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Summary 

One hundred years have passed since the first paper on African swine fever (ASF) was 
published by Montgomery in 1921. With no vaccine, ineffectiveness of prevention and control 
measures, and lack of common interest in eradicating the disease, ASF has proven to be one of 
the most devastating diseases because of its significant sanitary and socioeconomic 
consequences. The rapid spread of the disease on the European and Asian continents and its 
recent appearance in the Caribbean puts all countries at great risk because of global trade. The 
incidence of ASF has also increased on the African continent over the last few decades, 
extending its distribution far beyond the area in which the ancient sylvatic cycle is present with 
its complex epidemiological transmission pathways involving virus reservoirs in ticks and wild 
African Suidae. Both in that area and elsewhere, efficient transmission by infected domestic 
pigs and virus resistance in infected animal products and fomites mean that human driven 
factors along the pig value chain are the dominant impediments for its prevention, control, and 
eradication. Control efforts in Africa are furthermore hampered by the lack of information 
about the size and location of the fast-growing pig population, particularly in the dynamic 
smallholder sector that constitutes up to 90% of pig production in the region. A vaccine that 
will be both affordable and effective against multiple genotypes of the virus is not a short-term 
reality. Therefore, a strategy for management of ASF in sub-Saharan Africa is needed to 
provide a roadmap for the way forward for the continent. This review explores the progression 
of ASF and our knowledge of it through research over a century in Africa, our current 
understanding of ASF, and what must be done going forwards to improve the African situation 
and contribute to global prevention and control. 

Keywords: African swine fever, history, century of research, sylvatic cycle, domestic cycles, 
prevention and control  
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1 Introduction 

African swine fever (ASF) is one of the most important and feared diseases of domestic pigs. 
One hundred years have passed since the first paper on African swine fever was published 
(Montgomery, 1921). That first account described a highly fatal haemorrhagic disease of 
domestic pigs belonging to European settlers in East Africa that was in some way associated 
with warthogs. Over the last century, the disease has progressed from being a curiosity reported 
from most countries in eastern and southern Africa with an intriguingly complex epidemiology 
involving wild pigs and argasid ticks to a disease that has visited and is currently present in 
five continents and is arguably the most important threat to the global pig industry. This review 
traces its progression in Africa from the earliest decades to the present. It does not attempt to 
provide a detailed history, as that might take a century to write and another to read, but 
highlights important milestones and developments in sub-Saharan Africa and provides a vision 
for an African domestic pig population without ASF. 

2 Where have we been? 

African swine fever is believed to have evolved in Africa in the sylvatic cycle that occurs 
between common warthogs (Phacochoerus africanus) and argasid ticks of the Ornithodoros 
moubata complex that live in their burrows (Jori et al., 2013).  

It is uncertain when domestic pigs (Sus scrofa) made their first appearance in sub-Saharan 
Africa. The concept that pigs were first introduced by European settlers and missionaries about 
500 years ago has possibly been disproven by findings of what may be pig remains in the 
midden of an Early Iron Age human settlement in KwaZulu-Natal province, South Africa 
(Voigt & von den Driesch, 1984). In eastern and southern Africa, it is likely that ASF was 
already known to indigenous pig-keeping populations before the European settlers arrived, and 
that populations such as those in western Kenya and a triangle that includes adjacent districts 
in southern Malawi, north-western Mozambique and eastern Zambia (Chambaro et al., 2020; 
Haresnape, Lungu & Mamu, 1987; Penrith et al., 2004; Wilkinson et al., 1988) had already 
acquired a degree of resistance to the virus. In Angola, the pigs kept by the indigenous 
population were considered to be the source of infection for the settlers’ pigs (Mendes, 1994). 

2.1 The first decades (1900 – 1956) 

Some 12 years before the publication of the first paper on ASF, a highly fatal disease of 
domestic pigs belonging to European settlers in Kenya came to the notice of R. Eustace 
Montgomery, who became the founding father of our knowledge of ASF. His paper described 
in detail the painstaking research that culminated in the author becoming certain that he was 
dealing with a viral disease (i.e., a disease caused by a filterable agent) that caused up to one 
hundred per cent mortality in domestic pigs and that was in some way associated with warthogs 
(Montgomery, 1921). Interestingly, at the same time that the disease was discovered in Kenya 
(then British East Africa) and also in German East Africa (now Tanzania) (Montgomery, 1921), 
it was also reported by a government veterinarian in Eastern Province of Zambia (Wilkinson 
et al., 1988). During the next decades, ‘East African swine fever’ was reported from South 
Africa (Steyn, 1928, 1932), Angola (Gago da Camará, 1933), Malawi (Matson, 1940; Turnbull, 
1932-4), Democratic Republic of Congo (DRC) in 1939 (Colback, 1940; Saliki et al. 1985) and 
Mozambique in 1954 (Abreu, 1962).  

In the decades before ASF virus reached Europe for the first time in 1957, research on ASF 
was concentrated in three African countries, namely Kenya, South Africa, and Angola.  
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Information about ASF in Angola and the research that was undertaken in that country is 
available in an excellent history of swine fever in Angola (Mendes, 1994) as well as many 
research publications in French and Portuguese. Research in East Africa was undertaken 
largely under the auspices of the East African Veterinary Research Association based at the 
laboratory in Muguga, Kenya. Researchers recruited from the USA and UK did pioneering 
work on ASF in the 1950s and 1960s that is reflected in many publications. In South Africa, 
research on ASF was carried out in the government veterinary laboratories at Onderstepoort, 
which evolved into the present-day ARC-Onderstepoort Veterinary Research Platform where 
ASF is one of the main research interests of the Transboundary Animal Diseases Programme.  
The research performed in these three countries formed a sound basis of knowledge on ASF 
that enabled rapid advances as new technology became available for the study of pathogens, 
culminating in molecular level research that informs our understanding today.  

Research carried out in these countries before the virus reached Europe for the first time in 
1957 and again in 1960 included various laboratory studies on the virus, studies on the 
pathology of the disease, and early attempts to immunise pigs by various means.  

2.1.1 Differentiating African swine fever from classical swine fever 

In the very first publication on ASF Montgomery described unsuccessful attempts to protect 
pigs from ASF by inoculation of two different antisera to classical swine fever (CSF), also 
called hog cholera, obtained from England and Hungary (Montgomery, 1921). However, 
uncertainties persisted as to whether the virus that caused ‘East African swine fever’ was a 
more virulent form of the virus that caused classical swine fever or a different virus (De Kock, 
1938; De Kock et al., 1940). The truth could have been discovered earlier, when Gago da 
Camara (1933) received samples from pigs that had died and was able to exclude erysipelas 
and concluded that he was dealing with swine fever. He intended to obtain antiserum to CSF 
to confirm his diagnosis and start immunising pigs, but for unknown reasons was not able to 
do this (Mendes, 1994).  

In 1943, Dr Joaquim Monteiro de Conceição arrived in Angola. He was a noted pathologist, 
and shortly after his arrival he was able to investigate field outbreaks of disease with lesions 
that he considered similar to those described in East and South Africa. He obtained classical 
swine fever antisera from Europe and was able to confirm that they afforded no protection to 
pigs infected with the causative agent of the virus from the outbreaks in Angola and therefore 
concluded that the swine fever in Angola was the same as ‘East African swine fever’ 
(Conceição, 1949). In Kenya, Detray & Scott (1955) reported that hyperimmune serum against 
hog cholera from the USA failed to neutralise Kenyan ASF virus either in vitro or when 
inoculated into pigs that were inoculated at the same time with ASF virus.  

2.1.2 Looking for a vaccine – the early attempts 

Predictably, attempts to inactivate ASF virus in order to immunise pigs were first described by 
Montgomery (1921), who found that heat killed ASF virus conferred no protection, while virus 
that had been heated sufficiently to reduce virulence but not to kill the virus could result in 
chronic disease with persistent infection of the pigs. Attempts in South Africa to immunise pigs 
with culture-sterile bile from pigs that died of ASF as well as with hyperimmune sera and virus 
treated with disinfectants were unsuccessful (Steyn, 1932). Attempts in Kenya to immunise 
pigs with virus attenuated by an array of different methods including heat and disinfectants 
failed, and simultaneous inoculation with hyperimmune serum and virus produced variable but 
generally only low grade and transitory protection (Walker, 1933). De Kock et al. (1940) 
reported that attempts to attenuate the South African virus with crystal violet to obtain a 
vaccine, as had been reported to be successful for CSF, failed to confer immunity against ASF. 
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However, the results gave some hope to researchers in Angola (Mendes, 1994). The growing 
demand for processed pork products after the end of the Second World War focused attention 
on the ideal conditions for growing maize and raising pigs in Angola but the latter was severely 
hampered by ASF. With the construction of a laboratory with a facility dedicated to research 
on ASF in 1952, serious attention was given to developing an ASF vaccine (Mendes, 1962; 
Mendes, 1994; Mendes & Daskalos, 1955). Similar to findings reported from East and South 
Africa, attenuation of the virus by addition of crystal violet or formol failed to protect pigs, and 
results obtained using hyperimmune serum were sometimes encouraging but the results were 
variable at best (Mendes, 1994). Attenuation of the virus was achieved by numerous passages 
in rabbits, but the attenuated virus did not confer protection on pigs challenged with virulent 
ASF virus (Mendes, 1994; Mendes & Daskalos, 1955). Attempts to attenuate the virus in hen’s 
eggs in South Africa and Angola were not successful, although some replication in eggs was 
observed in the South African experiments (McIntosh, 1952; Mendes, 1994).  

