n samples 
per herd 

10 10  110 60  250 73  1000 89 
20 20  120 60  300 76  1200 90 
30 30  130 60  350 78  1400 91 
40 40  140 60  400 80  1600 92 
50 50  150 60  450 82  1800 92 
60 60  160 62  500 83  2000 94 
70 60  170 63  600 85  3000 95 
80 60  180 64  700 86  5000 96 
90 60  190 65  800 87  >5000 96 
100 60  200 70  900 88    

 
 
3.3. Mass-screening for declaring a region free of FMDV infection 
 
For the purpose of declaring a region where no emergency vaccination is applied free of 
FMDV infection blood samples for serological investigation are taken from a maximum of 11 
at random selected animals from all herds in the region 30 days after culling the last infected 
herd. When all samples are negative the region can be declared free of FMDV infection with 
95% accuracy. 
If the number of blood samples taken per herd is increased then the number of herds to be 
sampled can be decreased. If 20 samples per herd are taken in a region of 10.000 herds then 
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only 5988 herds have to be checked. The latter implicates that the number of herds to be 
visited have to be calculated for each region and depends on the number of samples taken per 
herd. 
 
In a region where emergency vaccination is applied all animals are clinically examined twice 
with an interval of two weeks. All animals are blood sampled for the detection of antibodies 
against non-structural proteins. False negatives are still possible as the sensitivity of the NSP-
ELISA is below 100% and the FMDV prevalence will be low. 
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Appendix 14 
 
 

THE 2001 FOOT-AND-MOUTH DISEASE OUTBREAK IN THE EU: AN 
UNFORESEEN INTEREST FOR THE DISEASE IN SWITZERLAND 

 
Christian Griot, Institute of Virology and Immunoprophylaxis (IVI), Swiss Federal 
Veterinary Office, 3147 Mittelhäusern, Switzerland 
 
 
Foot-and-mouth disease (FMD) continues to be a major threat to the livestock population 
throughout the world. The last major outbreaks in Switzerland were recorded in 1965/66, in 
which more than 1000 farms where affected by FMD virus serotype O. As with other EU 
countries, Switzerland employed as FMD vaccination policy until 1990. During this period, 
approximately 30% of the susceptible livestock population (predominately dairy cattle) was 
annually vaccinated using a trivalent vaccine. Since 1990, Switzerland no longer applies such a 
vaccination policy. Instead, an emergency vaccine bank was created, and maintained with 
300,000 doses of the 4 serotypes O, A, C and Asia1.  
 
In an era of global movement of animals and animal products, any disease can easily be 
introduced into a country. Several different measures for the control of such movement, at the 
level of the government as well as the cantonal veterinary offices, are in place. The national 
reference laboratory provides the diagnostic service, expertise and continuing education on the 
subject of FMD (and other list A diseases), and in addition, systems for continuous animal health 
monitoring and surveillance are in place. Because recognition of the first case (index case) is 
extremely important, the disease awareness level for FMD among district veterinarians has to be 
maintained as high as possible. For this purpose, mandatory courses are held each year, in which 
clinical recognition, submission of samples to the National Reference Laboratory (IVI), 
diagnostic aspects, and the correct handling of a suspect field case are presented and discussed. 
Furthermore, if FMD should be introduced into Switzerland, emergency vaccination of the 
livestock population at risk would be possible within 4 days.  
 
After the first report of the current FMD outbreak in the UK on February 21 (BBC News), the 
Swiss Federal Veterinary Office and the National Reference Laboratory experienced a massive 
interest in the different aspects the disease. Selected areas of this public interest, in particular 
those where in the National Reference Laboratory was involved, will be presented. This includes 
an in-depth analysis of (i) media activity, (ii) public perception of the disease, and (iii) handling 
of suspect FMD field cases and their subsequent submission to the IVI. Furthermore, the cantonal 
veterinarians were interviewed during May/June 2001 on how the FMD “crisis” was handled by 
the Swiss Federal Veterinary Office and the National Reference Laboratory IVI. The results of 
this questionnaire will be presented.  
 
Taken together, it was observed that the FMD outbreak received a high level of attention by the 
public in Switzerland. Therefore, it can be speculated that disease awareness among personal 
involved with livestock should be at a high level, at least at the time of writing of this abstract. 
However, it is uncertain as to how long this level of disease awareness can be maintained.  
 
Nevertheless, the lessons learnt after these outbreaks should have a long lasting beneficial effect 
on animal disease control, not only in Switzerland, but also in the EU member countries. Animal 
production practices which favor the spread of any disease should be re-thought. It would be 
wrong if after the last case in the UK we returned to “business as usual”. 
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Appendix 15 
 
