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NEW STRAINS OF FOOT AND MOUTH DISEASE VIRUS IN THE REGION:
SURVEILLANCE, CONTROL, ERADICATION AND PREVENTION
Laurence Gleeson
FMD project coordinator , CSIRO Australian Animal Health Laboratory, Geelong, Australia
Original: English
Summary: A total of thirteen countries responded to the questionnaire on this item that was circulated by
the Office International des Epizooties (OIE). These countries were classified on the basis of the history
of FMD outbreaks over the past five years: FMD is endemic, FMD outbreaks are sporadic, FMD
outbreaks have rarely occurred and FMD outbreaks have not occurred. The ‘real time’ picture of the
FMD situation across the whole region is generally incomplete, as the surveillance systems in place are
not uniformly reactive or comprehensive. Reports of the World Reference Laboratory (WRL) for FMD
and the OIE over the last five years indicate that a number of new strains of FMD have been detected in
the region. Some of the conclusions presented in this report are also derived from this historical
information and official reports, as well as anecdotal evidence and personal experience working with
animal health services in the region. In the past seven years, there have been new strains of FMD
detected in the Philippines, Taipei China, Vietnam, Laos, Cambodia, Myanmar, South Korea, East
Russia, Japan, Malaysia, the People's Republic of China and Thailand. The majority of these outbreaks
have been caused by the so-called Pan-Asia strain of FMD. Much of the understanding of the regional
epidemiology of FMD has arisen from studies at the WRL, but this understanding could be improved by a
more co-ordinated effort by Member Countries to submit field specimens to the WRL.
1. INTRODUCTION
This paper will present a synopsis of information about new strains of FMD that have been recognised in the region
during the past ten years. The sources of the information used to construct the paper include the questionnaire
responses provided by 13 Member Countries, official OIE reports from both meetings and disease incident
bulletins, and reports from the World Reference Laboratory (WRL) for FMD. In addition, some information is
drawn from personal experience working in the South-East Asia FMD programme (SEAFMD). The questionnaire
was sent to 29 OIE Member Countries. The 13 Member Countries that completed the questionnaire were Australia,
India, Indonesia, Japan, Malaysia, Nepal, New Caledonia, New Zealand, Russia, Singapore, Taipei China, United
States of America and Vietnam. In the context of this paper a ‘new strain’ FMD is defined as one that has been
shown to be different from earlier circulating strains by laboratory techniques, generally applied by a reference
laboratory. Traditionally, strain identification was defined by serological techniques, but now gene sequence
analysis and animal challenge have been included to characterise virus isolates (Dunn &amp; Donaldson, 1997).
2. RECENT HISTORY OF FMD IN THE REGION
There are three dominant serotypes of FMD virus in the region: serotypes O, A and Asia 1. Type C has not been
reported in recent years, but was endemic in South Asia and the Philippines (Donaldson, 2001). In general, while
there tends to be little variation in clinical signs between strains and serotypes of FMD, there are now some
important exceptions mentioned below. Animal health authorities in endemic areas or adjoining endemic areas
should consider infection with each serotype as a separate disease, because of the lack of cross protection between
serotypes (Roeder, 1996). Much of the key scientific data presented in this section is derived from findings
published by the WRL for FMD. These findings are based on specimens submitted to the WRL by Member
Countries and are shown here with the agreement of the WRL. During the last ten years, a number of new viruses
have been detected in the region, but the precise origin of these viruses is unknown.
Pig adapted strain of Type O virus
The existence of this unique strain of virus was recognised after it had been introduced into the Philippines in 1994,
although retrospective studies of viruses at WRL showed that this strain of virus was present in Hong Kong prior to
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this time (Knowles &amp; Davies, 2000). This strain was detected in Taipei China in 1997 and in Vietnam in both 1997
and 1999, but to date the surveillance programmes in other countries in South-East Asia have not detected this
strain. This is surprising given the difficulty in eliminating the virus from the pig production systems of Hong
Kong, Philippines and Taipei China. One of the significant features of this strain of virus is the steadfast host
specificity it has shown (Dunn &amp; Donaldson, 1997). With the exception of some ‘dead-end’ infections of Asian
buffaloes in contact with infected pigs in the Philippines, the virus has not crossed into or spread in ruminants. It is,
however, highly infectious for pigs and swill feeding would appear to be a key risk factor for its maintenance in the
environment. While this virus is unique, the standard O1 Manissa vaccine strain is effective in protecting pigs
against infection. This virus has escaped from East Asia on one occasion when in 1995 it caused infection of pigs
close to Moscow, Russia. It was speculated that this outbreak was associated with trade in frozen pig meat from
East Asia and peri-urban swill feeding. The outbreak was quickly eradicated.