2.2 The next decades (1957 – 1995) 

2.2.1 The first extra-African excursions of ASF 

In 1957 the first outbreaks of ASF outside the historically infected area in Africa occurred in 
Portugal in farms close to the international airport in Lisbon. The origin was assumed to be 
aeroplane galley waste from Angola, then an overseas province of Portugal, and the outbreak 
was quickly eradicated (Braço Forte, 1970; Wesley and Tuthill, 1984). However, in 1960 a 
new introduction occurred into Portugal that subsequently resulted in the disease becoming 
established in Portugal and Spain for more than 30 years, with spread to other countries in 
western Europe, the Caribbean and Brazil (Costard et al., 2009; Penrith, 2020). The impact on 
Africa of these events was twofold. Firstly, the surge in interest in ASF that arose from its 
devastating effect in countries with developed pig industries was the impetus for increased 
research from which Africa was also able to benefit. Secondly and unfortunately, changes in 
the way the disease manifested over time in Europe were accelerated and exacerbated by the 
premature release of unsafe vaccines in the Iberian Peninsula that resulted in chronic forms of 
the disease (Sánchez-Vizcaíno et al., 2015). These were for a long time attributed exclusively 
to natural changes in virus virulence, and the situation was extrapolated to Africa, although 
such manifestations are rare; to our knowledge no vaccines have ever been used in Africa 
outside of laboratories. The most serious problem about the observed attenuation of virulence 
was that the adaptation over centuries of exposure to ASF observed in certain pig populations 
in eastern Africa has been automatically attributed to circulation of viruses of low virulence, 
although there is ample evidence that these pigs are unaffected by highly virulent viruses 
belonging to more than one genotype (Penrith et al., 2004).  

Although persistent low-grade disease and the presence of a domestic pig-tick cycle in the 
south-western parts of the Iberian Peninsula contributed to the lengthy presence of ASF in 
Spain and Portugal compared to other affected countries (Pérez-Sánchez et al., 1994; Sánchez 
Botija, 1963; Wilkinson, 1984), it became clear that ASF could persist in the absence of these 
factors. The island of Sardinia became infected in 1978, and in spite of high virulence of the 
virus and absence of ticks, that country is only now in the final stages of eradicating ASF 
(Laddomada et al., 2019; Loi et al., 2019; Mur et al., 2017; Rolesu et al., 2021). Similarly, ASF 
has persisted in Guinea-Bissau and its neighbours since the first reports of ASF in 1959 (Brown 
et al., 2018). The drastic approaches to eradication through culling of the entire pig population 
in Malta, Dominican Republic, and Haiti resulted in eradication of ASF in a relatively short 
time and supported the concept that this was the preferred method to deal with the disease 
(Arias & Sánchez-Vizcaíno, 2002; Balbo & Iannizzotto, 1983; Rivera, 1983; Sánchez Botija, 
1982; Viltrop et al., 2021). The loss of the important local breed in Haiti (FAO, 2007), which 
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remains one of the poorest countries in the world, remains as an unwanted legacy and a warning 
against eradication of a single disease ahead of all other considerations.  

Two major benefits to Africa that resulted from the virus reaching Europe were accelerated 
development of diagnostic techniques that do not involve inoculating pigs, and the discovery 
of the biological arthropod vector of ASF.  

2.2.2 Advances in the diagnosis of ASF 

Earlier studies required inoculation of pigs with blood from pigs showing signs of ASF. Failure 
of hyperimmune serum against classical swine fever to neutralise the effects of the virus was 
considered diagnostic for ASF (Sánchez Botija, 1982). The discovery by Malmquist and Hay 
(1960) that infection of macrophages in bone marrow or buffy coat cultures with ASF virus 
resulted in haemadsorption followed by cytopathic effects enabled differentiation of ASF virus 
from CSF virus without the need to infect pigs. During his 5-year stay in Kenya through the 
USDA project to support the East African Research Association, Leroy Coggins developed a 
modified haemadsorption-inhibition test and an agar diffusion precipitation test for ASF virus 
and antibody (Coggins, 1968a; Coggins and Heuschele, 1966) and also investigated the use of 
fluorescent antibodies to detect ASF virus (Heuschele et al., 1966), a test that is still 
recommended for the diagnosis of acute ASF, although reagents are becoming scarce (Gallardo 
et al., 2019). He also described finding a non-haemadsorbing ASF virus that could be identified 
by the cytopathic effect that it produced in cell cultures (Coggins, 1968b).  Working at 
Onderstepoort in South Africa, Els and Pini (1977) described negative staining of a non-
haemadsorbing strain of ASF virus. 

2.2.3 The arthropod biological vector 

In his first account of ASF, Montgomery (1921) raised the question of whether an arthropod 
vector might be involved in transmission of the ASF virus, because direct transmission of the 
virus through contact between domestic pigs and warthogs did not occur. In spite of this, many 
of the outbreaks on farms in Kenya could only be attributed to the presence of warthogs, 
because the farms were isolated and there was no history of introduction of pigs or their 
products. However, it was only in 1962 in Spain that the biological arthropod vector of ASF 
virus was unveiled when Sánchez Botija (1963) confirmed that Ornithodoros erraticus, a soft 
tick that lived in pig shelters, was able to maintain and transmit the ASF virus to pigs. This was 
followed by investigations by the East African researchers, who were able to demonstrate 
infection with ASF virus in Ornithodoros moubata complex ticks from animal burrows that 
had been occupied by warthogs in Tanzania (Plowright et al., 1969a). Plowright and his 
colleagues were further able to demonstrate proliferation of the virus in the ticks (Plowright, 
Perry, Peirce, & Parker, 1970), trans-stadial transmission in ticks (Plowright et al., 1969b), 
transovarial transmission in the ticks (Plowright, Perry, & Peirce, 1970) and sexual 
transmission from males to females (Plowright et al, 1974). Ticks of the Ornithodoros moubata 
complex are therefore competent biological vectors of the ASF virus. Plowright et al. (1969a) 
suggested, on the basis of common features of the virus with Iridoviridae, that the virus may 
have originated and evolved in the arthropod vector rather than in members of the pig family, 
which is supported by a recent molecular study that demonstrated the presence of ASF genome-
like segments in archived specimens of ticks of the Ornithodoros moubata complex (Forth et 
al., 2020). Phylogenetic reconstruction and molecular clock analysis suggested that the 
integration of the ASF virus-like elements into the tick genome may have occurred more than 
1.47 million years ago (Forth et al., 2020).  

As the ticks are cryptic and spend most of their lives in the burrows, feeding rapidly and 
dropping off their hosts, transmission from warthogs to domestic pigs appeared to be an 
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obstacle, but Plowright et al (1969a) noted that ticks were sometimes found on warthogs shot 
early in the morning. Later studies in Namibia and South Africa demonstrated that nymphs, 
sometimes in large numbers, were not infrequently found travelling on warthogs in ASF-
endemic areas in Namibia and South Africa (Boomker et al., 1991; Horak et al., 1983; Horak 
et al., 1988).  

One problem that remained to be solved was how the cycle between warthogs and ticks 
operated, because warthogs were never found with viraemia of sufficient levels to infect ticks. 
Feeding the tissues of acutely experimentally infected warthogs to domestic pigs resulted in 
infection of some of the pigs, but only after tissues including lymph nodes were liquidised in a 
blender (Thomson et al., 1980). This suggested that offal of free-living warthogs, in which 
virus is often limited to the lymph nodes, would not be a potent source of infection. The mystery 
was solved when it was found that neonatal warthogs, which spend the first weeks of their lives 
in the burrows where they are born, are fed on by the ticks and develop sufficient levels of 
viraemia to infect other ticks (Thomson et al., 1983; Thomson, 1985).  