Validation of the FAO type O reference sera using sera collected on 

outbreak farms 
 

A. Dekker, F. van Hemert-Kluitenberg, K. Miedema, G. Chénard 

Correct classification of serological positive and negative animals is very important, 
especially in a notifiable disease like foot-and-mouth disease. For this reason, the FAO 
commissioned the World Reference Laboratory for FMD to produce standard reference sera. 
The cut-off used in each serological test should be on the level of the cut-off reference serum. 
In fact in each test, the cut-off serum, or a serum related to this serum, should be included. 
Previous work, however, showed that a small population of non-infected animals has 
neutralisation titres above the titre of the cut-off serum. Therefore, a slightly higher cut-off 
was proposed. A higher cut-off serum would give rise to more false negative results, but it 
was not clear how many positive sera would be negative. During the 2001 foot-and-mouth 
disease outbreak in the Netherlands, sera were collected on all outbreak farms. All sera were 
tested in the virus neutralisation test, starting with a 1/8 final dilution (0.9 10log). Sera with a 
titre of 1/11 (1.05 10log) or lower were considered negative which is the same cut-off used by 
the World Reference Laboratory as stated in the OIE manual. The FAO cut-off serum, 
however, was consistently negative in our test with a titre between 1/3 (0.45 10log) and 1/6 
(0.75 10log). To study whether the cut-off used is correct we compared the distribution of 
titres found on the outbreak farms to the distribution of titres found in non-infected slaughter 
cows collected in spring 2000.  
 
Figure 1 shows the distribution of neutralisation titres found in both sets of sera. The 
distribution of slaughterhouse sera clearly shows that for a good specificity of the test the cut-
off defined by the FAO cut-off reference serum (titre 0.6 tot 0.75) is too low. Approximately 
2% false positive results would be encountered, which is too high when you are dealing with 
an outbreak. 
 
Figure 1: Comparison of all outbreak sera to slaughterhouse sera 
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Appendix 18 
 

Repeated administration of maximum payload emergency vaccines 
made from inactivated purified antigen concentrates do not induce 

significant titres of antibodies against non-structural proteins of 
Foot-and-Mouth disease virus 

 
Merial Animal Health Ltd, Ash Road, Pirbright, Woking, Surrey, GU24 ONQ, 

United Kingdom; 
  Departamento de Virologia, Instituto de Microbiologia, UFRJ, CCS, Rio de 

Janeiro, Brazil; 
 Pan American Foot and Mouth Disease Center (PAHO/WHO), PO Box 589, 

20001, Rio de Janeiro, Brazil. 
 

 
Introduction 
At the present time, there is not an officially (Office International des Epizooties) 
prescribed procedure for the routine discrimination of animals which have been 
infected with foot and mouth disease virus (and have otherwise fully recovered) from 
those which have received vaccination only. The official serological methods measure 
only antibodies against the structural proteins of the virus and, under normal 
circumstances, where there is no supporting clinical picture or other evidence, are 
unable to differentiate between those antibodies induced by vaccine or previous 
exposure to live virus. All of this has significant implications for the export of 
livestock or livestock products from countries which are either free of FMD with 
vaccination or decide to use vaccine as a control measure for a recent introduction of 
the disease. 
 
The deficiency with the officially prescribed serological methods led to the 
examination of other techniques to discriminate vaccinated from infected animals and 
considerable work has been done over several decades to quantify antibodies against 
the so-called non-structural (NS) proteins of the virus because these would be 
particularly prevalent following virus infection. The NS proteins are coded by the 
FMDV genome and are involved in the replication of the virus within the host cell.  
 
The earliest work concentrated on the VIAA antigen which contains the 3D NS 
protein (RNA polymerase) of the virus and was for many years incorrectly considered 
as an indicator of a past virus infection, either as a consequence of field challenge or 
improperly inactivated vaccine. However, Pinto and Garland (1979) showed that fully 
inactivated FMDV vaccines induced antibodies against VIAA but their data was to 
some extent overlooked until relatively recently when studies by a number of groups 
essentially dismissed VIAA as an exclusive indicator of infection (Bergmann et al, 
1993, Mackay, 1998).  
 
Vaccines made from relatively impure but fully inactivated FMDV antigens contain 
large quantities of some of the NS proteins and, in particular, VIAA (3D) antigens. 
Indeed, even the purified FMD virus particle contains small amounts of the 3D 
protein integrated into the viral capsid and absolute purity from this protein is not 
possible (Newman and Brown, 1997). 
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Belgium 
Tel/fax: 32-2-3790400 / 32-2-3790401 
e-mail: kris.de.clercq@var.fgov.be 
 
 
Dr A. Dekker 
Head, Laboratory Vesicular Diseases 
Department of Mammalian Virology 
Institute for Animal Science & Health (ID-
DLO) 
P.O. Box 65, NL-8200 AB Lelystad 
Netherlands 
Tel/fax: 31-320-238238 / 31-320-228668 
e-mail: Adekker@id.dlo.nl 

 
 
Dr F. De Simone 
Head, Centro Nazionale di Referenza per 
     le Malattie Vescicolari 
Istituto Zooprofilattico Sperimentale 
  della Lombardia e dell'Emilia 
Via A. Bianchi 9, 25124-Brescia 
Italy 
Tel/fax: 39-30-2290310 / 39-30-2290310 
e-mail: fdesimone@bs.izs.it  
 
 
Dr C. Griot 
Director 
Institute of Virology and Immunoprophylaxis 
CH 3147 Mittelhäusern 
Switzerland 
Tel/fax: 41-031-8489211 / 41-031-8489222 
e-mail: Christian.Griot@ivi.admin.ch 

 
 

 
 
 
Dr B. Haas 
Head of FMD Diagnostic Laboratory 
Federal Research Centre for Virus Diseases of 
Animals 
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Germany 
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Dr F. Moutou 
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