The origins of this virus have not been determined. While the earliest isolates held by the WRL originate from the
former Hong Kong, there is also a possibility that this virus made its way into Hong Kong via the large trade in live
pigs from PR China. The status of this virus in PR China is unknown, but the animal health service in Vietnam
reported that this virus entered the country as a result of illegal cross border trade along the border with PR China.
Molecular studies on this strain shows that it has a deletion in one of the non-structural genes (Beard &amp; Mason,
2000).
Pan Asia topotype of type O
In the past two years, this strain of type O was recognised as the cause of a major epidemic of FMD in East Asia
and has also spread beyond the region to cause outbreaks in South Africa and Europe. In this region, the virus has
been recognised in India, The People's Republic of China (reported by the FAO), Japan, Republic of Korea (South
Korea), Mongolia, Taipei China, East Russia, Vietnam, Laos, Thailand, Malaysia and Myanmar. The pathogenicity
of this strain in cattle has varied from country to country. For example, the strain that entered South Korea caused
obvious clinical disease in both native cattle and European breed dairy cattle. This strain did not spread to pigs in
the field, although there seemed to be opportunity to do so. In Japan, natural infection with the virus caused a mild
ulcerative disease in native Japanese black cattle, and under experimental conditions typical FMD in pigs, but no
clinical signs in Friesian Holstein cattle. Natural infection of pigs in East Russia caused typical FMD, while in
Mongolia infections were reported to cause typical signs in a number of species including mortalities in young
stock and deaths in adult camels. In Taipei China, the infection did not produce any clinical signs in native Chinese
yellow cattle, but caused typical disease in imported dairy breeds and deaths in young goats (OIE, 2000(b)).
Outbreaks with this virus in villages in Laos resulted in high morbidity in cattle and buffalo and typical disease in
crossbreed and native pigs. In Malaysia, the virus caused typical disease in pigs and cattle (SEAFMD RCU
unpublished).
The pathogenicity of this virus initially perplexed animal health services, because of the variations that were seen in
the field. This was especially the case with the strain that caused the outbreak in Japan. More complete genomic
analysis of the O/Japan/2000 strain is required to determine if there is an obvious difference in sequence or perhaps
a deletion in one of the genes. There is no unusual difference in the structural gene sequence used for construction
of the standard dendrogram used to compare strains.
South-East Asia Type A viruses
Country reports presented to the SEAFMD Sub-Commission suggest that Type A virus is endemic in Thailand, but
does not appear to be endemic in other countries in South-East Asia (OIE, 1998, 1999, 2000(a)). Type A outbreaks
that occur in Malaysia are generally attributed to extension of the disease with animal movement from Thailand.
Only one outbreak of type A has been reported from Myanmar in the past ten years and this was close to the border
with Thailand (OIE, 2001). In the 1980’s, the dominant strain of type A in Thailand was a distinct strain designated
A15/Bangkok/1960. However, a new strain appeared in the latter part of the 1980’s that was more closely related to
the strain A22/Iraq/1964 and this virus became the predominant A field strain. A vaccine strain was selected to
control this variant. Then a major epidemic of type A occurred in 1997-1998 that was due to a new strain
A/Thai/1998. This epidemic required introduction of a new vaccine strain to facilitate control efforts. Molecular
studies at WRL showed that this new strain of type A virus had been derived by a mutation in the genome of the
previous endemic strain. It is an interesting phenomenon in the context of regional epidemiology that while viruses
enter Thailand from neighbouring countries, the type A virus has not moved eastwards, probably because the
movement of livestock is essentially from east to west.
