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An Overview of the Global Prevalence of

Foot-and-Mouth Disease

Summary

Foot-and-Mouth Disease (FMD) is a clinical syndrome in animals due to FMD
virus that exists in seven serotypes, whereby recovery from one sero-type does
not confer immunity against the other six. So when considering intervention
strategies in endemic settings, it is important to take account of the characteris-
tics of the different serotypes in different ecological systems. FMD serotypes are
not uniformly distributed in the regions of the world where the disease still
occurs. For example, the cumulative incidence of FMD serotypes show that six
of the seven serotypes of FMD (O, A, C, SAT-1, SAT-2, SAT-3) have occurred
in Africa, while Asia contends with four sero-types (O, A, C, Asia-1), and
South America with only three (O, A, C). Periodically there have been incur-
sions of Types SAT-1 and SAT-2 from Africa into the Middle East.

This paper describes the global dynamics for the seven sero-types and
attempts to define FMD epidemiological clusters in the different regions of the
world. These have been described on a continent by continent basis.

The review has reaffirmed that the movement of infected animals is the most
important factor in the spread of FMD within the endemically infected regions.
It also shows that the eco-system based approach for defining the epidemiolo-
gical patterns of FMD in endemic, which was originally described in South
America, can apply readily to other parts of the world.

It is proposed that any coordinated regional or global strategy for FMD con-
trol should be based on a sound epidemiological assessment of the incidence
and distribution of FMD, identifying risk sources as either primary or second-
ary endemic eco-systems.

2 The reduction of this risk through interventions in
developing countries/regions aiming at controlling/
eradicating the disease and.

This review forms part of a study by a Working Group 3 Tools for the control of a foot-and-mouth disease

appointed in 2004 by the European Food Safety Agency

to assess three broad issues, namely:

1 The risk of foot-and-mouth disease (FMD) introduc-
tion into the EU from developing countries,

© 2008 The Authors

outbreak: update on diagnostics and vaccines.

This assessment was completed in 2005 and adopted in
February 2006 by the European Commission (EFSA, 2006).
Accordingly, the epidemiological patterns described in this
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Spread of FMD in the old world

Source: WRL at IAH, Pirbright, UK
Fig. 1. Spread of FMD in the Old World (WRL at IAH, Pirbright, UK).

paper relate, primarily to the pre-2005 period. It is consid-
ered, however, that the underlying issues have not altered
substantially since then. The risk-based interpretation of
the worldwide prevalence of FMD is described in an
accompanying paper by Sumption et al. (2008). The over-
all likely pattern of FMD spread in the ‘Old World’ has
been summarized by the World Reference Laboratory for
FMD in Fig. 1, which shows that in general terms, the
overall risk of FMD for Europe is likely to originate from
either Asia or Africa, with Asia posing a greater risk than
Africa, based on historical experience. Although this
summation is useful in conceptualizing global trends in
spread, it must be realized that trade and other livestock
movement patterns are ephemeral, following the changing
economic fortunes of countries and are thus subject to
change, sometimes rapidly.

The global incidence and distribution of FMD for the
period 2005-2006 have been reviewed by FAO (2006).
The present review does not attempt to present a current
global incidence and distribution of FMD. Such data can
be obtained from the OIE website at http://www.oie.int/
wahid, or the website of the World Reference Laboratory
for FMD at http://www.wrlfmd.org/, or the Pan-
American FMD Centre (PANAFTOSA) at http://www.
panaftosa.org.br/ for South America or the website of the
South-East Asian FMD Campaign at http://www.
seafmd-rcu.oie.int/index.php.

Foot-and-mouth disease virus as seven serotypes and
these were, for the most part, aggregated in the import
risk analysis (EFSA, 2006) as it was considered that entry
into the EU of any serotype of FMD virus was equally
unwanted. However, when considering intervention strat-
egies, the specific characteristics of the different serotypes
take a more prominent role. Therefore, in this paper, we
describe the global dynamics for the different serotypes
leading to the description of epidemiological clustering
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patterns in the different regions of the world. It is hoped
that this information will provide the basis for designing
programmes for the progressive control of FMD world-
wide as presented in the accompanying paper by
Rweyemamu et al. (2008). Accordingly, this paper has not
considered such unnatural factors as bio-terrorism or
virus escapes from laboratories, which might result in
FMD outbreaks even of epidemic proportion.

FMD Epidemiological Clusters by Serotype and
Topotype in FMD Endemic Areas

Foot-and-mouth disease serotypes are not uniformly dis-
tributed in the regions of the world where the disease still
occurs. As shown in Fig. 2, the cumulative incidence of
FMD serotypes show that six of the seven serotypes of
FMD (O, A, C, SAT-1, SAT-2, SAT-3) have occurred in
Africa, while Asia contends with four serotypes (O, A, C,
Asia-1), and South America with only three (O, A, C).
Periodically, there have been incursions of types SAT-1 and
SAT-2 from Africa into the Middle East (Donaldson, 1999;
Valarcher et al., 2004; FMD Homepage — Maps, 2006).

The advent of molecular biology technology has
enabled the genetic characterization of virus strains and
thereby the tracing of strains isolated from outbreaks can
be carried out with far greater accuracy than was possible
hitherto with serological techniques (Knowles and Sam-
uel, 2003). As a result, it is now possible to group coun-
tries into epidemiological clusters according to the
topotypes within each serotype that occur there. It should
be noted that as a result of globalization, the spread of
FMD epidemics can change from local and regional
spread to wide international spread, even to distant areas
as happened with the type O Pan-Asian lineage (Knowles
et al., 2005; Cottam et al., 2006).

As type O is the most widely prevalent serotype in the
world, the topotype distribution of this serotype gives an
indication of possible epidemiological clustering (Fig. 3).
It is apparent that South America has had a genetically
stable type O virus not only for the 10 years under study,
but also for nearly 50 years. Five different type O topo-
types could be identified in Africa. Here, the Sudan-Sahel
strain in West Africa appears to have been responsible for
the type O outbreak in the Mahgreb in 1999. A topotype
that is still confined to IGAD' countries has been identi-
fied in Sudan. There seems to be a strain that is common
between Uganda and Kenya while the topotype that was
identified in Tanzania in 1998 seems to have spread on

'"IGAD, Inter-governmental Authority on Development
(IGAD) coordinating development in the Horn of Africa.
IGAD Member States are: Djibouti, Eritrea, Ethiopia,
Kenya, Somalia, Sudan and Uganda.

