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a  b  s  t  r  a  c  t

African  swine  fever  was  reported  in domestic  pigs  in 26  African  countries  during  the  period  2009–2011.
The  virus  exists  in an  ancient  sylvatic  cycle  between  warthogs  (Phacochoerus  africanus)  and  argasid  ticks
of the  Ornithodoros  moubata  complex  in many  of  the countries  reporting  outbreaks  and  in two  further
countries  in the  region.  Eradication  of the  virus  from  the  countries  in eastern  and  southern  Africa  where
the  classic  sylvatic  cycle  occurs  is  clearly  not  an  option.  However,  the  virus  has  become  endemic  in  domes-
tic pigs  in  20  countries  and  the  great  majority  of outbreaks  in  recent  decades,  even  in some  countries
where  the  sylvatic  cycle  occurs,  have  been  associated  with  movement  of  infected  pigs and  pig  meat.  Pig
production  and marketing  and  ASF  control  in  Africa  have  been  examined  in  order  to identify  risk  fac-
tors  for  the  maintenance  and  spread  of  ASF.  These  include  large  pig populations,  traditional  free-range

husbandry  systems,  lack  of  biosecurity  in  semi-intensive  and  intensive  husbandry  systems,  lack  of  orga-
nisation  in  both  pig production  and  pig  marketing  that  results  in lack  of incentives  for  investment  in pig
farming,  and  ineffective  management  of  ASF.  Most  of  these  factors  are  linked  to  poverty,  yet  pigs are
recognised  as  a livestock  species  that  can  be used  to improve  livelihoods  and  contribute  significantly  to
food  security.  The  changes  needed  and  how  they  might  be implemented  in  order  to  reduce  the  risk  of
ASF to pig producers  in  Africa  and  to  the rest of  the world  are  explored.
© 2012 Elsevier B.V. All rights reserved.
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. Introduction

African swine fever (ASF) is caused by a unique DNA virus
Asfivirus), the only member of the family Asfarviridae. It is endemic
n most countries in sub-Saharan Africa where pigs are kept
Penrith et al., 2004a; Penrith and Vosloo, 2009). It is arguably the

ost important constraint for pig production in Africa, not only
ue to high mortality periodically causing devastating losses, but
lso because the fear of it discourages investment in pig production
Foueré, 2007). Because there is no vaccine and no treatment, it is

ost often perceived in endemic areas as a disease that cannot be
revented or cured and therefore has to be tolerated. The presence
f ASF virus (ASFV) in domestic pigs on the African continent poses

 continual threat to the rest of the world, as has been demonstrated
y the introduction of the disease into three other continents within

 period of 50 years (Costard et al., 2009b; Penrith and Vosloo,
009). Although eradication of ASFV from its natural hosts and vec-
ors in Africa is not an option, eradication of ASFV in domestic pigs

ay  theoretically be achievable, provided that pigs are managed in
 way that excludes contact with the sylvatic sources of infection
nd prevents maintenance of the virus in domestic pig popula-
ions. The question of whether eradication of ASFV from domestic
igs would constitute freedom from the disease highlights a para-
ox in international approaches to control of diseases involving
ild hosts. While for certain epidemic diseases (e.g. classical swine

ever, Newcastle diseases, notifiable avian influenza) the interna-
ional standards set by the World Organisation for Animal Health
OIE) focus on eradication from livestock populations only, no clear
istinction between infection in domestic and wildlife populations

s made for other diseases, e.g. foot and mouth disease and ASF (OIE,
012a). The existence of ASFV in a sylvatic cycle involving warthogs
Phacochoerus africanus) (Jori et al., this issue; Penrith et al., 2004a;
homson, 1985) is not considered to pose a serious direct risk to
he rest of the world but will always need to be borne in mind when
esigning pig management systems in Africa.

In order to assess the feasibility of eradicating ASFV from domes-
ic pigs in Africa and if possible, to propose a strategy that could
chieve this, this review examines the risk factors for its mainte-
ance and spread among domestic pigs. These include the evolution
nd current status and distribution of ASF in domestic pigs in Africa
nd the epidemiological factors relevant to eradication, focusing
n pig production and marketing in Africa as the major factors that
ill determine whether ASFV can be eradicated from domestic pigs.
urrent approaches to control of ASF are also explored, as inappro-
riate control measures can contribute to spread and maintenance
f this and other diseases. As it is likely that eradication, if feasible,
ill be a long term process, approaches to managing ASF in domes-

ic pigs in ways that are appropriate for sub-Saharan Africa, which
ncludes some of the poorest countries in the world, are explored.

. Historical and current distribution of ASF in Africa

ASF was first observed in settlers’ pigs in Kenya in 1909 and was
eported by Montgomery (1921) as an entity distinct from classical
wine fever. Reports of ASF in South Africa (Steyn, 1928, 1932) and
ngola (Gago da Câmara, 1933) followed. While Gago da Câmara
as able to determine that the disease observed in pigs was not

rysipelas, as previously thought, but was caused by a virus, its
dentity as the disease described by Montgomery in East Africa was
nly confirmed in 1943 (Mendes, 1994). In Kenya and South Africa
SF affected pigs that belonged to settlers of European origin, but in
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

ngola pigs were also kept by the indigenous population and it was
oted that those pigs showed increased resistance to ASF and that
hey appeared to serve as a source of infection for the pigs farmed
y the Portuguese settlers (Mendes, 1994). After World War  II the
 PRESS
arch xxx (2012) xxx– xxx

potential for producing pigs in the central highlands of Angola to
provide meat for a burgeoning pork processing industry was recog-
nised. ASF was  proving a major constraint for pig production and
a special section for research on pig diseases was established at
the Central Veterinary Laboratory in Nova Lisboa (now Huambo),
where attempts to develop a vaccine were undertaken from 1950
(Mendes, 1994).

Incursions of ASF into Europe focused attention on the disease.
There were two separate episodes in Portugal in 1957 and again in
1960 (Wilkinson, 1989), with subsequent establishment of ASF in
the Iberian Peninsula and spread to other countries in Europe as
well as the Caribbean and Brazil. During the same period ASF was
also reported from Malawi (Matson, 1960) and Mozambique (Abreu
et al., 1962; Mendes, 1971). A link between warthogs (P. africanus)
and ASF was recognised early in East Africa (Montgomery, 1921),
but the possible involvement of an arthropod vector was only con-
firmed much later (Plowright et al., 1969), after Sánchez Botija
(1963) reported the involvement of the argasid tick Ornithodoros
erraticus in the epidemiology of ASF in Spain. Investigations in
a number of countries in southern and eastern Africa revealed
infection in Ornithodoros moubata complex ticks inhabiting both
warthog burrows and pig shelters (Penrith et al., 2004a)  but wild
pigs were not investigated in Angola (Mendes, 1994) or in Mozam-
bique, although Mendes (1971) suggested that the source of the
disease, first observed in Mozambique in 1954, might be warthogs
from a neighbouring country. It has recently been confirmed that
infected warthogs and O. moubata complex ticks are present in
the central parts of Mozambique (Quembo, Jori, Dwarka, Ntshali,
Souto, Pereira, Heath, Vosloo, unpublished data) and most likely
elsewhere in the country.

By the mid  1970s ASF had been reported either in warthogs or
domestic pigs or both from most countries in southern and eastern
Africa (Penrith et al., 2004a).  Studies undertaken in Malawi revealed
an endemic situation in domestic pigs in Mchinji District in the
south-eastern part of the country bordering on Mozambique and
Zambia, with large numbers of infected Ornithodoros ticks living in
shelters in which the pigs were confined at night (Haresnape and
Mamu,  1986; Haresnape and Wilkinson, 1989; Haresnape et al.,
1985, 1987, 1988). No evidence for warthog involvement was  found
in that area.

Scott (1965) described all the countries known to have signif-
icant warthog populations as being at high risk of ASF, including
Mali, which has an insignificant domestic pig population. Although
the first official report to the OIE of ASF in West Africa was from
Senegal in 1978 (Plowright et al., 1994), a 1959 virus isolate from
Dakar (Bastos et al., 2003) indicates that the virus was introduced a
good deal earlier. Two temporally unrelated outbreaks occurred in
Cameroon in 1982 and 1985 (Awa  et al., 1999; Ekue and Wilkinson,
1990; Nana-Nukechap and Gibbs, 1985), and genetic characteri-
sation of the viruses from Cameroon was suggestive of a ‘reverse
introduction’ of the virus from the Caribbean to Cameroon (Wesley
and Tuthill, 1984). Investigations in both countries indicated that
the sylvatic cycle was  apparently not involved in either Senegal
or Cameroon (Ekue and Wilkinson, 1990; Sarr and Diop, unpub-
lished report, 1990), and recent investigations have confirmed this
hypothesis in Senegal (Jori et al., this issue).