West Asia Type A viruses
In late 1996, a new variant of type A emerged in Iran and spread to neighbouring Turkey in 1998 (OIE, 1998). This
virus has also been reported from Iraq in 2000 (OIE FAO WRL for FMD, unpublished). The situation with type A
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viruses in Iran is complex as three distinct genotypes of FMD have been detected in the last six years. Type A
viruses have shown the greatest serological variation amongst the FMD viruses and type A has traditionally been
the serotype to require most frequent development of new vaccine strains. However, the serotype O viruses appear
to be the most widespread.
Origins of new virus strains
Replication of viruses with RNA genomes results in generation of many variants in subsequent populations. This
phenomenon has resulted in the term quasi-species (quasi meaning ‘as if’) being introduced to describe the virus
population and FMD is a typical example of a quasi-species (Domingo et al., 1996). Because of the diversity in
progeny viruses from a single infection, there will be some that are better adapted to survive in the host and perhaps
more transmissible. Some, of course, will not be well adapted and so not survive. In populations where FMD is
endemic, the virus is often circulating in partially immune animals and this can result in selection of quasi-species
variants that can replicate and transmit in the presence of partial immunity to the previous strain. This is believed to
push the selection of variants away from the previous gene pool. The role of carrier animals in the selection of new
strains is not clear, but some viruses that are isolated from carrier animals show a distinct genetic difference from
the parent virus that caused the initial infection. While a hypothetical consideration at this time, it is possible that
some modified live virus vaccines could either recombine with field viruses to give rise to new variants, or resume
some virulence if transmitted through a range of hosts.
3. FMD STATUS OF RESPONDENT COUNTRIES
For the purpose of this technical report, the 13 countries that replied to the questionnaire have been categorised into
four groups (see table 1). This categorisation is for ease of dealing with the reports and is not in any way official,
nor does it imply that such procedure exists within the OIE. Japan and Russia are in a category that recognises a
rare recent incursion of FMD. Japan is now recognised as free from FMD without vaccination after successful
eradication of the outbreak of FMD that occurred in 2000. Russia also reports to be generally free from FMD, but
experienced a similar outbreak in 2000 in the eastern part of the country, on the border with the People's Republic
of China. This outbreak was eradicated. Russia continuously maintains vaccination buffer zones in some strategic
border areas. Taipei China reports FMD is endemic at present, although the number of reported outbreaks has
reduced dramatically since the incursion of FMD in 1997, before which this Member Country was free from FMD
for some years. Three other countries reported longstanding endemic FMD (India, Nepal and Vietnam). Six
countries have been free from FMD in the long term, including Indonesia, which was recognised as free from FMD
in 1990 after an extensive eradication programme.
Table 1: Categorisation of respondent countries according to recent FMD history
Description
Category
Country
FMD is endemic
1
India, Nepal, Taipei China, Vietnam
FMD outbreaks are sporadic
2
Malaysia (peninsula states only)
FMD outbreaks very rarely occur
3
Japan, Russia
FMD outbreaks have not occurred
4
Australia, Indonesia, New Caledonia, New Zealand,
Singapore, United States
4. FMD SURVEILLANCE IN THE REGION
The purpose of FMD surveillance is to detect disease, to respond to the presence of the disease by investigation and
control measures, and to report findings both nationally and internationally. Disease investigations provide basic
data that can be analysed to increase epidemiological understanding of the disease. The task of mounting effective
surveillance is confounded by many factors. These include the size and distribution of the animal population, the
numbers, education, training and attitudes of livestock owners and animal health workers, the regulatory
environment relating to disease reporting, and the general infrastructure available to the animal health services. It
was not possible to investigate all of these factors within the scope of the questionnaire that was circulated.