© 2008 The Authors
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Fig. 2. World distribution  of
FMD  serotypes 2000-2006
(World Reference Laboratory
for FMD, http://www.wrlfmd.
org/maps/fmd_maps.htm).

one hand to Rwanda, Burundi, Kenya and Uganda and on
the other to Malawi and Zambia (Knowles et al., 2004).

In Asia, several sublineages are circulating; the domi-
nant topotypes seem to have been the ME-SA topotype
and more particularly the Pan-Asia strain that originated
from South Asia (Knowles et al., 2005).

However, other topotypes are still present in East Asia
such as the Cathay and the SEA topotypes.

Epidemiological Patterns in Europe

The status of FMD in Europe has been reviewed by Lefor-
ban and Gerbier (2002) and in the accompanying paper
by Valarcher et al. (2007). Two categories of countries
can be distinguished in the European region.

The countries recognized by the World Animal Health
Organization (OIE) as free of FMD without vaccination

© 2008 The Authors

g

FMDV SAT 2

include almost all European countries west of the
Russian Federation plus the Balkan countries of Bosnia-
Herzegovia, Macedonia and Serbia-Montenegro (includ-
ing the territory of Kosovo administered by the United
Nations).

Countries not recognized by OIE as free of FMD with-
out vaccination either on account of not having success-
fully submitted their application to the OIE (Moldovia)
or because of being at risk from incursion of FMD from
neighbouring regions.

Trans-Caucasus countries are countries which have
been mainly FMD free but are bordering endemically
affected parts of neighbouring countries (Turkey and
Iran). Trans-Caucasus countries will effectively be main-
tained free of FMD through improved regional control of
FMD in north east Turkey and western Iran, and with
improved measures in their border regions. They might
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Fig. 3. FMDV-O topotype distribution worldwide 1993-2004 [World Reference Laboratory (WRL) for FMD at IAH, Pirbright, UK].

seek official recognition for FMD freedom with and with-
out vaccination for parts of their territories.

Turkey is a country with areas that have a true ende-
mic status, i.e. disease is being reported through the year,
in the east and south-east of Anatolia. Western Anataolia
and even more so Thrace only experience periodic incur-
sions of disease, generally as a result of animal movement
from the east and south-eastern parts of the country.

The Russian Federation, where outbreaks reported are
very few, attributed to preventive measures along the bor-
ders with countries in the south, centre and east, which
are not free of FMD and in which true prevalence is diffi-
cult to establish.

Epidemiological Patterns in Africa

The epidemiology of FMD in Africa has been reviewed by
Vosloo et al. (2002, 2004). Batho (2003) conducted a FMD
emergency audit on Southern Africa. As already remarked,
Africa has the greatest diversity of FMD serotypes.

Based on the prevalence data, serotype and topotype
distribution (Table 1), expert evaluation of factors such as
animal movement patterns, impact of wildlife and farm-
ing systems, the following epidemiological clusters are
proposed for Africa (Fig. 4).

The epidemiological clusters have the following charac-
teristics:

Indian Ocean Island Countries Madagascar, Mauritius
and Seychelles are free of FMD, with a recognized status
of FMD freedom without vaccination.

The commercial (large and small) livestock sectors of
South SADC countries, i.e. Swaziland, Lesotho, South
Africa, Botswana and Namibia, are free from FMD and
meet the conditions of the OIE for zonal or country free-
dom from FMD without vaccination. In some of these
countries, however, there are segregated wildlife areas that
harbour African/Cape buffaloes known to be infected,
asymptomatically, with FMD virus serotypes SAT-1, SAT-2
and SAT-3. These wildlife parks are segregated from live-
stock through a system of game-proof fencing and vigor-
ous surveillance. In these countries, game ranching or
other wildlife conservation activities with FMD-infected
African buffaloes are not allowed within FMD-free zones.

The north SADC cluster comprises Zimbabwe, Zambia,
Mozambique, Malawi and southern Tanzania. In these
countries, FMD was brought under control in livestock
during the 1970s and 1980s through intensive vaccination
and livestock movement control. In the case of Zimbabwe,
the livestock remained largely unaffected and the country
was able to export beef to the international market,

© 2008 The Authors
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Table 1. Summary of the topotype distribution of FMD serotypes in
sub-Saharan Africa (Vosloo et al., 2002)

Serotype Topotype Representative country/countries
SAT-1 | South Africa, Southern Zimbabwe,
Mozambique
Il Botswana, Namibia, Zambia,
Western Zimbabwe
1] Zambia, Malawi, Tanzania, Kenya, Northern
Zimbabwe
IV Uganda
Y Uganda
\Y Uganda
VIl Nigeria, Sudan
Vil Nigeria, Niger
SAT-2 | South Africa, Mozambique,
Southern Zimbabwe
Il Namibia, Botswana, Northern &
Western Zimbabwe
Il Botswana, Zambia, Zimbabwe
[\ Burundi, Malawi, Kenya, Tanzania, Ethiopia
V Nigeria, Senegal, Liberia, Ghana, Mali,
Cote d'lvoire
Vi Gambia, Senegal
VIl Eritrea
Vil Rwanda
IX Kenya, Uganda
X Democratic Republic of the Congo, Uganda
X Angola
Xil Uganda
Xl Sudan
XV Ethiopia
SAT-3 | South Africa, Southern Zimbabwe
Il Namibia, Botswana, Western Zimbabwe
Il Malawi and Northern Zimbabwe
v Zambia
\Y Uganda
Vi Uganda
0 | Ethiopia, Eritrea, Kenya, Somalia
Il Céte d'lvoire, Guinea, Morocco, Niger,
Ghana, Burkina Faso, Sudan
Il Uganda, Kenya, Sudan
v Uganda
Y Uganda
VI Tanzania, Uganda
Vil South Africa
Vil Angola
A | Mauritania, Mali, Cote d'lvoire, Ghana,
Niger, Nigeria, Cameroon, Chad, Senegal,
Gambia, Sudan
Il Angola, Algeria, Morocco, Libya,
Tunisia, Malawi
1l Tanzania, Burundi, Kenya, Somalia, Malawi
% Ethiopia
Vv Sudan, Eritrea
\Y Uganda, Kenya, Ethiopia
C I Kenya
Il Ethiopia, Kenya
Il Angola