During the 1990s there appeared to be a sharp increase in ASF
activity throughout sub-Saharan Africa. ASF was  reported for the
first time south of the Save River in Mozambique in 1993 and for
the first time in more than 30 years in Kenya in 1994 (Penrith et al.,
2004a). In 1996 an outbreak of ASF in Côte d’Ivoire (CIV) heralded
a pandemic that affected new countries in the region (Benin, Togo,
 swine fever virus eradication in Africa. Virus Res. (2012),

Nigeria, Ghana and Burkina Faso) from 1997 to 2003, with increased
outbreaks reported in Senegal, Gambia and Cape Verde during the
same period (Penrith et al., 2004a).  With the exception of CIV, it has
not been eradicated from any of these countries. In 1998 ASF was

dx.doi.org/10.1016/j.virusres.2012.10.011
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Fig. 1. Distribution of A

eported for the first time from the island of Madagascar, where it
as since become endemic (Costard et al., 2009a; Roger et al., 2001).
he only recently-infected African countries from which ASF has
een eradicated, or apparently eradicated, are CIV (El Hicheri et al.,
998) and the small island nations of São Tomé e Principe, which
uffered an outbreak in 1979 (Lage and Oliveira da Silva, 1980,
uoted by Wesley and Tuthill, 1984), and Mauritius, which suf-
ered an outbreak in 2007 that was eradicated by 2008 (Lubisi et al.,
009). Although Ghana succeeded in eradicating ASF within a year
fter its introduction in 1999, it has since 2002 suffered repeated
utbreaks either resulting from incursions from its endemically
nfected neighbours or because the disease has become endemic. In
he period 2009–2011, 26 countries have reported outbreaks or the
ndemic presence of ASF in domestic pigs. Additionally, the sylvatic
ycle in warthogs remains present in Botswana and Zimbabwe, but
o outbreaks in domestic pigs were reported during that period,
eaning that there are currently 28 African countries infected with
SFV. The number of countries reporting ASF outbreaks has grown
arkedly since 1990 (Fig. 1), mainly as a result of new countries

ecoming infected (Penrith et al., 2004a). ASF is thus widespread
n sub-Saharan Africa and has become endemic in domestic pigs
n countries where the sylvatic cycle occurs and in a number of
ountries that were newly infected in the last two decades (Fig. 2a
nd d).

. Epidemiological factors relevant to ASFV eradication in
frica
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

ASFV is maintained in three overlapping cycles in Africa (Fig. 1):
 sylvatic cycle involving a commensal relationship between the
ommon warthog, P. africanus, and an argasid tick of the O. moubata
 swine fever in Africa.

complex, the eyeless tampan usually known as Ornithodoros porci-
nus that lives in their burrows; a cycle in domestic pigs involving O.
porcinus that lives in pig shelters; and a cycle involving only domes-
tic pigs without, as far as has been established to date, either wild
Suidae or tampans (argasid ticks) (Etter et al., 2011; Jori and Bastos,
2009; Jori et al., this issue; Penrith et al., 2004a; Penrith and Vosloo,
2009). Endemically infected countries fall into three main cate-
gories: countries where sporadic outbreaks occur or have occurred
historically owing to transmission from warthogs to domestic pigs
by O. porcinus (Botswana, Kenya, Namibia, South Africa, Tanzania,
Zimbabwe); countries where infection is present in warthogs but
the disease has also become endemic in populations of domestic
pigs (Congo-Brazzaville, Mozambique, Malawi, Uganda, Zambia;
Angola, Burundi, Democratic Republic of Congo (DRC) and Rwanda
most probably fall into this category as well); and countries where
the disease was  apparently introduced later and circulates or is
endemic in domestic pigs (Benin, Burkina Faso, Cameroon, Cabo
Verde, Gambia, Ghana, Guinea Bissau, Madagascar, Nigeria, Sene-
gal, Togo), with possible occasional spill-over to wild suids (Luther
et al., 2007a,b). Central African Republic and Chad have recently
reported outbreaks close to the border with Cameroon that were
attributed to illegal movement of infected pigs from Cameroon (OIE,
2012c).

There is little published information about the status and epi-
demiology of ASF in West Africa. Senegal and Nigeria are two
countries for which more information has been produced in recent
years (Etter et al., 2011; Fasina et al., 2010; Luther et al., 2007a,b;
 swine fever virus eradication in Africa. Virus Res. (2012),

Owolodun et al., 2010a,b; Taylor et al., 1977; Vial et al., 2006, 2007).
In Senegal, the disease is known to be endemic, with more than
54 outbreaks reported to the OIE since 1986 (Etter et al., 2011).
Although Senegal is predominantly Muslim, the pig population is

dx.doi.org/10.1016/j.virusres.2012.10.011
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Fig. 2. (a) Number of countries reporting ASF from pre 1949 to 2011. W Africa: West Africa; E/S/C Africa: Eastern, Southern and Central Africa. Sources: Plowright et al. (1994);
OIE  Bulletins (1975–1995), OIE Handistatus II (1996–2004), OIE WAHID 2005–2011. (b) Total pig population; for 2010 the countries formerly in USSR and now independent
have  been allocated to Europe or Asia. Source: FAOSTAT 2010 statistics. (c) Pork production for 2010 (1980 figures not given owing to a clear anomaly in the statistics for
the  former USSR). Source: FAOSTAT 2010 commodity statistics. (d) Pig numbers (total) in relation to number of countries reporting African swine fever (ASF) over time. NA:
N : FAO
( Easter
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orth  Africa; WA:  West Africa; E/S/C A: East, Southern and Central Africa. Sources
1996–2004), OIE WAHID 2005–2011. Key: NA, North Africa; WA,  West Africa; ESA, 

SF.  Sources: FAOSTAT 2010 and OIE WAHID 2009–2011.

ar from being negligible and has increased in size over the years.
t is mainly located in the Southern Casamance, which is predomi-
antly Christian (Missohou et al., 2001), but also in areas where the
resence of expatriates has increased the demand for pork meat
uch as Dakar, Saint Louis or the Sine Saloum Region (Etter et al.,
011). There is now evidence that the sylvatic cycle in Senegal plays
t most a limited role ASF maintenance in wild hosts (Jori et al., this
ssue; Vial et al., 2007). Transmission between domestic pigs within

 domestic cycle therefore seems to be the main source of recurrent
e-emergence of the disease in this country (Fig. 1). This is par-
icularly true in Lower Casamance (Southern Casamance), where
espite the absence of potential wild hosts for ASF the disease is
ndemic with the highest prevalence in the country (Etter et al.,
011). The reason for this is the widespread occurrence of free-
anging farming systems. ASF has also become endemic in domestic
igs in Nigeria since its introduction in 1997, and occurrence of a
ylvatic cycle there has not been established (Fig. 1) (Luther et al.,
007a,b; Owolodun et al., 2010b).

Although the sylvatic cycle involving warthogs occurs through-
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

ut southern and eastern Africa (the western and northern limits
re not well established), the great majority of ASF outbreaks
n recent decades have been associated with the movement of
nfected domestic pigs and pork rather than the sylvatic cycle
STAT 2010; Plowright et al. (1994); OIE Bulletins (1980–1995), OIE  Handistatus II
n and Southern Africa. (e) Pig numbers in relation to number of countries reporting

(Penrith and Vosloo, 2009). Outbreaks in Botswana, Namibia, South
Africa and Zimbabwe have invariably been associated with warthog
contact. Zimbabwe has not reported any outbreaks since 1992. Out-
breaks in Kenya were historically associated with warthogs but
the outbreaks in recent decades have been attributed to move-
ment of infected pigs from the border with Uganda. Investigation
of recent outbreaks in domestic pigs in Tanzania suggests that
some may  have been caused by transmission from the sylvatic
cycle but others have likely been due to movement of infected pigs
from neighbouring countries (Misinzo et al., 2010; Wambura et al.,
2006). However, the importance of the sylvatic cycle is twofold.
Firstly, the ineradicable presence of ASFV in natural reservoirs
means that measures based on an in-depth understanding of the
cycles involving natural reservoirs will always need to be imple-
mented to ensure that domestic pigs are not exposed to them (Jori
and Bastos, 2009). The potential for the development of new syl-
vatic or pig/tick cycles, for example in West Africa, also requires
further investigation (Etter et al., 2011; Luther et al., 2007a,b;
Owolodun et al., 2010b),  particularly as some ASF genotypes have
 swine fever virus eradication in Africa. Virus Res. (2012),

expanded beyond their traditional ranges (Gallardo et al., 2011)
and intra-continental incursions, which are now easier to track
with genetic methods and the establishment of an extensive ref-
erence database, are increasingly reported (Gallardo et al., 2011;

dx.doi.org/10.1016/j.virusres.2012.10.011
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onzague et al., 2001; Lubisi et al., 2009). Secondly, the sylvatic
ycle in warthogs is associated with rich genetic diversity of ASFV
Bastos et al., 2003; Boshoff et al., 2007; Lubisi et al., 2005; Nix et al.,
006). This may  have implications if a vaccine is developed.

The introduction of ASFV into other continents and most prob-
bly into West Africa is generally agreed to have resulted from
ovement of infected pork products (Costard et al., 2009b; Penrith

t al., 2004a; Wilkinson, 1989). The main focus for eradication in
omestic pigs therefore requires the identification of pig-related
actors that have allowed ASF to become established in areas distant
rom the classic sylvatic cycle as well as in many of the countries
here the sylvatic cycle occurs but is not the primary cause of out-

reaks. These factors relate to the size of the pig population and
he ways in which pigs in Africa are managed, fed and marketed, as
ell as measures, if any, that are used to control ASF.

The role of recovered pigs or pigs that do not develop clinical
igns as ‘long term carriers’ is frequently cited as being important
n the maintenance of ASFV (Fasina et al., 2010; Jori and Bastos,
009; Olugasa et al., 2009a),  but there is no evidence that viraemia
ith shedding of infective virus persists for longer than 30 days in a
ealthy recovered pig; virus may  be recovered from lymphoid tis-
ues for a few months, and viral DNA may  be detected in lymphoid
issues for longer (Penrith et al., 2004b; Pujols-Romeu et al., 1991b;
aladão, 1969; Wilkinson et al., 1983). A serologically negative boar

ntroduced into a group of 16 healthy serologically positive pigs
pproximately six weeks after an outbreak of ASF had occurred in
heir quarantine facility remained in close contact with the group
or three years without seroconverting or developing any signs of
SF. This suggests that persistence of infectivity in healthy recov-
red pigs is unusual, if it does occur at all (Penrith et al., 2004b), in
ontrast to the chronically diseased pigs that occurred in Spain fol-
owing infection with viruses of lower virulence (Sánchez-Vizcaíno
t al., 2012). Surveillance performed by detection of antibodies
nd/or viral genome can be deceptive, since neither antibodies nor
iral nucleic acid necessarily indicate active infection. Antibodies
ersist for long periods of time; Pujols-Romeu et al. (1991a) deter-
ined a half-life of 1.8 years. It is likely that some transmission
ay  occur from recently recovered pigs or their tissues, but much
ore evidence is needed to confirm an important role for long-

erm carrier pigs in the maintenance and spread of ASF. However,
SF infection burns out when there are no longer any naïve pigs

eft to infect; large high-contact pig populations provide a never-
nding supply of naïve pigs and can likely maintain circulation of
SFV indefinitely, as has apparently occurred in Sardinia between
ild boar and free-ranging domestic pig populations (Rolesu et al.,

007).