Also in the 1980s, researchers in Malawi discovered a domestic pig-tick cycle in an area where 
ASF outbreaks with relatively low mortality occurred regularly in domestic pigs. There were 
no warthogs in the area, and bushpigs that were sampled were negative for ASF (Haresnape, 
Lungu & Mamu, 1985; Haresnape, Wilkinson & Mellor, 1988). The ticks were found in both 
the shelters used by the pigs at night and the houses of their owners, where in both cases the 
mud and wood walls offered deep cracks in which the ticks could hide by day (Haresnape et 
al., 1988). The infection rates in the ticks were comparable with those reported from warthog 
burrows in East Africa, South Africa and Namibia (Haresnape et al., 1988). The endemic area 
in Malawi was found to be confined to the western part of the Mchinji District that borders on 
eastern Zambia and north-western Mozambique. Although the adjacent districts of Zambia and 
Mozambique are both endemic for ASF as well, to date the pig-associated ticks have not been 
found there (Penrith et al., 2004; Wilkinson et al., 1988). 

2.2.4 Introduction of ASF to previously uninfected areas in Africa 

Until the late 1950s, ASF had only been reported from countries in eastern and southern Africa, 
most of which had reported ASF by that time. The first confirmed report from West Africa, 
supported by a virus isolate Dakar/59, was from Senegal in 1959, but there were anecdotal 
reports of ASF between 1959 and 1961 in its neighbours Guinea Bissau and Cape Verde as 
well. Although reporting from these countries is sporadic, ASF is considered to be endemic at 
least in the Casamance province of Senegal (Etter, Seck et al., 2011; Sarr, 1990; Vial et al., 
2007). Nigeria experienced an unconfirmed outbreak of disease in a pig farm in Ogun State in 
1973 that was probably ASF (Babalobi et al., 2007; Isoun & Osunfisan et al., 1973), but it was 
rapidly eradicated. Warthogs from a conservation area in Nigeria were tested and found 
negative for antibodies to ASF (Taylor et al., 1977). In 1979 the Central African island nation 
of São Tomé e Principe suffered an outbreak of ASF that was eradicated by killing the entire 
pig population (Sanchez Botija, 1982). In 1982 Cameroon became the second previously 
unaffected Central African country to experience outbreaks of ASF after there had been an 
unprecedented expansion of the country’s pig industry in the preceding decade (Nana-
Nukechap et al., 1985). The disease became endemically established in the southern and central 
parts of the country where most of the pigs were raised (Ekue & Wilkinson, 1990, 2000). The 
introductions into Cameroon in northern Central Africa and into West Africa heralded 
continued spread in the continent with an increase in the number of countries infected (Fig. 1) 
as well as increased reported losses of pigs (Fig. 2), driven by exponential growth of the pig 
population in several countries as well as increased awareness and improved reporting of ASF 
(Penrith et al., 2013). 
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Figure 1. Timeline for reporting of ASF in Africa, based on reports to OIE and AU-IBAR as well as published literature. The dates below the 
columns represent the start date for the decade, thus the first column refers to the number of countries where infection was reported between 1910 
and 1920 and the last column the number of reports from 2011 to 2020. Key: ECSA = East, Central and southern Africa; W & CA = West and 
Central Africa; Non-endemic = countries that have experienced ASF outbreaks but it has not become endemically established.  
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Figure 2. Cumulative number of ASF cases and deaths reported in Africa from 1974 to 2021. Source: FAO/Emergency Prevention System for 
Animal Health (EMPRES-AH)  
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2.2.5 Molecular epidemiology of the ASF virus 

One of the most important advances in understanding the ASF virus was technology that 
enabled the study of the virus at the molecular level. The first studies were based on restriction 
fragment length polymorphism (RFLP) (Blasco et al., 1989; Wesley & Pan, 1982; Wesley & 
Tuthill, 1984). They revealed that all the isolates from outside Africa (Europe, the Caribbean 
and Brazil) were closely related to each other as well as to isolates from Angola and Senegal, 
although differences within the group were sufficient to confirm that the 1957 and 1960 
outbreaks in Portugal were due to separate introductions (Blasco et al., 1989). On the other 
hand, the isolates from eastern and southern Africa studied showed marked differences from 
the European and western African isolates and amongst each other (Blasco et al., 1989; Wesley 
& Tuthill, 1984).   

2.3 The interregnum – absence from most of Europe, expansion in Africa (1996-2006) 

After the eradication of ASF from all countries outside Africa by 1994, with the exception of 
Sardinia and a single outbreak in Portugal in 1999 that was attributed to residual infection in 
Ornithodoros erraticus (Boinas et al., 2011), interest in ASF declined to a certain extent. 
However, from 1993 onwards Africa began to experience an upward trend, with new countries 
being infected as well as new areas in the long-time endemic countries. In 1993, for the first 
time in 30 years, outbreaks of ASF occurred in Kenya around the city of Nairobi that were 
attributed to infected pigs brought to Nairobi for slaughter from the western border area with 
Uganda, where ASF has long been endemic (M.-L. Penrith, unpublished report, 1996). In the 
following year, ASF was detected for the first time south of the Save River in pigs at the 
Veterinary Faculty of Eduardo Mondlane University in Maputo (Penrith et al., 2007). It was 
established that an ASF outbreak had occurred in Inhambane province in 1993 that was most 
probably the first outbreak south of the Save River, and the outbreaks in the three southern 
provinces continued until 2001 and reappeared September 2004, after which outbreaks have 
continued to be reported throughout the country (Penrith et al., 2007; World Organisation for 
Animal Health-WAHIS,2005-2021). In 1998, the Indian ocean island nation of Madagascar 
reported its first outbreaks of ASF, losing half of its pig population of about 2 million, and soon 
become endemic for ASF (Andriamanivo et al., 2015; Ravaomanana et al., 2011; Roger et al., 
2001; Rousset et al., 2001). 

In 1996, Côte d’Ivoire reported ASF for the first time (El Hicheri et al., 1998). By early 1997 
the disease had been eradicated (Brown et al., 2018; El Hicheri et al., 1998), but in late 1997 
Benin reported its first outbreaks of ASF, followed in rapid succession by neighbours Togo 
and Nigeria (Brown et al., 2018). All of these countries remained infected, with spread, and at 
the end of 1999 Ghana confirmed its first outbreak of ASF (Brown et al., 2018). In spite of it 
being eradicated in 2000, it was reintroduced in 2002 with subsequent endemic establishment, 
and in 2003 ASF was reported for the first time from Burkina Faso (Brown et al., 2018), where 
it also persists (Kouakou et al., 2016; Minoungou et al., 2021). 

Molecular studies using RFLP undertaken to try to determine the origin of the outbreaks in São 
Tomé e Principe and Cameroon failed to pinpoint the origin of the viruses, which were closely 
related to those circulating in Europe at the time, and it was argued that they may have 
originated in Europe (Ekue & Wilkinson, 2000; Wesley & Tuthill, 1984), although Sanchez 
Botija (1982) attributed the introduction into São Tomé e Principe to meat imported from 
Angola, thought to have been where the viruses that were introduced into Portugal in 1957 and 
1960 originated. The uncertainty surrounding the origin of the West African epidemic viruses 
was a major driver of further molecular advances in the study of ASF. 
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2.3.1 Molecular advances that resulted from the West African epidemic 

Based on the identification of variable and constant regions in the DNA of ASF viruses and the 
ability to classify 23 ASF viruses into five groups, four of which were comprised of African 
viruses and one of which also contained all of the available viruses from European and the 
American region (Blasco et al., 1989), a PCR-based method of genotyping ASV viruses was 
developed (Bastos et al., 2003). The results of this study agreed in broad terms with the RFLP 
study, yielding a single genotype, named genotype I, that contained all of the extra-African 
viruses as well as viruses from Angola, DRC, Namibia, western Zimbabwe, and Senegal and 
all the other affected West African countries, as well as nine other genotypes (II-X) that 
contained only African viruses, mainly from eastern and southern Africa (Bastos et al., 2003). 
The virus from Madagascar was unique, and was named genotype II, but in 1999 a genetically 
identical virus was isolated from an outbreak in pigs in north-western Mozambique in 1998 
(Bastos et al., 2004), suggesting that the origin of the Madagascan virus was in eastern Africa.  

Further molecular studies in South Africa revealed another twelve p72 genotypes (Boshoff et 
al., 2007; Lubisi et al., 2005) as well as a method of increasing the resolution at intragenotypic 
level by combined use of p72 and central variable region typing (Lubisi et al., 2007; Phologane 
et al., 2005). 

Although these studies enabled a more detailed picture of relationships between various 
outbreak viruses, it was (and is) still not possible to determine the direction of transmission 
unless the finding can be reliably linked with particular events that may have led to 
transmission.  