© 2008 The Authors
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including the EU, until 2000 when the maintenance of
game fencing deteriorated allowing cattle and buffalo to
mix and set up outbreaks at a time when the veterinary ser-
vices were too inadequately resourced to be able to contain
such outbreaks. Consequently, the disease spread within
the country and to neighbouring countries. SAT-1 and/or
SAT-2 outbreaks in Mozambique, Malawi and Zambia
between 2002 and 2004 were either because of outbreaks
spreading from neighbouring countries or to internal buf-
falo-cattle contact. Northern Malawi and Northern Zambia
are under constant threat of FMD spread from southern
Tanzania.

For this epidemiological cluster, the primary source of
FMD seems to be the risk posed by the wildlife buffalo
herds (Sutmoller et al., 2000; Hargreaves et al., 2004).
Several studies in Southern Africa have shown that the
Cape/Africa buffalo is capable of maintaining silent infec-
tion of serotypes SAT-1, SAT-2 and SAT-3 for a long
time, independently of circulation in livestock (Vosloo
and Thomson, 2004). Under circumstances that are ill
understood, the carrier buffalo can transmit infection to
other buffalo or to impala or cattle although South Afri-
can workers have shown experimental transmission of
virus from buffalo to contact cattle. Overt disease in buf-
falo is a rare event. There have been only two docu-
mented outbreaks in South Africa, one involving type
SAT-2 in 1970 (Young et al,, 1972) and the other type
SAT-1 in 2001 (Vosloo et al., 2007).

The Angola (and probably western Democratic Republic
of Congo) cluster is a subregion of endemic CBPP and
possible FMD, which threatens to spread into northern
Namibia and south-western Zambia. However, there is lit-
tle known about the true incidence of FMD in this cluster.
Official data indicate that FMD has not been recorded in
Angola since 1974 (F. Vissesse, personal communication).

The Great Lakes cluster comprise the countries of the
East African Community (EAC) (i.e. Tanzania, Uganda,
Kenya, Rwanda and Burundi) plus the eastern part of the
Democratic Republic of Congo (DRC) not only have
large livestock populations but also the highest concentra-
tion of wildlife in the world. Farming is dominated by
agro-pastoral and pastoral communities and is character-
ized by communal grazing and migrations. Eastern DRC
is heavily dependent on trade livestock from Uganda,
Tanzania, Rwanda and Burundi. This Great Lakes cluster
probably contains the most complicated FMD situation
in the world. The cluster probably contains several FMD
primary endemic foci. Five serotypes (O, A, C, SAT-1 and
SAT-2) are endemic in this cluster and a sixth serotype
(SAT-3) was isolated in wildlife (African buffalo) in
Uganda in 1970 (Hedger et al., 1973) although it has
never been isolated from livestock in the Great Lakes
cluster. As discussed above, there are also wide genetic
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variations in the virus strains in this epidemiological clus-
ter. The role of the African buffalo in the maintenance
and transmission of FMD serotypes that occur in this
cluster has not been systematically studied.

The Horn of Africa/IGAD Cluster, comprising Sudan,
Eritrea, Ethiopia, Djibouti, Somalia, Northern Kenya and
Northern Uganda, is another cluster which probably har-
bours major FMD primary endemic foci. Ethiopia and
Sudan have the highest cattle populations in Africa. This
region has also major ambitions for export of cattle and
small ruminants, especially to the Middle East. The WRL
for FMD has identified a type O topotype in Sudan that
seems to be peculiar for this cluster.

The Soudan/Sahel Cluster comprises Western Sudan,
Niger, Chad, Burkina Faso, Mali, Northern Nigeria, Sene-
gal and Mauritania. The farming system in this ecosystem
is predominantly pastoral, characterized by long distance
movement of livestock due to either transhumance or
trade. This cluster probably also contains important FMD
primary endemic areas. Furthermore, it may be an impor-
tant disease corridor cluster, linking the IGAD cluster
with West Africa and probably West Africa with North
Africa. The 1999 FMD strain in Algeria was found to be
related to the West African type O topotype. In the past,
transhumance and trade were important vehicles for
spreading rinderpest in this region (Roeder et al., 2005).

Although the epidemiology of FMD in the Coastal belt
countries of West and Central Africa has not been deeply
studied, it seems that this cluster probably gets infected
from the Soudan/Sahel cluster. It could be described as
secondary endemic.

North Africa/Maghreb Cluster Morocco, Algeria (last
infected by type O) and Tunisia have not reported FMD

M. Rweyemamu et al.

North SADC

Fig. 4. FMD  epidemiological
clustering in Africa.

since 1999, through routine preventive vaccination and
other measures. Libya and Egypt have sporadic FMD, and
take routine preventive vaccination; Libya reported SAT-2
infection in 2003, probably as a result of live animal
introductions from neighbouring countries to the south,
breaching the Sahara barrier. Egypt experienced a type A
outbreak in 2006 after many years of freedom from this
serotype. This virus was shown to be genetically related to
type A strains previously isolated from Eastern Africa
(Wadsworth et al., 2006). Thus, North African countries
will remain at risk from the south and east, but across
the majority of their territories and at risk populations
should effectively maintain FMD freedom.