. Pig population size and ASF

Pigs in Africa account for only 3.06% of the world’s pig popu-
ation and 2% of global pork production, although the number of
igs increased almost threefold between 1980 and 2010 (FAOSTAT,
011) (Fig. 2b and d). The efficiency of data collection undoubtedly
aries among countries and many of the statistics are extrapola-
ions from earlier figures. Techniques for gathering statistics have
robably improved so that the increase in the pig population over
ime could partially be due to more pigs being counted, but it is gen-
rally accepted that Africa accounts for less than 5% of the world pig
opulation. Growth of pig production has accompanied population
rowth and urbanisation, particularly in West Africa, in response to
ncreased demand for affordable protein (FAO, 2012a; Fasina et al.,
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

010; Kagira et al., 2010a; Mopate Logtene and Kabore-Zoungrana,
010; Phiri et al., 2003; Youssao et al., 2008); it is also being encour-
ged in countries like Nigeria and Uganda to improve food security
nd the protein intake of the population (Muhanguzi et al., 2012;
 PRESS
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Nwanta et al., 2011; Ogunniyi and Ajao, 2011; Onyenweaku and
Effiong, 2005). Nevertheless, available data indicate that the off-
take in terms of pork is extremely low. The official figures probably
represent only a fraction of the pork consumed because the amount
of meat produced is in general based on slaughter figures, and the
majority of pigs in Africa are slaughtered locally without being
recorded (FAO, 2012a,b; Phiri et al., 2003; Pondja et al., 2010;
Sikasunge et al., 2007; Veary and Manoto, 2008). This is impor-
tant because the probability of pork that is locally slaughtered and
consumed being a direct source of infection for other continents is
extremely low, but the likelihood that it plays a role in the mainte-
nance and transmission of ASFV in local pig populations is high.

As indicated in Section 2, the first official reports of ASF for a
number of countries where the warthog cycle occurs or probably
occurs only emerged after ASF arrived in Europe. There is there-
fore relatively little information about ASF in domestic pigs before
1960. However, infection in domestic pigs in these areas proba-
bly coincided with their introduction into Africa (Penrith et al.,
2004a,b). The evolution of a cycle in domestic pigs that involves
hut-dwelling Ornithodoros in some of these countries in areas with-
out warthogs suggests a long-term association between domestic
pigs and ASFV. However, there is little doubt that the introduc-
tion of ASF into countries in West Africa where the sylvatic cycle in
warthogs has not been demonstrated to occur was a later event (El
Hicheri et al., 1998; Owolodun et al., 2010a,b; Penrith et al., 2004a).
While the date of introduction of ASF into Cabo Verde, Guinea Bis-
sau and Senegal is unknown but believed to be as early as 1959
and could be much earlier, the infection of other countries appears
to be correlated with recent increases in the population of pigs
(Fig. 2d and e). The outbreaks in Cameroon that started in 1982
followed a period during which the number of pigs in Cameroon
had virtually doubled (FAOSTAT, 2011). Among the countries with
500,000 or more pigs (Figs. 2e and 3), only Zimbabwe reported no
outbreaks of ASF between 2000 and 2011. Two  of the 10 countries
with between 100,000 and 500,000 pigs have never reported ASF
(Gabon and Liberia). No information about ASF status was submit-
ted to OIE by Liberia for either the period 1996–2004 or 2005–2012
(OIE, 2012b,c). Gabon indicated an uncertain status in 1997 (OIE,
2012b), following which no information was  submitted until 2006,
after which negative reports for ASF have been submitted (OIE,
2012c). Six of the 14 countries with 10,000–50,000 pigs and none
of the countries with fewer than 10,000 pigs reported ASF between
2000 and 2011. With two exceptions, none of the countries with
fewer than 10,000 pigs have ever reported ASF. A report of an out-
break of ASF in Algeria in 1939 (Scott, 1965) is difficult to credit
because it occurred prior to the introduction of ASF into Europe.
If it was indeed ASF the most likely source of infection would be
swill from a ship that had taken infected pork on board at a port on
the East African coast or Angola. The 1979 outbreak in São Tomé
e Principe may  have been due to an introduction from Europe, as
suggested for the introduction into Cameroon (Wesley and Tuthill,
1984). The status of Equatorial Guinea prior to 2009 is unknown,
but since 2009 negative reports have been submitted to OIE.

There is therefore a clear relationship between the size of the pig
population and the probability of the country becoming infected
with ASF, and large pig populations or an increase in the number
of pigs appear to be risk factors for ASF. This is a matter of some
concern, as obviously growth of the pig population is necessary for
growth of the industry. When ASF is present in a country more out-
breaks are likely when there are large pig populations with high
contact rates because these populations offer an unending source
of naïve pigs to infect so that outbreaks are not self-limiting, poten-
 swine fever virus eradication in Africa. Virus Res. (2012),

tially resulting in rolling outbreaks that can persist for long periods
of time. The main reason why explosive growth of the pig popu-
lation appears to favour introduction of ASF is probably that more
pigs are sourced from infected neighbouring countries with obvious

dx.doi.org/10.1016/j.virusres.2012.10.011
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Fig. 3. Pig numbers in African countries in 2010 according to FAOSTAT (2011

ffects, which may  not be the case when the pig population is small.
he risk of large pig populations can therefore not be separated
rom the risks posed by disorganised pig production and marketing;
hese are simply magnified as pig population size increases.

. Pig production systems in Africa

The modest figures for pig production do not reflect the impor-
ance of the contribution that pigs make to food security and
ousehold income in a large number of countries in sub-Saharan
frica, although it is recognised that this is small compared with

he potential that pig production has to improve livelihoods and
rovide an affordable source of high quality protein in the region
Almeida and Cardoso, 2008a,b; Chiduwa et al., 2008; Halimani
t al., 2012; Ironkwe and Amefule, 2008; Kagira et al., 2010a,b;
arimuribo et al., 2011; Lekule and Kyvsgaard, 2003; Mashatise
t al., 2005; Moreki and Mphinyane, 2011; Mopate Logtene and
oussou, 2003; Muhanguzi et al., 2012; Ndébi et al., 2004, 2009;
soso et al., 2006; Petrus et al., 2011; Wabacha et al., 2004; Youssao
t al., 2008).

Pig farming systems in sub-Saharan Africa may  be classified
nto traditional systems, in which pigs are free-ranging or at most
onfined at night and/or seasonally to protect the crops, and semi-
ntensive and intensive systems, in which the pigs are mostly
onfined (Figs. 4c,d and 5). Many of the semi-intensive farms
re backyard farms in peri-urban areas; large-scale intensive pig
arms are the exception rather than the rule. In the majority of
ountries most pigs are kept in traditional systems that gener-
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

lly make use of local breeds of pigs or their crosses that are
ardy and undemanding in terms of nutrition and management
Lekule and Kyvsgaard, 2003). Productivity is generally low but,
ecause the investment is low, the price received for the pig is
 unshaded countries as well as the Comoros Islands reported having no pigs.

usually higher than the cost of producing it, so the system is seen
as profitable, although at subsistence level (Verhulst, 1993). On
the other hand, commercial pig production using improved breeds
of pigs or even local breeds has often proven unprofitable and
unsustainable owing to high input costs that include housing, feed
and infrastructure and market prices that are too low to justify
the investment (Chabo et al., 2000; Lekule and Kyvsgaard, 2003;
Verhulst, 1993).

In spite of difficulties and failures reported in some countries,
there is considerable support for improving pig production by
intensification, partly to satisfy the demand for affordable pro-
tein in urban areas that are growing exponentially, and partly to
increase the profitability of pig production as part of the general
imperative to alleviate poverty (Ampaire and Rothschild, 2010;
Lekule and Kyvsgaard, 2003; Verhulst, 1993). Even in countries
where for religious or other reasons pig meat is not widely
consumed, small scale pig production is increasing and is not dis-
couraged because of the contribution it can make to livelihoods and
food security (Abdu and Gashaw, 2010). Apart from low productiv-
ity, traditional pig farming systems have disadvantages, some of
which increase as countries modernise. Pigs are destructive and
can become a cause of conflict when crops and gardens are dam-
aged; heavy losses may  be experienced among free-ranging pigs
with access to modern roads with fast traffic; and porcine cysticer-
cosis is increasingly recognised as a major public health problem
in communities where pigs have access to human waste (Assana
et al., 2001; Ganaba et al., 2011; Phiri et al., 2003; Pondja et al.,
2010; Sikasunge et al., 2007). Free-ranging pigs are at increased
 swine fever virus eradication in Africa. Virus Res. (2012),

risk of exposure to ASF both through the sylvatic cycle and through
contact with pigs from other herds and with infected material (FAO,
2012a,b; Muhanguzi et al., 2012; Penrith et al., 2007; Penrith and
Vosloo, 2009). An investigation in two  districts in south-western

dx.doi.org/10.1016/j.virusres.2012.10.011
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ig. 4. (a) Free-ranging village pig, Tohoun, Togo. (b) Free-ranging pigs scavenging
d)  Backyard pig farm, Mauritius.

alawi after severe outbreaks of ASF in 1989 revealed that losses
ere far lower in the district where the majority of pigs were
ermanently penned (Allaway et al., 1995). Free-ranging pig popu-

ations provide the necessary level of contact for circulation of ASFV
o be maintained indefinitely if the pig population is large enough
Penrith et al., 2004a,b).

