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Introduction
The spread of foot and mouth disease (FMD) is most
commonly associated with the movement of infected animals,
either within a country or across international borders.
However, countries free of FMD and those with programmes to
control or eradicate disease already present within their borders
have regulations to prevent the introduction of live, potentially
FMD-infected animals from abroad. In addition, controls are
implemented to prevent the importation of products from
FMD-susceptible species from countries in which FMD is
present. Where FMD-free countries share a border with an
FMD-infected country, the difference in price between livestock
within the two countries, sometimes a consequence of the
different disease status, encourages the illegal movement of
animals across borders, resulting in disease outbreaks (14),
usually first seen in sheep or cattle. However, where countries
are isolated from FMD-infected areas by sea or other FMD-free
countries, the illegal introduction of infected animals is easier to
prevent. In this situation, the illegal importation of infected
animal products represents a greater threat, and while the
presence of FMD virus (FMDV) in such products alone may be
of no consequence, an outbreak will occur if the infected
products have contact with a susceptible animal. Such is the
likely scenario for the outbreak of FMD in the United Kingdom
in 2001, where illegally imported animal products, which
probably originated in Asia, were fed to pigs in waste restaurant
and school food (swill). Although regulations were in place
requiring that this material be boiled before feeding to pigs, the
farmer on whose farm the outbreak commenced was
prosecuted for feeding unprocessed swill to his pigs. That the
farmer also failed to report the existence of the disease to the
veterinary authorities merely compounded the offence and
allowed FMDV to spread extensively within the country before
existence of the disease was realised. However, this example is

only the most recent of many instances in which FMD (and
other viral diseases such as hog cholera [classical swine fever]
and swine vesicular disease) have been introduced into free
areas by the feeding of infected animal products to pigs (9).

Transmission
Pigs usually become infected with the virus by eating FMDV-
contaminated products, by direct contact with another infected
animal, or by being placed in a heavily contaminated
environment, for example, a pen, an abattoir lairage or a
transport lorry that has previously housed or transported
infected animals. Pigs are considerably less susceptible to
aerosol infection than ruminants, and recent studies by
Alexandersen et al. (1, 2, 3) and Alexandersen and Donaldson
(4) using several virus strains indicated that a pig may require
up to 6,000 50% tissue culture infective dose (TCID50),
possibly as much as 600 times more than the exposure to
aerosol virus required by a bovine (8) or ovine (12), to cause
infection. While this figure may vary with individual pigs and
potentially could be different for certain FMDV strains, it was
consistent with many field and experimental observations
which described situations in which pigs were not infected
when physically separated from infected animals. Pigs infected
with FMDV do produce more aerosol virus than ruminants,
and the same studies showed that the aerosol production from
pigs infected with different strains also differed considerably
(10). Pigs infected with the South Korean strain of serotype O,
within the pan-Asian topotype which also includes the strain
recorded in the outbreak in the United Kingdom (UK),
produced log105.8 TCID50 per pig in 24 h, while those infected
with an isolate collected during the UK outbreak itself
produced log106.1 TCID50 per pig. Pigs infected with 
O Lausanne produced log106.4 per pig, and those infected with
C Noville produced log107.6 TCID50 per pig (4). Recent
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prevent recurrent outbreaks of clinical disease.
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experiments indicate that the Taiwan 1997 strain of serotype O,
included in the Cathay topotype, was excreted at levels
approximately similar to the other type O strains listed above
(i.e. about log5.8-6.4 TCID50 per pig, based on a conversion of IB-
RS-2 cell values to bovine thyroid [BTY] cell culture values 
[S. Alexandersen et al., unpublished results]. This is due to the
fact that the Taiwan 97 virus grows poorly in BTY cells). These
figures for aerosol production, except for the C Noville strain,
are considerably less than the log108.6 TCID50 (7) used by
earlier models to predict aerosol spread from infected pigs, and
had they been available at the commencement of the UK
outbreak, the argument for the extensive contiguous cull would
have been significantly weakened. Maximum excretion of
aerosol virus coincides with development of clinical disease and
lesions on the snout, tongue and feet, and declines over the
following 3 to 5 days as the antibody response develops.