Epidemiological Patterns in Asia

The situation of FMD in the Middle East and North Africa
has been reviewed by Aidaros (2002) and by FAO (2006).
Iran, Iraq and Syria can be currently considered to
have endemic FMD. However, it is unclear whether this
cluster constitutes a primary or secondary endemic clus-
ter. However, increased capacity for early reaction and
regional co-operation might reduce the penetration and
duration of persistence by exotic type A and Asia-1
viruses, and routine vaccination may affect persistence of
type A types so that the complexity is reduced. Thus,
improved FMD surveillance, better co-ordinated mass
vaccination as a tool and targeting of control measures,
should reduce the outbreak frequency over time and
reduce the risk of catastrophic exotic FMD extension
from their eastern and southern borders. Nevertheless, it
is likely that the situation will continue to be unstable,
and further exotic virus incursions can be forecast.

© 2008 The Authors
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Thanks to support through the European Commission
for the Control of FMD and the molecular analytical
work of the World Reference Laboratory for FMD, there
is now considerable information about the genetic charac-
terization of FMD virus strains isolated from Iran, as for
Turkey (FAO, 2006; Wadsworth et al., 2006). Results
from such analyses indicate a link between virus strains
from Afghanistan, Pakistan, Saudi Arabia, Iran and
Turkey, suggesting that FMD probably spreads from
South-Central Asia westward along what has been termed
the ‘Ruminant Street’. Accordingly sustainable FMD con-
trol in Asia Minor may depend on the success of control
programmes farther east in Central and South Asia.

The countries of the ‘Persian Gulf and Arabian Penin-
sula’ (Middle East Cluster) are at high risk through trade
in live ruminants from both Asia and Africa. From Asia,
Pakistan and Iran are the main suppliers. Viruses of type
Asia 1 are now constantly present, together with those of
types O and A. From Africa, demand is met primarily by
trade from Ethiopia, Somalia, Djibouti and Sudan. Both
SAT-1 and SAT-2 serotypes have invaded from the Greater
Horn of Africa. Genetic analyses of FMD virus strains in
Yemen show these to be closely related to those known to
circulate in Eastern Africa (Knowles unpublished data).
The cattle enter marketing chains which permeate the
country; FMD viruses are distributed along with the cattle.
In Saudi Arabia and Kuwait, where FMD outbreaks cause
major economic losses in large, intensive dairy production
units, even systematic short interval application of multiva-
lent vaccines fails to give full protection (Hutber et al.,
1999). One of the reasons for this is that the ultra-modern
high-technology dairy units are immersed in a system of
traditional, nomadic sheep husbandry in which FMD is rife
and uncontrolled. Imported livestock seed FMD viruses
into the small ruminant flocks, which then disseminate
them. Bio-security is insufficient to give protection.

As regards the Far East and South-East Asia Cluster, the
status of FMD in South-East Asia has been reviewed by
Donaldson (1997), Gleeson (2002) and Sakamoto and
Yoshida (2002). FMD is endemic in seven countries (Cam-
bodia, Laos, Malaysia, Myanmar, the Philippines, Thailand
and Vietnam) and three are recognized by the OIE as free
of the disease without vaccination (Brunei, Indonesia and
Singapore). Part of the ‘Philippines’ (i.e. Mindanao, Visa-
yas, Palawan and Masbate) and part of ‘Malaysia’ (i.e.
zones of Sabah and Sarawak) are also recognized interna-
tionally as being free of FMD without vaccination. Large
parts of the archipelago are also recognized by the OIE as
being free from infection without vaccination. However,
until 2005, the virus used to circulate in swine in the south
of Luzon Island and thereby complicating the elimination
of FMD from the archipelago. ‘Indonesia’ has sustained its
freedom for more than two decades. In East Asia, Japan

© 2008 The Authors
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and the Republic of Korea’ are recognized as countries free
without vaccination while Taiwan Province of China is rec-
ognized as free with vaccination.

Even though there is a dire lack of phylogenetic data,
patterns are evident within what is superficially an amor-
phous pattern of occurrence. The present account provides
some insight into previously unpublished observations.

The Cathay topotype of FMD-type O appears to be
endemic in swine production systems of ‘southern China’
and there is some evidence that in Yunnan Province there
is a type A virus superimposed on this. There seems to be
a pattern of widespread dissemination of different viruses
after their introduction. This is illustrated by the dramatic
events leading up to the Eurasian pandemic of the type O
Pan-Asia topotype during the decade leading up to the
incursion into the UK in 2001. Now in 2005, spread of
an Asia 1 virus seems to be recapitulating the spread of
the Pan-Asian type O virus which phylogenetic evidence
suggests also had its origin in South Asia (Valarcher et al.,
2005). However, the epidemiology of FMD in China
remains enigmatic even to the Chinese authorities. For
example, there appears to be no clear answer to the ques-
tion: How does a FMD virus move from Tibet to the east
coast of China when all trade in animals and meat is
reported to take place in the opposite direction. Evi-
dently, without more detailed information, it is difficult
to exclude the possibility (however remote) of some trade
in animals and meat from west to east along the Yellow
and Yangtse rivers.

FMD viruses, which originate in South China, for exam-
ple the Cathay ‘O’ and the Pan-Asia ‘O’ topotypes, possibly
to be joined by the Asia 1 topotype evolving in 2005
(Valarcher et al., 2005), cross into South-East Asia across
the border into Vietnam. The vibrant two-way trade across
the river separating China from “Vietnam’ is in fact a com-
mon route for exchange of FMD viruses, which then tend
to spread westwards into Cambodia, Laos and eventually
Thailand. Periods have been known when ruminants have
featured in this cross-border movement. For example, in
the early 1990s, there was a significant movement of buffa-
loes out of China into South-East Asia as mechanization
made buffaloes redundant for the preparation of paddies.
However, by the end of the decade, buffalo and cattle were
moving in the opposite direction into China to supply the
increasing demand for meat created by rising prosperity.