ASF is recognised as a major limiting factor for pig produc-
ion in sub-Saharan Africa, but the most serious constraints that
ave been identified in many countries are lack of suitable feed
t affordable prices, poor or no access to animal health services,
ost of housing pigs, poor genetics of breeding stock and lack
f knowledge and information about pig production and health
Adesehinwa et al., 2003a; FAO, 2012a,b,c; Halimani et al., 2007;
ronkwe and Amefule, 2008; Kagira et al., 2010b; Karimuribo
t al., 2011; Mashatise et al., 2005; Moreki and Mphinyane, 2011;
uhanguzi et al., 2012; Mutua et al., 2011; Nwanta et al., 2011;

etrus et al., 2011). These constraints become critical with intensi-
cation of pig production, when pigs are permanently confined and
ompletely dependent on their owners for all aspects of their well-
eing. High feed prices and low quality of available feed have been

dentified as a major constraint for smallholder and commercial
armers in many African countries (Chabo et al., 2000; Garcês et al.,
998; Karimuribo et al., 2011; Lekule and Kyvsgaard, 2003; Moreki
nd Mphinyane, 2011; Verhulst, 1993). Lack of resources to feed
igs is a major contributory factor to the maintenance of extensive
ig-farming systems (FAO, 2012b; Matos et al., 2011; Muhanguzi
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

t al., 2012; Ndébi et al., 2009; Ngowi et al., 2007; Petrus et al.,
011). Even in semi-intensive systems where pigs are in theory
ermanently housed they may  be liberated for shorter to longer
eriods during the day to forage for themselves (Costard et al.,
rbage, Chicualacuala, Mozambique. (c) Semi-intensively kept pigs, Kpalimé, Togo.

2009a; Muhanguzi et al., 2012; Mutua et al., 2011; Nissen et al.,
2011).

Pig shelters with earth floors and with the type of walls that
provide crevices in which Ornithodoros can hide occur through-
out sub-Saharan Africa (Figs. 4c and 5b–d). Because the ticks spend
most of their time off the pigs and away from exposed surfaces in
dark places, acaricides have proven to be of little value in control-
ling them, and it is necessary to burn the structures in order to be
rid of the ticks (Penrith et al., 2004a).  Lack of resources to construct
proper housing for pigs is a frequently stated constraint for produc-
ers, and therefore pig housing that offers shelter to Ornithodoros is
likely to be a limiting factor for managing ASF in some areas.

When pigs are permanently confined, they are often at risk of
ASF and other infectious diseases owing to poor or no biosecurity
and poor hygiene. Lack of affordable feed results in housed pigs
being fed kitchen waste, which is most often from the household
but if available may  include kitchen waste from restaurants and
other sources (Costard et al., 2009a; Missohou et al., 2001). This in
turn poses a risk as ASF may  be spread via food products containing
contaminated meat (Costard et al., 2009a; Penrith et al., 2004a;
Penrith and Vosloo, 2009).

The main risk factors for ASF associated with pig production sys-
tems are therefore increased exposure to infection in free-ranging
husbandry systems and lack of basic biosecurity in semi-intensive
and intensive husbandry systems, which may  include feeding of
kitchen waste that could include uncooked or undercooked pork.
 swine fever virus eradication in Africa. Virus Res. (2012),

In areas where a cycle between pigs and tampans exists or where
species of Ornithodoros are or could be associated with pigs, hous-
ing pigs in structures that offer a suitable habitat for the ticks is an
additional risk factor.

dx.doi.org/10.1016/j.virusres.2012.10.011
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ig. 5. (a) Modern intensive pig farm, Western Cape Province, South Africa. (b) Loca
orongosa, Mozambique. (d) Rustic pigsty with wooden walls and earth floor, Mad

. Pig marketing in Africa

Pig marketing has a twofold importance in an assessment of
ow ASF can be controlled in pigs in sub-Saharan Africa. Firstly,

t is evident that current marketing practices play an important
ole in the spread of ASF. Secondly, markets that are discerning in
erms of product quality and that pay good prices for a consistent
upply of healthy pigs would provide the strongest (possibly the
nly) incentive for modernising and improving pig production. In
enya access to higher value markets for smallholder pig farm-
rs has been a major incentive for better farming practices and
rowth of the industry (FAO, 2012c; Kagira et al., 2010a; Wabacha
t al., 2004). However, in countries like South Africa and Zimbabwe,
ith a small but highly developed commercial pig industry, there

s a dualist marketing system, with little or no integration of the
raditional and smallholder pig farming sectors into the markets
hat are accessed by the larger-scale commercial producers (Antwi
nd Seahlodi, 2011; Madzimure et al., 2012), although smallholder
ig farmers are sometimes able to access the higher value mar-
ets if they can produce pigs of the required quality (Madzimure
t al., 2012). Factors that exclude most smallholder producers from
he higher value markets include distance from the markets and
he fact that they use breeds that do not conform to what the

arket requires, as well as sanitary considerations and incon-
istency of supply (Antwi and Seahlodi, 2011; Chimonyo et al.,
010; Kagira et al., 2010a,b; Madzimure et al., 2012; Missohou
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

t al., 2001; Phiri et al., 2003). Where demand for pigs and pork
s high, local markets may  offer conditions that pig producers
erceive to be satisfactory (Karimuribo et al., 2011; Nsoso et al.,
006).
 pigs in a rustic pen, Tohoun, Togo. (c) Pig shelter offering habitats for Ornithodoros,
r.

Studies in Africa indicate that most if not all pig producers keep
pigs partly or entirely for income generation; another important
reason for keeping pigs is as a source of funds for emergencies and
a hedge against inflation (Ajala, 2007; Awa et al., 1999; Bosma et al.,
2004; FAO, 2012a,b,c; Costard et al., 2009a; Ironkwe and Amefule,
2008; Kagira et al., 2010b; Karimuribo et al., 2011; Missohou et al.,
2001; Mopate Logtene and Kabore-Zoungrana, 2010; Muhanguzi
et al., 2012; Mutua et al., 2011; Ndébi et al., 2004; Nsoso et al.,
2006; Petrus et al., 2011; Wabacha et al., 2004; Youssao et al.,
2008). Mashatise et al. (2005) reported that the majority of pro-
ducers of indigenous pigs in north-eastern Zimbabwe kept them
as a source of meat, but this appears to be unusual; a survey in
southern Zimbabwe and in Limpopo and Eastern Cape provinces of
South Africa indicated that the main reason for keeping pigs was
income generation and that consumption of pig meat tended to
be reserved for special or ceremonial occasions (Halimani et al.,
2012). In Guinea Bissau it was  reported that pigs are of importance
for food security and in some areas are the most frequently mar-
keted livestock species, but their consumption is also often linked
to ceremonies (Almeida and Cardoso, 2008a,b).

In spite of their motive being income generation, poor and
disorganised marketing systems in most countries prevent pig
producers from realising good prices for their product (Ajala and
Adehesinwa, 2007; FAO, 2012a,b,c; Kagira et al., 2010a,b; Moreki
and Mphinyane, 2011; Muhanguzi et al., 2012; Ndébi and Ongla,
2006; Petrus et al., 2011). Factors that contribute to inefficiency
 swine fever virus eradication in Africa. Virus Res. (2012),

are the lack of weighing facilities, so that the price is fixed by
estimation and agreement; selling dictated by the needs of the
seller e.g. in response to some urgent domestic need; buyers fixing
prices well below production costs; market fluctuations resulting in

dx.doi.org/10.1016/j.virusres.2012.10.011
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ig. 6. (a) Live pig market, Vogan, Togo. (b) Open air butchery, Vogan, Togo. (c) Unh
arthogs are attracted to areas where human activity may  provide food and water

ver-supply or scarcity; the involvement of a number of players
long the value chain from producer to consumer; and lack of mar-
et information (Antwi and Seahlodi, 2011; Ajala and Adehesinwa,
007; Ampaire and Rothschild, 2010; FAO, 2012a,b,c; Kagira et al.,
010a,b; Moreki and Mphinyane, 2011; Ndébi and Ongla, 2006;
etrus et al., 2011).

A major cause of market fluctuation in traditional systems is the
easonal need to confine free-ranging pigs to prevent damage to
rops. Most of the pigs are sold before they have to be confined
nd fed since at that time little feed is available, so that supply
f pigs far exceeds demand (FAO, 2012a).  Large numbers of pigs
re reported to be sold in DRC at times when an increase in pig
iseases is expected (FAO, 2012b). Other factors that influence the
arket seasonally are periods when large festivals or lack of other
eat due to pastoralist migrations in the dry season increase the

emand for pork (Ajala and Adehesinwa, 2007). These fluctuations
n the supply of pigs deprive traditional systems of the consistency
hat is required by higher priced markets. ASF outbreaks also have

 marked effect on the market by causing a shortage of pigs (FAO,
012a,b; Kagira et al., 2010a).  The tendency to sell pigs when the
rst cases of ASF appear in a herd has been documented in several
frican countries and is a major factor in spread of ASF (Babalobi
t al., 2007; Costard et al., 2009b; Fasina et al., 2010; Mendes, 1994;
enrith et al., 2007). It is often associated with a drop in price of
ork, as large numbers of pigs become available and this can be
xacerbated by consumer resistance to buying meat that may  be
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

nfected (Babalobi et al., 2007; FAO, 2012a; Nana-Nukechap and
ibbs, 1985). With time, pigs become scarce, demand for pork
xceeds supply and the price of pork escalates (FAO, 2012a; Nana-
ukechap and Gibbs, 1985).
ic effluent disposal at an abattoir, Madagascar (courtesy of Dr Solenne Costard). (d)

Marketing of live pigs at local sales or through speculators is
common in Africa for various reasons including high transaction
costs (transport, slaughter and storage fees) (Ajala and Adehesinwa,
2007; Antwi and Seahlodi, 2011; FAO, 2012a,b; Ndébi and Ongla,
2006; Nsoso et al., 2006) (Fig. 6a). It has been shown that better
margins are usually realised for fresh or cooked meat than for live
pigs (Ndébi et al., 2004; Nsoso et al., 2006), although some pig keep-
ing communities sell mainly live pigs (Ganaba et al., 2011; Ndébi
and Ongla, 2006). This may  be associated with lack of slaughter
facilities close to where the pigs are produced and lack of trans-
port (FAO, 2012b; Muhanguzi et al., 2012), and also leads to large
numbers of pigs being slaughtered without inspection at informal
venues (Assana et al., 2001; Awa  et al., 1999; FAO, 2012a,b; Kagira
et al., 2010a; Mutua et al., 2011).