2.3.2 Advances in research into resistance to African swine fever 

Resistance to ASF had been reported in bushpigs since 1921, and in 1998 an experimental 
study of pathogenesis, resistance in and transmission by bushpigs was carried out in Zimbabwe 
(Anderson et al., 1998; Oura et al., 1998). Bushpigs experimentally infected with two virulent 
ASF viruses showed no clinical signs but did develop sufficient viraemia to infect ticks fed on 
them, which in turn were able to infect domestic pigs when feeding on them. Viraemia lasted 
in the bushpigs from 35 to 91 days, but levels declined between 35 and 70 days (Anderson et 
al., 1998). One of the viruses, which was isolated from a domestic pig, was able to infect an in-
contact local breed pig, which subsequently infected a pen-mate, but the other virus, a tick 
isolate, was not transmitted to in-contact pigs during the experiment (Anderson et al., 1998). 
No virus was present in lymph nodes of bushpigs after 34 days. Warthogs in the same study 
were unable to infect in-contact pigs but transmission from viraemic warthogs via ticks to 
domestic pigs occurred. The virus persisted longer in lymph nodes of warthogs than in bushpigs 
but was not found after 56 weeks (Anderson et al., 1998). A comparative study of the 
pathogenesis in the bushpig and domestic pigs revealed more limited replication, mainly in the 
spleen, and more limited spread to other tissues in the bushpig (Oura et al., 1998). A high 
degree of apoptosis in B cells in lymph nodes was observed in the bushpig, leaving the T cells 
relatively unaffected, while in domestic pigs T cells are the major lymphocytes affected by 
ASF virus (Oura et al., 1998). 

An investigation aimed to determine the nature of the resistance observed in a population of 
local breed pigs in Mozambique, where on average 40 percent of healthy pigs had antibodies 
to ASF virus, with up to 100 percent of the pigs in some villages investigated, was undertaken 
in South Africa (Penrith et al., 2004). Briefly, a group of pigs was brought to South Africa by 
air from the Angónia district of Tete province in Mozambique, which adjoins the Mchinji 
district in Malawi, and quarantined at the Onderstepoort Veterinary Institute (OVI). All of the 
15 females and one of two boars were seropositive for ASF. Altogether 102 offspring derived 
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from these pigs were challenged with two virulent genotypes II and VIII ASF viruses that had 
been circulating in the area where the pigs were acquired, and only one survived without 
developing any clinical signs, while the rest died of severe acute ASF. These results suggested 
that the observed resistance was not simply inherited, and that further investigation including 
in the area of origin of the pigs was warranted. Other valuable findings were that the 
serologically positive imported pigs were not carriers, as the seronegative in-contact boar never 
became sick or seroconverted in spite of being in close contact with the rest of the group for 
more than two years, and that the survivor was fully resistant to both viruses (Penrith et al., 
2004). The two viruses used were isolated from pigs that died of ASF within the first two weeks 
of quarantine, and it was found that the tissues of the affected pigs yielded one or other of the 
two co-circulating viruses, without co-infection in any of the pigs (Bastos et al., 2004). 

3 Where are we now? (2007 to present)  

The period between 2007 and 2021 saw a major shift in the global ASF situation. In 2007 ASF 
was diagnosed in the Republic of Georgia in the Trans-caucasus region at the junction between 
Europe and Asia, and the virus turned out to be identical at genotype level to the genotype II 
virus thus far only diagnosed from outbreaks in Madagascar and Mozambique in 1998 and 
retrospectively from an outbreak in Zambia in 1989 (Rowlands et al., 2008). Within the same 
year, the disease spread to neighbouring Armenia as well as to wild boars in the Republic of 
Chechnya, which is part of the Russian Federation; an outbreak occurred in a village in 
Azerbaijan in January 2008 (Beltran Alcrudo et al., 2008). Spread occurred to wild boars in 
north-western Iran in December 2008 and January 2009 (Rahimi et al., 2010). Gradual 
northward spread in Russia occurred (Gogin et al., 2013), with ASF reported from Ukraine in 
2012 and Belarus in 2013. Outbreaks in wild boars in Poland, Lithuania, Latvia, and Estonia 
in 2014 heralded unprecedented expansion of the infection to mainly EU member countries in 
Eastern and Central Europe, with wild boars in Belgium affected in 2018 (Linden et al., 2019) 
and in Germany in 2020 (Sauter-Louis et al., 2021). August 2018 saw what the world had been 
dreading, namely the first notification of ASF in China, and currently 16 countries in the Asia-
Pacific region have reported ASF (Li & Tan, 2018; World Organisation for Animal Health-
WAHIS, 2005-2021). Most recently, the genotype II virus has been reported from outbreaks in 
Dominican Republic and Haiti in the Caribbean, and in Lagos in Nigeria (Adedji et al., 2021; 
World Organisation for Animal Health-WAHIS, 2205-2021).  

While global events have turned the spotlight away from ASF in Africa, the changing situation 
that was signalled by the incursions of ASF into several previously unaffected countries in 
West Africa as well as Madagascar in the preceding period continued and worsened, with ASF 
spreading to more countries. Outbreaks in domestic pigs have increased markedly, including 
in southern African countries where the disease in domestic pigs was previously largely 
confined to sporadic and isolated warthog-related events in poorly managed pigs (Penrith et 
al., 2019).  

3.1 Major ASF events in Africa 2007 - 2021 

Throughout sub-Saharan Africa, the ASF situation appears to have worsened, although some 
of this may be due to improved reporting following the changes to the OIE platform with the 
launch of WAHID (World Animal Health Information Database) in 2005 as well as increased 
pressure from the African Union-Interafrican Bureau for Animal Resources (AU-IBAR) on 
countries to report transboundary animal diseases. Five countries reported ASF for the first 
time, and three countries that had previously only reported sporadic small outbreaks that were 
mostly due to contact with the sylvatic cycle experienced domestic pig-related outbreaks that 
affected larger numbers of pigs. In spite of this, according to FAOSTAT data up to 2018, Africa 
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as a whole experienced steady growth of the pig population and several of the countries where 
ASF is endemic showed a marked increase in pig numbers during this period 
(http://www.fao.org/faostat/en/#data/QA).   

3.1.1 West Africa 

Only two countries in West Africa, Côte d’Ivoire and Ghana, were able to eradicate ASF after 
its introduction in 1996 and 1999 respectively, but Ghana was rapidly reinfected in 2002 and 
the disease became endemic (Brown et al., 2018). Côte d’Ivoire remained free of ASF from 
2007 until 2014, when an incursion occurred in the port city of San Pedro, which had escaped 
infection in 1996. Carelessly disposed galley waste from the port at an open landfill frequented 
by livestock was most likely responsible for the deaths of the first pigs, and the virus was found 
to be a genotype I virus most closely related to a variant circulating in Cameroon (Couacy-
Hymann et al., 2018). The outbreak was eradicated, but in 2016 outbreaks were recorded close 
to the northern border with Burkina Faso, an area that a risk assessment had suggested could 
be at high risk (Kouakou et al., 2016). Also, in 2016, Mali experienced its first outbreak of ASF 
close to its southern border shared with Burkina Faso (World Organisation for Animal Health-
WAHIS, 2005-2021). Both outbreaks were eradicated, but since 2018 further ASF outbreaks 
have been experienced in the northern parts of Côte d’Ivoire as well as in two districts in the 
south-western part of the country (World Organisation for Animal Health-WAHIS, 2005-
2021). The first outbreaks of ASF in Sierra Leone were reported in 2019 (Wadoum et al., 2020). 
The AU-IBAR yearbook includes an unconfirmed report of an outbreak in Liberia in 2011 
(African Union-Interafrican Bureau for Animal Resources, 2012). 

3.1.2 Central Africa 

Two additional Central African countries reported first introductions of ASF, both linked to an 
outbreak in previously unaffected northern Cameroon. Although ASF has been endemic in 
Cameroon since soon after its introduction in 1982, the disease remained limited to the South, 
Southwest and Central provinces where the majority of commercial pigs were produced until 
2010 when, for the first time, outbreaks in the North and Far North provinces were recorded, 
followed rapidly by the first outbreaks in Chad and Central African Republic (Bidjeh, Ban-Bo, 
Nadjilem et al., 2015; Mouiche et al., 2021; Ngwa et al., 2020; Wade et al., 2019; World 
Organisation for Animal Health-WAHIS, 2005-2021).  A study in the two adjacent districts of 
Mayo-Danay in the North West province of Cameroon and Mayo-Kebbi in south-western Chad 
in the Logone Basin that were affected by ASF revealed that pigs were kept in a free-ranging 
husbandry system (Assana et al., 2001). The 2010 ASF outbreak was attributed to infected pork 
brought into Chad from Cameroon; according to descriptions of demography, pig husbandry 
and trade in the area, the people on either side of the border are closely related and exchange 
of pigs is common (Bidjeh, Ban-Bo, Nadjilem et al., 2015; Koussou & Duteurtre, 2002). Since 
then both Chad and Central African Republic have periodically submitted reports of ASF 
outbreaks to OIE, suggesting that the disease may have become endemic, also suggested by a 
serological study undertaken in Chad (Bidjeh, Ban-Bo, & Mopate Logtene, 2015). Recent 
studies have also provided more information on the ASF situation in Cameroon (Mouiche et 
al., 2021; Ngwa et al., 2020; Wade et al., 2019), Congo Republic (Gallardo, Anchuelo et al., 
2011) and DRC (Bisimwa et al., 2019; Bisimwa, Machuka et al., 2020;  Bisimwa, Ongus, 
Tiambo et al., 2020; Mulumba-Mfumu et al., 2017). 