FMD viruses of types O and Asia 1 are maintained in
the rice farming systems along the Mekong River in ‘Viet-
nam, Cambodia and Laos’. Farmers here still use buffa-
loes for paddy preparation and, in addition, keep small
numbers of cattle and swine for consumption and sale at
peak times of demand. Flooding of the Mekong River,
increasing in frequency in recent years and now occurring
every 2-3 years, displaces farming families and their live-
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stock to seek temporary refuge on higher land where they
aggregate at high density. Rapid transmission of FMD at
such times is common and, when livestock return to their
villages as the flooding recedes, FMD viruses are seeded
out into the communities and generate slowly moving
epidemics spreading from village to village. In Laos, and
to some extent in the other countries, where farmers have
very limited access to services of any sort and where there
is no organized marketing system, farmers are preyed on
by traders who offer low prices for affected animals,
which farmers are keen to sell to cut their losses. These
traders move livestock between villages, slaughtering them
to sell meat and adding to the spread of disease. FMD
viruses from southern Vietnam can spread easily to Cam-
bodia, to which piglets are sent for fattening, and may
then spread eventually into ‘Thailand’.

FMD viruses regularly move into China from ‘Myanmar
and Laos’ from which there is a thriving cattle trade into
Yunnan. Fattening units have even been established within
China close to the border. Historically the FMD viruses
concerned have belonged primarily to the O and Asia 1
types but type A was also encountered. These viruses are
likely to be derived originally from South Asia. FMD virus
of type A seems to have been maintained in northern Laos
and Yunnan Province of China. Viruses of this type were
not visible in South-east Asia for some years but have now
returned in 2005. Little is known about this virus system
nor is it known if the large population of feral swamp buf-
falo inhabiting this area from which people are excluded
by massive amounts of unexploded ordinance, could be
involved in virus maintenance. This virus also finds its way
into ‘Thailand’ following trade.

Outbreaks of FMD in Xingjian Province in the
‘extreme west of China’ could suggest FMD endemicity
within the large ruminant herds pastured there, but there
is also a possibility that the virus could have spread from
Kyrgyzstan now that the FMD status of the Central Asian
states has deteriorated from the former free status that
these states enjoyed until the 1990s.

Events of the last decade have clearly indicated the vul-
nerability of the ‘island states’ with both Taiwan and the
Philippines having received virus through illegal importa-
tion of pig meat. In the case of ‘Japan’, importation of
fodder was blamed as the source.

FMD viruses of types A, O and Asia 1 which origi-
nate in South Asia but spread into South-East Asia, pre-
sumably  through movement of livestock from
Bangladesh into Myanmar. How these viruses move
from South Asia to South-East Asia is debatable as most
of the border is thought to be inaccessible for trade
because it is very mountainous. However, there is an
accessible area and it is known that Indian cattle from
West Bengal have on occasion found their way into the
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Myanmar cattle trade. Virus may also move in small
numbers of animals, which are more frequently traded
across the border. Whether or not cattle from South
Asia can reach Malaysia is not known but what is cer-
tain is that South Asian FMD viruses can end up caus-
ing outbreaks in ‘Myanmar, Thailand and Malaysia’.
Another possible source for Malaysia could conceivably
have been buffalo meat imported from India. Type C
FMD virus used also to follow this route from a reser-
voir, which seems to have existed in the past in north-
east India and possibly Bangladesh.

Faced with such an inflow of FMD viruses from both
sides, ‘Thailand’ has little prospect of improving its control
in a sustainable manner until the origins of these viruses is
addressed. As the areas of origin, Myanmar, Laos, Cambo-
dia and Vietnam, are the least developed areas in which
FMD also has its severest impact on rural livelihoods, it is
doubly important that these areas should be a prime focus
of attention for regional FMD control programmes.

Type C FMD virus has not been detected in South,
South-East or East Asia for a number of years and this
leads to optimism that the virus might no longer be
present in Asia. However, this conclusion must be
reached with care. Type C FMD virus was present in
the Philippines for many years but from 1991 onwards
it appeared that FMD, including type C, had been
eliminated from the archipelago. Yet, in 1994, when the
Cathay type O topotype was introduced to Manila, a
single-farm outbreak caused by a Type C FMD virus
was also detected. All subsequent outbreaks checked by
laboratory examination (and these numbered thousands)
were caused by type O except for one outbreak a year
later to the north of Manila. The type C virus has not
now been detected in the Philippines since 1995.
Molecular characterization demonstrates very clearly
that the type C identified in 1994 fits into the evolving
topotype, which had been referred to as the ‘Philippines
C virus, originally introduced probably from South
America in the 1970s. It must, therefore, have been
present in some occult manner for several years in the
early 1990s and it could still be present in other coun-
tries in the region.

As regards the South Asia Cluster, India and Pakistan
are the key to the progressive control of FMD in South
and Central Asia. Very little is known about the epidemi-
ology of FMD in ‘India’. Despite a significant capacity for
molecular characterization being used to generate infor-
mation on many hundreds of viruses per year, there
appears to have been no published information on sys-
tematic analysis of the spatial and temporal distribution
of topotypes. As is the case in China, more attention
seems to be focussed on pulsed vaccination campaigns
than on epidemiological analysis. India’s 12 million swine

© 2008 The Authors

64 Journal compilation © 2008 Blackwell Verlag e Transboundary and Emerging Diseases. 55 (2008) 57-72



M. Rweyemamu et al.

are not generally considered to play an important role in
the maintenance of FMD even though wild feral pigs are
present everywhere and swine raising is an important
agricultural enterprise in north-eastern parts of India.
India is unusual in having an enormous cattle population
(approximating 200 million) used for dairy production
and draught purposes; yet generally speaking, their meat
is not consumed in India. This situation generates an
enormous surplus of cheap cattle, which can be exported
from some states.

‘Bangladesh’ imports up to two million head of cattle
per year for slaughter and, as has been noted above, some
of these, or the FMD viruses they support, find their way
into Myanmar and onwards to Thailand and Malaysia.
Large cattle markets in the west of Bangladesh receive
these cattle and hold them for sale to traders who then
move them to markets near Dhaka in central Bangladesh
where they are again held until sold. From these markets,
they are distributed all over Bangladesh. It is not uncom-
mon to see cattle with active FMD standing in the market
in Rajshahi on the Indian border, for example. Approxi-
mately 3000 cattle per day pass through the market and
the opportunities for FMD virus transmission are obvi-
ous. The other major route by which cattle leave India is
to the west through Pakistan and Afghanistan, where
some were slaughtered, and then on through the city of
Harat into Iran.