Well-developed marketing channels that link traditional pig
farming systems to city markets have developed in some areas,
such as an area shared by north-eastern Cameroon and south-
western Chad. In 1982, following outbreaks of ASF in commercial
piggeries in the south of Cameroon, traditional pig farmers were
able to take advantage of the shortage of pork because a strong
marketing network existed in the area (Koussou and Duteurtre,
2002). The network made provision for bringing in pigs from Chad
as required. The leaner local-breed pigs proved popular with clients
in the major cities and there was  therefore no incentive to improve
upon the ancient traditional free range production system, in spite
of the fact that a high level of porcine cysticercosis was  reported in
 swine fever virus eradication in Africa. Virus Res. (2012),

the area (Assana et al., 2001). The incentive may  be provided, how-
ever, by outbreaks of ASF that started in north-eastern Cameroon
in 2009 and spread to Central African Republic and Chad in 2010
(OIE, 2012c).  A similar network was  observed in Togo along the

dx.doi.org/10.1016/j.virusres.2012.10.011
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from state veterinarians and pig farmers in April 2008 widespread
ngónia, Mozambique. (b) Veterinarians providing on-farm training in pig health
are, Mozambique.

order with Benin, where live pigs were moved from local mar-
ets to the capital, Lomé, and across the border to Cotonou in
enin, where prices were reported to be higher than in Togo (C.
ebay and M.-L. Penrith, personal observation, 2009). These mar-
eting networks enable producers to obtain better prices than those
aid at local points of sale. However, live pig markets, speculators
hat buy pigs from multiple farms and movement of live pigs over
istances have the potential to spread ASF (Babalobi et al., 2007;
ostard et al., 2009b; Etter et al., 2011; Fasina et al., 2010, 2012b;
isinzo et al., 2010; Olugasa and Ijagbone, 2007; Owolodun et al.,

010a,b; Wambura et al., 2006; Wieland et al., 2011).
Formal markets where pork that emanates from pigs slaugh-

ered in an abattoir and subjected to meat inspection exist in at least
he major cities of most African countries. However, the needs of
he most discerning retailers and consumers (supermarkets, expa-
riates and tourist facilities) are often not met  by these markets
wing to issues of health and quality of the product and are instead
atisfied by imported pork. For example, in Mauritius, one of the
ost developed countries in the region, which is highly dependent

n tourism, the pig abattoir does not have a grading system or cut-
ing facilities, and the result is that there is no price differentiation
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

etween high and low quality pigs and the type of pork product
ought by processors, hotels and restaurants is not produced locally
nd must be imported (J.T.R. Robinson, personal communication
 PRESS
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2010). Even in cities pigs are often slaughtered under far from ade-
quate or hygienic conditions, as described for Burkina Faso (FAO,
2012a), Cameroon (Ndèbi and Ongla, 2006), Kenya (Kagira et al.,
2010a), and Nigeria (Ajala and Adehesinwa, 2007), a situation that is
common in many developing countries (Kagira et al., 2010a)  (Fig. 6b
and c). The poor conditions are due to various factors including
lack of a reliable electricity supply, lack of running water and igno-
rance on the part of the managers, and they contribute to a lack of
profitability in the pig industry.

The main risk factors posed by marketing systems are lack of
organisation, low incentives for improving pig production, live pig
markets, and lack of proper slaughter facilities and reliable meat
inspection, particularly at local level but often even at higher levels
in the value chain. A recent study in Nigeria has indicated that the
presence of a slaughter facility in the neighbourhood is significantly
associated with the risk of pig farms being infected with ASF owing
to a high level of contamination because infected pigs are often
presented for slaughter (Fasina et al., 2012a).

7. Current management of ASF in sub-Saharan Africa

While ASF was  eradicated in the majority of non-African
countries that suffered outbreaks of ASF, only three countries in the
sub-Saharan African region have apparently succeeded in eradicat-
ing ASF (São Tomé e Principe, CIV, and Mauritius). These countries
suffered only a single incursion each, there is no evidence of main-
tenance in a sylvatic cycle in any of them, and two of them are small
island nations with low numbers of pigs. The recent cases of CIV and
Mauritius are described briefly.

The first cases in CIV were registered in the largest city, Abidjan,
in April 1996, and the last reported cases occurred in October 1996.
Factors that favoured eradication in CIV included the discontinu-
ous distribution of pigs, relatively low pig numbers and the fact
that at the time none of the countries that share borders with CIV
(Liberia, Guinea, Mali, Burkina Faso, Ghana) were infected. Success
was attributed to highly effective awareness campaigns carried out
across the country as part of an FAO Emergency Technical Cooper-
ation Project, a detailed epidemiological enquiry and stamping out
of all the pigs in the Greater Abidjan region (approximately half of
the pigs in the country) (El Hicheri et al., 1998). While it was clear
that the awareness campaigns helped to limit dangerous practices
on the part of producers that spread ASF, the contribution of the
massive culling operation is more ambiguous. It eliminated most
of the backyard pigs in the slums where the outbreak was believed
to have started, but it also eliminated large numbers of unaffected
commercial herds farmed under conditions of acceptable biosecu-
rity, causing widespread discontent and heavy financial losses in
spite of compensation. The epidemiological survey revealed that
some outbreaks in rural areas had occurred as a result of pigs moved
out of the Greater Abidjan area to avoid the control measures, a
likely result of compensation being paid at one third of market
value (MLP, personal observation, 1996). ASF has apparently not
been reintroduced in spite of its frequent occurrence in neighbours
Ghana since 1999 and Burkina Faso since 2003 and the fact that CIV
has experienced considerable civil unrest since 2000. However, the
last negative report to OIE was for the second half of 2008 (OIE,
2012c).

In Mauritius the first cases of unusual pig mortality were
detected in June 2007. Classical swine fever was suspected because
an incursion of that disease had occurred in 2000 and was  eradi-
cated by 2002 using vaccination. According to information obtained
 swine fever virus eradication in Africa. Virus Res. (2012),

vaccination of pigs against CSF was undertaken (Penrith, 2008),
which may  have spread the disease. Mortalities continued and
ASF was officially confirmed in October 2007 (Lubisi et al., 2009).

dx.doi.org/10.1016/j.virusres.2012.10.011
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iosecurity measures, movement control of pigs and pig products
nd closure of the abattoir were implemented. Modified stamping
ut was also implemented until March 2008 and more than 10,000
igs were slaughtered. In lieu of compensation, ‘soft’ loans were
ade available to farmers who lost their pigs to ASF or culling.

hese measures succeeded in the control and successful eradica-
ion of the disease, the last outbreak having been reported in July
008. Since then, no further cases have occurred and the event
as reported to be resolved (OIE, 2009). The absence of a sylvatic

ycle and the enforcement of legislation that forbids the keeping of
igs unless they are permanently confined facilitated eradication. A
opulation of feral pigs, descended from domestic pigs introduced
y sailors in the 16th century (Oliver and Brisbin, 1993), is small,
cattered and confined to hunting estates, feedlots or small farms,
aking maintenance of viral circulation virtually impossible.
Where the classic sylvatic cycle exists, measures that prevent

ontact between pigs and the sylvatic hosts of ASFV have proven
ighly effective in preventing outbreaks of ASF. These measures
ave been applied with success in Kenya, South Africa, Zimbabwe,
otswana and Namibia although sporadic outbreaks have been
eported due to inadequate implementation of the separation
easures (Penrith et al., 2004a).  This underlines the fact that

uman behaviour is the most important factor in the manage-
ent of ASF. Focal outbreaks resulting from accidental exposure

f domestic pigs to infected ticks have been eradicated by strict
uarantine measures and stamping out. As the number of pigs has
enerally been small this has been successful, assisted in some
ases by compensation or ‘goodwill payments’ in spite of the fact
hat the pigs involved were clearly not contained according to the
egislation. In all of these countries traditional free-range pig keep-
ng is largely restricted to particular areas, which in South Africa
re mostly distant from the infected (controlled) area. The com-
ercial pig industries of Kenya, South Africa and Zimbabwe are
ell developed and the pigs are farmed under reasonable to excel-

ent conditions of biosecurity. Nevertheless, Kenya since 1994 and
outh Africa in 2012 have experienced outbreaks related to illegal
ig movements in spite of the control measures in place.