The last decades have provided more information about ASF in two long-time infected Central 
African countries. Viruses from outbreaks in the DRC between 2005 and 2012 confirmed that 
most of the outbreaks were caused by genotype I viruses, but genotype IX was recorded from 
an outbreak near the eastern border, while genotype XIV, previously only known from the 
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sylvatic cycle in Zambia, had caused outbreaks in pigs in the south-western part of the country 
(Mulumba-Mfumu et al., 2017). Genotypes IX and X have been reported from outbreaks in the 
South-Kivu province on the eastern side of the DRC (Bisimwa, Ongus, Tiambo et al., 2020; 
Bisimwa, Ishara et al., 2021). Gallardo, Anchuelo et al. (2011) reported genotypes I and IX 
from Republic of Congo. A 1978 report of an ASF-positive warthog in Congo exists (Plowright 
et al., 1994) but it is now believed that warthogs are extinct in Congo (De Jong et al., 2016). 
However, Congo has reported ASF outbreaks to OIE almost every year since 2005. One of the 
genotype I viruses reported by Gallardo,  Anchuelo et al. (2011) was similar to viruses isolated 
in Angola in 1972 and DRC in 1967, but there are no recent publications on ASF in Angola, 
although reporting to the OIE shows that ASF remains endemic (World Organisation for 
Animal Health-WAHIS, 2005-2021).  

3.1.3 Eastern and southern Africa 

There have been concerning developments in ASF in eastern and southern Africa, with two 
eastern African countries reporting ASF infection for the first time, three countries in southern 
Africa experiencing a shift from sporadic warthog-related outbreaks to more severe and larger 
outbreaks involving only domestic pigs, and several other countries experiencing a marked 
increase in outbreaks in domestic pigs. Some countries, notably Tanzania and Uganda, 
experienced remarkable growth of their pig populations during this period, which undoubtedly 
contributed to the increase in reported ASF (Mulumba-Mfumu et al., 2019; Penrith et al., 2013).  

In 2007, the island nation of Mauritius experienced its first outbreak of ASF. At first, CSF was 
suspected, as the island had experienced several brief incursions of CSF from neighbouring 
Madagascar, and like in Madagascar, efforts to vaccinate the pigs probably contributed to the 
spread of the virus (Lubisi et al., 2009). The outbreaks were caused by the genotype II virus 
circulating in Madagascar and Mozambique as well as the Caucasus, and the most likely source 
was harbour waste fed to pigs as swill (Lubisi et al., 2009). The outbreak was declared over by 
12 July 2008, and after an extensive serological survey that revealed no positive results, as well 
as a risk assessment (Etter, Penrith et al., 2011), a “self-declaration of freedom from ASF’’ was 
published in the Bulletin of the OIE (World Organisation for Animal Health, 2012). 

In 2011 Ethiopia reported its first outbreaks to AU-IBAR (African Union-Interafrican Bureau 
for Animal Resources, 2012). Pig keeping in Ethiopia had been unusual owing to the fact that 
few of the population will eat pork, but it was suggested as a source of income for poor 
households (Tekle et al., 2013). Isolation of the virus from outbreaks that occurred between 
2011 and 2014 yielded two intragenotypic variants of a new p72 genotype ASF virus, genotype 
XXIII, suggesting that Ethiopia, which has two species of warthogs, may be part of the area 
where the warthog-tick sylvatic cycle occurs (Achenbach et al., 2017).  

Studies in western Kenya have revealed pig populations in which ASF circulates endemically 
and largely without causing marked outbreaks (Abworo et al., 2017; Okoth et al., 2013; 
Thomas et al., 2016). Interestingly, a genetic study on pigs from this area showed that the local 
pigs appeared to have a higher ASF survival rate and were genetically more similar to European 
wild boars than hybrid pigs in the same population (Mujibi et al., 2018). These pig populations 
are situated along the Kenya-Uganda border and studies indicated cross-border trade and an 
important role for traders as well as free-range husbandry systems in the spread of ASF (Dione 
et al., 2016; Lichoti et al., 2016, 2017; Nantima et al., 2015, 2016).  

The smallholder pig sector in Uganda has received considerable recent attention through 
research projects aimed at examining transmission at the wildlife interface (Kukielka et al., 
2016; Payne et al., 2018; Ståhl et al., 2014) as well as ways to improve pig production and 
mitigate the risks of ASF in some of the poorest districts (Atuhaire, Ochwo et al., 2013; Chenais 
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et al., 2015; Chenais et al., 2017, Chenais et al., 2019; Dione et al., 2016; Dione et al., 2017, 
Dione et al., 2020; Nantima et al., 2015; Nantima et al., 2016).  

Tanzania has a long association with ASF, as mentioned by Montgomery (1921), and ASF 
infected Ornithodoros moubata complex ticks from warthog burrows were first reported from 
Tanzania (Plowright et al., 1969a). However, reports of ASF in domestic pigs were scarce. 
Reports of outbreaks of ASF in domestic pigs were documented at a scientific meeting in 
Tanzania in 1988, and an absence of outbreaks for the decade preceding the millennium was 
reported (Wambura et al., 2006). Since 2001, increasing numbers of outbreaks in domestic pigs 
have been reported, with the emergence since 2010 of the genotype II virus in the Southern 
Highlands (Chang’a et al., 2019; Fasina et al., 2020; Yona et al., 2020). A study of the socio-
economic effects of ASF in the Rombo district of Tanzania showed that the disease caused 
severe financial losses to pig farmers and other pig value chain actors (Swai & Lyimo, 2014).  

Although ASF is considered endemic in Burundi and viruses isolated from pigs in Burundi in 
1984 and 1990 have been recorded (Bastos et al., 2003; Hakizimana, Nyabongo et al., 2020; 
Lubisi et al., 2005), the first publication on ASF outbreaks in Burundi appeared in 2020 
(Hakizimana, Nyabongo et al., 2020). Apart from sporadic reports of large numbers of ASF 
outbreaks to the OIE, the only published information on ASF in Rwanda is that in pigs tested 
for ASF at an abattoir in Bukavu, eastern DRC, infection with ASF virus was less prevalent in 
pigs from Rwanda than in those obtained locally (Bisimwa et al., 2019). It is probable that the 
warthog-tick sylvatic cycle is or was present in both countries, but that has never been 
investigated.  

The first recorded outbreak of ASF in Zambia occurred in the Eastern Province in 1912 
(Wilkinson et al., 1988). By 1965 it was recognised that ASF was endemic in free-roaming 
pigs in the Eastern Province, which shares borders with the highly endemic areas in Malawi 
and Mozambique (Haresnape et al., 1985; Penrith et al., 2007; Wilkinson et al., 1988). This 
endemicity in pigs has been confirmed in a recent study (Chambaro et al., 2020) that revealed 
50.9 percent of pigs were positive for antibodies to ASF virus and 11.7 per cent were positive 
for ASF genome; unfortunately, the presence of ticks in those areas was not investigated. 
However, previous investigations revealed the presence of ASF virus in ticks from warthog 
burrows in the Eastern Province, as well as in national parks and wildlife management areas in 
other parts of Zambia, but did not find ticks in two villages in the Eastern Province that were 
investigated (Wilkinson et al., 1988). The first outbreak of ASF outside the Eastern Province 
occurred in Kabwe in the Central Province in 1989 and was traced to infected pork from the 
Eastern Province (Samui et al., 1991). Despite stringent restrictions on the movement of pigs 
and pork from the Eastern Province, outbreaks of ASF occurred in Lusaka and the Southern 
Province in 1993, 2001-2002 and 2004-2006 (Simulundu et al., 2017). Following unofficial 
reports of suspicious deaths of pigs in 2006, ASF was diagnosed for the first time in the 
Northwestern Province in 2007 (Simulundu et al., 2017). Between 2013 and 2015 six provinces 
in Zambia experienced outbreaks of ASF that appeared to be linked to trade routes but did not 
originate in the Eastern Province, calling into question the value of restrictions imposed upon 
that province alone (Simulundu et al., 2017). 