The infectious dose for a pig by the oral route is approximately
log105 TCID50 (6) although this value may possibly be lower if
abrasions are present in and around the mouth. Donaldson
assessed the risk of pigs becoming infected with FMD after
being given milk from infected cattle at the start of an outbreak,
before the disease was first recognised and movement of animal
products had been stopped (6). If one pre-clinically infected
cow was producing log109.6 TCID50 of FMDV per litre of milk,
by the time the milk had been diluted in the bulk tank with
milk from uninfected cattle, with more milk in the tanker and
at the dairy, and then finally pasteurised, a pig would need to
consume over 125 litres to acquire an infectious dose. These are
average figures once again and an individual pig could possibly
be more susceptible to FMDV infection, but the mere presence
of virus is not necessarily sufficient to imply a significant risk.

Once infection is established within a pig herd, transmission by
direct contact between infected and susceptible animals can be
very rapid, and many routes of viral entry may be involved, i.e.
aerosol, oral, mucosal, and through damaged epithelium which
may play an important role under intensive conditions or other
conditions (transport and at abattoirs) where aggression among
pigs may be increased.

Unlike ruminants that have recovered from FMD infection, pigs
do not become carriers. Mezencio et al. (19) found evidence of
the FMDV genome in sera collected from recovered pigs, but
no live virus, and there is no epidemiological support for the
persistence of live virus in recovered pigs. Studies at the
Institute for Animal Health in Pirbright have consistently found
no evidence of viral ribonucleic acid (RNA) persisting in the
blood of infected pigs, even using highly sensitive real-time
reverse transcriptase polymerase chain reaction (RT-PCR) 
(S. Alexandersen et al., unpublished results).

Clinical signs
The incubation period of FMD in pigs varies with the strain of
infecting virus, the dose of virus, the route of infection,

individual susceptibility and the environment under which the
animals are kept. When exposed to a low dose of virus, animals
may only develop sub-clinical or, rarely in pigs, mild disease.
Sub-clinical infection is characterised by no detectable clinical
signs or lesions, a short, very low level or undetectable viraemia
and a low-level, transient antibody response. Such animals may
not transmit infection or may do so inefficiently. Consequently,
the initial incubation period, especially from premise to
premise, is likely to be longer while the virus levels are low,
followed by a much shorter animal to animal incubation period
from the time the disease first appears on a farm. The Cathay
topotype of serotype O, including the Taiwan 1997 outbreak
strain (20), is adapted to and highly virulent in pigs but
attenuated in cattle. For these strains, clinical signs can be
observed within 18 h in pigs after being placed in a heavily
contaminated pen. For other strains, the incubation period may
be as short as 24 h for pigs kept in intense direct contact. More
frequently, the incubation period is two or more days,
depending on the type of exposure – the two pigs that
developed clinical signs following aerosol exposure in the
experiments of Alexandersen et al. (1, 2, 3, 4) did so on days 
4 and 5, respectively. Of the pigs that did not develop clinical
signs following aerosol exposure to FMDV, a few showed a low-
level, transient sero-conversion to FMDV between days 10 and
14 after exposure, suggesting an ‘incubation period’ of up to 
9 days. For the purpose of calculating when virus first entered
a premise, a maximum incubation period of 14 days is
generally added to the age of the oldest lesions found. However,
in pigs a maximum incubation period of 11 days should be
considered for such estimations.

Infected pigs initially show mild signs of lameness, blanching of
the skin around the coronary bands and may develop a fever of
up to 42°C but most often, this is in the range of 39°C to 40°C.
Temperature increase in FMD-infected pigs may sometimes be
inconsistent, short-lived or close to the normal variation seen
and severely affected pigs may even have a drop in temperature
to below the normal range. Consequently, body temperature in
pigs should be used to support other clinical findings and
cannot be used to exclude the possibility of infection. Local
signs of inflammation such as heat and/or pain when touching
and applying finger pressure on areas of the feet may often be
detected by careful clinical examination before any increase in
body temperature is apparent. Affected pigs become lethargic
and remain huddled together and take reduced or little interest
in food. Vesicles develop on the coronary band and heel of the
feet (including the accessory digits), on the snout, lower jaw
and tongue (Fig. 1).