Control in countries where the disease is endemic and pigs are
he main source of infection is much more difficult. The situa-
ion has been exacerbated by porous borders as more countries
ave become infected. Conditions in Ghana are not dissimilar to
hose in CIV. The initial outbreaks in Ghana were eradicated with
he assistance of stamping out of infected herds with market-
elated compensation supplied by donor funding, with fairly good
ooperation from pig owners. However, within two years ASF
as re-introduced from the infected neighbours and has likely

ecome endemic at least in some areas. Togo and Benin also initially
ttempted stamping out, but compensation became unsustainable
n Togo as the infection spread rapidly through the large pig popu-
ation, and initial resistance to stamping out by pig farmers in Benin
ntil compensation became available meant that it was  imple-
ented too late to prevent the disease from becoming endemic.
In addition to stamping out, quarantine and movement con-

rol must be rigorously applied during ASF outbreaks. While most
ewly affected countries decreed movement bans and bans on
he sale of pork, with closure of abattoirs and butcheries, and
ome of them instituted road blocks on main roads, the measures
ere largely ineffective because it was impossible to enforce them.
eavy road traffic, alternative off-road routes between villages, the

mall size and portability of pigs, the ease with which pork from
laughtered pigs could be concealed among other produce, and
he fact that producers were unwilling or unable to confine their
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

igs and wait for the authorities to come and kill them were just
ome of the factors that made enforcement impossible. Once ASF
ecomes endemic there is usually little or no effort to implement
ontrol measures and more often than not farmers do not report
 PRESS
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the disease. Lack of discipline on the part of producers is one of the
major challenges for control of ASF.

According to our observations, the implementation of simple
biosecurity measures by individual pig farmers has proven effective
in protecting the pigs in a number of countries affected by ASF out-
breaks in recent years, and was reported for well managed farms in
Cameroon during the 1982 outbreaks (Nana-Nukechap and Gibbs,
1985). Fasina et al. (2012a) confirmed that a lack of certain biosecu-
rity measures on pig farms in Nigeria is positively associated with
ASF infection.

The involvement of Ornithodoros ticks in a cycle with domes-
tic pigs obviously complicates control. In areas where this cycle
has been demonstrated in Africa no attempts have been made to
achieve control or eradication. The ability of the ticks to remain
infective for long periods was  demonstrated by an outbreak that
occurred in Portugal in 1999, five years after ASF had been erad-
icated, and was  traced to O. erraticus in pig shelters that were
re-occupied after a lengthy period without pigs (Boinas et al., 2011).
The presence of the ticks is strongly linked to lack of resources to
provide the type of pig housing that does not offer suitable habitats
for them.

8. Strategy development for management of ASF in
sub-Saharan Africa

What needs to be in place to enable improved management, if
not eradication, of ASF in domestic pigs in Africa?

Structured, organised and vertically integrated pig industries
with defined value chains from producers to consumers.

• Animal disease risk management through the implementation
of biosecurity measures at all stages of the value chains. These
measures would include effective separation between domestic
pigs and wild hosts and modernisation of husbandry systems. The
measures would need to be developed to mitigate the major risks
for ASF infection in the area where they were to be applied.

• Outbreak control strategies that are appropriate to the situation
and feasible to implement.

These elements of the strategy need to be developed and imple-
mented in parallel as they are complementary. In exploring them
research needs are identified as well as the incentives that exist
for change and the level of support that would be required for pig
producers, as they are the main players in the strategy. It must be
recognised that outbreak control can never be guaranteed and that
the major focus should be on prevention of ASF. It is also recognised
that, given the constraints imposed by poverty on the majority of
pig producers in Africa, structuring of the industry and application
of strict biosecurity measures is not likely to be applicable across
the board, and that alternative strategies may  be necessary to man-
age ASF in traditional husbandry systems. One  possible approach
that should be explored further is discussed briefly in Subsection
8.4.

8.1. Organisation of the pig industry

Jahnke (1982) examined pig production systems in tropical
African countries in the context of livestock development strategy
and concluded that advanced and stratified pig breeding systems
should be the long-term pig production strategy for tropical Africa,
as elsewhere. Changing pig husbandry practices is a long term goal,
 swine fever virus eradication in Africa. Virus Res. (2012),

particularly in countries with a lengthy tradition of keeping pigs.
It is understandable that poor farmers are unwilling to change
from a very low input system to a system that requires invest-
ment of resources, even in terms of effort (Perry and Grace, 2009).

dx.doi.org/10.1016/j.virusres.2012.10.011
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he strongest incentive to move from free-range to more intensive
ig production would be for the latter to become demonstrably
ore profitable by ensuring better market prices while keeping

roduction costs as low as possible.

.1.1. Reducing production costs
The most prevalent constraints for pig production as identified

n Section 4 are lack of resources to provide housing for pigs, high
eed costs/low feed availability and quality, low productivity, poor
ccess to animal health services, and lack of knowledge and infor-
ation. Addressing them will involve:

Providing/improving access to micro-finance for pig farmers to
invest in their pig farming operations.
Providing minimum standards and plans for pig housing using
low- to no-cost local materials and as far as possible improving
on current housing in terms of hygiene and security.
Making the existing information on alternative, locally usable
feedstuffs available to pig farmers and promoting research on
alternative sources of nutrition for pigs in order to encourage local
feed production.
Encouraging the use of local breeds or half breeds that have good
qualities in terms of hardiness, lower feed and water require-
ments, and good mothering, while improving productivity by
better health care and feed management.
Developing strategies to reduce inbreeding that, where practical,
would include artificial insemination with fresh semen.
Improving animal health care through farmer training and mak-
ing basic health services available through community-based
animal health workers in areas where veterinary services are not
easily accessed.
Providing farmers with information about pig production, health
and marketing through improved extension services including
farmer-to-farmer extension.
Establishing close linkages with programmes that support
improved pig husbandry to improve food security and income
for women, provide more protein for urban markets, and control
zoonoses, in particular porcine cysticercosis.

.1.2. Improving profitability through improved marketing
trategies and opportunities

Disorganised marketing of pigs has been identified as a major
onstraint for pig farmers throughout sub-Saharan Africa. Problems
iagnosed are availability and quality of infrastructure for slaugh-
ering and processing pigs, low prices, market fluctuations resulting
n price fluctuations, high transaction costs, lack of suitable trans-
ort, and long marketing chains involving many actors. Addressing
hese challenges will involve:

Establishing minimum standards for pig slaughtering facilities
(abattoirs and slaughter slabs) in terms of welfare, hygiene and
meat inspection and as far as possible making them available
in areas where pigs are produced through provision of micro-
finance to local entrepreneurs.
Educating farmers and traders in the determination of fair prices.
Stabilising the market by ensuring, or enabling the farmers to
ensure, a consistent supply of feed, preventing ASF outbreaks
through implementation of good biosecurity, and correlating
supply of pigs with periods of known high demand.
Establishing standards for the transport of pigs; access to micro-
finance to enable producers and entrepreneurs to comply with
Please cite this article in press as: Penrith, M.-L., et al., African
http://dx.doi.org/10.1016/j.virusres.2012.10.011

the standards.
Training and employing meat inspectors at slaughter slabs.
Analysing market chains and eliminating unnecessary actors or
changing their roles.
 PRESS
arch xxx (2012) xxx– xxx

• Implementing systems for grading pig carcasses to ensure that
producers are paid more for producing good quality pigs.

• Providing support for pork processors to add value to products
and enable local products to compete with imported pork.

8.2. ASF risk mitigation along value chains

The concept of animal disease risk mitigation along value chains
has been the subject of a recent publication by FAO (2011).  The
approach requires analysis and mapping of value chains. Much of
this information already exists for particular areas or pig production
systems but more analysis will be needed and should be targeted
at areas where ASF is prevalent. The approach advocated by FAO is
based on risk assessment at each step of the value chain to deter-
mine what mitigation measures will be needed and whether they
will be cost-effective and proportionate to the risk. Because ASF is
a highly contagious and lethal disease, it can be accepted that the
risk of an outbreak is not acceptable and measures must be put in
place to prevent it. Therefore, HACCP (Hazard Analysis and Critical
Control Points) could be used to identify the points along the value
chains at which mitigation is critical and what form it should take.
Some examples are given in Table 1, but each country or region
would need to adapt the process to its own  identified value chains,
e.g. in areas where ASFV is maintained by Ornithodoros ticks inhab-
iting pigsties, special measures would be required. This approach,
routinely used to ensure food safety, is not widely used in animal
disease control, but has the potential to ensure both animal health
and food safety in an integrated way from the farmer to the final
product (Thomson, Penrith, Atkinson and Thalwitzer, unpublished
results).

The identification of pork products that would be unable to
transmit ASFV, even if an asymptomatic but infected pig had been
slaughtered, e.g. products processed by exposure to high enough
temperature for a sufficient length of time to inactivate the virus,
can further mitigate the risk of spreading ASFV via infected pork
(Thomson et al., 2004).

8.3. Appropriate and feasible outbreak control strategies

The conventional approach to controlling an outbreak of ASF by
applying strict quarantine and movement control and then culling
all infected and in-contact pigs works best when there is a single
focus, the pigs are contained and their number is known, and full
cooperation is ensured by market-related compensation (Penrith
and Thomson, 2004; Penrith and Vosloo, 2009). Additionally, there
should be a suitable, secure place and adequate resources (earth-
moving equipment, quick lime and/or sufficient materials to ensure
complete incineration) for the total destruction of the carcasses.
Prerequisites for the measures to succeed are early diagnosis, a
clearly defined area in which movement can be controlled, and a
well-resourced veterinary service that can be mobilised rapidly.
Late diagnosis with the development of multiple foci and lack of
resources to implement control measures effectively have been
the norm in Africa. Once the disease has spread and particularly
where free-ranging pigs are involved, culling is likely to cause suf-
fering to poor people who  might otherwise not have lost their
pigs while being ineffective in containing the disease. Even when
owners are generously compensated for pigs culled, as occurred
in the Eastern Cape Province of South Africa after classical swine
fever was  introduced in 2005, producers may  be unwilling to coop-
erate and the negative effects on producers and the local economy
 swine fever virus eradication in Africa. Virus Res. (2012),

may  outweigh the advantages of eradicating a disease by massive,
area-based culling (Madzimure et al., 2012; Penrith et al., 2011).
The dynamics of subsistence farming are different from those of
commercial farming and should be understood before embarking

dx.doi.org/10.1016/j.virusres.2012.10.011
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Table  1
Examples of hazards and hazard mitigation for African swine fever along a hypothetical commercial value chain.