Mozambique has reported outbreaks of ASF since the 1950s and viruses belonging to four 
genotypes have been responsible (Bastos et al., 2004; Penrith et al., 2007), but the warthog-
tick sylvatic cycle has only been confirmed recently (Quembo et al., 2016; Quembo et al., 
2018). Warthogs are not (or no longer) present in the highly endemic area in Tete Province 
(Penrith et al., 2004), similar to the adjacent Mchinji district in Malawi (Haresnape et al., 1988). 
However, research in the Gorongosa area, where there is an interface between domestic pigs 
and warthogs in the buffer zone around the Gorongosa National Park, revealed high rates of 
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seropositivity in warthogs as well as infection in ticks from warthog burrows. Infected ticks 
were also found in pig shelters in the same area (Quembo et al., 2016; Quembo et al., 2018). 
Samples from both burrow and pig shelter ticks yielded a novel genotype, bringing the number 
of known genotypes to 24 (Quembo et al., 2018). It is likely that the sylvatic cycle is present 
elsewhere where warthogs are present, mainly if not exclusively in conservation areas, but 
domestic pig-related outbreaks of ASF predominate throughout the country and are driven by 
movements of infected pigs and pork (Penrith et al., 2007). 

From the 1930s until this period, Botswana, Namibia, South Africa, and Zimbabwe had 
experienced ASF outbreaks that were usually limited to a single farm or herd and most often 
linked to contact with warthogs (Janse van Rensburg, Etter et al., 2020; Mulumba-Mfumu et 
al., 2019). Botswana has a small and mainly well-confined pig population, with free-ranging 
pigs reported from a single village (Nsoso et al., 2006). Serologically positive warthogs were 
reported from Botswana (Simpson & Drager, 1979), but very few outbreaks in pigs have been 
documented, in 1953, 1987 and 1999 (Plowright et al., 1994; World Organisation for Animal 
Health-OIE Handistatus II, 1996-2004). However, since 2009 Namibia has reported ASF 
outbreaks on the northern border with Angola, with spread in villages in a pattern unusual with 
the typical isolated event linked to warthogs (World Organisation for Animal Health-WAHIS, 
2005-2021), and as the people on either side of the border are related, with many having 
originated from Angola, it seems likely that these outbreaks could be an extension of the 
endemic ASF situation that has prevailed in Angola for a long time (Mendes, 1971, 1994). 
Zimbabwe has a relatively small pig population, and the majority of pigs are farmed 
commercially, but free-ranging local breed pigs are kept, most in traditional free-ranging 
systems, in the north-eastern part of Zimbabwe that shares a border with the Tete province of 
Mozambique (Mashatise et al., 2005). No ASF outbreaks were reported in Zimbabwe from 
1993 to 2014, but in 2015 ASF was reported for the first time in these free-ranging pigs at the 
Mozambique border, caused by the genotype II virus currently circulating in Europe and Asia 
as well as several south-eastern African countries (van Heerden et al., 2017). The outbreak was 
characterised by very high mortality, with all of the infected pigs believed to have died of ASF, 
only 591 out of 3,427 pigs having been spared due to the fact that they were confined and had 
no contact with infected pigs or material (van Heerden et al., 2017). No warthogs were present 
in the area, and it was likely that the outbreak was linked to an outbreak in the adjacent area in 
Mozambique (Dr R.M. Spargo, personal communication, 2016). In 2018 another incursion of 
ASF occurred in the same area (World Organisation for Animal Health-WAHIS, 2005-2021).  

South Africa proclaimed a Controlled Area for ASF in 1935 based on the distribution of 
outbreaks of ‘East African swine fever’, and until 2012 very few outbreaks occurred outside 
that area, mostly close to its border (Janse van Rensburg, Etter et al., 2020; Magadla et al., 
2016). Outbreaks within the Controlled Area occurred sporadically when pigs were allowed to 
roam freely on farms where warthogs were present or were insecurely penned in these areas. 
However, in 2012 pigs with signs confirmed to be ASF were detected at an abattoir in Gauteng 
province, distant from the Controlled Area, and were traced to a sales yard in Mpumalanga 
province, also outside the Controlled Area, to which sick pigs from the Controlled Area had 
been illegally moved for sale (Geertsma et al., 2012). Although spread had occurred in both 
provinces, relatively small numbers of pigs were involved, and the outbreak was eradicated 
within a short time (Geertsma et al., 2012; Janse van Rensburg, van Heerden et al., 2020).  

Outbreaks outside the Controlled Area were registered in 2016 and 2017 in three provinces and 
with considerable spread and larger numbers of pigs involved. These outbreaks all involved 
variants of the genotype I virus and no specific link to warthogs has been demonstrated, with 
most of the outbreaks having been linked to illegal movement of pigs and pork and swill 
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feeding (Janse van Rensburg, van Heerden et al., 2020). Since 2018, rolling outbreaks have 
been experienced, affecting all the provinces except KwaZulu-Natal, and mostly involving a 
genotype II virus. The great majority of outbreaks have occurred among smallholder pigs and 
the patterns of spread have been typical of a domestic pig cycle. Examples of this are an 
outbreak that occurred in Gauteng Province in July 2020 that could be linked with some 
confidence to recent outbreaks in an area about 90 km away (Amar et al., 2021) and the first 
outbreaks in the Western Cape province, which occurred in 2021 (World Organisation for 
Animal Health-WAHIS, 2005-2021), caused by an identical virus to one that had been 
circulating in the Eastern Cape province since 2020 (Dr L. Heath, personal communication, 
2021), and appearing in a settlement close to the highway connecting the two provinces. Many 
of the settlements around Cape Town are populated by immigrants from the Eastern Cape 
province who maintain strong links with their original homes.  

3.2 Exponential growth of research in Africa 

The trend for published research on ASF in Africa is similar to the global trend as indicated by 
the timeline provided on PubMed from 1955 to the present, which shows exponential growth 
in the number of publications during the last few years. The trends are event-related. In Africa, 
the number of publications grew steadily from 1921 to 2021 but peaks were evident after the 
1960 outbreaks in Europe and the 2018 introduction into China.  

3.3 Molecular advances 

The last decade and a half have seen remarkable advances in molecular studies on ASF virus, 
including in Africa. Since the wide acceptance of the p72 genotype classification proposed by 
Bastos and co-workers (2003), molecular genetic characterisation of ASF viruses has 
exponentially increased our understanding of the molecular epidemiology of ASF globally and 
in Africa. All of the 24 p72 genotypes identified to date are present in the area where the ancient 
sylvatic cycle is present in eastern central and southern Africa (Achenbach et al., 2017; Bastos 
et al., 2003; Boshoff et al., 2007; Lubisi et al., 2005; Misinzo et al., 2010; Misinzo, Jumapili et 
al.,  2012; Misinzo et al., 2014; Mulumba-Mfumu et al., 2017; Quembo et al., 2018; Simulundu, 
Chambaro et al., 2018). In the remaining African countries where ASF is endemic, apart from 
the recent introduction of the genotype II virus into Nigeria (Adedeji et al.,2021) only one 
genotype is present, with genotype I in western Africa from Cape Verde and Senegal to 
Cameroon (Bastos et al., 2003; Couacy-Hymann et al., 2018; Luka et al., 2017; Wade et al., 
2019) and genotype II in Madagascar (Bastos et al., 2003). The genotype II ASF virus recently 
reported from an outbreak on a pig farm in Lagos state, Nigeria shares 99-100% similarity with 
viruses recently isolated in Vietnam and China (Adedeji et al., 2021). Given the propensity for 
transboundary spread demonstrated by the genotype II virus originally introduced into the 
Republic of Georgia in 2007 (Rowlands et al., 2008), its introduction into both the Caribbean 
region and a ‘new’ part of Africa, possibly from Asia, is not unduly surprising.  