Lesions around the coronary bands are the most consistent
finding in pigs while legions at other sites may be found less
regularly, depending on environmental and other factors. For
several strains, lesions on the tongue appear to occur slightly
later than on the feet (S. Alexandersen, unpublished
observations). Vesicles on the tongue of pigs are most often
found far back on the tongue or as tiny vesicles/erosions near
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the tip of the tongue. Consequently, such lesions are less easily
observed during clinical examination and appear less
conspicuous than in cattle. Pigs housed on rough concrete
floors may show additional lesions on their hocks and elbows
(Fig. 2) or other areas of previously damaged skin, and lactating
sows frequently develop vesicles on the udder. The vesicles
usually rupture within 24 to 48 h also depending on the trauma
to which they are exposed (Fig. 3).

The fever declines and the pigs regain their appetite,
although they may be prevented by pain in their feet from
moving to the food trough or constrained in competing
with penmates for the feed. Depending on the severity of
the lesions, the horn of the digits may be sloughed after

development of vesicles (Fig. 4). Adult pigs will recover if
the damage to the feet is not totally debilitating, although
they may suffer chronic lameness. Fattening pigs will
require longer to reach their slaughter weight. Young pigs
up to 14 weeks of age, but particularly those less than
8 weeks of age, and depending on the type of husbandry
and probably also the level of stress, may die without
developing any clinical signs of FMD due to heart failure,
characterised by acute or hyper-acute myocarditis, a
consequence of the damage caused by the virus to the
developing myocardium. On post-mortem examination,
pale areas of necrotic muscle may be grossly apparent on
the left ventricular surface of the heart (tiger heart) due to
necrosis of the heart muscle cells.
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Fig. 1
Foot and mouth disease in a pig showing lesions at day 2 after
first appearance of clinical signs

Fig. 2
Foot and mouth disease in a pig showing lesions on feet and
knees, day 3 after first appearance of clinical signs

Fig. 3
Foot and mouth disease in a pig showing loss of epithelium at
day 4 after first appearance of clinical signs

Fig. 4
Foot and mouth disease in a pig showing loss of horn from digit



Pathology
The pathology due to FMDV infection in pigs is similar to that
described for cattle and sheep (15, 17). Primary replication of
FMDV occurs in the pharynx or at the primary epithelial site if
virus gains entry through an abrasion. Virus then spreads
through the lymphoid system into the circulation to sites of
cornified, stratified squamous epithelia. During generalisation,
virus is amplified at these sites, particularly the epithelia of the
skin and mouth. New data suggests that respiratory epithelia is
not infected (3). The first histopathological changes in the
cornified, stratified squamous epithelium are observed as
ballooning degeneration and increased cytoplasmic
eosinophilic staining of the cells in the stratum spinosum and
intercellular oedema. This is followed by necrosis and
subsequent mononuclear cell and granulocyte infiltration.
Vesicles develop by separation of the epithelium from the
underlying connective tissue and filling of the cavity with
vesicular fluid. In some cases, the amount of vesicular fluid may
be large and the vesicles are conspicuous, while in other cases,
the amount of fluid is limited and the epithelium may undergo
necrosis or be torn off by physical trauma without forming an
obvious vesicle. Interestingly, no gross or microscopic lesions
are observed on the soft palate and the dorsal part of pharynx
even though this area contains significant amounts of virus. The
epithelia covering these areas are highly specialised and consist
of a non-cornified, stratified squamous epithelia. In young
animals, heart muscle cells, and in rare cases also skeletal
muscle cells, may be affected. Such lesions are characterised by
a lympho-histiocytic myocarditis with necrosis of myocytes and
infiltration with mononuclear cells. In pigs, there is no evidence
that virus persists in any of the tissues following recovery.

Diagnosis
The diagnosis of FMD in pigs is based initially on the
appearance of clinical signs. However, these can be confused
with those caused by vesicular stomatitis virus (VSV), swine
vesicular disease virus (SVDV) or, in the past, vesicular
exanthema virus (VEV). Vesicular stomatitis virus is a
rhabdovirus and VEV a calicivirus (vesivirus), and may be
distinguished from FMDV by their appearance when examined
under an electron microscope. Both diseases have only been
reported in the Americas – apart from three incursions of VSV
into France (1915) and South Africa (1884 and 1887) (13).
Swine vesicular disease virus is present in East Asia and Italy,
but has been more widespread and should always be
considered as a differential diagnosis for FMD in pigs (18).
Similarly to FMDV, SVDV is also a picornavirus; however,
SVDV belongs to the enterovirus genus and is highly resistant
to both low and high pH while FMDV is in the aphthovirus
genus and is only stable in the pH 7 to 7.8 range.