Value chain point Hazard Mitigation

Farm gate/pig facility Introduction of ASFV via live infected pigs or infected
material

Closed herd or introduce pigs only from known healthy
sources; restricted access with compulsory change of
footwear; cleaning and disinfection to prevent fomites; no
feeding of dangerous food wastes

Sale of pigs Asymptomatic infected pigs sold Producers understand the danger of selling pigs during an
outbreak in the herd or in the period immediately
following an outbreak and maintain quarantine of the herd

Sale  of live pigs: transfer to point of sale Purchase by traders collecting and mixing pigs from
multiple farms during transport and/or at point of sale

Direct sale to buyer when possible; formalisation of
trading of live pigs to ensure safety of process e.g. through
veterinary inspection

Transfer to point of slaughter Mixing of pigs from different herds; holding of mixed pigs
at  interim facilities or salesyards; vehicle contaminated
with infected material

Direct transport from farm to point of slaughter by
producer or by a reliable agent

Point  of slaughter Clinically sick or moribund pigs entering the food chain
ork

Ante- and post mortem inspection carried out by trained

f pigs
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pon any large scale or drastic disease control measures (Costard
t al., 2009a; Perry and Grace, 2009).

Recognising that ineffective control can have worse results than
one at all, the main focus should be on achieving farmer-based
ontrol, implemented by farmers who are serious about protec-
ing their pigs and not spreading the disease and who  can serve as
xamples to others.

.4. Resistance to ASF

Domestic pig populations that demonstrate increased resis-
ance to the pathogenic effects of ASFV have been well described
Haresnape et al., 1985, 1987; Penrith et al., 2004b; Valadão, 1969).
n attempt to identify the genetic basis of resistance in a popu-

ation of pigs in Mozambique suggested that the resistance is not
imply inherited and may  be linked to epidemiological factors in
heir area of origin (Penrith et al., 2004b).  The study did confirm
aladão’s (1965) study which found that recovered pigs from a
eighbouring district were not infectious to naïve pigs in close
ontact with them and would therefore not pose a high risk for
ransmission of ASF, although virus might persist in some lym-
hoid tissues for some time (Wilkinson, 1984). Pigs that are not
ffected by ASFV would clearly be an asset in endemic areas where
overty prevents pig owners from changing to modern husbandry
ractices. However, currently only approximately 40% of the popu-

ations investigated demonstrate this innate resistance, with a wide
ange of variation, so that heavy losses are still experienced dur-
ng outbreaks. Further research is needed to elucidate the nature
f the observed resistance and to determine whether it would
e possible to achieve entire resistant populations that could be
aintained in traditional systems without increasing the risk of
SF.

. Discussion

The majority of ASFV incursions into non-African countries in
he last century were eradicated, although always at a high cost
nd, in the case of the Iberian Peninsula, it took more than 30
ears (Bech-Nielsen et al., 1993; Boinas et al., 2004; Costard et al.,
009b; Lyra, 2006; Moura et al., 2010; Sánchez-Vizcaino et al.,
012). Sardinia remains endemically infected (Rolesu et al., 2007).
he situation in the Caucasus and Russia remains unresolved since
he introduction of the virus in 2007 and is considered to pose a
Please cite this article in press as: Penrith, M.-L., et al., African
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rave threat globally (Sánchez-Vizcaíno et al., 2012).
The approach used in Europe, the Caribbean and Brazil was

tamping out of infected and sometimes of in-contact herds, with
ompensation. In the Iberian Peninsula maintenance of ASFV in O.
meat inspectors
 that showed Training of responsible persons and proper facilities for

safe disposal of abattoir waste material

erraticus prolonged the campaign (Boinas et al., 2004, 2011; Pérez-
Sánchez et al., 1994; Wilkinson, 1984), and persistence in Sardinia is
associated with circulation of the virus in some areas in wild boars
and populations of free-ranging pigs (Rolesu et al., 2007). Brazil
appears to have mounted one of the most successful eradication
campaigns; only 66,902 pigs were culled, as opposed to more than
500,000 in Cuba and the entire pig populations of Haiti and Domini-
can Republic (Moura et al., 2010). Although the Brazilian situation
was more favourable in the absence of complicating factors like
wild hosts, vectors, and infected neighbours with porous borders,
there are lessons for Africa in the Brazilian approach. The pig farm-
ers participated fully in decision-making processes and there was
a strong focus on improving pig health by better disease control
in general. As a result, not only was ASF eradicated by 1984 but it
left the Brazilian pig industry modernised and stronger than it had
been before (Lyra, 2006; Moura et al., 2010).

The eradication of ASFV from the African continent is impossible
because of its maintenance in wildlife. The killing of wildlife in order
to control or eradicate diseases that affect livestock, in particular
trypanosomosis, has in the past been undertaken in some parts of
Africa (Connor and Van den Bossche, 2004) but current approaches
to biodiversity conservation would rightly exclude such practices,
apart from the fact that when they were applied they were not par-
ticularly successful. Scott (1965) indicated that the destruction of
warthogs and bushpigs as an eradication measure was ‘expensive,
difficult and often ineffective’, and this was before the involvement
of Ornithodoros had been reported in Africa. However, if the inter-
national standards for ASF could be brought into line with those for
classical swine fever, where freedom can be recognised in domes-
tic livestock in spite of circulation in wildlife, this issue would be
resolved.

In those countries in which a sylvatic cycle exists and poses the
greatest threat to pig producers, physical separation of pigs from
wild suids and their associated ticks has proven to be effective
(Penrith et al., 2004a; Penrith and Vosloo, 2009). The implemen-
tation of these measures is based on the identification of a control
zone, the extent of which is primarily determined by the distribu-
tion of ASF-positive Ornithodoros ticks and warthogs. Many of the
surveys used for control zone demarcation were conducted in the
1970s and 1980s, and have not been assessed since. A recent study
has highlighted the possibility for the virus to disappear from a tick
reservoir population (Arnot et al., 2009), emphasising the value
of regular monitoring as maintenance of control zones is costly
 swine fever virus eradication in Africa. Virus Res. (2012),

and can have high costs for and negative impacts on pig farm-
ers in the control areas. Furthermore, as climate change impacts
on vector distribution (Sutherst, 2001), and as land use practices
are particularly dynamic in Africa (Ellis and Galvin, 1994), it is also

dx.doi.org/10.1016/j.virusres.2012.10.011
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ossible that new areas of infection may  unwittingly become estab-
ished outside of control zones. The availability of highly sensitive,

olecular-based methods (Bastos et al., 2009) makes is possible
o assess ASF status of Ornithodoros reservoir populations in a
ost-effective manner, thereby ensuring that limited resources are
oncentrated in the areas that most require implementation of con-
rol measures, and that communities that are no longer at risk of
SF can farm and trade without undue restrictions. Similar surveys
re also of value in countries to which ASF has been introduced to
omestic pigs and which have naive wild suid and tick populations

n which the virus may  become established, as it will ensure that
dditional control measures are put in place to limit the threat, and
n areas where a tick/domestic pig cycle is established to determine

hether they may  be expanding or contracting over time.
In most African countries the major dynamic for maintenance

nd spread of ASF in Africa has shifted from the classic sylvatic cycle
o the way domestic pigs are produced and marketed. Eradicat-
ng or at least improving the management of ASF in domestic pigs
n Africa would enhance the contribution that raising pigs could

ake to poverty reduction. To improve the potential of livestock as
 way out of poverty, three pathways have been identified, namely
educing vulnerability, improving productivity performance and
mproving market access (Perry et al., 2002; Perry and Grace, 2009).
SF increases vulnerability by causing high mortality and also by
educing productivity performance and restricting access to higher
alue markets.

Free-range pigs in traditional systems are recognised as a high
isk for ASF (FAO, 2012a,b,c; Muhanguzi et al., 2012; Penrith et al.,
007; Penrith and Vosloo, 2009; Scott, 1965). However, a number
f studies have shown that traditional pig farming systems in Africa
re more cost effective and therefore more sustainable than mod-
rn systems, which are not profitable mainly due to high feed costs
Chabo et al., 2000; Lekule and Kyvsgaard, 2003; Verhulst, 1993).
erhulst (1993) described externally funded projects intended to

mprove pig production that failed spectacularly in several African
ountries while traditional pig farming systems flourished. It is
robable that some if not all of the projects described failed because
hey did not respond to a need felt by local pig producers, or
ake into account important issues that influence production in
esource-poor communities (Mashatise et al., 2005). Nevertheless,
part from the imperative to manage ASF, other forces such as
opulation growth, urbanisation and land use pressure are strong

ncentives for changing from traditional extensive to intensive pig
roduction systems (Nwanta et al., 2011).

Intensification of pig production is recognised to have improved
ontrol and management of diseases like erysipelas and classical
wine fever as well as zoonotic diseases that are found in out-
oor pigs (Perry et al., 2011). Surveillance results for six regions

n Nigeria by Fasina et al. (2010) showed the lowest incidence of
SF-positive pigs in Southeast Nigeria. A survey of pig production in

hree Southeast Nigerian states, including one of those surveyed for
SF and found negative, indicated that pigs were mostly confined
nd owners reported no ASF (Nwanta et al., 2011). Since traditional
ystems have other disadvantages including low productivity and

 high risk of porcine cysticercosis, there is increasing pressure on
roducers to change to a system in which pigs are permanently con-
ned (Assana et al., 2001; Githigia et al., 2005; Kagira et al., 2010a,b;
ekule and Kyvsgaard, 2003; Nsoso et al., 2006; Phiri et al., 2003;
ondja et al., 2010).