In addition, many surplus buffalo (derived from a pop-
ulation of about 100 million) are sold for slaughter in
Nepal and others are slaughtered for meat export in sev-
eral processing plants. The meat is widely distributed in
the Middle and Far East. The 1996 type A outbreak,
which started in Albania and spread to Macedonia, Bul-
garia and Thrace-Turkey is believed to have originated
from importation of buffalo meat on-the-bone from
South Asia (Leforban and Gerbier, 2002). ‘Nepal’ suffers
severely from FMD it receives by not only importing buf-
falo and goats from India but also by cattle transiting
Nepal en route Bangladesh.

The long-term persistence of FMD in ‘Sri Lanka’ is of
little significance for the rest of the subregion for live-
stock flow only into Sri Lanka. However, the repeated,
virtually annual, slowly moving enzootics which start
from the north and slowly track through villages to the
south are of considerable significance to rural livelihoods
based on milk production. As in the case of Laos, it is
not known if the 30 000 or so strong feral swamp buffalo
population of a national reserve in the north of the coun-
try are involved in FMD maintenance and transmission
in the country. It is however, tempting to suggest that
they are, for there is close seasonal contact when domestic
buffaloes are released into the reserve to fend for them-
selves after paddies have been planted for rice production.
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Outbreaks appear to start from this area. Phylogenetic
evidence suggests persistence of a particular ‘O’ topotype
supplemented by occasional introductions of Indian ‘O’
viruses.

‘Pakistan’ is another country with a massive rumi-
nant population amounting to some 45 million buffalo
and cattle and 100 million sheep and goats. As the
dairy industry has developed, FMD has become an
increasingly severe problem with the major dairy colo-
nies supplying the city of Karachi, for example, suffer-
ing several waves of infection per year. With a turnover
of hundreds of thousands of buffalo per year, these col-
onies receive infected animals constantly and also dis-
seminate FMD viruses back into source populations in
the Indus River buffalo tract of Sindh and Punjab
Provinces and also to other dairy areas in other prov-
inces. Buffalo moving for slaughter in Afghanistan
introduce FMD viruses into the intermediate markets of
central Pakistan. Elsewhere in Pakistan, FMD is con-
stantly circulating in all ruminant livestock without any
concerted control measures; the situation of naturally
occurring enzootic FMD is exacerbated by the use of
formalized vaccines, which themselves are capable of
generating outbreaks (Beck and Strohmaier, 1987). The
east of ‘Afghanistan’ is ecologically a part of Pakistan
and is linked to it by transhumance, trade and fatten-
ing enterprises. Thus, there is a free flow of viruses
between the two countries.

As regards the Central Asia Cluster, the block of five
Community of Independent States (CIS) countries,
which form the core of Central Asia — Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan —
were formerly kept FMD-free by virtue of USSR border
disease control procedures and minimal trade beyond
the USSR. Since the transition to independence, veteri-
nary services have been unable to cope with an
increased cross-border trade at the time of diminished
border controls. FMD of types O and Asia 1 are now
widespread and reporting is suboptimal. There is little
to prevent movement of FMD viruses from Afghanistan,
where infection is rife, into Tajikistan through contigu-
ous livestock farming communities spanning the border
and through uncontrolled (and uncontrollable) trade in
small ruminants through Tajikistan to Kazakhstan where
they fetch far higher prices. Kyrgyzstan reported infec-
tion in 2004, which could have come from Xingjian in
China. Alternatively, it could have been a reflection of
spread within Central Asia. In the absence of informa-
tion and molecular phylogenetic information, little epi-
demiological information can be deduced from
unsystematic reporting.

‘Afghanistan’ is in many ways ecologically linked to
Central Asia as is Iran. Afghanistan has virtually no
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official veterinary service; such veterinary services as are
provided by donors are conducted through non-govern-
mental organizations focussing on clinical service delivery.
Some FMD viruses have been collected by the US military
in the last few years and these are known to have
belonged to serotypes O and A. However, there is no
publicly available data on the molecular characterization
of the strains.

Once in ‘Tran’, Indian cattle used to continue to cen-
tral Iran or move onwards to Iraq and Turkey. At pres-
ent, it appears that this trade is in abeyance, but if
prices pick up in Iraq and/or Turkey, this could create
the demand to start up this marketing chain once more.
Even if cattle themselves do not travel the whole route,
the viruses they bring from India clearly do. Iran strug-
gles to exert control over FMD by quarantine of live-
stock on the Iranian border and by vaccination in
higher risk areas. The latter seems to have brought some
success in the last year and this appears to have had a
‘knock-on’ effect in Turkey where FMD incidence has
also declined in Eastern Anatolia.

Epidemiological Patterns in South America

The evolution of FMD in South America has been
reviewed by Correa Melo et al. (2002) and Saraiva (2003,
2004). Briefly, the first record of the disease in South
America dates back to circa 1870 in the Province of Bue-
nos Aires, Argentina spreading later on to the central
region of Chile, to Uruguay and to southern Brazilian
States, as a result of importation of livestock from Eur-
ope. FMD spread further into central western Brazilian
States and was recorded during the first half of the 20th
Century in Peru, Bolivia and Paraguay, reaching Venezu-
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ela and Colombia in the 1950s, and Ecuador in 1961.
Since then, the disease has been endemic in the subconti-
nent. Currently in September 2007, Chile, Guyana, the
Argentinean Patagonia, Southern and Central Western
zones in Peru, and the Colombian Uraba are free without
vaccination. Other important livestock producing zones
of South America are considered FMD free with vaccina-
tion. It is therefore most appropriate to consider the epi-
demiology of FMD in South America according to
ecological zones.