The laboratory diagnostic tests for FMD in pigs are the same as
those used for sheep and cattle, with the additional requirement

to also include SVDV reagents on the antigen detection
enzyme-linked immunosorbent assay (ELISA). Some strains of
FMDV, particularly the Cathay topotype, will not easily grow on
cells of bovine or ovine origin, as used for routine isolation of
FMDV in many laboratories, and for this reason, suspensions of
epithelium from a suspect clinical lesion from pigs should also
be put onto pig cells, such as IB-RS-2, other susceptible pig
kidney cell lines, or primary pig kidney cells.

Control
In countries usually free of FMD, control of FMD in pigs is
generally achieved by the slaughter of all clinically affected and
in-contact susceptible animals, together with movement
restrictions and disinfection. The speed with which FMD
spread in Taipei China, when the disease entered in 1997 made
it impossible to control by slaughter alone, and vaccination was
introduced. Given the rapid generation time of pigs, it is usually
considered uneconomic or impractical to attempt to maintain
immunity in a national pig herd, and in vaccinating countries,
usually only the cattle and sometimes the sheep, are vaccinated.
However, in Taipei China, the outbreak strain was of the Cathay
topotype, and only pigs were affected. Similarly, the same
topotype is present in the Philippines, and the control and
eradication programme has concentrated on pigs, also using
vaccination. Foot and mouth disease vaccines for use in pigs
must have an oil adjuvant, as the aluminium
hydroxide/saponin adjuvant used for cattle and sheep vaccines
is not effective in stimulating good protection against FMD in
pigs, although the same adjuvant appears to work well in
certain other virus vaccines in pigs. Protection can be provided
to naive pigs by day 4 post-vaccination using high potency
vaccines with some of the newer oil adjuvants now
available (5).

The immune response to FMD vaccine in young pigs is poor,
and protection is best provided by vaccination of the pregnant
sow so that immunity can be passed on in the colostrum of the
sow (16). However, in the presence of maternally derived
immunity, an effective immune response from vaccination
cannot be initiated before 8 weeks of age (11). Usually,
vaccination is delayed until 10 to 12 weeks of age, and repeated
2 weeks later, which may provide sufficient immunity until
slaughter weight is reached, depending on the expected level of
challenge with field virus. Sows should be vaccinated at least
twice yearly during pregnancy.

In the presence of clinical disease within a pig herd, vaccination
is unlikely to provide sufficient protection, and even using
vaccines of high potency (50% protective dose [PD50]>6),
vaccinated pigs in contact with clinically affected pigs
commonly develop clinical signs. This is not evidence of poor
vaccine quality but of the extremely high excretion level of
FMDV in pigs and of the virulence of some strains of FMDV in
pigs.
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Variation des signes cliniques de la fièvre aphteuse chez les
porcins 

R.P. Kitching & S. Alexandersen

Résumé
L’introduction de la fièvre aphteuse dans les élevages intensifs de porcs entraîne
l’apparition d’une forme clinique grave de la maladie et la formation de lésions
vésiculeuses chez les animaux adultes et à l’engrais. Elle provoque une forte
mortalité chez les porcelets. La vaccination des troupeaux non atteints peut
contribuer à la maîtrise de la fièvre aphteuse et aux programmes d’éradication, en
atténuant la sensibilité des porcs de plus de 12 à 14 semaines et en conférant une
protection précoce aux porcelets par le biais des anticorps maternels. Toutefois
elle n’est pas capable, à elle seule, de s’opposer à la réapparition des cas
cliniques une fois la maladie établie dans un élevage. 

Mots-clés
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Variación de las manifestaciones clínicas de la fiebre aftosa:
porcinos

R.P. Kitching & S. Alexandersen

Resumen
En los porcinos criados en explotaciones intensivas, la aparición de la fiebre
aftosa provoca cuadros clínicos de gravedad, lesiones vesiculares en cerdos
adultos y cebones y una elevada tasa de mortalidad en los lechones. La
vacunación de piaras no infectadas puede ser de ayuda en programas de control
y erradicación de la fiebre aftosa, pues reduce la susceptibilidad de los
ejemplares mayores de 12 a 14 semanas y proporciona a los lechones una
protección precoz a través de los anticuerpos maternos. Sin embargo, una vez
que la enfermedad se ha asentado en una explotación, la vacunación no basta
para prevenir la aparición de brotes recurrentes de cuadros clínicos de fiebre
aftosa.
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