However, from tables 2, 3 and 4, it is possible to get some idea of the range of the potential surveillance capacity of
the animal health services in different countries and the reliance on public versus private sector services to provide
front line disease detection. It is probably reasonable to conclude that the countries traditionally free and involved
in extensive trade in livestock and livestock products (i.e. Australia, New Zealand and United States of America)
rely to a greater extent on the involvement of the private sector in disease surveillance. Both India and Nepal
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reported large numbers of outbreaks in 2000, and that the surveillance system was effective, although Nepal
indicated that some reporting delays occurred and not every significant event was captured. In the SEAFMD
programme there is a routine monthly report provided by the members for compilation and circulation. It is
recognised by the Regional Co-ordination Unit (RCU) of SEAFMD that the surveillance system in the programme
countries is quite variable and does not necessarily capture the full range of outbreaks that occur in endemic areas.
However, FMD is not endemic in Malaysia and as the distribution of sporadic outbreaks is limited, the surveillance
system tends to capture most FMD outbreaks.
Table 2: Farmed livestock populations in respondent countries (millions of head)
Country
Categorya
Cattle b
Buffalo
Pigs
Goats
Sheep
Other
India
1
220.30
100.50
21.18
136.56
61.50
-
Nepal
1
7.02
3.52
0.80
6.32
0.85
few
Taipei
China
1
0.16
9.20
7.24
0.38
-
-
Vietnam
1
4.13
2.90
20.19
0.54
0.007
-
Malaysiac
2
0.66
0.09
1.36
0.14
0.19
Japan
3
4.59
-
9.81
19.99
12.20
Russia
3
27.2
0.01
16.40
Australia
4
26.90
few
2.70
0.20
115.00
-
Indonesia
4
12.00
3.00
10.00
0.014
0.008
-
New
Caledonia
4
0.13
-
0.032
0.017
0.004
0.012
New
Zealand
4
9.02
-
0.42
0.23
46.36
1.20
Singapore
4
&lt;0.001
-
-
&lt;0.001
-
-
United
States
4
100.00
0.35
60.00
1.40
7.0
0.20d
14.4
0.005
-
a
Category assigned according to Table 1
All statistics have been rounded to the nearest 0.01 million
Peninsula Malaysia
d
USA also has a very large population of wild deer
b
c
Other components of the surveillance programme are laboratory diagnosis and the disease information system. In
the region, the joint FAO/IAEA Animal Health and Production division have made investments in technology
transfer for both antigen and antibody detection. All the respondent countries reported a capability to undertake
laboratory diagnosis, and three of the endemic countries had submitted specimens to the WRL in the last five years.
However, India reported that it had not submitted representative field samples to WRL during the last five years.
All Member Countries reported a National Animal Health Information System (NAHIS), but not all have a system
that has electronic processing, analysis and reporting. Recently, the FAO has developed a system for managing and
reporting disease information and this programme (TADINFO) is currently being adapted to operate without the
need for expensive supporting software. This platform should be applied where feasible as a support for FMD
surveillance.
The OIE SEAFMD programme recognises the limitations of Member Countries to conduct effective disease
surveillance and has made considerable investments in developing a harmonised approach to disease surveillance
and reporting. The linchpins of the surveillance system are the livestock owners and the grass roots animal health
services. In SEAFMD there is a continual need for more inputs both in training and resources, and it is likely this
situation is replicated in other parts of the region. Reports on workshops held for the SEAFMD programme are
available and can provide a model for a more harmonised approach across the Member Countries.