Several of the known genotypes have only been isolated from the sylvatic cycle or from isolated 
outbreaks in pigs that were clearly related to the sylvatic cycle (Boshoff et al., 2007; Janse van 
Rensburg, Etter et al., 2020; Lubisi et al., 2005; Quembo et al., 2018). Five genotypes have 
been widely reported from outbreaks in domestic pigs and can be considered pig-related. 
Genotypes I and II are the most striking examples of pig-related ASF viruses, although both 
have also been isolated from ticks and/or African wild suids (Lubisi et al., 2005; Quembo et 
al., 2018). Genotypes VIII, IX and X, although they have a more restricted distribution, 
spanning several countries in eastern and Central Africa (Atuhaire, Afayoa et al., 2013; 
Atuhaire, Ochwo et al., 2013; Bishop et al., 2015; Bisimwa, Ongus, Tiambo et al., 2020; 
Bisimwa, Ongus, Steinaa et al., 2021; Chang’a et al., 2019; Gallardo, Anchuelo et al., 2011; 
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Figure 3. Key epidemiological features of the different regions and spatial distribution of the ASF genotypes in Africa. Epi = epidemiological, 
WH = warthog  
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Figure 4. Spatial distribution of genotypes with a limited known range of distribution in Africa
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Hakizimana, Nyabongo et al., 2020; Hakizimana et al. 2021; Misinzo, Jumapili et al., 2012; 
Misinzo et al. 2014; Mulumba-Mfumu et al., 2017)  are also well adapted to pigs (Lubisi et al., 
2005). These viruses may also be candidates for extra-African ventures. The distribution of the 
widespread genotypes and those with a more limited range is shown in Figures 3 and 4.  

Intragenotypic classification of subgroups enables a better understanding of relationships 
between outbreak viruses and the evolution of outbreaks and has been used widely in Africa 
(Chang’a et al., 2019; Couacy-Hymann et al., 2018; Gallardo et al., 2009; Lubisi et al., 2007; 
Minoungou et al., 2021; Mulumba-Mfumu et al., 2017; Mwiine et al., 2019; Nix et al., 2006; 
Onzere et al., 2018; Owolodun et al., 2010; Phologane et al., 2005; Simulundu, Sinkala et al., 
2018; Wade et al., 2019). Most recently, full genome sequencing has been published for several 
African ASF virus isolates belonging to genotypes I, II, III, IV, VIII, IX, X, XX and XXII, 
derived from domestic pigs, warthog, Ornithodoros moubata complex ticks, and a European 
wild boar in South Africa. It is hoped that this technology will eventually be able to provide 
much more information about the molecular relationships between viruses and could possibly 
be linked to their biological characteristics (Bishop et al., 2015; Bisimwa, Ongus, Steinaa et 
al., 2021; de Villiers et al., 2010; Masembe et al., 2018; Ndlovu, Williamson, Heath et al., 
2020; Ndlovu, Williamson, Malesa et al., 2020; Njau et al., 2021). 

3.3.1 Application of molecular genetic information 

As indicated previously, molecular characterization of ASF viruses is useful in investigating 
the relatedness of outbreaks, bearing in mind that without sufficient history about the context 
in which the outbreaks occurred it is rarely possible to pinpoint the source or even determine 
the direction of transmission. However, molecular studies are always informative and can 
contribute to understanding the disease as well as control. The major excursions of ASF from 
Africa to other parts of the world could be traced to their area of origin in Africa (Bastos et al., 
2003; Rowlands et al., 2008). Although the two viruses were closely related, RFLP studies 
reflected a difference in length of the right terminal fragment of the ASF virus genome of the 
1957 and 1960 isolates from outbreaks in Lisbon, showing that there were two separate 
introductions of ASF (Blasco et al., 1989; Ekue & Wilkinson, 2000). The 1957 Lisbon virus 
shared this characteristic with isolates from Katanga (DRC) in 1967 and Angola in 1970 
(Blasco et al., 1989; Ekue & Wilkinson, 2000). While numerous studies have shown that the 
viruses involved in the widespread outbreaks of ASF from 1959/1960 in the Western 
Hemisphere in the last century and the even more widespread outbreaks throughout Europe 
and Asia that began in 2007 were due to single introductions from Africa, the situation in Africa 
is more complicated. The first outbreak isolates from Senegal in 1959 coincided temporally 
with the second introduction into Portugal and the viruses were identical (Bastos et al., 2003). 
On balance of probabilities, the virus reached both Senegal and Portugal from Angola, probably 
arriving in Senegal first, but later incursions into São Tomé e Principe in 1978 and Cameroon 
in 1982 could on molecular genetic grounds have come either from Europe or the Caribbean 
or from Africa (Wesley & Tuthill, 1984). The assertion by Sanchez Botija (1982) that the virus 
entered São Tomé e Principe in meat imported from Angola is certainly plausible. However, 
the origin of the introduction into Cameroon has never been established with any certainty, and 
some variability amongst Cameroon isolates from 1982 to 1986 raised the possibility of more 
than one introduction from countries in the region (Ekue & Wilkinson, 2000). This was 
supported by a recent study of virus isolates in Cameroon between 2010 and 2018 using the 
most up-to-date technology (Wade et al., 2019). The outbreak of ASF in the port of San Pedro, 
Côte d’Ivoire in 2014 was caused by a genotype I virus most closely related to genotype I 
strains from Cameroon that differed at intragenotypic level from the 1996 Côte d’Ivoire strains 
(Couacy-Hymann et al., 2018). The recent study of Minoungou and co-workers (2021) 
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confirmed the finding by Bastos and co-workers (2003) that the 1996 epidemic in West Africa 
was not related to the endemic situation in Senegal and its neighbours, although a single variant 
isolated in Côte d’Ivoire in 1996 clustered with the Senegal group (Phologane et al., 2005).  

As one would expect, most of the ASF viruses isolated have come from outbreaks in domestic 
pigs, but the majority have been confirmed in sylvatic cycle as well. The countries in which 
infection has been confirmed in warthogs and/or Ornithdoros moubata complex ticks from 
either warthog burrows or tick shelters are summarised in Table 1. Table 2 summarises the 
hosts from which ASF viruses have been isolated in the region. 

 

Table 1. Countries with confirmed warthog-associated (WH) and/or pig-associated Ornithodoros 
moubata complex ticks infected with ASF and/or seropositive warthogs for ASF 

 

Country ASF +ve 
WH ticks 

ASF +ve 
pig ticks 

ASF virus or 
sero+ve WH 

References 

Botswana - - + Simpson & Drager, 1970 
Kenya + - + Gallardo, Okoth et al., 2011; Thomson, 

1985
Madagascar - + - Ravaomanana et al., 2010 
Malawi - + - Haresnape et al., 1988 
Mozambique + + + Quembo et al., 2016, 2018 
Namibia + - + Thomson, 1985
South Africa + - + Thomson, 1985
Tanzania + - + Plowright et al., 1969a; Thomson, 1985
Uganda + - + Thomson, 1985
Zambia + - - Wilkinson et al., 1988 
Zimbabwe - - + Thomson, 1985

 

 

Table 2. Summary of host associations of African swine fever genotypes. 

 

Host Genotype Reference

Domestic pig 
I; II; III; IV; V; VI; VII; VIII; IX; X; XII; XIV; XV; XVI; 

XVII; XVIII; XIX; XX; XXI; XXII; XXIII 

Achenbach et al., 2017; Boshoff et 
al., 2007; Janse van Rensburg, Etter 
et al., 2020; Lubisi et al., 2005; 
Mulumba-Mfumu et al., 2017

European wild boar 
(South Africa) 

XX 
Ndlovu, Williamson, Heath et al., 
2020

Common warthog IV ; V ; VI ; VII ; IX ; X ; XI ; XIII ; XIV ; XX ; XXI 

Boshoff et al., 2007; Hakizimana et 
al., 2021; Janse van Rensburg, Etter 
et al., 2020; Lubisi et al., 2005;  
Ndlovu, Williamson, Heath et al., 
2020

Eastern bushpig I Lubisi et al., 2005 

Ornithodoros ticks  
I; II; III; VII; VIII; X; XI; XII; XIII; XIV; XV; XIX; 

XX; XXI; XXII; XXIV 

Boshoff et al., 2007; Janse van 
Rensburg, Etter et al., 2020; Lubisi 
et al., 2005 ; Quembo et al., 2018
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3.3.2 The pig-adapted ASF viruses 

Genotype I remains the most widespread genotype in Africa, having been reported from 20 
countries throughout sub-Saharan Africa (Bastos et al., 2003; Boshoff et al., 2007; Gallardo, 
Anchuelo et al., 2011), and is endemic in most of them. It has been reported in recent outbreaks 
in domestic pigs in Côte d’Ivoire (Couacy-Hymann et al., 2019), Cameroon (Wade et al., 
2019), Congo Republic (Gallardo, Anchuelo et al., 2011), DRC (Mulumba-Mfumu et al., 
2017), Namibia (Molini et al., 2020), South Africa (Amar et al., (2021); Janse van Rensburg, 
Etter et al., 2020), and Zambia (Simulundu et al., 2017; Simulundu, Chambaro et al., 2018; 
Thoromo et al., 2016). 