Ecosystem approach

In South America, FMD spreads mainly with trade of ani-
mals, especially bovines, and the knowledge gathered in
the region shows the existence of epidemiological rela-
tionships between complementary livestock production
systems. Traditional forms of raising, fattening and pro-
cessing livestock influence the diffusion and maintenance
of infection in different areas. Range farming areas, char-
acterized by low rates of productivity but high outputs,
produce steers sold for fattening in areas with better pro-
ductive infrastructure, closer to the centres of processing
and consumption. The seasonal flow of animals is respon-
sible for a concentration of susceptible and infected ani-
mals in the fattening areas (OPS, 1985; Astudillo et al.,
1986). The vulnerability and susceptibility of these areas
because of their peculiar livestock structure and varying
levels of immunity of animal populations, maintain and
spread the FMD virus (Fig. 5). The Hemispheric Foot-
and-Mouth Disease Eradication Plan — PHEFA (Correa
Melo et al., 2002), was instrumental in the application of
this concept.

@ Extensive extractive
. |J|-|”““-:‘ endemic ® Milk, entreprencurial
: Secondary endemic ) Raising, entrepreneurial
ry Paraendemic @ Fattening,
Disease-Free ' entreprencurial
© Family, subsistence : ;
s Fig. 5. Forms of production
Not characterized and FMD ecosystems.

© 2008 The Authors

66 Journal compilation © 2008 Blackwell Verlag e Transboundary and Emerging Diseases. 55 (2008) 57-72



M. Rweyemamu et al.

Global FMD epidemiology

Table 2. Foot-and-mouth disease diagnosis by type of virus, country and year. South America, 1995-2006

Count/year Virus 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Argentina 0 0 0 0 0 0 0 0 0 0 0 0 1
A 0 0 0 0 0 0 2.126 1 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Bolivia 0] 17 7 4 1 2 7 7 8 0 0 0 0
A 19 1 4 6 18 18 81 1 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Brazil 0] 83 9 19 5 13 12 0 0 1 1 34 0
A 99 18 5 1 2 6 15 0 0 0 0 0
C 3 0 0 0 0 0 0 0 4 4 0 0
Chile 0] 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Colombia 0] 144 25 19 92 49 37 5 8 0 0 0 0
A 79 81 17 1" 1 0 0 2 2 1 0
C 0 0 0 0 0 0 0 0 0 0 0
Ecuador 0 32 17 30 67 17 11 15 104 42 42 22 15
A 0 5 34 14 2 8 8 4 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Guyana 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Paraguay 0] 0 0 0 0 0 0 0 1 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Peru 0 3 10 4 0 0 0 0 0 20 20 0 0
A 0 15 0 0 15 48 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Uruguay 0] 0 0 0 0 0 3 0 0 0 0 0 0
A 0 0 0 0 0 0 2.057 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0
Venezuela 0] 1 0 2 0 0 0 0 0 5 5 3 1
A 3 1 1 17 4 4 4 9 29 29 10 25
C 0 0 0 0 0 0 0 0 0 0 0 0

XXXIV Meeting of COSALFA (2007).

Distribution by type of virus

Only types A, O and C of the FMDV have been recorded
in South America. Type C has been diagnosed in the An-
dean countries only on three occasions. The first outbreak
was in Leticia, Colombia in 1967 and again in 1970. The
third was in the Huascaran region of Peru in 1980. This
outbreak was attributed to vaccine containing incom-
pletely inactivated virus by formalin and released before
the full testing regimen had been completed. Type C was
prevalent in Argentina, Bolivia, Brazil, Paraguay, Peru,
Uruguay between 1972 and 1995 (last outbreak in Brazil),
and in Chile between 1976 and 1977 (Saraiva and Lopez,
2001). Even with the improvement of surveillance in these
countries, the virus was not detected for 9 years, until it
was diagnosed in 2004 in seven premises in the Carreiro
da Varzea Island in the Amazon River. This occurrence
was instrumental to improve FMD control strategies in
that region of Brazil (PANAFTOSA, 2004). Table 2 shows
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the distribution of diagnoses by virus type in the period
1995-2006, in which type C virus has been diagnosed in
14-25% of the total positive diagnoses.

While type C has been rare in the Andean region, types
O and A have been quite common. For example, since
2003, type O has occurred relatively frequently in Ecua-
dor. In Venezuela, though type ‘O’ virus is also present,
type ‘A’ is the more widespread in the country, especially
close to the border with Colombia, posing a risk to the
latter.

The prevalence of subtypes and strains follows a geo-
graphical pattern in which families of viruses are concen-
trated in specific areas of the subcontinent as if they were
contained within these administrative/programming divi-
sions. The epidemiological findings indicate that FMD
types, subtypes and strains are fairly separated into ‘fami-
lies’ of viruses, as seen in characterization studies carried
out in field strains obtained from emergencies in the
Southern Cone region.
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Fig. 6. Dendograms showing the distribution of FMDV-type O strains
in South America.

The investigation of the molecular epidemiology of
FMDV-type O strains helped in the epidemiological stud-
ies of the disease and to assist in the planning of control
strategies (Correa Melo et al., 2002). The phylogenetic
analysis carried out by the reference laboratory showed
that all emergency/sporadic viruses collected between 2000
and 2006 are indigenous to South America and showed a
clustering profile with considerable genetic relationships
among viruses in countries with common boundaries
(Malirat et al., 2007). This genetic relationship found for
the isolates from these five countries suggests that, besides
being endogenous, cross-border movement is a major
cause for disease dissemination (Fig. 6.). Characterization
studies for FMDV type A were also developed (Bergmann
et al., 2005). These too showed a similar tendency for geo-
graphical clustering within South America as for type O.

Importance of other species in the epidemiology of FMD

FMD programmes in South America only routinely vacci-
nate bovines and buffalo. Sheep, goats and pigs might
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only be vaccinated during emergencies. Several studies
have detailed the participation of susceptible species in
the maintenance and diffusion of FMDV in South Amer-
ica, and cattle were considered to be the species that
determines disease diffusion and presentation, because of
the interactions between the forms of production already
described. Even though sheep used to be important in
numbers, especially in the Southern Cone, almost on a
par with cattle in southern Brazil, twice that of bovines in
Uruguay and a sizeable population in Patagonia, the role
of this species in the maintenance of infection was not
considered important, possibly due to the way the species
are reared (Dora and Petry, 1984).