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Table 3: Disease surveillance capacities
Categorya
Outbreaks
2000
NAHIS/
computerised
AHS has
authority
over NAHIS
National
diagnostic
capability
Advanced
laboratory
capability
India
1
1537
yes/no
yes
yes
yes
Nepal
1
845
yes/yes
yes
yes
no
Taipei China
1
6
yes/yes
yes
yes
yes
Vietnam
1
32
yes/no
yes
yes
no
Malaysiac
2
2
yes/no
no
yes
no
Japan
3
3
yes/no
yes/no
yes
yes
Russia
3
1
yes/no
yes
yes
yes
Australia
4
nil
yes/yes
yes
yes
yes
Indonesia
4
nil
yes/yes
yes
yes
no
New
Caledonia
4
nil
yes/no
yes
no
no
New Zealand
4
nil
yes/yes
yes
no
no
Singapore
4
nil
yes/yes
yes
no
no
United States
4
nil
yes/yes
yes
yes
yes
Country
a
Category assigned according to Table 1
Table 4: Human resources and livestock health services
Categorya
Human
population
(millions)
Veterinarians
in official
AHS
Paraveterinarians
in AHS
Company &amp;
organisation
veterinarians
Private
practice
veterinarians
India
1
1,000.00
31,300
69,575
4425
1,800
Nepal
1
22.90
131
1802
10
5
Taipei China
1
23.00
2,541
1,368
1,430
1,430
Vietnam
1
78.00
13,860
29,989
200
800
Malaysiac
2
22.00
348
2125
Japan
3
127.00
9,385
-
4,067
2,118
Russia
3
145.00
42,000
43,000
15,000
13,000
Country
538
b
Australia
4
20.00
507
3,042
333
Indonesia
4
203.00
760
1724
N/A
N/A
New
Caledonia
4
0.20
5
10
Nil
10
New Zealand
4
3.80
192
966
126
1,073
Singapore
4
4.02
30
143
nil
nil
United States
4
280.00
1,766
8,000
1,590
9,188
a
b
Category assigned according to Table 1
veterinarians in research and teaching,; company veterinarians included in private practitioners
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5. DISEASE CONTROL AND ERADICATION
FMD control programmes are dependent on effective surveillance and a capacity to respond to outbreaks. In
addition, a sound understanding of the epidemiology of the disease allows high-risk areas or enterprises to be
identified, and resources can be selectively and efficiently applied. Targeted vaccination in high risk/incidence
areas was a tactic reported by a number of correspondents (Malaysia, India, Nepal and Vietnam), while Russia
employs buffer zone vaccination to prevent the incursion in high risk areas. Taipei China currently employs a mass
vaccination programme. Ring vaccination around outbreaks is one measure that is effective, but successful
application of this tactic is dependent on early recognition of the outbreak and the availability of resources to apply
the tactic. Also critical is the capacity of the animal health service to engage the support of livestock owners in
managing the movement of livestock from the infected zone. Experience has shown that in the region it is not
always possible to get this support and hence there is a need to substantially improve public awareness about the
disease, its impact and the benefits of control. Malaysia, Nepal and Vietnam use the ring vaccination tactic, whereas
India uses mass vaccination in the area of the outbreak. Both India and Russia produced vaccine for control
programmes, whereas Malaysia, Nepal and Vietnam import vaccine. These Member Countries are generally
dependent on the WRL for advice on vaccine selection. The previous meeting of this Commission recommended
that Member Countries promote economic analysis of the impact of FMD with a view to strengthening public and
political support for control. It is the view of this reporter that FMD control can be effectively promoted by
strengthening animal health services in general, and promoting the economic benefits of healthy livestock at the
national economic level. If this is done the goal can be achieved. It is suggested that countries that require outside
support to improve FMD control are more likely to receive this support if the programme requested focuses on
animal health in general rather than FMD in particular.
In the 1970s and 1980s, Indonesia undertook a programme to eradicate FMD. This programme relied heavily on a
mass vaccination tactic, the overall strategy being to eliminate the disease from the peripheral islands and then
focus on the problem on Java. The strategy was successful in part because of the island nature of the country,
because only one serotype was present against which a potent vaccine could be produced and because of the
organisation and communication success of the local planners. In addition, FMD in pigs was not a significant
problem in Indonesia. In fact, at one point in the campaign in Bali, the decision was taken not to vaccinate pigs
(Gee, 1993).
More recently, FMD has been eradicated from Japan and East Russia. In the Russian incident, the animal health
authorities were confronted with a relatively well-defined outbreak that was prevented from spreading by animal
movement control measures, and the outbreak was stamped out. In the Japan outbreak, extensive serological
surveillance was conducted to detect two foci of infection apart from the index outbreak. The virus causing the
outbreak in Japan was of low virulence and seemingly low transmissibility, and this probably facilitated control
measures.
Efforts to eradicate FMD from Taipei China have been compounded by the appearance of the Pan Asia topotype of
FMD in 1999 and the fact that elimination of all sources of the highly infectious pig adapted strain has so far been
difficult to achieve. As indicated earlier, mass vaccination is the tool currently being used to control and ultimately
eradicate FMD in Taipei China.