The genotype II virus that is currently dominant in the world was first isolated from outbreaks 
in 1998 in Madagascar, shortly followed by outbreaks in Mozambique in December 1998 
(Bastos et al., 2004). Retrospective studies showed identity with a virus isolated an outbreak in 
Lusaka, Zambia in 1993 (Rowlands et al., 2008). Although both the 1998 isolate from 
Mozambique and the Lusaka isolate come from inland localities, the virus caused outbreaks in 
Maputo between 2002 and 2005 (Penrith et al., 2007) and this is the most likely source of the 
infection in Georgia in 2007 as the busy port of Maputo generates provisions for ships that 
would contribute to galley waste.  

Published reports of genotype II were confined to outbreaks in domestic pigs until it was found 
to be the dominant isolate from warthog burrow ticks in Mozambique (Quembo et al., 2018). 
Since the first report of the virus from Mozambique (Bastos et al., 2004) and the historical 
report from Zambia (Rowlands et al., 2008), the virus spread widely in Mozambique (Penrith 
et al., 2007), and caused outbreaks in Mauritius in 2007 (Lubisi et al., 2009). It was first 
reported from outbreaks in Tanzania in 2010 (Misinzo, Kasanga et al., 2012). Since the 
historical finding of genotype II isolate from an outbreak in Lusaka, several variants of 
genotype II have been identified from recent outbreaks in Zambia (Simulundu et al., 2017; 
Simulundu, Chambaro et al., 2018; Simulundu, Sinkala et al., 2018). Recently the first full 
genome sequence of an African genotype II virus isolate from an outbreak in Rukwa, Tanzania 
in 2017 has been published (Njau et al., 2021). Genotype II has been reported from 8 countries 
in the African region (Bastos et al., 2003; Bastos et al., 2004; Hakizimana, Kamwendo et al., 
2020; Lubisi et al., 2005; Misinzo, Kasanga et al., 2012; van Heerden et al., 2017), most 
recently and likely due to an introduction from Asia, Nigeria (Adedeji et al., 2021). 

Genotypes IX and X are widespread in East Africa in both the sylvatic cycle and in outbreaks 
in domestic pigs (Lubisi et al., 2005). Genotype IX has been reported from Kenya, Tanzania, 
Uganda, DRC and Congo Republic (Bastos, 2003; Gallardo, Anchuelo et al., 2011; Gallardo . 
Okoth et al., 2011; Lubisi et al., 2005; Mulumba-Mfumu et al., 2017). Genotype X has been 
reported from Burundi, DRC, Kenya, Tanzania and Uganda (Bastos et al., 2003; Bisimwa, 
Ongus, Tiambo et al., 2020; Gallardo, Okoth et al., 2011; Hakizimana. Nyabongo et al., 2020). 

Genotype VIII has been reported from Malawi, Mozambique, South Africa, Zambia and 
Zimbabwe (Bastos et al., 2003; Bastos et al., 2004; Boshoff et al., 2007; Janse van Rensburg, 
Etter et al. 2020; Lubisi et al, 2007).  

 

4 Where are we going? 

Recent FAOSTAT figures indicate that pig production is of growing importance in sub-
Saharan Africa (FAOSTAT 2018). There is no doubt that pig production has unparalleled 
potential to alleviate poverty and to improve intake of high-quality protein in Africa. However, 
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ASF is also increasing as pig numbers rise (Penrith et al., 2013), and there is increasing pressure 
to manage it better. A strategy for management of ASF in sub-Saharan Africa (FAO/AU-
IBAR/ILRI, 2017) that is currently being updated should provide a roadmap for the way 
forward for the continent. Efforts are hampered by the lack of information about the size and 
location of the pig population, particularly in the dynamic smallholder sector that constitutes 
up to 90 per cent of pig production in the region. While traditional free-range pig production 
in rural areas is probably relatively stable, smallholder pig production in and around rapidly 
expanding African cities is highly dynamic, driven by demand for pork by city populations and 
the need for income by migrants to cities among whom unemployment is often high. These pig 
keepers are subject to losses due to ASF that result from poor biosecurity and management 
practices. African swine fever is increasingly recognised as a socio-economic rather than a 
purely veterinary problem that requires multi-disciplinary and inclusive approaches to obtain 
the cooperation of pig keepers and the communities to which they belong (Barnes, Alvaran et 
al., 2020; Barnes, Morais et al., 2020; Fischer et al., 2020). Using participatory approaches to 
develop feasible and practical biosecurity measures could go a long way towards  preventing 
ASF and improving the quality and quantity of pork (Barongo et al., 2016; Chenais et al. 2017, 
2019; Penrith et al., 2021). However, in most areas more information is needed about the 
structure and economic drivers of pig value chains as well as resources available to support 
better biosecurity.  

Pigs have a long history in Africa and the importance of conserving hardy local breeds that can 
produce pork under less-than-optimal conditions of management and nutrition is increasingly 
recognised (Darfour-Oduro et al., 2009; Halimani et al., 2010, 2013, 2020; Kiendrebiogo et al., 
2012; Madzimure et al., 2013; Nsoso et al., 2006). While modern, high-producing breeds are 
used for commercial production, smallholder farmers who cannot afford commercial rations 
and may not have access to unlimited supplies of water need more forgiving breeds that can 
nevertheless provide them with a good income (Chiduwa et al., 2008; Madzimure et al., 2013; 
Mashatise et al., 2005). For aspirant small scale commercial farmers, acquiring a good boar to 
use with hardy local sows can be a good option to improve productivity without losing the good 
qualities of the local breed pigs (Chimonyo et al., 2010; Ncube et al., 2003; Verhulst, 1998). 
The option of artificial insemination could be a good alternative to maintaining a boar, although 
it is not widely practised by small-scale farmers in Africa currently. It would also assist in 
reducing the practice of sharing boars, which can contribute to ASF transmission.  

A number of local breed pig populations have been identified in long-time ASF-endemic areas 
in which ASF circulates without causing major losses, although from time-to-time notable 
outbreaks may be experienced (Abworo et al., 2017; Haresnape et al., 1985, 1987; Penrith et 
al., 2004; Thomas et al., 2016). This opens up a potentially interesting field of research into the 
immune responses of these pigs, as well as their potential as genetic resources in ASF endemic 
areas. Since there is no evidence that these pigs become long-term carriers of ASF virus and 
the majority of them are reared and traded locally, the possibility exists to exploit this resistance 
(Penrith et al., 2004; Ståhl et al., 2019). Studies to find the genetic basis of the observed 
resistance are limited (Mujibi et al., 2018) but should be expanded to find markers and perhaps 
enable selective breeding (Penrith et al., 2021).  

The importance of genetic studies covering the plethora of ASF virus genotypes and probably 
serotypes that are found in the ancient endemic region of eastern and southern Africa cannot 
be over-emphasised. Such studies might support advanced new generation vaccine 
development. Currently the main focus on vaccine development globally is to produce a 
vaccine that will be effective against the genotype II viruses that are becoming ever more 
widespread outside Africa but are also endemic in a growing number of African countries 
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(Borca et al., 2020; Rock, 2021). However, the degree to which such a vaccine would provide 
cross protection across multiple genotypes is unknown. High quality full genome sequencing 
of a wide selection of African viruses could enable the identification of shared genes of 
antigenic importance and might enable the development of multivalent vaccines. Bearing in 
mind the existence of an increasing number of pig-adapted ASF viruses that might develop 
increased invasive potential and spread to other regions, a multivalent vaccine might find 
application beyond the borders of Africa (Rock, 2021).  

Although a deeper understanding of the virus is important to support control, in particular 
through vaccine development, an in-depth understanding of the hosts and vectors of the virus 
and the environment in which the disease flourishes is of even greater importance. The 
development and implementation of an appropriate strategy to improve management of ASF 
is crucial. This should be a dynamic document that can be adapted to changing conditions in 
pig production and patterns of ASF occurrence. It will focus on smallholder and traditional pig 
farming, using a farmer-based, One Health approach that takes into consideration 
socioeconomics and the environment and involves multiple stakeholders. At the same time, it 
will propose measures such as compartmentalisation of pig farms at all levels where it is 
achievable and vertical integration of the pig sector to the greatest extent possible to raise the 
profile of pig production in Africa and increase its contribution to GDP in lower- and middle-
income countries. While a vaccine would be an extremely valuable tool in managing ASF in 
sub-Saharan Africa, it may be a long time before it can be incorporated into the strategy, and 
even with a vaccine biosecurity will remain the cornerstone of efficient pig production.  

It is hoped that the next decades will bring sub-Saharan Africa closer to realising the vision of 
‘’an African continent where ASF no longer impedes sustainable pig production and rural 
development and threatens livelihoods’’ (FAO/AU-IBAR/ILRI, 2017). In brief, this could be 
summarised as Healthy Pigs, Healthy People, Healthy Livelihoods.  
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