Although nutrition becomes a major problem when pigs are
onfined permanently, some strategies are available to assist pig
armers to improve the economy of their enterprises by making use
Please cite this article in press as: Penrith, M.-L., et al., African
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f locally available feedstuffs including agricultural by-products
nd waste products, improving the quality of local feedstuffs by
nexpensive additives or making the most of feeds to fatten pigs

hen those feeds are abundant (Adesehinwa, 2008; Akinfala and
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Tewe, 2004; Bosma et al., 2004; Halimani et al., 2007; Peters, 2008).
The choice of breed can also influence feeding costs. Traditional
pig farming systems make use of local pig breeds because they
are hardy and undemanding in terms of management, feed and
even water (Chimonyo et al., 2010; Halimani et al., 2012; Ncube
et al., 2003). Indigenous breeds are reported to have a better abil-
ity to digest fibre and to have lower protein requirements than
improved pig breeds (Anugwa and Okwori, 2008; Chimonyo et al.,
2010; Codjo, 2003; Halimani et al., 2010; Madzimure et al., 2012).

Low productivity in traditional husbandry systems is often
attributed to the genetics of local pigs. However, a number of stud-
ies have shown that the productivity of local pig breeds can be
considerably improved by better management, genetic selection
and judicious cross breeding (Chimonyo et al., 2010; Darfour-Oduro
et al., 2009; Ncube et al., 2003) without losing the advantage of
their relative hardiness. Using local breeds or crosses rather than
modern breeds in semi-intensive systems that offer permanent
confinement might reduce the profitability gap between traditional
and more modern pig production (Chimonyo et al., 2010; Verhulst,
1993).

Strengthening animal health service provision in the region
is important to achieve more profitable pig farming. This can be
achieved by training farmers to recognise signs of disease in their
pigs (Fig. 7) and training members of the community to provide
primary animal health care at affordable rates. Although directed
at serving pastoralists in the Horn of Africa, practical approaches to
improving animal health services and thereby safe trade in animal
products have been proposed by Catley et al. (2004) and Perry and
Sones (2008) that would be applicable in the context of ASF control
in Africa as well. Investment in pig health by traditional and small-
holder producers in Africa is generally low (Huttner et al., 2000;
Mashatise et al., 2005; Nsoso et al., 2006) and is correlated with
level of education and commitment, which are generally associated
with better management (Adesehinwa et al., 2003a,b; Ajala, 2007;
Nwanta et al., 2011; Ogunniyi and Ajao, 2011; Youssao et al., 2008),
although one study in Nigeria showed no correlation between tech-
nical efficiency and education (Onyenweaku and Effiong, 2005).

Organisation of the pig industry starts with developing and/or
empowering pig farmer associations, even small groups at local
level, which can grow into an over-arching national body that can
have considerable influence and contribute importantly both to
the growth of the sector and to disease management. Pig farmer
organisations in Burkina Faso and Kenya and some other countries
have achieved modest progress for the industry but organisation
is needed on a much wider scale (FAO, 2012a,c). Partnerships
between commercial and smallholder/traditional livestock produc-
ers can result in rapid progress towards an organised and vertically
integrated industry but this has not been widely practised so far
(Perry and Grace, 2009).

The sharp rise in pig numbers, particularly in West and
East Africa, in the 1980s and 1990s occurred in response to a
demand for affordable meat for rapidly growing urban populations
(Adesehinwa, 2008; FAO, 2012a,c; Owolodun et al., 2010b; Phiri
et al., 2003; Youssao et al., 2008). The demand for pork in cities
is met  largely by smallholder to large scale commercial farming
of pigs in areas with easy access to city markets (FAO, 2012a,b,c;
Mopate Logtene and Kabore-Zoungrana, 2010; Wabacha et al.,
2004; Youssao et al., 2008). It has been reported in Sierra Leone
that pigs are mainly reared intensively by producers who  want to
have full control over their pigs in order to increase productivity
(Anon, 2011). In a pilot study conducted in two districts in Mozam-
bique, smallholder pig farmers in a district close to the capital city
 swine fever virus eradication in Africa. Virus Res. (2012),

of Maputo where a good market existed for their pigs were more
willing to invest in their pigs than farmers in a remote rural dis-
trict with endemic ASF, where the only available market was  local
(Penrith et al., 2007). With few exceptions pig farmers in rural areas

dx.doi.org/10.1016/j.virusres.2012.10.011
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re not able to access city markets for reasons described in Section 6.
ome of the constraints that have been identified can be overcome
y access to quality extension services that provide the necessary
roduction and marketing information and forming cooperatives to
e able to sell more pigs (Antwi and Seahlodi, 2011; Olugasa et al.,
009b). Improving market infrastructure, providing local facilities
nd services, and ensuring acceptable hygiene in slaughter and
arketing facilities at all levels would stimulate industry devel-

pment and promote investment in pigs in order to satisfy market
emand and make pig farming more profitable.

Managing ASF in Africa requires some investment on the part of
ig farmers. The recognition of the involvement of warthogs in ASF
utbreaks resulted in requirements for farmers to construct pig-
roof facilities if they wished to raise pigs in affected areas (De Kock
t al., 1940; Plowright et al., 1994). Similarly, where the threat of
SF comes from domestic pigs and their products, farmers have to
dopt simple but adequate biosecurity measures to exclude infec-
ion (Fasina et al., 2012b; Olugasa et al., 2009b; Penrith et al., 2007;
enrith and Vosloo, 2009). Limited but useful information is avail-
ble about the cost of implementing biosecurity to prevent ASF on
maller pig farms. A recent study indicated that the implementa-
ion of simple biosecurity measures to prevent ASF on a 122-sow
arrow-to-finish unit in Nigeria would be profitable in spite of the
osts of the measures (Fasina et al., 2012b).  Some cost benefit stud-
es have been carried out on control of porcine cysticercosis (Ngowi
t al., 2007); the pig management aspects are identical to those for
SF. Wieland et al. (2011) developed a model to assess the impact
f mitigation measures to prevent spread after introduction of ASF
nto an ASF-free region. It may  be useful to develop similar mod-
ls to assess the impact of mitigation measures proposed to reduce
pread and maintenance in endemic situations in domestic pigs.

Even if Africa experiences a major swing from traditional and
mallholder pig production to intensive production, there is no
uarantee that this will become permanent. The pig industry is sub-
ect to fluctuations in supply and times of over-supply will generally
ee many smallholder producers going out of business, but this situ-
tion can rapidly be reversed, as occurred in Thailand, where after
he Asian financial crisis from 1997 to 2000 it was believed that
mallholder pig activity at village level no longer existed; by 2007
hese activities had resurged to a level of 25% of total output (Psilos,
007). It is therefore necessary to explore all the factors needed for
etter management of ASF.

There are several other factors that could potentially assist in
radicating the disease. A better understanding of the epidemiol-
gy of ASF in each country or region is needed to prepare informed
ontrol strategies based on control along value chains. This should
lso include region-specific knowledge on the impact and role of
he sylvatic cycle, as well as cycles between domestic pigs and
rnithodoros if present (Jori et al., this issue). Trading patterns and

actors that impact on movement of pigs and their meat should also
e studied at country and regional level, and projects focusing on
hese aspects are to be encouraged.

Although ASF causes high mortality which facilitates recogni-
ion, an early and accurate diagnosis is important to ensure that
he correct control measures are applied within the shortest pos-
ible time. Most central laboratories in Africa are able to perform

 diagnosis using a wide range of tests, but it is often difficult and
ime consuming to get the correct material to the laboratory and
he result back to the field. Penside assays (Michaud et al., 2007)
ould play an important role in this regard, provided they are used
nder strict veterinary control where the reporting procedures are
learly defined.
Please cite this article in press as: Penrith, M.-L., et al., African
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The current lack of an effective vaccine limits the control
ptions. Having such a vaccine would make a significant contribu-
ion to eradicating the disease from domestic pigs. Such a vaccine
hould be heat stable to ensure its efficacy on a continent with a
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tropical climate and often little access to cold storage and trans-
port. In addition, it should be affordable to people who produce
pigs as a cheap source of protein with a low profit margin and
therefore cannot afford a vaccine at a cost that exceeds the profits.
It should also provide lifelong immunity so that no revaccination
with the resultant extra cost is necessary. Although most pigs have
a short lifespan, it is important for farmers with breeding stock to
have their animals protected for life, regardless of the quality of the
animals.

Availability of pigs that are resistant to ASF would not only
provide better economic stability to rural farmers, but could also
assist in the eradication of the disease. However, despite reports
of indigenous pigs being more resistant to disease (Mendes, 1994;
Haresnape et al., 1987; Nana-Nukechap and Gibbs, 1985), efforts to
breed such pigs and reproduce the resistance observed in the field
have not been successful but should be explored further (Penrith
et al., 2004b). This aspect is being pursued using modern technolo-
gies such as RNAi.

10. Conclusion

The prevalence of traditional free-range pig production systems,
to which conventional biosecurity measures cannot be applied, the
lack of resources and financial incentives to adopt more modern
systems, the existence of a sylvatic cycle with natural hosts able
to maintain the virus in natural and pig farming habitats and the
persistent circulation of ASF virus in high-contact domestic pig
populations indicate that eradication and even effective manage-
ment of ASF is at best a long-term goal. However, the combination of
initiatives to foster smallholder and commercial pig production to
satisfy the protein needs of growing urban populations, the poten-
tial for improving livelihoods offered by that demand, and growing
pressure on producers to confine their pigs to protect both the pigs
and society, may  achieve a level of management of sufficient num-
bers of pigs to strongly reduce if not eliminate the occurrence of
ASF.
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