The importance of camelids in the maintenance of
FMD in the Andean region (Lubroth et al., 1990) is also
limited to small ranges and persistence of infection is
short-lived in those species. The role of wildlife in the
epidemiology of the disease needs to be determined in
South America, where it is accepted that it is mostly
affected during outbreaks in domestic species, as a spin-
off. At least experimentally, capybaras (Hydrochoerus
hydrochoeris hydrochoeris) that had been experimentally
infected showed clinical signs and infected other suscep-
tible species, although the role of this species in the
maintenance of infection in nature is not clear (Gomes
and Rosenberg, 1984). Buffaloes (Bubalus bubalis) were
at least in one case implicated in the spread of the dis-
ease in Brazil, when the introduction of this species to a
controlled farm caused subclinical FMD cases of virus
serotype A, spreading afterwards to other farms (Melo,
1990).

FMD risk epidemiological clustering in South America

In 2004, the Inter-American Group for the Eradication of
FMD (GIEFA) fine-tuned the Hemispheric FMD control
strategy, taking into account the sanitary situation recog-
nized at that time. The countries were clustered into five
risk zones, namely:

free without vaccination - according to OIE criteria;
free with vaccination — according to OIE criteria;

level 1: areas of low risk;

level 2: areas of intermediate risk and

level 3: areas of high risk and unknown factors.
On this basis, GIEFA drew up a risk matrix classifica-
tion of FMD infected regions for South America as listed
in Table 3. The five risk zones of South America are
depicted in Fig. 7. It is apparent that until the South
American countries tackle FMD vigorously in the primary
endemic areas, identified as risk levels 2 and 3, the sus-
tainability of FMD freedom will remain threatened. It
seems likely that the original goal of the Hemispheric
Plan to eliminate FMD from the Americas by 2009 is

S B O S
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Table 3. Proposal of a matrix of classification of the FMD programme level in South America [Anti-American Group for the Eradication of

FMD(GIEFA, 2004)]

Program levels (Risk)

Parameters of characterization 1 (Low) 2 (Intermediate) 3 (High and unknown)
Sanitation control eradication policy Eradication Adequate control Minimal control (or non-existing)
Characteristics of production Known and updated Known Little known

Epidemic characteristics of the areas Known and updated Known and updated Deficiency in knowledge
Veterinary attention systems Effective Good Deficient

Social participation Effective Good Deficient or absent

Inspection system Effective Good Deficient or absent

Clinical cases Absence >2 years

Absence <2 years; occasional presence

High presence and/or recurring

Vaccine coverage More than 90% More than 80% but <90% <80%
Control/inspection of movements Effective Good Deficient
Prevention programme Effective Good Deficient

B Free
B Fece - With vaccination
[ Level
D Level 2
. Level 3

Fig. 7. FMD risk map for South America in 2004(Anti-American
Group for the Eradication of FMD, GIEFA, 2004). Inter-American
Group for the Eradication of FMD. Level 1, low risk; level 2, intermedi-
ate risk and level 3, high risk + unknown factors.

FMD OIE STATUS
MAY 2007

[] Free w/out vaccination
[ Free with vaccination
[ Not free

[ Status suspended

[l High surveillance zone

Fig. 8. FMD status recognized by the OIE, May 2007.
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unlikely to be realized and, therefore, this timetable may
need to be revised.

The risk categorization adopted by GIEFA is a useful
approach to guide the disease control strategy. However,
it is important to note that such risk maps are accurate
only at the time of release; their demarcations will con-
stantly change to reflect the changing epidemiological pat-
tern as disease control programmes evolve. For example,
since the map in Fig. 7 was published by GIEFA in 2004,
reflecting the risk situation that prevailed then, the epide-
miological status in South America has changed as a
result of the enlargement of FMD-free zones with vacci-
nation in Argentina, Colombia, Bolivia and Brazil and of
FMD-free zones without vaccination in Argentina, Peru
and Brazil. The currently OIE recognized FMD-free coun-
tries and zones in South America are listed in the OIE
website http://www.oie.int/eng/info/en_fmd.htm?e1d6 and
the status at May 2007 is summarized in Fig. 8.

Discussion

The above account shows that the movement of infected
animals is the most important factor in the spread of
FMD within the endemically infected regions of the
world. However, the disease is not uniformly spread in
these regions. We have shown that the eco-system based
approach for defining the epidemiological patterns of
FMD in endemic areas that was first described by Astudil-
lo et al. (1986) for South America can apply readily to
other parts of the world. These authors described a
scheme, which is based on eco-systems and which takes
into account the dynamics of FMD, the farming systems
and cattle movements to identify primary endemic areas
(i.e. virus maintenance areas), secondary endemic areas
(i.e. areas of virus propagation) and epidemic areas (i.e.
areas of explosive outbreaks). We have described how this
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eco-based description of the epidemiology of FMD in
South America continues to be the guiding principle for
the progressive control of the disease in this continent.

It is proposed that any coordinated regional or global
strategy for FMD should be based on a sound epidemio-
logical assessment of the incidence and distribution of
FMD, identifying risk sources as either primary or sec-
ondary (para-endemic) eco-systems. A sustainable pro-
gramme for the progressive control of FMD would need
to address these areas. This concept forms the basis of the
global framework for the progressive control of FMD that
is described in the accompanying paper (Rweyemamu
et al., 2008). The concept of regional epidemiological
clustering as a basis for developing global strategies for
FMD control, which were previously described by
Rweyemamu and Astudillo (2002) has been more exten-
sively elaborated in the present paper.

Finally, it should be noted that with globalization of
trade even areas where FMD is endemic can suffer from
introduction of virus strains that are exotic to the region.
The most notable example is the incursion of the Pan-
Asia topotype, lineage of Type O FMD virus into South
Africa in September 2000 (Briickner et al., 2002).
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