6. PREVENTION
Countries without FMD apply stringent measures to prevent the entrance of FMD and expend funds to ensure
preparedness of the animal health service to deal with disease emergencies. The measures applied include barrier
controls and rigorous application of the sanitary measures recommended by the OIE International Animal Health
Code. Membership of international vaccine banks is an additional insurance in the event that application of vaccines
is required as an emergency measure to manage an outbreak, although use of vaccines is generally considered a
measure of last resort. The political imperative to provide financial support for FMD prevention comes from the
economic benefits derived from the FMD free status.
Some respondents reported that informal movement of livestock is a major problem and as indicated earlier, the
spread of the Pan Asia strain of serotype O throughout the region was an indicator of the ‘porous’ nature of many
borders. Experience in the SEAFMD programme has shown that the need for international trade for both
‘importing’ and ‘exporting’ countries drives this animal movement. It is generally difficult for animal health
authorities in countries where FMD is endemic to obtain the necessary resources and co-operation to effectively
manage animal movements. This is especially true where there is no commercial advantage to producers and traders
to have stock from FMD free production systems. Within the SEAFMD programme the approach has been to try to
gradually strengthen measures that are designed to reduce the risks associated with the nearly unregulated
movement that currently takes place.
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Table 5: Disease control and prevention
Categorya
Vaccination
Legislation to
control FMD
Contingency
exercises and
funds
Expenditure
on FMD
issues
Funds for
emergencies
India
1
yes
no
yes
&gt;US$500,000
no
Nepal
1
yes
yes
no
&lt;US$20,000
no
Taipei China
1
yes
yes
yes
&gt;US$500,000
yes
Vietnam
1
yes
yes
yes
&gt;US$500,000
yes
Malaysiac
2
yes
yes
no
&gt;US$100,000
yes
Japan
3
no
yes
yes
&gt;US$500,000
yes
Russia
3
yes
yes
yes
&gt;US$500,000
yes
Australia
4
n/a
yes
yes
&gt;US$500,000
yes
Indonesia
4
n/A
yes
no
&lt;US$20,000
no
New Caledonia
4
n/a
yes
no
&lt;US$20,000
yes
New Zealand
4
n/a
yes
yes
&gt;US$500,000
yes
Singapore
4
n/a
yes
yes
-
yes
United States
4
n/a
yes
yes
&gt;US$500,000
yes
Country
a
Category assigned according to Table 1
It is not possible in the current environment to achieve stringent control of animal movement, because there is often
not high level political concern about FMD that is translated into resources. There are often multiple agencies
involved in the regulation of international trade and co-operation between them is not good, especially if trade
involves the collection of taxes and other forms of revenue. In addition, because FMD is a politicised disease, it can
be difficult to achieve transparency in application of bilateral arrangements for trade. It is, therefore, argued that in
the first instance the management should be pragmatic and to take a long-term view of the potential for incremental
improvement. Application of regulations that are too stringent can have the effect of driving trade 'underground'
(Kitching, 1999). Measures to control FMD that are compatible with the aspirations of traders have been
successfully applied in Malaysia (OIE, 1998).
It is not clear how Member Countries can prevent the emergence of new strains of FMD in an endemic situation.
However, it is likely that monitoring of disease outbreaks and investigation of unusual events coupled with
submission of specimens to reference laboratories can increase the chances of detecting emerging strains. Timely
reporting to regional networks of the presence of such a strain should decrease the risk that it will become widely
disseminated. Also identification of the production system in which the disease is predominantly circulating can
help to focus collaborative efforts to reduce cross border spread.
7. CONCLUSION
New strains of FMD have emerged in the region in the last ten years and have caused outbreaks in countries that
have been free of FMD for long periods. In addition, one strain has spread widely beyond the region and caused
severe problems in South Africa and Europe. Not all countries in the region have the resources to effectively control
FMD, but the risks posed to the international animal production environment would be lessened if greater attention
was paid to disease surveillance in particular. This improved surveillance could be linked to the application of
bilateral measures to reduce risks associated with trade in animals and animal products. It is expected that such coordinated activity should have a significant impact in reducing the incidence of FMD in the region.
___________
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